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ANALYSIS AND SIMULATION OF A MACRO ECONOMIC MODEL.

G. Bengtsson U, Borisson T. Glad
I. Gustavsson P. Hagander L. Ljung
ABSTRACT.

A monetarist model for the U.S. economy (the St Louis mo-
del) is considered. A state space representation is given
together with elementary analysis. The model response to
various inputs has been simulated giving results consis-
tent with economic theory. No drastic sensitivity to pa-
rameter changes was found.
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1. INTRODUCTION.

In 1973 a course on "Automatic Control and Economic Poli-
cy" was given at the divisions of Autmmatic Control and
Econonics, University of Lund. ks a separate project in
connection with the course an economic model was analysed
and simulated. This report summarizes the results of the
project., As a suitable model the so called St Louis model
was chosen, Andersen and Carlson (1970 a), given in Appen-
dix I. A short review of the model is given in Section 2.

State space representations of the model are developed in
Section 3, where also some of the properties of the model
are investigated. Section 4 deals with simulations of the

model.

Programs are listed in Appendix II.



2. THE ST LOUIS MODEL OF THE U.S. ECONOMY.

The St Louis model of the U.S. economy was developed for
the analysis of economic stabilization and focuses on the
influence of monetary expansion on total spending. The mo-
del exists in several variants. In the sequel the follow-
ing sets of equations are used:
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where the endogenous variables are

AYt = change in total spending (nominal GNP)

AP, = change in price level (GNP price deflator)
Dt = demand pressure

AX, = change in output (real GNP)

Ri = gshort-term market interest rate

Ri = long-term market interest rate

U = unemployment rate

G, = GNP gap

and the exogenous variables are

AMt = ¢hange in money stock

AEt = change in high~employment Federal expenditures
wm

X; = potential (full employment) output.

The sampling interval is a guarter of a year. The dotted
variables are defined dnalogously to

t~1

and described as annual rate of change in the specific

variable in guarter t. Ygr Mysr €40 Pgo di, Vi rg, xi, uO:

p?, rg, xf and py are parameters estimated from quarter-
ly data during the period 1953(5) - 1969. The least squares
method was used. Z, ig a dummy variable, 0 or 1. The nume-
rical values of the parameters are given in Andersen and

Carlson (1970 a, b).



The equations are discussed in detail in Andersen and
Carlson (13970 a). Equation (1) is the total spending eqgua-
tion. In oxrder to get a system which is nonlinear only in
some of its outputs the price equation (2) was taken from
Andersen and Carlson (1970 b). (3} ~ (5) are pure identi-
ties for the total spending, the demand pressure and the
GNP gap respectively. Equation (6) defines the unemployw
ment rate and equations (7) and (8) are the interest rate
equations.

In Fig. 2.1 a block chart of the equations (1) - (4) is
given.
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Fig. 2.1 - Block chart of the model equations (1) -

(4).



3. STATE SPACE REPRESENTATIONS OF THE ST LOUIS MODEL.

There are many possible ways to transform a system to
state space form for the zame system. Considering only
equations (1) - (4) the model consists of linear diffe-
rence eguations only. The remaining equations (5) ~ (8)
can be considered as definitions of additional output
variables, which depend in a nonlinear fashion on the
other variables. In the following mainly the linear part
will be considered, i.e. equations (1) -~ (4).

We will give two different state space models. Firstly a
straightforward transformation from the resulting vector
difference equation to a state space model is performed.
The result is a model of order sixteen. Secondly we will
use the special block form shown in the block chart in
Fig. 2.1.to derive a state space model of order thirteen.

Generally, a state space model must be completely con-
trollable and observable to be of minimal order. In this
case only the controllability condition is relevant,
since the observability condition will depend upon the
number of delayed variables we intend to describe in the
actual model.

3.1. State Space Model I.

First the difference eguations (1) - (4) are transformed
to a standard reduced form vector difference equation.
Due to the identities (3) and (4) one of the three vari-
ables AXt(Xt), AP,
as an output variable, and furthermore Dt can be elimina-
ted from Eg. (2).

or AYt can be eliminated and considered



From (3)

AY, = X, = X, + AP

and from (4)

F

Dt = APt + Xt - Xt

Using (9) and (l0) the eguations (1) and (2) will be

4 4

Xg = Xy — 8P + yqg + ) myAM,_, + !E e AE 4
1=0 i=0Q
8 - 8

AP, = pg + i£0 d; (OP, _ X, ~Xo .} + iio VAN,

1if the variable AYt is eliminated.

The standard vector difference equation form is

i t~1'0
e
o

% A =
v . =
b Ti¥e-1

(10)

(11)

(12)

(13)

where y denotes the output vector, u the input vector and

K a constant vector. Ai and Bi are matrices of suitable

dimensions. If now

(11) and (12) directly give
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In order to transform to reduced form, i.e. Ao = T, all
coefficients must be multiplied by

_ 1-d -1

0
do 1

Including AY, and D, as output variables would not influ-
ence on the transformation to state space form since all
variables in (9) and (10) also are in Egs. (ll) and (12).



Let
r _ .-1
Ai - AO . Ai i e l,- .’8
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Two possible ways to get state space equivalents of the
vector difference eguation (13) (assuming K = 0) are:
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where the x's denote coefficients which are directly gi-
' -
ven by Ay and Bi' The second form is given by Wall (1972).
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The advantage of this form is that the system is divided
into subsystems and that the couplings between them are
more easily recognized.

Inserting numerical values the equations (1) - (4) are
equivalent to

{ s{t+l) = Ax(t) + Bu(t)
{ y(t) = Cx{t) + Du(t)
where
% 0 0 0 0 0 0 ~0.010 ! 0.010)
-0.016 ? 0.016
~0.020 : 0.020
~0.020 0.020
I -0.017 | 0 0.017
-0.011 0.011
-0.003 | 0.003
1.033 ~0.009
A = ] e s e me R M A R b B A e e e e e e ——aa
-0.010!' 0 0 0 0 0 0 0 0.010
~0.016 | 0.016
-0.020 ! 0.020
o -0.020 : . 0.020
~0.017 0.017
~0.011 ! 0.011
~0.003 | 0.003
0.033 | ~0.009



-0.172
-0.301
-0.389
~0.434
-0.381
0.493
1.340
2.862

0.172
0.301
0.389
0.434
0.437
0.368
0.282
0.127

'1.313

0.034

lower order model will be given in the next section.

~0.006
-0.009
~0.011
~-0.011
-0.565
~0.444
0.013
1.053
0.008
0.00%
0.011
0.011
0.022
0.016
0.002
~0.153

0.570
-0.013

0.010
0.016
0.020
0.020
0.017
0.011
0.003
~0.034

-0.010
-0.016
-0.020
-0.020
-0.0L17
~0.011
-0.003

0.010

-0.024]

0.024}
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3.2. State Space Model II.

Using the special block form of the system shown in Fig.
2.1, it is possible to derive a model of lower order. We
will then use the following facts:

o Eg. (l) can be described by 4 states,

0 Eq. {(2) can be described by 8 states if D(t) is con~
sidered as input signal,

0 one additional state ig needed to describe D(t). The
Egs. (3) and (4) will be used for this purpose.

Consider first Eq. (1) and introduce

2 (£) +oy By ] (15)

i
:R.M
e
=
-
ct
+
=
B |
e
1
-

for k 1,2,3,4. By straightforward manipulations it can
be shown that

]

(ty + mkAM + ekAEt s k =1,2,3

t

{ Xy (e+l) = x5

(16)

#

1 Xy (E+1) myAM, + ey AE,

The same procedure is performed on Eg. (2), i.e. introduce

o]

f
54 (8) = 1 {31Peax-i-1 ¥ ViAMt+k~i~l} (17)

In the same way as above we have

x5+k(t+l) = x6+k(t) + v AM, 4+ det s k= 1,2,...,7
(18)
xl3(t+l) = dSDt + VSAMt
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We have now introduced 12 states in all. From the defini-
tions (15) and (17) of the state variables and Eqs. (1) -
- (2), we have

Ay, =y + xl(t) + mOAMt + eOAEt

{19)
Apt = py * xs(t) + voAMt + dODt
Introduce
xs(t) = - xt-l - Yq (20)
Using (3), (4) and (19) we have
- - - ¥

Dy = xl(t) xg (t) Xg + mpAM, + eoAEt (21)
Ap, = dgxy (t) + xg(t) = dyxg(t) + (vo+dgmg)aM, +

+ d.e AE, - d.X° + p (22)

0~=0""t 0t 0

A substitution of (21) into (18) gives the final form for
these equations:

x5+k(t+l) = x6+k(t) + dkxl(t) - dkxs(t) + (vk+m0dk)AMt +

F =
+ dkeoAEt i dkxt9 k - 1’2'-.-’8
(23)

S - F
x13(t+l) = daxl(t) - dexs(t) daxt + (d8m0+v8)AMt +
4 dBeOAEt

Finally we have for xs(t), using (19), (22) and (3)
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x5(t+l)

i T xs(t) - AX, = Xg b AP, < AY, =
(do"l)xl(t) + (1"'d0)x5(t) + XG (t) +
F
+ (Vo+dom0‘m0)AMt + (do“l)@oAEt - doxt -
- (Yo"po) {24)

The state equations are summarized below. The state vari-

ables are:

4
x, () = iék{miAMt+k_i_1+eiAEt+k_i_l} k =1,2,3
X5(t) == X, 1 - ¥
8
x5+k(t) o izk{diDt+k_i_l + ViAMt+k—1‘l} k = 1,2'0--’8

and the state space model:

i

X (t+1) xk+1(t) + mAM, + e AE, k =1,2,3

x4(t+l) m4AMt + e4AEt

Xp o (E+1) = x 0 (£) + dpxg (€)= dyxg(t) + (vyp+myd, JAM, +

XF

+ d e

keoAEt - d

i

F
xla(t+1) dexl(t) - d8x5(t) - dsxt + (d8mO+V8)AMt +

+ dBeOAEt



I Sr

xs(t+l) = (do-l)xl(t) + (l—do)xs(t) + x6(t) +
+ (vy + (@p-Limy)aM, + (dz-1)eyAE,
F
dp¥e ~ ¥g7Pg)

The structure of the model is more easily seen from the
matrix form shown in Fig. 3.1.

3.3. Simple Analysis,

The positions of the eigenvalues of A will essentially
determine the transient behaviour of the model. The cha-
racteristic polynomial is easily obtained from state
space model II, since the system matrix A has a conve-
nient block triangular form. The upper diagonal block is
on Jordan form and the lower one on canonical form. The
characteristic polynomial becomes

p(s) det(sI—All)det(sI~A

22

8 )

Ys® + -aps® v ags

it
w

+ ... + dg)

The stabllity properties of the open loop system is thus
determined by the coefficients di in Eq. (2), i.e. how
demand pressure affects prices. For the numerical values
on di given in Andersen and Carlson (1970 b), the eigen-
values are shown in Fig. 3.2 for the discrete time system
and the corresponding continuous time system.
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4. SIMULATIONS.

In this section the computer programs will be described
and the results from some simulations will be discussed.

4.1l. Programs.

The equations describing the St Louis model were simula-
ted on a PDP 15 computer. The following programs were
written:

USEC Main program for the simulation
INDAT Guides user at the input of data
OUTDAT Prints initial data and results from the simu-

lations on line printer

COEF Gives numeric values to the coefficients of
the equations

SIMUS Simulates the model one step of time

Listings of the programs are given in Appendix II. Results
from a simulation were stored in a disk file. This file
could be plotted on the display after the simulation.

Change of money stock (AMt) and change in high-employment
Federal expenditures (AEt) were the input signals. In the
cemputer program it was possible to make a atep change or
a ramp change in these variables.
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Initial Values.

The

o]

Q

following variables were initialized by user:

Change in money stock (AM_, AM_ ;s ..., &M o).

Change in high-employment Federal expenditures (AEt,

BE 14 «vns BE._,)-

Demand pressure (Dt' Dt~1' e e vy Dt*B)'
These variables were usually initialized with 0 bil-
lions of dollars.

GNP gap (G The initial value was usually 2%.

g-1) -
Annual rate of change in money stock (Mt). The ini-
tial value was usually 4%.

Annual rate of change in output (GNP in 1958 prices),
Xpv Xy g0 oeer Rp_qg) . These variables were initially
given the same value, usually 4%.

Annual rate of change in prices (P, ét~l’ cees ﬁt—lG)‘
These variables were initially given the same value,

usually 4%.

Unemployment. (U, U, _ 5, ...y Ut~16)' These variables
were initially given the same value, usually 4%.

Potential (full employment) output (Xi). The initial
value was usually 914 billions of dollars.

Output {(real GNP), (X). The initial value was usually
900 biliions of dollars.

Money stock (M). The initial value was usually 900
billionsg of dollars.
Price level (P). The initial value was usually 900
billions of dollars.
Annual rates of change in XFi AM and AE (ADXF, ADM

and ADE resp.). These varilables were usually set to
4%.
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0 Changes in input signals
Step in AM, AE (DMPRO and DEPRO resp.)
Ramp in AM, AE (ADM1l and ADEl resp.)

4.3. Step Response When AM Is Altered.

The model wag run for 80 sample points (sampling inter-
val was equal to a quarter of a year) with AM increased
4% each year from 2 billion dollars at the start. Afterx
the 80 sample points AM was increased with 50%, and then
the slow 4% rise was resumed, The reason for having the
step in the middle of the run was to have the transients
due to bad choices of initial values damped out before
the step was made. In Figs. 4.1 -~ 4.6 the effects of
this step in AM are shown.

Figure 4.1 shows the direct effects on AY cf the change
in AM which is to be expected from the total spending
equation. The response in 4P is smoother due to the dy-
namics involved in the price equation. From Fig. 4.2 it
follows that there is a marked decrease in unemployment.
This decrease begins immediately after the step in AM,
but the full effect is not reached until after about
five yvears. Figure 4.4 shows that the increase in AM re-
sults in a narrowing between the curves for XF and X%.
This is also seen in the curve for G in Figure 4.5.
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4.4. Step Response When AE Is Altered.

The same type of experiment was made with a step in AE,
see Figures 4.7 — 4.12. After 80 sample points AE was
increased with 300%. This large (and perhaps unrealistic)
change was made because the smaller changes hardly had
any effect at all. In Fig. 4.7 the gqualitative difference
between a change in AM and in AE is seen. While the change
in AM has a lasting effect the influence of the change in
AE has almost vanished after a few years. This type of
behaviour is seen throughout the equations. Unemployment,
Fig. 4.8, is influenced only for about 5 years, then it
goes back almost to the same level as before, in contrast
to lasting effect obtained from a change in AM.

