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NEW OPEN-ECONOMY MACROECONOMICS

ALEXANDER MIHAILOV

Abstract. This lecture introduces to an influential and broadly expanding recent literature
in international finance, the so-called New Open-Economy Macroeconomics (NOEM). It is
impossible to study NOEM in just a lecture, it would normally take at least one course to
cover the major branches of this actively ongoing research. Our purpose here will thus be to
sketch the main issues in the NOEM field and methodology, without going into the details
of the many papers we only suggest as references for further study. We would, naturally,
present the NOEM approach by focusing in this lecture on the Obstfeld and Rogoff (1995)
”redux” model of microfounded exchange rate dynamics under sticky prices in the currency
of producers, the article that initiated that whole literature. Analysing in detail the ”redux”
model will be (partly) representative of the topics usually addressed and methods commonly
employed by other (later) NOEM papers.

Date : 6 December 2005 (First draft: 5 December 2004).
This set of lecture notes is preliminary and incomplete. It is based on parts of the four textbooks suggested

as essential and supplementary reading for my graduate course in international finance at Essex as well as on the
related literature (see the course outline and reading list at http://courses/essex.ac.uk/ec/ec933/). The notes are
intended to be of some help to the students attending the course and, in this sense, many aspects of them will
be clarified during lectures. The present second draft may be developed and completed in future revisions. The
responsibility for any errors and misinterpretations is, of course, only mine. Comments are welcome, preferably
by e-mail at mihailov@essex.ac.uk and/or a_mihailov@hotmail.com.
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1. New Neo-Classical Synthesis in Closed Economy

[... to be summarised in class, based on Goodfriend and King (1997) ...]

2. Obstfeld-Rogoff (1995) Redux Model

In a way, the Obstfeld and Rogoff (1995) ”redux” model of exchange rate dynamics1 could
be viewed as extending to an open-economy setting the main ideas of the NNS literature for a
closed economy we summarised above.
In another perspective, the redux model can be regarded as providing microfoundations to the

Mundell-Fleming-Dornbusch tradition of open-economy analysis under sticky prices. As pointed
out by Obstfeld and Rogoff (1996), p. 605, the Dornbusch (1976) perfect foresight extension of
the essentially static Keynesian approach to modelling nominal exchange rates due to Mundell
(1960, 1961a,b, 1963, 1964) and Fleming (1962) suffers, on a theoretical plane, from at least
three methodological drawbacks:

(1) an important one is the lack of explicit choice-theoretic foundations of the overshooting
model, in particular, of aggregate supply (or output), which — as we saw in lecture 6 —
was simply postulated /assumed/ in it: thus the Dornbusch (1976) model cannot predict
how incipient gaps between aggregate demand and output are resolved when prices are
set in advance and fail to clear markets;

(2) another drawback is that the overshooting model is ill-equipped to capture current ac-
count dynamics or the effects of government spending, as it does not account for private
or government intertemporal budget constraints;

(3) finally, the Dornbusch (1976) model lack of microfoundations deprives it of any natural
welfare metric by which to evaluate alternative macroeconomic policies.

The Obstfeld and Rogoff (1995) ”redux” model addresses essentially these three kinds of failure
by underpinning the realistic implications of price stickiness with the dynamic foundations of
choice-theoretic economics.

2.1. Model Specification.

2.1.1. General Set-Up.

(1) the ”world economy” in the model is represented by the unit interval [0, 1]; it consists of a
continuum of agents, each of whom is the monopolistic producer of a single differentiated
good;

(2) there are two ”countries”, H (ome) and F (oreign):2

(a) producer -agents on the subinterval [0, n] reside in Home, and we index them, as
well as the corresponding differentiated goods they produce, by i, so that i ∈ [0, n];

(b) analogously, producer -agents i∗ ∈ (n, 1] live in Foreign;3

(c) n thus provides an index of the relative size of the two economies;
(3) endogeneity of output : there are no capital or investment in the redux model, yet this

is not an endowment economy because labour supply is elastic, i.e., chosen in individual
intertemporal labour-leisure optimisation (as will become clearer in a moment, when we
introduce the specification of utility).

2.1.2. Individual Preferences. Individual preferences are assumed:

(1) identical across agents, hence a representative agent model;
(2) symmetric in the two countries.

In this set-up, the representative national consumers, designated by the indexes j ∈ [0, n] in
Home and j∗ ∈ (n, 1] in Foreign, solve analogous maximisation problems. In fact, they are
consumer-producers (or ”yeoman-farmers”) in the “redux” framework.

