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ECONOMETRIC POLICY EVALUATION AND OPTIMIZATION
UNDER RATIONAL EXPECTATIONS
by

Gregory C. Chow

1. Introduction

This paper is concerned with methods for evaluating given economic
policies and for finding optimal policies using an econcmetric model under
the assumption of rational expectations. For the purpose of this discus-
sion, the assumption of rational expectations will be granted without imply-
ing that the author will necessarily subscribe to it for most macroeccnomic
applications. This wo?k, as well as several of the papers to be cited below,
nas heen stimulated by the critical comments of Robert Lucas (1976) on econo-
metric policy evaluation which takes inadequate account of the effects of
government policy on the expectations formed by the economic agents. One
answer to this critique which Lucas himself advocates is the use of rational
expectations. These are conditional expectations of the endogenous variables .-
generated by the econcmetric model itself given the available information in-
clusive of the government policy. Such an approach to poliry evaluation
raises theoretical and computational problems which are to be addressed in
this paper. Similar problems will also arise when one wishes to formulate
optimal policy under the assumption of rational expectations. Some authors,
including Kydland and Prescott (1977) in particular, feel strongly that
these problems are insoluble and therefore optimal control theory should not
be applied to economic planning. We will attempt to solve these problems
and to show that optimal control is applicable in an environment of raticnal

expectations.



There appears to be a consensus among several authors, including R. J.
Shiller (1977), K. F. Wallis (1977), P. A. Anderson (1977) and J. B. Taylor
-(1978), that policy evaluation using an econometric model under rational ex-
pectations is fairly straightforward, provided that (1) the model is linear
and (2) expectat;ons of future endogenous variables do not appear in the
model. We will therefore use this simple set-up as the starting point of
our discussion of econometric policy evaluation in section 2. The complica-
tions due to the presence of expectations of future endogenous variables
and of nonlinear relationships in the model will be introduced in turn. 1In
section 3, we consider the fcrmulation of OQtimal control policies. Section

4 includzs some concluding remarks.

2. Econometric Policy Evaluation

2.1 Linear Model Without Expectations of Future Variables

In the simple situation where the model is linsar and expectations of
future endogenous variables are absent, we can write the model in its re-

duced form as

- * -,
(1) Ve = Bytlt-l + By, , +Cx +Db vV, .

Hexrs Yy denotes a vector of endogenous variables, xt denotes a vector of

policy instruments or control variables, bt is a vector summarizing the

comiined effects of the exogenous variables not subject to control, and Ve

is a vector of serially uncorrelated, identically distributed disturbances.

*

Yils

is the conditional expectation E(ytxxs) of Ve given the information



IS as of the end of period s. As is well-known, one can eliminate the vari-

ables Ve for k>2 and x for k>1 if they exist in the original mod-

t-k
el and rewrite it as equation (1) by suitable definitions of new variables.
Since the expectations of only a small fraction of the endogenous variables
may appear in the model, many columns of the matrix B will be zero.

*
One well-known method to eliminate the expectations ytlt—l from the

model (1) and to derive a model for only the directly cbservables is to take

conditional expectations of both sides of (1) given It-l and solve for
*

Tele-1°

‘ * -1 * *

2) Yele-1 (I=B) "IAY, 3 + CHelpoy * Pyjpar!]

*
Substituting the right-hand side of (2) for Yt]t-l in (1) and simplify-

ing give

* *
tt-1 T Pefe-1

{(3) Y (I—-B)”l[Ayt_l + Cx 1+ C(xt -

*
% g1

*
+ bt - bt’t'—l + Vt.

The model (3) can be used for policy evaluation as rational expectations are

%
already incorporated by using (2) to represent the expectations ytlt-l in

the model (1). To specify completely the time path for Y, from model (2),

it is sufficient to assume that both the public and the government policy waker

*

t!t—l for the control variables and

share the same expectations and b

*
Xele-1

the combined effects of the other exogenous variables, and, secondly, that the

deviations (x and (b are serially uncorrelated and

*
t bt]t»l)
) + (b -

*
£~ ¥e|e-1)

% *
have zero mean. The temms C(x_ - X g1 bt]t-l) can be combined

with Ve in (3) to form a new residual.



