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FOREWORD

This is the complete set of papers on the Swedish micro-to-macro model
presented at the conference on micro simulation models, arranged jointly
by the IUI and IBM Sweden, September 19-22, 1977. To our knowledge
this is the first international seminar devoted to micro based models of
entire economic systems. The papers on the Swedish model have been in
print for more than a year (IUI Conference Report 1978:1). They appear
again in this book with some technical parts excluded.

We believe that this publication gives a fairly representative picture of
the state of the art at the time of the conference. Micro simulation as an
empirical method is fairly new to economics. Micro theory and macro
theory with applications have always coexisted in economics but
systematic integration of the two branches through explicit market
modelling has been attempted only recently. It is a mathematically and
technically difficult area and the approaches still differ considerably. It
offers new and promising possibilities in developing theory and empirical
testing in a much more parallel fashion than has been the case earlier.

We are happy to present this volume on a theme that we believe will be
of rapidly growing importance in the future.

Stockholm, May 1980

Gunnar Eliasson Lars Arosenius
The Industrial Institute IBM Sweden
for Economic and Social Research
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INTEGRATING THEORY AND MEASUREMENT

B. Bergmann — G. Eliasson — G. Orcutt

Economic theory must always embody the particular approach that makes
it most efficient for handling the chosen decision problem. The all purpose
theory is probably impossible by definition and without a decision
problem at the back of his (or her) mind the researcher should be at a loss
about what to do. It should therefore be considered natural to find — as we
do — a multitude of models or theories designed to interpret the same
economic phenomena. The particular decision problem chosen determi-
nes what is important and what should be deemphasized.

There i1s, however, one clear restriction that limits the number of
possible approaches to economic reality, namely experience and syste-
matic observation. Aspects of a theory that do not pass the test against
observation are not allowed to survive in a true scientific environment. In
a complex world one should consider it natural to live with many
conflicting interpretations of economic reality; but in a world of scientific
progress the interpretations should change, old erroneous doctrine should
be unloaded and new theory allowed to enter.

The need exists to integrate theory and measurement, in particular by
developing theories that incorporate and predict relevant economic
behavior and that allow for the most efficient and thorough confrontation
with available experience. The basic scientific principle must be to keep
ridding the set of suggested explanations of erroneous hypotheses, while
simultaneously forming new hypotheses to constantly upgrade our vision
of economic reality. This places the requirement on any theoretician in an
applied science like economics to add specitications about how to measure
his variables. There is no way for the theoretician and the empiricist to live
meaningful. separate lives. They should be one and the same person.

This is where the micro simulation method enters as a potentially
efficient device for organizing scattered versions ot theorizing in a
consistent manner and on a format that makes efficient confrontation with
measurement necessary and feasible as not before, albeit in a somewhat
new and unconventional garb.

We believe that micro simulation opens up new possibilities for
estimation and analysis based on direct access to the wealth of data that
exist at the micro level. The basis rules of empirical inference can be more

efficiently put to use. Thisis why several papers and much commentin this
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volume are devoted to measurement and observation techniques in micro
simulation models. This was originally the desire of the conference
organizers, and even though we recognize that much further work is
needed here - not in the least pedagogical —, we think we have made some
modest contributions. In fact, the way the distinction between theory and
empiricism is blurred is perhaps one of the most useful aspects of
economics that are illustrated in this conference volume. Some of the
papers and models presented should be regarded as theoretical contribu-
tions by conventional standards. All models presented here are, however,
based on a much more solid and relevant empirical footing than what is
common in theoretical papers in economics. By this we reemphasize again
one theme of the conference, namely that a criterion of good theory in
economics can only be how well grounded in relevant, empirical facts it
is.

The main purpose of the conference, however, was to organize a
meeting around the technique of large scale (economy wide) micro based
modelling. At the time of organizing the conference three more or less
complete model systems were in existence — the Urban Institute — Yale
model project headed by Guy Orcutt, the U.S. Transactions model headed
by Barbara Bergmann, and the IUI-IBM Swedish model project headed
by Gunnar Eliasson. These models are all presented in this volume.' They
illustrate the multitude of approaches that can be taken to economy-wide
modelling and how emphasis on different kinds of problems gives rise to
different methodologies.

Most questions asked of economists are addressed to typical macro
economic phenomena. Macro economic modelling using Keynesian
concepts was a first efficient answer that allowed economists to cut
through the analytically impossible maze of partial theory existing at the
time. The Keynesian revolution was the first true systems approach in
economics. It provided the rationale for several grand steps forward in
combining theory with measurement (=models) encompassing entire
economic systems.

1) Demand driven, national income based business cycle macro models

have turned out to be quite successtul over the last two decades.

I'At the conference several special reports were given on other micro simulation projects in
progress. Brief presentations of some of these projects are given in a separate section at the
end of this conference volume.
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2) Demand driven input-output, macro sector models of the Leontief-
Keynesian type represent a second major step forward in applied
economic theory and several successful models of that type have become
operational during the last ten years. h

There are at least three serious draw backs associated with these
models,

a) amajor ’element” in economic thinking simply is not allowed to figure
explicitly, namely the market process,

b) macro modelling deprives us of the efficient use of existing, high quality
micro information,

¢) it makes it formally and technically difficult to model true dynamic
macro economic behavior that is essentially a micro market-macro income
determination process over time.

The new methodological development in economic systems modelling,
3) micro simulation, solves these three problems simultaneously and also
relieves us of the unsound practice of deliberate misspecification to
achieve solutions and answers. This is, of course, at the expense of
something, most notably easy intelligibility of results. This is, however,
largely a beginner’s dilemma. Understanding comes with experience.
New, sometimes surprising results, and complex problems should not
necessarily be easily and immediately comprehended. The black box
dilemma of the micro simulation model should always be viewed against
the back drop of the full fledged multi-sector macro models currently in
use in many institutions, where transparency is no typical virtue.

The micro simulation model in fact offers itself as a great didactic
instrument if one understands how to use it properly. Assumptions not
only can be stated correctly but also more intelligibly, whereas macro
theory forces us to a high level of abstraction in this respect. Dynamic
processes can be described one at a time in quite easy language and we
never have to resort to traditional but awkward constructs like forcing the
economic world to be in perpetual equilibrium — an absurd construct to say
the least. The problem is understanding the whole economic machinery at
work simultaneously, but it is not altogether clear that a human brain (and
eye) should be capable of seeing through such a system at a glance. On the
other hand one can learn and become familiar with the properties of a
theory (a model) and learn to put it to efficient use to enhance one'’s
understanding of empirical phenomena. This is something that has long
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been recognized in natural sciences.

The many uses of the term micro simulation often confuse more than
they reveal. Before we proceed it is appropriate to state what we think the
term means.

Micro simulation represents a numerical method of dealing with more
complex versions of conventional theoretical structures. It represents a
method of coordinating large volumes of numerical information.

It takes testing and estimation down to basic behavioral assumptions at
the micro level and relieves the researcher of an unsound overreliance on
goodness of fit criteria at the macro level.

It represents, by freeing one of the confines of the ™analytical
paradigm” of economics, a new and extremely rich language of theoretical
expression. This is no longer new in many other sciences.

It offers a new "cognitive” way of handling more realistic, and hence
more complex, thought about the ways society works, much in the same
way that various branches of mathematics have done a lot of good to many
applied sciences. One example is the possibility of integrating market
price theory with income determination theory in an empirically relevant
fashion.

In fact, the listing above simply describes a method of integrating theory
and measurement, and any theory pretending to be relevant should have
that aspect well developed.

The description given also emphasizes that micro simulation is a
theoretical and empirical method combined, as it should be. The set of
papers presented in this conference volume illustrates this well. The
papers represent various theories on how a national economy works,
shaped in a micro simulation framework. The common denominators are
two, namely, that they all deal with behavior (decision) units at the micro
(firm, household, etc.) levels and that they all aggregate up to large parts
or all of the national economy.

THE THREE MODELS

The Urban Institute — Yale (Orcutt) model is primarily concerned with
behavior in the household sector, which is enclosed in an outline of a
production system with few feedbacks. The U.S. Transactions (Berg-
mann) model places more emphasis on the production system, which is a
semi-macro construct with each cell in the input-output matrix represent-
ing one firm. The firm behaves on the basis of expectations drawn from
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past experience and is guided by a mark-up pricing system. The household
sector has a full micro presentation in a reduced scale U.S. economy
consisting of 800 households of different wealth, income, marital,
occupational, etc. status. The overriding emphasis, however, is on the
financial side where all volume transactions are traced financially from
week to week.

The IUI-1BM (Eliasson) model on the other hand places niost emphasis
on the production and supply side, where a large number of individual
firms (most of them being representations of real Swedish firms) appear as
decision makers in an explicit market process. An explicit feedback at the
micro market level from profits via investment and capacity growth to the
supply decision in effect means that market price theory has been merged
with income determination theory.

The U.S. Transactions model works by having each of the actors
represented in the model follow a weekly schedule of economic decisions
and consequent activities, in the course of which interactions with the
other actors occur. The major decisions for households (job search, home
and auto acquisition, other expenditure, debt and portfolio management)
for the non-financial firms (production, employment and hours setting,
price and wage setting, acquisition of capital goods, debt and portfolio
management) and of the non-financial firms (interest rate setting, loan
rationing, port-folio management) are all based on the position of the
variables at the moment the decision is contemplated. The weekly period
is short enough so that no simultaneity need be allowed for, which greatly
simplifies the task of running the model and modifying it to reflect policy
changes whose impacts are being evaluated. The structure allows for
policies to be represented in a great deal of naturalistic detail, with such
elements as “triggers’” and other nonlinearities easily incorporated.

The Urban Institute — Yale model described in this volume is a member
of the Urban institute DYNASIM class of microanalytic models. It is
implemented in a new microanalytic simulation system called MASS.

The DYNASIM models have been and are being developed for use in
the analyses of United States public welfare and social security policies
and so are strongly focused on individual and family behavior, income,
and income maintenance. They represent a useful step toward develop-
ment of models which successfully relate outcomes to policies concerned
with unemployment, inflation and inequality as well as income mainte-
nance and poverty.
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The core of the model presented consists of program modules which
determine the probabilities that various events will occur to an individual
or family, and which assign quantitative values to person and family
characteristics. In addition to the micromodel a simple macromodel of the
economy is also included. The key steps involved in using the model for
policy analysis are:

[y

. An initial population is specified. Currently, samples of ten to twenty

thousand drawn from the 1960 or 1970 decennial census are used.

2. For each person and family unit in the population the probability of
occurrence of an event that would change an individual or family
characteristic of concern (e.g., marriage, death, entrance to the labor
force, unemployment) is computed.

3. Assignment of changes in status to some of the individuals in the
population are made to provide a fully specified set of attributes for
each individual and family which will generate the simulated popula-
tion sample for the next year.

4. For some events, a quantitative amount is assigned, such as hours in the
labor force, wage rate, or amount of social security benefits. In the case
of transfer payment income, the quantities are calculated by applying
administrative rules.

5. In conducting policy analyses, changes in government programs are

introduced. Their impact is then predicted taking into account

predicted induced effects as well as direct effects.

The Swedish model is complete, in the sense of covering the entire
economic system and being equipped with all the necessary feedbackson a
quarterly basis. For the time being, everything outside the manufacturing
sector is a conventional Leontief-Keynesian macro model. Micro to
macro contact is established through (explicity modelled) labor, product
and money market processes. Interaction runs across markets as well as
over time through price-quantity adjustments. As in the U.S. Transac-
tions model, expectations figure importantly in the decision machinery.
Wage income by individuals working in the production system are added
and transformed into taxes, savings and various consumption items in the
household sector, represented by a nonlinear expenditure system with
saving and durable goods stock demand being determined simultaneously
with other spending categories.
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The money and financial system is explicit but much more crude. An
important link is the quarterly feedback through market price-quantity
determination via profit formation and investment decisions in individual
firms to capacity growth. Growth may be said to be endogenous under an
exogenous upper technology constraint. In this sense the IUI-IBM
Swedish model combines market price theory with income generation
theory in a dynamic fashion not often found in current theorizing. It
makes the model very market-oriented and capable of investigating the
allocative efficiency-market stability trade off pattern of an economic
system which was one of the ambitions of the model venture to begin
with.

The micro simulation approach thus allows us to break the analytical
confines of equilibrium theory and develop a true numerical disequilibri-
um framework of analysis. The explicit feedback loops at the micro level
between market pricing, profit generation, investment, capacity growth
and the supply decisions of each firm gives the total model system a
spectrum of 'new’” properties that so far have received strong support in
empirical testing of the model. Several papers on this are included in this
conference volume. It has been demonstrated throughout the hundreds of
experiments performed so far that micro market disturbances that cannot
easily and rapidly be learned and adjusted for by decision makers
invariably tip the economy on to a lower, long-term growth path.

The disequilibrium approach is carried further in the Nichols micro
simulation model that is exclusively concerned with the labor market. In
fact, a positive, frictional unemployment rate that is efficient in the sense
of maximizing output probably needs the disequilibrium characteristics of
the microsimulation approach to be established.

The more complete full economy model of Yndgaard, on the other
hand, is designed in the Arrow-Debreu tradition, in the sense that the
system, when disturbed from an equilibrium position if stable. is forced to
return it to the same fix point by some time path.

Nichols’ results are particularly interesting to compare with the
[UI-IBM model. He begins with a random distribution of variously
talented workers on jobs requiring various talents. He then allows the
model market to reallocate the workers on new jobs. Over some ranges he
finds that misallocated labor is such a severe handicap that GNP actually
increases from a reallocation even if unemployment also increases. There

seems to exist a particular rate of turnover in the labor market that is



18

efficient in a macro economic sense. An interesting collary would be to see
if the reallocation mechanism itself is so fast that it disturbs the market
signalling function and hence hampers growth in the longer run through
profit and investment feedback, as in the Swedish model.

In all three full economy models rigid distributed lag specifications from
econometric models are replaced by a sequential decision machinery and
frequent feedback loops through the entire economic system. Some would
argue that this way of reducing the number and importance of fixed
coefficients in the model system and making the hierachical ordering of
decisions more important is the true and relevant way of representing an
economy. From a qualitative time ordering of decisions and a period
specification that conforms approximately with decision times, a quanti-
fied time pattern of responses can be derived. As illustrated in the price
transmission study on the Swedish model (see p. 281 ff) distributed lags
will appear as expected. They will, however, often not be invariant to the
impulse being transmitted and more perilious, even if invariant, the
traditional inertia interpretation of the distributed lag will be errone-
ous.

By this we want to emphasize again that there is no meaningful dividing
line between theory and empiricism. All econometric models used for,
say, forecasting are a mix of assumption and measurement. So are all the
models presented in this volume. There is no basic difference between
Yndgaard’s and Nichols’ truly “’principles” model on the one hand and the
Orcutt model, based on very extensive measurements on the other. They
all tell us something about an economy in a particular decision context.
They differ with respect to the extent and character of quantitative
measurement entered.

As stated by both Orcutt and Klevmarken in their methodological
papers the micro simulation method allows efficient partial testing and
estimation of the model and the piecewise integration of more empirical
information into a relevant theoretical system. In principle this makes the
micro simulation approach potentially very useful for comparing different
economic systems. The micro simulation modelling technique is still too
new for this to have been done at an empirical level. However Albrecht
has loaded the Swedish model with "’synthetic data” adding up to a closed
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U.S.-like economy allowing him to study the effects of inflationary
expectations on two differently structured economies.

College Park, Stockholm and New Haven in February 1980
Barbara Bergmann Gunnar Eliasson Guy Orcutt
University of Maryland Ul Yale University
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A SHORT DESCRIPTION OF A MICROSIMU-
LATED MACROECONOMIC MODEL:

THE TRANSACTIONS MODEL OF THE U.S.
ECONOMY

Barbara R. Bergmann

The Transactions Model consists entirely of explicit
descriptions of decision making and the consequent
simulated actions of individual decision makers. The
model's "action" on the macroeconomic level is built
up exclusively from the record of the "action" on the
microeconomic results into the macroeconomic results
numerically by computer.

The Transactions Model has the following character-
istics:

1. The model has been designed primarily to elucidate
phenomena and policy options in macroeconomics.
Production, employment and unemployment, inflation,
productivity, investment in capital goods, money
markets, portfolio management are among the subjects
of interest.

2. Not only decisions, but also interactions among in-
dividual decision makers in the economy are ex-
plicitly represented. The interaction of individual
decision makers takes the form of transactions be-
tween individual buyers and sellers in which goods,
services or claims are exchanged against money.
Thus, the monetary and "real" sides are integrated
in the model's simulated economy precisely as they
are in the actual economy.

3. Each time a transaction occurs, the effect of that
transaction on all simulated macroeconomic variables
-- nominal GNP accounts, flow-of-funds accounts,
price indexes, etc. -- is recorded. Values of en-
dogenous macrovariables are changed in no other way.
All of the usual macroeconomic variables are thus
simulated by the model on a basis consistent with
the portrayed action on the microeconomic level.

4. All of the decision makers represented in the model
-- firms producing different kinds of goods and
services, financial firms, governments, the monetary
authority, and workers who are also consumers and
asset holders -- are subject to constraints on their
behavior deriving from technological requirements,
and the finiteness of real and financial stock-
piles which are honored at all times.
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Constraints imposed by governmental policies
(such as unemployment insurance requirements,
interest rate maxima and the like) are also
observed. Each individual decision maker's
"experience" and situation in the simulated
economy are kept track of by means of numerous
microeconomic variables whose values enter
into the decision making process and effect
the constraints on behavior. Where the appli-
cation of policy instruments to individuals
depends on that individual's history (such

as the dependence of unemployment insurance
eligibility on employment history), this can
be portrayed in a simple manner.

5. The model is cast in a form designed to be
useful for purposes of discussions of economic
policy in the United States. In all of its
magnitudes, it is a "scale model" of the
United States economy. Parameters have been
set so that the simulated macroeconomic time
series output of the model tracks the macro-
economic time series generated by the United
States economy for the seventies. Policy
instruments —-- taxes, subsidies, open market
operations, interest rate and price regula-
tions, unemployment insurance, opportunities
for training -- appear in the model as im-
pinging on the actions of individual decision
makers, and affect the outcomes they indi-
vidually experience.

The Transactions Model is written down in the
form of a computer program and associated files
of data on the U.S. economy. The program controls
the creation of the initial microeconomic and
macroeconomic conditions, it schedules and regu-
lates the behavior of the decision makers, and
it produces as output time series of simulated
macroeconomic results. Decision makers in the
model "know" what to do in each contingency, be-
cause the computer program schedules their de-
cision making and provides them with decision
making procedures whose nature will be discussed
below. The data files serve three purposes:

(1) they provide information on the basis of which
the initial microeconomic conditions are set up;

(2) they contain macroeconomic time series data on
events which are taken to be exogenous to the
model, but which influence the course of events
in the simulated economy;

(3) they provide a basis for comparing the simulated
macroeconomic time series produced by a run of the



model with actual time series macrodata and thus
for computing errors of simulation.

All of the data currently used by the model are
from published sources, and are either macroecon-
omic magnitudes or distributions. Unfortunately,
deseasonalized data have had to be used.

The first step in a run of the model is the as-
signment to each individual decison maker of
characteristics and attributes which will remain
fixed in the course of the run. For a firm, an
example of a fixed attribute is the type of prod-
uct produced; for a worker-consumer, the most
important fixed attribute is broad occupational
group. Next, we assign the initial values of
attributes associated with decision makers which
will vary as the action proceeds. A firm's variables
include the average of its past sales, current
price of its output amount of inventory held,
number of employees by type, quantity and input-
output characteristics of "capital goods" by
vintage, and a complete accounting of assets

and liabilities by type, including money. A worker-
consumer's variables include financial assets

and liabilities by type, car ownership, home
ownership, employment status, average past ex-
penditures. The initial conditions on the micro-
economic level are set so as to conform to U.S.
macroeconomic data for the calendar guarter in
which the run is to start. U.S. data on distribu-
tion of assets and on persons by occupation have
also been used.

After the creation of the initial conditions, a
scheduling program takes over, which arranges for
economic events to occur in a fixed sequence. The
economic events include decision making and actions
based on the decisions which have been taken. Most
of the events involve two actors in an interaction
whose results must be in accord with the wishes of
both. An example of a set of events depicted in
the model is the consumption decisions of a con-
sumer, followed by interactions between that
consumer and a firm during which the consumer
makes purchases from the firm and money flows

from the consumer's cash account to the firm's.
Another example of a set of events is a decision
by a firm to increase its liquidity, followed

by an interaction between the firm and a bank,

in which a loan might be granted and money created
and credited to the firm's cash account.

