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Preface 

‘Ihe work in this volume grew out of both my dissatisfaction with the standard 
static-equilibrium model that is found in most macroeconomic textbooks and 
my interest in the problem of basing macroeconomic theory on more solid 
microeconomic foundations. I was also interested in trying to incorporate into a 
general model of macroeconomic activity the recent work in economic theory 
that has been done on relaxing the assumptions of perfect information and the 
existence of tatonnement processes that clear markets every period. 

It soon became apparent as I began working on this project that the 
model that I had in mind would not be capable of being analyzed by standard 
analytic methods. I wanted to develop a macroeconomic model that was general, 
was based on solid microeconomic foundations, and was not based on the 
assumptions of perfect information and the existence of t2tonnement processes. 
I also wanted the model to account for wealth effects, capital gains effects, and 
all flow-of-funds constraints. Because of the likely complexity of any model of 
this sort, I decided at an early stage of the project to use computer simulation 
techniques to help analyze the properties of the model. The methodology that I 
followed is described in section 1.3. 

One of the main dangers in building a model that is only feasible to 
analyze using computer simulation techniques is that the model becomes too 
detailed or complex for anyone other than the model builder to want to spend 
the time that it takes to understand the model. I clearly face this danger in the 
present case. However, I have tried to write this volume to make the model as 
intelligible as possible in as simple a way as possible. First, I have constructed a 
“condensed” version of the basic model, with the aim of making the model 
easier to understand. Second, I have constructed a “static-equilibrium” version 

xiii 
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of the model, with the hope that this will put the basic model in a better 
perspective. Third, I have organized the discussion so that the different sectors 
are each discussed individually before the overall model is put together. The 
discussion of each sector is fairly self-contained, so that the reader can 
concentrate at first on the properties of each sector without having to 
comprehend the complete model. (I have, however, given a brief outline of the 
overall model in Chapter One.) Finally, I have relied heavily on the use of tables 
to present the model and have tried to make the tables fairly self-contained from 
the discussion in the text. One should be able to get a good picture of the overall 
model from a careful reading of the tables. The tables should also be useful for 
reference purposes. 

There are, as discussed in Chapter Eight, many ways in which the 
present model might be extended. In many cases these extensions were not 
carried out here because of the desire not to increase the complexity of the 
model anymore than already existed. In future work, if the model does not turn 
out to be too unwieldy to comprehend, it would be of interest to carry out 
many of the extensions. 

Thii volume is one of two. In Volume II an empirical model will be 
developed that is based on the theoretical model found in this volume. Because 
there is no unique way to specify an empirical version of the theoretical model, 
it seemed best to present the theoretical and empirical models in two separate 
volumes. The present volume can be read without reference to Volume II. 

Neither volume has been written specifically as a textbook. It is 
p&sible, however, that either or both volumes could be used as texts in a 
graduate level macroeconomics course. Because of my unhappiness with the 
standard textbook model, I have used for the past two years parts of the present 
volume in a graduate level macroeconomics course that I have taught at 
Princeton. 

I would like to thank a number of people for their helpful comments 
on an earlier draft of this volume. These include Alan S. Blinder, Gregory C. 
Chow, Robert W. Glower, Kenneth D. Garbade, Herschel I. Grossman, Edwin 
Kuh, and Michael Rothschild. I am also grateful to the National Science 
Foundation for financial support. 

Ray C. Fair 
May 1974 
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I Chapter One 

Introduction 

1.1 THE PURPOSE OF THE STUDY 

Much of the work in economic theory in the past few years has been concerned 
with relaxing two important assumptions of classical economic theory: perfect 
information and the existence of t&nmement processes to clear markets. One 
group of studies has followed from the work of Patinkin [43, Chapter 131 and 
Glower [IO] .a Some of the studies in this group have been concerned with the 
question of whether standard, textbook Keynesian theory is different from what 
Keynes 1301 actually had in mind. Glower [lo] and particularly Leijonhujwd 
[32] have argued that it is, whereas Grossman [25] has argued that it is not. 
Although the question of what Keynes meant is primarily of historical interest, 
the studies of Glower and others have made important advances in macroeco- 
nomic theory. By relaxing the assumption that markets are always in 
equilibrium, these studies have provided a mcne solid theoretical basis for the 
existence of the Keynesian consumption function and for the existence of 
unemployment. The existence of excess supply in the labor market is a 
justification for including income as an explanatory variable in the consumption 
function, and the existence of excess supply in the commodity market is a 
justification for the existence of unemployment. 

Another group of studies concerned with relaxing the assumption 
of perfect information has followed from the work of Stigler [52] .b The most 
prominent studies in thts group are the studies in Phelps et al. [44]. Many of the 
studies in this group have been concerned with the mechanism by which prices 
or wages are determined.c In most cases prices or wages are postulated as being 
set by firms, as opposed to, say, by customers 01 workers. The price- or 
wage-setting activities of firms are usually assumed to be guided by profit- 
maximizing considerations. In particular, Phelps has emphasized with respect to 
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the studies in Phelps et al. [44] that “. [the theory] sticks doggedly to the 
neoclassical postulates of lifetime expected utility maximization and net worth 
maximization. .“[45, p. 31. 

Although important progress has been made in relaxing the 
assumptions of perfect information and t&mnement processes, no general 
theoretical model has been developed with these assumptions relaxed. In the 
disequilibrium model of Barre and Grossman [S] , for example, only output and 
employment are determined. All other variables, including prices and wages, are 
taken as given. There are no financial and investment sectors in the model. In the 
further study of Grossman[Z6], only investment is determined, and no attempt 
is made to integrate the investment model with the earlier output and 
employment model. 

In the Solow and Stiglitz model [Sl] , output, employment, prices, 
and wages are determined, but there are no financial and investment sectors. 
Also, as Barre and Grossman point out,* the Solow and Stiglitz model is not 
constructed on a choice-theoretic basis. Likewise, the Korliras model [31], 
which is similar to the Wow and Stiglitz model but doe2 include financial and 
investment sectors, is not constructed on a choice-theoretic basis. The model of 
Tucker [55] is concerned with short mn fluctuations in output and employ- 
ment, and prices and wages are taken as given. In the group of studies concerned 
with price-setting behavior,e the price- or wage-setting activities of firms have 
also not been considered within the context of a general theoretical model. In 
the Maccini model [36], for example, which is one of the more general models 
in this group, only prices, output, and inventories are determined. There are no 
employment, investment, and financial sectors in the model. 

The studies cited above, with the possible exception of the study 
of Korliras 1311, could be characterized as “partial equilibrium” studies if they 
were equilibrium studies, but given that the studies are concerned with 
disequilibrium phenomena, they can perhaps best be characterized as “partial 
disequilibrium” studies. The partial nature of these studies is particularly 
restrictive in a disequilibrium context because of the possible effects that 
disequilibrium in one market may have on other markets. For example, models 
in which there is no financial sector rule out any effects that disequilibrium in 
financial markets may have on labor and goods markets. The Korltias model, 
while being more general in certain respects than the other models, is 
particularly restrictive with respect to the effects of one market on another. The 
model rules out any cross-market effects of disequilibrium and concentrates only 
on within-market disequilibrium effects. Tucker’s discussion [56] of Korlllas’s 
model emphasizes this point. 

In addition to the partial nature of the studies cited above, it is also 
the case that the price-setting behavior postulated by the second group of 
studies, in particular that firms set prices and/or wages to maximize profits, has 
not been integrated into the first group of studies. Only in the models of Solow 
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and Stiglitz and Korliras are prices and wages determined, and these models are 
not choice-theoretic. The treatment of prices and wages as exogenous or in an ad 
hoc manner is again particularly restrictive in a disequilibrium context because 
disequilibrium questions are inherently concerned with the problem that prices 
somehow do not get set in such a way as always to clear markets. It is thus 
particularly important in a disequilibrium context to determine how prices are 
set and why it is that prices may not always clear markets. 

The purpose of this study is to develop a theoretical model of 
macroeconomic activity with the following characteristics. 

The model should be general enough to incorporate most of the variables of 
interest in a macroeconomic context. 
The model should be based on solid microeconomic foundations in the 
sense that the decisions of the main behavioral units in the model should be 
derived from the assumption of maximizing behavior. 
The behavioral units in the model should not be assumed to have perfect 
foresight, but instead should be assumed to have to make decisions on the 
basis of expectations that may not always turn out to be correct. 
T&xmement processes that clear markets every period should not be 
postulated. 

Regarding point 1, the endogenous variables in the present model 
include sales, production, employment, investment, prices, wages, interest rates, 
and loans. The model also accounts for wealth effects, capital gains effects, all 
flow-of-funds constraints, and the government budget constraint. The general 
nature of the model allows cross-market disequilibrium effects to be analyzed, 
allows one to consider why prices, wages, and interest rates may not always be 
set in such a way that clears markets every period, and allows the effects of 
various aggregate constraints, like the Row-of-funds constraints, to be analyzed. 

The rest of this chapter provides an outline of the model and 
discusses various methodological and computational issues. The individual 
behavioral units are discussed in detail in Chapters Two through Five. The 
dynamic properties of the overall model are discussed in Chapter Six. A 
static-equilibrium version of the dynamic model is presented in Chapter Seven, 
and this version is compared to the standard static-equilibrium model found in 
most mactoeconomic textbooks. Chapter Eight contains a brief summary of the 
model and its properties, a discussion of how the model might be changed or 
extended, and a discussion of some of the empirical implications of the model. 

1.2 AN OUTLINE OF THE MODEL 

There are five basic behavioral units in the model: banks, firms, households, a 
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bond dealer, and the government. Banks are meant here to include all financial 
intermediaries, not just commercial banks. At the beginning of each period each 
bank, firm, and household, knowing last period’s values, receiving in some cases 
information from others regarding certain current-period values, and forming 
expectations of future values, solves an optimal control problem 

The objective function of banks and firms is the present discounted 
value of expected future after-tax profits, and the objective function of 
households is the present discounted value of expected future utility. The fact 
that the decisions of the main behavioral units are derived by solving optimal 
control problems places the model an a respectable microeconomic foundation, 
thus meeting the requirement of point 2 above. Point 3 is also met in the sense 
that the decisions are based on expectations of future values, rather than on the 
actual future values. None of the behavioral units in the model has perfect 
foresight. 

The model is recursive in the sense that information flows in one 
direction from the bond dealer, to banks, to firms, to households. Banks, for 
example, are not given an opportunity to change their decisions for the current 
period once firms and households have made theirs. After all decisions have been 
made at the beginning of the period, transactions take place throughout the rest 
of the period. The recursive nature of the model meets the requirement of point 
4 above in the tense that recontracting is not allowed. Banks, for example, only 
find out what the decisions of firms and households are in the cuuent period by 
the transactions that take place during the period. Likewise, firms only find out 
what the decisions of households are by the transactions that take place. 

There is one good in the economy, which can be used either for 
consumption or investment purposes. There are no consumer durables: all goods 
that are used for consumption purposes are consumed in the current period. All 
labor is homogenous. Bank loans are one-period loans, government bills are 
one-period securities, and government bonds are cons& There is no currency in 
the system. 

The decision variables of the government are the various tax rates in 
the system, the xserve requirement ratio, the number of goods to purchase, the 
number of worker hours to pay for, the value of bills to issue, and the number of 
bonds to have outstanding. The government is subject to the constraint each 
period that expenditures less revenues must equal the change in the value of bills 
plus bonds plus bank reserves (high powered money).f The government’s 
decisions are treated as exogenous in the model. 

Banks receive money from households in the form of savings 
deposits, on which interest’ is paid, and from households, firms, and the bond 
dealer in the form of demand deposits, on which no interest is paid. Banks lend 
money td households and firms and. buy government bills and bonds. Banks are 
assumed not to compete for savings deposits, and the rate paid on all savings 
deposits is assumed to be the bill rate. Banks hold reserves in the form of 
deposits with the government. Banks do not hire labor and do not buy goods. 
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At the beginning of the period, banks receive information from the 
government on the tax rates and the reserve requirement ratio for the current 
period and from the bond dealer on the bill and bond rates for the current 
period. However, at this time banks do not know the values of their demand and 
savings deposits for the current period, and do not know the demand schedules 
for their loans. Banks must form expectations of these variables for the current 
period, as well as for the future periods, when making their decisions at the 
beginning of the period. 

The three main decision variables of each bank are its loan rate, the 
value of bills and bonds to buy, and the maximum amount of money that it till 
lend in the period. Once a bank makes its decision on the value of bills and 
bonds to buy, the bank is assumed to have to buy this amount in the period. A 
bank needs to set a maximum on the amount of money that it will lend in the 
period in order to prepare for the possibility that it either overestimates the 
supply of funds available to it in the period or underestimates the demand for its 
loans at the loan rate that it set. Because of these two possibilities, a bank may 
end up with the actual demand for its loans at the loan rate that it set being 
greater than the amount that it can supply. A bank is assumed to prepare for this 
by setting the maximum amount of money that it will lend in the period low 
enough so that the bank is assured, based on its past expectation errors, that it 
will end up in the period with at least this much money to lend. 

Firms borrow money from banks, hire labor from households, buy 
goods from other firms for investment purposes, and produce and sell goods to 
other firms, households, and the government. At the beginning of the period 
each firm receives information from the government on the profit tax rate for 
the current period, and from banks an the loan rate that it will be charged for 
the period and on the maximum amount of money that it will be able to borrow 
in the period. (Since in general each bank sets a different loan rate, it is not 
obvious which loan rate any particular firm faces. It also is not obvious how the 
loan constraints from the banks are translated into the loan constraint facing any 
particular firm. Problems of this sort are discussed in section 1.3.) Firms do not 
know at this time the demand schedules for their goods for the current period 
and the supply schedules of labor for the current period. 

The seven main decision variables of a firm are: (1) its price, (2) its 
production, (3) its investment, (4) its wage rate, (5) its loans from banks, (6) the 
maximum number of worker hours that it will pay for in the period, and (7) the 
maximum number of goods that it will sell in the period. Regarding the latter 
two variables, firms, like banks, must prepare for the possibility that their 
expectations are incorrect. A firm is assumed not to want to hire more labor in 
the period than it plans at the beginning of the period to hire. Since a firm may 
underestimate the supply of labor facing it at the wage rate that it set, it 
prepares for this possibility by setting a maximum on the amount of labor that it 
will hire in the period. This msximum is assumed to be the amount that the firm 
plans at the beginning of the period to hire. A firm is also assumed to set a 
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maximum on the number of goods it will sell in the period, since it cannot sell 
more goods in the period than the sum of what it produces and has in 
inventories. The maximum is assumed to be set low enough so that the firm is 
assured, based on its past expectation errors, that it will end up in the period 
with at least this many goods to sell. 

Households receive wage income from firms and the government, 
purchase goods from firms, and pay taxes to the government. A household either 
has a positive amount of savings or is in debt. It it has savings, the savings can 
take the form of demand deposits, savings deposits, or stocks. If it is in debt, the 
debt takes the’ form of loans from banks. A household does not both borrow 
from banks and have savings deposits OI stocks at the same time. At the 
beginning of the period each household receives eight items of information for 
the current period: (1) the tax rates, (2) the rate it will be paid on its savings 
deposits (the bill rate), (3) the loan rate it will be charged, (4) the maximum 
amount of money it will be allowed to borrow, (5) the price it will be charged 
for goods, (6) the wage rate it will be paid, (7) the maximum number of hours it 
will be allowed to work, and (8) the maximum number of goods it Will be 
allowed to purchase. (The question of how this information gets translated to 
each particular household is discussed in section 1.3.) The two main decision 
variables of a household are the number of hours to work and the number of 
goods to purchase. 

The bond dealer represents in the model both the bill and bond 
market and the stock market. The bond dealer does not hire labor and does not 
buy goods. The decision variables of the bond dealer are the bill rate, the bond 
rate, and the average stock price. The bond dealer is not a profit maximizer; 
rather, itg tries to set the bill and bond rates for the next period so as to equate 
the demand for bills and bonds in that period to the supply of bills and bonds 
in the period. The bond dealer holds an inventory of bills and bonds, and 
it absorbs in each period any difference between the supply of bills and bonds 
from the government and the demand for bills and bonds from the banks. 

Households own the stock of the banks, the firms, and the bond 
dealer. All after-tax profits of the banks, firms, and bond dealer are paid to the 
households in the form of dividends. Banks, firms, and the bond dealer are 
assumed not to issue any new stocks. The bond dealer sets the average stock 
price equal to the present discounted value of expected future dividend levels, 
the discount rates being expected future bill rates. The expectations of the 
future dividend levels and bill rates are formed by households and are 
communicated to the bond dealer. All households are assumed to have the same 
expectations regarding these variables. 

Because of the way the bond dealer sets the stock price, households 
expect the before-tax, one-period rate of return on stocks, including capital gains 
and losses, to be the same for a given period as the expected bill rate for that 
period. The bill rate is the rate paid on savings deposits. Now, capital gains and 
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losses are assumed to be recorded each period and to be taxed as regular income, 
which means that households also expect the after-tax rates of return on stocks 
and savings deposits to be the same. Households can therefore be assumed to be 
indifferent between holding their assets in the form of stocks or in the form of 
savings deposits. This assumption greatly simplifies the model. 

Banks are similarly assumed to be indifferent between holding the 
nonloan part of their assets in the form of bills or in the form of bonds. The 
bond dealer sets the price of a bond, each bond yielding one dollar per period 
forever, equal to the present discounted value of a perpetual stream of one-dollar 
payments, the discount rates being the current bill rate and expected future bill 
rates. These expectations of the bill rates are formed by banks and are 
communicated to the bond dealer. All banks are assumed to have the same 
expectations regarding the future bill rates. The bond rate is equal to the 
reciprocal of the bond price. 

Because of the way that the price of a bond is set, banks expect the 
before-tax, one-period rate of return on bonds, including capital gains and losses, 
to be the same for a given period as the expected bill rate for that period. Since 
capital gains and losses are recorded each period and taxed as regular income, 
banks also expect the after-tax rates of return on bills and bonds to be the same, 
which means that they can be assumed to be indifferent between the two. 

The discussion in the last three paragraphs can be summarized to say 
that stocks and savings deposits are assumed to be perfect substitutes and that 
bills and bonds are assumed to be perfect substitutes. These assumptions have 
the effect of decreasing the number of decision variables of both households and 
banks by one each, and they obviously simplify the model. As will be seen in 
section 1.3, distributional issues are generally ignored in this study, and the 
above assumptions are in a sense just another example of the ignoring of 
distributional issues. The reason that stocks and bonds were included in the 
model at all was so that the effects of capital gains and losses on the economy 
could be analyzed. 

The bond dealer is assumed to set the bond price and the stock price 
for the next period at the end of the current period, but before all transactions 
for the current period have been completed. This is assumed to be done so that 
capital gains and losses for the current period can be recorded during the current 
period. All stocks in the model are end-of-period stocks. The model is discrete, 
and no consideration is given to the rate of change of the stock variables during 
the period. 

In a nontatonnement model the order in which information flows 
and transactions take place is obviously quite important. In a t2onnement 
model the order is not important because recontracting is allowed and no 
transactions take place until the equilibrium prices and quantities have been 
determined. One must also be concerned in a nont&nnement model with what 
determines the actual quantities traded when the quantities demanded do not 
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necessarily equal the quantities supplied. In the present case the order of the 
flow of information has been specified in a way that makes it easy to determine 
the actual quantities traded. The important property of the model that allows 
this to be done is that firms make their decisions subject to the loan constraints 
from the banks and that households make their decisions subject to the loan 
constraints from the banks and the hours and goods constraints from the firms. 

It will be useful for purposes of describing the determination of the 
actual quantities traded to define a firm’s unconstrained demand for loans to be 
the firm’s demand for loans if it were not subject to a loan constraint.h This 
demand can be computed by solving the optimal control problem of the firm 
with no loan constraint imposed. A firm’s constrained demand for loans will be 
defined as the firm’s demand for loans when it is subject to the loan constraint. 
When the loan constraint is not binding, the firm’s unconstrained and 
constrained demands are the same. Otherwise, the constrained demand is less 
than the unconstrained demand. The constrained demand will sometimes be 
referred to as the “actual” demand, since, as discussed below, the constrained 
demand is always the actual value of loans taken out in the period. 

It will likewise be useful to define a household’s unconstrained 
demand for goods and supply of labor to be the household’s demand and supply 
if it were subject to none of the three possible constraints. The constrained 
demand and supply BR the demand and supply that result when the three 
constraints are imposed on the household. The constrained demand is the actual 
quantity of goods bought in the period, and the constrained supply is the actual 
quantity of labor sold in the period. Using these definitions, the determination 
of the actual quantities traded in the model can now be described. 

Since firms and households make their decisions knowing the loan 
constraints from banks, the constrained-maximization processes of firms and 
households will always result in the constrained demand for loans being less than 
OI equal to the maximum set by the banks. Since banks are assumed to set the 
maximum low enough so that they are assured of ending up with this much 
money to lend, the constrained demand for loans will always be the actual value 
of loans taken out in the period. If the actual value of loans in the period turns 
out to be less than the amount of money the banks end up with to lend, the 
difference is assumed to take the form of excess reserves. 

In the case in which banks receive mope money in the period to lend 
that they expected, they are assumed not to receive this information quickly 
enough in the period to be able to pass it along to firms and households in the 
form of less restrictive loan constraints. Banks will, of course, end up with excess 
reserves not only if they underestimate the supply of funds available to them in 
the period, but also if they overestimate the demand for loans. In other words, 
the loan constraints may not be binding on firms and households, and firms and 
households may choose, unconstrained, to borrow less money at the given loan 
rates than the banks had expected. 



Households make their decisions knowing the hours constraints from 
firms and the government, thus the constrained maximization processes of 
households will always result in the constrained supply of labor being less than 
OT equal to the sum of the government’s demand and the maximum set by the 
firms. The constrained supply of labor will thus always be the actual quantity of 
labor sold in the period. If the hours constraints are not binding on the 
households, so that the unconstrained and constrained supplies of labor are the 
same, then the supply of labor will be less than the sum of the government’s 
demand and the maximum set by the firms. In this case the government is 
assumed to get all the labor that it demanded, so that the firms are the ones who 
end up with less labor than they expected. (Remember that the maximum set by 
a firm is its expected supply.) In this case the timx may be forced to produce 
less output than they had planned, depending on how much excess labor they 
had planned for. (The concept of “excess labor” is discussed at the end of this 
section.) 

Because households make their decisions knowing the goods 
constraints from firms, the constrained maximization processes of households 
will always result in the constrained demand for goods being less than or equal 
to the maximum set by the firms. The demand for goods includes the demand 
by households, the demand by the government, and the demand by firms (in the 
form of investment). Firms and the government are assumed always to get the 
number of goods that they want, so that households are the ones who are 
subject to a goods constraint. 

Since firms are assumed to set the maximum low enough so that 
they are assured of having this many goods to sell in the period, it will always be 
the case that the constraine’d demand for goods is less than or equal to the 
available supply. Any difference between the number of goods produced and 
sold by the firms results in a change in inventories. If it happens that the actual 
demand for a firm’s goods exceeds the demand the firm expected? the firm is 
assumed not to receive this information quickly enough for it to be able to 
increase its production and employment plans for the period. 

This completes the discussion of some of the main transactions in 
the model. It is obvious that the particular order of information flows and 
transactions postulated in the model is somewhat arbitrary and that other orders 
could be postulated. ‘l%e particular order chosen here was designed to try to 
capture possible credit rationing effects from the financial sector to the real 
sector and possible employment constraints from the business sector to the 
household sector. This order seemed to be the most natural one, although in 
future work it would be of interest to see how sensitive the conclusions of this 
study are to the postulation of different orders. 

The assumptions that firms do not retain any earnings and do not. 
issue any bonds and new stocks are not as restrictive in the present context as 
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one might think. What the model is trying to capture are aggregate financial 
restrictions facing the firm sector, and if in practice at least some firms are 
constrained at times from being able to borrow as much money as they would 
like at the current interest rates (i.e., either constrained in their borrowing from 
financial intermediaries, in their issung of bonds, or in their issuing of new 
stocks), the specification of the model may not be too unrealistic. In the 
aggregate, only so much money is available in any given period to borrow, and if 
interest rates do not get set in such a way as to clear the financial markets every 
period, then in periods of too-low interest rates some potential borrowers must 
go unsatisfied. 

The model does account for all aggregate flow-of-funds constraints, 
and so the most important financial restrictions in a macroeconomic context 
have been taken into account. It should also be emphasized that “banks” in the 
model are meant to include commercial banks, savings and loan associations, 
mutual savings banks, life insurance companies, and other financial interme- 
diaries, which makes it less unrealistic to aswne that all borrowing takes place 
from the “banks.” Also, many corporate bond issues, are in practice privately 
placed-mostly to life insurance companies-and this again lessens the restrictive- 
ness of the assumption that all borrowing in the model takes place from the 
banks. 

Before concluding this section, it will be useful to describe the 
model of firm behavior in somewhat more detail. It is usually the case that the 
price, production, investment, and employment decisions of a firm are analyzed 
separately rather than within the context of a complete behavioral model. A few 
studies have analyzed two of the decisions at a time. Holt, Modigliani, Muth, and 
Sbnon[29], for example, have considered the joint determination of production 
and employment decisions within the cqntext of a quadratic cost minimizing 
model. Lucas [34] has recently postulated a general stock adjustment model in 
which the stock of one input may influence the demand for another input, and 
Nadiri and Rosen [41] have used this basic model in an empirical study of 
employment and investment decisions. Coen and Hickman[l l] have worked 
with a model that takes into account the interrelationship of employment and 
investment decisions. Mills [38], Hay [27], and Maccini [36] have considered 
the joint determination of price and production decisions. In the model of firm 
behavior in this study, all four of the decisions are determined simultaneously~ 

The underlying technology of a firm is assumed to be of a 
“putty-clay” type, where at any one time there are a number of different types 
of machines that can be purchased. The machines differ in price, in the number 
of workers that must be used with each machine per unit of time, and in the 
amount of output that can be produced per machine per unit of time. The 
worker-machine ratio is assumed to be fixed for each type of machine. 

One important premise of this study regarding the production, 
employment, and investment decisions of a firm is that there are costs involved 
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in changing the size of the work force and in changing the sire of the capital 
stock. Because of these costs, a firm is likely to choose to operate some of the 
time below capacity and off its production function. This means that some of 
the time the number of worker hours paid for may be greater than the number 
of hours that the workers are effectively working. Similarly, some of the time 
the number of machine hours available for use may be greater than the number 
of machine hours actually used. 

The evidence presented in Fair 114, Chapter 31 rather strongly 
indicates that firms do spend some of the time off of their production functions, 
and the model of employment decisions developed in [14] was based on the 
distinction between hours paid for and hours worked. The difference between 
hours paid for by a firm and hours worked will be referred to as “excess labor.“k 
Similarly, the difference between the number of machines on hand and the 
number of machines required to produce the output will be referred to as 
“excess capital.” Two important constraints facing a firm are that the number of 
worker hours paid for must be greater than or equal to the number of worker 
hours worked and that the number of machine hours used must be less than or 
equal to the number available for use. 

Another important premise of this study concerns the firm’s price 
decision. A firm is assumed to have a certain amount of monopoly power in the 
short run in the sense that raising its price above prices charged by other firms 
will not result in an immediate loss of all its customers and lowering its price 
below prices charged by other firms will not result in an immediate gain of 
everyone else’s customers. There is assumed, however, to be a tendency in the 
system for a high price firm to lose customers over time and for a low price firm 
to gain customers. This assumption-that a firm’s market share is a function of 
its price relative to the prices of other firms-is common to the studies of 
Mortensen [39], Phelps [46], Phelps and Winter [47], and Maccini [36]. The 
model developed here, however, differs from or expands on the models in these 
studies by postulating that a firm also expects that the future prices of other 
firms are in part a function of its own past prices. As will be seen in Chapters 
Two and Three, this postulate has an important influence on the final properties 
of the model. 

The tendency for firms to lose 01 gain customers depending on 
whether their prices are high or low can be justified by assuming that customers 
search. If during each period some customers search, and if each customer who 
searches buys from the lowest price firm that he or she finds, then there will be a 
tendency for high price firms to lose customers and vice versa. AIthough this 
tendency can be justified by assuming that customers do search, in the present 
case the search activities of customers are not explained within the model. In the 
specification of the behavior of households, for example, the possible gains and 
costs of search arepot considered, and search is not considered a decision 
variable of households. If search were treated as a decision variable, it would be 
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necessary to specify a much mox complicated model than has been done. Such 
an undertaking is beyond the scope of the present study. 

A firm’s market share of labor supplied to it is treated in a manner 
similar to its market share of goods sold: a firm’s market share of labor is 
assumed to be a function of its wage rate relative to the wage rates of other 
firms. Also, a firm is assumed to expect that the future wage rates of other firms 
are in part a function of its own past wage rat:s. 

Finally, a bank’s market share of loans is treated in a manner similar 
to a firm’s market share of goods: a bank’s market share of loans is assumed to 
be a function of its loan rate relative to the loan rates of other banks. Likewise, a 
bank is assumed to expect that the future loan rates of other banks are in part a 
function of its own past loan rates. 

1.3 THE METHODOLOGY OF THE STUDY 

The methodology of this study is unusual enough to require some discussion. 
The most important aspect of the methodology is the use of computer 
simulation to analyze the behavior of the banks, firms, and households and to 
analyze the properties of the overall model. The behavior of each bank, firm, 
and household was analyzed in the following way. 

1. 

2. 
3. 

4. 

5. 

The basic equations were specified and the optimal control problem was 
formulated for the behavioral unit. 
Assumptions regarding the formation of expect&m were made. 
Using the information from I and 2, algorithms were written to solve the 
optimal control problem of the behavioral unit. 
Particular values for the parameters and initial conditions were chosen, and 
a “base run” was obtained by using the algorithms to solve the optimal 
control problem for these particular values. The parameter values and initial 
conditions were chosen so that the optimal paths of the decision variables 
for the base run would be roughly flat. 
Various changes in the initial conditions from those used for the base nm 
were made, and for each change the control problem was resolved to obtain 
the optimal paths of the decision variables corresponding to the change. 
These new paths were then compared to the base run paths to see how the 
behavioral unit modified its decisions as a result of the change. A “flat” base 
run was chosen in 4 to make it easier to compare the behavioral unit’s 
modified decisions to its original decisions. 

The results in 5 are analogous to partial-derivative results in analytic work in the 
tense that one obtains the change in one variable corresponding to a change in 
some other variable. In Chapters Two, Three, and FOUL, tables of results of 
carrying out the procedure in 5 are presented for banks, firms, and households, 
and from these tables one can get an understanding of how each unit behaves. 



After the behavior of each unit was analyzed separately, the entire 
model was put together and solved. One solution of the overall model for one 
time period corresponds to the solution of an optimal control problem for each 
behavioral unit and to the computation of the transactions that take place after 
all the decisions have been made. After the transactions have all been computed, 
time switches to the beginning of the next period, and the behavioral units solve 
their control problems again, the new solutions being based on the new 
information that has resulted from the previous period’s transactions. After the 
new solutions have been obtained, the new transactions based on these solutions 
are computed, and then time switches to the next period. This process can be 
repeated for as many periods as one is interested in. 

One important point to keep in mind about the solution of the 
overaU model is that although the solution of the optimal control problem for 
each behavioral unit corresponds to optimal time paths of the decision variables 
being computed, only the values for the current period are used in computing 
the transactions that take place. Each period new time paths are computed for 
each decision variable, and so the optimal values of the decision variables for 
periods other than the current period are of importance only insofar as they 
affect the optimal values for the current period. 

The optimal control problem of each behavioral unit is stochastic, 
nonlinear, and subject to equality and inequality constraints. In order to 
simplify the problem somewhat, each behavioral unit was assumed to convert its 
stochastic control problem into a deterministic control problem by setting all of 
the values of the stochastic variables equal to their expected values before 
solving. This is a common procedure in the control literature (see, for example, 
Athans [3]). The solution values that result from such a procedure must, of 
course, be interpreted as being only approximations to the true solution values 
of the complete stochastic control problem. Only in the linear case would the 
decision values for the current period that result from this procedure be the 
same as the decision values that result from solving the complete stochastic 
control problem. 

There is also another source of inaccuracy in this study regarding the 
solutions of the control problems. Cost considerations prevented the writing of 
highly accurate algorithms to solve the deterministic control problems, and there 
is no guarantee that the optima found by the algorithms are in fact the true 
optima of the deterministic control problems. Particular attention was concen- 
trated, however, on searching over values of the decision variables for the first 
few periods of the horizon, so that some confidence could be placed on the 
assumption that the values chosen for the current period are close to the true 
solution values of the deterministic control problem for the current period. The 
algorithms that have been used to solve each particular control problem are 
discussed in the following chapters. The length of the decision horizon for each 
behavioral unit was always assumed to be 30 periods in the programming of the 
model. 
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Because of the assumption that the behavioral units replace 
stochastic variables with their expected values, the model is presented in the text 
using expected values directly rather than density functions. A superscript “e” 
on a variable is always used to denote the expected value of the variable. 

Another important aspect of the methodology of this study is the 
treatment of the aggregation problem. There are at least two basic ways in which 
one might put a model of the sort developed in this study together. One way 
would be to specify a number of different banks, firms, and households; have 
each one solve its control problem; and then have them trade with each other in 
some way. To do this, one would have to specify mechanisms for deciding who 
trades with whom and would have to keep track of each individual trade in the 
model. Questions of search behavior invariably arise in this context, as do 
distributional questions. This way of putting the model together is considerably 
beyond the scope of the present study. 

The other basic way of putting the model together is to ignore 
search and distributional questions. Even within this context, however, there are 
at least two ways in which search and distributional questions can be ignored. 
One way would be to postulate only one bank and one firm and treat the two as 
monopolists. The other way is to postulate more than one bank and one firm, 
but treat all banks as identical and all firms as identical. ‘I%is second way is the 
approach taken in this study. The advantage of postulating more than one bank 
and one firm is that models can be specified in which the behavior of an 
individual bank or firm is influenced by its expectations of the behavior of other 
banks OT firms. Models of this type, in which market share considerations can 
play an important role, seem more reasonable in a macroeconomic context than 
do models of pure monopoly behavior. 

An apparent disadvantage of postulating more than one bank and 
firm and yet treating all banks and firms as identical is that whenever, say, a firm 
expects other firms to behave differently than it plans to behave, the firm is 
always wrong. If all firms are identical, they obviously always behave in the same 
way, even though they almost always expect that they will not all behave in the 
same way. Firms never learn, in other words, that they are all identical. 
Fortunately, this disadvantage is more apparent than real. If one is ignoring 
search and distributional questions anyway, there is no real difference (as far as 
ignoring these questions is concerned) whether one postulates only one firm or 
many identical firms. Both postulates are of the same order of approximation, 
namely the complete ignoring of search and distributional questions. and if one 
feels that a richer model can be specified by postulating more than one firm, one 
might as well do so. One will gain the added richness without losing any more 
regarding search and distributional issues than is already lost in the monopoly 
model. 

The fact that distributional issues are ignored in the model makes 
the treatment of stock prices and shares of stock much easier than it otherwise 



would be. The economy can be treated as if there wtxe only one share of stock 
in existence, of which individual creditor households own certain fractions. The 
price of this share of stock is set by the bond dealer. The bond dealer uses 
expectations of future aggregate dividend levels in setting the price, where the 
aggregate dividend level in any period is the sum of all of the dividends from the 
firms, the banks, and the bond dealer. The households are, of course, the ones 
who form the expectations of the future aggregate dividend levels, which then 
get communicated to the bond dealer. 

Two versions of the overall model have actually been used in this 
study, one called the “non-condensed” version and one called the “condensed” 
version. The non-condensed version postulates two identical banks, two identical 
firms, and two households. The two households are not identical; one is a 
creditor and one is a debtor. This version is solved in exactly the manner 
described above. Since the non-condensed version is large, costly to solve, and 
somewhat difficult to comprehend in its entirety, an alternative and smaller 
version was also specified. This “condensed” version was specified as follows. 

1. The behavior of the banks, Arms, and households was examined by looking 
at the tables of results obtained by the procedure described in 1 through 5 
above (p. 12). 

2. Using the results in these tables and a general knowledge of the optimal 
control problems of the behavioral units, the behavior of the banks, firms, 
and households was approximated either by equations in closed form or by 
simple algorithms. In the process of making these approximations, the banks 
wex aggregated and the firms were aggregated, so that one ended up with 
equations or algorithms pertaining only to a “bank sector” and a “firm 
sector.” 

3. The transactions equations for the non-condensed model were then 
modified appropriately to correspond to the more simplified nature of the 
condensed model. 

The advantage of the condensed version is that one can see more directly what 
influences the decisions of the behavioral units. In the non-condensed version 
the influences are buried in the optimal control problems of the behavioral units, 
and many times one cannot see directly what affects what. No optimal control 
problems have to be solved in computing the solution of the condensed version 
each period since the optimal control problems have in effect been approx- 
imated by equations in closed form or by simple algorithms. 

For the analysis of the properties of the overall model in Chapter 
Six, the condensed version has been used. The analysis of the non-condensed 
version is relegated to the Appendix. Since the properties of the two versions are 
virtually the same-one merely being an approximation of the other-it seemed 
best to concentrate on the simpler version in the text. The Appendix contains 
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the results of a few runs and enough discussion to show how the non-condensed 
version is solved. 

There is also a “static-equilibrium” version of the model, and this 
version should not be confused with either the condensed or non-condensed 
versions, which are both dynamic. The static-equilibrium version is discussed in 
Chapter Seven. The GaussSeidel algorithm is used to solve the static-equilibrium 
version in Chapter Seven, and again this algorithm should not be confused with 
either the algorithms used to solve the optimal control problems OI the 
algorithms used in the condensed version of the dynamic model. 

The advantage of u&g computer simulation techniques over 
standard analytic methods to analyze models is that one can deal with much 
larger and mope complete models. More than merely one or two decision 
variables of a behavioral unit can be considered at the sane time, multiperiod 
decision problems can be considered, and in general one can get by with making 
less restrictive assumptions. It should be stressed, however, that the simulation 
work in this study is not meant to be a “test” of the validity of the model, but 
only an aid to understanding its properties. The parameter values and initial 
conditions have all been made up and have not been estimated from any data. 

It should be obvious by now that the model developed in this study 
is based on numerous assumptions that can in no way be verified or refuted 
directly. As with most economic models, the model is highly abstract. The 
philosophy that underlies the construction of the present model goes something 
as follows. The author lboks on a theoretical model of the sort developed in this 
study as not so much true OI false as useful or not useful. The model is useful if 
it aids in the specification of empirical relationships that one would not already 
have thought of from a simpler model and that are in turn confirmed by the 
data. It is not useful if it either does not aid in the specification of empirical 
relationships that one would not have thought of from a simpler mod&or aids in 
the specification of empirical relationships that are in turn refuted by the data. 

As discussed in Chapter Eight, the present model does imply that 
macroeconometric models ought to be specified quite differently from the way 
they now are. The model does appear, therefore, to meet the requirement that it 
lead to new empirical specifications, and so it does appear to be possible, 
according to the above philosophy, to decide whether the model is mope useful 
than other theoretical models. (Volume II will carry out such an analysis.) 

1.4 SUGGESTIONS TO THE READER 

Because of the model’s size and the reliance on computer simulation to analyze 
its properties, the overall model is not particularly easy to comprehend. The 
reader should have a good understanding of the behavior of the individual units 
in the model from the discussion in Chapters Two through Five before 
proceeding to the discussion of the complete model in Chapters Six through 



Introduction 17 

Eight and in the Appendix. Of particular importance in Chapters Two, Three, 
and Four are the tables of simulation results (Tables 2-3, 3-3, 4-3, and 4.4), 
where one can see how the behavioral units respond to various changes in the 
initial conditions. The tables presenting the equations of the condensed model 
for each behavioral unit (Tables2-4, 3-4, and 4-6) should also help one to 
understand the behavior of each unit. 

The two most important tables in the book are Table 6-2 and 
Table A-2, where the complete sets of equations for the condensed and 
non-condensed models are presented, respectively. Since the condensed model is 
a close approximation to the non-condensed model and is easier to comprehend, 
it is advisable for most purposes to study Table 6-2 rather than Table A-2. After 
having studied Table 6-2 carefully, the simulation results for the complete model 
in Table 6-6 and the related discussion should be understandable. In general, the 
discussion in the text relies heavily on the use of tables, and in most cases it is 
necessary to study the tables carefully in order to follow the discussion in the 
text. In order to make Chapters Two through Five a little more self-contained, 
some of the discussion of the behavioral units in section 1.2 in this chapter is 
repeated in the following chapters. 

NOTES 

~Exampler of these studies are the studies of Leijjonhujvud [ 321, (331, Tucker 
1531, 1541, [55], Barre and Grossman [S], and Grossman 1241, 1251, (261. See atw the 
studies of Sotow and Stietitz 1511 and Korttras 1311. 

cSee, for example, Atcbian [ 11, Diamond [t 21, Fisher [18] , [ 191, Gepts 
[201, Gordon and Hynes [22], Lucas and Rapping 1351, Maccini 1361, Mortemen [%I, 
1401, Phetps [46], Phelps and Winter [47], and Rothschild [49] See also an early paper by 
Ctower [9], in which an attempt is made to provide a general theory of price determination 
that is applicable to att types of market stiuctues. 

dBa,o and Grossman [S], pp. 83-84, fn. 6. 
%e footnote c. 
%ee, for example, Christ [S] for a discussion of the government budget 

UJ”StraiM. 
SThe bond dealer tilt be referred to as an it, rather than as a he or B she. 
hUnles otbewise stated, the phrase “demand for” OI “supply or’ in the text 

is meant to refer to the quantity demanded or supplied, not to a demand or a supply 
schedule. 

‘Since in general a firm plans to end up with a positive level of inventories at 
the end of the period, the firm’s expected demand for its eoods is usually less than the 
maximum nu%$w of goods that it is witting to sell. 

JA firm’s “employment” decision in the present context corresponds to its 
wage-rate decision and its decision on the maximum amount of labor to hire. 

k”Excess labor” was detined in a sti&ly different way in [ 141 as the 
difference between standard hours and hours worked. Under this definition excess labor can 
be negative if hours worked exceed standard hours. For purposes of the present study it is 
more convenient to refer to the difference between hours paid for and hours worked as 
-excess labor.” 





Chapter Two 

Banks 

2.1 THE BASIC EQUATIONS 

In Table 2-l the important symbols used in this chapter are listed in alphabetic 
order. The first half of the table presents the notation for the non-condensed 
model, and the second half presents the notation for the condensedmodel. The 
notation for the condensed model pertains only to the discussion in Section 2.6. 

Each bank, say bank i, receives money from households in the form 
of savings deposits (SD&), on which interest is paid, and from firms, 
households, and &e bond dealer in the form of demand deposits @D&t), on 
which no interest is paid. Each bank lends money to tirms and households (L&) 
and buys gOVeINIXW bills (VBILLBi~) and bonds (BONDBit). Bank loans XC 

one-period loans, bills are one-period securities, and bonds are consols. Each 
bank holds reserves in the form of deposits with the government (B&). Each 
bank sets its own loan rate (R&). The three main decision variables of each bank 
are its loan rate, the value of bills and bonds to purchase (V~&), and the max- 
imum amount of money that it will lend in the period (LLWfA&). Banks are 
assumed not to compete for wings deposits, and the rate paid on all savings de- 
posits is assumed to be the bill rate (rr)I 

79 
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Table 2-I. Notation for Banks in Alphabetic Order 

Subscript i denotes variable far bank i. Subscript j denotes variable for bankj. Subscript f 
denotes variable for period f. An e superscript in the text denotes an expected value of the 

= number of bonds held, each bond yielding one dollar per period 
= actual reswves 
= required mserves 
= prclfit tax rate 
= penalty tax mte on the composition of banks’ portfolios 
= demand deposits 
= dividends paid 
= largest error the bank expects to make in overestimating its demand deposits 

for any period 
= latgest error the bank expects to make in overestimating its savings deposits 

for any period 
= amount that the bank knows it will have available to lend to households and 

firms and to buv bills and bonds even if it overestimates its demand and 
savings depositiby the maximum amounts 

= reserve xquirement ratio 
= no-tax proportion of banks’ portfolios held in bills and bonds 
= total value of loans of the bank sactor 
= value of loans 
= maximum value of loans that the bank will make 
= toial unconsuained demand for loans 
= bill rate 
= bond mte 
= loan rate (of bank i) 
= loan fate (of bankj) 
= average loan rate in the economy 
= savings deposits 
= taxes paid 
= length of decision horizon 
= value of bills and bonds that the bank chooses to purchase 

[ VBILLBit + 80NDBit/R ?] 
= value of bills held 
= before-ax profits 

Subscript I denotes variable for period f Only notation that differs from the notation for 
the non-condensed model is presented here. 

EMAXDD = largest enor the bank sector expects to make in overestimating its demand 
deposits for any periad 

EMAXSD = largest erra the bank sector expects to make in overestimating its savings 

FUNDS+ 
deposits for any period 

= amount the bank sector knows it will have available to lend to households 
and firms and to buy bills and bonds even if it overestimates its demand 

LBluAX* 
RLt 
SD, 
TAXB, 
VBB, 

VBILLB, 
w 

and savings deposits by the maximum amounts 
= maximum value of loans that the bank sector will make 
= loan rate of the bank sector 
= savings deposits of the bank sector 
= taxes paid by the bank sector 
= value of bills and bonds that the bank S~CLOI chooses to purchase 

( VBILLB, + BONDB</R J 
= value of bills held by the bank sector 
= before-tax profits of the bank sector 
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The basic equations for bank i for period t are the following: 

VBB,, = VBILLB,, + BONDBJR,, [value of bills and bonds held] (2.1) 

II& =RBi,LBi, + I? VBILLB,, + BONDBit - r,SDBi, 

+ (BONDBir/Rr+I - BONDBJR,), (before-tax profits] (2.2) 

TAXB, = d, Wit fdZ [VSS,, - gz(VBBi, + LBit)]‘, [taxes paid] (2.3) 

DIV& = llBi, - TAXBi,, [dividends paid] (2.4) 

BR,, =DDBit + SDB,, - LBi, - VBB,, - (BOND13JRr+l - BONDB<,/R,) 

=DDBi, + SDB?, - LB!, - VBILLB,, - BONDBi,/R,+I, (actual reserves] 

(2.5) 

BR *if =glDDBit, [required reserves] (2.6) 

BR,, >BR*!, [actual reserves must be greater than OI equal to required 
IeRKVeS] (2.7) 

Equation (2.1) merely defines the value of bills and bonds held. 
Since bonds are consols and since each bond is assumed to yield one dollar each 
period, the value of bonds held is merely the number held divided by the bond 
rate, BONDBi,/R,. Equation (2.2) defines before-tax profits. The first three 
terms on the right-hand side of the equation are the interest revenue received on 
loans, bills, and bonds, respective1y.a The fourth term is the interest paid on 
savings deposits. llw last term is the capital gain or loss made on bonds held in 
period t. 

Taxes are defined in Equation (2.3), where dl is the profit tax rate. 
With respect to the second term on the right-hand-side of the equation, the 
government is assumed through its taxing policy to try to induce banks to hold a 
certain proportion, g2, of their assets in bills and bonds. In practice, commercial 
banks and other financial intermediaries are under certain pressures to hold 
particular kinds of securities, and here these pressures are assumed to take the 
form of government taxing policy. If, in the model, banks were not induced in 
some way to hold bills and bonds, they would never want to hold bills and 
bonds as long as their loan rates were higher than the bill rate. The introduction 
of government taxing policy is a simple way of explaining why banks hold nvxe 
than one kind of asset. 

In Equation (2.3), bank i is assumed to be taxed at rate dz on the 
square of the difference between the value of bills and bonds held and &!z times 
the value of loans issued plus bills and bonds held. Since capital gains and losses 
are, included in the definition of profits, Equation(2.3) also reflects the 
assumption that capital gains and losses are taxed a$ regular income. Bank i is 
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assumed not to retain any earnings, so that the level of dividends, as defined in 
Equation (2.4), is merely the difference between before-tax profits and taxes. 

Bank reserves are defined in Equation (2.5). Slice bank i pays out in 
the form of taxes and dividends any capital gains made in the period (and 
conversely for capital losses), and yet does not receive any actual cash flow from 
the capital gains, capital gains take away from (and conversely capital losses add 
to) bank reserves, as specified in (2.5). Required reserves are defined in 
Equation (2.6). For simplicity, no rewve requirements ax placed on savings 
deposits. Actual reserves must be greater than or equal to required reserves, as 
indicated in (2.7). 

2.2 THE FORMATION OF EXPECTATIONS 

Let T+I be the length of the decision horizon. In order for the bank to solve its 
control problem at the beginning of period t, it must form expectations of a 
number of variables for periods r through t+T Bank i is assumed to form the 
following expectations.b 

‘bank 
W) 

rate of fqt 

q-1 
,z [expected loan 

j for period t] 

, [expected loan rate of bank j for period r+k 
(k=l,Z,...,T)] (2.9) 

q+k =(R&r+k * qr+,):, [expected average loan rate for period t+k 
(k=O,I,. .,7)] (2.10) 

a3 > 0, [expected aggregate unconstrained 
demand for loans for period f] (2.11) 

LUIY;;, =Luq+k_, , [expected aggregate unconstrained 
demand for loans for period r+k 
(k = I,&. .,7’J] (2.12) 

L;+k = Luiv !+k, [expected aggregate constrained demand for loans for period 
wk (k=O,l,. .,TJ] (2.13) 

, a4 < 0, [expected market share of loans for period t] 
(2.14) 
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[expected market share of loans for period 
t+k(k=I,Z,. ..7)] (2.15) 

DD%+k =DDB,f_I, [expected level of demand deposits for period t+k 
(k=O,l,. .,Tf] (2.16) 

sD%+k = SDB,t_l, [expected level of savings deposits for period f+k 
(k=O,I,. ..T)] (2.17) 

I& =rr, [expected bill rate for period t+k (k=I,Z,. .)] (2.18) 

I 1 I 1 

R& = %) + (1+&k) (l+<+k+l) + (I+‘?+k) (~‘%+I) (l+<+k+z) 
+... 

= 1. [equation determining expected bond rate for period t+k 
rt (k = OJ,. .,T+I)] (2.19) 

The first term on the right-hand side of Equation (2.8) reflects the 
fact that bank i expects its rate setting behavior in period t-2 to have an effect 
on bank j’s rate setting behavior in period t The second term is designed to 
represent the effect of general market conditions on bank i’s expectation of 
bank j’s rate. The bond dealer sets the bill rate for period tat the end of period 
t-l, and bank i knows the bill rate for period f at the time that it makes its 
decisions for period t. If the bill rate for period i has changed, then bank i is 
assumed to expect that this change will have an effect in the same direction on 
the rate that bank j sets in period t 

Bank i must also form expectations of bank j’s rate for periods WI 
and beyond. These expectations are specified in Equation (2.9), which is the 
same as Equation (2.8) without the final term. Equation (2.9) means that bank i 
expects that bank j is always adjusting its rate toward bank i’s rate. If bank i’s 
rate is constant ova time, then bank i expects that bank j’s rate will gradually 
approach this value. 

In Equation (2.10) bank i’s expectation of the average loan rate is 
taken to be the geometric average of its rate and its expectation of bankj’s rate. 
Without loss of generality, there is assumed to be only one other bank, bank j, in 
existence. It should be obvious how the number of other banks in existence can 
be generalized to be more than one. There is nothing inconsistent in the model 
with there being a relatively large number of other banks in existence. The 
geometric average is used in (2.10) rather than the arithmetic average to make 
the solution of the model easier. Bank i expects that the aggregate unconstrained 
demand for loans is a function of the average loan rate, as specified in Equations 
(2.11) and (2.12).C The aggregate unconstrained demand for loans in, say, period 
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t-l (LUV_~)is what would have been the demand for loans on the part of firms 
and households had they not been subject to any constraints. Each bank is 
assumed to be aware of this demand. The aggregate constrained demand for 
loans @_I) is the actual value of loans made in period f-l. Equation (2.13) 
states that bank i expects that firms and households will not be constrained in 
their borrowing behavior in periods t and beyond. The expected awegate 
constrained demand for loans is assumed in Equation (2.13) to be equal to the 
expected aggregate unconstrained demand for loans for each period. As will be 
seen below, bank i does not itself expect to turn any customers away, and so 
Equation (2.13) merely states that bank i also does not expect any customers in 
the aggregate to be turned away. 

Equation (2.14) determines bank i’s expectation of its market share 
for period t and reflects the assumption that a bank expects that its market share 
is a function of its rate relative to the rates of other banks. The equation states 
that bank i’s expected market share for period t is equal to last period’s market 
share times a function of the ratio of bank i’s rate for period t to the expected 
rate of bank j for period t. Equation (2.15) is a similar equation for periods WI 
through t+7: 

It should be noted that the market share for period r-l on the 
right-hand side of Equation (2.14) is the ratio of the actual value of loans of 
bank i in period t-1 to the actual value of aggregate loans in period t-I 
(L&_l/Lt_l) and is not the ratio of the actual value of bank i’s loans to the 
aggregate unconstrained demand for loans (LB,+I/LUN~_~). Since bank i is 
assumed to know both Lt._1 and LUNt-1, the latter specification is a possibility. 

The justification for the use of LB,,_~/L,_I is as follows. qis bank 
I’s expectation of the aggregate unconstrained (and constrained) demand for 
loans for period t. Of the potential customers represented by this amount, some 
will come to bank i during the period. How many come depends on how large a 
part bank i is of the market in period t-1 and on the relative loan rates. Now, a 
good measme of how large a part bank i is of the market in period t-l is its 
actual market share in period t-l. This measure is a better measure than 
LBit-I/LUNt_l , since the latter does not represent in any direct sense bank i’s 
participation in the market. If LIJNt-1 is greater than Lt-1, only a part of the 
unsatisfied customers represented by this amount are likely to have been turned 
away by bank i. The rest of the customers would not have sampled bank i in the 
period. Therefore, it seems more in the spirit of the search literature to use the 
actual market share on the right-hand side of Equation (2.14). 

As should be evident from the discussion in the next section, 
Equations (2.8)-(2.15) are quite important in determining the rate setting 
behavior of bank i. Two similar sets of equations are also postulated in Chapter 
Three regarding the price setting and wage setting behavior of a firm. The two 
most important assumptions underlying Equations (2.8)-(2X) are that bank 
i expects that its rate setting behavior has an effect on bank j’s rate setting 
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behavior and that bank i expects that its market share is a function of its rate 
relative to bank 1’s rate. The equations can be easily modified if there is more 
than just one other bank in existence. Equations (2.8) and (2.9) would hold for 
each bank. Equation (2.10) would be the geometric average over all banks. 
Equations (2.1 I)-(2.13) would remain the same, and Equations (2.14) and 
(2.15) would be changed either to include all the ratios of bank r”s rate to the 
other banks’ rates, or to include the ratio of bank i’s rate to the average of the 
other banks’ rates. 

In Equations (2.16)-(2.18) bank i is assumed to expect that the 
values of demand deposits, savings deposits, and the bill rate for all future 
periods will be the same as the last observed values of these variables. Equation 
(2.19) determines the expected bond rate. The right-hand side of the equation is 
the present discounted value of a perpetual stream of one-dollar payments, the 
discount x&es being the expected future bill rates. The right-hand side of the 
equation can thus be considered to be the expected price of a bond for period 
wk, and so the reciprocal of this expression can be considered to be the 
expected bond rate for period wk. This assumption, of course, ignores the fact 
that the expected value of a ratio is not equal to the ratio of the expected values, 
.but this type of problem is ignored all the way through this study by the 
converting of stochastic control problems into deterministic control problems in 
the manner discussed in Section 1.3. 

The assumptions in (2.16) and (2.17), that bank i expects no change 
in its demand and savings deposits from the last observed values, are important 
and typical of many expectational assumptions made in the model. Whenever an 
expectational assumption had to be made that was either not concerned with 
market share situations OI for which no obvious assumption was available, the 
simple assumption of no change from the last observed value was made. The aim 
was not to complicate the model any more than seemed necessary to capture 
important expectational issues. 

As long as lagged values have some effect on expectations of current 
and future values, assumptions like (2.16) and (2.17) should not be too 
unrealistic. It should also be noted that because of the assumption in (2.18), that 
bank i expects no change in the future bilI rates from the last observed rate, the 
expected bond rates in (2.19) are simply equal to the current bill rate. It was 
mentioned in Section 1.2 that the only reason bonds were included in the model 
at all was to account for the effects of capital gains and losses, and so nothing is 
really lost in the model by having the bill rate and bond rate always be equal. 

2.3 BEHAVIORAL ASSUMPTIONS 

‘Ihe objective of a bank is to maximize the present discounted value of expected 
future after-tax profits. The discount rate is assumed to be the bill rate. The 
objective function of bank i at the begInning of period t is: 
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OBJBi, = 
lIB$ - TAX$t lSB$+, - TAX$t+I 

(JhtJ + (lh*)(I+r;+l) +... 

%+, - TAX%+T 
+ (Jht) (J+<+1). (l+rf+T) : 

where IIBie,+k-TAXB~+k is the expected value of after-tax profits for period 

t+k(k=O,J,.. ,‘I). 
Three of the decision variables of bank i are its loan rate, RBtr+k, the value 

of bills to purchase, VBILLBit+k, and the number of bonds to purchase, 
BUND&+k (k=O,l, ,T). Given paths of these three variables, the correspond- 
ing value of the objective function can be computed as follows. 

1. Given bank I”s rate path, bank i’s expectation of bank j’s rate path can be 
computed from (2.8) and (2.9). The path of the expected average loan rate 
can then be computed from (2.10), followed by the path of the expected 
aggregate unconstrained demand for loans from (2.11) and (2.12). The path 
of the expected aggregate constrained demand for loans can then be 
computed from (2.13), followed by bank ?s expectation of the demand for 
its own loans from (2.14) and (2.15). 

2. The paths of expected demand deposits, savings deposits, the bill rate, and 
the bond rate are determined in Equations (2.16k(2.19). Given these four 
paths and given the paths discussed in 1, the paths of expected profits 
and taxes can be computed from’(2.2) and (2.3),d which then means that 
the value of the objective function can be computed. 

A few general remarks can now be made regarding the control 
problem of a bank. A bank expects that it will gain customers by lowering its 
rate relative to the expected rates of other banks. The main expected cost to a 
bank from doing this, in addition to the lower price it is charging per loan, is 
that it will have to pay more and more taxes the further it deviates from holding 
proportion g2 of its portfolio in bills and bonds. It is also the case that a bank 
expects that other banks will follow it if it lowers its rate, so that it does not 
expect to be able to capture an ever increasing share of the market without 
further and further rate reductions. 

A bank expects that it will lose customas by raising its rate relative 
to the expected rates of other banks. Again, the main cost from doing tbi$, in 
addition to the lost customers, is the higher taxes that must be paid from not 
holding proportion g2 of its portfolio in bills and bonds. On the plus side, a bank 
expects that other banks will follow it if it raises its rate, so that it will not lose 
an ever increasing share of the market without further and further rate increases. 
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With respect to a bank’s decision regarding bills and bonds, equation 
(2.19) means that a bank expects that the before-tax, one-period rate of return 
on bonds, including capital gains and losses, for a given period will be the same 
as the expected bill rate for that period. Since capital gains and losses are taxed 
at the same rate as other iixome, the expected after-tax rates of return on bills 
and bonds are also the same. Because of this, banks are assumed to be indifferent 
between holding bills and bonds, and so instead of determining two variables, 
VBILLBi, and BONDBit, a bank can be considered, given Rt, as determining 
Ody VBBi,. 

