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THE USE OF OPTIMAL CONTROL TECHNIQUES TO MEASURE
ECONOMIC PERFORMANCE*

By Ray C. Fam?

I. INTRODUCTION

It is 2 common practice in political discussions in the United States to hold a
presidential administration accountable for the state of the economy that existed
during its four-year period in office, Administrations are generally blamed for
high unemployment rates, low real growth, and high inflation rates during their
years in office and praised for the opposite. Although at first glance this seems
a natural way of evaluating the economic performances of administrations, there
are at least two serious problems with it. The first is that this kind of evaluation
does not take into account possible differences in the degree of difficulty of con-
trolling the economy in different periods. The economy may be more difficult to
control for one administration than for another either because of more unfavor-
able values of noncontirolled exogenous variables for one than for another or
because of a more unfavorable initial state of the economy for one than for an-
other (or both).

The second problem with evaluating the economic performance of an adminis-
tration on the basis of the state of the economy that existed during its four-year
period in office is that it ignores the effects of an administration’s policies on the
state of the economy beyond the four-year period. 1If, for example, an adminis-
tration strongly stimulates the economy in the year of the presidential election,
in, say, the belief that this might improve the chances of its party staying in pow-
er, most of the inflationary effects of this policy may not be felt until the next
four-year period. Any evaluation of performance that was concerned only with
the administration’s four-year period in office would not, of course, pick up these
effects.

The purpose of this paper is to propose a measure of economic performance
that takes into account both of these problems. The measure is based on the
solutions of optimal control problems. Tt requires that a welfare or loss func-
tion be postulated and that the economy be represented by an econometric model.
The welfare or loss function must be additive across time.

The measure is presented and discussed in Section 2, and then an illustration
of its use is presented in Section 3. The illustration in Section 3 consists of ap-
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proximate estimates of the measure for two different loss functions for the five
administrations between Eisenhower-I and Nixon-I. The main conclusions of
this study are summarized in Section 4.

2, THE MPASURE OF PERFORMANCE

2.1. The Definition of the Measure. The measureis easy to define. Consider
two consecutive administrations, called 1 and 2. The measure of performance of
administration 1, denoted as M, is defined to be the following (low values of M
are good):

(1} M = expected actual loss in administration 1°s four-year period in office
— expected loss in the four-year period if administration 1 had be-
haved optimally
+ expected loss in the next four-year period given that administration 1
did not behave optimally, but assuming that administration 2 did
- expected loss in the next four-year period if both administrations |
and 2 had behaved optimally.

The first two terms in {1} measure the expected loss that could have been avoided
during administration 1’s four-year period in office had it behaved optimally.
The other two terms measure the potential expected loss to administration 2 from
the fact that administration | did not behave optimally.

M takes into account both of the problems mentioned in the Introduction.
If the economy is difficult to control for administration 1, then the second term .
m (1) will be large, which will then offset more than otherwise a large value of
expected actual loss. The last two terms in (1) measure the effects of adminis-
tration 1’s policies on the economy beyond its own four-year period in office,
these effects being measured under the assumption that the next administration
behaves optimally. _

Although the emphasis in this paper is on the four-year periods of presidential
administrations, it should be clear that the definition of M can be easily modified
to fit other periods. If, for example, one were concerned with evaluating only
the first-quarter performance in a T-quarter horizon, then the first two terms in
(1) would refer to the first quarter and the other two terms would refer to quar-
ters 2 through 7. In this case, ‘‘administration 1 would refer to the policy
makers in quarter | and “‘administration 2 would refer to the policy makers in
quarters 2 through T.  Along this same line, it should be noted that although the
definition of M ignores the poteniial expected loss to administrations 3 and be-
vond from the fact that administration | did not behave optimally, it can be
easily modified to incorporate this loss. This can be done by just reinterpreting
administration 2 in (1) to be all administrations beyond 1 that are within, say, a
T-quarter horizon and replacing *‘next four-year period™ in the last two terms in
(1) by ““quarters 17 through T.” Since there is no important loss of generality
from ignoring these possible modifications of M, the following discussion will be



OPTIMAL CONTROL TECHNIQUES 291

concerned only with M as defined in (1).

2.2. The Computation of M, In order to compute the expected optimal losses
in the definition of M, it is pecessary to solve some stochastic optimal control
problems. This requires that a model of the economy be specified and that a
welfare or loss function be postulated. The model will be written as:

(2) ¢g(yts Ge—1s Zp Xp }Bg) = Ugrs (g e |, O),

where y, is a G-component vector of the endogenous variables, ¢,_, is a vector
of all lagged endogenous variables (including any endogenous variables Jlagged
more than one period), z, is a vector of the non-control exogenous variables, x,
is a vector of the control variables, f; is a vector of unknown coefficients in equa-
tion g, and u,, is an error term. If equation g is an identity, then uy, is zero for
all . The model is assumed to be quarterly. It will be useful for purposes of
the following discussion to let 8, represent the information on the coefficients and
the non-control exogenous variables that is available as of the end of quarter 1.

The value of loss in quarter ¢, denoted as L,, is assumed to be a function of y,,
" Gpes B and x,:

(3) : . Ly = hi(yy Gy 2 X0)-

The length of the control period for each problem is assumed to be T quarters,
and the loss function for each problem is assumed to be the sum of L, over the
relevant T quarters. For a problem solved at the beginning of quarter i, the loss
function, denoted as #,, is thus '

T i1
(4) .9’* = IE‘_ Lt'

Assume now that quarter ! is the first quarter of administration ’s four-year
term.. The stochastic control problem facing the administration at the beginning
of quarter 1 is to choose the values of x,,..., x; 50 as to minimize the expected
value of &, in (4), given the model, 4,, and #,. For nonlinear models, only
approximate solutions to this problem are available, and so the best that an ad-
ministration can be expected to do if the model is notilinear isto obtain aa approx-
imate solution. A number of approximate solutions have been proposed in the
literature, but it is unnecéssary for présent purposes to consider this question in
any defail.> An administration can merely be defined here as behaving optimally
if it obtains one of the proposed approximate solutions. To aveid tedious repe-

® I it is assumed, as in this paper, that an administration can reoptimize each quarter, then
for purposes of computing the optimal values for the first quarter of the control period, one need
not obtain feedback gquations.” The values of xy,...; xp that approximately minimize the ex~
pected value of & in (4Y can be obtained using standard algorithms for solving unconstrained
nonlinear optimization problems. This-procedure is discussed in Fair {1974bl. When this pro-
cedure is followed, the sxpected value of 27, can be obtained either by stochastic simulation or
{(Continued on next page}
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tition in the following discussion, values of the control variables obtained from
approximate solutions will be referred to as “‘optimal > values rather than as
“approximate optimal” values.

On the assumption that stochastic control problems can be approximately
solved, it is possible to describe a procedure for computing the expected losses
in (1). Let x¥ denote the optimal value of x, obtained from the minimization
of the expected value of &, given g, and 8,,* and let x¢ denote the actual, his-
toric value of x,. Given x? and x}¥, it is possible to compute part of the first two
terms in (1). The expected actual loss in quarter 1 is E(L,|x%, qq, &,), which
will be denoted as L, and the expected optimal loss in quarter 1 is E(L,|x¥, go,
0,), which will be denoted as L#¥# [Le—L# is the difference between the ex-
pected actual and optimal losses for quarter 1.

