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ABSTRACT

This paper examines the effects of non-sterilized intervention within an efficiency wage
model. It is proven here that non-sterilized intervention will not affect the realized real
output in 2 medium-run model where expectations of the exchange rate and the price
level are formed endogenously within the model. An analysis of the sensitivity of the
effects of non-sterilized intervention on the nominal exchange rate and the price level is
also discussed. As illustrated, the relative effectiveness of anticipated fiscal policy is
somewhat reduced, while that of monetary policy is ineffective under non-sterilized
intervention operation.
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The Effects of Intervention in an Efficiency Wage Model with Price and

Exchange Rate Expectations*
I . Introduction

The purposes of this article are to investigate the effects of
macroeconomic policies in a small open economy and to examine | the
robustness of the real exchange rate sensitivity of aggregate supply in a small
country model. The consideration of the latter issue is actually a
continuation of the past work of the present author (Akiba (1995)), who
specified the aggregate supply function to be negatively dependent on the real
exchange rate. The aggregate supply function employed by Akiba (1995) was a
mere application of prior studies, i.e. Devereux and Purvis (1990) and Lai
(1993). However, invoking the efficiency wage hypothesis (e.g., Mankiw
(1990)), Akiba (1995) derived the following remarkable results; (1) monetary
policy under flexible exchange rates is totally ineffective in changing output,
which was the same conclusion reached by Lai (1993). Furthermore, (2) fiscal
policy under flexible exchange rates has a more than one-hundred percent
crowding-out effect, the possibility of which was pointed out by Devereux and
Purvis (1990). According to Akiba (1995), such a perverse effect of fiscal policy
is possible because, although the nominal exchange rate appreciates, the real
exchange rate actually depreciates in the model. This real depreciation is what
causes expansionary fiscal policy to have such perverse effects through the
aggregate supply function.! This analysis could be compared to the traditional
results of the Mundell (1963) proposition (e.g., Marston (1985)). The first
result of the ineffectiveness of monetary policy shown by Lai (1993) and Akiba
(1995) invalidates the Mundell proposition, while the second result of a
perverse effect of fiscal policy by Akiba (1995) is more pessimistic than the one
predicted by the original proposition.

Macroeconomic policies considered here are simple, but traditional,



fiscal and monetary policies. While the fiscal policy follows a standard
specification, the monetary policy makes the assumption that the monetary
authorities adjust the money supply in response to movements of the exchange
rate, as those movements contain information about this period’s shock. This
assumption actually implies that the authorities have a monetary feedback
rule. To be more specific, the feedback rule implies that the authorities adopt
non-sf;erilized intervention (Turnovsky (1983,84), Lane (1989, 1990), Lane
and Gros (1994)).

It has been almost unanimously agreed upon that non-sterilized
intervention can affect the exchange rate and other nominal variables.
However, it seems to the present author that the following two problems have
been left unanswered, and therefore need close examination. First of all, the
extent of the effect of non-sterilized intervention on the exchange rate, on
other nominal variables (e.g., the price level), and sometimes even on its
direction of change, has never been clearly discussed within a consistent open
economy model in the literature. Secondly, while it is clear that the main
purpose of intervention is to adjust and to control the exchange rate and other
nominal variables in the short-run, it is unclear whether its long-run target is
the stabilization of real output within a consistent open economy model. If so,
non-sterilized intervention should be regarded as one of the policy
instruments of stabilization in the long-run. However, as far as the author
knows, the long-run effects of non-sterilized intervention on real output have
seldom been examined within a consistent model in the literature. By focusing
on these problems, this article hopes to offer some insight into the long-run
effects of intervention by extending and generalizing the interesting analysis
examined by Devereux and Purvis (1990), Lai (1993), and Akiba (1995).

It is rigorously proved that the previous results, i.e., “while an
anticipated expansionary monetary policy is totally ineffective, that of fiscal
policy is pervasive for its effect on domestic output,” obtained by Akiba

((1995), pp.14-5), are carried over in this model. An expansionary fiscal



policy’s contractionary effect on output is also caused by the real exchange
rate depreciation, although the nominal exchange rate may appreciate as well.
Furthermore, it is also proved that non-sterilized intervention has nothing to
do with real output in this medium-run model. Therefore, anticipated non-
sterilized intervention policy does not serve as effective stabilization policy in
the medium-run. Only an unanticipated shock of either the aggregate demand
or supply, or government expenditure is shown to exert unambiguous effects
on output.

The structure of the paper is as follows: In the next section, the model is
presented. One of the key ingredients of the model, the aggregate supply
function, is discussed in some detail in section . Solutions of the model
under an additional assumption of rationality are obtained in section IV.
Section V examines the effects of macroeconomic policies in the medium-run ,
followed by an analysis of the effects of non-sterilized intervention in section

VI. Concluding comments are presented in section VI.

H. The Model

Our stochastic version of a small open economy with assumptions of
perfect capital mobility and zero sterilization under flexible exchange rates is
contained in equations (1)-(5). The model was adopted, with necessary
modification, from a linearized model utilized in the literature (e.g., Akiba
(1993a,b, 94)).