The main constraint facing a bank is the reserve requirement 
constraint (2.7). A bank expects to receive in funds in period f+k, DDBf,+, f 
SDB;t+k, of which g$‘DB,e,+, is needed to meet the reserve requirement. 
Therefore, (1 -gI)DDBft+k + SDB;t+k is the expected amount available for 
period t+k to lend to households and firms and to buy bills and bonds. A bank is 
assumed, however, to have to prepare for the possibility that it overestimates its 
demand and savings deposits. A bank is assumed from past experience to have a 
good idea of the largest error it is likely to make in overestimating its demand 
and savings deposits. Call the error for demand depositsEMAXDDi and the error 
for savings deposits EMAXSDi. For simplicity, these expected n~axim~m ~TIOIS 
are assumed not to change ova time. The quantity (1-g*) (DDB$+k - 
EMAXDDi) + (SDB$+,- EM4XSDi) is the amount that bank i knows it will 
have available in period ttk to lend to households and firms and to buy bills and 
bonds even if it overestimates its demand and savings deposits by the maximum 
amounts. Denote this quantity as FIJNDS;+k: 

FVND$+, = (I-gI)(DDB$+k - EMAXDD,) + (SDBft+k - EMAXSD,). (2.21) 

Now, given a path of bank ~3 loan rate, it was seen from 1 above 
that bank i can compute the path of its expected loans (LB,& k=O,l, ,7). 
In order to make sure of meeting the reserve requirement constraint, bank i is 
assumed to behave by choosing the path of its loan rate and the path of the 
value of bills and bonds to buy (VBBjt+k, k= 0.1, ,7’) so as to satisfy the 
constxaint that 

LBft+k + VBBi,+k = FUND&., k=O,l,. .,T. (2.22) 

By satisfying equation (2.22), bank i is assured that it will have enough funds to 
meet the expected loan demand each period, given its path of the value of bills 
and bonds to buy. Once a bank decides at the beginning of period t the value of 
bills and bonds to purchase in the period, it is assumed that the bank must 
purchase this value. 
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This is still not the end of the story, however, for bank i must also 
prepare for the possibility that it underestimates the demand for its loans at the 
loan rate path that it has chosen. Bank i is assumed to prepare for this possibility 
by announcing to households and firms the maximum amount of money that it 
will lend in each period, in addition to announcing the loan rate. The maximum 
amount each period (LBMA&+~, k = OJ, .7’) is assumed to.be equal to the 
expected loan demand for that period: 

LBMAXit+k = Lqt+k. k=O,I,. .,T. (2.23) 

Bank i is now assured of meeting its reserve requirement. It will always have at 
least amount FlJNDSi;+k at its disposal, and it will never use more than this 
amount to lend to households and firms and to buy bills and bonds. The 
procedure just described means, of course, that a bank expects to hold some 
amount of excess reserw most of the time. Only in the extreme case where it 
overestimates its demand and savings deposits by the full amounts EMaXDDi 
and EMAXX+, and also lends to households and firms the maximum amount of 
money that it set, will it end up with zero excess reserves. 

Although in practice commercial banks and some other kinds of 
financial intermediaries can usually meet unexpected situations by borrowing 
from a monetary authority, the procedure just described by which banks 
account for unexpected situations in the model is not necessarily unrealistic. 
Commercial banks and other financial intermediaries are under basic constraints 
of the kind considered above, and it is not unreasonable to assume that these 
constraints play an important role in their decision making processes. Also, if a 
bank can hold negative excess reserves in the short run by borrowing from a 
monetary authority, all this really means in the present context is that the bank 
would maximize (2.20) subject to the constraint that LB&+k + VH3if+k in 
(2.22) be equal to FUNDSf,+, plus wme positive number. The positive number 
might be, for example, the maximum that the bank could expect to borrow 
from the monetary authority ln an emergency situation. 

It is likewise not necessarily unrealistic to assume that banks must 
buy in the period the value of bills and bonds that they chose to buy at the 
beginning of the period. Although in practice one bank can sell bills and bonds 
to another bank to get more funds to lend to households and firms, in the 
aggregate this cannot be done. In the aggregate the government determines the 
number of bills and bonds to have outstanding, and the private sector must 
behave within this constraint. In the model the bond dealer absorbs each period 
the difference between the supply of bills and bonds from the government and 
the demand from the banks, so the assumption that banks cannot change their 
decisions on the value of bills and bonds to buy during the period merely 
simplifies the specification of the way that transaction takes place during the 
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period. Any discrepancy between the supply from the government and the 
demand from the banks in the current period affects the bill and bonds rates set 
by the bond dealer for the next period. 

2.4 THE SOLUTION OF THE 
CONTROL PROBLEM 

It was seen in the last section that given the paths of the loan rate and the value 
of bills and bonds to buy, the axresponding value of the objective function can 

be computed. In order to solve the control problem of bank i, an algorithm was 
written to search over various loan rate paths. The base path, from which other 
paths were ttied, was taken to be the path in which the proportion of bills and 
bonds held each period was equal to the no-penalty-tax proportiong*. The loan 
rate path corresponding to this situation is computed as follows. 

First, VBBit+k is set equal to g2FUNDSt+, , and LB,efek is set equal 
to FCINDS;+~ - VRBit+k (k=O,l, . ,T). Now, for period t, given the values for 
period t-2, Equations (2.Q (2.10), (2.1 l), (2.13), and (2.14) form a system of 
five equations in six unknowns: RB$, m:, LUJ$, LF, LB$, and R&t, Given a 
value for LB$, the system reduces to a system of five equations in five un- 
knowns, which can be solved recursively to obtain a value for RBi,. For period 
t+l, given the values for period t, Equations (29), (Z..lO), (2.12), (2.13), and 
(2.15) likewise form a system of five equations in six unknowns. Given a value 
forL%+l I a value for RBjr+] can be obtained. This process can then be repeated 
for periods ~2, ,t+T to obtain the base loan rate path. 

Given the base loan rate path, it is straightforward to search over al- 
ternative paths. Given a value ofR& and given values for period t-2,equations 
(2X), (2.10), (2.1 l), (2.13), and (2.14) can be solved for RBiq, fiB;, LU@, L;, 
and LB& Once I&t has been determined in this way, the value of VBBj, 
is merely the difference between FUNDS$ and LE$ Values for periods t+l and 
beyond can be obtained in the same way by solving Equations (2.9), (2.10), 
(2.12), (2.13), and (2.15). The algorithm was programmed to search in one di- 
rection until the value of the objective function decreased and then to try other 
directions. Particular importance was attached to searching over values ofRBt,, 
since this is the value actually used in the solution of the overall model. 

2.5 SOME EXAMPLES OF SOLVING THE 
CONTROL PROBLEM OF BANK i 

PARAMETER VALUES AND INITIAL CONDITIONS 

‘Ike parameter values and initial conditions that were used for the first example 
are presented in Tabie 2-2. The most important parameters are d2, the penalty 
tax rate on portfolio composition, ai, the measure of the extent to which bank i 
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Table 2-2. Parameter Values and Initial Conditions for the 

Control Problem of Bank i 

Pornmeter Vallle 

?-*I 30 
81 0.1667 
a 0.2956 
*I 0.5 
*z O.OOZE 
*1 0.5 
a2 0.4 
*s 0.2 

&4XDDi -3.6 1.9 
EklAXSDi 10.1 

V&e 

96.1 
506.7 
405.1 
810.2 
810.2 

0.0750 
0.0750 
0.0650 
0.0650 

575.1 = (l-~,)(DDBi,,-EMAXDDj)l(SDBi~~~-EMAXSDj) 
170.0 = FUNDS$ - LBil-I 

LBif-l+VBBif_l 
0.2956 =x2 

expects bankj to respond to bank i’s rate setting behavior, a~, the measure of 
the extent to which bank i expects bank j to change its rate for period t as a 
result of a change in the bill rate, and q, the measure of the extent to which 
bank i loses or gains market share as its rate deviates from bank j’s rate. The 
market share parameter, aq, is more important than the parameter cry, which is 
the measure of the extent to which bank i expects the aggregate demand for 
loans to change as a function of the average loan rate in the economy. More will 
be said about this in Chapter Six. 

The parameter values and initial conditions were chosen, after some 
experimentation, so that the optimum values of each control variable for periods 
t through t+T would be essentially the same as the initial value for period t-l. 
This was done to make it easier to analyze the effects on the behavior of the 
bank of changing various initial conditions. As can be seen from Table 2-2, the 
initial conditions for the fit example correspond to bank i’s having half of the 
loans in period t-l. The loan rates of bank i and bank j in period t-l are the 
same. The bill rate is one percentage point lower than the loan rates. The ratio of 
bills and bonds to loans plus bills and bonds in period t-1 is equal to the no-tax 
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ratio g2. The aggregate unconstrained demand for loans in period i-1 is the fame 
as the constrained demand. The length of the decision horizon is 30 periods. 

THE RESULTS 

The results of solving the control problem of bank i for the parameter values and 
initial conditions in Table 2.2 are presented in the first row of Table 2-3. Only a 
small subset of the results is presented in Table 2-3, as it is not feasible to 
present all 30 values for each variable. Values for the first two periods are 
presented for bank i’s loan rate, its expectation of bank j’s loan rate, its 
expectation of the aggregate demand for loans, its expectation of the demand 
for its own loans, its expectation of its market share, the value of bills and bonds 
to purchase, and its expectation of the ratio of the value of bills and bonds held 
to the value of loans plus bills and bonds held. The values in the first row of 
Table 2-3 for each variable are equal to the corresponding initial value in 
Table 2-2, which reflects the way the parameter values and initial conditions 
were chosen. 

One important reaction of a bank is how the bank responds to a 
change in its demand or savings deposits. For the results in row 2 in Table 2-3, 
FUNDS:, was increased by 5.0 percent. An increase in FUNDSff can come about 
by an increase in period t-l of either demand deposits or savings deposits or by 
a decrease in the resews requirement ratio. Because of the expectational 
assumptions regarding demand and savings deposits, a 5.0 percent increase in 
FCJNDSie, meam that bank i expects all future values of this variable to be 5.0 
percent higher as well. 

From the results in row 2 it can be seen that this change caused bank 
i to lower its loan rate for periods f and beyond in an attempt to increase the 
demand for its loans. Since bank i expected that bankj’s rate would not respond 
to this change in bank i’s rate until period WI, bank i expected to increase its 
share of the market from 0.5000 to OS241 in period t. The aggregate demand 
for loans was expected to increase slightly in period t from 810.2 to 811.3 
because of the lower average loan rate caused by bank i lowering its rate. Bank i 
also chose to raise its ratio of bills and bonds to loans plus bills and bonds from 
0.2956 to 0.2960. This slight substitution into bills and bonds from the no-tax 
amount was caused in effect by the lower loan rate relative to the bill rate. 

The values of all of the variables for period t+l were essentially the 
fame as the values for period t except for the value of the loan rate. Bank i 
found it to its advantage to lower its loan rate by ten basis points for period t 
and then to raise the rate back by five basis points for period t+l. This move 
enabled bank i to increase its expected market share by enough to absorb the 
extra loanable funds it expected to have at its disposal for periods t and beyond. 

For the results in TOW 3 in Table 2-3, FUNDS,ef was decreased by 5.0 
percent. The results in this case were essentially the opposite to those in row 2. 



32 
A

 M
odel of M

acroeconom
ic 

A
ctivity 

V
olum

e 
/: 

The Theoretical 
M

odel 



Table 2-3. kontinuedl 

1. No exceptions 0.5000 0.5000 170.0 170.0 
2. FUND& = 603.9 (+S.O%) 0.5241 0.5242 178.7 (+5-l%) 178.6 
3. FLINDS’$ = 546.3 (-5.0%) 0.4757 0.4757 161.5 (-5.0%) 161.5 
4. a cl.4768 0.4768 170.0 (+o.o%I 170.0 
5. b 0.5253 os2ss 170.2 (+o.l%) 170.1 
6. l, = 0.0683 (+5.0%). 0.5017 0.5018 170.2 (+o.l%) 170.1 
7. r, = O.cl618 (-5.0%) 0.4983 0.4981 169.8 (-0.1%) 169.9 
8. RBit_l = 0.0788 (+S.O%) 0.5002 0.5001 169.8 (-0.1%) 169.9 
9. RBi,, = 0.0713 (-5.0%) 0.4998 0.4999 170.2 (+O.l%) 170.1 

10. gz = 0.3104 (+s.o%) 0.4898 0.4898 178.5 (+5.0%) 178.5 
11. 82 = 0.2808 (-5.0%) 0.5100 0.51cl1 161.7 (-4.9%) 161.6 

*LB<,-, = 425.4 (+S.O%), L,, = 850.7 (+S.O%), LUN,, = 850.7 (+5.0%) 

bLB +, = 384.8 (-S.O%), L,I = 769.7 C-5.0%), LUNf_I = 769.7 (-5.0%) 

0.2956 0.2956 

0.2960 0.2958 

0.2956 0.2956 

0.2956 0.2956 

0.2960 0.2958 

0.2959 0.2958 

0.2952 0.2954 

0.2953 0.2954 

0.2960 0.2958 

0.3104 0.3104 

0.2812 0.2810 
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‘Ibe bank increased its loan rate to lower its expected market share, decreased 
the value of bills and bonds to purchase, and decreased the maximum amount of 
money that it wilI lend to firms and households. In this case, however, the bank 
did not choose to substitute away from bills and bonds as a result of the higher 
loan rate relative to the bill rate. 

For the results in row 4 in Table 2-3, the value of bank i’s loans in 
period t-i was increased by 5.0 percent, along with a 5.0 percent increase in the 
aggregate unconstrained and constrained demands for loans. This change caused 
bank i to increase its loan rate for periods i and beyond. The loan rate was 
increased to lower the bank’s market share to the point where the expected 
demand for its loans was equal to what the demand was in row 1. This meant 
that tix value of bills and bonds to purchase was not changed. Since FCJNLXS$ 
was not changed for this run, the sum of the value of bills and bonds to purchase 
(WM~,,) and bank i’s expected loans (LB$) could not be changed, and so with 
LBFr remaining unchanged, VBBi, must remain unchanged. The results in row 5 
in Table 2-3, based on a 5.0 decrease in loans, are essentially the opposite to 
those in row 4. For the results in row S, however, the bank chose tb substitute 
into bills and bonds slightly as a result of the lower loan rate relative to the bill 
rate. The sum of LB$ and VBE$ was still, of course, unchanged, which meant 
that LBi; was decreased slightly. 

For the results in row 6 in Table 2-3, the bill rate for period t 
was increased by 5.0 percent. This caused bank i to increase its expectation 
of bank/-s rate for period i from 0.0750 to 0.0765. Bank i was led to increase its 
loan rate one basis point less than this and thus increase its share of the market 
slightly. The proportion of bills and bonds to loans plus bills and bonds was 
increased from 0.2956 to 0.2959. Bank i’s expectation of the aggregate demand 
for loans for period t decreased from 810.2 to 807.1 due to the higher loan 
rates. The results in row 6 thus show that there is some slight substitution into 
bills and bonds from loans when the bill rate rises. Since FUNAS$ was not 
changed, the slightly higher valw of VBBit implied B slightly lower value of 
LB;. The results in row 7 in Table 2.3, based on a 5.0 decrease in the bill rate, 
are opposite to those in IOW 6. 

For the results in IOW 8 in Table 2-3, bank j’s loan rate for period 
t-l was increased by 5.0 percent to 0.0788. This caused bank i to increase its 
expectation of bank j’s rate for period t to 0.0769 from the 0.0750 in IOW 1. 
Bank i increased its loan rate one basis point less than this and thus increased its 
share of the market slightly. The proportion of bills and bonds to loans plus bills 
and bonds was decreased from 0.2956 to 0.2953, which meant that there was 
some substitution into loans from bills and bonds because of the higher loan rate 
relative to the bill rate. The results in row 9, based on a 5.0 percent decrease in 
bankj’s rate, are opposite to those in row 8. 

For the results in row 10 in Table 2-3, the no-tax proportion of bills 
and bonds, gz, was increased by 5.0 percent. This caused bank i to increase its 
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loan rate and thus lower its market share. The bank chose to hold 5.0 percent 
more in bills and bonds (8.5 mope in value), which, with FlJNDS$ unchanged, 
caused LB,; to decrease by 8.5. The higher loan rate was the rate necessary to 
lead to a decrease in the expected demand for the bank’s loans of this amount. 
The results in row 11, based on a 5.0 percent decrease in gz, are essentially the 
opposite to those in row 10. In this case the bank chose to hold a slightly higher 
proportion of bills and bonds than the no-tax proportion as a result of the lower 
loan rate relative to the bill rate. 

The results in Table 2.3 can be summarized briefly as follows. A 
bank is constrained in how much it can lend to households and firms (LB:) and 
in the value of biUs and bonds that it can purchase (VB&) by its expected level 
of funds (FUND&~. When FUNDSiF increases, bank i lowers its loan rate, thus 
increasing LB%, and increases VBBit. The opposite happens when FUNDS& 
decreases. When either the bill rate for the current period increases of bank j’s 
rate of the previous period increases, bank i increases its loan rate for the current 
period because it expects that bank I’s loan rate for the current period will be 
higher than otherwise. The opposite happens when the rates decrease. When the 
demand for loans of the previous period increases, with no change in FUNDS~, 
this also causes bank i to increase its loan rate for the current period in order to 
lower its expected market share. The opposite happens when the demand for 
loans of the ~IW%XIS period decreases. BECAUSE of the restriction that VBBit + 
LBfi equals FIJNDSfr, LBf, can increase, with FUND@* unchanged, only at the 
expense of VBBir, and vice versa. When the bill rate decreases relative to the loan 
rate, there is a tendency for the bank to substitute away from bills and bonds 
into expected loans, and vice versa. 

2.6 THE CONDENSED MODEL 
FOR BANKS 

The bank behavioral equations for the condensed model are presented in 
Table 24. In tern% of notation, all i subscripts have been dropped from the 
variables, since for the condensed model there is only a bank sector rather than 
individual banks. Also, the loan rate for period f is now denoted RLt rather than 
RBft, and the level of savings deposits is d&ted SO, rather than SD&. 
Otherwise, the notation is the same for both the non-condensed and condensed 
models. 

In Equation (1) in Table 24, FUNDSp is defined in exactly the same 
way as it is for the non-condensed model. Equation (2) determines the loan rate 
and is based on the results in Table 2-3. The coefficients were chosen to be 
consistent with the size of the reactions in Table 2-3. For example, a 5.0 percent 
increase in FUNDS& led to a 1.3 percent decrease in the loan rate in Table 2-3, 
and a 5.0 percent decrease in FWDS$ led to a 1.5 percent increase in the loan 
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Table 2-4. Bank Equations for the Condensed Model 

(1) FUND.$= (I-g, j (DDB,_, - EMAXDD) + (SD,_, - EMAXSD), 

(2) RL~=I.IO2(RL~_~)0~50(FUND~)-o~28~~)0.*0(1~)*~38~LUN,~)0~26. 

(3) VBB,= 1.003gz FUNDS; @fez (RLt_,) -0.02 , 

(4) LBMAX, = FUNDS; - VBB, 

rate. The average response was thus - 1.4 percent, so that the elasticity of the 
loan rate with respect to FUNDS$ is -f.4/5.0 = -0.28, which is the coefficient 
used for FUNDS; in Equation (2) in Table 2.4. The other coefficients were 
determined in a similar manner. The loan rate is a negative function of FUNAS~ 
and a positive function of last period’s loan rate, of ~2, of the bill rate, and of 
last period’s unconstrained demand for loans. 

Equation (3) determines the value of bills and bonds purchased by 
the bank sector. The equation is based on the results in Table 2-3 and states that 
the value of bills and bonds purchased deviates from the expected no-tax 
proportion (g2FUND$)as a positive function of the bill rate and a negative 
function of last period’s loan rate. The choice for the values of the constant 
terms in Equations (2) and (3) (1.102 and 1.003) will be discussed in Chapter 
six. 

Equation (4) is the same as for the non-condensed model. The bank 
sector is assumed to set the maximum value of loans that it will make in the 
period equal to the difference between its expected funds and the value of bills 
and bonds that it chooses to purchase. 

NOTES 

Wkmever an interest I& multiplies a stock in the model, the ~ea&ing 
interest revenue or interest pqment, a flow, ir assumed to be received or paid during the 
anat Mod. For example, RB<rLBit in equation (2.2) is arsumed to be the interest 
revenue received by bank i on its loans during period t. 

bSince all expectations ae made by bank i, no i subscript or superscript has 
been added ta the mlevant symbols to denate the fact that it is bank i making the 
expectation. The same procedure will be faUowed for fvms and households below. 

9” the programming for the non-condensed model, bank i was assumed to 
estimate the parameter nj in Equations (2.11) and (2.12) on the basis of its past 
observations of tix correlation between changes in the aggregate unconstrained demand for 
loans and changes in the average loan rate. The exact procedwe by which bank i was 
assumed to estimate as is described in the Appendix. No t subscript is ad&d to u3 in the 
text, even though for the noncondensed model bank i’s estimate of aS will in general be 
changing from ane decision period to the next. 

dAltbougb Equations (2.1) - (2.7) %e mitten only for paiad r. they are also 
meant to hold for periods t+l, ,f+T as well. In addition, an e superscript should be 
added to a variable when bank i only has an expectation of that variable. For example, 
Equation (2.2) should be written 
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m;, = KB,& + r,VBILLBi, + BONDBit - r;;oeie, 

+ (BONDBi,/R;+, - BONDB;JR,), (2.2)’ 

I$,+, = RBit+&BTt+* + r;+kVBILLBi,, + BONDBit+* 

- r;+&‘DB;c+k + (BONDBit+~iRc~r+l - BONDB,t+riR~+,,~, k=I.2,. ..T. (2.2)” 





I Chapter Three 

3.1 THE BASIC EQUATIONS 

INTRODUCTION 

In Table 3-1 the important symbols used in this chapter are listed in alphabetic 
order. Each firm, say firm i, borrow money from banks @Fit), hires labor from 
households (HPFj,,), buys goods for investment purposes from other firms 
(IIW’~~), produces goods (Yjr), and sells goods to households and the government 
(XF,,). The seven main decision variables of a firm are its price @‘Fit), its 
production, its investment, its wage rate (Wit), the amount of money to 
borrow from the banks, the maximum number of hours that it will pay for 
(H’!N4Xi~), and the maximum number of goods that it will sell (XFMAXit). 
Firm i receives at the beginning of period t information from the banks on the 
loan rate it will be charged in the period (RFit) and on the maximum amount of 
money that it will be able to borrow (LFM4Xjt). The underlying technology of 
a firm is assumed to be of a “putty-clay” type, where at any one time different 
types of machines with differing worker-machine ratios can be purchased. ‘Ihe 
worker-machine ratio is assumed to be fixed for each type of machine. 

39 
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Table 3-1. Notation for Firms in Alphabetic Order 

Non-Condensed Model 

Subscript i denotes variable for firm i. Subscript j denotes variable far firm j. Subscript f 
denotes variable for period f. A p supewxipt in the text denotes a planned value of the 
variable, and a” e superscript denotes an expected value of the variable. 

dl 
DDFif 

DDFlir 
DDFzi 

ix-Pi, 

DIVFif 
EMAXHPi 

EMAXMHi 

= cash “ow before taxes and dividends 
= cash Row “et of taxes and dividends 
= profit tax mte 
= actual demand deposits 
= demand deposits set aside for transaction purposes 
= demand deposits set aside to be used as a buffer to meet unexpected 

decreases in cash “ow 
= depreciation 
= dividends pad 

= largest error the firm expects to make in overestimating the supply of labor 
available to it for any periad 

= largest error the firm expects to make in underestimating its worker hour 

= maximum “umber of hours that each machine can be used each period 
= total number of worker hours paid for in the economy 
= “umber of worker hours paid for (by firm i) 

= “w&r of worker how paid for (by firm j) 
= maximum number of worker hours that the firm will pay for 
= total unconstrained supply of hours in the economy 
= number of machines of Wpe n purchased (n=1,2) 
= “umber of goads purchased for investnwnt purposea 
= minimum “umber of machines required to be held in each of the last m 

periods of the decision horizon 
= actual number af machines of type n held (“=1,2) 
= actual “umber of machine hours worked on machines of type n (n=iJ 
= minimum “umber of machines of type n required to produce Y,;, (“=I,Z) 
= value af loans take” O”t 
= maximum value of loans that the firm can take out 
= iength of life of one machine 
= number of worker hours worked on machines of type n (n=I,Z) 
= number of worker hours required to handle deviations of inventories from 

= number of worker hours required to handle fluctuations in sales 
= number of worker hours required to handle fluctuations in worker hours 

paid for 
= number of worker hours required to handle flucmatians in “et investment 
= total “umber of worker hours required 
= price set (by firm i) 
= price set (by tirm j) 
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Table 3-1. (continued) 

= price paid for investment goods 
= loan rate paid 
= length of decision horizon 
= taxes paid 
= stock of inventories (of firm i) 
= ~fock of inventories (of firm iI 
= wage rate (of fiim i) 
= wage rate (of firm j) 
= average wage rate in the economy 
= total number of goods sold in the economy 
= number of goods sold (by firm i) 
= number of goods sold Coy firmi) 
= maximum number of goods that the firm will sell 
= number of goods produced on machines of type n (n=I,Z) 
= total number of goods produced 
= number of goods it takes to create a machine of type n (~1.2) 
= amount of output pioduced per warker hour on machines of type n (n-1,2) 
= amount of output produced per machine hour on machines of type n 

(n=I,z) 
= before-tax profits 

Condensed Model (For eqturions in Table 3-4 only.) 

Subscript f denotes variable for period f. Superscripts p and pp in Table 3-4 denote a 
planned value of the variable, and superxript e denotes an expected value of the variable. 
Unless otherwise stated, the variables refer to the fum sector. Only the notation that 
differs from the notation for the non-condensed model is presented here. 

ClFt = cash flow before taxes and dividends 

CFt = cash flow net of taxes and dividends 
DDF, = actual demand deposits 

DDFlt = demand deposits set aside for transactions purposes 
DDF2 = demand deposits set aside to be used as a buffer to meet unexpected 

decreases in cash flow 
DEP, = depreciation 
EMAXHP = largest enor the firm sector expects to make in overestimating the supply of 

labor available to it for any period 
EMAXMH = largest enor the firm sector expects to make in underestimating its worker 

hou requirements for any period 
HPFt = number of worker hours paid for by the firm sector 
HPFMAXt = maximum number of worker hours that the firm sector will pay for 
HPFMAXUN,= maximum number of worker hours that the firm sector would pay for if it 

were not constr*ned 
INV, = number of goods puchased for investment purposes (one good = one 

machine) 
,NV”Nt = unconstrained investment demand of the firm ~e0.01 

K: = actual number of machines held 

KHt = number of machine hours worked 
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Table 3-l. Icontinued) 

= minimum number of machines required to produce Yr 
= value of loans taken out 
= maximum value of loans that the firm sector can take out 

= unconstrained demand for loans of the firm sector 

= number of worker hours worked on the machines 
= number of workez hours required to handle deviations of inventories from pi 

times sales 
= number of worker hours required to handle fluctuations in sales 

= number of worker hours required to handle fluctuations in worker hours 
paid for 

= number of worker hours required to handle fluctuations in net investment 
= tot& number of worker hours required 

= price level 

= price level that the firm sector would set if it were not constrained 
= loan rate 
= stock of inventories 

= wage rate 
= wage rate that the firm sector would set if if were not constrained 
= maximum number of goods that the firm sector will se” 
= total number of goods produced 

= number of goads that the fum sector would plan to produce if it were not 

= amount of output produced per worker hour 
= amount of output produced per machine hour 
= before-tax profits 

EQUATIONS REGARDING THE TECHNOLOGY 
AND CAPITAL AND LABOR REQUIREMENTS 

qi+ n = I, 2, [worker hours required to produce Y,,ir] 

Y”i, 
KHnjr = 7 n = I, 2, [machine hours required to produce Yxit] 

(3.1) 

(3.2) 

KX,it 
hWIN,,i, = 7 n = I,Z. [minimum number of machines required to produce 

yrzitl (3.3) 

Gic =xd,ir-1 +rnit _ rnit-m * n = 1.2, [actual number of machines of type n 
on hand] (3.4) 

2 
INVir =,F, 6,1,,i,, n = 1.2, [number of goods purchased for investment 

purposes] (3.5) 
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Yj::, =,,il YSir [total level of output] (3.6) 

Vi, = Vit_I + Y,, - XFit, (level of inventories] (3.7) 

mjit =Pz(I’<, _ D~XFit)‘,,fll > 0, PZ > 0, [ worker hours required to maintain 
deviations of inventories from PI 
times sales] (3.8) 

ACfdil = &(XFir - XFit_I y, & > 0, [worker hours required to handle fluctua- 
tions in s&S] (3.9) 

,af~s~, = pq(HpI;;:,_l - HPFit_2)Z, od > 0, [worker hours required to handle 
fluctuations in hours paid forl(3.10) 

MHgir = ps [.;I !& L .;I Pnnit_l]2, & > 0, [worker hours required to 
handle fluctuations in net 
investment] (3.11) 

P,, >h?UNni,, n=1,2, [number of machines of type n on hand must be 
greater than or equal to minimum number required] 

(3.13) 

HPFit >MH+ [worker hours paid for must be greater than or equal to worker 
hours required] (3.14) 

Equation (3.1) defines the number of worker hours required to 
product output Y,, on machines of type n, and Equation (3.2) defines the 
number of machine hours required. These two equations reflect the putty-clay 
nature of the technology. Without loss of generality, the number of different 
types of machines is taken to be 2.a There is assumed to be no technical 
progress, so that A, and wfl (n = I,2) are not functions of time. Machines are also 
assumed not to be subject to physical depreciation, so that h, and pn (ri = 1,2) 
are not a function of the age of the machines. The machines are assumed to wear 
out completely after m periods. 

Equation (3.3) defines the minimum number of machines of type n 
required to produce Y,;,. It is assumed that F, the maximum number of hours 
that each machine can be used each period, is constant over time. Equation (3.4) 
defmes the actual number of machines of each type on band in period t. 
Machines purchased in a period are assumed to be able to be wed in the 
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production process in that period. In Equation (3.4), Init is the number of 
machines of type n purchased in period f and I,+,,, is the number of machines 
of type n that wear out at the end of period t-1 and so cannot be used in the 
production process in period t. The firm is subject to the restriction (3.13), 
which says that the actual number of machines of type n on hand must be 
greater than OI equal to the minimum number required. 

There is assumed to be only one good in the system, which can be 
used either for consumption or investment purposes. 6, is the number of goods 
it takes to create a machine of type n In Equation (3.5) the number of machines 
purchased in period f is translated into the equivalent number of goods 
purchased. To rule out the possibility of one type of machine completely 
dominating the other in efficiency, it was assumed for the simulation work that 
~1 = ~2. so that the types differ from each other only in terms of the X 
coefficients. Machines of type 1 were assumed to have a lower worker-machine 
ratio, A1 > X2, and to require more goods to create one machine, 61 > S2. 
Equation (3.6) defmes the total level of output, and equation (3.7) defines the 
stock of inventories. 

Equations (3.8) through (3.11) define various adjustment costs 
facing the firm, the costs taking the form of increased worker hour 
requirements. Equation (3.8) reflects the assumption that there are costs 
involved in having inventories be either greater than 01 less than a certain 
proportion of sales. It is possible that inventory costs are asymmetrical in the 
sense that negative deviations may be more costly than positive deviations, but 
for simplicity this possibility was not incorporated into the model. Any positive 
stock of inventories is, of course, costly to the firm in the sense that the stock 
must be fmanced. Equations (3.9)-(3.11) reflect the assumptions that there are 
costs, involved in having sales, worker hours paid for, and net investment 
fluctuate. The use of the lagged change in worker hours paid for in equation 
(3.10) is made for computational convenience and is not a critical assumption of 
the model. Equation (3.12) defines total worker hour requirements. The firm is 
subject to the restriction (3.14), which says that worker hours paid for must be 
greater than or equal to worker hour requirements. 

EQUATIONS REGARDING FINANCIAL 
VARIABLES 

DEPi, = i (PFFi&NVt, + PFFi,_,INVfr_, +. + f’FFit_m+lINV<r_m+~)s 

[depreciation] (3.15) 

IlFi, =PFitYil - WFi+PFir - DEPi,, - RFicLFil + @‘Fit - PFir_,)Vit_l, 

[before-tax profits] (3.16) 
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7XWj, =dl “Fit, [taxes paid] (3.17) 

DIVF!, = “Fit - TAXF?,, [dividends paid] (3.18) 

CF;, = WitWit - WFi,HPFi, - PFFi&NVir - RFifLFir, [cash flow before taxes 
and dividends] (3.19) 

%i,, = Ck;, - TAXFit - DIVFit [cash flow net of taxes and dividends] 

=DEPit - PFF$NV,, + PFjt_] v,,_, - PFirViz, (3.20) 

DDFit =DDFit_l + LFit - LFi,_I + Bjt, [demand deposits] (3.21) 

LFit < LFMAX,, [loan constraint] (3.22) 

The government is assumed to allow for tax purposes straight line 
depreciation, which is reflected in Equation (3.15). Equation (3.16) defines 
before-tax profits on an accounting basis, which is equal to price times output 
less wage costs, depreciation, and interest costs and plus any gains or losses on 
the stock of inventories due to price changes. Taxes are defined in Equation 
(3.17), where dl is the profit tax rate. 

The firm is assumed not to retain any earnings, so that the level of 
dividends, as defined in Equation (3.181, is merely the difference between 
before-tax profits and taxes. Equation (3.19) defines cash flow gross of taxes 
and dividends, and Equation (3.20) defines cash flow net of taxes and dividends. 
The level of demand deposits, defined in Equation (3.21), is a residual in the 
model, given the loans of the firm and its cash flow net of taxes and dividends. 
The firm’s level of loans is a decision variable, and its determination is discussed 
in Section 3.3. The firm is subject to the loan constraint (3.22). 

3.2 THE FORMATION OF 
EXPECTATIONS 

As was the case for banks, let T+Z be the length of the decision horizon. In order 
for the firm to solve its control problem at the beginning of period r, it must 
form expectations of a number of variables for periods t through f+T. Firm i is 
assumed to form the following expectations:b 

PF;t+k ~F,I+II-I 

PFief+k-, -( i 86 

pF;?r+~ 
, [expected price of firm j for period 

?+k (k=1,2,. ,.g] (3.24) 



46 A Model of Macroeconomic Acrivity Volume I: The 7heoretical Model 

j@F+k = (PF,f+k . PFJt+$, [expected average price for period 
t+k (k=O,I,. .,7)] (3.25) 

, & < 0, [expected aggregate demand for goods for 
period t] (3.26) 

, [expected aggregate demand for goods for 
period t+k (k=I,Z.. .,T)] (3.27) 

XF; XFir-I PFit 89 

x,” 
- -(-I 

Xl-1 PFft 
, p9 < 0, [expected market share of goods for period 

4 (3.28) 

-=%+k 

xe 
, [expected market share of goods for period 

f+k r+k (k-1.2,. .,lJ] (3.29) 

WF;; 

WF/t-1 
, or0 > 0, [ expected wage rate of firm j for period t] 

(3.30) 

WF$+k 010 
= 

WF,e,+,-, 
, [expected wage rate of firm j for period 

t+k (k=1,2,. .,7’)] (3.31) 

’ !@+, = (WFjt+k . WF;r+$, [expected average wage rate for period 
t+k (k=O,l,. .,Ql (3.32) 

HPlJ$ = HPIJNr_l 

\ 
’ [ex&cteda&qegate unconstrained supply of 

labor for period t] (3.33) 

HP;+k = HPUNf+k, [expected aggregate constrained supply of labor for period 
t+k(k=O.I,. .,7’)] (3.35) 
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HPF$ HPFir_l 
~=~ 
HP,” HP-1 

, PI3 > 0, [expected market share of labor for 
period r] (3.36) 

HpFl’r+k HpFi”t+k-r 
013 

HP:+ k Hp;+k-I 
, [expected market share of labor for 

period t+k (k=l,Z,. ..r)] (3.37) 

PFFzlk = PTTtk. [expected price of investment goods for period t+k 
(k=O,l,. .,7)] (3.38) 

RF$+k = RFir. [expected loan rate for period t+k (k=l,Z,. .,T)] (3.39) 

The first term on the right-hand side of Equation (3.23) reflects the 
fact that firm i expects its price setting behavior in period i-1 to have an effect 
on firm j’s price setting behavior in period t. The second term is designed to 
represent the effect of market conditions on firm i’s expectation of firmj’sprice. 
If, for example, fxm j’s stock of inventories at the end of period t-l is greater 
than a certain proportion of sales, then firm i is assumed to expect that firm j 
will respond to this situation by lowering its price in period i in an effort to 
increase sales and draw down inventories. 

Firm i must also form expectations of firm j’s price for periods t+l 
and beyond. These expectations are specified in Equation (3.24), which is the 
same as Equation (3.23) without the final term. Equation (3.24) means that firm 
i expects that firm j is always adjusting its price toward firm l’s price. If firm r’s 
price is constant over time, then firm i expects that firm j’s price will gradually 
approach this value. 

In Equation (3.25) firm i’s expectation of the average price level is 
taken to be the geometric average of its price and its expectation of firm j’s 
price. Without loss of generality, there is assumed to be only one other firm, 
firm j, in existence. (As was the case for banks, it should be obvious how the 
number of other firms in existence can be generalized to be more than one.) The 
geometric average is used in (3.25) rather than the arithmetic average to make 
the solution of the model easier. Firm i expects that the aggregate demand for 
goods is a function of the average price level, as specified in Equations (3.26) 
and (3.27)S 

An important difference between Equations (3.26) and (3.27) for 
firms and Equations (2.1 l)-(2.13) for banks is that firms are assumed not to 
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observe the unconstrained demand for goods, whereas banks are assumed to 
observe the unconstrained demand for loans. Equation (3.26), for example, is in 
terms of the actual (constrained) demand for goods, whereas Equation (2.11) is 
in terms of the unconstrained demand for loans. The rationale for this difference 
in assumptions has to do with the fact that the loan constraints on firms and 
households are likely to be biding more often than are the goods constraints on 
households. 

The maximum number of goods that a firm will sell in a period is 
equal to the sum of the amount it knows it can produce in the period and the 
amount it has in inventories at the beginning of the period. Since firms usually 
hold a nonnegligible stock of inventories, the maximum number of goods that a 
firm will sell in a period is in most cases likely to be much larger than what it 
expects to sell and what it actually sells. Therefore, firms will not in general be 
turning customers away from buying their goods even if they set their prices of 
goods too low (in the sense that their actual sales exceed their expected sales), 
whereas banks~will be turning customers away from taking out loans if they set 
their loan xates too low. It thus seems reasonable to assume that banks observe 
the unconstrained demand for loans because they turn customers away, and that 
firms do not observe the unconstrained demand for goods because they seldom 
turn customers away. On this same line of reasoning, it also seenu reasonable to 
assume, as is done below, that firms observe the unconstrained supply of labor 
because they turn workers away when they set their wage rates too high. 

Equations (3.28) and (3.59) determine firm I*s expectations of its 
market share of goods for periods t and beyond and are similar to Equations 
(2.14) and (2.15) for banks. The equations reflect the assumption that a firm 
expects that its market share of goods is a function of its price relative to the 
prices of other firms. 

Firm i’s expectation of firm i’s wage rate is specified in Equations 
(3.30) and (3.31). Equation (3.30) for the wage rate is similar to Equation 
(3.23) for the price level, without the final term. Firm i is assumed to have no 
other basis upon which to base its expectation of Grmj’s wage rate for period t 
than its and firm I’s wage rates for period f-l. Equation (3.32), defining firm I”s 
expectation of the average wage rate, is similar to Equation (3.24). 

Firm i expects that the aggregate unconstrained supply of labor is a 
positive function of the average wage rate and a negative function of the average 
price level, as specified in Equations (3.33) and (3.34). Equations (3.33) and 
(3.34) for firms are similar to Equations (2.11) and (2.12) for banks. As 
mentioned above, firms are assumed to observe the unconstrained supply of 
labor.d Equation (3.35) states that firm i expects that households will not be 
constrained in their work behavior in periods t and beyond. The same 
justification for this equation can be made as was made for Equation (2.13) for 
banks. As will be seen below, Arm i does not itself expect to turn any workers 
away, and so Equation (3.35) merely states that firm i also does not expect any 
workers in the aggregate to be turned away. 
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Equations (3.36) and (3.37) determine firm i’s expectations of its 
market share of labor for periods f and beyond. The equations are similar to 
Equations (2.14)-(2.15) and (3.28)-(3.29) and require no further discussion 
here. 

Aside from a few details, the symmetry of specifications among 
Equations (2.8);(2.15) for banks and loans, Equations (3.23).(3.29) for firms 
and goods, and Equations (3.30)-(3.37) for firms and labor should be obvious. 
Each set of equations is based on the as&nption that a bank or firm expects 
that its behavior has an effect on the behavior of its competitors and that its 
market share is a function of the relationship of its prim to the prices of its 
competitors. 

Equation (3.38) states that firm i expects that the price that it must 
pay for investment goods each period is the expected average price level for that 
period. The firm is assumed not to be able to produceits own investment goods. 
Equation (3.39) states that firm i expects that the loan rate for all future periods 
is going to be the same as the loan rate for period t. Regarding this latter 
assumption, it would be possible, since banks determine optimal loan rate piths, 
to make the alternative assumption that banks inform firms of the planned 
future values of the loan rate in addition to the current value. It seemed more 
straightforward in this case, however, just to assume that firms make the 
expectations themselves. 

3.3 BEHAVIORAL ASSUMPTIONS 

The objective of the firm is to maximize the present discounted value of 
expected future after-tax cash flow. The discount rate is assumed to be the loan 
rate. The objective function of firm i at the beginning of period t is: 

OBJFi, = 
Cl+TAXr;r, 

+ C%+rTAX%+, 

U+RF,,) (I+RFir) CI+RGr+l) 

+...+--- C%+T-TAX%T 

(l+RF,,)(l+R~~+l)...(I+~~+T) ' 
(3.40) 

where @+, - TAXE,;,, is the expected value of after-tax cash flow for period 
t+k (k= O,l, ,T). The decision variables of the firm are its price,PFi(+k, its 
wage rate, IVF,,,R, the number of each type of machine to buy, Ilit+k and 

@+k, the planned number of goods to produce on each type of machine, 

,zr+k and %r+k. the amount of money to borrow, LFitek (k = 61, ,T), 
the maximum number of hours to pay for, HPFMAXit, and the maximum 
number of goods to sell, XFMXi,. 
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Given a set of paths of the decision variables, the corresponding 
value of the objective function can be computed as follows. 

Given firm i’s price path, firm i’s expectation of firm j’s price path can be 
computed from (3.23) and (3.24). The path of the expected average price 
level can then be computed from (3.25), followed by the path of expected 
aggregate demand from (3.26) and (3.27). Firm i’s expectation of its own 
sales path c&n then be computed from (3.28) and (3.29). Given firm i’s 
expected sales path, its expected path of inventories can be computed from 
(3.7).e 
Given fi& i’s wage path, firm i’s expectation of firm j’s wage path can be 
computed from (3.30) and (3.31). The path of the expected average wage 
rate can then be computed from (3.32), followed by the path of the 
expected aggregate unconstrained supply of labor from (3.33) and (3.34), 
and then by the path of the expected aggregate constrained supply of labor 
from (3.35). Firm i’s expectation of the supply of labor available to it can 
then be computed from (3.36) and (3.37). 
Given paths of the number of each type of machine to buy, the path of 
inve$tment denominated in goods can be computed from (3.5). The path of 
depreciation can then be computed from (3.15), given the path of the 
expected price of investment goods from (3.38). 
Given the above paths and the path of the expected loan rate from (3.39), 
the paths of profjts, taxes, and cash flow can be computed from (3.16), 
(3.17), and (3.19), which then means that the value of the objective 
function can be computed. 

The firm is restricted in each period by (3.13) and (3.14) and by 
^~ 

various nonegativity properties, such as the tact that the stock oft inventories 
must be nonnegative. For any set of paths of the decision variables, these 
restrictions can be checked by solving Equations (3.1) through (3.12) and then 
making the appropriate checks. The firm is also constrained in the current period 
by the loan constraint (3.22). Regarding the possibility of the loan constraint 
existing for future periods as well, firm i is assumed to expect that the loan 
constraint will not be binding in periods beyond t. Banks, in other words, are 
assumed to communicate the maximum loan values to firms only for period t, 
and firms are assumed to expect that the maximum values in the future will be 
large enough so as not to be binding. This was the simplest assumption to make, 
and having the constraint hold only for period t appeared to have an important 
enough influence on the firm’s decision values for period t so as to make further 
restrictions unnecessary. 

firm. 
The following two end-point constraints wem also imposed on the 
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qif-k +K2iT-k ai?, k = 0.1,. .,m-I. (3.42) 

The level of inventories at the end of the decision horizon was forced to be equal 
to PI times sales of the last period, and the number of machines held in each of 
the last M periods was required to be greater than OI equal to a given number. 
These conditions were imposed to avoid quirks that would otherwise be likely to 
show up in the optimal paths near the end of the horizon. 

A few general remarks can now be made regarding the control 
problem of the firm. The firm expects that it will gain customers by lowering its 
price relative to the expected prices of other firms. The main expected costs to 
the firm from lowering its price, in addition to the lower price it is charging per 
good, are the adjustment costs (3.9), (3.10), and (3.11) involved in increasing 
sales, employment, and investment. The firm also expects that other firms will 
follow it if it lowers its price, so that it does not expect to be able to capture an 
ever increasing share of the market without further and future price reductions. 

The firm expects that it will lose customers by raising its price 
relative to the expected prices of other firms. The main costs from doing this, 
aside from the lost customers, are the adjustment costs. On the plus side, the 
firm expects that other firms will follow it if it raises its price, so that it does not 
expect to lose an ever increasing share of the market without further and further 
price increases. 

The firm expects that it will gain workers if it raises its wage rate 
relative to the expected wage rates of other firms and lose workers if it lowers its 
wag, rate relative to the expected wage rates of other firms. The firm also 
expects that other firms will follow it if it raises (lowers) its wage rate, so that it 
does not expect to capture (lose) an ever increasing share of the market without 
further and further wage rate increases (decreases). 

Because of the various adjustment costs, the firm, if it chooses to 
lower its production, may choose in the current period not to lower its 
employment and capital stock to the minimum levels required. The firm may 
thus plan to hold either excess labor 01 excess capital or both during certain 
periods. / 

Before concluding this section, the determination of the three 
decision variables HPFMAXi,, XFMAXi,, and LFif+k (k= O,l, .T), m&t be 
described. Consider H’FM4Xi~ first. AS was the case for banks, a firm must 
prepare for the possibility that its expectations are incorrect. In the case of 
worker hours paid for, a firm must prepare for the possibility that it 
underestimates the supply of labor available to it at the wage rate that it has set. 
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A firm is assumed to prepare for this possibility by announcing to households 
not only the wage rate that it will pay in the period t, but also the maximum 
number of hours that it will pay for in the period, HPFM.4&. This maximum is 
assumed to be set equal to the number of hours the firm expects to pay for from 
Equation (3.36), given its wage rate, its expectation of firm j’s wage rate from 
Equation (3.30), and its expectations of the aggregate supply of labor from 
Equation (3.39.f Thus 

HPFMAX,,=HPF$. (3.43) 

By setting this maximum, a firm will never have to hire more labor than it 
expects to hire. 

Regarding XFMAXit, a firm must prepare for the possibility that the 
demand for its goods at the price it has set is greater than the amount that it can 
supply. A firm is assumed to prepare for this possibility by announcing to 
households not only the price that it will charge in period i, but also the 
maximum number of goods that it will sell in the period, XlWAXi,. This 
maximum is assumed to be 

Y$ = planned output for period f, 

EMAXHPi = largest error the firm expects to make in overestimating the 
supply of labor available to it for any period, 

EMAXM?fi = largest error the firm expects to make in underestimating its 
worker hour requirements for any period, 

HPFZ - MHft = expected amount of excesslabor for period f 

What Equation (3.44) states is the following. If the firm were assured of being 
able to produce in period t all it bad planned at the beginning of the period to 
produce, then it could sell in period t ypf + Vjr_], It may, however, either 
overestimate the supply of labor available to it or underestimate its worker hour 
requirements,g 01 both, which will force it to produce less than it hah planned 
unless it had planned to hold enough excess labor to make up the slack. Since 
machines of type 2 are less efficient absolutely than macblnes of type 1, if a firm 
has to cut back on its planned production, it will cut production on machines of 
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type 2 first. Therefore, X&GK4XHp, + EMAXMH;) is the maximum amount of 
output the firm expects to have to cut back because of its expectation errors. (If 
the firm is not using any machines of type 2, then A, replaces h2 in (3.44)). 

If the firm had planned to hold exces labor, then amount 
XJ(HPF; - MHF) can be produced from taking up the excess labor slack. 
Therefore, the amount in square brackets in Equation (3.44) is the amount the 
firm knows it can produce in period i even if it overestimates its labor supply 
and underestimates its worker hour requirements by the maximum amounts. It 
is possible, if the firm plans to hold a lot of excess labor in period t, for HPF$ - 
MH;; to be greater than LNAXHP; + EMAXMHj, in which case the term in 
square brackets in Equation (3.44) is greater than Yz$. It is assumed that a firm 
never produces more in period t than it originally planned, and since the term in 
square brackets can be greater than Y$, the minimum expression is used in 
(3.44). XFMaXi, as defined in (3.44) is thus the maximum number of goods the 
firm knows with certainty it can supply in period t. 

As mentioned above, it is unlikely that goods constraints are very 
important in practice because of the fact that goods can be held in inventories. 
In the present case the goods constraints have been included in the model 
only for the sake of completeness, and the constraints do not play an important 
role in future discussion of the model and its properties. 

Regarding the determination of the firm’s demand for loans, 
consider first the demand deposit needs of the firm. The demand deposit needs 
are assumed to be of two kinds: the need for transactions purposes and the need 
to meet unexpected decreases in cash flow net of taxes and dividends. The need 
for transactions purposes is assumed to be proportional to the firm’s wage bill. 
Let DDF,<, denote the value of demand deposits set aside by firm i for 
transactions purposes in period 1. Then DDFlitis assumed to be 

DDF,it=8,4WFirHPFMAXit,8,4 >O. (3.45) 

Since it is assumed that the firm never hires more than HPFMAX,, amount of 
labor, the firm’s wage bill cannot exceed iVFir HPFMAXit, and so the firm is 
assured by setting aside the value of demand deposits in (3.45) that it will always 
have enough demand deposits for transactions purposes. 

With respect to the second need for demand deposits, firm i only has 
from Equation (3.20) an expectation of its cash flow net of taxes and dividends 
for period t because it only has an expectation of the price of investment goods, 
PFFft, and of its level of inventories for the end of period t, V;". The firm must 
prepare for the possibility that it underestimates the price of investment goods 
or its level of inventories and ends up with less cash flow net of taxes and 
dividends than it originally expected. The firm is assumed to prepare for this 
possibility by planning to hold more demand deposits than are needed for 
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transactions purposes. The firm is assumed from past experience to have a good 
idea of the largest error it is likely to make in underestimating its cash flow, and 
this is the amount that the firm is assumed to plan to hold in demand deposits 
over and above its requirements for transactions purposes. Denote this amount 
as DDFzi. For simplicity DDPz; is assumed not to be a function of time. 

Given its expectations, the firm is assumed to borrow money with 
the aim of holding amount DDFlct +DlWzi in demand deposits in period t The 
aimed-for change in demand deposits is DDF,ir + DDFJ~ - LIDFit_1, where 
DDFir-~ is the actual value of demand deposits held by firm i in period t-1. The 
firm will need to increase its loans over and above any increase in aimed-for 
demand deposits if its expected cash flow after taxes and dividends, m$, is 
negative, and conversely if mz is positive. The change in the value of loans for 
the firm is thus 

LFit - LFir_l = (DDFIi,+ DDFzi - DDF+]) - m$. (3.46) 

At the end of the period, after all transactions have taken place, actual demand 
deposits, DDFi,, will be equal to DDFli, +DDFz; only in the case in which the 
firm’s expectation of mit is completely accurate. DDFk will be less than DDFlit 
f DDFzi if the firm underestimates @j, and has to use home of DDFzf to meet 
the unexpected decrease. From the definition ofDDFzt, the firm is assured that 
DDF;t will never be less than DDFlit. DDFj, will be greater than DDFzit + 
DDFzi if the firm oVerestimates @j, and takes out more loans than it really 
needed. The actual change in demand deposits of the firm for period t is a 
residual and is defined by Equation (3.21). The determination of the value of 
loans for periods t+l and beyond is a straightforward extension of the above 
analysis for period t 

3.4 THE SOLUTION OF THE 
CONTROL PROBLEM 

It was seen in the last section that given the paths of the decision variables, the 
corresponding value of the objective function can be computed. In order to solve 
the control problem of the firm, algorithms were written to search over various 
sets of paths for the optimum. The main algorithm searched over different price 
paths. The base price path, from which other paths were tried, was taken to be 
the path in which the price in each period was the same and equal to PF$ in 
(3.23). Pq$ is the price that firm i expects firmj to set for period t. From (3.24) 
it can be seen that this price path corresponds to firm i expecting that firm j’s 
price path will be the same as firm i’s price path, which from (3.28) and (3.29) 
corresponds to firm i expecting that its market share will remain the same in 
periods t and beyond as it was in period t-l. 
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For each price path chosen by the algorithm, a submaximization 
problem was solved to determine the optimal production, investment, and 
employment paths corresponding to the given price path. This submaximization 
problem was solved by scanning over the various possible paths. First, given the 
expected sales path corresponding to the price path, various production paths 
were tried. The production paths are constrained, given the sales path, by the 
fact that inventories cannot be negative and by the terminal condition on 
inventories. For each production path, various investment paths were tried. The 
investment paths are constrained by the fact that there must be enough 
nuchines on hand to produce the amount of output required from the 
production path and by the terminal conditions. For each production and 
investment path, various employment paths wxe tried. The employment paths 
are constrained by the fact worker hours paid for each period must be at least as 
great as worker hour requirements. 

Two extreme production paths that were tried were a path in which 
production changed as little as possible from period to period, and a path in 
which inventories changed as little as possible from period to period. Other paths 
were then tried as weighted averages of these two paths. There is a tradeoff 
between costs of production fluctuations (due to costs of investment and 
employment fluctuations) and costs of inventory fluctuations, and so trying 
various weighted averages of the two extreme paths should lead to a computed 
optimum path that is close to the true optimum path. 

Given the level of production for a particular period and given the 
past history of investment, one can compute the number of machines of type 1 
or of type 2 that need to be purchased in the period to produce the output of 
the period, assuming that all machines are utilized to full capacity @hours per 
period). Two investment paths that were tried were a path in which only 
machines of type 1 were purchased, and a path in which only machines of type 2 
were purchased. Both of these paths were taken to be characterized by full 
capacity utilization all the time, unless full capacity utilization required negative 
gross investment, which was not allowed. Other paths were tried in which 
investment fluctuations were lessened by not having the firm be at full capacity 
utilization all the time. Paths in which some of type 1 machines and some of 
type 2 machines were purchased were not tried since it was costly to do so and it 
did not seem likely that the computed opthnum values for period t would be 
sensitive to this omission. 

Given the level of production and the number of the two types of 
machines on hand for a particular period, given the expected deviation of 
inventories from 81 times sales for the period, given the expected change in sales 
for the period, given the change in worker hours paid for of the previous period, 
and given the value of net investment for the period, worker hour requirements 
can be computed from Equations (3.1) and (3.8) - (3.11). Two extreme 
employment paths that were tried were a path in which worker hours paid for 
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were always kept equal to worker hour requirements, and a path in which 
fluctuations in worker hours paid for were kept small. Other paths were then 
tried as weighted averages of these two paths. As was the case for the production 
paths, trying various weighted averages of the two extreme paths should lead to 
a computed optimum path that is close to the true optimum path. All paths 
except the path in which worker hours paid for were equal to worker hour 
requirements were characterized by the firm paying for moxe hours than 
required during some periods. 

Given a price path for firm i and its path of worker hours paid for, 
and given firm i’s expectation of the price path of firm j and the path of the 
average price level in the economy, one can compute from Equations (3.30) - 
(3.37) the wage path that firm i expects is necessary to yield the path of worker 
hours paid for that it has set. In other words, once the firm has chosen its price 
path and its path of worker hours paid for, the wage path is automatically 
detemdned. 

The loan constraint was handled by throwing out as infeasible those 
paths that implied a loan value greater than the constraint. 

3.5 SOME EXAMPLES OF SOLVING 
THE CONTROL PROBLEM OF FIRM i 
PARAMETER VALUES AND INITIAL CONDITIONS 

The parameter values and initial conditions that were used for the first example 
are presented in Table 3-2. The most important parameters are &, , the measure 
of the extent to which firm i expects firm j to respond to firm I”s price setting 
behavior; 89, the measure of the extent to which firm i loses or gains market 
share as its price deviates from firm j’s price; 010, the measure of the extent to 
which firm i expects firm j to respond to firm i’s wage setting bebavior;fi~3, the 
measure of the extent to which firm i loses or gains its market share of labor as 
its wage deviates from tirmj’s wage;&, the measure of the extent to which firm 
i expects firm j to change its price in period t as a result of firm j’s inventory 
situation in period t-1; and the four parameters reflecting inventory, sales 
adjustment, hours adjustment, and capital adjustment costs, oz. p3, p4, and OS. 

The parameter values and initial conditions were chosen, after some 
experimentation, so that the optimum values of each control variable for periods 
t through t+T would be essentially the same as the initial value for period f-1. 
This was done to make it easier to analyze the effects on the behavior of the 
firm of changing various initial conditions. As can be seen from Table 3-2, the 
initial conditions correspond to firm i’s bating half the sales in period f-l and 
half the labor employed. The firm holds no excess labor and excess capital in 
period t-l. The two firms’ prices and wage rates in period t-1 are the same. All 
the machines held by firm i are type 1 machines. The length of the decision 
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Table 3-2 Parameter Values and Initial Conditions for the Control 
Problem of Firm i 

T+, 30 
dl 0.5 
m 10 
AI 1.3212 
h2 1.3000 
PI 1.684 
PZ 1.684 
r 1.0 
61 1.0 
62 0.9 
PI 0.125 
P2 0.075 
63 0.125 
P4 0.050 
0s 0.250 
P6 0.5 
07 -0.03 
0s -0.30 
09 -8.0 
PI0 0.5 
PII 1.0 
PI2 -1.0 
613 2.0 
PI4 0.07108 

R 250.0 
&w* XHPi 
+ EMAXMff, 12.1 

HPt-I 
HPUN, I 

250.0 
0.0 

25.0,. , ,25.0 
0.0,. ,o.o 

52.625 
318.65 
318.65 

1.0,. , 1.0 
164.05 
25.15 

421.0 
842.0 

1.0 
1 .o 

631.3 
637.3 

1.0 
1.0 

421.0 
52.625 

2.s 
0.0750 

421.0[ =hlHPFif-I 
=I’&if_ll 

horizon is 30 periods, and the length of life, M. of a machine is 10 periods. The 
values in Table 3.2 correspond to the firm having profitable investment 
opportunities in the sense that, ignoring adjustment costs, the present 
discounted value of the revenue stream generated by an extra unit of investment 
is greater than the initial cost. 

ME RESULTS 

The results of solving the control problem of the firm for the parameter values 
and initial conditions in Table 3-2 are presented in the first row of Table 3-3. 
Only a small subset of the results are presented in Table 3-3, as it is not feasible 
to present all 30 values for each variable. Values of the price variable are given 
for periods t, t+l, and t+2, and then values for period t are given for the 



Table 3-3. Results of Solving the Control Problem of Firm i 

Planned 
excess 
capita1 
for period f 

1. No exceptions 
2. (demand increase, 

firms i and,]* 
3. (demand deaease, 

firms i and j)b 
4. (demand increase, 

firm i o”ly)c 
5. (demand decrease, 

fhn i onw 

l.OOQO 1.0090 1.0000 l.QWO 421.0 421.0 25.0 

1.0090 1.0095 1.0080 1.0075 425.4 427.0 28.6 

0.9923 0.9933 0.9938 0.9938 416.3 408.3 24.4 

318.65 

337.78 

314.08 

338.12 

314.46 

1.0000 164.05 0.0 0.0 

1.0269 171.46 0.0 

1.0020 1.0025 1.0010 1.0000 424.6 424.5 24.4’ 

0.9985 0.9995 1.0000 1.0000 415.5 409.0 24.4 

0.0 

7.0 0.9915 154.36 0.0 

1.0244 165.56 0.0 

0.9944 156.41 0.0 

0.9902 163.83 0.0 
0.9922 163.94 0.0 
1.0005 163.03 0.0 

1.0000 164.22 0.0 

1.0000 163.84 0.0 

1.0034 162.86 0.0 

0.9960 163.96 0.0 

0.9994 162.77 0.0 

0.0 s ii 
6.5 
0.0 

$ 
z. 