Now move on to the beginning of quarter 2. The expected actual loss in
quarter 2 is straightforward to compuie; it is merely E(L,|x3, g, 8,), which will
be denoted as £4. It is not, however, straightforward to compute the expected
optimal loss in quarter 2, since these computations must be based on the assump-
tion that the administration behaved optimally in guarter 1. The data that are
available are, of course, only for the actual behavior of the administration. The
procedure that can be followed in this case is the following., First, one has an
estimate of the actual error térms for quarter 1. Second, one has available x¥.

(Continued)

by setting the error terfis in the model equal to their expected values.  The first way is subject to
sampling error, but is otherwise exact with respect to computing the expected value, whereas the
second way is only approximate. The second way is, however, much cheaper than the first.  If
the second way is used, then the stochastic control problem is effectively converted into a series
of deterministic control problems, one per quarter. - It should also be noted that the only optimal
values of the control variables that would actually be used in practice by this pmceduro would be
the values for the first quarter, denoted, say, as x¥*, The optimal values for the second quarter,
for example, would not be used because in general different optimal values for the second guarter
would be computed when the administration reoptimized at the beginning of the second quarter.
When solving the control problem in this way, the length of the control period, 7, need only be
taken large enough to make the addition of an extra guarter to the length have a negligible
influence on »*. Another procedure for obtaining approximate solutions to stochastic control
problems for nonlinear models is to obtain a linear approximation to the model and a guadratic
approximation o the objective function gnd then solve the resulting linear-quadratic problem by
standard methods, Omne can then iterate on the approximations. This procedure does allow
feedback equations to be obtained. See Chow [1975, Chapter 12] for a discussion of this
procedure as well as a good discussion as to why all the currently proposed procedures for
nonlinear madels are only approximate.

3 At the beginning of guarter { the model can be reestimated through quarter 0 using the latest
revised data. The latest data and information can also be used to revise previous projections
of the non-control exogenous variables. &, is meant to represent all the relevant information
in this regard that is available at the beginning of quarter 1.

5 There are two ways in which these expected values can be computed, one exact except for
sampling error and one approximate. The exact way is by means of stochastic simulation, and
the approximate way is to sct the error terms equal to their expected values and solve the model
only once. For linear modefs the latter way is, of course, alse exact.
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Therefore, one can solve the model for quarter | using the actual error terms for
this quarter and x¥. This will produce values of the endogenous variables that
one can take as estimates of what would have been observed in quarter 1 had the
administration behaved optimally. Let g7 denote the vector of these values.®
The stochastic control problem that would have faced administration 1 at the
beginning of quarter 2 had it behaved optimally in quarter | is to choose the
values of x,,..., x4, 50 as to minimize the expected value of %, in (4), given g?¥
and ¢,. Since an estimate of g} is available, this problem can be solved. Let
x¥ denote the optimal value of x, obtained from this solution.® The expected
optimal loss in quarter 2 is then E(L,|x%, g%, 0,), which will be denoted as L¥.
Lg—L# is the difference between the expected actual and optimal losses for
quarter 2.

The process just described for quarter 2 can be repeated for quarters 3-16.
For example, g% can be computed given x¥ and an estimate of the actual error
terms for quarter 2.7 Then x¥ can be obtained from the minimization of the
expected value of %, in(4), given g% and #,. Then L2 and L# can be computed.
Once this process is completed for the 16 quarters, the first two terms in (1) are

16 15 .
merely 3° L¢ and 3 L¥ respectively.
t=1 r=]

Consider finally quarters 17-32. The third term in (1), the expected optimal
loss in quarters 17-32 given the actual behavior of administration 1, can be com-
puted in essentially the same way as described above for the second term. x%
can be obtained from the minimization of the expected value of %, in (4), given
g6 and 6,5. The expected loss in quarter 17 is then E(L,.|x%, g16 816)
Given x¥,; and an estimate of the actual error terms for quarter 17, g% can be

5 If there are lagged control variables in the model, then these variables should also be con-
sidered to bein g,., in (2). In this case, then, x¥ is included in g¥.

B Mote that x¥ is not in general equal to the optimal value of x, computed from the control
problem solved at the beginning of quarter 1. See footnote 2.  Note also that the length of the
control period for the problem solved at the beginning of guarter 2 has been assumed to remain
at 7. This means that values of the control variabies for quarter T-+1 must now be determined
in the solution of the overall problem, This is not, however, an important assumption, The
only important consideration in this regard is to choose the length of the control period long
enough 10 make the addition of an extra quarter to the length have a negligible influence on the
optimal values for the first quarter of the control period (x¥ in this case), Again see footnote 2.

Finally, it should be noted that for purposes of the computations, #, must represent information
that is available at the beginning of quarter 2 given the actual behavior of the administration. For
example, the model must be reestimated through quarter 1 using the actual data rather than the
data that would have existed had the administration behaved optimally. This is one unavoidable
difference between what can be done here in computing optimal valugs for an administration and
what an administration could actually have done had it behaved optimally,

T The esiimated error terms in this case can be based on the model as reestimated through
quarter 2. Also, if there are endogenous variables lagged, say, two quarters in the model, then
the endegenous-variable values that were estimated for quarter 1 under the assumption that the
administration behaved optimally in quarter { should be included in g¥. Similar considerations
apply to quarters 3 and beyond and to lags longer than two guarters.
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computed, which can then be used in the computation of x§;, and so on for the
temaining 14 guarters. The third term in (1) iz the sum of these 16 expected
optimal losses. The computations for the fourth term in (1), the expected opti-
mal loss in quarters 17-32 on the assumiption that administration { behaved opti-
mally, are again similar to those for the second term. In this case x}; is obtained
from the minimization of the expected value of #2,; iu (4), given g% and &,
where g¥; is available from the computations for the second term. Except for
the replacement of g4 by g%, the computations for the fourth term are exactly
the same as those for the third term. The fourth term is the sum of the 16 ex-
pected optimal losses computed by this procedure.

To summarize, the computations of the expected optimal losses in the defini-
tion of M are based on the solutions of a series of control problems. Each quar-
ter a new control problem is solved, based on the available data up to that quar-
ter. Since the overall loss function is additive across time, it is possible from
this procedure to compute quarter by quarter the expected optimal loss, as well
as the expected actual koss. The optimal values, x%,..., x§s, which are used in
the computations of the expected optimal losses, are the best that one can expect
an optimally behaving administration to use, given the model,® the available
information each quarter, and the loss function.