(1) yd = ao + a1(xt-pt) - az[it-(pr+1°-pe)] + asge + we ai>0
(2) mt - pt=Dbo + bay: - beit + vt bi>0

(3) it = it” + (Xe+10- Xt)

(4) ys = co + c1(pt-Xt) + wr c¢i>0
(5) zeryjy = E[zesj | Q 1] j20, z=p,x
t-1

where variables are defined in log; ys=the aggregate supply, yi=the aggregate



demand, p=the domestic price level, i=the nominal rate of interest, x=the spot
exchange rate (expressed as units of home currency per unit of foreign
currency), g=real net government expenditure on goods and services, and
m=the nominal stock of money. An asterisk denotes the foreign counterpart (of
i). Q :.1denotes a set of observations on variables dated t-1 and earlier. us, v,

and wt are all assumed to be i.i.d. error terms obeying:

Ef[kes; | Qe1]=0, k=u,v, and w

t-1
and having finite variances.

Equation (1) is the aggregate demand for domestic products. It is
inversely related to the relative price of domestic to foreign output, p:
-xt-p*t, which is the inverse of the real exchange rate, x+p"t-p:. Here, the
foreign price level is assumed to be constant, and, without loss of generality, it
is set to one so that its value in log is zero. The function is also negatively
related to the real interest rate, but positively related to net government
expenditures. The error term u:, which is assumed to incorporate both
domestic and foreign (through international trade) shocks, makes the
aggregate demand schedule shift randomly.

Equation (2) is a simple, but standard, portfolio schedule. The real
stock of money is equal to the real demand for money, and the latter is
assumed to depend positively on the real output, but negatively on the nominal
rate of interest.

Equation (8) is nothing but the definition of the uncovered interest rate
parity condition. Perfect substitutability between domestic and foreign one-
period bonds is assumed, so that they differ with respect to currency
denomination only. An additional assumption of the strong version of perfect
capital mobility implies that the equilibrium nominal rate of interest can
differ from the exogenous i"t only by the expected rate of depreciation (or
appreciation). The domestic bond market is omitted because of Walras's law.

It should be mentioned that, for the sake of simplicity and ease of calculation,



all wealth effects are assumed to be hidden in the domestic bond market.

Equation (4) specifies the aggregate supply function. It is postulated to
depend positively on the relative price of domestic to foreign output, pe-xe-p™,
which is the inverse of the (linearized) real exchange rate. Equation (4) is
essentially the same aggregate supply function as the one specified by
Devereux-Purvis (1990) and Lai (1993), except for the disturbance term. The
implication of this specification needs some elaboration, and will therefore be
further examined in the next section.

Equations (1)-(4) determine the equilibrium values of p¢, xt, i, and yr as a
function of the time paths of exogenous and predetermined variables, the
random errors u:, vi, and wt, and the expectations. To close the model, we
impose rationality so that the expectations appearing in the system of

equations (1)-(5) are linear least squares forecasts conditional on Q ¢.1.2
I The Aggregate Supply Function

The dependence of the aggregate supply function on the real exchange
rate (equation (4)) is one of the key ingredients in this article, and therefore
needs further clarification as to its economic implications. It seems to the
author that at least two alternative theories exist concerning the specification
of equation (4).

Devereux and Purvis (1990) argued that, while "the demand for labour
depends negatively upon the product real wage,- the supply of labour
depends positively upon the consumption-based real wage" (p.1203). They
define the latter real wage as the nominal wage deflated by "the CPI-based
consumption basket"(p.1202), which is nothing but the weighted average of
domestic and foreign price levels. From these demand and supply of labor
functions, they pointed out the possibility that "a real appreciation - allows
for a simultaneous fall in the product real wage and rise in the consumption-

based real wage" (p.1203). This implies that the aggregate supply may



possibly be an increasing function of p-x (i.e., decreasing in the real exchange
rate).3

Lai (1993), on the other hand, derived rigorously that the aggregate
supply is a function of p, p*, and x, and proved that 3 ys/d p=-0 ys/ 0 x=-0 ys/
dp* in the efficiency wage model (Lai (1993), 322-325). Then, it is a simple
procedure to specify the aggregate supply as a decreasing function of the real
exchange rate, as shown in equation (4).

