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THE FEDERAL RESERVE-MIT ECONOMETRIC MODEL

Frank de Leeuw and Edward Gramlich—Staff, Board of Governors

From time to time the Federal Reserve
BULLETIN publishes in full staff studies that
are of general interest to the economics pro-
fession and others.

As in all staff economic studies, the au-

thors are responsible for the analyses and
conclusions set forth and the views ex-
pressed are not necessarily those of the
Board of Governors, the Federal Reserve
Banks, or members of their staffs.

For the last year and a half, a group of
economists at the Massachusetts Institute of
Technology and at the Board of Governors
of the Federal Reserve System have been
working together on a new quarterly econo-
metric model of the United States.* This
paper is the first report of some of the pre-
liminary results of the model.

Since the number of econometric models
of the United States can no longer be
counted on the fingers of even two hands,
it is natural to wonder why we are adding
one more to the list. In this instance the
major purpose is to be able to say more

* Paper presented at the fifteenth annual Conference
on the Economic Outlook, University of Michigan,
Ann Arbor, Nov. 16, 1967, and reprinted by per-
mission of the Department of Economics, University
of Michigan.

The MIT group was under the direction of Franco
Modigliani and Albert Ando, and included varying
proportions of the time of Charles Bischoff, Dwight
Jaffe, Morris Norman, Robert Rasche, Harold Shapiro,
Gordon Sparks, and Richard Sutch.

The Federal Reserve group currently includes, be-
sides the authors, Enid Miller, Helen Popkin, Alfred
Tella, and Peter Tinsley, again with varying propor-
tions of working time. Patric Hendershott was until
recently a member of the group.

Views expressed in the paper are those of its au-
thors. All the colleagues listed have helped shape these
views but have not edited or corrected this paper.

than existing models about the effects of
monetary policy instruments—both in them-
selves and in comparison with other policy
instruments. No existing model has as its
major purpose the quantification of mone-
tary policy and its effect on the economy.
As a consequence even those which do con-
tain some treatment of monetary instru-
ments and effects suffer from puzzling re-
sults either in their financial sectors or in
the response to financial variables in other
sectors—results which their proprietors
would surely investigate further were the
models to be used to say something about
monetary developments on a current basis.
We have tried to avoid these difficulties by
concentrating most of our efforts on the
treatment of financial markets and on the
links between financial markets and markets
for goods and services.

A few comments on some of the differ-
ences between the Federal Reserve-MIT
and other models may clarify this last point.
In the financial sector, the general structure
of our equations is similar to some other
recent models, but our estimates of the lags
are quite different. By experimenting with
alternative formulations applied to data
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through 1965 and testing the results against
data for 1966 and early 1967, we have
tentatively concluded that lags in the de-
mand for money are shorter than many re-
cent estimates, and that the transitory im-
pact effect of open-market operations on in-
terest rates (as contrasted to longer-run
effects) is smaller than a number of other
models imply. The financial sector also dif-
fers from some others by including the
market for bank commercial loans as an
integral part of the determination of money
stock and interest rates, and by including a
fairly broad range of interest rates.

In the investment sector, the plant and
equipment equations (due to Charles Bis-
choff) are derived from the neoclassical
theory of the business firm, but with allow-
ance for lags in forming expectations, lags
between orders and shipments, technologi-
cal change, and the possibility that substitu-
tion between capital goods and other fac-
tors of production may be feasible to a much
greater degree when new equipment or plant
is being ordered than after it has been in-
stalled. Interest rates and tax rates enter
these equations in the way in which the
theory of the firm—after modification for
the complications just listed—suggests they
should affect returns on investment projects.

The equations for housing distinguish be-
tween builders and owners of houses on the
one hand, and users of dwelling space on the
other. It is in the equation describing deci-
sions by the former group to change the in-
ventory of houses under construction that
current and recent interest rates enter with
a powerful effect. Nevertheless, our model
fails to predict the full extent of the decline
in housing starts in 1966, and further work
to try to determine whether we are under-
stating the effects of monetary policy on
housing is high on our future agenda.

Expenditures and taxes of State and local

governments are endogenous in our model,
in contrast to any other model of our ac-
quaintance. The equations emphasize the
interdependence of spending and taxing de-
cisions, with an important interest rate effect
on State and local construction expenditures
and a smaller, but still noticeable, effect on
the proportion of current expenditures fi-
nanced by taxes.

Finally, in our consumption equations
we have attempted to distinguish the services
yielded by stocks of durable goods from
expenditures on durable goods which are a
part of consumer spending in the national
accounts. The sum of the services of durable
goods and expenditures on nondurables and
services is the consumption variable that we
relate to current and past income, whereas
the allocation of the sum among its com-
ponents depends on relative prices, existing
stocks, and other variables. One result of
this formulation is a small effect of interest
rates on the allocation of total consumption
(in our sense) and hence on consumer ex-
penditures on durable goods.

These are some of the distinguishing fea-
tures of our model. The preliminary results
suggest that both monetary and fiscal poli-
cies have powerful effects on the economy,
though monetary policy operates with a
longer lag. We also find that the response of
money income to both monetary and fiscal
policy changes is stronger than that implied
by other large-scale econometric models.

At this point in our work, however, we
would like to emphasize the tentative nature
of any conclusions derived from the model.
Not all of the key equations predict well,
and the number of observations outside our
sample period on which to base an evalua-
ton is still fairly small. In fitting the model,
we have made very extensive use of recent
improvements in techniques for estimating
lag distributions. But with respect to simul-
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taneous equations difficulties, our efforts so
far have been largely confined to using a
simultaneous estimation technique or trans-
forming an equation to neutralize the bias
only in those cases where we felt the prob-
lem was especially likely to be important.
Putting the model together in its present
form has made us aware of some unexpected
system characteristics which need to be ex-
amined in more detail. We hope that those
who use and read about the model will not
simply note and store away its major find-
ings but will suggest alternative specifica-
tions that we should consider.
* * »

This first report desctibes the perform-
ance and interaction of three large blocks
of equations in the model. The first section
deals with the financial block—supply and
demand equations for financial claims and
their dynamics. The second section deals
with the fixed-investment block, covering
housing, plant and equipment, and the be-
havior of State and local governments. The
third section deals with the consumption-in-
ventory block, and covers income shares,
imports, and Federal personal taxes as well
as consumption and inventory investment.
Each of these sections includes a general
description of the block of equations, re-

sults of dynamic prediction tests (that is,
predictions which generate their own lagged
values as they go along), and results of sim-
ulations illustrating the behavior of the
block. An appendix lists and briefly de-
scribes the individual equations of the
blocks. The emnphasis on the performance
of blocks of equations means that there are
only brief references to the theoretical hy-
potheses and the detailed estimation work
underlying individual equations. Papers by
those who were directly responsible for indi-
vidual equatioris will fill these gaps.

The final section of the paper deals with
the three blocks combined. It presents pre-
diction results and simulation experiments.
A few miscellaneous tax and income share
equations are introduced for the first time
in this section. Still to be added is the price
(supply equation) and labor market block,
on which we are presently at work. The
simulations of the final section treat prices
and wage rates as exogenous, but since our
price-wage sector will show a fair degree of
price and wage rigidity in the short run
under conditions of moderate slack in labor
and product markets, the simulations of the
final section do indicate roughly the esti-
mates of the effects of monetary policy which
are emerging from our efforts so far.

I. THE FINANCIAL BLOCK

The first block of equations describes the
behavior of financial markets, given GNP
and its components on the one hand and a
number of Federal Reserve policy-deter-
mined variables on the other. In this, as in
other models of financial behavior, the quan-
tity supplied of an open-market operations
variable—for this model, unborrowed bank
reserves—is exogenous and the identity re-
lating it to deposits, reserve requirements,
and bank free reserves (equation 1 on page

31) is a central equation of the block. De-
mand equations for the various uses of re-
serves (equations 2 through 4) depend on
interest rates and other variables—most im-
portantly, GNP and its components—with
interest rates rising or falling in the short-run
to bring quantities demanded into balance
with the exogenous supply.

As changes in interest rates affect in-
vestment, the short-run interest rate effects
of changes in monetary policy variables are



Federal Reserve Bulletin: January 1968

14 FEDERAL RESERVE BULLETIN o JANUARY 1968

reduced and the effects on income increased.
Our main goal, partly reached in Section
IV of this paper, is to explain these effects
on income; but in the financial block we
shall take GNP and its components as exog-
enous and consider solely the equations
dealing with supplies and demands in finan-
cial markets.

Demand equations for demand deposits,
time deposits, and free reserves—the three
uses of unborrowed reserves—all include
the lagged stock of the dependent variable
as one of the explanatory variables. The
presence of a lagged stock term makes de-
posits and free reserves adjust only gradually
to changes in their determinants, and there-
fore implies large temporary jumps in in-
terest rates in order to clear markets in re-
sponse to a change in unborrowed reserves
or reserve requirements. It is difficult to
understand why the adjustment in deposits
and reserves implied by the introduction
of lagged stocks should be as gradual as it
usually turns out to be in studies of the
demand for money or of bank behavior.
In our model adjustments are somewhat
faster than in a number of other recent
models, and the implied temporary jumps
in interest rates are not so large. The
simulations described below indicate just
how large they are; the estimation and test-
ing procedure which led to this result is out-
lined in the appendix.

Banks are assumed to accommodate
short-run changes in loan demand by their
business customers partly by changing their
free reserve position. Other bank earning
assets are not assumed to have this direct
effect on reserve behavior, with the result
that the composition of bank credit has a
short-run effect on interest rates in the
model. The main influence on changes in
bank commercial loans is business inven-
tory investment.

The various interest rates in the financial
sector are closely interrelated. A number
of equations explain the slower-moving rates
largely as complex distributed lags of the
more volatile short-term rates or of the cor-
porate bond rate which in turn depends on
short-term rates. The dividend yield on com-
mon stocks is one of these slower-moving
rates; our equation does not explain a high
portion of its variance, but does connect it
with the corporate rate and thereby relates
at least some of the variation in stock prices
to developments in other financial markets.

The dividend yield equation also contains
terms measuring the past rate of growth of
dividends as a proxy for expected capital
gains. Apart from these terms, variables re-
flecting price expectations are absent from
the model. It is very difficult to detect such
influences in data for this economy during
the last two decades, although price expec-
tation effects are clearly present in econo-
mies with larger and more variable infla-
tionary spurts.

