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Resumo:

Este texto tem como principal objetivo utilizar modelos macro-econométricos simples construidos para os EUA, e as
respetivas bases de dados, para perseguir um objetivo no contexto de histdria econdmica. A questdo aqui abordada é: Que
informagdes e conclusdes relevantes podem ser obtidas da analise destes modelos €, em particular, dos padrdes dindmicos
das suas variaveis enddgenas? Além disso, desde que as solugdes possam ser consideradas relativamente precisas, o
que as variaveis exdgenas nestes modelos podem revelar sobre fatores que contribuiram para as principais tendéncias
histéricas? De forma geral, pode concluir-se que os modelos utilizados foram bem sucedidos na simulagéo das principais
trajetdrias macroecondmicas dos ultimos cem anos. Por isso, a principal concluséo é que estas tendéncias séo explicadas
- pelo menos em parte — pelas relagdes macroestruturais incluidas nestes modelos.

Abstract:

This paper main goal is to use simple macro-econometric models built for the US and their corresponding databases to
pursue a general objective in economic history. The question dealt with here is: What relevant information and conclusions
may be derived from the analysis of these models and, in particular, from the dynamic patterns of their endogenous
variables? Further, provided that the solutions may be considered relatively accurate, what the exogenous variables in these
models can reveal about factors that contribute to determine the main historical trends? In general, it can be concluded that
the models used were successful in simulating the main macroeconomic trajectories of the last hundred years. Therefore,
the main conclusion is that these trends are explained — at least in part — by the macro-structural relationships included in
these models.
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Abstract

This paper main goal is to use simple macro-econometric models built for the US and
their corresponding databases to pursue a general objective in economic history. The
question dealt with here is: What relevant information and conclusions may be derived
from the analysis of these models and, in particular, from the dynamic patterns of their
endogenous variables? Further, provided that the solutions may be considered relatively
accurate, what the exogenous variables in these models can reveal about factors that
contribute to determine the main historical trends? In general, it can be concluded that
the models used were successful in simulating the main macroeconomic trajectories of
the last hundred years. Therefore, the main conclusion is that these trends are explained
— at least in part — by the macro-structural relationships included in these models.

Introduction

Macro-econometric models are quantitative tools that naturally unfold from
macroeconomic theories — combined with data series, estimation methods, and
numerical procedures for the solution of nonlinear dynamic systems. These tools are
more commonly applied to the analysis and evaluation of economic policies. From this
perspective, this paper contains a not-so-common objective — that is, to use simple
macro-econometric models built for the US and their corresponding databases in what is
essentially an endeavor in economic history. The question pursued here is: Considering
long-run trends, what relevant information and conclusions may be derived from the
analysis of these models and, in particular, from the dynamic patterns of their
endogenous variables? Further, provided that the solutions may be considered relatively
accurate, what the exogenous variables in these systems of equations can reveal about
factors that contribute to determine the main historical trends?

Brief historical and scholarly context

From a historical perspective, macro-econometric modelling initiates in the 1940s, and
from that period up to the 1960s, there was a mutually beneficial relationship between
macro-econometric models and macroeconomics per se (De Vroey and Malgrange,
2009). The more prominent researchers in the earlier period were Jan Tinbergen,
Lawrence Klein, and Arthur Goldberg.
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From the 1960s to 1980s, many well-known econometrics textbooks contained thorough
material on structural macro-dynamic models. Good examples are Christ (1966), Desai
(1977) and Pindyck and Rubinfeld (1981). More recently, Greene (1997) includes a
fairly detailed analysis of the so-called Klein Model I, which is examined in Section 1.
A brief and interesting text that applies the developments in this field to macroeconomic
planning is Heesterman (1970). On the other hand, a well-researched paper that
examines the relevant contributions up to the 1980s is Wallis and Whitley (1991), and a
more comprehensive work is Bodkin, Klein and Marwah (1991).

The emerging of macro-econometric models was accompanied by the development of a
statistical framework compatible with parameter estimation in a system of
interdependent equations. It is certainly not a coincidence that the Klein Model of the
1940s and the pioneering works on the simultaneous equation model for econometric
estimation came into existence in the same research institute, the Cowles Foundation.
This statistical framework also brought about a whole set of additional concepts — like
system identification, and reduced form parameter estimation as opposed to its
structural form counterpart — as well as ground-breaking estimation methods, and, to a
certain degree, it dominated academic research in the field of econometrics up to the
1970s (Spanos, 1986).

From a mathematical perspective, macro-econometric models are dynamic systems of
(usually) nonlinear equations whose solutions are obtained through numerical methods.
These procedures can be separated into two main groups — derivative-free methods,
most commonly referred to as function iteration, and procedures which use derivatives
to locate the roots of a system or its fixed-points, and that are known as Newton
methods (Miranda and Fackler, 2002).