4.5. Sensitivity Test.

It is quite difficult tc get good estimates of the para-
meters in economic models. This is due to the fact that
usually relatively few data are measured. Therefore it
is important to study how sensitive the simulation re-
sults are with respect to parameter changes.

The price equations have the most important influence on
the dynamics of the system. Especially the d-parameters
are important since these are the only ones that enter
the characteristic equation (cf Section 3.3).

It is desirable that the parameters should be changed in
accordance with the covariances of the estimates. These
are, however, not available and therefore the parameters

are varied in a straightforward manner.

In Figures 4.13 - 4.14 the effect of various variations



in the price equation parameters is shown.

It is concluded that the dynamic behaviour is not very

sensitive to parameter variations.

28y
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Fig. 4.1

AY (change in GNP in current prices,
billions of dollars) and AP’ (the part
of AY which is due to price changes,
billions of dollars) as functions of
time when AM is increased 50% after
80 samples (= 20 years).
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Fig. 4.2
Unemployment, U (as a per cent of labor

force), as function of time when AM is
increased 50% after 80 samples.
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Long term interest rate, Ry, and short
term interest rate, Rg, as functions of

time when AM is increased 50% after 80
samples.

A
R R,
Rg
6_..
4._
2..;
0 T T Y T i T T >
0 10 20 30 50 Years
Pig. 4.3
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Fig. 4.4

XF {(potential, full employment GNP,
billions of dollars) and X (real GNP,
billions of dollars) as functions of
time when AM is increased 50% after
80 samples.
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G (= 100(xF-x)/xF) as a function of

time when AM is increased 50% after
80 samples.
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Fig.14.6

Demand pressure, D, as a function of
time when AM is increased 50% after 80
samples.
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4 Billions $

60 - AY

40

204
. — AP

0 T T T T T T T T T T P
0 10 20 30 40 50  Years

Fig, 4.7

AY (change in GNP in current prices,
billions of dollars) and AP (the part
of AY which is due to price changes,
billions of dollars) as functions of
time when AE is increased 300% after
80 samples (= 20 years).
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Fig. 4.8

Unemployment, U (As a per cent of labor
force), as function of time when AE is
increased 300% after 80 samples.
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Fig. 4.9
Long term interest rate, Ry, and short

term interest rate, Rg, as functions of
time when AE is increased 300% after 80

samples.
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Fig. 4.10

xF {(potential, full employment GNP,
billions of dollars) and X (real GNP,
billions of dollars) as functions of
time when AE is increased 300% after
80 samples.
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Fig. 4.11

G (= lOO(XF-X)/xF) as a function of
time when AE is increased 300% after
80 samples.
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Fig. 4.12

Demand pressure, D, as a function of
time when AE is increased 300% after
80 samples.
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36.

O I ' : I i I 1 |
0 10 20 30 40

Fig. 4.13
Unemployment for varlous parameter
values.

Curve 1: Nominal parameter values asg
given in Table XI, Appendix I. This
curve is identical to Fig. 4.2.

Curve 2: Parameters d2 and v, are in~
creased by 50% from nominal values.

Curve 3: Parameters &i and v, are in-
creased by 10%.

Curve 4: Parameters di and vy are de~
creased by 10%.

50

Years
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Fig, 4.14

Long term market interest rate for
various parameter wvalues.

Curve l: Nominal parameter values as
given in Table XI, Appendix I. This
curve is alsc given in Fig. 4.3,

Curves 2-4: as in Fig. 4.13.

Curve 5: Parameters di are increased
by 25% from nominal values and pa-
rameters vy are decreased by 25%.
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5. CONCLUSIONS.

Monetary policy has become the most important means for
economic stabilization in economies with well developed
financial markets. Previously fiscal actionsg dominated
ag stabilization instrument. In the model that has been
discussed here GNP is depending on monetary stock and to
some extent, on government spending. GNP, in its turn:,
influences e.g. output (real GNP} and employment in the
short run, while only price level is affected in the

long run,

The computer simulations gave a reasonable behaviour of
the model in gpite of some arbitrariness at the choice

of initial values and magnitudes of step changes. Stabi-
lity analysis showed that the open loop system was stable.

It is attractive to use macro-economic models in practice
as basis for financial decisions. It seems most suitable
to use a state space representation. Two variants of
state space representations for the $t Louis model have
been presented here. It is then possible to study diffe-
rent control strategies for ecoﬁomic stabilization using
standard theory of automatic control. Still some problems
remain to be studied, for instance how monetary stock is
influenced by different actions in monetary policy, e.qg.
changes in the rate of discount, operations in open mar-
ket or changes in cash and liquidity limits for banks.
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A Monetarist Model for Economic Stabilization®
by LEONALL C. ANDERSEN and KEITH M. CARLSON

s
g HE MONETARIST VIEW that changes in the
money stock are a primary determinant of changes
in total spending, and should thereby be given
major emphasis in economic stabilization programs,
has been of growing interest in recent years. From
the mid-1930's to the mid-1960s, monetary policy re-
ceived little emphasis in economic stabilization policy.
Presumed failure of monetary policy during the
early years of the Great Depression, along with the
development and general acceptance of Keymesian
economics, resulted in a main emphasis on fiscal ac-
tions — Federal Government spending  and  taxing
programs — in economic stabilization plans. Monetary
policy, insofar as it received any attention, was gen-
erally expressed in terms of market rates of interest.

Growing recognition of the importance of money
and other monetary aggregates in the determination
of spending, output, and prices has been fostered by
the apparent failure of stabilization policy to curb
the inflation of the last half of the 1950, Sharply
rising market interest rates were interpreted to indi-
cate significant monetary restraint, while the Reve-
nue and Expenditure Control Act of 1968 was con-
sidered a major move toward fiscal restraint.

Despite these policy developments, total spending
continued to rise rapidly until late 1969, and the rate
of inflation accelerated. Those holding to the mone-
tarist view were not surprised by this lack of success

*Offering helpful suggestions thronghout the study were
Denis Karnosky of this bank, William P. Yohe of Duke Uni-
versi:ly and Visiting Scholar at this bank, 1969-70, and
Davird Fand of Wayne State University, Susan Smith pro-
vided programming assistance and Christopher Babb and
IL Alhert Margolis advised on statistical problems. The
authors thank tE:: following for their comments on earlier
drafts, without implying their endorsement of either the
methods of anzalysis or the conclusions: F. Gerard Adams,
Philip Cagan, E. Gerald Corrigan, Richard Davis, Ray Fair,
Ed{fm Fiedler, Milton Friedinan and members of the Money
an Bankinf Waorkshop at the University of Chicago, Edward
Cramlich, Harry G. johnson, John Kalchbrenner, Edward
Kare, Michael Keran, Allan Meltzer, Franco Modigliani,
George Morrison, David Ott, Joel Popkin, Thomas Saving,
Roger Spencer, Henry Wallich, Clark Warburton, Manfred
Willms, end Arnold Zellner.

in curbing excessive growth in total spending, largely
because the money stock grew at a historically rapid
rate during the four years ending in late 1968. Eco-
nomic developments from 1965 through 1969 were in
general agrecrnent with the expectations of the
monetarist view.

This article develops a model designed to analyze
economic  stabilization issues within a framework
which focuses on the influence of monetary expan-
sion on total spending. Most of the major econometric
models have not assigned an important role to the
money stock or to any other monetary aggregate.l
Furthermore, most econometric models contain a large
number of behavioral hypotheses to be empirically
estimated and integrated with each other, because
they are designed to aid in understanding the deter-
mination of many economic magnitudes. By compari-
son, the model presented in this article is quite small.
It is designed to provide information on the most
likely course of movement of certain strategic eco-
nomic variables in response to monetary and fiscal
actions.

"Wrank de Leeuw and Edward M. Gramlich, “The Federal
Reserve-MIT Econometric Model,” Federal Reserve Bul-
letin (January 1968), pp. 11-40, and "The Channels of
Monetary Policy: A Furster Report on the Federal Reserve
MIT Econometric Model,” Federal Reserve Bulletin (June
1969), pp. 472-91; James S. Duesenberry, Cury Fromm,
Lawrence R. Klein, and Edwin Kuh (ed.), The Brookings
Quarterly Econometric Model of the United States {Chicago:
Rand McNally, 1965), and The Brookings Model: Some
Further Results {Chicago: Rand MeNally, 1969); Michael
K. Evans and Lawrence R. Klein, The Wharton Econometric
Forecasting Model, 2nd Enlarged Edition (Philadelphia:
University of Pennsylvania, 1968); Maurice Liebenberg,
Albert A. Hirsch, and Joel Popkin, “A Quarterly Econo-
metric Model of the United States: A Progress Report,
Survey of Current Business (May 1966), pp. 423-56; Daniel
M. Suits, “The Economic Outlook for 1969.” in The
Economic QOutlook for 1969, Papers presented to the Six-
teenth Annual Conference on the Economic Outlook at The
University of Michigan (Ann Arbor: University of Michigan,
1969), pp. 1-26. For a discussion of the role of money in
these models, see David 1. Fand, “The Monetary Theory of
Nine Recent Quarterly Econometric Models of the United
States,” forthcoming in the Joumal of Money, Credit, ond
Banking.

Page 7
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The mode] presented here is the authors awn ver-
sion of how monetary and fscal actions influence the
economy. Other cconomists {including those of a
monetarist persuasion) may prefer to develop certain
aspects of the model in a difierent way. Two such
modifications are presented in Appendix €. The
mwmodel is considered open to revision, but is presented
at this time with a view to stimulating others to join
in quantifying relationships that are generally asso-
ciated with the wmonetarist view.

This article is divided into five major sections. A
general monetarist view of the response of spending,
output, and prices to monctary and fiscal actions is
summarvized first. Next, ihe specific features of the
model are discussed within a formal framework of
analysis. Statistical estimates of the model’s param-
eters are presented in the third section. The fourth
section tests the performance of the model with sev-
eral dynamic simulation experiments. Finally, by
simulating the response of the economy to alterna-
tive rates of monetary expansion, an illustration is
provided of how the model can be used for current
stabilization analysis.

General Monetarist View

The general monetarist view is that the rate of
monetary expansion is the main determinant of total
spending, commonly measured by gross national
product (GNP).* Changes in total spending, in turn,
influence movements in output, employment, and the
general price level. A basic premise of this amalysis
is that the economy is basically stable and not neces-
sarily subject to recurring periods of severe recession
and inflation. Major business cycle movements that
have occurred in the past are attributed primarily to
Targe swings in the rate of growth in the money stock.

This view regarding aggregate cconomic relation-
ships differs from prevailing views which consider
aggressive policy actions necessary to promote sta-
bility. Monetarists generally hold that fiscal actions,
in the absence of accommedative monetary actions,
exert little net influence on total spending and there-
fore have little influence on outpat and the price
level. Govermment spending vnaccompanied by ac-
commodative monetary expansion, that is, finahced
by taxes or borrowing from the public, results in a
erowding-out of private expenditures with little, if any,

200nel refereness on the monetarist view are Karl Brunver,

“The Role of Money and Monetary Policy,” this Review
(fuly 1G68), pp. 9-24 David 1. Fand, “Somne I[ssues in
Monetary Feonomics,” this Review (Januvary 1970), pp.
10-27, aod A Monetarist Model of the Monetary Process,”
forthcoming in the Joumnal of Finance.
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net increase in total spending. A change in the money
stock, on the other hand, exerts a strong independent
influence on total spending. Monetarists conclude that
actions of monetary authorities which result in
changes in the money stock should be the main tool
of economic stabilization. Since the economy is con-
sidered to be basically stable, and since most major
business cyele movements in the past have resulted
from inappropriate movements in the money stock,
control of the rate of monetary expansion is the means
by which economie instability can be minimized.

The theoretical heritage of the monetarist position
is the quantity theory of moncy?® This theory dates
back to the classical economists (particularly David
Ricardo) in the early 1800's. The quantity theory in
its simplest formn is characterized as a relationship
between the stock of money and the price level
Classical cconomists concentrated on the long run
aspects of the quantity theory in which changes
in the money stock result in changes only in nominal
magnitudes, like the price level, but bhave rno influ-
ence on real magnitudes like output and employment.

The quantity theory of money in its modern form
recognizes the important influcnce that changes in
the money stock can have on real magnitudes in
the short run, while influencing only the price level
in the long run. The modern quantity theory poshu-
lates that in the short run a change in the rate of
growth in money is followed with a moderate lag by
changes in total spending and output, while changes
in the price level follow with a somewhat longer lag$
These changes in total spending, output, and prices
are in the same direction as the change in the rate
of monetary expansion.

The modern quantity theory still accepts the leng-
ran postulates of its older version. A change in the
rate of monetary expansion influences only nominal
magnitudes in the Jong run, namely, total spending
{GNP) and the price level. Real magnitudes, notably

The classic work on the guantity theory is Irving Fisher,
The Purchasing Power of Money {(New York: Maemillan,
1911). For an extensive review of the quantity theory
literature, see Arthur W. Marget, The Theory of Prices: A
Re-examination of the Central Problems of Monctary Theory
(New York: Prentice-Hall, 1938), volume II, pp. 3-133.

‘Many of the ideas prevalent in current monetavist doctrine
ean be found in the writings of Clark Warburton in the
1940’s and eary 1950's. Many of his important aiticles have
been reprinted in his Depression, Inflation, and Monctary
Palicy, Selected Papers, 1945-1953 { Baltimore: The (ln‘hns
Hopkins Press, 1966). See also Milton Fricdman, (ed.),
Studies in the Quantity Theory of Money (Chicago: Uni-
versity of Chicage Press, 1958), and Lloyd W. Mints,
Monetary Policy in a Competitive Seciety (New  York:
McGraw-Hill, 1851).
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output and employment, arc unaffected® Tollowing
the short-run responses to a change in the rate of
monetary growth, total spending and the price level
grow at rates determined by the rate of increase in
money, while output moves toward and resumes a
long-run growth path. Such growth in output is little
influenced by the rate of monctary cxpansion. In-
stead, it is determined by grewth in the economy’s
productive potential, which depends on growth of
natural resources, capital stock, labor foree, and
productivity.

General Form of the Model

A summary of the model is presented in algebraic
form in Exhibit I, along with a listing of variables
classified as to whether they are endogenous or exo-
genous to the model (for a graphical illustration of
the model, see Appendix B). This general form of
the model summarizes its essential features, ignoring
problems of dimensionality and lag length.

