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STABILIZATION UNDER RIGIDITY

A.S. Pinto Barbosa*

This paper explores some implications for stabilization
policy of the existence of political or institutional 1li-
mits on the use of control variables. The importance of
some non~linear‘autoregressive processes for modeling go—
vernment behaviour in the face of such constraints is high
lighted. Normative implications for constitutional design
are explored by comparing the relative efficiency of a ba-

lanced budget versus a spending limit rule.

1. INTRODUCTION ‘ )

Observation of stabilization policies conducgeé'in contemporary
ecqnom?es suggests tpqt ?conomic authorities very 6ften find themselves
severely constrained in the use of their control variables. Perhaps ome
of the most w;dely known circumstances where such restrictions are felt
fefefs to the downward inflexibility of govermment expenditure or its
groﬁth rate that emerges when, as happened recently in many western
economies, there is an explicit desire to cut in the size of public
spending either for allocation or stabilization purposes. The downwafd
rigidities arise in general as a consequence of political and institu-

tional factors. In the United States, for example, it is well-~known the

difficulties faced by the Reagan Administration in reducing spending in

* Department of Economics, New University of Lisbon, I have benefited
from discussions of this subject with Jose D. Coelho, Joao I. Pinheiro,
B. Murteira and C. Wyploz. I am specially indebted to David A. Jones
for a clarification of a number of critical issues. Errors are of my
own responsibility. -



social security programs when the proposed cuts severely endanger pre-—

viously acquired benefits, the so-called ‘entitlements’.

In the present paper we intend to explore in a simple analytical
framework some potential consequences for stabilization policy of the
existence of such kind of restrictions affecting the use of policy ins-
truments. Specifically, we attempt to examine within a stochastic fra-
mework some implications for aggregate demand management of rigidities
in the growth f;te of money creation as a result of political or ins-
titutional factors. In this context we shall try fo highlight the im-
portance of some non-linear autoregressive processeé for the analysis
of that problem. In secgioﬁ 2 we describe the basic model, investigate

l

the question of stability posed by that rigidity and analyse some of

= 1

_iés steady~state effects. Section 3 is devqted to the study of the

occupancy times spent by the economy under the two alternative regimes
emerging from such instituti6n31 framework and their consequences for
the average growth rate of money. In section 4 some normative implica-—

tions for conmstitutional design are derived from the analytical-appa-

ratus explored in earlier sections.

2. THE MODEL
We envisage an economy essentially subject to aggregate demand
disturbances. The growth rate of nominal demand Y, is goferned by the

following simple first-order autoregressive model

Ve = a+lyt_1+ﬁgt +ug (1)
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where X,0<)}<1, accounts for positive serial correlation in ﬁominal de-
mand, a fact observed in many economies 1. This démand—side persistence
may be rationalized via the adjustments in velocity fbllowing changes
in money growth rates. An increase, say, in money growth leads initial-
lf to a movement of opposite direction in veleoeity. As inflation comes
to increase the general level of interest rates, velocity will subse-
quently increag? 2. The control variable of.economic authorities,_gt,
reflects money growth originating in the deficit of the stabilization
b?anch. We assume therefore that public expenditures (taxes) of this
branch, consisting essentiélly of positive (negative) net transfers to
the péivate.sectdr, are reflected on a one-to-one bgégs in money crea-
't?on (destruction) aQ\é\growth rate g 3. The paraﬁeter a denotes other
-exogeneously given %oprces of nominal demand growth, incluQing perhaps
the effects of the deficits of the other budget branches or of, say;

external imbalances. The economy fs subject to nominal schocks, u,

2
Being a Gaussian white noise n (p,ou ).

Assume that demand management authorities are interested in mi-

2
nimizing the mean squared error E [kyt-y*) ] where y* is some target

-

1 - See, for instance, Nelson and Plosser (1982).
2 - See for instance, Basevi, Blanchard, Buiter et al.(1983),Gordon
(1982),.

3 - See Musgrave (1959).
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level for Ye 4. To keep the exposition simple assume further that full
employment prevails in the labor market perhaps as a result of full in—
dexation in this nowinally disturbed economy 5. The criterion function

will thus reflect the desire to minimize the variability of inflation

around some optimal rate 6.

