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MACROECONOMICS
DISCRETION IN THE CHOICE OF MACROECONOMIC POLICIES

BY KENNETH GARBADE*

This paper explores the quantitative implications for aggregate ecoromic performance and stahility of
conducting a discretionary policy develaped from the theory of feedback contral of stochastic systems.
The control scheme applied here pariitions the policy problem int a deterministic planning problem and
a stochasiic stabilization prablem. The results indicate that significant guins are available from a dis-
cretionary policy ecer a nou-discretionary policy ef fixed instrument choices.

Whether macroeconomic policy for the United States should admit an element
of discretion has been an issue among cconomists for over a decade, and is recog-
nized as one of the principal elements of the monetarist-fiscalist debate. The
question has typically been addressed by characterizing the dynamic aspects of
the American scononiy and then asking whether the performance of an economy
with such characteristics could be improved by allowing discretionary changes
in policy choices from time to time. For example, in his recent review article
Leonall Andersen (1973) notes the fiscalist view that exogenous disturbances of
the economy “lead necessariiy to recurring fluctuations in output and prices
which are of a cyclical nature,” and the fiscalist belief that “there does not exist
a sell-correction mechanism™ for those fluctuations. As a consequence of tliese
views and beliefs, Andersen observes, fiscalists “hiave advocated very active
stabilization actions in the short run. Even if a disturbance is absorbed, the timc
interval is considered to be so long that economic welfare will be greatly reduced
il short-run stabilization actions are not taken.” On the other hand, Andersen
continues, “monetarists contend that our economic system is such that disturbing
forces . . . are rathcr rapidly absorbed and that output will naturally revert to its
long-run growth path following a disturbance,” and they believe “‘that the economy
is inherently stable, thereby requiring no off-setting actions.”

This paper presents quantitative results on the merit of a discretionary policy
relative to one that sticks to pre-selected instrument choices regardless of the
evolution of the economy. Rather than follow the historic hne of debatc and
examine the dynamic characteristics of a model of the economy we choose instead
to examine the consequences of applying a specific discretionary policy. The set
of policy tools and the type of discretion we consider are both limited. Only a few
well-known and easily quantified instruments, including government expenditurcs
and & tax surcharge variable, are treated. We do not address the problem of
choosing policies ¢f a microeconomic nature, e.g., anti-trust policy or wage and
price controls. The discretion we permit is limited to a functional relationship

* The author would like o thank Gregory Chow and Ray Fair for many helpful suggestions during
development of the econemic model used in this paper. and Andrew Abel and William Silber for
cxpositional suggestions. He would also like 10 thank Hank Berkley. Bernard Chester and Duval
Thompson for assistance in computer programming and Silvia Yanky for preparation of the typescript.
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between the magnitude of policy instruments in the current period and the state
of the economy in past periods. Once these relationships have been defined the
element of choice disappears. o

The first section of the paper relates the method of analysis. placing it in
the context of previous work by economists and control engineers on the feedback
control of dynamic sysiems. Here we develop the relationship between instrument
choices and past states of the economy characterizing our discretionary policy.
The second section briefly describes an econometric model of the post-World
War Two United States economy and the criterion function which we use to
measure macroeconomic performance. The third section presents the optimal
instrument values for the model with respect to the criterion function when
uncertainty is ignored. The last section presents results from simulation of the
model in the presence of uncertainty when policy choices are first kept constant
and then permitted to vary in response to past states of the economy. The results
focus on the contribution of a discretionary policy to stabilization of economic
activity and to the improvement of average economic performance as measured
by the criterion function.

1. METHOD OF ANALYSIS

Consider an economy described by the reduced-form dynamic model:

(1a) Xo= flx,_;.u,G) t=12,...
(1b) Xo = X
(Ic) ‘:r ~ p(cr)

where x, is the n-dimensional vector representing the state of economic activity
in time ¢, u, is the m-dimensional vector of choices for the policy instruments and
{, 1s a vector of random exogenous disturbances with density function p((,). We
assume ¢, and ( are statistically independent for ¢ # 5. The econometric model
presented in Section 2 can be considered to be in the form of equation (1). Unless
the dynamic structure of the system is trivial, eg. x, = flu,.{,), realizations of {,
affect the state of the economy in periods after time ¢ as well as in time . Whether
such exogenous effects are persistent or dissipate rapidly can only be discovered
by inspection of the actual model, so the gencral form of (1) does not pre-judge
either the monetarist or fiscalist positions on the matter of persistence of exo-
genous shocks.

In order to select values for the policy instruments we require a criterion that
indicates whether a particular policy strategy is better or worse than another
strategy. Our criterion is a serially additive loss function on a state trajectory of
finite duration :

T
(2) LX)=Y% f%) Xx-= (Xo Xy, .., x7)

t=1

where f is a scalar-valued function of the state of the economy in period 1. We
exhibit the actual loss function used in this paper in Section 2.
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The optimal policy strategy is obtained by solving the problem of choosing

feedback functions:

(3) u, = g(x,_,) t—1....T

to minimize the expectation of loss subject to the constraint of the model. This
problem can, in principle, be solved by application of the principle of dynamic
programming (Bellman, 1957). Ifno restrictions are placed on the class of admissible
feedback functions the optimal functions will generally not be constant with
respect to state. Thus optimal discretion in the choice of policies will improve the
performance of the economy as measured by the expectation of loss, and restriction
of the policy strategy to state-invariant policies will result in at least as large an
expected loss. However, in the extreme case of a trivial dynamic model, x, = S, £,
where persistence is absent, the optimal feedback functions are in fact constant
with respect to x,_,.

As is well-known (Astrom 1970, Chow 1972a, for example), the special
case of a linear model and quadratic loss function leads to analytic expressions
for the feedback functions. Quantitative aspects of that problem in a macro-
economic context have been investigaied by Chow (1972b). As a practical matter
for most other models or loss functions the feedback functions of equation (3)
may be impossible to obtain analytically. Since the model we use here is non-linear,
and the loss function is non-quadratic, an approach other than direct application
of dynamic programming is required.

