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The Natural Rate of Interest in a Small Open Econom

Fernando de Holanda Barbosa

Getulio Vargas Foundation Graduate School of Economics

The goal of this paper is two-fold. Firstly, thiapger shows that the natural rate
of interest in a small open economy, with accesbeovorld capital markets, is equal to
the international real rate of interest. We shois fitoperty by using the infinitely-lived
overlapping generations model and we use this mod@halyze both fixed and flexible
exchange rate regimes. Secondly, this paper asessthat the empirical implausibility
hypothesis embedded in the infinitely-lived repréagve-agent model, with complete

asset markets, turns this framework not appropfata small open economy.

Keywords: Small open economy; Natural rate of interest; Cletepand incomplete
asset markets.
JEL classification: F41

1. Introduction

Obstfeld and Rogoff (1995) initiated a researclgpam that has become known
as “TheNew Open Economy Macroeconomics” (NOEM). This rededs based on
dynamic intertemporal models featuring rational eotptions, imperfect competition
and nominal-price rigidity.One goal of this research is to build a modekfwace or to
update the workhorse small open economy model ohddl-Fleming- Dornbusch,
which has resisted the micro-foundations revolytianspite of the well-known Lucas
critigue. Recent work by Gali and Monacelli (200B¢nceforth GM, present a model
for a small open economy that does not influenceidom output, foreign price level and

foreign interest rate, which attempts to fill tip in the literaturé.

! Lane (2001) provides a comprehensive survey of ehdy new open economy macroeconomics
literature.

2 For other contributions to the literature on mamgtpolicy in small open economies see, for example
Clarida, Gali and Gertler (2001), McCallum and NMel$2000), Svensson (2000).
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GM’s model uses the infinitely-lived intertemporgbtimizing representative-
agent model. It is common knowledge [see Barro Sala-i-Martin (1995), Chapter 3]
that this model, for a small open economy with @etrfaccess to the world capital
market and a fixed rate of time preference, yigld&ward consequences that are not
tenable either from a theoretical or from an encpliripoint of view. If the two rates
were different, there would be opportunities fdvitrage and capital flows that lead to
paradoxical conclusions, either the country owmsworld’s wealth or it mortgages all
of its capital and all of its wage income. Thessulis are incompatible with a steady
state. In a closed economy, the real rate of isteseequal to the rate of time preference
in steady state. If they are different, the stodkcapital adjusts to make up the
difference. In an open economy, the real rate @fr@st is equal to the international real
rate of interest in steady state. In this caseethier no mechanism to make the
adjustment between the international real rate twedrate of time preference. The
difference between the two rates, whether positore negative, would imply
consequences that are counterfacttials.

Four modifications of the standard infinitely-loveintertemporal optimizing
representative-agent model have been used intdratiire to solve this problem [see
Schimitt-Grohé and Uribe (2003)]. They are: i) egelaous time preference a la Uzawa
(1968); i) endogenous risk premium; iii) convexrgaio adjustment costs; and iv)
complete asset markets. The endogenous time pnetergas to be such that agents
become more impatient when consumption increasbghws a very counterintuitive
hypothesis. The interest rate premium and convettgho adjustment costs hypotheses
are ad hoc and, as such, can be discarded bec¢dasksi microeconomic foundations.
The added hypothesis of complete asset marketsetstandard representative-agent
model is indeed a very strong hypothesis and haa bagected by empirical evidence
[see, for example, Obstfeld and Rogoff (2001), eefdrences therein]. Thus, the four
modifications are not particularly compelling fomall open economies with perfect

access to the world capital market.

% Obstfeld and Rogoff (1995) set up a two-countrydeip where home and foreign individuals have
identical preferences and the two countries hagestime technology. This setup avoids the problem of
natural rate inconsistency because the world iBbsed economy. Thus, in such a case the real fate o

interest is equal to the rate of time preferenc&téady state.
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GM uses the complete asset market hypothesis ayddid not stress the fact
that in their small open economy, with perfect talpmobility, the natural rate of
interest would not be equal to the international rate of interest. The natural rate of
interest in their paper is equal to the internalaate of interest plus a constant rate of
change of the real exchange rate. Underlying thtaral rate there is a highly stringent
condition not observable in the real world, namiglgt the country currency becomes
weaker if the country grows at a rate greater tthenworld economy. Furthermore,
GM’s model implicit assumes perfect synchronizatitbetween domestic and
international business cycles. Otherwise, the weddnomy has to follow an unstable
Taylor rule.