25
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A full set of all of the actions within the reper-
toire of the decision makers occurring in a pre-
scribed sequence is called a "round." All of the
usual kinds of activities which bear on the macro-
economic performance of the economy in the short
and medium run are represented in a round: pro-
duction and hiring, wage and price setting, govern-
ment procurement, the creation and sale of financial
claims by business firms, the government and
worker-consumers, the payment to worker-consumers
for their services as factors of production, the
making of transfer payments and sales of consumer
and investment goods, as well as intermediate
goods.

A quarter of a year of calendar time in the United
States economy is represented in the Transactions
Model by twelve complete rounds of events. As the
rounds proceed, macroeconomic magnitudes affected
by the events which occur are changed appropri-
ately. National income accounts are continually
built up in this way, and at the end of each cycle
of twelve rounds the program arranges for the
printing out of simulated gquarterly national
accounts, brought up to the scale of the United
States economy by an unchanging multiplicative
factor.

Decision~Making in the Transactions Model

The delineation of decision making in the present
version of our model derives in an eclectic manner
from the economic and business literature. Consumers
(after the payment of taxes and installment debt)
follow a Stone-Geary linear expenditure system.

The parameters which control consumers' consumption
behavior are set by finding those values which best
track the U.S. macrodata. Although all consumers
are assumed to have the same tastes, they spend
differing amounts because of their differing
assets, differing incomes and differing past ex-
penditures. In their portfolio management, con-
sumers compare rates of return to the various
available assets, as economic theory says they
should, and they vary the mix of assets they

hold according to relative rates of return. The
size of the porfolio each consumer has to manage
depends, of course, on the sum of his previous
savings decisions.
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Business firms set prices at the beginning of each
round on a cost-plus basis, and sell to all cus-
tomers at that price. They set output for each
round so as to allow inventory to approach a de-
sired ratio to recent sales. They set desired
employment by a lagged adjustment to production,
making weekly hours adjustments to achieve manhour
targets for the current round. Business firms'
portfolio management and borrowing activities
depend on their cash inflow from sales, cash out-
flow for purchases and dividend payments, and

on investment plans. Like consumers, they are
pictured as being sensitive to relative rates of
return. In making decisions about investment in
capital goods, firms forecast future sales and
compare the costs of operation of their older
equipment with the purchase price and operation
cost of newly available equipment.

Expectations of the future are shown as entering
into those decisions from which considerable damage
is possible if the future is very different from
the present, such as decisions to invest (or not

to invest) in long-lived financial and real assets
which may prove costly, according to how economic
conditions materialize after the decision is made.
In such cases, forecasts of future conditions
become an ingredient in decision making. The actors
in the present version of the model are represented
as using very simple forecasting techniques. Firms
considering capital outlays make forecasts of
demand for their output at current prices using

the rate of growth they have experienced in the
recent past, if it has been positive. The expected
future rate of inflation which enters into portfolio
management in terms of willingness to keep assets
in cash and willingness to borrow, is forecast as

a moving average of past rates or the current rate,
whichever is higher.

At this pont, it is worth emphasizing that any
piece of decision making machinery currently in

the model can easily be entirely replaced by
another piece of machinery which makes the decision
in question in a qualitatively different way. The
ease of doing this is derived from the recursive
structure of the model, which eliminates simul-
taneous solution processes.
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Simultaneity in the Actual Economy and the Simulated
Economy

Analyses of the macroeconomy have traditionally
represented the economy by a system of simultaneous
equations. Originally, simultaneous equation for-
mulations were developed for use in describing
static systems, where the only movement contemplated
was a shift of unspecified rapidity from one more-
or-less long-lasting equilibrium to another. The
time periods involved were generally left vague.

When empirical macromodels based on time series
data began to be estimated, the simultaneous
equations formulation was carried over, but with
the time dimension of the analysis more explicitly
specified. The basic period of the analysis gener-
ally was taken to be identical with the shortest
period for which all the data were available (the
"data period"), and the system was solved anew for
each data period. This use of the simultaneous
equations formulation can be thought of as an
adaptation to the fact that available data on
economic activity are averaged out or aggregated
over time periods which are so long that the actors
must be seen as reacting more than once within

a data period to actions of others which occur
within the same period. Within a calendar quarter,
for example, there is time for a fall in produc=-
tion to cause a reduction in consumption which will
in turn react back on production. The simultaneous
solution of a set of behavioral equations which
specify such reactions purports to represent the
stable situation after all of these actions and
reactions have taken place, and behavior has
settled down into a pattern in which all actions
are mutually consistent in the sense that they

can remain at constant levels. If we were to try
to think concretely (perhaps some might say, to
the point of mistaken concreteness) of what kind
of an actual economic system might be exactly
represented by an empirical quarterly simultaneous
equations model, it would have to be an economy
where the law requires that a "tdtonnement" takes
place before ordinary business hours on the first
day of each quarter and further requires that
activity proceed at the steady pace thus determined
for all the rest of the days of the quarter.
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In the Transactions Model, the fact that within a
data period there can be multiple interactions
among the actors is dealt with in a different way,
which we believe to provide somewhat greater
realism. We have done away with the identity of
the data period and the basic period of analysis.
and have disaggregated the data period into
shorter periods, taking as the basic period of
analysis a time interval so short that it is
plausible to represent each actor as revising
each type of decision only once each basic period.
We have chosen to represent each calendar quarter
as being made up of 12 such basic periods; the
basic period thus corresponds approximately to a
week of real time. Within each basic period, a
complete "round" of economic events is scheduled.

The construction of an entirely recursive model
(with respect to the basic operation periods

rather than the data periods) does more than
advance somewhat the cause of realism. It also
saves us from the surely tedious and perhaps
infeasible chore of simultaneously solving all

the behavioral equations. Put another way, the
elimination of simultaneity (in the sense of
multiple intra-period reactions) frees us to
postulate realistic behavioral rules for the

actors (if we know any) without having to worry
that the mathematics of the solution process will
be too difficult. While this latter consideration
may seem to some readers to be mere self-indulgence
on the part of the authors, there is little evidence
that actors in the actual economy consider the
effect of their choice of behavioral rules on

the solvability of the system when they formulate
such rules for themselves.

The one form of simultaneity which is actually
observed in economic life is, of course, the
coincidence in time of economic events =- many
acts of production, consumption and exchange all

go on at the same time and some go on continuously.
In depicting the actions of individual actors on
the computer one is constrained to represent all
actions by computations which are bound to occur
sequentially. Regarded retrospectively, it does

not matter whether two economic events are re-
presented as occurring simultaneously or in immedi-
ate sequence if the occurrence of one event does
not affect the likelihood, feasibility or charac-
teristics of the other. The adoption of a short
basic period reduces the implausibility of re-
moving all coincidence in time, and reduces the
implausibility of representing activities which are
continuous in the real world by action concentrated
at particular instants.
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In the operation of the Transactions Model, the
ability of an actor to carry out a decision is
usually not affected by whether he is first or
last in line to implement his decision, since

in the real world and the simulated world which
mimics it, there is usually ample excess capacity.
In the rare case of temporary shortages, however,
the ability of individuals to carry out decisions
would be affected by whether they are early or
late within a round to try to engage in a trans-
action. In such a case, the model prescribes
procedures for the rationing of goods in short
supply, so that latecomers are not closed out

in favor of complete fulfillment of orders by
earlier customers. This occurs most importantly
in the allocation of labor among firms when the
unemployment rate is very low.

Workers—-Consumers—-Asset Holders

The Transactions Model represents the United
States economy by a much smaller-scaled simulated
economy. The labor force in the model consists

of 800 persons, divided into four occupational
groups. The scale of the simulated economy is the
ratio of the simulated labor force to the actual
labor force in the base period.

Members of the labor force of the simulated econ-
omy are assigned to one of four broad occupational
groups whose relative sizes are derived from U.S.
Labor Department data: (1) Professional, Technical,
Managerial and Administrative Workers, (2) Clerical
and Sales Workers, (3) Crafts Workers and Operat-
ives, and (4) Service Workers and Laborers. In

the present version, an individual cannot change
his occupational group. When new individuals

enter the labor force they are assigned to an
occupational group and have no assets. Persons

not in the U.S. labor force who are in families
which include labor force members are not directly
represented in the Model; consumer expenditures

are made and assets held by labor force members

on their behalf. However, families with no labor
force members are represented and receive transfer
payments, which they use exclusively for purchasing
consumption goods.

Figure 1 gives the items of information available
for each individual in the model. Some character-
istics of individuals which importantly influence
their economic functioning are not represented in
the model as it now stands. The most important are

a person's age and educational attainment. Two of
the major decisions made by consumers concern saving
and portfolio management, illustrated in Figures 2
and 3 respectively.
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Figure 1. Information Continually Updated and Available

Concerning Each Fictional Person during a Run

of the Transactions Model

Unchanging Personal Characteristics

ISEX Sex
ISPOUS Identity of spouse (=0 if unmarried, = -1 if
married, but spouse not in labor force, = "address'

of spouse if latter is in labor force)
ICASTE Occupation (1-4) '

IDIS Skill level within occupation

ISTIG = 1 if at a disadvantage in being hired when
unemployed; = 0 otherwise

OWNCAR 1 if person has possibility of car ownership,

0 otherwise

Labor Force Status

LF = 1-if in labor force, = 0 otherwise

TEMPST = identity of employer if person is employed,
0 otherwise

IUDAT Date of last_accession or separation

IELIGW Unemployment insurance eligibility, in weeks

UI = 1 1if currently receiving unemployment
insurance, = 0 otherwise
*

Financial Status

HCASH Money held in checking account
SAVACC Value of savings account deposits
HBONDS Maturity value of bonds held

AMORT Weekly payment due on consumer loans
ISTART Starting date of current consumer loan
arrangements

AMORTG Weekly payment due on home mortgage
INMORT Starting date of mortgage

Other®

IDGAGE Date of last new car purchase

EXP Moving average of consumer expenditures
(geometric weights)

P
In the case of two labor force participants who are

married to each other, the variables representing their
financial status are consolidated into one account.
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Figure 2. Decision Making on Spending and Saving

ENTER

YDIS = spendable income = income—obligatory payments

cost of subsistance bundle
SUBSIS = P (IFIRM) *A(IFIRM+100)

increase
savings rate
SRATE

unemployment
been consistently
high?

Desired expenditures
EXPD = A(63) "EXF = (1-A(63)) " |(YDIS - SUBSIS) * (1-SRATE) + SUBSIS|

Reset EXPD yes

ASSETS< ?
A (58) * EXPD are ASSETS-<EXPD?

no

SUBSIS
min
Reset
EXPD = max A(58) * EXPD
SUBSIS/2
borrow
EXPD-ASSETS

[

EXPD =
SUBSIS

buy goods & services
valued at EXPD

save YDIS- EXPD

l

RETURN




ASSETS

MAXSAV

MAXCASH —

Figure 3.

Scheme of Portfolio Allocation

for Households

(HBONDS)

savings deposits
(SAVACC)

open market securities

demand deposits
{HCASH)

accounts,

MAXCASH is a function of weekly outlays and interest rates on savings

MAXSAVE is a function of weekly outlays and interest rates on savings

accounts and open market securities.

ASSETS

123
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The Firms

Private production in the simulated_economy has
been divided into twelve industries+ and one

firm assigned to each industry. Figure 4 gives

a list of the items of information concerning

each firm which is represented in the model.

A physical unit of output of each industry is
defined as the amount of that product which

could have been bcught in the base period with

one dollar. Units of capital goods called "ma-
chines" are also defined on a physical basis.

A machine is specialized to the industry in which
it is used, and for each using industry is de-
fined as an appropriately weighted combination

of physical quantities of the outputs of eight

of the twelve industries costing one dollar in

the base period. The physical quantities of the
goods which make up a machine used by a particular
industry are assumed not to change through time,
although the cost does, as prices of the output

of the eight industries change. Each machine is
assumed to be "born" with a particular labor re-
gquirement and a particular rated output associated
with it. As the machine ages these characteristics
do not change until the machine goes out of service,
which occurs at the end of a fixed period.

A firm's capital goods are differentiated by quar-
terly acquisition date; the more recently produced
physical units of capital goods are assumed to
have better output-labor ratios than the older
units, with a higher rated output per machine and
a lower amount of labor required for a machine to
produce its rated output. The rates of change of
the output capabilities and labor input require-
ments for physical units of newly produced capital
goods are among the basic parameters of the model,
since they are an important component of productivi-
ty change.

1

The industries are: Agriculture, Forestry & Fisheries;
Mining; Contract Construction; Automobile Manufacturing;
Other Durable Manufacturing; Non-Durable Manufacturing;
Transportation; Communication; Electric; Gas and
Sanitary Services; Wholesale and Retail Trade;

Other Services; Real Estate; Banks & Savings
Institutions; and Other Finance & Insurance.
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Purchases by one firm of the outputs of others for
non—-capital inputs to current production (so-called
flow inputs) are governed by the 1967 Input-Output
Table, and are taken to be unchanging over the time
period of the simulation, and unaffected by capital
goods purchases.

The firms' short-run average cost curves are in-
fluenced by two familiar factors: the presence of
substantial fixed costs and rising marginal costs.
Larger outputs cause the firm to bring into pro-
duction successively older vintages of capital
goods with smaller output/labor ratios. A firm's
simulated cost curves shifts whenever the prices
of labor and flow inputs change; they also shift
when investment results in the acquisition of new
capital goods, which are always more labor-saving
than the average of the old capital stock.

Figure 5a illustrates the firm's decision procedure
with respect to price setting. Figure 5b illustrates
investment decision making.
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Figure 4. Information Continually Updated and Available

Concerning Each Fictional Firm During a Run

of the Transactions Model

Materials Requirements

ATIO (KFIRM, IFIRM)

ATIOCAP (KFIRM, IFIRM)

Capital Stock

OPUT (IFIRM, JVIN)

OPUTS (IFIRM,JVIN)

CAPCY (IFIRM)

ONEW(IFIRM)

ONEWS (IFIRM)

STARTC (IFIRM)

STARTM (IFIRM)

VIN (IFIRM)

VINS (IFIRM)

Physical units of the product
of firm KFIRM required as input
for the production of one unit
of the product of firm IFIRM.

Units of output of KFIRM re-
quired to put in place a new
"machine" for the use of IFIRM.

Maximum output producible on
all of the machines of vintage
JVIN in a week if workers are
on a standard workweek.

Maximum output producible in
all of the structures of win-
tage JVIN in a week if workers
are on a standard workweek.

Maximum currently available
capacity for output in a
standard workweek.

Output producible with one unit
of new machine.

Output producible with one unit
of new structures.

Backlog of firm's orders to the
construction industry.

Backlog of firm's orders for
machines.

Marginal vintage of machines
currently used.

Marginal structure vintage.
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Labor Requirements and Usage

EMPFIX (IFIRM)

RLAB(IFIRM,JVIN)

RLABS (IFIRM, JVIN)

FLABOR(LCASTE,IFIRM),
RLABOR (LCASTE, IFIRM)

HRS (IFIRM)

WAGEF (LCASTE, IF IRM)

PRTAX (IFIRI)
DESEMP (IFIRM)

EMP (IFIRM)

XLNEW(IFIRM)

XLNEWS (IFIRM)

Number of employees on the "fixed"
staff.

Number of employees required to
cooperate with all machines of
vintage JVIN.

Number of employees required to
cooperate with all structures
of vintage JVIN.

Proportion of employees of the
fixed and variable staffs
respectively who are required
to be of occupation LCASTE.

Ratio of weekly hours to standard
workweek.

Weekly wage paid by IFIRM to
average worker in occupation
LCASTE, adjusted for weekly hours.

Current period's payroll tax
liability.

Desired employment of "variable"
employees.

Total current employment.

Labor required to cooperate with
one unit of new machines.

Labor required to cooperate with
one unit of new structures.
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Figure 4. (continued)

Sales, Production and Inventories

SALE (IFIRM)

AVSALE (IFIRM)

EXPORT (IFIRM)

GOVBUY (IFIRM)

GOVBYL (IFIRM)

ORDERS (KFIRM, IFIRM)

DPROD (IFIRM)
XPROD (IFIRM)

XINV (JFIRM, IFIRM)

PINV (JFIRM,IFIRM)

INVEN (IFIRM)

SHPROD (IFIRM)

SHORT (IFIRM)

CAPSHT (IFIRM)

Current weekly sale, in
physical units.

Moving average (with geometric
weights) of weekly sales.

Firm's share of total U.S.
constant dollar exports.

Firm's share of constant dollar
sales to the Federal Government.

Firm's share of constant dollar
sales to state and local govern-
ments.

IFIRM's order backlog of KFIRM's
product.

Current desired weekly production.
Actual weekly production.

Quantity of output of product of
JFIRM held as inventory by IFIRM.

Inventory of JFIRM's product held
at end of last period by IFIRM.

= 1 if IFIRM's product is held as
inventory; 0 otherwise.

Additional quantity firm desired
to produce, but could not because
of capacity, labor or input short-
age.

Quantity of product demanded but
not sold because of inventory
deficiency.

Output which was not produced
because of capacity shortage.
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Price and Profit Information

CAPCO (IFIRM)

TAXIND (IFIRM)

CORP (IFIRM)

XINTER (IFIRM)
ACOST (IFIRM)
XMCOST (IFIRM)

P (IFIRM)

PLAST (IFIRM)
PI(IFIRM)

PO (IFIRM)
PROFIT(&FIRM)

PMARG (IFIRM)

Financial Assets

CASH(IFIRM)

BBONDS (IFIRM)

Financial Liabilities

BLOANS (IFIRM, IMAT)

BONDS ( IF IRM, IMAT)

BONSEL (IFIRM)

Depreciation allowance, weekly.

Rate of indirect taxes on value
of firm's output.

Proportion of firm's computed
profit subject to corporate
income tax.

Interest payments weekly on
firm's debt.

Average cost of units of output
currently produced.

Marignal cost at current level
of output.

Current price of firm's output.

Price of firm's output in last
period.

Acquisition price of the average
unit of IFIRM's current inventory.

Average price of unfilled orders
for IFIRM's product.

Profits on current week's output.

Customary profit margin over
average cost.

Size of firm's demand deposits.

Maturity value of open market
securities held.

Bank loans maturing in period IMAT.

Maturity value of bonds outstanding
maturing in period IMAT.

Desired weekly sale of the firm's
bonds.
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Figure 5a. Flow Chart Illustrating the Seguence

of Decision Making Concerning Prices

ENTER

Does the firm
produce farm
products?

Set price

exogenously RETURN

‘no

Does the firm
maintain inventories
of its own product?

Are sales
declining
significantly?

Are inventories
too high?

Has desired
production
exceeded
actual?

RAISE PRICES

|
\

Does marginal Are profit margins
cost exceed RAISE PRICES greater than
price? customary?
Is profit margin
less than RAISE PRICES ~—— REDUCE PRICES
customary?

RETURN
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Figure 5b. Flow Chart Illustrating the Sequence of

ENTER

establish
marginal capital
vintage

Decision Making with Respect to Investment

consider

are this
vintage's running
costs > running +
acquisition cost of new
capital goods
producing that
volume of
output

?

no

has there
been a shortage of
production
capacity
?

es g
y—\» take care of equipment
shortfall
?
yes

next younger
vintage

add to orders
for capital goods

do new orders

RETURN

add tc
orders f
capital gc
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The Scheduling of Microeconomic Activity

Twelve times each calendar gquarter a round of
microeconomic events occurs -- all of the actors
go through their entire repertoire of decision
making and activity in a regularly scheduled order.
A summary of the sequence of scheduled events in

a round is listed in Figure 6, together with the
name of the computer subroutine which controls
each event. A particular event will influence
other events which occur later in the same round;
for example, wage setting decisions will influence
consumer expenditures, which occur subsequently,
which in turn will influence the demand for
financial assets still later.

Business inventories (maintained in physical

units separately for each product), which are
built up by production and drawn down by purchases
of all types play a central role in the simu-
lated economy. The decision made by each firm
concerning how much of its product it would like
to produce is based on its inventory position and
on sales in the recent past. A business firm knows
the physical quantity it has sold in the previous
round because it can compare the size of its in-
ventory position along with their costs and profit
margin when making decisions about changing the
prices they charge for their products. These

price changes also have a central role in the
model, since they affect quantities purchased,
wages and, in subsequent rounds, profits.