2.2 Linear Model with Expectations of Future Variables

*
A complication arises if Yt+k]t~k (k>1) appears in the model. We need
*
only to consider the presence of yt+l[t—l since the expectations of the other
future variables can be eliminated by suitable definition of new variables, as

is done in Wallis (1977) for example. The model beccmes
(4) * *
Yo = Bpleap * Py¥eeafe-1 P MYe Y e Y Bt Y
Taking conditional expectations of both sides of (4) given I __,, solving
* *
for Ytlt-l’ and substituting the resulting expression for Yt[t—l back into

(4), one obtains a generalization of (3),

(5)

-1 * *
Ye (-B) “[B + Aytnl.+ Cx

.
1Y+l |e-1 ele-1 ¥ Pele-a] Y e

*

~ *
By ¥es1|e-1

e ~* o~
A f CRpleoy Y Pefeer Y e

where we have let nt dencte C(xt - t’
defined ﬁl as (I—B)‘lBl, ete. Unlike (3), the model (5) retains an ex-

%*
pectation vector Yer1le-1 which is not directly observable.
H

l)+ (b,C - Y + v and have

* *
*t |- by le-1

We shall distinguish between two types of policy, an open-lcop policy
where a vector (xl,...,xT) of values for the policy instruments is announc-
ed for T periods, T being the planning horizon, and a linear feedback
policy which takes the form X, = tht—l + Iy In either case, the policy is
announced at tﬁe beginning of the planning period and the economic agents are
assumed to form their expectations according to the announcements. In othexr

*

words, X lpa1 is known; it equals the announced policy in the case of an

open~loop policy and equals G in the case of a feedback bolicy,

Ye-1 9t



Gt and 9 being given constants. Furthermore, it will be assumed that both

the policy maker and the public share identical expectations for

*
Pe -1
the combined effects of the exogenous variables; otherwise policy evalua~
tion would be impossible under raticnal expectations.

For the purpose of policy evaluation, consider equation (4) for period

T. It explains Yo using y;+1|T-1 . To obtain a unique (stochastic)
model for Yo and in fact for all Yy (t=1,...,T), we will assume that
y;+1]T-1 is a given linear function of y;lTﬂl (and of Y if necessary).
Bach linear function assumed will yield a model for Yo and thus for
Yo (t=1,...,T). This is not to provide a general answer to the multiple-
solution problem arising from models under rational expectations as discussed
in Taylor (1977) and shiller (1977) for example. We are merely suggesting
that in order to arrive at a unique sequence of predictions, an advocate of
rational expecations needs to supply an additional condition, and that equa-
tion (4) for the terminal period T is a convenient place to state and examine
such a condition. When T is sufficiently large, it is reasonable to as-
sume that selected elements of Y;+llT-1 are equal or proportional to the
corresponding elements of Y;IT-I for making a policy evaluation in period
one. This assumption can be replaced by the assumption of equality or pro-
portionality between y;+1[0 and Y;IO . Since the expectations of
Y (t=1,...,T) to be evaluated are all conditioned on information at time
zero, variables in the following procedure can be replaced by their expecta-
tions given I0 without affecting the calculations. Having made an assump-
tion for y;+1|T-l ; Wwe can eliminate it from (4), take expectations given

*
IT_1 » and solve out YT]T—l to obtain

%
|1 ¥

~

(6) Yp = Bp¥py +C brplp-1 ¥ Mg



Given the terminal condition (6), and given an open-loop policy, the set
of difference equations (4) can be solved backward in time. Taking expecta-

3 k] L] s ] *
tions of both sides of (6) given IT- and substituting the result for (o P

2

in the equation for Yope We have

*

7 =
N Yooy T B¥pog|pe2

~ L] ~ * SR
* By By g2 * Cr¥p|p-2 ¥ Pr|r-2!