3. ANILLUSTRATION: APPROXIMATE ESTIMATES OF M FOR TWO LOSS FUNC-
TIONS AND FIVE ADMINISTRATIONS

In order to compute M as defined in (1) for a given administration, it is neces-
sary to solve 48 control problems. Computing M for two loss functions and
five administrations would thus require 480 solutions. Although it is not com-
pletely out of the question to solve this many problems,” it is beyond the scope
of the present project. It'is possible, however, to obtain approximate estimates
of the 10 values of M by solving only 12 control problems, and this is the pro-
cedure followed here. It should thus be stressed that the estimates of M pre-
sented in this section are only approximations, even given the mode! and the loss
function. In no sense are the results in this section meant 1o be a definitive eval-
wation of the economic performance of the five administrations; they are primarily
iflustrative. A more definitive evaluation must await further work, The five
administrations considered are Eisenhower-I, Eisenhower-II, Kennedy-Johnson,

& The model that is used in any calcufations of this kind should be a model that could have been
specified at the time that each control problem is solved. In other words, a model that is used
before a given date should not be based on information regarding the structure of the economy
that became available after that data. In practice, of course, this is a hard distinction to make.

® The control problems that were salved in this study took on average about 8 minutes of com-
puter time each on the IBM 370-158 at Yale. 480 problems would thus take about 64 hours.
There are, however, a number of computers in existence that are at least 10 times faster than the
IBM 370-158, and it would probably be feasible to soive the 480 problems on one of these ma-
chines. ’ :
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Johnson, and Nixon-I.

3.1. The Model, Loss Function, and Conirol Variable. The econometric
model that was used for the results is described in Fair [1976] and is based on
the theoretical model in Fair [1974a]. The model is quarterly, consists of 84
equations, 26 of which are stochastic, and contains 78 exogenous variables. Tt
is nonlinear and simultaneous, A general idea of the model and its properties
can be obtained by reading the first section of Chapter 1 in Fair [1976]. There
is one key feature of the model that has an important effect on the present results,
and this feature will be discussed below. The coefficient estimates that were
used for this work are the two-stage least squares estimates presented in Fair
[1976]. These estimates are based on the sample period 19541-197411.

The basic loss function that was used targets a given level of real output and
a zero rate of inflation each quarter. The loss in quarter t is:

- ¥F

& L=y|Lz
b

2
|+ (%apr), y>0,

where

Y,==real output of the firm sector in quarter 7 {at a quarterly rate),
Y¥=target level of Y,

’Y,-Y?‘ Y#

— 2
, }( (L. 44 ) it ¥, <7?
Yy o

0 if Y,=7Y%
PF,=the value of the key price deflator in the model in quarter t,

&
ot APF,=( - EF,

PF) T 1, {percentage change in PF, at an annual rate).
t—1I

The loss function penalizes rates of inflation that are both above and below the
target value of zero, but it only penalizes values of ¥, that are below the target,
The target values for real output are presented in the tables below, and their
construction is explained in Chapter 10 in Fair [1976]. The valves are meant to
correspond to high levels of economic activity.

The parameter y in (5) is the weight attached to the output target in the loss
function. For the first set of estimates of M a value of y of 1.0 was used, aund for
the second set a value of 0.1 was used. The weight attached to the output target
was thus 10 times greater for the first set of estitnates than for the second. The
use of these two weights should provide a good indication of how sensitive the
M estimates are to the use of fairly different loss functions.

One variable in the model was used as a control variable: the value of goods
purchased by the government (in real terms), denoted as XG. This variable is
one of the key fiscal-policy variables in the model. The key monetary-policy
variable in the model is the value of government securities outstanding (in cur-
rent-dollar terms), denoted as VBG. Monetary policy was assumed to be accom-
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modating for the results in the sense that given XG, VBG was adjusted each quar-
ter to achieve a given target bill rate for that quarter. The target bill-rate series
is described in Fair [1976]. It has a positive trend between 19531 and 19701V
and is then flat (at 6.3 percent) from 19711 on. Although X is the only fiscal-
policy variable used, the following results would not be changed very much if more
than one variable were used. Given that the objective function targets only
real output and the rate of inflation, adding, say, a tax-rate variable as a control
variable would have little effect on decreasing the loss from the minimum loss
that can be achieved by using XG alone. The fiscal-policy variables are col-
linear in this sense.

3.2. The Twelve Control Problems That Were Seclved. Before discussing
how the approximate estimates of M were obtained from the solutions of the 12
control problems, the problems themselves must be explained. The results of
solving the 12 problems are presented in Tables 1 through 6. The quarters in
the tables are numbered consecutively beginning with 19531, the first quarter of
the first Eisenhower administration. The results in Table 1 are based on min-

imizing Z L, where L, is defined in (5). The control periced in this case began

with quarter 3 rather than with quarter 1 because of lack of enough earlier data.
The control problem was converted into a deterministic control problem by set-
ting the error terms in the model equal to their historic values. This problem
was then solved by the procedure described in Fair [1974b] using a gradient
algorithm. The same procedure was followed for the results in Tabies 2 through

6, whlch are based on minimizing, respectively, Z L, Z L., 2 L, Z L.
and E L.

t=B1
The optimal values of the three endogenous variables (Y, % APF, and UR)

presented in the tables were obtained from a dynamic simulation of the model
using the optimal values of the control variable and the historic realization of
the error terms. These values can be compared directly to the actual values of
the endogenous variables because when the model is simulated using the actual
values of the control variables and the hisforic realization of the error terms, the
solution values of the endogenous variables are just the actual values.

The results in the tables are assumed to be an approximation to results that
could have been achieved by the administrations had they behaved optimally,
given the model and the loss function. The reasons the results are at best only
approximate are the following:

1. Only one set of estimates of the model was used for all the resalts: the
model was not reestimated each quarter.

2. Actual values of the exogenous variables were used for all the results: no
attempt was made to estimate the information on the exogenous variables
that was likely to be available at the beginning of each quarter.

3. Only one body of data was used: all problems of data revisions were
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ignored,

4. The model was specified in 1975 and vet was used for periods prior to this.

5. The optimal control values for an administration were obtained from a
solution of one deterministic control problem, using historic values of the
error terms, rather than from a sequence of such problems, one a quarter,
using expected values of the error term.

6. The lengths of the control periods were fairly short, i.e., Tin {4) was fairly
small for each problem.

Points 1-5 mean that the administrations are assumed to have had more in-
formation at their disposal than they actually had. Regarding point 3, for ex-
ample, by solving the control problems in this way it is assumed that the admin-
istrations had knowledge of the future values of the error terms. This is clearly
more information than they actually had. On the other hand, it should be re-
membered that in practice administrations can adjust to past error terms by
reoptimizing each quarter, so that the use in this study of the historic values of
the error terms (and solving only once) is not as restrictive as it might otherwise
seem. If expected rather than historical values of the error terms had been used
in this study (and the problem solved only once), this would have been assuming
that the administrations had less information than they actually had.

3.3. The Approximate Estimates of M. Tt is now possible to explain how
approximate estimates of M can be obtained from the results in the six tables.
First, it should be mentioned that because of data limitations for Mizon-I, it was
necessary, in order to make all the estimates comparable, to modify the third and
fourth terms in (1) to be the loss in the next two-year period rather than in the
next four-year period.