To the best of the author's knowledge, these are the two alternative
theories that explain why the aggregate supply function is decreasing in the
real exchange rate. In this article, I would like to side with Lai (1993) because
of the following reasons. (1) As I have mentioned above, the aggregate supply
is not necessarily a decreasing function, but may well be an increasing
function of the real exchange rate in the Devereux and Purvis model. (2) But it
is always a decreasing function of the real exchange rate in the Lai (1993)
model. (3) More importantly, however, the main purpose of this article is to
focus on the effects of monetary and fiscal policies in order to stimulate a small
open economy. This assumes the presence of some unemployment in the
economy, which is better treated and explained in the efficiency wage model. ¢

Thus, equation (4) can be interpreted as a straightforward application of
Lai's (1993) result (equation (17), p.325). Actually, equation (4) directly
results from his assumption of the consumer's price index defined as g =
axp*+(1-a)p, where a is the fraction of expenditure spent on import. This is
similar to "the CPl-based consumption basket" referred to by Devereux and
Purvis (1990). Utilizing the definition of g and the familiar 'Solow condition’ in
the efficiency wage literature (e.g., Akerlof and Yellen (1986), p.3), Lai derived
an expression of the aggregate supply function which is essentially the same
as equation (4).

The efficiency wage hypothesis is succinctly summarized in Lai (1993).
p.322. As surveyed by Mankiw ((1990), p.1658), the efficiency wage

hypothesis has been an alternative, but "probably the most popular" (p.1658),



theory of real rigidities in new Keynesian models.5 It seems to the author
that the efficiency wage hypothesis assumes a causality relationship between
wages and productivity.® For example, Mankiw ((1990), p.1658) wrote that
"firms do not reduce wages in the face of persistent unemployment because to
do so would reduce productivity.” Mankiw offers at least three reasons for
this assumption (p.1658).

The first explanation is sociological in that "lower-paid workers are less
loyal to the firm." The second "explanation based on adverse selection is that
a lower wage reduces the average quality of the work force because only the
best workers quit." The third, and "the most popular, explanation for
efficiency wage is 'shirking.' Because firms monitor effort imperfectly,
workers sometimes shirk their responsibilities and risk getting fired; a lower
wage reduces the cost of getting fired and thus raises the amount of shirking."
Thus, Mankiw summarizes, "In all of these efficiency wage theories, the
impact of wages on productivity diminishes the incentive for a firm to cut
wages in response to an excess supply of labor."?

Thus, although it may be possible to interpret that equation (4) embodies
the Devereux-Purvis argument, it seems to the author that it can be better
understood under the efficiency wage hypothesis proposed by Lai (1993) to best

serve to our present purpose.

NV Solution of the Model

I order to determine the equilibrium paths of p, x, and y, solve equations
(1)-(4) for the values of p: and x: that clear the output and asset markets. These
semi-reduced forms are:8
(6) Dpt=7 ot 7 1poe+1+ Y eXer+1+ Y 3G+ Y aMtY sWtY Vit Y TWe
where:®

as Y 1=az7y s=azas Y s, 7 2=-[b2(ai+c1)+azbic1]/D

v 5=(bici-b2)/D, ¥ s=-7y e=-(ar+az+c1)/D,



v 7=[bz+bi(a1+az)])/D, D =-(1+bz2)(ai1+az+ci)
(7) x=0 o0+0 1peen1+0 2xee+1+0 3g+ G ame+ S sue+ S evi+ O Twe
where:10

as § 1=a2 0 s=azas 0 5, O 2=-[bz(ar+asz+ci)+az(1+bic1)}/D

0 s=(1+bic1)/D, & 4=-0 e=-(ai1+az+c1)/D,

0 7=[bi(ai+az)-1)/D,

These are the semi-reduced forms in that they contain expectations of the
future price level and the future spot exchange rate. In order to derive the
reduced forms, rational expectations are assumed in this article so as to close
the model. 11,12

To obtain an explicit solution for y:, together with p. and x, it is
necessary to specify the process generating the exogenous variables in the
model, m¢ and g:.!3 It is assumed that they are generated by:

8 Agi=g+ 6.

9 Ami=kMxt-x1)+ Si=kAxe + §: (k<0)

where both €+ and £ + are i.i.d. error terms with zero means and finite
variances. According to (8), a change in real government expenditure follows
a random walk process with a drift g. In the following analysis, however, g is
further assumed to be zero for simplicity’s sake. Equation (9) signifies
(non-sterilized) intervention by the central bank. Similar types of bilateral
foreign exchange market intervention have been specified and utilized in the
literature, e.g. Turnovsky (1983, 84), Lane (1989, 1990) and Lane and Gros
(1994).

The monetary feedback rule of equation (9) means that the monetary
authority adjusts to increase (decrease) the money supply when the exchange
rate appreciates (depreciates) in the short-run. This feedback rule is justified
because, in the short-run, a change in money supply will exert a positive
impact on the exchange rate, i.e. 1>J 4>0. For example, if the exchange rate

appreciates from period t-1 to period t (Ax:<0), the central bank increases the



current money supply (A m:>0) because the intervention parameter k is
assumed to be negative. The resulting increase in money supply in period t will
cause the exchange rate to depreciate, as & & is positive, and smoothing out

the exchange rate movements (leaning against the wind).