Equations of the Model .

Eqguation (1) is the total spending equation. The
change in total spending {AY} is specified as a fane-
tion of current and past changes in the money stock
(AM} and current and past changes in high-employ-
ment Federal expenditures (AR}, This
general specification represents the re- o7
duced form for that class of structures
which has AM and AE as exogenous
variables. In this form the total spend-
ing equation remains uncommitted as
to structure; it is potentially consistent
with both Xeynesian and quantity the-
ory models.® (The magnitude and sig-
pificance of the estimated parameters
determing whether the data conform
more closely to a Keynesian or a quan-
tity theory).

S gl

3See Milton Friedman, “The Role of Mone-
tary Policy,” American Economic Review
{March 1988), pp. 1-17. i
8For further discussion of the structural versus '
the reduced form of a medel, see Michael

Endagensus Variahles

APRIL, 1970

Equation (2) speeifies the change in the price
level (AP) as a function of current and past demand
pressures (D) and anticipated price changes (APA}.
Demand pressure is defined in equation (3) as the
change in total spending minus the potentiad increase
in output (X¥ — X). The price equation is an alter-
native to the standard short-run Phillips curve rela-
tion gencralized to include changes in total spending
and anticipated prices” (Sec Appendix A for further
develapment of this relationship. )

Suation (4) defines a c¢hange in total spending
in terms of its components, the part associated with
changes in the price level (AP) and the part asso-
ciated with changes in output (AX).* With AY deter-
mined by cquation (1), and AP by equation (2},
AX can be derived from equation (4).

Equation (5) specifies the market rate of interest
(R) as a function of current changes in the money
stock (AM), current and past changes in output

T5¢e Roger W. Spencer, “The Relation Between Prices and
Emp}gyﬁcnt: Two Views,” this Review (March 1969),
pp. 15-21. :

8The change in the price level, AP, and the change in output,
AX, ave defined in dollar units so that their sum is equal
to the change in total spending, AY,

TR i R e T g e e B o 2 it U B i ] > R
- j Exhibit | g ,
MODEL IN ALGEBRAIC FORM

{%) Total Spending Equatian X

AYy == (B M. .. DM, AE ... AF-n) -

{2) Price Equation i

APy = t2(D0. .. D, APAY) i

{3) Demond Pressvre ldentity
o = AY: — [XFt — X1}
{4} Tetal Zpending Identity
AY: = Ap + Axy
{3} Intecest Rote Eguotion
R o= dafAMy, AXe ... B%n, AP, APAS :
{8} Antidipoted Prico Equation
Apry = i (AP—1... APr-al
£7) Uremployment Rote Equation
B == ({6, Ge)
{8) GNP Gap Identity
X¥y — X
G = -

xFy

At

Exogenous Yariables®

Keran, “Monetary and Fiscal Influences on AY1 = thange in toto! tpendicg Adhe == change in money stock
Economic Activity — The Historical Evidence,” frsminal (r ) Ay === change in high-employment
this Revicw {November 1968}, op. 5.94; [Py =2 change in price lgvel (GIF price . Fedc'sral expenditurss »
Edwerd M. Gramiich, “The Usefulness of - de::fzmriuw, s pmm,m; HstiEmieyeal) ;
Monetary and Fiscal Palicy as Discretionary AXe = change & outpot treat GNP eutey i
Stabilizotion Tools,” forthcoming in the Jour- e = markef interest rote ﬁ
nal of Monecy, Credit ond Banking; and Ap2ay oo anticipelad changes s price tevsl 1
Richard G. Davis, “How Much Does Money Ur = vnemploymsni rate ;
?‘?dt;eﬁ A Look at iome Recent Evidemcei" Ge = GHP gop £
ral Reserve Bank of New York, Month e - §
Review {June 1969), pp. 119-31. V| Cother toan e verbler it tand

Page 9
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{AX), current price change (AP), and anticipated
price change (AP*). The price anticipations term
is included to capture the Fisher effect.? The ant-
cipated price function is defined in equation (8).
Anticipated price change (AP*) in the current pe-
riod is assumed to depend on past price changes
(AP).

Eqguation (7} is the uncmployment rate equation
and is a transformation of the GNP gap (G),
defined in equation (8), into a measure of unem-
ployment relative to the labor force. This transforma-
tion is based on "Okuws Law. ™

Workings of the Model

The workings of the mode! are summarized by a
flow diagram {Exhibit 11}, Only vadables in the cur-
rent period are shown in the diagram; lagged vari-
ables, with the exception of past changes in prices,
are omitted. The relationship that determines total
spending is the hundamental one among those that
determine the endogenous variables of the model.
Total spending is determined by monetary actions and
fiscal actions (Federal spending fimanced by taxes or
borrowing from the publie), though no direct infor-
mation is provided as to how such actions affect
spending. :

The change in total spending is cora-
bined with potential (full employment)

output to provide a measure of demand

E

AFRE., Y870

and the change in prices. This method of determine
ing the change in total spending and its division be-
tween output change and price change differs from
most econometric models. A standard practice in econ-
ometric model building is to determine output and
prices separately, then combine them to determine
total spending.

The change in output, the change in prices and in
anticipated prices, along with the change in the
money stock, determine market interest rates, The
fow diagram shows that the market interest rate
does not exercise a direct role in the model in the
determination of spending, output, and prices.

To determine the unemployment rate, the_change
in output is first combined with potential output to
determine the GNP gap relative to potential output.
The GNP gap is then tronsformed into the unem-
ployment rate.

Summary

The model has been presented in general form to
show the basic Hnkages postulated among money,
Federal cxpenditures, prices, and output. The puore
pose of the following statistical section is to cstimate

e . g ¢ - Smsvy
Exwibi 1)

Flow Diagram of Madel
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Change in High Feaplovaent
Kidmey Stk

Federal Egprraiaes

Luilentiel
Quiyrot

| |

L.

L J
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is combined with demand pressure to
determine the change ny the price level,

The total spending identity enables
the change in output to be determined,
given the change in total spending

%For a detailed stedy of interest rates and
the Fisher effect, ser William P. Yohe and
Denis S, Karnosky, “Interest Rates and Price
Level Changes, 1852-89 this Heview {Da-
cember 1969), pp. 18-38.

10Arthur M. Okon, “Potential GNP: Its Mess-
urement and  Significance,” 7962 Proceed-
ings of the Business and Fconomic Statistics
Section of the American Statistical Associa-
tion, pp. 98-104. Okun’s Law relates the
GNP gap to the wunemployment rate us
follows:

X¥y — Xy = 03(Ue — 4)Xe
The number .03 is a productivity factor

and 4 is defined as the unemployment rate ;
consistent with full resource utilization. Ky
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the response of output and prices to monetary and
fiscal actions, not fo test a hypothesized structure.
The focus is on the response in the short run — periods
of two or three years —but the longaun propertics
of the model also are examined.

Estimation of the Model

The general form of the model indicates those
variables that are included in each equation. Lstima-
tion reguires sclection of the algebraic form of the
equations and the technigques to be used in
estimation.

Each of the equations of the model is estinated
by ordinary lcast squares. Lag structures, with one
exception, are estimated by the Almon lag technique.
The reported relationships reflect considerable ex-
perimentation with the number of lags and the de-
gree of the polynomial?® The sample period starts
with 1933 for the spending equation and with 1955
for all the others. The data are quarterly and, with
the exception of interest rates, are seasonally adjusted.

Criteria used in the selection of the equations
were minimizing the standard ecrror of estimate and
climinating serial correlation in the estimated resid-
uals. In addition, the signs and statistical significance
of the estimated cocflicients received comsideration,
along with the pattern of the lag distribution. Since
these criteria frequently could not be satisfied simul-
taneously, an element of subjectivity was present in
selecting the “best” equation.

Total Spending

The change in total spending is specified az a
function of current and past changes in the money
stock (demand deposits and currency held by the
nonbank public} and in high-employment Federal
expenditures (expenditures on goods and services plus
transfer payments adjusted to remove the influence
of variations in economic activity on unemployment
benefit payments). The choice of the particular equa-
tion (Table I) is based on previous work by Andersen
and Jordan.'* Implicit in this choice is the assump-
tion that the change in the money stock is an exog-
enous variable. A more complete model would specify
a mechanism whereby the money stock is determined
by actions of the monetary aunthorities, the public,
and the banking system.

Mor discussion of the use and interpretation of the Almon
lag technique, see Keran, p. 10.

t2Leonall C. Andersen and Jerry L. I{m-d:m. “Monetary and
Fiscal Actions: A Test of Their Relative Importance in
Economic Stabilization,” this Review (November 1968),
pp. 11-24. See also Keran, pp. 5-24.
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Toble |
TOTAL SPENDING EQUATION

Somple Period: 1/1953 - IV/1949

Conslrainte: 4th Degree Polynomial
fe—3 == et == O; mps =~ 65 == {1}

n 4
AV 2 2467 + £ mildiMi- +rzﬂcif3.£’z—x
Hot

[2.46) 0
wmy oz 2R {272 o) = .58
my = 180 {7.34) ey == .23
me o= Y62 [4.23) er = .0%
wy o .87 {3.65% @3 = o~ 43 !
mg oz 06 { L12) eq4 = .55
L == 5.57 {8.06) Dy = 05

Bymbols are defined ax: .
AY, =zdellar chenge in total spending (GNP in eurrent prices)
i quarter @
LM = doliax chenge in money stock in guarter t—i
AE,__; = dollar change in high-employment Yederal enpenditures
i quarter t—i
Note: 1" statistics appear with each regression coelficlent, enclozed
by parenthescs. 22 s the percent of variatior in the dependent
virinhle which iz explained by varviations in the independent

wariables. 5.1, ia the wandard error of the estimate. W ip
the Durbin-Watson statistie.

- A AL Y

The pattern of the coofficients indicates a large
and rapid infizence of monetary actions on total
spending relative to that of fiscal actions.’® Changes
in high-employment expenditures, with the money
stock held constant, first have a positve influence
on fotal spending, but the influence becomes signifi-
cantly negative after three quarters. Fiscal actions,
unaccompanied by changes in maoney, have little net
effect on GNP over five guarters.’ For short periods,
and for extended periods in which the rate of change
of Federal expenditures is either accelerating or de-
celerating, fscal effects are significant, The estimated
coefficients for changes in money and changes in
Federal expenditures are in genecral agreement with
the monetarist view of the response of total spending
to these two variables.

The specification of the total spending equation, as
shown in Table I, has been criticized as being incom-

13Andersen and Jordan tried several measures of fiscal actions
in their basic equation. The best results were obtained by
using only high-employment expenditures, rather than the
high-employment surplus or both high-employment ex-
penditures and receipts. They justify their choice by ap-
pealing to the notion that financing expenditures by borrow-
ing from the public and taxes have essentially the same
impact on total CNP. For some resulis that contradiet those
of Andersen and Jordan, see E. G. Corrigan, “The Measure-
ment and Relative Importance of Fiscal Policy,” forthcom-
ing in Federal Reserve Bank of New York Monthly Review.
It should be repcated that, a priori, specification of the
total spending equation was sufliciently general as to be
consistent wil% a number of theories of GNP determination.

MAndersen and Jordan, p. 18, indicate that these resulls are
consistent with a “crowding-out” theory of effects of gov-
emment spending.

Page 11
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plete in that it allegedly igpores the effects of interest
rates on velocity'? However, since the spending
equation is a reduced form, such effects are embodicd
in the cocfficients of money®

Prices and Oulput

The total spending cquation is the comerstone of
the model, providing its monetarist character. The
focus of this paper, however, it on determining the
division of the change in total spending bebween
price and output changes. Price changes are estimated
as a function of (1) current and past demond pres-
sure, and (2) anticipated price change.

Demeand pressure — As a measure of demand pres-
sure on prices, the change in total spending is related
to the polential chonge in output (GNP in constant
prices).V" These twe variables, when combined,
provide a measure of the economy’s demand for goods
and services relative to its capacity to supply goods
and services. The change in prices is specified ds a
positively related linear funetion of this measure of
demnand pressure {see Appendix A).

Demand p

ssure, 3, is defined as:
D == AY: --{Z¥ — Fea},

where AY, is the change in total spending in quarter

5 X¥is polential (Iull employment) GNP in 1833
prices in quarter &, and X, is real GNP in the
previous quarter.’® Given the GNP gap, defined as
X¥om X, the larger is the change in total spending

®8ee Yaul S Anderson, “Monetary Velocity in Empirical
Analysis,” in Controlling Monetary Agpregates, Proceedings
of 'r?xe Monetary Conference held on Mantucket Island
(June 1969), pp. 37-51, and the discussion of that paper
by Leonull C. Andersen, pp. 52-53. Sce also Heary A
Latané, “A Note on Monetary Policy, Interest Rates and
Income Velacity,” Southem Economic Journal (January
1970), pp. 328-30. .

W8ce A, A. Walters, “Monetary Multipliers in the U. ¥.:
1880-1962," Oxford FEconomic Papers (Noveisber 1984

UThis measure was apparently fist used by Ray Fair of
Princeton University. See his “The Determination of Ag-
pregate Price Changes,” forthcoming in the Journal of
Political Economy. For a similar specification of & price
aquation, see Milton Friedman, “A Theoretieal Framework
for Monvtary Analysis” also forthcoming in the Journal
of Political Economy. Sece also a paper by William Considine
of Stanford University, "Public Policy and the Current
Inflation,” prepared as a part of a sommer intern program
at the 1LS. Treasury Department (September 5, 1969 ).

i8The series on potential ontput is based on that used by
the Council nF Eeonomic Advisers. Currently, potential
output is estimated to e rising at a 4.3 per cent annnal
rate. or :ltemative cstimates of potentin]l output, see
Fair, "The Determination of Aggregate Price Changes.”
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+ i5 the spiflover inte higher prices.
Given AY,, the larger is N —Xi, the greater is
the expansion of output and the less the spillover
into higher prices.

o

in addition to cursent values, past values of the
demand pressure variable are incleded in the price
wtion. The purpose of including past values is o
aliow for lags in the determination of prices in re-
sponse to changing demand. Furthermore, the impact
of changing demand through changing input prices
and costs of production is given a chance to operate
by including lagged values for the demand pressure
variable.

