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ABSTRACT

A given amount of seigniorsge revenue can be collected al either
@ high or a low rate of inflation, Thus there may be two equilibria
when a goveranment finances its deficit by printing money--implying that
an economy may be stuck in & high inflation egquilibrium when, with the
same fiecal policy, it could be at a lower inflation rate.

We show that under rational expectations the high inflation
equilibrium is statle and the low inflation equilibrium unstable; under
sdaptive expectations or lagged adjustment of nmoney balances with
rational expectations, it may be the low inflation equilibrium that is
stable.

Extending the model to zllow for bond at well ag mohey financing
of deficits, we show that one of the equilibria Hisappears if the
government sete & nominal anchor for the economy, for instente by firxing
the growth rate of money., The dual eguilibria and thear stability
tharacterislics remaan if the government fixee the reasl interest raste,
The existence of dual equilibria ie thus & result of the operating rules

the government chooses tor monetary and fiscal policy.
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SEIGNIORAGE, OPERATING RULES AND THE HIGH INFLATION TRAF.

Michael DLruno and Stanley Fischer.'’

A given amount of seigniorage revenue can be collected at either
a high or 2 low rate of inflation, Thus as Sargent and Wellace (198,
1987) and Liviatan (1984) have shown, there may be two equilibria when a
government financtes its deficit by printing money. The dual
equilibria~-a reflection of the Latfer curve-~imply that an economy may
be stuck in a high inflation egquilibrium when, with the same fiscal
policy, it could be at a lower inflation rate.?®

In this paper we first demonstrate the existence of the dual
equilibria in a simple model in which money is the only source of
deficit financing. We show that under rational expectations the high
inflation equilibrium is stable and the low inflation equilibrium
unstable; under adapative expectations it may be the low inflation
equilibrium thst is stabtle.™ We then extend the model to ailow for the
possibility of bond financing of deficits and show that one of the
pquilibria dicappears i4 the government sets 3 nominal anchor tor the
economy, for instance by fixing the growtn rate of money. The existence
of dual egquilibria is thus a result of the operating rules the

government chooses for monetary and fiscal policy.

- - e e e e

‘Bank of Isrzel {(on leave from the Hebrew University) and NBER; and MIT and
MBER. We gratefully acknowiedge helpful discussions with Rudi Dornbusch &nd
financial assistance from the National Science Foundation and the U.5.-
Israel Binetional Science Foundation.

2By the same fiscal policy we mean the same budget deficit as @ percentage
of output.

*These results are contained in ap unpublished note of ours "Expectetions
and the High Inflation Trap" which hae been in circulation in mimeo form
gince 1984.



The poesibility of dual equilibria under pure money financing of
{he deficit is known from the work cited above, Auernneimer (1973),
Evans and Yarrow (1981), and Escude (19B3) have shown that the high
inflation equilibrium may be stable if expectations adjust repidly. The
contribution of this paper lies in its exposition of the properties of
the dual equilibria--which appear to remain relatively little known--&nd

in the extension to bong financing.

I. The Money-Only Model.

In this section we introduce the basic money-only model, the
properties of which have been examined by Evans and Yarrow {1%8l) and
Sargent and Wallace (1987). Output (Y) is at the full employment level,
and growing at rate n, The government runs & deficit that is & constant
proportion of output, d, and finances it entirely by printing high-
powered money. I{ may do this out of choice or because there are no
gomestic capital markets and no foreign sources of finance.

The demand for high-powered money (H) is assumed to be of the

semi-logarithmic (Cagan) form with unitary income elasticity:”,

{1} H/PY = h = exp(~an)

4“This is an empirically relevant specification: its essential property for
thie paper is that seigniorapge revenue first increases and then decreases
with correctly anticipated inflation.



where 5" {s the expecled rate of inflation and P is the price level.
The financing rule for the budpet deficit implies (with & dot

for the time derivative):=
{2) AIPY = g

Combining (1) and (2) we nbtaint
{3) d = A/H « H/PY = 6h = @ exp(-on®}

Here & is the growth rate of high-powered money.

The budget constraint (3) is shown in Figure 1 &5 the curve BG--
a positive (in this case logarithmic) relationehip between the expected
rate of inflation (m®) and the growth rate of the monetary base (6]
ghowing the rate at which the money supply has to be increased to
finance the deficit st each level of =, The deficit itself is nmessured
ags the intercept of B6 on the 6-auie, Note that the economy is alwaye
on thie schedule.