The mean disturbance method, well known to control engineers and sum-
merized by Athans (1972), is one possible alternative. The method begins by

asking for that policy sequence, U = (u,, ..., u;), which solves the deterministic
problem:
T

{4a) min ) f9(x,)

U =1
subject to:
(4b) X, = filx,qony, E()
(4c) Xy = X

derived from the original problem by replacing the random vector {, with its
expected value. This replacement is admittedly ad hoc, and the resulting deter-
ministic model may not exhibit any particularly desirable properties. For example,
as Howrey and Kelejian (1971) have noted, unless the model is linear it may not
follow that:

(5) E(j;(,\',_ 1ol ‘::)lxx- 1 ll,) = j;(.\', -1l E(Cr))

but we hope the true property is not too different from (5). In replacing the
disturbance with its expected value some comfort is derived from the observation
that most simulations of macro-econometric models are presented for model
(4b), derived from (la) in the manner prescribed. [Nagar (1969) is an exception.]
Computation of the solution to problem (4), while perhaps difficult, is not im-
possible, since it requires minimization over a finite number of parameters (Canon,
Culium and Polak 1970, Polak 1971 and Himmelblau 1972).
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Let U be the solution to problem (4). which we will call the “ncunj_nul“ policy
sequence, and let X be the nominal state trajectory associated with U by mo_dcl
(4b, ¢). In Section 3 we present the values of U and X for the model and loss function
deseribed in Scction 2. 1T we mvariantly apply policy u, in period t the cconomy
will evolve according to the model -

(6a) Xo= M i) =1, T
(6b) No = Xg.

For the purposes of this paper we identify equation (6) with an economy operating
under a non-discretionary policy. recognizing. however. that there are other
methods of computing fixed policy strategies which yield sequences different
from U, eg. open-loop optimal control of stochastic systems. In Section 4 we
present the estimated expected loss (as an objective measure of performance) and
the standard deviations of selected components of state (as a subjective measure
of stability) derived from Monte Carlo simulation of model (6).

Since state depends on the realization of the random vecters. as well as on
the choice of policies. we do not anticipate that state trajectory ¥ will occur in
any given simulation, but rather anticipate that the proximity of the economy
to the contemporancous nominal state will become increasingly uncertain through
time. Since X was the optimal state trajectory subject to the constraint of the
deterministic model. a reasonable. albeit heuristic. discretionary strategy might
be to stabilize the state of economic activity around the trajectory X. As described
by Athans (1972) the second stage of the mean disturbance approach employs
a first-order expansion of the original state model about the point (X, .10, B
to model the propagation of deviations in state from the nominal trajectory:

(7) Ax, = A4, Ax,_+ B Au, + ¢,

where Ax, = x, - 3. Au, = u, —w, 4, is the Jacobian of S, with respect to the
state vector, 3B, is the Jacobian of £, with respect to the policy vector. both evaluated
at[x,_.,, i, E(,)], and e, is an n-dimensional random vector representing both the
nigh-order terms in the expansion and the first-order contribution of the original
¢, vector. We seek to keep Ax, small. subject to the modei of equation (7), and
represent this objective as the linear/quadratic stabilization problem :

T
(8a) min E( Y 1AxK, A.\',)
t=1
subject io;
(8b) Ax; = 4, Ax,_| + B, Au, + e,
(8c) Axg =0

where K, is a positive-semi-definite matrix. For this paper we define K, as the
Hessian of /0 evaluated at X;. Problem (8) is well-known with exact solution
given by:

(9) Au,:G,A\;-l r=1....7
with feedback matrix:
(10a) G, = —(B,'H,B,)”‘B,’H,A,
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and Ricatti cquation:
(10b) H,_ . =K, , +(d, + BGYH/A, + B,G) 1= T...2
Hy = Kq.

The feedback function of {9) tells us how to alter policy in period 1 away from
the nominal policy in response to a realization of state away from the nominal
state. Noting that Au, = u, — i,, discretion is represented by the feedbuck function:

(1) =i, + Gx, — X, y)

This function is in the generai form of equation (3) but is not necessarily optimal
since it may not satisfv the necessary conditions derived from dynamic programm-
ing. When the feedback function of (11) is incorporated into the original stochastic
model the system becomes:

(12a) No= Sl 0+ Gl _y — X200 t=1..... T
(lzb) .\‘0 = 'TO'

We identify equation (12) as representing the economy operating under a dis-
cretionary policy. In Section 4 we present the results of Monte Carlo simulation
of (12), again exhibiting the estimated value of expected loss and the growth in
uncertainty abeut future states of economic activity.

It is informative to economists to look upon the mean disturbance approach
to the problem of feedback control of a stochastic economy as offering a solution
in two parts. The first part is the nominal pelicy sequence, and provides a long-
range policy plan to administrators. The second part, consisting of the feedback
matrices G,, provides a response rule for altering planned policy in the face of
random and unanticipated changes in the state of economic activity. Future
conditions may force change in planned policy, but if the stochastic components
of the economy are not large relative to the predictable components, one expects
that actual choices will be in a neighborhood of the planned choices. Moreover,
if the effects of the random disturbances on the state of the economy do exhibit
persistence, a scheme which takes timely action to offset the disturbances may
contribute significantly to stabilizing economic activity. In so doing the scheme
may forestall development of a situation where a major shift in policy is neces-
sitated in order to cut off an extended boom or to pull the economy out of a reces-
sion. It remains to be established, however, whether the mean disturbarice approach
will actually dominate the non-discretionary policy. Since the feedback function
of equation (11) 1s likely sub-optimal it is not obvious that the non-discretionary
policy will actually result in poorer economic performance compared to the
performance of the discretionary policy.

2. AN EcoNOoMETRIC MoODEL ant Loss FuncTion

The model used in this study is organized about a market for aggregate
product, a labor sector and a financial sector. It is a quarterly model estimated ori
data from 1947/1-1969/1V and based on the National Incom¢ and Product
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Accounts (NIA). The model provides the linkage between 'ch(‘nces for a set of
familiar policy instruments and the behuv.ior qf some grmcnpal n‘was.urcs of
aggregate activity like unemployment and inflation. l)c.lzulcd equations of the
model are listed in the appendix. We present here a brief description of those
equations. . .

The market for gross private product is patterned on an income-cxpenditure
structure. summing up the components of demand in. the NIA ‘produc{ account
and then working down the income side to arrive at disposable income. Demand
for privately produced goods and services comes from four sectors. Households
spend their disposable income on consumer services (Al), nqn-durable goqu {IAZ)
and durable goods (A3). Businesses invest in plant and eqmpmcnt.to maintain a
constant capital/output ratio (A4). and in inventories as a functlo.n of current
and lagged sales and the lagged stock of inventorics (AS). Investment in residential
structures follows from contemporaneous and lagged housing starts and the
lagged stock of residential structures (A6). Imports adjust to a long-run leve!
specified as a linear function of the rate of production (A7) while exports follow
a simple autoregressive structure about a time trend (A8). Government purchases
of privately produced goods and services arc a policy instrument of the model.
Gross private product is the sum of demand from the four sectors {A9), and gross
national product is obtained by inflating private product and adding compensation
of government employees (A 10). The latter is an instrument of policy in the model.