Portfolio Adjustments by Firms, Worker-Consumers,

the Financial Firms and the Government

All of the various economic units attend to the
servicing of their debt obligations and make
decigions about their portfolio of assets each
round. They accomplish the desired transactions

in financial assets and liabilities to the extent
that they are feasible. Households keep track of
the maturation schedule of their existing debts,
and roll them over or make repayments of interest
and the maturing principal of existing debts on
schedule. Households also adjust their stocks of
debt liabilities and distribute their assets among
cash, savings accounts, open market securities and
equities in homes.
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As decisions by firms are made on the purchases of
current inputs and capital equipment, decisions on
bond and mortgage issues are made and bank loans
under lines—of-credit are planned to meet cash
deficiencies, The non-financial firms also make
their decisions with respect to the distribution
of their financial assets among cash, consumer
debt and open-market securities. The two govern-
ment sectors and the rest-of-the-world issue the
amount of short-term and long=-term debts they
desire and allocate their financial assets among
cash and open-market securities.

Next the commercial bank calculates its excess

or deficient reserves and makes its decisions

to increase or decrease its holdings of open-
market securities. It will have made loans at
business and consumer loan rates announced at

the end of the last round and its loan inventory
may have undergone (within limits) involuntary
changes which reflect excess loan demand at current
rates.

The Federal Reserve now makes its open-market
purchases or sales of foreign exchange and do-
mestic securities to bring actual bank reserves
to the desired level, in accordance with open
market policy, which is set every fourth round.

At this point in the round all portfolios have
been adjusted insofar as is feasible to the
quantities desired, given the yields which pre-
vail on each asset during the round, with the
exception of the bank and the financial inter-
mediary. The latter makes the market in open
market securities, and will have purchased or
sold all that were offered or demanded at yields
announced at the beginning of the round. On the
basis of the sign and magnitude of the excess
demands for bank loans, at the end of the round
the bank will adjust the savings account rate,
business loan rate, and consumer loan rate. The
financial intermediary, on the basis of excess
demand or supply for open market securities,
will adjust rates for treasury bills, treasure
bonds, state and local bonds, private bonds, and
home mortgages.
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Figure 6. Summary of Sequence of Events in a Round

of the Transactions Model

Sub-
routine
Event name
tentative production decisions by firms PROD
hiring and weekly hours decision by firms PROD
search by firms & governments for workers, and
by workers for jobs; quits, layoffs and hirings EMPLOY
wage rate setting by firms for each occupation WAGES
production occurs, affecting firms' inventories COST
cost accounting by firms, computation of taxes
owed COST
price setting by each firm for its product PRICE
inter-industry purchases by firms of flow
inputs INPUT
payment of payroll, sales and profits taxes by
firms to governments INPUT
investment decisions & capital goods purchases
by firms from those firms producing capital
goods INVEST
decisions concerning housing stock by real
estate firm HOMES
events which give rise to inputed items in
GNP but no flow of funds IMPUTE
payment of wages by firms & governments CONSUM
government transfer payments to unemployed
and other beneficiaries CONSUM
receipt by workers of prcperty income from
financial intermediary CONSUM
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Figure 6. (continued)

Event

45

Sub-
routine
name

Payment of income & social security taxes by
workers to government

workers make payments on mortgages & bank loans

consumption decisions & purchases of goods &
services other than housing

portfolio management decisions & activities by
consumers

government purchases of goods & services from
firms

purchases by rest of the world from firms

finance & liquidity decisions by nonfinancial
firms; actions through bank & financial inter-
mediary '

government debt management decisions & actions

monetary authority decisions & actions on open
market

banks set loan policy & discount with monetary
authority ‘

setting of current consumer loan rate, business
loan rate, mortgage & savings accounts interest
rates by banks

current bill & bond rate set by financial
intermediary

government & firms pay interest on existing
obligations at original rate to financial
intermediary

payment of interest to firms on their holdings
of bonds and bills by financial intermediary

CONSUM

CONSUM

CONSUM

CONSUM

GOVERN

GOVERN

FINANC

FINANC

FEDRES

BANK

INTER

INTER

INTER

INTER
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Next the financial intermediary and bank announce
the commitments they are willing to make to pur-
chase home mortgages in the future, which will
affect the decisions of the construction industry
to begin construction of homes.

Finally, the government and Federal Reserve
financial policies for the next round are announced.
The federal government decides its level of mort-
gage purchases for the coming round by such
agencies as the Government National Mortgage
Association, which will affect new commitments

for the following round by the private financial
institutions. The Federal Reserve sets the dis-
count rate, the maximum savings account rate, and
the required reserve ratios for demand and savings
deposits.

"Markets" in the Transactions Model

Market participation by the actors in the Trans-—
actions Model are summarized in Figure 7, where

each horizontal line represents participation of
each type of actor as buyer and/or seller in each

of the markets for a good or financial claim. Prices
in each of these markets are set once in a round,
and all transactions for an entire round proceed

at that price. Inventories serve as buffer stocks,
allowing for differences in supply and demand in

the short run.

For goods and services produced by nonfinancial
firms, prices are normally set by producers on a
cost-plus basis, and firms then sell all they can
at that price. An exogenous shift upward in average
costs is followed by a price adjustment which leads
in turn to a reduction in quantity demanded, de-
pending on the price elasticity for the product,
and what changes in other prices have been occur-
ring. Changes in costs in the simulated economy
also affect the demand for goods and services
through their effects on incomes.

Wage changes are made by firms, and vary directly
with quit rates, profit rates, and cost of living
change and inversely with unemployment rates. The
demand for labor in the present version of this

model is only in the medium run affected by wages.
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In the very shortest run, the demand for labor is
based on the labor necessary to produce . desired
output using the existing stock of capital equip-
ment, with desired output being based on sales
and inventory levels. However, higher labor costs
affect prices, which affect total demand and the
distribution of demand among products. In the
longer run, higher wages encourage the purchase
of larger guantities of the new, more labor-saving
capital equipment which, when it is put in place,
has the effect of reducing the amount of labor
required to meet a given production target.

The markets for financial claims are run along
lines perhaps more congenial to neoclassical
theory. For each type of claim the financial
intermediary "makes" the market by buying and
selling to all comers at a price set by itself.
If it finds itself accumulating inventory of an
item beyond what it desires on its own account,
it reduces the price in the next round and in-
creases it in the opposite case.

Transactions and the Flow of Funds

Every sale of goods and services engaged in by
individuals in the simulated economy involves
the passing of merchandise from one decision
maker to another and the passing ¢f demand de-
posits in the opposite direction.l Each trans-
action is accomplished by a subroutine named
TRANS, which is called into action whenever any
decigion maker wants to buy anything from any
other decision maker. TRANS is the principal
means by which the interactions of decision
makers are depicted, and it is also the prin-
cipal means by which "action" on the micro level
is made to contribute to the GNP and the flow-
of-funds accounting.

1 :
Currency is not used by the actors in the pre-
sent version of the model.



Figure 7. Market Participation in TRANSACTIONS, by Sector. S and D indicate participation on the &
supply and demand side, respectively. For financial claims, those on the demand side
may sell already existing claims in their posession, but only those on the supply side
may create new ones.
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Figure 7. (continued)
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TRANS is used whenever money changes hands --

for the purchase of commodities, labor, financial
assets, as well as for the payment of taxes, and
the making of government transfer payments. It

is the consistent use of this "naturalistic"
mechanism that makes possible the automatic
integration of real and nominal GNP accounts

and the flow-of-funds accounts. TRANS also in-
sures that all stocks (of money, financial claims,
or of goods) are built up or drawn down in ac-
cordance with the flows which the micro-units
decide shall occur.

Figure 8 contains a summary list of all events
in the model which trigger cash flows by source
and destination of the flow. It includes flows
on both current and capital account. Since every
actor in the model has a cash account and each
cash flow (with the exception of those in which
the monetary authority is an actor) is ac-
complished by the building up of one cash account
at the expense of another, the distribution of
cash stocks at any moment in time is kept track
of, and may be printed out at will.

We have chosen to maintain the fiction that all

of the open-market financial assets of households
and businesses are held for safekeeping in the

firm "other financial institutions", which collects
the income due to owners of these assets and
disburses it to the owners. This firm also buys

and sells these assets for customers' accounts,

and makes the market in them.

Assigning Parameter Value in the Transactions Model

Builders of large-scale microsimulated models which
purport to represent the past and future operations
of actual economic processes are presently in need
of two kinds of development:

1) We need to develop more knowledge of and ex-
perience with computation procedures which
will conduct an efficient search for parameter
values that will optimize whatever objective
function(s) we choose, and which are within our
expense and time constraints.

2) We need the development of methods for associa-
ting a chosen objective function with the
stochastic characteristics of the estimates
we make.
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The following are some of the methodological issues
relating to the choice of a parameter search routine.

1) One might choose to fit the parameters of each
piece of a system separately, using for each
piece a separate loss function which has as
arguments the simulation errors of that piece
alone. Alternatively one might try to fit all
of the parameters using a single loss function
in which all of the system's errors enter as
arguments. The former would be analogous to
the single equation, ordinary least squares
methodology used with conventional models: the
latter would be analogous to a simultaneous
equations approach.

2) One might fit parameters using runs of the
model in which errors of simulation in a par-
ticular period were or were not allowed to in-
fluence the "action" in subsequent periods. The
former is usually termed a "dynamic" approach.

3) There is a wide variety of loss functions one
might adopt.

4) There is a wide variety of techniques for de-
ciding which parameter vectors to try: conjugate
grad%ﬁnt methods, random search, pattern search,
etc. -

The parameter values currently being used in the
Transactions Model were selected by a two-stage
process. Corresponing to each of the important
subroutines an "exogenous" version was developed,
which forced the actors to behave so as to generate
simulated results identical to the time series

data relating to the activities described. For
example, in the endogenous version of subroutine
INVEST, business firms are represented as taking
account of interest rates, wage rates, business
activity and the like in deciding how much capital
equipment to purchase In the exogenous version,
firms are constrained to order in a particular

time period the amount of fixed capital the National
Income Accounts series on fixed investment indicates
they actually ordered.

1
See Goldfeld and Quandt, Nonlinear Methods in
Econometrics, North-Holland, 1972, Ch. 1.
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Figure 8. Cash Flow between Sectors Occurring in the Transactions Model
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In searching for parameter values for a particular
subroutine, the "endogenous" version of that sub-
routine was first run in conjunction with the
"exogenous" version of all the other subroutines.
After tentative values had thus been given to all
the parameters, additional runs were made to adjust
the parameter values to produce an improved per-
formance for the system when it was run with the
endogenous versions of all of the subroutines.

All runs were dynamic, in the sense above, and

were based on the twelve guarters of National Income
Accounts and Flow of Funds data and the 36 months
of unemployment and interest rate data in the period
1973-75. The loss functions used were sums of
squares of percentage errors of simulation. The
method of bringing in new vectors of values was
"judgmental" rather than automated.

We are currently working on an automated method of
choosing new vectors by computer. The major diffi-
culty in doing this derives from the fact that a
single run of the fully endogenous version of the
model covering three years takes 20 minutes of real
time under optimal conditions on a time-shared
Univac 1108 and most of the standard programs for
parameter search would require hundreds or thousands
of runs. We are working to adapt a number of such
programs so as to cut the number of runs required
by a large factor.
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BANKS AND FINANCIAL INTERMEDIARIES IN
THE MICROSIMULATED TRANSACTIONS
MODEL OF THE U.S. ECONOMY

Robert L. Bennett

This paper is a description in some detail of the
markets for financial assets and the forces affecting
interest rates in the Transactions Model.

There are five basic interest rates in the model:

(1) the three-month bank loan rate

(2) the three-month treasury bill rate

(3) the fifteen year federal government
bond rate (which also governs the
municipal and private bond rates)

(4) the twenty-five year home mortgage rate,
and

(5) the savings deposit rate.

These rates are adjusted each round in response to excess
demands in the market for the specific financial asset.
Excess demand for a financial asset may result in the
model from the issuer of the security changing the out-
standing stock or from owners of the outstanding stock
changing their holdings. Transactions by all of the
actors in the model take place at yields which are
announced at the beginning of the round by the actor
which "makes a market" in the particular security. For
bank loans and savings deposits this is the bank, industry
IBANK; for treasury bills, bonds and home mortgages this
is the other financial institution, industry IOFI. The
bank and financial intermediary accomodate all transac-
tions desired by other actors to the extent that the se-
curities are available (and in some cases sell unavail-
able securities short).

The decisions which most significantly affect interest
rates are made by the individual actors in the process

of adjusting their outstanding liabilities and their port-
folios of financial assets each round. This paper dis-
cusses in turn the portfolio decisions of households, non-
financial business, governments, the bank, the other finan-
cial institution and the monetary authority.? The order of
presentation is almost without exception the order in whicl
the decisions are made during the course of a round.

1 Unfortunately it has as yet not been possible to complete

dynamic runs of the model for 1973-75 period which we are
currently using to set parameters.

The financial activities of governments and the Rest-of-
World sector are exogenous in our model and are not.de-
scribed in detail here.
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FINANCIAL ACTIVITIES OF HOUSEHOLDS

Home Mortgage Issues

Our households are the sole issuers of home
mortgages; these are issued on the occasion

of a consumer's first home purchase, or on the
occasion of a step up from one house to a larger
one. The major determinants of the quantity of
new issues of mortgages are the quantity of

new homes available for sale in the round, the
price of a unit of new housing, the current
mortgage interest rate, the policy of financial
institutions with respect to down payment
requirements, and government golicy with respect
to down payment requirements.

Consumer Debt Issues

Households also issue both installment and non-
installment consumer debt. Currently in the model
the rate charged on these loans is exogenously
determined, so only a cursory description of
this "market" appears here. Installment loans

are made when automobiles are purchased or when
the consumer attempts a transaction for which

he has insufficient cash. Non-installment
consumer loans, representing charge accounts
primarily, are made under lines of credit related
to the consumer's income and current credit
conditions. The household maintains these non-
installment debts at the desired multiple of
weekly expenditures, subject to a cushioned
adjustment to substantial changes in expenditures.
For computational convenience these loans are
made by the bank to the household and later
apportioned to other firms in exogenously
determined shares.

An extended discussion of the decision on the
part of households to purchase homes and the
conditions under which homes are ordered and
constructed is found in Bennett and Bergmann,
A Microsimulated Transactions Model of the U.S.
Economy, Chs. 3 and 4. (Forthcoming.)
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Adjusting the Portfolio of Assets

We have assumed that consumers wish to end the
round with their assets allocated among cash,
savings accounts and open market securities
according to a simple scheme, illustrated in
Figure 1. Consumers with very low assets keep
them entirely in cash. After a certain accumu-
lation has been reached, additional assets will
be allocated half to the cash account and half

to the savings account until the cash account is
of size MAXCASH. As accumulation proceeds, a
point will be reached at which half of additional
assets are allocated to open market securities.
After the savings account has reached size MAXSAVE,
all additions to assets are put into open market
securities.

We have set the ceiling on desired cash as a
proportion of all cash outlays made in the current
round by the consumer.

MAXCASH = A(68)x0UTLAY::<1 N RCAS—RSAC-AVRCAS+AVRSAC> (A(153)

AVRSAC

where OUTLAY is taxes, debt service, and commodities
purchases; RSAC is the current yield on savings
accounts; RCAS is the current yield, if any, on
cash; AVRSAC is a moving average if RSAC and AVRCAS
is a moving average of RCAS.

The ceiling on desired savings accounts will
depend on the previous round's ceiling on OUTLAY
and on the degree of advantage which open market
securities have over savings accounts. This
advantage will depend partly on the rates of
return on savings accounts (RSAVAC) and on open
market securities (R) and partly on risk and
transactions costs.

The consumer evaluates
(2) ADV = A(56)%R-A(66) - RSAVAC

1
Moving averages are computed with geometric

weights and are consistently designated with AV
in this paper.



ASSETS Figure 1. Scheme of Portfolio Allocation

for Households

open market securities
{HBONDS)

savings deposits
MAXSAV — (SAVACC)

demand deposits
MAXCASH — {HCASH)

ASSETS
MAXCASH is a function of weekly outlays and interest rates on savings
accounts.

MAXSAVE is a function of weekly outlays and interest rates on savings
accounts and open market securities.
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which gives the interest rate advantage of open
market securities over savings accounts. The
quantity 1-A(56) may be thought of as an annual
risk premium for securities over savings accounts,
and A(66) represents the transaction cost of
entering the securities market expressed as a
fraction of the price of the security. This
amounts to the assumption that the transaction
cost is amortized fully in the first year of
ownership.

We then compute

_ ADV "
(3) SIGN = DV
which takes the value +1 or -1 and set

1

Consumers start to accumulate savings accounts
when their cash is at one half of MAXCASH, and
they start to accumulate open market securities
when their savings accounts are one half of MAXSAV.

(4) MAXSAV. = MAXSAVO - SIGN=%A (55) #*OUTLAY

In the course of adjusting the composition of his
portfolio, the consumer may realize some capital
gains or losses, which will affect his tax lia-
bility. If bond holdings are reduced, the amount
realized will depend on PBOND, the current ratio
of the market to the maturity value of the average
security owned by households, calculated as

(5) PBOND = RETAVG#®DISFAC + DISMAT

where RETAVG is the coupon rate of the average
security in the household's portfolio calculated

on the assumption that the distribution among
maturities and specific types of securities is
uniform across households. DISFAC and DISMAT are
discount factors for interest and principal,
respectively, based on current securities yields, R,

1
(1+R)AVMAT+1

-1
T+R

1 -

(6) DISFAC =

-1
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1
AVMAT+1

(7) DISMAT =
(1+R)

where AVMAT is the number of months to maturity for
the average security in the household's portfolio.

In the decisions of individual households, open
market securities are not differentiated. However,
after the total stock of household securities hold-
ings, HBONWNDT, is determined, we allocate it between
treasury bills and bonds on the basis of the spread
between the bill and bond rates,; relative to the
usual spread. Thus:

(8) HBILLS = A(201) % HBONDT x
(i_ RBIL-RBON-AVRBIL+AVRBONY) A (202)
AVRBON
and
(9) HBONDS = HBONDT-HBILLS.

FINANCIAL ACTIVITIES OF NONFINANCIAL FIRMS

The activity of the firm during a round, and the
activities of its customers, debtors, and creditors
and of the government result in a change in the
quantity and composition of the assets and lia-
bilities of the firm from what they were at the start
of the round:

1) Money has flowed in through sales of its product
and through the receipt of interest payments on
the bonds it owns: money has flowed out because
of purchases of the output of other firms, because
of wage, tax, and dividend payments, and because
of the firm's payments of interest on its bank
loans and bonded indebtedness.

2) The firm's inventory position will have changed,
and it has probably enlarged its holdings of the
fixed capital it uses in production.

3) New bank loans may have been taken out if the
firm found itself wishing to make a transaction
but without the ready cash on hand to pay.
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The last action of the firm during the round is

to pay off those of its obligations which are due,
collect payment on obligations of others which it
owns, and to adjust the composition and quantities
of its assets and liabilities so as to bring itself
into a "comfortable" liquidity position for the
start of the next round.

The first item of business is the flotation of new
long—-term bond issues. The firm will wish to issue
new bonds with a maturity of 15 years in an amount
which is preportional to the fixed capital purchases
it has made in the round. However, the firm will
reduce the ratio of new bond issues to new fixed
capital when there is an unusually high bond rate
relative to its own history and conversely, The
former takes into consideration the relative costs
of the two forms of debt, while the latter represents
expectations with respect to the future bond rate.
The firm will float bonds in an amount

(10) BONSEL = RFACTOR% I CAPBUY(JFIRM,IFIRM)XP(JFIRM)
JFIRM

where

(11) RFACTOR = A(28)x(l- AVRBON

*<l_ RBON—AVRBON) A(182)
AVRBON

RBON—RBLO—AVRBON+AVRBLO> A(181)

and RBON, RBLO, AVRBON, AVRBLO are the current bond
and business loan rate and their respective moving
averages.

Next the firm pays off those of its long term bonds

and its bank loans which have come due, BONDS(IFIRM, 1)
and BLOANS (IFIRM, 1) respectively, and receives cash
for a proportion of its holdings of other's obligations
BBONDS (IFIRM) and BILLS(IFIRM), equal ot the share of
all such obligations coming due in the current round.

The firm next makes a simultaneous decision on its
desired stock of cash, DESCAS, treasury bills, DESBIL,
and bonds issued by governments and other firms, DESBON,
and its desired outstanding stock of indebtedness to
the bank, DESBLO. With its decisions already made re-
garding other assets (such as real assets and consumer
loan) and liabilities (such as bond issues) in the
round, the firm can only change a particular one of
these assets by charging another in the opposite
direction or by changing its bank debt in the same
direction.
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The firm makes a tentative
assets without considering

Stituﬁion.among them; then it adjusts for desired
substitutions. The initial demand for the assets
1s as function of a moving average of the firm's

sales, AVSALE(IFIRM)%P(IFIRM) and of the cost of
borrowing. Thus:

decision on each of the
the possibility of sub-

(12) DESCASO =A(221) %AVSALE(IFIRM)#*P (IFIRM)
£(1 _ RBLO-RCAS-AVRBLO+AVRCAS ) A(226)
\ AVRBLO
(13) DESBILO = A(222)#*AVSALE (IFIRM)xXP (IFIRM)
x(l _ RBLO—RBIL—AVRBLO+AVRBIL> A(227)
AVRBLO
(14) DESBON | = A(223)#AVSALE (IF IRM)#P (IF IRM)
«1 - RBLO—RBON—AVRBLO+AVRBON> A(228)
\ AVRBLO

Then desired substitutions among assets are com-
puted; the necessary computations are substitutions
of bills by cash (BILCAS), bonds by cash (BONCAS)
and bonds by billsg (BONDBIL). These substitutions
are a function of the current spread between the

yields on the assets, relative to the customary
spread.