Differentiating equation (1) with respect to time, we get

(4) H/H - P/P - Y/Y =8 -2 -n = -7

SWe iaplicitly assume (2) that the deficit is invariant to the intlation
rate, thereby omitting the well-known Olivera-Yanzi effect whereby higher
inflation increases the deficit. The basic results are unaffected by the
inclusion of this effect.



In steady state:

The steady state relationship (3) is shown as the 45° line in
Figure {, with intercept on the horizontal axis equal to n. Two
potential steady state equilibria are shown in Figure {, the low
inflation equilibrium at A and the high inflation (B) equilibrium, The
dual equilibria are a reflection pf the Laffer curve: the same amount ot
inflation revenue may be obtained at either a low or a high inflation
rate.

The maximum steady state seigniorage revenue d¥% is given by:

(6! d% = max & expl-alb-n)) = o~ ' explan-{),
{03

The corresponding inflation rate 7% is:¢

(7} n%¢ = /o = n,

Depending on the size of the deficit the government wisheg o
finance, there may be zerc, one, or two egquilibria. Because the
government cannot obtain more than d# in gteady staute, there ig no
steady state i§ d > d%, For ¢ < d < d* there are two steady states.

For d = d#, and for d < 0, there i& a unigue steady state.

«Similar results asre cobtained in Friedman (1971),



The existence of two steady state equilibria in the cease
0 < d < d¥% suggests that an economy may find iteelf at a higher than
necessary inflation rate over long periods, An economy with & given
budget deficit may find itself at the high inflation egquilibrium &,
rather than st the low inflation steadte A. Whether this 15 likely
depends on the stability of the respective equilibrium points.
We tonsider two alternative spurces of dynamic behavior: adaptive
expectations about the inflation rate; and gradual adjustment of real
balantes towards their target level,

Adaptive Expectations.

Suppose that expectations about the inflaticn rate respond only

to actual inflation:

(B) e = Bin o~ w°)

The adaptive erxpectations assumption makes most sense in coenditiong in
which there are np relieble date on the government budget deficil or
money growth, which is not urususl in countries with high indlation
rates and poorly developed statistical systems. Alternatively,
ingividuals may {form expectations adaplively when the goverhment &
policy and data announcements command very little credibility.,

Substituting for o in (8) from {(4) we pbtain



(9) = (1-aB) 'BCO~-n-n")

where 6 = d expfla®®) from (3), We examine the implications of equation
(%) using Figure {.

When expectetions edjust sufficiently slowly that B < 1/o0 we
get ;‘ > U 4or all puoints below the 452 line (n® < 8 ~ n) and ;' {0 for
all points above the 45~ line., 7This implies that A is & stable
equilibrium and B an unstable equilibrium (see arrows wiong BG 1n Figure
1}, #ith the slow adjustment of expectations, the economy will converge
to point A from any pocint to the left of B. The econcmy moves away from
the point B, if it starts in the vicinity cf that peint.

If the economy ever finds itself to the right of B, it
degenerates into hyperinflation. Here the government prints money &t an
ever-increasing rate, always printing sufficiently faster that
expectations never catch up t
¢ azluel inflation., Although tte monetary base vitimetely becomes very
small, the government ie printing money sc 4ast that it 18 abie te
finance its dedicit,

Consider now the effect of wn increase in the deficit when the
economy i¢ in a steady state at point A, The GG curve shifts to GG,
The increace in Lhe deficit to d° implies an instantanecous jump in the
growth rate of money tand of the actual infletion rate) from A te £, and
@ graduwl further upward movement of & (and m) from C to A° &b
inflationary expectations adjust upwards and the government has to print

money mbore rapidly as the monetary base shrinis.?

- e A e e -

TThe adaptive expectatione assumption ie that the expected inflation rate
does not jump,
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FIGURE 1




Note that as d increases more and more, there comes & stage at
which d exceeds d*% and the GG turve shifts beyond the point of tangency
(T}s Now there i% no steady state, and inflation continues increasing
indefinitely, This is a second case of hyperinflation, differing fron
that decscribed above (when the &conomy moves along GG to the right of B)
in that there is no steady state eguilibrium,

High-Intlation Equilibrium: The stabjlity properties of A snd B reverse

when the coefficient of adaptation B is sufficiently large that p > /e
the high-inflation point B becomes the stable eguilibrium and A i¢
unstable.®

This upper stable eguilibrium point has unintuitive comparative
steady state properties. An increase in the deficit leads to a
reduction in the steady state inflation rate, This can be seen in the
move from B to B' when the deficit risee, shifting GG to BGG6'. This
unugual result is entirely a result of the Laffer curve property that at
B an increase in the steady state inflation rate reduces seigniorage.