T3

Arnticipated Price Change — The other independent
variable included in the price equation is a measure
of anticipated price change {AP4). The purpose of
including this variable as a factor influencing corrent
changes in the price level is to allow anticipation: of
future price movements to influence the decisions of
arket participants. Since such a variable i3 et

?.'Tab!a " o ' %
.g: ANTICIPATED PRICE DEFINITION ~

;‘ {pi from Long-Term Interest Buie Equatina}

§

¢ 17 By )

\ Ay iz Yo B oy o] B Y% -

L APAC= Yea! {zimp. Uy 01 L% ¥

D pr = .02 pr = .08 P13 =
©pp = 03 py = .08 BLy T

oy = 04 pp =< .08 BIs T

P4 =2 .06 pio == 08 g o= 3
) p11 == .08 pay = GF
| ps == 07 p1z == .67 Zm o= 98

Symbols ore defined asg:
AVA, = anticipated price change (sealed in doltar unis) in
gharer t
f’a—»a = ponual rate of change in GNP defletor (1838 =168} in
ausktar tr-i
g4 index of unemployment ns a per vent of tnbor foree |
(base =2 .01 in guarter t—i . :
Wiy == total spending (GHEP in eurrent prices) in guarier 4% °

£ H

ebsorvable, it has to be constructed. This is sccom-
plished by assuming that anticipalions about futore
nriez changes are formed on the basis of past price

fex g §143 # 18 $303 LN

The measure of price anticvipations used in this
study is & by-product of estimating long-term market
interest rutes? Yohe and Xarnosky showed that
long-term marset interest rates respond to price an-
Huipations of borrowers and lenders, sihee commit-

v other ways of handling oapectations, see Appendix C
on allerpative prics equations.
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ments to borrow and lend funds require an assessment
of anticipated changes in the price level for the period
of the loan. The problem consists of isolating this
price cffect on market interest rates from factors in-
Hucncing the real rate.

i the process of constructing a measure of antici-
pated price change, past changes in prices are ad-
justed by a summary measure of current economic
conditions. Since price changes tend to lag changes
in total spending, the degree of resource utilization
as measured by the unemployment rate is used as
a leading indicator of future price movements.”® For
example, if unemployment is rising rclative to the
labor force, decision-making cconomic units would
tend to discount current inflation in forming anticipa-
dons about future price movements. Reflecting this
consideration, the price change in each quarter is
divided by an index of the unemployment rate ap-
plicable to that quarter. Thus the measure of price
anticipations would be less for a given inflation
rate accompanicd by high or rising unemployment
than when unemployment is low or falling.

The specific definition of price anticipations is”

shown in Table X1 The weights and the length of the
lag period were obtained from the estimated long-
term interest rate equation.®

Estimated price equation - The estimated price
equation is shown in Table I, where AP, is defined
as the dollar change in total spending due to price
changes in quarter t. The influence on prices of the
demand pressure variable, D, is significant and
positive for five quarters but very small thereafter.®
The pattern of influence is one of steady decay, with
70 per cent of the total effect of demand pressure
taking place in the first three guarters and 95 per
cent in the first five quarters. :

Anticipated price change, represented by AP4,
is a significant determinant of current price change.

v

fFor purposes of exposition the unemployment rate was not
inclided in the definition of anticipated price change in
Exbibits T and 1L

81The price expectations vaviable as shown in Table II is
scaled in dollar umits. This transformation is made because

Srice-s are estimated as the dollar change in total spending
ue to price changes.

22When the price equation is estimated with the components
of Dy separated, the coefficients for the AY. portion are
not statistically significant at the fAve per cent level, im-
plying that the gap portion, (X¥; - Xi-a), expluins most of
the changes in AP:. However, there may be collinearity
blems which influence the estimated coefficients, Fur-
rmore, the Dy form is used ause, theoretically,

it &5 & measure of excess demand (see Appendix A}

L. 7
APRIL, 1870

Table
PRICE EQUATION
Somple Period: 1/1955 - 1V/19469
Consiraints: 2nd Degrec Polynomial
{d—1 = O; ds == Of

o

%

AP 270 8 X i b LBOAPA 87

{7.07) i=9 (B.55) = 1.07
V.41
do == .02 {2.63) di = .01 (1.848) :

d1 == 02 14.33) ds == °*  {1.38}

gy == .02 ({&.63} Zdi == 09 (9.18} A
dy = .01 (2.93) g

Symbuls #re defined as:
AP, = dollar change in total spending (GNP in cutrent prices)
due o priee change in quacter €
B AY - (XF —~ Ny}
AY 7= dollar change in total apending (GNJ® in current prices)
in quarier t .
KF, = potential outpuk In guarter t
X~z = output (GNP in 1058 prices) in gurrier -1
APA, = aatieipated price change (uesled in dolisr unilz) In quar- -
ior €
Note: 't statisties appear with each regression eoelliclent, enelosed
by parenthesen. I8 ix the percent of variation in the dependent
varinble which is explained by varistions in the independent
yariblés. S.E. is the standard ervor of the cstinmute, D-Wois .
the Dorbin-Walzon statistie. i

g *Leng then 01 ) . 1

U PRP e WP T - N ST N Vel O P Y ST TS IS Oy Py |

Though significant, the measure of the impact of this
variable should not be taken too literally, because its
construction indicates that it cannot really be viewed
independently of the demand pressure variable.* The
influence of these two variables should perhaps be
viewed in combination, rather than as independerd
and separate influences.*

Determination of output - Given AY, as deter-
mined by the total spending equation, and AP, from
the price equation, the dollar change in total spend.
ing due to output changes, defined as AX,, can be
derived from the following identity:

AYt = AP', + ﬁXt ‘1" (Pz === Pi-—‘l) (XL == Xl»—-!).
The cross product term is assumed equal to zero®
Thus, -
AX, == AY, - AP.

ZFrom the standpoint of the model as a unit, price an-

rtant only in determining the division
of total spending between prices and output, not the level
'Sor change) of spending itself. To allow for the possible
irect influence of price expectations on total spending, the
spending equation was estimated with the price anticipa-
tions variable, The coefficient of the price anticipations
variable was not significant for this specification.

ticipations arve im

2#There is, however, some evidence that the price anticipa-
tions variable may be interpreted as an independent and
separate influence. When the price equation is estimated
withont APA, the sum of the coefficients on 1)~ is only
slightly more than shown i Table IHI and the standard
error is increased considerably.

25The value of this cross-product term was caleulated from
1853 to the present and provides ample justification for

Page 13
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Unemployment Rate

The unemployment rate plays a role in the model,
representing the means by which past prices are ad-
justed to take into account varying economic condi-
tions in the formation of anticipated price changes.
To cstimate the unemployment rate, the uscmploy-
ment rate is regressed on current and lagged values
of the GNP gap, exprossed as a per cent of potential
GNP. This cquation is estimated by unconstrained
ordinary least squares, and is shown in Table IV.

" Table itV

- Sp—

UNEMPLOYMENT RATE EQUATION
Sample Period: [/1955 - IV/196%
Ur == 3.90 -+ .04G: +

28Gr—3 #r == 92
{72.50) (1.0} {5.80) S.E. = .30
D-W =z .40

Symbola are defined ag:

U, == unemployment as a per cent of lubor force {n quarier t
XP, — X,

ii.‘._. « 100
X¥, =z potertial output In quarter ¢

Gt ==

X, = output (GNP in 1952 prices) in guarter ¢

Note: "L stitistics uppear with each regremion coefficient, enelosed
Ly parentheses, 1t? is the pereent of variation in the dependent
varinbly which is cxplained by variationa in the independent
variablen, 8.1, ja the standard error of the estimate, D-W in
the Durbin-Wataon statistio,

Iiiterest Rates

Interest rates do not function explicitly in the model
as a part of a transmission mechanism ruaning from
changes in the money stock to output and prices.
The estimated long-term interest rate equation plays
a vital role in the model, however, providing the in-
formation to calculate the measure of price
anticipations.

Market interest rates are specified to depend on
current and past rates of change of output (%), the
current rate of change in the money stock (1), and
current and past rates of change in prices(P) ad-
justed by an index of the unemployment rate. This
specification draws on Sargent’s work, which was ex-
plored further by Yohe and Karnosky.2

the assumption that it be equated to zero for
the model here. Also note that AP, is defined in
that is, as (Pv — Pio1)Xem, not (B — Peay)
fined unalogously.

Thomas Sargent, “Commodity Price Fxpectations and the
Toterest Rate,” Quarterly Journal of Economics (Febmary
1969), pp. 127-40, and Yohe and Karnosky, pp. 31-34, 38.
The e-timated interest rate equations alse contain a
dummy variable (0 for 1955-60 and 1 for 1961-69). The
significance of this dummy variable indicates a shift of
structure within the sample period. Questions can be raised

urposes of
ollar units,
H AX! is d&-
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e

Prchia ¥ | T e T
LONG-TERM INTEREST RATE EQUATION :
‘ Sample Period: 1/1955 - IV/1969 i
2 Constraints: 2nd Degres Polynominl j

{z—3 5% 0, p—1 = 0y 17 == pr7 = O}

. is . ;
By o= 1,280 — 06My + 1.42Z 4 E o X + y
(5.205 {—2.53) (11.01) =0

& 2 o 92
! % g Pty i
i i=0 Ur—1/4 D-W = .69
ko == 02 ( 3.85)  xg =.0% { 2.8%) gz o= .01 { 1.38) -
xy = 062 4.35) Ry = .0V { 2.37} xpz == .00 { V.28) -
xe == 02 { 4.44) xa == .01 { 201} x4 = * { 1.20} ‘
x3 == B2 { 4.08) xg == .OF { 1.80}) sz = *{ V.43y -
g 7= 0% [ 3.54) xio == 0V [ 1.84) w18 == ¢ { 1.07) .
a5 == 0% { 3.033 xit == .0t { 1.56) Zx = .20 { 2.38) .

po == .02 { 1.23} pe = .08 {373} pi12:=.06{ 9.29)
g1 o= 03 { 3.05} pr o=z 08 (14.49) g == 06 R.89)
p2 = .04 { 5.98) pa == .08 {12.64) prs == .04 { 4.37)
ps = .04 {10.82) pr = .08 (11.37) iy == 03 [ 8.30})
pa == .06 [17.34) pro == .08 (10.47) pis = .02 { £.07)
ps = 07 (19.66) prn = .07 { 9.8t} Zp = 96 (19.04}
Symholy are defined as:

]sit == gnpual rate of csharee in money stock In quuirier ¢

7, = dunmny variable in gquarier { (9 For I/1885 . IV/1980 |
and t for L7106 - 1V/1963) ;

ia_,l sz anaual rate of change in sulput (GNP In 1968 prices)
in guarter t—i

f‘:--i == gnnunl rate of change In GNP deflator (1958 = 108) in
Quarter ¢—i <

‘Ji»»i//é =xindex of anemployment ax s per cent of labor forse ’
{bage = 4.8} in quarfer ¢--i
Nate: "t statisties appear with each regression coefficient, enclosed
by pnrentheses. 27 iy the percent of variation in the dependent
varislile which is explained by variations in the independent
varigbles. HLE. ig the standard error of the estimate, D-W s
the Durbin-Watson statistie.

viwess than 61

Long-term interest rate — The long-term  market
rate (B ) is measured by the rate on scasoned cor-
porate Aaa bonds. Changes in output and prices
{adjusted for unemployment) lagged for 17 guarters
provide the meost satisfactory results. The estimated
equation for the long-tenm rate is shown in Table V.

The results reflect, in a general way, the view
stressed by monetarists that a change in the rate of
monetary expansion influences market interest rates
in three stages.?® First, the liquidity effect of an
increase in the rate of change of the money stock

about this procedure, but it is felt that a price expecta-
fions varial)f‘c' should not be constructed on the basis of a
sumple perind containing only an expansion like 1961-69.
Induding the dummy variable leaves unexplained that
factor (or factors) which chavged the relationship, but it
does provide a way of estimating a set of coeflicients
on prices that is a:m;o.d on a sample period reflecting
varying economic circumstances.

#18¢ce Friedman, “The Role of Monetary Policy,” p. 8.
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on market inferest rates is negative. Sccond, an in-
crease in the rate of monetary expansion influcnces
the rate of change in output, which in turn hag a
positive influenice on market interest rates. Finally,
an increase in money grawth influences the rate of
change in prices, which has a positive effect on mar-
ket interest rates. ‘

Short-teym fnferesi rate — The short-term interest
rate {R%) which is cstimated is the four- to six-month
commercial paper rate. The equation is shown in
Table VI. Price changes are found to enter signifi-
cantly for a shorter Jag period than in the long-term
rate equation. Alse, the short-term rate, as measured
by the four- to six-month conmmercial paper rate, is
much more sensitive to changes in output and the
money stock than is the long-term rate as measured
by the rate on seasoned corporate Aaa bonds.

i I"Teble W
SHORT.TERM BNTEREST RATE EQUATION
Sample Period: 1/1955 - 1V/19469

Constraints: 2nd Degree Polynomial
{x—1 7= 0, p-1 5% Qs x11 = p31 = 0}

10 10
RS = —1.13 — .AZMe+ 92Z + Z g Xem 4 Epu (L)
(—3.14) (—6.36) (503} =0 =0 Uii/47
g2 = $0
S.E == .47
D-W = .&¢
x = .08 [ 4.10} Copp = .04 {—.91)
%y = .08 { B.99} pi = D4 { 1.53)
] x2 = .08 { 5.97j pz == .09 { 6.26}
/ x3 == .08 { B.45} pr = 14 {18.52)
xp = .08 { 7.83) pr == 37 {1317}
=y == .07 [ 7.25) ps == .18 {(10.293
%86 == .07 ( 4.76) pe = .19 { 8.92}
£ wr = .06 [ &.38) p7r = .18 { £.14}
{ xg = .05 ( 6.02} pa = .18 { 7.64;
: xm = .03 | 5.75) po = b § 75303
) ®j0 = .02 { 5.52) pio = .06 { 7.04)
- ZIa = .78 ( 8.24) Ty == 1.47 {16.8%)

Bynibals are defined sa:
B8, = four- to six-month commereinl paper rate in quarter ¢

= gupual rate of change In money stock fn quarter ¢

an R A W e

Z, == dummiy varisble iz quarter t (& for 1/1956 - IV/1960
and 1 for §/1961 - IV/1969}

arim e e T

&t_.:. sunual rate of change in output (GNP In 1958 prices)

in quarter t—i g

4

A

B, = sunual rate of change (n GNP deflator (1958 = 100) in |

? quarter t—i i

Yii/8 = index of unemployment ms & per cent of labor foree

¢ (base == 4.0) in quarter $—i :
Mote: “t' statistics appear with each regression coelficient, encloved
parentheses. R? fa the percent of variation in the dependent
variable which is expliined by variations in the independent
variables. S.E, is the standard #rror of the estimate, D-W is

the Durbin-Watson statistic. i

R B v SRR, T - 5 [y ,_.2_-..1‘*,_-‘,...,&.;&
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Time Response to Monetary Actions:
A Summary

The pattern of the cocficients in the equations
provides information about the time response of total
spending, output, and prices to monctary and fiscal
actions, The equations indicate that monctary actions
generally affect total spending with a two- to three-
quarter lag. A change in the rate of growth of total
spending is accompanied by a simultaneous change
i the rate of growth of cutput, and it is not untl
three quarters later that the response of prices to =
change in demand pressure builds to 70 per cent of
the total. The response of prices to a change in total
spending is yet slower when there are anticipations
of a high rate of inflation.