DYNAMIC PREDICTIONS

Predictions of the financial sector during
1966 and early 1967 are fairly successful.
Table 1 shows prediction results based on
a dynamic simulation (that is, one generat-
ing its own lagged values as it goes along)
of the sector starting in the third quarter
of 1965. The model successfully predicts the
unusually large increases and then declines
in interest rates. It does not predict the abso-
lute decline in demand deposit holdings
which took place in 1966, but it does predict
a very marked slowdown in their rate of
growth. Since 1966 and 1967 were outside
the sample period used to fit the model,
these results are decidedly encouraging.
However, the fact that we selected from
among several sets tested those equations
which performed best in 1966 and early
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1967 certainly biases the prediction tests in
our favor. It will be some time before we
are able to say with confidence how well
these equations perform outside the sample
period.

As in other sectors of the model, predic-
tions based on one period simulation (that

TABLE 1
DYNAMIC PREDICTIONS, FINANCIAL BLOCK

1965 1966 1967
Item QII QIV QI QII QII QIV QI

(In per cent)

Treasury biil
rate:
Actual 3.86 4.16 4.60 4,58 503 5.20 4.5
Predicted 3.40 4,24 4,51 4,98 5.21 5.13 4,48
Corporate Aag
bond rate:
Actual 4,50 4,61 4,81 500 5,32 538 5,12
Predicted 4.60 4,82 5,02 5,20 5,35 5,42 5,35
Mortgage rate:
Actual 5.76 5.78 5.85 6.03 6.17 6.39 6.34
Predicted 5,74 5.82 5.97 6.14 6.30 6,42 6.46
(In billions of dollars}
Demand
deposits:
Actual 128.9 13t,1 133.,3 132,8 132,2 131.6 133.5
Predicted 129.3 131.0 132,1 132,6 133,0 134.1 1{35.8
Time deposits:
Actual 142.6 147.5 150.5 1555 158.1 160.4 167.4
Predicted 141.7 145.8 150.2 153.7 156.9 160.4 164.7
Free reserves:
Actual —. 15 —,02 —.,26 ~-,36 ~.,40 -.09 .21
Predicted —.,17 +.04 —.10 ~.27 —.46 —.40 +.02

Note.—Financial dollar amounts are all averages of the 2
months surrounding the end of quarter; for example, fourth
quarter is average of December and January,

is, using actual values of all lagged variables)
are much more accurate than the dynamic
predictions in Table 1. Since the model is
intended to be of use for evaluating alterna-
tive policies over several quarters, however,
dynamic predictions are a more relevant
test.

SIMULATION RESULTS

To keep the present paper to manageable
size, we present only two simulation resuits
for the financial sector, one tracing out the
effects over time of a step increase in un-
borrowed reserves, and the other tracing
out the effects of a step increase in GNP.
Simulations of other monetary policy vari-
ables in the model—required reserve ratios,
the discount rate, and the ceiling rate on
bank time deposits—will be the subject of
a future presentation.

The unborrowed reserve simulation, il-
lustrated in Chart 1, shows the differences
between (a) solution values for the model
beginning in 1963 QI with unborrowed re-
serves $1 billion above actual values and
(b) solution values for the model beginning
in 1963 QI with actual unborrowed re-
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serves.” All other variables exogenous to the
financial block are held at actual values
for both sets of solution values but in both
sets, lagged values of emdogenous variabies
are generated by the model as the solutions
progress from quarter to quarter. All the
simulation results in the paper follow the
same pattera—differences between two sets
of dynamic solution values starting in 1963-
Qf and boiding at actual levels all exoge-
nous variables except the ome which is the
subject of the simulation.

The familiar whiplash effect of open-mar-
ket operations on interest rates—the large
initial impact followed by a smaller perma-
nent effect—is visible in Chart 1, but in
much milder form than in a number of other
financial models. The impact effect is due
to lags in the demand for money and free
reserves, and its mikdness in Chart 1 is due
to the shorter lags in the present model than
in some others. For the corporate rate, the
initial impact effect is even smaller than the
longer-run effect.

Demand deposits soon approach a change
about four times the change in unborrowed
rescrves. This multiple is smaller than the
reciprocal of the average reserve require-
ment against demand deposits for two rea-
sons. First of all, free reserves absorb some
of the change in unborrowed reserves—a
large fraction initialty, and a small fraction
even after a lag because of the decline in

N II.

The investment block of the model consists
of components of final demand which are
often considered automomous in simple
income-expenditure systems; namely, hous-

2 For the starting point of the simulations, we

wanted a fairly recemt guarter witheut abmormal pres-
sures in credit or poeds market and preferably with

the bill rate relative to the discount rate,
which has mot changed. Second, some of the
increase in reserves is required to back the
increase in time deposits which takes place
over a long period because market rates of
interest fall relative to the time deposit rate.
The fact that mot all banks are members of
the Federal Reserve System affects the mul-
tipte in the opposite direction from the free
reserve and time deposit effects.

The second simulation of the financial
block deals with a step increase of $10 bil-
lion in GNP. It i3 necessary to make an
assumption about kow much of the increase
goes into inventory investment in order to
solve the commercial loan demand equation;
the assumption we use is that $4 billion of
the $10 billion goes into inventory invest-
ment the first quarter, $3 billion of the $10
billion in the second quarter, and so on
down to zero in the fifth and succeeding
quarters.

The results, depicted in Chart 2, indicate
that, according to our model, income
changes have important and fairly prompt
cffects on financial markets. Interest rates
on Treasury bills are driven up sharply, and
the corporate bond rate responds after a
short lag. The effect on demand deposits
builds up to nearly a billion dollars, then
falls off as higher interest rates curb the de-
mand for money. The effect on time deposits,
as before, develops much more slowly.

THE INVESTMENT BLOCK

ing, producers’ equipment and structures,
and the expenditures and taxes of State and
local governments. All of these items are

emorigh slack capacity se that the absence of a price-
wage sector weuld met greatly affect simulation re-
sults for the rest of the meodel. The first quarter ef
1963 Mis all of these requircments.
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relatively insensitive to the current quarter’s
income and relatively sensitive to interest
rates and relative prices.

The equations for producers’ durable
equipment and for nonresidential structures
(both due to Charles Bischoff) allow interest
rates, tax regulations, and relative prices all
to affect expenditures through their effect
on desired capital-output ratios, in the way
suggested by the neoclassical theory of the
firm. The empirical fitting of these equations
is sufficiently flexible to allow for long lags
in adjustment, certain kinds of technological
change, and different weights for the cor-
porate bond rate and the dividend-price
ratio in measuring the cost of capital.

The fitting also allows for the possibility
that capital goods and other factors of pro-
duction may be much more readily sub-
stitutable at the time new capital is being
ordered than after it has been installed. For
producers’ equipment, a “putty-clay” model,
in which factor substitution is possible only
up until the time of placing orders, turns
out to fit the data better than a model in
which capital intensity can be altered after
——as well as before—installation. One impli-
cation of the putty-clay formulation is that
a permanent change in interest rates affects
investment gradually over the entire time-

span needed to replace the existing capital
stock rather than in a more concentrated
period. For structures, in contrast to pro-
ducers’ equipment, a model allowing for
substitution after as well as before installa-
tion turns out to fit the data better than a
putty-clay model.

Bischoff’s equations have other interest-
ing features. With respect to tax laws, they
measure the present value of depreciation
deductions under various laws, the invest-
ment tax credit, and even the effect of the
1964 Long Amendment which changed the
tax treatment of equipment eligible for the
investment credit. With respect to all cost
variables, these equations allow for an elas-
ticity of substitution different from one. For
producers’ equipment, the central demand
variable is not final expenditures but new
orders. Orders are translated into expendi-
tures through a variable-weight distributed
lag. A technique developed by Peter Tinsley
is used to estimate the way the lag lengthens
in periods of supply bottlenecks (as measured
by a high ratio of unfilled orders to ex-
penditures) and shortens when the bottle-
necks disappear.

The housing sector of the model, which
follows the work of Gordon Sparks, dis-
tinguishes between houses as providing a
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stream of services for those who live in
them and houses as profitable investments
for those who own them. The rental price
index clears the housing service market.
After a lag this rental price rises with real
income and population and falls with the
supply of houses. In another relationship,
the same rental price is the numerator of
the investment rate of return on houses, the
denominator being the price deflator for
houses. This relationship, involving long
lags, relates the rate of return on houses
to the rate of interest on mortgages. The rate
of return does not adjust by the full amount
of the change in the mortgage rate, implying
that houses and mortgages are not perfect
complements.

Builders are assumed to respond to in-
vestment demand. If this demand is high, as
measured by the investment rate of return on
houses relative to mortgage rates, builders
carry high levels of inventory under con-
struction, and housing starts and expendi-
tures are high. On the other hand, if mort-
gage rates are high, housing inventory and
starts are low.

The housing sector estimated in this way
has interesting dynamic properties. In the
long run the mortgage rate and the invest-
ment return on houses should be approxi-
mately in balance, and housing inventories
and expenditures should not be greatly
affected by the level of mortgage rates. But
in the short- and medium-run, the fact that
a change in mortgage rates is only slowly
transmitted to a change in the rate of re-
turn on houses means that a rise in mort-
gage rates can have strong depressing effects
on housing expenditures.

The housing sector may underestimate
the influence of some basic variables on
housing expenditures. Income, population,
and the stock of houses are all forced to

operate through the rental market, and it
may be that imperfections in the measured
rental price index unduly weaken the effects
of these variables. Similarly, it may be that
the mortgage rate does not capture all rele-
vant dimensions of the ease or tightness of
credit, especially in periods such as 1966
when nonbank financijal institutions experi-
enced a marked reduction in deposit inflows.
We plan to examine both of these possibili-
ties in more detail and eventually hope to
develop a more elaborate treatment of non-
bank financial intermediaries and the credit
side of the housing market.

The equations explaining the behavior of
State and local governments have as their
basis the constraint against borrowing on
current account faced by these institutions.
This constraint introduces strong interde-
pendence of spending and tax decisions for
States and localities. Tax revenues are af-
fected by expenditure needs, and expendi-
tures are in turn affected by taxes.

For reasons relating to the simultaneous
equations bias, the expenditure equations
have been solved directly for their reduced
form. Thus expenditures depend on such
variables as Federal grants-in-aid, income,
interest rates, population, the proportion of
the population of school age, and prices.
Taxes are affected by the current expendi-
tures that have to be revenue financed togeth-
er with income, with the proportion of reve-
nue-financing depending on interest rates.

DYNAMIC PREDICTIONS

The investment block was solved dy-
namically for the six-quarter period from
1965 QIII to 1966 QIV. Most of the equa-
tions have been fit through the end of 1965,
and since these equations are generally
highly dependent on interest rates, 1966
predictions would be of special interest.
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The results of the dynamic predictions
are given in Table 2. Rather than present
actual and calculated values for every vari-
able in the block, Table 2 only shows the
important summary variables for each type
of spending. Thus the equation for expendi-
tures on housing summarizes the perform-
ance of the entire housing market, and so
forth.