On the income side gross corporate carnings are a function of current and
past private production (A11). Dividends follow a lagged adjustment process on
earnings (A12). Federal and state and local indirect business taxes are a function
of current consumption expenditures (A13 and A14). The function for Federal
taxes uses a dummy variable to split the sample period as a result of the Excise
Tax Reduction Act of 1965, while the function for state and local items uses a
linear time trend on the coefficient to model secularly changing schedules. Federal
personal taxes are a function of personal income plus contributions for social
insurance less government transfer payments less state and local personal taxes
{A15). The sample period is split by a dummy variable to account for the reduction
in tax rates in 1964. A scaling factor for the federal liability schedule. S. is a policy
instrument of the model. This factor was unity over the sample period except
during 1968/111-1969/1V when it was 1] corresponding to the 10 percent surcharge
of that period. State and local personal taxes are a function of personal income
plus contributions for social insurance Jess government transfer payments (A16).
Contributions for social insurance are a function of the collection rates for the
OASDHI program and for the federal unemployment insurance program and of
personal income plus contributions Jess transfer payments (A17). Transfer pay-
ents are a function of the population over age 65. a benefit schedule factor for
old age and survivors insurance, and the number of workers unemployed (A18).
A dummy variable is used to account for the substantial increase in transfers
which occurred when the Medicare program was introduced in 1965. Miscel-
lancous items in the income account are summarized by an autoregressive
process about a time varying average (A19). Disposable income is the difference
between gross national product and intermediate items in the income account
(A20).
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The labor sector traces demand for labor services from man-hours paid for
(A21) as a function of the rate of production to private non-farm employment
{A22) as a function of manhours paid for. Farm employment is assumed to follow
a simple trend model (A23) and government employment is a policy instrument of
the model. Summing private non-farm, farm and government employment yields
total employment on a jobs filled basis (A24). The labor force employed follows
from total employment on an assumption that multiple job holding is sensitive to
the opportunity for employment as measured by the unemployment rate (A25).
The total labor force (A29) is the sum of the participation of three groups. males
age 25 to 54 (A26), other males (A27) and females (A28). The unemployed labor
force is the difference between the total labor force and the employed labor force
(A30).

The financial sector consists of equations for the corporate bond rate, change
in deposits at financial intermediaries and demand for transactions balances
(currency and demand deposits). The bond rate is assumed to adjust to an equi-
librium level given by the Treasury bill rate and a proxy for the expected rate of
inflation (A31). Demand for demand deposits follows an interest-elastic pro-
portional transactions demand model with the bill rate and disposable income as
the arguments (A32). Demand for currency follows the same type of model using
the bond rate as the interest argument (A33). The change in savings deposits at
commercial banks, savings and loan associations and mutual savings banks is a
fraction of disposable income not expended on consumer goods and services,
with the fraction varying with the spread between the bond and bill rates (A34).
The change in deposits at savings and loan associations and mutual savings
banks is a simple fraction of the change in savings deposits which varies linearly
with time (A35). The model wili accept either the bill rate or the money supply
(defined as currency plus demand deposits) as an instrument of policy. In this
study we use the bill rate as the policy variable, leaving the money supply as an
endogenous state variable.

Explanation of housing starts, the proxy for the expected rate of inflation
and the level of the price deflator for gross private product completes the behavioral
equations of the model. Housing starts are assumed to follow from the flow of
funds to the two major suppliers of resideniial mortgages, savings and loan
associations and mutual savings banks, and from the change in Federal Home
Loan advances to savings and loan associations (A36). The latter is an instrument
of policy in the model. The proxy for the expected rate of inflation is a convex
combination of its lagged value and the lagged value of the actual rate of inflation
(A37). The current rate of inflation is a function of the proxy for the expected rate
and the difference between the actual rate of preduction and a standard rate of
production based on an unemployment rate of four percent (A38). The price
deflator follows immediately from the rate of inflation (A39). Four indentities
yield the end of quarter stocks of consumer durables (Ad40), producers plant and
equipment (A41), residential structures (A42) and business inventories (A43) as
the sum of current gross additions and the undepreciated portion of the previous
period stocks.

There are three central elements of the medel for policy purposes. The first
is the demand for iabor services as a function of gross private preduction coupled
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with the appearance of inflaticnary pressure when production ri:sef; above 'thc
standard rate. These two phenomena define the short-run Phillips relation
between unemployment and inflation. Increases in ¢ither government 'purch:xs'cs
of privately produced goods and services or governmeni compensation of its
employees adds to demand, the former directly and the latter thrgugh the con-
sumption functions. The consequent stimulus to the rate of production both ddds
to the inflationary pressure on the economy and reduces unemployment. The
Phillips curve of the model is horizontal with respect to cotemporangous changes
in policy. Over progressively longer runs it grows §teuc'i|ly steeper QUe to the
presence of the proxy for the expected rate of inflation in the equation for the
actual rate of inflation.

The second central element of the model is the elasticity of aggregate demand
and production with respect to change in the Treasury bill rate. This elasticity is
derived by tracing through the effect of the spread betweep short a'nd long term
interest rates on change in savings deposits to change in thrift deposits to housing
starts and finally to investment in residential structures. The third central element
is the direct effect on the unemployment rate of a change in government employ-
ment.

In constructing a loss function on economic performance we were concerned
with specifying two objectives. Our major interest with respect to the variables of
state was stabilization of the rate of unemployment at four percent and stabilization
of the price level. Of subsidiary interest was increasing consumption and stocks
of residential structures. The second major objective was stabilization of the change
in the policy instruments from quarter to quarter in order to guard against
unreasonably large fluctuations in those instruments. We chose as the single-
period loss function the form:

(13) 19 = (0.99251(16.66(Rp) + 33.33 (Ru — 4.0)2
— 200[(Es + En + 02478 Kd)/Pt] — 10.0(Kh/Pr]
+[(G ~ 101157 G_,)2.22]* + [(Eg — 100930 Eg_ ,)/0.100)2
+ [(Rih — Rib_,}0372]% 4 [(S — 1.0)/0.025]?
+ [(FHL — P FHLY0.882} + 100.0((Yg — P W3 Eg)/0.770])

The first term indicates our preference for a four percent rate of unemployment
(Ru)and zero inflation (Rp). The second and third items account for our preference
for greater per capita consumption and residential housing. The next five items
serve to stabilize government purchases of privately produced goods and services
(G), government ¢mployment (Eg). the Treasury bill rate (Rth), the federal personal
tax scaling factor (S) and Federal Home Loan advances (FHL), respectively.
FHL is a target level of deflated advances constructed from the predictions of a
siniple time trend on actual deflated advances, The last item ties government
compensation of its employees (Yg) to the number of employees through a per
capita real wage index (Wg). The index was constructed from the predictions of
a time trend on the actual real wage of employees.