Consider now the estimate of M for Eisenhower-I. The first term in {1} can
be estimated by taking the actual values of ¥ and % APF in Table 1 for each of
the first 14 quarters, substituting them into (5} to compute a value of L, for each
quarter, and then summing the 14 values of L, to estimate the first term. 14
rather than 16 quarters have to be used here because of data limitations. The
seconid term in (1) can be estimated by doing the same thing for the optimal vak
ues of ¥ and Y% APF in Table 1 for the first 14 quarters, The third term in (1)
(for two years now, rather than four) can be estimated by taking the optimal
values of Y and 9 APF in Table 2 for each of the first 8 guarters (quarters 17
through 235), substituting them into (5) to compute a value of L, for each quarter,
and then summing the 8 values of L, to estimate the third term. Finally, the
fourth term in (1) can be estimated by doing the same thing for the optimal val-
ues of Yand % APF in Table I for quarters 17 through 24,

The estimate of M for Eisenhower-1 thus requires the use of both Tables 1 and
2. The optimal values in Table 1 for quarters 3 through 16 are interpreted as
being approximations to what Eisenhower-1 could have achieved had it behaved
optimally; the optimal values in Table 2 for quarters 17 through 24 are inter-
preted as being approximations to what Eisenhower-II could have achieved had
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31 Il | 1087 011 546 2.4 2.8 116.5 27 0.2 116.2 1.1 40 25 —1.0 114.6 09 44
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Notes: Y=production of the firm sector (in 1958 dollars at a quarterly rate} in Fair [1976].

2. APF=percentage change {at an anmual rate) in the price deflator PF in Fair [1976]
UR==civilian unemployment rate.

RBILL=three-month treasury bill rate.
¥*=target value of Y.
AXG =diffcrence between oplimal and actual values of XG.

XG-=purchases of goods of the government (in 1958 doflars at a quarterly rate).
A4VBG = difference between optinal and actual values of VBG.
VBG =value of government securities cutstanding (in corrent dollars),
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TABLE 2
CONTROL RESULTS FOR EISENHOWER-I

0ot

Actugl Values Optimal Values for y=1.0 ' Optimal Values for y=0.1

tQuarter |y | 100 00 |RBiLL|gREt | ve | axc| avee| ¥ lpd yR | 4x6 | avEG| ¥ o or UR
171951 101.4 397 40 32 2.1 1014 1 —-03] —03)| 1013 | 49 | 40 1 —1.1 —097 1604 ] 48 | 41
18 I | 1003 1.5] 41 3.2 22 102.4 04| —06( 1023 | L1 | 39 | —01 —11 1015 | 1.0 | 42
19 | 1617 24| 42 34 2.2 1034 03| —12( 1033 | 20 | 3.7 1 —05 —19 022 | 1.8 | 41
20 EAY 99.9 25| 50 3.3 22 104.5 23] —0% | 1043 | 23 | 39 15 —18 1030 | 21 ] 43
21 19581 97.2 09 63 1.8 2.3 105.5 411 —01 ] 1053 | 2.0 | 44 34 -1l 1040 | 19 | 48
22 it 97.6 03] 74 1.0 2.3 106.6 33 —03) 1064 | 21 | 5i 2.5 —14 } 1049 | 21 5.5
23 o 1003 21 13 1.7 24 107.6 1.6 —16| 1074 | 24 | 57 0.8 --2.8 1058 | 23 | 60
24 v | 103.0 221 64 28 24 1087 0.9 —29| 1085 | 21 | 54 0.2 —43 } 1069 | 20 | 58
25 19591 104.7 2.5 58 2.8 2.5 098 0 09 37| 1056 | 2.8 | 5.2 0.2 —52 1081 | 27 | 56
26 IF | 1076 1.5] 51 3.0 2.5 1109 | 01| —46| 1107 | 15 | 49 | 05 —62 | 1096 | 14 ] 52
27 11| 1059 1.5 53 3.5 2.6 112.0 30 —381 1119 | 15 | 45 28 —54 1 I11.1 | 14 | 48
28 IV | 1074 07| 546 43 2.6 113.1 11 —4% | 113.0 | 04 | 45 10 —65 1 125 | 04 ] 47
29 19601 109.8 06| 52 3.9 27 142 | —07| —70| 1142 | 07 | 42 | —10 ~87 1 1134 | 0.6 | 4.3
30 I | 1093 121 53 3.1 27 1154 13 -74 | 1153 | L7 | 41 0.9 —93 | 1145 | 1.6 | 43
k]| | 1087 01 56 2.4 2.8 6.5 271 —72] 1164 | L1 | 40 2.3 —93 | 1156 | 1.0 | 42
32 v | 1077 1.3 63 24 23 117.7 41 —67 ] 1176 | 22 | 41 37 —89 1167 | 21 | 44
33 19611 107.3 Q7] 6.8 2.4 2.9 118.9 45 —64( 1188 | L7 | 42 4.2 —88 | 1180 | 1.6 ] 45
34 il | 1099 07{ 7.0 23 3.0 120.1 1.5) —87 | 1200 | L7 | 4.6 1.2 | —1L1 . 1191 1.7 1 4%
35 oi{ 1120 | —05; 6.8 2.3 30 121.3 14| -103 | 1211 | 04 | 53 {17 —128 | 1202 | 04 | 55
36 IV | 1143 20) 62 2.5 31 1225 1.0 —11.5 | 1223 | 2.7 | 5.3 07 | —142 1 1213 | 27 | 5.6
37 19621 116.1 0.5 56 27 i1 123.7 .50 —121 | 1236 | 1.2 | 50 1.2 1 —149 1 1226 | 11 52
38 II | 118.0 L3 55 2.7 3.2 124.9 1.2] —125 | 1248 | 21 | 49 09 | —154 | 1239 | 20 | 51
39 oI | 119.2 021 5.6 2.9 3.3 126.2 12{ —130| 1261 | 09 | 49 09 | —160 | 1250 | 09 | 52
40 IV | 1206 Ll] 55 2.8 i3 127.5 04] —143 | 1273 | 19 | 50 00 174 | 1259 | 18 ¢ 52
41 19631 121.3 0.9 58 2.9 3.4 128.7 10 —151 | 1285 | 16 | 534 06  —182 | 1271 | 1.5 | 57
42 il | 1224 2.0 57 29 3.5 130.0 1.0 —159 | 1298 | 27 | 53 06 —19.0 | 1284 | 2.7 | 3.6
43 imm| 1245 041 55 3.3 35 1313 | 01| —176 | 131.1 ! 08 | 53 | —04  —205 | 1296 | 0.8 | 55
44 IV | 1263 1.7] 3.6 3.5 36 132.6 | —05| —193 | 1324 | 20 | 55 | —08  —222 | 1308 | 20 | 58
45 19641 128.4 147 5.5 3.5 3.7 1340 | —1.6| ~21.8 | 1337 | 17 | 58  —19 | —246 | 1319 | 171 60
46 if | 130.2 147 53 3.5 3.8 1353 | 1.5 —23.8 [ 1351 17 | 56 1 —1.8 ; —263 | 1332 | la | 39
47 il 1318 171 540 35 18 1366 | ~1,7] ~257 | 1364 | 1.9 | 56  —19 | —281 | 1345 | 19 | 59
48 IV | 132.5 1.3 30 37 3.8 1380 | —08] —271 ! 1378 | 1.5 | 56 | —0.9 | —29.1 | 1361 1.5 | 58

MNotes: See notes to Table 1,
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TABLE 3
CONTROL RESULTS FOR KENNSDY-JOHNSON