To review the results briefly, the housing
sector predicts actual housing expenditures
well until 1966 QIII, when the decline in
actual expenditures was much greater than
that shown by our model. Our predictions
turn down at the right point, but they do not
fall nearly enough. Possibly a model allow-
ing for nonprice credit rationing would im-
prove the housing predictions for late 1966.

Actual expenditures for producers’ dura-
bles did not turn down until early 1967; but
here, in contrast to the housing equations,
our predictions understate expenditures by
turning down two quarters too soon.

TABLE 2

DYNAMIC PREDICTIONS, INVESTMENT BLOCK
(In billions of dollars)

1965 1966
Item QI QIv QI Qu QII QI1v
Residential
construction:
Actual 26.4 26.2 26.5 25.3 23,2 20.4
Predicted 26,5 26.4 26.0 25.4 24,7 2318
Producers’ durable
equipment:
Actual 46,8 48.3 50.0 51.2 53,1 sS.1
Predicted 45,6 48.8 50.6 51.0 350.8 S50.8
Nonresidential con-
struction:
Actual 25,1 27.3 28.3 27.5 28.2 21.7
Predicted 24,6 25.2 25,8 26.5 27.0 27.3
State and local govern-
ment expenditures:
Actual 70.4 72.5 74.3 76.2 78.1 80.2
Predicted 70,5 72,3 74,5 76,3 78,0 80.0

Surplus of State and
local governments:
Actual 1
Predicted 2,
Total residential and
nonresidential con-
struction and pro-
ducers’ durable
equipment
Actual
Predicted

98,3 101.8 104.8 104.0 104.5 103.2
97.7 100.4 102.4 102.9 102.5 101.9

The experience for the other equations is
much better, Predicted expenditures for non-
residential structures are low throughout the
period, but by the end of the period the
model is performing appreciably better than
in the beginning. Predicted purchases by
State and local governments are extremely
accurate throughout the period, as are even
the predictions of the entire budget surplus
which includes errors for all purchase, tax,
and transfer equations.

The last item of the table summarizes the
performance of the investment block, by list-
ing the actual and predicted values for ex-
penditures on housing, producers’ durables,
and structures, which make up gross private
domestic fixed investment. Because the er-
rors in housing and producers’ durables off-
set each other, the total gross investment
error is relatively small, averaging somewhat
less than $1.5 billion.

SIMULATIONS OF BEHAVIOR OF BLOCK

Two basic simulation runs for the invest-
ment block trace out the effects of changes
in income and the effects of changes in inter-
est rates. As in the financial block, simula-
tion results are differences between a dy-
namic solution using either higher-than-
actual income or higher-than-actual interest
rates and a dynamic solution using actual
income and interest rates, both solutions
starting in 1963 QI. The income simulation
inserted a $10 billion step increase in GNP
—GNP was put $10 billion above its actual
level in each quarter—with appropriate re-
sponses in other income variables but no
change from actual interest rates; while the
interest-rate simulation inserted a percentage
point increase in the corporate bond rate
with appropriate responses in other interest
rates but no departure from actual income.
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Dynamic simulation, initial conditions of 1963 QI.

The results for the 12 quarters after the
change are presented in Charts 3 and 4. The
housing sector behaves very much as de-
scribed above. There is almost no effect of
income on housing expenditures, attribu-
table to the fact that the income elasticity of
the rent index is very low. Yet there is a very
sharp effect of interest rates. This effect
reaches its peak of $2.8 billion six quarters
after the interest rate change, and then
gradually recedes to zero as the mortgage
rate and the rate of return on houses come
into balance.

Expenditures for producers’ durables also
behave as the putty-clay model implies.
They respond almost immediately to income
and then recede to zero as the desired
capital-output ratio is restored. But because
of the fixed-factor proportions of installed
equipment, the response to interest rates
shows a very gradual decline which still has
not reached its peak after 3 years.

Lags in the structures equation are very
long. The underlying model implies that at
some point the response either to income or
interest rates will reach a peak, and then fall
towards zero. As Charts 3 and 4 indicate, the
expenditure response still has not reached
its maximum 3 years after the initial change.

Yet it is interesting to note that in this case,
as opposed to equipment, the lag patterns
are similar for income and interest rates.

The purchases made by State and local
governments respond fairly rapidly both to
income and to interest rates. In the income
simulation the budget surplus increases be-
cause revenues increase even more than pur-
chases. But for the revenue items that mat-
ter—excluding the effect on indirect taxes,
which do not feed back to the model to a
significant extent—the response is slightly
less than the expenditure response, such that
States and localities are a slight destabilizing
force in the determination of aggregate de-
mand as long as interest rates are held
constant.

In the interest rate simulation the initial
bulge in the State and local expenditure
effect is due to a large postponement effect
for wages and salaries, and the long-run
effect is due to the delayed response of con-
struction expenditures—which behave in a
manner similar to producers’ structures. The
budget surplus increases more than expend-
itures decrease in this simulation because
high interest rates result in decreased bor-
rowing or in increased tax financing of the
expenditures already being made.
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4 ‘ Effects of a step increase in the corporate bond rate of 1 per cent,
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Dynamic simulation, initial conditions of 1963 QI.

. THE CONSUMPTION-INVENTORY BLOCK

The third block of equations describes the
behavior of consumption, inventory invest-
ment, imports, personal income, and taxes
and includes the identity adding up the com-
ponents of GNP. These variables are all tied
very closely to the level of, or changes in,
current income, and would be considered
endogenous in even the simplest income-
expenditure system. The multiplier sector
would be an appropriate title for this block.

The multiplier implicit in the present
model is more complicated than the simple
textbook concept. One important reason is
that we distinguish between the national
accounts version of consumption, which in-
cludes expenditures on consumer durables,
and our own version, which instead includes
the flow of services—as best we can esti-
mate it—from these durables. Following
many other students of consumption,® we
assume our concept has a stable relation to

® For example, Milton Friedman, 4 Theory of the
Consumption Function (Princeton University Press,
1957); and Albert Ando, and Franco Modigliani,

“The ‘Life Cycle’ Hypothesis of Saving,” American
Economic Review, March 1963.

current and past income. This concept of
consumption shows smaller variations than
the national accounts total since an addi-
tional dollar spent on consumer durables
raises our consumption by less than a dollar
now and by a positive amount in subse-
quent quarters, rather than by a full dollar
now and nothing in subsequent quarters.
One implication of this view of consump-
tion is that expenditures on durable goods
are quite sensitive to changes in income, be-
cause large changes in expenditures are
necessary in order to keep our version of
consumption in its desired relationship with
income.

The allocation of consumption between
nondurables and services on the one hand
and the services of durable goods on the
other depends on relative prices, existing
stocks of durables, recent income changes,
and to a minor extent interest rates. These
forces have all been constrained so that if
they increase one component of consump-
tion, they decrease one or more others by
an exactly offsetting amount.
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A second important reason for a com-
plex multiplier is the inventory investment
equation. Our model allows the different
components of final demand to affect inven-
tories by different amounts—implying dif-
ferent inventory-sales ratios—and with dif-
ferent lags—implying different periods of
production or different ways of forming
sales expectations. One prominent example
of the differing lags which has received
much attention lately is defense spending;*
in our equation defense spending has an
effect on inventories before the final ex-
penditures are recorded in the national ac-
counts. Our equation also features a faster
speed of adjustment, and therefore a larger
accelerator effect, than most other models.

The rest of the block is fairly standard. In
the absence of an elaborate treatment of in-
come distribution through the price and
wage block, we have a simple equation
which relates personal income net of exog-

¢ See Murray Weidenbaum, “The Economic Impact
of the Government Spending Process,” The University
of Houston Business Review, Spring 1961.

TABLE 3

DYNAMIC PREDICTIONS,
CONSUMPTION-INVENTORY BLOCK

(In billions of dollars)

1965 1966

Item QI Qv QI QI QuI Qv
GNP level:

Actual 690.0 708.4 725.9 736.7 748.8 762.1

Predicted 691.8 712.8 729.8 739.5 752.1 763.3
GNP changes:

Actual 14.6 18,4 17.5 10.8 12, 13,3

Predicted 16.4 21,0 17.1 9.6 12,7 11,1
Disposable income:

Actual 479,2 489.1 498,1 505.5 514.9 524.5

Predicted 479.0 489.3 499.7 506.9 516.1 525.1
Consumer

expenditures:

Actual 436.,4 447,8 458,2 461.6 470,1 473.8

Predicted 441.6 451.4 461.5 468.1 476.6 483.6
Inventory investment:

ctual 7.9 8.7 9.6 14,4 12,0 19.0

Predicted 5.4 10.t 10.8 10.8 7.6 9.3
Imports:

Actual 32,9 34.4 36,0 37.1 39,0 39.7

Predicted 33,6 35,1 36.5 37.3 38.0 138.6

enous transfer payments to current and past
GNP. Personal income taxes on a liability
basis depend on personal income, exemp-
tions, and the average tax rate in equations
based on the work of Ando and Brown. As
they recommend, the model uses a tax ac-
crual disposable income concept rather than
the cash version used in the national ac-
counts.®

DYNAMIC PREDICTIONS

Dynamic predictions for the consumption-
inventory block beginning in 1965 QIII are
quite successful. The main exogenous vari-
ables on which the predictions depend are
fixed investment, exports, and various re-
ceipts and expenditures of Federal, State,
and local governments. Given actual values
of these variables, the model makes only
small errors in predicting the course of
GNP,

The principal change in the behavior of
GNP during the period was the slowdown
in quarterly changes starting in the second
quarter of 1966. This the model captures at
precisely the correct time. A secondary
change in the behavior of GNP was the rise
in the fourth quarter of 1966 due to ex-
traordinarily high levels of inventory invest-
ment. This change the model does not cap-
ture, greatly understating inventory invest-
ment at the end of 1966.

The understatement of inventory invest-
ment in the second and fourth quarters of
1966 is offset in part by an overstatement of
consumption expenditures. In part, this off-
set is a lucky accident. In part, however, it
is what we would expect from examining
the inventory equation of the model. Con-
sumption expenditures in the current quarter

¢ Albert Ando and E. Cary Brown, “The Effects of
the Personal Income Tax Reduction of 1964 on Con-
sumption,” to be published.
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have an involuntary, negative effect on in-
ventory investment so that an error in pre-
dicting current consumption leads to a par-
tially offsetting error in predicting inventory
investment in the same quarter.

POLICY SIMULATIONS

Simulations which are most helpful in illus-
trating the dynamics of this block of equa-
tions are those showing how a maintained
increase in government or fixed investment
spending, or a change in tax rates or trans-
fer payments, multiply into changes in GNP.
Before those simulations of the whole block,
however, it may be helpful to illustrate the
behavior of the consumption equations
alone in response to a step increase in
disposable income.