To specify the numerical parameters of the loss function we inspected the
post-war behavior of the policy instruments. Estimation. e.g.. of the simple

222



quarterlymode! G = fiG | + { revealsthat government purchases have grown on
average at a rate of 1.157 percent per quarter with a standard error of 2.22 billion
dollars at 1958 prices. Arguing that such long-term behavior stems from causes
other than management of aggregate activity, for example, meeting demands for
public goods, it seems reasonable to penalize short-run policy choices when they
deviate from trend behavior. The term (G — 1.01157G _)2.22] represents a
normalized measure of the deviation of current government purchases from the
target level of 1.0!1157 G _,. The construction of the quadratic stabilization terms
for government employment, the Treasury bill rate, Federal Home Loan advances
and government compensation is similarly motivated. The absolute weights on
unemployment and inflation are arbitrary but the relative weights were chosen
to penalize an increase in the unemployment rate above four percent twice as
heavily as an equal increase in inflation above zero. In the absence of any theory
on the construction of loss functions defined over alternative states of aggregale
activity, particularly in those cases where primary concern is directed towards
unemployment and inflation, any parameter choices are somewhat arbitrary.
Ourapproach in developing normalized peralty functions for instrument stabiliza-
tion was to narrow, however incompletely, the limits of choice. Only after scveral
quantitative studies have been reported, e.g.. Pindyck (1973) and Chow (1972b).
will we begin to see whether optimal policies are robust with respect to specification
of the loss function.

We chose a planning interval of eleven quarters. Earlier work with the model
(Garbade 1975) has shown that optimal policy choices exhibit a noticeable
influence from the proximity of the planning horizon in the last four quarters,
so T'= 11 gives us scven quarters of meaningful policies. More arbitrarily we
choose 1960/1 as the initial quarter, and set the initial state vector X, to its historic
value in that quarter.

3. THE NomiINAL POLICY SEQUENCE AND STATE TRAECTORY

Table 1 presents the quarterly sequences of each of our six policy instruments
which are optimal for problem (4). For comparison we also exhibit in Table |
the historic choice of policies over the same interval. Note that while optimal
government purchases (G) fluctuate over the planning interval, government
employment (Eg) and hence government compensation (Yg) grow monotonically,
albeit at a slightly declining rate through time. With respect to the criteria of
unemployment and inflation with which we are primarily concerned, better
performance is evidently obtained by government spending on direct employment
rather than seeking an indirect stimulus to cmployment by purchases of privately
produced goods and services. The Treasury bill rate is steady, and Federal Home
Loan advances grow evenly until the last year of the planning interval. It is
interesting to note that the federal personal tax scaling factor hardly varies from
its no loss value of unity. The choice of fiscai policy which is optimal for the model
and loss function is quite stimulative, and occurs entirely as an increase in ex-
penditures rather than as a decrease in tax rates.

Table 2 shows the nominal and historic development of gross private produc-
tion (X), the rate of inflation (Rp) and the labor force unemployed (Lu) over the
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TABLE |
DyYNAMIC CHARACTERISTICS OF POLICY

Disc Results Disc Resubs .
Historic Nominal Mean  Std Dev Historic Nominal Mean  Std Dey
Government Purchases (G) Government Compensation (Yg)
46.0
| 50.6
1960/11 50.9 517 517 00 470 48.7 48.7 00
1 51.6 531 53.0 207 48.1 512 5L 0.52
v 52.2 54.2 54.0 2.76 488 538 536 0.94
61/1 534 54.3 543 284 49.5 56.4 56.2 118
? /Il 55.2 53.6 535 424 50.3 59.0 583 1.44
1 573 522 52.2 467 51.2 61.6 61.4 196
v 57.2 51.1 50.4 3.74 52.6 64.3 64.1 236
1962/1 59.0 505 490 364 53.8 66.7 66.4 267
il 60.8 514 494 439 54.4 69.1 68.6 2.56
Iil 60.6 535 517 6.00 54.8 713 710 212
v 61.6 356 537 6.48 55.7 735 29 3.77
Government Employment (Eg) Federal Tax Scaling Factor (5)
1960/1 9.75 1.000
11 9381 1018 10.18 00 1.000 1.000 1.000 0.0
i 9.80 16.57 10.55 0.108 1.000 0.999 0.999 0.005
v 9.85 1095 10.95 0.186 1.000 0.997 0.998 0.006
1961/1 9.92 11.39 11.35 0.227 1.000 0.998 0.997 0.006
1 9.96 11.79 11.74 0.275 1.000 0.999 0.998 0.007
11 1007 12.19 12.15 0.367 1.000 1.000 0.999 0.006
v 1031 12.56 12.52 0453 1.000 1.001 1.002 0008
1962/1 10.52 12.90 12.83 0.505 1.000 1.003 1.005 0.006
] 10.60 13.21 13.11 0.470 1.000 1.003 1.003 0.007
m 10.64 13.48 13.40 0.458 1.000 1.000 0.999 0.00s
% 10.68 13.73 13.63 0.478 1.000 0.996 0.996 0.004
Treasury Bill Rate (Rtb) FHL Advances (FHL)
1960/1 394 1.52
I 309 39 392 0.0 1.77 191 191 00
m 239 387 387 0.060 1.74 1.88 181 0.440
v 2.36 382 382 0.096 1.98 211 205 0.534
1961/1 2.38 i 378 0.081 1.48 2.16 2.18 0603
Il 233 m 37 0.109 1.87 225 230 0615
m 233 i 376 0.126 242 2.54 2.66 0.617
v 248 380 380 0.120 2.66 2.719 283 0.703
1962/1 2.74 383 386 0.097 215 2.91 283 0.532
1 272 283 387 Q.108 276 2.03 2.01 0.563
1 2.86 375 378 0.129 304 2.32 239 0.460
Iv 2.80 3.69 373 0.143 348 3.26 323 0.342

e

Planning interval. Since the historic state trajectories reflect the contribution of
the historically realized random disturbances as well as the historic choices for
policy instruments, comparison of nominal and historic states is not entirely
valid. We display both to give the reader a reference benchmark for the level of
the nominal states. The stability of nominal inflation at about two percent and
nominal unemployment at about 3.4 million workers (corresponding to an
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TABLE 2