The dynamite of the traneition from B to B start with & move
from B to DU &t the time the Heficit increases, With the expected rate
of inflation snd therefore real balances given, the growth rate of money
increases from B to D at the moment of the change in the deficit, This
increase in money growth is accompanied by & reduction in the inflation

rate. The expected inflation rate therefore begins to fall, the demand

fBruno (198s) explores the ppssibility of dual stable equilibria.
Interpreting B as a measure of the speed ©f the economy’'¢ response to
infletion, p is likely Lo be low when the inflation rate ie low and high
when inflation is high. That implies that both the low and high inflation
equilibria may be stable.



for real balances increases, and the government can print money legs
rapidly., The economy moves graduxlly from D to B,

There i¢ no very good intuitive explanation for the initial fall
in the inflation rate. Given that the economy it con the wrong eide of
the Laffer curve, a decline in the inflation rate is needed to generate
mpore revenue when the deficit rises, That is why the economy has to end
at B'. For it to move in that direction from B, given the expectations
xdjustment equation (%), the inflation rate has to start falling. That
is easy to see. {ess easy to see though is the process by which the
rapid adjustment of expectations ensures stable adjustment towsrds
equilibrium, e return to this issue when we examine sdjustment under
raticnal expectations.

Rational Expectations.

In moet respects the tase of rationul ewpectations, or perfect
foresight can be represented as the limiting case when B = « cr
m = 5% alwave (divide both cides of (B) by B and let § = wi. The
gyrnamics of actusl (and expected’ imflation will thern be represented by

{10} T = o ti{men-0)

There are now many raticnal expectations eguilitria. Hiih
deficil d, all points on GG are rational expectations eguilibria,
Usually point A would be identified aeg the rational expettations
equilibrium, on the grounds that the inflation rate would explode if the

economy sterted anywhere elee. But in this case any peth starting to



ihe right of A converges to point B, Foint B ie thus a stable rationel
expectations equilibrium, Without a learning process, or some bther
meahs of generating dynamics, there is no tlear principle by which one
equilibrium is to be thosen over another.®

The one respect in which the rational expectetions eguilibrium
is nol the limiting case of adaptive expectations is that of the initial
conditien, The adaptive expectations 4ormulation does not «llow 2% to
jump, whereas under rational expectations it is assumed that the economy
canh move discretely from one equilibrium to the next., For instance
under rational expectations there is no reason the economy could not
move from A to A' at once.'”

Consider in particular the effecte of an increase in the budget
deficit when expectations are raticnal and the economy 15 at the high
inflation equilibrium B, In the adaptive expectations case we knew the
geonomy moved to D because 7® was held constant., But with rational
expectatione it is not clear where the economy will move, It could
possibly move to point Dy with in this case the actual and expecied

“hercet and Sargent (1987) vse » leest squaeres learning mechanism to forn
expectations of next per:od e price level 1n a model with a money demand
function similar to thst ot Cagan. {bee Delanip (1979) for & particularly
ciear example of the use of least squares learning)., They show that the iow
inflation eguilibrium is stable for a range of initial expected inflaticon
ratesy for higher initial expected inflation rates there is no equilibrium
with learninhg, even in conditions where the higher rational expectatione
eguilibrium is stable., The results may be interpeted in light of the
property that the least squares predictor pf the infletion rate is aiways
less than the maximum inflation rate observed so far. The generality of
their results 1% not ciear, for their money demand function unlike Cagan's
permits real balances and seigniorage revenue to go negative, properties on
whith their prooés depend.

'“We have benetfitted 4rom reading & Comment on this and related points by
Mario Henrigue Simonsen.
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inflation rates {(which are equal, where they are defined! both
increasing initially, along with the growth rate of money. Then the
economy moves with lower inflation to E'. We can say in this case that
the reduction in inflation takes place because that is whzt is needed
for consistency with portfolip equilibrium. But the economy could as
well have moved to some other point on GG,

The adaptive expectations restriction that #= be a state
variable is reasonable in situatione where the deficit ang the rate of
money printing are not known, But if there is information on the
deficit, and if individuals understand the link between inflation and
the deficit, the expected rate of inflation might change discretely when
the deficit changes.

Comparative Dvnamics.