+
AYT—Z + CxT—l + bT—l + VT_l

*
Since (7) no longer contains the expectation Yoo | g of future endogenous
variables, we can take conditional expectations given Ip.s to obtain an
*
equation for yT—l!T—Z and substitute the result back into (7) to yield an

equation, analogous to (3),

* *

(8) *p_1|p-2 ¥ Pro1|r-2!

. -1 5 B
= (I B—BlAT) [AyT_2 + B.C x 5 + BleIT—Z + C

Yoy 1% |7

*® *
+ Clep_y = *pop|p-2) * Proy T Preifm-z * Vr-2

# % E

Ap_1¥pey * Cpe1,r¥rfr-2 T Cp-1,p-1%¥p-1|7-2 ¥ Dp_1,7Pp|T-2

i

*

>

* Polplre2 ¥ M-

The process continues by taking expectations of both sides of (8) given ITvB
*

and substituting the result for Yoo |p=3 in the egquation for Yopne yield-

ing an equation for Yoo corresponding to (7). This equation no longer con-

tains the expectation y;—llm—B of future endogenous variables, and can be

converted into an equation like (8). In general, the resulting equation for

v, is



(9) Yy, =

t Aty'l‘.—l X4 ,t-,l + ID

o PP e F

where Dt ¢ = I, Given an open-loop policy which specifies the expectations
14
of all future Xy and given the initial condition Yoo (9) can be used to
generate predictions for Ve (t=1,...,7) for the purpose of policy evaluation.
If a linear feedback policy x, = tht-l + 9

substitute thisg rule for x, in (4) to obtain

is to be evaluated, we can

* %* —
(20 Yo T BYeley Y BiYiqqe * ReVeog ¥ by + v,
where R.t = A + CGt and E; = bt + Cgt. (10) can be solved backward in
*
time once a texminal condition for YT+1IT—1 is specified. Using the feed-

*
back rule, we can replace x

TIT-l in (6) by GTYT—l + gn to yield the termi-
nal condition
(11) R B
Yoo = Rp¥poy o+ by g oy

*

- —%
vhere R = & ¢ = B ¢ . llow the deri-
where RT AT + CTGT and bT]T-l bT[T-l + CTgT One can follow the

vation from (6) to (9) and obtain an equation analogous to (9},

T
(12) y, = Rtyt_l + D

b, + 1
t jop Eliift=1 T Ty

where the expectations of the policy variables have disappeared-as they are

and Ef In obtaining the matrix coeffi-

t’ De|g ilt-1°

cientgin (9) and (12), one should be aware of the problems of computational

incorporated in R

_errors due to repeated matrix-multiplications in the backward solutions.
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However, the author's experience with the similar problem in solving matrix
Riccati equations backward in time for systems of about 100 equations for 20
periods indicates that the problem can usually be solved using double-preci-

sion arithmetics with a modern computer.

2.3 Nonlinear Model with Expectations of Future Variables

If the model is nonlinear, but expectations of future endogenous vari-
ables are absent and the random disturbances are ignored, then the expecta-
tions of the endogenous variables generated by the model under rational expec-
tations are equal to the values of the endogenous variables themselves. There~
fore, to find the solutions for the endogenous variables (or equivalently their
expectations) one can replace all expectations yz £-1 by the variables Ve
themselves in the model and proceed to perform nonstochastic simulations given
any policy to be evaluated. This approach was taken by Paul Anderson (1977)
for the St. Louis model and the FRB-MIT-Penn model. Anderson's main finding
is that the short-run Phillips curve is much more nearly vertical according
to both models under rational expectations than under the distributed lag for-
mulations of expectations with the lag structure assumed to be constant over
alternative policies.