DyNAMIC CHARACTERISTICS OF STATE

Historic

Standard Deviations

Nominal Mcan States
States States Non-disc Dasc Non-disc Disc
Gross Private Product {(billions of dollars at 1958 prices)
1960/1 4470
1 4458 450.1 4492 4492 385 185
] 4435 4515 4495 4495 720 596
v 4395 451.0 4483 479 8.50 6.26
1961/i 4384 4539 451.2 4509 952 6.13
1l 4484 456.4 4538 4535 1184 6.41
il 456.6 4570 4542 4540 14.10 742
v 466.0 4579 456.5 4558 14.56 8.05
1962/1 4730 461.3 461.5 459.2 13.79 9.37
1 4808 464.5 466.9 4629 12.80 R.68
m 486.3 4703 476.7 4714 1409 8.53
v 4913 4826 4929 486.2 18.52 9.06
Rate of Inflation (percent)
1960/1 1.80
1 1.70 1.86 206 206 111 111
1 0.67 1.88 210 2.10 1.03 1.03
v 196 1.87 1.71 1.69 138 1.35
1961/1 093 1.80 1.74 1.71 LIl 1.04
1 0.12 1.86 1.68 1.65 1.21 1.17
m -0.08 1.92 234 231 125 1.17
v 1.97 1990 188 1.86 1.55 1.32
1962/1 1.32 1.89 1.96 191 1at 1.40
1 0.52 1.97 220 207 148 143
m 083 204 229 208 1.52 1.38
v 1.14 217 2.56 2.28 1.74 140
Labor Force Unemployed (millions of workers)
1960/1 3.557
1 3.652 3492 3.419 3.419 0.338 0.338
m 3.889 3.382 3274 3.291 0436 0.383
v 4.400 3416 3.284 3.322 0.558 0423
1961/1 4.785 3432 3.298 3.339 0641 0419
11 4.927 3429 3.390 3.430 0843 0.482
11 4.762 3446 3.362 3.388 0874 0515
v 4.348 3481 3329 3372 0.862 0479
1962/1 3958 3478 3.336 3.447 0.748 0.297
1 3871 3460 3323 3.513 0.680 0.335
il 3931 3435 3.178 3427 0.763 0.363
v 3911 3.262 2932 3.255 0.883 0.490

unemployment rate of 43 percent) is striking. The rise in production and dip in
unemployment in the last quarter (1962/1V) clearly reflects the influence of the
proximity of the planning horizon on the nominal policy choices. Table 2 also
presents the nominal and historic trajectories for expenditure on consumer
durables (Ed), investment in plant and equipment (Ip) and investment in residential
structures (ITh). With the exception of the former there appears to be little difference
in the nominal and historic patterns. The minimum value of loss attained by the
optimal policy sequence and associated state trajectory was 449.12.
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TABLE 2 _
DyNaMi¢C CHARACTERISHICS OF STALE (continued)

» Historiv Nominal Mean Stutes Standard Deviations
States States Non-disc Disc Non-dis¢ Dis¢

Expenditures on Conswner Durables (billions of dollars at 1958 prices)

‘ 454

1960 :] 45.6 46.6 46.1 46.1 1.89 1.89
[T} 45.0 474 46.8 46.8 285 235
Iv 415 479 473 47.2 275 263

1961/1 41.7 488 48.1 48.0 302 2.86
11 43.2 49.6 48.7 48.6 352 295
] 44.5 50.1 494 49.3 336 258
v 46.3 50.6 50.1 50.0 429 340

1962/1 48.1 510 51.0 50.7 402 351
I 48.1 518 5§22 51.6 4.00 339
1] 497 529 54.1 §3.3 490 4.14
v 508 549 56.9 55.9 S.10 399

Investment in Plant and Equipment (billions of doliass at 1958 prices)

1960°1 46.6
it 476 480 4719 479 1.00 1.00
I 470 48.3 484 484 1.78 1.57
v 470 478 479 478 213 1.59

19611 49 47.5 47.7 47.6 261 1.85
11 446 473 473 47.2 3.69 2.54
i1 457 47.0 46.0 46.5 459 287
v 46.6 46.6 46.6 46.4 469 2.64

1962/1 476 40.6 470 40.6 4.36 2.26
8 49.3 46.8 477 46.9 391 214
ni 511 47.5 49.5 483 4.17 288
iv 50.7 494 §2.2 50.5 S 316

Investment in Residential Siructures (billions of dollars at 1958 prices)
19601 237

1 220 225 226 2.6 0.79 0.79
ni 210 22 221 221 [N 1i§
v 207 209 208 20.7 1.59 1.79
19611 209 225 223 224 1.66 207
1 211 231 229 230 1.45 1.7
H1 216 220 221 222 1.46 1.67
v 226 214 214 214 1.34 1.52
1962 1 231 228 226 224 1.32 1.60
H 238 221 221 219 1.66 2.01
11 242 21.2 214 214 146 1.50
v 238 228 234 231 1.56 1.53

4. SIMULATION OF PoLiCY STRATEGIES FOR A STOCHASTIC ECONOMY

In this section we introduce uncestainty into our description of the economy
and study the impact on economic stability and performance of discretionary
change in the nominal policy sequence. In all cases 30 stochastic simulations of
the model provides the sample set for statistica} estimation.
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The expected value of the Joss function is perhaps the most comprehensive
single measure of economic performance. From the Monte Carlo simulations wc
obtained :

Non-discretionary Policy (the model ol equation {6))
Estimated Expected Loss 10,532.
Estimaied Standard Deviation of Loss  16,637.

Discretionary Policy (the model of equation (12))
Estimated Expected Loss 5,298.
Fstimated Standard Deviation of Loss ~ 4.698.

These results may be compared with the value of loss for the model simulated in
the deterministic mode of equation (4b, c) of 449.12. The consequence for loss of
a stochastic economy is clearly substantial. Equally obvious is the important
contribution of the discretionary policy in mitigating the effects of random shocks,
with expected loss reduced by 50 percent when discretion is permitted. This
estimate of a 100 percent increase in loss when policy makers follow a fixed
sequence of policy choices accords with the results of Chow (1972b) and adds to
the accumulating cvidence of the sacrifice in economic performance implicit in
the recommendation of a non-discretionary policy when a valid representation
of the economy is available.

Looking at the coniribution of discretion to stabilization of economic
activity, Table 2 presents the estimated mean trajectorics and the estimated
standard deviation about those trajectories of selected components of state for
both non-discretionary and discretionary policy strategies. In the mean disturbance
approach applied policy is altered away from the nominal policy only when the
realized state in the previous period differs from the nominal state. Since there is
no difference in the realized and nominal states in the initial period, the choice of
policy in 1960/I1 is identical in beth regimes (¢nf. equation {8¢) and the resulting
implication from equation (11) that u; = i) and the means and standard devia-
tions of state are similarly identical. After 1960/11 the policy choices generated by
a discretionary strategy can vary away from the nominal choice and we observe
a difference in the development of the means and standard deviations. One
obvious difference is the greater stability of economic activity, i.e., smaller standard
deviations, when discretion in the policy process is permitted. Uncertainty in
projected levels of private production and the unemployed labor force is reduced
about 50 percent by discretionary change in planned policics. The effectiveness of
discretion in stabilizing the ratc of inflation is not as great. but it is still positive.