We sﬁppose further that the authorities are subject to the fol-

lowing feedback policy rule:

= + .
8 "8, v 8 Yoy (2)

where g, and g, are parameters tc be appropriately chosen. Now, subs-—

-

_/

;

tituting (2) into (1) gives . s

Therefore, tﬁe_steady*state variance of y around its mean is
'given by

2 2 2 .
o, = o, /|1-(rtgey) (%)

Minimizing (4) with respect to g) gives

g, 5 - 1/3 : (5)

4 -~ Nominal income targeting has been advocated by some authors as pre-—
ferable to a simple money rule since it may account for velocity ad-
justments. See Basevi, Blanchard, Buiter et al. (1983).

5 ~ As suggested by Fischer (1977) wage indexation makes good sense in an
economy predominantly disturbed by demand schocks.

6 - Discussion about the optimal inflation rate has been conducted among
others by Friedman (1969) and Phelps (1973). Emphasis on the welfare
losses due to variability of inflation can be found, for instance,
in Friedman (1977) and Lucas {1981)



From {3) the steady-state mean of y is given by
¥ = i (a*Bg ) + (M+Bg))y . ~(6)

By substituting (5) into (6) and making y = y* we readily obtain

the appropriate value for 3 namely

g = (y*~a)/ B : N

o

- Using (5) and (7) into (3) finally gives the stochastic process
governing y when the stabilization policy described by (2}, (5) and

(7} is followed

Ve = ¥+ ug | | @)

e
that is, the fiscal authorities arxe able to set y. equal to its target

level except for an irreducible noise. Note the'leaning-against—the-wind'
‘characteristic of the optimal fiscal-monetary policy rule as clearly in-

- dicate by the ﬁegative coefficient gy-

-

Assume now that due to political and/or institutional reasons
fiscal authorities are not able fn any circumstances to cut public spending

below certain exogeneously given limits which imply
B T he Ty )

Assume further that 8¢ will keep being governed by (2) as long as
. .

g »L.". What are the stochastic implications for the ¥, Process of

t

this different set of constraints?

7 - It can be shown that it is still optimal for the govermment to follow
rule (2) when the constraint B2 L is not binding.
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We first inquire about the stationarity of the new process. From

(2) and (9) it follows that if

21 o '
yt_1$ (y*-8L-a}A | (10)

we have 8¢ following the rule (2), call it Regime 1, in which case Ve
will be given by (8). If, instead (10) is not satisfied, & will be set
equal to the lower limit L, call it Regime 2, and Ye will be thern gover-

ned by

_ ' Y, = atiy,_ tBL tu S an

Add1ng and subtractlng v* to the right hand 31de of (11), mui-
tlplylng and dividing the constant term thus ohtalne& by and making

=1
B=(y* - gL -~ a)A  will allow us to write the complete model in the
e

following way

Ve =¥ Opp) +u o (12)

where.
y* if y,_ B (Regime 1) (13.a)

v &

t-1) =

A¥ey T AB+ y*  if yt_fB (Regime 2) (13.1)

This is a nonlinear autoregressive process of the threshold type 8.

Tweedie (1975) has shown that if the input distribution is absolutely

8 - Por a discussion of nonlinear autoregressive processes see D.A, Jones
(1978). The study of threshold autoregressive models (TAR) has been done
by H. Tong (1978).
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continvous, a sufficient condition for statiomarity is the existence of

constants €,v>0, such that

E{|¢ x+u)| - |x]} € —€, ([x]>v). (14)

This condition is satisfied. In fact, in view of the semi-linear

characteristic of $(x), then for any finite B,

lim {Ef¢(x+u) |~[¥ (x)|} =o, . | (15)

_Ix['} @
and since Osy'(x)<1l, for xe{(—=,B)J(B, +=), then

lin {{y(x)|-]x[}= - = | (16)