Feturning to the adaptive expectations case, we examine the
effecte of chenges in several empirically relevant variables. For
purposes of the discussion, we ascsume the economy is initially in the
low inflztion eguilibrium,

A fall in the exogenout growth rate, n, for instance due to &
productivity siowdown, showe in the figure as a leftwarg shiét of the
45= line. Thig hat the same qualitative effect as a rise in d. A {all
in the growth rate cf output implies that the government has tco
accelerate the printing of money if it desires to continue extracting

the same relative real resources from seigniorage.'?’

- R e

iigpe Melnick and Sokoler (19B4) for an analysie along these lines in the
Israeli context after 973,
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fne intereeting aspect of this relationship is that a 1% change
in the growth rate of output implies a greater than 1% increese in the

inflation rate. The result is that

(11) dn/dn = - (i-a€)"?

Accordingly seemingly small changes in the growth rate of output may be
associated with iarge changes in the inflation rate.

A second type of disturbance is a downward shift in the demand
function for base money, for example as a result of the introduction of
rew financial aseet that is & close money substitute.'® Froem equation
{3) we see that 6 = d/h, and thus a fall in h {for given n*) hag the
same effect as a rise in d, shifting the GB curve rightward,

Finally, we note that the model ctan be extended to the case in
which output supply is variable. Suppose we have & Lucas-type output
supply function:*®

v
[

(12 Y = Yoe"T(F/P=:

'ZHere azgain the Israeli case of the introduction of dollar linked liguid
bank deposits (Fatam) after 1977 may serve as & good example. Another, but
probably leess relevant, historical case is Hungary after World War Il
{Bomberger and Makinen, 1983},

'*This can be obtained ¢from an ordinary short-run supply {function

Y=Y (W/P,K), translated into rates of change, and writing the change in the
nominal wage ac¢ @ function of expected inflation. The supply function can
also be extended to include raw material inputs,
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where F is the actual and P~ the expected price level. Then,

differentiating with respect to time, we obtain

(15 Y/Y = n 4+ §in-n")

Substituting (13} into (4), and using (8}

9} e = (J+¥~op)~*plé-n-1=]

The fact that output supply is positively affected by a rise in
unanticipated inflation (a-7®) has a stabilizing effect on the model,
enhancing the likelihood that A is a stable equilibrium, with the
stability condition now requiring (1+¥-«p) > O, The stabilizing
influence arises from the fact that an increase in the inflation rate
talls forth an increase in the demand for money as the level of output

riges,

Lagged Adjustment of Keal Balances.

An alternative source of dynamics is lagged zdjuztment o©f re:!l
balances. Specifically, assume that real balances are adjusted

according to:

114 {H/PY) = PO(H/PY)Y® = (H/PY))

where (H/PY)# indicates desired real balances, given by the demand

function (1},'*

14Note that this form of adiustment function implicitly assumes that nominal
balances adjust one~ipr-pne with the price level and output, but adjust only
partially in responce to differencec between the desired snd actusl ratics
pf real balances to output.
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Aseuming rational expectations, and imposing the government

budget constraint (2), we obtain

{15} d = ¢ expi-on) + {ntn-%)h

The relationship between the inflation rate and real balances implied by

(15) isi

(16) dn/dh = ~[h{i-af}) 2 {nen-¥)

The demand for money function (1) and the budget constraint (15
are plotted in Figures 2 and 3, &t the LL and GG loci respectively,
Several types of intersection &re possible, depending on the velues of
the adjustment parameters. In both figures we assume d < d* and thus
show two possible steady states, at A ang B, This implies that the
inflation rate at the upper eguilibrium (B) exceeds the revenue
maximizing rate, (1/e)-n.

In Figure 2, we assume that ! > a«f, s0 tnhat the dencminator of
(1&) ie positive. This is ciearly analagous to the assumption ! > of in
the adaptive expectations mbodel, with the assumption being that
adjustment of real balanceg is relatively slow. The second inequality
is determined by the inflation rate #° st which the numerator of (16) is

egqual to zero,



(az) (ez)

¢ J¥N9I14
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In Figurs 2(a) we assume that #~ is below the inflation rate na
at the low inflation equilibrium. In this case A is a stable
equilibrium and B unstable. 1In Figure 2(b) ¥ is between the inflation
rates at the high and low equilibria,?*® Once again the low inflation
equilibrium is stable, and the high inflation equilibrium unstable.

Consider now an increase in the deficit. The low inflatipn
equilibrium moves from A to A'., On impact, with real balances the state
variable, the economy moves in each figure to point C. In Figure 2(a)
the inflation rate jumps, and then gradually rises te ite new higher
steady state level, with real balances falling in the process. In
Figure 2(b) the increase in the deficit raises the inflation rate
initially, but it then falls as the economy moves to the new
equilibrium,

Figure 3 chows the adjustment pattern when 1 < o¥, and
¥ ¢ w®,'* The iow inflation equilibrium is unstable and the high
inflation equilibrium stable., HWe thus find again that & very high
adjustment speed makeg the high inflation equilibrium statle--bul thig
time with the cdifference that expettations are rationasl.?”