The natural rate of interest is a benchmark to meathe stance of monetary
policy. Furthermore, to use monetary policy ruls;h as Taylor(1993), an estimate of
the natural rate is required. The literature thestlsl with the measurement of the natural
rate [see, for example, Laubach and Williams (20@ammarioli and Valla (2004)]
has used closed economy models, since big operoenes are treated as closed ones,
and has not addressed the open economy case. dpes fills this gap in the literature
and provides a framework to construct natural saiges for the small open economy
based on economic theory. This is accomplisheddnyguan overlapping generations
model that yields a unique steady state when ttee ohtime preference is different
from the international real rate of interest.

The goal of this paper is two-fold. Firstly, thiager shows that the natural rate
of interest in a small open economy is equal torkernational real rate of interest. We
show this property by using the infinitely-lived enapping generations model [Welil
(1989)] and we use this model to analyze both fixed flexible exchange rate regimes.
Secondly, this paper also shows that the empinnoplausibility hypothesis embedded
in GM’s model, obtained from the infinitely-live@presentative-agent model, turns this
framework not appropriate as a Mundell-Fleming-wsch replacement.

This paper is organized as follows. Section 2 shtivat GM’'s representative
agent small open economy model is valid under ttsiagent conditions, one on the
behavior of the real exchange rate and anotherrelaged to the real rate of interest
monetary rule, which are not supported on empimgealinds. Section 3 derives the IS
curve from the infinitely-lived overlapping geneacats model, in which the natural rate

of interest is equal to the international real rafeinterest. In this section we use
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McCallum and Nelson (2000) framework that avoids tambersome algebra usually
found in NOEM models, which allows a very simplaatraightforward derivation of

the IS curve, without loss of generality. We alse aeterministic variables because a
stochastic environment is not necessary to showalral rate consistency embedded
in the overlapping model. Section 4 applies thigleldo a fixed exchange rate system
and Section 5 deals with the flexible exchange sgtem. The models in these two
sections cannot be reduced to a two equation dynaystem, in the rate of inflation

and output gap, like the closed economy modelsausee the behavior of the current
account affects net foreign asset and through tloelgy market output gap and, hence,

inflation. Section 6 concludes.
2. GM’s Representative Agent Open Economy Model

GM's framework can be reduced to a log-linearizeshonical two-equation
dynamical system, consisting of a new Keynesiafliphicurve for domestic inflation

(77,) and an IS-type curve for the output gap (

T =BEL T K, %, (1)
1
Xy = Et {Xt+l}_0__

a

(it - Et {ﬂt+l}_ Ft) (2)

We use the notationo = 8™ - i the rate of time preferenci,is the nominal rate of
interest,x, =A(g, +¢ ) A=[A1-B86)A-6)]/6, 1-6) " can be interpreted as the
average period between price adjustments in theo@gpe staggered price-setting,
¢ is the labor supply elasticity, o, =Yo[l-a)+a ],
a=[y+@Q-a)(n-o0)llo, o is the elasticity of intertemporal substitution of

consumption,a is an openness index and can be interpreted ashtdre of domestic

consumption allocated to imported googs,is the elasticity of substitution between
goods produced in different foreign countrigsis the elasticity of substitution between

domestic and foreign goods. The natural rate efr@dt is given by:



1 | .
Fr=p+—EAGF, -Y.,,)+—E Ay, 3
t p O_a 1 (ytl ytl) 0_t ytl ()

Goods market clearing, world market clearing arel desumption of complete
markets leads to a relationship linking domestitpoy world output and the terms of

trade:

. 1
yt=yt+0__st 4)(

a

This equation implies that:

_ . 1 _
Yisr = Y + 0__ St (5)

a

Plugging this equation into the definition of thetural rate of interest we obtain:

_ 1 . _
I =10+;EtAyt+l+EtAst+l

1 . _ 1 T
= ,0+E EAYutEAS,+ ; E A (Ve = Vi) (6)

GM's framework assumes complete financial markétsthis environment a
version of the uncovered interest parity, whichtigzss from a risk premium term, is

obtained:

it_it*:Et{AeHl} ) (7

where e, is the nominal exchange rate. The uncovered isttgparity for the real

interest rate differential can be written as:
it - Et{ﬂtﬂ} =i t* - Et{ﬂt*ﬂ} + Et {A St+l} (8)

wheresis the terms of trade. Plugging this result inte tutput gap equation we obtain

the following expression:



Xt :Et {Xt+1}_0_i(r: +Et {A St+1}_rt) (9)

a

where r; =i, —Et{ﬂfﬂ} is the foreign real rate of interest. In the perfresight

steady state the natural rate of interest is etutie foreign real interest rate plus the

long run change in the terms of trade, sificgz . We turn now to a discussion of this

statement.
It follows from (5) that the long run change iretterms of trade is proportional
to the difference between the rate of change ofediac potential output and the rate of

change o world output:
Et A Su =0, Et A (yt+1 - yt*+1) (10)

This proposition says that if a country grows aat@ greater than the rate of growth of
the world than its real exchange rate keeps degiregiall the time. Unfortunately, the
empirical evidence does not support this hypothdsdence, the representative agent
small open economy rests on unsafe empirical gmuldde may conclude that the
natural rate of interest in a small open economya irepresentative agent model, is
equal to the international rate of interest jusewhboth rates of output growth, domestic
and world, are equal. Otherwise, they are different

The world natural rate of interest is defined by:

1
o

=p+=EAY, (11)

Combining (11) with the natural rate of interest&iipn (6) we conclude that domestic
natural rate of interest has three components: ajldvnatural rate of interest; ii)
expected rate of change of the terms of trade,iignd term proportional to the gap

between the rate of change of world output and dvpotential output. Hence,

“In their calibrated version of the Canadian ecoptime natural rate of interest in the Taylor rubed by
GM is equal to the time discount rate [GM, p.723].
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pa— —% p— 1 * —%
r="r + Et A St + ; Et A (yt+1 - yt+1) (12)

When the small open economy is in equilibrium tieemestic natural rate of
interest is equal to the international rate of nesé plus the expected rate of change of

the terms of trade:
ri +E AS, =T, (13)

Combining (12) and (13) we conclude that the wodatd of interest, according to this

model, has to follow the Taylor rule:

rt* = r_t* + Et A (yt*+l - yt*+1)

There is no empirical evidence that supports tgmothesis. We may conclude that the
assumption of complete asset markets is not ablesawe the small economy
representative agent model.

3. Overlapping Generations Open Economy Model

An agent born at timglives forever and maximizes at tirher utility function,
| :0 e?ty[c(s,v) av

subject to the flow budget constraint:
A(s,v)=y(v)-C(s,v)-gv) +r A(s,v)

where p is the rate of time preferenag,C(s, v)] is the instantaneous utility function,

C(s, v) stands for the consumption at timéy an agent born at ting A(s, v) are real

financial assetsy(v) is her income and) v( s government expenditure supposed to be

7



financed by lump sum taxes. The income and the lsomp tax are not cohort specific.
In this model asset markets are incomplete, adets access to a foreign bornd,s
the domestic real rate of interest, UIP conditiaide and the international rate of
interest is exogenous to this small open econongwliN born agents are not linked
altruistically to existing cohorts and they arerb@rith only non financial wealth but no
financial asset3.Thus:A (v, v) =0. The first order condition of this problem yieltds
Euler equation:

The aggregate Euler equation contains an adjustteem for consumption by

the newborn generatiorC(t  ):§

% =o(r-p)+n [C(t,t) —C(t)]

Since consumption is proportional to total wealft)= ¢[A(t)+ NF(t)], where
p=r+0(p-r)>0, A denotes the economy’s total net foreign ass¢fEsstands for
non-financial wealth ane (t,t) = q)[A(t,t)+ NF (t)] = NF (t) because the agent is born
without financial assets. Thus, we ha®@dt,t)-C(t)=-@A(t). Making use of this

result the aggregate Euler equation is given by:

oT>

€ of-p)n

® This overlapping generations framework was usedCayallo and Ghironi (2002) to deal with
indeterminacy of the steady state. However, thdyndit address the natural rate problem of theitefin
lived representative agent model.