Thefefore, byxch?osiﬁg1'sufficiently large, one shall be able to
-guarantee that (14) is verified for aﬁy'given finite value of B or
_equivalently, L. The restriction on money growth, whatever its magnitude
.doeé not tﬁerefore affect the stationarity of the economiy. We proceed
now by investigating the effect of the institutiomal resfriction on the

steady-state mean and variance of aggregate demand. Following Jones (1978),

it is possible through formal power-series expansions to represent

the non-linear stochastic process Y, @s an infinite sum of stationary sto-

G)

chastic processes y= ‘.
| () a 2 (2)
Ye T y t) tuy t) + 1/2 Y + ... (17)

where y is a parameter and the compoment processes are given by:

yt(o) =a+b y(gzl +u (18.a)



§ : y(il:)l = b y(o) + A (y(O)) : (18.b)

In these processes a and b are arbitrary but fixed constants,
A(x) is given by:
Ax) = y(x) ~ bx - a (19)
and A'(x) denotes the first-order derivative of A(x). For our purposes,

and in order to get tractable expressions'below we assgume p=l, b = 0,

and set a = y*, Thérefore, the y process can be described by

= vk o
where \
o XgB - | (21.a}
A (XY =
A(x-B) x>B (21.1)

Clearly, since A(x)>0, then E[A(x}]>0 and therefore the steady-

state mean of the process, y, will satisfy

Y > y*. (22)

This shows that an inflationary bias is imparted into the eco~
nomy, an expected conclusion in view of the fact that when the economy
becomes too heated fiscal authorities are no longer able to countervail

demand to a sufficient extent.

An approximation for y can be obtained if we truncate the ~

formal expansion (17} by taking, say, only the first three terms 3 and

9 — In view of the truncation it should be clear that the goodness of
- approximation will depend on the choice of the ¥, a and b parameters.



take its expected value so as to give:

§=E (v*+w +E (Ay*)} {1+ E [A' * + w]) (23)

It can be easily shown (see Appendix) that:
§y /61> 0, §y/8L > O (24)

so that the bias is positively related to the degree of persistence of

the uncontrolled economy, and to the magnitude of the lower bound on A

. The steady-state variance of aggregate demand can in turn be
approximated by:

o Uli + var [A(y* + w)] , J. (25)

e

- rd .
Inspection of (25) clearly shows that the vdriance of the system

“wirs
#

has the variance of the'noise as a lower bound and it is easy to show

-~

(see Appendix) that:t

aa.}-z; ! 8x>0, 8a éf 8L>0, . (26)

thms indicating a direction of response of aggregate demand variability
. to changes in the parameters A, L, essentially of the same pattern as

that of the mean value.

If we interpret L as reflecting some irreversible effect of
past public spending snd still assume that the objective function of
stabilization authorities is max W ='~Ev[(y—y*)2] it is possible now
to compute an approximate value to the marginal cost of such type of

irreversibility by using:

&W/6L % - aoém - 2 G-y*) 65/6L, @n”



- and the expressions developed in the Appendix. This is the relevant
stabilization cost to be balanced against marginal benefits possibly

derived on other grounds.

3 . OCCUPANCY TIMES AND AVERAGE PUBLIC SPENDING

It is of interest to compare the occupancy time of Regime 2 in
this model, call it 8, with 8, the fraction of total time aggregate
demand y exceéds B in the original unrestricted model. For such pur-
pose.take ft as descfibed by (20). Since A(x)zo and Pr[h(x)>o]>o, and

in view of the independence of u_ and Ye-10 We have

t

Pr [y* + u + A(yt_1)> B] » Pr [y* + ut>._‘__Bj,
that is,
>89 i ~(28)

This perhéps is not a surprising result in view of the fact
that as soon as B¢ reach th§ lower bound L, fiscal-momnetary policy
is no longer.able to eliminate the underlying persistence of aggregate
demand growth, Therefore y will comparatively spend mﬁre time above B

than under the original economy where persistence is fully removed from

the system,

At this point one may ask about the effect of the institutiomal
iower limit L on the average money growth rate, call it_‘E, and there—
fore one average public spending of the stabilization branch. This in-
quiry seems to be jusfified in view of the result just obtained. In
other words, it can be asked whether the increase in time spent by the

economy in Regime 2 where the institutional restrictiom is active (gt=L)
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might offset the direct effect of the limit itself in eliminating low

realizations of g,» 80 as to generate on average a smaller value for g.