If the model is nonlinear and stochastic, and the expectation Yz+1 -1
appears, we suggest linearizing the model about a tentative solution path,
applying the methods of section 2.2 to obtain the solution for the linearized
model, relinearizing about the expectation of the new solution path, and iter-

ating till convergence. Specifically, let the nonlinear model be

*

r
13 =
(13) FUVer Yelge1” Yea1|t-1’ Ye-17 %¢) t



where F is a vector function and ut is a vector of random disturbances.

Using some distributed lag or any reasonable estimates for the expectations

* *
yt]t-l and Yt+1[t—l' simulate the model (13) for t = 1,...,T with u, = 0,

given either an opern-loop policy x = (xi,...,x;) or a feedback policy

X = tht-l + 9 which is to be evaluated. Let the result of this simulation
o o

be yl,...,yT.

We next linearize the model about y:, yg and

_ .0 (o) _ .o
t-1 = Yer Yeq1|t-1 T Yeaa
o . . . . . .
Yt-l' Denoting by th the partial derivative of F with respect to its

.t . .
3 h argument evaluated at the above point, we write

o * (o} * o o _
(14) Py (remve) + Fop Wepe 17V + Fap Wepy e Yean) + Fae Weor¥ey) = %

In evaluating th in (14), we let X, = x: if an open-loop policy is to

be evaluated. For a feedback policy, we let x, = tht—l + 9 and combine

t
in F4t the derivates of F with respect to both its fourth and fifth arguj‘ﬂff:

+ Pl
Y1 T T 1t

which is assumed to exist if the simultaneous equations model (13) provides

ments, the latter being replaced by G Multiplying (14) by F

a unique solution, we obtain a linear model

* &
(15) Yy Pe¥ele-1 ¥ Bre¥esafe-1 * Pe¥e-1 Y Pe T Ve

where Ve = Fiiut. (15) corresponds to (4), except that the coefficients

are now time~dependent and that the given policy has already been incorporated,

with no need for the texm Cxt in (4). We can therefore apply the methods of

section 2.2 to solve for Ye from the linear model (15). The result,iwlth the

vesiduals n set equal to zero, will provide a new set of initial wvalues

t
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y;,...,y; about which the model (13) can be relinearized. One can continue
to iterate until convergence.

As in the case of policy evaluation for linear models in which expecta-
tions of future endogenous variables appear, some terminal condition on
y;+lIT-1 would have to be imposed to obtain a unique solution. Given such
a conditien, one could start with some initial guess for the expectations,
simulate the model given these expectations, use the results of the simula-
tion to provide a new set of expectations, and continue iteratively. Such
an iterative procedure was used by Fair (1978). It differs from the method
recommended above as it involves no linearizations of the model and does not
solve the equations recursively backward in time. Once a condition on
YT+1IT~1 is imposed, and with u. = 0, the set of equations (13) for
t=1,...,7T becomes a set of nonlinear algebraic equations in (yl,...,yT) =
(Y;,...,y;). The method suggested in the last paragraph amounts to the
Gauss-Newton method for solving a nonlinear system of equations by repeated
linearizations, except that the solution in each linearization is obtained

recursively backward in time. For many practical problems, the Gauss-Newton

method has been found to have reasonably good convergence properties.

3. Econometric Policy Optimization

3.1 Linear Model Without Expectations of Future Variables

For a linear model without expectations of future variables as treated
in section 2.1, the standard techniques of optimal control apply since the

*
expectation vy can be eliminated from model (1) to yield model (3),
t|t-1
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the parameters of which are invariant with respect to government policy under
rational expectations. An interesting application of this case has been pro-
vided by John Taylor (1978). There appears to be general agreement that pol-
icy optimization using an econometric model under rational expectations is
possible and useful at least when the expectations of future variables are
absent from the model.