In solving the model, the author uses a familiar method of undetermined
coefficients, with the details relegated to the Appendix section. Neglecting the
constant terms, the explicit solutions for the domestic price level, the nominal

exchange rate, and the output are:

_ cas(1+b2)A a3 CA
(10-1) pt = [----- B 5 ;-]gz-x + m¢.; - (-é-l-- yt-1
+[1 - --(-];tl-)-z-)-li]pt-l - Xt1 + (-:-E-p-)ut +Dw-D & .
bz C
+ (-I-C)-)[bz +b: (ai1+az)-k]we + (3?%9.) é.

A
(10-2) x. = [ﬁ?g}-ﬂz%)-é-]gt-l + me-y - (--9---)yz-1 +[1- -S}:!)-z-)-]-{-]pz-l - Xt
B c1B b2

+[.(.1.f2§?.‘.).]?]m +Dw-D &«

+ [omemecmeeonantaia Jwe + [oreremneaaaioa 16 .

. 1
(10-3) y. = (--Z?-‘-)gt.l + ()l e Harrawe + ase: 6 ]

where A =(1+b2)k+(1+bici-bz), B = az-bz2(ai+c1), C = ai+as+c1 >0, D = 1/[k-
(1+b2)]<0, and E = k+ bici-ba.

V The Effects of Macroeconomic Policies under Flexible Exchange Rates
This section examines the effects of macroeconomic policies on the

endogenous variables of the model. The primary concern here is to analyze the

effects on y. and to determine if the so-called Mundell proposition, under



flexible exchange rates, is robust when the expectations formation of prices
and exchange rates is made explicit.

If B<O (see Akiba (1995)),1¢ an additional assumption of A being positive
is sufficient to observe standard Keynesian effects from (10), i.e., 0 ps/0 me1=
Ox/éme1=1, Op/Og1<0,and Jx/3g-1<0. However, withoutinvoking
such assumptions about the signs of A and B, one can deduce even more
striking results. From equation (4), it is now straightforward to obtain 0 y¢/
0 ki1 = ¢1(0 pt/ 0 ki1- 3 xe/ 3 ki1) where k=g and m, and therefore
(11) O yJ/Oge1=-ascifaz <0
(12) Oyd/ome1=0

Equations (11) and (12) mean that, under a flexible exchange rate regime
with perfect capital mobility, an expansionary government expenditure policy
actually brings about a contractionary impact on domestic output. On the
other hand, an expansionary monetary policy is totally ineffective in
stimulating the domestic output. Thus, the solution (10) reproduces exactly
the same conclusions (11) and (12) obtained in a similar model, e.g., Akiba
(1995). The perverse effect of expansionary fiscal policy on domestic output,
(11), was discussed in some detail in Akiba (1995), where it was shown that the
reason for it lies in a real depreciation with a concurrent nominal appreciation
of the exchange rate after an expansionary fiscal policy. In other words, as
shown in (10), @ xt/3 g.1<0 and 9 p+/d gt-1<0, but the latter is numerically
greater than the former in absolute value. This actually means that the real
depreciation, i.e., 9 (xt-pt)/@ gt-1 > 0. An intuitive explanation behind this is
that, after an expansionary fiscal policy, both the nominal exchange rate and
the price level will fall. The latter fall means, in turn, an increase in the real
interest rate, given expectations. It is this increase in the real interest rate
that has an additional discouraging effect on domestic price level, and thus the
fall in p is greater than that of x, leading to the real depreciation.1s

It should be emphasized that, although a contractionary result of

expansionary fiscal policy like the one obtained here sounds like a theoretical

10



curiosity, Akiba (1995) argued that this is not necessarily the case. A brief
discussion for some reasons for it was stated in Akiba (1995), for both a closed
economy case (Myatt and Scarth (1995)) and an open economy case(Ahtiala
(1989), Sauernheimer (1987), Sarantis (1986), Akiba (1993a, 94), Devereux and
Purvis (1990), and Lai (1993)). Since the perverse effect of expansionary
fiscal policy was discussed there in greater detail, it will not be pursued here

any further.