Uncertainty in household expenditures on durable goods and in business
investment in plant and equipment is also reduced by a discretionary strategy.
Expenditures on consumner durables depend in part on the change in disposable
income {equation A3), which is stabilized by the contemporaneous effect of auto-
matic stabilizers (unemployment insurance, positive marginal tax rates, etc.) in
the structure of the economy. Investment in plant and equipment, on the other
hand, depends on the change in production (equation Ad), s0 it is not surprising
that the stabilizing effect of a discretionary policy is relatively greater for plant
and equipment. For two decades economists have commented on the important
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contribution tax and transfer programs have made to ef:onomic s‘tubility {Lewis,
1962 for example) because of their stabilizing effect on disposable income. .

Residential construction alone among the sectors of the economy displays
less stability when discretion is permitted. Table 2 indicates thai the degra.idation
is not substantial, the standard dewviation increasing about 20 percent with djs-
cretion, but this result does demonstrate the peculiar position of housing in bearing
a disproportionate share of the bundens of sh_ort-run nnz!crogconomlf: policy
actions. The existence of this problem has received attention in the literature
(Federal Reserve Staff Study: Ways to Moderate Fluctuations in Housing Con-
struction, 1972). It would be informative to explore the costs in terms of inflation
and unemployment of requiring greater stability in home buildirig by adding
terms to the K, matrices of equation (8a) penalizing variation in investment in
residential structures away from the nominal level of investment. Policy actiong
directed towards stabilizing home building activity have been undertaken from
time to time by the Federal Home Bank System, and there is some question whether
such actions have been consistent with the larger goals of macroeconomic policy.

Under the discretionary policy the chosen values of the instruments, depending
as they do on realized states of economic activity. are random variables after
1960/11. (Theyequalthenominalvaluesinthatﬁrstquarter.)We may, consequently,
inquire as to their estimated mean values and standard deviations. Table |
summarizes this information.

In the previous section we commented that optimal use of government
expenditure policy seems to apply the purchases component as a flexible nstru-
ment while compensation follows a secular schedule. Table | reinforces thijs
observation. The standard deviation of purchases under the discretionary policy
is anywhere from 50 percent to 100 percent greater than that of compensation.
This result on the relative variation of the two expenditure tools accords with
our intuitive observation that it is easier and more satislactory to alter a purchasing
pattern for goods than to hire and fire public employees.

Not only does the nominal Treasury bill rate remain reasonably steady
(the result of the previous section), the chosen bill rate is alsc not subject to sub-

by its unplanned variation in Tesponse to realized economic activity. The standard
deviation of the scaling factor in every quarter but the last exceeds the difference

a more ﬂexible. tax policy than that permitted in the present study. In particular,
1t would be of interest to determine whether a flexible tax policy could replace a

substantial part of the stabilization activity currently supported by variation in
government expenditures,
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One further observation which can be drawn from Table 1 is the evidence of
bias in the discretionary policy. Were the model linear and the loss function
quadratic the expected value of state under both the discretionary and non-
discretionary policies would equal the corresponding nominal state, and the
expected value of policy under the discretionary sirategy would equal the nominal
policy. The statistical evidence indicates that, for government purchases especially.
these equalities fail a significant number of times, and suggests a modification to
what we have called the program plan in the discretionary case. Let u; be the
expected choice of policy in period t and let x; be the expected state. Since

u, = i, + Gx,_, — X,_ ) by definition it follows that i = u, + G(xj_, — X,. )
and hence that:
(14) w=u + Glx,_, - x;{_,)

Since it is important to anticipate as much as possible future policy choices,
simulation of the model can generate unbiased estimates of the expected choices
and expected states of economic activity. The estimated expected policy sequence
would replace the nominal sequence as the program pian for administrators.
As economic activity unfolds through time, applied polictes would be altered
away from the expected policy in response to realizations of state away from the
expected state, according to equation (14). The numerical values of the applied
policies would be the same under this feedback function as under that of equation
(11), and the economy will still evolve according to equation (12). The only
difference is that the planned policies would be unbiased estimates of the policies
to be applied.

S. CONCLUSIONS

The results of this paper indicate that the recommendation of a non-dis-
cretionary macroeconomic policy may in some cases increase the expected value
of a loss function on economic performance by as much as 100 percent. While
the structure of any particular function might not command widespread acceptance,
our results concur closely with the independently derived results of Chow (1972b).
There also appear to be substantial gains available from a discretionary policy
in reduction of uncertainty about future levels of private production and unemploy-
ment. Less satisfactory implications for stabilization of the price level were
obtazined.

This study also pointed out the contribution of a discretionary policy
towards stabilizing investment in plant and equipment and the relatively smaller
reduction of uncertainty in expenditures on consumer durables. The least satis-
factory, but none the less enlightening. result was the demonstration that, without
special attention, the residential housing industry may be vulnerable to short-run
stabilization policies.

Continued research by economists will certainly investigate the effects of
relaxing some of the assumptions of the present study, especially that the behavioral
parameters of the model are non-random and egual to their estimated values.
(Tse (1974), Chow (1974) and Abel (1974) have already started in this direction in
economic contexts.) This study has shown that substantial benefits may accrue
to discretionary amendment of policy choices when the economy has been

229



adequately modeled. There is. of course. considerable (lgb;ntc on the structure
as well as on the parameter valucs of an zldcquul.c model. T h‘f policy program ang
fcedback functions developed for this study displayed dcslr‘ublc features wchn
applied to the model of the study, they may not appear so desirable when applied
to an alternative model. Thus, for economists. qcscrlbll]g how policy choices
affect economic activity is still a fundamental problem.

Even were the question of the model resolved, however. the question of 1o
what extent macroeconomic policy instruments, especially expenditure items,
are susceptible to short-run amendment would rc;muin. Lewis (1962) has zlddrcsscd
this question in an ex-post framework and Friedlaender (1968) has considered
some of the institutional reasons for suspecting that such instruments arc not all
that flexible. Pierce (1974) has pointed out that the Federal Reserve System. alone
among the institutions of government, has an ongoing policy review and revision
program. Federal tax policy. potentially the casiest instrument to change on
short notice, is not now suitable for economic stabilization. Congress has con-
sistently rejected Presidential requests for stand-by authority to impose pro-
portional changes in liability schedules. Economists might approach this question
of instrument fiexibility from two directions. First, within the current institutional
framework they can develop models of the degree of flexibility as a function of
time. While government expenditure policy next quarter :s likely highly inflexible.
cxpenditure policy six guarters ahead is much less so. This would lead to a
generalization of the usual exogenous/pre-determined dichotomy to a more
continuous scale of controllability for policy instruments. This issuc as it relates
lo control of monetary aggregates has reccived attention in a conference of the
Federal Reserve Bank of Boston (1972) and Pindyck and Roberts (1974). Second.
economists can investigate the degradation in economic performance occasioned
by instrument inflexibility. For example. how much is lost by restricting discretion
to only monetary instruments, and how much could be gained by opening tax
policy to short-run discretionary amendment?