At one time, there might have been some misunderstanding of the conclu-
sion reached by Sargent and Wallace (1975) to the effect that “"rational expec-
tations" would rule out any effect of monetary policy on the real economy.
These authors stated clearly in their paper (1975, p. 254) that their conclu-
sion depends, in addition, on the aggregate supply hypothesis of Lucas which
embodies the natural rate hypothesis. According to this hypothesis, real
output can deviate from the natural rate only when there is a deviation of
the actual price level from the expected price level. As is well-known and
is easily seen from (3) under the assumption of rational expectations, the
deviation of any endogenous variable (including the price level) from its
expectation in a linear model is determined by the deviations of the policy
instruments from their expectations and is thus unaffected by announced
policy changes. Hence, announced monetary policy has no effect on real out-
put. Note that the assumption of rational expectations alone does not rule
out the effectiveness of monetary policy. Also, the effects of fiscal policy
on the real economy and the effect of monetary policy on the price level are
interesting questions to pursue even when some form of the natural rate hypo;
thesis is accepted in addition. Therefore, one cannot escape the conclusion
that the tools of optimal control remain useful under rational expectations

at least for models having no expectations of future endogenous variables.
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3.2 Linear Model with Expectations of Future Variables

The situation is more complicated when expectations of future endcgenous
variables appear in the model, as we will discuss in this subsection. However,
for readers of section 2.2, the applicability of optimal control techniques to
such a model seems obvious. If the consequences of a given policy, be it open-
loop or feedback, can be evaluated, then one can always search for an optimal
policy once a welfare or loss function is given. Let us pursue this viewpoint.
We assume that a loss function is given and that the proposed policy is to be
announced at the beginning of period one and it will be used, together with the
econcmetric model, by the economic agents to form their expectations. The
policy maker wishes to find an optimal policy in this setting which will mini-~
mize total expected loss for T periods. We will consider.in turn open-loop
policy and feedback control policy.

Optimal open-loop policy can be obtained by first stacking up the differ-

*
ence equations (6) and (9) as a system, with x_ replacing % s as the

ok % o o
policy is announced and accepted, and assuming btls = btlo = bt'
-3 & X
I -3, 0 eee O Yo Cp 0 0 o
o -3 = & “se > 9
(16) I AT-l ees O Yip1 cT-l,T CT-l,T-l o] Pl
0 ces 0 Iy &.r S oo Gallm
- 1 = — —_— -
I 0 ... 0 bT N
+ DT—l,T I ees O bT_1 nT—l
g* A n
ee I +A. ¥
1,3 P1,7-1 1"%1% 1
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or, written more compactly,

a7 Ay = Cx + Db + n

If the loss function is quadratic in y, one can easily solve (17) for y,
substitute the result in the loss function, evaluate expected loss given Io’
and minimize with respect to x. Note, however, that a vector of control
variables (xl,...,xT) determined at the beginning of period one and not to
be altered as more observations become available cannot be optimal. 1In the
model (4), the first three terms on the right-hand-side are all functions of
ARy implying that knowledge of Yio1 will be useful in controlling Yy-
Hence a feedback policy may be better than a deterministic open—loop policy.
To £ind an optimal feedback policy, one might be tempted to apply the
familiar method of dynamic programming using equations (6) and (9). By this
method, one would first minimize with respect to X the expected loss
attributable to Yop of the last period, given I, ;. and obtain an optimal
feedback control equation for Ko Having obtained the optimal rule
for X,, one would go back in time to find an optimal rule for Xno1?
etc. As pointed out by Kydland and Prescott (1977), this method would not be
optimal because, by considering equation (6) alone for determining Xqn, One
ignores the effects of expected X, on previous Yt(t < T) as given by
equation (9). Kydland and Prescott (1977, p. 474) write, "current decisions
of econcmic agents depend in part upon their expectations of future poliecy
actions ... cnly if these expectations were invariant to the future policy