The spending equation (Table 1) indicates that
about half of the total response to a change in mone-
tary growth occurs in the first two quarters, and
about 80 per cent in the first three guarters.

The pattern of coeflicients in the price equation
{Table II) indicates that the cffect of a change in
total spending is reflected first in output and later in
prices. Operating through the demand pressure vari-
able, about a fourth of the response of prices to a
change i total spending is in the first quarter, which
is about two quarters after the change in monectary
actions. Over 70 per cent of the price response is
in the first three quarters, and 95 per cent in the
first five guarters. The response of the price level to
changes in total spending is also influenced by antici-
pated prices. The greater the anticipated tise in prices,
the longer delayed is the response of the price level
to a decline in the rate of change in total spending,

Tests of the Model's Performance

The eguations of the model are 1o be viewed as a
unit, and the specification of the model is such that
given the change in money (AM), and the change
in high-employment expenditures (AE), the model
can be solved in the following sequence: for the
change in total spending (AY), the change in the
price level (AP), the change in real output (AX),
the unemployment rate (U}, and the long- and short-
term interest rates (R* and R%).

The explanatory power of each of the equations
shown in Tables I-VI may be acceptable by conven-
tional standards, but this provides no guarantee that
the model will perfonn satisfactorily as a unit. There
are interdependencies in the model that have to be.
taken into account when evaluating the complete
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model. Of interest in evaluating the mode! as a unit
is the implied pattern for the endogenous variables
when only an initial set of lagged endogenous varia-
bles and the time paths of the exogencus palicy
variables {money stock and high-employment Federal
expenditures) are assumed known. To conduct such
a test, several dynamic simulation experiments were
performed. These simulations take the form of ex post
dynamic simulations and an ex ante dymamic
simulation.*®

Ex Post Dynamic Simulations

An ex posi dynamic simulation is confined to the
sample period from which the estimated relation-
ships are derived. Actual values for all current and
lagged exogenous variables are used, but only initial
actual values for the lagged endogencus variables
are used. The model gencrates solution values for
the endogenous variables in the first simulation pe-
riod, which are then used to generate sclution values
for the second period, and so on for each succeeding
period.®® A comparison of these caleulated time paths
for the endogenous variables with their actual time
paths enables one to formulate some judgment as to
how well the model performs as an interdependent
upit in tracking the movements of certain strategic
econonic variables.

Ex post dynamic simulations were conducted for
several subperiods within the sample period (1955-
69). The results for the entire sample period are
summarized in Chart T on the
next page. When simulations are
conducted for subperiods within
the 1935-69 period, the pattern
of movement as.shown for the
whole period simulation tends

S

? Table ¥

o bl

APRIL, 1970

ables quite well during the 195569 period. Since
criteria for judging the performarnce of the model in
such a simulation have not been developed, any con-
clusions are necessarily subjective.®® The tendency for
the model to avoid diverging sharply from the actual
path for extended periods is an especially important
eature. Such a feature provides some basis for trust-
ing the tracking ability of the model over several
quarters, even if on a quarter-by-quarter basis it may
appear to be off the mark,

To gain additional information about the predictive
performance of the model, 2 comparison is made with
an ex post simulation from ancther model. Results of
an ex post simulation for 1963 and 1964 have been
published for the Wharton model. The results for the
model are compared with those of the Wharton model
in Table VIL

The period 1963-64 includes the 1964 tax cut, which,
according to the Wharton model, is considered an
important factor influencing economic developments
in 1984, However, the 8§t. Louis model, which does
not emphasize such fiscal actions, did about as well,
on average, for the years 1963 and 1964 (see Table
VII). The main difference to be remembered in eval-
uating these simulations is that the St. Louis model
contains three primary exogenous variablés, while
the Wharton model contains forty-three.

3See Robert H. Rasche and Harold T. Shapiro, “The
F.R.B. - M.LT, Econometric Model: lts Special Features,”
American Economic Review, Papers and Proceedings (May
1968), p. 142,

pply e T R T e "W

Reol GRMP2

to hold, but the levels are closer
C 1963 1

¢ — 4.8
to the actual values at the be. i oG
ginning of each subperiod. | W 5.3

Chart 1 indicates that the v 02
model tends to track the move- = 1964 :I “’-':
ment of the endogenous vari- ; 0 Vs
28For a discussion of the different v 0

ways of assessing the tracking Avsrage Error o.11

ability of econometric models, see ool Mean

Carl F. Cluist, “Econometric Mad- 1 ™ quared Erior 2.60

els of the l"iln:m;:i;ll Srictor,‘:l forth. =~ :

coming in the Jourmal of Money sSample period: *

Credit, and Banking. For a dis- “ '%vnﬁ:tr.;p: 1048-1864

cussion of simulation proceduores St. Fauis: 1955-1065

and results with an income-expen- | Biflions of dollars.
diture model, see Evans and Klein,
pp. 50-69,

28ee de Leeuw and Gramlich, “The
Channels of Monetary Policy . . .,”
p. 485,
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Wharten §!. Louis Wharton St louis

0.4 3.9 0.4 ~0.§ 0.2 0.¢ 0.3
6.3 0.4 0.7 —G.1 0.2 Q.7 0.1
.4 2.5 0.6 ~-0.3 0.1 0.9 -—0.1
2.1 2.2 —0.4 --0.2 0.5 1.2 G.2
1.7 2.7 ~--1.4 —0.2 0.é 1.4 0.2
G. 2.3 —~3.2 —0.3 0.6 1.4 0.2
1.7 4.0 7 —~0.5 0.8 1.6 0.2
-1.7 2.2 - 6.8 --0.4 0.9 1.2 0.2

0.76 1.55 ~—1.88 —0.28 G.49 .16 G.16
149 292 309 033 040 128 0.2
Exogenous veariables:

Wharton: 43

Bt. Lowis: 8

i domputed fran the Tevel of Implieit price deflator.

University of Pennsylvania, 1968} ; and Faderal Heserve Bank of

2 A 2 AE ST wTle iray
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ALTERNATIVE EX POST SIMULATIONS: ACTUAL MINUS PREDICTED? =
Comparison of Wharton and St. Louis Models for 1943-64 :
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C?fmr?i.
Results of Ex Post Dynamic Simulation
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" The comparison is not meant to imply that the St. Louis model is
superior. Rather, the suggestion is offered that s small model con-
structed within a monetarist framework may yield as much informa-
tion about the key aggregates as a large structural model. In summary,
small monetarist models may be uscful as a guide in the formulation
of stabilization policy.

Ex Ante Dynamic Simulations

An ex anfe dynamic simulation is like an ex post dynamic simula-
tion, except that it extends beyond the sample period. To conduct
such a simulation for this model, it was necessary to re-cstimate the
model for a subperiod within the full sample period. All cquations
of the model were ye-estimated with data through 1967. The period
of the ex ante dynamic simulation is 1968 and 1969. The results are
summmarized in Chart 1T and in Tables VIII and IX.

The success of the ex ante dynamic simulation can be assessed by
comparing it with the tracking record of the ex post simulation for
the same period. A comparison of the errors associated with the ex
ante simulation with those of the ex post simulation (where the errors
in both cases are computed with reference to actual values) suggests
that any structural shifts that oceurred in the 1968-69 period were
not of such a magnitude that the ex ante tracking ability of the
model was significantly different from that of ex post simulation.

Any conclusions about the tracking ability of the model are neces-
sarily tentative, because they are based on only one ex ante dynamic
simulation experiment. Nevertheless, these results provide a tentative
basis for confidence in the tracking ability of the model in es-

Table Vil )
FAODEL SHAULATIONS
B /.. —— - 1949
R ST A S I TR

GNP Lovel (Bitlions of dollors)

Acztuol G353 D587 G76.& 8925 9087 9i4k ¢42.8 952.2

Ex Antel 4347 85467 8789 8929 917.6 932.3 945.% 9572

Ex Post® $34.6 8567 KI7.7 097.8 9149 %29.4 943.4 ¥55.1
Annenl Rate of Change in Y

Aztual w7 1.7 8.5 7.6 75 7.3 8.0 4.0

Ex Anle 9.1 113 108 9.9 B.4 &.6 6.0 4.9

Ex Post 9.4 L. 102 9.5 7.8 4.5 &.% 5.1
Annuet Bote of Change in X

Actual 59 7.4 4.0 3.2 2.8 2.0 2.8 —0D.4

Ex Ante 5.7 7.6 78 5.9 4.0 2.4 v.7 0.7

Ex Post 5.4 6.7 5.7 4.8 3.0 1.6 1A 0.0
Annval Rote of Charge in ¥

Acteal 3.7 4.0 40 . 4.3 £.9 5.2 5.4 4.7

Ex Ante 3.3 3.4 3.4 3.8 4.0 4.3 4.2 4.2

Ex Post 3.8 4.0 4.3 4.5 4.7 4.9 5.0 5.0
Unempioymeni Rete (per cent}

Actual © A7 3.6 3.8 3.4 2.4 3.8 18 3.6

Ex Ante 39 38 3.5 3.3 3.z 3.2 3.3 3.5

Ex Post a9 7 3.3 3.4 3.4 3.3 3.7 3.9
Carporaie Aaa Rate {per cent)

Actual 6.1 6.3 &3 6.2 6.7 &.% 7.1 7.5

Ex Anta 5.8 59 6.0 4.4 4.3 4.7 7.0 7.

Ex Posl 59 6.0 6.1 6.5 6.7 6.9 7.2 7.4
Commorcial Paper Rate (per ceni) %

Actual 5.4 [ 3] 6.0 8.G 6.7 7.5 8.5 8.5

Ex Ants 5.1 54 5.1 5.6 57 4.8 &.6 6.7

Ex Post 5.8 5.8 5.8 6.5 4.6 2.9 7.8 8.0

Key to Abbroviations:
Y = Nominal GNP
¥ = Tteal GNP
= (GNP price defistor )
1Gimulation based on equations estimated through IV /1967,

2Simulation based on equations estimated through IV/1962,
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Ex Aate Dynamic Simulation
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Note: Pradicted valuas based on eslimote ol modal
lov sampla pariod ending IV/1967,
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" Table 1X

§ EX ANTE VS. EX POST SIMULATION:
ACTUAL MIHUS PREDICTED
I/1968 - IV/196%9
{Roof Mean Squared Errors}
e Pogt _Ex Anfe
&npt ¥.26 1.45
GNP in 1958 Pricesl 0.99 1.58
GNP Defaior! 0.25 6.76
Unemployment Rate 6.14 0.20
Corporate Aza Raie 6.357 2.26
Comniercial Poper Rofe .44 .26

:Z:-o;;:;.:{ frim peturl minug predicted anvusl rates of change.
timating the economic response to monetary and fiscal
actions. Unfortunately, it is diffieult to conduct addi-
tional tests of this type for other subperiods in the
sample, because degrees of freedom are severely re-
duced when the sample period is shortened further.

Using the Model for Current Analysis

The model is used in this section to simulate the
effects of possible future rates of monetary expansion
on spcnding, output, prices, unemployment and in-
terest rates, given the economic circumstances of fate
1969 and early 1970. Simulation of these altemative
courses of monctary action suggests how the model
may provide information which will be helpful to
policymakers.

Table X

‘£.13

APRIL, 1870

Simulations of the model are conducted only for
alternative rates of monetary expansion. This is done
because of the nature of the results for the spending
equation, The net effect of a change in Federal ex-
penditures on total spending (GNP) over a five-
quarter period is very small if unaccompanied by
menetary expansion.

Short-Bun Projections

The results of simulating the model for altemative
growth rates of money, and for the growth of Federal
expenditures as projected in the fiscal 1971 budget,
are shown in Table X. These simulation results re-
ficet the accelerating inflation of the past several
years and the fiscal and monetary restraint in force
throughout 1969 and early 1970. These projections
assume that empirical relationships based on past ex-
perience will continue to hold in the near future.

Rates of change in the money stock were computed
from the first quarter of 1970. Three alternative rates
are shown in Table X. The “no-change case” corre-
sponds to the course of monetary actions in the
second half of 1969. The “three per cent case” corre-
sponds to the trend rate of increase in money from
1961 to 1965, Finally, the “six per cent case” represents
monetary actions similar to those of 1967 and 1968.