0.0 9 
11.2 

3 
0.0 s 

2 
0.0 : 

0.0 2 

1.0000 1.0000 1.0000 1.0000 421.0 421.0 25.0 318.65 
0.9995 l.OOQO 1.0000 1.OQOO 422.1 422.5 25.9 320.35 
1.0000 0.9995 1.0000 1.0000 421.0 421.1 25.0 319.08 

1.0025 1.0025 1.0025 1.0025 421.0 421.0 25.” 

0.9975 0.9975 0.9975 0.9975 421.0 421.0 25.0 

1.0000 1.0005 1.0005 1.0000 421.0 420.2 24.5 

1.0000 1.0000 1.0000 1.0000 421.0 421.0 25.0 

1.0000 1.0005 1.0005 1.0000 421.0 420.2 24.5 

318.65 

318.65 

318.15 

318.65 

318.15 



Table 3-3. (continuedI 

PIa”” Planned 

14. RRjt = 0.0825 
(+I “~“a, 1.0000 1.0005 1.0005 1.0000 421.0 419.5 22.1’ 318.66 1.0000 161.61 0.0 0.0 

15. RFir = 0.0338 
(-55.0%) 0.9995 0.9995 0.9995 LOO00 422.7 422.9 26.1 320.81 1.0026 165.48 0.0 0.0 

16. LFM4Xi, = 159.13 
(-3 .O%) I.0005 1.0005 1.0005 1.0000 419.3 418.0 20.9* 318.11 0.9994 159.10 0.0 0.0 

*X,1 = 863.0,Xt’t,I = 431.5, Vit-, = 42.1, XFjt-, = 4315, Vi,, = 42.1 

bX,I= 821.0,XFir-I =410.5, I’ir-I =63.1,XFj,_, =410.5, I’,-, =63.1 
CXeI = 852.5, Xp;+, = 431.5, VipI = 42.1 
dare1 = 831.5, XFieI = 410.5, Vi+l = 63.1 
%rpFr_, = 326.62,HpFit_z = 326.62,HR,LV-, = 6532,HI’-, = 653.2,DDFi,1 = 25.71 
‘K$-~ = 2b2.5;11i1-,, , II,t_m = 26.25 
*Firm switched to machines of type 2. 
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expected price of firm j, the expected level of sales, the planned level of 
production, the expected supply of labor, the wage rate, the value of loans, 
planned excess labor (Hi’Fiit ’ - MHZ), and planned excess capital in units of 
machines (Kfit - KMINli, + K&, - KMINzit). The value in the first row of 
Table 3-3 for each variable for period f is the same as the corresponding initial 
value in Table 3-2, which reflects the way the parameter values and initial 
conditions were chosen. 

One of the most important reactions of a firm is how the firm 
responds to an increase or decrease in sales. For the results in IOW 2 of Table 3-3, 
sales in period t-1 were increased by 2.5 percent. Production for period f-l was 
not changed, and so inventories for period t-l were assumed to fall. Both firm i 
and firm j were assumed to have the same rise in sales and thus the same drop in 
inventories. The drop in inventories of firm j led firm i to expect firm j’s price 
for period t to rise to 1.0075. Finn i raised its price a little above this level, 
which caused its market share to decrease somewhat. Firm i ended up with 
expected sales of 425.4 for period t, compared to the level of 431.5 that it 
would have expected had it kept its price equal to the expected price of firm j. 

Planned production, investment, employment,h and loans were all 
higher as a result of the sales increase. The wage rate was also higher since firm i 
needed to attract more workers to meet the increased employment requirements. 
Also, since firm i expected the average price in the economy to be higher in 
period r. this had a negative effect on firm i’s expectation of the aggregate supply 
of labor, which caused the firm to have to raise its wage rate more than it 
otherwise would have to attract the same amount of labor. Although not shown 
in the table, the higher expected average price also had a negative effect on firm 
r’s expectation of the aggregate demand for goods. 

For the results in row 3 of Table 3-3, sales in period t-1 were 
decreased by 2.5 percent. The results are essentially the opposite to those in 
IOW 2. Firm i lowered its price slightly from what it expected fumj’s price to be, 
which had the effect of increasing expected sales somewhat from what would 
have been the case had firm i kept its price the same as the expected price of 
firm j. Planned production, investment, employment, loans, and the wage rate 
were all lower as a result of the sales decrease. The firm also planned to hold 
excess capital in period t, which means that the firm did not plan to lower 
investment as much as it could have and still produce the planned output. 

For the results in TOW 4, only the level of sales of firm i in period t-1 
was increased. This change had essentially the same effects as did the demand 
increase in row 2, except that the rise in price of firm i was less. The price rise 
was less in row 4 because in this case firm i did not expect firm j to increase its 
price in period t. The firm switched to the cheaper type 2 machines in row 4. 
Although employment was slightly greater in row 4 than in TOW 2, the wage rate 
in row 4 was less. The wage rate was less because the expected average price level 
was less. For the results in row 5, the level of iirm I’s sales in period t-1 was 
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decreased. The results are essentially the opposite to those in row 4. In this case. 
as was the case in row 3, the firm planned to hold some excess capital in period 
t. 

For the results in row 6, HHJV-1, the aggregate unconstrained 
supply of labor in period t-Z, was increased. The only major effect this had on 
firm i was for firm i to lower its wage rate. Because of the larger expected 
aggregate supply, firm i needed a lower wage rate to attract tbe same amount of 
labor. 

For the results in row I, the employment of firm i for period t-I 
was increased, with no corresponding increase in production. This meant that 
firm i held excess labor in period t-l. This change caused firm i to decrease its 
employment in period f from the level existing in period f-1, to lower its price 
slightly in period t, and to increase its expected sales, planned production, and 
investment. Excess labor in period t-l thus caused the firm to lower its price 
and expand slightly in period t. Employment was decreased in period t, but not 
all the way back to the level in IOW 1. The wage’rate was lower in this case, 
which was caused by the fact that the aggregate supply of labor in period t-1 
was also increased for this run. 

For the results in xow 8, the number of machines held by firm i in 
period f-2 was increased, with no corresponding increase in production. This 
meant that firm i held excess capital in period t-1. This change caused the firm 

’ ‘to’ lower its price slightly for period t+l. Investment dropped by 1.25 
machines-from past gxoss investments of 26.25 to a gross investment of 25.0 in 
period t. The firm chose to hold excess capital in period t of 11.2 machines. 
Employment rose because of the investment adjustment costs. 

For the results in row 9, the price of firm j in period t-1 was 
increased by 0.5 percent to 1 .OOSO. This caused firm i to expect firm j’s price to 
be 1.0025 in period t. Firm i raised its price to this amount, keeping its expected 
market share the same. Planned production, investment, and employment were 
unchanged. For the results in KW 10, the price of firm j in period t-1 was 
decreased by 0.5 percent, which bad the opposite effect from the price increase 
in row 9. 

For the results in row 11, the wage rate of firm j in period f- 1 was 
increased by 1.0 percent to 1.0100. This caused firm i to expect firm j’s wage 
rate for period t to be higher than firm i expected it to be in row 1. (Although 
not shown in the table, firm i expected firmj’s wage rate in period I to be 1 .OOOO 
for the results in row 1 and 1.0050 for the results in row 11.) The higher 
expected wage rate of firm j for period t cawed firm i to raise its wage rate for 
period t. Firm i also raised its price slightly for periods t+l and beyond and cut 
back its production, investment, and employment slightly. For the results in row 
12, the wage rate of firm j in period t-1 was decreased by 1.0 percent, which 
caused firm i to lower its wage rate in period t. In this case firm i was not led to 
lower its price as a result of the lower expected wage rate of firm j. 
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For the results in IOW 13, the loan We was increased by 5.0 percent. 
This caused the firm to raise its price for periods t+l and beyond and to 
produce, invest, and borrow less in period t For the results in row 14, the loan 
rate was increased by 10.0 percent, which caused the firm to switch to type 2 
machines. Investment in terms of the number of goods purchased was thus lower 
in row 14 than in TOW 13 because of the switch to the cheaper machines. 
Employment was higher in IOW 14 than in row 13 because of the greater 
employment requirements on type 2 macblnes. For the results in row 15, the 
loan rate was decreased by 55.0 percent. This caused the firm to lower its prices 
for periods f and beyond, which caused expected sales to increase and the firm 
to produce, invest, and borrow more. In this case it is, of cow.%, not possible for 
the firm to switch to more expensive machines, since only two types of 
mxhines were postulated and tlx firm was already using the more expensive 
type. It was necessary to decrease the loan rate by slightly over 50.0 percent to 
get the firm to react in any significant way to the change. 

For the results in row 16, the loan constraint was assumed to be 
binding on the firm. LfWAX~t was set to 159.13 compared with the 
unconstrained choice of the firm of 164.05. This constraint caused the firm to 
raise its price and to produce and invest less in period r. The firm switched to 
type 2 machines, which allowed the firm to spend less for investment than it 
otherwise would have had to, given the level of production, and thus to lower 
the amount of money it needed to borrow. 

For none of the runs in Table 3-3, given the parameter values used, 
did the firm plan to hold excess labor in period t. The adjustment-cost parameter 
for employment, 84, was too low relative to the other cost parameters for it to 
be profitable for the firm to hold excess labor. In general, however, one would 
expect firms to adjust to falling demand situations by holding some excess labor 
in the current period. 

Some of the main properties of the model that can be gleaned from 
the results in Table 3-3 are the following. 

1. When demand increases and inventories decrease, the firm raises its price 
and increases its production, investment, employment, wage rate, and loans. 
The firm raises its price for two reasons. One is because it expects other 
firms to raise their prices, and the other is a desire to lower its market share 
somewhat to avoid having as large an increase in investment and 
employment as would be required if it kept its market share the same. If 
only the demand for firm i’s goods increases, then firm i raises its price less 
than otherwise because it does not expect other firms to raise their prices in 
the current period. 

2. The opposite effects from 1 take place when demand decreases and 
inventories increase. 
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The existence of excess labor in a period cawes the firm to decrease 
employment in the next period and to lower its price and expand 
production slightly. 
The existence of excess capital in a period causes the firm to decrease 
investment in the next period and perhaps to lower its price path slightly. 
The main effect of a” increase in the aggregate unconstrained supply of 
labor is for the firm to decrease its wage rate. 
The main effect of a change in other firms’ prices or wage rates is for firm i 
to change its price or wage rate in the same direction. 
The firm responds to a” interest rate increase by raising its price, at least for 
periods t+l and beyond, and by lowering its production, investment, and 
loans. Employment may respond in either direction depending on whether 
or not the firm moves into cheaper types of machines with higher 
employment requirements. 
Essentially the opposite effects from 5 take place for a” interest Iate 
decrease. 
The firm responds to a constraint on its borrowing behavior in a similar way 
that it responds to an interest rate increase, by raising its price and lowering 
its production and investment. Lower invest”ient in this case may also take 
the form of purchasing cheaper machines. 

It is also evident from the results in Table 3-3 that the behavior of 
the firm is not necessarily symmetrical for increases and decreases in a particular 
variable. For the results in rows 2 and 3 of Table 3-3, for example, the firm 
chose to increase production by only 6.0 units corresponding to a 10.5 increase 
in sales of the previous period, whereas it chose to decrease its production by 
12.7 units corresponding to a 10.5 decrease in sales. 

A second example of an asymmetrical reaction is reflected in rows 
11 and 12. A” increase in the wage rate of firm j led firm i to increase its price 
for period f+I and beyond, whereas a decrease in the wage rate of firm j did not 
induce firm i to lower its price. A third example of an asymmetrical reaction is 
reflected in rows 13 and 15. A” interest rate increase of only 5.0 percent led to a 
price increase in periods t+l and beyond, but it took a” interest rate decrease of 
about 55.0 percent to lead to a price decrease. The firm’s reaction to the loan 
constraint is, of course, another asymmetrical reaction in the sense that the firm 
is forced to respond to the constraint, but is not forced in the opposite direction 
when there is no constraint. 

One important reason for the firm’s asymmetrical behavior regarding 
increases and decreases in demand is the ability of the firm to hold excess labor 
and capital during contractions, but having no corresponding ability during 
expansions when already at full capacity. A decrease in demand means that the 
firm has the opportunity to hold excess labor and capital to help smooth out 
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adjustment costs, whereas an increase in demand from a situation in which no 
excess labor and capital is being held means that the firm must either increase 
investment and employment immediately or must decrease its inventories. It was 
quite evident from examining various runs for the firm, using in many cases 
different sets of parameter values, that the firm was more inclined to choose to 
raise its price and lower its expected sales and production paths than to lower its 
price and raise its expected sales and production paths. 

Another important factor influencing the firm’s proclivity to raise or 
lower its price is the size of the parameters 06 and 89 in Equations (3.23)-(3.24) 
and (3.28k(3.29). The larger is fig, the more does firm i expect firm j to follow 
its price setting behavior, and the larger is 09 in absolute value, the more does 
firm i expect its market share to change as its price deviates from firmfs price. 
Large values of &, other things being equal, increase the proclivity of firm i to 
raise its price, because in this case firm j is expected to follow quickly along. If 
firm j follows quickly along, firm i will not lose much of its market share as a 
result of its higher price. Large absolute values of p9, other things being equal, 
decrease the proclivity of firm i to raise its price, because in this case it expects 
to lose a lot of its market share as a result of the higher price. For the particular 
values of 86 and fl9 tried in’this study, the proclivity of firm i was definitely 
toward raising its price. 

Regarding the effect of the loan rate on the behavior of the firm, it 
should be noted that the loan rate can affect the investment of the fum in ways 
that have nothing to do with capital-labor substitution in the sense of the firm 
purchasing different types of machines. In row 13 in Table 3-3, for example, an 
increase in the loan rate caused the firm to produce and invest less, and yet it 
was stl optimal for the firm to purchase the more expensive type 1 machines. 
The higher loan rate caused the firm to raise its price for periods t+I and 
beyond, which caused expected sales to be less for periods t+l and beyond, 
which in turn caused production to be less for periods r and beyond. Production 
was less in period t, even though the expected level of sales was not changed for 
period t, because of production smoothing considerations. Because of adjust- 
rnent costs, it was optimal for the firm to begin lowering production in period f. 
Because of the lower level of production in period t, investment was also less in 
period t. The loan rate has in this case affected the level of investment without 
causing any capital-labor substitution to take place in the sense of the firm 
switching to the cheaper type of machines. 

3.6 THE CONDENSED MODEL FOR FIRMS 

The firm behavioral equations for the condensed model are presented in Table 
3-4. The superscripts p and pp refer to planned values, which may get modified 
during the course of the decision process. As was the case for banks, all i 
subscripts have been dropped, since for the condensed model there is only a firm 
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Table 3-4. Firm Eauations for the Condensed Model 

-0.03 

(1) 0.70 Pp=o.661(Pt_$ 

The values of P,, Yf, IN”,, HPFMAX,, W,, LF,, XEtfAX,, INVUN,, and LFUNt 
are determined by the following algorithm: 

[l] Yy=xy+L?,xy- v,j, 

121 K$=$, 

[3J IfKPP5K~_I,thenKP=K~_~ + 0.5(Kfpp -F&) and Yf = ,qKfqFj. 

[4] If KfP < K;_], then Kf = Kf& + O.Z(KtP - KY-, ) and 

Yf = p,(Kel + 0.5(KfP - Kf-, ))g, 

Il.41 If ,WHp > HPF,,, then HPF; = HPFt_l + 0.5CMHf - HPFr_,) ; 

Yf = maximum amount that cm be produced given K#’ , x”!, and MHF = HPF.!’ 

KF=$ ; 
MHf =-HPFp + &-(Kf - KP_, )2 - MH& ; 
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Table 3-4. Icontinued) 

HPF; = MH; ; 

[IS] wp = (w,1)“50 (Pppo 

[161 INVF=Kf -K;__l +INVt_, , 

[17, DDF& = P14Wp HPFp, 

(181 DEPf =; [P~INV~+Pt_lINV,_, +. +P,_,+IINVt-,+~] , 

[I!?, ~~=DEP~-P~INVp+P~__lVr_I-PpV~. 

[ ZO] LF? = LF*-, + DD4t + DDFz - DDFrmI - r?@, 

[Zl] INVUN,=INVf, LF”N,=LFf, PUNt=Pf, Y%N,= Yf, WUN,= Wf, 

HPFMAX”Nt = HPFp, 

[22] If LFf < LFMAX,, 80 to statement ,421, 

[25, DEPfp = &’ [P,lh+’ +P~_IINV,, +. +Pr-,,,+$NVt-m+,l , 

[26j vp=v,-,+rp-x:, 

[27] C-e= DE@ -P,INV; + Pt-,Vt-, -I’&, 

[X3] LFf= LFtmI +DDFIp +DDFyDDFt-1 - mp, 

[30] INVt=INVf- jDid’;;“j, 

[31] Kf=Kf-(INVf-INVr), 

(321 HPFf=oldHPFf- ~y’;~y’), 
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Table 3-4. (continued) 

[331 vf=v,I+Y,P-Xf, 

,351 If MH; > HP@, then HPFf =M$ , 

1361 W,= (W,1,0-50 (Pt)o.40 

(371 DEP, = ; (P,INY,i k’_l IN’/_, +. +Pr_,,,+~INi’-,,,+,] 

(391 DDFf’, = ~j4W&‘Ff . 

[4@] LFt = LFr_I + DDFft + DDl;, - DDFt_, - mf, 

[41] Go to statement 1481 , 

[42] P,=Pf , 

1431 g =,x;p, 

[44] mv,=fNvp, 

[45] w,= wp, 

(461 LF,= LFf , 

[47] Kf=Kf, 

[48] HPFMAX,= HPFf , 
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sector rather than individual firms. There is also assumed for the condensed 
model to be only one type of machine in existence, and so the subscripts 
referring to the types of machines have been dropped. The existence of only one 
type of machine rules out the possibility of capital-labor substitution, but, as 
just discussed, the loan rate can still have an effect on the investment decision of 
the firm. Because of this, it did not seem necessary in specifying the condensed 
model to consider more than one type of machine. The price for period f is now 
denoted Pt rather than PIJit, the wage rate is denoted W, rather than WFir, and 
the loan rate is denotedRL, rather than RFi;:,. 

Equation (1) in Table 3-4 determines the first planned price of the 
firm sector. The planned price is a positive function of last period’s price, of last 
period’s sales, and of the current loan rate, and is a negative function of last 
period% ratio of the level of inventories top, times sales, of last period’s ratio of 
worker hours paid for to worker hour requirements (excess labor), and of last 
period’s ratio of the number of machines on hand to the minimum number 
required (excess capital). 

Equation (1) is based on the results in Table 3,3. The size of the 
various coefficients are for the most part consistent with the size of the responses 
in Table 3-3, although the coefficient for the loan rate was made somewhat 
larger than the responses in Table 3-3 would indicate it should be. The equation 
is, of course, also symmetric and does not capture any of the asymmetries in 
Table 3-3. The choice of the constant term in Equation (1) is explained in 
Chapter Six. Equation (2), determining the expected demand for goods, is the 
same as equation (3.26) for the non-condensed model. 

The algorithm described in Table 3.4 determines all the values of the 
decision variables of the firm. The algorithm is written like a FORTRAN 
program would be written, and so the logic of the algorithm should be fairly 
clear to readers with a knowledge of the FORTRAN language. The following is a 
brief verbal description of the algorithms. 

qP in statement [l] is the output that is necessary for the firm 
sector to produce in period t, given the expected level of sales for period f, in 
order for it to end up with the level of inventories at the end of period t being 
equal to 01 times sales. KfP in statement [2] is the minimum number of 
machines needed to produce this amount. If the number of machines needed is 
greater than the actual number on hand in period t-1, so that positive net 
investment is necessary to produce qp, then, as in statement [3], planned net 
investment (Kp - Kf_l) is taken to be 50.0 percent of that originally planned 
(Kfp - Kf_I). Planned production is then decreased in statement [3] 
accordiigly. If the originally planned net investment is negative, then, as in 
statement [4], planned net investment is taken to be 20.0 percent of that 
originally planned. Planned production is then increased in statement [4]. In 
statement [3] planned production is decreased by the amount necessary for the 
firm to be able to produce the output, given the fewer number of machines on 
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hand than originally planned. The firm sector plans to hold no excess capital in 
this case.‘111 statement [4], however, the firm sector plans to hold some excess 
capital. Planned production is increased, but not enough to correspond to full 
utilization of the number of machines on hand. Planned production is rather 
increased to correspond to what would have been full utilization had the new 
planned investment been 50.0 percent (rather than 20.0 percent) of that 
originally planned. Statements [3] and [4] are meant to capture the effects of 
investment-adjustment costs on the behavior of the firm sector. 

Statement [S] defines the planned level of inventories, and 
statements [6]- [ 111 determine worker hour requirements. If the computed 
level of worker hour requirements is equal to last period’s level af worker hours 
paid for, then, as in statement [12], the firm sector plans not to change the 
number of worker hours paid for in the current period. If the computed level of 
worker hour requirements is less than last period’s level of worker hours paid 
for, then, as in statement 1131, the firm sector plans to decrease the level of 
worker hours paid for in the current period by 20.0 percent of the difference 
between the computed level of worker hour requirements and last period’s level 
of worker hours paid for. In this case the firm sector plans to hold excess labor 
in the urgent period. If the computed level of worker hour requirements is 
greater than last period’s level of worker hours paid for, then, as in statement 
[14], the firm sector plans to increase the level of worker hours paid for in the 
current period by 50.0 percent of the difference between the computed level of 
worker hour requirements and last period’s level of worker hours paid for. 

Planned production is then decreased in statement [ 141 by the 
amount necessary for the firm sector to be able to produce the output. Planned 
production must be decreased in this case because the new planned level of 
worker hours paid for is now less than is necessary for the firm sector to be able 
to produce the originally planned output. Because worker hour requirements are 
a function of the current level of inventories (statement [7]), computing the 
level of production in this case requires solving a quadratic equation in output.i 
The planned “umber of machines on hand is then decreased in statement [ 141 
to the number necessary to produce the new planned output. This change has a” 
effect on worker-hour requirements (MY& in statement [IO]), and so worker 
hour requirements are recomputed. The planned level of worker hours paid for is 
then set equal in statement [ 141 to this recomputed amount. The planned level 
of inventories is also recomputed using the new planned output. The effect of 
the new planned level of inventories on worker hour requirements has already 
been taken into account in the solving of the quadratic equation to compute the 
new planned level of output. Statements 1131 and [14] are meant to capture 
the effects of employment adjustment costs on the behavior of the firm sector. 

Statement 1151 determines the first planned wage rate, which is a 
positive function of last period’s wage rate, of the current period’s planned price, 
and of the ratio of the current period’s planned level of worker hours paid for to 
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last period’s actual level of worker hours paid for, and a negative function of last 
period’s ratio of the unconstrained to the constrained aggregate supply of labor. 
This equation is again based on the results in Table 3-3. 

Statements [16] - [19] determine the variables necessary to compute 
the planned level of loans of the firm sector. The planned level of loans is then 
computed in statement [ZO] The equations in these statements are all 
comparable to the equations for the non-condensed model. In statement [21] 
various unconstrained quantities are defined. These are the values that the firm 
sector would choose if it were not subject to a loan constraint. The season that 
separate notation is established for the unconstrained quantities in statement 
[21] is because of the presentation of these values in Table 6-6 in Chapter Six. 
By comparing the values in statement [21] with the final values chosen by the 
firm sector, one can see directly how the loan constraint has affected the 
decisions of the firm sector. 

If the planned level of loans in statement [20] is less than the 
maximum value allowed, then the loan constraint is not binding on the firm 
sector. In this case the actual values are set equal to the planned values, as in 
statements [42] [48]. If the planned level of loans is greater than the maximum 
value allowed, then the firm must modify its original plans. Statement 
[23]- [40] describe the modifications. In statement [23] the price level is raised 
from the originally planned level. The size of the increase is a positive function 
of the percentage difference between the unconstrained and maximum value of 
loans. The expected demand for goods is then recomputed in statement [24], 
being based now on a higher price l&l. The new planned level of loans, based 
on the higher price, is determined by statements [Z] [28] A higher price, 
with the same level of production and investment, has an overall positive effect 
on the demand for loans, and so LFf in statement [28] is greater than the 
originally planned level of loans. The new planned level of loans is, of cause, 
not feasible, and it is recomputed in statements [2S]-1281 only so it can be 
used in statement 1291. In statement [29] pl armed production is decreased. The 
size of the decrease is a positive function of the difference between the new 
planned level of loans and the maximum value. The statement is based on the 
following analysis. Using statements [25] - 1271, statement [28] can be written 

Now, for each unit decrease in Y$‘, LFf decreases by Pt units, and for each unit 



decrease in lNV$‘, LFf decreases by q Pr units. Also, for each unit 

decrease in Yj’, IN@’ OIII decrease by A units. Therefore, a unit decrease in 
iilH 

YT, with the appropriate decrease in INVF, corresponds to a decrease in LF$ of 

pr+ (51 [?I Pt units. Since the firm must cut back its loans by LF’: - 

LFMAXf units, the planned level of output must be cut back by (I,q - 

LFMAX,)/ (P@ (-&I (F) Pr) units, which is the expression in statement 

1291. In statement [30] investment is cut back by the appropriate amount. 
Statement [31] then defines the resulting new value for the number of machiies 
on hand. 

In statement [32] the planned number of hours paid for per worker 
is decreased corresponding to the decrease in planned production. The new 
planned level of inventories is computed in statement [33], and the new level of 
worker hou requirements is computed as described in statement [34]. If the 
new level of worker hour requirements is greater than the planned level of 
worker hours paid for, then, as in statement [35], the latter is set equal to the 
former. In statement [36] the wage rate is changed as a result of the change in 
the’ price level and the planned number of worker hours paid for. Statements 
[37]-1401 determine the new level of loans corresponding to the various 
changes. 

It should beg noted that the new level of loans will not be exactly 
equal to LFMAX, because the wage rate and the planned number of worker 
hours paid for, both of which have an effect on DDFP, in statement [39], are 
decreased from their original &tlues. This decrease was not taken into account 
when planned production was changed in statement [29], and so LFt as 
computed in statement [40] will be slightly less than LFMAX,. This is a very 
small effect, however, which is the reason it was ignored in computing the change 
in planned production in statement [29]. 

Statements [48] and [49], determining the maximum number of 
worker hours that the firm will pay for and the maximum number of goods that 
the firm will sell, are the same as in the non-condensed models. Statement [50] 
defines the minimum number of machines needed to produce the planned 
output (KMI~), and statement [Sl] defines the number of worker hours 
required to meet the expected change in sales (Mf$,). The value of KMINf is 
needed for the results in Table 6.6, where the ratio ofKT to KMIN$ is presented. 
The ratio is a meawe of the planned excess capital of the tirm,sector. The value 
of MH$, is also presented in Table 6.6. Since the actual level of sales will 
generally not be equal to the expected level, MHJ;, will generally not be equal to 
the number of worker hours required to meet the actual change in sales. The 
value ofMH$, is presented in Table 6-6 because it is of some interest to compare 
this number to the number of worker hours actually required to meet the change 
in sales. 
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In summary, while the details of the algorithm in Table 3-4 are 
somewhat tedious, the overalJ design is fairly clear. The price level and expected 
sales are determined first in equations (1) and (2). Statements [l] - 114) are then 
concerned with computing the levels of production, investment, and employ- 
ment. The decisions involved in statements [3], [4], [13], and [14] reflect the 
fact that there are costs involved in changing net investment and employment. 
These statements are designed to approximate the actual production smoothing 
decisions of the firms in the non-condensed model. Given the planned level of 
employment and the price,level, the wage rate is computed in statement [ 151. 
Statements [16]- [ZO] then determine the planned value of loans. If the planned 
value is less than the maximum value, then the algorithm is essentially finished. 
Otherwise, the firm sector modifies its decisions in a fairly straightforward way 
in statements [23] - [40]. 

The optimal control problem of the firm is clearly the most 
complicated of the control problems in the model, and the algorithm in 
Table 3-4 can certainly only be considered to be an approximation to it. One of 
the main differences between the actual control problem and the approximation 
in Table 3.4 is that the latter is recursive while the former is not. In the actual 
control problem the decisions on price, production, investment, employment, 
the wage rate, and loans are made simultaneously (all coming out of the solution 
of the maximization problem), whereas in Table 3-4 the decisions are made more 
01 less recursively. 

NOTES 

W should be obvious in what follows tit the number of different types of 
machb,es can be generalized to any number. 

%ince all expectations ax made by firm i, no i subscript or superscript has 
been added to the relevant symbols to denote the fact that it is firm i making the 
expectation. 

%I the programming for the non-condensed model, firm i was assumed to 
estimate the parameter Ba in Equations (3.26) and (3.27) on the basis of its part 
observations of the correlation between changes in the aggregate demand for goads and 
changes in the average price level. ShniLady, the parameters ,9,, and 8, 1 in Equations (3.33) 
and (3.34) were assumed to be estimated by firm i The exact procedure by which these 
parameters WBIB assumed to be estimated is described in the Appendix. 

dThere is an asymmetry in the speciiicatipn of Equations (3.X-0.27) and 
(3.33H3.343, aside from the fact that the former are in terms of the constrained demand 
for goods and the latter are in terms of the unconshnined supply of labor. In (3.26)~(3.27) 
frm i’s expectation of the aggregate demand for goods is only a function of prices and not 
wages, whereas in (3.33)-(3.34) its expectation of the aggregate supply of labor is a 
function of both prices and wages. In general, a tirm’s expectation of the aggregate demand 
for goods may also be a function of wages, but for reawns of computational convenience 
this possibility was not &wed for here. 

eAs was the case for banks, although Equations (3.1)~(3.21) are written only 
for period t, they are also meant to hold for periods t+l, ,WT as well. In addition, an e 
a a p superscript should be added to a variable when firm i only has an expectation or a 
planned value of that variable. For example, Equation (3.7) should be’written 
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et = Vif-l .+ Yg - x.q* , (3.7)’ 

et+* = &&k_, + Y$+k - XF& k=l,Z,. .,T. (3.7)” 

To conserve space, Equations (3.13-(3.213 till not be written out in this expanded way, but 
the expansion in each case is straightforward. 

fA firm’s expectation of the aggregate (constrained) supply of labor depends, 
of came, OR its expectation of the aggregate unconstrained supply of labor from Equation 
(3.33), which in turn depends on its price and wage expectations from Equations (3.23), 
(3.251, and (3.32). 

Since actual worker hour requirements for period f are dependent an the 
actual level of sales in period f and since a fiim only has at the beginning of period f an 
expectation of sales for the period, it likewise only has at the beginning of period f an 
expectation of worker hour requirements for the period. 

bBy employment in this case and in what follows is meant the expected 
supply of labor, HPFz”t. 

iThe quadratic equation is Y$‘lh, + pz(Vt_r + YF - GP - PIgp)‘+ MHz* + 

MHfr + MH~t = HP@. This equation is obtained by substituting (51 in [7], adding 161 

through [IO], and setting this turn equal to HPFj’, the ,,lanned number of worker hours. 





Chapter Four 

Households 

4.1 THE BASIC EOUATIONS 

In Table 4-l the important symbols used in this chapter are listed in alphabetic 
order. Each household receives wage income from firms and the government 
(W&P&), purchases goods from firms (X&), and pays taxes to the 
government (TAXHi,). All goods that are purchased in a period are consumed in 
that period. A household either has a positive amount of savings or is in debt. If 
it has savings, the savings can take the form of demand deposits (DDll,r), savings 
deposits (SDffjt), or stocks (sic). If it is in debt, the debt takes the form of loans 
from banks (LH;,). It is assumed that a household does not both borrow from 
banks and have savings deposits OI stocks at the same time. 

At the beginning of period t, each household receives information on 
the rate that it will be paid on its savings deposits in the period (the bill rate, T,), 
on the aggregate stock price for the period (Z’S,), on the loan rate that it will be 
charged (RHit), on the maximum amount of money that it will be able to 
borrow (LHM4Xir), on the price that it will be charged for goods (M(t), on the 
wage rate that it will be paid (WHjt), on the maximum number of goods that it 
will be able to purchase (XHMAX~,), and on the maximum number of hours that 
it will be able to be paid for (HPHMAX~,). The two main decision variables of a 
household are the number of hours to work (HP&), and the number of goods 
to purchase (XH;,). 

75 
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Table 4-I. Notation for Households in Alphabetic Order 

Non-Condensed Model 

Subscript i denotes variable for household i. Subscript f denotes variable for period t An e 
supasclipt in the text denotes an expected value of the variable. 

= value of non-demand-depositassets or liabilities 
= capital gabu 01 Losses on stocks 
= person-J tax Late 
= demand deposits 
= total dividends paid and xceived in the economy 
= dividends received by the household 
= number of hours that the household is paid for 
= maximum number of hours that the household can be paid for 
= unconstrained supply of hours of the household 
= value of loans taken o”t 
= maximum value of loans that the household can take out 
= unconstrained demand for loans of the household 
= price @id for goods 
= price of the aggregate share of stack 
= bill rate 
= Loan rate paid 
= fraction of the aggregate share of stock held 
= savings net of capital gains 01 losses 
= savings deposits 
= tax% paid 
= wage rate received 
= number of goods purchased 
= maximum number of goods that the household can purchase 
= unconstrained demand for goods of the household 
= minimum guaranteed level of income (also can be thought of as the level of 

transfer payments to each household) 
= before-tax income excludii capital gains 01 losses 

Subscript f denotes variable for period f. Superscript p in Table 44 denotes a planned 
value of the variable, and superscript e denotes an expected value of the variable. Asset 
variables pertain to household 1; liability tiables pertain to household 2. Only the notation 
that differs from the notation for the non-condensed model is presented here. 

ffit = capital gains or losses on stocks olousehold 1) 

LHt = value of loans taken out Olousehdd 2) 
LHMA& = msximum value of loans that the household can take o”t (household 2) 
IHUNt = unconstrained demand for loans of the household (household 2) 

Pi = price paid for goads. 

RLt = loan rate paid 
= savings deposits (household 1) 
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SDCLV, = unconstrained savings deposits of household 1 (corresponding to HPHUNI , and 
XHUNI t) 

Wt = wage rate received 

The basic equations for household i for period t are the following: 

mir = ($‘&+I - p&&t, [capital gains or losses on stocks] (4.1) 

YH;:, = WH;:tHPHi,, + r,SDHi, +DIVH;:,, [before-tax income net of capital 
gins 01 losses] (4.2) 

TAXLV~~ = dj( Y& + CG, - RHitL&) - YG, [taxes paid] (4.3) 

DDHi, = 7~YIP~&‘~~t, [demand deposits] (4.4) 

X4 & = YH,, - TLWj, - RHitLHi, - PHi,XHi,, [savings net of capital 
gains or losses] (4.5) 

SDHit - LH;:, = SDHir_t - LHi,_I - (DDHi,, - DDHi,_l) 

+ SA br - PS,& - Sit_l), [equation determining 
savings deposits or loans] (4.6) 

Ai, = SDHit +PS,+lSit ~- LIZit, [total v&e of non-demand-deposit assets 
or liabilities at the end of period t] (4.7) 

LH;, G LHMAXi,, [loan constraint] (4.8) 

XH,, G XHMAX,, , [goods constraint] (4.9) 

HPHic <HPHMAXi, [hours constraint] (4.10) 

Equation (4.1) defines the capital gains or losses that are recorded 
for period f on the fraction of the aggregate share of stock held by household i 
in period I. P&+1 is the value of the aggregate Aare of stock at the end of 
period t or the beginning of period WI. Sit is the fraction of the aggregate share 
of stock held by household i in period i. Equation (4.2) defmes before-tax 
income net of capital gains or losses. If the household is a debtor, then the last 
two terms are zero. Equation (4.3) defines taxes paid. do is the (proportional) 
personal income tax rate, and YG is the minimum guaranteed level of income. 
Capital gains or losses are assumed to be taxed as regular income, and interest 
payments are assumed to be tax deductible. The tax parameter YG, which will 
be called the “minimum guaranteed level of income” in this study, can also be 
thought of as the level of transfer payments from the government to each 
household. 

Equation (4.4) defines demand deposits. The demand deposit need 
of a household is assumed to be proportional to the value of goods purchased. 
Households are assumed to hold no demand deposits except those necessary for 
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transactions purposes. Equation (4.5) defines savings net of capital gains or 
losses, and Equation (4.6) determines savings deposits or loans. The last term in 
Equation (4.6) is the amount of money that household i spends (receives) on 
stock purchases (sales) in period f. Equation (4.7) defines total non-demand- 
deposit assets or liabilities as of the end of period f or the beginning of period 
@I. Household i is subject to the three constraints (4.X)-(4.10). 

4.2 THE FORMATION OF EXPECTATIONS 

Let N+l denote the expected remaining length of household i’s life. Household i 
is assumed to form the following expectations. 

‘:+k=‘,, [expected bill rate for period t+k (k=1,2, .)I 

R@r+k = RMi,, [expected loan-rate for period t+k (k=Z,2, ,A91 

PH& = PH,,, [expected price for period rtk (k=1,2, ,Njl 

WH,e,+, = WEI,,, [expected wage rate for period ttk @=1,2, ,N)l 

DIV;;, = $(DIVc_I + DIV,_, + DIV,_, + DIV,_, +DIV,__d, 
[expected aggregate level of dividends for period t+k 
(k=O,l, .)I 

(4.11) 

(4.12) 

(4.13) 

(4.14) 

(4.15) 

Drvf+, Dfvf+k+l 
Psf+k =p + 

(*+$+k) (I+++k) @?+k+l) 

DIvf+k+z 

+rf+k) (I+Tfe+k+l) (l*rt’tk+Z) 
+ [expected stock price for 

period t+k (k=I,Z, , N)] 

DIVf 

rt 
[from(4.11) and(4.15)] (4.16) 

Equations (4.11)-(4.14) state that household i expects that the 
future values of the bill rate, the loan rate that it will be charged, the price that 
it will be charged, and the wage rate that it will be paid will be equal to the last 
obsened values of the variables. These assumptions of no change expected from 
the last observed value are consistent with the aim of keeping the expectational 
assumptions as simple as possible in the model. Since banks determine optimal 
loan rate paths and since firms determine optimal price and wage paths, it would 
have been possible to assume that banks and firms inform households of the 
planned future values in addition to the current values. As was the case for firms 
and the loan rates, it seemed more straightforward in this case just to assume 
that the households make the expectations themselves. 
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.f._ In Equation (4.1 S), household i is assumed to average the past five 
dividend levels and to expect that the future dividend levels will be equal to this 
average. The level of dividends is a fairly erratic variable (being a residual of 
sorts), and this is the reason for the averaging. In Equation (4.16) the expected 
stock price is assumed to be equal to the present discounted value of the 
expected future dividend levels, the discount rates being the expected future bill 
rates. As will be seen in the next chapter, this is the ~a.me formula that is used by 
the bond dealer to set the actual stock price. Because of (4.11) and (4.1% 
Equation (4.16) means that household i expects that all the future values of the 
stock price will be the same and will be equal to the expected dividend level for 
period t divided by the bill rate for period t 

One minor point regarding the expectations of future stock prices in 
(4.16) should be noted. Since firms are assumed in Chapter Three to maximize 
the present discounted value of expected future after-tax cash flow and since 
households are assumed in (4.16) to base their expectations of stock prices on 
expected future dividends, firms do not behave so as to maximize the value of 
their stocks outstanding. This is also true because firms are assumed to use the 
loan rate as their discount rate, whereas households are assumed in (4.16) to use 
the bill rate. These differences are, however, fairly minor, and it is easier to 
specify the model in this way than it is to have the objective function of tirms be 
the value of their stocks outstanding. 

4.3 BEHAVIORAL ASSUMPTIONS 

The objective of a household is to maximize the present discounted value of its 
expected remaining lifetime utility. Utility in any period is assumed to be a 
negative function of hours worked in the period and a positive function of 
consumption. The form of the utility function is taken to be the log of th&CES 
function: 

where Uir+k denotes the utility of household i for period f+k and HPH is the 
total number of hours in a period. HPH- ffP&+k is the amount of leisure time 
that household i has in period t+k. The objective function of household i at the 
beginning of period r is assumed to be 

OBJHif = ,g& + 
Uit+I h+N 

I (mxfi)~ +. .. + (I+RLIHi)N+l ’ 
(4.18) 
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where RDHi is the discount rate of household i All problems associated with the 
fact that the lengths of the remaining lives of households are uncertain have been 
ignored here. Each household is assumed to expect that the length is N+l and to 
behave as if the actual length were exactly this. 

The household chooses HPHit+k and XHjif+k (k=O,I, ,N) so as to 
maximize OBJHtt. One of the constraints facing a household is a lifetime budget 
constraint. This constraint is handled by assuming that household i plans to end 
its life with a particular level of non-demand-deposit assets or liabilities: 

&+N = Ai, (4.19) 

where A;z+N is the expected level of non-demand-deposit assets or liabilities for 
the end of period t+N and xiis the target level. 

A household with positive non-demand-deposit assets can either hold 
its assets in the form of stocks 01 savings deposits. Because of Equation (4.16), a 
household expects the before-tax, one-period rate of return on stocks (including 
capital gains and losses) for a given period to be the same as the expected bill 
rate for that period. Since the bill rate is the rate paid on savings deposits and 
since capital gains and losses are taxed at the same rate as other income, a 
household then expects that the after-tax rates of return on stocks and savings 
deposits are the same. A household can therefore be assumed to be indifferent 
between holding its asse’a in the form of stocks or savings deposits, and one need 
not distinguish between stocks and savings deposits for purposes of analyzing a 
household’s decision. The expected one-period rate of return on the non-demand- 
deposit assets held during period t+k, Att+k, is rRk for a creditor household. 
Using this fact, Equations (4.lb(4.7) can be rewritten for purposes of analyzing 
a credits household’s decision as follows: 

YY%k = WHfr+k HPHiit+k + rtetk A$+, , [expected before-tax income 
including capital gains or 
losses for period 
t+k (k=O,l, , h’-)] (4.20) 

DLWt+k = rlPH$+k XHit+k , [expected level of demand deposits for 
period t+k (k=O,l, , N)] (4.21) 

AS+k = A$+k_l - (DDHi;+k - DDH;+k_l) [expected value of non- 
demand-deposit assets 

+ (l-d3) YYH;+k + YG - PH;+k XH,t+k for the end of period 
t+k(k=O,l, ,.N)] (4.22) 
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Equations (4.20)-(4.22) have been written to hold for all periods of the decision 
horizon, and e superscripts have been added to the relevant variables to denote 
the fact that household i only has expectations of the variables for periods 
beyond r-1 or t. For purposes of analyzing a debtor household’s decision, 
equations (4.2b(4.7) can likewise be rewritten 

YHierik = WHft+kHPffit+k 3 [expected before-tax income for period 
t+k(k=O,I,...,N)] (4.23) 

DDffft+k = ?‘$‘@+k XHir+k > [expected level of demand deposits 
for period t+k (k=O,I, , IV)] (4.24) 

L%+k = LHi’t+k-r + @H&k - DDfl$+k-I) 

- (I-&) (Y@+k - RHft+k LHi”ttk) [expected value of loans 
for the end of period 

- YG + PHi’t+k XHir+k. t+k (k=O,l, , A’)] (4.25) 

The terminal condition (4.19) for debtor households is merely L&N = -&. 
The maximization problem of a household is easy to describe. 

Given a path of hours worked, HPHtt+k, and a path of consumption, X&+k, 
(k=O,I, ,iV), the objective function can be computed directly. The two paths 
must satisfy the terminal condition (4.19). Given the two paths and given the 
expectations from (4.1 l)-(4.14), Equations (4.20)-(4.22) and (4.23)-(4.25) 
each form a set of three linear equations in three unknowns for each period, 
which can be solved tkrougb time to obtain a terminal value of non-demand- 
&posit assets 01 liabilities. The hours and consumption paths must be chosen so 
that the resulting terminal value of non-demand-deposit assets or liabilities is 
equal to&. The hours and consumption paths ~USI also, of course, be chosen to 
satisfy the inequality constraints (4X)-(4.10). Regarding the possibility of the 
loan, goods, and hours constraints existing for periods beyond t, households 
were assumed to expect that the constraints would not be binding for periods 
beyond t. As was the case. for firms, having the constraints hold only for period t 
appeared to have an important enough influence on the households’ decision 
values for period t so as to make further restrictions unnecessary. 

4.4 THE SOLUTION OF THE 
CONTROL PROBLEM 

Two algorithms were written to solve the control problem of a household; one 
to search over different hours paths and one to search over different 
consumption paths, given an hours path. For each hours path chosen by the first 



82 A Model of Macroeconomic Activity Volume I: The Theoretical Model 

algorithm, a submaximization problem was solved using the second algorithm. 
Particular importance was attached to searching ova values for the fust two 
periods. The three constraints were handled by throwing out as infeasible those 
paths that failed to meet one or more of the constraints. Wlwnever a particular 
constraint was not met, an alternative path was always tried in which the value 
of the variable in question was set equal to the constraint. Given an hours path, 
the consumption paths tried by the second algorithm were always chosen so as 
to satisfy the terminal condition. 

4.5 SOME EXAMPLES OF SOLVING THE 
CONTROL PROBLEMS OF THE HOUSEHOLDS 

PARAMETER VALUES AND INITIAL CONDITIONS 

For purposes of the simulation work, two different households were considered; 
a creditor household (household 1) and a debtor household (household 2). The 
parameter values and initial conditions used for the first example for each 
household are presented in Table 4-2. The values of prices and wages were set 
equal to 1.0, the bill rate was set equal to 0.0650, and the loan rate was set equal 
to 0.0750. The only values for period r-1 needed for household 1 were Alt_l 
and DDIYJ (-1, and the only values for period r-1 needed for household 2 were 
L&-l and DDHzt-I. The discount rates for the two households were chosen, 
after some experimentation, to yield fairly constant paths of hours and 
consumption over the life of the households. The terminal condition for 
household 1 was taken to be the level of wealth in period i-1, and the terminal 
condition for household 2 was taken to be the negative of the value of loans held 
in period t-l. Neither household, in other words, was taken to be a net saver or 
dissaver over its remaining life. Household 2, for example, was assumed to plan 
to end its life in debt to the same extent that it was in period t-1. As with banks 
and tires, this was done to make it easier to analyze the effects on the behavior 
of the households of changing various initial conditions. The values of pj and pz 
were chosen to make the supply of labor on the part of the two households a 
positive function of the wage rate. 

THE RESULTS 

The results of solving the control problems of households 1 and 2 are presented 
in Tables 4-3 and 4-4, respectively. Values of hours, consumption, and expected 
assets or liabilities are presented for the first two periods of the 30period 
decision horizon. 

Consider the behavior of household 1 in Table 4-3 first. The tint set 
of results in the table is based on the assumption that no constraints were 
binding on the household. The results in the first row are based on the parameter 
values and initial conditions in Table 42. For tbis run the household essentially 



Households 83 

Table 4-2. Parameter Values and Initial Conditions for the Control 
Problems of Households 1 and 2 

IV+1 30 
m 1143.4s 
“I 0.5808 

‘I2 O.SE11 
01 -0.3 
a -0.3 

z 0.1609 0.1934 
YC 0.0 

RDHI 0.0603 
RDH., 0.0695 

2159.8 
60.1 

0.0650 
1.0 
1.0 

2159.8 

482.1 
51.8 

0.0750 
1.0 
1.0 

-482.1 

chose a flat path of the variables throughout its remaining life, a result that 
reflects the way the parameter values and initial conditions were chosen in the 
first place. 

An important set of reactions of a household is how it responds to 
changes in wages and prices. For the results in row 2 in Table 4-3, the wage rate 
of household 1 for period t was increased by 5.0 percent. This meant that the 
household expected its wage rates for periods WI and beyond to be higher by 
5.0 percent as well. This change cawed the household to work more (t3.4 
percent) and consume more (+5.7 percent) in period t and likewise in future 
periods as well. The planned 01 expected level of wealth for period t decreased 
sligllt1y. 

The rest of the results in Table 4-3 are fairly self-explanatory. 
Decreasing the wage rate (row 3) caused the household to work less and 
consume less, as did increasing the price level (row 4). Decreasing the price level 
(row 5) caused the household to work mope and consume more. It is interesting 
to note that with respect to its hours worked the household responded slightly 
more to changes in the wage rate than to changes in the price level, and with 
respect to its consumption slightly more to changes in the price level than to 
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Table 4-3. Results of Solving the Control Problem of Household 1 

A. No ConstroinfsBinding 

Initil Conditionsfrom 
Toble4-2excepr: HPfflf HPHzt+f XHrr XHlt+l Al', A;,, 

323.0 323.8 373.8 374.3 2160 2160 
334.0(+3.4%) 333.8 395.0(+5.7%) 395.5 2157 2158 
311.0(-3.7%) 311.8 352.6(-5.7%) 352.5 2162 2162 
317.0(-1.9%) 316.8 352.0(-5.8’S) 351.3 2160 2160 
330.0 i+2.2G 329.8 399.6 i+6.9%) 399.1 2159 2159 
334.8(+3.7%) 333.3 365.8(-2.1’S) 365.6 2186 2211 
310.0(-4.0%) 311.8 380.9 (+I .9%) 381.1 2134 2110 
317.0(-1.9%) 317.8 370.8 (-0.8%) 370.2 2154 2148 
329.0 (+1.9%) 327.8 377.9(+1.1%) 377.1 2165 2170 
316.0(-2.2%) 315.8 377.5 (+l.o%) 377.9 2160 2160 
332.0(+2.8%) 330.8 370.4 (-0.9%) 370.2 2161 2161 

317.0(-1.9%) 316.8 376.4(+0.7%) 376.6 2265 2263 

329.0(+1.9%) 328.8 371.1 (-0.7%) 371.6 2054 2055 

1. No exceptions 
2. WH,,=1.05 (+5.0%) 
3. WHjt= 0.95 (-5.0%) 
4.PHfr=l.05(+5.0%) 
5.PHjr=0.95(-5.0%) 
6.rf=0.0683(+5.0%) 
7.~,=0.0618(-5.0%) 
8.d3 =0.2031 (+S.O%) 
9.dj=O.l837(-5.0%) 

10. YG=lO.O(+lO.O) 
11. YG=-lO.O(-10.0) 
12. Air-1 = 2268 

(+s.o%E) 
13. ;l;r,-,l,= 2052 

0 
B. HPHMAXr,=306.8 

1. No exceptions 
2. WH~,=l.O5(+5.0'%) 
3. WHlr=0.95(-5.0%) 
4.PHlt= 1.05 (+5.0%) 
5.PHlr=0.95(-5.0%) 

C XHMAXf,=350.0 

1. No exceptions 
2. WH,r=l.05(+5.0%) 
3. WH1~0.95 (-5.0%) 
4.PH,r=1.05(+5.0%) 
5.Pn~f=0.95(-5.0%) 

D. HPHMAXIt=306.8, XHMAXl,=350.0 

306.8 322.8 368.6 374.0 2152 2151 
306.8(+0.0%) 333.8 384.2(+4.2%) 395.8 2146 2144 
306.8(+0.0%~ 311.8 351.9(-4.5%) 352.9 2160 2160 
306.8(+0.0%) 315.8 349.3(-5.2%) 351.7 2155 2153 
306.8(+0.@%) 329.8 390.6(+6.0%) 399.7 2149 2147 

319.0 321.8 350.0 374.5 2186 2181 
327.0(+2.5%) 332.8 350.0(+0.0%) 396.1 2206 2200 
311.0(-2.5%) 311.8 350.0(+0.0%) 352.5 2166 2165 
317.0(-0.6%) 316.8 350.0(+0.0%) 351.3 2162 2162 
322.0(+0.9%) 327.8 350.0(+0.0%) 399.8 2210 2202 

1. No exceptions 306.8 321.8 350.0 374.3 2175 2170 
2. WH,r=1.05(+5.0%j 306.8(+O.O%) 332.8 350.0(+0.0%) 397.0 2188 2180 
3. WHl,=O.95(-5.0%) 306.8(+0.0%) 311.8 350.0(+0.0%) 352.1 2162 2162 
4.PH,t=l.05(+5.0%) 306.8(+0.13%) 315.8 349.3(-0.2%) 351.7 2155 2153 
5.PH,r=0.95 (-5.0%) 306.8(+0.0%) 328.8 350.0(+0.0%) ,400.O 2197 2189 

changes in the wage rate. Because of wealth holdings and income taxes, one 
would not necessarily expect the response of a household to be symmetric with 
respect to wage and price changes. It is also important to note that the value of 
pi was chosen to make the supply of labor a positive function of the wage rate. 
Different results would be obtained for different values of ~1, as will be seen in 
the Cobb-Douglas case of /II equal to zero below. 

Two other important sets of reactions of a household are how the 
household responds to changes in interest mtes and tax rates. Increasing the bill 
rate for household 1 (row 6) had a positive effect on hours worked and caused 
the household to saw mope and conwne less. Decreasing the bill rate (row 7) 
caused the household to work less, save less, and consume more. Because tbe 
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Table 4-4. Results of Solvina the Control Problem of Household 2 

Table 4-2 except: 
-_ 

1.No exceptions 
2. WHzt=1.05 (+S.O%t) 
3. WHgt=0.95(-5.0%) 
4.PH~t=1.05(+5.0%) 
5. PH2~=0.95kS.b%) 
6.RH2t= 0.0788 

(+5.0%) 
7.RH~t=0.0713 

(-5.0%) 
8.dJ =0.2031(+5.0%) 
9.dj=0.1837(-5.0%) 
,0.Yc=10.0(+10.0) 
11.YG=-IO.O(-lo.O~ 
12.LH~t_, = 506.2 

(+s.o%) 
13.LH~~_j =45&O 

(-5.0%) 
B. HPfMAX2,= 413.2 

1. No exceptions 
2. WH2t=1.05(+5.0%) 
3. WHzt= 0.95 (-5.0%) 
4.PH2t=1.05(+5.0%) 
5.PH~r=0.95(-5.0%) 

1. No exceptions 
2. WH~r=l.05 (+5.0'S) 
3. WH~~=0.95(-5.Q%) 
4. PHst =1.05(+5.0%) 
5.P~Zt=0.95(-5.0%) 

D. I.HM4X~t = 458.0 

1. No exceptions 
2. WH~f=1.05(+5.0%) 
3.WH~t=0.95(-5.0%) 
4. PHzr= 1.05(+5.0%) 
5. PHzi= 0.95(-5.0%) 

HPHzt HPHz,+I XHzt XHzt+l L&t W%+I _. 
435.0 434.8 321.7 321.5 482.1 482.1 
440.0(+1.1%6) 438.8 342.5 (+6.5%) 343.2 484.6 485.6 
430.0(-1.1%) 430.8 301.3(-6.3%) 301.2 479.6 479.8 
429.0(-1.4%) 429.8 302.4(-6.0%) 302.4 482.1 482.1 
440.0(+,.1%) 440.8 343.3(+6.7%) 343.4 483.3 483.2 

452.0(+3.9%) 449.8 313.3(-2.6%) 313.2 458.5 436.7 

418.3(-3.8%/o) 420.3 332.3(+3.3%) 333.3 508.0 533.1 
430.0(-1.1%) 429.8 319.0(-0.8%) 318.8 487.0 492.8 
440.0(+1.1%) 439.8 324.5(+0.9%) 324.3 477.2 471.3 
42X.0(-1.6%) 426.8 325.5(+1.2%) 325.1 482.1 482.1 
443.0(+1.8%) 442.8 318.6(-1.0%) 318.1 482.1 482.1 

437.0(+0.5%) 436.8 321.2(-0.2%) 321.0 505.4 504.6 

434.0(-0.2%) 433.8 322.9(+0.4%'0) 322.9 458.8 459.6 

413.2 434.8 313.6 321.4 490.7 492.6 
413.2(+0.0%) 440.8 330.9(+5.5%) 342.9 494.5 496.0 
413.2(+0.0%) 428.8 297.2(-5.2%) 300.4 488.3 490.3 
413.2(+0.0$) 429.8 297.0(-5.3%) 301.9 488.6 489.4 
413.2(+0.0%) 441.8 332.7(+6.1%) 343.4 493.8 495.3 

431.0 433.8 300.0 322.5 458.7 462.9 
432.0(+0.2%) 437.8 300.0(+0.0%~ 343.6 439.3 446.2 
431.0(+0.0%) 430.8 300.0(+0.0%) 300.3 477.2 476.3 
429.0(-0.5%) 429.8 300.0(+0.0%) 302.4 479.0 479.2 
434.0(+0.7%) 438.8 300.0(+0.@%) 344.3 437.6 444.4 

445.0 432.8 309.1 323.1 458.0 462.3 
450.0(+1.1%~ 436.8 328.3 (+6.2%) 343.7 458.0 462.3 
439.0(-1.3%) 428.8 289.7(-6.3%) 301.7 458.0 461.0 
439.0(-1.3%) 426.8 290.5(-6.0%) 303.3 458.0 462.4 
450.0(+1.1%) 437.8 329.1(+6.5%) 345.2 458.0 463.3 

E. HFHMAX2~=413.2,XHMAXz,=3"0.0,LH.hlAXz,=458.~ 

1. No exceptions 413.2 434.8 287.1 322.4 458.0 463.5 
2. WH~t=1.05(+5.0%) 413.2(+0.0%) 438.8 300.0(+4.5%) 343.4 456.2 463.1 
3. WH2r=0.95(-5.0%) 413.2(+0.0%) 428.8 272.7(-5.0%) 301.4 458.0 463.5 
4.PH~t=1.05(+5.0%E) 413.2(+0.0%) 438.8 273.4(-4.8%) 303.3 458.0 463.7 
5. PH>t= 0.95(-5.0%) 413.2(+0.0%) 438.8 300.0(+4.5%~ 344.2 455.4 463.3 

terminal condition states that household 1 must end its life with the same level 
of assets that it started with, changes in savings in the current period 
corresponding to changes in the bill rate eventually reversed themselves during 
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the expected life of the household. Increasing the proportional tax rate (TOW 8) 
caused the household to work less and consume less, and decreasing the tax rate 
(row 9) had the opposite effect. Increasing the minimum guaranteed level of 
income (row 10) caused the household to work less and consume more, and 
decreasing the I++ (row 11) had the opposite effect. (When the tax parameters 
dj and YG were changed for these experiments, the changes were assumed to be 
permanent. In other words, the household was assumed to expect that the new 
value of the tax parameter would persist throughout its remaining lifetime.) 

Tax decreases in the form of a decrease in the tax rate thus have a 
positive effect on work effort, while tax decreases in the form of an increase in 
the minimum guaranteed level of income have a negative effect. This is, of 
course, as expected because the parameter p1 was chosen so that the (negative) 
income effect of a change in the wage rate on work effort was smaller in 
absolute value than the (positive) substitution effect. Capital gains and losses 
affect the wealth of creditor households, and so it is of interest to examine the 
effect of wealth changes on household 1. Increasing wealth of the previous 
period (row 12) caused household 1 to work less and consume more, and 
decreasing wealth (TOW 13) had the opposite effect. 

For the second set of results in Table 4-3, household 1 was 
constrained in the number of hours it could work in period t, This constraint led 
it to work as much as it was allowed in period t-which was always less than the 
unconstrained amount-and to consume less. The values for period t+I were 
much less affected. The household’s responses in period t to changes in wages 
and prices were zero in terms of hours worked, but the household still responded 
in terms of the number of goods consumed. An increase in the wage rate of 5.0 
percent, for example, led it to increase its consumption by 4.2 percent. This 
figure compares to 5.7 percent for the unconstrained case. 

For the third set of results in Table 4-3, household 1 was constrained 
in the number of goods it could purchase in period t. For all five runs, this 
constraint led it to purchase the maximum number of goods it was allowed in 
period t. In two of the cases (rows 3 and 4) it worked the same as in the 
unconstrained case, but in the other three cases it worked less. Again, the values 
for period t+l were much less affected. 