Table 4 below traces out the pattern of
consumption on the one hand and con-
sumer expenditures on the other in response
to a maintained increase of $1 billion in dis-
posable income. Total consumption follows
the behavior of equation 11 (page 38), ris-

TABLE 4

EFFECTS OF A $1 BILLION STEP INCREASE
IN DISPOSABLE INCOME

(In billions of dollars)

Consumer
Quarter Consumption expenditures
1 .37 .68
2 .46 .75
3 .54 .82
4 .61 .88
5 67 .93
6 .73 97
7 .78 1.01
8 .83 1.04
9 .86 1.05
10 .89 1.06
11 .92 1.07
12 93 1.07
13 .94 1.06
14 .94 1.04
15 .94 1.02
16 .94 .99

ing by 37.3 per cent of the income change in
the first quarter, then rising by smaller in-
crements, and after 3 years reaching 94 per
cent of the income change. A portion of this
increased consumption goes into the serv-
ices of durable goods. In order for the
services of durable goods to rise, it is neces-
sary for expenditures on durable goods to
rise by an accelerated amount at first, then
as stocks rise, to fall back gradually toward
the new level of consumption. Total con-
sumer expenditures therefore increase ini-
tially by 67.5 per cent of the change in dis-
posable income, continue rising until they
actually exceed 100 per cent of the income
change for a few quarters, and then decline
towards 94 per cent.

Turning now to the complete consump-
tion-inventory block, we trace out first the
effects of a step increase of two percentage
points in the aggregate Federal personal in-
come tax rate. As in the simulations of the
financial and investment blocks, all variables
exogenous to this sector except the tax rate
were put at their actual values during 1963-
64 while the tax rate was raised by 0.02
above its actual value during each quarter.
An increase of two percentage points is
roughly a 10 per cent increase, since the
actual rate was between 0.20 and 0.23 dur-
ing the period. It represented a little over $4
billion dollars in tax revenue at actual levels
of income during the period. But that dollar
amount, like many of the dollar amounts in
these simulations, depends on the general
size of the economy during the simulation
period.

The GNP effects of the policy change are
shown in Chart 5 in constant dollars. They
begin with two big steps and continue with
six much smaller ones. Using $4.15 billion
as the initial revenue value of the tax change,
we can derive GNP multipliers which begin



Federal Reserve Bulletin: January 1968

24

FEDERAL RESERVE BULLETIN o JANUARY 1968

5

consumption-inventory block

R 2 o
T 8
- ”“ % -

_ GNP

-0 -

DISPOSARLE PERS.
INCOME

LD,

R e
LLLLA |
. CONSUMER - CONSUMER

ME
= EXPENDITURES: — B: — EXPENDITURES:
AUTOS AND PARTS OTHER DURABLE
4000S

L

L el A T T T

S BYLETONS OF 1958 DOLLARS
02 4 6 le R £

=1 -

—:8.. — INVENTORY

10

Effects of a step increase in the personal tax rate of .02,

.. CONSUMER
EXPENDITURES:

NONDURABLES
AND SERVICES

CONSUMPTION :
v 10—

NONFARM
INVESTMENT

Dynamic simulation, initial conditions of 1963 QI,

at 0.7 and 1.4 in the first two quarters,
and then rise slowly to 2.4 after eight
quarters. Disposable income is affected by
more than GNP, with the margin between
the two declining over time. Most of the
change in GNP is due to changes in the com-
ponents of consumer expenditures; import
and inventory effects are quite small. Inven-
tory investment is increased slightly in the
first quarter, reflecting unanticipated de-
clines in consumer expenditures; in the sec-
ond quarter it is decreased by a somewhat
greater amount, reflecting the accelerator
effects of the decline in consumer spending;
and thereafter it is decreased by declining
amounts. '

The second policy change we trace
through this block is a maintained increase
of $5 billion in defense spending—that is, a
level of defense spending $5 billion above
actual levels starting in the first quarter of
1963, with other variables exogenous to
this sector held at actual levels. Chart 6
sets out the results. Since the $5 billion is in
current prices, results for this simulation are
also presented in current dollars, in contrast

to the results of the tax rate change simu-
lation.

The GNP effects of the rise in defense
spending begin before the rise is actually
recorded as a final expenditure, since inven-
tory investment depends in part on next
quarter’s defense expenditures. This initial
effect is a small one, however, amounting to
less than half of the rise in defense spend-
ing. Large effects begin in quarter 1 and
increase by generally declining amounts
thereafter. GNP multipliers are 1.5 in quar-
ter 1, 1.7 in quarter 2, and small increases
thereafter up to 2.4 in quarter 8. Effects on
consumption are less important in this simu-
lation than they were in the tax change, for
the initial shock to the system only gradu-
ally spreads to disposable income in this
simulation; whereas it has its full initial im-
pact on disposable income in the tax change
case. Import and inventory effects again are
small.

Comparison of the tax and the defense
expenditure multipliers brings out some
interesting characteristics of this block. In
the long run, the expenditure multiplier is
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¢ Effects of a step increase in defense expenditures of $5 billion,
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slightly large1 than the multiplier of a lump-
sum tax change because of the leakage into
personal saving. In the eight-quarter simula-
tions depicted in Charts 5 and 6, however,
the expenditure multiplier is larger than the
tax multiplier only in the first few quarters,
and slightly smaller thereafter. One reason
for this similarity is that in the medium run
the response of consumer spending to
changes in income is quite large, even ex-

ceeding one in some quarters. A second rea-
son is that the tax simulation is a simulation
of a rate change, not a lump-sum change,
and therefore has effects which grow as the
economy grows. A final reason is that the
inventory effects of a change in exogenous
spending are bunched around the time of the
expenditure, whereas the inventory effects of
a tax change are spread over a long period
when consumer expenditures are changing.

IV. THE THREE BLOCKS COMBINED

We now combine the three blocks already
described—the financial block, the invest-
ment block, and the consumption-inventory
block—into a single group of simultaneous
equations. The principal exogenous vari-
ables which ultimately drive the system are:
population and other demographic vari-
ables; Federal Government expenditures and
tax rates; monetary policy variables; exports;
and wages and prices (except for rents and
the price of houses, which are explained in
the investment block). A fourth block con-
taining price (supply) equations and labor
market equations, now under development,

will remove prices and wages from the exog-
enous list.

The simulations in this section illustrate
how the first three blocks interact. We have
run some simulations (not shown below) in-
cluding preliminary price and labor market
equations,® which suggest that except in con-
ditions of high resource utilization, the ma-
jor results for the three blocks will continue
to hold for the entire model.

® Some of these equations are described in Alfred
Tella, and Peter Tinsley, “The Labor Market and
Potential Output,” Proceedings of the American

Statistical Association, December 1967 meetings, to
be published.
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TABLE 5
DYNAMIC PREDICTIONS, THREE BLOCKS COMBINED

Item 1965 QIII  196S Q1V 1966 QI 1966 QII 1966 QIII 1966 QIV
(In billions of dollars)

GNP level:

Actual 690.0 708.4 725.9 736.7 748.8 762.1

Calculated 690.7 709.4 725.4 736.1 745.6 753.1
GNP changes:

Actual 14,6 18.4 17.5 10.8 12,1 13.3

Calcnlated 15.3 18.7 16.0 10.7 9.5 7.4
Consumer expenditures:

Actual 436.4 447.8 458.2 461 .6 470.1 473.8

Calculated 441.1 450.3 460.1 466.7 473.8 479.7
Residential construction: ‘

Actua) 26.4 26.2 26.5 25.3 23.2 20.4

Calculated 26.6 26.3 25.7 25.1 24.2 23.3
Producers’ equipment and nonresidential structures:

ctual 1.9 75.8 78.3 78.7 81.3 82.8

Calculated 1.2 74.2 76.3 77.1 76.9 76.4
Inventory investment:

Actua 7.9 8.7 9.6 14.4 12,0 19.0

Calculated 5.4 9.8 10.4 10.6 7.0 6.6
Demand deposits:

Actual 128,9 131.1 133.3 132.8 132.2 131.6

Calculated 129.1 130.8 132,2 132.3 132.5 132,8

(In per cent)

Corporate bond yield:

Actual 4,50 4,61 4,81 5.00 5.32 5.38

Calculated .65 4,84 4.95 5.29 5.39 5.51
Treasury bill rate:

Actua) .86 4,16 4.60 4,58 5.03 5.20

Calculated .60 4.26 4,22 5.42 5.16 5.47

DYNAMIC PREDICTIONS

Dynamic predictions starting in 1965 QII
for the three blocks combined are not as
good as predictions for individual blocks,
but they are nevertheless decidedly encour-
aging. For GNP, as Table 5 shows, the
model predicts the marked slowdown in
growth which begins in 1966 QII. It fails
to predict the slight pickup in growth in the
fourth quarter, but that pickup was short-
lived, and it is likely that the model would
be on track again in 1967 QI.

A rise in interest rates of something like
the right magnitude is predicted, though
there is a large error in the bill rate predic-
tion for 1966 QII. Whether the three blocks
together predict the decline in interest rates
in 1967 QI, as the financial block alone did,
we will not know until we finish collecting
1967 data for all three blocks. The demand

deposit predictions fail to catch the absolute
decline in deposits during 1966, but they do
show a marked slowdown in their rate of
growth,

SIMULATION RESULTS

The simulation experiments of this section
trace out the effects of three policy changes
already investigated for individual blocks—
namely, a $1 billion step increase in un-
borrowed reserves, a $5 billion step increase
in defense spending, and a 0.02 (10 per
cent) increase in the personal tax rate. In
the near future we plan to simulate the ef-
fects of a much wider range of government
policy variables. As before, the results repre-
sent differences between a dynamic solution
including the policy change and one exclud-
ing the policy change, with both solutions
starting in 1963 QI.
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For the unborrowed reserve simulation
(Chart 7), effects on fixed investment (partly
due to lower interest rates and partly due to
higher income) build up gradually to a little
more than $3 billion. Effects on GNP are
small in the first few quarters; they accel-
erate as the increase in fixed investment has
its multiplier influence, and then decelerate
as fixed investment reaches a peak. At the
end of the 3 years GNP has increased by
more than $11 billion, which implies a
somewhat higher multiplier for unborrowed
reserves than is shown by most other models
(see Table 6). This simulation says, then,
that monetary policy is ultimately quite
powerful but that the lags are long. To that
extent, these tentative results suggest that
monetary policy is difficult to use as a sta-
bilization device. The powerful impact of a
policy change will not come into play until
one year hence, when it is inevitably more
difficult to predict the needs of stabilization
policy.