] SIMULATION OF ALTERNATIVE RATES OF MONETARY EXPANSION
$ Actucl Projecied
Projectad Rate of
Changa in M1 /1969 i/to70  w/1970  W/1970  1v/1970 1/1971 w97y w/sre /1971
0 Per Lant
Annval Rote of )
chonge in ¥ 4.0 (5.3 3.5 3.3 1.0 0.3 0.7 6.9 2.% 0.2
w—0.4 {0.3} —1.3 —¥.8 ~3.3 —3.6 —27 - 2.0 —0.4 — 1.0
[ 4.7 (5.0) 4.9 4.7 4.4 40 3.5 .0 2.5 1.9
Unempioymeni Rote 3.6 {4.0) £,3 4.8 5.2 5.8 6.4 8.9 74 7.7
Corporate Ava Rate 7.5 (7.4) 7.4 7.5 7.4 7.4 7.3 71 6.9 8.7 .
Commercial Poper Hote &.4 (8.0} 7.6 7.6 7.1 &5 5.7 5.0 4.4 3.6 :
H 3 Pav Cent .
! Annvel Rote of i
# sheage in Y 4.0 (5132 3.5 8.8 2.9 3.0 ~ 4.3 4.4 5.5 4.3
k X —0.4 {0.1) —1.3 —0.8 — 1.5 —~1.0 6.3 0.8 2.2 1.4
: 4 4.7 £5.0) 4.9 4.7 4.5 4.2 3.8 3.5 3.2 29
i Unemployment Roleo 3.6 (4.0) 4.3 4.8 5.2 5.8 4.0 6.3 8.5 &7
: Corporete hna Rate 7.5 {7.4) 7.4 7.3 7.2 7.3 7.3 7.2 74 6.9
Ceommerciol Paper Rate 8.6 (8.0) 7.6 7.2 &8 8.4 59 5.5 5.0 4.5 .
& Por Cent 1
Annual Rate of :
change in Y 4.0 (5.1 35 4.8 4.8 5.0 7.6 7.8 5.9 17
X 0.4 {0.1) —1.3 - 0.2 1.6 3.3 1.7 4.8 3.8
i -4 4.7 (5.0 4.9 4.7 4.5 43 4.2 4.0 39 3.8
: Unemploymant Hute 3.6 {4.0) 4.3 4.8 3 54 5.4 5.6 8.7 5.7
. Corporate Ace Rote 7.5 (7.4) 7.4 7.% 7.2 7.% 7.3 7.2 7.3 7.2
i Commercial Paper fote 8.8 {8.0] 7.6 &7 6.5 6.3 8.4 59 57 55
¥ Key to Abbreviations:
' Y = Nominal GNP P = GNP Price Deflator
H X = Reai GNP M = Money Stock
. iRates of change in money projected from 1/1070. High-employment Federnl expenditures projected on basiz of facal 1871 badget, &8
released in Janunry 10870, 3
Model eatimates. . _
Gt A et o o e S il PN TTP RO AN TRILY NP . > SRApar LT, T T L i s i i Bt e B i B Aam‘.ﬁss
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No-change case — A course of no change in the
money stock from the first quarter of 1970 would lead
to further reduction in the rate of increase of total
spending in 1970 and 1971 (Table X). A slowing of
total spending along with upward pressures on prices
from the past inflation (anticipated price effect)
would lead to continued declines in output through
1071, Such & restrictive course of monetary actions
would slow the rate of price increase to a four per
cent yate by fate 1970 and to a two per cent rate by
late 1871 The decline in output would be accom-
panied by a rise in the unemployment rate to over
seven per cent by late 1SYL

The effects of such restrictive monetary actions on
interest rates would be to keep the long-term interest
rate at recent levels through 1970, mainly becauvse
of the effects of past inflation. By early 1971, the
slower advance of prices in 1970 and the slowing of
output growth would lead to declines in the long-
term rate. The short-term interest rate, on the other
hand, would hold at recent levels only temporarily,
partly because of continued restrictive monetary ae-
tions. Short-term rates would drop sharply by the
second half of 1970, reflecting primarily the slowing
of output growth. Since the price lags are shorter for
the short-term rate, the effects of past inflation are not
so pervasive as for the long-term rate.

Three per cent case — Growth of the money stock
at a three per cent annual rate is presented to illus-
trate the effects of a moderate expansion of money.
This rate corresponds to the trend rate of increase in
money from 1961 to 1965. In the current economic
situation, a three per cent rate of expansion in money
would represent a moderate easing of monetary policy
from its restrictive influence of late 1969 and carly
1970.

The effect of such expansion would be to maintain
growth in total spending at a rate about the same as
in the fourth quarter of 1969. Given the influence of
past inflation on prices, output would decline slightly
through 1970, but would resume its increase by 1971
The effect on prices in 1970 would be little different
from the no-change case, but by late 1971 the differ-
ence would be marked. In the three per cent case
prices would still be rising at a three per cent rate by
late 1971 compared with a two per cent rate for the
no-change case. Moderate expansion of the moncy
stock leads to a rise in the unemployment rate through
1970 and 1971. In general, for this model, the unem-
ployment rate rises as fong as output grows at less
than a four per cent rate.

Page 20
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The long-term interest rate would remain at recent
levels throughout 1970, and not until early 1871
would the effect of slower price increases and outpui
growth be enough to offset the effects of past infla-
tion. The short-term interest rate would fall more
guickly than the long-term rate but would not fail as
much by late 1971 as in the no-change case. Such a
pattern for the short-term rate illustrates the short-
and longer-run influence of quickened monetary
expansion.

Six per cent case — A six per cent annual rate of
increase in money is shown to illustrate the cfiects
of a sudden shift to a very rapid rate of monetary
expansion in the second quarter of 1970. Such in-
crease in money would be about the same as during
1967 and 196S.

A major effect of shifting to rapid monetary ex-
pansion would be to advance the rate of total spend-
ing growth. By late 1971, total spending would be
inereasing at an eight per cent rate with such moue-
tary actions. The rate of price increase would fall
somewhat, however, because of past restrictive mone-
tary actions. But the gain in price performance would
be small, because by late 1971 prices would still be
increasing at a four per cent rate. The effects of past
monetary and fiscal actions, along with past inflation,
would lead to a decline in output through mid-1970.
From then through 1971, output growth would
increase.

Despite a shift to a very rapid rate of monectary
growth, unemployment would rise until mid-1971L
This increase in unemployment would follow because
of the continued influence of past monetary and fiscal
actions, By late 1971, the recovery in output growth
would be pushing the unemployment rate back down.

A shift to rapid monetary expansion has a pro-
nounced effect on market interest rates. The long-
term rate would stay at recent levels through 1971,
beeause the influence of past prices (anticipated
price effect) would not be offset by a sustained re-
duction in output growth. The short-term rate would
fall, in response to the temporary reduction in output
growth, but the decline by late 1971 would be less
than for either the no-change or three per cent case.

fmplications of the Model for
the Long Run

Short-run prospects for economic variables tend
to dominate policymakers’ decisions. However, the
longer-run consequences of alternative monctary poli-
cies should also be given consideration. This model
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is incomplete for long-run analysis; nevertheless, it
yields results that we of interest and may not be teo
far removed from results that might evolve from 2

more comlele specification
X z

When simulations are conducted for long periods

into the future (thirty years), the model demonstrates
preperties consistent with those expounded by the
classical economaists, Over the long run, monctary
actions have no effect on real magnitudes; the rate
of growth of output, the unemployment rate, and
the real rate of interest all tend to move toward
come cquilibrium rate, regardless of which rate of
money growth is maintained. The effects of alterna-
tive raies of monctary expansion are on nominal
0 ‘des, namely, total spending, prices, and mar-

interest rates,

4

jased an the assumptions of the model, a six per
cent rate of growth in money along with a six per cent
growth rate in Yederal expenditures, for example,
would lead ultimately to about a six per cent rate of
growtl in total epending, a four per cent rate of
growth in output, a two per cent rate of increase in
psices, and market interest rates about two percent-
cge poiafs in excess of the real rate. Alternatively, 2
two per cent growth rate in money would result ap-
proximately in a two per cent growth in total spend-
fug, a four por cent sate of growth in output, a two
per cent rate of decline in prices, and market interest
rates sbovt two percentage points below the real
yaie. Cver the long run, the model indicates that
Ligh employment and price stability are compatible.

The wmain

the

of this study hes been io
5 of monctary and fiscal actions

2WThe shorteortings of the model for the long-run analysis
pve quite evident. There are no assumptions specified as o
lehar foree growth and productivity, Furthermore there is
no investment functon end, therefore, the cupitai stock is
s0% an endegenovs verinble. All long-run assumptions are
archosicd in assumntions ebcut the growth rate of potential
it veptions, policy actions cannot affect

un growih rals
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within a small-model framework and thereby offer
sn alternative to existing large-seale economebiic
odels. Such a model has been formulated and the
cots of monetary and fiscal actions on spending,
output, prices, employment, and intercst rates have
been estimated.

The model developed in this article is primarily
“ronctarist” in character. The estimated equations
jedicate that mopetary actions, as  moeasuies
changes in the moncy stock, play a st
iseal actions, as measured by high-employment
Federal expenditures, have somc short-ron effects,
but for perods of a year or more the net affect on
spending, output, and prices is pear zero. Simula-
vious of alternative tates of monctary eapansion pro-
duce shortrun and Jong-run responses which are
consistent with the general monetarist view of the
CCOTIONNY.

ot

o

One of the chief advantages of this model is that
it depends primarily on information about only two
varinbles — the money stock and  high-employment
expenditures3? Considerable insight can be gained
about the pattern of expected movements of cortain
strategic econoivic variables by considering alterna-
tive coutses of monctary and Hscal actions. How-
ever, since the model is limited te only monciary
and Bscal influences, i the exclusion of other inde-
pendent forees, it is uot suitable for exact forecast-

g Its primary purpose is to measure the general
patt wfuence of monetary and fiscal actions on

several strategic economic variables. Since the ccon-
onry s viewed a5 being basically stable, other factors
influencing total spending, output, and prices are not
considered to be of great importance in estimating
the response to monetary and fiscal actions.

$9%his feature has led John Deaver to conjecture that the
<tandzrd error of forecast in the Andersen-Jordan model
may be far lower than that of the FRB-MIT model. See
his “Monetary Model Building,” Business Economics, (Sep-
tember 196!‘3(, p. 30.

#35ce Andersen and Jordan, pp. 15, 23, 24, and Leornall C.

Andersen, “Money in  Hconomic Forecasting,” Dusiness
Economics, (September 1363), p. 17.

The Appendices to this article begin on the next page.
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APPENDIX A

EXPLANATION OF THE PRICE EQUATION

The price equation (omitting timescripts and lags) is
AP = f (D, AP4),
where D, demand pressure, is defined as
D = AY — (XF — X).
AY is the change in total spending, (X* — X) is the
GNP gap, that is, the difference between potential and
actual output, and APA is anticipated price change. This
specification of the price equation is based on standard
theory of macroeconomic equilibrium.

Macroeconomic equilibrium can be depicted graph-
ically as in Figure I. The solid downwurd-sloping line,
Xg, is the total spending line, which represents the

combinations of prices and output consistent with 2
particular level of total spending, Y. This total spending
line can be interpreted as total demand for ontput.

Figure i

Macroeconomic Equilibrium
{Determination of Qutput and Prices)

i
i
\

1!

»]
[ ~XY4av
X,
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The upward-sloping line, labeled X5, is the total supply
line. This line corresponds fo that combination of prices
and output which maximizes profits of firmes, given the
prices of factors of production, the degree of competition
among finns and the stock of human and physical capital
(defined to embady the state of technology).

The intersection of total supply and total demand
determines the levels of cutput and prices. The equilib-
rium price level is that level which equates the amount
of vutput supplied with the amount demanded.

The focus of the model is on the change in prices
and the change in outpul. In termns of Figure |
changes in prices and output are brought about by shilts
in demand and/or supply. Since Xif is drawn for a level

of total spending, a shift of that line upward and to the
right to X;, y fepresents an increase in total spending.
I the total supply line remains fixed, the effect of AY
on prices depends on (1) the magnitude of AY, and on
{2} the slope of the total supply Jine, XS,

The purpose of the model is to estimate the response
of spending, output, and prices to monetary and fiscal
actions, not to test a hypothesized structure. Conse-
guently, rather than attempt to determine the shape
of the total supply line empirically, its variable slope is
proxied by the difference between potential cutput and
actual output, As drawn in Figure I, there is a one-to-one
relationship between X® — X8 and the slope of X5, As-
suming that this relationship is approximately linear
within the range of experience since 1955, and that the
observed wvalues fall on the supply line, the effect of
a variable slope for X% can be approximated by X¥ — X.
In this way the term [AY — (XF —~ X)} brings to-
gether hoth the magnitude of demand shift and the
slope of the supply line.

The other term in the price equation, anticipated price
change, APA is considered as a separate influence on
prices. Tn terms of Figure I, the anticipated price tenm
is a shift parameter for the total supply Jine {an increase
in AP* shifts X8 upward and to the Ieft). Including it in
this way allows {or the influence of past prices on current
pricing policies of firnis and factors of production.
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APPENDIX B

GRAPHICAL ILLUSTRATION OF THE MODEL

The workings of the maodel can be demonstrated with
graphical techniques. Figure I is a representation of the
core: of the model, showing the determination of changes
in spending, output, and prices.

Panel A of Figure 11 is a graphical representation of the
total spending eqnation with AM on the horizontal axis
and AY on the vertical axis. Changes in AE shift the total
spending line.

Pancl B shows prices (AP) as a function of AY. A
short-run price line (AP is drawn consistent with empir-
ical results showing that AP is not very sensitive to AY in
the short run. Impostant determinants of the position of
the short-run price line are the size of the GNP gup and
anticipated price changes. The long-run price line
{(AP(LR)) is drawn to show the relationship beiween
AP and AY when the GNP gap is zero and anticipated
prices are equal to actual prices. Yts slope (45 degrees

.

Figure il ’

Model in Graphical Form
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Spending Equation
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from its origin on the AY axis) is based on the monetarist
view that in the long run, AM influences only AP

Panel C expresses the total spending identity in graph-
ical terms. Total spending is divided between output and
prices; to reflect this, the line in panel C is drawn as a
45 degree line with its position determined by the magni-
tude of total spending (AY). There is a family of 45
degree Tines, one for each possible AY. Also included in
panel C is a horizontal line representing the long-run
growth mate of output. It is shown as a horizontal line to
indicate that long-run output growth is exogenously de-
termined by resonrce growth and technology.

In panel D, the AX: line shows the relationship between
money (AM) aud output (AX) as derived from the other
three pancls. The equation for this line is not shown in
txhibit | in the text, but it can be derived from the other
equations of the model.

Figure 1I is drawn to represent an
initial equilibrium for a given AM,
which has associated with it the short-
run price and output lines, AP, and
AX,. The eflect of a change in 4M,
given AE, is shown as a2 movement
along the spending line in panel A
from @ to @. Given the initial price
line, AP, and the changed AY, the
effect on prices and output is shown
in pacels B, C and T} as a movement
from © to @.

Af LR

This case illustrates the impact of a
change in AM in the short run. For
longer periods, anticipated price changes
and the GNP gap will also change;
they become endogenous variables in
a long-run model. To illustrate the ef-
fects for the long run, the long-run
price line, AP(LR), in panel B, is rele-

AR

Dy
Output Eguation

AX AX

|
I
|
|
|
E
i
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i

|

I

|
L}L@
/

K
pending identity

e vant. The interpretation of the long-

run price line is that changes in AM
are reflected only in AP, with AX de-
termined by considerations of resource
growth and technology. The horizontal
line in panels C and D is the long-run
relation between prices and output.