VI The Effects of Intervention

This section considers the effects of the non-sterilized intervention policy
embodied in equation (9). It has been widely recognized that, for non-
sterilized intervention like the one comnsidered here, “[T]here is virtually
unanimous agreement among economists that non-sterilized intervention can
affect the exchange rate, **. It does so by changing the stock of base money
and thus changing broader monetary aggregates, interest rates, real demands
for goods and assets, and market expectations’ (Edison (1993), p.8).16 It
seems to the present author, however, that there has been neither serious
discussion nor agreement within a consistent open economy model with
endogenous expectations concerning at least the following two points: How
domestic output is affected by non-sterilized intervention, and how exogenous
variables are affected by such intervention, thus in turn affecting endogenous
variables (i.e., the sensitivity analysis), within a consistent open economy
model with endogenous expectations. This section attempts to address these
questions by using the efficiency wage hypothesis within our version of an
open economy.l?

Equation (10-3) answers the first of these questions. The solution of
domestic output in our medium-run model clearly exemplifies that y: in no
way depends on non-sterilized intervention. In fact, neglecting the constant

term and the i.i.d. disturbance terms for the time being, the simultaneous

11



difference equation system of (8) and (10-3) yields the following long-run

solution:
o0

(13) E[y:]= (as ¢ 1/C) g;o(az/ C)i E[ge+i]

Thus, although non-sterilized intervention can affect other endogenous
variables of our model as can be observed in (10-1) and (10-2), it will never
have any long-run effect on domestic output. It should be mentioned that this
rather strong proposition, rigorously proved within our model, does not depend
on our assumption of the efficiency wage hypothesis.

It can also be observed from (10-3) that the sum of an unanticipated unit
change in the aggregate demand (u:) and that in the aggregate supply (w:) will
add up to one, i.e. (1/C)(ca1+ai+az)=1. This actually means that a unit change in
y. consists of both unanticipated changes in the aggregate demand and
aggregate supply. As as is the Keynesian government expenditure multiplier
that is typically greater than unity, an unanticipated change in government
expenditures (& +) is shown to exert an even stronger stimulating effect on
output than that of the aggregate demand (u).

Effects of non-sterilized intervention on the other endogenous variables,
i.e., pt and x:, should also be noted, because of the following reasons. First of all,
they have not been explicitly considered, as far as the author knows, in a
consistent open economy model with endogenous expectations. Consequently,
the effects of it through exogenous or predetermined variables (i.e., the
sensitivity analysis of non-sterilized intervention) on those endogenous
variables have seldom been closely analyzed within a consistent open economy
model.

From equation (10-1) and (10-2), both p: and x. are affected by non-
sterilized intervention through g1, yti1, and p:1 indirectly, and the i.i.d.
disturbance terms directly. The effects of a change in the non-sterilized
intervention parameter k, which is assumed negative, on p: and x: through g:.

1, yi-1, and pe1 are summarized in Table 1.



Table 1, OpJ/ok= 0x/dk

gt-1 yt-1 Pt-1
as(1+b2)2/B <0 | -(1+b2)Clc:iB > 0 -(1+b2)/b2 < 0

Note: B=az-b2(ai+c1) < 0 (Akiba (1995))
C=ar+az+c1>0
Thus, the sensitivity with respect to a change in k on pt¢ and x: through the
predetermined variables is made explicit. For example, an increase in ge.1 will
lead to a fall in both x: (appreciation) and p:, but the fall is alleviated
somewhat [as(1+b2)2/B] by a marginal increase in k (non-sterilized
intervention).

The effects of a change in k on p: and x: through the i.i.d. disturbances or
shocks are slightly ambiguous in nature because of their unanticipated
characteristics, except v: for the money demand and & : for the money supply.
It can be easily shown that, for vi, dpt/dk = 9 x/3k = -1/[k-(1+b3)]2 < 0, but
for §¢ dp/Ok = 9 x/9k =1/[k-(1+b2)]2> 0. This means that a fall (rise) in
both p: and x: after the shock of an increase in the demand for (supply of)
money is alleviated by non-sterilized intervention (a unit increase in k) of

exactly the same magnitude, but, of course, in the opposite direction.

VI Concluding Comments

This paper constructs a small open economy with an aggregate supply
function which is sensitive to the real exchange rate. Utilizing the model, the
effects of fiscal and monetary policies were examined under an additional
assumption of rationality.

There are at least two alternative theories, as far as the author knows,

for the aggregate supply function which is decreasing with respect to the real

13



exchange rate. On the one hand, it is derived from closer examination of the
demand for and the supply of labor, while on the other hand, it is deduced from
the efficiency wage hypothesis. Our aggregate supply function is formulated
with an implicit justification of the efficiency wage hypothesis because of
favorable characteristics explained at some length in section III.

Under the assumption of rationality with respect to expectations for the
price level and the nominal exchange rate, our analysis resulted in some
pessimistic conclusions. That is, it was explicitly shown that, while an
anticipated expansionary monetary policy is totally ineffective, fiscal policy
perversly effects domestic output. An expansionary fiscal policy’s
contractionary effect on output was examined in some detail in section V,
where it was explained that the contractionary effect occurs when the real
exchange rate depreciates under rationality. In other words, although the
nominal exchange rate may appreciate, a fall in the price level (and the
expectations of this) more than offsets the appreciation and leads to a
depreciation of the real exchange rate.!8 Itis this depreciation that gives rise
to the conclusion that opposes Lai's.