Summary: Eoth the comparative eteady state and dynamic behavior of the

econpmies examined in this section are sometimes unusual, The

A - W e B o

=1t is not poseible, given 1 > of, for %7 to ervceed Te.

leWe omit the figure for the cage ! ¢ of and 77 7 ms. Ite stability
properties are the same as those in Figure 3, but the adjustment path is not
identical.

7Tp avoid cluttering the figures we show mainly local dynamice in Figures 2
and I, The budget constraint becomes vertical at points on the locus [(h =
af expl~um) ], which in Figure 2 lies to the leit of LL and in Figure 3 to
the right of LL,

.



FIGURE 3
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comparative steady state results around the high inflation equilibrium
are a result of the economy being on the wrong tide of the Lafier curve,
The dynamic results typically make sense when adjustment--of either
expectations or money balances, or indeed other nominal variables--is
tlow, #nd seem counterintuitive when adiustment is fast, This is
because intuition relatee to goods market behaviort an increase in the
growth rate of money increases demand and therefore inflation. But
there is always in monetary models another source of dynamics, most
tlearly seen in the no adjustment lag, rational expectations modei: that
is the dynamics needed if there is to be portfolio equilitrium., An
initial increase in the growth rate of money may reduce the nominal
interest rate through the portfolio effecty to validate the implied
reduction in expected inflation, the inflation rate has then to fall--as
it does around the high inflation eguilibrium. Thie second source of
dynamice ie typicaily to blame for apparently unusual adjustment

patterns.

II. Bond and Money Financino ot Deficits.

ftsume now that the government ca&n financte its deficit either by
borrowing from the central bank tincreasing H, as tefore) or by the sale
of bonds to the public at resl interest rate r. We thus assume that the
government finances itself through indexed rather than nominal bonds;
this assumption is of noc consegquence when expectations are rationsl, bul
may affect the stability analysis when expectations are adaptive. The

government budget constraint accordingly becomes
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(17) H/P + B - rB = 6-T = gY

Here 6 is government purthases, T ie tawxes, and B is the stock of
indexed bonds., We assume that the primary (non-interest) deficit is &
constant proportion, d, pf output,

Denoting by b = B/Y the ratic of bonds to ocutput, and by

v = V/Y the ratio ot wealth to income, the wealth constraint ig'®

{18} veb+h

The demand functiopn for real balances 15 assumed to be:

(19) h = viexpi-af{n=+r))

with the demand function for bonds implied by (1B) and ((%9).
Assuming exogencug output and no investment, goode market

pquilibrium obtains when

(20} Y = ¢c(riV-c,7T + &

where consumption is assumed to be an increasging function of marketable
wealth (V), a decreasing function of the interest rate {(c'(r) ¢ 0), and

& decreasing function of tawes,?%

1eYe assume that government bonds are regarded as net wealth, and omit the
anelysis of the Ricardian equivalence case.

**The assumption ¢ (r) < O is congistent with the results thatl would be
obtained if consumption were explicitly & functicn of permanent income
which, with income exogenous, is & declining function of the real interest
rale.
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Goods market equilibrium therefore implies the value of wealth

(21) v = {1+, t-g)/cir) = vir,g,t)
+ -+

Here t and g are ratios of upper case letters to output. Wealth in (21)
igs determined by the requirement of poode market equilibrium at an
exogenous level of output: for instance, because an increase in r
reduces demand, wealth has to increase to restore equilibrium.*° We
gpecialize (21) by assuming=®?

¥
(21)° v = (l+cit-glur

The government budget constraint can be rewritten as®™”
(17)" éh + b + nb = d + rb

In stesdy state, b = 0, & = = ¢ n, and n = r°. The steady estzle butget

constraint is thus

=°The simplifying assumption in (21) is that the value of wealth that clears
the goods market is independent of the inflation rate. 1If, for instance,
there is & Lucas supply curve, then goods market equilibrium will be
affected by both the actual and expected inflation rates andg the dvnamic
analysis that {ollows would be afiected,

“'The constant elasticity form of ¢i{r) is generally convenient, but does
imply that wealth would be zero at & zero real interest rate,