In the short-run, the solution of the
model need not lie on the long-run
price line in panel B {or the long-run
output line in panels C and D}. How-

AX(KR) ever, a succession of short-runs {shown
ag 3 shift of the AP and AX lLoes to
AP, and AX,) will tend to move equi-
librium toward the long-run price and

5 output lines, as anticipated prices ad-

Ak

af just to actual prices and the CNF gap
goes to zero. :
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ALTERNATIVE PRICE EQUATIONS
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The model consists, for the most i‘”;"’;;f-'#;:]*quwwm-s-_---ww-n.-.-:«.-- CRERATE A S N R T P o7 ;:'%W_Wf“—”mvsm'ﬂ%wq
¥ = ! mola

part, of equations which have | : 5
been estinated in previous stud- § ALYE?ﬁ‘:Eﬁi ;:ﬁﬁ:_@_%:r:oms 3
ies. The purpose of this paper is | : ¢!
: . : le Period: -iv/19 ;
ta combine the eguations in a E Smpte iFer :{:ffﬂsdm‘ (:daiﬁ g
way which represents the general : d =
X o - X N - '5
monetaiist view. b Eheyq AP (1) 01 TAMes stant B2 SE DW
The primary distinguishing fea- | T ;\i’:jjgz:if“‘ 69 a6 290 87 1.07 .41 :
ture of this model, other than the : R aaan i?:iﬁi ] g‘55:, * y (7137) h : U
reduced-form total spending equa- © Interest Rote 4
tion, is the inclusion of a price . Spetificstion® .09 . 37 . .93 8E 1.0 1.49
anticipations vasiable in the price © - {8.72} i8.73) 14.10} 4
equation. Two alternative meth- - g ieciios 06 . N 2.61 241 .86 11 137
ads of introducing price anticipa- . {4.51} {7.62) {4.22} 4
tions were considered. One aller- | [ Wmors § soes from 6 to 6 g
native bypasses the precise form {Jhere ! zocs from 8 fo 20 3
of the price anticipations function 1Net estimated for this cquntion : " —_—r i ) ;

P o . . . Nuole: Regression coefficients nre the top figures; their 't atatisties appear below anch coeflicien
and uses the long-tenm market in- enclosed IryL nnrenSu:tc:. R s the por cent of variation in the dependent vaviable which 1
terest rile (yield on corporate Aaa ! is explained by variations In the independent variable. 5.E. is the standard crror of the |

bonds) as an independent varia-
ble in the price eguation. The
other slternative biypasses both price expectations and
interest rates, and introduces changes in money as an
independent variable in the price eguation. Such a speei-
Beation allows monetary actions to serve as a proxy for
anticipated prices.

ii.-\";;;:.’.w;, P B )

A Market Interest Rate in the Price Lquation

The first alternative replaces the price anticipations
variable with the long-term market interest rate The
rationale is that the process of price aaticipations forma-
tion is so complex that it defies measnrement. However,
there seems to be agreement that the level of market
interest rates reflects anticipated price changes, how-
ever formed. Thus the market interest rate can be vsed
as a proxy for price anticipations.

Since interest rafes reflect factors other than price an-
teipations, incinding the interest rate does not provide
a clean measure of price anticipations. Using the market
interest rate allows those factors influencing the real
rate of interest to enter indivectly as an influence on
prices. In general, however, it has been argued that the
real rate of interest is very stable.

Following this reasoning, the price eguation was esti-
mated by including the long-term intevest rate. The
results are shown in Fable XL The coefficient of the
interest rate warable is significant at the fve per cent
level for this specification, and the swn of the coefi-
cients for the demand pressure variable is roughly the

The suggection for using the interest rate in the price equa-
tion came from the Money and Banking Workshop at
the University of Chieago.
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estimate, 1MW jn the Durbin-Watson statistic,
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same as for the priec anticipations version of the equa-
tion. However, the length of the lag structure is longer,
indicating that the response of prices to changes in de-
mand pressure may be slower than in the basic equa-
tion. But this need not imply that prices are slower to
respond to monetary actions, since the magnitude of
the interest rate contribution to price change is smaller
than with the price anticipations specification,

Moncy in the Price Eguation

Several observers have been eritical of price equations
that do not include monetary variables divectly. As
shown in the text, excluding monetary variables from
the price cquation does not necessarily imply a non-
monetary theory of inflation.? Such a econclusion can-
not be derived by examining the price equation alone,
but requires an examination of the whole model, and the
linkages between money and prices in particular.

The second alternative that is considered is hased on
the central proposition of the quantity theory — that
changes in money are ultimately reflected in changes in
the price level. Accordingly, current and past changes
in money are used as a proxy to measure anticipated
movements in prices.? Though this rationale for includ-
ing money is somewhat narrower than that proposed by
some” monetary economists, the direct and indivect ef-
fects of money are being measured once it is included
in the price equation.

2See Fand, “Some lssues in Monetary Economics,” pp. 20-23.

UThis suggestion was made by Professors David Fand and
Allan Meltzer.
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The price equation incorporating current and lapged
values of changes in money is shown in Table K. Except
for the curmrent quarter, the coefficients are significant
for nine lugged guarters. The effect of including changes
in money lowers the sum of the coeflicients on the de-
mand pressure variable, however. The overall explana-
tory power of the equation is abou! the same as for the
price anticipations inodel,

Comparison of Ex FPost Siinulations

To compare the price equation in the text with the
two alternatives in this Appendix, the model was sim-
ulated with each of the three different specifications
from 1965 through 1969, The period starting in 1963
is used because the relative tracking ability of the
models during a period of accelerating infiation is es-
pecially relevant in assessing the current economic situa-
tion. Since the price equation is the only part that varies
from one madel to the next, only the results for the rate
of change of prices are reported. (see Table XII).

The price anticipations specification has the smallest
average absolute ermor and the smallest root mnean
squared error for the period. During the last two years
of the period, 1968 and 1989, cach of the alternative
specifications tends to underestimate price changes.
However, for 1968 and 1969, the price aniicipations
specification again has both the smallest average al-
solute error and root mean squared error.

Conclusions

An examination of the model reflecting three different
specifications for the price equation indicates that none
of the specifications is cleady superior as judged by
eonventional criteria. A policymaker might well con-
sider the resuits provided by each of the three.

When simulations sre performed for thirty-year peri-
ods beginning in 1970, the price anticipations versiosn
(as presented in the text) approaches closest a long-
run classical solution. For the other two specifications
the unemployment rate does not stabilize at the same

.19
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Yable X
GHP PRICE DEFLATOR
ALTERNATIVE EX POST SIMULATIONS:
ACTUAL MINUS PREDICTED
{Compounded Arnnual Raotes of Changa)

Price Anticipotions Iaferest Rale

Money Stuck
. Spgcificaion

Specification  Specification

1965 1 0.4 6.3 —0.5
it 6.2 {32 —1.0
i % 4 -1.0 —1.7
B ~0.2 —D.4 —1.0
1966 1 1.0 1.0 0.4
T, V.4 1.5 1.0
il 0.8 o.8 6.6
ty 0.2 0.3 63
1967 ¢ —-0.3 —0.3 —~0.2
it —0.8 —0.8 —-0.8
i 1.0 1.4 0.9
Y 1.3 1.4 1.1
1966 1 6.4 0.4 0.3
1 0.5 0.7 0.6
1l 0.2 0.7 0.4
v 0.2 0.2 8.3
1969 & 0.6 1.4 0.7 !
i 0.7 1.6 0.8 i
i 0.8 1.7 e
Y 0.1 0.9 65
Average Absolule
Error ‘
1945-69 0.60 0.84 0.7y
1965-67 2.71 0.74 679 |
19468-69 0.44 1.04 0.58 |
Root Meon :
Squared Error
1945-49 0.50 0.94 0.63
1985-67 0.87 0.76 0.79
1948-69 0.25 1.27 L 0.3
e P N onmat e e P B e % e e 05Tt e e il B ‘.m,,msg

level for alternative growth rates of money. These two
alternatives yield the same equilibrium growth rates of
output for alternative growth rates of money, but since
this rate is approached asymptotically, unemployment
stabilizes at a different rate for each alternative growth
rate of money.*

#Supplementary materials relating primarily to the leng-run
simulations are available on request.

83166.

“QuarterLy Economic Sommary,” a new release of this
bank, will replace the quarterly “Triangles of U.S. Fco-
nomic Data” next month, and is available to the public
without charge. Based on the approach to stabilization
analysis presented in this article, “Quarterly Economic
Summary” will contain an ocutlook for Total Spending,
Real Product, and Prices. It will include an explanation
of the analysis, as well as charts and rates-of-change tables
for national income accounts data and related series,
Persons who have been receiving “Triangles of U.S.
Economic Data™ will automatically receive the new release.
For subscriptions, write: Research Department, Federal
Reserve Bank of St. Louis, P.O. Box 442, St. Louis, Missouri
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MONEY STOCK SPECIFICATION
OF THE PRICE EQUATION

Sample Period: I/1955 - IV/1969

Constraints: 2nd Degree Polynomial (d_;#0, v_;#0, dg=vy=0)

-~

2

R = .863
ap, = 2.110277 + fa,p .+ By am . S.E.=1.109
(4.224882) i=0% 1=0 D-W =1.372
dg=-.024316 (-2.913530) vy= 063407 ( .805144)
d,=-.009318 (~1.793838) vy= 209061 (4.076842)
,= 002605 ( .920162) v,= .316541 (7.296062)
d,= .011455 ( 6.515344) v,= .385845 (7.767497)
,= 017231 ( 7.939602) v,= 416975 (7.273062)
d.= .019933 ( 7.289374) v = .409930 (6.798819)
d = 019561 ( 6.745534) ve= 364710 (6.445428)
d,= .016114 ( 6.414681) v,= .281315 (6.185521)
dg= .009594 ( 6.191319) vg= .159745 (5.989865)
Ta = .062859 ( 4.611571) Ev,=2.607526 (7.823640)

Table XI Coefficients of the price equation. From:L.C. Ander-
sen and K.M. Carlson, Supplimentary Materials accom-

panying "A Monetarist Model for Economic Stabilization",

Federal Reserve Bank of St. Louis REVIEW, April 1970.
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II.1-
PROGRAM USEC

SIMULATES THE ECONOMY OF USA ACCORDING 10 S
THE SAINT LOUIS MODEL

1973-05-04

REFERENCE: L.C. ANDERSON, K.M. CARLSON, "A MONETARISY
MODEL FUR ECONOMIC STASILIZATION®

THE RESULTS OF THE SIMULATION ARE STORED ON THE DISK IN &
FILE UF STANDARD TYPE., THIS FILE CAN SF PLOTTED AFTER THE
SIMULATION, E.G. USING THE PLUTTING FACILITIES OF 1DPAC,

PLP AND DK INDICATE THE 1YPE OF DATA QUTPUT:
(LP=0 GIVES NO QUTPUT ON LINE PRINTER
iDK=0 GIVES NO CUTPUT ON DIiSK

SUBROUTINES REGUIRED:
INDAT/READIN

DUTDAT

COEF

SIMUS

DIMENSION FNAME(2),KO0D(10),.DATAC20)

COMMON DYT,DM(9),RM,RMD,DE(S),BPT,P,PD,D(9),U(17),.G6(2),
IRLYSRMDOY,XDOTL7Y PDOT{L7) s RETLXFT,X(2)Y,DXT,

2RO, RMOCTD . XDOTO,PROTO, U0 DMONED ADXF, QDXF L, XFTO

SCOY CHY (Y, CE{S),CDP,CD(YY,CMP(9),CUL,CUR,CUJ,
ACHLLI,CRLZ PCRLICXLO37,CPLULT7 Y,
HBCRE1,CRSE2,CRSJICXS(17),CPS(1L7Y,NSAMP, IDK,FNAM, ILP,
EADM DM, ADE,ADE, ADYT,ADPT , ADXT,OYTL,DPTL,0DXT1,
TUMPRG,DEPRO,MSAMP , ADML , ADEY

DATA FNAME(2)/4H BIN/

NCOL=12

CALL COEF

CALL INDAT

CALL OUTDAT(1)

GIVE INITIAL VALUES TO THE VARIABLES

D0 6 1=31,17
Ueiy=ue
XDOT i y=XpoTa
PLOTOII=PDOTO
RMDOT=RMDUTQ
XL1)=X0
X(2)=%X0

Pz

R=lMQ
XFT=XFTO
DHCLI=0M0
DE(1)=DED

FFOIBK)Y 10,20,10
FNAMEC(L) zFNAM
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100
c

¢
110
12y

130

i40

150

540

CALL ENTER(1,FNAME)
KOD(1)=NSAMP

KOD(2)=NCOL,

WRITE(L) (KOD(idel=2,10)
SIMULATION LOOP

DO 500 ISAMP=1,NSAMP
CALL SiIMUS

TP CISAMP~1) 30,40,30
ADYT=((DYT/DYT1)#w4d~-1,)2100.

ADPT=C(DPT/DPT1)®#a4-1,)#100 .