® See Weil ((1989), p.188. A similar result woulddizained by using the overlapping generations mode
of Blanchard (1985), where each individual facepastant probability of dying at any moment of time

and newlborn agents are born with only non findnegalth.
8



This small open economy with perfect access towbdd capital market can have a

steady state for aggregate consumptiére( ) e¥en when the rate of time preference is
different from the real interest rate. This smalén economy is a creditor country when
the real interest rate is greater than the raténoé preference and a debtor country

when the rate of time preference is greater thanrdal interest rate. By adding and

subtractingn@ A/ C to this expression we get:

¢=ofr —F)—nﬁ(g—éj

The natural rate of interest is given by:

_ néd
r=p+—
o

<OI | )|

In this setup the adjustment between the ratenod gpreference and the international
real rate of interest is through the asset consimpttio, which can be positive or
negative depending on the degree of impatiencéetmall open economy compared

to the world real rate of interest. We use theofslhg notationa=A/y and
C, = C/y, with net foreign asset and consumption normalizgg@otential output. The

first order linear expansion of (A/C) = A/C is equal to:

This expression can be rewritten as:
A_A,Y(A_A)_Aly(c-C
C C Cly y) Cc/yl C

Thus, the gap of the relation wealth/consumptiorpedels on the wealth and
consumption gaps according to:



By substituting this expression in the equation tfoe rate of growth of consumption

(¢), we obtain

The small lettec denotes the logarithm of consumptiors log C.

The IS curve for a small open economy can be oldaimen an infinitely-lived
overlapping generations model by combining the egate consumption Euler equation
with McCallum and Nelson (2000) approach that agsuthat all imports and labor are
used as inputs in the production of domestic godthsis, output in this small open
economy can be written ag:= w, ¢ + w, g + w; ex, wherec, y, g, ex are logarithms of

consumption, real output, government consumpti@hexports, whilew is the steady-

state ratio of the corresponding variable. Outpap @ the difference between real

output and potential output (assumed constansifoplicity).

By taking time derivative of the output gap we atta

X=wl+aw g+awex

The exports equation is specified by:

ex=y +&s+k

wherey* is world output,é is the elasticity of substitution between importedterials

and labor in productiorng is a constant arslis the terms of trade.

By combining the equations @fx and x and the exports equation we get the IS
curve:
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x=Bx+p(r-7)-B.(a-a)-B,(q-q)

This equation states that the output gap rate afigdna@epends on the output gap level
and the gaps of the interest rate, wealth anderediange rate. Thus, net foreign assets
plays an explicit role in this IS curve. The paraenef this curve depend on structural

parameters according to:

ﬂx:— ’ﬂr =wo

B, = wnd B, = néaw,é

C, @-a)c,

The coefficientsf, e 3, are positive. On the other hand the coefficigfife 5, can be

either positive or negative. They are positive & tountry is a net creditc(ﬁ >O) and
negative if the country is a net deb{@ar<0).

The accumulation of net foreign assets in a snm@adinoeconomy overlapping
generations model is given by the balance of paysmairrent account:

A=(r-n)A+Ex

This equation, when the variables are normalizedth®y potential output of the

economy, can be written as:

. Ex
a=(r-nja+—
-rja+®
In steady statéa =0) we get:
Ex
O=(r-njJa+—
-rjaE

Hence,

11



a=(r—n)a—(r‘—n)§+EX;EX

The first order expansion of both interest incoma)(and net exports equations are,

respectively:

Substituting these expressions in the equatioa gields:
a:aa(a_a)+ar(r _r)+aq(q_q)

The parameters of this equation depend on the stalcparameters of the model

according to:

where we take into account the relationship betwbenterms of trade and the real

exchange rateq = (L-a) s. The coefficientsa, and a,, are positive. The sign aof,

depends whether the country is a cred(@r 0) or a debtof{a <0).

4. Fixed Exchange Rate Regime

The new keynesian model of a small open econondgua fixed exchange rate
regime has an IS curve derived from the Euler egouaa Phillips curve a la Calvo, an
uncovered interest parity equation, a monetarycgalile whereas the central bank pegs
the exchange rate and an equation for the baldngayments current account. Calvo’s
Phillips curve is a continuous—time staggered gricemulation and we keep the model

simple excluding the change of the terms of tradmfthis curve. The initial conditions

12



of the model suppose that the price level, theerahange rate and the net foreign asset
are predetermined variables. The other variablesfrae and are allowed to jump in
response to new information. The model has thevieillg specification:

IS x=B,x+B(r-1)-p,(a-a)-B,(q-q)

PC: 7n1=-0x
UIP: qg=r-r1
MPR: e=ct

o azaa-a+a,-1)+a,a-a
IC:  Given p(0), q(0) and a(0)

