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Abstract
Policy and Cycles
by

Suneet Dashputre

Adviser: Professor Salih Neftci

A General Equilibrium model of a simple economy was developed.
The model has two decision makers: A representative household
and a government. The impact of anticipated exogenously chosen
policy variables on the households' choices and resulting prices
is computed. The derived dynamic equilibrium for prices and
quantities replicates the fundamental facts about the evolution
of macroeconomic variables over the business cycle. We also de-
monstrate that if the governments' demand for goods and labor
fluctuates over time; stability of the economy requires the
policymaker to impose an exogenously chosen time-sequence of a

choice variable or a price upon the household.
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Introduction

Macroeconomic theorists have spent the last decade trying to develope a sound
methodology to study the evolution of aggragate economic variables. This is a
seemingly peculiar excercise, for a subject has been seriously studied at least since
time of David Ricardo. Post-depression theory, begining with Keynes, was
motivated by the crucial need to understand the impact of government policy on
the evolution of the major macroeconomic vanables such as consumption,
investment, employment, and prices of labor and credit. Typically, real variables
were posited to depend on, among other things, the inflation rate, taxes, and the
governments' demand for credit, labor, and goods. The structure of the
hypothesized relationship was based on econometric studies. Friedman's
consumption function (1957) or Jorgensen's investment function (1965) are
examples of this approach.

There are two principal objections to this methodology. It posits behavior of
private decision-makers which often does not have microfoundations- contradict
behavior implied by the constrained optimization problem typically faced by private
agents. Secondly, it implies that private agents do not form rational expectations
about government policies.

The lack of microfoundations in macroeconomic analysis was demonstrated by

Lucas-Rapping (1969). The inconsistency involved the posited labor supply



function in growth theory versus short-run employment theory. In growth
analysis, the population growth rate is assumed to be exogenous. And labor
supply is an inelastic function of the real wage In Keynsian-type business cycle
theories, labor supply was assumed to be infinitely elastic at a rigid money wage.
The second objection was based on the application of Muth's (1961) insight of
rational expectations to macroeconomics.

The fundamental statement was was made by Lucas (1976 )- "... given

that the structure of an econometric model consists of optimal decision rules of
economic agents, and that optimal decision rules vary systematically with changes
in the structure of series relevant to the decision maker, it follows that any change
in policy will systematically alter the structure of econometric models "

The decision rules supposed of private choices must be of a reduced form with
respect to policy variables.

An early application of the Lucas Econometric Critique was made by Sargent
(1969). Sargent illustrated a variety of econometric issues exposed by the critique
by applying the pricinciple that private choices will change when agents'
constraints change to .he problem of investment under uncertainty.

The first explicit macroeconomic model satisfying the Lucas critique and one
defining the representative agents problem within the context of constrained

otimization was developed by Kydland and Presscott (1982 ). The representative



agent's decision rules were based on the principles of constrained optimization.
The agent had access to a production function. He derived utility from
consumption and leisure. He faced budget and time-allocation constraints.
Contemporaneous with the Kydland-Presscott construct, Long and Plosser (1983 )
developed a model based on the same methodology.

In the two models, a general equilibrium was computed for the scenario in which
the production technology was altered by a autoregressive random process. The
models demonstrated that the private agent responds to such shocks by altering his
intertemporal plans. This adjustments bring about changes in the agents'
consumption, employment, and investment plans which replicate the joint time
series behavior of post-war economic data. The framework used by Kydland-
Presscott and Long-Plosser is commonly referred to as real business cycle theories.
This thesis is motivated by two concerns about real business cycle theories. They
generate deviations from the stationary state by exclusively shocking the
production possibilities. And they are not designed to explicitly study the impact
of policy variables on the choices made by private agents. Thus, while they
overcome the Lucas econometric critique; real business cycle models lose the
ability to explain the impact of government policy on the economy. The inability
to explicitly examine the impact of policy on aggragate variables is a major

drawback, as perhaphs the most important function of Macroeconomics is



to understand the explicit connection between such things as money supply,
deficits, tax rates and variables like consumption, investment, employment, and
relative prices.

A general equilibrium model capable of serving this pricincipal function of
macroeconomic analysis must be capable of incorporating the impact of policy
variables on the constraints and production possibilities confronted by private
agents. It must also be equipped to study the impact of fluctuations in policies on
private choices. Designing and simulating such a model under alternative

government policies is the motivation of this thesis.