ADXT=((DXT/DXT1)#nd4-1,)2100.
GO TO 50

ADYT=0.
ADPT=g,
ADXT=20,

DYT1=DYT
DPT1=DPT
DXT1=DXT

STORE DATA

DATALL)=DYT
DATA(2)=DPT
DATA(3Y=U(1)
DATACA)=RLT
DATA(5)=RST
DATACE6)2X (1)
DATAC7)=6G(1)
DATA{B)=ADYT
DATACII=ADPT
DATACLOY=ADXT
DATACLIL)Y=DCY)
DATACLZ2)=XFT

WRITE ON LINE PRINTER

IFCILPY 100,110,100
CALL OUTDAT(2)

WRITE ON DISK

FFOIDK), 120,130,120
WRITECL)Y (DATACH) , 1=, NCOL)

CALL RMOVEC(DM(8Y,~1,NM(9),-1,8)
CALL RMOVE(DE(43+~1,DE(5Ys~1,4)
CALL RMOVE(D(H),=1,0(9),~1,8)

XFT=(4 . +QDXF/100.)#XFT

IFCISAMP=MSAMPY 150,140,150
DM(1)=(1, +PMPRO/1GO. ) #DMCL)
NDE(L)Y=¢1, +DEPRD/Z100. Y #NE(L)

CQDM=100 . # (SQRT(SART (1. +ADML/200.))=1,)
RDE=3100.#(SURT(SQRT (L, +ADEL/100.,)3)~1,)

GO 10 500
DMCL) =01, +QDM/1GG . Y#DM (1)
DEC1)=(1L.+0DE/1GO. I *DE(L)
CONTINUE

1.2



IT.3

C
C CLOSE DISK FILE
€
iFCIDK) 510,520,510
5140 CALL CLOSE(L)
520 CONT INUE

GO T0 1
END
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100
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1810

1050

125
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IT.
SUBROUTINE INDAT

INPUT OF DATA TO USEC
1973~05-04

SUBROUTINES REQUIRED:
: READIN

COMMON DYT,DM{9),RM,RHMO,DE(SY NPT, P,PD,D(9I,U(L73,G(2),
TRLTLRMDOT,XDOT(17),PDOTLLT7 I RST L XFT,X(2),0XT,
2X0,RMDOTQ, XDOTG,PLULOTG, U, DMO,DEQ . ADXF , QDXF, XFTQ,
3CODYLCMY(5),CELS),LDP,CDL9)Y,CMP(9),CUL,CUZ,CU3,
4CRL1,CRLZ2,CRL3,CXLCL7)LCPLELT ),
SCRS1,CRS2,CRS3,CXS(17),CPSILT ) HSAMP, I DK, FNAM, IL.Ps
6ADM, QDM, ADEQDE, AUYT . ADPT, ADXTWDYT4,DPTL,DXT1,

70MPRO DEPROMSAMP, ADMYL » ADEL

LUP=10

WRITECLUP,1000)

FORMATCYLTYPE INITHIAL VALUES'/' DM(2)-DM(9)*)
DO 100 1=2,9

CAaLt. READINCIND, VAL, IVAL)

PBMO] Y =VAL

WRITECLUP, 1040)

FORMATCY DE(2Z)Y=-DE(B) )

B0 110 1=22,5%

CALL READERCIND: VAL, FVALD
DECHY=VAL

WRITE(LUP,1020)

FORMALLCY D(23~D(Y3 )

DO 120 1=2.9

CALL READINCIND, VAL, VALY
DOl)y=VaL

KRITECLUP,1030)

FORMATCY G{1),RMROTO, XDOTO,PDOTO, U ")
CALL READINCIND,VAL,IVAL)

G{1)=VAL

CALL READINCIND,RMLUOTO, fVAL)

CALL READINCIND,XDUTU, [VAL)

CALL READIHCIND,PROTO, IVAL)

CALL READINCIND,UD, 1VAL)

WRITECLUP,1040)

FORMAT (Y DHO,DF0.XFTD,XO'Y)
CALL READINCING,DMO, VALY
CALL RKEADINCIND.DEO, IVAL)

CALL READINCINGSXFTO, tVAL)
CALL READINCIND, X3, EVAL)

WRITE(LUP,1050)

FORMAT (Y NSAMP, ILP, IDK®)
CALL READIN(IND, VAL »NSAMP)
CALL READINCIND, VAL, ILP)
CALL READINCIND, VAL, I DK)

PECIDK) 125,130,125
WRITFECLUP,10606)
FORMAT (Y FLHAMY )



130
1470

10480

_ I1.5
CALL READINCIND,FNAM, IVAL)

WRITE(LUP,1070)

FORMAT (' RMU,PO,ADXFY)
CALL READINCINDSRMOPIVALY
CALL READIN(INT, PO, 1VAL)
CALL READINCIND,ADXF, IVAL)

WRITECLUP,1080)

FORMATCY ATIM, ANE,DMPROHYDEPROS ANMA , ADRE1 . MSAMP )
Catll READIMCOIND,ADMAIVAL)

CALL READIMNCIND, AUE, IVAL)Y

CALL READIMCIND,DMPRO, VALY

CALL READINCIND,DEPRO, IVAL)

CALL READINCOIND ADMT, IVAL)

CALL READINUINOSADEL S VAL

CALL HEADINCIND VAL, MSAMP)

COMPUIE THE RATE OF CHANGE IN XFT PER QUARTER
GIXF=100 .5 (SORTISQRT (L +ADXF/100.0)-1.)
QM40 (SQRTISURT (L +ADM/100,))-1.)

GDEz100 .2 (SURTLSQRI (L +ADE/100.3Y~1.)

RETURN
END
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SUBROUT INE READINCIND, VAL, I VAL)
READS IN DATA
1973-05-04

IND-INDICATES TYPE OF iNDATA
1-HOLLERITH STRING IN VAL '
3,4~FLUATING POINT (N VAL AND (INTEGER
7-CARRIAGE RETURN FOUND

SUBROUTINES REQUIRED!
RL INE

DIMENSION BUFF(16}

LETIN=8
LITOUT=9 <
iR=2 '

CALL RULINE(LTTOUT,LTTIN,RUFF,IR)
ICHAR=1

CALL RIFFCICHAR, VAL, VAL, IND)Y
IFCIND-2) 316,100,110

IFCIND=6) 120,100,120

LFCIND-8) 130,100,130

RETURNM

END

IN

IVAL

II.6



IX.7

SUBROUTINE QUTDATCITYP)

c

C OUTPUT OF DATA FROM USEC

c

c 1973-05~04

c

C iiYpP:

c 1:-PRINT iN{TIAL DATA

C 2:=PRINT DATA FROM ONE STEP OF THE SIMULATION

(=
COMMON DYTlDM(Q))RM.RHD;BE(s)anTppnPO'D‘Q)iU(17)DG(2)!
1RLT . RMDOT , XDOTCL 7)), PDOTCL7 Y RETXFT,X(2),NXT,
2X0RMOOTE, XDOTOPDOTO UG, DMDDEG, ADXF ,QDXF . XFTQ,
3CDY,CUY(5),CE(S),CDP,CD(S)Y,CMP(9),CUL,CU2,CU3,
4CRLLCRL2Z,CRLISCXL (L7, CPLLLT7 Y,
58951»CRS21CR331CXS(17)'CPS(1730NSAMP"DK;FNAM'ILPU
6ADM,QDM,ADE.GUE.ADYTpADPI;ADXT.DYT1.DPT1,DXTlu
7DMPRODEPRO,MSAMP, ADMY1, ADEY

c .

¢
LP=6

C
GO TO (106Q,200),17YP

C .

D) PRINT INITJAL DATA

C :

180 WRITECLP,1000)

1000 FORMATU® THE US ECONOMY SIMULATED WITH THE SAINT LOUIS MODEL!
177 INITIAL DATA*) '

C
WRITE(LP, 10403 (DMCE),122,9), (DECI), 122,5),(D(1),1=2,9)

1010 FORMAT (e DMCI) e, 8G13.4,7" DECIY v, 4G13.4,7 DOy, 8613.4)

WRITE(LP,1020) G(1),RMDOTg, XD0To,PD0OTY, U0
1020 FORMAT(! GU1)=®,G13.4,5X, '"RMDOTO='» G135 4,5X, *XDOTO=" »G13. 4
ISXr‘PDOTOz'pG13n435X;'UQ:'1613«4}

¢
WRITE(LP,1930) DMO,DFQXFT10,X0 :
1050 FORMAT (0 UMOS'3813-415Xn'SEO:'vGI3-455X1'XFTOz'»G13'415X1'XO:'o
1613.4) .
¢
WRITE(LFP,1040) NSAMP, ILP, DK
1040 FORMAT(® NSAMP=*, 15,5%X: " ILP=",12,5X,'IDK=?,12)
G
iF CIDKY 110,120,130
110 WRITE(LP,1050) FNAM
1050 FQRMA!(: FNAMZ ', AS)
(03
120 WRITECLP, 10523 HMOLPO, ADXF, QDXF
10%2 FORMAT (" RMG=',513,4,5X,'P0=*,G13,4,5X, 'ADXF=*,G13.4
1e5%, POUXF2Y,613.4) .
WRITECLP,1054) ADMQDM, ADE, ODE
1054 FORMATCY ADM=',513.4,*QDM=7,613,4, "ADE=",G43,4,'0DE=",G13,4)
WRITE(LP,1056) DMPRO,DEPRO, AIM1,ADEL, MSAMP
1056 FORMAT(Y DMPRO *5513.4,'DEPRO=,G13,4,"ADML=",613,4,ADE =

1+G13.4, "MSAMPz,{8)
WRITE(LP,10601:

1060 FORMATCZ77% DATA IN THE FOLLOWING ORDES: DYT.DPT,U(L)»
IRLT-RST, X (1) G L)Y ADYTLADPTLADXT . D(L) . XFTY)

GO T0 999

G PRINT DATA FROM ONE STEP OF THE S{MULAT]|ON



200

1260

c
999

WRITE(LP,1200) DYT,DPT,U(1),RLT,RSY,X(1
1 DOLIWXFT

FORMAT(1X,5G10.3+6G11.4,5G10.3,G11.4)
GO TO 999

RETURN
END

I1.8
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SUBROUTINE COEF

GiVES VALUES TO THE COEFFICIENTS IN THE SAINT LOUIS MODEL
1973-05-04

COMMON DY1,DM(9),RM,RM0O,DE(S),DPT,P,PG,DB(9),U(17),G6(2),
IRLTHRMDOT,XDOTCL17) . PDOTCL7) s RST,XFT,XC2),NXT,
2x0:RMUOTGoXDUTOIPDOTOlUOﬁDMUrDEOpADXF;QDXFrXFTO!
3CDY;CMY(5);CE(5).CDP;CD(Q).CMP(Q):CUloCUZ'CU3r
4CRL1CRL2,CRLINCXL(17),CPLILT),
5CRSerRSEnCR33-CXS(17):CPS(l?)nNSAMpp|DK’FNAMI‘LP'
GADM.UDM.ADEpOUE.ADYT'ADP1'ADXTnDYfi.UPTlvDXTlo

7DMPRO, DEFRO,MSAMP, ADM1,ADEY

TOTAL SPENDING EQUATION

CDY=2,67
CMY(1)=1,22 =
CMY(2)=1,80
CMY(3)=1.62

CMY(4)=,87
CMY(5)=.06
CE(1)=.56
CeE(2)=.4%
Ce(3)=.01
CE(4)=~.43
Ce(5)=~,54

PRICE EQUATION

CoP=2.110277
CD(1)=~.024316
CD(2)=-,009318
CO(3)=.002605
CD(4r=.011455
CA(53=.017231
CDL6)=,019933
CDU7)=.0195%61
CO(8Y=.016114
CD(I9I=. 009594
CMP(1)=.063407
CHP(2)=.209061
CHMP(3)=,316%4]
CHP(4)=.385845%
CMP(51=.416975
CMP(A)=.409930
CMP(7)=.364710
CMP{8)=.281315
CHMP(9)=,459745%

UNEMPLOYMENT RATF EQUATION
Cu1=3.90
Cuzz.04
Cud=.28

LONG TERM INTEREST RATE EQUATION

CrlL1=1.28
CRLZ2=~.06
CrRLI=1.42
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DO 5 I=1.,6
CXLE))=.02
bo 6 1=7,14
CXL(1)=0.,01
DO 7 1=15,47
CxL€ir=0.

CPL(1)=0.02
CPL(2)=.03 .
CPL(3)=,04
CPL(4)Y=,06
CPL(53=,06
CPL(6)=.07
DO 10 17,12
CPL(;)=.08
CPL(12)=.037
CPL(13)=.06
CPL(14)=.06
CPLI1B)=,04
CPL(16)2,03
CPL(17)=.02

SHORT TERM INTEREST RATE EQUAT)ON

CRS1=-1.13
ChS2=~.17
CRS3=.92

DG 20 i=1,5
Cxs¢l)=.08
CXS(8)=.07
CXS(7)=z,07
CAS(8)=.06
CXS¢a)=,0%
CXS(13)=,¢03
CXs(11)=.02

CPS(1)y=~,04

CRPS(2)1=.04
CrS(3)=.09
CrS(4)=.14
CPS(5)=.,17
CPS{(6)=,18
CrS(7)=.,49
CPS{BI=.18
CPS(9)=.15

CPS(19)=.11
CP5(11)=.06

RETURN
END
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. I1.11
SUBROUTINE SiIMUS

SIMULATES ONE STEP OF THE SAINT LOUIS MODEL

1973~05~04

SUBROUTINES REQUIRED: NONE
DIMENSICN SL(1L7)

COMMON DYT,DMC9),RM,RMO, DE(S), DPT,P,PI,D(9),U(17),G(2),
ARLTRMDOT.XDOT(L7),PD0T(17 2 RSTLXFTLX(2),DXT,
2X0RMDOTO,XDOTO,PNOTO,U0,DM0-DED, ADXFLQDXF,XFTO,
SCDY!CHY(S))CE(S)!CDP!CD(g))CMP{?)ICUISCUZ)CUS'

4URLLI W CRLZ.CRLISCXL LTI sCPLLLT Y,
SCRS1,CRS2,CRS3I,CXSU1 71, CPSCL7 3 NSAMP, IDK,FNAM» ILP,
6ADM,QDM, ADE, QDE, ADYT,ADPT, ADXY, YT ,0PT1,.DXT1,
7OMPROLDEPRO,MSAMP, ADML, ADEL

TOTAL SPENDING EQUATION

DYTicDY*SCAPRO(UMY(l);l’DM(l)r1!5)
1+SCAPRU(CE(1)’1ODE(l)lIvS)

DeMAND PRESSURE
DCLY=DYT=(XFT=-XC(1))
PRICE EQUATION

DPT=CDP+SCAPROCCD(1L) »1,D¢1),1:9)
L+SCAFROCCMP (L)Y 1, DM01),1,9)

REAL GNP

DXT=DYT-DRT

Y(2r=x(1y

XC1=X (1) +DXT

UNEMPLOYMENT RATE EQUATION

GU2Y=G(1)
GCII=2GO0. .« (XFT~XC1))/XFT

CALL RHOVE(UCL6)»=1,U(17),~1,16)
U(1)=CUL+CU2#G(1) +CU3#G(2)
COMPUTE ANNUAL RATES OF CHANGE

RMOOT=100 . # CC(RM*DMLII/RMY #8401 .)
RM=RM+IM(1)

CALL RMOVE(XDOT(LE), -1, XNOTLL7),s~1,16)
XOOTUR) =100 # (XL ) /7 (XL ~X Ty Yundnt,)

CALL RMOVELPDOT(16) -1 »PDRTL7Y,-1,16)
POOTCL) =100 5 ({(P+URPTI/PY=rd~1,)
PzpP+DPT

LONG TERM INTEREST RATE FUUATION

DO 100 i=1.,17



II.1x
100 SLOIY=PDOTCI)Z7UCH) 24,

RLT=sCRLL+CRL2#RMDOT+CRLI*SCAPROCCXL (L) s 1, XDOTC1),1,17)
1+S5CAPRO(CPLCL)>1:SL(1),1417)

SHORT TERM INTEREST RATE EQUATION

(g KvNeo]

RST=CRS1+CRS2#RMDOT+CRSI+SCAPROICXS(1),21,XDOT(1),1,11)+
1SCAPRO(CPS(1),1,50L(1)51.11)

RETURN

END