The terms of trade is defined by:
s=e+p -p

Taking time derivatives on both sides of this espien and taking into account that the

nominal exchange rate is fixdd = 0), we get:
sze+rm =i -m=—3_=1"T
l1-a

Substituting the inflation gap for the real intérgap in the tree equations, namely the

IS curve, the uncovered interest parity and theetiiraccount, we get, respectively:

x=p.x-B,\m- ' )- p.(a-a)- B,(s-3)

s=~(7-7)
a=-a,(m-7)+a(s-5)+a,(a-2a)

where 5, =1-a) B, and a, = (1-a)a,. The dynamic system of the small open

economy new Keynesian model, for a fixed exchamage system, has four differential

equations in the following variables: rate of itifb&, output gap, real exchange rate,
13



and net foreign wealth. The last two variables, kel exchange rate and net foreign
wealth, are predetermined. The linear approximatibtihe dynamic system around the

steady state is given by the four-differential doprain 7z, X, g anda:

T 0O -0 O O (|m-m

X|_|=Br B« =B —Bs X
q -1 0 0 0 g-q
a -a, 0 a, a, a-a

The Jacobian matrix of this system is given by:

0O -0 O 0
12| =B B -B -A
-1 0 0 0

-a, 0 a«a a,

S

Hence, the determinant and the trace of this matexrespectively:
9 =dla.p, -a.Al]
trJ=p0+a,

For this system to exhibit saddle path stabilitithviwo positive roots and two negative
roots the determinant has to be positive. Thisrdetent will also be positive if all four

roots have the same sign (either positive or negptiThus, we have to prove that all
roots have not the same sign. For this to be tlse ¢he coefficient ofu® of the

characteristic equation should be negative [SydsaBtrom and Berck (2000), p.8]:

D" u ;= coefficient of 1°

i<j

It is easy to verify that if all characteristicsoote have the same sign the coefficient of

L% would be positive. The characteristic equatiothed dynamic system is given by:

14



- U -0 0 0
-B, Bo-u -B. -PB
-1 0 - U 0
-a 0 a

m S

Solving this determinant by the cofactor expansadong the first line we get the

characteristic equation:

pt=(a, +B,) +(a.B, - B, )1 +
Sa.B,+a.B,+B,) u+dla.B.a,B,)=0

The coefficient of > should be negative for the dynamic system to hasadalle path

with two positive and two negative roots. This e tcase if the following inequality
holds:

ﬁxaa
> /Mx7a
B >

Thus, if this condition holds the system exhibaddle path stability. Setting to zero the
constants corresponding to the unstable rootsdyim@amic system solution, with two

negative characteristic rootg, > /4, , is given by:
T=T1T +CV, e +c\,,e”
X =C\V,, € + v, e
q= q + CVi3 eﬂlt + C, Vs eNZI

- t t
a=a+cV, e +c,v,e”

The constants; and c; are obtained from the initial conditions where ¢éhementsy; of
the eigenvector associated to the negative romtse from the solution of the linear

system:

15



-4 -0 0 0 Vi, 0
_ﬂn ﬂx_ll’l _ﬂs T Pa Vi2 - O
-1 0 - U 0 Vi3 0
-a, 0 a, a,—U|Vy, 0

The first and the third equations of this systegid/ithe inequalities:

ﬁ:—é>0
Viz H
ﬁ:—/j>0
Vis

When the fourth equation is combined with the thwelget the inequality:

Vis ad.~H

Vi 4 amu + as

<0

These three inequalities will provide crucial infation to derive the behavior of the
dynamic system. Dividing the inflation gap by tlealrinterest gap and taking its limit

when time goes to infinite we obtain:

Clvlle,uﬂ[l + &V glkz= )t}
. . C\V
lim =lim 1
t> oo X t oo

V. _
Clvlzepult 1+ CVy, e(/-’z ot
C1V12

Whent - o, sincey, — 1, <0, the terms into brackets, both in the numeratortae

denominator, converges to one. Thus,

. T V.
[im =15
tee X Vi

16



This equation indicates that the inflation gap #m output gap, when the system
converges asymptotically to the dominant ray [CEI®87)], move in the same
direction. We may use the same procedure to piwate t

-7 V.

|im—_2i>0
t-2 q—d Vi3
.a—-a _ V.
|Im—_=ﬂ<0
t-2 q—q Vg

The first inequality shows that the inflation gaplahe real exchange rate gap move in
the same direction, while the second inequalityshthat the net foreign asset gap and
the real exchange rate gap move in opposite dimexti