It is easy to see that the stochastic process governing g can

be described as:

T8t By Ty Ve, B (29.8)

+ 8B =L > B (29.9)

8o V-1

Denoting by h{y) the steady-state density function of y given the
institutional parameter B, the steady-étate mean of g will be descri-
bed by ' ' ' -

Ve

P

_ B ‘_..
g=g,+gB+g s (G-B)h () dy (30)

- !

From (13) the mean of y can be repreéented by: .
- g . Iw
=yt+iy G6-B) KOy, (31)
Now
y-B= /PG-B) b () dy + [° (v-B) b(y) dy,  (32)
S B
and using (31) and (32) inte (30) finally gives
- - -1 -
g=g teg yr+g -1 G*-y) 3
which proves that.ave:age public spending goes up if ; exceeds y*, which

was shown before to be true.

4. CONSTITUTIONAL DESIGN

So far the discussion has proceeded at the positive level by in— ~

gquiring about predictable effects of existing institutional rigidities.
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The stochastic model developed earlier is able, however, to give certain
additional insights into some recent normative constitutional controver-

sies,

Assume as before that the choice of g is made by the stabiliza-
tion authorities which again are interested in minimizing the mean-squared

2
error E [(y—y*) ].

Suppose now, however, that at the constitutional level of decision-
-making it is recognized that the choice of g produces side allocative
effects over and above the stabilization ones.This might result from assu—

ming that the tax—transfer policies associated with g “are all distor-
. v

E

tibnary. Politicians and Buraucrats in charge of thé.stabilization function,
acting with some autﬁnomy vis—a~vis other budgetary functions, might not
‘have these indirect'dEtrimentai effects fully reflected in-their own cost-

. yeward structure., Internalization of these spillovers is called for in

such circumstances. Assume this is obtatnable via constitutional disci;
pline. Specifically suppose that the relevant index of social welfare

-

is described at the constitutional stage by
) 2 -2
W==-{E[F-y0]+v ) } (34)

where the last term attempts to measure the allocative cost. We suppose
the latter is proportional to the square of the steady-state growth rate
) E to allow for presumably rising marginal efficiency costs of govermment
size. To keep the exposition simple, we further abstract now from the
possible downward rigidity of g earlier discussed, by assuming that

proper selection of flexible government spending projects is undertaken.

Now, constitutional designers in an attempt to maximize W are
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faced with the choicé amoﬁg three possible constitutional rules. The first,
which we term the "unrestricted rule' (UR) allows the stabilization autho-
rities_to sélect_ g without any further constraint besides the one implicit
in the use of our previous linear feedback-rule (2). This rule wili thus
correspond to a basic Keynesian stance where there is typically no concern
for allocative side effects. The second rule, call it the "balanced budget
rule’ (BBR), requires the budget tc be balanced in the steady-state, al-
though allowing for inperiod fmbalances 10. Finally, the third rule, call

it the_’speﬁding limit.rule' (SLR) imposes an upper positive limit L) 0 on

money growth which finances the stabilization deficitll.

r

We commence by coﬁparing the relative welfare. performance of the

first two rules. If an UR is operating, we know from (2) and the initial

L]

- T 13
optimization problem that:

-~

B=gyte ¥ (35)

Using the optimal values for g9 and gy previously determined one

gets the maximum social welfare attainable under UR, namely:

I R e Ay L (36)

10 - This rule together with competing budget-balanced alternatives are
discussed in a constitutional perspective by Buchanan and Wagner (1977).

11 - This type of rule may approximate what M. Friedman (1979) had in
mind when he asserted: "The proponents of a constitutional amend-
ment seek a balanced budget not for its own sake but in order to
halt inflation, and to reverse the steady increase in the fraction
of our income being spent by Washington on our behalf. A far better
way to achieve those objectives is to enact new limitations on
Federal spending.”. :



~14=

where a positive allocative cost becomes apparent.