“21f bonde were rominal instead of indexed, the difference between the
actual &and expected rates of inflation would &ppear in the government budget
constraint,
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tne (n¢rdh = d + (r-nlv

The steady slate budget constraint is plotted as DD in Figure 4,

in (r,n) space, The slope of the steady estate locus is

(22) gr/ds = [btoih-{d.¥/r}]1  {h{l-ain+r)i

Here i is the nominal interest rete. The numerator of (22) is positive
up to the inflation rate 7~ = {({/a-r), &nd then becomes negative: up to
n*, increases in the steady state inflation rate increase seigniorage.
The sign of the denominatpr depends on the magnitude of ¥, the wealth
elasticity cf consumption demand., If Y is large, an increase in the
interest rate may increase wealth by sp much that the deficit can be
tinanced with a lower inflation rate.

The ¢ign wf the numerator of (22}, which depends con the strength
of the interest elasticity of saving, is crucial in determining patterns
cf dynaemic adjustment. In Figure 4 we show the sleady slete budget
tonstraint DD under the more plausibie assumption that the numerator is
positive, i.e. when the interest elasticity of eaving is small, implying
that an increase in the interest rate requires increased offsetting
inflation revenue. With that assumption, the DD lotus in Figure & first
rises and then beyond 7* has & negative slope. Figure © shows the DD

locus when ¥ is large: in that case the DD locus i U-ghaped,®>

“3While DD unambiguously has the indicated shape when ¥ is small, we have
hot been able to tie down the shape of DD in Figure S, We assume in the
remzinder of this sectien that around eguilibria, DD in the case where ¥ i

high, has the shape shown in Figure &,



FIGURE 4
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Steady States and the Nominal Anchor,

Using Figures 4 and 5 we examine the steady state results of
three possible deficit financing policies. Suppose first that the
government fixes the real interest rate, at r#. This corresponds to a
policy in which monetary policy is used to maintain the real interest
rate. Operationally, the Treasury sells whatever amount of bonds it can
at interest rate r% and leaves residual financing to the central bank.
As in Section I, there are dual--low~ and high-inflation--equilibria, at
A and B.

Alternatively, the central bank can fix the growth rate of money
and leave the Treasury to finance the remainder of the deficit by bond
sales. Fixing the growth rate at &% results in & unique equilibrium at
C, with inflation rate equal to ®%-n.®* This is a situation in which
there is strict control over the nominal amount of credit the central
bank provides the Treasury, which has tc borrow tc finance any extra
needs.

Finally, the central bank tould keep the nominal inlerest rate
constant.“® Thus steady states lie along the line with slope of -45° on
which (m+r}) ie constant, In Figure 4, there is only one pnssible.
equilibrium with a constant nominal interest rate, at point E. That

result certainly holds for ¥ = 0,%¢ i,e. when wealth is constant, and

=4f5 in the money-only model, the deficit may be too large to be financed at
all,

251n this model, in which the demand for money is proportional to wealth,
that policy requires the ratio h/b to be censtant,

ZeWith i fixed at i%, the steady state government budget constraint is

d = [i% exp{-ai®#)+n-rlv which ic satistied at a unique value of r for
conetant v, The possibility of multiple equilitriz even with fixed 3 arices
from the property v’ (ril:0,



FIGURE 5
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tontinues to hold for smali values of ¥. As Figure & shows, with a high
interest elasticity of saving, there may be two egquilibria with a
constant riominal interest rate, at E and 2.

Figures 4 and 5§ illuetrate the importance of a nominel anchor,

With a constant real interest rate, the steady state inflation rate may
take two values., MWith a tonstant growth rate of money, there is only
one poesible steady state infiation rate. The constant nominal interest
rate policy ig intermediate, allowing wnly one equilibrium when ¥ is
small but two eguilibria otherwise,

Comparative Steady States: Consider now the steady state effects of an

increase in the deficit., 1In the goods market, as of & given interest
rate, wealth deciines., #ith lower wealth, and a higher deficit, more
inflation revenue is needed to balance the budget at a given interest
rate. In Figure 4, the DD curve would shift down (not showni., ®ith 2
constant rate of money growih and hence inflstion, the real interect
rate $alls. The fall is a result of the reguirement of budget
financing, but the dyrami¢ adjustment around the eguilibrium ig not
necessarily gtable as we see below, At constent real interest rate, the
inflation rate rises around A and falls around B. MWith constant nomingl
interest rate, the inflation rate rises.