Actual Values — Optimal Valucs for )— ~l 0 Optimal Values for ¥ =0.1

¢ Quarter 160 17100 Target 100 100 | 100
Y URr |RBILL | gy | Y* | 4XG | AVBG Y %JPF Ur | 4XG | 4VBG Y o/ 4PF| UR

33 195611 107.3 0.7] 6.8 24 2.9 118.9 10.3] 52 ] 1188 1.5 53 9.9 50 ] 134 1.5 5.4
4 11 1099 07| 7.0 | 23 390 120.1 3.8 43 | 1199 | 1.7 | 4.6 30 381 1189 | 106 | 48
35 HEL 1120 0.31 6.8 23 30 121.3 35 3.9 1211 04 | 48 26 317 1197 | 03 5.1
36 v | 1143 20| 62 |, 25 31 122.5 2.8 35 | 1222 | 27 | 50 1.8 24 1206 | 26 |1 54
37 19621 116.1 0.3] 5.6 2.7 3.4 123.7 3.3 4.0 123.5 i1 4.7 2.5 2.8 121.9 1.0 5.2
38 H 1180 1.3] 55 2.7 3.2 i24.9 32 4.7 124.7 2.0 4.7 24 340 1234 1.2 5.1
39 HI} 1192 02! 56 2.9 3.3 126.2 3.3 5.7 1260 | 09 4.8 2.7 421 1247 0.8 5.1
40 IV 1 1206 i1] 35 2.8 33 1275 2.8 6.1 127.2 1.8 4.8 2.0 44 ¢ 1257 1.7 5.1
41 19631 1243 09| 58 2.9 34 128.7 34 7.0 128.5 1.5 52 2.7 52 1269 14 } 35
42 I 1224 20| 57 29 35 130.0 34 79 i29.8 27 50 27 59 ¢ 1282 2.6 53
43 M. 1245 04! 55 3.3 3.5 1313 24 8.1 1311 0.8 4.9 1.8 60 1295 0.7 52
44 IV | 1263 171 5.6 3.5 3.6 1326 21 8.2 1324 20 | 51 13 60 1 130.7 19 | 54
45 19641 1284 14] 5.5 3.5 3.7 134.0 1.4l 7.8 133.7 1.7 53 04 554 1318 1.6 | 5.6
46 H 130.2 14 53 3.5 3.8 1353 1.2 80 | 1350 1.7 51 0.5 56 1 13534 1.ea | 55
47 Hi: 1318 1.7 5.0 35 3.8 136.6 1.0 8.1 136.4 20 1 54 0.5 58 1 1345 19 1 54
48 W 1325 13} 5.0 39 39 1380 1.9 8.9 137.8 1.6 5.0 14 66 | 1361 1.5 5.2
49 19651 1359 11} 49 39 4.0 1394 | 0.3 8.6 | 1392 12 | 50 —0.8 581 1375 11 5,2
50 H {1378 20) 47 1 39 41 140.8 0.1 80 | 1406 21 | 50 | —03 58 13914 | 2.1 | 52
51 Hi{ 140.5 13! 44 | 3% 41 1422 | 1.1 73 | 1420 | 14 | 48 | —14 511 1405 1 L3 | 5.0
52 IV 1436 1.7 4.1 4.2 4.2 143.6 | —2.2 6.3 143.4 15 49 17 =26 4.0 | 1417 1.4 51
53 1986061 146.6 26 3¢9 4.6 4.3 1449 | —3.2 4.7 1 1447 21 50 —3.8 24} 1428 2.0 52
54 H 147.7 381 338 4.6 4.4 1462 | —2.6 319 1 1460 34 5.0 ~3.2 1.5 | 1440 13 53
55 1| 1487 26, 38 50 4.5 147.5 | —2.5 381 1473 20 4.9 ~3.2 0.5 1451 1.9 52
56 IV | 1505 441 37 5.2 4.6 1489 | —3.3 1.2 148.6 38 4.8 —4.1 1.3 | 1463 3.7 5.1
57 19671 149.7 371 38 4.5 47 1502 | —1.3 1.2 150,06 37 4.7 —1.9 -1.3 | 1478 3.6 50
58 H 150.9 1.61 3.8 37 48 1516 | -1.9 0.6 151.3 20 ] 45 —26 —1.9 | 1491 1.9 | 4.8
59 | 1526 35 38 43 49 153.0 | -22; —0.8 1527 ¢+ 33 | 45 3.8 —33 | 1502 | 3.2 | 4.8
60 IV | 1537 34 40 48 5.0 1544 | 20! -2.0 1340 | 33 | 46 ~2.7 —4.5 1 151.5 32 50
61 19681 155.6 28] 38 5.1 5.1 1558 | —28¢ 3.5 1554 1 2.6 | 46 —33 —60 | 1528 24 | 49
62 L | 1585 35 36 | 55 5.2 157.2 | —4.2] —60 i 1568 § 3.0 | 46 | —51 —85 | 1540 | 29 | 50
63 I 160.0 34 36 | 52 5.3 1586 | —4.0] —7.8 | 1583 | 3.1 | 48 | —47 | —102 | 1555 | 3.0 | 5.1
64 v is11 431 34 5.6 5.4 160.0 | —3.6] —9.7 1507 + 37 | 47 -39 | -11.6 | 1574 | 36 50

Notes: See notes 0 Table 1.
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TABLE 4
CONTROL RESULTS FOR JORNSON