Consider mext the case where a BBR is in force. From (1) and set~

ting E = 0 one readily obtains

so that:

2
Ty Y9} (38)

and stabilization cost emerges above the irreducible noise component. Now,
from (36) and (38) we can see that if there is no systematic bias in exo-
genous demand growth so that y* = u(l-k)_l, social welfare will be iden—
tical under the two rules. In such circumstances, go;;rnment will be able
7

to reduce the variability of aggregate spending to its minimum level %y

‘while obtaining at the same time maximum allocative efficiency, If, however,
. there is a systematié bias (say downward) in uncontrolled spending, that
is,lif y*> al — l)hl, a conflict emerges betweeﬁ allocative and stabili-
zation objectives. Maximization of social welfare will réquire some com~
promise and will in general be achieved by allowing for some positive
steady-state deficit, g*. This can be easily obtained by differentiating

(34) so as to give:

o |
1+ v ¢ g )

As Figure 1 illustrates E* will be somewhere between the values

obtained under the two rules:
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BBR(E=0)

' Figure 1 - S p

. . .',‘_ \ .
As can be seen from {39) the greater the weight v placed on

.

allocation considerations the closer the optimal rate is to the BBR

“solution,

Consider now the SLR. It is comvenient to decompose the mean

squared error (MSE so as to have social welfare given by

SLR)
2 - 2 - _2
We-fo + G-y +v@ 3 (40)
Differentiating the first two terms with respect to E_ gives
.— 2 _ _ _ _ - N
V(MSEg; )/ 88 = so,/sL(sL/ég) + 2 (y-y*) oy/ég (41)

The similarity between the stochastic framework under the pre-

sent rule and the one analysed in sections (1)-{(3), except for having

now an upper bound on L, allow us to use (33) so as to obtain.
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- . - -1 _1
BQISEg; ) /88 = 8o / SL(SL/SE) + 2 [(erBR) 1-1)™ - y¥] BN (42)

SLR

Going back to our earlier discussion of UR and BBR and taking
the MSE as a function of some steady—state required deficit E, it can

be readily shown that
- - _1 B | _
S(MSE) /6g = 2 [(a+Bg)(1-2) - y*] 8(1-}) (43)
which is just equal to the second term in (42).

At the same time, from (26), (24) and (33) , we know mutatis
“‘mutandi that the first term is negative. This indicates that for any
required value of the steady-state g, the trade-off Eftween minimizing
MSE and g-has worsened under the SLR. Therefore, thé SLR proves to be

. . PR . . 12 .
a.comparatively inefficient constitutional rule . Figure 2 where we

. _2 . . .
measure g and MSE on the horizontal and vertical axis respectively,

. to obtain linear indifference curves, illustrates the case.

MSE

Figure 2 (2) -

12 - If the welfare index includes the variance of g as an additiomal ar-
gument the above conclusion is no longer warranted since it can be
shown that the variance of g varies positively with L.
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.The TPR curve describes the opportunity locus when the magnitude
of the required steady-state deficit g varies. The TQV curve in turn des—
cribes opportunities under the SLR when L varies parametrically. Point T
corresponds to the optimal solution under UR while R indicates ﬁhe result
of BBR., Point P shows the improvement in welfare that can be'obtained
through some comprcmiée between these two rules as pointed out hefore,
Point Q correSponds to the maximum welfare that can be derived from SLR
through some optimal choice of L. As is clearly seen, the SLR opportunity
locus is evérywhere dominated by the RPT line. It can also be noted that
a steady—state balanced budget can also be obtained through SLR as indi-

cated by point ¥V, P

5, SUMMARY AND CONCLUSIONS

We attempted fp analyse-in the present paper some stochastié im-

* plications. of having a limited control variable in a simple first~order
auto-regressive mbdel goﬁerning the growth rate of nomi;al aggregate de-
mand.By modelling government behaviour under such comstraints, an attempt
was made to derive an approximate measure for the marginal cost of in-
jecting rigidities into.the.systeﬁ (irreversible effects of public ex-
penditures}, We usedhalso the model to derive some normative implications
for constitutional design. With a simple welfare index which penalizes
the mean squared error of aggregate demand growth abeut some target value
and the steady-state size of the stabilization deficit we were able to
show that a constitutional rule requiring an upper limit on the growth

rate of money is relatively inefficient. An alternative rule requiring

some optimal steady-state growth rate emerges as a preferred solution.