For the fourth set of results in Table43, both constraints were 
imposed on household 1. For all five nms this caused it to work the maximum 
number of hours allowed and to consume, with one exception, the maximum 
number of goods allowed. In this case, changing wages and prices merely 
changed how much the household saved in period t. 

The results in Table 44 for household 2 are similar to the results in 
Table 4-3 for household 1 and require little further discussion. For household 2, 
an increase in savings means, of cause, a decrease in loans. For the fourth set of 
results in Table 4-4, household 2 was constrained in the value of loans that it 
could take out for period t. For all five runs this caused it to work more and 
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cotwme less in period I than in the corresponding unconstrained case. In all five 
cases the household chose to borrow the maximum amount of money that it was 
allowed for period i. For the fifth set of results in Table 4-4, all three constraints 
were imposed on household 2 for period f. When this happens, only two of the 
three constraints are really binding on the househoid, since given values for two 
of the three decision variables for period i the value of the other variable is 
automatically determined. 

As mentioned above, the ‘choice of the values of pi in the CES 
utility function is important in determining how household i responds to wage 
and price changes and to changes in the other relevant variables. The case of Pi 
= 0 corresponds to the Cobb-Douglas function, and some results using this 
function are presented in Table 4-S. In this case the work effort of households is 
less responsive to changes in wages and prices. In the simple case of one time 
period and no nonlabor income, it can be easily shown that for a Cobb-Douglas 
utility function in consumption and leisure, work effort is not a function of the 
wage rat&b Although the present situation is mole complicated, it is still true 
that for the Cobb-Douglas function work effort does not respond very much to 
the wage rate or the price level. 

Table 4-5. Results of Solving the Control Problems of Hduseholds 
1 and 2 Bared on a Cobb-Douglas Utility Function 

1. No exceptions 322.0 321.8 374.1 373.8 2159 2157 
2. WHlf 1.05 (+S.O%) 327.0(+1.5%) 326.8 388.9(+4.0%) 389.7 2159 2159 
3. WHlr 0.95 (-5.0%) 318.0(-1.2%) 317.8 357.3(-4.5%) 357.1 2162 2162 
4.PHJfl.05 (+s.o%) 322.0(+0.0%) 321.8 355.3(-5.0%) 356.1 2160 2159 
5. PHlf 0.95 (-5.0%) 322.0(+0.0%) 321.8 393.7(+5.2%) 393.4 2159 2158 

Household 2 

HPX2t HPXZ~+I XHzr XHzt+l LHzt Lf&t~ 

1. No exceptions 434.0 433.8 321.0 321.7 482.1 483.3 
2. WH,, 1.05 (+5.0&l 433.0(-0.2%) 432.8 337.4(+5.,%) 338.1 484.6 485.6 
3. WH~~0.95 (-5.0%) 436.0(+0.5%) 435.8 305.3(-4.9%) 305.1 479.6 479.8 
4. PIfzt 1.05 (+s.o%) 434.0(+0.0% 433.8 305.7(-4.8%) 306.5 482.1 483.4 
5. PHzr 0.95 (-5.0%) 434.0(+0.0%) 433.8 338.9(+5.6%) 338.6 483.3 484.4 

For the results in this table ql = 0.6375, RDH, = 0.0558, v2 = 0.6380, .RDJI, = 0.0644. 

From the results in Tables 4-3 and 4-4, the behavior of the 
households can be summarized as follows. The main characteristic of households 
is that they maximize subject to constraints imposed on them by firms, banks, 
and the government. Unconstrained, their work effort (for pi = -0.3) and 
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consumption respond positively to the wage rate and negatively to the price 
level. Constrained, there may be no response at all or a much smaller response. 
Unconstrained, an increase in the bill rate OI the loan rate causes households to 
work more, consume less, and save more, and conversely for a decrease in the 
rates. increasing (decreasing) taxes has a negative (positive) effect on consump- 
tion, but may increase or decrease work effort depending on whether the 
proportional tax rate is changed or the minimum guaranteed level of income is 
changed. For a creditor household, an increase in initial wealth has a negative 
effect on work effort and a positive effect on consumption, and a decrease in 
initial wealth has the opposite effect. 

4.6 THE CONDENSED MODEL 
FOR HOUSEHOLDS 

The household behavioral equations for the condensed model are presented in 
Table 4-6. Subscript 1 refers to household 1 and subscript 2 to household 2. The 
subscript 1 was dropped from the asset variables, since only household 1 has 
assets, and the subscript 2 was dropped from the liability variables, since only 
household 2 has liabilities. Also, the loan rate for period i is denoted as RLt 
rather than Rh’it, the price is denoted as Pt rather than I’&, the wage rate is 
denoted as W, rather than MY;,, and the level of savings deposits is denoted as 
SO, rather tl~an.!XXf~~. Since household 1 owns all the stock, the variable Sir can 
be dropped completely. The value of stocks held by household 1 is merely the 
price of the aggregate share of stock, P& 

Table 4-6. Household Eqtiationr for the Condensed Model 

Household 1 
- 

(1) 

(2) 

+0.36Yc, 

SDUNP = I_~I_~~~,t W-I - 01Pt XHUNI, -DDHI,I) 

+ Cl-d,, (W,HPH”Nlt + DIV:, + YG - PtX”UNI,, , 

HPHlt = HPH”Nlt if HPH”N,, 6 HPHMAX,, 

= HPHMAXIr if~WHtiN,~ > HPHM.4Xlr. 

KHPHUNI~ > HPHMAXIt, then 

(3) 

(4) 

(5) 

(61 



Table 4-6. kontinuedl 

SDf=SDUNf-0.074 SDUN,p 
HPHUN,z- HPHMAXj, 

HPHUN,, 

if HPHUNI,> HPHMAXlrand thecam~utedvalueof XHlt 

does not exceed XHMAXl, 

-XHMAX~t if HPHUNltb HPHMAX,, andXHlJN~t>XH.M4Xlf 

or if HPHUNl,> HPHMAXjt and thecomputedvalueof XHl, 

above exceeds XHMAXl !: SD: is then recomputed in these two cases. 

Household 2 

HPffUNzt =e'~2s(P~)-0~25 (W3°,2z(RLf)o.77(dj)-~22 (LHt_,)O.O'- 0.75 YG, (1)' 

XHf7N2,=e4.34 (Pt)-'.27(Wt) ( L,) 1 28 R -".su(d~)-o.17(LXy_~)-~.~6 +0.35 YC, (2)' 

LHUN,= l_~I_d~~Rl, ILH~-I +01prXHUNzt - DDHzr-I)- (l-d#!',HPHUNz, 

- YG+P,XHUNZ,] , (3)' 

IfHPHUNz, GHPHMAXz,,XHUN;lrz, G XHMAX~,,and LHUNz, <LHMAX,. then 

HPHz,=HPHUNsr, (4)' 

XHZ~=XHUNZ~, (5)' 

LH,=LH"N, _ (6)' 

Otherwise, the actual values axe determined by the following algorithm: 

[ll If HPHUN~tc HPHMAX2,, thenHPH$ =HPHUNz, andgoto statement [8] , 

12, HPH$ = HPHMAXzt, 

131 LH~=LHUN,+O,36LHUN, 

141 If LHf> LHMAX,, then LH,p =LHMAX,, 

[51 XH% =-71p;pt (-Cl-(I-d$RL,)LX~ fLHt-~-D~~~f_, - (I-d3)WrHPH&YGI, 
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Table 4-6. (continued) 

Househdd2 

LHp= I_&gjRL, ILHz-I +TzPrXH% -DDHzt-I - wf$W,HPH;, 

-YG+P,X&, I, 

VI Go to statement ,181 , 

18, IfLHUN, < LHMAX,,thenLHP=LHUN~andgotoEtatemenf 1151, 

,9]LH;=LHMAX,, 

[,O] HPH4; =HPHUNZ,+O.~~HPHUN~~ 
LHUNt-LHMAX, 

],,]lfHPH$ >HPHMAX2t,thenHPH;t = HPHJ'fAXzt, 

LIZI X% =-71pf_pt [-(I-(I-d~)RLf)LHPtLHt_I - DDH2t_l - (l-d31 WP.‘+‘Gl / 

[I31 If XH$ > XHMAXZ,,thenXH~~=XHMAXZf and 

LHf = ,_&jRL, W’-I + ~rJ’J’~~- DDHzr_l - (I-d3)W&PH;- YG+P,XH;J, 

,141 Gotostatement[18] , 

1151 If XHUN2,sXHMAXZ,,thenXHZPr=XH~N~t andgo to statement [la] 

1161 XH$=XHMAX2, 

I 
]17] LH! =I-(1-dj)RLr ]LH,I +T~P,XH$-DDH~~_~ - (I-d,,W,HPH&YG +PrXH$rl, 

[IS] HPH2r = HPH;,, 

(191 XHZr=XHZq, 

[ZO] LH,=LH: 

Consider household 1 in Table 4-6 first. Equation (1) merely defines 
the expected level of dividends. It is the same as the equation in the 
non-condensed model. Equations(2) and (3) are based on the results in 
Table 4.3. The unconstrained number of hours worked is a positive function of 
the wage rate and the bill rate, and a negative function of the price level, the tax 
rate, the level of wealth of the previous period, and the minimum guaranteed 
level of income. The unconstrained number of goods purchased is a positive 
function of the wage rate, the level of wealth of the previous period, and the 
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minimum guaranteed level of income, and a negative function of the price level, 
the bill rate, and the tax rate. The coefficients in Equations (2) and (3) were 
chosen to be consistent with the size of the reactions in Table 4-3. 

Equation (4) defmes the expected level of savings deposits, given the 
two unconstrained values and the expected level of dividends. The equation is 
derived as follows. Because of assumptions (4.1 I), (4.15), and (4.16), house- 
hold 1 always expects the stock price to remain unchanged ova time. 
Household 1 does not, therefore, expect to receive any capital gains or losses on 
its stocks, which means that CGjr in Equation (4.1) is expected to be zero. Now, 
Equations (4.2), (4.3), and (4.5) can be combined for household 1 to yield, 
using the notation for the condensed model: 

SAVf, =(I-d3) (WtHPHI, +rJD: +DIV;, + ye - P,Xffl,. (4.26) 

The e superscripts have been added to the appropriate variables to denote the 
fact that household 1 only has at the beginning of period t an expectation of 
these variables. Equations (4.4) and (4.6) can be similarly combined for 
household 1 to yield, again using the notation for the condensed model: 

SD;=SDr_l -(^IIP,XH~,-DDH,,_,)+sAV~,. (4.27) 

The final term in Equation (4.6) is zero because household 1 always owns all the 
stock. Finally, Equations (4.26) and (4.27) can be solved to yield: 

(4.28) 

which is the same as Equation (4) in Table 4-6 with the appropriate change of 
notation. 

Equation (5) in Table 46 determines the actual number of hours 
worked. If the unconstrained number is less than the maximum number allowed, 
then the actual number is the unconstrained number. Otherwise, the actual 
number is set equal to the maximum number. In Equation (6), the planne~d level 
of savings is lowered if the unconstrained number of hours worked is greater 
than the maximum number allowed. In row B. 1 in Table 43 it can be seen that 
planned savings decreased slightly when household 1 was constrained in the 
number of hours that it could work, and this is the assumption reflected in 
Equation (6). The -0.074 coefficient is estimated from Table 4-3, .where 
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Equation (7) determines the actual number of goods purchased. If 
the unconstrained number of hours worked is less than the maximum number 
allowed and if the unconstrained number of goods purchased is less than the 
maximum number allowed, then the actual number of goods purchased is the 
unconstrained number. If ihe unconstrained number of hours worked is greater 
than the maximum number allowed, so that the actual number is set equal to the 
maximum, then the actual number of goods purchased is set equal to the 
number necessary to have the planned level of savings deposits be what it is in 
Equation (6), gjven the new lower level of hours worked. This is the expression 
following the second equal sign in (7). This expression is obtained by solving 
Equations (4.26) and (4.27) for XH, t. 

If the computed number of goods purchased from this exercise is 
greater than the maximum number allowed or if (in the unconstrained hours 
case) the unconstrained number of goods purchased is greater than the 
maximum number allowed, then the actual number of goods purchased is set 
equal to the maximum number. This is the expression following the third equal 
sign in (7). It should be noted that this procedure reflects the assumption that a 
binding goods constraint has no effect on hours worked. In row Cl in Table 4-3 
it can be seen that the goods constraint had a negative effect on the number of 
hours worked by household 1, but for simplicity this behavioral response was 
not incorporated into the condensed model. 

The condensed model for household 1 is thus fairly simple. If the 
household is not constrained, then the number of hours worked and the number 
of goods purchased are determined from Equation (2) and (3). Otherwise, the 
household modifies its decisions according to Equations (4j-(7). Because of 
Equations (4.26) and (4.27), given two of the three values ofHPHl,, xHlt, and 
SL$, the other value is automatically determined, and this property was used in 
Equations (4) and (7) in determining how the household’s decisions were 
modified. 

The equations for household 2 in the condensed model are based on 
the results in Table 4-4. The problem is more complicated for household 2 
because of the possibly binding loan constraint in addition to the hours and 
goods constraints. In Equation (1)’ the unconstrained number of hours worked 
is a positive function of the wage rate, the loan rate, and the value of loans of 
the previous period, and a negative function of the price level, the tax rate, and 
the minimum guaranteed level of income. In Equation (2)’ the unconstrained 
number of goods purchased is a positive function of the wage rate and the 
minimum guaranteed level of income, and a negative function of the price level, 
the loan rate, the tax rate, and the value of loans of the previous period. 

Equation (3)’ defines the unconstrained value of loans, given the 
unconstrained number of hours worked and the unconstrained number of goods 
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purchased. The equation is derived in a similar way that Equation (4.28) was 
derived above for household 1. Equations (4.2), (4.3), and (4.5) can be 
combined for household 2 to yield, using the notation for the condensed model: 

SAV,, = (I-ds) (WtHPHz, - RL,LH,) + YG - PtXHZr (4.29) 

Equations (4.4) and (4.6) can be combined to yield, again using the notation for 
the condensed model: 

LHt = LHt_, + (rrPtXHzr - DDHzt) - SAV,,. 

Equations (4.29) and (4.30) can then Ix solved to yield: 

(4.30) 

(I-d3)W,HPHz, - YG +PrXH,,] , (4.31) 

which is the same as equation (3)’ in Table 4-6 with the appropriate change of 
notation. 

If none of the unconstrained values in Equations (l)‘-(3)’ is greater 
than the maximum values, then, as in Equations (4)‘-(6)‘, the actual values are 
the unconstrained values. Otherwise, the actual values are determined by the 
algorithm in Table 46. As was the case for the algorithm in Table 3-4 for the 
condensed model for the firm sector, the algorithm in Table 66 is written like a 
FORTRAN program. The f&wing is a brief verbal description of the algorithm. 

If the hours constraint is binding, then statements [2]- [6] hold. 
The actual number of hours worked is set equal to the maximum number in 
statement 121. In statement [3] the planned value of loans is then increased. In 
row B.l in Table 4-4 it can be seen that the planned value of loans increased 
when household 2 was constrained in the number of hours that it could work, 
and this is the assumption reflected in statement [3] The 0.36 coefficient is 
estimated from Table 4-4, where 
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If the new planned value of loans is greater than the maximum value, then in 
statement [4] the actual value is set equal to the maximum value. 

Statement [S] determines the number of goods purchased, given the 
number of hours worked and the value of loans. The equation in statement [S] 
is derived by solving Equations (4.29) and (4.30) for X&. If the new number 
of goods purchased is greater than the maximum value, then in statement [6] 
the actual number is set equal to the maximum value and a new value of loans is 
computed. The new value of loans is guaranteed to be less than the previous 
value because the new number of goods purchased is in this case less than the 
previous number. The equation for loans in statement [6] is, of cause, the same 
as Equation (3)’ with the appropriate change of notation. 

As was the case for household 1, the procedure in statement [6] 
reflects the assumption that a binding goods constraint has no effect on hours 
worked. In TOW C.1 in Table 4-4 it can be seen that the goods constraint had a 
negative effect on the number of hours worked by household2, but for 
simplicity this behavioral response was not incorporated into the condensed 
model. Statement [6] ends the computations fox household 2 in the case of an 
originally binding hours constraint, and the algorithm finishes off with 
statements [18]-[20], where the actual values are set equal to the planned 
V&es. 

If tbe hours constraint is not binding but the loan constraint is, then 
statements [9]- [13] hold. The actual value of loans is set equal to the 
maximum value in statement [9] In statement [lo] the planned number of 
hours worked is then increased. In TOW D.1 in Table 4-4 it can be seen that the 
planned number of hours worked increased when household 2 was constrained 
in the value of loans that it could take out, and this is the assumption reflected 
in statement [lo]. The 0.46 coefficient is estimated from Table 4-4, where 

If the new planned number of hours worked is’ greater than the maximum 
number, then in statement [1 l] the actual number is set equal to the maximum 
number. Statements [ 121 and [13] are then exactly like statements [5] and [6]. 
Statement [ 131 then ends the computations for household 2 in this case. 

If the hours and loan constraints are not binding but the goods 
constraint is, then statements [16] and [17] hold. The actual number of goods 
purchased is set equal to the maximum number in statement [16] In 
statement [19] the value of loans is recomputed. Again, the new value of loans 
is guaranteed to be less than.the previous value because the new number of 
goods purchased is less than the previous number. Statement [17] then ends the 
computation for household 2 in this case. 
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To summarize the condensed model for household 2, the number of 
hours worked, tbe number of goods purchased, and the value of loans taken out 
are determined by Equations (l)‘-(3)’ if the household is not constrained. If the 
hours constraint is binding, then statements [2]- [6] hold. If the loan 
constraint is binding but the hours constraint is not, then statements [9]- [13] 
hold. If the goods constraint is binding but the hours and loan constraints are 
not, then statements [16]-[17] hold. A s was the case for household 1, the 
algorithm for household 2 uses the fact that given two of the three values of 
HPH,,, XHzc, and LHt, the other value is automatically determined (because of 
Equations (4.29) and (4.30)). 

NOTES 

be, far example, Henderson and Quandt [28], p. 24. 





Chapter Five 

The Government and the 
Bond Dealer 

5.1 THE GOVERNMENT 

In Table 5-l the important symbols used in this chapter are listed in alphabetic 
order. With a few exceptions, the notation used for the government and the 
bond dealer is the same for both the non-condensed and condensed models. The 
government collects taxes from banks (2”.4X&), from firms (TAX&), from 
households (T.4XHit), and from the bond dealer (r.4X0,). It hires labor from 
households (HPG,), buys goods from firms (XC,), issues bills and bonds 
(VBILLGt and BUNDGt), and pays interest on its bills and bonds (rtVBILLG, + 
HAVDG,). The government also sets the various tax parameters in the system 
and the reserve requirement ratio. It is subject to the following budget 
constraintxa 

PG,XG, + WG$PG, + I~ VBILLG, + BONDG, - ;z; TAXBit - ;Z; TAXF;:, 

; TAXH,, - TAXD, = VBILLG, - VBILLG,_, 

BONDG,-BONDG,mI NB NB 
+ + 2 BR,, - E BRit_l 

R, i-l i=I (5.1) 

The first four terms in Equation (5 2) are government expenditures, and the 
next four terms are government tax collections. The left-hand side of Equation 
(5.1) is thus expenditures minus taxes, and this value must equal the change in 
the value of bills plus bonds plus bank reserves. 
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Table 5-l. Notation for the Government and the Bond Dealer in 
Alphabetic Order 

BO,VDG, = number of bonds issued 
HPG t = hours paid for 

PC* = price paid [ = P, in the condensed model] 
TAXBit = taxes paid by bank i ]=i?AXB, in the condensed model] 
TAXD, = taxes paid by the bond dealer 
TAXFi, = taxes paid by ftim i [=TAXF, in fhe condensed model] 

TAXHi, = taxes paid by household i 
VBILLG, = value of bilk issued 

WGt = wage late paid (= W, in the condensed model] 

xc, = number of goods purchased 

The Bond Dealer 

EONDD, = number of bands held 
DDD, = demand deposits 
DIV, = total dividends paid and received in the economy 
DIVD, = dividends paid 
J% = price of the agsreffarr share of stack 
rr = bill rate 
Rt = bund rate 
TAXD, = taxes paid 
vm * = value of bills and bonds that the bond dealer desires to hold 
VBILLD, = value of bills held 

*t = before-tax profits 
- 

5.2 THE BOND DEALER 

The bond dealer is taken in the model to represent the government bill and bond 
market and the stock market. The three decision variables of the bond dealer are 
the bill rate (Q), the bond rate (Rr), and the stock price (P&). The assets of the 
bond dealer consist of bills (VBILLD,), bonds (BOAWIt), and demand deposits 
(DDD,). Households own the stock of the bond dealership. The profits of the 
bond dealer consist of the interest received on its bill and bond holdings 
(r,VBILLD, + BOMJD,), and capital gains or losses on its bond holdings 
(BOIVDD,/R,+~ - BONDD,/Rt). The bond dealer pays taxes to the government 
on its profits (TAXD,). After-tax profits are paid to households in the form of 
dividends (DIP’@). The basic equations for the bond dealer are the following: 
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TAX@ = d, IlD, , [taxes paid] (5.3) 

LX VD, = IID, TAXD, , [dividends paid] (5.4) 

DDD, =DDD,mI - (VBILLD, - VBILLD,_,)- 
(BONDD, - BOh’DD,_ , ) 

Equation (5.5) states that the change in demand deposits of the bond dealer is 
equal to minus the change in the value of its bills and bonds and minus the 
capital gains or losses on its bond holdings. Since the bond dealer pays out in the 
form of taxes and dividends any capital gains made in the period (and conversely 
for capital losses), and yet does not receive any cash flow from the capital gains, 
capital gains take away from (and conversely capital losses add to) demand 
deposits. 

In any period the bond dealer is assumed to absorb the difference 
between the supply of bills and bonds from the government and the demand for 
bills and bonds from the banks: 

VBILLD, = VBILLG, - E{ VBILLB,, 3 

BONDD, = BONDG, - ;i BONDB,, 
(5.7) 

The bond dealer is assumed to have a certain desired value of bills 
and bonds, denoted as VBD*, that it aims to hold in inventories each period. 
Now, the total demand for bills and bonds from the banks in, say, period t-lis 
NB 

Z VflB+l. Therefore, the total demand for bills and bonds from both the 
i=l NB 

banks and the bond dealer in period t-1 is C VBBit_l + VBD*. The total 
i=l 

supply of bills and bonds from the government in period t-l is, of course, 
VBILLCt_l + BONDGt_l/R,_l The bond dealer is assumed to have knowledge 

NB 
of E VBBjt_1, VBILLG,1, and BONDGt_1 near the end of period t-l, and it 

i-l 
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is assumed to set at this time the hill rate for period I according to the following 
formula 

BOIWIC,_~ NB 
+ -- 

‘t - *t-1 
-h 

R,-I 
p)- (iFl VoS,,_, + VBD*) 

.h>O. 
It-1 NB 

C VBB,._, + VBD’ 
i=1 I (5.8) 

The numerator of the term in brackets is the excess supply of bills and bonds in 
period t-1, Equation (5.8) thus states that the bond dealer raises the bill rate for 
period t if there was an excess supply of hills and bonds in period f-1 and lowers 
the bill late for period t if there was an excess demand (negative excess supply).b 

It was mentioned in Section 1.2 that banks are assumed to 
communicate to the bond dealer near the end of period t-1 their expectations of 
the future hill rates. All banks are assumed to have the same expectations. Let 
rf+k denote the banks’ expectation of the bill rate for period t+k (k=l, 2,. .). 
Then given the value of rt and given these expectations, the bond dealer is 
assumed to set the bond rate, R,, according to the formula 

I_ IL I I 

Rr (l+“t) 
-+... 

(rw,) (r+r;+,) + (I+~) (l+$+,) (r+r;+,) 6.9) 

The price of a bond, in other words, is set equal to the presented discounted 
value of a perpetual st%un of one-dollar payments, the discount rates being the 
current and expected future bill rates. Equation (5.9) is consistent with 
Equation (2.19) in Chapter Two, which is the equation describing the way that 
hanks expect the bond rate to be set. Since banks are assumed always to expect 
that the bill rate will remain unchanged from its last observed value, the bond 
rate that the bond dealer sets is always equal to the bill rate:< 

R,=r, (5.10) 

It was also mentioned in Section 1.2 that households are assumed to 
communicate to the bond dealer near the end of period t-l their expectations of 
the future bill rates and dividend levels. All households are assumed to have the 
same expectations. Let I,:~ now denote the households’ expectation of the bill 
rate for period t+k (k=I, 2, .), and let DIVF+k denote their expectation of the 
dividend level for period tik (k=O, 1, 2,. .). Then given the value of rf and 
given these expectations, the bond dealer is assumed to set the stock price, PS,, 
according to the formula 
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The stock price, in other words, is set equal to the present discounted value of 
the expected future dividend levels, the discount rates being the current and 
expected future bill rates. Equation (5.11) is consistent with Equation (4.16) in 
Chapter Four, which is the equation describing the way that households a’pect 
the stock price to be set. Since households are assumed always to expect that the 
hill rate will remain unchanged from its last observed value and are assumed 
always to expect that the dividend level will remain unchanged from the level 
expected for period t, the stock price that the bond dealer sets is merelyd 

DI”; 
PS, = - 

It 

DIVE in (5.12) is determined in Equation (4.153 in Chapter Four as the average 
of the past five dividend le~els:~ 

DIi$ =;(DfV,_, +DIV,_2 +DIV,_j +DIVr_q +DIV,_5). (5.13) 

This completes the discussion for the bond dealer. Although the 
bond dealer represents the bill and bond market and the stock market, it is 
important to note that the bond dealer is not an auctioneer. The bond dealer 
sets the bill rate for period t according to the excess supply OI demand situation 
for bills and bonds that exists in period t-l. Any difference between the supply 
of bills and bonds from the government and the demand from the banks in a 
period is absorbed by the bond dealer. Although the bond dealer can be thought 
of as always trying to achieve a zero excess supply and demand for bills and 
bonds in the nexl period, it does not continually call out rates in the current 
period until a zero excess supply and demand for bills and bonds is reached in 
the current period. 

5.3 THE CONDENSED MODEL FOR THE 
GOVERNMENT AND THE BOND DEALER 

The condensed model for the government and the bond dealer is the same as the 
non-condensed model. The equations for the condensed model are presented in 
Table 5-2. The only difference between the equations in Table 5-2 and the 
equations for the non-condensed model is the change in notation for some of the 
variables. 
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Table 5-Z The Government and Bond Dealer Equations for the 

Condensed Model 

(1) P$Cr + W,HPC,+ r,VBILLG,f BONDG, - TAXB,- TAXF, 
- TAXH,,- TAXHz,- TAXD,= VBILLG,- VBILLC,I 

(3) Rc=r,, [equation determining the bond rate1 

(4) PS,= 
f (IX”,, + D,“,2 + DIV,3 + DE’_4 + DIVt-5c) 

rt 
[equation determining 
the stock mice1 

NOTES 

aNB in (5.1) is the number of banks in existence, AT is tbc number of firms, 
andNHis the number of households. 

bin the programming for the non-condensed model, the band dealer was 
assumed to estimate the parameter h in Equation (5.8) each period on the basis of its past 
observations of the correlation between percentage changes in the demand for bills and 
bonds from the banks and percentage changes in the bill rate. The exact procedure by which 
h WE assumed to be estimated is described in the Appendix. 

%I order for the r;+,(k=l, 2, .) in Equation (5 9) to be equai to rl, so that 
(5.10) holds, it must be assumed that the banks know the value ofr, before they form their 
future expectations. Therefore, the bond dealer must be thought of as communicating the 
value of Tc (obtained from (5.8)) to the banks, who then in turn communicate their future 
expectations to the bond dealer. All this communicatioo takes place Neal the end of period 
t-1. 

dThe same assumption regarding the communication flow to and from the 
bond dealer has to be made here as was made for banks in footnote c. 

=I” order for the value of DIV: to be communicated to the band dealer near 
the end of period t-1, the household% must be assumed to know at this time the value of 
DIVr_l. As will be seen in Tables 6-2 and A-2, this assumption introduces a slight degee of 
simultaneity into the model. This simultaneity could have been eliminated by assuming that 
DIV: in (5.13) is the average of the past five dividend levels starting with period r-2, but 
because the degree of simultaneity was so slight, the assumption in ci.13) was retained. 



I Chapter Six 

The Dynamic Properties of 
the Model 

6.1 THE COMPLETE SET OF 
EQUATIONS FOR THE MODEL 

The complete set of equations for the condensed model is presented in Table 
6-2, and the complete set of equations for the non-condensed model is presented 
in the Appendix in Table A-2. For ease of reference, the complete notation for 
the condensed model is presented in alphabetic order in Table 6-1, and the 
complete notation for the non-condensed model is presented in alphabetic order 
in Table A-l. Attention will be concentrated in this chapter on the condensed 
model. 

The equations in Table 6-Z are listed in the order in which the model 
is solved. At the end of period t-1 the bond dealer determines the bill rate, the 
bond rate, and the stock price for period i (Equation (1)). Equations (2) 
through (12) then refer to the decisions made at the beginning of period t before 
any transactions take place. In Equation (2) the government~sets the values of 
the tax parameters (dl. dz, dj, YG, x2) and the value of the reserve reserve 
requirement ratio &) and decides on the number of goods to purchase (XC,), 
the number of worker hours to pay for (HPG,), the value of bills to issue 
(VBZLLG,), and the number of bonds to have outstanding (BOADG,). The 
decisions regarding these variables are treated as exogenous in the model. 

In Equation (3) the bank sector determines the loan rate (RL,), the 
value of bills and bonds to purchase (VBB,), and the maximum amount of 
money to lend in the period (LBnlAXt). As can be seen from Table 2-4 (Chapter 
Two), the important determinants of these variables are the expected level of 
funds for the current period (FUiVDS~, the loan rate of the previous period 
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Table 6-I. The Complete Notation for the Condensed Model in 
Alphabetic Order 

= penalty tax rate on the composition of banks’ portfolios 

= personal tax rats 
= demand deposits of the bank sector 
= demand deposits of the bond dealer 
= actual demand deposits of the firm sector 
= demand deposits set aside by the firm sector for transactions purposes 

= demand deposits ret aside by the firm sector to be used as a buffer to 
meet unexpected decreases in cash flow 

= demand deposits of household i.(i=I,Zl 
= depreciation of the firm sector 
= total dividends paid and received in the CCD~O~Y 

= dividends paid by the bank sector 
= dividends paid by the band de&r 
= dividends paid by the firm sector 

= largest error tix bank sector expects to make in overestimating its 
demand deposits for any period 

= largest error the firm sector expects to make in ovcrestimaling the supply 

of labor available to it for any period 
= largest error the firm sector expez~s to make in underestimating its 

wxkrr hour requirements for any period 

= largest error the bank sector expects to make in overestimating its savings 
deposits for any period 

= excess supply of bilis and bonds [(“HUG, + WONDC,IR,j -, (VWB, + 

YB” *j , 
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Table 6-l. (continued~ 

HPf& 
HPHMAXif 

HPUN, 
INY, 

INWN, 

K: 
KH, 
KMIN, 

4 
LBMAX, 

LFt 
LFMAX, 
LFUN, 

LH, 
LHMAX, 
LHUN, 

L UN* 
m 

M”li 
MH3r 

MH4f 
M”sr 

M”, 

Pt 

PS* 
PUN, 

‘f 
4 

RLt 
SA Vii 

SD, 
SDUN, 

= reserve requixement mtio 
= no-tax propmtion of banks’ portfolio held in bills and bands 
= maximum number of hours that each machine can be used each period 
= total number of worker hours paid for in the economy 
= number of worker hours paid for by the firm sector 
= maximum number of worker hours that the firm sector will pay for 
= maximum number of worker houn that the firm sector would pay for if 

it were not constrained 
= number of worker hours paid for by the government 
= number of hours that household i is paid for (i=I,Z) 
= unconstrained supply of hours of household i (i=I,Z) 
= total unconstrained supply of hours in the economy 
= numba of goods purchased by the firm sector for investment purposes 

(one good = one machine) 
= unconstrained in”eement demand of the firm sector 
= actual number of machines held by the fi sector 
= number of machine hours worked 
= minimum number of machines required to produce Y, 
= total value of loans of the bank sector 
= maximum value of loans that the bank sector will make 
= value of loans taken out by the firm sector 
= maximum value of loam that the firm sector can take out 
= unconstrained demand for loans of the firm sector 
= value of loans taken out by household 2 
= maxh,,um value of loans that household 2 can take out 
= unconstrained demand for loans of household 1 
= total unconatiained,demand for loans 
= length of life of one machine 
= number of worker hours worked on the machines 
= number of worker hours required to handle deviations of inventories 

= number of worka hours required to handle fluctuations in sales 
= number of worker hours requtied to handle fluctuations in worker hours 

paid for 
= number of worker hours required to handle fluctuations in net 

= total number of worker hours required 
= price level 
= price of the aggregate share of stock 
= price level that the fii sector would set if it were not constrained 
= bill mte 
= bond fate 
= loan rate of the bank sector 
= savings net of capital gains or losses of household i (i=1,2) 
= savings deposits of household 1 (and of the bank sector) 
= unconstrained savings deposits of household 1 (corresponding to 

HPHUNIt and XHUN,,) 
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TAX, 

T‘lXBf 
TAXD, 
TAXF. 
TAXH;, 

V* 
ViBr 

= taxes paid by the bank sector 
= taxes paid by the bond dealer 
= taxes paid by the firm sector 
= taxes paid by household i (i=1,2) 
= stock of inventories of the firm sector 
= value “f bills and bonds that the bank sector chooses to purchase 

VBD* 
VBILLB, 
VBILLD, 
VBILLG, 

W* 
WUN, 

X* 
XFMAX, 

XG, 
Xx,, 
XHMAX;r 
XIfUNit 
XIJNN, 

Y, 
YG 

= value of bills and bonds that the bond dealer desires to hold 
= value “f bills held by the bank wctor 
= value of bills held by the bond dealer 
= value of bills issued by the government 
= wage rate 
= wage rate that the fiim sector would set if it were not constrained 
= total “umber of goods sold in the economy 
= maximum “umber of goods that the fum sector will sell 
= “umber of goods purchased by the government 
= “umber of goods purchased by household i (i=I,Zj 
= maximum “umber of goods that household i an purchase (i=I,Zj 
= ““constrained demand for goods af household i (<=I,,?) 
= total unconstrained demand for goods 
= total “umber of goods produced 
= minimum guaranteed level of income (also can be thought of as the level 

YHi, 
YQJN, 

of transfer payments to each household) 
= before-tax income excluding capital gains “I losses of household i (i=1,2) 
= “umber of goods that the firm sector would plan to produce it it were 

not constrained 
= amount of output produced per worker hour 
= mount of output produced pa machine hour 
= before-tar profits of the bank sector 
= before-tax profits of the bond dealer 
= before-tax profits of the firm sector 

Model 
Table 6-2. The Complete Set of Equations for the Condensed 

Table 6-l. kxntinuedl 

= total taxes paid 

(1) rt. R,. and PS, are determined by the bond dealer at the end of period f-l. 
See (42) and (62) below for the determination of the values for period WI. 

(2) TXe g”vemme”t sets dl, d2 dj. YG, g,, g2 XG,, HPG,, VBILLG,, and 
BONDG,. 

(3) The bank variables RLt, VBB,. and LBMAX, are determined as in Table 2-4. 

(4) LHMAX, = ( 
LHUNt_l 

LXUNt_I+LFUNt_, 
, LB.&%X,. [allocation of the aggregate loan 

constraint to household 2 and 
the fin” sector] 



The Dynamic Properties of the Model 107 

Table 6-2. hxmtinuedl 

(5) LFMAX, = LBMAX, - LHMAX,. 

(6) The firm variables PC, ‘NV,, YF, W,, LFr, HPFMAX!, XFMAXr, INVI/Nf, and 

LFUNt are determined as in Table 3-4. 

(7) The variables HPHUNl f and XH”N, f for household 1 and the variables 

HPHUNzr, XHUNzr, and LHUN, for household 2 axe determined as in 

Table 4-6. 

(8) 
HPHUNI f 

HpHMAXIt = (HPHUNI r+HP”“N2, 
) (HPFMAXt + HPG,). (allocation of the 

aggregate hours 
ConStraint to 
households 1 and 
21 

(9) HPHMAXz, = (HPFMAXt+HPGtj - HPHMAX1, 

(10) XH.t4‘4XIt = ~XHu~~;;uN-KxFMxl*t - Nvv, - XGJ. 
If Zr [allocation of the aggregate goods 

constraint to households 1 and 21 

(11) XHMAX*,=(XFMAX,-INV,-XG,)-XxMAXI, 

(12) The variables HPHlt are XHlr for household 1 and the variables HPHzr, XHzf, 

LH, for household 2 .a~ determined as in Table 4-6. 

(13) X”Nf=XHUN,, + XHUNZt+INVUNf + XG,. [ a8mwte unconstrained 
demand for goods] 

(14) LON, = LFUN, + LHUNt. [aggregate unconstrained demand for loans] 

(15) HPUNt = HPHUNl t + HPHUNzN2,. [aggregale unconstrained su&@,’ of labor] 

(16) X, = XHI f i XHZr + INV, + XC,. [aggregate number of goods sold] 

(17) I., = LF, + LX?. [aggregate value of loans] 

(18) HP,=HPH,,+HPHz,. [total number of worker hours paid for] 

(19) HPF, = HP, HPG,. [number of worker hours allocated to the firm sector] 

(20) KF=Kf_I +INV, -INV,,. [actual number of machines on hand] 

(21) v, = v,_, + y; X,. [Equations (21) (29) are concerned with the deter- 
mination of output and inventories.] 

Y? 
(22) Mfqt = T. 

(23) MH$! = bJVr -@,x,)2. 

(24) MH,#, = ,9,(X,-X,,)2. 

(2% MHJr 
2 

= P_,CHPF,_I-HPFr-2) 
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(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

Table 6-Z. (continuedI 

MH6*= P5(K; - K;_$ 

IfMHf z HPF,, tbenMH, =HPF,; Y,= maximum amount that can be 

produced given K;. X, and MH,; and V, = V,mI + Y, - X,. 

Yt KMIN, = z. [minimum number of machines needed to produce Y,] 
I 

1 
DEP* = m(PgNVr+. +P,_,+l IIc’V,_,+I). [depreciation] 

~Ft=PtY,-WtHPFr-DEPI-RL~,Ff+(Pf-Pf_,,V,l. 
[before-tax profits of the firm sector1 

TAXF,=d, nFt, ,taxes of the firm ~ectorl 

DIVFr = nFt - TAXFt. [dividends of the firm sector] 

CF, = Prt - WrHpFt P&N”* - RL,LF,. [grass cash flow of the fvln sector1 

CTt = CF, - TAXFt DIVF, 

=DEP* m~$,vV~ +Pt_IVf_I -P,Y,. [cash flow net of taxes and 
dividends of the firm sector] 

DDFf=DDFf_l + LF, - LFt_, + CTz. [demand deposits of the firm sector] 

VBILLD, = 0. [value of bills held by the band dealer] 

VBILLB,= VBILLGt. [value of bills held by the bank sector] 

BONDB,=R,(“BB,m VBILLBJ. [ number of bonds held by the bank sector] 

BONDD, = BONDG, - BONDB,. [number of bonds held by the bond dealer] 

The bond dealer determines ,-t+l and Rf+, as in equations (2) and (3) (led 0°C 
period) in Table5-2. 

“Dt = EONDD, + 
BONDDi BONDD, 
( -- - ~1. [before-tax profits of the band 

Rt+1 Rt dealer] 

TAXD, = dl nD,. [taxes of tie bond dealer, 

DIVD, = IID, TAXD,. [dividends of the band dealer, 

BONDD, BONDD, 
DDDt=DDDr_l -( ~ _ ----_). [dcmand de_~asits of the bond Rt+I 

Rt dealer] 

DDHlr’ y,P$Hlt. [demand deposits of household I] 



The Dynamic Properties of the Model 109 
Table 6-2. Icontinued) 
(48) DDHZr = 7,PryxZl. [demand deposits of household 21 

(49) DDB,=DDF,+DDD,+DDHI, + DLX,2r. [total value of demand deposits] 

(50) YHZt = Ws/pH2,. [before-tax income of household 2, 

(51) TAXH2,= d3 (YHzt - RLtLH,) - YG. [taxes ofhousehold 21 

(52) SAVZt = YHzr- TAXHJt-P,XH,, - RL,LH,. [savings of household 2, 

[Equations (53) - (62) are solved simultaneously] 

(53) CG, = PS,+I - PS,. [capital gains or losses afhousehold l] 

(54) YH, t = WtHPHl f + ‘*SD, + DIV,. [income net of capital gains 01 losses of 
household 1, 

(55) TAXHI,= dgWHlt+CG,) YG. [taxes of household 11 

(561 SAVlt= YHIrm TAXHI,-PfxH,,. [ savings net of capital gains 01 losses of 
household 1, 

(57) SD,= SD,_1 - (DDH,, -DDH,,_,) +SAVlr. [savimgsdeposits of 
household 11 

(58) 
BOMB, BONDB, 

nB,=RL&+ r,VBILLBr t BONDB, -r,SD,t (------ 
R~+I 

----_). 
R, 

[before-tax profits of the bank sector1 

(59) =AXB, =dl “Br +dz LV% -M”BBr+Lt)lz. [taxes of the bank sector, 

(60) DIVB, = nBr - TAXB,. [dividends of the bank sectorl 

(61) OlV, = DIVFr +DIVD, +DIVBt. [total value of dividendsl. 

%DZVt i DW_, +DZV,_z +DZV,_j +DW_J 
(62) PSiil =_S~ 

rt+1 

(63) TAX,= TAXHlt+ TAXHz,+ TAXF,+ TAXD, + TAXB,. [total value Of 
taxes] 

BOMB, 
(64) BR,=DDB,+SD,-Lt- VBILLB,---- 

R~+I 
[bank men’es] 

=,3Rr_I + P,XC, + W,HPG, t r,VBILLCt + BONDG,- TAX, 

- (VBILLC, - VBILLGt_,) - 
( 

BONDG,- BONDGf_I 

Rt j. 
[government budget constraint] 

(RL,_l), the bill rate for the current period (rt)-the bill rate for the current 
period having already been set by the bond dealer-the unconstrained demand 
for loans of the previous period @UN_,), and the no-tax proportion (g2) of 

bills and bonds. The expected level of funds for the current period is a function 
of the rwwe requirement ratio and of the level of demand deposits and savings 
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deposits of the previous period [FUNDSj = (I-gl)(DDBr_l - EMAXDD) + 
(SD-I - EMAXSD)]. 

In equations (4) and (5) the loan constraint from the bank sector is 
allocated to the household (LHM4Xr) and firm (LFM4Xt) sectors. The 
allocation is based on the ratio of the sector’s unconstrained demand for loans of 
the previous period to the total unconstrained demand for loans of the previous 
period. These two equations are new and have not been discussed in the previous 
chapters. 

In Equation (6) the firm sector determines the price of goods (Pt), 
the number of goods to purchase for investment purposes (INV,), the planned 
level of production (I’$), the wage rate (W,), the amount of money to borrow 
(LF,), the maximum number of worker hours to pay for in the period 
(HPFM4X,), and the maximum number of goods to sell in the period 
(XFMaX,). The unconstrained demands for investment goods (INVUN~) and for 
loans (IYUN~) are also by-products of the decisions of the firm sector. Two of 
the important determinants of the decision variables of the firm sector are the 
current loan rate (RI+) and the current loan constraint (LFMAXt), both of 
which are available from the bank sector’s decisions. As can be seen from Table 
3-4 (Chapter Three), other important determinants of the decision variables are 
the lagged values of the price level @‘_I), the inventory-sales ratio (L’-I/ 
/3IX,_I), the sales level (X,_I), the amounts of excess labor (M’P~-~/MH,_I) 
and excess capital (K~_‘_,/KMIN~_l) on hand, the wage rate (Wt..I), and the 
aggregate unconstrained (HPUN+I) and constrained (W-1) supplies of labor. 

In Equation (7) the household sector determines the unconstrained 
supply of labor (HPHUNl r and HPHLIN~J, the unconstrained demand for goods 
(XHUNl, and XHUN~f), and the unconstrained demand for loans (LHUiv,). In 
equations (8) and (9) the hours constraint is allocated to households 1 and 2 
(HPH&iX,, and HPHMAX2,). The allocation is based on the ratio of the 
household’s unconstrained supply of labor for the current period to the total 
unconstrained supply of labor for the current period. The total number of hours 
to be allocated is the sum of the maximum number from the firm sector a&the 
number the government chooses to pay for. 

In Equations (10) and (11) the goods constraint is allocated to 
households 1 and 2 (XhWAXl, and XI%+UX~~). The allocation is based on the 
ratio of the household’s unconstrained demand for goods for the current period 
to the total unconstrained demand for goods from the household sector for the 
current period. The total number of goods to be allocated is the maximum 
number the iinn sector will sell, less the number of goods the firm sector 
chooses to purchase for investment purposes and the number the government 
chooses to purchase. As mentioned in Section 1.2 (Chapter One), the firm sector 
and the government are assumed to get all the goods that they want to purchase, 
and the household sector is the one that is assumed to be subject to a goods 
constraint. Equations (8) - (11) are new and have not been discussed in previous 
chapters. 
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In Equation (12) the household sector determines the constrained 
supply of labor (HHf~t and HPHzr), the constrained demand for goods (XY], 
and X&), and the constrained demand for loans (mr,). The loan, hours, and 
goods constraints for the current period are important determinants of the 
decision variables of the household sector, all the information on the constraints 
being available from the prior decisions of the bank and firm sectors and the 
government. As can be seen from Table 4-6 (Chapter Four), other variables that 
may be important determinants of the decision variables, depending on the 
degree to which the constraints are binding, are the proportional tax parameter 
(d3), the minimum guaranteed level of income (YG), the previous period’s 
savings deposits (S&I) and loans (L&I), and the current period’s price of 
goods (Pt), wage rate (IV,), bill rate (I~), loan rate (RL,), and stock price (PS,). 

After the household sector makes its decisions in Equation (12), 
transactions take place. Equations (13) through (64) refer to these transactions 
and complete the determination of all the variables in the model. Equations 
(13)-(H) define the aggregate unconstrained demand for goods, demand for 
ioans, and supply of labor, respectively, and Equations (16)m(18) do likewise 
for the total constrained quantities. The constrained quantities are the actual 
quantities traded in the period. Equation (19) determines the actual number of 
worker hours that the firm sector receives, which is the difference between the 
total number of hours supplied and the number purchased by the government. 
The government receives all the labor that it wants in the period, and the firm 
sector receives the rest. Equation (20) defines the actual number of machines on 
hand in the current period. 

Equations (Z-(29) determine the output and inventory levels of 
the firm sector. Equation (21) defines the level of inventories that would exist if 
the firm sector produced the amount planned. Equations (22)-(27) determine 
the level of worker hour requirements for the planned output. If this level is less 
than the number of worker hours on hand, then the actual values of production 
and inventories are the plannedvalues (Equation (28)). If the level is greater than 
the number of worker hours on hand, then the firm sector must produce less 
than originally planned. In this case the firm sector produces the maximum 
amount it can with the number of worker hours that it has on hand (Equation 
(29)). The computation of output (Y,) in Equation (29) requires the solution of 
a quadratic equation in output.” Equation (30) then defines the minimum num- 
ber of machines required to produce the output of the period. 

Equations (31)-(37) determine the financial variables of the firm 
sector: depreciation, before-tax profits, taxes, dividends, total cash flow, cash 
flow net of taxes and dividends, and demand deposits. These equations have all 
been discussed in Chapter Three, and the only difference between the equations 
in Table 6-2 and the equations in Chapter Three is the change of notation for the 
condensed model. 

Equations (38)-(41) determine the allocation of bills and bonds to 
the bank Sector and the bond dealer. The bond dealer is assumed to hold no bills 
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(Equation (38)), so that all the government bills are allocated to the bank sector 
(Equation (39)). The bank sector holds the rest of its demand for bills and bonds 
in bonds (Equation (40)), and the bond dealer absorbs the difference between 
the supply of bonds from the government and the demand from the bank sector 
(Equation (41)). Since the bank sector is indifferent between holding bills OI 
bonds, the allocation of VBBt between bills and bonds can be done in any arbi- 
trary way. ‘Ihe choice here was merely to assume that the bond dealer never held 
any bills, so that the bank sector always held all of the bills issued by the govern- 
ment. The rest of VBB, was then allocated to bonds. This procedure assumes, of 
cowse, that VBBr is always greater than K¶ILLGt, which it was for the simula- 
tion results below. 

Enough information on bills and bonds is now available for the bond 
dealer to be able to determine the value of the bill rate and the value of the bond 
Iate for the next period (Equation (42)). Equations (43)-(46) determine the 
other variables of the bond dealer: before-tax profits, taxes, dividends, and de- 
mand deposits. These equations are the same as the equations in Chapter Five. 

Equations (47) and (46 determine the demand deposits of the 
household sector, and Equation (49) determines the total level of demand de- 
posits of the bank sector. Equations (50)-(52) determine the before-tax income, 
taxes, and savings of household 2. Equations (47)-(48) and (SO)-(52) are the 
same as in Chapter Four, with the appropriate change of notation. 

Equations (53)-(62) form a system of ten linear simultaneous 
equations. The simultaneity comes about for two reasons. One reason is that the 
level of savings deposits of household 1 is a function of the level of dividends, 
while the level of dividends from the bank sector is a function of the level of 
savings deposits. The other reason is that the bond dealer needs to know the 
level of dividends for period f in order to set the stock price for period ~1, and 
yet the stock price for period t+l is needed to compute the capital gains or 
losses of household 1 for period t. The level of capital gains or losses has an 
effect on the level of the savings deposits of household 1 and thus on the level of 
dividends of the bank sector. The level of capital gains has an effect on 
household l’s savings deposits because household 1 pays taxes on its capital 
gains, and the level of taxes has an effect on household l’s savings in the period. 
Capital losses, of course, have the opposite effect from capital gains. Since the 
level of dividends of the bank sector (which is the cause of both simultaneity 
problems) is small, the degree of simultaneity in the model is not very 
important, and no attempt was made to eliminate the simultaneity by specifying 
a more recursive structure. 

Equations (53)-(57) define tbe variables for household 1: capital 
gains or losses, before-tax income, taxes, savings net of capital gains OT losses, 
and the level of savings deposits. These equations are the same as in Chapter 
Four, with the appropriate change of notation. Equ:tions (58)-(60) define the 
variables for the bank sector: before-tax profits, taxes, and dividends. These 
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equations are likewise the same as in Chapter Two, with the appropriate change 
of notation. Equation (61) defines the total level of dividends in the economy, 
and Equation (62) defines the stock price for the next period as set by the bond 
dealer. 

Equation (63) determines the total value of taxes collected by the 
government. Equation (64) determines the level of bank reserves. Because of the 
government budget constraint, the level of bank reserves can be determined in 
two ways: one way using the equation for the government budget constraint, 
+d one way using the definition of bank reserves as the sum of demand and 
savings deposits less the sum of loans and bills and bonds held. A good test that 
the model has been programmed correctly is to compute the level of bank 
rewves both ways in Equation (64) and check to see if both answers are the 
same. 

Once the value of bank reserves for period r has been computed in 
Equation (64), enough information is available for the model to be solved for 
period t+l, starting with equation (2). The values computed for period I 
obviously have an important effect on the values for period t+I. The aggregate 
unconstrained demand for loans in Equation (14), for example, has a positive 
effect on the loan rate for the next period (Equation (2) in Table 2.4), and the 
aggregate unconstrained supply of labor in Equation (15) has a negative effect 
on the wage rate for the next period (statements [15] and [36] in Table 3-4). 
The aggregate unconstrained demand for goods in Equation (13) does not, 
how&w, have any effect on next period’s values. As discussed in Chapter Three, 
the firm sector is assumed not to observe this demand. The unconstrained 
demand is computed in Equation (13) because values for it are presented in 
Table 6-6 below. The difference between the unconstrained and constrained 
demands for goods is one measure of the disequilibrium nature of the economy. 

There are many links in the model between the financial variables 
and the real variables. Interest rates, for example, have an important influence 
on the decisions of the firm and household sectors, as does the loan constraint 
from the bank sector. The stock price also influences the decisions of household 
1. The savings behavior of household 1, on the other hand, influences the 
decisions of the bank sector with a lag of one period. The borrowing behavior of 
the firm sector and household 2 also influences the decisions of the bank sector 
with a lag of one period. 

One important property of the model, as stressed before, is that all 
of the flows of funds between the behavioral units have been~ accounted for. 
Accounting for these flows already provides important links between the real 
and financial sectors even without considering interest rate effects. In order to 
see the flow of funds constraints in the model more explicitly, the model has 
been translated in terms of the flow-of-funds accounts in Table 6-3. Except for 
the value of common stocks, which is an asset of the household sector, but not a 
liability of the bank, firm, and bond-dealer sectors, the total stock of assets in 
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Table 6-3 must equal the total stock of liabilities. This is another useful 
restriction that can be used to test whether the model has been progammed 
correctly. 

The model can also be translated in terms of the national income 
accounts, and this is done in Table 6-4. On the income side, the capital gains or 
losses of the bank sector and the bond dealer must be subtracted from profits in 
the computation of the national income accounts definition of profits. Also, the 
national income accounts defmition of profits must be adjusted for inventory 
valuation before being added to wages, capital consumption allowances, ahd net 
interest to compute gross national product on the income side. Another good 
test that the model has been programmed correctly is to compute gross national 
product in the three ways in Table 6-4 and check to see if all three answers are 
the same. 

A natural definition of the unemployment rate in the model, 
denoted as URt, is 

where, as above, HPt is the aggregate constrained supply of labor (and the actual 
amount traded) and HPUN~ is the aggregate unconstrained supply of labor. On 
this definition it is possible for the unemployment rate to be negative. If 
household 2 is constrained in its borrowing behavior, but not in the number of 
hours that it can work, then, as described in statement [lo] in Table 4-6, the 
household chooses to work more. This means that the unconstrained supply of 
labor of household 2 in this case is less than the consttained supply, which, 
depending on the values for household 1, can cause the aggregate unemployment 
rate to be negative. There is, of course, no frictional unemployment in the 
model, so that “full employment” corresponds to a zero unemployment rate. 
‘Ihe fact that there is no frictional unemployment in the model is a consequence 
of not treating search as a decision variable of the households. 

The only important exogenous variables in the model are the 
government values presented in Equation (2) in Table 6-2. One useful way of 
analyzing ,the properties of the model is to see how the model responds to 
various changes in these variables, and the purpose of the next section is to carry 
out such an analysis. Because of the complexity of even the condensed version 
of the model, the properties of the model cannot be shown in any convenient 
graphical way. The condensed model consists of a set of difference equations 
along with algorithms for determining some of the key variables of the model. 
The non-condensed model consists of a set of difference equations along with a 
set of optimal control problems that are solved each period to determine some 
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Table 6-4. National Income Accounts for the Condensed Model 

Expenditure Side 

(1) Consumption (real) = XHlf + XHsr 

(2) Consumption (money) = Pt(XH*, + Xxzt) 
(3) Fixed Investment (real) = JNVr 
(4) Fixed Investment (money) = PrINVr 
(5) Government Expenditures on Goods (realj = XG, 
(6) Government Expenditures on Goods (money) = PtXGi 
(7) Government Expenditures on Labor (real) = HPG, 
(8) Government Expenditures on Labor (money) = WcHPGt 
(9) Inventory Investment (real) = V* - “t-1 

(10) Inventory Investme”* (money) = P,(V,_V,I) 
Gross National Product (real) = (I) + (3) + (5) + (7) + (9) 
Grass National Product (money) = (2) + (4) + (6) + (8) + (10) 

Income Side 

(1) Wager = Wr(HpHjt * HPHzrj 
(2) Before-Tax Profits Net of Capital Gains and Losses = 

( ( 
BONDD, BONDD 

I!B- f ) +nF,+nD,- --___ 
RI+I ‘Qt 

(3) lnvenlory Valuation Adjustment = -CPr - P~_~)V+I 

(4) Profits and Inventory Valuation Adjustment = (2) + (3) 
(5) Capital Consumption Allowances = DEP, 

65) Net Interest = r*SD, - RLtLH1- BOND& - r,VBILLG, 
Gross National Product (money) = (1) + (4) + (5) + (6) 

Production Side 

(1) Reduction of Goods (real) = Y, 
0) Production of Goods (money) = PiYt 

(3) Government Expenditures an Labor (real) = HPG, 

(4) Government Expenditures on Labor (money) = W,HPC, 
Gross National Rodud (real) = (I) + (3) 
Gross National Produa (money) = (2) + (4) 

of the ,key variables. Since neither of these versions is open to any convenient 
graphical analysis, one must resort to analyzing the properties of the model by 
means of computer simulation, as is done in the next section. 

6.2 THE RESPONSE OF THE MODEL TO 
SHOCKS FROM A POSITION OF 
EQUILIBRIUM 

In this section the results of twelve experiments will be described. Each of the 
experiments corresponds to changing one or two government values for period f. 
The twelve experiments are: 

1. A decrease in the number of goods purchased by the government in period 
r (XC,: -5.0). 
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2. An increase in the value of bills issued in period t (VBILLG,: +5.0). 
3. An increase in the number of goods purchased by the government in 

period i (XC,: +5.0). 
4. A decrease in the value of bills issued in period r (VBILLC,: -5.0). 
5. A combination of experiments 1 and 4 (XC,: -5.0 and VEILLG,: -5.0). 
6. A combination of experiments 2 and 3 (XC,: +5.0 and VBILLG,: +5.0). 
7. An increase in the personal income tax parameter in period t (d3: 

+0.00.X54 in period t). 
8. A decrease in the personal income tax parameter in period t (d3: -0.00554 

in period t). 
9. A decrease in the minimum @armteed level of income in period t (YG: 

-2.5 in period t). 
10. An increase in the minimum guaranteed level of income in period t (YG: 

+2.5 in period t). 
Il. A decrease in the number of worker hours paid for by the government in 

period f (M’Gt: -5.0). 
12. An increase in the number of worker hours paid for by the government in 

period t (HpGt: +5.0). 

For all the experiments only the government values for period f were changed. 
The values for periods i+l and beyond were changed back to the original values. 
It should be noted, however, that when the tax parameters d3 and YG were 
changed in period t, the households wete assumed to expect in period f that the 
change would be permanent. Then in period t+l, when the original value was 
returned to, the households were assumed to expect that the original value 
would be permanent. 

It is also important to note that except for experiments 5 and 6, 
only one government variable was changed at a time. When, for example, the 
number of goods purchased by the government was decreased for period t in 
experiment 1, no change was made in either the value of bills 01 the number of 
bonds issued. This meant that any surplus in the government budget resulting 
from the decrease in spending led to a decrease in bank reserves. No results are 
presented in Table 6-6 of changing the number of bonds issued by the 
government (BUADG,) and of changing the reserve requirement ratio (81), since 
the effects of these changes are similar to the effects of changing the value of 
bills issued; 

The base run from which the changes were made was a run in which 
none of the variables changed from period to period. By an appropriate choice 
of the constant terms (in the equations in Tables 2-4, 3-4, and 46), the various 
parameter values, the initial conditions, and the government. values, it was 
possible to concoct a run in which the model simply repsated itself each period. 
When the model repeats itself each period, it will be said to be in equilibrium. 
The experiments described in this section are thus characterized as experiments 
in which the model in period f is shocked from a prior position of equilibrium. 
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The shock is a one-period shock in the sense that the value of the shocked 
variable for periods,ttl and beyond is returned to the equilibrium value. 