Basic macroeconomic relations from the intersectoral analysis viewpoint

In the analysis of intersectoral relations, the main variables are the levels of production
in the economic sectors in a given period (X;). A sector total output can be used as inputs
in other sectors (variables Z;), or they can meet the final sectoral demand (V7). In each
sector, the equilibrium relation is total production = total demand:

Xi=Zi+Yi=Z+Ci+ L+ G+ (EXIM); i=1,2,..,n. (1)

On the other hand, a second equilibrium condition in each sector is total production =
intermediate production + total income:

X;=Z+ W+ 11+ Tj, J=1,2 0. )

On the right side of the system (2), in addition to the share of production used by other
sectors, appear the total payments made by firms in sector j in the form of salaries (W),
profits (I1)), and taxes (7;). The change in the subindex for the sectors, from i to j, is not
casual — the equations in (1) correspond to the lines in this system, while those in (2)
refer to the columns. That is, these are dual sets of equations. An interesting aspect in
this development is that, if we aggregate the equations in (1) and (2), we will obtain
equivalent macroeconomic relationships, showing that the national product is
simultaneously equal to aggregate demand and aggregate income. It can be concluded,
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therefore, that the basic identities of macroeconomic analysis can be interpreted as
unfolding from the principle of duality applied to a single set of intersectoral relations.
This double equality is included in Klein's model of the 1940s, based on Kalecki's
macroeconomic analysis,! which will be examined in Section 1. More specifically:

YP=C+I+G-T=T+WI+ W2 (3)

In eq. (3), YP + T'=Y - (EX-IM) corresponds to the national product. In this model, on
the other hand, total salaries are formed by salaries in the private sector (#1) and in
public administration (/72).

1. Klein model based on Kalecki’s macroeconomic analysis: 1920-41

The structural macro-econometric model for the American economy developed by
Lawrence Klein in the second half of the 1940s is based on the macroeconomic analysis
of Michal Kalecki.? In particular, this model presents two central characteristics of this
analysis: a) inclusion of distributive elements: aggregate income is divided into the part
received by entrepreneurs and individual producers (profits), the one corresponding to
salaries in the private sector, and the total salaries paid by the public administration; (b)
the model takes into account the capital stock, depreciation expenses and net investment
— the total investment subtracted from these expenses.

The equations of the Kalecki-Klein model, classified according to their general function
in a macroeconomic system, are included in Table 1. For comparison, equations in the
Keynesian model, which will be examined in Section 2, are also included. The
aggregate product — private national product, net of business taxes and depreciation — is
equivalent to the sum of aggregate consumption, private investment, and government
consumption minus direct taxes (business taxes). In each period, the value of the
aggregate product is necessarily equal to the incomes generated in the production
process (eq. 3 above).

Table 1 shows that the model based on Kalecki’s contribution does not contain price
relationships. On the other hand, the model based on Keynesian analysis contains
equations to describe the average price in the economy — however, in contrast, it does
not include income distribution elements, nor a variable for the stock of capital.

Endogenous variables:

YP C, I, I, Wi, K (capital stock at year end).

Exogenous variables:

G, T, W2, t (year — 1939).

The series used in the model correspond to the period 1920-1941. An important aspect
of this data base is that, given the data limitations in the 1940s, macroeconomic series

! Kalecki (1954).

2 “Many economists will recognize the similarities between ... [this] model, the models of Kalecki's
economic cycle, and some of the doctrines of Marxist economics. This model could actually be called a
Marxist theory of effective demand.” Klein (1950), p. 63.

_5_
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were constructed with the specific purpose of corresponding to the variables of the
model.? With the exception of ¢, all variables are in billions of 1934 dollars.

This pioneering model is linear in both the parameters and the variables. The first part
of this statement indicates that the model’s parameters can be estimated using methods
traditionally employed in systems of interdependent equations — in particular, two-stage
and three-stage least squares estimators. The second part implies that the equations can
be solved using methods from linear algebra. Table 2 contains the estimation results.

To solve the Kalecki-Klein model, the equations in Table 1 must be put in matrix form.
The basic matrix equation, with its solution, is presented below. These matrices, using
2SLS estimators, are included in Appendix 1.

By+Ix=0; y=-B'I'x 4)

Graphs 1 to 4 contain historical values for the variables Y7, I, P and K, and their
equivalents obtained from the model solutions — in the case of C and W1, the historical
and simulated trajectories follow very closely those for Y2.* Considering this simulated
paths, it is remarkable that a model with only four exogenous variables — one of them,
time represented in years — is able to reproduce cyclical movements present in the
historical series with some proximity. On the other hand, it should be mentioned that
three lagged variables are present in the equations, namely, P-, K_; and (YP+T-W2) 4,
which reveals a relatively elaborate structure of dynamic relationships, which most
likely contributes to this favorable dynamic pattern.