(15) BILCAS

It

RCAS-BRBIL-AVRCAS+AVRBIL \ A(231) _ }
DESCASOX[<1+ AVRBIT, > 1

16) BONCAS = RCAS-RBON-AVRCAS+AVRBON | A(232) _ ]
(16) DESCASOX[<1+ AUREON 1
17) BONBIL - RBIL—RBON—AVRBIL+AVRBON> A(233)_]
(17) DESBILOXL<1+ AVREON : 1

The desired stocks of assets then become

(18) DESCAS

1l

DESCASO+BILCAS+BONCAS
(19) DESBIL

)

DESBILO—BILCAS+BONBIL
(20) DESBON

i

DESBONO—BONCAS—BONBIL
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The firm is now in a position to compute the
desired change‘in its bank loans DLOAN as the
sum of the desired changes in its assets, subject
to the maximum of its current line of credit

A(21)%AVSALE (IFIRM)%RATION, 1
and subject to the restriction that only loans
made during the current round BLOANS(IFIRM,12)
can be paid off before they are due.

A(21)%AVSALE (IFIRM)%RATION-ACTBLO
(21) DLOAN = min BLOANS (IFIRM, 12)

DESCAS-ACTCAS+DESBIL-ACTBIL
+DESBON-ACTBON

Finally the firm makes the necessary adjustments
by calls to Subroutine Trans, with the effects of
the constraints felt first in the cash account and
then in the loans.

THE OPERATIONS OF THE BANK

Deposits and Required Reserves

The firm IBANK in the Transactions Model represents
the activities of all commercial banks and all
entities designated as savings institutions in the
Flow of Funds accounts. All of the actors in the
model, with the exception of the monetary authority
but including the bank itself and the financial
intermediary, keep money in the form of demand
deposits at the bank. No currency is represented

in the current version of the model.

Money in the form of demand deposits is created in
the model whenever the bank makes a payment to an
economic agent other than the monetary authority.
This occurs when the bank grants a bank loan, pur-
chases securities in the open market, or pays wages,
rents or dividends in the course of running its
business. Money is destroyed whenever an economic
agent other than the monetary authority makes a
payment to the bank.

1

RATION is an availability factor which rises and
falls with excess bank reserves. (See the discussion
of the bank, below.)
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Savings accounts at the bank are created or
destroyed in the amounts desired by households,
as explained above.

Against its deposit liabilities the bank is re-
quired to hold reserves, RESREQ, in the form of
a deposit at the Federal Reserve,

(22) RESREQ = POL(21)%*TCASH + POL(22)*TOTSAC,

where POL{21) and POL(22) are pelicy variables

set by the Federal Reserve, TCASH is all demand
deposits except those owned by the bank itself

and TOTSAC is the sum of all of the households'
savings deposits.

LOAN ACTIVITIES OF THE BANK

In the course of a round of activity of a run of
the Transactions Model, the bank will be approached
by households, firms and by the financial inter-
mediary for new loans. For each customer, the bank
has a rule of thumb which it uses to decide on an
appropriate line of credit. The rule will depend
on both the customer's and the bank's financial
situation. For business firms, bank loans repay-
able in one lump sum 12 rounds (one quarter)

later are made upon application of the firm as
long as the stock of the firm's bank loans does
not exceed

(23) SLOANS = A(21)*AVSALE (IFIRM) %P (IFIRM)*RATION,

where AVSALE (IFIRM) and P(IFIRM) are a moving
average of sales in physical units of the firm's
product, and the firm's current price for its

output, respectively. RATION is a variable set

by the bank in response to its reserve situation

and its desire to affect the proportion of bank loans
in its portfolio of assets (see below).

Consumers have a line of credit for non-installment
bank loans to a total stock of

(24) A(62)*EXP*RATION,

where EXP is a moving average of a certain portion
of consumer expenditures. Such a loan is amortized
only when the consumer wishes to reduce his or her
indebtedness. Consumers also have access to install-
ment loans and mortgage credit from the bank on
certain set occasions.



The bank's customers are programmed to make
installment payments and to extinguish their
loans on schedule. However, if they are unable
to do so, they are not required to depart from
their usual rules of behavior and the bank will
refinance them.

The bank influences the amount of bank loans
which are demanded by the other actors through
its setting of the interest rates for the busi-
ness loans it grants, RBLO.

It also constrains the supply of new loans by
enlarging or contracting the size of the line of
credit it considers appropriate for each actor in
the model. These matters are dealt with in detail
below, but the general idea is that lines of credit
are contracted when the bank finds itself short of
reserves and loan rates are raised when the value
of loans in its portfolio is greater than allowed
for its own rules of thumb, and conversely.

The Bank's Commitment to Purchase of Home Mortgages

A portion of the home mortgages in the model is
purchased by the bank for its portfolio. The real
estate industry will not order new housing starts
without a commitment that the necessary mortgage
money will be forthcoming 30 rounds into the
future, when it is assumed that houses started

in the current round will be ready for occupancy.
These commitments will come from the bank and the
financial intermediary.

The bank determines its commitment by computing

its desired holdings of home mortgages 30 periods
ahead. This is the sum of desired holding by commer-
cial banks, DMORTB, and by savings institutions,
DMORTS. Both demands are fractions of the current

level of savings accounts for which the institutions
are liable:

(25) DMORTS

I

(A (72) +POL (30)*TOTSAC*SAVRAT

(26) DMORTB

]

A(73)%TOTSAC%* (1-SAVRAT)
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where SAVRAT ig tpe fraction of total savings
accounts which are liabilities of savings institu-
tions, set €Xogenously from the Flow of Funds
accounts, and POL(30) is a policy variable
representing advances by the Federal Home Loan
Bank Board to Savings and loan associations.

The bank's excesg demand for home mortgages,
XDMORB, 1is

(27) XDMORB = DMORTS+DMORTS~ (BMORTB+CMORTB) # (1 -AMORZ)

where BMORTB ig tphe bank's current holdings of
home mortgages, cmormp its commitments to buy
mortgages, and AMORZ is the proportion of the
maturity value of currently held or committed

home mortgages which will be amortized over the
next 30 rounds.

The value of mortgages the bank acquires in the
current round will depend on housing starts made
30 rounds Previously, and may be less than the
bank's commitment if demand for new dwelling
units was not sufficient to induce holders to
start as many dwelling units as could have been
financed by the financial community's commitment
of mortgage Mmoney at that time.

REACTION TO RESERVE REQUIREMENTS

The bank holdg Teserves, RESERV, soley in the
form of a deposit at the Fed. Reserves are
created whenever the Fed makes a payment --
which occurs ip the model only through open-
market operations ang discounting. Reserves are
destroyed whenever a payment is made to the Fed
~= which occurg only through open market opera-
tions and repayment of discounts. Thus, except
for discounting, the bank cannot through its own
actions change the quantity of reserves which it
owns. This conforns relatively closely with the
conditions of tpe banking system in the United
States, but not with the options open to an _
individual bank (which can engage in transactions

which will transfer reserves from or to other
banks) .
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At the end of each round after all of its
customers for bank loans have been dealt with,
the bank in the model reviews its reserve
situation. The activity of the bank in granting
new loans, the interest payments it has received,
the repayments which its customers have made of
the principal of loans which have become due,

and the activity of households in increasing or
decreasing their savings deposits will all affect
the amount of reserves required. Actual reserves
will have been affected by open market operations
which have taken place since the bank's last
review of the reserve situation in the previous
round.

The constraints on the supply of new loans in

the form of maximum lines of credit for each
customer are loose enough to permit a rise in
bank loans during the round sufficient to cause
required reserves to rise above actual reserves.
The rationale we have used here is that bank loans
are the bank's most lucrative investment, and it
is willing to meet a surge in demand for them in
part by discounting and in part by disposing of
other assets.

In the case where the bank's end-of-the-round
review discloses a reserve deficiency, it must
decide on a course of action which will move it
towards meeting the deficiency.

The bank with deficient reserves will employ four
measures in combination:

1. increasing its discounts at the monetary
authority,

2. selling open market securities from its port-
folio to the financial intermediary for cash,

3. planning to restrict the supply of bank loans
in the next round,

4, setting the interest rate for bank loans higher.

In theory, the bank must do enough to get required
reserves to be less than or equal to actual reserves
by a combination of steps 1 and 2. In the real world,
the banking system has some latitude and can move
toward the mandated position rather than achieving
it continually.
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We have reflected this situation in the model

by allowing the bank to employ steps 1 and 2
above to move towards meeting reserve require-
ments but allowing it to stop short of achieving
equality of actual and desired reserves. The bank
must decide what fraction of reserve deficiency
will be met by discounting at the Fed. In the
model, we have made the fraction depend on the
Fed's discount policy and inversely on the spread
between the interest rate the Fed charges for
discounts, RDIS, and the current Treasury Bill
rate RBIL relative to the customary spread AVRDIS-
AVRBIL. New discounts are made in rounds in which
reserves are deficient in the amount BORROW.

(28) BORROW = POL (28) % (RESERVE-RESREQ) %

RDIS—RBIL—AVRDIS+AVRBIL)A(93)

(1 AVRDIS

in which POL(28) is a policy variable representing
the ease or difficulty of obtaining discounts from
the Fed. The reserve deficiency remaining after
the discounting will partially be taken care of

by sales of open market securities by the bank to
the financial intermediary for cash in the amount
of the remaining reserve deficiency, which will
extinguish demand deposits and reduce required
reserves.

This sale will result in the financial inter-
mediary for cash in the amount of the remaining
reserve deficiency, which will extinguish demand
deposits and reduce required reserves.

This sale will result in the financial interme-
“'3ry's having to end the round with a larger
inventory of securities and this will tend to
raise the interest rate it will set for them.

The bank's portfolio, as a result of this trans-
actions will have a reduced ratio of securities

to loans. Since the bank has a rule of thumb which
sets desired proportions of loans and securities in
its portfolio, and adjusts the business loan rate
in an attempt to move towards these proportions,

a reserve deficiency will result in a higher
business loan rate than otherwise would have
prevailed (see below).
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(29) ASSETS = RESREQ+ACTBIL+ACTBON+ACTMOR+ACTBLO
Next the bank calculates its tentatively desired
holdings of each of these five assets, i.e.,
those desired before allowing for any substitu-

tion among them:

(30) DESRESO = RESREQ

It

(31) DESBILO (1.-RESREQ/ASSETS-A(263) -A(264)-A(265))

*ASSETS

1]

(32) DESBONO A (263)*ASSETS

Il

(33) DESMORO A(264)*ASSETS

(34) DESBLOO = A(265)*%ASSETS

where RESREQ is reserves required by the mone-
tary authority plus any desired excess reserves,
before considering the possibility of substitu-
tion among the above assets.

Desired substitution between loans and each of
the other assets is now computed. It depends on
the current spread between the yield on loans

and the yield on the other asset relative to the
customary spread between those yields. Thus the
desired substitution of loans by reserves, BLORES,
loans by treasury bills, BLOBIL, loans by bonds.
BLOBON, and loans by home mortgages, BLOMOR are
calculated.

(35) BL’ORES _ DES_RESox[(l+ RRES—RBLO;@\égEgS-*‘AVRBLO )A(274)_
(36) BLOBIL = DESBILOxKH RBIL—RBLO;%\égiéLH\VRBLO) A(277) _
(37) BLOSON = DESBONOxKM RBON—RBLO;2X§§8N+AVRBLO\ A(279) _
(38) BLOMOR = DESMOROXKH RMOR—RBLO;é\égiagmAVRBLo) A(280) _

The bank now determines its final desired stock
of loans by adjusting the initial estimate for
substitutions.
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In addition to discounting and selling securities
when it finds itself with deficient reserves, the
bank also reduces TARION, which reduces the con-
sumer and business loan requests that it will
accommodate in the next round. RATION is permitted
to vary between .9 and 1.05 and by no more than
.005 per round. This change in RATION can be
interpreted as a change in the non-price condi-
tions under which consumer and business loans are
made; it will put a tighter constraint on the
quantity of such loans in the bank's portfolio,
and, concomitantly, on the supply of money in
future rounds.

We have traced through in detail the response of
bank to a reserve deficiency. If the end-of-the-
round review of the reserve situation reveals a
reserve excess, the bank will follow a course
which is the reverse of the one outlined above:

it will increase RATION, reduce discounts (using
equation (28)) and make purchases of open market
securities equal to the reserve excess with result-
ing lower interest rates for bank loans and open
market securities.

THE BANK'S PORTFOLIO ADJUSTMENTS, AND THE ADJUSTMENT
OF BANK LOAN INTEREST RATES

The model's bank has a portfolio of financial
assets consisting of

1. A reserve account at the monetary authority,
whose size is controlled by open market
operations of the latter and discounting
activity of the bank.

2. Mortgages, whose commitments are determined
as explained above.

3. Consumer installment credit. The bank will
hold an exogenously determined share of
total consumer installment credit outstanding,
with the financial intermediary and some of the
non-financial firms holding the rest.

4, Bank loan instruments, whose genesis is
described above.
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5. Bonds, consisting of Treasury bonds, bonds of
the local governments, and bonds of all the
other firms, in exogenously determined shares.

6. Treasury bills.

The bank's liabilities consist of

1. Demand, and savings deposits

2. Debt and equity instruments issued by the bank
such as bonds, stocks and large certificates
of deposit, all consolidated under a vector
BONDS (IBANK, IMAT), where the instruments have
maturities IMAT of up to 180 months into the
future. In the present version of the model,
the stock of the bank's own debt instruments
is exogenous.

The description given so far of the banks' behavior
in the present version of the model adds up to
saying that the bank's major instruments for influ-
encing the size and composition of its assets

are the variables which it manipulates to control
the volume of bank loans.

As explained above, the ease or stringency of the
bank's credit rationing will depend on its reserve
position. Changing the degree of credit rationing
can be seen as a device to control both the size
of the bank's asset portfolio and its composition.
In addition, the bank manipulates the bank loan
rate each round if the composition of its assets
is out of line with its desires.

In setting the business loan rate for the next
round, the bank takes as given the sum of its
holdings of reserves (ACTRES), treasury bills
(ACTBIL), bonds (ACTBON), home mortgages (ACTMOR)
and business loans (ACTBLO). The bank also has
consumer loans as earning assets which, in the
current version of the model, do not enter directly
into ﬁecisions with respect to the business loan
rate.

1

The symbols in this section end in RES for reserves,
DIS for discounts, BIL for treasury bills, BON for
bonds, MOR for home mortgages and BLO for business
loans. The beginning of the symbols is ACT for
actual, DES for desired, R for current interest rate
and AVR for geometrically weighted moving average of
past interest rates.
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(39) DESLON = DESLONO—BLORES—BLOBIL—BLOBON—BLOMOR;

and computes its excess holdings of loans as
ACTBLO-DESBLO. The business loan rate is raised
by A(13) if ACTBLO-DESBLO is positive, and is
lowered by that amount if it is negative.

Each round the bank sets the current interest
rate on consumer loans, RCONS. This is done
exogenously in the current version.

Setting the Interest Rate on Savings Accounts

The bank's decisions with respect to the rate
paid on savings accounts comprise a decision by
the commercial bank part of the model's bank
sector setting the rate, RSAVAB, on its savings
accounts and a decision by the savings institu-
tions part to set RSAVAS. The rate which is
considered by households, in their portfolio
decisions RSAVAC, is a weighted average of the
two rates. Thus,

(40) RSAVAC = RSAVAS®xSAVRAT+RSAVAB#* (1-SAVRAT)

in which SAVRAT is the proportion of total savings
accounts owed by savings institutions, set ex-
ogenously as indicated in the Flow of Funds
accounts. RSAVAS is set at a fixed spread, A(97)
below RETS, the weighted average current yield

on securities held by savings institutions,
subject to a maximum rate which is a percentage,
A(16), of the maximum rate permitted by the
Federal Reserve, POL(23):

A(16)%POL (23)
(41) RSAVAS = min {

RETS-A(97)
RSAVAB is set similarly as:
A(16)%POL (23)
(42) RSAVAB = min {
RETB-A(118)
in which RETB is the weighted average current
yield on securities held by commercial bank and
A(118) is the customary margin of interest re-

ceived on securities over that paid on savings
accounts.
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THE OPERATIONS OF THE FINANCIAL INTERMEDIARY

The financial intermediary, firm IOFI in the
model, is composed primarily of the insurance
industry and securities brokers and dealers.
In the National Accounts it corresponds to the
portion of the Finance, Insurance and Real
Estate industry that remains after excluding
the Banking industry and the Real Estate in-
dustry.

The financial intermediary's primary function
in the model is to make a market in all open
market securities by announcing a yield to
maturity for each type of security at the
beginning of each round and purchasing all
securities offered and selling all securities
demanded at these yields. It also acts in be-
half of all non-governmental asset holders,
holding for them all of their financial claims
(except deposits and bank loan instruments)
collecting the flows of interest and dividend
payments which accrue on them and disbursing
the approporiate share to each individual asset
holder represented in the model.

Portfolio

The financial intermediary holds a portfolio of
assets on its own account, partly as a buffer
stock in connection with its market-making ac-
tivities, partly on account of its insurance
function and partly as an investment.

When the orders to sell a particular debt in-
strument which come to the financial intermedi-
ary from the other actors in the model do not
match the orders to buy, the amount of that
instrument held in the portfolio of the financial
intermediary expands or contracts accordingly.
An undesired expansion of the amount (measured
in terms of maturity value) of a particular type
of financial instrument in its portfolio will
cause the financial intermediary to raise the
interest rate it announces in the next round

for that type of instrument, while an undesired
contraction will cause it to lower the interest
rate.
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The open market instruments in which the finan-
cial intermediary makes a market are:

1. Mortgages: HMORTG(IMAT), (IMAT)=MON, MON+299

2. Longer term federal government bonds: BONDS (IGOVF,IMAT),
IMAT = 13, 180

3. Treasury bills: BLOANS (IGOVE,IMAT) and BONDS
(IGOVF,IMAT), IMAT = 1, 12

4, Municipal bonds: BONDS (IGOVO,IMAT), IMAT = 1, 180

5. Private business bonds: BONDS (IFIRM,IMAT), IFIRM =
1, 12; IMAT = 1, 180

Mortgages originate in loans made by the financial
intermediary to home-buying households and are held
only by the bank (BMORTB), the federal government
(BMORTG) and by the financial intermediary (BMORTIN) .
All of the other assets in the list above are poten-
tially held by all of the actors represented in the
model. The financial intermediary buys a particular
type of open market security from its issuer but
when it sells non-mortage assets to investors (or
buys them back) it does so by selling or buying
either treasury bills or "shares" in all of the
other non-mortgage assets ("bonds") which are in
exigtence (all of which are held in the "street
name" of the financial intermediary in any case).
When it comes time to make interest, dividend or
capital gains payments to individual investors,

we exogenously determine by reference to the

Flow of Funds data the composition of each

sector's "bonds".

The financial intermediary is assumed to desire

a total portfolio of cash, bills, bonds and

mor tgages, DESASS, that is a linear function of

(1) a geometrically weighted average, AVSALE(IOFI),
of its weekly sales, evaluated at current prices,
P(IOFI) and (2) the cost of borrowing, RBLO,
relative to the usual cost, AVRBLO.

Thus, before considering the possibility of
substitution among assets the demanded stocks
are

(43) DESASS = DESCASO+DESBILO+DESBONO+DESMORO



6341
6349

(44) DESCASo = A(241)%AVSALE (IOFI) %P (IOFI) =%

RBLO-RCAS-AVRBLO+AVRCAS, A(246)
AVRBLO

(1- )

and similarly for DESBILO, DESBON AND DESMOR
with their returns substftuted fo? the return
on cash in (44).

Next the desired substitutions between pairs of
these assets are calculated. The necessary cal-
culations are substitutions of bills by cash,
BILCAS, bonds by cash, BONCAS, HMOCAS, BONBIL,
HMOBIL, and HMOBON. For example,

(45) BILCAS = DESCASOx

RCAS-RBIL-AVRCAS+AVRBIL, A(251)

(1+ AVRBIL )

-1

and similarly for the others, substituting the

appropriate tentative desired stocks and interest
rates.