The parameter values, initial conditions, and government values that 
were used for the base run are presented in Table 6-S. Only the values that are 
needed to solve the model for period t are presented in the table. The run for 
period I is assumed to start with Equation (3) in Table 6-2, so that the values of 
r,, R,, and P&, which are set by the bond dealer “ear the end of period t-l, are 
presented in Table 6-5. The government values for period f and for all future 
periods are also presented in Table 6-5. One of the tricks involved in concocting 
a run that repeated itself was to choose the values of the constant terms in 
Equations (2) and (3) in Table 2-4, Equation (1) in Table 3-4, and Equations (Z), 
(3), (l)‘, and (2)’ in Table 4-6 in appropriate ways. Basically, what was done was 
to pick a consistentb set of values of the endogenous variables for period t-l and 
the” choose the values of the constant terms and a few of the other parameters 
so that this set would be the set of solution values for period f. Most of the 
parameter values in Table 6-5 are the same as were used for the simulation 
results in Chapters Two through Four. The adjustment-cost parameters Pz, 03, 
and ps are, however, smaller in Table 6-5 than they are in Table 3-2. The firm 
sector is double the size of firm i in Chapter Three, and because the adjustment 
costs are deviations squared, doubling the size of firm i causes more than a 
doubling of the cost of any given aggregate deviation. Before, the aggregate 
deviation would be split between the two timx, but now it occus all in the firm 
sector. Consequently, the values of the four parameters were lowered for the 
condensed model. The values for the endogenous variables were chosen, 
whenever possible, to be of the same order of magnitude as data that existed for 
the U.S. economy. 

The results for the base r”” are presented in Table 6-6 for periods f, 
t+l, and t+2. The first three variables in the table are real GNP, the 
unemployment rate, and the government surplus or deficit. Real GNP is defined 
in Table 6-4, the unemployment rate is defined in Equation (6.1), and the 
government surplus or deficit is the left-hand side of Equation (1) in Table 5-2. 
Except for the last five variables, the remaining variables in Table 6-6 are 
presented in roughly the order in which they are determined in Table 6-2. Some 
of the less important variables in Table 6-2 have been omitted from Table 6-6 
because of space limitations. A number of unconstrained values for the firm and 
household sectors are presented in Table 6-6, in addition to the maximum values 
and the constrained values, so that the reader can see how the constraints affect 
the decisions of the two sectors. 

A “umber of expected or planned values are also presented in Table 
6-6, in addition to the actual values, so that the reader can see when expectation 
err”~s have been made. LBMAX, for example, is the bank sector’s expectation of 
the unconstrained and constrained demands for loans, and WA’ and L are the 
actual unconstrained and constrained demands for loans, respectively. L cannot, 



The Dynamic Properties of the Model 7 79 

Table 6-5. Parameter Values, Initial Conditions, and Government 
Values for the Bare Run in Table 6-6 

The Government 

dl =O.S BO>~DG?_.I = 12.025 
d2 = 0.0028 BONDI;,+* = 12.025 (k=O.l,. .) 
d3=0.1934 HPG,+k = 120.7 Ck=O.l, .I 
8) = 0.1667 VBILLGr-l = 185.0 
g2 = 0.2956 VBILLGt+k = 185.0 Ck=O,i, .I 
YG=O.O XG++k = 56.5 Ck=O,l, .I 

The Bond Dwler 

VBD*=30.0 rt = 0.06500 
h=O..?S R, = 0.06500 

BO.WDDt_I = 1.5s VBILLDtel = 0.0 
DDD,_1 =30.0 

EMAXDD = 3.8 DDBf_, = 192.2 
EMAXSD = 20.2 L”lv-* =810.2 
BR*_1 =55.4 RLrml = 0.07500 

DDF2 = 5.0 
EMAXHP + EWAXMH = 25.5 
8=1.0 
m=lO 
P, =a.125 
02 = a 001 
03 = 0.015 
04 = 0.005 
115 = 0.025 
PI4 = 0.07108 
h, = 1.3212 
p* = I. 684 
HPt-, = 758.0 

Household I 

HPFr-I = 63 7.3 
HPF+2 = 637.3 
HPWeI = 758.0 
INVc_I =_ =INVr_,+j = SO.0 
Kg1 = 500.0 
K.WNt_l = 500.0 
LF,_, = 328.1 
LFUN-1 = 328.1 
MHt_I = 637.3 
P,1= = P,_,+1 = 1.0000 
vr_, = 105.3 
w*-* = I.0000 
Xc_* = 842.0 

-r* = 0.1609 PS, = 1146.4 
DDH,r-l = 60.1 SD,_, = 1013.4 
D/V~_I =. = DW-4 = 74.5 

Household 2 

y, = 0.1605 LH,_r = 482.1 
DDHqt-r =51.8 LHLW-, = 482.1 



120 A Model of Macroeconomic Activity Volume I: The Theoretical Model 

Table 6-6. Results of Solving the Condensed Model 

Real GNP 
“R 
Surplus (+I 
or Deficit (-j 
r 
PS 
FUNDSe 
RI. 
VBB 
LBMAX 
LHMAX 
LFMAX 
LFUN 
PUN 
INVUN 
Y%N 
W”N 
HPFMAXUN 
LF 
P 
INV 

;: 

VP 
w 
HPFMAX 
KQ/KMINp 
HPFMAXjMHp 
MHS 
HPH”N~ 
XHUN] 
HPHKIN2 
XHL’Nz 
LHL’N 
HPH.WAXI 
HPHM.4Xz 
HPHl 

XHI 
SD p 
HPHZ 

Xx, 
LH 
X”N 

962.7 
0.0000 

0.0 

X 
LUN 
L 
HP”N 
“P 
HPF 

MHq 
Y 

” 
“F 

0.06500 

842.0 

0.06500 

842.0 

0.06500 

842.0 EXBB 

1146.4 1146.4 1146.4 
1150.2 1150.2 1150.2 

0.07500 0.07500 0.07500 
340.0 340.0 340.0 
810.2 810.2 810.1 
482.1 482.1 482.1 
328.1 328.1 328.1 
328.1 328.1 328.1 

1.0000 1.0000 1.0000 
50.0 50.0 50.0 

842.0 842.0 842.0 
1.0000 1.0000 1.0000 

637.3 637.3 637.3 
328.1 328.1 328.1 

1 .oooo 1.0000 1.0000 
50.0 50.0 50.0 

842.0 842.0 842.0 
842.0 842.0 842.0 
105.2 105.2 105.2 

1 .OOOO 1.0000 1 .OOOO 
637.3 637.3 637.3 
1.000 1.000 1.000 
1.000 1.000 1.000 

0.0 0.0 0.0 
323.0 323.0 323.0 
373.8 373.8 373.8 
435.0 435.0 435.0 
321.7 321.7 321.7 
482.1 482.1 482.1 
323.0 323.0 323.0 
435.0 435.0 435.0 
323.0 323.0 323.0 
373.8 373.8 373.8 

1013.3 1013.3 1013.3 
435.0 435.0 435.0 
321.1 321.7 321.7 
482.1 482.1 482.1 

TAXF 
c?r’ 
DDF 
VBNLB 
BONDB 
BONDD 
nr, 
TAXD 
CGD 
DDD 
DDH* 
DDHZ 
DDB 

YHZ 
TAXHZ 
SA V2 
CG 

YHI 
TAXH, 
SA VI 
SD 
CGB 
r* 
TAXB 
DlVB 
DI” 
TAX 
BR 
BR** 

W,X) 
HPR/MH 
f?JKMIN 

I+, 

962.7 

0.0000 
0.0 

t+z 
962.7 

0.0000 
0.0 

t *+* t+z 

0.0 

~______ 
842.0 

0.0 

842.0 

0.0 

842.0 
810.2 810.1 810.1 
810.2 810.1 810.1 
758.0 758.0 758.0 
758.0 758.0 758.0 
637.3 637.3 637.3 

0.0 0.0 0.0 
842.0 842.0 842.0 
105.2 105.2 105.2 
130.1 130.1 130.1 

65.0 65.0 65.0 
0.0 0.0 0.0 

50.3 50.3 50.3 
185.0 185.0 185.0 
10.07 10.07 10.07 

1.95 1.95 1.95 
1.95 1.95 1.95 
0.98 0.98 0.98 
0.00 0.00 0.00 
30.0 30.0 30.0 
60.1 60.1 60.1 
51.8 51.8 51.8 

192.2 192.2 192.2 
435.0 435.0 435.0 

77.1 77.1 77.1 
0.0 0.0 0.0 
0.0 0.0 0.0 

463.4 463.4 463.4 
89.6 89.6 89.6 

0.0 0.0 0.0 
1013.3 1013.3 1013.3 

0.0 0.0 0.0 
17.0 17.0 17.0 

8.5 8.5 8.5 
8.5 8.5 8.5 

74.5 74.5 74.5 
241.3 241.3 241.3 

55.4 55.4 55.4 
55.4 55.4 55.4 

1.000 1.000 1.000 
1 .a00 1.000 1.000 
1.000 1.000 1.000 
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Table 6-6. kontinued) 

Real GNP 
“R 

Surplus CC) 
or Deficit (-) 

r 

PS 
FUNDF 
RL 
VBB 
LBMAX 
LHMAX 
LFMAX 
LF”N 
PUN 
IN ““N 
YPUN 
W”N 
HpFMAX”N 
LF 
P 
INV 
YP 
,xe 
VP 
W 
HPFMA X 
@/IaiINP 
Ni’FMA X/MI@’ 
MHfi 
Hpx”N, 
XHUNI 
HPHUN~ 
XHUNz 
LHUN 
“PHMAX, 
.YPIfMA XJ 
HPH] 

XHI 
Sop 
HPZI~ 

X*2 
I,H 

Experiment I (XC,;.S.0) 
f r+* wz 

962.2 955.3 955.7 x 
0.0000 0.0035 0.0052 LUN 

4.5 -4.7 -3.7 L 
HP”N 

0.06500 0.06500 0.06505 HP 
‘146.4 1145.6 1131.7 HPF 
1150.2 1146.4 1146.8 MHQ 

0.07500 0.01507 0.07517 Y 
340.0 338.9 339.0 V 
810.2 801.5 807.8 w 
482.1 480.5 478.8 TAXF 
328.1 327.0 329.0 CT 
328.1 330.8 326.3 DDF 

1.0000 0.9979 0.9914 VBILLB 
50.0 48.9 49.4 BONDB 

842.0 837.3 835.0 BONDD 
1.0000 0.9987 0.9961 m 

631.3 636.6 634.1 TAXD 
328.1 326.8 326.3 CGD 

1 .oooo 0.9985 0.9974 DOD 
50.0 47.3 49.4 LmJ, 

842.0 834.6 835.0 DDH2 
842.0 837.4 836.3 DDB 
105.2 106.9 107.0 KY2 

1.0000 0.9977 0.9961 TAXHI 
637.3 634.6 634.1 SAV2 
1.000 1.003 1.002 CG 
1.000 1.004 1.003 YH* 

0.0 0.0 0.0 TAXHI 
323.0 322.7 323.2 SAVE 
373.8 373.5 373.0 SD 
435.0 435.3 435.6 CGB 
321.7 321.2 320.8 IIB 
482.1 481.5 479.7 TAXB 
323.0 321.6 321.5 DIVB 
435.0 433.7 433.3 LIIV 
323.0 321.6 321.5 TAX 
373.8 372.9 312.2 BR 

_ 
I ‘+I r+2 

-, 
,837-O 836.1 836.5 
310.2 812.3 806.0 
819.2 807.3 805.1 
758.&a., 758.0 758.7 
758.0 ‘.Y 755.3 754.8 
637.3 634.6 634.1 

0.4 0.0 0.0 
841.5 834.6 835.0 
109.7 108.3 106.8 
129.6 125.8 127.0 

64.8 62.9 63.5 
-4.5 4.1 2.0 
45.8 48.7 SO., 

185.0 185.0 185.0 
10.07 10.00 10.02 

1.95 2.02 2.0, 
1.95 2.00 1.99 
0.98 1.00 1.00 
0.00 -0.02 -0.02 
30.0 28.9 29.1 
60.1. 59.9 59.7 
51.8 51.3 51.1 

187.7 188.8 190.1 
435.0 432.7 431.6 

77.1 76.7 76.5 
0.0 1.1 1.5 

-0.8 -7.9 -6.0 : 
463.1 458.9 458.9 

89.4 87.2 87.6 
-0.1 -0.7 0.1 

1013.3 1012.8 1013.1 
0.0 -0.1 -0.1 

17.0 16.7 lb.6 
8.5 8.3 8.3 
8.5 8.3 8.3 

74.3 72.2 12.8 
240.8 236.2 236.9 

50.9 55.5 59.2 
54.7 54.8 55.0 

1.049 1.036 1.021 
1013.3 1013.1 1012.9 BR*= 

435.0 433.7 433.3 V/@gl 
321.7 319.3 318.4 HPF/MH 1.000 1.004 1.003 
482.1 480.5 418.8 ~,K.WN 1.001 1.003 1.002 
837.0 840.1 839.7 EXBB 0.0 1.1 0.9 x&v 
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Table~6-6. kontinued) 

Real GNP 
UR 
Surplus (+) 
or Deficit (-1 
r 
PS 
FlJNDSe 
RL 
VBB 
LBMAX 
LHMAX 
LFMAX 
LFUN 
PUN 
INVUN 
YPUN 
WUN 
HPFMA X UN 
LF 
P 
INV 
YP 
xe 
VP 
w 
HPFMAX 
~IKMINP 
HPFMAX/M@ 
MHf 
HP”“NJ 
XHUNl 
ffPHc/Nz 
XHUNz 
LHUN 
HPHMAXl 
HPHMAXz 
HPHl 

XHI 
sop 
HPHZ 

XH2 
LH 
XUN 

962.7, 961.7 958.7 
o.oooc! O.UO28 0.0035 

-,:4 -0.4 -2.2 

/ 
dO6500 0.06522 0.06524 

1146.4 1142.0 1141.3 
1150.2 1146.8 1149.2 

0.07500 0.07516 0.07517 
340.0 339.0 339.7 
810.2 807.8 809.5 
482.1 480.7 481.2 
328.1 327.1 328.3 
328.1 328.1 329.2 

1 .oooo 1.0002 0.9991 
50.0 50.0 49.4 

842.0 842.0 838.6 
1.0000 1.0001 0.9982 

637.3 637.3 636.4 
328.1 327.1 328.2 

1 .oooo 1.0004 0.9992 
50.0 49.6 49.0 

842.0 841.3 838.0 
842.0 841.9 838.8 
105.2 104.6 106.9 

1.0000 0.9998 0.9979 
637.3 636.8 635.9 
1.000 1.000 1.002 
1.000 1.000 1.003 

0.0 0.0 0.0 
323.0 324.0 323.7 
373.8 373.0 372.7 
435.0 435.6 435.6 
321.7 321.1 320.8 
482.1 481.0 479.8 
323.0 323.1 322.5 
435.0 434.4 434.0 
323.0 323.1 322.5 
373.8 372.5 372.1 

1013.3 1015.7 1017.3 
435.0 434.4 434.0 
321.7 319.9 320.2 
482.1 480.7 480.4 
842.9 840.5 839.3 

f 

X 842.0 
LUN 810.2 
L 810.2 
HPUN 758.0 
HP 758.0 
HPF 637.3 
MHq 0.0 
Y 842.0 
v 105.2 

nF 130.1 
TAXF 65.0 
@ 0.0 
DDF 50.3 

VBILLB 190.0 

BONDB 9.75 

BONDD 2.28 

IID 2.16 
TAXD 1.08 
CGD -0.12 

DDD 25.1 
DDHl 60.1 
DDHz 51.8 
DDB 187.3 

yH2 435.0 
TAXH2 77.1 
SA V2 0.0 
CG -4.4 

YHI 463.3 
TAXHI 88.7 
SA VI 0.7 
SD 1014.1 
CGB -0.5 
IIJ 16.4 
TAXB 8.2 
D, VB 8.2 

DIV 74.3 

TAX 240.2 

BR 51.8 

BR*’ 54.6 

Vl#,x) 1.000 
HPF/MH 1.000 
rp/~MlN 1.000 
EXBB 5.0 

f+l t+2 

838.5 837.8 
809.2 808.9 
807.8 808.6 
759.6 759.3 
757.5 756.6 
636.8 635.9 

0.2 0.0 
841.0 838.0 
107.8 107.9 
130.2 128.1 
65.1 64.1 
-2.2 0.9 
47.1 49.1 

185.0 185.0 
10.05 10.09 

1.98 1.93 
1.97 1.94 
0.99 0.97 

-0.01 0.01 
29.7 30.4 
60.0 59.8 
51.5 51.5 

188.2 190.8 
434.3 433.1 

77.0 76.8 
1.1 0.3 

-0.8 -3.3 
463.6 461.6 

89.5 88.6 
1.4 1.1 

1015.7 1017.0 
0.0 0.0 

16.5 16.6 
8.3 8.3 
8.3 8.3 

74.4 73.3 
240.9 238.8 

57.2 59.4 
54.7 55.2 

1.028 1.031 
1.000 1.002 
1.000 1.002 

0.4 -0.4 



The Dynamic Properties of the Model 123 

Table 6-6. (continued) 

Experiment 3 (XGf+S.O) 
t r+, t+z 

Real GNP 

UR 
Surplus (+I 
or Deficit (-1 
r 
PS 
FUNDfl 
RL 
VBB 
LBMAX 
LHMA X 
LFMAX 
LFlJN 
PUN 
INVUN 
l@UN 
WUN 
/mGMAXLw 
LF 
P 
INV 
YP 
p 
VP 
W 
HPFMAX 
K=/.&tfINp 
HPFMAXIMM 
MHP 
HPHUNl 
XH”N, 
HPHUNz 
XH”Nz 
LH”N 
HPHMAXl 
fiPH.MA X* 
HPHl 

XHI 
SD?’ 
MPH2 

XH2 
LX 
X”N 

0.06500 0.06500 0.06494 
1146.4 1145.6 1147.4 
1150.2 1154.7 1151.3 

0.07500 0.07492 0.07479 
340.0 341.3 340.3 
810.2 813.4 811.0 
482.1 484.0 486.2 
328.1 329.4 324.8 
328.1 322.4 324.3 

1 .OOOO 1.0025 1.0037 
50.0 51.4 50.1 

842.0 844.4 844.5 
1 .oooo 1.0022 1.0039 

637.3 639.2 639.2 
328.1 322.4 324.3 

1.0000 1.0025 1.0037 
50.0 51.4 50.1 

842.0 844.4 844.5 
842.0 846.4 843.0 
105.2 97.7 99.3 

1.0000 1.0022 1.0039 
637.3 639.2 639.2 
1.000 1.000 1.000 
1.000 1.000 1.000 

0.0 0.0 0.0 
323.0 323.2 323.2 
373.8 373.5 373.9 
435.0 434.6 434.1 
321.7 321.8 322.3 
482.1 482.7 484.0 
323.0 324.1 324.3 
435.0 435.8 435.6 
323.0 323.2 323.2 
373.8 313.5 373.9 

1013.3 1013.2 1012.5 
435.0 434.6 434.1 
321.7 321.8 322.3 
482.1 482.7 484.0 
847.0 843.2 842.8 

962.1 962.0 961.6 
0.0000 0.0000 0.0000 

-5.5 0.4 -0.1 

x 
L”N 
L 
HP”N 
HP 
HPF 

MH4 
Y 
V 

IIF 
TAX8 

IF 
DDF 
VBILLB 
BONDB 
BONDD 
rw 
TA XD 
CGLI 
DDD 
DDHl 
DDH2 
DDB 

YH2 
TAXH2 
SA V2 
CG 

YHI 
TAXHl 

s4 VI 
SD 
CGB 
IIB 
TA XB 
DI VB 
DIV 
TAX 
BR 
RR”” 
VlloIx) 

HPFIMH 
KnjKMIN 
EXBB 

t+, t+2 

847.0 843.2 842.8 
810.2 805.1 808.3 
810.2 805.1 808.3 
758.0 757.8 757.2 
758.0 757.8 757.2 
637.3 637.1 636.5 

0.4 0.2 0.0 
841.4 841.3 840.9 

99.7 97.7 95.8 
129.5 130.9 130.6 
64.8 65.4 65.3 

5.6 0.3 1.8 
55.9 50.5 54.1 

185.0 185.0 185.0 
10.07 10.16 10.09 

1.95 1.86 1.94 
1.95 1.89 1.94 
0.98 0.94 0.97 
0.00 0.03 0.00 
30.0 31.3 30.2 
60.1 60.2 60.4 
51.8 51.9 52.0 

197.8 194.0 196.7 
435.0 435.5 435.8 

77.1 77.2 77.3 
0.0 -0.5 -1.2 

-0.8 1.8 0.6 
463.1 464.6 464.8 

89.4 90.2 90.0 
-0.1 -0.1 -0.4 

1013.3 1013.1 1012.5 
0.0 0.1 0.0 

17.0 16.8 16.8 
8.5 8.4 8.4 
8.5 8.4 8.4 

74.2 74.8 74.7 
240.8 242.2 242.0 

60.9 60.4 60.5 
56.3 55.7 56.1 

0.942 0.927 0.910 
1.000 1.000 1.000 
1.001 1.004 1.004 

0.0 -1.3 -0.2 
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Table 6-6. (continued1 

Real GNP 
“R 

Surplus c+j 
01 Deficit (-1 
r 

PS 

FLiNDSe 
RI. 
Yi?B 
L&WAX 
LHMAX 
LFMAX 
LFtiN 
PUN 
INVU.W 
YPUN 
W"N 
HPFMAXUN 
LF 
P 
IN" 
YP 
x 
VP 
w 
HPFMAX 
KQ/KMINp 
HFFMAXiMHp 
MH$ 
HPH"Nl 
XHUNl 
ffPHlJN2 
X.W"NJ 
LH"N 
HPHMAX, 
HPHMAXz 
HPHl 
XHI 
SDP 
HPHZ 
XHz 
LH 
X"N 

962.7 960.4 961.5 
0.0000 0.0000 -0.0008 

1.4 -0.6 -0.3 

0.06500 0.06478 0.06477 
1146.4 1150.9 1150.6 
1150.2 1153.5 1150.6 
0.07500 0.07484 0.07483 
340.0 340.9 340.1 
810.2 812.5 810.5 
482.1 483.5 482.7 
328.1 329.1 321.8 
328.1 328.0 323.8 
1.0000 0.9998 1.0010 
50.0 50.0 49.9 
842.0 842.0 841.9 
1.0000 0.9999 1.0014 
637.3 637.3 637.3 
328.1 328.0 323.8 
1.0000 0.9998 1.0010 
50.0 50.0 49.9 
842.0 842.0 841.9 
842.0 842.1 842.8 
105.2 105.2 100.9 

1.0000 0.9999 1.0014 
637.3 631.3 637.3 
1 .ooo 1.000 1.000 
1 .ooo 1.000 1.000 

0.0 0.0 0.0 
323.0 322.0 322.2 
373.8 374.5 374.5 
435.0 434.3 434.3 
321.7 322.2 322.3 
482.1 483.1 484.1 
323.0 322.7 322.8 
435.0 435.3 435.1 
323.0 322.0 322.2 
373.8 374.5 374.5 
1013.3 1010.7 1008.7 
435.0 434.3 434.9 
321.7 322.2 321.5 
482.1 483.1 482.7 
842.0 843.1 843.2 

x 
LUN 

I. 
HPUN 

HP 
HPF 
MHd 
Y 
v 
nF 
TAXF 

CF 
DLJF 
VBlLLB 

BONDB 

nD 
TAXD 
cm 
DDD 
DDH, 
DDHz 
DDB 
YHz 
TAXI{2 
SAV2 
CC 
YHI 
TAXH, 
x.4 VI 
SD 
CGB 
IL@ 
TAXB 
DIVB 
DIV 
TAX 
RR 
BR** 
y/@lx) 
HPFIMH 
~/KMIA 
EXBB 

f t+i t+2 

842.0 843.1 842.5 
810.2 811.1 808.0 
810.2 811.1 806.6 
758.0 756.3 756.6 
758.0 756.3 757.1 
637.3 635.6 636.4 

0.0 0.0 0.0 
842.0 839.7 840.8 
105.2 101.8 100.1 
130.1 129.4 ‘30.2 
65.0 64.7 65.1 

0.0 3.5 1.6 
50.3 53.7 51.1 

180.0 185.0 185.0 
10.40 10.10 10.05 

1.63 1.92 1.98 
1.71 1.93 1.97 
0.85 0.96 0.98 
0.08 0.01 -0.01 
34.9 30.3 29.5 
60.1 60.2 60.3 
51.8 51.8 51.8 

197.1 196.1 192.7 
435.0 434.3 435.5 

77.1 77.0 77.2 
0.0 -1.0 0.3 
4.4 -0.3 -0.3 

463.5 461.8 462.6 
90.5 89.2 89.4 
-0.8 -1.9 -1.7 

1012.6 1010.6 1008.8 
0.5 0.0 -0.1 

17.6 17.4 17.0 
8.8 8.7 8.5 
8.8 8.7 8.5 

74.7 74.3 14.6 
242.3 240.6 241.2 

59.0 54.6 54.9 
56.2 56.0 55.5 

1.000 0.966 0.950 
1.000 1.000 1.000 
1.000 1.003 1.001 

-5.0 -0.3 0.5 
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Table 6-6. kontinued) 

Real GNP 

UR 
Surplus (+, 
or Deficit (-1 
r 

PS 
FUNDSe 
RL 
VBB 
LBMAX 
LHMAX 
LFWAX 
LFUN 
PUN 
INYUN 
YPUN 
WLW 
HPFkfAXUN 
LF 
P 
INV 
YP 
xe 
w 
w 
HPIWAX 
h%WINp 
HPFMAXIMHp 
MfG 
HPHUNl 
XIII/N1 
HPHUNz 
XHUN2 
LHliN 
HPHMAXJ 
HPHMAXz 
HPHI 
XHI 
sop 
HPHZ 
XHz 
LX 

‘%perimenr 5 (XC,: 
r i+1 

962.2 956.1 
0.0000 0.0007 

5.9 -4.4 

0.06500 0.06478 
1146.4 1150.1 
1150.2 1149.7 

0.07500 0.07491 
340.0 339.8 
810.2 809.9 
482.1 481.9 
328.1 328.0 
328.1 330.8 

1 .OOOO 0.9977 
50.0 48.9 

842.0 837.3 
1 .oooo 0.9986 

631.3 636.6 
328.1 327.8 

1.0000 0.9981 
50.0 47.7 

842.0 835.4 
842.0 837.5 
105.2 107.6 

1 .oooo 0.9979 
637.3 635.1 
1.000 1.003 

959.2 X 
0.0021 L”N 

-1.3 L 
HPUN 

0.06482 HP 
1142.5 HPF 
1147.9 MH$ 

0.07499 Y 
339.3 V 
808.6 IIF 
479.1 EiXF 
328.8 @ 
325.2 DDF 

0.9985 VBILLB 
50.2 BONDB 
838.5 BONDD 
0.9980 nD 
635.0 TAXD 
325.2 CCD 
0.9985 DDD 
50.2 DDHj 
838.5 DDHz 
839.5 DDB 
104.6 Yff2 
0.9980 TAXH2 
635.0 SAV2 
1.000 CC 

1.000 1.004 1.001 

0.0 0.0 0.0 

323.0 321.8 322.4 
373.8 374.4 373.9 
435.0 434.6 434.9 
321.7 321.8 321.5 
482.1 482.6 482.1 
323.0 321.5 321.7 
435.0 434.3 434.0 
323.0 321.5 321.7 
373.8 374.3 313.6 

1013.3 1010.7 1008.9 
435.0 434.3 434.0 
321.7 321.1 319.0 
482.1 481.9 479.7 

YHI 
TAXHI 
SAVl 
SD 
CGB 
nB 
TAXB 
DIVB 
DIV 
TAX 
BR 
Im** 

Vl@IX, 
HPF/MH 
KniKMIlI 

t *+I fi2 

837.0 839.6 839.3 
810.2 813.3 807.3 
810.2 809.7 805.0 
758.0 756.4 757.4 
758.0 755.8 755.1 
637.3 635.1 635.0 

0.4 0.1 0.0 
841.5 835.4 838.5 
109.7 105.5 104.7 
129.6 125.4 129.4 
64.8 62.7 64.1 
-4.5 6.5 0.3 
45.8 52.1 49.9 

180.0 185.0 185.0 
10.40 10.03 10.00 

1.63 2.00 2.02 
1.71 1.98 2.00 
0.85 0.99 1.00 
0.08 -0.02 -0.03 
34.9 29.2 28.8 
60.1 60.1 60.0 
51.8 51.6 51.2 

192.7 193.0 189.9 
435.0 433.4 433.1 
77.1 16.8 76.8 
0.0 0.0 1.9 
3.6 -7.5 -2.3 

463.2 458.6 460.6 
90.3 87.2 88.6 
-0.8 -2.2 -1.0 

1012.5 1010.4 1009.4 
0.5 -0.1 -0.1 
17.6 17.1 16.8 

8.8 8.6 8.4 
8.8 8.6 8.4 

74.4 72.3 74.1 
241.9 236.3 239.5 

54.5 53.9 55.2 
55.5 55.5 55.0 

I.049 1.005 0.998 
1.000 1.004 1.001 
1.001 1.003 1.000 

XUN 837.0 841.6 842.2 EXBB -5.0 0.8 1.2 
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Real GNP 
“R 
Surplus (+I 
01 Deficit (-, 
I 
PS 
FUNDSe 
RL 
VBE 
LEMAX 
LHMAX 
LFMAX 
LFUN 
PUN 
INVUN 
YPUN 
WUN 
HPFMAXUN 
LF 
P 
INV 
YP 
xe 
VP 
w 
HPFMAX 
KalK,WNP 
HPFMAXIMHP 
MH$ 
HPHUNl 
XHUN, 
HPHUN2 
XHUN2 
LHUN 
HPHMAX, 
HPHMAXZ 
HPHl 

XHI 
sop 
HPHz 

XH2 
LH 
XW 

962.1 964.1 962.8 
0.0000 0.0000 0.0000 

-6.8 0.9 1.0 

0.06500 0.06522 0.06518 
1146.4 1141.2 1143.0 
1150.2 1151.4 1150.9 

0.07500 0.07507 0.07495 
340.0 340.4 340.2 
810.2 811.0 810.7 
482.1 482.6 485.6 
328.1 328.4 325.1 
328.1 322.5 328.5 

1 .oooo 1.0027 1.0027 
50.0 51.4 50.2 

842.0 844.4 844.7 
1.0000 1.0023 1.0026 
637.3 639.2 639.3 
328.1 322.5 325.0 

1 .oooo 1.0027 1.0032 
50.0 51.4 48.8 

642.0 844.4 842.4 
842.0 846.3 842.0 
105.2 91.1 101.4 

1.0000 1.0023 1.0017 
637.3 639.2 631.6 
1.000 1.000 1.000 
1.000 1.000 1.000 

0.0 0.0 0.0 
323.0 324.3 323.7 
373.8 372.9 372.6 
435.0 435.2 434.6 
321.7 321.3 321.2 
482.1 481.7 481.9 
323.0 324.4 323.7 
435.0 435.5 434.6 
323.0 324.3 323.7 
373.8 372.9 372.6 

1013.3 1015.8 1017.1 
435.0 435.2 434.6 
321.7 321.3 321.2 
482.1 481.7 481.9 
847.0 842.1 840.5 

x 
LUN 
L 
HPlLW 
HP 
HPF 

MH4 
Y 
” 

nF 
TAXF 
Z? 
DDF 
“BlLLB 
BONDB 
BONDD 
m 
TAXD 
CGD 
DDD 
DDHl 
DDH2 
DDB 

“Hz 
TAXH2 
SA V2 
CG 

YHI 
TAXHI 
SA VI 
SD 
CGB 
nB 
TAXB 
DIVB 
DIV 
TAX 
BR 
BR** 

VI@lX) 
HPFIMH 
Ky/KMiN 
EXBB 

f ffl r+2 

847.0 842.1 839.1 
810.2 804.2 810.4 
810.2 804.2 806.9 
758.0 759.5 758.3 
758.0 759.5 758.3 
637.3 638.8 637.6 

0.4 0.4 0.1 
841.4 843.4 842.1 

99.7 101.0 104.0 
129.5 131.4 131.8 
64.8 65.7 65.9 

5.6 -3.0 -2.0 
55.9 47.3 47.7 

190.0 185.0 185.0 
9.75 10.13 10.12 
2.28 1.89 1.91 
2.16 1.91 1.92 
1.08 0.96 0.96 

-0.12 0.02 0.01 
25.1 31.0 30.7 
60.1 60.2 60.1 
51.8 51.8 51.8 

192.9 190.3 190.4 
435.0 436.2 435.3 

77.1 77.4 11.2 
0.0 0.5 -0.3 

-5.2 1.8 2.3 
463.0 466.1 465.6 

88.5 90.5 90.5 
0.7 1.7 1.4 

1014.0 1015.7 1017.1 
-0.5 0.1 0.1 
16.4 16.4 16.4 

8.2 8.2 a.2 
8.2 8.2 8.2 

14.1 74.8 75.1 
239.7 242.7 242.8 

51.2 61.4 60.4 
55.5 55.1 55.1 

0.942 0.959 0.992 
1.000 1.000 1.000 
1.001 1.001 1.000 

5.0 -1.0 -0.7 
- 
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Real GNP 

“R 
Surplus (+j 
or Deficit (-1 
I 
PS 
FuNuSe 
RL 
VBB 
LBMAX 
LHMAX 
LFMAX 
LFUN 
PUN 
INVVN 
YPUN 
WUIV 
HPFMA X UN 
LF 
P 
IN” 
YP 
xe 
VP 
w 
HFFMAX 
K%MINP 

Table 6-6. kontinued) 
_ 

Experimcnr 7 (dj:+O.O05544) 
f t+, r+z 

955.6 958.4 959.2 
-0.001s 0.0058 0.0041 

2.0 -2.5 -0.5 

HPFMAXIMHP 1.000 1.000 1.000 

MHf 0.0 0.0 0.0 
HPHVN~ 319.6 323.8 323.4 
XHUN, 371.8 374.5 372.9 
HPH”Nz 432.3 435.7 435.1 
XHVh’z 320.2 322.2 321.0 
LHVN 484.8 482.0 482.1 
HPHMAXl 322.2 321.9 322.1 
HPHMAXz 435.8 433.1 433.3 
HPH, 319.6 321.9 322.1 

XHI 371.8 373.5 372.2 
sop 1010.2 1009.2 1009.4 
HP@ 433.4 433.1 433.3 

mz 318.7 320.7 320.3 
LH 482.1 482.2 482.7 

0.06500 0.06500 0.06503 
1146.4 1143.5 1139.8 
1150.2 1147.9 1146.2 

0.07500 0.07511 0.07504 
340.0 339.3 338.8 
810.2 808.6 807.4 
482.1 482.2 482.7 
328.1 326.4 324.7 
328.1 324.2 324.1 

1.0000 1.0000 1.0003 
50.0 47.5 50.5 

842.0 837.7 838.5 
1.0000 1.0019 0.9990 

637.3 634.4 634.7 
328.1 324.2 324.1 

1 .oooo 1.0000 1.0003 
50.0 47.5 50.5 

842.0 837.7 838.5 
842.0 837.0 838.1 
105.2 103.8 103.1 

1 .oooo 1.0019 0.9990 
637.3 634.4 634.7 
1.000 1.000 1.000 

x 
LUN 
L 
HPUN 
HP 
HPF 

MHq 
Y 
V 

IIF 
TAXF 
CF 
DDF 
“BKLB 
BONDB 
BONDD 
rw 
TAXD 
CGD 
DDD 
DDHl 
DDH2 
DDB 

Ytrz 
TAXHz 
SA v* 
CG 

YHI 
TA XX, 
s.4 VI 
SD 
CGB 
II6 
TAXB 
DIVB 
DIV 
TAX 
BR 
BR** 
V/@lX) 
HPF/MH 
KQiKMIN 

f fi, r+z 

837.0 838.2 839.5 
812.9 806.2 806.2 
810.2 806.5 806.8 
751.9 759.5 758.5 
753.0 755.1 755.4 
632.3 634.4 634.7 

0.4 0.0 0.0 
834.9 837.7 838.5 
103.1 102.6 101.6 
128.0 128.0 130.6 

64.0 64.0 65.3 
2.2 2.7 0.3 

52.5 51.3 51.5 
185.0 185.0 185.0 
10.07 10.03 10.00 

1.95 1.99 2.02 
1.95 1.98 2.00 
0.98 0.99 1.00 
0.00 -0.01 -0.02 
30.0 29.3 28.9 
59.8 60.1 59.9 
51.3 51.6 51.5 

193.6 192.3 191.9 
433.4 434.0 432.8 

79.0 76.9 76.7 
-0.5 0.2 -0.5 
-2.9 -3.7 -0.3 

458.8 461.6 462.2 
90.7 88.6 89.3 
-3.7 -0.4 0.5 

1010.0 1009.3 1010.0 
0.0 -0.1 -0.1 

17.2 17.0 16.8 
8.6 8.5 8.4 
8.6 8.5 8.4 

73.6 73.5 74.7 
243.3 239.0 240.7 

53.4 55.9 56.3 
55.6 55.4 55.3 

0.985 0.980 0.968 
1.000 1.000 1.000 
1.009 1.000 1.000 

XVN 838.5 840.7 840.9 EXBfJ 0.0 0.7 1.1 
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Table 6-6. kontinuedl 

Eq,eri,,,c,,f 8 (dj:-0.00554) 
f ff, r+z 

Real GNP 
m 

Surplus (+I 
or Deficit C-j 
r 

PS 

FUhrDSe 
RI_ 

VBB 

LEAfA X 

LHMAX 
LFMAX 
LF”N 

P”N 
,NV”N 
YPUN 
W”N 
HPFMAXUIk 

LF 

P 
INV 
YP 

x 
VP 

w 
HPFMAX 

0.065Ocl 
1146.4 

1150.2 

0.07500 

340.0 
810.2 

482.1 

328.1 
328.1 

1 .oooo 

50.0 
842.0 

1.0000 
637.3 

328.1 
1.0000 

50.0 
842.0 

842.0 
105.2 

1.0000 

637.3 

1.000 KQIK.WNp 
HPfi,,AX/MW 

MH$ 
HPmw~ 

XHL’NI 

HPHUNJ 
XHIJNZ 
LH “hi 
HPHMAXl 
HPHMAXz 
HPHj 

Mf 
SDP 
HPHz 

XH2 
LH 

1.000 1.otlo 1.000 Y”l 
0.0 0.0 0.0 TA XHI 

326.6 322.2 322.3 SA V, 

375.9 312.4 373.6 SD 

437.8 434.0 434.0 CGB 

323.3 320.7 321.8 IIB 

479.3 481.4 482.8 TAXB 

323.9 323.1 322.6 DIVB 

434.1 435.3 434.4 DIV 

323.9 322.2 322.3 TAX 

374.5 372.4 373.6 BR 

1016.0 1016.1 1015.5 BR- 

434.1 434.0 434.0 VI(IIIx) 
321.9 320.7 321.8 HPF/MH 

480.7 481.4 482.8 Ka/KMI\ 

962.7 960.1 
0.0083 0.0000 

-5.0 0.8 

0.06500 
1146.0 
1153.6 

0.07487 
341.0 
812.6 
402.4 
330.2 
327.0 

1.0003 
50.3 

842.4 
0.9970 
637.6 
327.0 

1.0003 
50.3 

842.4 
842.8 
104.0 

0.9970 
631.6 
1.000 

960.4 X 
0.0000 LUW 

-0.1 L 
HPUN 

0.06496 HP 
1148.6 HPF 

1153.5 MH4 
0.07481 Y 

341.0 v 

812.5 nF 
483.9 TAXF 

328.7 m 
326.5 DDF 

1.0000 VBILLB 

49.0 BONDB 
840.7 BONDD 

0.9990 m 
636.4 TAXD 

326.5 CGD 
1.0000 DDD 

49.0 DDHl 
840.7 DDHz 

840.0 DDB 

104.5 YH2 
0.9990 TAXHz 

636.4 SAV2 
1.000 CG 

f f+I *+2 

842.9 839.9 840.9 
807.4 808.4 809.3 
808.8 808.4 809.3 
764.4 756.2 756.4 
758.0 756.2 756.4 

631.3 635.5 635.7 
0.0 0.1 0.0 

842.0 839.4 839.7 
104.3 103.8 102.7 

130.1 131.6 130.3 
65.0 65.8 65.2 

0.9 0.3 2.1 
51.2 50.4 52.0 

185.0 185.0 185.0 
10.07 10.14 10.13 

1.95 1.88 1.89 
1.95 1.90 1.91 
0.98 0.95 0.95 
0.00 0.02 0.02 
30.0 31.0 30.8 
60.2 59.9 60.1 
51.8 51.6 51.8 

193.2 192.9 194.7 
434.1 432.7 433.6 

74.8 76.7 76.9 
1.4 -0.9 -1.2 

-0.4 2.6 0.7 
464.3 462.3 462.5 

87.1 89.9 89.6 
2.7 -0.1 -0.7 

1015.9 1016.1 1015.3 
0.0 0.1 0.1 

16.7 16.7 16.8 
8.4 8.4 8.4 
8.4 8.4 8.4 

74.4 75.1 74.5 
236.3 241.8 241.0 

60.4 59.5 59.7 
55.6 55.5 55.8 

0.990 0.989 0.977 
1.000 1.000 1.000 
1.000 1.004 1.001 

0.0 -1.0 -0.9 X”N 845.7 839.9 840.9 EXBB 
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Table 6-6. kontinuedl 

Red GNP 

UR 
Surplus (+) 
or Deficit C-j 

I 

PS 
FUND? 
RL 
“BB 
LBM‘4X 
LXMAX 
LFMAX 
LFUN 
PUN 
mvUN 
YPUN 
WCJN 
HPFMAX”,~ 
LF 
P 
INV 
YP 
xe 
I@ 
w 
HPFlwAX 
jyo/KMINp 

Experiment 9 (YC:-2.5) 
r t+I r+2 f r+l f+Z 

962.3 

0.0051 
4.7 

0.06500 
1146.4 

1150.2 
0.07500 

340.0 
810.2 
482.1 
328.1 
328.1 

1.0000 
50.0 

842.0 
1 .OOOO 

637.3 
328.1 

1.0000 
50.0 

842.0 
842.0 
105.2 

1 .OOOO 
637.3 
1.000 

HPFMAXiMxV 
MH$ 
HPHUN , 
XHUN,’ 
UPHUN 
XHUN2 
LHUN 
HPHMAXI 
HPHMAX2 
HP”1 

x*1 
SOP 
HPH2 

XH2 
LH 

1.000 
0.0 

325.0 
372.9 
436.9 
320.8 
482.0 
323.3 
434.7 
323.3 
372.1 

1013.1 
434.7 
319.3 
482.1 

956.5 
0.0022 

-2.8 

954.9 
0.0047 

-4.7 

0.06500 0.06505 
1145.9 1141.1 
1146.2 1145.0 

0.07507 0.07520 
338.8 338.4 
807.4 806.5 
480.4 478.5 
327.0 328.0 
330.3 327.6 

0.9983 0.9970 
49.1 49.1 

838.1 834.2 
0.9969 0.9955 

636.7 634.3 
326.8 327.6 

0.9987 0.9970 
47.7 49.1 

835.8 834.2 
838.2 835.5 
106.6 108.4 

0.9960 0.9955 
635.0 634.3 
1.003 1.003 

X 
L”N 
L 
HPUN 
HP 
HPF 

MH4 
Y 
y 

IIF 
TAXF 
m 
DDF 
“BlLLW 
BONDB 
BONDD 
IlD 
TAXD 
CGD 
DDD 
DDHl 
DDH2 
DDB 

YXZ 
TAXH2 
SA V2 
CG 

1.004 
0.0 

322.3 
372.7 
435.1 
320.4 
481.8 
321.6 
434.1 
321.6 
372.3 

1012.8 
434.1 
318.6 

1.004 YHI 
0.0 TAXHl 

322.9 SAV] 
373.0 SD 
435.7 CGB 
320.6 “B 
479.6 TAXB 
321.4 DIVB 
433.6 DIV 
321.4 TAX 
372.3 WR 

1012.8 WR** 
433.6 v/(51X) 
318.3 HPFIMH 
478.5 FiKMIN 

837.9 835.1 836.2 
810.1 812.1 807.2 
810.2 807.2 806.2 
761.9 757.4 158.6 
758.0 755.7 755.0 
637.3 635.0 634.3 

0.3 0.1 0.0 
841.6 835.8 834.2 
109.0 109.7 107.7 
129.7 127.9 125.8 

64.9 63.9 62.9 
-3.7 1.6 2.9 
46.6 46.8 50.5 

185.0 185.0 185.0 
10.07 10.00 9.98 

1.95 2.03 2.04 
1.95 2.00 2.01 
0.98 1.00 1.01 
0.00 -0.02 -0.03 
30.0 28.8 28.6 
59.9 59.8 59.7 
51.4 51.2 51.1 

187.8 186.7 189.9 
434.7 432.4 431.7 

79.6 76.6 76.5 
-0.4 1.5 1.8 
-0.5 -4.8 -8.1 

463.5 459.4 458.0 
92.0 87.9 87.0 
-0.6 -0.4 -0.1 

1013.1 1012.7 1012.7 
0.0 -0.1 -0.1 

17.0 16.7 16.6 
8.5 8.3 8.3 
8.5 8.3 8.3 

74.3 73.3 72.2 
246.0 237.8 235.8 

50.7 53.5 58.2 
54.7 54.5 55.0 

1.041 1.051 1.031 
1.000 1.003 1.004 
1.000 1.803 1.003 

X”N 840.2 838.6 839.2 EXWW 0.0 1.2 1.4 
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Table 6-6. (continued) 

Experimenr IO (YG:+Z.J) 
t ,+1 r+2 

Real GNP 
u.Q 
Surplus (+) 

or Deficit (-) 
r 
PS 
FUiVD.+ 
RL 
VBB 
LBMAX 
LHMAX 
LFMAX 
LF"N 
PUN 
/NYUN 
YPUN 
WUN 
HPFMAXUN 
LF 
P 
IN" 

s 
VP 
W 
"PFNAX 
K=/KMINP 
HPFMAXiMXp 
MHa" 
HPH"Nl 
XHllN* 
INHUN2 
XHUN2 
LHUN 
HPHMAXl 
HPHMAXz 
HPHl 

XHI 
SLIP 
HPHJ 

XH2 
LH ' 
XUN 

1.000 
0.0 

321.0 
374.7 
433.1 
322.6 
482.1 
322.6 
435.3 
321.0 
374.7 

1013.2 
433.1 
322.6 
482.1 
843.8 

957.4 962.0 960.8 
0.0000 0.0007 0.0000 

-7.0 0.2 -0.2 

0.06500 0.06500 0.06493 
1146.4 1144.3 1145.8 
1150.2 1155.9 1150.6 

0.07500 0.07490 0.07471 
340.0 341.7 340.1 
810.2 814.2 810.5 
482.1 484.5 487.9 
328.1 329.7 322.6 
328.1 319.2 323.3 

1.0000 1.0024 1.0035 
50.0 49.6 51.2 
042.0 841.3 843.3 
1.0000 1.0032 1.0037 
637.3 636.9 638.4 
328.1 319.2 322.6 
1.0000 1.0024 1.0036 
50.0 49.6 50.9, 
842.0 841.3 842.8 
842.0 043.2 841.8 
105.2 96.3 98.4 

1 .oooo 1.0032 1.0035 
637.3 636.9 638.1 
1.000 1.000 1.000 

1.000 
0.0 

323.5 
373.9 
434.6 
322.3 
482.8 
323.3 
434.3 
323.3 
373.8 

1013.0 
434.3 
322.2 
482.9 
842.3 

1.000 
0.0 

323.1 
373.7 
433.7 
322.4 
484.7 
323.9 
434.8 
323.1 
373.7 

1012.3 
433.7 
322.4 
484.7 

YHI 
TAXHI 
SAVI 
SD 
CGB 
m 
TAXB 
DIVB 
DIV 
TAX 
BR 
BR** 
V/(BlX) 
HFE/MH 
K~/KMlN 

843.8 EXBB 

x 
L “Iv 
I. 
HPUN 
HP 

HPF 

MN4 
Y 
Y 
w 
TAXF 
?S 
DLJF 
VBILLB 
BONDB 
BONDD 
llD 
TAXD 
CGD 
DDQ 
DDHl 
DDHJ 
DDB 

"Hz 
TAXH2 
&Iv2 
CG 

I WI t+z 

843.8 842.1 843.5 
810.2 802.0 808.0 
810.2 802.1 807.2 
754.1 758.1 156.8 
754.1 757.6 756.8 
633.4 636.9 636.1 

0.0 0.0 0.0 
836.7 841.3 840.1 

98.2 97.4 94.0 
128.7 130.7 130.7 
64.4 65.4 65.4 

7.0 0.9 2.3 
57.3 49.3 55.0 

185.0 185.0 185.0 
10.07 10.18 10.07 

1.95 1.84 1.95 
1.95 1.87 1.95 
0.90 0.94 0.98 
0.00 0.03 0.00 
30.0 31.7 29.9 
60.3 60.3 60.3 
51.9 52.0 52.1 

199.5 193.3 197.3 
433.1 435.7 435.2 

74.3 77.3 77.2 
0.1 -0.7 -1.7 

-2.1 1.5 0.4 
460.7 464.8 464.6 

86.2 90.2 89.9 
-0.2 -0.1 -0.4 

1013.0 1012.9 1012.5 
0.0 0.2 0.0 

17.0 16.6 16.6 
8.5 8.3 8.3 
8.5 8.3 8.3 

73.8 74.6 14.7 
234.3 242.1 241.8 

62.4 62.1 62.4 
56.6 55.6 56.2 

0.931 0.925 0.891 
1.000 1.000 1.000 
1.006 1.000 1.003 
0.0 -1.7 0.1 
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Table 6-6. kontinued) 

Real GNP 

UR 
Surplus(+~ 
01 Deficit C-1 
r 
PS 
FUND,,+ 
RL 
VBB 
LBMAX 
LYM‘4X 
LFMAX 
LFUN 
PUN 
INVUN 
YPUN 
W"N 
HPFMAXUN 
LF 
P 
LNV 
YP 
xe 
VP 
W 
HPFMAX 
Ky/KMIN~ 
HPFMAXIMHP 

MH$ 
HPH"Nf 
XH"Nf 
HP"Lw2 
XHuN2 
LHlw 
HPH.MAXl 
HELWAX2 
HPHl 

XHI 
sop 
WPH2 

XH2 
LH 

957.5 958.0 955.6 
0.0066 0.0013 0.0039 

3.9 -1.5 -4.2 

0.06500 0.06500 0.06504 
1146.4 1146.2 1143.6 
1150.2 1146.9 1145.1 

0.07500 0.07506 0.07517 
340.0 339.0 338.5 
810.2 807.8 806.6 
482.1 480.7 478.9 
328.1 327.2 327.7 
328.1 329.7 328.2 

1.0000 0.9987 0.9974 
50.0 49.3 49.1 

842.0 839.1 835.3 
1.0000 0.9966 0.9960 

637.3 636.9 634.9 
328.1 327.0 327.7 

1.0000 0.9991 0.9975 
50.0 48.3 48.9 

842.0 837.3 834.9 
842.0 839.2 836.3 
105.2 106.2 108.0 

1.0000 0.9959 0.9958 
631.3 635.5 634.6 
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Table 6-6. kontinuedl 

Real GNP 

UR 
Surplus (+) 

or Deficit (-1 

r 

PS 
FUNDSe 
RL 
VBB 
LBMAX 
L‘YM‘4X 
LFMAX 
LFUn’ 
P”N 
lNVUN 
YP UN 
WUN 
HPFMAXON 
LF 
P 
IN” 
YP 
xg 
VP 
W 
HPFMAX 
~~KMINP 
HPFMAXIMHF 
MHa” 
HPH “NI 
XH”Nl 
HPHlJN~ 
XH”N2 
LH”N 
HPHMAXI 
HPHMAX2 
HPH, 

XHI 
sop 
HPHz 

XH2 
LH 
X”N 

0.06500 
1146.4 
1150.2 

0.07500 
340.0 
810.2 
482.1 
328.1 
328.1 

1 .oooo 
50.0 

842.0 
1 .oooo 
637.3 
328.1 

1.0000 
50.0 

842.0 
842.0 
105.2 

1.0000 
637.3 
1.000 
1.000 

0.0 
323.0 
373.8 
435.0 
321.7 
482.1 
325.1 
437.9 
323.0 
373.0 

1013.3 
435.0 
321.7 
482.1 

f f+i t+2 

961.0 960.7 842.0 841.2 843.8 
o.o*oo 0.0020 810.2 802.0 807.3 

-6.5 -0.5 810.2 802.4 807.3 
758.0 758.3 756.9 
758.0 756.7 756.9 
632.3 636.0 636.2 

0.0 0.0 0.1 
835.3 84o:O 840.1 
98.6 97.4 93.7 
128.4 130.1 130.6 

64.2 65.0 65.3 
6.7 2.0 2.2 

57.0 50.1 55.4 
185.0 185.0 185.0 
10.07 10.18 10.08 

1.95 1.85 1.95 
1.95 1.88 1.95 
0.98 0.94 0.97 
0.00 0.03 0.00 
30.0 31.5 30.0 
60.1 60.3 60.3 
51.8 51.9 52.0 

198.9 193.8 197.7 
435.0 435.1 435.0 

77.1 77.2 77.1 
0.0 -1.0 -1.7 

-2.5 0.4 0.3 
462.5 464.1 464.5 

89.0 89.8 89.9 
-0.2 -0.3 -0.3 

1013.2 1012.7 1012.4 
0.0 0.2 0.0 

17.0 16.6 16.7 
8.5 8.4 8.3 
8.5 8.3 8.3 

73.7 74.3 74.6 
239.8 241.3 241.6 

61.9 62.4 62.7 
56.5 55.7 56.3 

0.937 0.926 0.888 
1.000 1.000 1.000 
1.008 1.000 1.002 

0.06500 
1143.9 
1155.5 

0.07490 
341.6 
813.9 
484.3 
329.6 
319.2 

1.0020 
48.8 

840.0 
1.0032 
636.0 
319.2 

1.0020 
48.8 

840.0 
841.5 

97.1 
1.0032 
636.0 
1.000 
1.000 

0.0 
323.6 
374.1 
434.6 
322.4 
482.8 
323.0 
433.8 
323.0 
373.8 

1012.9 
433.8 
322.1 
483.2 

960.8 X 
0.0000 LC!hT 

-0.3 L 
HPUV 

0.06493 HP 
1144.3 HPF 
1150.8 MfLj 

0.07471 Y 
340.2 V 
810.7 IIF 
488.0 TAXF 
322.6 C? 
322.3 DDF 

1.0031 “BILLB 
51.3 BONDB 

842.1 BONDD 
1.0030 rw 

637.5 TAXD 
322.3 CGD 

1.0031 DDD 
51.3 DDH, 

842.1 DDHz 
840.9 DDB 

98.6 YHz 
1.0030 TAXHz 

637.5 SAV2 
1.000 cc 
1.000 YHI 

0.0 TAXHI 
323.2 SAVl 
373.7 SD 
433.7 CGB 
322.3 nB 
485.0 TAXB 
323.7 DIVB 
434.5 DIV 
323.2 TAX 
373.7 BR 

1012.2 BR++ 
433.1 V/@lXI 
322.3 HPFiMH 
485 .o K~/KMIN 

842.0 841.9 843.8 EXBB 0.0 -1.6 0.0 



The Dynamic Properties of the Model 133 

of course, be greater than LBMAX, although LUN can be. Both can be less than 
L&VAX. FlJNlW in Table 6-6 is the bank sector’s expected level of loanable 
funds. The actual level of loanable funds is FUND9 of the previous period. 

p is the firm sector’s planned output, and Y is the actual output, Y 
cannot be greater than V’, but it can be less if the firm sector gets less labor 
than it expected or if its worker hour requirements are greater than expected. 
HPFMAX is the firm sector’s expected quantity of labor, and HPF is the actual 
quantity of labor received. MH$’ is the number of worker hours needed to meet 
the expected change in sales, andMHq is the number of worker hours needed to 
meet the actual change in sales. Xe is the expected level of sales, and X is the 
actual level of sales. P/KMLW is the planned ratio of excess capital, and 
Ka/KMfN is the actual ratio. The actual ratio can be greater than the planned 
ratio if the firm sector is forced to produce less output. HPFMAXIMHp is the 
planned ratio of excess labor, and HPF/MH is the actual ratio. The actual ratio 
can differ from the planned ratio since HPF can be less than HPFMAX andMH 
can differ FromMH. SD’ is the planned level of savings deposits ofhousehold 1, 
and SD is the actual level. The planned level is based on household l’s expecta- 
tion of the dividend level for the period and on its expectation of the value 
of capital gains or losses. Since both these expectations may be incorrect, SD can 
differ from SDP 

The fifth-to-last variable in Table 6-6, BR**, is the bank sector’s 
desired level of reserves. The desired level of swerves is equal to the required 
level of reserves plus the planned level of excess reserves, the latter being equal 
to (I-gl)EMAXDD + EMAXSD. The difference between the desired level of 
~esewes and BR, the actual 1~~1 of reserves, is a measure of the disequilibrium 
situation of the bank secfo~. ‘Ihe fourth-to-last variable in Table 6-6, V/fljX, is 
the ratio of the actual level of inventories to the level corresponding to no 
inventory adjustment costs. This variable is used in the price equation (Equation 
(1) in Table 3-4) and is a measue of the inventory situation of the firm sector. 
The last variable in Table 6-6 is the difference between the supply of bills and 
bonds from the government (VBILLG + BUNDG/R) and the sum of the demand 
for bills and bonds from the bank sector and the desired value of bills and bonds 
of the bond dealer @‘EL? + VHJ’). This variable is a measure of the excess 
supply of bills and bonds and is used by the bond dealer in setting the bill nte 
for the next period. No values for the goods constraints, XHMAXl and 
XHK4Xz, are presented in Table 6-6 because these constraints were not bind- 
ing on the households for any of the experiments. 

The self-repeating or equilibrium nature of the base run is evident 
from the results in Table 6-6. The value of each variable is the same for all three 
periods. Also, the unconstrained demand for loans (L&W) is equal to the 
maximum allowed (L&WAX), and the unconstrained supply of labor (HPUN) is 
equal to the maximum allowed (HPFMAX + HPG). BR is equal to BR**, and 
there is no excess labor, no excess capital, and no excess supply of bills and 
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bonds. All the planned or expected values are equal to the actual values, and all 
the unconstrained values are equal to the actual values. 

The following discussion is a verbal summary of the results of the 
twelve experiments in Table 6-6. It is obviously not practical to discuss all the 
results in detail, and many of the results ax left to the reader to read from the 
table. It should be stressed again, as was done in Section 1.3 (Chapter One), that 
the results in the table are only meant to aid in understanding the properties of 
the model and are not meant to be a test of the validity of the model. Although 
in some cases the initial conditions were chosen to be of the same order of 
magnitude as data that existed for the U.S. economy, none of tbe parameter 
values in the model has been estimated from any data. 

Experiment 1: A Decrease in the 
Number of Goods Purchased by the 
Government in Period t (XGt: -5.01 
The results of the first experiment are presented next in Table 6.6. 

The decision of the government to purchase fewer goods in period t had no 
effect on the decisions of the behavioral units for period t. When transactions 
took place in period t, however, the level of sales of the tirm sector was less by 
5.0 (Xt = 837.0). Compared with the values for the base run, the decrease in 
sales in period t had the following other effects in the period. Worker hour 
requirements to handle fluctuations in sales (MHdt) increased by 0.4 from the 
expected level of 0.0, which forced the firm sector to produce 0.5 fewer goods 
than originally planned (Y, = 841.5 vs. YF = 842.0). The level of inventories 
increased by 4.S (V, = 109.7), corresponding to the sales decrease of 5.0 and the 
production decrease of 0.5. The profits of the firm sector decreased by OS 
(llFt = 129.6), corresponding to the &crease in production of 0.5. 

Since the firm sector pays out all its profits in the form of taxes and 
dividends and since the profit tax is 0.5, half the decrease in profits took the 
form of a decrease in taxes of the firm sector and half took the form of a 
decrease in dividends. The cash flow net of taxes and dividends of the firm 
sector (?&) was -4.5, which meant that the demand deposits of the firm sector 
decreased by 4.5 (OOF, =45.8). Near the end of period I the bond dealer set the 
same bill and bond rates for period t+l as existed for period f, since the excess 
supply of bills and bonds in period f was zero, but it lowered the stock price.for 
period t+l by 0.8 as a result of the decrease in dividends in period f. Household 
1 thus received less dividend income in period f and also suffered a capital loss. 
This caused it to have to pay less in taxes in period f. 