3 An important aspect is the “(...) interplay between the creation of the database and the model. Any
macroeconometric model presupposes the existence of an economic database, but this model dates from
the relatively early days of national income accounting. The data used with it had to be collected and
organized as an integral part of the model building process, which the 1950 monograph describes in
considerable detail.” Renfro (2009, p. 1).

4 In the Graphs, solutions based on 3SLS estimates cannot be differentiated from those based on the 2SLS
method.
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Table 1
Equations in the Kalecki-Klein and Keynes Models
Kalecki-Klein Keynes
Equilibrium output and Y=C+I1+G+(EX—IM)
aggregate production YP+T=C+1+G o
function L=f"(Y)

C=og+ol+a,(W +W,)+o,I1_; +¢,
I=Bo +Bill+BoIl +B3K_ +e C=ag+o(Y-T)+ec
W=y +1, (Y2 4T =W 4y, (Y2 + T —W,) | +y,(t-1931) + &,
n=y?-w,-w,

Effective demand and the

generation of income I =0+ pir+¢g

K=K, +1
M
Determination of nominal ) =y, tnr+r.Y+e,
variables and price
changes w= [i f }P
dL
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Table 2
Estimation results: US data, 1921-41.

Equation for C
OLS  St.error 2SLS St.error 3SLS  St. error
1 16.237 1.3027 16.555 1.3208 16.441 1.3045
I1 0.1929 0.0912 0.0173 0.118 0.1249 0.1081
WI+W2 0.7962 0.0399 | 08102 | 0.0402 | 0.7901 | 0.0379
M 0.0899 0.0906 | 02162 | 0.1073 | 0.1631 | 0.1004

Equation for /
OLS St.error 2SLS  St.error 3SLS  St. error
1 10.126 5.4655 20.278 7.5427 28.178 6.7938
11 0.4796 0.0971 0.1502 0.1732 -0.013 0.1619
1. 0.333 0.1009 0.6159 0.1628 0.7557 0.1529
K -0.112 0.0267 -0.158 0.0361 -0.195 0.0325

Equation for W1
OLS St.error 2SLS  St.error 3SLS  St. error
1 1.497 1.27 1.5003 0.0013 1.7972 1.1159
Y2 +T-W2 0.4395 0.0324 0.4389 0.0356 0.4005 0.0318
(Y2 +T-W2)_1 | 0.1461 0.0374 | 0.1467 | 0.0388 | 0.1813 | 0.0342
1939 | 0.1302 | 0.0319 | 0.1304 | 0.0291 | 0.1497 | 0.0279

Notes: With the exception of z, all variables are in billions of 1934 dollars. Number of
observations: 21.
Source: Estimates obtained by the author.

A characteristic of the Klein model that helps explain this favorable performance in the
period examined is the dynamic property of the exogenous variable 7 — the exogenous
variables are included in Graph 5 —, which presents a pattern consistent with the
trajectory of the endogenous variables. Correlation coefficients between 7" and the
variables Y and I1, using first differences, are significantly different from zero.’ And,
on this point, it should be mentioned that in the worst year of the economic crisis
(1932), there was a tax increase accompanied by a reduction in government
consumption. This finding seems to indicate that, in addition to numerous other factors
that contributed to this crisis, elements of fiscal policy also seem to have played a
relevant role.

3 The correlation coefficients, using data in first differences, are: —0,292 (Y?) and -0,410 (IT). Using a
one-tailed test based on simple linear regressions, the first estimate is statistically different from zero at
10% significance level, and the second at 5%.
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Main conclusions from the Kalecki-Klein model and its data base

The model developed by Klein in the 1940s may be considered quite simple, since it
does not include variables in current values or representing financial markets — the
interest rate, for example. On the other hand, it includes the income distribution
structure and the dynamics of the capital stock — both these elements are used in the
model as determinants of private investment spending, net of depreciation. This model
is successful, to some extent, in reproducing the historical paths of the main
macroeconomic variables in the 1920s and 30s. Therefore, the main conclusion of this
analysis is that non-financial elements — more directly linked to aggregate demand and
income generation — contributed to the formidable economic crisis of that period.

It was argued above that the trajectory of the variable 7, particularly in combination

with government spending, has a clear pattern of pro-cyclical behavior. This is
especially true in 1932, when taxation was elevated, and government spending reduced.