In Figure 5 we show the effects of &n increase in the deficat
when the interest effect on saving is strong. In that tase the DD curve
is U-shaped, and an increase in the deficit shifts the U up to DD'. As
of a given inflation rate, the real interest rate rises, As of & given
real or nominal interest rate, the low inflation rate rises and the high

rate falls,
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An increase in the nominal interest rate increases the ratio of
money to bonds, This raises the low equilibrium inflation rate in
Figure 4, but reduces it in Figure 5. Figure 4 thus confirms the now
common recult that bond financing of deficits is inflaticnary; the
Figure 5 result is an exception to this rule.

There remcins the question of the dynamic stability of the
economy under the alternative policy choices., FRelative to the money
only model, the model with bonds includes an extra sourte of potential
instability through the effects of rising interest payments associated
with bond finance, It tontains & potential stabilizing force in the
effects of the interest rate on saving.

Dynamics,

We sh&ll in each tase examing dynamic behavipr under the
assumptions of rational and adaptive expectations, We start with the
constant real interest rate rule.

Constant Real Interect Rate: Under rational expectations there can be

no dvhamics if the real interest rate iz pegged. Biven the level of
wealth--determined bty the real interest rate--there are only tuwo
inflation rates consistent with the government budget deficit,*” The
reason this case differs from the rational expectations money only model
is that there was in that case no offsetting charnge in bonds when real

balances change.

L el e T Y Sy

*7Under the assumptiﬁn bf tonstant wealth, the budget constraint becomes
(nerdexp(~ofm+r) = d + (r-n)v, which ig saticsfied by at most two inflation
rates.
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Under adaptive expectations, dynamics are again quite simple.
Figure & illustrates, MWith constant wealth the budget constraint is the
same a2 the steady state constraint (!7}" except that 7 and n* may

differ. Thus

(17" (m+r) exp{-am®)lv = d + (r-n)y

The 66 curve in (%,%*) space thus intersects the 4%° line &g ehown, with
at most two equilibria (as ie implied also in Figuree. 4 and 5), with the
lower inflation equilibrium stable and the upper equilibrium unstable,

An increase in the deficit reduces wealth (from (21)), LUnder
the assumptions represented in Figure 4 the higher deficit moves the GG
turve down, shifting the twe equilibria from A to A’ and B tp B’
respectively. A policy decision to increase the real interest rate has
a2 gimilar effect. But recall the assumption that an increase in the
interest rate on balance requires an increase in inflation revenue to
maintain budget balance. 14 sgaving ie highly interest elastac, it is
presible that an increase in the real interest rate could shift the GG
curve up, reducing the equilibrium low inflation rate.,=®

fin increase in the deficit results in an immediate increase in
the inflation rate as the rate of money growth rises, and then in a

continuing rise in both actual and expected inflation,

- v e T v e b

2eIn this case the DD curve is U~shaped &s in Figure 3.
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A downwerd shift in the demand for money function will in this
tase result in & higher inflation rate around the low inflation
equilibrium. Given wealth, the shift from money is @lso a shift into
bonds, thereby implyjng an increasge in the interest bill faced by the
government, and thus relative to the money-only model, & larger increase
in the inflation rate.

Constant Money Browth: With constant money growth and rational

expectations, dynamics are totally unstable unless interest rate effects
on saving and thus wealth are large. We now write the budget consetraint

in the form

123} d + {r-nlb = Bh + v =~ h

To see the role 0f interest rate et+iects on wealth, congider

first setting ¥ = 0, so that wealth is cetermined in the goods market

[y
~

and is independent of the interest rate. Then setting v = 0 1n (23)7,

and using the definition of h, the budget constraint becomes

{24) g + {r=-nilv = (n+r) expl-alm+ril.y

The DD curve retaine the shape seen in Figure 4, and &all dynamics take
place on that curve. The steady state occurs at a given inflation rate,
and motion aroung that steady state is unstable., Thus with rationsl
expectations and no wealth effects the economy either goes immedistely
to its steady state with constant rate of inflation, determined by the

rate of money growth, or faile to reach a steady state.
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Khen interest rste effects on saving are included, v in (23) is
no longer zero, Instead, with rational expectations, dynamics in the

nodel are described by two equations:

(25) Yr/r = (d/v) + (r-n) = (w4r) expl(-a«lm+r))

(2&) «n = mén-8 + ((Y/r)-oalr

Examining local stability conditions, the trace of the characteristic

matrix is positive®¥, The characteristic geterminant 1% given by

(27) Det, = {a¥v) '[rbtarih-id)

This is negative if the DD curve is U shaped as in Figure &, in which
czse there can be a saddle point epproach to eguilibrium. Dtherwise the
equilibrium itg an unstable focus.