A model with government demand

The economy has two decision-makers: The government and the representative

household. Let the subscript t index time. The government purchases labor
(Lgt) and units of the single good produced in the economy (G, ) from the

household. It funds these purchases by imposing a nominal lump-sum tax (T,)

on the household. I am not interested in studying the impact of expectational

errors on private choices. Therefore I assume that policy variables

{Lg.Gy, Ty}, are announced at t=0 and faithfully executed.

o
=0
where (P,) and (W‘) are, respectively, the prices of the good and labor.
The household seeks to maximize a time separable, constant returns

to scale utility function in leisure (Z,) and consumption (C,) represented by

U=YT p'lalnzZ, +(1-)lnC,] (1.1)

p is the rate of time preference. The household has access to a single

constant returns to scale production function of the form

_1% I-¢
Ye=Li Iy (1.2)

where (Y, ) is the output of the good in period t, (L,_;) and (I,_,) are,



respectively, the amount of labor and investment employed in production in
period t-1. Each periods output has to be allocated across consumption,
investment, and sales to the government:

Y, =C +1; +G,. (1.3)
The fixed amount time available each period is allocated across leisure, and

work in production and for the government:

H=Z +L +Ly. (1.4)
The assumed value of H is 2,190- equal to the number of hours in 3 months.
Thus this can be thought of as a quarterly model.

The solution

Equations (1.0)-(1.4) yields the Lagrangian:
MaxL = Z?;O p' {alnZ, +(1-a)In C,

1-
[P (1t -c -1+

Wi(H-Z-L)-T ]} (2.0)

The efficiency conditions are:
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t

The equilibrium values of endogenous variables and prices will be computed
using the efficiency conditions, the budget constraint (1.3), the time constraint
(1.4), and the money constraint (1.0). Imagine that for t =T,..., the

economy remains at the stationary state. The stationary values of the policy
variables- {T(,Gt,Lg, }- are respectively assumed to be 100, 50, 50. We want

to study the impact on choice variables and prices of changes in the policy
variables. Policy variables will thus be chosen in deviation from their stationary
values fort =1, ..., T-1. Given this scenario, the economy permanently (from
t=T,...,o) reverts to the stationary state. Once the stationary state is
computed, it becomes the terminal condition for the problem fromt =0, ., T-1.

The stationary-state

Equation 2 4 yields



W=

Equations 1.0 and 3.0 yield

1

T

P=—
A()Lg+G

Equations 3.0 and 3 1 yield

w=_S%0uT

Equation 1.2 yields
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Equations 1.4 and 3 4 yield

H-L,- % ¢

B _
Z= [; A (3.5)
1+ 2
1- A,
Equations 2.3 and 2 4 yield
- U-OWL (3.6)
P
Equations 2.1 and 2.5 yield
C =(_llg)_\ﬂ_ (3.7
oP

Stationary state results

The computed stationary state yields the terminal conditions for the problem
fromt=0, .., T-1. By assumption p=.99. Since leisure typically consumes
two-thirds of the time, a isassumed toequal .666. Since about three-fourths of
the GNP is wages, ¢pisassumed toequal. 75. The computed values of the choice

variables are- Z = 1362.15, C=317.5,L =777.85, and I = 120.87.

Solution fort=0,..., T-1

Equations from 2.1 and 2.3 yield



Z, = aCy4Ly ‘
PO(1-a)(Cyyy +141 +Gyyy)

Equations 1.4 and 4.1 yield

H—Lgt
1+ - o . C“H
pd(1-a) Cyiy +14) + Gy

L‘:

Equation 1.0 yields

T,-WiLg

P, =

Dividing equation 2.3 by equation 2.4 yields

_(-9WL,

I

Equations 2.2, 2.4, and 4 4 yield

- CraWi L, _
PH(Cis1 + 1141 + Gy )Py

o

Finally, equations 1.2, 1.3, and 4.4 yield

1
1

L
wt=(L)(Cl+l+ll+l+Gt+l)l—¢L? Py.

1-¢

Simulation Results

4.1

(4.2)

(4.3)

(4.9)

(4.5)

(4.6)
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The model was simulated for 50 periods, i.e - T-1 = 50. The first experiment
was to compute the behavior of choice variables {Z,,C,,L,,], }and prices given
a constant inflation rate of 1% per period. The inflation rate was generated by
increasing the nominal tax by 1% per period. Predictably, output prices and
wages increased by 1% per period. Values of choice variables did not change.
The next experiment was to compute the behavior of choices and prices given a
constant inflation rate of -1%. Output prices and wages declined at 1% per
period. Values of choice variables did not change. This is surprising. During
deflations (depressions) units of consumption and production inputs decline
substantially. A crucial reason for this is that the nominal return on credit

nears zero, while the marginal product of capital increases. Moreover,
intertemporal efficiencies are distorted during periods of decline in the price
level. I speculate that the model displays stability during a simulated deflation
because there does not exist a credit market. Thus the normal relationship
between the nominal return on credit and the marginal product of capital is not
captured. All choices strictly depend on relative prices. The model sustains the
proposition of the neutrality of money. Namely, anticipated changes in money
supply leave the values of real variables unaltered; and consequently relative
prices remain constant.