The stocks of these assets desired by the finan-

cial institution for its own account are then
computed as:

I

(46) DESCAS DESCASO+BILCAS+BONCAS+HMOCAS

(47) DESBIL

I

DESBILO—BILCAS+BONBIL+HMOBIL
(48) DESBON = DESBONO—BONCAS—BONBIL-HMOBON
(49) DESMOR = DESMORO—HMOCAS—HMOBIL—HMOBON
The financial institution finally adjusts the

interest rates for which it is responsible as
follows:

(50) RBIL = RBILOfA(zz) as ACTBIL DESBIL
(51) RBON = RBONOiA(23) as ACTBON DESBON
(52) RMOR = RMOROiA<24) as ACTMOR DESMOR

The current private business bond rate is now set
at A(1l7)%RBON, where A(l7) is an average risk pre-
mium for private business bonds over federal govern-
ment bonds. The municipal bond rate, RMUNI (180) is
set exogenously.

75
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THE OPERATIONS OF THE MONETARY AUTHORITY
Monetary and credit policy are determined in
the model by the monetary authority. The policy
instruments at its disposal are the following
(lListed in the order in which they are discussed
below, rather than in the order of their import-
ance) :
(1) Reguired reserve ratios for savings accounts
at commercial banks, POL(22) and at savings
institutions, POL(30);
(2) Maximum savings account interest rate, POL(23);
(3) Down payment requirement on home purchases, POL(18);
(4) Required reserve ratio for demand desposits, POL(21);
(5) Discount rate, RDIS;
(6) Discount policy, POL(28);

(7) Open market operations.

Required Reserve Ratios for Savings Accounts

In the United States some savings accounts are
liabilities of commercial banks and some of saving
institutions, primarily savings and loan associa-
tions. The Federal Reserve sets the required
reserve percentages for member banks while the
Federal Home Loan Bank Board sets it for federal
savings and loan associations. In the model all
savings accounts are the liability of the single
bank, and the monetary authority sets both reserve
rates.

In actual practice the reserves for savings ac-
counts held at commercial banks are required to
be held in the form of a deposit at the Federal
Reserve, while the reserves required of savings
institutions are not.

In running the model to replicate the policies
that were in fact in effect in historical periods,
all savings accounts require reserves held at the
monetary authority and the required ration, POL(22)
is set as the 30 day deposit rate set historically
by the Federal Reserve, reduced by the percentage
that savings institution accounts were of commer-
cial bank savings accounts.



(POL) is set by the monetary authority and controls
the fraction of savings institution deposits in-
vested in home mortgages, thus performing the
function of Federal Home Loan Bank Board advances
to savings and loan associations.

The major direct impact of raising POL(22) or
POL(30) would be to leave a smaller quantity of
reserves available to satisfy requirements for
demand deposits, thus inducing the bank to curtail
lending and investing in securities. This could
have the effect of raising interest rates on loans
and securities.

Maximum Savings Account Interest Rate

Currently in the United States the Federal Reserve
and the Federal Home Loan Bank Board set maximum
interest rates on various categories of savings
accounts, including the rates permitted for savings
institutions. Usually the rate permitted for sav-
ings institutions is somewhat higher than for
commercial banks. In the model the monetary au-
thority sets one maximum rate, POL(23), for all
savings accounts, and this is set to approximate
the average maximum permitted historically. This

is a relatively powerful policy variable in periods
of high interest rates in affecting the level of
investment in residence. When yields on open market
securities continue to rise while the rate on
savings accounts is at a maximum, the model's
actors shift more and more funds out of savings
accounts and into open market securities. This
reduces the ability of the savings institutions

to commit funds for home mortgages, thus reducing
housing starts.

Down Payment Requirement on Home Purchases

In the model, POL(1l8) is a policy variable which
controls the fraction of the cost of a home which
can be financed with a given quantity of funds
available to the financial system. At the same
time it may prevent a prospective purchaser with
a given stock of assets for the down payment from
acquiring a home.

77
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Required Reserve Ratio for Demand Deposits

In the model, the monetary authority sets a uni-
form required reserve ratio, POL(21), for demand
deposits. The setup in the model differs from
the one in the U.S. economy in a number of re-
spects:

(1) In the model, there is no currency; all
money 1s treated as a deposit liablity of
the bank, whereas in fact some money is a
currency liability of the Federal Reserve
and the Treasury:

(2) In the model all required reserves must be
held as a deposit at the monetary authority,
whereas vault cash is counted in the real
world;

(3) In the model no distinction is made among
banks in their reserve requirements, since
we have only one bank, whereas the Federal
Reserve actually has smaller percentage
requirements for smaller banks.

In correcting for these simplicities of the model,
the "historic" values of POL(21l) are set each
quarter by taking actual bank reserves reported

by the Flow of Funds accounts, TF(IQQ,31) adjusted
by a parameter A(95) fitted to take care of
estimated excess reserves desired by the bank-

ing system, less the guantity of reserves re-
quired for actual savings accounts. POL(22)%
TF(IQQ,9,2). This is divided by the actual stock
of money (Ml) reported in the Flow of Funds
accounts, with minor adjustments for other Federal
Reserve liabilities.

The Discount Rate and Discount Policy

In attempting to simulate the historical past,

the discount rate which prevailed in the real

world was used in the model. However, for simula-
tions of alternative policies it is more reasonable
to have the discount rate determined as nearly as
possible in response to the behavior of variables
on which the Federal Reserve actually sets it.
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Thus, in the model the monetary authority monthly
sets the rate charged on loans of reserves to the
bank, RDIS, as a lagged adjustment to a moving
average of the treasury bill rate, ARVBIL, subject
to a maximum POL(29):

(53) RDIS = RDIS_ =-A(120), if RDIS_> AVRBIL+POL(27)
/RDIS_ +A(120), if RDIS_< AVRBIL
(54) RDIS_ = min ©
_POL (29)
(55) RDIS = RDIS , otherwise.

The extent of discounting in the model is influ-
enced not only by the relation between the treasury
bill rate and the discount rate, but also by dis-
count policy with respect to the ease or difficulty
of obtaining funds from the Federal Reserve. In the
model this policy i1s represented by POL(28) which
governs the maximum fraction of the bank's reserve
deficiency which can be covered by discounting.

A higher discount rate and/or a lower POL(28) will
reduce the guantity of reserves borrowed to meet
at reserve deficiency. This, in turn, will reduce
the bank's loans and investments, which will lead
to a rise in interest rates on bank loans and open
market securities.

Open Market Operations

The heart of the short run operation of monetary
policy in the model, as in the real world, is open
market operations. These are conducted in each
round by the monetary authority after all sectors
have completed their transactions on goods and
services markets and after all sectors except the
bank have fully adjusted their portfolios for the
round. The Federal Reserve computes the reserves
which it desires for the bank to have DRESER and
engages in open market operations. BUY, to bring
actual reserves, RESERV, to the desired quantity.

The Federal Reserve can formulate its desired
reserves in three different manners in the model,
depending on the purpose for which the model is
being used. The simplest formulation is for the
Federal Reserve to set DRESER at the level which
prevailed in the real world:

8194



80
(56) DRESER = TF (IQQ,3,1)#*SSCALE

in which SSCALE is the scalé factor for stocks in
the model. This formulation of DRESER, representing
a fully exogenous monetary authority, is appropriate
for fitting parameters of the model and to some
extent for computing "ceteris paribus" multipliers.

An alternative decision on DRESER is also useful
primarily in calibrating the model. This formulation
initially equates DRESER with the quantity of re-
serves required by the bank in the model, RESREQ.
DRESER is increased if the simulated values of the
narrowly defined money supply, M1, and the broadly
defined money supply, M2, are lower than the actual
values or if the simulated value of the treasury
bill rate is lower than the actual value.

A third, more fully endogenous, method of setting
the level of desired reserves is for the Federal
Reserve to establish each fourth round (monthly)
the desired annual rate of growth of reserves,
POL(25). This is determined as its previous rate
adjusted for the change in prices and unemployment
during the previous four rounds. Specifically,

(57) DRESER = POL(24)1/48xDRESERO, where
3 _(PINDEX-PINDEL )POL (25)
(58) POL(24) = POL(24)  * 1 ( ST )
x/1+ URATE-URATEL \ POL(26)
\ URATEL

where PINDEX, and PINCEL are the GNP deflators

of the current and fourth previous rounds, respect-
ively, and URATE and URATEL are the civilian un-
employment rates for the current and fourth pre-
vious rounds, respectively.
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MODELING ALTERNATIVE MONETARY POLICIES

The financial aspects of the Transactions Model
which are described above give a rich assortment
of realistic avenues through which actions of the
monetary authority affect the economy. We would,
of course, be receptive to suggestions for includ-
ing response paths which have been excluded, im-
proving those which are modeled inadequately, and
eliminating those which are erroneous or otiose.

The process of modeling alternative policies is
relatively inexpensive with the Transactions Model,
both in terms of computer time and the programmers
time. To simulate one year of calendar time requires
approximately ten minutes of computer time on our
UNIVAC 1108 at the University of Maryland. Many
financial policies are represented by one vari-
able (for instance the discount or required reserve
rate) which can be changed quite simply. It is

also relatively easy to add some new instruments
by revising the program appropriately.

An expecially advantageous feature of the Trans-
actions Model is the rich detail of the data which
can be made available in measuring responses to
policy. At any point in any round we can take a
reading on any of the micro or macro variables.
This is especially useful in identifying the
avenues of responses and in measuring the lags

in responses, which are so important for monetary
policy.
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Table 1. Symbols Used in this Paper

1. Financial Assets

CAS = Cash

RES = Bank Reserves

BIL = Treasury Bills

BON = Treasury, Other Government and Private Bonds
HMO = Home Mortgages

BLO = Business Loans

CLO = Consumer Loans

SAC = Savings Accounts and Time Deposits other than

large denomination CD's,

II. Interest Rates

RCAS = Yield, if any, on cash

RRES = Yield, if any, on bank reserves

RBIL = Treasury Bill Rate

RBON = U.S, Government Bond Rate

RMOR = Home Mortgage Rate

RBLO = Business Bank Loan Rate

RCLO - Consumer Loan Rate

RSAC = Rate paid on Savings Accounts and Time Deposits
RDIS = Discount Rate.

II1. Sectors (used as subscripts)

IREAL= Real Estate Rental Firm
IOFI = Non-Bank Finance and Insurance

IBANK = Banking, including Savings Institutions
IGOVF = Federal Government

IGOVO = Other Governments

IROW = Rest of World

IFED = Federal Reserve.
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Appendix

PERFORMANCE OF THE TRANSACTIONS
MODEL: 1973-1975

Barbara R. Bergmann and Robert L. Bennett

The parameters of the Model are set so as to mini-
mize the square root of the sum of squared percen-
tage errors (hereafter the standard percentage error
or SPE) during the 1973-75 period. This period wit-
nessed very large fluctuations in most of the macro-
economic variables that are of interest, and turning
points for some of them, and tracking the relevant
variables during such a period is more stringent a
test than during a period in which there were either
small or monotonic changes. The procedure for set-
ting the parameters was to run the Model for the en-
tire period after setting up the initial conditions,
and to make no mid-course corrections. Thus, the
Model's errors in a particular quarter incorporate
the cumulative effects of simulation errors in pre-
vious quarters. Most of the data which we used for
tracking were available only quarterly: to track
flow variables we cumulated the simulated data over
the quarters and for stock variables we used the
end-of-period figures. Several variables were avail-
able monthly, and for some of these - particularly
interest rates - we tracked the monthly series.

The National Accounts

Table 1 shows the simulated and actual values for
the gross national product and its major components.
The mean values of the simulated and actual GNP se-
ries for government expenditures in Table 1 includes
net exports. Both government expenditures and net
exports are set exogenously in the real values and
the errors noted in Table 1 result largely from er-
rors in the price series. For personal consumption
expenditures the mean value of the simulated series
is a little low, while the SPE is a respectable

1.6 %.

Fixed investment is simulated quite closely to the
actual series, with the mean values almost identi-
cal and a SPE of 2 %. The two components of fixed
investment - investment in plant and equipment and
investment in residences - had somewhat greater
variance. Residential investment's simulated mean
was 5 % below the actual mean and the SPE was 8.4 %.
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TABLE 1. GROSS NATIONAL PRODUCT ( BILLION OF DOLLARS AT ANNUAL RATE)

GNP PCE CH INVY FIX INVT GOV EXP GNP DFF
SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT

73 1 1280.1265 800 787 12 12 202 199 267 267 104 103
73 2 1312.1288 814 801 22 15 206 203 271 269 106 105
73 3 1332.1317 824 818 20 15 206 205 282 279 109 107
73 4 1344.1355 834 833 10 29 205 202 295 290 111 109
74 1 1375.1373 852 853 8 13 205 204 309 303 113 112
74 2 1396.1399 876 879 11 13 204 206 306 302 1le 115
74 3 1427.1432 895 907 18 7 202 206 313 311 118 118
74 4 1428.1449 894 911 12 10 199 202 324 327 120 122
75 1 1460.1446 931 '933 -6 =22 197 195 338 341 123 125
75 2 1531.1482 969 960 5 =30 195 194 361 358 125 126
75 3 1560.1549 975 987 17 -2 196 199 372 365 127 128
75 4 1550.1588 972 1012 9 -4 194 206 376 375 129 130
MEAN 1416.1412 886 890 11 5 201 202 318 316 117 117
SE (PCT) .0151 .0156 2.9741 .0207 .0118 .0120

TABLE 2. NATIONAL INCOME (BILLION OF DOLIARS AT ANNUAL RATE)

NAT INC COMP EM? RENT PROP INC CORP PRO NET INT
SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT

1144.1132 875 868 20 22 95 90 95 92 59 61
PCT) .0260 .0129 .1508 .1410 .1093 .0656

73 1 1058.1027 769 771 24 22 107 86 114 101 44 47
73 2 1069.1048 786 790 24 21 103 91 109 98 47 47
73 3 1091.1070 810 807 22 21 102 95 104 98 54 49
73 4 1101.1099 829 828 19 22 98 98 99 99 55 51
74 1 1104.1110 854 846 18 21 87 91 90 96 56 55
74 2 1114.1122 875 867 17 21 81 85 84 88 57 62
74 3 1118.1145 893 890 17 21 78 86 71 82 60 66
74 4 1128.1152 904 902 16 21 78 86 67 74 62 69
75 1 1176.1145 920 904 18 22 96 81 78 69 65 69
75 2 1250.1178 941 913 20 22 113 87 107 87 67 70
75 3 1265.1229 956 935 21 22 105 95 114 105 69 70
75 4 1255.1260 966 963 19 23 96 97 103 105 71 72

N

(

SE

TARLE 3. PERSONAL INCOME AND OUTLAY (BILLIONS OF DOLLARS AT ANNUAL RATE)

1286.1300 183 180 .1103.1120 972.1012 20 23 111 85
1158.1152 162 163 997 988 886 890 20 22 90 77
PCT) .0167 .0385 .0174 .0156 .0952 L2277

PERS INC PERS TAX DIS PER INC PCE PERS INT PER SAVE
SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT
73 1 1028.1012 146 145 882 867 800 787 21 19 61 60
72 2 1054.1038 151 147 904 891 814 801 21 20 68 70
73 3 1080.1064 155 153 925 912 824 818 21 21 81 73
73 4 1097.1095 157 158 940 938 834 833 21 21 86 83
74 1 1108.1110 158 161 950 948 852 853 20 21 78 74
74 2 1133.1137 16l 167 973 969 876 879 20 22 77 69
74 3 1156.1173 164 174 992 998 895 907 20 23 77 69
74 4 1174.1194 165 178 .1009.1016 894 911 20 23 95 82
75 1 1223.1203 170 179 .1053.1024 931 933 20 22 102 68
75 2 1278.1230 145 142 .1133.1088 969 960 20 22 144 106
75 3 1284.1265 184 174 .1100.1091 975 987 20 23 104 81l

4

N

(
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Investment in plant and Equipment, on the other hand,
had an error of the mean of only 1.5 % and a SPE of
2.6 %.

Most of the variance in GNP is explained by errors
in tracking changes in inventories. The pattern of

changes in inventory is reasonably accurate - the
turning points are tracked rather well. But the mag-
nitudes of the swings are somewhat erratic - indi-

cating an area for improvement of the Model in the
future.

On the income side of the national accounts (Table
2), the Model does very well in tracking compensa-
tion of employees and reasonably well in tracking
net interest, but in tracking the other property in-
come series there is considerable room for improve-
ment. Some of the errors in the property income ac-
counts may result from the Model's failure to depict
the business practice of shifting income among pe-
riods for tax purposes in the way in which this is
done in reality.

This weakness carries over from the business income
series to the personal income series shown in Table
3. The errors in the pattern of personal income and
personal taxes probably result in large part from
the faulty pattern of property income and again may
be exacerbated by the failure of the Model's indi-
viduals to shift incomes among time periods. Even
with this problem of timing income receipts and,
hence, tax payments, the series shown in Table 3
for the household sector are evidence of reasonably
good tracking - particularly prior to 1975. The se-
ries on personal saving has a distressingly large
SPE of 23 %, and one can see that the bulk of this
error occurs in 1975. Obviously this is an area in
which improvement needs to be made.

Prices

The last two columns of Table 1 show the Model's
performance with respect to the GNP deflator - an
identical mean and a standard percentage error of
1.2 8. In simulating price behavior it seemed best
to try to track individual industry prices rather
than the GNP deflator, even at the sacrifice of
larger SPE for the latter. Summary statistics for
the Model's performance in tracking industry prices
are presented in Table 4. Farm and automobile
prices are set exogenously in our Model, but in
counterfactual runs we adjust the exogenous values
to reflect divergences between the simulated and
actual GNP deflator. A major problem was posed by
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TABLE 4

Prices by Industry in the Period 1973-75 (1967 = 100)

Standard
Simulated Actual Percentage

Industry Mean Mean Error
Agriculture, Forestry and

Fisheries (exogenous) - - -
Mining (exogenous after

1973.1I1) 190 190 .015
Construction 206 203 .026
Automobile - - -
Other Durable Manufacturing 136 137 .024
Non-durable Manufacturing 126 127 .024
Transportation and Utilities 133 133 .019
Wholesale and Retail Trade 148 146 .022
Services, n.e.c. 154 153 .008
Real Estate 135 137 .019
Banking 135 137 .037

Other Finance 136 137 .022
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the substantial change in o0il prices beginning toward
the end of 1973. The brunt of the impact was on our
"mining industry" and we have set that industry's
price exogenously after 1973. For the other indus-
tries simulated means are within 2 % of the actual
and standard percentage errors are under 3 %, except
for the banking industry's 3.7 %.

Unemployment Rates

Table 5 shows the Model's performance with respect
to unemployment rates for the civilian labor and
each of our four occupations. These rates are, of
course, computed as the difference between simu-
lated employment and simulated labor force, and a
small error in either produces a relatively large
error in their difference. However, the civilian un-
employment rate's simulated and actual means are al-
most identical and the standard percentage error is
7.6 %. As one would expect, there is somewhat less
accuracy in tracking the unemployment rates of the
different occupations, but the SPE is large (17 %)
only for the craft workers. This large error for
craft workers is due to the larger fraction of that
occupation which is subject to dismissal or hiring
as production is varied - a fraction which varies
from .9 for craft workers to zero for professional,
managerial and technical workers, with sales and
clerical workers at .2 and laborers at .4.

Interest Rates

The Model's performance with respect to major in-
terest rates is shown in Table 6. One can see at a
glance that tracking is much better for the long-
term (bond and mortgage) rates than for the short-
term (treasury bill and bank loan) rates. Each of
these interest rates is changed each round in pro-
portion to the excess stock of the respective asset
held by the institution which sets the rate - the
bank in the case of the bank loan rate and the fi-
nancial intermediary for the others. (Some idea of
the variations in these excess stocks can be seen
in Tables 11 and 12, below.) A major reason for the
large errors in the short-term rates may be our
smoothing the exogenous series on bank reserves on
which our Federal Reserve's policy is based. The
basic data on member bank reserves is monthly and
we have converted this into a synthetic series
which spreads the between-month changes evenly over
rounds - with the end of month stocks coinciding
with those of the basic data. This procedure is
probably superior to using the unrefined data, but
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is ineffective in capturing the weekly variations in
actual bank reserves and, hence, the large short-run
fluctuations in the treasury bill and bank loan rates.

The only really large and persistent discrepancy be-
tween simulated and actual interest rates occurs for
the treasury bill rate during the first part of 1973
-~ the simulated values are substantially below the
actual series even though they coincide at the start
of the run. A search for the cause of this discrep-
ancy has as yet been unsuccessfull, except to point
to some problem in the initial conditions.