plan selected would optimal control theory be appropriate.” They claim

(pp. 473-474) that optimal control theory "is not the appropriate tool for
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economic planning even when there is a well-defined and agreed-upon fixed
social objection function ... . Rather, by relying on some policy rules,
economic performance can be improved.” I agree with these authors that, if
expectaions of future endogenous variables enter an econometric model, the
method of dynamic programming cannot be applied without allowing for the expec-
tational effects of future policy on current actions. However, I cannot con-
cur that optimal centrol theory is useéless and-that ¥by relying on some policy
rules, economic performance can be improved." wWhat rules should the policy
maker follow? If one considers linear, time-invariant feedback rule of the
form Ve = Gyt_l + g, one can use equations (il) and (12) for a description

of the dynamics of the system under any given rule. The expectations of wel-
fare loss associated with any given parameters G and g can be evaluated.
One can then minimize expected loss with respect to G and g by scme

gradient method.

Furthermore, dynamic programming can be applied to equation (5) to find

®
an optimal feedback rule. Treating yt+11t—1 in (5) as given and minimiz-

ing the expectation of a guadratic loss function for T periods, we can apply
dynamic programming as in Chow (1975, Chap. 8) to find an optimal feedback

control equation

A *
(18) e = C1e¥epife-1 ¥ CorVe-1 T Gt

Under certain conditions concerning the system parameters as discussed in

Chow (1975, pp. 170-172), the coefficients G G and g, may become

it 2t

time-invariant as T increases. It may also happen that Glt and G2t

are time-invariant and 9. changes through time to reflect changes in

N* . .
bt|t~l » but the gystem under optimal control will remain covariance station-

ary. Let us assume that the system (4) cr (5) can be made covariance-
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*
stationary by using such a rule, i.e., when (18) is substituted for xtlt-l

in (5), we will obtain a covariance-stationary gystem:

(19) +r+ N

&
Ye = Bp¥eqqfe-1 * Bo¥ean

~ -~ e -~ *
where R, = B, + CG R, = A + CG and x

1 1 1 v Ry 2 = btlt—l +Cg, . If (19) is

covariance-stationary under rational expectations, there must exist an

observationally equivalent system

20) Vg = Weq v a¥ T

where the roots of the matrix @ are all smaller than one in absolute value.

To find the matrix @ , we use (20) to derive the expectation

*

(21) Yerl|t-1

= szt_l + (Q+ I)q

and substitute the result into (19) ,

(22) Y, = (RlQ2 + Rz)yt—l + Rl(Q + I)g + r + nt
Equating coefficients in (20) and (22) yields

(23) Q= (I - ng)"laz; q=[I-RI(Q+ 01

Having solved for Q and q , we can substitute (21) into (18) to get an
optimal feedback rule as a function of Yeoq only. This rule is optimal
becauge it is a time-invariant feedback on y:+llt-l formed by rational

expectations, thus allowing for the effect of future policy on current ac-
tions. If the matrices G,_ -and G

it
algorithm turn out to change appreciably for t = 1,2,..., then the syétem

ot computed from the optimal control
cannot be made stationary and the method of dynamic programming breaks down.
Yet, one can still fall back on the gradient method mentioned in the preceding

paragraph.
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Therefore, contrary to the claim of Rydland and Prescott (1977), optimal
control theory is still applicable when "current decisions of economic agents
depend in part upon their expectations of future policy actions." Kydland and
Prescott have correctfy pointed out that optimal control theory cannot be
applied to models such as (4) where expectations of future variables enter
without appropriately taking these expectations into account. However, if
the effects of future expectations are properly incorporated, as in the proced-
ure desciibed above, optimal control theory is applicable. This discussion is
parallel to the discussion following the original critique of Lucas (1976) on
existing econometric policy evaluation. The consensus, shared by Lucas (1976),
Shiller (1977), Wallis (1977), anderson (1977) and Taylor (1978), appears to
be that while one should not apply policy analysis directly tq model (1) without
adequately allowing for the effects of policy on the expectation y:lt—l’ one
can apply policy analysis and optimal control to model (3) because the effects
of policy on Y:It—l are properly incorporated. The comment of Kydland and
Prescott appears to be that one should not apply optimal control to model (4)