Both fiscal policy simulations tell different
stories. As in the consumption-inventory
block, changes in defense spending operate
faster than income tax changes, which de-

pend on the delayed response of consump-
tion. Also it remains true that the medium-
term (2- to 3-year) multiplier for income
taxes is higher than that for defense spend-
ing. This result follows from the fact that
the medium-term consumer expenditure pro-
pensity is greater than one (see Section III),
and from the fact that the income tax multi-
plier has not yet entered the reversal range
that occurs when actual stocks of capital
and consumer durables approach their tar-
get levels.

It is interesting to observe the behavior
of fixed investment in these simulations. In
both cases the income change induces more
investment than the stabilizing interest rate
change shuts off, and fixed investment rein-
forces the multiplier action. This property
contradicts the argument that the induced
rise in interest rates will restrict fixed in-
vestment enough to offset part of the initial
expenditure change.

The simulations indicate that fiscal policy
suffers less from the lag problems that plague
monetary policy. Both multipliers, especially
that for purchases, approach their maximum
levels rapidly, and are responsible for strong



Federal Reserve Bulletin: January 1968

28 FEDERAL RESERVE BULLETIN o JANUARY 1968

8 l Effects of a step increase of .02 in the personal tax rate, three blocks combined
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effects on GNP less than half a year after the
policy change. The lag problems that may
interfere with the effectiveness of fiscal
measures are lags between recognition of the
need for action and actual changes in tax
rates or expenditures, not lags in the eco-
nomy’s response to the policy changes.

TABLE 6

COMPARISON OF 3-YEAR MULTIPLIERS
OF DIFFERENT MODELS

(Ratios)

Un-
Model borrowed Defense Personal
reserves spending  tax cut

Federal Reserve—

MIT model 11.2 3.2 4.2
Brookings model 8.2 2.7 1.2
Wharton School

model 2 2.9 2.9 2.4
Michigan model 3 n.a. 2.5 1.7

! Gary Fromm and Paul Taubman, Policy Simulations
with an Econometric Model, Chapter 11, forthcoming.

2 Michael K. Evans and Lawrence R. Klein, The Whar-
ton Econometric Forecasting Model, University of Penn-
sylvania Study in Quantitative Economics No. 2, 1967.

3 Unpublished results of the University of Michigan
model supplied by Daniel B. Suits.

COMPARISON OF MULTIPLIERS OF
ALTERNATWVE MODELS

A brief comparison of our 3-year multipliers
with those estimated by a few other models
are given in Table 6.

The table indicates that all of our multi-
pliers are higher than those for other models.
The difference is due primarily to the fact
that our version of consumption gives rise
to a much higher medium-run consumer
propensity to spend than is shown by other
models. The same factor accounts for our
higher personal tax multiplier.’

" Our multiple tax multiplier seems to be unusually
high relative to our expenditure multiplier in Table 5.
Although this result is partly explained by the greater-
than-one medium-run expenditure propensity men-
tioned above, the major share of the explanation lies
in the time period chosen as the basis of the multiplier
calculation. Had we presented 2-year results, the ex-
penditure and tax multipliers would have been quite
similar. The same is true of longer-run 5- to 7-year
multipliers. It is only in the 3- and 4-year range, when
the expenditure multiplier has begun to decline from
its maximum value while the tax multiplier has not,
that the unusual result of Table 5 obtains.

We should like to emphasize here also that these
findings are preliminary. It may be that further ex-
perimentation with consumption will lead to different
functional forms, statistical estimates, and muitiplier
calculations.
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9 Effects of a step increase in defense expenditures of $5 billion,
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V. CONCLUSION

It is apparent from the limited number of
policy simulations conducted that our model
finds monetary policy to be quite powerful
—much more so than is found in other
econometric models. Future refinements of
our model, of which an examination of the
financial intermediary-credit rationing proc-
ess in the mortgage market is a basic one,
could increase the relative power that we
attribute to monetary policy and might
shorten the lags.

These findings follow strictly from our

best specification of the way in which mone-
tary policy affects the economy. They are not
caused by simple expedients such as throw-
ing in the money supply whenever nothing
else works. Although we emphasize that our
conclusions are tentative and caution against
using them as a basis for generalizations
about stabilization policy, we think it signifi-
cant that a more intensive examination of
monetary policy than is usual in econometric
models finds monetary factors to be more
important than they are usually found to be.
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APPENDIX
Financial Block

The central supply identity of the financial block
(equation 1) relates unborrowed reserves, taken
as exogenous, to three endogenous uses of re-
serves—reserves against private demand deposits,
reserves against time deposits, and free reserves
—and one exogenous use—Federal Government
demand deposits. The open-market variable
which the Federal Reserve System controls to the
last dollar is not unborrowed reserves but its own
portfolio of government securities. Yet changes
in the two are closely related, and there is no
doubt that the System can, and often does, con-
sciously offset movements in the other elements in
its balance sheet so as to influence unborrowed
reserves,

The next three equations (equations 2 to 4)
explain demands for the three endogenous com-
ponents of unborrowed reserves. Bank holdings
of free reserves—excess reserves minus borrowing
from the Federal Reserve System—are thought of
as an inventory held because of uncertainty
about changes in deposits and in loans to regular
customers which affect banks’ reserve positions.
The target amount of free reserves depends on
the Treasury bill rate, representing earnings fore-
gone on other assets, and the discount rate, rep-
resenting the cost of raising reserves. Actual
levels of free reserves depend not only on target
amounts but also on changes in the balance-sheet
items against which free reserves are a buffer
stock; that is, on movements in deposits or—for
the banking system as a whole—unborrowed re-
serves and on movements in commercial loans.
Demands for demand deposits and time deposits
(equations 3 and 4) depend on GNP and interest
rates, variables which are suggested by either an
inventory or a portfolio theory approach to the
public’s financial behavior.

Several varieties of statistical difficulty compli-
cate the estimation of equations 2 to 4. There are
“simultaneous equations problems, bias problems
in the coefficient of the lagged dependent variable,
and, in the case of the time deposit yield, measure-
ment error problems. In view of these difficuities,
the three equations were each estimated in two
ways, once with quantities as the dependent vari-

able and once with interest rates as dependent.!
There are reasons for believing that coefficients
estimated in these alternative ways should bracket
“true” coefficients with respect to these difficulties.
A number of alternative combinations of quantity
and interest rate versions of the equations were
used to predict the extremely large movements
in financial variables during 1966 and early 1967
—the equations were fit through 1965. The re-
sults were not a clear-cut victory for any one
set of estimates; the best combination on many
grounds, and the one used in this presentation,
is the quantity version of the free reserves and
time deposit equations and the interest-rate version
of the demand deposit equation (equation 3: it
has been solved for the quantity for listing here).

Equation 5 explains business borrowing in the
form of commercial loans. The public’s demand
for currency is not an integral part of the model
as it now stands; interest rates and consumer ex-
penditures affect currency holdings, but there is
no feedback from currency. There would be a
feedback if currency plus unborrowed reserves
were the open-market variable of the model; and
a currency equation is included in the model
(equation 6) in order to make possible simula-
tion experiments with this alternative policy vari-
able.

Interest rates appear in all of the equations 2
through 6, and it is increases or declines in these
rates which, in the short run, make commercial
banks and the public willing to hold exactly those
quantities of deposits and free reserves which
use up the unborrowed reserves supplied by the
Federal Reserve.

The remaining equations of the model—equa-
tions 7 through 12—describe interrelations among
various interest rates. Equation 7 is a term-struc-
ture relationship based on the work of Modigliani
and Sutch, and derived ultimately from the ex-
pectations hypothesis combined with the hypothe-
sis that expectations about interest rates are a
combination of extrapolative elements (with re-

11n the interest rate versions, dependent variables were:
an average of Rgp and Ryp in the demand deposit equa-
tion, R;;, in the time deposit equation, and the differen-
tial Rpp-Rp;s in the free reserve equation.
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spect to recent changes) and regressive elements
(with respect to longer-term changes). Equation
8 is a supply equation for time deposits, relating
the yield at which banks are willing to accept
time deposits to other rates, portfolic composi-
tion, and the exogenous ceiling rates set by the
regulatory authorities. Equations 9, 10, and 11
are simply empirical relationships among interest
rates. Experiments with a full-scale mortgage mar-
ket in place of equation 11 were not far enough
along to use in the present version of the model,
but we are continuing work on an expanded mort-
gage-housing treatment.

The final equation of the financial sector deals
with the yield on common stocks, which is re-
lated to corporate bond rates and past rates of
growth of dividends, along lines suggested by
Modigliani and Miller. Stock market yields are
thus endogenous to our model, responding to
other long-term rates of interest with coefficients
which sum to a litle less than one. The standard
error of this equation is quite large, indicating
that much of the quarter-to-quarter change in
stock market yields is unexplained by the variables
in our equation. However, the equation does in-
dicate a strong link to other financial markets.

EQUATIONS

1. Reserve identity
RU = (RF + 074 8, — .005 8, + .051 8; ~— .121 8,)
+ Reen * kp * DD + Rgep * DDom
+ Rgor + kr « DT + err

2. Demand for free reserves

ARF = —.232 4+ 0818, 4 .026 S; 4+ .197 S,
+ .463 (ARU + RREL) + .180 Rpis
— 127 Ry — 078 ACL — 280 RF_,

3. Demand for demand deposits (in Rcp + In Rrp
dependent variable)
In DD = —.3453 — .0718 In Rcp — 0718 In Rrp
+ .3333In ¥ < .6667 In DD_; + .840 0,

4. Demand for time deposits
DT/Y = .01386 + .00941 Rrp — .00158 Rop
— 00348 Rc + .8953 (DT/Y)_,
— 1477 (AY /Y )

5. Demand for commercial loans
ACL = 1167 E; — 450 ARcy - .644 ACL_|

6. Demand for currency
In CURR = —.3382 — .035in Rrp + 167 InCsr
+ .843 In CURR_, + 768 %,

31

7. Term structure

18
Re = 1.1225 + .387 Rep + Z wi Rer_;

i=1
w = —.024 Wy = .064 Wy = 023
we = QL5 ws =.069 wy =.018
ws = .041 wp = .0562 wy;=.018 Zw; = .587
we = 087 wpe=.044 1w = .012
Ws = .065 wy = 036 wyy = .009
ws = 067 Uy = 029 Wig = 005

8. Supply of time deposits

- __CL _
Rrp = —.362 + .300 (DD + DT)

CL CL
-+ .800 (D—————D T DT)_I + .390 (—~—-—————DD D7)
+ .008 (R¢ + Rc‘_l) + .483 Ryax
— .360 Bpax_, + 869 Rrp_,

9. Commercial paper rate
Rep = 5775 + 7234 Rrg + 3178 Rrp_, ~ .2469 Dyco

10. Commercial loan rate
Rer = 448 Rc + .160 Rep + .341 Ror_, + .762

11. Mortgage rate
ARy = 078 ARcp + .362 ARc_| + 417 ARy _,

12. Stock market yield

4 14 AYen_,
Rp =2 wRe g — 2w =1 4 .94521,
i=0 T =4 Yen ;
Wo = 0294 w’4 = .49 w"o = .89
w; = .1608 wy = 82 wy = .79
we = ,2236 w'e = 1.03 why = .62
wy = .2176 wy =112 why = .32
wy = .1431 ws = 1.11 whe = .14
Zwi= 7744 w'y = 1.03 Zw'i= 8.26
GLOSSARY

* indicates exogenous to financial block.