Stocks of Assets and Liabilities

Selected balance sheet information for the household
sector 1s presented in Table 7. This sector's cash,
savings accounts and mortgage debt are tracked close-
ly, but bonds, bills and loans are quite wide of the
mark. The bond and bill holdings of consumers are in
a sense residual accounts which feel the effect of
most of the errors in the Model's savings function
and the functions which allocate those savings among
assets and liabilities. In brief, the households al-
locate their current receipts after all spending for
debt repayments and commodities acquisition among
cash, savings accounts, treasury bills and bonds.
The demands for cash and savings accounts are frac-
tions of usual spending adjusted for interest rates.
Any surplus of a household's funds over desired cash
and savings accounts is automatically invested in
bonds and bills in proportions affected by relative
interest rates. The large and systematic errors in
the loan account are evidence of the necessity of
more work on this part of the Model, based on the
incorporation of data on the initial distribution
among households of various types of assets. The er-
ror in consumer debt is rather a serious matter
since it affects consumer expenditures in an import-
ant way, and hence employment. This is another area
in which structural improvements in the Model are
called for.

Table 8, selected accounts from the consolidated
balance sheet of the ten nonfinancial firms, indi-
cates that the Model performs quite well in track-
ing their major financial assets and liabilities.
Bond liabilities, which depend largely on invest-
ment and interest rates, show simulated and actual
means quite close and the SPE is a respectable .9 %.
The error in nonfinancial firm holdings of consumer
debt is determined by errors in consumer debt issues
that were discussed above. Bank loans, which are
governed by interest rates and firms' demand for
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TABLE 7

HOUSEHOLD BALANCE SHEET

(END OF PERIOD FIGURES IN

BILLIONS OF DOLLARS)

CASH SAVACC BONDS HILLS LOANS MORTG

SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT
73 1 158 150 603 591 209 229 14 13 236 224 340 338
73 2 159 156 612 610 215 236 19 14 233 234 350 350
73 3 160 156 627 623 224 245 23 17 230 238 363 363
73 4 162 170 639 636 232 248 28 18 226 247 374 372
74 1 164 162 651 657 244 248 32 24 225 242 377 378
74 2 167 168 664 673 261 252 30 24 226 248 379 389
74 3 170 166 678 680 278 265 27 26 228 251 385 397
74 4 172 179 693 695 286 267 29 24 223 256 395 403
75 1 175 165 712 725 300 272 27 20 225 250 405 409
75 2 182 181 742 748 314 274 23 18 230 255 415 418
75 3 184 180 759 765 332 284 24 21 230 257 424 429
75 4 184 187 771 787 356 293 24 19 227 266 434 439
MEAN 170 168 679 682 271 259 25 20 228 247 387 390
SE (PCT) .0327 .0116 .1091 2992 .0918 .0143
TABLE 8
NONFINANCIAL FIRMS BALANCE SHEET
(ENDS OF PERIOD FIGURES IN BILLIONS OF DOLLARS)

CASH CON CRED BILLS BONDS A LOANS BONDS L

SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT
73 1 51 54 36 34 2 3 171 175 149 158 512 510
73 2 52 54 35 35 2 3 178 182 155 168 526 519
73 3 51 54 34 35 2 2 182 185 157 174 539 534
73 4 51 55 35 39 2 2 187 189 162 180 554 549
74 1 52 54 34 37 2 -1 197 204 168 187 568 568
74 2 54 53 35 38 2 -1 205 213 176 201 582 582
74 3 56 53 35 39 2 -1 214 215 183 205 596 601
74 4 56 56 36 41 2 2 218 223 184 210 610 618
75 1 58 55 36 41 2 3 226 228 186 201 623 632
75 2 62 54 37 41 2 5 239 233 200 199 636 635
75 3 63 55 37 41 2 3 246 233 206 196 649 643
75 4 62 58 38 44 2 3 251 243 208 197 661 658
MEAN 56 55 36 39 2 2 209 210 178 190 588 587
SE (PCT) .0756 0938 1.5252 .0280 .0878 .0087
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financial assets, track less well than bonds, but

the difference in the means is only 6.3 % and the

SPE is 8.8 %. For nonfinancial firms the bank loans
and bond asset accounts share all of the errors in

the flow of funds associated with nonfinancial busi-
nesses - dividend payouts too small, bond issue too
large, profits too large, and cash or bond demand too
small, etc. This is because a firm with excess cash uses
it to bring current borrowing to zero, after which the
remainder is invested in bonds. Thus, the SPE's of
bank loans and bond holdings are evidence that the
cumulated errors associated with nonfinancial firms
are moderate.

Tables 9 and 10 give actual and simulated balance
sheets of the federal and other governments, respec-—
tively. Most of the government accounts are exoge-
nous in the Model. However, government expenditures
have been set exogenously in the real values, so er-
rors in prices and government wages result in simu-
lated values of some government series different
than those of the real world. Similarly the errors
of various tax payments result in errors in govern-
ment receipts. In the case of the federal government
all of these errors affect the quantity of its bond
and treasury bill issues. The errors in those series
are seen to be moderate, and to indicate that the
Model's federal government receipts are somewhat
small and/or its expenditures are somewhat large
compared with the real world. All of the errors of
the state and local government's transactions cumu-
late in its bond issues, and they are seen to be
somewhat low - indicating that its receipts are too
high and/or its expenditures too low.

Selected series from the bank's balans sheet are
shown in Table 11. The bank's stocks of financial
assets and liabilities can be divided conveniently
into the following three types depending on the
source of errors in the simulated series: (1) series
which depend for their errors largely on the errors
in one equation for some sector other than the bank,
(2) series whose errors depend largely on the errors
in one equation for the bank, and (3) series whose
errors compound those of several other series. Each
of these types will be discussed in turn.

There are three bank series whose errors are largely
those of one equation for another sector: (1) re-
serves, (2) consumer credit, and (3) savings ac-
counts. Bank reserves are set at their exogenous
level, subject to the constraint that excess or de-
ficient reserves may be no more than 5 % of required
reserves. This constraint explains the relatively
small error in this series. The error in the bank's



92

TABLE 9

FEDERAL GOVERNMENT BALANCE SHEET

(END OF PERIOD FIGURES IN BILLIONS OF DOLLARS)

CASH BONDS A MORTG BILLS L BONDS L

SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT
73 1 15 15 101 101 29 29 145 146 263 264
73 2 15 15 102 102 30 30 139 139 271 271
73 3 10 10 111 111 32 32 141 141 276 276
73 4 13 13 116 1le 34 34 152 153 277 277
74 1 11 11 120 120 36 36 160 160 276 275
74 2 12 12 120 120 39 39 157 155 286 281
74 3 11 11 132 132 42 42 160 155 303 294
74 4 8 8 140 140 45 45 170 164 312 302
75 1 8 8 138 138 48 48 175 171 320 313
75 2 9 9 130 130 51 51 183 179 330 323
75 3 11 11 135 135 55 55 181 179 353 350
75 4 11 11 140 140 59 59 179 179 379 380
MEAN 11 11 124 124 42 42 162 160 304 300
SE (PCT) .0000 .0000 .0000 .0178 .0169
TABLE 10
LOCAL GOVERNMENT BALANCE SHEET
(END OF PERIOD FIGURES IN BILLIONS OF DOLLARS)

CASH BILLS BONDS A BONDS L

SIM ACT SIM ACT SIM ACT SIM ACT
73 1 14 13 18 18 107 107 168 173 124 131 41 41
73 2 15 14 16 16 110 110 166 176 127 126 40 40
73 3 13 13 17 17 113 113 166 180 130 129 40 40
73 4 15 15 17 17 117 117 170 184 133 131 40 40
74 1 13 13 19 19 119 119 173 188 137 135 42 42
74 2 15 15 15 15 125 125 177 194 140 139 43 43
74 3 13 13 16 16 128 128 178 198 143 143 44 44
74 4 15 15 15 15 134 134 187 202 146 1lde 46 46
75 1 13 - 13 18 18 134 134 191 205 149 150 50 50
75 2 15 15 17 17 136 136 195 210 152 153 53 53
75 3 13 13 17 17 138 138 197 214 154 156 57 57
75 4 15 15 17 17 145 145 207 217 157 158 58 58
MEAN 14 14 17 17 125 125 181 195 141 141 46 46
SE (PCT) .0303 .0000 .0000 .0730 .0177 0000
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consumer loans is due entirely to the error in the
tracking of consumer loans by households discussed
earlier. (The aggregate consumer loan issues are di-
vided among the various sectors of the Model in exo-
genously determined proportions.) Since the bank sup-
plies all savings accounts demanded by households at
the rate of return determined by the bank, the error
in this series, which is quite small, depends on
that demand equation which, in turn depends on the
equation setting the rate of return. The simulated
mean for savings accounts is .4 % smaller than the
actual mean and the SPE is only 1.2 %.

Three of the bank's series depend largely on one of

the bank's equations: (1) bond assets, (2) mortgage
assets, and (3) other liabilities. The mortgage se-
ries is simulated very well - the simulated mean is

quite close to the actual mean and the SPE is only
1.2 %. The bank's bond liabilities are not simulated
very well - the simulated mean is 8.3 % below the
actual and the SPE is 10.4 %. This large error is
due primarily to our including a diverse group of
short-term bank obligations like bankers' accept-
ances and large negotiable certificates of deposit
in this series. We then simulate the bank's other
liabilities issues as depending on its investment
and relative interest rates in the same manner as
for other firms' bond issues. This procedure obvious-
ly can and should be improved. The bank's bond as-
set track rather well with the mean 1.4 % too low
and and an SPE of 3.4 %.

Three of the bank's series cumulate errors from sev-
eral sources: (1) bank loans, (2) treasury bill
holdings, and (3) demand deposit liabilities. Bank
loans are in a sense a residual account for the
businesses. The firms' transactions during a round
leave them with cash and other financial asset po-
sitions which are adjusted to the desired level
through borrowing; or repaying bank loans. Thus,
while the error of the mean and SPE for this series
are large compared to most others, they are not
surprisingly large. The bank's holdings of treasury
bills are in a sense a residual account for the
bank. All of its transactions during a round affect
the relation of the bank's reserve holdings to
those required. When all of the bank's transactions
are completed for the round, it invests any excess
reserves in treasury bills or sells treasury bills
to meet reserve deficiencies. Thus, it is not sur-
prising to see the very large SPE in this account.
Finally, the demand deposit liabilities of the bank
are affected by every transaction in which the bank
engages. Money is created whenever the bank makes a
payment to someone other than the Federal Reserve
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in the Model, and is destroyed whenever a payment is
made to the bank by someone other than the Federal
Reserve. (Transactions between the bank and Federal
Reserve create and destroy reserves, not money.) The
very small error in the mean and the small SPE of
this money series indicate that the process of money
creation and destruction in the Model works quite
well.

Table 12 is a presentation of the financial assets
and liabilities of the financial intermediary. It
controls three of its accounts tc some extent (cash,
bank loans, and bond liabilities), but since it acts
as dealer for treasury bills, bonds and mortgages,
the other sectors control the financial intermedi-
ary's holdings of these assets. The financial inter-
mediary issues its bonds on the same basis as nonfi-
nancial firms and this series is tracked fairly well
in the Model. The same is true for the cash account,
which is moved to the desired level each round by
paying off bank loans to the extent that such loans
are outstanding. Thus the bank loans account (and
the cash account if there are no bank loans) is a
residual account for the financial intermediary
which has a relatively large error because it catch-
es all of the errors in the other accounts.

One can see from Table 12 that the errors of the
means and SPE's for the financial intermediary's
holdings of bills, bonds and mortgages are rather
large. This is due to the accumulation in these sim-
ulated accounts of all errors in issues of these fi-
nancial assets as well as errors in other firms' and
individuals' demands for them. For bonds the errors
appear more moderate than for the others, but this
is due to the fact that the financial intermediary's
desired holdings (approximately equal to the actual
series) are large relative to the outstanding stock
of bonds while the same is not true for the bills
and mortgages. .
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TABLE 11
BANK ASSETS (END OF PERIOD FIGURES IN BILLIONS OF DOLLARS)
RESERV CON CRED LOANS BILLS BONDS MORTG
SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT
73 1 32 32 127 120 203 205 22 32 368 361 274 269
73 2 32 32 127 126 215 221 5 31 352 370 285 280
73 3 34 34 126 130 217 227 3 28 355 376 294 290
73 4 35 35 123 134 223 240 7 32 366 384 299 297
74 1 35 35 122 131 219 243 21 33 387 402 301 302
74 2 37 36 122 134 207 266 29 27 403 414 310 310
74 3 37 37 123 135 210 268 33 26 418 417 318 316
74 4 36 37 119 137 212 278 34 31 425 428 323 319
75 1 35 35 119 133 213 265 57 34 462 443 317 321
75 2 35 35 122 135 229 266 50 41 472 461 328 328
75 3 35 35 121 135 236 259 46 41 473 476 334 336
75 4 35 35 119 140 240 267 48 42 480 495 336 344
MEAN 35 35 122 132 219 250 30 33 413 419 310 309
SE (PCT) .0112 .0925 .1432 4974 .0336 .0124
BANK LIABILITIES
MONEY SAV ACCT BONDS DISCOUNTS
SIM ACT SIM ACT SIM ACT SIM ACT
73 1 262 256 603 591 151 16l 2 2
73 2 265 265 612 610 157 169 2 2
73 3 259 259 627 623 163 188 5 5
73 4 268 283 639 636 169 188 1 1
74 1 268 270 651 657 176 203 2 2
74 2 276 278 664 673 183 216 3 3
74 3 293 274 678 680 190 229 5 5
74 4 287 292 693 695 197 224 0 0
75 1 295 273 712 725 203 222 1 1
75 2 321 291 742 748 210 214 1 1
75 3 312 291 759 765 218 220 1 1
75 4 305 305 771 787 225 217 0 0
MEAN 284 278 679 682 187 204 2 2
SE (PCT) .0507 .0116 .1043 0000
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TABLE 12

FINANCIAL INTERMEDIARY BALANCE SHEET
(END OF PERIOD FIGURES IN BILLIONS OF DOLLARS)

CASH BILLS BONDS A MORTG LOANS BONDS L
SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT SIM ACT

73 1 16 17 11 3 280 283 37 39 38 31 133 133
73 2 16 18 11 3 295 289 34 40 41 33 135 136
73 3 16 18 11 3 300 294 37 41 41 34 137 139
73 4 16 19 11 3 302 301 40 41 40 38 139 144
74 1 16 19 7 3 292 307 40 41 28 34 141 145
74 2 17 19 0 3 282 313 30 41 5 38 143 146
74 3 32 19 3 3 266 321 25 40 0 36 145 147
74 4 23 22 7 3 277 330 27 40 0 39 147 150
75 1 29 21 0 3 272 338 40 40 0 37 148 152
75 2 41 21 3 4 269 343 35 39 0 38 150 156
75 3 30 20 4 4 285 349 34 37 0 34 152 158
75 4 20 21 0 4 302 359 38 36 0 38 154 163
MEAN 23 19 6 3 285 319 35 40 16 36 144 147
SE (PCT) .3941 1.7093 .1329 .1766 .7605 .0287
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HYPOTHESIS FORMATION, TESTING AND
ESTIMATION FOR MICROANALYTICAL

MODELING
+ Guy H. Orcutt

1. THE SCIENTIFIC METHOD - A STRATEGY FOR LEARNING
FROM EXPERIENCE

Fundamental Operations

The hope behind the scientific method considered as
a strategy for learning from experience is that

it is possible to do so. Acceptance of experience
as a guide to the unknown is the prime element of
this strategy and is reflected in the three
fundamental operations which characterize it. They
are:

(1) accumulation of experience,
(2) hypotheses making and
(3) testing or confrontation of hypotheses by experi-

ence.

Pursuit of Generality

As the number of accepted and rejected hypotheses
increases, man is faced with a difficult problem
of handling the store of knowledge. The problem
of retaining and of finding appropriate parts

of the knowledge when needed could be reduced by
constructing a sort of well-indexed cookbook.
However, the cookbook would soon run to hundreds
of volumes, and it would frequently be necessary
to scan many volumes to find what was relevant

in particular situations. In order to avoid these
difficulties, as well as for other reasons,
considerable importance is attached to the dis-
covery of a small number of hypotheses of broad
generality which by their mutual application will
yield as special cases the whole or at least
substantial parts of the enormous body of specific
hypotheses.

Now if the invented hypotheses of broad generality
should turn out to yield as special cases of their
mutual application accepted specific hypotheses,

and nc more, then this operation could be looked
upon as of great practical importance but only
dealing with the organization of existing knowledge.

99
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However, there is more to it than this, for it

is almost inevitably found that the mutual appli-
cation of a set of hypotheses of broad generality
will yield many specific hypotheses that have not
been tested and perhaps have not been imagined.
This process of seeking hypotheses of broad
generality which are meant to be applied in
combination with each other, is thus seen to be
of importance, not only in systematizing our
knowledge, but also in driving a science ahead

by the generation of new hypotheses. These new
hypotheses often demand testing. This testing,

in turn, often requires and leads to the enlarge-
ment of experience in new directions.

After a body of accepted and rejected hypotheses
has been built up, hypotheses are formulated which
are meant to be applied in conjunction with other
hypotheses. Their testing involves confronting
implications of the hypotheses to be tested, plus
the hypotheses already accepted. If a test is
unfavorable to compound hypotheses, that component
which has not previously been accepted is likely
to be rejected. However, some suspicion may thereby
be cast on the previously accepted components of
the compound hypotheses.

Axioms, Models and Theorems

One of the most important functions of mathematics
and statistics in the scientific method is in
furnishing models composed of relations between
undefined variables. The equation X = a + bY ,

is a relationship between two undefined variables.

As such, it is not a hypothesis, but it may

furnish the form for many hypotheses. For example,

if X is taken to indicate consumption expenditures

of some group of families and Y is taken to indicate
their incomes, then the above relation between two
undefined variables may become a hypothesis of linear
relation between two economic magnitudes. A relation
between undefined variables may assert a mathematical
axiom but no hypothesis is involved, and there is
nothing to test. However, as soon as the undefined
variables are given physical meaning, a hypothesis

is created, and testing is in order. Mathematics

and statistics furnish a large storehouse of rela-
tions and models, many of which have proved useful
when given physical content. When faced with new
situations, this storehouse of mathematical relations
and models is often drawn on in forming new hypotheses.
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In addition to assisting in providing the form of
new hypotheses, this storehouse of relations and
models plays an important role in the testing of
hypotheses in at least two different ways. In

the first place, testing involves comparing
implications of hypotheses with experience. The
labor of working out implications of hypotheses
would frequently be prohibitive if it had to be
done afresh each time. Mathematics and statistics
not only provide a storehouse of models with
undefined variables, they also provide considerable
knowledge, often called theorems, about the

formal implications of these models. This renders
unnecessary the separate working out of implications
each time a mathematical or statistical model is
transformed into a hypothesis. The second way in
which models with undefined variables play an
important role in testing is in providing effective
models for the collection of data. Thus, many very
powerful statistical tests are possible and appropri-
ate if data are collected in certain ways such as
by random sampling, etc.

Diagram 1 presents our attempt at describing the
broad outlines of the scientific method. Of course,
many difficult problems of strategy have been
glossed over. But while more detailed questions

of strategy must be faced and answered, it is
perhaps more fruitful to do this in a more specific
context. Also, no matter how specific the context,
it seems clear that the role of trial and error
will be unavoidably large. For example, in the
matter of picking hypotheses for testing, the great
experimenter, Faraday, is reported to have said
that he considered himself fortunate if but a

small percentage of his experiments were successful.
The central thrust of the scientific method is

that we: (1) keep making hypotheses; (2) keep
seeking data about which our hypotheses say some-
thing; and (3) keep confronting our hypotheses
with accumulated data. Of course, we should try

to choose fruitful hypotheses, and of course we
should try to correctly reject or accept hypotheses
on the basis of testing. However, these are oper-
ations which cannot be carried out without error,
and it is only a sustained effort involving

testing on a very broad base of experience that
gives us much hope for success.
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DIAGRAM 1

Accepted
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2. STATISTICAL MODELS

The focus of this section is on statistical models
used in specifying models of economic systems.
Statistical models are probability models and as
such are mathematical models with variables defined
only in terms of their formal characteristics.
Interest in them stems from their usefulness in
expressing economic models of relations, entities,
and economic systems. Interest also stems from

the fact that, if a statistical model can be
regarded as appropriate in a given context, then
quite a bit may -be known about the properties of
various estimating procedures.