—10 -
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2. Da Fonseca model based on Keynesian analysis: 1953-84

The six-equation model derived from the standard Keynes’ analytical system (see Table
1) was transformed into a macro-econometric model, which was estimated and solved
using data available for the US economy, for the 1953-84 period (da Fonseca, 2017a).
In this development, two main changes were introduced. First, the equation for L (total
employment) was used in the equation for w (average nominal wage). That is, the
variable L was eliminated:

LI P N Y G

The second change is the introduction of Y (aggregate product) in the equation for /
(private investment), both in the current period and with a one-period lag — see eq. (8)
below. The rationality for this specification is that B o+ 3 Y_1 is a proxy for /-;. Hence
the left side of (8) contains approximately A 7 — which is modeled through » and A Y.

Equations of the macro-econometric model:

Y=C+I1+G+(EX—IM) (6)
C=o0g+0,(Y-T)+e, @)
I=By+Bir+B,AY +B3Y_ +g, (8)
M M 1
—=YotVir+v Y +ey - Vz(——Yo—hY—ij— )
P P Y
w
ln(F):CO+C11nY+8W (10)

A description of the variables in the model, with their units of measurement, follows.
Endogenous variables:

Aggregate income and product, in real values;
Private consumption, in real values;
Aggregate investment, in real values;

Interest rate, in real terms;

Average price level.

TYMAQN

Exogenous variables:

G: Government spending, in real values;

EX-IM: Trade balance in national currency, real values;
T: Taxes, real values;

M: Money stock, current values;

w: Average wage rate, current values.

To a large extent, the contents of any standard macroeconomics textbook are related to
the concepts and analyses arising from these five equations. In especial, the combination
of equations (6) to (9) produces the standard IS-LM analysis of output and interest rate
equilibrium. On the other hand, eq. (10) is usually dealt with independently of the rest

—-11-
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of the system and, therefore, the price level is treated in textbook analyses as an
exogenous element.

Eq. (8) includes an endogenous variable with a one period lag ® and, therefore, this set of
equations is a dynamic system — from a mathematical standpoint, a system of nonlinear
difference equations, and from an economic point of view, it is a structural nonlinear
dynamic macro-econometric model.

Data set and parameter estimation

Usually, one of the most difficult and challenging tasks in developing a macro-
econometric model is to assemble the data base for its variables. However, in the case of
the model used here, this was one of the easiest parts. The series drawn from data
available in a couple of traditional textbooks — appropriately, one of them on (macro)
economics and the other on econometrics.” These series appear in Appendix 2.

The parameters were estimated using data for the 1953-79 period — the last five years
available in each series were not used. The reason is that this part of the data was
reserved so that it could be applied to the evaluation of the model as a prediction tool —
that is, beyond the period used in the estimation process. The estimates appear in Table
3. Given that the 2SLS method provides parameter estimates with the correct first-
derivative signs, they were used in the solution of the model, which is described below.

Table 3. Estimation results. US data, 1954-79.

2SLS estimator 3SLS estimator
Regressioneq. Coef.  St.error Coef. St. error
C 1 8.052  5.297 8.910 5.484
Y-T 0.8947 0.0076 0.8934  0.0079
1 1 —6.437 12.591 -5.876 11.527
r -3.394 4.2453 —3.443 3.7754
AY 0.5975 0.1182 0.7136  0.1051
Y., 0.1503  0.0095 0.1459  0.0089
r 1 1.162  0.9955 2.474 1.448
M/P -0.0173 0.00978  0.0051 0.0108
Y 0.00423 0.00277 —0.0017 0.0033
In(w/P) 1 1.832  0.1551 1.823 0.2323

InY 0.3870  0.0226 0.3883  0.0338
Source: Estimates obtained by the author.

Solution of a system of nonlinear equations

Solution methods of nonlinear systems of equations are based upon — with a decreasing
level of generality — fixed-point theorems, the method of successive approximations,

% Eq. (8), which shapes the dynamics of the model, plays a unique role in this system — it is actually an
example of the “art” of specifying econometric equations. If the model’s dynamics works appropriately, it
should reproduce with some success the time path of the real macroeconomic variables.

" The references are W. J. Baumol and A. S. Blinder, Economics — Principles and Policy, 3.* ed., and
Greene (1997). In the first reference, there are data for Y, C, I, G, (EX—IM), nominal r, w and P. In the
second, there are data for (Y-7) and M /P.

8 Each simulation period contains a problem to be solved.

—12 -
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and so-called Newton methods.’ Fixed-point theorems establish that, under certain
conditions, the solution of the equation x = f(x) exists. One important aspect of this
analysis is that any equation can be put in the form of the fixed-point problem. For
example, if the original equation is g (x) = 0, then a corresponding fixed-point equation
is:

x=x+g() (11)

The method of successive approximations is, at the same time, one way to prove a
fixed-point theorem and a method to find a solution. In this iterative scheme, one
computes the successive approximations: '’

xi1+1:f(Xn); I’lZO, 1,2,... (12)