Interest rates, in per cent

R¢r = bank business loans

Rc = Aaa seasoned corporate bonds
(Moody’s)

Rep = 4-6 month commercial paper

Rp = dividend yield on common stock
(Moody’s)

*Rpis = discount rate, N. Y. Federal Reserve

Bank

Ry = new conventional mortgages, FHLBB

Rrs = 3-month Treasury bills
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Rrp = bank time and savings deposits (incl.
CD’)
* Rmax = ceiling rate on bank time deposits

Amounts, in billions of dollars (seasonally adjusted,
except RF and RREL)

CL = bank commercial loans

*Cp = consumer expenditures (annual rates)
CURR = currency
DD = demand deposits

* DDgy = govt. demand deposits at member banks

* erp = error in reserve identity (statistical
discrepancy)
*E; = inventory investment (annual rates)
RF = free reserves, not seasonally adjusted

* RREL = reserves released through reserve re-
quirement changes

*RU = unborrowed reserves
DT = time deposits
*Yep = dividend payments (annual rates)

*Y = GNP (annual rates)
*Dycp = CD dummy (1 after 1962)

Ratios (between zero and one)

*kp = proportion of demand deposits at mem-
ber banks; seasonally adjusted

*kr = proportion of time deposits at member
banks; seasonally adjusted

*Reqp = weighted average reserve requirement
ratio against member bank demand de-
posits

*Rrer = reserve requirement ratio against mem-

ber bank time deposits

Notes—1, , in this and the following blocks indicates
that the variables were transformed into the semi-first-
difference form

Ty — bx;-;

before estimation, where b is the coefficient of 4,_,
S, through S, are seasonal dummy variables,
Financial dollar amounts are all averages of the 2 months
surrounding end of quarter; for example, fourth quarter is
average of December and January,

Investment Block

Equations 3 and 4 give expressions for the rate of
return at which future earnings should be dis-
counted, both for producers’ durables and for
structures, These rates of return are functions of
the dividend-price ratio, the industrial bond yield,
corporate tax rates, and the desired long-run debt-
equity ratio. The parameters are estimated in non-
linear fashion together with the investment func-
tions.

Equations 5 and 6 use these rates of return to
derive expressions for the imputed rent which must
be earned by a new machine to make its purchase
worthwhile. Along with rates of return, the im-
plicit rental also depends on the price of capital
equipment, the rate of depreciation, and various
features of the tax law-—the investment credit, the
present value of depreciation deductions under
various laws, and tax rates.

The desired capital-output ratios for equipment
and structures are given in equations 7 and 8.
Their ratios depend on the price of output, the
imputed rent, and a trend factor reflecting tech-
nological change. The exponents of the relative
price terms are the elasticities of substitution be-
tween factors, which are again estimated in a non-
linear fashion,

The important equations of the business fixed in-
vestment sector are 9 and 14, which explain re-
spectively the new orders of producers’ durable
equipment and the actual purchases of structures.
Both of these equations represent desired capital
in real terms as a distributed lag function of the
product of real output and the desired capital-out-
put ratio. For structures, the dynamics of this lag
are complicated by the presence of the lagged
capital stock (equation 15). For producers’ dura-
bles, the dynamics are even further complicated by
a separate distributed lag between orders and ex-
penditures (equation 10). This lag depends on the
orders-shipments ratio, with supply bottlenecks, as
represented by a high ratio, postponing the lag.
The orders-shipments relationships are described
in equations 11 to 13,

For the housing sector, equation 19 explains the
rental price. This price then determines the price
of houses by equation 20. Equation 20 imposes the
requirement that in the long run the net return on
investment in houses is brought into equilibrium
with mortgage rates. There should be a variable
approximating capital gains in the net rate of re-
turn equation, but we have not yet been able to
find one which works well,



Federal Reserve Bulletin: January 1968

ECONOMETRIC MODEL

33

Equation 17 explains housing inventory under
construction. This equation assumes that builders
are influenced only by rates of return on houses
and mortgage rates. As mentioned in the text, it
may not give enough importance to other variables.

The remaining equations close up the housing
sector. Equation 16 defines the variable we use to
approximate the inventory of (unsold) houses un-
der construction. The weights in the equation are
based on construction and sales statistics, along
with an assumption about the effect on housing
starts of a sold but unstarted house. The equation
is used to solve for real housing starts in value
terms. Equation 18 then gives expenditures as a
distributed lag on starts, with a constant and time
trend to pick up the coverage difference (additions
and alterations). Equation 21 uses expenditures to
calculate the real stock of housing and feedback
into determination of the rent index.

Equations 24 to 27 explain the purchases and
transfer payments of State and local governments.
These values, along with equation 31 and identity
23, are the total net expenditures which go into
tax equations 28 to 30 and 32. Of this total, all
but construction needs to be revenue-financed, and
the construction ratios in the tax equations are a
way of adjusting for this difference. It would have
been difficult to proceed otherwise because grants-
in-aid would have had to be allocated between con-
struction and all other. The income variable used
in the State and local sector, defined in equation
22, is net of Federal taxes and plus Federal
transfers.

EQUATIONS

A. INVESTMENT IN PLANT AND EQUIPMENT

Gross business product identity
1.Yp=Y ~Cy — Erw — Esw — Yr

Cost of capital relationships
2. Repr = —.0133 ++ .9325 B¢ + .0636 Bp

+ .0045 time 4 .8512 4.,
8. Re = (1 — ant.) (—1.30 + .6290 Rcsr + .2160 Rp)
4, Rs = (1 — ast;) (—1.833 + .0264 Ropr + .7258 Rp)

Identities defining current dollar rent per unit of
new investment

Ppp (01 Rz + ) (1 — te2e — 2 + 2dc2.)

5a. P, QE = -
for 1948-63

6b. Poe = Ppp (01 Re +1d2 fl — e — Z)
for 1964-66

_ Prs (01 Bs + ag) (1 — teza)
1 -1

Identities defining equlilibrium capital-output ratio
7. Vg = (._P_”.)'me 00081 (time — 42.5)
PQE

8, Vg = I%B;

Demands for orders and expenditures, producers’
durable equipment

6. Pqgs

AB0
) @ — 00295 (time —~ 42.5)

Pep i = Py, ;=1 Py,
we = .0502 wy = —.0405
wy = 0422 wy = —.0401
we, = 0339 w's = —.0310
wy = .0256 w’¢ = — 0223
Wy = 0174 wy = —.0141
ws = 0096 we = —.0064
we = .0022 wy = 0006
wr; = —.0045 w's = .0068
ws = —.0106 wy = .0120
Wy = —.0164 wlm = .0163
wy = —.0192 ’w’u = 0194
wy = —.0217 w'u = 0212
W = —.0228 w = 0217
w = —.0222 whu = 0208
Wy = — .0198 ’U)’u = .0182
s = — 0164 'w'u = .0140
wWe = — .0088 w’" = .0079
Zwe= 0207 Zw's= —.0045

Bep 5 OPD)

10. Ppp f Ow. Prp/ i
OPD) OUME)
+ f._. ow Ppp/ ¢ \ Eme / i1
Wy = 6475 ’w'n = —.3575
w = 2656 w'; = —~.0724
w, = .0598 we = .1061
ws = —.0018 wsy = 1781
Wy = .0090 wy, = 1431
Wy = 0302 wy = .0022
Zwy= 1.0002 Tw'i= ~.0004

11. Ovme = Ovme—1 + .26 (Onx — Enuz)
12. Ouz = 6.0640 4 9665 Opp — .0289 time

13. Exr = 8.2212 + .85564 Epp + .0041 time
Demand for nonresidential structures
16 w; Vs Y5 .
14. %’-’:" =3z —t "% 2710 Ks»
PSS  { =1 Ps_,
w, = .0038 wy = .0021
Wy = 0051 Wy = -0019
W = .0056 Wy = -0017
wy = .0067 we = 0015
ws = .0063 wys = .0013
We = 0048 e = 0008
wr = .0042 Swg = 0528
ws = .0035
we = .0030
wye = 0026
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Identity defining stock of nonresidential structures
a Eps
16. Ksp = (1—7‘) Ksz_, + .25 (P—”)_1

B. HOUSING SECTOR

Housing inventory, starts, and expenditures

3
16. Ky =2 wg I#)
i=0 H/

Wy = .56
w = 47
Wy = .16

w = .03
Swe = 1.20

7 7 Pr
17. AKuip = 2 wi (ARu)- + E Owi (A—-) )

1=0 Py
+ .6170 4,

Wy = — 3584 ’w'o = 176
w = — 2771 w; = 3.06
w, = — ,2062 wy = 3.02
Wy = — 1458 ’wla = 435
Wy = — 00568 w" = 435
wy = — 0562 w's = 3.91
wy = — 0270 ws = 3.04
wy, = — 0083 wy = 1.74
Zwy= —1.1748 Zw.— 26.13

2
18. Ex = 2,9658 + 2 Ow; Hg_; + .0408 time
7=

wy = 1.8541
w, = 1.8271

Rent and house prices

19. Aln Py =

5972 — 0057 In —2F K’”‘ +.0207 In 52

+ .7109 2,
Wy = .5079
Zwi= 4.1801

PN

Pg
20. A (P”

.0102
0099
.0095
.0090
.0084
.0077
.0069

g
NNEE RN

Identity defining housing stock
21. Kur = 994 Knn_, + .25 5~

12
= —.0087 + 2
q =

w; (ARw)_, + 2545 1,
1

ws = .0060
Wy = .00560
wye = 0039
wn = .0027
Wy = .0014
Zwi= 0806

C. STATE AND LOCAL GOVERNMENTS

Expenditures

22, Yg=Y —Tpp — Trc ~ Tr1 — Trs — Tre
~er + Gpp + Gru + Grs + INTF

23. Esr = Esw + Esc + Eso + Ggp + INTs — Tys
— Gre

Eso _
M. o = 302 +z K (N_)

+3 ‘”‘(NP) (Ro)_,

1 =0

1 Gre
+z w'(NPG)"

1 Pg Ys
e L8
+?=ow '(Pa> -(NPG) =

+ 14 (§) (wre)

wy = —.0428 w'y = —.0003
w, = —.0273 wy = —.0003
wy = —.0150 w's = —.0004
wy = —.00563 w'e = —.0004
w, = .0018 w'y = —.0005
wsy = 0062 'w’; = —.,0005
we = .0080 wy = —.0004
Wy = 0100 'wlm = — 0003
Wy = 0096 w’% = "".88‘9’(2)
w2008 o2 Toend
wy = .0030 w". = .0986
Zwi= —.0372 Tw'= .3910
w'y = —.0006 w'y= —.,0198
w'; = —.0006 w= 0340
w’y, = —.0005 Sw'i= 0142

Eso Ys _ ) ( )
26. 250 = 4304 — 0272 7% .0104( i
Ny Ys
+ 1334 (W) (N—PG)
_ Ys ! ) Gm)
.0006 R¢ NPy + ?sow. NP .
= ,1970 wy = 1679 Zwy = .3649
Esw _ Gre
26. —P- = 32.722 + .3086 - NP

+ 055 () (wr.)