The net result of the decrease in dividend income and taxes was an 
unintended dissavings of 0.1 on the part of household 1, which caused its savings 
deposits to decrease by 0.1 (SD, = 1013.3 vs. SD:= 1013.4). The total tax 
intake of the government decreased by 0.5, causing the surplus to be 4.5 rather 
than the 5.0 that it would have been had there been no decrease in taxes. Bank 
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reserved then also decreased by 4.5 (BRt = 50.9). The decrease in bank reserves 
took the form of a decrease in demand deposits of the firm sector of slightly less 
than 4.5 and a decrease in the savings deposits of household I of slightly less 
than 0.1 .C 

The action of the government in period t thus decreased sales by 5.0 
and decreased bank reserves by 4.5. Had the firm sector not been forced to cut 
production by 0.5 because of tlx increased worker hou requirements, profits 
would have remained unchanged, as would have tirm taxes and dividends. Had 
dividends remained unchanged, the stock price for period ?+I would not have 
been changed, and so household 1 would not have been affected in any way. In 
this case all that would have happened in period t as a result of the decrease in 
sales would have been a decrease in the demand deposits of the firm sector of 
5.0 and B corresponding decrease in bank reserw of 5.0. Although the decrease 
in taxes of 0.5 in period t for this experiment is small and not too important, it 
does provide a good indication of how taxes are affected when profits decrease. 
When profits decrease, capital losses are suffered by household 1, so that 
household 1 pays less in taxes both because of lower dividend income and 
because of the capital losses. This decrease in taxes is in addition to the direct 
decrease in profit taxes of the firm sector. 

Another important point to get out of the example so far is that the 
level of savings deposits of household 1 can turn out to be different from what 
the household had originally planned. In this example, household 1 had planned 
to have savings deposits in period t (Sly;? of 1013.4, but ended up having savings 
deposits (SD,) of 1013.3. Unintended savings OI dissavings (net of capital gains 
and losses) on the part of household 1 occws whenever the level of dividends 
and the stock price turn out to be different from what the household expected. 
An unintended change in dividend income affects savings directly. An unin- 
tended change in the stock price does not affect before-tax income net of capital 
gains and losses, but it does affect after-tax income (and thus savings) through 
its effect on the taxes of the household. 

Turning next to the results for period t+I, the bank sector expected 
in period t+l to have fewer funds at its disposal because of the lower level of 
demand and savings deposits that existed in period i. This caused it to raise the 
loan rate, decrease its demand for bills and bonds, and lower the maxumum 
value of loans that it will make in the period. Unconstrained, the firm sector 
chose to lower its price, investment, planned production, wage rate, and the 
maximum number of hours that it will pay for as a result of the sales decrease in 
period t and the higher loan rate in period t+I. 

The firm sector also chose, however, to increase its loans to make up 
for the lower demand deposits in period r (LFIINf+l = 330.8), and this amount 
of money was greater than the maximum amount allowed (LFMAX,+~ =327.0). 
This constraint caused the firm sector to lower even more its investment, 
planned production, wage rate, and the maximum number of hours. Its price, 
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however, was higher than the price it chose unconstrained (Pt+l = 0.9985 vs. 
PoN,+/ = 0.9979), although still lower than the price it set for period i 
(1.0000). The firm sector planned to hold some excess capital and excess labor 
in period t+l (Kf+,/KMI#+, = 1.003 and HPF&fAXr+,/MHf+l = 1.004). Un- 
constrained, household 1 chose to work less and consume less as a result of the 
new price, wage rate, and other relevant inputs into its decision process. House- 
hold 2 chose to work moxe and consume less. The hours constraint was, how. 
eve:, binding on both households (HPHUN~t+l = 322.7 vs. HPHMAXl,,! = 
321.6 and HPHUNzt+l = 435.3 vs. HPHMAX2,+1 = 433.7), and the loan con- 
straint was binding on household 2 (LHUN f+l =4X1.5 vs. LHMAX,,, -480.5). 
These constraints caused the households to work and consume less. 

When transactions took place in period t+I, sales were even less than 
in period t. even though the government increased its purchases back to the 
original level, because of the decrease in investment and consumption. Near the 
end of period t+l the bond dealer increased the bill rate for period t+Z because 
of the lower demand for bills and bonds on the part of the bank sector in period 
t+l. The stock price was set lower because of the lower level of dividends and 
the higher bill rate. 

To summarize the results so far: a decrease in government spending 
in period r has generated a decrease in the price, the wage rate, production, 
investment, consumption, employment, and loans. The loan rate and the bill rate, 
on the other hand, are higher initially. The higher initial interest rates are caused 
by the fact that the bank sector had less money on hand at the end of period i 
to lend to households and firms and to buy bills and bonds. 

It is easy to see from the above outline how a multiplier reaction can 
take place corresponding to a one-period decrease in government spending. Sales 

fall; the firm sector lowers investment and the maximum number of hours that 
it will pay for; households, being constrained in their work effort, lower 

consumption; investment and consumption fall, causing sales to fall further; the 
firm sector lowers investment and the maximum number of hours that it will 
pay for even more; households lower consumption even more; and so it goes. 
This multiplier effect is also aggravated in the short run by the fact that the 
decrease in government spending decreases bat&reserves, which causes the bank 
sector to raise the loan rate and make the loan constraint more restrictive. 

Experiment 2: An Increase in the 
Value of Bills Issued in Period t 
1 VBILLG,: +5.01 
Consider next the results of the second experiment. The increase in 

bills had no effect on the decisions of the behavioral units for period r, although 
it did cause the bond dealer near the end of period t to increase the bill and 
bond rates for period t+l because of the excess supply of bills and bonds in 
period f. The higher bond rate caused both the bank sector and the bond dealer 
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to suffer capital lasses on their bonds in period f, which caused their taxes and 
dividends to be lower. The lower level of dividends and the higher bill rate 
caused the bond dealer to lower the stock price for period t+l, which in turn 
caused household 1 to suffer a capital loss in period f. The capital losses of the 
bank sector, the bond dealer, and household 1, and the lower dividend income of 
household 1 in period t caused taxes to decrease. 

The government ran a deficit of 1.4 in period t, which was caused by 
the decrease in taxes and by an increase in government interest payments 
because of the greater supply of bills. Bank reserves thus decreased by 3.6, the 
difference between the 5.0 increase in bills and the 1.4 increase in the deficit. 
This 3.6 decrease took the form of a 4.9 decrease in the demand deposits of the 
bond dealer, a 0.7 increase in the savings deposits of household 1 (caused by the 
lower taxes due to the capital losses), and a 0.5 capital loss of the bank sector on 
its bonds.d Capital losses of the bond dealer have a positive effect on the demand 
deposits of the bond dealer (see Chapter Five), which is why the demand 
deposits of the bond dealer only decreased by 4.9 even though the bond dealer 
absorbed the entire 5.0 increase in bills in period i. Likewise, the capital losses of 
the bank sector have a positive effect on bank reserves (see Chapter Two), which 
is why the 0.5 capital loss of the bank sector is needed in describing the form in 
which the decrease in bank reserves took in period t 

The increase in bills in period t thus had no effect on real output in 
the period, but it did cause bank resewes to decrease by 3.6. Were it not for the 
effect of the capital losses on the bonds and stock, bank reserves would have 
decreased by almost the full 5.0 amount. The decrease would not have been 
quite 5.0 because the government would still have run a slight deficit due to the 
increased interest payments on the greater supply of bills. Although the decrease 
in taxes due to the capital losses for this experiment is not too important, it does 
provide an indication of how capital losses affect the system. 

It is the author’s feeling that the quanfitafive effects of capital gains 
and losses are probably exaggaated in the results in Table 6-6, as compared with 
the actual effects in practice. In practice, capital gains and losses are not 
recorded and taxed every period and are not taxed at the sane rate as other 
income. Also, long term interest Tates are usually much less volatile than short 
term rates in practice, whereas in the model the bill and bond rates are always 
equal because of the simple expectational assumptions used. Aless volatile bond 
rate in the model would decrease the quantitative importance of capital gains 
and losses. Although the quantitative importance of capital gains and losses may 
be exaggerated in Table 6-6, the exaggeration should have little effect on the 
qualitative results and should not decrease the usefulness of the results in helping 
one to understand the properties of the model. 

Turning to the results for period t+l, the bank sector expected in 

I period t+l to have fewer funds at its disposal because of the decrease in the sum 
of demand deposits and savings deposits in period t. As was the case in 
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experiment 1, this caused it to raise the loan rate, decrease its demand for bills 
and bonds, and lower the maximum value of loans that it will make. The 
increase in the loan rate caused the firm sector, unconstrained, to raise the price 
and wage rate slightly and decrease investment, planned production, and the 
maximum number of hours slightly.e The loan constraint in period t+l was 
binding on the firm sector, however, which caused the firm sector to raise its 
price more and to decrease investment, planned production, and the maximum 
number of hours more. 

Household 1 chose unconstrained to work more, consume less, and 
thus save more; and household 2 chose unconstrained to work more, consume 
less, and thus borrow less. The higher bill rate was one cause of household I’s 
decision to plan to save more, and the higher loan rate was one cause of 
household 2’s decision to plan to borrow less. The loan constraint in period t+l 
was binding on household 2, however, and the hours constraint was binding on 
both households. These constraints caused both households to work less and 
conwne even less than in the unconstrained case. Sales in period t+l were thus 
lower because of the decrease in investment and consumption. 

An increase in bills in period t has thus generated an initial increase 
in interest rates and the price level and a decrease in production, investment, 
employment, the wage rate, and loans. The difference between this case and the 
case of a decrease in government spending is that in this case, the price level is 
initially higher. The price level is initially higher because the initial effect on the 
firm sector is an increase in the loan rate and a more restrictive loan constraint, 
both of which cause the firm sector to raise the price level. For this experiment, 
the price level came back down in period t+2 because of the lower sales in period 
WI. 

It is also easy to see from this experiment how a multiplier reaction 
can take place corresponding to a one-period increase in the value of government 
biils issued. The bank sector raises the loan rate for period t+l and makes the 
loan constraint more restrictive because of the decrease in bank reserves in 
period t. This causes the firm sector to lower planned production, investment, 
and the maximum number of hours. The more restrictive loan and hours 
constraints then cause the households to consume less. The lower investment 
and consumption cause sales to fall in period WI, and thus the cycle as described 
in experiment 1 has started. 

Experiment 3: An Increase in the 
Number of Goods Purchased by the 
Government in Period r WG,: +5.C?) 
The results for the third experiment are essentially opposite to those 

for the tint experiment, with one important exception. The exception is as 
follows. Because of the increase in sales in period i, the firm sector planned to 



The Dynamic Properties of the Model 139 

increase production in period t+l to 844.4. It was not constrained in doing so by 
the bank sector, since the loan constraint was less restrictive in period t+l (due 
to the increase in bank reserves in period t). The firm sector needed to borrow 
less anyway because of its positive cash flow net of taxes and dividends in period 
t (which resulted in an increase in its demand deposits in period t). 
Unconstrained, household 1 chose to work slightly more and consume slightly 
less in period t+I, and household 2 chose to work slightly less and consume 
slightly more. As a soup, the households chose to work slightly less in period 
r+l than they did in period i (HPIJNr+l = 757.8 vs. HPUNt = 758.0). Neither 
household was constrained in any way in period Ml. What is the case, however, 
is that the households chose to work less than the firm sector expected them to 
work (HPFMAX,,] = 639.2 vs. HPF f+l = 637,1).f This meant that the firm 
sector had to cut back its production from the level originally planned (Yt+l = 
841.3 vs. Y:+) = 844.4). In other words, the system was constrained in this case 
by the work effort of households. The work effort of the households in period 
t+l was such as to lead to a slight decrease in real GNP in period t+l. Real GNP, 
in other words, did not increase in experiment 3 corresponding to an increase in 
government spending, whereas it decreased in experiment 1 corresponding to a 
decrease in government spending. In period t+2 for experiment 3 the system was 
again constrained by the work effort of households. The households chose to 
work slightly less in period f+Z than they did in period t+Z. Real GNP was 
slightly lower in period t-e2 than in period t+l. 

The important point to be gained from this experiment is that the 
economy can be stimulated to produce more output from an initial position of 
equilibrium only to the extent that households can be induced to work more. In 
the present model, as was seen in Chapter Four, the price level has a negative 
effect on work effort and the wage rate has a positive effect. In addition, the bill 
rate has a positive effect on the work effort of household 1, and the loan rate 
has a positive effect on the work effort of household 2. The initial level of 
wealth of household 1 also has a negative effect on household l’s work effort, 
which means, for example, that capital gains have a negative effect on work 
effort. Whether the households can be stimulated to work more depends on how 
the various variables that affect work change in relationship to one another. Of 
particular importance in this regard is the size of the firm sector’s wage rate 
change relative to its price change. In the case of the decrease in government 
spending in experiment 1, the unconstrained reactions of the households were 
not as important in determining how the system would behave because the more 
restrictive constraints in experiment 1 forced the households to work less and 
borrow less. In experiment 3 there is nothing equivalent forcing the households 
to work more. 

One other small difference between experiments 1 and 3 should 
perhaps be pointed out. In both experiments the level of real GNP in period f 
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was lower than the base-run value. This is because in both cases the change in 
sales in period t of 5.0 caused worker hour requirements to increase, which in 
turn forced the firm sector to produce less in both cases. 

Experiment 4: A Decrease in the 
Value of Bills Issued in Period t 
(VBILLG,: -5.01 
The results for the fourth experiment are essentially the opposite 

from those for the second experiment, with the same exception that in 
experiment 4 the system is constrained by the work effort of households. The 
firm sector chose to expand slightly in period t+l, because of the lower loan rate 
that the bank sector set for period t+I,S but the households chose to work less 
in period t+l than they did in period t and less than the firm sector expected. 
This forced the firm sector to cut production in period t+l from the level 
originally planned and to cut it even below the level for period t. Real GNP thus 
dropped slightly in period t+l as a result of the decrease in bills. This is another 
good example of the system being constrained by the work effort of households. 
The unemployment rate was slightly negative in period ~2. This was caused by 
the fact that household 2 was constrained in its borrowing behavior in period 
r+2, but not in its work behavior. The loan constraint caused household 2 to 

choose to work slightly more than it would have if it had not been constrained 
in its borrowing behavior. Therefore, the unconstrained supply of labor for 
household 2 was slightly less than the constrained supply, thus causing the 
unemployment rate to be negative. 

Experiment 5: A Decrease in the 
Number of Goods Purchased by the 
Government in Period t (XGt: -5.01 
and a Decrease in the Value of Bills 
Issued in Period t (VBILLG,: -5.0) 
For the fifth experiment the number of goods purchased by the 

government and the value of bills issued were both decreased by 5.0. This had 
the effect of contracting the economy in periods t+l and t+2 less than was the 
case for the first experiment, where only the number of goods purchased was 
decreased. The government surplus in period t was 5.9, but since there were 5.0 
fewer bills in the system in period t, bank reserves were only decreased by 0.9. 
In experiment 1 bank reserves were decreased by 4.5. The government surplus of 
5.9 is the sum of the surplus of 4.5 in experimetit 1 and the surplus of 1.4 in 
experiment 4. The surplus of I .4 is due to the increased tax collections caused 
by the capital gains made in period t. Capital gains are made in period t because 
of the lower bill and bond rates for period ~1. The lower bill and bond rates are 
due to the excess demand for bills and bonds in period t. The 4.5 surplus in 
experiment 1 instead of a surplus of 5.0 is, as mentioned in the discussion for 
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experiment 1, due to decreased tax collections caused by lower profits and 
dividends. 

Because bank reserves were only decreased by 0.9 in experiment 5, 
rather than the 4.5 in experiment I, the bank sector in period t+l set a lower 
loan rate and a less restrictive loan constraint in experiment 5 than in 
experiment 1 (RLt+, = 0.07491 vs. 0.07507and LBMAXt+r =809.9 vs. 807.5). 
In experiment 5 the firm sector and household 2 were still constrained in their 
borrowing behavior in period t+l, but less so than in experiment 1. Output in 
period t+l was thus larger in experiment 5 than in experiment 1 (Y,+l = 835.4 
vs. 834.6) and sales were greater (X,+1 = 839.6 ~‘836.1). Output and sales in 
period t+2 wme also greater in experiment 5 than in experiment 1. 

It is also interesting regarding experiment 5 to consider the following 
case. Assume for sake of argument that the change in sales in period t did not 
affect worker hour requirements, so that output and profits wae not changed in 
period t. Assume also that the capital gains due to the lower bill and bond rates 
for period t+l were not recorded in period t. Assume finally that the 
government interest payments in period t were not any lower, even though the 
value of bills issued was less. Under these assumptions all that would have 
happened in period t regarding the financial variables would have been a decrease 
in the demand deposits of the firm sector of 5.0 and an increase in the demand 
deposits of the bond dealer of 5.0. Bank reserves would have remained 

unchanged. The demand deposits of the fiml sector would be lower because of a 
negative cash flow net of taxes and dividends of 5.0 in period t, and the demand 
deposits of the bond dealer would be higher because it buys 5.0 fewer bills from 
the government than it sells to the bank sector. 

In this case the main effects for period t+I would be as follows. 
Because of the lower bill rate for period t+l, the bank sector would lower the 
loan rate for period t+l, decrease its demand for bills and bonds, and make the 
loan constraint less restrictive. The loan constraint would be made less restrictive 
because of the fact that in this case the bank sector would expect to have the 
same amount of funds at its disposal for period r+l as it bad for period t and 
would decrease its demand for bills and bonds. Other things being equal, the 
firm sector would need to borrow 5.0 mox in period t+l because of the lower 
demand deposits in period t. Since sales were lower in period t, however, the 
firm sector would choose to contract in period t+l. (The lower loan rate would, 
of course, offset this contraction somewhat.) Whether the firm sector contracts 
to the point where it needs to borrow less than the maximum set by the bank 
sector depends on the size of the firm sector’s response to the sales decrease, as 
well as on the size of the bank sector’s response to the bill rate decrease in temx 
of substituting out of bills and bonds. The only way the economy would be 
prevented from contracting in this case would be if the loan rate decrease offset 
the sales decrease enough to cause the firm sector to produce and invest the 
same amount as before, and at the same time the bank sector substituted out of 
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bills and bonds sufficiently to allow the firm sector to borrow the extra amount 
needed to offset the negative cash flow of the previous period. 

The case just described is useful in helping to separate the effects of 
the tax changes from the other effects. In the results for experiment 5 the 
surplus of the government in period r was 5.9 rather than the 5.0 that it would 
have been with no tax changes and no change in government interest payments. 
This decrease of 0.9 in bank reserves in period t caused the bank sector to 
decrease slightly the maximum loan value in period f+l, whereas in the no-tax 
case it would have increased the maximum loan value slightly. This difference is 
not large, however, and similar results would have been obtained for experiment 
5 had the tax changes been less. 

An important point about experiment 5 in relation to experiment 1 
is that in experiment 5 the economy contracts even though the decrease in 
government spending corresponds to an equal decrease in the value of bills 
issued. The response of the model in period ii1 to the sales decrease in period t 
is greater than is its response to the lower bill and bond rates for period t+I, 
which thus causes the economy to contract in period t+l. 

Experiment 6: An Increase in the 
Number of Goods Purchased by the 
Government in Period rWG,: 6.01 
and an Increase in the Value of 
Bills Issued in Period r 
WBILLG,: +5.0) 

For the sixth experiment the increase in the number of goods 
purchased by the government was assumed to be financed by an equal increase 
in bills. The government deficit in period t in this case was 6.8, which, aside 
from rounding, is the sum of the deficit of 1.4 in experiment 2 and the deficit of 
5.5 in experiment 3. The deficit of 1.4 is due to the decreased tax collections 
caused by the capital losses in period t. The deficit of 5.5 rather than of merely 
5.0 is due to the lower profits and dividends caused by the increase in worker 
hour requirements in period f. The level of output for period t+l is actually 
higher in experiment 6 than it is in experiment 3, where the increased spending 
in period t was financed by an increase in bank reserves (Real GNP= 964.1 vs. 
962.0). In both experiments output was constrained in period til by the work 
effort of households, but in experiment 6 the households chose to work 
somewhat more. The bill and loan rates in period t+l wexe higher in experiment 
6 than in experiment 3, and higher bill and loan rates have a positive effect on 
the work effort of the households. 
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The important difference between experiments 3 and 6 is that 
interest rates in period t+l are higher in experiment 6 because of the excess 
supply of bills and bonds in period t. Although bank reserves in period i were 
higher in experiment 3 than in experiment 6 (BR, = 60.9 vs. 573, in neither 
case was the loan constraint binding on the firm sector and household 2 in period 
t+1. 

Experiment 7: An Increase in the 
Personal Income Tax Parameter in 
Period t(d$ t0.00554 in period ?I 
The increase in the personal tax rate in period t caused households to 

want to work and consume less in period f. Household 2 would have liked, 
unconstrained, to borrow slightly more in period r, but it was prevented from 
doing so by the bank sector. Being constrained by the bank sector, it chose to 
work slightly more than it otherwise would have, which caused the unemploy- 
ment rate to be negative in period t. Because of the lower labor supply in period 
r, the firm sector was forced to cut production to 834.9 from the planned level 
of 842.0. Sales were less in period t because of the lower consumption 
(x,=837.0 VS. Xr =842.0 for the base run). For the base run the taxable income 
of the household sector is 862.2 [YHIr i- YHZ, - RL,LII,] Had there been no 
drop in income in experiment 7, taxes would have increased by 4.8 [0.00554 X 
862.21, Because of the lower income, however, taxes only increased by 3.0. 
Bank reserves thus decreased by 3.0 in period 1. In period r+Z the bank sector 
raised the loan rate and lowered the maximum value of loans as a result of the 
decrease in bank reserves in period r. The more restrictive loan constraint was 
not, however, binding on either the firm sector or household 2 in period t+l. 
‘Ibe firm sector chose to contract in period t+l as a result of the sales decrease in 
period t. The households chose, unconstrained, to work and consume more in 
period t+l than they did in period f, because the personal tax rate was lowered 
back to its original level in period ~1. The households were constrained in their 
work effort, however, which forced them to work less arld led them to consume 
less than they had planned to unconstrained. The level of sales was, however, 
sli&tly greater in period r+l than it was in period t, and the level of production 
was also slightly greater in period ~-1 than it was in period r. 

An important point about experiment 7 is that an increase in the 
personal income tax rate causes a decrease in the work effort of households in 
addition to a decrease in consumption. Output can thus fall in this case without 
an increase in the unemployment rate. In experiment 7 real GNP fell in period t, 
but the unemployment rate was actually negative. The level of employment was, 
of course, less, but the lower level of employment was voluntary. 
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Experiment 8: A Decrease in the 
Personal Income Tax Parameter in 
Period t (dt: -0.00554 in period d 
The decrease in the personal tax rate in period f caused households 

to want to work and consume more in period f, They were constrained from 
working any more by the firm sector, however, but they still chose, constrained, 
to consume somewhat more. Sales were thus greater in period t, which forced 
the firm sector to cut production slightly because of the increased worker hour 
requirementxh Taxes were less by 5.0 because of the lower personal tax rate and 
the slight decrease in profits.’ Bank reserves thus increased by 5.0. In periods r+l 
and 1+2 no constraints were binding on the households, and the system was 
constrained by the work effort of the households. 

Experiment 9: A Decrease in the 
Minimum Guaranteed Level of Income 

in Period f WG: - 25 in period ?I 
The decrease in YG in period I caused the households to want to 

work more and consume less. They were, however, constrained from working 
more by the firm sector. They thus worked the same and chbse to consume even 
less. Sales were less in period t because of the decreased consumption, which 
caused the economy to begin to contract in period t+l. The unemployment rate 
was higher in period t than in period HZ, even though the level of employment 
(HP) was lower in period Wl, because the decrease in YG in period t caused the 
unconstrained work effort of the households to increase in period t. 

Experiment 10: An Increase in the 
Minimum Guaranteed Level of Increase 
in Period t (YG: +25 in period t) 
The increase in YG in period r caused the households to work less 

and consume more. The tirm sector was forced to decrease production in period 
f because of the decreased supply of labor. Sales were greater in period I because 
of the increased consumption. In period f+l the tirm sector chose to produce 
more than it had actually produced in period f (Yf+] = 841.3 vs. Yr = 836.7), 
but slightly less than it had planned to produce in period f (Yf = 842.0). The 
firm sector actually expected to sell mope in period ttl than il had expected it 
was going to sell in period I (X:+l = 843.2 vs. x: =X42.0). The reason that Y$+i 
is less than Y$‘has to do in part with the firm sector’s reaction to employment 
adjustment costs. Unconstrained, the households chose to work mire in period 
t+Z than they had in period r, because YG was changed back to the original level 
in period WI. The households were constrained slightly in period t+l, which 
caused the unemployment rate to rise slightly. The system was again constrained 
in period t+2 by the work effort of the households, and the unemployment rate 
was back to zero. 
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Experiment 11: A Decrease in the 
Number of Worker Hours Paid For by 
the Government in Period t WPG, : 5.0) 
The decrease in HPG, caused the hours constraint to be binding on 

the households in period t. The households worked less and consumed less. Sales 
were lower because of the decreased consumption. The firm sector planned in 
period t to produce the same amount as was the case for the base run (Yf= 
842.0), but it was forced to produce slightly less (Yt ~841.8) because of the 
increase in worker hour requirements caused by the change in sales. 

The government ran a surplus of 3.9 in period t, and so bank reserves 
were less by 3.9. The decrease in bank resewes took the form of a 2.8 decrease 
in the demand deposits of the firm sector (caused by a negative cash flow net of 
taxes and dividends of X8), a OS decrease in the demand deposits of the two 
households (due to the lower consumption), and a 0.5 decrease in the savings 
deposits of household 1.1 Another way of looking at the households’ portion of 
the 3.9 decrease in bank reserved is that the households dissaved 1.0 in period 
t(SAVI,=~0.7andSAV2*=-0.3). 

The bank sector raised the loan rate and made the loan constraint 
more restrictive in period t+l as a result of the decrease in bank reserves in 
period I. Because of the higher loan rate and the decrease in sales, the firm sector 
chose, unconstrained, to produce and invest less and hire less labor in period t+l. 
The loan constraint was binding on the firm sector, however, which caused it to 
contract even more. Even though in period t+I the government increased its 
amount of labor hired back to the original level, the households were still 
constrained in their work effort because of the mope restrictive hours constraints 
from the firm sector. The unemployment rate was thus still positive in 
period f+l, although it was less than in period t. 

Experiment 12: An increase in the 
Number of Worker Hours Paid For by the 
Government in Period t (HPG, : +5.0) 
The increase in HpGr meant that the firm sector got less labor in 

period t, which forced it to cut production from the planned level (Y, =835.3 
vs. Y{=842.0). Because of employment adjustment costs, the firm sector 
planned to produce less in period t+l than it had planned to in period I. The 
firm sector thus also planned to invest less and hire less labor in period t+l. The 
households were constrained in their work effort in period t+I because of the 
decrease in HPG back to its original level and because of the more restlictive 
hours constraint from the firm sector. The government ran a large deficit in 
period t, which caused the loan rate to decrease in period t+l and the bill rate to 
decrease in period t+Z. The system was contrained slightly in period t+2 by the 
work effort of the households. 
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SUMMARY OF THE EXPERIMENTAL RESULTS 

Some of the main characteristics of the model that can be gleaned 
from the above experiments are as follows. A decrease in the number of goods 
purchased by the government in period t causes sales and bank reserves in period 
t to decrease. The decrease in bank reserves leads the bank sector to raise the 
loan rate for petiod t+l and lower the maximum value of loans that it will make. 
The decrease in sales and the higher loan rate lead the firm sector in period t+l 
to lower planned production, investment, and the maximum number of worker 
hours that it will pay for. The firm sector’s unconstrained demand for loans in 
period t+l may be greater or less than it was in period t, ‘Ihe lower level of 
demand deposits of the firm sector in period t, do to the negative cash flow net 
of taxes and dividends in period I, causa the firm sector to increase its demand 
for loans in period VI. The contraction planned by the firm sector because of 
the sales decrease, on the other hand, cawes it to decrease its demand for loans. 
The loan constraint, therefore, may OI may not be binding on the firm sector in 
period t+l, depending on the size of the various reactions. 

Ignoring tax effects, when a decrease in the number of goods 
purchased by the government in period r corresponds to an equal decrease in the 
value of bills issued, bank reserves in period t are unchanged. The bill rate for 
period t+l is lower because of the excess demand for bills in period t. The lower 
bill rate leads the bank sector in period t+l to lower the loan rate, decrease its 
demand for bills and bonds, and increase the maximum value of loans that it will 
make. The lower interest rates have a positive effect on the economy in period 
~1, but the decrease in sales in period i and the resulting higher level of 
inventories have a negative effect. In the model the negative effect outweighs the 
positive effect, and the economy contracts in period t+l as a result of the 
simultaneous decrease in goods purchased and bills issued. 

Tax changes tend to offset somewhat the effects of the various 
government actions. When profits decrease, both personal taxes and corporate 
taxes decrease. Personal taxes decrease both because of lower dividend income 
and capital losses on stocks. The opposite happens when profits increase. When 
the bill and bond rates increase, taxes decrease because of the capital losses suf- 
fered on bonds and stocks, and vice ve~sa when the biU and bond rates decrease. 

When from a position of equilibrium the number of goods purchased 
by the government is increased or the value of bills Issued is decreased, the 
system may be prevented from expanding by the work effort of households. If 
the number of goods purchased by the government is increased, the firm sector 
will want to expand in the next period because of the sales increase, and if the 
value of bills issued is decreased, the firm sector will want to expand in the next 
period because of the lower loan rate that will be set by the bank sector. Only if 
the households can be induced to work more, however, wiIl the system actually 
be able to expand. It should also be noted that in the cake of a decrease in 
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government spending or an increase in the value of bills issued, the firm sector is 
forced to contract because of the more restrictive loan constraint, whereas in the 
case of an increase in government spending or a decrease in the value of bills 
issued, there is nothing similar forcing the firm sector to expand. 

Regarding the price setting behavior of the firm sector, the price 
level responds positively to a higher loan rate and a more restrictive loan 
constraint, so that an increase in-the value of bills issued results in an initial 
increase in the price level. This initial increase then reverses itself as sales fall and 
the firm sector responds by lowering the price level. Likewise, a decrease in the 
values of bills issued results in an initial decrease in the price level, which then 
we~ses itself as sales rise and the firm sector responds by raising the price level. 

The important difference between the government influencing the 
economy through a change in the number of goods purchased and a change in 
one of the tax parameters, d3 and YG, is that the latter change has a direct 
effect on the work effort of the households, whereas the former change does 
not. Increasing taxes by increasing d3 has a negative effect on the work effort of 
households, which, other things being equal, has a negative effect on the 
unemployment rate. Increasing taxes by decreasing the minimum guaranteed 
level of income, on the other hand, has a positive effect on work effort, which, 
other thing being equal, has a positive effect on the unemployment rate. 
Increasing taxes and decreasing the number of goods purchased do, however, 
have similar effects on bank reserves. Both changes lead to a smaller deficit or a 
larger surplus in the government budget and thus to a decrease in bank reserves. 

6.3 THE EFFECTS OF POLICY CHANGES 
FROM A DISEQUILIBRIUM POSlTlON 

Although the experiments in Table 6-6 were all made from an 
initial position of equilibrium, the results do help to show how various policy 
actions would affect an economy that is out of equilibrium. In an economy 
characterized by binding loan constraints, the need is to increase bank reserves. 
Increasing government spending with no change in bills and bonds, and 
decreasing bills and bonds with no change in government spending both increase 
bank reserves. Which action is moxe effective in increasing bank reserves depends 
on the tax response. In experiments 3 and 4, increasing government spending 
was more effective in increasing bank resewes. Decreasing bills in experiment 4 
led to increased tax collections because of the resulting capital gains on bonds 
and stocks, whereas increasing government spending in experiment 3 actually led 
to a slight decrease in tax collections because of the decreased production due to 
the increased worker hour requirement. The quantitative importance of both of 
these effects may be exaggerated, however, especially the capital gains effects. 
Nevertheless, the results do highlight the importance of taking into account 
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possible tax responses when considering the effectiveness of various policy 
actions in increasing bank reserves. 

In an economy characterized by binding hours constraints, the need 
is to induce the tirm sector to produce more and hire mope labor. Increasing 
government spending on goods with no change in bills and bonds does this by 
increasing the sales of the firm sector directly. Decreasing bills and bonds with 
no change in government spending leads to lower interest rates, which in turn 
induces the firm sector to invest mope and the household sector to save less and 
C~I+NIX more. This then leads to increased sales because of the increased 
inv&tment and consumption. Which action is initially most effective in 
increasing sales depends on the size of the initial rate changes and the size of the 
initial responses to the interest rate changes. 

In an economy characterized by binding hours constraints, the 
government can also increase the amount of labor that it hires. For the same 
expenditure, this policy is likely to be more effective in increasing aggregate 
employment in the short run than the policy of increasing the number of goods 
purchased by the government. When the number of goods purchased by the 
government is increased, the firm sector initially will meet some of this increase 
by drawing down inventories (because of the adjustment costs) and so will not 
increase production to the full extent of the increase in sales. Also, if the firm 
sector is holding excess labor, it will be able to meet at least part of its increased 
worker hour requirements, due to the increased production, by taking up the 
slack in its work force. This will, of course, further lessen the initial employment 
response to the sales increase. 

Ignoring possible tax effects, the policy of increasing government 
spending and the policy of decreasing the value of bills and bonds issued would 
appear at first glance to be about equally effective (for the ~arne outlay) in an 
economy characterized by binding loan constraints. The need in this case is to 
increase bank reserves, and both policies are of about the same effectiveness in 
doing this. Increasing government spending in this case, however, has the 
possibly undesirable characteristic of increasing sales directly. In an economy 
characterized by binding loan constraints, production is constrained by the 
availability of loanable funds and not by lack of sales, and increasing government 
purchases of goods directly may just exaberate the problem in the short run. 
One does not want to increase the sales of firms before the firms realize that 
they can borrow more money to increase investment and output. If there are 
information lags from the banks to the firms, increasing the sales of firms at the 
same time that bank ~eselves are increased may lead firms to raise prices in order 
to lower expected sales to the levels that are consistent with the production 
plans that are based on the dd loan constraints. What is needed in the case of 
binding loan constraints is just more money in the system, and the most direct 
way of doing this is merely to decrease the value of bills and bonds issued. 
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If monetary policy is defined as a change in bills and bonds with no 
change in government purchases of goods and labor, and fiscal policy is defined 
as a change in government purchases of goods and labor with no change in bills 
and bonds, then the above argument says that monetary policy is a more direct 
tool to use in an economy characterized by binding loan constraints than is fiscal 
policy. In an economy characterized by binding hours constraints, however, 
fiscal policy would appear to be the more direct tool to use. The need in this 
case is to increase sales and employment. Fiscal policy does this directly, 
whereas monetary policy must work through the interest rate responses of the 
firm and household sectors. Only if the interest rate responses are large and 
quick will monetary policy be as effective 01 more effective than fiscal policy in 
a binding hours constraint situation. 

The above discussion thus indicates that it is not just the interest 
rate responses that are important in determining the effectiveness of monetary 
policy versus fiscal policy at any given time, but also the kind of disequilibrium 
situation that the economy is in at the time. In a situation of binding loan 
constraints, monetary policy would appear to be more effective, and in a 
situation of binding hours constraints, fiscal policy may be more effective. Also, 
in a situation of binding hours constraints, fiscal policy in the form of an 
increase in government purchases of labor would appear to be mox effective in 
increasing the level of employment than fiscal policy in the form of an increase 
in government purchases of goods. 

If the government desires to contract the economy from, say, a 
situation in which none of the constraints are binding, the results in the previous 
section indicate that both monetary policy and fiscal policy are likely to be 
effective in doing this. A contractionary fiscal policy lowers sales directly. A 
contractionary monetary policy leads to higher interest rates and more 
restrictive loan constraints, which in turn cause investment and consumption to 
decrease. However, a contractionary monetary policy may lead, other things 
being equal, to a higher price level than will a contractionary fiscal policy. 
Higher interest rates and more restrictive loan constraints have a positive effect 
on the prices that firms set. 

6.4 THE LONG-RUN PROPERTIES OF 
THE MODEL 

The model used for the results in Table 6-6 is not stable in the sense that it 
does not return to the “equilibrium” self-repeating position once a one- 
period shock has been inflicted on it. This conclusion was reached from 
examining numtxous runs in which, from a self-repeating position, a parameter 
or exogenous variable was changed for one period and then returned the next 
period to its previous value. The model was allowed to run for 100 periods 



150 A Model of Macroeconomic Activity Volume /: The Theoretical Model 

after the particular change. The model definitely had a tendency to meander 
around near the original self-repeating values, but in no case did it give any indi- 
cation of returning exactly to the self-repeating position. This conclusion was 
also verified for other versions of the condensed mod&i.e., for versions based 
on different sets of parameter values. 

The lack of stability of the model in the above sense is, of course, 
not surprising. In fact, it would be surprising if the model did return to the 
self-repeating position after being shocked, since there is nothing in the model 
that indicates that it should return. The bank sector when setting its values only 
has expectations of what the firm and household sectors are going to do in the 
period, and the firm sector when setting its values only has expectations of what 
the household sector is going to do. Even if the assumptions regarding the 
formation of expectation of banks and firms were made moxe sophisticated than 
the assumptions used here, it is not reasonable to assume that these expectations 
are always perfect. This is particularly true in a market share model, where it is 
not only the expectations regarding the aggregate quantities that would need to 
be perfect, but also the expectations of the behavior of other banks and firms. 
Even if a tirm’s expectations of the aggregate quantities were perfect, the firm 
may still misestimate what its competitors axe going to do. Since expectations 
are not perfect, there is no season to expect the banks and firms to set interest 
rates, prices, and wage rates in such a way that no constraints are ever binding 
and in such a way that the system gradually approaches a particular state.k 

There are, of course, reactions in the model that prevent the system 
from accelerating or decelerating indefinitely. Holding the variables under the 
control of the government constant, as the system contracts, interest rates fall. 
Interest rates fall because the firm and household sectors demand fewer funds to 
borrow. Falling interest rates, on the other hand, induce the firm sector to invest 
more and the household sector to we less and consume more. Falling interest 
rates also, cause capital gains on stocks, which have a positive effect on 
household I’s consumption behavior. As the system contracts the price level and 
the wage rate also fall, but whether this induces households to conwme more 
depends on how the price level and wage rate change relative to one another. 
There is thus no natural tendency for the price level and the wage rate to bring 
the economy out of a contracting situation, as there is for the interest rates. 
Failing prices and wages do, however, decrease the demand deposit needs of the 
firm and household sectors, which, other things being equal, decrease the 
demand for loans of the firm sector and household 2 and increase the savings 
deposits of household 1. A one-dollar switch from demand deposits to savings 
deposits frees up fraction gi of a dollar in loanable funds because of the reserve 
requirement ratio on demand deposits. Likewise, a one-dollar decrease in 
demand deposits and loans at the same time frees up fraction gI of a dollar in 
loanable funds. 
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An interesting question about the long run dynamic properties of 
the model is whether it is possible to concoct a self-repeating nm in which there 
exists a positive level of unemployment. It is easy to see that this is not possible. 
Unemployment occurs if the hours constraint is binding on the households. If 
the hours constraint is binding, then the ratio of the unconstrained supply of 
labor @‘WV) to the constrained supply of labor (HP) is not one, and if the ratio 
is not one, the firm sector will not set the same wage rate each period (see 
statements [IS] and [36] in Table 3-4). I n other words, as long as firms are 
assumed to know last period’s unconstrained as well as constrained supply of 
labor, one cannot concoct a self-repeating run with positive unemployment. 

It is possible, however, to concoct a self-repeating run with positive 
unemployment if it is assumed that firms do not know the unconstrained supply 
of labor. Consider a self-repeating run with no unemployment. Now change the 
utility functions of the households in such a way that they desire to work more, 
consume more, but keep the same level of savings deposits and loans. Assume 
also that when constrained by the old equilibrium values of hours worked, they 
choose the same values of hours worked and goods purchased as they did before 
(and thus the same level of savings deposits and loans as before). The aggregate 
unconstrained and constrained demands for loans are the same, so the bank 
sector is unaffected even if it knows the unconstrained as well as the constrained 
demands. If the firm sector does not know the unconstrained supply of labor, 
there is no way for the information on the change in the utility functions of 
households to be communicated to it. It only observes thwactual demand for 
goods and supply of labor, which are the same as before. The firm sector thus 
makes the same decisions as it did before, households are subject to the same 
constraints as before (and so make the same decisions as before) and so on. A 
self-repeating run will thus still exist, but now in a situation where there is 
unemployment. 

Because firms are assumed to observe the unconstrained supply of 
labor, unemployment arises in the model only because of wrors of expectations. 
It was seen in Chapter Three that each firm sets its,price and wage rate with the 
expectation that it will not turn any workers away and with the expectation that 
no workers will be turned away in the aggregate. Therefore, any unemployment 
that arises in the model is due to errcw in the firms’ expectations of the 
behavioral responses of the households. It is also the case that binding loan 
constraints are due only to errors of expectations. It was seen in Chapter Two 
that a bank sets its loan rate with the expectation that there will he no 
customers turned away in the aggregate. Therefore, any binding loan constraints 
are due to errors in the hanks’ expectations of the responses of the firms and 
households. 

It is important to distinguish between two kinds of errors of 
expectations on the part of banks and firms: euors of expectations of aggregate 
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quantities and errors of expectations of market share. A bank, for example, can 
misestimate either the aggregate demand for loans or its share of the aggregate 
loan market or both. In practice, with many banks and firms in existence, 
expectations of market share factors are likely to have more of an effect on the 
behavior of a bank or firm than are expectations of aggregate quantities. If a 
bank or firm is a small part of the overall economy, then changes in its market 
share, due to its behavior relative to the behavior of its competitors, are likely to 
affect it more than are changes in the aggregate quantities. In other words, there 
is likely to be less payoff to a particular bank or firm from making accurate 
expectations of aggregate quantities than from making accurate expectations of 
its market share, and the bank or firm is likely to put more resources into the 
latter than the former. If in practice each bank and firm is mope concerned with 
what its competitors are going to do than with what the aggregate quantities are 
going to be like, it is not surprising that errors of expectations are made in the 
aggregate. There may be little incentive in the system for firms as a group to set 
price and wages so as to leave households always unconstrained and for banks as 
a group to set loan mtes so as to leave firms and households always unconstrained. 

6.5 PRICE AND WAGE RESPONSES 

The price and wage setting behavior of a firm was discussed in 
Chapter Three, and little extra discussion is needed here. The price that a firm 
sets responds positively to an increase in sales of the previous period and 
negatively to the existence of excess labor and excess capital in the previous 
period. The price also responds positively to the loan rate and to a binding loan 
constraint. so that periods of tight money correspond, other things being equal, 
to price increases. 

The wage rate that a firm sets is equal to the rate that the firm 
expects is necessary to attract the amount of labor that it wants in the period. 
The expected supply of labor facing a firm is a positive function of the firm’s 
wage rate and of the expected aggregate supply of labor, and is a negative 
function of the expected wage rates of other firms. The expected aggregate 
supply of labor is a positive function of the expected average wage rate in the 
economy and of the aggregate unconstrained supply of labor in the previous 
period, and is a negative function of the expected average price level in the 
UXXlollly. 

Although the price and wage decisions of a firm are made 
simultaneously. both resulting from the solution of the firm’s optimal control 
problem, it is possible to talk loosely about the effect of a firm’s price decision 
on its wage decision. An increase in price, other things being equal, has a 
negative effect on expected sales, planned production, investment, and planned 
employment. If planned employment is less, then the firm expects to be able to 
attract the amount of labor that it wants with a lower wage rate than before. So 
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on this score a higher price implies a lower wage rate being set. On the other 

hand, if a firm increases its price, it expects the average price in the economy to 
be higher, especially a few periods into the future as other firms are expected to 
respond to the firm’s higher price. A higher expected average price has a negative 
effect on the expected aggregate supply of labor, which implies a tighter 
aggregate labor maiket and thus the need to raise wages to attract the same 
number of workers. So on this score a higher price implies a higher wage rate 
being set. The ceteris paribus relationship between the price that a firm sets and 
the wage rate that it sets is thus ambiguous. 

Because of the market share nature of the model, the most 
important factors affecting a firm’s price and wage decisions are its expectations 
of what its competitors’ prices and wages are going to be. The assumptions that 
are made about how these expectations are formed are thus of crucial 
importance in determining the price and wage responses in the model. For the 
most part the specification of these assumptions has been fairly simple, but it 
should be obvious that more elaborate assumptions could be easily incorporated 
into the model. 

As one final point regarding prices and wages, it should be obvious 
that there is no simple relationship in the model between the level of the 
unemployment rate and changes in prices and wages. Each variable is determined 
each period by a complex set of factors, many factors being expectations of 
various sorts, and there is nothing in this process that indicates that one should 
observe any simple OI stable relationship between the unemployment rate and 
price and wage changes. 

6.6 THE RELATIONSHIP BETWEEN 
DEMAND DEPOSITS AND 4GGREGATE OUTPUT 

Demand deposits serve two main purposes in the model. Demand 
deposits are needed to carry out transactions, and they also serve as a buffer for 
fums and the bond dealer to meet unexpected changes in cash flow. The demand 
deposits of households are proportional to the households’ expenditures on 
goods and have not been assumed to be a direct function of any interest rate. 
The number of hours worked and the number of goods purchased by the 
households are, however, functions of the bill rate and the loan rate, which 
means that the savings behavior of the households is a function of the interest 
rates. The savings behavior of the households affects their savings deposits and 
l&s. The saving deposits of household. 1 also serve as a buffer in the current 
period in the sense that any unexpected change in dividend income or tax 
payments takes the form of a change in the level of savings deposits in the 
period. 

The demand deposits of the firms are on average proportional to the 
firms’ wage bills, but they also serve an important purpose in the current period 
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in meeting unexpected changes in cash flow net of taxes and dividends. Actual 
net cash flow will differ from expected net cash flow for a firm as the actual 
price of investment goods differs from the expected price and as the actual level 
of inventories differs from the expected level. The demand deposits of the bond 
dealer change as its holdings of bills and bonds change. If, for example, the 
change in the value of bills and bonds issued by the government in a period is 
less than the change in the demand for bills and bonds from the banks, the bond 
dealer will sell bills and bonds to the bank out of its inventories, which will 
have the effect of increasing its demand deposits. 

Because of the residual or buffer nature of the demand deposits of 
the firms and the bond dealer, the short run relationship between the aggregate 
level of demand deposits and aggregate level of output is likely to be quite eratic. 
The aggregate level of demand deposits is likely to be a more eratic variable than 
the aggregate level of output, especially considering the fact that fluctuations in 
output are generally less than fluctuations in sales because of the buffer nature 
of goods inventories. Over long periods of time, demand deposits and output 
will, of course, move together because of the use of demand deposits for 
transactions purposes. 

Although the demand deposits of the firms and households were 
assumed not to be a direct function of interest rates, relaxing this assumption 
would have little effect on the overall properties of the model. The important 
property of the model in this regard is the fact that the savings behavior of the 
households and the investment behavior of the firms are functions of the interest 
rates. Higher interest rates imply more savings and less investment and thus, 
other things being equal, mope loanable funds in the system. Lower interest rates 
have the opposite effect. The only thing that making demand deposits a negative 
function of interest rates would do would be to lessen slightly the restrictiveness 
caused by those policies (e.g., experiments 1 and 2 in Table 6-6) that take 
money out of the system and lead to higher interest rates. In these cases the 
higher interest rates would imply that less money would be used to meet the 
same level of transactions, which, because of the reserve requirement on demand 
deposits, would allow the bank sector to lend slightly more than otherwise. 

If, say, the demand deposits of the firm sector were decreased by 
1.0, the fnm sector would need to take out 1.0 less in loans. Likewise, if the 
demand deposits of household 2 were decreased by 1.0, household 2 would need 
to take out 1.0 less in loans. If the demand deposits of household 1 were 
decreased by 1 .O, household l’s savings deposits could be increased by 1 .O. Now, 
a simultaneous decrease in demand deposits of 1 .O and decrease in loans of 1 .O 
frees up fraction gl of this amount for new loans. Likewise, a simultaneous 
decrease in demand deposits of 1 .O and increase in savings deposits of 1 .O frees 
up fraction 61 of this amount for new loans (assuming no reserve requirement on 
savings deposits). Since gl is only <in the model, however, the amount of funds 
freed up by a decrease in demand deposits would be small unless the 
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responsiveness of demand deposits to interest rate changes was extremely high. 
Therefore, little is lost in the model by not postulating that demand deposits are 
a direct function of interest rates. 

NOTES 

aSee footnote i in Chapter Three for a discussion of this equation. In the 
notationinTable6.2, thisequation is YrlX, + Pz(V~_I + Yt - Xt PIXJ~ +MH&+ MHJC + 
MH6f = “ET* 

by consistent in this case is meant a set of values that satisfies all the 
adding-up and other constraints in the model. 

%ecause of rounding, the numbers in Table 6-6 do not always add together 
properly. Not rounded, the surplus of the government in period f was 4.530, with the level 
of bank reserves also being less by this amount. The level of demand deposits of the firm 
~ectox was lower by 4.472, and the level of savings deposits of household 1 was lower by 
0.058. 

dNot rounded, the tigurcs are 3.628,4.882,0.149, andO.505, respectively. 
eThe decrease in investment, planned production, and the maximum number 

of hours was not large enough to show up in the rounded numbers in Table 6-6. 
%xnember that HPFMAX is the firm sector’s expected supply of labor. 
*he increase in investment, planned production, and the maximum number 

of hours as a result of the lower loan rate was not large enough in +.his case to show up in the 
rounded numbers in Table 66. 

hThe cut in production of the firm se&x was too small to show up in the 
rounded numbers in Table 6-6. 

iThe decrease in profits of the firm sector was likewise too small to show up in 
the rounded numbers in Table 6-6. 

irhe numbers axe off by 0.1 because of rounding. 
kAs mentioned in the Appendix, the non-condensed model is also not stable in 

the above sense, even though for the non-condensed model the banks, firms, and bond 
dealer are allowed to estimate home of the important expectational parameters on the basis 
of past observations. Even tbougI some parameters are updated each period, there is still 
too much room for expectation erron to be made for the model to settle back down to the 
self-repeating position once it is shocked. 





I Chapter Seven 

A Static-Equilibrium Version of 
the Model 

7.1 INTRODUCTION 

The methodology of tbis study has noi been to develop a static-equilibrium 
model first and then to construct a dynamic version of it, but rather to specify 
from the very beginning a dynamic model. It is the author’s view that 
static-equilibrium models are not of much use in providing insights into how an 
economy actually functions and that too much attention has been devoted in 
mscroeconomic theory to analyzing static-equilibrium models. The static- 
equilibrium IS-L.M model and its various extensions, for example, have come to 
dominate much of the teaching of macroeconomic theory. Although, as 
mentioned in Chapter One, it has recently been debated whether this model is an 
adequate representation of what Keynes actually had in mind, the model 
continues to be widely used. This model will be called the “textbook” model in 
the following discussion. 

There are two seasons why a static-equilibrium version of the present 
dynamic model has been developed in this study. One reason is to show 
explicitly how much is lost in going from a dynamic model to a static- 
equilibrium model. 1% will be seen that many ofthe important characteristics of 
the dynamic model are lost when the model is converted into a static-equilib- 
rium model. ‘Ibe other reason is to provide a model that is directly comparable to 
the textbook model. It is easier to compare two static-equilibrium models than it 
is to compare a dynamic model and a static-equilibrium model. The comparison 
between the present dynamic model and the textbook model is thus indirect. It 
will first be seen how the dynamic model compares to its static-equilibrium 
version, and it will then be seen how the static-equilibrium version compares to 
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the textbook model. Because of the popularity of the textbook model, it was 
felt that some kind of a comparison between the dynamic model and the 
textbook model might aid in understanding the characteristics of the dynamic 
model. The static model is also useful in helping to point out an ~IIOI in one of 
Christ’s models [7]. 

7.2 THE STATIC-EQUILIBRIUM VERSION 

An “equilibrium state” of a model is defined to be a state in which none of the 
variables in the model changes OV~I time. The self-repeating run that was 
concocted for the dynamic model in Chapter Six is a run in which the dynamic 
model is in equilibrium. A static model is defined to be a model in which there 
are no time subscripts. 

Some of the main differences between the basic dynamic model in 
this study and a static-equilibrium version of it are the following. First, in 
equilibrium no constraints can be binding, and so no distinction needs to be 
made in the static-equilibrium version between unconstrained and constrained 
quantities. Second, there can be no net savings ox dissaving$ in equilibrium, for 
otherwise assets would be chan@ng. This means that the net investment of the 
firm sector must be zero (press investment equal to depreciation), savings of the 
households must be zero, and savings of the government must be zero (a 
balanced budget). 

Third, there can be no excess labor and capital in equilibrium, for 
otherwise the firm sector would, among other things, be changing its price. 
Fourth, production must equal sales in equilibrium, for otherwise inventories 
would be changing. Fifth, there can be no capital gains and losses in equilibrium 
and no excess supply of bills and bonds. Sixth, the actual level of bank reserves 
must equal the desired level in equilibrium, for otherwise the bank sector would 
be chanting its decisions. Seventh and finally, prices, wage rates, and interest 
rates must be determined in equilibrium in a way that clears the goods, labor, 
and financial markets. This condition usually means that prices, wage rates, and 
interest rates are determined implicitly in a static-equilibrium model. The values 
of these variables are usually determined by equating the quantities demanded to 
the quantities supplied. 

It should be clear already that in the present case many of the 
important characteristics of the dynamic model will not be present in the 
static-equilibrium version. The price level and the wage rate cannot be set by the 
firm sector, but must be determined implicitly so as to clear the goods and labor 
markets. The loan rate cannot be set by the bank sector and the bill rate cannot 
be set by the bond dealer, but must be determined implicitly so as to clear the 
financial markets. No constraints can ever be binding, and no errors of 
expectations can eves be made. In the present case, in other words, the 
static-equilibrium version is more than just the dropping of time subscripts from 
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Table 7-I. Notation for the Static-Equilibrium Model in 
Alphabetic Order 

= actual bank IeseNeS 
s required bank reserves 
= profit tax rate 
= personal tan 1ate 
= demand deposits of the bank sector 
= demand deposits of the firm sector 
= demand deposits of the household sector 
= depreciation of the firm sect”* 
= total dividends paid and received in the economy 
= dividends paid by the bank sector 
= dividends paid by the firm sector 
= loanable funds of the bank sector 
= reserve requirement ratio 
= maximum “umber of hours that each machine can be used each period 
= number of worker hours paid for by the firm sector 
= “umber of worker hours paid for by the 8o”ernment 
= number of hours that tix household sector is paid for 
= number of machines purchased by the fum sector in a period 
= number of goods purchased by the firm sector for investment purposes 
= total number of machines on hand in the firm sector 
= total value of loans of the bank sector 
= value of loans taken out by the firm sector 
= value of loans taken out by the household sector 
= length of life of one machine 
= price level 
= bill rate and loan rate and bond rate 
= savings deposits of the household sector (and of the bank sector) 
= total taxes paid 
= taxes paid by the bank sector 
= taxes paid by the firm sector 
= taxes paid by the household sector 
= value of bills and bonds held by the bank sector 

= value of bills and bonds issued by the government 
= wage Iate 
= total number ofgoods sold 
= number of goods purchased by the government 
= number of goods purchased by the household sector 
= total number of goads produced 
= minimum guaranteed level of income 
= before-tax income of the household sector 
= number of goods that it takes to aeate one machine 
= amount of output produced per worker hour 
= amount of outpot produced per machine hour 
= before-tax profits of the bank sector 
= before-tax protit~ of the firm sector 
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Table 7-2. The Equations of the Static-Equilibrium Model 

VBC = VBB (1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

FUNDS = (I-gl)DDB + SD 

nm=~ 

K=Y, 
PlH 

I=iK, 

IN”= 61, 

h= 1.32126°=12 

*=(l-dl) [P.Y- W-HP&(+P+K] 

=(f-dl) [P.Y-w.r-(r+~).P.s.-lL] ( 
pji? 

a ii3 0.3212-W 
(r+l).P 

as =“=> 
1.3212.61.3212 

_-!!& =O, 

FlH 

a ii- (r+‘).P.S 
_=,=,P_f_ m 
aY wp 

0, 

Y=X 

“p,y=es.350p-o.40 W0.40~0.77d~~0.30DI~~.02 (SD_LH)n _ 0.78 YG ) 

XH=e4.‘98P-l.Z4 W1.24r-0.54d 
3 

-0.1*,+% @&LWb + 0.36YG , 

X=XH+INV+XG, 

L=LF+LX, 

HPH = HPF + HPG 

DEP=P.INV, t <> ,;:. 6: 

lV;=P.Y-W.HPF-DEP-r.LF. 

T*XF=dpF, 

DIVF-TV-TAXF, 

DDF=BlqW.HPF, 

DDH =yI.P.XH, 
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Table 7-2. (continued) 

(22) DDE = DDF + DDH 

(23) Y,Y= W.“PH+DIV+r.SD 

(24) TAXH=d$YH-r.LH)-YG, 

(25) YH-TAXH-P.XH=O, 

(2Q IJB = r(L+VBB - SD) , 
,,, ,..” 
,(2>r TAXB = dl nB 

(281 DIVB = IIB - TAXB 

(29) DIV=LJIVB+DIVF, 

(30) TAX= 74x8 + TAXF + TAXH 

(31) RR =DDB+SD_L_ VsB, tk’- 1;; +,,: 

(32f’BR * = g,DDB , 

,(%f BR = RR* [=> F”NDS = L + VBB] j 

(34) P.XG + W.HPG +r.VBG - TAX = 0. 

Givenvalues of p,,?i, m. P,~, and yl, the above set of equations consists of 34 equations 
in 42 unknowns. me unknowns are 

1. BR ‘15. HPG 29. TAXH 

,?/g$ 16. IfPH 30. VBB 

‘3. d, 17. I *31. VBG 

*4. d3 

5. DDE 

6. DDF 

7. DDH 

8. DEP 

9. DIV 

p: -DI “B 

11. DIVF 

12. FlJNDS 

*13. g1 

14. HPF 

18. INV 

19. K 

20. I, 

21. LF 

22. LH 

23. P 

24. I 

25. SD 

26. TAX 

,%k TAXB 

28. TAXF 

*Yariable of the government 

32. W 

33. x 

*34. XG 

35. XX 

36. Y 

‘37. YG 

38. YH 

39. 6 

40. h 

.qknB 

42. nF 

One of Equations (25) and (34) is redundant, which meam that there are 33 independent 
equations in 42 unknowns. Given values of LF, LH, ,and SD and given values of 6 of the 7 
government vaiables, the system of equations consists of the same number of independent 
eauations as unknowns. 

Note: Since SD and LH are exogenous, it does not matter what the values of n and b aye in 
Equations (11) and (12). 
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the variables of the dynamic model. The determination of some of the key 
variables and the interactions among the behavioral units are substantially 
changed when going from the dynamic model to the static-equilibrium version. 

‘Ihe static-equilibrium version consists of 34 equations and is 
presented in Table 7.2. The notation for the model is presented in Table 7-l. 
The variables in Table 7-2 are roughly in the order in which they appear in 
Table 6-2. Time subscripts have been dropped from all the variables in this 
chapter. The bond dealer saw no useful purpose in the model, since the biU 
rate is implicitly determine~d, and so the bond dealer has been dropped from the 
model. There is also no reason to have more than one interest rate in the model, 
and so the loan rate and the bond rate have been dropped. The only interest rate 
in the model is the bill rate, r, and so this is the rate not only on government 
debt, but al,so on privateloans and savings deposits. 