The general method associated to Newton is an important example of the iterations in
(12). Representing the i—th equation in a nonlinear system by g; (x) = 0, where the
symbol x represents the set (vector) of endogenous variables, the method provides the
solution in each stage — or approximation — (x**!) from the previous one (x*) through
the following linear system:

xk+1:xk_(Jl)—1gk (13)

In eq. (13), J* represents the Jacobian matrix (of first derivatives) obtained in stage &,
and g* is a vector with the results calculated at the same stage for the functions g;.
Usually, this procedure based on derivatives converges quickly for the correct solution.
One difficulty with this method is that the Jacobian matrix must be calculated at each
step and, naturally, in a more convenient version of the method — albeit one in which
convergence to the solution is not so quick, neither so much guaranteed — this matrix is
fixed. In the so-called modified Newton method, only the Jacobian matrix for the initial
stage (0) is used:

xk+1=xk_(J0)—1gk (14)

The modified Newton method is quite easily translated into computer code — in the case
of the model solved here, a spreadsheet was used to provide the solutions. This
arrangement is very convenient, since the construction of data series for the variables,
the estimation of the equations’ parameters, and the model’s dynamic solution can all be
performed in different spreadsheets of the same file.

The first period for which the model was solved was 1954, using data for the previous
year — which also provided a starting solution for the successive-approximations
method. After that, the solution obtained in one period was used as a starting point for
the following year. In each period, the modified Newton method was utilized and, as a
rule, only a few iterations were necessary to achieve convergence. Therefore, in terms
of data for the endogenous variables, only information for 1953 was, in fact, used. In

® Franklin (1980), chap. 3, and Strang (1986), chap. 5.

19 To prove the fixed-point theorem, it is sufficient to establish the convergence of the sequence x ,. One
point that should be made is that eq. (12) can be applied directly to a nonlinear problem — that is, without
using derivatives. This approach to find a solution, which is also known as function iteration, is very
straightforward, although it does not work so often in more complex nonlinear problems.

—13 -
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other words, the solution values obtained from the model reflect only the dynamic
properties of the nonlinear system and the trends of the exogenous variables — which are
quite limited in number (only five).

The solutions obtained from this five-equation macro-econometric model, together with
the historical series, are displayed in the Graphs below. For a description of the units
used in the data, see Appendix 2. The “prediction” period contains “out of sample” data
—i. e., data that were not used in parameter estimation.
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Main conclusions from the Keynes-da Fonseca model and its data base

Considering the Graphs in this Section, the most significant is probably the one for
aggregate investment (/) — the true dynamic variable in the model. Based on Graph 8§,
one can conclude that the model captured fairly well the dynamic path of the US
economy in the three decades since the middle of the 1950s. Overall, the same
conclusion applies to the other endogenous variables, with the significant exception of
the real exchange rate (r). Nevertheless, one should not over emphasize this aspect of
the model’s solutions — that they were quite close to historical values —, given the
especial nature of the exogenous variables. Although these variables are limited in
number, each one represents fundamental and complex parts of the macroeconomic
system.

Probably, the most valuable feature of a structural macro-econometric model is that it
reveals, among hundreds of different types of information available to researchers, what
we should be concentrating on. More explicitly, if the model reproduces reasonably
well the pattern of real macroeconomic data, and given that the model’s solutions derive
from the exogenous variables and the model’s dynamic properties, then it is a logical
conclusion that these exogenous variables are the really important ones — and there are
only five of them to keep track of. In other words, one of the main accomplishments of
this analysis is that it reveals to researchers and professional analysts that they should
pay especial attention to the trends of average nominal wage, trade balance, government
spending, taxes, and money supply.

One additional aspect is that the dynamic paths of money supply and nominal wage rate
are truly consistent with Keynesian theory — which indicates that economic growth is
usually accompanied by increases in money supply and a stable or declining real wage
rate.!! These patterns suggested by theory are duly observed in the period examined (see
Graphs 12 and 13).
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300 +
L o,
200 + 25%
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0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 15%
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‘ Hist. series =====-- Simulation Prop. Y(%) ====- Prop.Sim,

Graph 11. Variable M/P.

' In the first decade and a half of the period analyzed, there was, in fact, an increase of the average real
wage.
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3. A model containing income distribution, price changes and Government
financing: 1980-2019

In Klein's model based on Kalecki, two identities are included for the aggregate product
— it is equal to both aggregate demand and total income. On the other hand, in the model
of Section 2, only the first of these equalities is present. The model of this Section, in
turn, includes an equilibrium relationship between aggregate production and the sum of
the outputs in the main economic sectors.!? This specification, following the logic of
intersectoral analysis, allows to establish the connection between the aggregate product
of the sectors and the level of employment (eq. 2 in Appendix 3). Moreover, the
equality between production and aggregate income, separated into profits and salaries,
is also included implicitly — this relationship is used in eq. 8. This set up draws from
the intersectoral analysis developed originally by Wassily Leontief and, in special, the
version in which production, demand and income distribution are treated as an ensemble
of intersectoral relations (Myiazawa, 1976).