There are innumerable ways in which statistical
models may be differentiated and many ways of
usefully grouping them into broad classes. However,
the most basic distinction to be made is between
models involving but one of each kind of entity

and models inveolving many entities of each kind.
(0Of course in between and mixed types of models are
conceivable but will not be considered here).

The second most important distinction to be made
is a cross-cutting one. It is between models in
which all variables except one in each equation
may be regarded as predetermined at the time of
application of each equation and models which may
involve more than one dependent variable in indi-
vidual equations. In the first case equations may

be developed and applied separately and recursively.

In the second case equations must be estimated
and applied using simultaneous equation techniques.

The characteristic equation sets of each of the
four basic types of statistical models obtained

by using the above two classificatory principles
are given below, followed by an explanation of the
notation used.

A. One of each kind of entity models.

In both classifications Al and A2 shown
below, i is always 1 since there is but
one entity of each type. r assumes
successively the values 1 through R~ for
each value of e which .in turn takes on
the values 1 through E, the number of
entity types. R® is the number of re-
lations used to model the output gener-
ation of the e'th entity type.
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Notation

Y .
e,i,r

YRe,i,r

YSe,i,r

YL

(S
e,i,r

Al. Recursive Equations Subcategory

(YR

Y =
e,1,r Fe,r e,l,r’YL’Z) + U

e,l,r

A2. Simultaneous Equations Subcategory

Y = Fo,r(YSg 1,0 ¥Ls2) + U

e,l,r , T

Many of each kind of entity models.

In both classifications Bl and B2 shown
below, i assumes successively the values
1 through N_ for each of the R_ relations
for each of "the E entity types?

Bl. Recursive Equations Subcategory

=F (YR . r,YL,Z) + U

Y . .
e,i,r e,r e,i, e,i,r

B2. Simultaneous Equation Subcategory

= F (Ys . ,YL,2) + U
)T

Y . :
e,i,r e,r e,i e,i,r

is the dependent variable of the r'th
relation used to describe the behavior
of the ith entity of the e'th type.

is the vector of all current dependent
variables which can be regarded as
determined by relations activated prior
to the one used to generate Ye,i,r
is the vector of all current dependent
variables exclusive of Y .

e,i,r
is the vector of all lagged dependent
variables

is the vector of all other variables
which may be regarded as predetermined

is the unobserved error term in the r'th
relation used to describe the behavior
of the ih entity of the e'th type
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3. THE SIMULTANEOUS EQUATION APPROACH WITH ONE OF
A KIND ENTITIES

This elegant approach was developed with a view
to estimating structural equations using only macro
time series data relating to an economic system
composed of one-of-a-kind entities. It was devel-
oped after Elmer Working (1927), Trygve Haavelmo
(1943), and Tjalling Koopmans (1945) succeeded in
educating the economics profession that standard
single equation estimation techniques, applied to
data for one-of-a-kind entities, would not in
general yield unbiased estimates of structural
parameters. They and others also showed that
except under favorable identifying conditions it
would be impossible, even with infinite sample
sizes, to sort out structural equations.

Unfortunately, despite the work of many gifted
econometricians with the resulting output of
scores of books and many hundreds of articles,
this approach to model building and estimation of
type A2 models has proved disappointing to
economists because it has not led to effective
testing of hypotheses about consequences of actions.
The basic difficulty is that too much must be
known before it is appropriate to use it. With
respect to the systematic part of a simultaneous
set of equations, it is first necessary to know:

(1) Variables that need to be included.

(2) Number of equations.

(3) Form of each equation.

(4) Variables to be included in each equation and
variables to be excluded.

(5) Lags with which each variable is included in
each equation.

(6) Which variables are exogenous to the system
as a whole.

With respect to the stochastic part of a simul-
taneous equation set of equations it is, in
general, necessary to assume that:

(1) Errors of observation are negligible.

(2) That the disturbances in each equation are
uncorrelated with lagged values of themselves
and of each other.

(3) That the disturbances in each equation may be
considered as random drawings from a normal
joint probability distribution.
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(4) That the disturbances in the system that deter-
mines the exogenous variables must be distributed
independently of disturbances in the model under
consideration.

In practice, neither econometricians nor economic
theorists are even in a position to make intelligent
guesses on many of the above items. The upshot is
that, after a reasonably complete and well validated
system model has been arrived at by other means,
simultaneous equation estimation methods may be
helpful in improving its overall consistency with
respect to available macro time series data. The
fact that methods have been developed which could
extract any information from macro time series

about one-of-a-kind entities is in itself a great
achievement. Unfortunately it is a fact that macro
time series data do not themselves contain adequate
information for much in the way of economic hypoth-
eses testing. Complicated statistical techniques

are made necessary by poor and inadequate data,

but are not a satisfactory substitute for appropriate
data.

If economic systems are modeled in terms of the
behavior and interaction of one of each kind of
entity then the need for simultaneous equation
estimation seems apparent. But even without simul-
taneous equation complications, it is in the nature
of things, as pointed out in the next section,

that testing possibilities are extremely limited
with respect to hypotheses about entities that
must be treated as unique.

4. ON THE TESTABILITY OF HYPOTHESES ABOUT UNIQUE
ENTITIES

Tinbergen type national income models and Leontief
type, inter-industry models are all A type models
in our classificatory scheme. That is, they are
articulated in terms of the behavior and inter-
action of entities each of which is conceived of
and treated as one of a kind. The development of
the national income and product accounts and of
the inter-industry accounts reflects the focus of
model builders on one-of-a-kind entities. The
dominant stream of econometrics during the last
thirty years has focussed on developing estimation
techniques suitable for estimating structural
equations for models about systems of one-of-a-
kind entities given time series data about such
entities.

Models are embodiments of sets of hypotheses and
hypotheses can be conceived about unique entities.
But are they testable in any meaningful sense?
And if not, of what use will they be? Our thesis
is that hypotheses about entities that must be
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treated as unique are so close to being untestable
as to be useless or even dangerous for prediction
of policy responses,

By taking advantage of autccorrelation and inertial
properties of our system, by taking advantage of
observed expectations, intentions and plans, by
taking advantage of leading indicators and
extensive multicollinearity, and by use of fre-
quently observed and up-to-date measurements, it
has proved possible to develop Tinbergen type
national income models which are useful for short
run forecasting. But how useful are the embodied
insights about behaviorally induced consequences
of policy even in such worked over areas as
policies thought to bear on inflation, unemploy-
ment and income and wealth distribution? And

even if the reader is more generous in attributing
success in these matters than we are, how much

of the believed success stems from testing and
estimation of hypotheses about one-of-a-kind
entities and how much stems from some kind of
carry over from what we think we know about micro-
entities such as ourselves or firms?

One basic difficulty with testing hypotheses
about one-of-a-kind entities can be seen by
considering the most favorable possible circum-
stances for carrying out such testing. Thus
suppose it were possible to carry out whatever
planned experiments one might devise but they
could only be carried out on but a single
experimental animal, say a dog. The problem is
that with but a single dog it would be impossible
to simultaneously apply different levels of
treatment to different dogs thought to be roughly
similar and in roughly similar conditions except
for the differential application of the treatment.
It would thus be impossible to hold a myriad of
things approximately equal while relating hypo-
thesized differential responses to applied
differential treatments.

Of course it would still be possible to apply
different levels of treatment of interest at
different points in time and seek to relate
hypothesized differential responses over time

to applied differential treatments. Nevertheless,
the prospect for successful learning would be
dim. Many things change over time in ways which
cannot be controlled and their effects might
easily be inadvertently attributed to the treat-
ment. The experimental animal may be permanently
affected by the treatment so that effective
replication of the experiment might be impossible,
etc. Also consider how hard it is to learn about
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the effect of diet, smoking, or exercise on
health. Under favorable experimental conditions,
it seems obvious that trying to test hypotheses
about one of a kind entities is unpromising, to
say the least.

For evidence of additional damage done to the
possibility of effective testing by the pre-
valence of highly autocorrelated economic time
series, the reader is referred to the Monte Carlo
studies by Orcutt and James (1948) and by

A. Nakamura, M. Nakamura, and Orcutt (1976).
These studies, taken in conjunction with what

is known about the nature of most economic time
series, indicate that the evidence available in
national accounts data for testing hypotheses is
much less than even the fewness of observations
suggests. It also is worth noting that while
transformations designed to randomize error terms,
such as suggested by Cochrane and Orcutt (1949)
and Orcutt and Cochrane (1949), may be useful in
estimation, they cannot undo the basic damage
done to the possibility of effective testing by
the ubiquity of high autocorrelations among
macroeconomic time series. For evidence of the
loss of estimation precision with aggregation

of micro-unit data before estimation see Orcutt
(1968) , Orcutt, Watts and Edwards (1968), and
Orcutt and Edwards (1969).

5. ON THE ATTRACTIVENESS OF RECURSIVE EQUATIONS
WITH MANY-OF-EACH-KIND-OF ENTITY MODELING

Microanalytic models were devised to improve
estimation and testing possibilities. The central
reason why they do this is that although many
microunits are introduced, all of these units

are treated as members of one or another of a
small number of populations of similar entities.
A single model of a household and its component
units can be used for every household. The number
of observational points that can be brought to
bear in estimation of such a household model can
be thousands of times as large as the number of
parameters to be estimated. Furthermore, at the
microlevel it is possible to relate differential
responses to differential treatment as a means

of eliminating the biasing effect of major feed-
backs and as a means of identifying casual
relations.
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Obviously, the ratio of observational points to
parameters that must be estimated is not the only
thing that matters. It is essential to work with
the right variables for the same components for
approximately the same points or intervals in
time. Multicollinearity, autocorrelated errors,
rapid feedbacks and errors of observation are
problems associated with microdata sets as well
as with macro time series. Nevertheless, all of
these problems are more treatable with a high
ratio of observational points to parameters.
Furthermore the need for special simultaneous
equation techniques in estimation is greatly
reduced or eliminated.

The need for simultaneous equation estimation
arises in models of the economy with one-of-a-
kind entities because the existence of multiple
equations linking the dependent variables ensures
that error terms will be correlated with variables
that a single regression equation approach would
treat as explanatory or predictor variables.
Consider the following simple two-equation system:

Y =0

£ 1 + let + E

t

X, = a, + BZYt + VvV

t 2 t

It is easy to see that by virtue of the first
equation Yt will be correlated with Ei. But since
Y+ enters into the second equation X¢ will be
correlated with Yy and so Xy will become corre-
lated with Et in the first equation by virtue

of the second equation.

Because aggregate sales in every market are
exactly equal to aggregate purchases in the
market, it is easy to see how the above situation
might well characterize economic system models
with one-of-a-kind entities. But with many of
each kind of entity the above situation need

not arise or if it does might be handled by
relating, when estimating, differential responses
to differential treatment of similar entities.
Aggregate spending does directly influence
aggregate income but spending by an individual
consumer does not feedback in any substantial

and immediate way to influence the income of the
individual consumer; of course covariance of error
terms as between individual components might
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create simultaneous equation type problems. But
even these could be dealt with using single-
equation estimation techniques by working with
differential responses instead of absolute
responses.

Joint outputs of individual entities are likely
to be a feature of models of either one-of-a-
kind entities or of many-of-a-kind entities.
However, it seems reasonable to model such
situations in terms of a joint conditional prob-
ability distribution which is expected to remain
invariant with respect to governmental actions of
interest. If so it is well known that such a
joint conditional probability distribution can

be exactly expressed by a set of single dependent
variable recursive equations with error terms
which are uncorrelated with variables on the
right hand side of the equation in which they
occur and which are uncorrelated with each other.

Goldberger (1964, pp. 278-281), introduces what
he refers to as the contemporaneously uncorrelated
linear regression model. This statistical model

is general enough to include the recursive form
representation of joint determination models. In

a development based on Chernoff and Rubin (1953),
Goldberger shows that, if the assumptions of

this model are satisfied, the classical least-
squares estimators are consistent and hence
asymptotically unbiased.

The importance.of these findings is obvious for
estimation of joint determination models which
either already are or may conveniently be put in
a recursive form. In addition, it should be
noted that the attractiveness of carrying out
estimation in a recursive form has been further
increased by the fact that Wold and Juréen
(1953, pp. 200~215) have shown that the classical
least square estimators remain consistent under
fairly general assumptions, even if successive
disturbances are correlated with each other. For
still further generalizations the reader should
see Wold (1961) and Lyttkens (1964) and Orcutt
and Winokur (1969) for Monte Carlo evidence on
small sample properties of autoregressive
estimators and predictors.
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-Obviously, the same economic model may be re-
presented in any one of a number of alternative
forms. These forms differ from each other in several
significant respects including the specification

of stochastic terms. Because of this, estimation

of the parameters of the same model in different
forms will call for the use of different estimation
procedures. Of all the possible forms of which a
model might be put, those which leave as little
information as possible concentrated in the
stochastic part of the model specification have

an obvious attraction. Thus there is some point

in trying to formulate an equation set such that
errors in different equations may be conceived of
as essentially uncorrelated with each other.

The use of a recursive form, along with provision
for an autoregressive transformation if needed,
makes it possible to leave as little information
as possible in the stochastic specification of a
model. If such an approach to model specification
does not result in unmanageable problems due to
non-linearities or unduly inhibits a reasonable
use of prior information, it would seem to be the
obvious choice since it would permit the use of
single equation least square methods. Furthermore,
with such an approach, it would be reasonable to
give some credence to standard tests of signifi-
cance. The possibility of conveniently using a
recursive form as the original form in which a
model is stated is greatly enhanced if monthly
time series data and panel data are available.
Such data would be useful on many accounts but
among other things they would greatly enhance the
possibility of finding a recursive form in which
individual equations could be associated with
recognizable components.

6. ON THE DEVELOPMENT OF A TREATMENT-RESPONSE
RESEARCH APPROACH FOR SOCIAL SYSTEM MODELING

The central research focus of most econometric
research has been on accounting for and pre-
dicting the variation of one or more variables
given current and lagged values of other
variables. The "explained" or predicted vari-
ables are referred to as dependent variables
or endogenous variables and the variables used

1 This and the preceding three paragraphs appear
in substantially the same form in Orcutt (1967).
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in explaining or predicting the dependent variables
are referred to as predetermined variables con-
sisting of already determined dependent current
or lagged dependent variables and exogenous
variables. In fact the focus of econometric
research has been on reduction of unexplained
variance of selected dependent variables whether
or not a single equation or a simultaneous
equation approach has been used and whether or
not the objective has been unconditional fore-
casting or the building of models for use in
predicting policy implications.

In our view this mainstream preoccupation with
reduction of unexplained variance reduction of
selected variables is indeed valuable but needs

to be more systematically preceded by and comple-
mented by a treatment-response research focus and
methodology. The need arises not because single
equation and simultaneous equation statistical
techniques don't do what is claimed for them. They
do. The need arises because they presume much more
than can reasonably be presumed and because they
do not serve to focus research attention on the
recognition, classification, and discovery of
consequences of actions. They do not lead by
themselves to the building of models which clearly
serve to trace out the importance primary,
secondary, and tertiary effects of recognizable
and possible human actions, policy or otherwise.

Although our choice of name for the treatment-
response research approach may be unfamiliar to
some it will easily be recognized that the
approach itself goes back to the dawn of recorded
history. In areas in which controlled experimen-
tation is possible it would be referred to as
the experimental research approach. We have
chosen a broader term because although greatly
facilitated by the possibility of planned
experimentation the approach can be and is used
to good advantage in trying to learn from
situations in which unplanned variations of
treatments that could be applied are in fact
applied. In any case let us now consider some

of the elements that make up this approach and
which we think should play a role in developing
models which successfully model social system
responses to recognizable public and private
actions.

2) Planned experimentation, when feasible, can
result in more readily interpreted evidence than
is possible with any other approach. See G. Orcutt
and A Orcutt (1968) for arguments supporting
negative income tax experimentation. In this
chapter we are primarily concerned with naturally
occurring treatments.
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Actions of interest Need To Be Specified So As To
Be Recognizable in Practice

Models are expressed in terms of relations between
variables but policy makers need to know about
consequences of actions they might take. Policy
makers are likely to have an operational under-—
standing of actions they might or might not take;
but do they know how such actions may be specified
in terms of statements about input variables of
supposedly relevant models? And for that matter do
model builders have a clear idea of how policy
actions of interest should be expressed in terms
of input variables of the models they build in
supposed service of policy makers?

Experimentalists frequently use the value of a
variable as a measure of the level of application
of some treatment but this does not prevent them
from recognizing that actions are almost always
complex and multidimensional physical phenomena.
The value of a single variable such as weight,
voltage, income, price, etc. may indeed serve to
measure the level of application of an action but
clearly does not fully describe it. Indeed is it
not obvious that a given variable such as income
or income change could serve as a measure of many
different actions or even of many combinations

of many actions?

Since the experimentalist is likely to have an
operationally satisfactory idea of when an action
of interest is taken and when it is not, the
relating of outcomes to an action as measured

by a single variable poses only manageable dif-
ficulty. The experimentalist knows, and users of
the experimentalist's results are expected to
know, that claimed relations between outcomes

and the value of an action indicator variable are
only meant to apply with respect to changes in
the level of the indicator variable in response
to the action. Nothing is asserted by the exper-
imentally derived relation about movements of the
indicator variable in association with other
actions or in association with any of a variety
of naturally occurring developments.
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But what can we say about the non-experimentally
oriented econometrician or statistician, or about
the statistician who limits his attention to
relations between variables but never clearly
relates the movements of variables used as inputs
to the occurrence or non-occurrence of actions

of interest? For example it seems reasonable to
believe that a person's disposable income might
change because the person is fired. But it also
might change because of a temporary layoff. Or it
might change because the person decides to go
back to school. Still another possibility is that
it changes because the person takes on a job or

a second job in order to finance the purchase of
a house, the education of a child, or the payment
of medical expenses. All of these actions or
events might be associated with an income change.
But will it be satisfactory to predict that all
of these actions will have the same implications
for expenditures, savings, etc. just as long as
they are associated with the same change in
disposable income? Clearly this is a matter for
investigation and the user needs to be told the
range of physically recognizable actions for
which asserted relations between variables are
expected to hold.

Movements of macro time series variables can
seldom be clearly identified with specific
actions since they represent agcoregates of
enormous numbers of varied and time-wise over-
lapping actions occurring at less aggregative
levels. At the level of the person, family or
firm it is possible to unambiguously determine
when actions of interest are taken, by whom they
are taken, where they are taken and so on. Thus
it is possible to distinguish an income change
due to a firing from one due to a wage rate
change from one due to a temporary overtime
employment. All of these treatments of persons,
with their possible different implications for
the relation of, say, expenditures to income,
could be differentiated from each other and from
actions taken by individuals to modify their own
incomes. Possibly the first step in a treatment-
response research approach would be specification,
in an operationally satisfactory way, of one or
more actions or treatments of central interest
for the research in hand.
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Sample Points Should Be Selected with A View to
Learning Implications of Treatments of Interest

Econometricians used to working with macro time
series have learned to use every possible
observation in estimating any relation because
they have so few effective degrees of freedom
relative to parameters to be estimated. They
also look with justifiable concern on the
selection of sample points to be used in esti-
mation by the elimination of apparently non-
conforming sample points. They thus tend to try
and use all sample points involving a set of
variables hypothesized to be related in

some way or other. But what experimentalist
tries to pool data, even before estimation and
testing, from quite different experiments? Just
because the same or an overlapping set of
variables happens to be involved is not enough.
Clearly in trying to learn from naturally
occurring treatments of persons families, or
firms it is essential to at least recognize
when treatments of interest were taken and when
they were not. Clearly it is worth recognizing
changes in the sales of a firm due to consumer
actions from changes in the sales of a firm due
to a teamsters' strike or due to a planned
withdrawal from or entry into a given market.

In planned experimentation an attempt is made
to apply an action of interest at at least
three or more widely separated levels of appli-
cation. If implications of two or more actions
are being explored then an attempt is made to
avoid or minimize covariation between assigned
treatment levels. In an effort to avoid mis-
takenly attributing outcomes to treatments
experimentalists make use of observations on
carefully selected control groups. These groups
of entities are selected so as to be as similar
as possible to treatment groups in nature and
with respect to environment. However they either
do not receive the treatments of interest or
receive different levels of the treatments of
interest.

The experimentalist is thus extremely selective
with respect to sample points. He or she selects,
not on the basis of outcomes, but in such a way
as to ease the problem of interpreting and
learning from observed outcomes of selected
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application of treatments. The researcher who
wishes to learn from naturally occurring
applications of treatments of interest has
every reason to be equally highly selective of
sample points. If we knew enough about a social
system all data points might be of some value.
But when very little is known great selectivity
is required in order to focus on situations and
comparisons simple enough to be learned from.