Actual Values Optimal Values for y=1.0 Optirnal Values for y=ih1

¢ Quarter 100 7160 | Targel . (e X 10077 100 S prpe | 100 | 100

Vo bogpr| Uk [RBILL| ppiyl Yt | 4XG| AVEG | Yl Puel pi o 4XG AVEG | Y b ipd pp

49 19651 1359 1.2 4.9 3.8 0 135.4 2.9 1.7 1363 | r2 4.5 2.3 1.3 138.% 1.2 4.6
50 11} 137.8 2.0 4.7 3.9 | 4.1 1408 1.2 ; 1.8 1405 | 2.3 4.1 iR 0.9 139.0 22 4.3
51 HI | 1405 1.3 4.4 3.9 4.1 142.2 0.1 1.3 1419 1.6 4.0 -1.0 0.2 1400 1.4 43
52 v 143.6 1.7 4.1 4.2 42 1436 | ~10 i 04 i43.2 1.6 4.1 2.5 -1.3 140.6 14 4.6
53 196061 146.6 2.6 i 4.6 4.3 1449 1 205 0.7 144 .4 2.2 4.3 -3.7 ~39 141.1 2.0 4.8
54 il 147.7 3.8 38 4.6 4.4 146.2 . ~1.2 ~-1.0 145.6 15 4.4 3.0 3.5 142.1 33 5.4
55 i 1487 2.4 38 50 4.5 1478 /| 0.9 «1.2 47.0 21 4.3 — 2.7 i} 143.3 1.9 4.5
56 v 150.5 4.4 37 5.2 4.6 1489 . —16. 20 148.3 4.0 4.2 —3.4 ~5.1 144.5 37 4.8
37 1w71 149.7 3.7 3.8 4.5 4.7 15,2 a5 —11 1498 | 319 4.0 —{L6 k.3 146.8 37 4 45
58 iI 1309 1.6 318 37 4.8 158.6 02 —0.7 151.2 22 3.8 —{3,8 —3.% | 1485 28 4.2
39 I 1526 3.5 3.8 4.3 4.9 153.0 1] —08 13246 | 3.6 18 —1.F . 1498 | 34 | 42
60 IV | 1537 34 4.0 4.8 3.0 1544 0.4 —06 134.0 15 1.9 —.4 —d42 151.8 34 4.2
fl 19681 1556 28 3.8 5.1 5.1 1558 | —02] —0.8 | 1555 1 28 3.3 —{).8 —4.5 1536 2.7 4.0
62 I 158.5 35 3.6 5.5 5.2 1572 | =1.5] —1% 1 1369 33 i3 -2.3 —57 1350 .2 4 4.0
63 i1 160.0 34 6 5.2 5.3 1586 | -1.2; —22 1583 : 33 3.9 2.0 -6.3 156.3 3.2 4 4.2
64 v 161.1 4,3 34 . 56 5.4 1608 | ~07; - 23 1507 39 38 1.6 -6.6 157.7 18 4.1
63 19651 162.5 4.1 3.4 6.1 ‘5.5 1615 | »1.0 -2.9 161.2 3.7 38 1.9 7.3 1591 3.6 4.1
65 11 1632 44 1 33 6.2 E 5.6 1629 | 05  ~30 1626 " 4.2 3.7 <13 -7.9 160.5 4.0 4.1
67 T 163.8 4.7 3.6 70 ¢ 57 1644 | —01 —3.5 164.1 4,3 37 13 8.8 161.8 4.1 4.2
68 13'% 1629 4.4 3.6 7.3 E 58 1659 1.8, --30 165.8 4.4 33 0.2 5 —%9 628 140 | 39
62 {9701 i61.9 4.5 4.2 7.3 3.9 1674 32 —19 166.9 42 34 1.4 —86 ¢ 1637 4.5 4.0
70 Il 1619 4.5 4.8 68 |- 60 168.9 35 —1.3 168.4 5.0 i5 1.6 ~8.5 164.9 4.7 4.1
1 HI{ 163.2 3.2 52 6.4 6.2 170.5 26 —L7 169.8 3.6 38 .3 —9.6 165.4 35 4.5
72 Iy | 161.2 7.2 5.8 54 | 63 1720 5.8 0.4 171.3 1.9 4.2 33 —8.2 166.2 7.8 50
7319711 165.6 3.6 6.0 39 6.3 173.6 JENS N 0.6 172.9 4.8 4.5 .6 --8.8 168.2 4.7 5.2
T4 | 166.8 41. 59 4.2 6.3 175.1 4.1 0.4 174.6 4.8 4.8 30 --7.4 170.4 4.8 54
75 i | 167.8 26 6.0 5.1 6.3 176.7 4.4 1.2 176.2 3.0 5.0 35 -39 172.1 3.0 54
74 v 170.6 0.4 6.0 4,2 6.3 178.3 33 22 1771.7 1.4 5.1 22 -4.5 173.3 14 ¢ 85
FT 19721 173.6 3.3 5.8 34 6.3 1799 36 4.2 179.3 6.7 33 2.4 —22 174.9 6.6 5.6
78 11} 177.5 1.7 57 3.7 6.3 i81.6 2.9 5.8 181.0 16 5.5 1.9 0.3 176.9 2.5 58
79 Tnr| ise.2 2.2 5.6 4.2 6,3 183.2 30 8.4 182.7 29 5.0 2.3 138 178.5 29 59

80 IV ! 1840 | 30 | 53 | 49 | 63 | 1845 | 17 104 | 1844 | 35 | 56 | r4 ! 9| 1204 | 3a | 58

"7 Nows:  Sec notes to Table 1,
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TABLE 3
CONTROL RESULTS FOR NIXON-I

r Quarter
T65 19691 |

60 11
67 i
68 v
&9 195701
0 L
H 118
72 1A%
73 19MI
74 I
5 JELS
76 v
77T 19728
8 I
79 511
8O 1A%
81 19731
82 II
83 m
84 v

Actual Values

Optimal Values for 7 =1.0

KA

163.2
163.8
162.9

161.9
161.%
163.2
161.2

165.6
166.8
167.8
170.6

173.6
177.5
180.2
184.0

188.7
189.6
190.5
191.7

%g’gl,; ;Uog RBILL Eﬁ‘}i Yo 4XG| AVRG | ¥
T 417 347 6l 55 [ 1615 (—12] —18 | 1615
44 35 | 62 56 | 1629  —04! —12 | 1628
47 36 | 70 57 | 1644 | 00 1.6 | 1642
44 36 | 13 58 | 1659 © 19 —09 | 1655
435 42| 173 59 1 1674 3.3 03 | 1670
45 48 | 68 60 | 1689 6 L1 | 1685
32 52| 64 62 | 1705 2.6 06 | 1698
72 58 | 54 63 | 1720 567 26 | 1711
36 60 | 39 6.3 173.6 210 L7 1 17130
41 359 | 42 63 | 1751 4.3 29 | 174.8
26 60| 5.1 63 | 1767 4.5 37 | 1764
04 60 | 42 63 | 1783 1.4 46 | 1779
53 58 | 14 63 | 1799 3.5 65 | 1794
1.7 57 | 37 6.3 | 1816 2.7 8.1 | 181.2
22 56 | 42 63 | 1832 300 107 | 1829
300 53| 49 63 | 184.9 1.7 126 | 1845
33 50| 56 63 | 18635 | —04] 132 | 1862
57 49 | 66 63 | 1882 1.3 159 | 1878
54 48 | 84 6.3 | 189.9 09| 17.1 1 189.0
95, 47 | 75 63 | 1917 | -03| 181 | 189.6

Optimal Values for y—0.1

100

e d PF

38
4.2
4.3

4.9
50
£
7.9

4.8
48
10
1.4

6.7
2.6
29
34

i3
55
4.7
9.3

4.4

100
UR
35
3.6
3.7

33
34
37
4.2

4.5
4.8
4.9
51

53
335
5.6
5.6

57
57
5.5
33

4X6
T

1.2

—1.1
0.5

1.8
1.8
0.3

3.2

0.2
2.7
31
1.5

21
1.7
19
0.4

2.1
~—(.8
-2.3
—54

AVBG
=]
..... 147
=27

0.1

54
74
74
6.0

—26

v

1616

162.0

162.9 °
163.8

165.0
166.1

166.6 °

167.4

169.4
171.6
173.4
1749

176.6
1787
180.3
1817

182.6
183.4
183.0
180.7

100 F
%4 PF|
38|
41
41
41

4.5
47
34
7.7

4.7
4.7
30
1.4

6.6
235
29
34

3.4
5.4
4.5
9.0

104
UR
3.5
37
19
36

3.
39
4.4
4.9

5.2
5.4
5.4

5.7
38
3.9
6.0

6.1
6.2
6.1
6.4
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85 19741 i87.8 | 145} 5.t 7.6 6.3 193.4 38| 227 | 1902 | 41| 54 | 26 78 | 1784 | 13.8 ] 6.8
&6 I 189 | 155 51 8.3 6.3 195.1 3.6 232 1913 | 150 | 48 3.1 8.4 177.7 | 145 | 6.5
87 I | 1859 | 13.0 . 5.5 8.3 6.3 196.9 510 285 1932 | 127 | 46 | —06 113 § 1799 | 121 | 64
38 IV | 1810 | 133 | 68 13 6.3 198.7 | 10.5] 376 | 1959 | 134 | 49 6.8 212 | 1853 [ 130 63
89 19751 1747 | 110 ] 83 59 6.3 2005 | 1517 479 1 1991 [ 116 | 55 13.8 347 | 1921 | 113 ] 64
Notes: See notes to Table 1.
TABLE 6
CONTROL RESULTS FOR NIXON-FORD