The sectoral outputs are determined directly by income levels generated in the
production process — that is, the consumption function is not included explicitly.
Moreover, the lack of a function for private investment — which is also internalized in
the system — will probably astonish quite a few people. However, such criticism is not
exactly appropriate in this case. The reason is that one of the variables included, i.e.,
production in the manufacturing sector (Yanr), has a dynamic trajectory almost identical
to private investment. Therefore, to a large extent, including that variable means to
include investment. This relationship is illustrated in Graph 13 (the correlation
coefficient in the period described is 0.966).

12 The complete set of equations of this model are included in Appendix 3.

—17 -



Da Fonseca — Overview of the US Economy

3500 4000
3500
3000
3000
2500 2500
2000
2000 —— Ymnf, left axis 1500
1500 Priv. Invest. 1000
500
1000 0
M NN OO AN NSO N NSO M n~SO
0O 00 O 0O 00 O O OO OO OO O © © O © i ™ = o
A OO o OO Oy O OO O OO OO O OO O o
™ AN AN AN AN AN NN N NN

Graph 13. Data series, Yynr and private investment.

In this macro-econometric model, nominal values and price changes are determined by
equations representing, simultaneously, the fiscal balance of the government, the money
supply, and the trajectory of a price index. In the latter, both the monetary component of
price changes and the cost factors — in particular, the average wage — are introduced for
describing the dynamic path of the general price level.!?

Analysis of the model’s solutions and its database

The data base for this macro-econometric model was built from series available in the
data bank of the St. Louis Fed (https://fred.stlouisfed.org), and also from data available
on the website of the Bureau of Economic Analysis (www.bea.gov). Solutions were
obtained both through function iteration (see Note 10) and the Jacobian matrices of the
system (Newton method, see Section 2). These matrices were constructed for a few
given periods, separated by intervals of approximately ten years. Nevertheless, the
method of function iteration, which is much simpler to use, since it does not require
derivatives, was the preferred alternative. The solutions represented in Graphs 14 to 22
were obtained from this solution method.

The current version of the model’s data bank revealed some deficiencies which led to a
change in the system of equations described in Appendix 3 — specifically, the removal
of eq. 11, since its inclusion with the data set presently available caused the virtual
failure of the solution procedures.'* Graphs 14 to 22 describe the main variables and the
corresponding solutions. The initial solution period is 1982 and, therefore, real data
were used for the endogenous variables only in 1980-81 — for other periods, the initial
solution was provided by the previous year’s solution.

13 Equations 14 and 15 in Appendix 3, which simulate the dynamic paths of the average price level (P)
and the average wage (w), are based on the econometric analysis in da Fonseca (2017b).

14 That is, the corresponding variable had to be treated as exogenous. For further details on the model’s
equations and variables, its data base and estimation methods, as well as the procedures for solution, see
da Fonseca (2021).
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Graph 22. Variable I1/P.

Main conclusions from the model in this Section and its data base
Significant recessions occurred during the period for which the model was solved: in

1981-82, 1990-91, 2001, and 2008-9. As a rule, the model was not successful in
simulating the change of economic activity in those years. In the case of the recessions
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that had a stronger financial component, this shortcoming might be expected — in fact, it
would be quite unlikely that a structural model, centered on outputs of sectors and
income distribution, could simulate the financial crisis of 2008-9. In relation to this
point, one important exception is the simulation of variable P. To a certain extent, the
model was indeed successful in describing the trajectory of the average price level, even
in the recessions of 2001 and 2008-9 (with some overshooting), although the same
cannot be said for the average wage (w) — see Graphs 18 and 20.

In any case, one aspect that should be emphasized is that the general macroeconomic
tendencies of the last four decades were captured by this model, which indicates that, in
fact, its exogenous variables contributed to the overall macroeconomic trajectories.
These variables are listed in Appendix 3, and three of them are displayed in Graph 23,
namely G, T and EX—IM. This Graph illustrates a regular and relatively strong increase
of taxation, except in the years of recessions. A more moderate, and relatively stable,
growth of Government spending is also observed, except in the period 2011-14. On the
other hand, Graph 23 shows a very irregular path of net exports, with a sharp decline
from 1997-2006, a significant upsurge in the next three years, and a renewed downward
movement since 2014.
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Graph 23. Exogenous variables, 1971-2019: G, T and EX-IM.

4. Concluding remarks

The analysis in this paper indicates that quite different structural models — even though
with similar theoretical relations, centered on the contributions of Kalecki, Keynes and
Leontief — were successful in simulating the main macroeconomic trends in the US over
a hundred-year period.