. *
without due allowance for the effects of future policy on yt+l Our

{t-1-
response is that, if the model can be made stationary, one can incorporate the
effects of future policy on Y:+1]t-l by using rational expectations to derive
optimal control policies. Even if the model cannot be made stationary, one can
apply some gradient method to minimize expected loss for T periods once the
consequences of any policy rule can be properly evaluated under rational
expectations.

A few words should be said concerning the usefulness of the assumption
that the model can be made stationary through time. My view is that this
assumption is likely to be appropriate if one formulates the econometric model

correctly as one should. Variables such as the rate of inflation and the rate

of unemployment as generated by an econcmetric model should eventually approach
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a covariance stationary state. For growth variables such as real GNP, if

we formulate the model and specify the loss function in terms of the rates
of change, the system under control can be covariance-stationary. The level
of GNP will not be stationary, but it is determined, through an identity,
from a stationary system under control. Even when one fails to obtain a
covariance-stationary system from the optimum control calculations, one un-
covers important dynamic properties of the model through these calculations.
One would learn that no control rules with constant coefficients can make
the econoﬁic system covariance-stationary under rational expectations.

The methods of this paper assume that the policy makers will follow
the policy which they announce and that the public in forming its expecta-
tions believes the policy makers to be honest. We have not studied the pos-
sibility of government deception by announcing a future policy to influence
the public's expectations and then revising it when the time comes. As Lucas
(1976, p. 42) remarks, "policy makers, if they wish to forecast the response

of citizens, must take the latter into their confidence."

3.3 Nonlinear Model with Expectations of Future Variables

As in section 2.3 dealing with policy evaluation, we propose to linearize
a nonlinear model and apply the methods of section 3.2 iteratively to obtain
an approximately optimal policy under rational expectations when expectations
of future endogenous variables are present. Given any tentative policy, be it
open-loop or feedback, one can linearize the nonlinear model as described in
section 2.3. The only modification is that, when policy optimization is con-

sidered, one needs to treat the policy variables x_ explicitly by adding

t
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{x xo) in equation (14) and accordingly the term C

the term F e T X

5t ™

in equation (15). The modified equation (15) takes the place of eguation
(4). It can be converted to equation (5) or (9) as needed, with the sub-
script t added to the coefficient matrices. To obtain an optimal -open-~
loop policy, we use equation (9) which can be rewritten as (16) for the
purpose of optimization. The tentatively optimal policy will provide a
new initial path for relinearizing the model. To obtain ah approximately
optimal linear feedback rule, we use equation (5) to obtain the

feedback control equations (18). We then apply the control equation for
period one as a stationary rule and use the method of equations (19) - (23)
to obtain a new feedback rule for the purpose of relinearization. If this
iterative process fails to produce a nearly time-invariant feedback rule, we
will use equations (11) and (12) to evaluate the expected loss for a given

time-invariant feedback rule, and apply a gradient method to minimize the

expected loss with respect to the parameters of the rule.

4. Concluding Remarks

In this paper, I have shown that policy evaluation and optimal policy
formulation can be carried out under the assumption of rational expectations.
The methods proposed amount to modest modifications of the existing methods
of policy evaluation and optimal control.

We have assumed throughout that the econometric model to be employed has
been properly estimated, and have not treated the problem of estimating an
econometric m§del under rational expectations. The estimation problem has been
treated by Wallis (1977) under the assumption that the model is linear and that
the control variables themselves follow an autoregressive-moving-average

process. If either assumption is relaxed, the latter being replaced by the
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assumption that the government acts as if it attempts to maximize the expecta-
tion of an objective function with unknown parameters, there appear to be

interesting theoretical and applied econometric problems for further research.
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