Actual Values Optimal Values for y=1.0 Optimal Values for y=0.1 _

f Quarter 100 | 100 Target - 160 | 1067 100 | 100
Y ocapr ur |FPLLiggrs) T 4XG| AVBG ¥ o 4PF UR 4XG | AVBG Y o spF UR

81 19731 188.7 33| 50 5.6 6.3 1865 | —2.3] —1.6 | 1862 35| 52 ) 32 ) —23 | 1833 3858y
82 11 189.6 571 49 6.6 6.3 188.2 | —0.9 -2.0 187.5 54 53 —2.3 —37 | 1856 53 55
83 I | 190.5 547 4.8 8.4 6.3 189.9 | —12! —34 | 18846 47§ 5.1 —3.8 —6.8 | 185.0 45 3.6
84 W | 1917 95 4.7 7.5 6.3 1967 | —217 —48 | 1893 93 3.1 —69 | —11.3 | 1823 21 59
85 19741 187.8 | 145 | 5.1 3.6 6.3 1934 221 —2.5 | 1899 | 142 | 51 —45 | —13.0 | 1792 | 139 | 64
86 11 1869 | 155 | 5.1 8.3 6.3 195.1 241 —18 | 1912 | 151 | 46 | —51 | ~156| 1779 | 146 | &3
87 Hi| 1859 | 13.0 | 55 8.3 6.3 196.9 42 6.1 193.3 | 129 | 4.4 —23 | —155 ] 1798 | 123 | 6.3
88 IV | 1810 | 133 | 6.6 1.3 6.3 198.7 9.8 75 | 1961 | 137 | 45 5.6 —7.8 | 1854 | 131 | 62
89 19751 1747 | 110} 83 5.9 6.3 2005 | 1451 167 ! 1993 | 11.8 | 5.1 13.2 40| 1927 | 1151 62

Notes: See notes to Table 1.
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OPTIMAL CONTROL TECHNIQUES 305

it behaved optimally, but Eisenhower-I did not; and the optimal values in Table 1
for quarters 17 through 24 are interpreted as being approximations to what
Eisenhower-II could have achieved had both it and Eisenhower-I behaved opti-
mally. The estimates of M for the other administrations are computed in an
analogous way. The estimate of M for Nixon-], for example, requires the use
of both Tables 5 and 6.

The estimates of M for the five administrations and the two values of y in the
loss function are presented in Table 7. (An estimate of M will be denoted as
M.) Since the loss function is additive in output and the rate of inflation, it is
possible to break M into two parts: a part due to the output performance, denoted
as Q in the table, and a part due to the inflation-rate performance, denoted as P
in the table. The values of M are the values in the last column of Table 7.

Two estimates of M are actually presented in the table for Nixon-I for each
value of 7, and this requires some explanation before proceeding to a discussion
of the results. The first estimate of M for Nixon-I for each value of y is based
on the resulis in Tables 5 and 6. The results in Tables 5 and 6, as in Tables 1
through 4, are based on the solutions of the optimal controi problems in which
the bill rate each quarter is constrained to be equal to a given target rate. The
target rates are presented in Tables 1 through 6. The second estimate of M for
each value of y for Nixon-I is, on the other hand, based on the solutions of the
optimal control problems in which the bill rate each quarter is constrained to be
equal to the historic rate. In other words, for these problems the target bill rates
were merely taken to be the historic rates. To conserve space, the results of solv-
ing the four extra optimal control problems that were needed to estimate the
two extra values of M for Nixon-I are not presented here.

The reason for the two exira estimates of M for Nixon-I is as follows. First
note from Table 5 that the bill rates in the last eight quarters of the Nixon-I ad-
ministration {19711-19721V) are considerably less than the target rates of 6.3
percent. In the model the bill rate has, other things being equal, a positive effect
on the rate of inflation. Consequently, constraining the optimum to correspond
to the target bill rates causes the rate of inflation in these and later quarters to
be higher than it would have been had, say, the target bill rates for the eight
quarters been the actual rates. This constraint was severe encugh to cause the
estimate of M for y=0.1 to be negative for Nixon-I. From columns @ + P under
g and b in Table 7 it can be seen that the actual Joss for the period of the Nixon-
1 administration (2.820) is less than the optimal loss (3.093). The periods of the
Nixon-l and Nixon-Ford administrations are the only periods in which there are
substantial differences between the target bill rates and the actual rates, and so
it was decided to reestimate M for Nixon-I under the assumption that the target
rates are the actual rates. As can be seen in Table 7, the second estimates of M
are only slightly larger than the first. For y=1.0, M increased from 1.573 to
1.714, and for y=0.1, M increased from —0.164 to 0.021, The second estimate
of M for y=0.1 is, however, positive.



TABLE 7
APPROXIMATE ESTIMATES OF M FOR TWO LOSS FUNCTIONS AND FIVE ADMINISTRATIONS

a-=estimated expected actual loss in the administration’s four-year period in office (34 years for Eisetthower-1).

b—estimated expected loss in the four-year period (34 years for Eisenhower-1) if the administration had behaved optimally.

e==estimated expected loss in the next two-year period given that the administration did not behave optimally, but assuming
that the next administration did.

d=estimated expected loss in the next {wo-year period if both administrations had behaved optimally,

M=a—btc d.

@-==output part of loss.

P=inflation-rate part of loss.