The real interest gap is equal to the time dereatf the real exchange rate.
Thus, the solution for the real interest gap i®giby:

P t t
=T = =CVNfh€" +Cy\Vyl,e"

Using the same procedure we use for the ratio dmtvihe inflation gap and the
output gap it is easy to verify that:

im— =4 <0
- q-0

Hence, the interest rate gap and the real exchatgegap move in opposite directions
when converging to the steady-state.
Figure 1 shows an inflation target change at tier® zannounced by the foreign

central bank to which the domestic currency is pegdo be implemented at tinTe

The inflation target will be reduced froms, to 77, < 7z,. How this economy adjusts to

an anticipated and permanent change in the rateodfl inflation? We will resort to a

phase diagram to answer this question. Figure 2vshbe phase diagram for this

experiment. By the Phillips curve we can deternthme direction of movement of the

inflation rate in each one of the two zones divibgdhe 71 = 0 line, as shown in Figure

2. We know that the slope of the dominant eigerorecdy is positive, e.g., when
17



becomes large, inflation and output converge tar $teady-state values from the same
direction ( lim, _(m—m)/x=v,/v,> 0. Thus, when the new inflation target is
announced the inflation rate and the output gajpjairtime zero to poirk. From time

zero on the economy follows the path depicted kyatinowed curve in Figure 2.

o

0 T time

Figure 1

The prediction of this fixed exchange rate regisméhat inflation is reduced with
transitory output gain. When the inflation targeaoge is implemented at the same time
it is announced there is no output gain, sinceatitth jumps immediately to its new
rate.

Figure 2



5. Flexible Exchange Rate Regime

The new Keynesian model under a flexible exchamage system has the same
equations as the fixed exchange rate regime fon$heurve, the Phillips curve, the
uncovered interest parity and the current accodnthe balance of payment. The
difference is the monetary policy rule. The centvahk now controls the interest rate
and allows the exchange rate to be market detednife simplify the algebra we
assume a Taylor rule without the output gap terhe ihitial conditions of the flexible
exchange rate system are different from the fixethange rate system. The price level
and the net foreign asset are predetermined vasablhe other variables are free and
can jump when there is new information. The speaiion of the model is given by the

following set of equations:

IS:  x=Bx+p,(r-7)-p.(a-a)-,(a-9)
PC. 7n=-0x

UIP: g=r-r

BP: a=a,(a-a)+a,(r-1)+a,(q-q)
MPR: i =F + 7+ ¢(mr-77)

IC: Given p(0) and a(0)

The monetary policy rule can be written as:

Substituting the real interest gap of this exp@san the three equations, namely the IS
curve, the uncovered interest parity and the balasfcpayments current account, we

get, respectively:

%= Bx+B.ydm-7)-B,(a-3a)-£,(q-9)
4=~ 1)

a:aa(a—§)+a'r¢(ﬂ—7_7)+aq(Q‘ﬁ)
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The dynamic system of the new Keynesian modeleurdflexible exchange
rate system, has four differential equations inftilwing variables: inflation, output
gap, real exchange rate and net foreign assefolNggn asset is the only predetermined
variable. The linear approximation of the dynamystem around the steady state is

given by:

T 0O -0 O 0 T—T7T
X - ﬁrw ﬁx - q _:Ba X

S p O 0 0 [|g-7g
a a-a

ag 0 a, a,

The Jacobian of this matrix is given by:

0 -0 O 0
— ﬁrw ﬁx - q _IBa
o 0 0 O

ag 0 a, a,

J

The determinant of this matrix can be computecgishe cofactor expansion

along the first line of this matrix, which yields:

By B, -8,
9=(-3)-1)" ¢ 0 o0
O’r(D O’q aa

Hence,
9 =-ala.B, + Ba.)