~18-

REFERENCES

Basevi, G., Blanchard, 0., Buiter, W., Dornbusch, R. Layard, R., 1983,
Macroeconomic Prospects and Policies for the European Community,
Centre for European Policy Studies, InternalPaper, N9 12.

Buchanan, J. and Wagner, R.,1977, Democracy in Deficit, (Academic Press).

Fischer, S., 1977, Wage Indexation and Macroeconomic Stability, Carnegie
Rochester Conference Series, 5., 107-147,

Friedman, M. , 1969, The Optimum Quantity of Money {(Aldine, Chicago).

Friedman, M., 1977, Nobel Lecture: Inflation and Unemployment, Journal
of Political Economy, NO 3, 451-472.

Friedman, M., 1979, Newsweek, March 26,

Gordon, R., 1982, Price Inertia and Policy Ineffectiveness in the U.S.,
1890~1980, Journal of Politfcal Economy, 90, 1087-1117,

Johnson, N, and Kotz, §., 1970, Distribution in Statistics: Continucus
Univariate Distributions-1, (J. Wiley & Soms). '

Jones, D.A., 1978, an-lineaf Autoregressive Proceéses, Proceedings of
‘the Royal Society, London, A 360, 71-95.

‘Lucas, R,, 1981, Discussion of: Stanley Fischer' Towards an Understanding
of the Costs of Inflation: II', Carnegie Rochester Conference Series
(North~Holland, Amsterdam).

Musgrave, R., 1959, The Theory of Public Finance, (McGraw Hill).

Nelson, ¢. and Plosser, C., 1982, Trends and Random Walks in Macroeconomic
Time Series, Journal of Monetary Economics, 139-162.

Phelps, E., 1973, Inflation in the Theory of Public Finance, Swedish Jour—
nal of Economics, March.

Tong, H., 1978, On a Threshold Model, in: C.H. Chen (ed), Pattern Recogni-
tion and Signal Processing, (Sijthoff & Noordhoff; Amsterdam).

Tweedie, R., 1975, Sufficient Conditions for Ergodicity and Recurrence of
Markov Chains on a General State Space, Stochastic Processes and
their Applications, 3, 385-403,



';19_
AP PENDIX

We show first that

7 = y* + AS"(2-B)£(z)dz{1+) [1_¢(P_;1£)]}, @
B . u
Start by restating (23) as .'
§ = E()E(A () H 14E [N (@], - (A2)

' 2 o o
where za—'n(y*,du). By definition E(z)=y%*, and

EA@)} = fp Ma-B)E(z)dz. )

Also,

E{A(2)} =% ElMz+e))

- {‘; [.r“'x (z+s-B)f(z)dz] ’/
.

B
SN . '
“my 17 f(z)dz = [1-_4;(5615)] (a4)
_ B u A

Expfession (Al) is immediately obtained by using (A3) and (A4) into (A2).
The sign of 3¥/5i is readily obtained by differemtiation of (Al) to give
35/9X = " (z-B)E(2)dz { 1+2)\ [1-0]} (AS)

B
where ¢ is the standard normal cumulative distribution evaluated at

tB-y*)/ou. (A5) is clearly positive.

' By straightforward differentiation of (Al) and since 3B/3L=~g/) we get

35/0L = 8" £(z)dz 10 -] =24} (46)
B L} I .

where ¢ is the standard normal density evaluated at (B-y*)fou. (A6) _

. i8 clearly ﬁositive.




-20-
- 2 .
The response of the variance of ¥, c;, to changes in A, L and o, is
readily obtained. From (26) one obtains
2 2 2 o 2 oo —
062 = 6 + AU (2B £ (2)dz + [T(z-BE(2)dz]"Y (A7)
y u
B B
We note, by simple inspection, that 30;/3l>.0. On the other hand,
straightforward differentiation with respect to B, and using 3B/5L=-8/x

gives

2 . o o
905/3L = 2 BAS (2-B)£(2)dz [1 + f£(2)dz] > o. (A8)
B B