90t
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Administration y=10 a b ¢ d | M
i Q@ P QP O P QiP QO P Q+P, Q@ P 03P g P QxP
© Bisenhower- 0.225 1.036 1.261]0.013 1.035 1.048[0.002 0.534 0.536 | 0.005 0.510 0515 | 0209  0.025 0234
Bisenhower-1t 4774 0.738 55120003 0.750 0.753|0.002 0.216 0218 | 0001 0236 0237 | 4772 —0.033 4739
Kennedy-Johnson 5753 0247 6,000]0.004 0483 0.483% 0008 0.497 0.505 | 0.002 0.449 0451 | 5755 — 0188  5.567
Johnson 0.127 1.470 1.597|0.012 1.393 1406 0006 1.927 1933 {0007 1.940 1947 0.113 0064 078
Nixon-I 1972 2623 4.505{0.011 3209 32200146 9328 9.474 |0.135 9141 9276 1972 —0.400 1.573
Nixon-I* 1972 2623 4.59510.020 2.881 2.90210.160 9.872 10.032 |0.135 9.876 10011 ; 1977 —0.262 1714
r=01 ] -
Eisenhower-I 0.022 1.036 1.058 | 0.043 0.959 1.0021 0.015 0.498 0.513 [0.017 0473 0489 | —0.023  0.102° 0.080
Eisenhower-11 0.477 0.738 1.215]{0.022 0.695 0.717|0.012 0.195 0.207 |0.007 0.224 0.230°] 0461 0004 0475
Kennedy-Johnson 0.575 0.247 0.823(0.030 0.438 0.468 0041 0.435 0476 |0.017 0.415 0432 0570 —0.191  0.399
Johnson 0.013 1470 148310065 1.261 1.3260.020 1790 1.810 |0.041 1778 1819 | —0.074 0221 0147
Nigon-1 0.197 2.623 282010048 3,045 3.003|0.286 8.684 8970 |0.317 8543 8860 0.117 —0281 --0.164
Nigon-I* 0.197 2.623 2.820]| 0.040 2734 2.774{0.295 9.250 9.545 |0.331 9239 9.570 | 021 —0.100 0.021

Notes: *These calcalations are based on the solutions of the optirnal coatrol problems in which the target bill rates are taken
to be the historic rates.
Ail numbers in the table have been muitiplied by 100.  The numbers may not add because of rounding.
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3.4, A Discussion of the Results, One important characteristic of the results
in Tables 1-6 that should first be noted is that the output targets are generally
much closer to being achieved than are the inflation targets. The model has the
property that output can be increased to some reasonable target value (from a
lower value) without having too serious an effect on the rate of inflation. Tt is
not, however, generally possible to decrease the rate of inflation to, say, zero
percent (from a higher rate) without having serious effects on the level of output,
Consequently, when a loss function like (5} is minimized, with equal weighis
attached to the output and inflation targefs, the optimum tends to correspond
more closely to the output targets being achieved than it does fo the inflation
targets being achieved. Even when the weight on the output iargeis is only
one-tenth of the weight on the inflation targets, it is still the case that the inflation
targets of zero percent are generally not close to being achieved in the tables.

Consider now the rankings of the five administrations in Table 7. The re-
sults for both values of y show that Eisenhower-II and Kennedy-Johnson did
relatively poorly and that Eisenhower-I and Johnson did relatively well. Nixon-
I was the best of the five for y=0.1, but was only average for y=1.0. Except
for Nixon-l, the results in Table 7 indicate that the relative evaluation of the
administrations is not very sensitive to the use of the two quite different weights
on the output targets in the loss function.

In order to see better what lies behind the estimates of M, it will be useful to
examine the resuits for Nixon-T and Kennedy-JTohnson in more detail.  Note first
that for both values of y, Nixon-I does not do well regarding the expected aciual
ioss during its four-year period in office (column Q+P under a). For y=0.1,
Nixon-1 is in fact the worst of the five (0 +P=2.820). Most of this loss, how-
ever, is due to the inflation loss {e.g., P=2.623 for y=0.1). Since the model
has the property that i is expensive (in terms of lost output) to lower the rate of
inflation, Nixon-1 does not get penalized for the fact that there was a Tot of infla-
tion during its term in office. Most of the actual expected loss for Kennady-
Johnson, on the other hand, is due to the output loss. Since the model has the
property that it is not expensive (in terms of extra inflation) to increase output
to some high-activity level, Kennedy-JTohnson gets penalized heavily for not doing
so. It would thus be quite misleading in the present context to evaluate an ad-
ministration on the basis of the expected actual loss during its term in office.
The evaluation of an administration depends crucially on whether this loss is
primarily output loss or inflation loss.

The value ¢-d in Table 7 measures for each administration the expected loss
in the next two-year period from the fact that it did not behave optimally. These
values are generally gquite small and in a few cases are actually negative. The
results thus indicate that none of the five administrations left its successor with a
particularly bad state of the economy in the sense defined here. In particular,
the results indicate that Johnson did not leave Nixon-I with a bad state of the
economy, although it is commonly alleged that he did so. (Remember that by
a bad state here is meant a state from which it is diffieult for an optimally behav-
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ing administration to recover.)

Two final points about the results in Table 7. First, because the ¢—d estimates
are small and because actual ouiput joss is penalized much more heavily than
actual inflation loss, a fairly close approximation to M in Table 7 is merely actual
output loss (column @ under e in the table). This may, of course, not always
be the case, but it is for the most part for the five administrations considered
here. Second, note for Kennedy-Johnson that the results in Table 3 say that the
administration should have increased government spending (X&) by a huge a-
mount in the first quarter of its term (an increase in XG of 10.3 or 9.9 billien
dollars at a quarterly rate). This may be a bit extreme to expect of an adminis-
tration, but even if the administration had been allowed to spread this amount
out over, say, four or six quarters with no cost, it still would have done poorly
in the present context. The bad output performance of the Kennedy-Johnson
administration, and hence the bad value of ¥, is not due solely to the first few
quarters of its term. Its output performance is fairly weak over the entire 16
quarters.

4. SUMMARY AND CONCLUSION

The measure of economic performance proposed in this paper takes into ac-
count the difficulty of controlling the economy and the problem of leaving one's
successor with a bad state of the economy. The results of obtaining approximate
estimates of this measure for the past five administrations show that Eisenhower-I
and Johnson did well, that Eisenhower-I1 and Kennedy-Johnson did poorly, and
that Nixon-T did well according to one loss function and average according to the
other. The resulis also show that none of the five administrations left a particu-
larly bad state of the economy to its successor (bad in the sense defined here).
Finally, the results show that the measure of performance of an administration
is not closely correlated with the expected actual loss during the administration’s
four-year period in office, but that it is closely correlated with the output part of
this loss.

A key property of the econometric model used here is that it is expensive in
terms of lost output to lower the rate of inflation, but that, conversely, it is not
expensive in terms of extra inflation to raise the level of output. For a model
with the opposite property, the resuits in Section 3 would be quite different. It
does seem to be the case, however, that most models have the property of the
present model,'® which adds some support to the results in Section 3. Neverthe-
less, the sensitivity of the results in Section 3 to this property should be stressed.
Given this property, the results in Section 3 are not very sensitive to the use of

10 This property, for example, was much in evidence in the optimal controf results for eight
models (including the present model) that were presented at an AEA session, “Economic Flue-
tuations and Stabilization Policy 1965-75: Some Feonometric Evidence,” in Dallas on December
28, 1975,
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quite different weights on the output targets in the loss function.

The estimates of M in Section 3 may also be sensitive to the approximations
that were used, and this remains an important open question.

Finally, an obvious point. If an administration wants to carry out a certain
policy and the Congress or Federal Reserve prevents it from doing so, it should
not necessarily be blamed for what happened. For simplicity, this paper was
written as if an administration should be completely praised or blamed for what
happens, but the word “‘administration” could obviously be changed to, say,
“‘government” or ‘‘policy makers.” It is beyond the scope of this paper to
allocate praise or blame to particular people or groups. If, however, the mea-
sure proposed in this paper does become widely used as a way of evaluating the
economic performances of particular people or groups, I have a perfect name
for it.

Yale University
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