Our analysis also proved rigorously that, although non-sterilized
intervention affects nominal variables (pt and xt), it will never affect the real
variable y: in our medium-run model. Thus, non-sterilized intervention was
shown to be a totally ineffective policy instrument for stabilization in the
medium-run, once expectations are explicitly taken into consideration in an
open economy. QOur analysis also clearly indicated how non-sterilized
intervention affects nominal variables through predetermined or exogenous
variables in the model.

Based on this analysis, one can draw some policy implication. First of
all, it is necessary to further examine the aggregate supply function that has
been overlooked in the traditional Mundell-Fleming model because the model
places stronger emphasis on the demand side (IS-LM). Secondly, non-

sterilized intervention should be regarded as a short-run policy instrument to

14



control nominal variables only. Although it will never affect real output in the
medium-run, its effectiveness on short-run control over nominal variables
implies some welfare gain in an open economy. Such welfare ‘implications

remain to:be.clarified.



FOOTNOTES

* T have benefited from the productive comments made by David Allan, Kashi
Nath Tiwari, Subaruna K. Samanta, Jose A. Mendez, and Paul Pecorino during
the early stages on this research. The usual disclaimer applies with respect to

all remaining errors.

1. Mpyatt and Scarth (1995) also refer to the possibility of a perverse response
to fiscal policy in a closed economy when there exist direct aggregate supply-

side effects of interest rates.

2. For notational simplicity, we use the notation E[z:+], j=0, to refer
t-1

to E[ze+j | Q t1). See Kaminsky (1993) for a recent evidence of rationality in
t-1

the foreign exchange market.

3. In the Devereux and Purvis model, however, it can be shown that the
aggregate supply function is likely to be a decreasing function of p-x when the
consumption-based real wage rises by a real appreciation, if £ 1 (the share of

foreign consumption goods in the CPI) is relatively large.

4. This does not necessarily preclude an interesting possibility suggested by

Devereux and Purvis (1990).

5. Solow (1979) wrote that the nominal wage is "sticky" rather than "rigid”,

because the wage is allowed to move (p.79).
6. This may be criticized as an argument for an unobservable relationship

when the following three reasons are considered. For further reference,

Nickell (1991) provides a recent survey of the efficiency wage literature.

16



7. See also Stiglitz (1986), Miyamoto (1991) and Yellen (1984) for the efficiency
wage hypothesis. Another reason for assuming the efficiency wage hypothesis
behind equation (4) is that it provides "a convincing explanation of the kind of
~ wage rigidity that is associated with cyclical unemployment," as pointed out by
Stiglitz ((1986), p.154). He also summarizes five different explanations of the
wage-productivity relationship as the basis for the efficiency wage hypothesis
(pp.182-7). As Yellen (1984, p.200) pointed out, the hypothesis explains a
phenomenon of involuntary unemployment as well as four different labor
market phenomena, including the dual labor market (Bulow and Summers

(1986)).

8. To obtain the semi-reduced form, i’ is set to i* (constant). Alternatively, i*:

could be assumed to be Ai*t=i*+s*, where s" is an i.i.d. error term.

9. It can be shown that ¥ o = {ao(bici-b2)+bo(az+ai+ci)+co(bz+aibi+azbi)-
(beci+arba+azbici1)i*}/D. Because D<0, the coefficients ¥ 2 and ¥ 4 are

positive, ¥ s and 7 7are negative, and ¥ 1, 7 3, and 7 sare indeterminate.

10. It can also be shown that & o={co[(ai1+az)bi-1]+bo(ai+az+eci) +ao(l+bicy)-
[bz(a1+az+ci)+az(1+bic1)}i*}/D. The sign of § 1,4 3,8 5, and O 6 is negative,

that of § 2 and § 4 is positive, and that of § 7 is indeterminate.

11. The following points should be noted with respect to the semi-reduced
forms, (6) and (7). First, p: and x: are jointly determined variables depending
on the same sets of underlying variables, although their dynamic time paths
need not be identical. Second, both p.and x: depend on the time paths, current
and expected, of exogenous variables. This can be easily verified by the
method of repeated substitution to show that the rational expectations version

of our small open economy model with the efficiency wage hypothesis embodies

17



the main features of the asset market approach to exchange rate

determination.

12. Using (6) and (7), the semi-reduced form of y: is given by:
yt = 7 otaz 7 (pe+1-X°t+1)+as 7 g+ W=7 Wt
where 7 ois the aggregate constant term and 7 is defined by -c1(1+b2)/D > 0.