Equation (1) in Table 7-2 is a market clearing equation, equating the 
supply of bills and bonds from the government (WC) to the demand for bills 
and bonds by the bank sector (VBB). Since there are no capital gains and losses 
in equilibrium and since the bond rate is always equal to the bill rate, there is no 
need to distinguish between bills and bonds. The interest payment of the 
government on VBG, for example, is simply I- VBG. Since there is no bond 
dealer in the static model, the desired value of bills and bonds of the bond dealer 
in the dynamic model, VBD*, does not appear in Equation (1). Equation (2) in 
Table 7-2 defines the level of loanable funds and is the same as Equation (1) in 
Table 2-4 without the time subscripts and without the EMAXDD and EMAXSD 
terms. Since there is no uncertainty in the static model, EMAXDD and 
EMAXSD serve no useful purpose and can be dropped. 

Equations (3) through (10) determine the production of the firm 
sector and its demand for investment goods and employment. Since the price 
level and the wage rate are not decision variables of the firm sector in the 
static-equilibrium model, a much different and simpler behavioral model of the 
firm sector must be considered. No longer can a firm’s decisions be assumed to 
be based on the solution of an optimal control problem in which the price level 
and the wage rate are among the decision variables. The simpler model of firm 
behavior in Equations(3)-(10) is as follows. 

Since there can be no excess labor and capital in equilibrium, 
Equations (3) and (4) must hold. Equation (3) states that the number of worker 
hours that the firm sector pays for must be equal to the number required to 
produce the output. Equation (4) states that the number of macliines on hand 
must be equal to the minimum number required to produce the output. Since 
net investment must be zero in equilibrium, Equation(S) must hold. In 
equilibrium the number of machines wearing out in a period must be AK,~ where 
m is the length of life of a machine. Equation (5) states that the number of 
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machines purchased in a period (0 must be equal to the number wearing out. In 
Equation (6) the number of machines purchased is translated into the equivalent 
number of goods purchased. 

Equation (7) determines X as a function of F. The three important 
parameters regarding the technology in the firm sector are X, output per worker 
hour, ~1. output per machine hour, and 6, the number of goods required to 
cxate one machine. In the non-condensed model two types of machines were 
postulated, so that X, fi, and 6 each took on two possible values (Xl and X2. ~1 
and ,A*, sI and S2). ~~ and @* were, however, assumed to be equal, so that the 
two types of machines differed only in their h and 6 coefficients. 

In the condensed model only one type of machine was postulated, 
so that X, /A, and S each took on only one value. In the condensed model 
investment was still a function of the loan rate because the firm sector’s price 
decision was a function of the loan rate. The price decision had an effect on the 
investment decision through its effect on expected sales and planned production. 
In the staticequilibrium model X and 6 are assumed to be continuous variables, 
and so there are in effect assumed to be an infinite number of different types of 
machines. The parameter ~1 is still assumed to be the same for all of the 
different types of machines. In Equation (7) X is a positive function of 8: the 
more expensive a machine is in terms of the number of goods it takes to produce 
it, the greater is the output per worker hour on the machine. The ratio @l/h is 
the worker-machine ratio, and with ~1 fixed, Equation (7) merely states that 
machines with lower worker-machine ratios cost more. 

The choice of the coefficients in Equation (7) is discussed in the 
next section. The specification of Equation (7) is a way of keeping the 
putty-clay nature of the technology for the static-equilibrium model. The 
worker-machine ratio is fixed ex post, but ex ante the firm sector has a choice of 
which technology to use. 

The next equation in Table 7-2 defines after-tax profits of the firm 
sector. The total revenue is P-Y, the total cost of labor is IV-HPF, and the total 

cost of capital is (r+~)-P-fi-K. Since each machine has a life of M periods and 

since one machine costs P-6 to purchase, the cost of capital for one machine is 

(r+i)P-&. Multiply this by K, the total number of machines on hand, and one 
has the total cost of capital. The second expression for after-tax profits in Table 
7.2 replaces HPF and K by their deftitions in Equations (3) and (4). 

The two decision variables of the firm sector are the choice of the 
technology, represented by 6, and the level of output Y. The firm sector is 
assumed to maximize after-tax profits, and so Equations (8) and (9) must hold. 
The derivation in Equation (8) uses the fact, from Equation (7), that X is a 
function of 6. Equation (9) merely states that in equilibrium the price of a unit 
of output must equal the cost of producing it. The last equation in the 
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production block for the firm sector, Equation (lo), states that output must 
equal sales in equilibrium, for otherwise inventories would be changing. 

Equations (11) and (12) determine the two main decision variables 
of the household sector, the number of hours to work (HPH) and the number of 
goods to purchase (XH). The existence of two different households serves no 
useful purpose in the static-equilibrium model, and so the households have been 
aggregated into one. Equation(l1) is similar to Equations(2) and (1)’ in 
Table 4-6, and Equation (12) is shnilar to Equations (3) and (2)’ in Table 4-6. In 
Equations (2) and (3) in Table 4.6, the level of savings deposits and the stock 
price were added together, but in Equations (11) and (12) in Table 7.2 the two 
have been separated. Since the stock price is DIV/r and since r is already 
included in the equations, the separation of the level of savings deposits and the 
stock price merely means that DIV is included as a separate variable in 
Equations (11) and (12) in Table 7-2. 

Equation (11) states that HPH is a positive function of the wage rate 
and the interest rate, and a negative function of the price level, the proportional 
tax rate, the level of dividends, and the minimum guaranteed level of income. 
Equation (12) states that XH is a positive function of the wage rate, the level of 
dividends, and the minimum guaranteed level of income, and a negative function 
of the price level, the interest rate, and the proportional tax rate. The choice of 
the &efficients in the two equations is discussed in the next section. The 
coefficients are based on the coefficients in Equations (2), (3), (1)‘, and (2)’ in 
Table 4-6. 

Equations (13)-(31) in Table 7-2 are very similar to the relevant 
equations in Table 6-2, appropriately simplified. Equation (13) determines total 
sales and is similar to Equation (16) in Table 6-2. The equation in the present 
context is the market clearing equation for goods. Equation (14) determines the 
total value of loans, and Equation (15) is the market clearing equation for labor. 
Equations (16)-(20) determine the financial variables of the firm sector: 
depreciation, before-tax profits, taxes paid, dividends paid, and demand 
deposits. Depreciation in Equation (16) IS merely the value of investment in 
equilibrium. Equation (17), determining before-tax profits, does not include an 
inventory valuation term because the term is zero in equilibrium. If LF is zero in 
Equation (17), as it is taken to be for the results in the next section, then the 
level of before-tax profits as defined in Equation (17) is merely r-K because of 
Equation (9). If LF were set equal to K, then profits iwEquation (17) would, of 
course, be zero. The choice for the value of LF is discussed in the next section. 

Since there is no uncertainty in the static model, theDDF2 term in 
the dynamic model serves no useful purpose in the static model, and so it has 
not been included in Equation (20) in Table 7-2. Equation (21) determines the 
demand deposits of the household sector, and Equation (22) determines total 
demand deposits. Equations (23) and (24) determine the income and taxes of 
the household sector. Equation (25) is an equilibrium condition and states that 
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the savings of the household sector must be zero in equilibrium. Equations 
(26).(28) determine the before-tax profits, taxes, and dividends of the bank 
sector, and Equations (29) and (30) determine total dividends and total taxes. 
Equation (31) determines actual bank reserves, and Equation (32) determines 
required bank reserves. Equation (33) is an equilibrium condition and states that 
actual reserves must equal required reserves in equilibrium. Equation (34) is also 
an equilibrium condition and states that the savings of the government must be 
zero in equilibrium. 

Aside from the specific coefficients in Equations (7), (1 l), and (12), 
there are five parameters in the static model: ~1. E m, P14, and 71. Not 
counting these parameters, the static model consists of 34 equations in 42 
unknowns. The unknowns are listed at the end of Table 7-2. Although it may 
not be immediately obvious from the model, one of Equations (25) and (34) is 
redundant. Given all the other equations in the model and one of the two 
equations, the other is automatically satisfied. Consider, for example, Equation 
(34), which says that government savings are zero. This equation must be 
redundant, given the rest of the equations in the model, for the following reason. 
The firm and bank sectors retain no earnings and so are neither net savers nor net 
dissavers. Equation (25) states that the household sector is neither a net saver 
nor a net dissaver. Therefore, since all flows of funds are accounted for in the 
system, zero net savings in the private sector of the economy must imply that 
the net level of savings of the government is zero, which is Equation (34). If the 
government were a net saver or a net dissaver, this would show up somewhere in 
the savings of the private sector. Equation (34) is thus redundant, given the 
other equations of the model. 

The static model thus consists of 33 independent equations in 42 
unknowns, so that there are nine mope unknowns than equations. There are 
seven variables of the government: three tax parameters, dl, dj, and YG; the 
reserve requirement ratio, gl; the value of bills and bonds issued, WC; the 
number of goods purchased, XC; and the number of worker hours paid for, 
h!PG. There are also three stock variables in the model for which there are no 
explicit equations: the value of savings deposits of the household sector, SD; the 
value of loans of the household sector, M; and the value of loans of the firm 
sector, LF. If these three variables are treated as exogenous, then there are six 
mope unknowns than equations, and so the government can choose six of its 
seven values. In this case, because of the requirement that the government 
budget be balanced in equilibrium, given six of the seven government values, the 
other value is automatically determined. 

It seems reasonable in the present context to treat SD, LH, and LF 
as exogenous. Consider, for example, SD-LH-LF, and denote this variable as A, 
which is the stock of assets of the private, nonbank sector (not counting common 
stocks and demand deposits). LetA- denote the stock of assets of the previous 
period. Then A is determined as A-, plus the level of savings. Therefore, &iven 
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Table 7-3. Equations of the Static-Equilibrium Model by Blocks 
(LF, L H, SD, and all government values except VBG are assumed 
to be exogenous) 

Y 

K 

I 

IN” 

h 

6 

w. P, WIP, “7 ” 

X 

HEW 

(3) HPF=;. 

(4)’ K-5, 
I 

(5) I=;.. 

(6) INV= ST, 

(7) h= 1,3212~6°.32’2~ 

I 

r,A.O.3212 
;1 

1.32‘3 , 
(8) 6 = [ 

o+ 4, .I.3212 

(9) ;=,,,-,+~,~I, 

(10) y=x, 

(1,) ~PH~.8.35op-0.40~0.4O,o.77~3~0.30O,V-O.01(SD_LH)a 

0.78 YG, 

(12) XH~e4.3~*p-1.24WI.24,-0.54d~-0.18D~y0.08(SD_LH)b 

+ 0.36YG. 

(13) X=XH+INV+XG, 

(151 HPH=HPF+HPC 

DDB (22) DDB = DDF + DDH, 

XX 

HPF 

Black 2: 

L 

DDF 

DDH 

(141 L=LH+LF, 

(201 DDF= P~~.w.“PF, 

(21) DDH =yI .P.XH, 
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Table 7-3. (continued) 

FiJ’NDS (2) FUNDS = (I - gl)DDB + SD, 

VBB (33) FUNDS=L + VBB. 

VBG (1) VBG= VBB, 

DEP (16) DEP=P.,N”, 

IIF (17) nF=P.Y-W*HPF-DEP-r.LF, 

TAXF (18) TAXF-d, ru; 

DIVF (19) D/VF=ru-TAXF, 

“B (26) IIB=r(L + VBB SD), 

TAXB (27) TAXB = dl ni?, 

DI “B (28) DIVB = IIB - TAXB, 

DIV (29) DIV=DIVB+DIVF, 

YH (23) YH=W.HPH+DIV+r.SD, 

TAX/i (24) TAXH =d3(YH- r.LH) - YG. 

TAX (30) TAX= TAXB + TAXF+ TAXH, 

w, P, 01" (34) P.XC + W.HPC + r.VBG - TAX = 0. 

A-1, A must be equal to it in the static model because savings must be zero in 
equilibrium. Since the model has no way of determining A-1 endogenously, it 
likewise has no way of determining A. Therefore, it is reasonable to treat A as 
exogenous. If, say, SD were not treated as exogenous (but LH and LF were), 
there would be seven more unknowns than equations, and so the government 
could choose all seven of its vaIues. The requirement of a balanced budget for 
the government in equilibrium would not lead in this case to one of the 
government values being automatically determined, given tbe other six. This 
would, however, only be because of the unreasonable treatment of SD as 
endogenowa 

This completes the specification, of the static-equilibrium model. The 
solution of the model is discussed in the next section, and some results are 
presented of solving the model for alternative values of the government variables. 
As was the case for the dynamic model, the results in the next section are meant 
only to aid in understanding the properties of the static model and are not 
meant to be a “test” of the model in any sense. The static model is compared to 
the textbook model in Section 7.4 below. 
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7.3 THE SOLUTION OF THE STATIC MODEL 

Given values of SD, LH, and LF and given six of the sewn government values, 
the model consists of the same number of independent equations as endogenous 
variables. The model is nonlinear in the variables and so must be solved by some 
iterative technique. For the results in this section the model was solved using the 
Gauss-Seidel technique. Before this technique was applied, however, the model 
was broken up into two blocks, and it will be useful to consider this breakdown. 
The two blocks are presented in Table 7-3. The first block corresponds to the 
real sector of the model, and the second block corresponds to the financial 
sector. The equations in Table 7-3 are in the same form as they appear in 
Table 7-2 except for Equations (8) and (9), which have been rearranged. The 
zero-savings equation of the government (Equation (34)) has been included in 
Table 7.3, and so the zero-savings equation of the household sector (Equation 
(25)) has not been included. 

If VBG is taken to be the one endogenous government variable, then 
the real block consists of 12 equations in 14 endogenous variables. The model 
was solved in the endogenous i’i3G case in the following way. Given values of 
two of the 14 endogenous variables in block 1, block 1 was solved for the other 
12 variables using Gauss-Seidel. Block 2 was then solved for the other variables 
in the model, including the two variables taken as given for the solution of 
block 1. Block 1 was then resolved using the new values of the twevan&e.;’ 
and block 2 was resolved again. This process was repeated until overall ” 
convergence was reached. There are clearly other ways that the model could be 
solved using Gauss-Seidel, but the way just described converged fairly quickly 
and so no further experimentation with ways of solving the model was carried 
out. In addition to its computational convenience, breaking the model up into 
the two blocks has the advantage of indicating clearly the links between the real 
and financial sectors. 

It was decided for purposes of the static model to make HPH zd 
XH a function of the real wage, W/E The coefficients for W and P in 
Equation (11) were taken to be of opposite sign and equal in absolute value, as 
were the coefficients for Wand P in Equation (12). The 0.40 coefficient for W/P 
in Equation (11) is the average of the absolute values of the coefficients for W 
and P in Equations (2) and (1)’ in Table 4.6 [(0.41+ 0.71 f 0.25 + 0.22)/4= 
0.401. Likewise, the 1.24 coefficient for W/P in Equation (12) is the average of 
the absolute values of the coefficients for W and P in Equations (3) and (2)’ in 
Table 4-6. The other coefficients in Equations (11) and (12) are similarly 
averages of the relevant coefficients in Equations (2), (3), (l)‘, and (2)’ in 
Table4.6. It makes no difference what coefficients are used for SD-LH in 
Equations (11) and (12) because SD and LH are both treated as exogenous and 
thus never change. When SD,_1 and P& are split up in Equations (2) and (3), 
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the coefficients for PS, change from -0.38 and 0.14 to - 0.22 and 0.08 because 
of the change of the base from SD,_l+ PSt to SD+1 and PS, separately. The 
one change that was made in going from Equation (2) in Table4-6 to 
Equation (11) in Table 7-2 was to make the coefficient for DIV smaller in 
absolute value, from -0.22 to -0.01. (Remember that DIP’/? is merely PS in the 
static mohel.) This was done to make the solution values in the real block 
somewhat less sensitive to the values determined in the financial block. 

The parameter values, government values, and values of LF, LH, and 
SD that wm used for the basic solution of the model are presented in Table 7-4. 
These values and the values for the constant terms in Equations (11) and (12) 
were chosen to make the basic set of solution values come out to be roughly the 
same as the base run values for the dynamic model in Chapter Six. The values for 
LF and LH were, however, taken to be zero, and the value for SD was taken to 
be 203.2. The value 203.2 is the difference between the base run value for SD, 
in Chapter Six (1013.4) and the sum of the base run values for LF, and LHr 
(328.1 + 482.1). The firm sector was also assumed to hold no demand deposits, 
so that 814 was taken to be zero. These changes have very little effect on the. 
final properties of the model. 

Table 7-4. Parameter Values, Government Values, and Values of 
LF, LH, and SD for the Base Run in Table 7-5 

r7=1.0 

m=lO 

p,4=0.0 

^(I = 0.32044 

fi, = 0.6787 

d, = 0.5 

dj = 0.2391 

g, = 0.1667 

HPG=124.7 

XG = 93.3 

YG=O.O 

LF= 0.0 

LH = 0.0 

SD = 203.2 

The two coefficients in Equation(7) (1.3212 and 0.3212) were 
chosen as follows. The solution value for X for the basic run was first chosen to 
be 1.3212, the same as the value of XI in the condensed, dynamic model; and 
the solution value for 6 was taken to be 1.0, also the same as in the condensed, 
dynamic model. This meant that the first coefficient in Equation (n had to be 
1.3212. Given values for X, 6, W, P, I, m, and E, Equation (9) was then solved 
for p,, Finally, given values for W, P, I, m, R, ~1, and the I .3212 coefficient 
already determined, Equation (8) was solved for the remaining coefficient, 
which turned out to be 0.3212. 
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Regarding the solution of the model using Gauss-Seidel, it is 
somewhat arbitrary as to which two of the 14 variables in block I are taken as 
given for purposes of solving the block. The main choice in the overall model is 
which equations to use to compute W, P, and r Note that if the coefficients for 
W and P in Equations (11) and (12) are of opposite sign and equal in absolute 
value, as they are specified here to be, then W and P always enter as W/P in 
block 1. It is not important for purposes of solving the model, however, whether 
W and P enter separately in Equations (11) and (12) or only as W/P. It should 
also be, noted that it is not important for purposes of solving the model whether 
I is included in the demand deposit equations, (20) and (21). There is, in other 
words, nothing in the model that requires that demand deposits be a function of 
the rate of interest in order to solve the model. 

The results of solving the model are presented in Table 7-S. For all 
the runs in Table 7-5, VBG was taken to be the endogenous government variable. 
The first set of results in the table is based on the values in Table 7-4. For each 
of the other nms in the table, one of the six exogenous government values was 
changed. Fqr all of these results the model was solved by using Equation (9) to 
compute r, Equation (12) to compute W/P, and Equation (34) to compute P. W 
was computed as W/P times P. This meant that the two variables taken as given 
for purposes of solving block 1 were DIVand the breakdown of W/F into Wand 
P. The advantage of solving the model in this way is that block 2 becomes linear 
in the unknown variables in the block and so can be solved without having to use 
the Gauss-Seidel technique. Only values for the most important variables in the 
model are presented in Table 7-5. Real GNP in the table, GNPR, is the sum of Y 
and HPG. 

For the first experunent in Table 7-5, the number of goods 
purchased by the government (XC), was increased by 2.5. This caused output, 
Y, to rise by 4.77, from 842.03 to 846.80. The price level, the wage rate, and 
the interest rate were all higher, and the real wage was slightly lower. The values 
for 6 and X decreased, which meant that the tinn sector switched to a cheaper 
type of machine with a higher worker-machine ratio. Both a higher interest rate 
and a lower real wage induce the firm sector to switch to a more labor intensive 
type of machine. The price level and the wage rate each rose by about 12 
percent corresponding to the increase in XC of about 2.7 percent. The higher 
price level corresponded to larger values for the financial variables. Demand 
deposits increased by about 12 percent, from 200.35 to 225.25, and VBG 
increased from 370.16 to 390.91. The aggregate level of dividends increased 
from 45.79 to 5 1.9 1, and the aggregate level of taxes increased from 242.26 to 
272.80. 

Because the model is fully simultaneous, it is not possible to talk 
about one endogenous variable causing another endogenous variable to behave in 
a certain way. Nevertheless, it is possible to speak loosely about the relationship 
between one endogenous variable and another. Consider, for example, why the 
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price level is higher in experiment 1 than it is in the base run. When the 
government increases XC without increasing tax rates, some way must be found 
for satisfying the zero savings equation of the government, Equation (34). Now, 
a rising price level increases both the money expenditures of the government and 
taxes, but the relationships in the model are such that taxes rise more than 
money expenditures as the price level increases. Therefore, speaking loosely, 
Equation (34) can be met by having the price level rise. The government is, in 
other words, financing the increase in XG by an increase in the price level. 

Regarding the increase in VBG in experiment 1, consider how VEG 
is determined. From Equations(l), (2), and (33), VBG equals (I-gI)DDB+ 
SD-L. Since SD and L are exogenous, the only endogenous variable on the 
right-hand side of this equation is the level of demand deposits, DDB. Since DDB 
is proportional to the price level, VBG increases as the price level increases. 
Another way of looking at this is as follows. From Equations (2) and (33) the 
demand for bills and bonds by the bank sector, VBB, is (I-g1 )DDB + SD - L. 
Since SD and L are exogenous, VEB increases as DDB increases. From 
Equation (1) VBG must equal VBB, so that VEC must increase as DDB increases 
to meet the increased demand for bills and bonds from the bank sector. 

Consider finally the behavior of the household sector. In order to 
increase the level of output, the household sector has to be induced to work 
more. The savings of the household sector musty be zero, so that if the sector 
works more, it must also conwme more. One way of inducing the sector to work 
more is for the interest rate to increase, and for the results in Table 7-5 the 
interest rate is an important factor in inducing the sector to work more. The 
higher interest rate in experiment 1 also had, however, a negative effect on the 
number of goods purchased by the household sector, but this was more than 
offset by the higher level of dividends. The zero savings constraint of the 
household sector was also met in part by the fact that the price level increased 
slightly more than did the wage rate. Holding HZ’& XH, I, and DIV constant, an 
increase in I”, holding W constant, has a negative effect on the savings of the 
household sector, and an increase in W, holding P constant, has a positive effect. 
An increase in P relative to W thus has a negative effect on savings. It is al& the 
case, however, given the coefficients used in Equations (11) and (12), that a 
decrease in WJP decreases HPH less than XH, so that on this score a decrease in 
W/P has a positive effect on savings. Overall, of course, the solution values are 
such that the zero savings constraint is satisfied, and all that can be done here is 
to give a rough indication of how this comes about. 

For the second experiment, the value of XG was decreased by 2.5. 
The results in Table 7-5 are almost exactly opposite, even quantitatively, to 
Ihose for the first experiment, and so require no further discussion. Even though 
the model is nonlinear, the response of the model is quite symmetrical for the 
size of the changes considered here. 
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For the third experiment, the personal income tax parameter, d3, 
was decreased by 0.00304. With no other changes, this corresponds to an 
aggregate tax decrease of 2.5. This change had similar effects to the increase in 
XG in experiment 1. The interest rate rose, although it rose less than it did in 
experiment 1. A decrease in d3 has a positive effect on the work effort of the 
household sector, so that, again speaking loosely, the interest rate needed to rise 
less in experiment 3 than it did in experiment 1 in order to have the household 
sector work more. The number of goods purchased by the household sector was 
seater in experiment 3 than in experiment 1 because the induced increase in 
output in experiment 3 did not correspond to any increase in the number of 
goods purchased by the government. The total level of output was also 
somewhat greater in experiment 3 than in experiment 1. It is interesting to note 
that even though dj was decreased in experiment 3, the aggregate level of tax 
collections in money terms (TAX) rose substantially because of the increase in 
the price level. The results for the fourth experiment, an increase in ds of 
0.00304, are again almost exactly opposite to those for the third experiment. 

For the fifth experiment, the minimum guaranteed level of income, 
YG, was increased by 2.5. This change had similar effects to the increase in XC 
in experiment 1 and to the decrease in d3 in experiment 3. In this case, however, 
the interest rate was higher than it was in experiment 1, and the total level of 
output was somewhat lower. In contrast to the case in experiment 3, where a 
decrease in d3 has a positive effect on the work effort of the household sector, 
an increase in YG has a negative effect on work effort. Therefore, the increase in 
output was somewhat less in experiment 5 than in experiment 3, and the interest 
rate was somewhat greater in order to induce the household sector to work 
more. In other words, decreasing taxes by decreasing the proportional tax rate 
has more of an effect on output than does decreasing taxes by increasing the 
minimum guaranteed level of income because of the work response of the 
household sector. The results for the sixth experiment, a decrease in YG of 2.5, 
are opposite to those for the fifth experiment. 

Fur the seventh experiment, the number of worker hours paid for by 
the government (HE) was increased by 2.5. Real GNP was about the same in 
this case as in experiment 1, although in this case 2.5 of the increase in real GNP 
was due to the increase in HPG The number of goods produced, Y, was less in 
experiment 7 than in experiment 1. Overall, however, the results for experi- 
ments 1 and 7 are quite similar. The results for the eighth experiment, a decrease 
in HPG of 2.5, we opposite to those for the seventh experiment. 

For the ninth experiment, the u%xve requirement ratio, 81, was 
decreased from 0.1667 to 0.0667. This change had a stimulative effect on the 
economy and led, for example, to an increase in output, the price level, the wage 
rate, the interest rate,and the level of employment. The reason the decrease ingl 
had a positive effect on the economy is roughly as follows. Since JD and L are 
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exogenous, it can be seen from Equations (2) and (33) that a decrease ingl leads, 
other things being equal, to an increase in VBB. In other words, more funds are 
now available for the bank sector to buy bills and bonds. From Equation (1), 
VBG must then increase to meet the increase in the demand for bills and bonds. 

An increase in VBG means that the level of interest payments from 
the government to the bank sector is increased, which in turn means that the 
level of dividends is increased. A higher aggregate dividend level then has a posi- 
tive effect on the number of goods purchased by the household sector. An ex- 
pansion in the economy thus takes place when go is decreased because 
governinent spending is increased. Government spending is increased because of 
the increase in interest payments. It may seem puzzling at first glance as to why 
the interest rate would increase when gl is decreased, since a decrease in gl 
frees up mope funds, but one of the reasons this happens is because a higher 
interest rate is needed to. induce the household sector to work more. In a loose 
sense one might say that the interest rate is tied more to the equations in the real 
block than it is to the equations in the financial block. The results for the tenth 
experiment, an increase in gl to 0.2667, are opposite to those for the ninth 
experiment. 

The results in Table 7-5 are all based on the treatment of VBG as the 
one endogenous variable of the government. VBG can be made exogenous if one 
of the other seven government variables is made endogenous. For the results in 
Table 7-6, VBG was treated as exogenous and d3 was taken to be the 
endogenous variable of the government. When dj is endogenous, the equations 
in Table 7-3 can be solved as follows. 

The solution in block 1 can remain the same. In block 2, 
Equation (1) can be used to solve for VBB, given the now exogenous value for 
VBG. Equation (33) can be used to solve for FUNDS, and Equation (2) can 
be used to solve for DDB. When VBG is exogenous, DDB is in effect also 
exogenous. Given DDB and DDF (which is actually zero since 014 is zero), DDH 
is DDB - DDF from Equation (22). Given DDH, P can then be determined from 
Equation (21). W is then W/P times P, where W/F is available from block I. 
Given P and W, TAX can be computed from Equation (34), the zero savings 
equation of the government. TAXF and TAXB can be computed in the usual 
way, and then given these two values and given TAX, TAXH can be computed 
from Equation (30). Given TAXI& d3 can then be computed from Equation 
(24). 

The value chosen for VBG for the results in Table 7-6 is the solution 
value of VBG for the base run in Table 7-S. All the other exogenous values for 
the base run in Table 7-6 were taken to be the same as the values used for the 
base run in Table 7-5. The base run in Table 7-6 is thus exactly the same as the 
base run in Table 7-5. For the first experiment in Table 7-6, XG was increased 
by 2.5. This had a positive effect on the price level, the wage rate, and the 
interest rate, but a negative effect on the level of output. In the endogenous d3 
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Table 7-6. Results of Solving the Static-Equilibrium Model for the 
Endogenous d3 Case 

E.Xph?l~~r 

2 3 4 
xc 81: h-1: 
-2.5 -O.IO +a.10 

I 
Base XC: 
Run t2.s 

966.73 965.67 

1.0009 1.0060 
1.0009 1.0054 
1.0000 0.9994 
0.06500 0.06531 

842.03 840.97 
1.3212 1.3204 
1.0000 0.9981 
124.06 123.91 
124.06 123.68 
637.32 636.90 

762.02 761.60 
614.61 621.50 

200.35 200.35 
45.79 46.08 

0.2391 0.2422 
242.26 245.93 

967.83 960.83 973.30 

0.9958 0.9012 1.1269 
0.9964 0.9016 1.1263 
1.0006 1.0004 0.9995 
0.06470 0.06477 0.06528 

843.13 836.13 848.60 
1.3220 1.3217 1.3205 
1.0018 1.0014 0.9983 
124.23 123.20 125.03 
124.46 123.37 124.82 
637.18 637.58 642.64 

762.48 757.28 767.34 
627.88 619.47 630.48 

200.35 178.89 221.67 
45.49 41.41 51.36 

0.2360 0.2429 0.2351 
238.61 220.48 269.75 

Note: Value used for VBG was 370.16 for all of the runs in this table. 

case the increase in XC is financed by an increase in d3, and an increase in d3 
has a negative effect on the work effort of the household sector. This effect was 
such in experiment 1 as to lead to a lower value of hours worked by the 
household sector and a lower value of output. The value for d3 increased from 
0.2391 to 0.2422. The price level and wage rate rose much less in experiment 1 
in Table 7-6 than they did in experiment 1 in Table 7-5, since in Table 7-6 the 
increase in XG was in effect financed by an increase in d3 rather than an increase 
in the price level. The results for the second experiment in Table 7-6, a decrease 
in XG of 2.5, are again the opposite to those for the first experiment. 

For the third experiment in Table 1.6, gl was decreased to 0.0667. 
This change had a significant contractionary effect on the economy. The season 
for the large contractionary effect can be seen roughly as follows. Given VBG, I,, 
andSD, a decrease ingl means from Equations(l),(Z), and (33) that DDB mmt 
decrease. Given DDF from Equation (20). this means from Equation (22) that 
DDH must decrease. Given the decrease in DIM, P must then decrease from 
Equation (21). W, being determined as W/P times P, must then decrease. The 
decrease in P leads, among other things, to a lower level of dividends and turns 
out to have a contractionary effect on the economy. The results for the fourth 
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experiment in Table 7-6, an increase in 81 to 0.26667, are opposite to those for 
the third experiment. 

This concludes the presentation of results for the static model. 
Although the results of treating other government variables as endogenous could 

. 
be presented, enough evidence has been presented to give a good indication of 
the properties of the model. 

A few general remarks about the model will be made to conclude 
this section. First, it should be obvious that it makes an important difference 
regarding the response of the model to a change in an exogenous variable as to 
which government variable is made endogenous. When, for example, VBG is 
endogenous, an increase in XC leads to an increase in output and a much higher 
price level, whereas when dj is endogenous, an increase in XC leads to a slight 
decrease in output but only a slightly higher price level. It also should be obvious 
that when VBG is endogenous, the multiplier effect of an increase in XG on 
output is not one over the marginal tax rate. In Christ’s model [S] the multiplier 
is over the marginal tax rate, but his model is much simpler than the present 
model. Christ’s model, for example, does not have a labor sector and does not 
endogenously determine the price level. When a mcxe complicated model than 
Christ’s is considered, there is no reason to expect that his result regarding the 
multiplier will generalize, and in the present case it clearly does not. 

It was mentioned above that it makes no difference from the point 
of view of solving the model whether the level of demand deposits is a function 
of the rate of interest or not. It also turns out to make little quantitative 
difference as to whether this is true or not. The experiments in Tables 7-5 and 
7-6 were carried out under the assumption that DDff is a function of I: 

DDHze-2.733 y,P.XH.r’.Oo (21) 

The constant term in Equation (21)’ is such as to make the base run value of 
DDff unchanged. The results of replacing Equation (21) with Equation (21)’ 
were little changed from the results in Tables 7-5 and 7-6. For the first 
experiment in Table 7-5, for example, the new solution value of r was 0.06563 
compared to 0.06564. The new level of output,was X46.72 compared to 846.80. 
For the third experiment in Table 7-6, the new solution value ofr was the same 
to four significant digits, and the new level of output was 836.04 compared to 
836.13. For none of the experiments were the results in the tw6 cases noticeably 
different. As mentioned above, the interest rate is, in a loose sense, more 
influenced by the equations in the real block than by the equations in the 
financial block, and so making DDH a function of r has very little effect on the 
quantitative properties of the model. 

Two of the equations that are quite important in .nfluencing the 
properties of the model are the two main equations of the household sector, 
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Equations (11) and (12). Equation (11) in particular is quite important because, 
holding the technology constant, the level of output in the economy is 
constrained by the work effort of the household sector. The coefficients in 
Equations (11) and (12) were chosen to be consistent with the coefficients in 
the condensed model, which were in turn chosen to be consistent with the 
results obtained by solving the optimal control problems of the households in 
Chapter Four. Although it might be of interest to examine the properties of the 
static model under different choices for the coefficients in Equations (11) and 
(12), this will not be done here. 

7.4 A COMPARISON OF THE STATIC MODEL 
TO THE TEXTBOOK MODEL 

A version of the standard macroeconomic textbook model is presented in 
Table 7-7. This version is taken from a textbook by Branson [6], one of the 
more advanced textbooks in the field. The notation for the most part is 
Branson’s, and the model is what Branson calls “the extended model.“b 

The model in Table 7-7 consists of (1) a consumption function in 
disposable income and assets, (2) an investment function in the rate of interest 
and income, (3) an income identity, (4) a real money demand function in the 
rate of interest and income, (5) a money supply function in the rate of interest, 
(6) an equilibrium condition equating money supply to money demand, (7) a 
production function in employment (with the capital stock held fixed), (8) a 
demand for labor equation equating the marginal product of labor to the real 
wage rate, (9) a labor supply function in either the money wage or the real 
wage,c and (10) an equilibrium condition equating the supply of labor to the 
demand for labor. Taking A and J? to be exogenous and taking the government 
variables (g, n, and the parameters in the tax function, G)) to be exogenous, 
the model consists of ten equations in ten unknowns (c, i, y, MO, MS, iW’, Ns, 
P, W, and r). The following are some of the differences between the textbook 
model and the static model in this chapter. 

Consumption in the textbook model is a function of after-tax 
income and the real value of assets, and the supply of labor is a function of the 
wage rate and perhaps the price level. In the present model both consumption 
and the supply of labor are functions of the fame variables, since they are both 
decision variables of the household sector and are thus jointly determined by the 
maximization processes of the households. The explanatory variables in the 
equations are the price level, the wage rate, the interest rate, the level of savings 
deposits and loans, the level of dividends, and the two tax parameters, d3 and 
YG. 

In the textbook model investment is a function of the rate of 
interest and income, and the demand for labor is a function of the real wage and 
the shape of the production function. The price level and the wage rate are 
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Table 7-7. The Eauationr of the Textbook Model 

[consumption function] 

(2) i = iV,Y), [investment function] 

(3) y=e+i+g, [income identity: equilibrium condition far the 
goods market] 

(4) $= IV) + k(y), [demand for “mney function] 

(5) Ms=Mor Ms=M(r), [supply of money function] 

(6) Ms=MD, ~equilibrium condition for the money market] 

(7) Y =rwD K) , [production function] 

(8) fiA+=;. [demand for labor function] 

(9) ,Vs=h(W.,~) ]supply of labor function] 

i, y. 

implicitly determined in the textbook model, being determined essentially by 
the market clearing equations for goods and labor (Equations (3) and (10)). In 
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the present model the firm sector chooses the technology and the level of output 
so as to maximize after-tax profits. The net result of this is that both the 
demand for invest&a and the demand for labor are a function of the real wage 
rate and the interest rate. The price level and the wage Iate are also implicitly 
determined in the present static model. 

In the textbook model there are no government bills or bonds in 
existence, and no zero savings constraint is postulated.d It is thus somewhat 
difficult to compare the financial sector of the textbook model to the financial 
Sector of the present model. In both models the interest rate is determined 
implicitly. In the textbook model this comes about by equating the demand for 
money to the supply of money. In the present model this comes about by 
equating the demand for bills and bonds (VBB) to the supply (WC), and by 
equating actual bank reserves (BR) to required reserves (BR*). In the present 
model, unlike in the textbook model, the interest rate has a direct effect on the 
demand for labor, the supply of labor, and the consumption demand of the 
household sector. The interest rate actually affects the supply of labor and 
consumption in two ways, one directly and one through its effect on the 
aggregate stock price (DIV/iQ. The interest rate is thus in some sense a more 
integral part of the present model than it is of the textbook model. 

It is well known that the demand for money equation in the 
textbook model is an important equation in influencing the properties of the 
model, and much empirical work has to be done on estimating the interest rate 
sensitivity of the demand for money. In the present model, as was seen above, it 
is not very important whether the level of demand deposits is or is not a 
function of the rate of interest. The interest rate is more influenced by the 
equations in the real block. This appears to be a significant difference between 
the present model and the textbook model, and puts the importance of 
empirical studies of the demand for money in a somewhat different light. 

The main differences between the present model and the textbook 
model can be summarized as follows. In the present model the demand for 
investment and the demand for labor are joint decision variables of the firm 
sector and are determined jointly through a maximization process. Likewise, the 
supply of labor and the demand for consumption are joint decision variables of 
the household sector and can be considered to be determined jointly through a 
maximization process. Neither of these characteristics is true of the textbook 
model. The present model also accounts explicitly for all flows of funds in the 
model and for the zero-savings constraints, which the textbook model does not. 

While these are important differences and while the present model 
does appear to be an improvement over the textbook model, it is still the 
author’s opinion that the most significant weakness of both models is their 
static-equilitlrium nature. What is hoped this chapter has demonstrated is how 
many important characteristics of the dynamic model are lost when the model is 
converted into a static-equilibrium model. 
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NOTES 

%kist’s model [7 ] is actually in error in this regard. His model consistg of I1 
equations (countig the zerosavings equation of the government) in 14 unknowns. Four of 
the unknowns are government values, and one of the ““lmawns is real private wealth (w in 
his ““tati”“). w is similar to the variable A in the above disc”ssio”. Christ treats w as 
endogenour and argues that the government can choose only three of its four values. If w 
wee treated as exogenous, as it is argued here it should be, the” Christ’s model would seem 
to imply that the government could choose ail four of its values. The err”r in Christ’s model, 
however, is the treatment of two interest rates (r, the yield 01” bonds, and r’. the yield on 
physical capital) as endopmous. I” equilibrium these tw” rates should be equal, and yet 
Christ does not impose any restrictions o” the two rates. If one of the two rates were 
dropped, “I an equation was added equating the twa rates, w could be treated as exoge”“us 
and the government would still be able to choose only three of its four values. 

b&e in particular Chapter 14 in Branson [6]. 
Wsually in textbooks the “classical” model is the version in which the supply 

of labor is a function of the meal wage, while the “Keynesian” model is the version in which 
the supply of labor is a function of the money wage. 

dThis latter point has been emphasized by Christ 181, among others. As 
mentioned above, both of Christ’s models, [7] and IS], incorporate a zer” savings 
constraint, but “either model has a labor sector, and in both models the price level is 
exogenous. 



I Chapter Eight 

8.1 SUMMARY 

The purpose of this study has been to develop a theoretical model of 
macroeconomic activity with the characteristics outlined at the beginning of 
Chapter One. The model should be general, should be based on solid 
microeconomic foundations, Should not be based on the assumption of perfect 
foresight, and should not be based on the postulation of titonnement proceSses 
that clear markets every period. 

The model is general in the sense that the goods market, the labor 
market, and the financial markets are all treated endogenously. The model also 
accounts for wealth effects, capital gains effects, all flow-of-funds constraints, 
and the government budget constraint. The model is based on solid micro- 
economic foundations in the sense that the decisions of the main behavioral 
units in the model-banks, firms, and households-are assumed to be based on 
the solutions of optimal control problems. Before the behavioral units solve 
these problems, they are assumed to form expectations of future values, and 
these expectations are used in the solutions of the problems. Much of the 
specification of the model is concerned with how these expectations are formed. 
None of the behavioral units in the model is assumed to have perfect foresight. 
The model is recursive in the sense that information flows in one direction, and 
no titonnement processes, in which information flows back and forth between 
behavioral units before transactions take place, are postulated. 

In a nont~tonnement model, where the quantity demanded of 
something may not always equal the quantity supplied, one must specify 
carefully how the actual quantities traded are determined. In the present model 
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the actual quantities traded are the quantities determined from the constrained 
maximization processes of the firms and households. Firms solve their optimal 
control problems knowing the loan constraints, and households solve their 
optimal control problems knowing the loan, hours, and goods constraints. 
Because of this, the aggregate demand for loans that results from the solutions of 
the constrained problems of the firms and households is always less than the 
aggregate amount that the bank sector is willing to supply, and the aggregate 
supply of labor that results from the solutions of the constrained problems of 
the households is always less than Ihe aggregate amount that the firm sector and 
the government are willing to hire. Also, the demand for goods that results from 
the solutions of the constrained problems of th,e households is always less than 
the amount the firm sector is willing to sell to the households after meeting the 
demand from the government and from itself. 

There is thus an important distinction in the model between un- 
constrained and constrained quantities. While the unconstrained demand for 
loans, supply of labor, and demand for goods can be greater than the supply of 
loans, demand for labor, and supply of goods, respectively,, the constrained 
quantities are guaranteed from the way they are determined to be less. The 
bond dealer also serves a useful purpose in the model in determining the actual 
quantities of bills and bonds traded. The bond dealer absorbs each period the 
difference between the supply of bills and bonds from the government and the 
demand for bills and bonds from the bank sector. 

In a nont5itonnement model some mechanism must also be postu- 
lated as to how prices, wages, and interest rates are determined, since these can 
no longer be assumed to be set by an auctioneer. In the present model 
each firm is assumed to set its own price and wage rate and each bank is 
assumed to set its own loan rate. The bond dealer is assumed to set the bill and 
bond rates and the stock price. The rates set by the firms and banks result, of 
course, along with the values of the other decision variables, from the solutions 
of the optimal control problems. Market share considerations play an important 
role in influencing the rates set by the firms and banks. A firm is assumed to 
expect, for example, that its market share of goods sold is a function of its price 
relative to the expected prices of the other firms. This assumption is common to 
a number of recent studies, in particular, M&awn [39], Phelps [40], Phelps 
and Winter [47] , and Maccini 1361. In the present case, however, the firm is also 
assumed to expect that the prices of other firms are in part a function of its own 
past prices. 

The main factors that influence the decisions of the behavioral units 
have been discussed in a summary fashion at the beginning of Chapter Six, and 
this discussion will not be repeated here. The behavioral model for firms is 
clearly the most complicated of the behavioral models because of the treatment 
of the price, production, investment, and employment decisions as joint decision 
variables of a firm. (The employment decision corresponds to a firm’s wage rate 
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decision and its decision on the maximum amount of labor to hire.) In previous 
studies no more than two of these decisions have been considered simulta- 
neously. Two important characteristics of the present behavioral model of a tirm 
are the postulation of a putty-clay technology and the assumption that there are 
costs of adjustment in changing the size of the work force and the size of the 
capital stock. Because of these characteristics, it may at times be optimal for a 
firm to hold excess labor and/or excess capital. 

The way in which the complete model is put together is presented in 
Tables 6-2 and A-2 and discussed in Section 6.1, and this discussion will also not 
be repeated here. Once all the decisions have been made at the beginning of the 
period, the determination of the transactions that take place throughout the rest 
of the period is quite straightforward. Although for the non-condensed model 
time paths of the decision variables are computed each period, only the velues 
for the current period are used in computing the transactions that take place. 
Each period the behavioral units reoptimize, and so the optimal values of the 
decision variables for periods other than the current one never get used in 
computing the transactions that take place. 

The properties of the complete model have been discussed in 
Chapter Six. The loan constraints are an important channel through which 
government actions that take money out of the system affect the behavior of the 
private sector. The hours constraints are an important channel through which a 
decrease in the sales of the firm sector affects the household sector. The goods 
constraints are not an important part of the model because of the fact that the 
firm sector holds inventories of goods. 

In an economy characterized by binding loan constraints, an 
argument can be made for the use of monetary policy rather than fiscal policy to 
stimulate the economy. Monetary policy is defined as a change in the value of 
bills and bonds with no change in government purchases of goods and labor, and 
fiscal policy is defined as a change in government purchases of goods and labor 
with no change in bills and bonds. Both policies have about the same effect in 
the model in increasing bank reserves, an increase in bank reserves being what is 
needed in a situation of binding loan constraints, but an expansionary fiscal 
policy also increases sales of goods directly. As discussed in Chapter Six, one 
does not want to increase the sales of firms before the firms realize that they can 
borrow more money to increase investment and output. 

In an economy characterized by binding hours constraints, an 
argument can be made for the use of fiscal policy rather than monetary policy, 
unless the interest rate responses of the firm and household sectors are large and 
quick. Fiscal policy, by increasing the sales of the firm sector directly; leads the 
firm sector in general to want to increase output and employment and thus to 
make the hours constraints less restrictive. Monetary policy, by not jncreasing 
the sales of the firm sector directly, must rely on increasing sales by stimulating 
the investment and consumption demand of the firm and household sectors 
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through the lower interest rates that an expansionary monetary policy produces. 
When trying to expand the economy in any way, consideration must 

be given to the work effort of the household sector. If, for example, the hours 
constraints are not binding (no unemployment) and the firm sector is not 
holding any excess labor, then output can be increased only if the household 
Sector can be induced to work mope (or the firm sector induced to purchase less 
labor-intensive machines). In the model the work effort of the household sector 
is a positive function of the wage rate and the interest rates, and a negative 
function of the price level, the value of assets, the proportional tax parameter, 
and the minimum guaranteed level of income (transfer payments). The response 
of the household sector to the tax parameters is important. If taxes are raised by 
increasing the proportional tax parameter, this has a negative effect on work 
effort. If there was unemployment before the increase, there will be less 
unemployment after the increase, other things being equal, because of the 
decrease in the unconstrained supply of labor. If taxes are raised by lowering the 
minimum guaranteed level of income (decreasing transfer payments), this has a 
positive effect on work effort. This change will cause more unemployment, 
other things being equal, because of the increase in the unconstrained supply of 
labor. Also, a contractionary monetary policy that increases interest rates will 
cause more unemployment, other things being equal, because of the increase in 
the unconstrained supply of labor due to the hi&r interest rates. 

Unemployment arises in the model because of errors of expectations 
on the part of the firms. Firms choose the values of their decision variables with 
the expectation that there will be no unemployment in the current period and in 
the future. Therefore, any unemployment that arises in the model is due to 
errors in the firms’ expectations of the behavioral responses of the households. 
As discussed in Section 6.4, it is not possible for there to exist unemployment in 
equilibrium if firms observe the unconstrained supply of labor as well as the 
constrained supply. 

Equilibrium is defined to be a situation in which the value of each 
variable in the model is the same from period to period-a self-repeating run. If 

&ms are assumed not to observe the unconstrained supply of labor, then it ‘is 
possible, as discussed in Section 6.4, to concoct a self-repeating run in which 
there does exist unemployment. There is no frictional unemployment in the 
model because search is not treated as a decision variable of the households. 
“Full employment” corresponds to a zero unemployment rate. 

Errors of expectations are also an important factor in causing the 
model not to return to a self-repeating position once a one-period shock has 
been h&ted in it-i.e., in causing the model not to be stable. The lack of 
stability of the model does not appear to be an unreasonable property of the 
model. The decision processes of the banks, firms, and households are 
complicated enough that it would seem to be unrealistic to assume that the bond 
dealer learns ow time exactly what the responses of the banks are, that the 



banks learn over time exactly what the responses of the firms and households 
are, and that the firms learn over time exactly what the responses of the 
households are. This is especially true in a market share context, where banks 
and firms are likely to put more resources into finding out what their 
competitors are going to do than in finding out what the aggregate quantities are 
going to be. There is, in short, too much mom in the model for euors of 
expectations to be made in the model to expect that the model will settle back 
down to the self-repeating position once it is shocked. 

Because of the lack of perfect foresight in the model, and because of 
the way the constraints operate, it was seen in Chapter Six that it is easy to 
generate multiplier reactions in the model. If, for example, firms make the hours 
constraints more restrictive, this causes the households to consume less, which in 
turn caues the sales of the firms to be less. Lower sales, other things being 
equal, will cause the firms to plan to produce less and make the hours 
constraints even more restrictive, which causes the households to consume even 
less, and so on. In an expansion the opposite can happen. Firms make the hours 
constraints less restrictive, households consume more, sales of firms rise, firms 
make the hours constraints even less restrictive, households consume even more, 
and so on. 

Three of the most important variables in the model that prevent the 
model from accelerating or decelerating indefinitely are the three interest rates. 
Holding the variables under the control of the government constant, as the 
system contracts, interest rates fall, and falling interest rates have a positive 
effect on investment and consumption demand. Conversely, as the system 
expands, interest rates rise, and rising interest rates have a negative effect on 
investment and consumption demand. Falling interest rates also cause capital , 
gains on stocks, and capital gains have a positive effect on consumption demand. 
Conversely, rising interest rates cause capital losses on stocks, which have a 
negative effect on consumption demand. There is no natural tendency for the 
price level and wage rate to bring the economy out of, for example, a 
contracting situation. Whether the price level and the wage rate help in this 
regard depends on how the firm sector changes the two relative to one another 
and how the household sector responds to such changes. 

The price decision of a firm is heavily influenced by what it expects 
other firms’ prices to be. The specification of how these expectations are formed 
has been kept fairly simple in this study, but it would be easy to incorporate 
more complicated assumptions into the model. Because these expectations are so 
important in influencing a firm’s price decision and since these expectations 
need not be tied to aggregate demand factors, it is quite possible within this 
basic theoretical framework for there to be rising prices during periods of falling 
aggregate demand and vice versa. There is also no season to expect within the 
general structure of the model for there to be any simple or stable relationship 
between the unemployment rate and changes in prices and wages. 
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Demand deposits serve two main purposes in the model. They are 
needed for transactions purposes, and they sewe as a buffer for firms and the 
bond dealer to meet unexpected changes in cash flow. Because of the residual 
nature of part of demand deposits, there is no reason to expect in the model a 
close short nm relationship between the aggregate level of demand deposits and 
the aggregate level of output. It also makes little difference in the model, as 
discussed in Section 6.6. whether OI not demand deposits are assumed to be an 
explicit function of interest rates. Relaxing the assumption that they are not an 
explicit function of interest rates would have little effect on the final properties 
of the model. 

The static-equilibrium version of the model in Chapter Seven is 
meant to show how much is lost in going from a dynamic model to a static 
model and to provide something to compare to the standard, textbook model. 
Some of the main char&terisrics lost in going from the dynamic model to the 
static model are the treatment of prices and wages as decision variables of the 
firms, the treatment ofloan rates as decision variables of the banks, the treatment 
of the bill and bond rates as decision variables of the bond dealer, any treatment 
of loan, hours, and goods constraints, any treatment of excw labor and excess 
capital, and any trestment of errors of expectations. Regarding the comparison 
to the textbook model, the static model appeared to be an improvement over 
the textbook model in its joint treatment of the consumption and labor supply 
decisions of the household sector, in its joint treatment of the investment and 
labor demand decisions of the firm sector, and in its accounting for all flows of 
funds in the system and for the zero savings constraints. It was also seen in the 
static model that it makes little difference to the properties of the model 
whether or not demand deposits are made a function of the rate of interest. 

8.2 POSSIBLE EXTENSIONS OF 
THE MODEL 

There are a number of ways in which the model developed in this study might be 
extended or changed. One obvious change is that different expectational 
assumptions could be made. The model is structured in such a way that it would 
be quite easy to replace the particular expectational assumptions made in this 
study with other assumptions. The expectational assumptions have for the most 
part been kept relatively simple in this study, so that the properties of the model 
could be more easily examined, but there is no season why nwxe complicated 
assumptions could not be used. One might want, for example, to postulate that a 
behavioral unit’s expectations of the future values of a particular variable are a 
function of more than just the immediate past value of the variable. In practice, 
these expectations are likely to be a function of other past values of the variable 
and of past values of other variables. 



Another way in which the expectational assumptions might be 
modified has to do with the possible effects of “cost push” factors on the level 
of prices. Consider, for example, a case in which for some reason a firm observes 
that it has to pay a higher wage rate than before to attract the same amount of 
labor as before-ix., that the firm observes a shift in the labor supply cuwe 
facing it. Given the present expectational assumptions in the model, this shift 
has no effect on the firm’s expectations of other firms’ prices. The shift will, of 
course, still affect the firm’s price decision through its general effect on the 
optimal control problem of the firm. 

One might want, however, to postulate that the shift affects directly 
the firm’s expectations of other firms’ prices. In other words, it may be 
reasonable to assume that the firm expects that other firms are observing similar 
shifts in the labor supply wwes facing them and will respond to these shifts by 
raising their own prices. Certainly in the case in which an industry-wide union 
obtains a large settlement from all of the firms in the industry or in the cake in 
which the cost of any common input to the industry rises, it seems reasonable to 
assume that this will affect firms’ expectations-of other firms’ prices. While this 
type of an assumption has not been built into the model, it would be easy to do 
so. The more are a firm’s expectations of other firms’ prices influenced by “cost 
push” factors, the more will cost push factors influence the determination of the 
level of prices. 

Another way in which the model might be changed is to postulate a 
different order of the flow of information. As mentioned in Chapter One, the 
particular order chosen here was designed to try to capture possible credit 
rationing effects from the financial sector to the real ~sector and possible 
employment constraints from the business sector to the household sector. Other 
orders could obviously be postulated. Another important assumption of the 
model in this regard is the assumption that the frequency with which decisions 
are modified is the same for all of the behavioral units, namely one period. 
Households, for example, are not allowed to modify their decisions OT 
reoptimize more often than are the firms and banks. 

It is also the case that no future commitments are allowed in the 
model. Although, for example, firms plan how much they are going to invest in 
the future, they are always free to change their plans in the next period as new 
information becomes available. There are also no delivery lags in the model and 
no lags between the time a tirm buys a machine and the time the machine is 
ready for use. The properties of any nont5tonnement model may be sensitive to 
the assumptions regarding the order and frequency of the flow of information 
among the behavioral units and to the assumptions regarding the lags between 
the time decisions are made and the time that they are carried out. In the 
present case it would be interesting to see how the properties of the model 
change when different assumptions along these lines are made. 
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An important extension of the model might be to make search a 
decision variable of households and possibly firms. Treating search as a decision 
variable, however, would enormously complicate the model, since distributional 
issues could then no longer be ignored, and it is not clear whether the possible 
gains from such a project are worth the cost. It may be best in a macroeconomic 
context to continue to ignore distributional issues and not try to specify a model 
in which one needs to keep track of the trades between each pair of behavioral 
units in the model. 

Another important assumption of the model, which is related to the 
ignoring of distributional issues, is the assumption that bills and bonds are 
perfect substitutes from the point of view of the banks, and that savings deposits 
and stocks are perfect substitutes from the point of view of the households. In 
order to justify these assumptions it had to be assumed that capital gains and 
losses were recorded each period and taxed as regular income. It also bad to be 
assumed that banks and households were indifferent to the fact that the rate of 
return on bills and savings deposits is certain, while the late of return on bonds 
and stocks is not. All the behavioral units in the model deal only with expected 
values and are not concerned with variances or other measures of risk. Another 
possible extension of the model thus might be to relax the assumptions that are 
necessary to insure that bills and bonds are perfect substitutes and that savings 
deposits and stocks are perfect substitutes. 

This is again not a trivial extension, for relaxing such assumptions 
would greatly complicate the model. The model has essentially ignored the 
financial portfolio choices of the asset holders, and this has, of course, greatly 
simplified matters. What appeared to be most important to account for in the 
model were the aggregate flows of funds, and it seemed less important to 
consider the question of how asset holders divide their funds among alternative 
securities. Nevertheless, it might be of interest to consider more types of 
securities in the model and to treat the portfolio choices of asset holders in a 
more detailed way. If this were done, it would probably be desirable at the same 
time to bring risk considerations into the model. 

No price, wage, or interest rate rigidities have been postulated in the 
model, but it would be easy to do so. For example, price and wage ceilings could 
easily be incorporated into the optimal control problem of the firm as just 
another constraint on the firm’s behavior. The firm would solve its control 
problem subject not only to constraints like the loan constraint, but also to 
constraints that said that it could not set its price above a certain value and 
could not set its wage rate above a certain value. Likewise, a loan rate ceiling 
could be handled by having a bank solve its control problem subject to a 
constraint that said that it could not set its loan rate above a certain value. Costs 
of changing prices, wages, and interest rates could also be incorporated into the 
control problems in the same way that costs of changing employment, 
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investment, and sales were incorporated into the control problem of the firm. 
Each bank and firm would solve its control problem incorporating these costs as 
we1l.a 

The way the model is currently specified, unemployment and other 
disequilibrium phenomena arise only because of efxors of expectations. 
Incorporating various price, wage, and interest rate rigidities into the znodel 
would obviously mean that disequilibrium could arise eve” if there were no 
expectation errors. One reason for not incorporating these rigidities into the 
model in this study was to show that disequilibrium phenomena can easily arise 
without such rigidities. It might be of interest, however, to incorporate some of 
these rigidities into the model, since rigidities of various sorts obviously exist in 
practice. 

Three other potentially important extensions of the model would 
be: (1) to consider conwner durables explicitly, (2) to add a foreign sector, and 
(3) to incorporate population growth and technical progress into the lnodel. 
Adding consumer durables would require changing the utility function and the 
optimal control problem of the households to incorporate the fact that goods 
could be purchased that render utility over more than one period. Adding a 
foreign sector would require keeping track of the flows of funds between the 
domestic economy and the rest of the world and keeping track of the other 
transactions (in goods and labor) that occu between the two. Adding 
population growth and technical progress would require, among other things, 
changing the definition of a” equilibrium run in Chapter Six from a 
self-repeating run to a run in which variables either self-repeat or grgw at 
constant rates. 

Consideration might also be given to examining the effects on the 
economy of changing depreciation laws and investment tax credits. In this study 
depreciation has been assumed to be straight line and there have been assumed 
to be no investment tax credits, but it would be easy to change these 
assumptions. One could examine the effects of changing these policy variables in 
the same way that the effects of changing other policy variables have already 
been examined. In future simulation work of this sort it would be desirable to 
consider *“ore than just two types of machines to give the firms mope flexibility 
in their investment decisions. 

Making demand deposits a function of the rate of interest would not, 
as mentioned above, have much effect on the properties of the model, and it is 
probably not worth spending much time on this issue. 

It might also be of interest to solve the optimal control problems of 
the banks, firms, and households using different parameter values and under 
different specifications of the equations to see how sensitive the results are to 
these changes. As mentioned in the Appendix, there are some aspects of the 
optimal control problem of the firm that might be desirable to change. There are 



190 A Model of Macroeconomic Activity Volume I: The Theoretical Model 

clearly other ways in which the control problems of the behavioral units could 
be specified, and one hope of this study is that it will stimulate further work in 
analyzing the decisions of economic agents by the numerical solutions of 
optimal control problems. 

A final possible extension to consider is the treatment of the 
government decisions as endogenous. One could either postulate certain reaction 
functions of the government 01, mo*e formally, postulate that the government 
behaves by maximizing a welfare function. Consider the latter case, and assume 
that the horizon of the government is M periods, so that at any one time the 
welfare function is a function of the values of the relevant endogenous variables 
for the current period and for the next M-l periods. The government, in solving 
its maximization problem, would have to compute optimal time paths of its 
decision variables. For any given set of time paths of the government values, a 
value of the welfare function could be computed. One computation of the 
welfare function would correspond to solving the model A4 times. Each of the M 
solutions requires, of cowse, that the optimal control problem of each 
behavioral unit in the model be solved. The solution of the maximization or 
optimal control problem of the government would require choosing in some way 
that set of time paths of the government values that maximizes the welfare 
function. 