The model was then simulated to study the impact of changes in real

11
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government demand- {Lg,G, };r:_ll, Any tested deviation in {Lgt,G,};r;ll

from their stationary values induces the model to degenerate into insolubility.

See charts for the results of a simulation in which the only induced change was

for the government to increase its demand for labor {Lg }by .1 units per period

fort =26, ..., 50. The minor change in the government's demand for labor

induces a large increase in the relative price of labor. Since the nominal price

level {T, }tT:—Ol is fixed, the nominal (and relative) price of output falls. This

simultaneously induces large increses in desired consumption and investment.
We tried to find a feasible level of Taxes to support the increase in the
government's demand for level. However the needed increase reached
completely implausible levels.

I think the failure of the model to study the impact of changes in real

government demands is quite instructive. I claim that if real policy variables

{ Lgt,Gl} deviate from their stationary values, or more generally fluctuate, then

the stability of the economy requires the government to impose upon the
representative household the time-value of a choice variable, output price, or
wage.

This is indeed done in practice. Conventionally, the monetary authority targets

the nominal interest rate. The inflation rate is determined in equilibrium.



Therefore, the real interest rate is imposed upon private agents. 1 will impose a
time-sequence of outputs upon the representative agent. The economic policy
which accomplishes this is a marginal tax rate of 100% on output exceeding the

targeted output.



A model with exogenously chosen output

Since the government is going to impose a time-sequence of outputs on the
representative agent; solutions for the choice variables and prices are recast. The
Solutions will be derived using the original efficiency conditions and constraints.

Equations 2.3 and 2 4 yield

= L= OWL, 5.1)
¢Py

Equations 2.2, 2.4, and 5.1 yield

= CiaWiLy

- | (5.2)
pd(1-9) Y 1P

Equations 2.1 and 2.3 yield

__aCy L,

= . 5.3
pd(1-a)Yy, ©-3)

Equations 5.3 and 1 .4 yield

(5.4)

Equations 1.3, 5.1, and 5.2 yield

L({Lf,d!+ R l B +Ct+l,}
o po(1-9) Yy

thP‘



Finally, equations 1.0 and 5.5 yield

T,
P= oL
t 3¢ty

(5.6)
Simulations

A host of simulations were done on this model. We studied the impact of a
constant 1% per period inflation on endogenous variables and prices. Values of
the choice variables were invariant to the inflation rate. Nominal prices grew at
1% per quarter. The impact of a constant 1% deflation was to leave real variables

unchanged, while deflating prices at the rate of 1% per period. The second class

of simulations involved alternatively varying the governments demand for
{Lg1, Gy} while leaving the exogenously chosen level of output constant. We also

experimented with shifting output from labor demand to good demand.

For example, in a simulation the government's demand for the consumption good
was increased above the stationary level and then decresed. Contemporaneous
with it, consumption and leisure declined. While investment remained virtually
unchanged, workhours increased considerably.

The most interesting simulation involved varying government demand for goods
and contemoraneously changing output level by an amount arbitrarily greater than

the change in government demand. Consumption, investment, and work hours

15



were procyclical- positively correlated with shifts in output. Leisure was
countercyclical. The relative price of the consumption good was positively
correlated with government demand. These charactersitics resemble the pricincipal
stylized facts about macroeconomic variables. Detailed results of these simulations
are at the end of this section.

Summary

This thesis makes three contributions. It developed a general equilibrium
framework for explicitly studying the consequences of government policy on the
evolution of macroeconomic variables. It demonstrated that that evolution is
affected by anticipated changes in policies. Most surprising of all, it illustrated that
if the government's demand for real variables fluctuates, it must impose upon the
representative household the time-sequence of a choice variable or a price.

Since a targeted nominal interest rate is the most frequent chosen policy, the model
should be extended to include a credit market. This requires having three decision
agents: The household, a representative firm, and the government. The household
derives utility from leisure and consumption. It sells labor to the firm and to the
government. And it lends to the firm and the government as a means of deferring
consumption. The firm seeks to maximize the present discounted value of future
profits. It has access to a production technology- the output from which it sells to

the household, the government, and reinvests in future production. In this model

16



the government will have one of two variables it can manipulate: The output level

of the consumption good or, having access to credit, the nominal interest rate.