It should be noted that y: is not affected by m:.
13. Note that i*: was assumed to be constant, i*, in the last section.

14. The assumption of B<0 is equivalent to ai+ci>az/b2. Thus, it actually
means that the effect of real depreciation on the excess demand for goods and
services (a1+c1) is greater than the effect of a change in it on y: relative to m:-p,

(az2/b2).

15. The real exchange rate qt is:
a CA 1 1
@S xepe= (o)t - ()Y (MW HED 6«
Thus, neglecting the i.i.d. error terms, O qi/0 gi-1=as/a2>0. See also Penati

(1983) for possibilities of a depreciation of the long-run real exchange rate

following an expansionary fiscal policy.

16. For surveys of the effects of foreign exchange intervention, refer to
Genberg (1982), and Almekinders and Eijffinger (1991). For a mainly
theoretical analysis, see Bond and Mitchell (1982), Kenen (1984), Henderson
(1984), Turnovsky (1983,84), Lane (1989, 90) and Lane and Gros (1994). For a
primarily empirical examination, see, e.g., Obstfeld (1990), Dominguez and
Frankel (1990, 93a,b,c), and Lewis (1995). For a general explanation of the
effectiveness of foreign exchange intervention, see a survey by Taylor (1995).

While the effects of sterilized intervention have been examined primarily from

18



an empirical point of view, those of non-sterilized intervention have been

analyzed for primarily from a theoretical point of view.

17. Turnovsky (1983,84) considered the effects of non-sterilized intervention,
but it was incomplete in the sense that the model did not impose the
equilibrium condition for the domestic goods and services market. Thus, it was
not clear whether the model was really “open” in goods and services
transaction. The assurance of the PPP condition is not enough to guarantee
that the domestic goods and services market is in equilibrium with
international trade. Henderson (1984) considered only the short-run effects of
non-sterilized intervention with static expectations within a two-country

model.

18. This seems to contradict a short-run empirical “regularity” by Mussa
(1986), p.131 (see also Mark (1990)). However, because our model is
medium-run, such a regularity has been open to doubt, as pointed out by Saidi
and Swowoda (1983). The so-called Meese-Rogoff message suggests that the
short-term movement of the nominal exchange rate is approximated by a
random walk process. Jung (1985) confirmed the random walk hypothesis for
the real exchange rates for France, Germany, the United Kingdom, and the
United States. However, Koedijk and Schotman (1990) found a significant
mean reversion component in the movement of real exchange rates for the

United States, the United Kingdom, Germany and Japan.
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APPENDIX

This section develops and briefly sketches some of the algebra underlying
the results in section IV.

To obtain an explicit solution for p:, x:, and y: in terms of exogenous and
predetermined variables, we consider writing p. and x: as unknown functions
of state variables:

(A-1) p=7 p+7 10811+ 7T 1M1+ 7T 12Yt-1+ 7T 13DPt1+ 7T 14Xe-1
+77 15WeHTT 16T 17We +7T 18 G AT 19 € ¢
(A-2) Xt=7C x+7T 208e-1+7C 21Me-1+ 7T 22Y-1+ 7T 28Pt-1+ 7T 24Xte.1

+7T 25w+ 7T 26Ve+TT 27We +7C 28 O + 7T 20 € ¢
This trial solution assumes that the linear structure of the model and the

stochastic specification (8) and (9) are not expected to change over time.
Given (A-1) and (A-2), it is a simple matter to calculate the expression

for E[pt+1] and E[xe+1] which appear in the market clearing conditions
t-1 t-1

(6) and (7). If the trial solution in (A-1) and (A-2) is an equilibrium, then
substituting from (A-1) and (A-2) for expectations into (6) and (7) must yield
identities in the state variables. Neglecting constants, the resulting identities
are:
7T 10=7 1[{7 10+k 7T 11 T 20+C1 7 12(7T 10-7C 20)+7T 13 7T 10+ 7T 14 7T 20]
+7 2[7 20tk 7T 20 7T 214C1 7T 22(7T 10-7C 20)+ 7T 23 7T 10+7C 24 7T 20]
+7 3+ 4k T 20
T u=y [ u(l+k T a1)+e1 T 12(7C 11-7 21)+7 137 1+7T 14 T 21]
+7v o[ 21(1+k T 21)+C1 T 22(7C 11-7C 21)4 7T 23 70 11+7 24 7T 21]
+y 4ty k7T
7T 12=Y 1]k 7T 11 70 224C1 7T 12(7T 12-7C 22)+7C 13 7 1247 14 T 22]
+7v o[k 7T 21 7T 22+C1 T 22(7T 12-7C 22)+7C 23 70 12+ 7 24 7T 22)
+7 4k T 22
7T 13=7 1[k 7T 11 7T 23+C1 7T 12(7C 13-7C 23)+7C 13 7 13+ 7T 14 7T 23]