New York University

APPENDIX : ALPHABETICAL LisT or SymBoLs

Curr currency in the hands of the public, NSA

DD demand deposits held by the public. NSA

Ed household expenditures on durable goods. 1958 prices

Ef farm employment

Eg* government employment

En houschold expenditures on non-durable goods. 1958 prices

Enf private non-farm employment

Es househoid expenditure on services, 1958 prices

Et total employment

FHL* Federal Home Loan advances to savings and loan associations

Fi imports, 1958 prices

Fx exports, 1958 prices

G* government purchases of privately produced goods and scrvices. 1958
prices

Gp government transfer payments 1o persons
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HS housing starts, NSA

Ih investment in residential structures. 1958 prices

Ip mvestment in plant and cquipment. 1958 prices

Ir investment in inventories. 1958 prices

Kd stock of consumer durables

Kh stock of residential housing

Kp stock of plant and equipment

Kr stock of inventories

Le labor force employed

Lf females participating in the labor force

Lml3 males 16-24 and over S5 participating in the labor force
I.m?2 males 25-54 participating in the labor force

Lt total labor force

Lu labor force unemployed

M manhours paid for

MT* money supply. NSA. (= Curr + DD)

Other other items in the income account

P implicit price deflator for gross private product

Reb Aaa corporate bond rate

Rp rate of inflation

R proxy for the expected rate of inflation

Rib** 90 day treasury bill rate

Ru uncmployment rate, (= 100 Lu/(Lm13 + Lm2 + L)
s* federal personai tax scaling factor

A Sav change in savings deposits. NSA

Te contributions for social insurance

AThr change in thrift deposits, NSA

Tibf federal indirect business tax and non-tax liabilities
Tibs state and local indirect business tax and non-tax liabilities
Tpf federal personal tax and non-tax payments

Tps state and local personal tax and non-tax payments

u residual of a stochastic equation displaying serial correlation
X gross private product, 1958 prices

Y gross national product

Yeor corporate earnings

Yd disposable income

Ydr corporate dividend disbursements

Yg* government compensation of its employees

NSA : not seasonally adjusted
* pelicy instrument
**either Rrh or M, may be taken as an instrument of monetary policy
APPENDIX . EQUATIONS OF THE MODEL
Al. Consumer Services
Es = —001115Pr + 0.02519 Yd/P + 0945 Es_, Pt/P1_, + 0.001 Pt {
s.e. = 4.270.
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.A2. Consumer Non-durables

En = 0.19142 Pt + 0.05258 Yd/P + 0.58957 En_, Pt/Pt_,
+ 0.16750 Es_, Pt/Pt_, + 0.001 Pt {
s.e. = 9.476.

A3. Consumer Durables

Ed = —0.30825(Pt — yd Pt_,) — 0.001683 [Pt(Rch + &3 — Rp)

—3d Pt_,(Reb_; + 85— Rp_,)] + 0.30476 (Ya/P — yd Yd _|/P_ )
+ 0.90307 Ed_, Pt/Pt_, + 0.004 Pt {
s.e. = 3.130.

A4. Investment in Plant and Equipment

AS.

A6.

Ip= —34.28(10 — 7p) + 034324(X — 5p X _,) + 091648 Ip_,
—LOTTIZ[M* — M_,) — yp(M* | — M _,)]
— 1.8801 [(Reb — R%)_, — 7p(Reb — R 1+ 4¢

se. = 02378 M* = 22405 + 0.76007 X exp(—0.02174 time).

Investment in Business Inventories

Iv = —65408 + 039895 FS_, — 0.82856 Kv_, — 0.39516 AFS
+0.79286 Iv__, + 0.39442 4 _, + {

se. = 2.734 FS=En+ Ed+ Fx — Fi+ G.

Investment in Residential Structures

Ih = 16.568 HS exp (—0.01675 time) + 16.033 HS_, exp (—0.01675 time)

+ 7.097 DI exp(—0.01675 time) -- 6.805 DI exp (— 0.01675 time)
+ 001651 Kh | +

s.e. = 0.467.
A7. Imports
Fi= -3929 +0.02025X + 0.79715 Fi_., + 041130u_, + ¢
s.e. = 0.682.
A8. Exports
Fx = —50.845 + 1.031 time + 0.57420 Fx_, +¢
s.e. = 0.762.
A9.

Gross Private Product

X=Es+En+Ed+1Ip+1Iv+1h+ Fx - Fi+G.
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A10.

AllL

Al2.

A13.

Al4.

Ale6.

Al7.

AlS8.

Gross National Product
Y=PX + Yg
Gross Corporate Earnings

Yeor = 0.704 + 0.01138 P X + 091509 Yeor_, + 038142 PAX + {

s.e. = 1.174.
Dividends
Ydv = 0.03300 Ycor + 0.82634 Ydv_, + {
s.e. = 0.355.

Federal Indirect Business Taxes
Tibf = Dibfa[16.096 — 0.38548 time + 0.06287 P (Es + En + Ed)]
+ Dibfb{5.076 + 0.02364 P (Es + En + Ed)] + 0.62210u_,+ {
s.e. = 0.234.
State and Local Indirect Business Taxes
Tibs = (—0.02636 + 0.00204 time) P (Es + En + Ed) + 0.87825 vy, + ¢
s.e. = 0.266.
Federal Personal Taxes
Tof = Pt (Dpfa $0.14656 [(Ygr/Pt) — 0.767] + Dpfb S[0.09774
+ 0.00766 (Ygr/Pt)][(Ygr/Pt) — 0.767) + 0.77301 u_, + {]
s.e. = 0.00460 Ygr=Yd + Tpf + Tc — Gp.

State and Local Personal Taxes
Tps = Pr(0.3321 — 0.00515 time — (0.14267 — 0.00255 time)( Ygr/Pt)
+ 0.89438 u_, + {)
s.e. = 0.00118 Ygr=Yd + Tpf + Tps + Tc — Gp.