The trace of this matrix is equal to:

trJ=p0+a,
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We assume a negative determindﬂ|t§0. The dynamic system under this hypothesis

has either one negative characteristic root arektpositive roots or three positive roots
and one negative root. In order to know if thera isolution with three negative roots
we have to analyze the characteristic equatiomm@fmiodel. This equation is obtained

solving the determinant:

-U -0 0 0
Bo Bi-u1 By -B
@ 0 -u 0

a,.@ 0 a, a,-

Using cofactor expansion along the first line ve¢ thhe characteristic equation:
ph=(a,+ B +auB + B - 0da.B. +a.B. - B+ da,B. +a.B,)=0

When the number of changes in sign in the sequehceefficients [Sydsaeter, Strom
and Berck (2000), p.84, ,a,,a,,a ,and a, is equal to three there is three positive
roots. The sequence is given by:
3, =1 a,=~(a,+5,).a, =(a.5,+ %),
a =-0fa.pB. +a,B, - B,)and a, = dla.B, +aB,)

We assume that the coefficients in this sequeneesiach that there are three positive
roots. Hence, the solutions for the inflation rdkes output gap, the real exchange rate

and the net foreign asset are, respectively:

T=71r+CcV, e
—_ t
X=cV,, e

q=0+Cv, e

a=a+cy, e
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where the constant & obtained from the initial conditions a{0), 4, is the negative
characteristic root and the elements of the chenatit vectory,; are the solution of

the linear system:

-4 -0 0 0 Vi, 0
By Bi—H ~By B ||Via|_|O
o 0 -y 0 |lvg| |O
aep O a, Q,—H||V, 0

Taking into account the fact that the rgmtis negative, the first, the third and

the fourth equations imply the following inequadgi

h:—é>o
Vip M
h:£<0
V13 (0
Vs L @TH g

Vig au+a,

Dividing the inflation gap by the output gap yigld

n-n_v,
X Vi,

>0

Hence, the inflation gap and the output gap movthénsame direction. Dividing the

inflation gap by the real exchange rate gap we get:

JT—7T V.
—_:£<O
q-gq Vg

It follows from this expression that the inflatigmp and the real exchange rate gap

move in opposite directions. As the real interagt igap is proportional to the inflation

gap according to the monetary policy rule, the mad¢ of interest gap and the real
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exchange rate gap move in opposite directions. proposition can also de derived

using the UIP conditiont -7 =¢. It is easy to obtain:

r—r=cy,ue” = /Jl(q _q)’lul <0
Dividing the net foreign asset gap by real exclearage gap we get:

a-— V.
:£<O

q-q Vg

Q|

Hence, the net asset gap and the real exchangga@teove in the opposite directions
when the economy is converging to steady-state.

How this economy adjusts to an anticipated andnpeent fall in the inflation
target? Figure 1 can be applied to this case alsbyalhanging7 for 77 . The central

bank announces at time zero that at tiirtbe inflation target will be reduced fromg,
to 77, < 71,. Figure 2 shows the adjustment dynamics sincesliyge of the dominant

eigenvector ray is positive, as the slope of thxediexchange rate regime. In this
flexible exchange rate regime model, inflation ¢@nreduced with a transitory gain in
output. If the new inflation target is implementatl the time it is announced, the
inflation rate jumps immediately to the new targith no change in output.

Rather than summarizing the results obtained am @mlicy regime, it is useful
to highlight the main difference between the fixadd the flexible exchange rate
regime. In the fixed exchange rate regime inflagma the real exchange rate converge
to the steady-state from the same direction, thg.slope of the dominant eigenvector
ray is positive. In the flexible exchange rate negiit is just the opposite, the inflation

rate and the real exchange rate converges todhdysstate from opposite directions.

6. Conclusion

The value added of this pagsertwofold. Firstly, the paper shows that in a dmal
open economy with perfect access to the world ahpiairket the natural rate of interest
is equal to the real international rate of intereSecondly, it shows that the
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representative- agent model is not the proper #imat framework for a small open
economy, but that is not the case with the overfapgenerations model.

In the representative-agent framework, the natuaé¢ of interest and the
international real rate of interest would be equdy under stringent conditions, namely
that the rate of growth of domestic output is eqaahe rate of growth of world output.
In the infinitely-lived overlapping generations nebdhe natural rate of interest is equal
to the real international rate of interest withgtiongs attached.

The results presented in this paper are a usefidegiual benchmark to measure
the natural rate of interest in a small open econa@kacording to GM (2005) the closed
economy representative agent new Keynesian modgieap with minor parameters
reinterpretation, to a small open economy. Thatds the case with the overlapping
generations new Keynesian model presented here #ieccurrent account adjustment
cannot be washed away.