The model examined in Section 1, elaborated by Klein in the 1940s, and which does not
include financial variables, was able to reproduce to a certain degree the very strong
movements in aggregate income and investment observed in the 1920s and 30s. The
conclusion that may be drawn is that part of these movements can be explained by
typical macroeconomic factors, linked to aggregate demand, income generation and
distribution, and the path of capital stock.
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The model examined in Section 2, in turn, based on Keynesian analysis, reproduces in a
surprisingly accurate fashion the trajectory of investment from the 1950s to 1980s. The
simulation of the dynamic path of the average price is not so perfect, but it is still
appropriate to conclude that Keynesian analysis can successfully explain and simulate
the combination of reduced growth and high inflation that prevailed in the 1970s.

Finally, the model used to simulate macroeconomic trends since the 1980s seeks to
combine the main characteristics of the two previous models. On the other hand, it
departs from them by including elements of intersectoral analysis, equations to
represent government financing, and both monetary and cost factors in the
determination of the average price level. This model is not so successful in reproducing
the cyclical movements of the U.S. economy, but in the case of the trajectory of the
average price level, its performance can be considered relatively accurate.
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Appendix 1
Matrices in the Kalecki-Klein model — 2SLS estimators

Beta Gamma
cl| 1 wi Y Pl K 1 w2 T| G t P K| (YP+T-W2) .
Cc| -1 0 0,8102 0 0,0173 0 16,555 0,8102 0 0 0 0,2162 0 0
I 0 -1 0 0 0,1502 0 20,278 0 0 0 0 0,6159 -0,158 0
wi 0 0 -1 | 0,4389 0 0 1,5003 -0,439 | 0,4389 0| 0,1304 0 0,1467
Y 1 1 0 -1 0 0 0 0 -1 1 0 0 0 0
P 0 0 -1 -1 0 0 -1 0 0 0 0 0
K 0 1 0 0 0 -1 0 0 0 0 0 0 1 0
Beta ! — Beta ! x Gamma
C 1 Wi Y P K 1 w2 T G t P K1 (YP+T-W2)
C| -1,664 | -0,664 1,219 | -0,664 | -0,128 0 42,83 | 0,6842 | -0,128 | 0,6637 0,159 | 10,7685 | -0,105 0,1789
1 -0,153 -1,153 0,0518 -0,153 -0,176 0 25,84 -0,029 -0,176 0,1531 -0,007 0,7433 -0,182 -0,008
wi -0,797 -0,797 -1,512 -0,797 -0,134 0 31,64 -0,151 -0,134 0,7974 0,1972 0,6635 -0,126 0,2219
Y| -1,817| -1,817 -1,168 | -1,817 |  -0,304 0 68,67 | 06552 | -1,304| 1,8168 | 0,1523 | 1,5118 | -0,287 0,1713
P| -1,019| -1,019 03448 | -1,019 | -1,171 0 37,03 | -0,193 | -1,171 | 1,0194 | -0,045| 0,8482 | -0,161 -0,051
K| -0,153| -1,153 0,0518 | -0,153 | -0,176 -1 2584 | -0,029 | -0,176 | 0,1531 0,007 | 0,7433 0,818 -0,008
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Appendix 2

Data for major macroeconomic variables: USA, 1953-84!

Y c / G (EX-IM)  (Y-T) rnom? p3  m/P* w?
1953 623.6 363.4 853 170.1 48 399.1 162 58.82 126  39.93
1954 616.1 370 831 156 6.9 4036 1.64 59.55 128 41.48
1955 657.5 394.1 103.8 152.3 7.3 427 087 60.84 132  44.07

1956 671.6 405.4 102.6 153.5 10.1 446.5 0.15 62.79 1335 47.09
1957 683.8 413.8 97 161.2 11.8 455.2 047 6493 1341 49.34
1958 680.9 418 87.5 169.8 5.6 461 2.05 66.04 136 50.9
1959 721.7 4404 108 170.6 2.7 4793 1.97 67.6 1414 53.44
1960 737.2 452 104.7 172.8 7.7 4896 274 68.7 1414 55.26
1961 756.6 4614 103.9 182.9 85 5039 3.4 6933 1445 56.86
1962 800.3 482 117.6 193.2 7.5 5248 244 70.61 148 59.31
1963 8325 500.5 125.1 197.6 9.4 54277 272 7167 1526 61.12
1964 876.4 528 133 202.6 12.8 580.5 282 7277 158.6 62.92
1965 9293 557.5 151.9 209.8 10.1 616.3 2.26 7436 1655 65.4