fdaptive Expegtatione: In the presence of bonds, the stabilsty

conditions under adaptive expectations and constent money growth are
quite different from thoese in the money only model., With ewpectations
agjusting actording to (4), and from the budget tonstraint (23) and
differentiating the gemand for money function, we obtain the two dynamic

equatione:

(28) pe o= Do BlG-n-m= + {o-(Y/P)){r/¥vild+(r-nly=hiren=)];

L T

29714 je egual to [(r-n) + {(b/av) + (r/¥)1.
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where D = ({-ap} + {a=(¥/r)){rh/¥v)

(29) r/r = (¥vD)! {(1-ap)ld+(r-n)v-rh] = h{@-n-wpn*ll

We present the local stability conditions around the unique

cteady state. The trace and determinant of the characleristic matrix

are
rib*+oaih-~opv) ~ ¥{d+bptufir=-nlvl
(30) TPy = —mmemsrrmesermc oo e
arh + ¥Y{b~upv)
~(xhith) + Yd/r
(31) Det, = ~--ecmemcmmeme -

arh + ¥ (b-opv!

Consider first the case in which ¥ = 0, i.e. saving is not
interest-responsive and equilibrium wealth is therefore determinec by
the condition of goods market eguilibrium. Then the determinant is
unambiguouely negative, indicating the roote are of cpposite =ign, &nd
therefore that the equilibrium is a saddle point, Thus the introduction
of adaptive expectations alone does not affect the stability of the
system,3"

For op small, and r>n, increases in ¥, the interest elasticity
of saving, move the economy towards stability. For ¥ sufficiently

large, the trace becomes negative and the determinant positive, thus

s¢indeed, for ¥=0, the coefficient p does rot appear in the expression for
the determinant.
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ensuring local stability of the equilibrium. Note that it takes both
adaptive expectations and a positive interest elasticity of saving for
stability of equilibrium when the growth rate of money is held constant.
The money and bonds model under both ronstant real interest rate
and constant growth rate pé money assumptions produces different results
from the money only model. GStability is far more problematic, the speed
of adjustment of expectations is less significant, and the role of the
interest elasticity of saving becomes more central. Dynamice under the
constant nominal interest rate policy can be shown to be quite similar

to thosze with & constant real interpst rate.

111. Conecluding Comments,

The possibility of dual eguilibria in inflationary econonies
raiseg the poseibility that an economy may fing itself stuck at a high
inflation eguilibrium when, with the same fiscal policy, & low inflation
equilibrium is sttainsble. Suczh dual equilibria are & result of the
fzilure to adept @ nominal anchor for the economy, and thus can be
prevented by & change in policy operating rules.

In the sinplest money only model, the high inflation eguilibrium
ic gstable under rational expectations, despite its unattractive
comparative steady state properties, This stability carries over when
expectations are adaptive but sdjust very fast, or when real balances
are adjusted with & short lag., It iz possible that these high indlation
trape disappesar for more detailéd specifications of the informetion

etructure, but that remaine to be seen,
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When the asset menu is expanded to inciude real bonds, the
nature of the equilibris and dynamic properties of the model are seen to
depend strongly on the government's policy choices., 1f the resl
interest rate ic held firxed, dual egquilibria remszin, and dynamic
adjuetment ig stable under slow adaptive expectations around the low
inflation equilibrium. The similarity with the results of the money
ohly model extend to the stability of the upper equilibrium under
rational erxpectations and rapidly adaptive expectations,

The dual eguilibrium problem can be avoided by a policy that
fixes the growth rate of money. 1In that case, stability of the
equilibrium becomes more problematic than it is with alternative
policies, and depends on the interest elasticity of saving as well as
the cpeed of adjustment of expectations.

The model can aleo be extendes to the open economy. Assume that
the gole sourcee of budgel deficit finance are money printing &nd
foreign borrowing, The fundamental dual equilibrium result remaing i

ippears 14

n

the government stitempts tc f1x the resl Exthanpge rate, and C:
the growth rate of money or nominsl rate of depreciation are held finec
by monetary policty. In such cases, the rational expeclations
equilibrium is saddle point stable, while the inflationary process 1t
stable under & fixed nominal rate of erxchange depreciation with elow
adaptive expectations. Similar results obtain when as & matter of
policy the nominal exchange rate is adjusted adaptively to the inflation

rate.



The results of this paper reinforce the view that avoidance of
unbalanced budgets can play @ major role in maintaining macroeconomic

stability.
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