17
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Exogenously Chosen Output

Chart 3
Units of Investment
122 -
i
\
121 T
|
|
| J
B S
PNPWRE W S L o
120 1 B N U SRR U
0) 10 20 30 40 50

Periods

60

20



Leisure Conditional on 2

Exogenously Chosen Output

Chart 4

Units of Leisure
1 370 e e

1 e
1360 //

/
f
\ /i
1350 \ ’
\\
\
1340} \\
"
\
1330+ \
h
\
\
L}

1320 | | S G W [ S I

0 10 20 30 40 50 60

Periods



825

815/

805

795

785

775

Work Hours Conditional on
Exogenously Chosen Output

Chart 5
Units of Work
.
,'/ \.\
," ‘.-
¥ .
J L
i \
// \
i\
: \
\
\
\
g \
]
\..
\
RH
I _ IR S SR | 1
10 20 30 40 50

Periods

60

22



1.5

1.4

1.3

1.2

1.1

Output Price Conditional on
Exogenously Chosen Output
Chart 6

Output Price

Periods

L. //
: /
| ]
L'}
" /
n )
L "
L
Y
-\\
e N 1. - I | 1
0 10 20 30 40 50

60

23



Wages Conditional on
Exogenously Chosen Output

Chart 7
Wages
0.7 ~ - E—
’
'l
0.6 /
/,/
\_\
. /
il ”
0.5} \
/
- /
\\\/’
0.4 : e 1 N S
0 10 20 30 40 50 60

Periods

24



85

75

65 L

55

45

G(t)

G(t) Conditional on
Exogenously Variable Output

Chart 8
’n -.
. ]
/- .-
’,! L}
,‘ L)
» ]
[ ] w
" ]
» n
I n
o .
w
]
.l
"
[ ]
IO . J | A
20 30 40 50

Periods

25



60

50

40

30

20

Lg(t) Conditional on
Exogenously Variable Output

Periods

Chart 9

Lg(t)

\ :
" ’
L} !

. / p
‘n\.\ /
| ]
LY
.
\
w
\
b
- N
NS
" \/ﬂ
L 1 L _ | 1 l
0 10 20 30 40 50

60

26



400

380

360

340

320

300

Consumption Conditional on
Exogenously Variable Output
Chart 10

Units of Consumption
e ,

T
N

Periods

S ) VU GO GUOOU Y SO

0 10 20 30 40 50

60

27



Investment Conditional on
Exogenously Variable Output
Chart 11

Units of Investment

160
150 rooox

). "

» .

/ | "
140 - /
130 \
X \\
120 /
1 10 Lo B I O T N | _ |
0 10 20 30 40 50

Periods

28



1365

1364

1363

1362

1361 |

1360~ b e
10 20 30 40 50

Units of Leisure

Leisure Conditional on
Exogenously Variable Output
Chart 12

Periods

e b

60

29



Work Hours Conditional on
Exogenously Variable Output

Chart 13
Units of Work
805,
800 P
i" \
* "
795 J L}
’ "
/ ‘
790 / \~
/F
Y
L}
\
780 | ¢ A\
\i-
775 R, I . i . D S SR S Y GO
0] 10 20 30 40 50

Periods

60

30



Output Price Conditional on
Exogenously Variable Output
Chart 14

Output Price

1.4
1.3+
\\\
»
\
121 "\
. Ve
'\
L
. /
\. P
" I
" . /p
Ny
1 . 1 S W D S . R U SR
0 10 20 30 40 50 60

Periods

31



Wages Conditional on
Exogenously Variable Output

Chart 15
Wages
065
A
Fo
* ";
b
‘ |
r”" ,\
/ \
0.64 / \
! '
p \';\
h \
‘// \»(\ ’
§
x /n ‘\i\ //
n ’/ﬁ [ ’
n“"" -“"‘.
0'63 e 1 .. R - I S S
0 10 20 30 40 50

Periods




650

625

600 -

575

550

525

500

475

Exogenously Variable Output
Chart 16

Units of Qutput

T
e

0 10 20 30 40 50

Periods

60

33



34

Bibliography

Friedman, M., 1957, A Theory of the Consumption Function. Princeton, NJ:
Princeton University Press.

Jorgensen, D, 1965, "Anticipations and Investment Behavior," in The Brookings
Quarterly Econometric Mcdel of the United Statcs, ed. by J. S.
Duesenberry et al. Chicago: Rand McNally

Kydland, F. and E. Prescott, 1982, "Time to Build and Aggregate Fluctuations,"
Econometrica, 50, 1345-1370

Long, J. and C. Plosser, 1983, "Real Business Cycles," Journal of Political
Economy, 91, 39-69

Lucas, R, (1976), "Econometric Policy Evaluation: A Critique,” In The Phillips
Curve and Labor Markets, ed. by K Brunner et al.. Amsterdam: North-
Holland

Lucas, R. and L. Rapping, 1969, "Real Wages, Employment, and Inflation,"
Journal of Political Economy, 721-754

Muth, J, (1961), "Rational Expectations and the Theory of Price Movements,"
Econometrica, 29, 315-335

Sargent, T., (1979) "Interpreting Economic Time Scnies," Journal of Political

Economy, 89, 213-248