1966 984.8 585.7 163 229.7 6.5 647 184 7676 172.8 68.49
1967 1011.4 602.7 154.9 248.5 54 673.1 2.44 79.06 180 72.03
1968 1058.1 634.4 161.6 260.2 19 7014 1.7 8254 1927 76.67
1969 1087.6 657.9 171.4 2574 09 7227 179 86.79 203.8 8147
1970 1085.6 672.1 158.5 251.1 39 7517 253 9145 2116 86.48
1971 11224 696.8 173.9 250.1 16 7791 229 96.01 226.2 93.26
1972 11859 737.1 195 253.1 0.7 8103 2.93 100 242.6 100

1973 12543 767.9 217.5 253.3 155 865.2 1.6 105.75 259.7 105.65
1974 1246.3 762.8 195.5 260.3 27.8 857.7 -0.23 115.08 272.6 111.78
1975 1231.6 779.4 154.8 265.2 32.2 874.8 -0.44 125.79 285.4 121.32
1976 1298.2 823.1 184.5 265.2 254 906.9 3.06 132.34 301.9 129.46
1977 1369.7 864.3 214.2 269.2 22 9433 2.07 140.05 325.2 138.39
1978 1438.6 903.2 236.7 274.6 24 988.6 1.23 150.42 351.7 149.38
1979 1479.4 927.6 236.3 278.3 37.2 1015.5 0.91 163.42 379 157.28
1980 1475 931.8 208.5 284.3 50.3 1021.7 2.53 17842 4015 164.84
1981 1512.2 950.5 230.8 287 43.8 1049.7 4.14 195.6 430.1 178.98
1982 1480 963.3 194.4 292.7 29.7 1058.5 7.33 207.38 4585 1914
1983 1534.7 1009.2 221.1 291.9 12.6 1095.5 7.9 21534 509.2 201.72
1984 1639.9 1062.4 289.6 302.1 -14.2 1169.1 8.62 223.44 547.3 209.09

1. Variables in billions of 1972 dollars, rnom in %, P and w are indices (1972=100).
2. Average interest rates on bonds issued by top level companies.

3. GNP deflator.

4. M1 stock.

5. Average hourly nominal wage.

Source: W. J. Baumol and A. S. Blinder, Economics — Principles and Policy, 3" ed. (N. York,
Harcourt Brace Jovanovich, 1985), and Greene (1997).
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Equations of the macro-econometric model with income distribution, price changes and Government financing

Equilibrium output and
aggregate production
function

1. Y=Yuor + Yunr + Yrp + Ysey + Govt Sector

2. L=aw Yaer+ aw2 Yunr+ aw3 Yrrp + a wa Ysry

Effective demand and
the generation of
income

. Yunr=bo+ by Y1 + by A(WL/IP— Tw) + by A (EX=IM) + &3
Ymp=bo+ b1 Y1+ by A(WL/P—Tw)+e

Yser=bo+ b Yo+ by A(WL/IP—Tw)+bs A(IUP—Tn) + bar+¢
r=bo+tbM/P+bhY+e

.WL/P=(wLKw)/P

8. I/P =Y — IndTax — wL/P

N N »n b~ W

Determination of
nominal variables and
price changes

9.M=uB
10. B= o (B + Debi)
11. B + Debt = (B + Debt)-, + G P + Interest + Subsids — T P

12. Interest = [(&) (1 + ﬁ) - 1] Debt_,

13. Debt = (1 — o) (B + Debt)

4. mP=InP i+b [AIn(MV)—AInY]|+bAlnw+bs Aln Inputs + bsAlne+¢

15 mnw=lnw 4+bAlnP,+¢
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Note: All variables are in billions of 2012 dollars, except if stated otherwise.

Endogenous variables:
Y Gross National Product;
L Total employment (thousands of individuals);
Yunr  Real value added in manufacture, utilities and construction;
Yrrp  Real value added in trade and transportation;
Ysrr  Real value added in services;

r Interest rate on corporate bonds (Moody’s Aaa rating), deflated by GDP
price index (%);

wL/P  Total compensation of employees;

[I/P  Total gross operating surplus;

M M1 (billions of dollars in December);

B Monetary base (billions of dollars in December);

Interest Federal Government interest payments (billions of dollars in December);
Debt Total federal debt (billions of dollars in December);

P GDP price index (2012 = 100);

w Average earnings of non-supervisory employees (dollars per hour).

Exogenous variables and varying parameters:
Yicr Real value added in agriculture, forestry, fishing, and hunting;
G Government purchases;
EX-IM Net exports;
T Real taxes;
IndTax Tax on products less subsidies
Subsids Federal Government subsidies (billions of dollars);
Govt sector Real value added by the Government sector;
Inputs All commodities, Producer Price Index;
e Trade weighted U.S. dollar index (1973=100);
aw Sectoral labor coefficient;

Kw  Multiple that relates average income to wage per hour;

1) M1 multiplier;
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o Share of monetary base on the sum base + debt;

V MI income velocity.
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