The rejection of the small open economy represeetagent model, based on
empirical grounds, has far-reaching implicationsrfmnetary policy analysis. Much of
the optimal monetary policy literature, as appligdGM and others [see, for example,
Woodford (2003)], has used the quadratic loss fancas an approximation to the
intertemporal utility function of the representatiagent as the social welfare criteria to
be maximized. This criterion is no longer usefuk fihe small open economy
overlapping generations framework since social avelfdepends on the weights to be

given to each generation, even those that are anbor

References

Backus, D. Smith, G. (1993), Consumption and ReathBnge Rates in Dynamic
Exchange Economies with Nontraded Goaltgynal of International Economics, 35,
297-316.

Barro, R. and Sala-i-Martin, X. (1999 ¢conomic Growth (New York: McGraw-Hill).
Blanchard, O. (1985), Debt, Deficits and Finite idons,Journal of Political Economy,
93, 223-247.

Benigno, G., Thoenissen, C. (2008), Consumption Redl Exchange Rates with
Incomplete Markets and Nontraded Goodsurnal of International Money and
Finance, 27, 926-948.

24



Calvo, Guillermo A. (1983) Staggered Prices in alityt Maximizing Framework.
Journal of Monetary Economics, 12, 983-998.

Calvo, Guillermo A. (1987), Real Exchange Rate Dwyita With Nominal Parities,
Structural Change and Overshootidgyrnal of International Economics, 22, 141-155.
Cavallo, M. and Ghironi, F. (2002), Net Foreign éissant the Exchange Rate: Redux
Revived,Journal of Monetary Economics, 49, 1057-1097.

Chari, V. V., Kehoe, P., McGrattan, E. (2002), Mtary Shocks and Real Exchange
Rates in Sticky Price Models of International Besis Cycles, Review of Economic
Studies 69, 533-563.

Clarida, R., Gali, J. and Gertler, M. (2001), Ogtirivlonetary Policy in Closed Versus
Open Economies: An Integrated Approagmerican Economic Review, 91, 248-252.
Corsetti, G., Dedola, L., Leduc, S. (2004), Intéioaal Risk Sharing and the
Transmission of Productivity Shocks. ECB Workingp@aSeries 308.

Gali, J. and Monacelli, T. (2005), Monetary Polayd Exchange Rate Volatility in a
Small Open EconomyReview of Economic Sudies, 72, 707-734.

Giammarioli, N. , Valla, N. (2004), The Natural Rdaterest Rate and Monetary
Policy: a Review,Journal of Policy Modeling, 641-660.

Kollmann, R. (2002). Monetary Policy Rules in thped Economy: Effects on Welfare
and Business Cycledgurnal of Monetary Economics, 49, 989-1015.

Lane, P. (2001), The New Open Economy Macroecormmic Survey,Journal of
International Economics, 54, 235-266.

Laubach, T. and Williams, J. C. (2003), Measurimg Watural Rate of Interestgview

of Economics and Satistics, 85, 1063-1070.

McCallum, B. and Nelson, E. (2000), Monetary Policy an Open Economy: An
Alternative Framework with Optimizing Agents andc8y Prices,Oxford Review of
Economic Policy, 16, 74-91.

Obstfeld, M. and Rogoff, K. (1995), Exchange Ratgn&mics ReduxJournal of
Palitical Economy, 103 624-660.

Obstfeld, M. and Rogoff, K. (2001), The Six MajoruzZ2les in International
Macroeconomics: Is There a Common Cause? In B.d&& and K. Rogoff (eds.)
NBER Macroeconomics Annual 2000 (Cambridge, MA: MIT Press).

Schmitt-Grohé, S. and Uribe, M. (2003), Closing 8$n@pen Economy Models,
Journal of International Economics, 61, 163-185.

25



Svensson, L. (2000), Open-Economy Inflation Targéurnal of International
Economics, 50, 155-183

Sydsaeter, Knut, Arne Strom e Peter Berck (1998pnBmist's Mathematical Manual.
Berlin: Springer-Verlag.

Taylor, J.B. (1993), Discretion versus Policy RulesPractice.Carnegie-Rochester
Series on Public Policy, 39, 195-214.

Uzawa, H. (1968), Time Preference, the Consumpfionction and Optimum Asset
Holdings in J. Wolfe (ed.Yalue, Capital and Growth: Papers in Honor of Sr John
Hicks (Edinburgh: The University of Edinburgh Press).

Weil, P. (1989), Overlapping Families of Infinitelyved Agents,Journal of Public
Economics, 38, 183-198.

Woodford, M. (2003), Interest and Prices: Foundwetiof a Theory of Monetary Policy

(Princeton: Princeton University Press).

26