+7v o[k 7 21 7 23+C1 7T 22(7T 13-7C 23)+ 7T 23 7T 13+ 7T 24 7 23]
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+7 sk T 23

7T 14=7 [k T 10(7 2a-1)+e1 7 12(7T 14-TC 20)+ 7 13 T 14+ 7T 14 7T 24)
+7 o[k T 21(7 24-1)+C1 T 22(70 14-TC 24)+ 7T 23 7 14+7C 24 7T 24)
+7 k(7T 24-1)

TT15=Y s5+7Y 4k 7 25 T1e=Y 6+7 4 kK 7T 2

1=y g+Y s k27 T1e=Y 3+Y sk 7 28

T 19=Y 4+Y s K7 20

(A-3)

7 20=0 1[7 10tk 7 11 7T 20+C1 7T 21(7C 10-7T 20)+ 7 13 7T 10+ 7C 14 7T 20]
+0 2[7C 20tk 7T 20 7T 21+C1 7T 22(7C 10-7C 20)+ 7 23 T 104+ 7T 24 T 20]
+0 3+0 4k T 20

T 21=0 1[7 n(l+k 7T 21)+c1 7T 12(7T 11-TC 21)+7C 18 7T 11+7C 14 7T 2]
+0 2[7 21(0+k 7T 21)+C1 7 22(7T 11-7C 21)+7C 23 T 11+7C 24 7T 21]
+80 +0 kT a1

7 22=0 1[k T 11 7T 22+C1 7T 12(7C 12-7C 22)+7C 13 7T 12+ 7T 14 7 22]
+0 o[k 7T 21 70 20%C1 7T 22(7C 12-7C 22)+ 7T 23 7T 12+ 7T 24 7T 2]
+G 4k 7T 22

7 23=0 1[k 7 11 7T 2s+c1 7T 12(7C 13-7C 23)+7C 13 7 13+ 7T 14 7T 23]
+0 2[k 7T 21 7 23+C1 7 22(7T 13-7C 23)+7C 23 W 13+ 7T 24 7T 23]
+0 4k 7T 23

7 24=0 1[k T 11(7T 24-1)+C1 7T 12(TC 14-7C 24)+7C 13 7T 14+ 7 14 7 24)
+0 2[k 7T 21(7T 24-1)+C1 7T 22(7C 14-7C 24)+ 70 23 T 14+7T 24 7T 24)
+0 k(7T 24-1)

7T 25=0 5+0 4k 7 25 7 26=0 6+0 s k 7T 26

T 21=0 s+8 ¢k T 27 T 28=0 3+C 4k T 28

T 20=0 4+0 ¢k 7T 20

Solving (A-3) for 7 ij (i=1,2; j=1,2,3) yields:

as(1+b2)[(1+b2)k+1+Dbic1-b2] as

A s R +  eeee.
az-bz(ai+ci) a:z



as(1+b2)[(1+b2)k+1+b1c1-b2]
az-bz(ai+ci)

Tun=mTa=1

Tz = e efanbaaiten] T
- (ar+aztey) [-(L+ba)k+ba-bici-1]

== ci[az-bz(ai+c1)]
7T 138 = T 23 = -.b.?-:s}:hz.)-].{. T 14= 7T 04 = -1

be

— k+bici-b2 T oas= e 1+ ey

57 (@ifazton)(k - (1+bs)] °T Garrazten(k - (1+b2)]
Ti1is=T !

16 = 26 'k' , (1+b2)
= D2ibiitan -k T o1 e biaitag) - 1

e (a1+az+c)[k - (1+b2)] 2 (a1+azt+e))[k - (1+b2)]
I as [k+ 1.).1.(:_1‘-?_2] _______ T oag  emrenn as(1+bici)

7 laiFazten[k - (1+b2)] (a1+az+o)[k - (14b2)]
T =7 1

O P 98

Substituting back into (A-1) and (A-2) yields the expressions for p: and x:
appearing in equations (10-1) and (10-2), respectively. To obtain the solution
for output (10-3), we simply substitute the expressions for p: and x: obtained in
(10-1) and (10-2) into equation (4). However, the coefficient of y:.1, which is
c1(7T 12-7 22), turns out to be (a1+az+ci)/az > 1. This means that the system of
solutions is unstable, and therefore the coefficient should be ruled out. As
their solutions are unique, it follows that 7 12=7 22. The latter condition
actually means that az=bz(a1+c1), suggesting an intuitively clear result that &
yd/ 0 (m-p)=3 (yd-y*)/ @ x=0 (ys-y¢)/ 9 p. In other words, in the medium-run,
the impact effect of an expansionary policy on the aggregate demand is equal
to that of a nominal depreciation on the excess demand, which in turn is also

equal to that of an inflationary effect on the excess supply.
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