Variable Transformations Could Be Useful In
Isolating Treatment Effects

Variable transformations are widely used to
obtain error terms that are more nearly
homoscedastic and random in time. The objective
is greater precision in estimation of parameters
given that the underlying systematic and
stochastic specification is correct. The auto-
regressive transformation suggested by Cochrane
and Orcutt referred to in section 4 falls into
this class.

The use of autoregressive transformation to
improve precision of parameter estimation is
based on the notion that the error term could

be regarded as generated by a single auto-
regressive process. If this is true then, except
for sampling variability, all regression para-
meters, save for the constant term, should

have the same value no matter what autoregressive
transformation is used. But if, as seems plausible,
the error term was the sum of omitted variables
with different autoregressive properties then
autoregressive transformation of all included
variables would serve to differentially suppress
or amplify certain error components relative to
others. Thus the underlying correlation between
the error term and a treatment variable of
interest could well be different when estimaticn
is carried out with different autoregressive
transformations. In this case estimated values
of parameters would vary systematically with
choice of autoregressive transformation. If this
variation could be detected it would be good
evidence of a significant structural misspecifi-
cation, and would thus be useful in testing
underlying assumptions.



A related but probably more important possibility
is that by relating differential responses to
differential treatment applications to closely
matched entities, a variety of possible but
unknown sources of response variable variation
could be balanced out. The alternative way of
handling this with a conventional single equation,
unexplained variance reduction approach would

be to include observations on all subjects in a
regression of the response variable of interest
on treatment and other variables.

Two things are involved here. One is the search
for numerous small sets of entities which are
closely matched except with respect to the level
of treatments of interest. For some purposes,
pairs of identical twins might be ideal. In other
areas, neighbors matched in terms of personal,
family, and Jjob characteristics but working for
different firms might provide matching except
with respect to treatments of interest. The
second thing over and above close matching within
pairs or small groups is the transformation of
variables so that differential responses are
regressed on differential treatments and other
variables. The number of sample points used in

a regression equation will be greatly reduced
since each small closely matched group will
provide Jjust one sample point for each point in
time instead of several. However skillful
matching of entities experiencing different
levels of treatment can effectively balance

out possibly large disturbing effects of vari-
ables which are not even measured, or which

if they are measured might have non-linear and
interactive effects which would make inter-
pretation of typical regression results difficult
and hazardous.

117
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MICROANALYTICAL MODELING AND
SIMULATION

Guy H. Orcutt and Amihai Glazer

FOREWORD *

Human beings have created representations of that which
interests them from time immemorial. Our objective is
to facilitate and encourage such activity.

Our interests focus on social systems and their repre-
sentation. We hope to contribute to social system im-
provement by encouraging the development and facili-
tating the use of microanalytic models of social systems.

Modeling or representation of something is done for
extremely diverse reasons. However, when it comes to
the modeling of social systems, utilitarian objectives
may well be dominant. This is so since a useful model
of our social system might permit a useful consolida-
tion, integration and retention of understanding. It
might facilitate imaginative thought processes, assist
in educating the uneducated and give guidance to the
collection of information and the testing of hypotheses.
It micht even contribute to wisdom in efforts to help
shape our destiny by molding and controlling facets of
our economy or of our social life.

In our view the microanalytic modeling paradigm is the
most promising paradigm available for modeling of social
systems given developments which have and are taking
place with respect to computers and data.

Monte Carlo simulation is the particular approach to
solution and use of microanalytic models presented and
illustrated in this paper. It is not the only approach
to solution and use of models of social systems but it
remains the only tractable approach yet developed for
solution and use of social system, microanalytic models
of more than illustrative realism.

* Amihai Glazer was the key individual in conceptualizing
MASS, the microanalytic simulation system presented in
Section 3 of this paper. Development work on the MASS
simulation system and on the model presented in this
paper was dgreatly assisted by Helena Jaramillo and
Phil Nelson. Financial support for the initial phases
of this work was received from the National Science
Foundation under Project Number 50C 73-05420-A01.
Substantial support in the form of computer time, staff
time, housing and secretarial services was supplied by
the Institution for Social and Policy Studies and by
the Economics Department of Yale University.
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1. MODELING PARADIGMSl

1.1 Introduction

Modeling are at the very hart of basic and applied
economic research. A model of something is merely
an embodiment of understanding about the thing in
question and how it behaves. Whether models
should be expressed verbally, graphically, in
mathematical symbolism, or as computer programs
is a matter of convenience and, to some extent,
of audience. Whether models of the economy

should be national income models, interindustry
models, microanalytic models, or some other

kind of model is a matter of argument and may
depend on availability of data and specific
objectives. These and many other questions

about the kind of modeling that should be
emphasized are debatable. However, unless one
believes in oracles or believes that policy
decisions should be made without regard to
likely consequences, the use of models is
unavoidable.

Predictions derived from a realistic model of

the economy are needed as a basis for selection
of governmental policies relating to taxation,
spending, debt management, and so forth. If
policy-makers are considering one tax law as
compared to some other tax law, or one spending
policy as compared to some other spending

policy, they should know what the consequences
are of the policies under consideration. One way
to find out would be to try out the policies on
the economy but it would not be very satisfactory
from the standpoint of the participants. Policies
should be selected on the basis of their fruit;
but it would be preferable to sample the fruit be-
fore applying policies to the real world. If a
sufficiently accurate model of the economy were
available, it would make such sampling possible.

1 This and Section 2 draw upon and use passages

from Policy Exploration Through Microanalytic
Simulation by Guy H. Orcutt, Steven B. Caldwell,
Richard Wertheimer II, and Stephen D. Franklin,
Gary Hendricks, Gerald E. Peabody, James D. Smith,
Sheila R. Zedlewski. Urban Institute, Sept. 1976,
Washington, D.C. and from Microanalysis of
Socioeconomic Systems: A Simulation Study, by

G. Orcutt, M. Greenberger, J. Korbel, and

A. Rivlin, Harper and Row, New York, 1961.




1.2 Approaches to Modeling Economic Systems

At the present time there are three quite
different approaches to modeling economic
systems; 1) the national income approach,

2) the interindustry approach, and 3) the micro-
analytic approach.

Attempts to quantitatively implement the
national income approach date back to the
pathbreaking work of Tinbergen in the 1930's
(for example Tinbergen, 1939). In this approach,
major sectors such as the household and business
sectors, are used as basic components. Macro-
economic relationships for these components are
estimated and tested on the basis of annual or
quarterly time series data of such variables

as aggregate consumption and income of the
household sector. The relationships developed
have been finite difference equations of a .
stochastic nature. Both recursive and simul-="
taneous equation systems have been developed.
Examples of models of this general type include
those constructed by Tinbergen, 1939; Clark, 1949;
Klein, 1947, 1950; Klein and Goldberger, 1955;
Duesenberry, Eckstein and Fromm, 1960; Smithies,
1957; and Suits, 1962, to name only a few. The
Social Science Research Council-Brookings
econometric model building effort (see Duesenberry,
Fromm, Klein, Kuh, eds., 1965) represent a very
ambitious attempt in this general direction,
involving several hundred equations and an
industrial sector with several subsectors. The
Federal Reserve-MIT-Modigliani model is a
significant current model of this general type
which relates to the Flow-of-Funds Accounts.

The second cldest and the second most widely
utilized approach to construction of models of
the United States stems from Leontief's highly
important work (1951, 1953). Industries are
used as basic components in these models.
Emphasis is placed on the cross-sectional
structure of the economy rather than on its
dynamic features. Physical outputs of indus*
tries are assumed to be strictly proportional
to physical inputs classified by industry of
origin. Models of this type have been stated in
a nonprobabilistic form. Solution of such
models with as many as one hundred industries
has been achieved by the numerical inversion of
a matrix of the same order. Richard Stone
(1966) among others has contributed substan-
tially to the extension of this modeling
paradigm to social accounting.
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The newest and least developed approach to the
construction of models of socioeconomic systems
is the microanalytic approach, developed by
Orcutt (1957) and Orcutt, Greenberger, Korbel,
and Rivlin (1961). While being of the same
general statistical type as other models of
national economies, microanalytic models are,
nevertheless, the most general in terms of

their statistical structure. Each major type

of model of a national economy may include
stochastic or random elements, each may use
previous values of variables as part of what

is treated as given, and each may be expressed
as a system of equations. However, microanalytic
models are more dgeneral in that they may contain
one or more populations of microunits such as
individuals, families and firms instead of but

a single case of each kind of unit, as is true
with both Leontief-type and aggregate-type
national income models,

1.3 Potential Advantages of Microanalytic Models

The potential advantages arise because of the
following considerations:

1. While much of social science theory,
theorizing and research relate to the
behavior of individuals, families, and
firms we do not know how to aggregate
nonlinear micro-relations into macro-
relations. For example, if family
saving depends on family income, wealth
and life cycle variables, then aggregate
saving will depend on the joint distri-
bution of family incomes, family wealths,
and family life cycle attributes. Not
only would such a macro saving function
be difficult or impossible to specify
and estimate directly, but it would not
be used appropriately in a macromodel
without the availability of the Jjoint
distribution of all of these micro-
variables. With microanalytic models,
relations for microunits are used
without aggregation. Instead, outputs
of micro-relations are aggregated as
desired and without difficulty.
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2. Satisfactory estimation and testing of
highly aggregative models cannot be
achieved because of the relatively few
macro time series observations avail-
able for testing implications of such
models against actual developments,
and because of the limited possibilities
for effective use of controls in
isolating effects of actions of interest.
Multicollinearity, autocorrelation,
feedbacks, and errors of observation
only serve to complicate and worsen
what is already a very precarious
situation insofar as satisfactory
testing is concerned. The information
available for estimation and testing
can be enormously increased by appro-
priate use of the data relating to
microcomponents. In addition, the
danger of inappropriately treating
different actions as equivalent, just
because they are associated with
variation of a common variable, is
reduced.

3. Models built only in terms of the
interaction of major sectors cannot
yield several important kinds of
predictions. For example, not only is
it important to predict how unemploy-
ment or income would be affected by
alternative policies, but it also is
important to predict how unemployment
and income would be distributed among
individuals and families by various
characteristics. Such characteristics
might well include previous unemploy-
ment, age, sex, race, and family size.

1.4 Conceptualization of a Microanalytic Model
of an Economy

For research purposes, for structuring and pro-
gramming of a simulation system, and for con-
venience of presentation, it is important and
perhaps even essential to consider an overall
model of an economy as an ensemble of inter-
acting building blocks. Each type of block be-
comes a focus of research activity, and presen-
tation of the overall model is facilitated by
presentation of submodels of each type of block
along with a description of the way in which
interaction between blocks is to take place.
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Alternative ways of breaking an overall model
into blocks are possible, but some ways seem
definitely preferable. In general, the ob-
jective is to select blocks in such a way that
each block or type of block may be studied with
a minimum of concern about interrelationships
with other blocks.

The major building blocks are called "components".
In microanalytic models of an economy the
components represent recognizable entities met

in everyday experience. The type of component
occupying center stage is called a decision

unit. Decision units include such components

as individuals, nuclear families, spending

units, household units, manufacturing plants,
retail establishments, banks, insurance companies,
labour unions, and local, state, and federal
government units. Individuals are regarded as
imbedded within more extensive family or house-
hold units. Plants and establishments are

thought of as being imbedded within geographi-

cal areas such as counties or county groups.

The decision units in microanalytic models
interact with each other either directly or
indirectly through a second major type of
component called a market. The markets in a
model represent markets in the economy, and it
is through them that the third type of component
flows from decision unit to decision unit. For
brevity, components of this last type will be
referred to as "goods". But it must be noted
that such components include money, bonds,
shares of stock, deeds, mortgages, and various
other things which may be produced, held, sold,
bought, or consumed by decision units.

Variables used in the submodel of a component
but given over time from outside of the component
are referred to as "input variables for that
component". Variables that flow from or are
emitted by a component are called "output
variables of that component". Variables that
describe the state of a component are called
"status variables of that component". Input,
status, and output variables may refer to
either stocks or flows, and of course all
variables appearing in a dynamic model are
dated.



A description of any component would include a
listing of its own input, status, and output
variables along with those relationships which
are used in updating status variables and in
generating output variables: The behavioral
relationships used to generate values of the
updated status variables and of the output
variables, given the predetermined status
variables and the input variables, rare called
"operating characteristics of that component".
Other relations of a definitional or tauto-
logical character may be used as convenience
dictates.

Finally, any variables used by an operating
characteristic may be referred to as an "input
of that operating charactertistic" and any
variable determined by an operating character-
istic may be referred to as an "output of that
operating characteristic".

Let us now consider interactions between
decision units. Some outputs of operating
characteristics are end products and only
require aggregation. Most outputs of operating
characteristics, however, update status vari-
ables, and are directly used as inputs into
other operating characteristics of the same
component, and/or are outputs of the component.
As will be recalled, the second major class of
components in microanalytic models are markets,
and the specific function of these components
is to transmit the outputs of decision units
and to distribute them as inputs to other
decision units.

The information received by potential buyers is
used as inputs into their operating charac-
teristics, and in some cases orders to buy are
the resulting outputs. These orders enter as
inputs into the appropriate markets. Operating
characteristics of each market summarize and
classify the orders by region of origin, price
accepted, etc. Other operating characteristics
of the market then use this summarized inform-
ation about orders, along with information
about each potential seller considered in turn,

to distribute the orders among potential sellers.

Decision units respond to the orders which they
receive as inputs and generate various outputs,
among which in due course will usually be
deliveries. These deliveries show up as inputs

127
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into an appropriate market, are transmitted and
distributed by the market, appear as outputs of
the market and as inputs into the appropriate
decision units, These decision units then make
payments or promises to pay which are again
distributed through the market to the appro-
priate sellers.

Figure 1 illustrates how decision units such

as persons might be conceptualized as imbedded
in a more extensive decision unit such as a
family. Figure 2 shows how the outputs of an
entire set of N decision units may be visualized
as transmitted and distributed by the M markets.
The outputs of the decision units become inputs
into the markets. After being summarized and
distributed they appear as outputs of the markets.
These market outputs then become inputs into

the decision units again.

1.5 Probabilistic Operating Characteristics

Selection of a probabilistic approach to pre-
dicting the behavior of microcomponents does
not reflect any particular philosophical
position about the nature of causation or about
the meaning or existence of free will. The
problem is how to represent available under-
standing about the behavior of micro-components.
No matter how many variables are taken into
account in predicting the behavior of persons
or other micro-components, a variety of actual
behavior always occurs even for identical
values of all input variables. What shall be
done about unexplained variation which must

be expected? A deterministic operating charac-
teristic merely ignores it and at best yields
something like an expected or average value
for the output. A probabilistic operating
characteristic goes a little further and states
what is thought to be known about how, in a
large number of trials, observed behavior will
be distributed around the predicted average
behavior. This provides a fuller prediction
and often a much more useful and meaningful
one. This is particularly the case when what
we are really trying to predict are distri-
butions of the behavior of micro-components.
But even when the behavior to be predicted
relates only to individuals or small numbers,
it is still true that probabilistic operating
characteristics are more appropriate because
they give some reflection and treatment of
real uncertainty.
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Figure 1. Schematic Model of a Family
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1.6 Treatment of Joint Outputs

In various places we have extoclled the merits

of recursiveness in system modeling. Neverthe-
less, introspection and personal observation
strongly suggest that, even with microanalytic
models operated on a monthly basis, it still is
desirable to consider some variables as jointly
determined. Thus it may seem reasonable to

build models in which micro-components such as
individuals, families, and firms respond only
with.a lag to output behavior of other components.
However, when we come to different aspects of

the same component's behavior, it no longer

seems reasonable to do so. Thus, if a family

- buys a house during a period, it is also likely

" to incur mortgage debt during that period.

It may be that one family would first consider

-+ wHether or not to buy a house and then how much

'mortgage debt to incur. But another family, or
the same family at a different time, might
easily follow a different sequence in arriving
at a decision to purchase a house and to incur
mortgade debt. Thus even in the case of an
individual'm;crofcomponent, and even using
short time periods, it may happen that some
outputs are truly jointly determined or that it
is more practical and fully satisfactory to
treat them as jointly determined.

Faced with a situation in which a set of output
variables of a component are to be regarded as
jointly determined, how should one proceed? The
most familiar procedure would be to treat this
situation as similar to the one which received
so much attention from econometricians during
the 1940's and 1950's.

The economic system is treated as composed of a
relatively small number of major components
such as ‘the household sector, the government
sector, or the firm sector. The behavior or
output of each sector is viewed as determined
by one or more equations, each containing an
error term which is treated as a random vari-
able of some kind. The set of equations used to
generate or predict the behavior of the components
of the model are termed structural equations.
These equations ‘are distinguished by the fact
that several current endogenous variables may
appear in each equation and the expected values
for endogenous variables may be found only by
solution of the set of simultaneous equations.
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If the set of structural equations could be
regarded as invariant over time, and if the
exogenous variables and the variance-covariance
matrix of the error terms could be regarded as
invariant over time, then a much simpler proce-
dure would be to regard the simultaneous set

of equations as solved and to treat each endo-
genous variable as a function of exogenous
variables and lagged endogenous variables.

This procedure is not regarded as appropriate
precisely because the anticipated use of the
model includes predictions of what will happen
if the government alters one or more of the
structural equations or alters one or more of
the endogenous variables in the model. For
successful prediction of what will happen if
the government controls total demand of a
product, it is necessary to have the structural
supply function. Some unknown mixture of the
supply and demand functions will not do.

Now it may be that situations calling for
simultaneous equation estimation procedures
will arise in the construction of microanalytic
models. Nevertheless, it is important to recog-
nize that, while we may have to deal with joint
outputs, the situation is drastically altered
by the fact that in the typical case these will
be joint outputs of micro-components taken in-
dividually. Typically, in this situation, it
would seem reasonable to assume that the range
of contemplated governmental actions would not
actually alter the internal structure of
micro-components. If the internal structure

of micro-components could be regarded as rela-
tively invariant over the range of contemplated
actions, the following statement of the problem
would be appropriate.

Given a set of simultaneously determined output
variables, Xivr weer Xg o the values of these K

variables may be regarded as specifying a point
in a K-dimensional output space. The multivariate
probability distribution over the output space

of such points is regarded as conditional on
input variables of the operating characteristics
used in specifying them but as otherwise in-
variant with respect to intended uses of the
overall model. Treatment variables, if any, are
included among the input variables.
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1.7 MAM a MicroAnalytic Model

The microanalytic model briefly described in
this section is one which has been implemented
using MASS, the microanalytic simulation system
described in Section 3 of this paper. Basically
MAM is the DYNASIM model with minor modifi-
cations and a few additions. (For a description
of the development, specification, and several
uses of the Urban Institute DYNASIM model see
Orcutt et al, 1976.)

MAM is a yearly probabilistic microanalytic
model of the United States. The variables on
which MAM can operate refer to either one of
two types of units -- families, and persons who
are members of families. Each individual or
family unit is characterized by a set of
attributes, such as age, marital status, income
level, educational attainment, and so forth.

For each family or individual we are interested
in the conditional joint distribution of a set
of variables.

*

(1) G(Xl,t'x2,t""’XU,t Xt—l’Zt)

* . .
where Xt—l is the vector of variables (Xlt'XZt""'XUt)
lagged one or more periods and Zt is a vector of
exogenous variables. This joint probability dis-
tribution, G, can be written as a product of
conditional probability distributions

v £ 3 *

(2) ¢ =uzl gu(Xu,t_xu,t’xt—l’Zt)

x -—
where Xu,t = (Xl,tx2,t""'xu—l,t) . To be more
explicit, the 94 functions appear as

* _ *
(3) 91(X1,t'Xt-1'Zt) = Xy oo Xio1eZy)
g, (X 'xx X, ,7.) = F. (X, X, XY z))
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Each g, function is thus the conditional pro-
bability density function of a single variable
and is a function of the value of that variable
and of the variables on which the density is
conditional. Equations such as these in MAM are
used as operating characteristics. These oper-
ating characteristics specify for each entity,
given its previous state and the new influences
operating on it, the probabilities or probability
density functions that a particular variable
equals some values.

In addition to the family/person micromodel
just described, MAM includes a marriage union
model and a macromodel. The marriage union
model determines the probability that a male
and a female who wish to get married marry each
other. In addition, the marriage union model
determines the characteristics of a new family
formed by marriage given that persons are
getting married, and given their character-
istics.

The macromodel is an auxiliary model of the
macroeconomy operating in conjunction with the
micromodel. The inclusion of such a model
permits macroeconomic conditions to be inputs
in the operating characteristics such as elements
of Z in equation 3. It also allows an examin-
ation of the impact of behavior at the micro
level on the macroeconomy. The macromodel
determines the GNP, gross private domestic
investment, the unemployment rate, and the
price level given total family incom<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>