Although it would not be feasible to solve this problem for the 
non-condensed model, it would probably be feasible to do so for the condensed 
model using the method described in Fair [ 151. As long as one can compute the 
value of the welfare function fairly cheaply, given a set of time paths of the 
government values, the method in [15] should be feasible to use.b For the 
non-condensed model, it is not chkap to compute the value of the welfare 
function because each computation requires the solution of M optimal control 
problems of each behavioral unit. For the condensed model, however, it is fairly 
cheap to compute the value of the welfare function because no optimal control 
problems need to be solved for the solution of the condensed model. 

It is important to realize that in solving its optimal control problem 
the government would be maximizing its welfare function subject to the 
constraint that the behavioral units in the model are each maximizing their own 
objective functions. When one is solving the control problem of the government, 
one is also solving separate optimal control problems within the overall optimal 
control problem. This is, of course, the way things should be, since the 
government must take into account the responses of the private sector of the 
economy in determining the optimal values of its own decision variables. 

8.3 EMPIRICAL IMPLICATIONS OF 
THE MODEL 

Since the purpose of Volume II of this study is to specify an econometric 
model that is based on the present theoretical model, only a brief discussion is 
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presented here of the empirical implications of the theoretical model. Consider 
first the behavior of the firm. Since a firm’s price, production, investment, 
employment, and wage rate decisions all come out of the same maximization 
process, one should probably consider these decision variables together in 
empirical work. One should in particular be wary of including the current value 
of a decision variable on the right-hand side of an equation explaining the 
current value of another decision variable. 

In sxne cases one may be able to consider the decisions of the firm 
as being made sequentially and specify, for example, that the current level of 
production is a function of the current level of sales and that the current levels 
of employment and investment are functions of the current level of production. 
In general, however, one should probably use only nondecision variables or 
lagged values of decision variables as explanatory variables. In particular, the 
common practi& of specifying a simultaneous equations model determining 
prices and wages, in which the current price variable appears in the wage 
equation and the current wage variable appears in the price equation, is 
questionable in the present context. If both these variables are decision variables 
of firms and thus affected by the same factors, their current values are likely to 
be highly correlated, but tbis does not mean that the current values ought to be 
explanatory variables of each other. 

It is also the case, regarding the decision variables of a firm in the 
model, that inventory investment is not a direct decision variable, but a 
consequence of the other decisions. It is thus questionable whether one ought to 
treat inventory investment as a decision variable, as is done in most 
macroeconometric models. 

The results in Chapter Three indicate that the reactions of the firm 
are not symmetrical to increases and decreases in particular variables. Although 
asymmetricies are difficult to deal with econometrically, more consideration 
should probably be given in econometric work to possible asymmetrical 
reactions. Since (as discussed in Chapter Three) the ability of firms to hold 
excess labor and excess capital during contractions may be an important cause of 
asymmetrical behavior, more consideration should probably be given to 
accounting for the existence of excess labor and excess capital than has been 
done previously. 

Regarding the behavior of a household, a household’s decision on 
the number of hours to work and its decision on the number of goods to 
purchase also both come out of the same maximization process. In empirical 
work these decisions should thus probably be considered together. Again, one 
should be wary of including the current value of one of these decision variables 
on the right hand side of an equation explaining the current value of the other. 
The Keynesian consumption function does, of course, by having current income 
as an explanatory variable, treat the current number of hours worked as an 
explanatory variable. This procedure can be justified if it is assumed that the 
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hours cqnstraints are always binding on the households. If the constraints are 
always binding, then the number of hours worked is in effect not a decision 
variable of the households, and so there is no harm in including it as an 
explanatpry variable in the consumption function. If the constraints are not 
binding all of the time, then one would presumably want to try to determine 
when they are and are not binding and specify the consumption function 
differently in the two cases. One would also presumably want to specify the 
equation determining the number of hours worked differently in the two cases. 
In the binding constraint case the number of hours worked is determined by the 
firms, and in the nonbinding case the number is determined by the households. 

The situation in which constraints are binding at certain times and 
not at others is difficult to deal with econometrically. One must somehow 
decide OI estimate when the constraints are binding and when they are not and 
then proceed accordingly. In estimating the behavior of the firm sector there is 
only one important constraint to consider, the loan constraint; but in estimating 
the behavior of the household sector there are two important constraints to 
consider, the loan constraint and the hours constraint. 

Some recent work in econometric theory has been concerned with 
the problem of estimating supply and demand schedules in markets that are not 
always in equilibiumd It is usually postulated that the actual quantity observed 
in the market at any one time is the minimum of the quantity demanded and the 
quantity supplied. Two regimes then exist in this case, one in which the quantity 
demanded is observed and one in which the quantity supplied is observed. The 
basic idea of much of this work is to use information on price changes to help in 
the choice of which regime is in effect at any one time. Price changes are 
assumed to be a positive function of excess demand, so that when prices are 
rising, the quantity supplied is assumed to be observed, and when prices are 
falling, the quantity demanded is assumed to be observed. Rising prices, for 
example, correspond to positive excess demand (the quantity demanded being 
greater than the quantity supplied), so that if the minimum of the quantity 
demanded and the quantity supplied is what is observed, then rising prices 
correspond to the quantity supplied being observed. 

This recent work in econometric theory is, unfortunately, of 
somewhat limited use in the present context. In the household case, for 
example, there are at least two constraints to be concerned about, so that more 
than two different regimes can exist. Also, if prices, wage rates, and interest rates 
are set in a market share context, in which expectations are not only important 
but may not always turn out to be correct, then one may not always be able to 
rely on changes in prices, wage rates, and interest rates to determine which 
regime is in effect at any one time. In other words, prices may be rising even if 
there is not excess demand, and vice versa, so that one may not, for example, be 
able to postulate that the quantity supplied is what is always observed when 
prices are rising. 



The present case does have the advantage, however, that disequi- 
librium takes the form of one sector constraining another sector, so that one 
may be able to use information on one sector to help determine which regime is 
in effect in another sector. In other words, in the estimation of a multisector, 
mxroeconometric model, there may be more information available on the status 
of any particular sector than there is when the estimation of only a single market 
is considered. Because of the links among the various sectors, there are likely to 
be a number of variables, other than changes in prices, wage rates, and interest 
rates, that one might attempt to use to help determine when the various regimes 
are in effect. In particular, the flow of funds data may be helpful in this regard. 
Othewise, it is difficult to know in general what data will be useful without 
knowing the particular data base in question and the particular specification of 
the empirical model. 

Since expectations play such an important role in the theoretical 
model, any empirical model that is based on it must be concerned with 
estimating OI accounting for these expectations in some way. For example, any 
variable that is likely to influence a firm’s expectations of other fms’ prices is a 
possible candidate for inclusion as an explanatory variable in equations 
determining price behavior. The importance of expectations in the theoretical 
model also provides an explanation for why lagged endogenous variables are 
important explanatory variables in most macroeconometric models. When there 
is not perfect foresight and when decisions are made on the basis of 
expectations, it is likely that what has happened in the past will have an 
important effect on expectations of the future and thus on current decisions. 

This is not the place to dwell on how each equation in an empirical 
model that is based on the theoretical model might be specified, but three 
specific points about the empirical implications of the model will be made. First, 
the model implies that excess labor should have a negative effect on employment 
and that excess capital should have a negative effect on investment. The negative 
effect of excess labor on employment is confirmed by the results in Fair [14]. 
Second, the model indicates that excess labor and capital should have a negative 
effect on prices and that the loan rate and the loan constraints should have a 
positive effect on prices. Finally, as mentioned in Chapter Three, the model 
indicates that the loan rate and other aspects of the cost of capital may have 
effects on investment that have nothing to do with capital-labor substitution in 
the sense of the firm purchasing different types of machines. 

It would be, of interest to test for the effects of exceed labor 
and excess capita1 on prices and also for the effects of the loan rate and 
loan constraints on prices. It would also seem to be important in empiri- 
cal work to be aware of the different ways in which the costs of labor 
and capital can affect employment and investment. One should not necw 
sarily attribute all of the estimated cost effects to the existence of capital- 
labor substitution. 
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It should be clear by now that the theoretical model implies that 
econometric models ought to be specified differently than they now are. The 
model implies that the four or five main decisions of the firm sector should be 
considered together, that the two main decisions of the household sector should 
be considered together, and that the possibility of different regimes existing at 
different times should be considered. In addition, the model indicates that it is 
likely to be important to account for all of the flows of funds in the model. The 
model also, of course, implies that the specification of many individual 
equations should be different from currently existing specifications. The fact 
that the model does imply that econometric models ought to be specified 
differently mean.s that it should be possible, according to the philosophy 
expounded in Chapter One, to determine if the model is mope useful than 
currently existing theoretical models. 

8.4 CONCLUDING REMARKS 

It is hoped that this study will stimulate further woxk, both on,extending the 
theoretical model and on developing empirical versions of it. It is also hoped that 
this study has demonstrated some of the advantages of using computer 
dmUktiOn techniques over standard analytic methods to analyze theoretical 
models. By the use of such techniques it appears feasible to consider a 
macroeconomic model that is dynamic, general, and based on solid micro- 
economic foundations. It appears feasible, in other words, to break away from 
the standard staticequilibrium model found in most macroeconomic textbooks 
to a more satisfactory model. 

NOTES 

1231. 
CFor IWO recent empirical studies see E&stein and &inner [ 131 and Gordon 

dSee, for example, Fair and Jaffee [IS], Fair and Kelejian [171, Goldfeld and 
Quandt [Zl], Maddala and Nelson 1371, Amemiya 121, and Quandt [481. 



The Non-Condensed 
the Model 

Version of 

The complete notation for the non-condensed model is presented in alphabetic 
order in Table A-l, and the complete set of equations for the non-condensed 
model is presented in Table A-2.. The specification in Table A-2 is based on the 
assumption of two identical banks, two identical firms, one creditor household, 
and one debtor househood. However, some remarks are presented in the table on 
bow the model can be generalized. For ease of reference, the numbering of the 
equations or statements in Table A-2 corresponds to the numbering in Table 6-2 
for the condensed model. Table A-2 should be self-explanatory, given the 
remarks in the table and the discussion of Table 6-2 in Chapter Six. In Table A-3 
the flow-of-funds accounts for the non-condensed model are presented, and in 
Table A-4 the national income accounts for the non-condensed model are 
presented. Tables A-3 and A-4 are analogous to Tables 6-3 and 64 for the 
condensed model. 

Table A-l. The Complete Notation for the Non-Condensed 
Model in Alphabetic Order 

Subscript f denotes variable far period f. A p superscript in the text denotes a planned value 
of the variable, and an e superscript denotes an expected value of the variable. 

= value of non-demand-deposit assets or liabilities of household i 
= number of bonds held by bank i 
= ,,umber of bonds held by the bond dealer 

= number of bonds issued by the government 

= actual reserved of bank i 
= required reserves of bank i [glDDBit] 
= desiredreserves ofbanki [gl(DDBifEMAXDDi)+EMAXDDi 
+EMAXSDJ 

195 
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Table A- 1. (continued) 
= cash flow before t&w and dividends of firm i 
= cash fIow net of taxes and dividends of fnm i 
= capital gains or losses an stocks of household i 
= capital gains or lasses on bonds of bank i [BONDBilIR,I-BONDBi2/Rf] 
= capital gains or losses on bonds of the band dealer 

dl 
d2 
d3 
DDB,, 
DDD, 
DDFit 

DDFut 

[BONDDt/R,+I-BONDDt/Rt] 
= profit tax rate 

DDFzi 

DDHif 
DfiP?, 
DIV, 
DI!+ 
DIVD, 
Di!‘Fir 
DIVHir 
EMAXDDi 

= penalty *ate on the composition of banks’ portfolios 
= personal tax mte 
= demand deposits of bank i 
= demand deposits of the bond dealer 
= actual demand deposits of firm i 
= demand deposits set aside by firm i for transactions pluposes 
= demand deposits set aside by firm i to be used as a buffer to meet 

unexpected decreases in cash flow 
= demand deposits of household i 
= depreciation of tim i 
= total dividends paid and received in the economy 
= dividends paid by bank i 
= dividends paid by tbe bond dealer 
= dividends paid by firm i 

EMAXXPi 

EMAXMHi 

EMAXSDi 

EXBB, 

= dividends received by household i 
= lqed error bank i expects to make in overestimating its demand 

deposits for any period 
= largest error frm i expects to make in overestimating the supply of labor 

available to it for any period 
= largest error firm i expects to make in underestimating its worker hour 

requirements for any period 
= largest erros bank i expects to make in overestimating its savings deposits 

for any period 
= excess supply ofbi”s and bonds [(VBILLGff BONDG,/R,)- 

(x V5Bit f !‘BB*)l 

FUNDSi”, = amount that bank i knows it wiU have available to lend to households 
and firms and to buy bills and bands even if it overestimates its demand 
and savings deposits by the maximum amounts 

= reserve requirement ratio 
= no-tax proportion of banks’ portfolios held in bills and bonds 

= maxim,,m number of hours that each machine can be used each period 
= total number of worker bow paid for in the economy 
= number of worker hours paid for by firm i 
= maximum number of worker hours that firm i will pay for 

HPFMAXUN,., = maximum number of worker hours that firm i would pay for ifit were 
not constrained 

HPG, = number of worker hours paid for by the govenm~ent 
HPH,, = number of hours that household i is paid for 
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Table A- 1. (continued1 

= maximum number of hours that household i cm be paid for 
= unconstrained supply of hours of household i 
= total unconstrained supply of hours in the economy 
= number of machines of type n purchased by firm i (n=i ,2) 
= number of goods purchased by firm i for investment wqxxes 
= unconstrained demand of firm i for goods for investment purposes 
= unconstrained demand of firm i for machines of type n (n=l,Z) 
= actual number of machines of type n held by tiim i in=I,Z) 
= number of machine hours worked on machines of type n in firm I 

(n=l,2) 
= minimum number of machines of type n required to produce 

Y,&I=I,2) 
= tota, value of loans 
= value of loans of bank i 
= manimum value of loans that bank i will make 
= value of loans taken out by firm i 
= maximum value of laans that firm i can take out 
= unconstrained demand for loans of Tim i 
= value of loans taken out by household i 
= maximum value of loans that household i cm take out 

= unconstrained demand for loans of household i 
= total unconstrained demand for Loans 
= length of life of one machine 
= number of worker hours worked on machines of type n in firm i 

(n=Z,Z) 
= number of worker hours required to handle deviations of inventories 

from 13~ times sales in fum i 
= number of worker hours required to handle fluctuatiom in sales in 

firm i 
= number of worker hours requtied to handle fluctuations in worker hours 

paid for in firm i 
= number of worker hours required to handle fluctuations in net invest- 

ment in firm i 
= totrl number of worker hours required by firm i 
= price set by firm i 
= average price level in the economy 
= price paid far investment goods by firm i 
= price that firm i would set if it were not constrained 
= price paid by the government 
= price paid by household i 
= price of the aggregate share of stock 
= bill rate 
= bond rate 
= loan rate set by bank i 
= average loan rate in the economy 
= ,oaa xate paid by firm i 

HP/MA Xif 

.4PHUNit 

HPUN, 

Lt 
I.Bir 
LBMAXjf 

LFir 
LFMAX,, 
LFUNtr 

LHit 
LHMA X;, 
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wit 
sir 
SA vir 
SDBi, 
SDH;, 
TAX, 
TAXBi, 
TAXD, 
TAXF,, 
TAXHir 

V,t 
VBBir 

VBD” 
VBILLB,, 
VBILLD, 
VBILLG, 

WF,C 
FFt 
WFUNNi, 

WGC 
WH,, 
X, 
XF,t 
XFMAXit 

XGt 
XHir 
XHh,AXir 
XHUNjt 
XUN. 

Table A-l. (continued) 

= loan rate paid by household i 
= fraction of the aggregate share of stock held by household i 
= savings net of capital gains OI losses of household i 
= savings deposits of bank i 
= savings deposits of household i 
= total taxes paid 
= taxes paid by hank i 
= taxes paid by the bond dealer 
= taxes paid by fnm i 
= taxes paid by household i 
= &x1( of inventories of firm i 
= value of bills and bonds that bank i chooses to purchase 

= value of bills and bonds that the bond deal= desires to hold 
= value of bills held by bank i 
= value of bills held by the bond dealer 
= value of bills issued by the gow~nment 
= wage rate set by firm i 
= average wage r&e in the economy 
= wage rate that firm i would set if it were not constrained 
= wage rate paid by the government 
= wage rate received by household i 
= total number of goods sold in the economy 
= number of goods sold by fiim i 
= maximum number of goods that fxm i will sell 
= number of goods purchased by the government 
= number of goods purchased by household i 
= maximum number of goods that household i can purchase 
= unconstrained demand for goods of household i 
= total unconstrained demand far goods 
= number of goods produced on machines of type n by firm i (n=I,Z) 
= total number of goods produced by fim i 
= minimum guaranteed level of income 
= before-tax income excluding capital gains 01 losses of household i 
= number of goods that firm i would plan to produce if it were not 

constrained 
= number of goods it takes to create a machine of type n (n=I,Z) 
= amount of output produced per worker hour on machines of type n 

(n=I,Z) 
= amount of output produced per machine hour on machines of type n 

= before-tax profits of bank i 
= before-tax profits of the bond dealer * 
= before-tax profits of firm i 
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Table A-2. The Complete Set of Equations for the Non-Condensed 
Model 

(1) 

(2) 

(3) 

(3)’ 

(4) 

(6) 

(6)’ 

(6)” 

(6)“’ 

Under the assumption of two identical banks, two identical firms, one 
creditor household, and one debtor household. Remarks axe also presented 
an how the model can be generalized to include NB banks, NF firms, and 
NH households. 

rf, R,, and PS, are determined by the bond dealer at the end of period f-i. 
See (42) and (62) below for the determination of the values far period t+l. 

The banks determine RBir, VBBir, and LBMAX,, (i=1,2) as described in 
chapter Two. 

Since the banks are identical,RBlf= RBlt Therefore, set RF,?= RFZf= 
RHzf = RBlr In genera&, with NB nonidentical banks, NF nonidentical 
firms, and NH households, the values of RF,,(i=l, ,NFI and RHit 
@=I,. ,,VH) must satisfy, given RBir (i=l,. .;NB): 

NE NF NH 
C RBirLBif = <El RFi,LF,t + & RHirLHi,. 
i=1 

i.e., the t&I interest revenue ofbanks must equal the total interest payments 
of firms and households. 

LHUN2,-] 
LHMAx&= ‘LHLINZt_I+LFUN2r_l+LFUNZ,_, 

) (LBMAXIt+LBMAXzr). 

LFMAX,, = LFMAx2, = f (LBMAxIi’LBMAxzt-LLHx~*). 

In general, the values of LFMAXi, (i=i,. ..NFj and LHMAXi,(i=I,. ,NH) 
must satisfy, given LBMAX,, @=I,. ,NB): 

NF 
z: LFMAX~, + TLHMAX,, 6 E LBMAX~,, 

i=J i=1 

i.e., the allocation of the loan constraints among firms and households must 
not exceed the total loan constraint from banks. 

The fiims determine PFlt. Ilit, IZif, Yfi,, Y& WFir, LFir, HPFMAXit, 
XFMAX,,. IUN,if. IUN2ir, and LFUNit (i=l.Z) as described in Chapter Three. 

“Vir= 6,11ii+ 6212ir. (i-1.2). 

INY”Nit= 6 ,IUNlif + 621”Nziit, (i=I,Z). 

Since the firms are identical, PFIr = PFZt and WF, f = WFzr Therefore, set 
PXlr=PHZr=PFFlr=PFF2*=PFlr”d WHlr= WHZr= WG,= 

WFlt- 
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Table A-2. (continued) 

In general, the values of Pkii (i=I,. ,NH),PFF,, (i=i, .NF), and PG, 
must satisfy, given PFit (+I,. ,NF): 

NF 
z: PFitXF,, = ??PPpFFir’NVtr +zPHitXXi, +PG,XG,, 

i=, i=, 

i.e., the total revenue of fums from the sale of goods must equal the total 
amount paid by fums, households, and the government for goods. 

Also, in general, the values of WHCr (i=l,. ,NH) and WG, must satisfy, given 
wpjr (i-1,. ,NF-): 

NH 
x WH&fPHit = z W5tHP& + WGsIpG,, 

i=1 

i.e., the total wages of households must equal the total wages paid by fums 
and the government. 

(7) The households determine HPHUN, f, XHUNz,, HPHUNz,, XHUN2,, and 
LffUNZt as described in Chapter Four. 

(8) HPHMAX, f = ( 
HPHUN, f 

HPHUN,t+HPHUNzr 
j (HPFMaX,ifxpFMaX,,+Hpct j. 

(9) HPHMAXZr= (HPFMAX,i’HPFMaXzt+HPG+HPCt) - HPHMAXlr 

In general, the values of HPHMAXir (<=I,. ,NH) nut satisfy, given 
HpFMAXir (i=i,. ,NFJ and HPG,: 

NH 
z HPHMAX~, c YHPFMAX~~+HPG,, 

i=1 (=I 

i.e., the allocation of the hours constraints among households must not 
exceed the total hours conemint from the firms and the government. 

(10) 
XH”N1 f 

XHMAX,, = (XHuNlr+X,,~2,) (XFM4X1, + X.WAXZr - ‘NVlr 

- lNVZt - XC,, 

(11) XHEnaX,,=(XFMaX,,+XF~AX,,-INVlt-NYVZf-XGf)-XHMAXlf. 

In general, the values of XHMAXit (i-1,. ,NK) mwt satisfy, given XFMAX,, 
(i=l.. .,NFj,INVir +I,. ,NFi, and XG,: 

NH 
x XH~AX,,4~FXFMAXi,-~1NV,,-XG,, 

i=I i=1 i=I 

i.e., the allocation of the goods constraints among households must not exceed 
the total goods constraint from firms after meeting investment and govern- 
men, demand. 
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Table A-2. (continued) 

(12) The households determine HPH,*. XHIt, HPHZt. XX,,, and LHzr as 
described in Chapter Four. 

(13) X”N,=XHUNII+XHUNZ,+INVUNlt+INVUNZf+XGI- 

(14) LUN, = LF”NIt + LFUNZt + LHCJN2, 

(15) HPUNt=HPHUNlt+HPH”NzI. 

(16) x,= XHIf +XHzt+ INV,*+INVZt+XG,. 

1 
(16)’ XF,f=XF2f=IXt. 

In general, XFit @=I,. ,Nfl would be determined according to the relation- 

ship between firm I’S price and the other firms’ prices, subject to the re- 
strictions that: 

z: XF,,=X, and PiI< XFMAXi,(i=I,. .,NF) 
i=l 

(17) L,=LFlr+LFZl+LHZr 

(17)’ LBlr= LBZr= $L?. 

In general, LBii (i=I,. ,NB) would be determined according to the relation- 

ship between bank i’s loan rate and the other banks’loan rates, subject to the 
wtrictions that: 

.wJ 
izl LBir= L, and LBir < LBMAX,, #=I,. ..NB) 

(IS) HP,=HPHI,+HPHz,. 

1 
(19) HPFIt = HPF2r=,-(HPt-HPG,)- 

In general, HPF,, @=I,. ,NF) would be determined according to the 
relationship between firm i’s wage mte and other &ms’ wage rates, subject t0 

the restrictions that: 

Z HPF,, = HP, - HPG, and HPFir < HPFMAXif U=l, ,NFl 
i=1 
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Table A-2. hmtinued) 

(24) 

(26) 

(27) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

Y&t 
KM,Nnit = w, (n=1,2; i=1,2) 

i’nH 

DEPit =; (PFFiJNVizf. ..+PFF,~__,+,INV,,,+I), (i=1,2). 

llFit=PFjt (Ylir + Yat) - WF,,HPe, - DEPit - RF&F& 

+ (PF,r-PF,,I,!‘it-I / (i=I.2). 

TAXFir= dl “Fir, (iCI,2). 

DIVFir = “Fit - TAXFtr, (i=1,2). 

CF,, = PF&F,, - WFifHPFit - PFF,r’NV,, - RFj,LFtr, (i=I,2) 

CF,? = CF,, - TAXFit - DIVFft 

=DEPjr - PFF,tINV,t +PF+, Vi,_, - PFirVjr, (i=I,Z). 

DDFir~= DDF;*_, + LFit - LF+, + mi,_ 

“BILLD, = 0. 

VBII.LBI, = “BILLB~, = 4 VBILLG, 

BONDBit = R, (“BBitVBILLBit), (i-1.2). 
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Table A-2. kontinued) 

In general, VBILLB&=I,. ,NB) would be determined according to the 
relationship between the value of VBBi, and the othe?- banks‘ values of this 
variable, subject to the restriction that 

NB 
2 VBILLBil= VBILLG, 
;=I 

(41) BONDDt=BONDGt-BONDBlf-BONDBZt. 

(42) The bond dealer determines rr+l and Rt+, as described in Chapter Five. 

BONDDt BOA'DD, 
(43) nD,=BONDDt+(p- 

R~+I 
p) 
R* 

(44) TAXD*=d,"D, 

(45) DIVD, = mt - TAXD, 

BONDD, BONDD, 
(46) DDD,=DDD,I - ( ____- Rt+, __ 1. 

R, 

(47) DDHlr=7,PHlfXHlf 

(48) DDH2t=~IPHZtXH2t. 

(49) DDBI,=~DBZ,=;(DDF,,+DDFZ,+DDD,+DDH,,+DDH2& 

In general, DDBif @=I,. .NB) could be determined in other ways, subject 

to the restriction that: 

NB NF NH 

C DDBi,=~~‘DDDDF,t+DDDt+i~,DDH,,. 
i=1 

(SO) YHzt= WHzpPH2r 

(51, TAXH,,=d3(YHZt-RH&H+ YG. 

(52) UVZr= YHZf-TAXH~,-PHZfXHZf-RHZrLHZf 
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Table A-2. (continued) 

(53) 

(53) 

(54) 

(55) 

(56) 

(57) 

(57)’ 

(58) 

(59) 

(601 

(61) 

(61)’ 

(62) 

SIC= 1. 

In general, with more than one creditor household, Sit (i=l,. ..NH) would 
have to be determined in sxne way, subject to the restriction that 
NH 
& S;, = 1. For each fraction of the aggregate share transferred from one 

household to another, the household receiving the fraction would pay the 
other household the fraction times PS,. 

CGIr = (PS,I - PS,)Sl,. [Equations (53).(62) are solved simultaneouslyI 

YHl,= WH,~Pffl,+r+SDHI,+DIVHI,. 

TAXH,,=d3(YHlt+CGlt- YG). 

SAVlr= YHIr- TAXHlf-PHlfXHIt. 

SDH, f = SDHl f_, - (DDH,, - DDHI,l) + SA VI r - PSJS, $, r_,). 

1 

nBif = RBirLBit + r,“BILLBi,+BONDBi, - r,SDBh 

BONDBit 
+c----- - 

BONDBit 

&+I 
__ ), (i=1,2) 

R, 

TAXE,, = dlIIBir + d2 [ VBBit - g2(VBBi, + LBit)l *, (i=l,Z). 

DIVBif= rIBif- TAXBit, (i=,.Z). 

DIVH,,=DfVf. 

In general, with more than one creditor household, DIVHit (i=l, ,Nx) 
would be allocated according to households’ ownership of stock, Sit 

(i=I,. .,NH), with theproperty that??DIVffit=DIV,. 

ALso, in general, SDBit (i=I,. ,NB) could be determined in other ways, 
subject to the restriction that 
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Table A-2. kontinued) 

(63) TAX,= TAXHI,+ TAXHz,+ TAXFIr+ TAXFz,+ TAXDf+ TAXBl, 

+ TAXlISt. 

(64) 
BONDBit 

BRi, = DDBif + SDBcr - LBit - VBILLBit - ~, ({x1,2) 
Rr+l 

(“BILE, - VBILLG,I) - 
BONDGt-BONDCt_l 

( 
Rt 

). 

The one item that does need to be discussed for the non-condensed 
model is the assumption that the banks, the firms, and the bond dealer 
reestimate some of the parameters each period. Consider first, Equation (2.11) 
for banks: 

“3 > 0. 
(2.11) 

In the programming of the non-condensed model for the results in this 
Appendix, each bank was assumed to estimate ay3 on the basis of its past 
observations of the correlation between changes in the aggregate unconstrained 
demand for loans and changes in the average loan rate. Given observations on, 
for example, LlJN,_l, LUNt_2, %?_1, and mr_2, an estimate of a3 can be 
obtained as [log(LUN,_,/LUNt_,)] /[(log(~,_~/~~_, )I. At the beginning of 
period t, each bank was assumed to make estimates of a3 in this way for the five 
periods, r-1,. , r-5. The bank was also assumed, however, to have a 
prior view regarding the minimum and maximum values of ay3, a view that 
was assumed not to be subject to change based on further information. 
Therefore, if an estimate of a3 for a particular past period fell below the 
minimum value, the bank was assumed to set the estimate at the minimum 
value. Likewise, if an estimate fell above the maximum value, the bank 
was assumed to set the estimate at the maximum value. The estimate of m3 used 
for the decisions made at the beginning of period f was assumed to be the simple 
average of the five estimates. This procedure of estimating a3 allows the program 
some flexibility in determining a value for aj, while at the same time insuring 
that extreme values for a3 are not chosen. 
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Table A-4. National Income Accounts for the 
Non-Condensed Model 

NB = number of brinks 
NF = number offirms 
NH = number of households 

(10) 1nwntLvy Investment (money) = ‘YIJF (I$, - r$_,) 
(=I ‘* 

Gross National Product @a?, = (1) + (3) + (5) + (7) + (9) 
Gross National Product (money) = (2) + (4) + (6) + (8) + (10) 

Income Side 
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Table A-4. kontinued) 

(4) Profits and Inventory Valuation Adjustment = (2) + (3) 

Gross National Product (money) = (1) + (4) + (5) + (6) 

(3) Government Expenditures on Labor (real) = HPG, 

(4) Government Expenditures on Labor (money) = WG, HPG, 
GKXS National Product (real) = (1) + (3) 
Gmss National Product (money) = (2) + (4) 

Consider next Equations (3.26) and (3.33) for firms: 

(3.26) 

In the programming of the non-condensed model, each firm was assumed to 
estimate 0s in the same way that the banks were assumed to estimate 013. For 
Equation (3.33) the constraint that @,I be equal to 812 in absolute value was 
imposed, and each firm was assumed to estimate the absolute value in the same 
way that the banks were assumed to estimate 03. 

Consider finally Equation (5.8) for the bond dealer: 
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‘r-‘t-l 
+ R,_l 

BoNxt-l - (E VBEit_l + VBD*) 

~ = h 
‘t-1 NB 

I 

,h>O. 

C VBB+, + VBD* 
i=* (5.8) 

In the programming of the non-condensed model, the bond dealer was assumed 
to estimate X in a similar way that banks were assumed to estimate aj, by ob- 
serving the past correlation between percentage changes in the bill rate and per- 
centage changes in the demand for bills and bonds from banks. In period t-l, for 
example, the bond dealer can compute 

NB NB 
E VBB,,_I - C VBBirmZ 
i=I i=l rt-F-2 

NB 
2 VBBit_2 

i=I i 

‘t-2 ’ 

which is an estimate of the elasticity of the demand for bills and bonds with re- 
spect to the bill rate. The bond dealer was assumed to compute this estimate for 
each of the previous five periods, with, however, prior bounds on each of the 
estimates. The five estimates were then averaged, and the value of A used in 
determiningrf was taken to be the inverse of this average. 

The parameter values, initial conditions, and government values that 
were used for the base run are presented in Table A-5. The values for the 
government and the bond dealer are the same as for the base run for the 
condensed model in Chapter Six. The values for the banks, firms, and 
households are the same as those used for the base run solutions of the optimal 
control problems in Chapters Two, Three, and Four, with one minor exception 
for the firms. In Table 3-2 the lagged values of the aggregate unconstrained and 
constrained supplies of labor uwe taken to be 637.3, whereas here they are 
taken to be 758.0. This difference of 120.7 is the number of worker hours paid 
for by the government. The values referred to in Table A-5 were chosen so that 
the base run for the non-condensed model would be a self-repeating run. The 
choice of the initial values must, of course, meet certain consistency re- 
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Table A-5. Parameter Values, Initial Conditions, and Government 
Values for the Base Run in Table A-6 

quirements, since ihere are important links among all the sectors, and all these 
requirements have been met for the values referred to in Table A-S. 

It should be remembered that the values of crx, 68, fllr, 012, and h 
change ova time as the banks, finns,,and bond dealer re-estimate the values each 
period. The values referred to in Table A-5 are the values used for the first 
period (period t) of the run. Values of the estimates of each of these parameters 
for periods t-3, t-2, and r-1 are also needed to compute the estimates of the 
parameters for period t+l, and in each case these lagged values were taken to be 
the same as the value for period t. 

It should also be noted that when the non-condensed model was 
solved for successive periods, the length of the decision horizon of banks and 
firms, T+1, was always taken to be 30. In other words, when the model was 
solved for period t, banks and firms were assumed to look ahead to period t+30, 
whereas when the model was solved for period t+I, banks and firms were 
assumed to look ahead to period t+31. The length of the expected remaining 
lifetime of households, N+I, was also always taken to be 30 for the runs. 
Without these assumptions, it would not be possible to concoct a self-repeating 
run, which would make it somewhat more difficult to compare the experimental 
xuns to the base TUII. 

It should finally be noted that when Yit bad to be computed in 
Equation (29) in Table A-2, the inventory cost parameter fiz was taken to be 
0.010 rather than 0.075. In the discussion of Equation (29) for the condensed 
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model in Chapter Six, it was mentioned that computing the level of output in 
Equation (29) requires solving a quadratic equation in output. The quadratic 
equation for the condensed model is presented in footnote a in Chapter Six, and 
the quadratic equation for the non-condensed model is the same with the 
appropriate change of notation. The parameter 02 is part of this e@tion. The 
higher is 02, the more does output have to be lowered when worker hour 
requirements exceed the number of worker hours allocated to the firm. The 
value of 02 was lowered for the computations in Equation (29) to make the 
decrease in output less for a given difference between worker hour requirements 
and worker hours on hand. 

The value of & used for the condensed model was 0.001, and so the 
0.010 value used here is more in line with the value used for the condensed 
model. The value of 0.075 was, however, still used in the solution of the optimal 
control problem of the firms, since this was the value used for the results in 
Chapter Four. This procedure means that it had to be assumed that the firms 
expect that the value of 52 is 0.075 when solving their control problems, while 
in fact the actual value is only 0.010. This assumption is not, however, a veiy 
important assumption of the model, and it was made so that the results between 
the condensed and non-condensed models would be somewhat more com- 
parable. 

The results for the base run are presented in Table A-6 for periods f, 
t+I, and t+Z. The same variables are presented in Table A-6 as were presented in 
Table 6-6, and the discussion of the variables in Table 6-6 in Chapter Six is 
relevant here also. Since there are two identical banks and two identical firms, 
the optimal control problem of each bank and firm only had to be solved once 
each period. The appropriate bank and firm variables have been multiplied by 2 
in Table A-6 to put them on an aggregative basis and to make them directly 
comparable to the variables in Table 6-6. The variables in Table 6-6 that have 
“W” for the last two letters are unconstrained quantities. The unconstrained 
quantities for the firms are the quantities that result from solving the optimal 
control problems of the firms under the assumption of no loan constraints. Sim- 
ilarly, the unconstrained quantities for the households are the quantities that 
result from solving the optimal control problems of the households under the 
assumption of no loan, hours, and goods constraints. The results for the base run 
in Table A-6 are identical to the results for the base run in Table 6-6 except, in a 
few cases, for the last digit of the number. In these few cases the last digits differ 
by 1. 

The first four experiments that were carried out in Chapter Six for 
the condensed model were also carried out for the non-condensed model: a 
decrease in XGI of 5_0, an increase in VBILLG, of 5.0, an increase in XG, of 
5.0, and a decrease in VBILLG, of 5.0. The results for these four experiments 
are presented in Table A-6. The results for these four experiments in Table A-6 
are so similar to the results in Table 6-6 that they require little further discussion 
here. 



Table A-6. Results of Solvina the Non-Condensed Model 

Real GNP 962.1 962.7 962.7 XUN 
UR 0.0000 0.0000 0.0000 X 
surplus(+) 0.0 0.0 0.0 LUN 
or Deficit (-1 L 
r 0.06500 0.06500 0.06500 HPUN 
PS 1146.4 1146.4 1146.4 HP 
2.FUNDSf 1150.2 1150.2 1150.2 2*HPFi 
w 0.07500 0.07500 C1.07500 2-MHdi 
2.VBBi 340.0 340.0 340.0 2-Y< 
2.LBM,4Xi 810.2 810.2 810.2 Z-V, 
LHMAX2 482.1 482.1 482.1 2-nFt 
2.LmaXi 328.1 328.1 328.1 2.TAXF, 
2.LFVNi 328.1 328.1 328.1 2-C@ 
PFUN( I.0000 1.0000 1.0000 Z*DDF, 
2.INVIJNi 50.0 50.0 50.0 
2.YpUNi 

2*VBILLBi 
842.0 842.0 842.0 2.BONDBi 

WFUN; 1.0000 1.0000 1.0000 BONDD 
2*HPFMAXUN< 631.3 637.3 637.3 IID 
2.LF, 328.1 328.1 328.1 TAXD 
PFi 1.0000 1.0000 1.0000 CGD 
2.INV, 50.0 50.0 50.0 DDD 
2.y: 2.X! 842.0 842.0 842.0 842.0 DDH, 

Z.$ 

842.0 842.0 

105.3 105.2 105.2 DDH2 2.DDBi 
WFi I.0000 1.0000 1.0000 YHz 
Z.HPFMAX, 637.3 637.3 637.3 TAXH, 
n 1.000 1.000 1.000 
HPFMAX@fH: 

SAV, 
1.000 1.000 1.000 CG, 

2+fHI;, 
HPHUN, 
XHUNI- 
HPHUN2 
XHUN2 
LHUNz 
HPHMAX1 
HPHMAXz 
HPX, 

XHI 
SDH; 
HPHz 

XHz 
M2 

0.0 
323.0 
373.8 
435.0 
321.7 
482.1 
323.0 
435.0 
323.0 
373.8 

1013.4 
435.0 
321.7 
482.1 

0.0 

323.0 
373.8 
435.0 
321.7 
482.1 
323.0 
435.0 
323.0 
373.8 

1013.4 
435.0 
321.7 
482.1 

0.0 YH; 
323.0 TAXH, 
373.8 SAV, 
435.0 SDHl 
321.7 2.CGBi 
482.1 2.nBi 
323.0 2.TAXB; 
435.0 2.DIVBi 
323.0 DIV 
373.8 TAX 

1013.4 2*BRi 
435.0 Z.BR?* 
321.7 I’,/(@; XF,) 
482.1 HPFJMHi 

(Kt;&)l 

f t+1 t+2 

842.0 842.0 842.0 
842.0 842.0 842.0 
810.2 810.2 810.2 
810.2 810.2 810.2 
758.0 758.0 758.0 
758.0 758.0 758.0 
637.3 637.3 637.3 

0.0 0.0 0.0 
842.0 842.0 842.0 
105.3 105.3 105.3 
130.1 130.1 130.1 

65.0 65.0 65.0 
0.0 0.0 0.0 

50.3 50.3 50.3 
185.0 185.0 185.0 
10.08 10.08 10.07 

1.95 1.95 1.95 
1 .YS 1.95 1.95 
0.97 0.97 0.97 
0.00 0.00 0.00 
30.0 30.0 30.0 
60.1 60.1 60.1 
51.8 51.8 51.8 

192.2 192.2 192.1 
435.0 435.0 435.0 

77.1 77.1 71.1 
0.0 0.0 0.0 
0.0 0.0 0.0 

463.4 463.4 463.4 
89.6 89.6 89.6 

0.0 0.0 OS! 
1013.4 1013.4 1013.4 

0.0 0.0 0.0 
17.0 17.0 17.0 

8.5 8.5 8.5 
8.5 8.5 8.5 

74.5 74.5 74.5 
241.3 241.3 241.3 

55.4 55.4 55.4 
55.4 55.4 55.4 

1.OOl-J 1.000 1.000 
1.000 1.000 1.000 
I.000 1.000 1.000 

(KMINI;,+KMINI;,) (KMIN,i+KMIN2i) 1.000 1.000 1.000 

EXBB 0.0 0.0 0.0 

272 



Table A-6. (continued) 

Experiment I (XGr;-5.0) 
f t+1 ,+2 

__ .- 
Reai GNP 960.6 954.3 948.1 XUN 
ui? 0.0000 0.0082 0.0097 X 
Surplus (+) 3.1 -1.6 -3.0 LUN 
01 Deficit <-) L 
r 0.06500 0.06500 0.06503 HPUN 
PS 1146.4 1143.1 1142.0 HP 
2TlJNDS; 1150.2 1147.6 1145.8 Z.HPF, 
mi 0.07500 0.07505 0.07509 2.MHJi 
2.VBB; 340.0 339.2 338.7 Z.V, 
2.LBl?4AXi 810.2 808.4 807.1 2.Vi 
LHMAX, 482.1 481.0 481.2 Z*nF, 
2.LFMAX; 328.1 327.4 325.9 2.TAXFi 
2.LF"Ni 328.1 326.5 323.7 Z-CT 
PFUNi 1.0000 0.9990 0.9995 Z.DDF, 

2.IN VUN, 50.0 49.1 49.1 
Z.Y%N< 

2.!mLLBi 
842.0 833.8 830.0 Z.BONDB~ 

WFllNi 1.0000 0.9956 0.9917 BONDD 
2vWFMA XUz’t’i 637.3 631.1 629.7 CD 
2.LF, 328.1 326.5 323.7 TAXD 
PF, L.0000 0.9990 0.9995 Cal 
2./NV; 50.0 49.7 49.1 DDD 
2.q 842.0 833.8 830.0 DDHl 
2.X$ 842.0 837.2 833.1 DDH2 
2.Vi 105.3 104.7 103.0 2.DDBi 
iVFi 1.0000 0.9956 0.9917 YHz 
Z.HPFMAX, 637.3 631.1 629.7 TAXH2 
0 1.000 I.009 1.012 
HPFMAXi/MHf 

SAV, 
1.000 1.000 1.000 

2.MH$/ 
CG, 

0.0 0.0 0.4 YH, 
HPHUNl 323.0 323.0 322.4 TAXHI 
XHUNI 373.8 372.9 370.0 SAV, 
HPHUN2 435.0 435.0 434.4 SDHl 
XHUNz 321.7 320.7 318.4 Z.CGB, 
LHUNZ 482.1 482.1 481.0 

HPXMAX, 323.0 320.4 319.6 
2.q 

2.TAXB, 
HPHMAX2 435.0 431.4 430.8 2.DIVEi 
HPH, 323.0 320.4 318.6 DIV 
Xx, 373.8 372.1 369.4 TAX 
SDHf 1013.4 1012.1 1011.3 2.q 
HPHz 435.0 431.4 430.8 2.q’ 

XH, 321.7 317.3 3 15.8 v,/(B,xF,) 
LHz 482.1 481.0 481.0 
_" 0 

HPFi/MHi 

f *+I t+z 

837.0 839.8 833.9 
837.0 835.6 830.8 
810.2 808.6 804.8 
810.2 807.5 804.8 
758.0 758.0 756.8 
758.0 751.8 749.4 
637.3 631.1 628.7 

1.6 0.1 1.4 
839.8 833.6 827.4 
108.1 106.1 102.6 
127.9 129.9 129.4 

64.0 65.0 64.7 

-2.9 2.4 4.3 
47.4 48.2 49.7 

185.0 185.0 185.0 
10.08 10.02 10.00 

1.95 2.00 2.03 
1.95 1.99 2.01 
0.97 0.99 1.00 
0.00 -0.01 -0.02 
30.0 29.2 28.8 
60.1 59.8 59.4 
51.8 51.0 50.8 

189.3 188.3 188.8 
435.0 429.5 427.2 

77.1 76.1 75.6 
0.0 0.3 -0.2 

-3.3 -1.1 -2.5 
462.3 459.1 455.1 

88.8 88.6 87.7 
-0.2 -1.2 -1.2 

1013.2 1012.3 1011.5 
0.0 -0.1 -0.1 

17.0 16.8 16.6 
8.5 8.4 8.3 
8.5 8.4 8.3 

73.4 74.3 74.0 
239.4 239.0 237.3 

52.3 53.9 56.9 
54.9 54.7 54.8 

1.033 1.016 0.988 
1.000 1.000 1.000 



Table A-6. (continuedI 

Experiment 2 (VBILLGc+5.0) 
t t+1 ttz 

Real GNP 
“hZ 
surplus c+, 
or Deficit (-) 
I 
PS 
Z*FUNDS; 

mi 
2 * viMi 
Z*LBMAX, 
L”MAX2 
2*LFMAXi 
2.LF”Ni 
“ONi 
2.INVUNi 
2.Y%Ni 
WFUNi 
2+iPFMAXUNt 
2 .LFi 
PF: 
Z.;NV, 
2.Y.’ 
23 
2.q 
WFi 
2SPFMAXi 

>PFMAX&WHf 
2.Mgi 
HPHUNI 
XHUNI 
HPHUN2 
XHlJN* 
LJWN2 
HFHMAX, 
HPHMAX2 
HPHl 

XHI 
SDHg 
“PH2 

637.3 
328.1 

1 .oooo 
50.0 

842.0 
842.0 
105.3 

1 .oooo 
637.3 
1.000 
1.000 

0.0 
323.0 
373.8 
435.0 
321.7 
482.1 
323.0 
435.0 
323.0 
373.8 

1013.4 
435.0 

636.8 
1.000 
1 .ooo 

0.0 
324.0 
373.5 
436.0 
321.3 
480.9 
322.9 
434.6 
322.9 
372.7 

1015.5 
434.6 

630.3 m 
324.4 TAXD 

1.0004 CGD 
49.2 DDD 

831.0 DDHI 
834.5 DDH2 
103.3 2*DDBi 

0.9938 YH2 
630.3 TAX.42 
1.611 sAv2 
1.000 CGI 

1.2 YH, 
322.9 TAXH, 
371.1 SAVl 
435.6 SDXl 
318.9 2*CGBi 
479.5 2aBi 
319.8 Z.TAXB< 
431.3 Z.DfVBVBi 
319.8 DIV 
369.9 TAX 

1015.6 2.BRi 
431.3 2~3R~v” 

r+1 t+2 

842.0 841.2 835.7 
842.0 838.9 832.5 
810.2 809.0 803.9 
810.2 807.6 805.1 
758.0 760.0 758.5 
758.0 757.5 751.0 
637.3 636.8 630.3 

0.0 0.6 2.5 
842.0 840.5 829.3 
105.3 106.8 103.6 
130.1 129.4 129.0 
65.0 64.7 64.5 

0.0 -1.2 3.9 
50.3 47.9 49.2 

190.0 185.0 185.0 
9.75 10.04 10.10 
2.27 1.98 1.93 
2.16 1.97 1.93 
1.08 0.99 0.97 

-0.11 -0.01 0.01 
25.1 29.6 30.5 
60.1 60.0 59.5 
51.8 51.5 51.0 

187.3 189.0 190.3 
435.0 434.4 428.6 

77.1 77.0 75.9 
0.0 1.1 -0.5 

-4.2 -2.0 -2.2 
463.3 463.0 457.7 

88.8 89.2 88.1 
0.7 1.1 -0.4 

1014.1 101.5.4 1015.4 
-0.5 0.0 0.0 
16.5 16.5 16.5 

8.2 8.3 8.2 
8.2 8.3 8.2 

74.4 73.9 73.7 
240.3 240.1 237.7 

51.7 57.8 60.7 
54.6 54.9 55.1 

1.000 1.019 0.996 
1.000 1.000 1.000 

XH, 321.7 320.1 3 17 .o Vi/(&?, XFi) 

LHz 482.1 480.7 4 80.7 

‘wji+Ko;j)/ 

HPF,IMH( 

(KMlNfi+KMlN$‘q3 
u(&+K;J/ 
(KM’Nli+KMfN2i) 1.000 1.001 1.013 
EXBB 5.0 0.4 -0.5 

962.1 961.2 950.0 XUN 
0.0000 0.0033 0.0098 X 

-1.3 -1.1 -2.9 LUN 
L 

0.06500 0.06521 0.06523 HPUN 
1146.4 1142.2 1140.2 HP 
1150.2 1146.9 1149.6 2.HPFi 

0.03745;; 0.0373591:, 0.07514 339.8 2-MHdt 
2.Yi 

810.2 807.8 809.8 2.Vi 
482.1 480.7 481.4 2’nFi 
328.1 327.1 328.4 2.TAXFi 
328.1 328.1 324.4 2.Gi 

1.0000 1.0000 1.0004 2.DDFi 
50.0 50.0 49.2 2.VBILLBj 

842.0 842.0 831.0 2.BONDBi 
1.0000 1.0000 0.9938 BONDD 

637.3 
326.9 

1.0000 
49.6 

841.3 
842.0 
104.5 
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Table A-6. (continued) 

Red GNP 
rJR 
Surplus (+I 
or Deiicit (-1 
r 
Ps 
2.FUNDS; 
RBi 
2. VBBi 
2.LBMAX; 
LHMAXz 
2.LFMAXi 
2.LFUNi 
PFUNi 
2 .IN”UNi 
2*YpUNi 
WFUN< 
2 .HPFMA XUNi 637.3 642.3 643.6 IILI 
Z.LF, 328.1 326.2 327.8 TAXD 

960.2 960.7 956.8 XUN 
0.0000 0.0000 0.0000 X 

-7.2 -1.2 -5.0 LUN 
L 

0.06500 0.06500 0.06493 HP&V 
1146.4 1142.6 1141.8 HP 
1150.2 1156.2 1158.2 Z+fPFi 

0.07500 0.07489 0.07471 2.MHdi 
340.0 341.8 342.4 Z*Yi 
810.2 814.4 815.9 Z.Vi 
482.1 484.6 487.1 2.q 
328.1 329.8 328.8 Z*TAXF, 
328.1 326.2 327.8 2*pi 

1.0000 1.0034 1.0067 Z.DDF, 
50.0 50.8 52.6 2.VBILLBi 

842.0 843.4 847.7 2*BONDBi 
1.0000 1.0043 1.0089 BONDD 

PFi ’ 1.0000 1.0034 1.0067 CGD 
2*INVi 50.0 50.8 52.6 DDD 
2.y; 842.0 843.4 847.7 DDHl 
2 .xg 842.0 839.5 842.1 
z.vf 

DDH2 
105.3 101.6 100.0 2*DDBi 

WF, 1.0000 .1.0043 1.0089 YH2 
HPFMAX 637.3 642.3 643.6 TAXH2 
a 1 .ooo 1.000 1.000 SAV2 
2.HPFMAX, 1.000 1.000 1.000 
2 *J%,-H$~ 

cc1 
0.0 3.5 0.1 YHI 

HPH”NI 323.0 324.0 324.0 TAXHI 
“UN1 373.8 373.9 374.7 SAYi 
HPHUNz 435.0 434.0 434.0 SDHI 
XHUN2 321.7 322.2 323.7 2.CGBi 
LHlJN2 482.1 483.3 485.8 2.11Bi 
HPHMAXj 323.0 326.1 326.7 2*TAXBi 
HPHMAX2 435.0 436.9 437.6 2.DIVBi 
HPHl 323.0 324.0 324.0 DIV 

XHI 373.8 373.9 374.7 TAX 
SDHT 1013.4 1013.3 1012.0 2.BRi 
HPH2 435.0 434.0 434.0 Z+JR?” 

XHz 321.7 322.2 323.7 V;I(B;XF,j 

LHz 482.1 483.3 4 85.8 
vqli+Kqi)l 

HP~&Hi 

(KMIN$+KMlN$) 
u+Q/ 
“M’NIi+KMfA’$ 1.003 1.004 1.014 
EXBB 0.0 -1.8 -2.2 

847.0 843.4 847.5 
847.0 843.4 847.5 
810.2 809.6 813.6 
810.2 809.6 813.6 
758.0 758.0 758.0 
758.0 758.0 758.0 
637.3 637.3 637.3 

1.6 0.8 1.0 
839.5 840.0 836.1 

97.8 94.4 83.0 
127.6 128.7 124.2 

63.8 64.3 62.1 
7.5 2.2 8.6 

57.8 58.1 68.3 
185.0 185.0 185.0 
10.08 10.19 10.22 

1.95 1.84 1.81 
1.95 1.87 1.84 
0.97 0.93 0.92 
0.00 0.03 0.04 
30.0 31.7 32.1 
60.1 60.4 60.7 
51.8 52.0 52.4 

199.7 202.2 213.5 
435.0 435.8 437.8 

77.1 77.3 77.7 
0.0 -1.0 -2.0 

-3.8 -0.8 -6.9 
462.1 465.1 464.3 

88.6 89.8 88.5 
-0.3 0.2 -1.3 

1013.1 1013.1 1011.4 
0.0 0.2 0.2 

17.0 17.2 17.5 
8.5 8.6 8.8 
8.5 8.6 8.8 

73.3 13.9~ 71.8 
239.1 240.9 237.9 

62.6 63.8 68.8 
56.6 57.1 58.9 

0.923 0.895 0.783 
1.000 1.000 1.000 
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Table A-6. (continuedl 
._ 

Eqwiment4 (VBILLG<-5.0) 
f t+1 t+z 

Real GNP 962.7 961.2 961.0 X&r+ 
UR 0.0000 0.0000 0.0000 X 

Surplus (+I 1.3 -0.3 -0.8 LUN 
rx Deficit (-) I. 
, 0.06500 0.06479 0.06477 ,,pu~ 
PS 1146.4 1150.7 1150.7 HP 
Z*FUNDS: 1150.2 1153.6 1150.9 Z.HPF, 
mi 0.07500 0.07485 0.07486 2MI,i 
2. “BBi 340.0 341.0 340.2 2.Y; 
2.LBMAXi 810.2 812.6 810.7 2.Vj 
LH.W.AX* 482.1 483.5 482.9 2.“Fi 
Z.LFMAX, 328.1 329.1 327.8 Z.TAXF< 
2.LFUNi 328.1 328.1 326.2 2.CTi 
PFUNi 1.0000 l.OWO 1.0008 Z.DDFi 
2./NVcTN, 50.0 50.0 
2.YpUNi 

so.5 Z.VWILLW, 
842.0 842.0 842.9 2.WONDWi 

WFUNi 1.0000 1.0000 1.0016 WONDD 
Z%IPFMAXLiN, 637.3 637.3 638.4 IZD 
2.LF, 328.1 328.1 326.2 TAXD 
PFi 1.0000 1.0000 1.0008 CGD 
2+NV, 50.0 50.0 50.5 DDD 
2.Yf 842.0 842.0 842.9 DDH, 
2.X~ 842.0 842.0 842.8 DDH2 
2.q 105.3 105.2 102.6 I.DDB[ 
WFi 1.0000 1.0000 1.0016-YHz 
Z.HPFMAX, 637.3 637.3 638.4 TAXH2 
r? 1.000 1.000 
HPFMAXiIMHi) 

_ 1.000 SAV2 
1.000 1.000 

2*MH$ 
1.000 cc, 

0.0 0.0 0.0 YH, 
HPHUN, 
XHUN, I 
HPHUN2 
XlfUNz 
LHUN2 
HPHMAX, 
HPHMAXz 
HPHl 

XHI 
SDH; 
HPH2 
XH2 
,.H.. 

323.0 
373.8 
435.0 
321 .I 
482.1 
323.0 
435.0 
323.0 
373.8 

1013.4 
435.0 
321.7 
482.1 

323.0 
374.7 
434.0 
322.1 
483.3 
323.4 
434.6 
323.0 
374.1 

1011.3 
434.0 
322.1 
483.3 

322.0 TAiH, 
375.1 SAV, 
435.0 SDH, 
321.9 2.CGBi 
483.3 Z.IIBi 
322.9 Z.TAXW, 
436.2 2.DIVBi 
322.0 DIV 
375.1 TAX 
1008.7 2-BRi 
435.0 Z*BR"* 
3 21.6 VJ:I(p;XFJ 
482.9 HPFi/MHi 

(K1y&$ 
(KMINIi+KMIN2i) 1.000 1.002 1.003 
EXBW -5.0 -0.4 0.5 

- 

- _ 

f f+I t+2 

842.0 843.3 844.1 
842.0 843.3 843.7 
810.2 811.4 809.5 
810.2 811.4 809.1 
758.0 757.0 757.0 
758.0 757.0 757.0 
637.3 636.3 636.3 
0.0 0.1 0.0 

842.0 840.5 840.3 
105.3 102.5 99.1 
130.1 129.6 129.3 
65.0 64.8 64.6 

0.0 2.8 2.8 

50.3 53.1 54.0 
180.0 185.0 185.0 
10.40 10.11 10.05 

1.62 1.92 1.97 
1.71 1.93 1.96 
0.85 0.96 0.98 
0.08 0.01 -0.01 
34.9 30.4 29.6 
60.1 60.3 $4 
51.8 51.8 51.8 

197.1 195.6 195.1 
435.0 434.0 435.7 

77.1 76.9 77.3 
0.0 -1.2 0.4 
4.2 0.1 -1.2 

463.5 463.0 462.1 
90.5 89.6 89.1 
-0.7 -1.3 -2.4 

1012.7 1011.2 1008.7 
0.5 0.0 0.0 

17.6 17.3 17.2 
8.8 8.7 0.6 
8.8 8.7 8.6 

14.7 74.5 74.2 
242.3 240.9 240.7 

59.1 54.3 55.2 
56.2 55.9 56.0 

1.000 0.972 0.939 
1.000 1 .ooo 1.000 
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Quantitatively, the most important difference between the two 
models is probably tlx solution of the quadratic equation in Equation (29) in 
Tables 6-2 and A-2. Even given the adjustment in 02, the cost parameters are still 
larger for the non-condensed model, and so the decrease in output due to 
adjustment costs is greater. In experiment 1, for example, the change in sales in 
period t caused worker hour requirements in period t to increase by 1.6 for the 
non-condensed model (2~!4&~~ = 1.6 in Table A-6), but by only 0.4 for tlw 
condensed model (MHdr = 0.4 in Table 6-6). For the non-condensed model, 
aggregate output in period t was forced to decrease from its planned level of 
S42.0 to 839.8, whereas for the condensed model, aggregate output in period t 
was only forced to decrease from its planned level of 842.0 to 841.5. This basic 
quantitative difference between the two models is, however, not very important 
and has virtually no effect on the qualitative similarities of the two models. 

This quantitative difference between the two models does point out 
a characteristic of the optimal control problem of the firm that the author is not 
too satisfied with. As mentioned in Chapter Three, the firm had a proclivity, 
given the parameter values tried, to want to raise its price and thus lower 
expected sales and planned production. In order to get the optimal path of the 
price of the firm and the optimal paths of the other decision variables to be flat, 
the adjustment cost parameters had to be set fairly high, higher than one might 
want them to be for purposes of solving the overall model as in Table A-6. In 
future work it would be of interest to do mow experimentation on solving the 
control problem of the firm both under different assumptions about the 
parameter values and under different specifications of some of the equations. 

One other difference between the results in Table A-6 and the results 
in Table 6-6 that should be pointed out is the following. In experiment 2 in 
Table 6-6 the higher loan rate and more restrictive loan constraint in period t+l 
caused the firm sector to raise its price in period WI, whereas in Table A-6 the 
firms did not change their prices in period t+Z. The higher loan rate and more 
restrictive loan constraint were not large enough in Table A-6 to lead the firms 
to raise their prices. Likewise, the lower loan rate in period ttl in experiment 4 
did not lead the firms to lower their prices in period t+l in Table A-6, although 
the lower loan rate did lead the firm sector to lower its price in period t+I in 
Table 6-6. 

Other results of solving the non-condensed model could be pre- 
sented, but since the results for the non-condensed and condensed models are so 
close, there is little point in doing so. The main purpose of this Appendix has 
been to show how the non-condensed model is solved (Table A-2) and to show 
that the results are similar to the results for the condensed model in Chapter Six 
(Table A-6). The non-condensed model is also not stable in the sense that the 
model did not give any indication of returning to the self-repeating run after 
having a one-period shock inflicted on it. As mentioned in Chapter Six, this lack 
of stability is not surprising, given the structure of the model. 
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