Contributions for Social Insurance
Tc = Dca[0.78284 — 0.08687 (Ygr/Pt)] Rs Ygr + 0.49656 Dcbh Rs Ygr
— (0.68703 — 0.02163 time) Ru Ygr + 0.83111u_, + {
s.e. = 0.199 Ygr = Yd + Tpf + Tps + Tc — Gp.
Government Transfer Payments
Gp = (—2.6059 + 0.06011 time) B Page — (8.8679 —
— 0.13620 time) Dmed Page + 0.02831 time Lur + 047606 u_, + {
se. = 0.744.
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A19. Other Items in the lncome Acconnt

Other = 8.805 — 0.14035 time + 0.80711 Other | + ¢
se. = L.i75.

A20. Disposable Income
vd — Y — Yeor + Ydv — Tibf — Tibs — Tpf - Tps — Tc + Gp ~ Other.

A21. Private Non-farm Manhours Paid for
M = 11017 + 0.37275 X exp (—0.02175 time) + 0.50827 M,

+ 0.65574u_, + ¢
se. = 0.577.

[

Private Non-farm Employment
Enf = 0.29162 M exp (0.00339 time) + 0.27045 Enf
+0.79596 u_, + {

A2

s.e. = 0.120.

A23. Farm Employment
Ef = 4.740 — 0.05601 time + 0.73875Ef_ | + {
se. = 0.172.

A24. Total Employment
Lt = Enf + Ef + Eg.

A2S. Labor Force Empleyed
Le = (0.68004 + 0.27134 Lu_ /Lt _ ) Et + 027250 Le
+0.73997 u_, +¢
s.e. = 0.179.
A26. Prnime Age Males Participating in the Labor Force
Lm2 = Pm2(0.82661 — 0.00037 time — 0.06267 {Et; Pt) _,
+ 0.19985(Lm2/Pm2).., + {)
s.e. = 0.00154.
A27. Other Males Participating in the Labor Force
Lml3 = Pm13(0.19867 — 0.00201 time + 0.29002 (E1/P1)_,
+ 0.61997 (Lm13/Pm13)_, + ()
se. = 0.00372.
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A28.

A29.

A30.

A3l

A32.

A33.

Females Participating in the Labor Force
Lf = Pf{—0.02068 + 0.00105 time + 0.07356 (E(/P1) .
+ C.76931(Lf/Pf)_, + (]
s.e. = 0.00308.

Total Labor Force

Lt = Lm2 + Lm13 + Lf.

Unemployed Labor Force

Lu= Lt — Le.

Corporate Bond Rate
Reb = 0.062 + 0.25965 Rtb - 0.20874 Rth_, + 0.06763 R}
+ 093237Rch ., + ¢
s.e. = 0.100.

Demand for Demand Deposits
DD = (Rtb)™%-02*3%(yq)*-0"4%(p pp ,/p)°-92053 exp(—0.06313
— 0.03400 #1 — 0.00514 %11 + 0.00348 111 + 0.22363 4, + {)
s.e. = 0.00692.

Demand for Currency
Curr = (Reb)™ %-03098(Yd)? 10427(P Curr_ /P ,)°-#%373 exp (—0.21330
- 0.02944 &1 + 0.00621 .11 + 0.00359 111 + 0.23274 u _,
+9
s.e. = 0.00418.
Change in Savings Deposits
ASar = —1.268 .41 + 1.673 711 + [0.06145 + 0.08112 1
— 0.05235 711 - 0.03394 &1 + 0.01557 Rch (Reb — Reb)][Yd
— P(Es + En + Ed)] + 084227 u_, + ¢
s.e. = 0.852.

Change in Thrift Deposits
AThr = (1.23620 — 0.01177 time — 0.10470 &1 — 0.08007 #I11) ASa:
+ 049018 uu_; + ¢
s.e. = 0.457.
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A36. Housing Starts
HS = 1.10944 + 0.03477 AThr/[P exp (—0.01675 timc)]

+ 006817 (FHL — FHL _,)/[P exp (—0.01675 time)]
— 01717 &1 + 02125 1 + 0.1875 L1 + 067439 u_, 4 ¢

s.e. = 0.0847.

A37. Proxy for the Expected Rate of Inflation
Rp"=01Rp_, + 09 Rp~,.

A38. Rate of Inflation
Rp= Rp"+0.43080 — 0.03912(X _, — X _,) + 0.03329(Rp — Rp")_, +¢
se. = 1.231 X _, = 1.31567(M_, — 22.405) exp(0.02175 time)
M_, = 2.503 Enf.., exp (—0.00339 time)
Enf_,=1011Lt_, — Ef_, — Eg_,.

A39. Implicit Deflator for Gross Private Product
P = P_,(1.0 + Rp/100)°-%°.

A40. Stock of Consumer Durables
Kd=025Ed + ydKd_,.

A41. Stock of Producers Plant and Equipment
Kp=025Ip+ ypKp_,.

A42. Stock of Residential Structures
Kh=0251h + yhKh_,.

Ad43.  Stock of Business Inventories
Kv=0251v + Kv_,.

APPENDIX: PARAMETERS OF THE MODEL

Time-invariant Parameters (other than estimated behavioral parameters)

yd unity minus the quarterly rate of depreciation of consumer durable
goods (= 0.93129)

vh unity minus the quarterly rate of depreciation of residential structures
(= 099317)

yp unity minus the quarterly rate of depreciation of plant and equipment
(= 0.97180)

&8 compounded annual rate of depreciation of consumer durable goods
(= 24.78%)
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Time-varying Parameters

B compounded benefit index for OASDHI benefits, 1954/1V = 1.0

DI seasonal dummy for the first quarter of every year, DII. DIII and
DIV similarly

Page population age 65 and over, millions

Pf female population age 16 and over, miilions

Pm13 male population age 16-24 and 55 and over, millions

Pm2 male population age 25-54, millions

Pt total population over age 16 (= Pm13 + Pm2 + Pf), millions

Rs contribution rate for OASDHI program, fraction

Ru contribution rate for Federal Unemployment Insurance, fraction

F1 independent seasonal dummy for first quarter of every year,
(= DI — DIV), #1I and &1II similarly defined

time clock time index (= 47.00 in 1947/1, = 47.25 in 1947/11, etc.)

Schedule Shift Parameters (a special class of time-varying parameter)
Contributions for Social Insurance :
1. 1955/1-1965/1V
{0. 1966/1-1969/1V
Decb = 1.0 — Dcea

Federal Indirect Business Tax and Non-tax Payments:
1.0 1954/1-1965/1
Dibfa = 0.5 1965/11
L 0.0 1965/111-1969/1V
Dpfb 1.0 — Dibfa
Federal Personal Tax Payments:
1.0 1954/1-1964/1
Dpfa ={
0.0 1964/11-1969/1V
Dpfb= 1.0 — Dpfa.
Government Transfer Payments:
1.0 after 1966/1

Dmed = {
0.0 otherwise
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