+ 1298 (N") (NPG) +2 'w. NY;G)

Ys )
+ ;?: Ow‘ (RC')—u NPy .
wy, = —.0762 ’w,o = —.0017
w = —.0277 wy = —.0002
Swy= —.1039 wy = .0016
wi = .0021
Zw's= .0018
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Gsp GFG
27. NP = 8041 4 1074
_ Lg + LA) ( Yg )
0104 (-—_—N .
1 Ys
i \wP )
+z J @ (38)
w, = 0219 wy = —.0004
w = -.0126 w', = -0007
Zwi= 0093 Zw's=  .0003

Taxes and profits of government enterprises

Tse _ _ Yu Bsr
N 37.671 4 .0258 i + .2470 v

— 0053 (Rc) (g‘!)

_ Esc ) (Esr)
/5358 (Esr + Grg
Ts1

20. 28 - —14944+z w,(N>_'

+z w‘(EM) — 0053 (R)(E”)

_ Esc ) Esr)
1.2280 (E” e (

W = ‘.0014 ’w’o = .7684
w, = 0277 wy = .1149
Zwi= .0263 Zw'; = .8833

28.

30. Tsc = —.418 4-.0177 Y¢ + .0365 Esr

Esc )
— 0614 { m———F7— — .0010Rc £
05 (Esa' T Gro Egr i} c Est

31. T'ss = .0900 4 .1110 Egw
1
82, Ggs = —.301 + 2 O'w.- (Ys)—i + .0859 Esr
_ Eso )
.1620 (———-——-—-—EST F Gro (Esr)
— .0033 (R¢) (Esr)
wo = —.0038 = .0064 = ,0026
GLOSSARY

* indicates exogenous to investment block.

Investment In plant and equipment

Yy = gross business products, current dollars
vy = GNP, current dollars
*Cyw = output originating in households, current

dollars

*Erw

*Yr
*Res:
*Rp
Rc
Rg
Pgr
*Ppp

*Pps

Psy

Vs

Orp

Erp

Ownr

Ewne

Oume

Eps

Ksr

*time

*te

*2)

*z,

Federal compensation of employees, cur-
rent dollars

State and local compensation of employ-
ees, current dollars

output originating abroad, current dollars
Moody’s industrial bond yield, per cent
Moody’s industrial dividend-price ratio
for common stocks, per cent

Moody’s Aaa corporate bond rate, per
cent

= cost of capital, equipment, per cent

]

cost of capital, structures, per cent
current dollar rent, equipment, decimal
current dollar rent, structures, decimal

= price deflator, producers’ durable equip-

ment, decimal

price deflator, producers’ structures, dec-
imal

price deflator, gross business product,
decimal

equilibrium capital-output ratio, equip-
ment

equilibrium capital-output ratio, struc-
tures

orders for producers’ durable equipment,
current dollars

expenditures on producers’
equipment, current dollars
orders for machinery and equipment,
current dollars

shipments of machinery and equipment,
current dollars

stock of unfilled orders for machinery
and equipment, current dollars
expenditures on producers’
current doHars

capital stock of producers’ structures,
1958 dollars

1 in 1948 QI, increments by one every
quarter

durable

structures,

corporate tax rate, decimal

rate of tax credit for investment in pro-
ducers’ durable equipment, decimal

present value of depreciation deduction
per dollar of new producers’ durable
equipment, decimal
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*2, =

taz =

*yy -

*or =

€
11__1 =

Housing
Ey =

Hs =

Kyr =

Kuir =

Pp =

Py =

*Pe =

N =

*Yp =

*time =

12_1 =

present value of depreciation deduction
per dollar of new producers’ durable
structures, decimal

desired proportion of debt in corporate
capital structures, = .2, 1948-66

annual rate of depreciation of producers’
durable equipment, = .16, 1948-66
annual rate of depreciation of producers’
structures, = .06, 1948-66

= base of natural logarithm

previous period error term

expenditures for residential construction,
current dollars

housing starts times average value per
start, current dollars quarterly rates

stock of houses, 1958 dollars

housing inventory under construction,
1958 dollars

rental price component of consumer price
index, decimal

housing price deflator in the national in-
come accounts, decimal

consumer expenditure price deflator, na-
tional income accounts, decimal

total population, billions

disposable personal income using per-
sonal tax liabilities, current dollars

1 in 1948 QI, increments by one every
quarter

previous period residual

State and local governments

(All flow variables measured in current dollars, sea-
sonally adjusted annual rates)

Ys =

Esr =

*Trp

i

net income of citizens of States and lo-
calities

total net expenditures of States and lo-
calities

GNP
Federal personal taxes, liability basis

*Tre
*Trr
*Trs

*Tre

*Grp

*Gru

*Grs

*INTy
*Gre

Esw

Esc
Eso
Ggsp
*INTs
Qs

Tsp
Tsc
TS I
Tgs

*Yu
*¥,

*RC

Federal corporate profits tax accruals

= Federal indirect taxes

Federal social insurance contributions
Federal estate and gift taxes

Federal personal taxes on national in-
come accounts basis less taxes on a lia-
bility basis

Federal transfer payments to persons
less unemployment insurance benefits

unemployment insurance benefits

= Federal subsidies less current surplus of

government enterprises

Federal net interest payments

Federal grants-in-aid to State and local
governments

State and local compensation of employ-
ees

= State and local construction expenditures

State and local other purchases
State and local transfer payments
State and local net interest payments

State and local surplus of government
enterprises

State and local personal taxes

= State and local corporate taxes

State and local indirect taxes

State and local social insurance contribu-
tions

personal income

corporate profits before tax (does not in-
clude IVA)

Moody’s Aaa corporate bond rate, per
cent

GNP defiator, decimal

price deflator for State and local pur-
chases, decimal

population

population under age 20, billions
employed labor force, billions
armed forces, billions

Consumption-Inventory Block

Equations 1 and 2 of this block are identities add-
ing up the components of GNP and consumer ex-
penditures, respectively..

The next set of equations gets us from GNP to
disposable income in four steps. Personal income

less certain exogenous transfer payments depends
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on current and lagged GNP in such a way as to
change less abruptly than GNP (equation 3). After
we add the price-wage block to the model, we plan
to replace equation 3 with one in which the relation
of personal income and GNP depends on price,
wage, and manhour changes. Taxable income
depends on personal income and exemptions
(equation 4), income tax accruals are equal to
taxable income multipled by an exogenous tax rate
(equation 5), and disposable income depends,
through an identity, on personal income, income
tax accruals, and two categories of tax payments
exogenous to this biock.

Equations 7 through 10 get us from disposable
income to total consumption (in our sense of in-
cluding the services of durable goods) and its al-
location. Equation 7 is the basic equation in the
consumption sector. It relates our version of con-
sumption to current and lagged disposable income
with a long distributed lag. To guard against
simultaneous equations bias, the relationship was
actually estimated in ratio form with everything
divided by current income.®? We have experimented
with wealth effects on consumption but were un-
able to get usable results due to collinearity be-
tween wealth and income. To some extent, the lag
in income can serve as a proxy for wealth effects.

Equations 8 to 10 explain the distribution of
total consumption among its three components—
consumption of nondurables and services and the
imputed services of autos and of other durables.
These equations have been estimated with the sum
of the coefficients for total consumption con-
strained to equal one, and the sum of all other
sets of coefficients constrained to equal zero. This
means that variables such as relative prices, in-
terest rates, population, and the stocks of durables
influence the distribution of consumption among
its components, but not the over-all total. Equation
11 is the definition of the real income variable
appearing in equations 8 to 10.

The remaining consumption equations are
identities. BEquations 12 and 13 show the relation
between consumption and consumer spending for
autos and for other durables, Since stocks (K4, and
Kpg) are not measured at annual rates, whereas the
other variables are, these equations imply that on
a quarterly basis consumption in our sense equals
between 6 and 7 per cent of the initial stock plus
a fraction of current purchases. For durables other

2 See Ando and Modigliani, op.cit., pages 69-70.

than autos, the fraction of current purchases is
also between 6 and 7 per cent, but for autos it is
nearly 12 per cent. All of these coefficients rep-
resent estimated depreciation rates plus an interest
imputation, For other durables, depreciation rates
come from a standard declining-balance formula
based on data on lengths of life of durables in
Goldsmith.? For autos depreciation rates come
from a declining-balance formula with roughly
double depreciation in the first quarter, based on
a regression analysis of data compiled by Charles
Friedman.* Autos are thus assumed to depreciate
in value (and hence to yield services) at a much
faster rate in the first quarter of their existence
than in subsequent quarters.

Equations 14 and 15 define total consumer ex-
penditures in real terms and total consumption in
real terms. Equation 15 is listed simply to make
clear the relation between the two consumption
concepts; it is redundant in the complete consump-
tion-inventory block since it is the sum of equa-
tions 8, 9, and 10.

Equations 16 and 17 explain stocks of autos and
other durables by using declining-balance formu-
las, The depreciation rates are the ones already
discussed in connection with equations 12 and 13,

EBquation 18 explains inventory investment. As
described in the text, the equation estimates dif-
ferent inventory-sales ratios and different lags on
the various components of final demand. Thus
goods-in-process inventories connected with de-
fense spending show up before expenditures,
whereas consumer expenditures have a small
negative unanticipated effect in the current
quarter.”

Equation 19 explains imports. This equation
allows the average propensity to import to rise as
GNP rises (as if imports were a luxury good).
Relative price effects were tried in this equation,
but they proved to be unimportant, perhaps be-
cause of errors of measurement in the import price
index.

8 Raymond Goldsmith, The National Wealth of the
United States in the Positwar Period (Princeton University
Press, 1962).

4 Charles Friedman, “The Stock of Automobiles in the
United States,” Survey of Current Business, October 1965.

5 In estimating this effect we made use of an instrumental
variable, or two-stage technique, with new orders, lagged
potential bank deposits, defense spending, and a number of
other predetermined variables entering the first stage.
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EQUATIONS w'y = —.0011 wy + wa + w'y =0
w"y = —.0041 etc.
A. GNP AND CONSUMPTION IDENTITIES w'y = —.gggg
w = —,
LY=Crt+ B —Ex+2 (identity) w's = —.0086
Lg = e
2. = COn + (Ecar + Ecpr) Pcan (identity) gu,’v‘; _8(2]22
B. INCOME SHARES AND TAXES 11. Ypr = Yp/{774 Pcy + .226 Pcap)  (identity)
Yu — Grp _ _ _ AY
8. =y =789 — .0005 time 271( D. RELATION OF REAL CONSUMER
o (AY_I) 108 (AY_;) EXPENDITURES TO REAL CONSUMPTION
12. Cir = .25661 K,uz_l -+ .11625 Ecar  (identity)
4m(1- $5)= 123 - 3274 1n (%’) 13. Cpr = 2675 Kon_, + 06251 Ecps  (identity)
+ 2808 EX 14 (pp = Cn/Pox + Ecar + Ecor (identity)
5. Trr =t (Yr) 15. Crr = Cn/Pey + Car + Cor (identity)
6, Yo=Yy — Trp — Trg — Tsp (identity)

E. STOCKS OF CONSUMER DURABLES
C. TOTAL CONSUMPTION AND ITS COMPONENTS 16. Kap = 9457 Kun_, + 8884 (Ec4r/4) (identity)

Total consumption 17. Kpr = 9426 (Kpx_, + (Ecor/4])  (identity)
7. Crr (774 Poy + .226 Poap) = 3734 Yp
12 F. INVENTORY INVESTMENT
TI_ Vot 908 g gy = 424 B~ 138 Acm + 573 (ACrg)_,
w = .0849 w; = .0584 w, = .0300 + -387A(%'”)+, +>: wid _gg) '
wy = 0785 ws = 0514 1w = 0227 Zw; = .5673 F =0 PD/ -i
w = 0718 w; = 0442 w, = 0153 — 276 ASrx
we = 0651 ws = 0378 wy = 0077 or = —.020 o = 335
w = 214 we = 224
Components w, = .331 Zw;= 1.084
8. Cn/Pex = 9518 Crr — 0191 Y g 19. E; = E1r (1.202 Pyp — .095 Wyg) + .009
7
+(1102 wi Ro_q — 0019 ;’“")KAR_, G. IMPORTS
2
20. Ex/Y = 665 (Ep/¥)1 + - (0009 -
100 Pa

— 1625 Kap-s — 1497 Kpr_s + 32.640 N
1
+.0140 (m) + 1.0005)

17 Pex + .0032 Dyps + 0027 Dyss
+ (10 z w;ll’,c“. + .0781 Pos Kana

9. Car = 0369 Crr + .0205 Y e

H. CAPACITY UTILIZATION, MATERIALS
+.1778 Kany — 1324 Kpp_, — 21.666 N INDUSTRIES
21, AUy = ﬁ (1.832 AE;n + 1.905 & (Bcar
10. Cpg = 0112 Cyg — 0014 Yz (Cn/Pcn) c
+ Ecpr) + 821 A —”) — 0156

7 P
+ (10 z w%Re,+ 0138P°”> Kar_,

GLOSSARY
— 0164 K4n_, + 2821 Kpp , — 10.965 N (Dollar amounts, in billions, seasonally adjusted at an-
-1 -1 nual rates except where noted. * indicates exogenous
w, = —.0154 why = .0165 to consumption-inventory block)
w g(l)gg z:" = __8?8; Car = consumption of the services of autos
wy = 0222 ws = —0157 and parts, 1958 dollars
Z’“ : 8?&3 3:5 : _‘_8{82 Cpr = consumption of the services of durables
Twi= 0623 2= — 0355 except autos and parts, 1958 dollars
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Cy = expenditures on nondurables and serv- * Pr = implicit deflator for Federal purchases,
ices, current dollars 1958 = 1.00
Cp = total consumer expenditures, current * Pyp = implicit deflator for nonfarm business
dollars GNP, 1958 = 1.00
Crr = total consumer expenditures, 1958 dol- * Ppp = implicit deflator for producers’ durable
lars equipment, 1958 = 1.00
Cre = total “consumption” (see text), 1958 *Ps = implicit deflator for GNP, 1958 = 1.00
dollars *Re = yield on seasoned Aaa corporate bonds,
* Dyps = dummy variable for 1965 dock strike in per cent
* Dyss = dummy variable for 1959 steel strike *Syrs = man-days idle in excess of 10,000, in
Ecar = consumer expenditures on autos and thousands
parts, 1958 dollars *time = time; 19481 =1, 1948 II = 2, etc.
Eopr = consumer expenditures on durables ex- * Trr = Federal estate and gift tax payments,

cept autos and parts, 1958 dollars

* Erp = Federal expenditures on defense goods,
current dollars

E; = nonfarm inventory investment, current

dollars

E;r = nonfarm inventory investment, constant
dollars

Ew = imports, current dollars

*EX = per capita exemptions under Federal
personal income tax, in dollars

* Grp = Federal transfer payments to persons,
except unemployment benefits.

K.r = stock of consumer autos and parts end
of quarter, not at annual rates, 1958
dollars

Kpr = stock of consumer durables except au-

tos and parts, end of quarter, not at an-
nual rates, 1958 dollars ’

*N = total U.S. population, billions

*Opp = new orders for producers’
equipment, current dollars

* Pcap = implicit deflator for consumer durables
(including autos), 1958 = 1.00

* Poy = implicit deflator for consumer nondur-
ables and services, 1958 = 1.00

durable

current dollars

Trp = Federal personal income tax liabilities,
current dollars

* 1 = average tax rate under Federal personal
income tax; 20 per cent = .2, etc,
* Tsp = State and local personal taxes, current
dollars
Ux = utilization rate for materials industries;
90 per cent = .9, etc.
*Wys = average wage rate for nonfarm busi-

ness, dollars per hour
Y = GNP, current dollars

Yp» = disposable personal income with taxes
measured on a liability basis, current
dollars

Ypr = disposable personal income divided by

a weighted average of deflators for con-
sumer expenditures

¥y = personal income, current dollars
¥y = taxable personal income, current dol-
lars
*Z = autonomous spending; the sum of ex-

ports, government expenditures, fixed
investment, and farm inventory invest-
ment

The Three Blocks Combined

The important equation of this block is num-
ber 5, which explains corporate dividend pay-
ments. Dividends have an effect on stock prices
and will also be included in personal income
when we finish the labor market side of the
model. They depend on corporate cash flows with
a distributed Jag.

Corporate cash flows are described by the
identity in equation 3 and Federal corporate taxes
by equation 4. The equation for State and local
corporate taxes is part of the investment block.

Equation 1 explains corporate profits. Except
for statistical discrepancy and inventory valuation
adjustment, this equation would be an identity,
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and equation 2 is an informal way of dealing with
the obscure residual items. Equations 6 through
10 then fill in the missing links in equation 1. This
treatment gives a very minor importance to in-
direct taxes, but our conclusions on this matter
will change when we add the price and labor
market blocks to the model. Both taxes would
then have a direct effect on personal income, and
indirect taxes will also influence output prices.

EQUATIONS

Corporate profits, cash flows, and dividends

1. Ye =Y — DEP — Tr1 — Ts1 4 Grs — Gss
— Try — Tss+ Yen + INT + Grp
+ Gsp — Yu 4+ ERR

2. ZRE _ _ 0038 + 0386 U — 0776 (yl_, —1)
+ 65850,
8. Yer = Yo + DEP¢ — Tpc — Tsc
4, In (Trc + anzeEpp) = —.4161 + .7262 In i,
-7+- 1.0177 In (Yo — Tsc) + .85914_

6. Yop = .9906 + Z Ow.‘ Yer_i + 50004,
p=

we = .0600 ws = 0309 we = .0119
w, = .0485 ws = .0239 wy; = 0061
w, = .0390 wy = 0177 Zw;= ,2380
Federal indirect and social insurance taxes
6. Trr = Trx + Trep
7. In Trx = 1.0883 + .6315 In Cp + 1.1027 Int,
8. Trs = Tro + Trv + Trso
9. InTro =Into+ 9473 In Yy — .4384
10, In Try = Int, + 4480 In Y + 1.2887 In L.

+ 2.9812

GLOSSARY

(All flow variables from national income accounts,
seasonally adjusted annual rates, billions of current
dollars)

*Y = GNP

*DEP = total depreciation allowances

*DEP.= corporate depreciation allowances

Y. = corporate profits before tax (does not
include IVA)

*Yy = personal income

Yep = corporate dividend payments

Yer = corporate cash flows

*Erp

‘CP

*INT =

ERR

Trr
Trs

*Grs

*Gre

Tre
Trx
*Trep
Tro

Tru

*Trso

*Tsi

*Gas

*Tss

*Gsp
*T'sc

* Uy

k

.,

.,

.to

*t

*‘ul‘c

lllal

b

It

expenditures durables

equipment

personal consumption expenditures

net interest paid by government and by
consumers

Federal unemployment benefits less sta-
tistical discrepancy less net wage accruals
less inventory valuation adjustment

Federal indirect taxes
Federal social insurance contributions

Federal subsides less current surplus of
government enterprises

Federal transfer payments to persons less
unemployment insurance benefits

Federal corporate profits tax accruals
Federal excise taxes
Federal customs duties

on producers’

Federal social insurance contributions
for old-age, survivors, disability insur-
ance

Federal social insurance contributions,
unemployment insurance

Federal social insurance contributions,
other
State and local indirect taxes

State and local current surplus of gov-
ernment enterprises

State and Jocal social insurance contribu-
tions

State and local transfer payments
State and local corporate taxes

FRB capacity utilization rate for ma-
terials, decimal

rate of tax credit for producers’ durable
equipment, decimal

Federal corporate tax rate, decimal
Federal excise tax rate, decimal
Federal OASDI tax rate, decimal
Federal unemployment insurance tax
rate, decimal

labor force covered by unemployment
insurance over total labor force, decimal
proportion of producers durable equip-
ment eligible for tax credit, = .4139
from 1962-66

previous error term in appropriate equa-
tion