1Obstfeld and Rogoff (1994) was the working paper version.
2Recall that Dornbusch (1976) considers the small open economy case.
3In their original work, Obstfeld and Rogoff (1994, 1995, 1996) use a notation which is similar, in principle,

to ours here but slightly different: they use a common index for both countries, z, to account for producers and
their respective single differentiated goods in Home, if z ∈ [0, n], as well as in Foreign, when z ∈ (n, 1].
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The period, and hence, intertemporal /lifetime/ utility of the typical (that is, representative)
Home — or Foreign, distinguished by an asterisk (∗) in the notation — agent j is defined over
(i) a consumption index, (ii) real money balances and (iii) effort expended in production:

(2.1) U j ≡
∞X
t=0

βt

(
ln cjt + χ ln

M j
t

Pt
− κ

2

³
yjt

´2)
,

where

(2.2) cj ≡
⎡⎣ nZ
0

³
cji

´ θ−1
θ

di+

1Z
n

³
cji∗
´ θ−1

θ

di∗

⎤⎦
θ

θ−1

,

the first (additive) term in the (period) utility function, itself time-separable within lifetime
utility (2.1), is a real consumption Dixit-Stiglitz (1977) index (or aggregator), representing the
j-th Home individual consumption of Home goods i and Foreign goods i∗. θ > 1 will turn
out to be, as will become evident a little bit later, the price elasticity of demand faced by each
monopolist.4

The price deflator on nominal money balances is the consumption-based (money) price index
corresponding to (2.2). If Pi is the Home-currency price of Home good i and Pi∗ is the Home-
currency price of Foreign good i∗, then the respective Home aggregate (money) price level will
be defined by:

(2.3) P ≡
⎡⎣ nZ
0

(Pi)
1−θ di+

1Z
n

(Pi∗)
1−θ di∗

⎤⎦
1

1−θ

.

(2.3) can also be derived formally using cost minimisation à la Dixit-Stiglitz (1977) to buy a
unit of real consumption. The problem is a standard one, as mentioned in footnote 4, p. 662,
in Obstfeld and Rogoff (1996) and as demonstrated in chapter 4 of that same textbook. It can
be represented as

min
cz

Z =

1Z
0

Pzczdz

subject to

⎡⎣ 1Z
0

(cz)
θ−1
θ dz

⎤⎦
θ

θ−1

= 1.

In our case, with the somewhat modified notation w.r.t. the original model, z ≡ i for i ∈ [0, n]
and z ≡ i∗ for i∗ ∈ (n, 1].
The analogous Foreign price level Dixit-Stiglitz index will be:

(2.4) P ∗ ≡
⎡⎣ nZ
0

(P ∗i )
1−θ di+

1Z
n

(P ∗i∗)
1−θ di∗

⎤⎦
1

1−θ

.

Another new feature we encounter in this course here is the money-in-the-utility (MiU) func-
tion approach to modelling money in microfounded general equilibrium. Recall that in Lucas
(1982) money entered the model through the cash-in-advance (CiA) constraint on the transac-
tions ”technology”. Money is now introduced as a direct component (i.e., the second term) of

4Obstfeld and Rogoff (1996) explain in footnote 2, p. 661, that when this elasticity is less than 1, the marginal
revenue is negative: they therefore require θ > 1 to ensure interior equilibrium with a positive level of output.
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the utility function (2.1). Obstfeld and Rogoff restrict the representative agents in the redux
model to hold real money balances in their domestic currency only.
The third term in the utility function (2.1) captures the disutility from effort /work, labour/

an individual experiences in having to produce more output (or, implicitly and inversely, his/her
utility of leisure). To see it, suppose, for example, that the disutility from effort l is given by
−φl and that the production function is y = Alα (with 0 < α < 1).
Inverting the production function yields

l =
³ y
A

´ 1
α

.

Then, the disutility from effort will be

−φl = −φ
³ y
A

´ 1
α

= − φ

A
1
α

y
1
α .

Let κ = 2φ

A
1
α
: (NB!) observe from this assumption that a rise in productivity A in the redux

model can thus be captured by a fall in the parameter κ! The expression above can be written
as:

−φl = −φ
³ y
A

´ 1
α

= − φ

A
1
α

y
1
α = −1

2

2φ

A
1
α

y
1
α = −1

2
κy

1
α = −κ

2
y
1
α .

Let also5 α = 1
2 . Now the interpretation of the output term in (2.1) as the disutility of effort

becomes evident:

−κ
2
y
1
α = −κ

2
y2.

2.1.3. Consumption-Based PPP. To derive a relationship between the aggregate price levels in
H and in F , P and P ∗, no impediments to trade are assumed, so that the law of one price (LOP)
holds for each individual good:

(2.5)
Pi
S
= P ∗i and Pi∗ = SP ∗i∗ ,

where Pi is the Home-currency price of Home good i, P ∗i is the Foreign-currency price of
the same Home good i, Pi∗ is the Home-currency price of Foreign good i∗, P ∗i is the Foreign-
currency price of the same Foreign good i∗, and the nominal (spot) exchange rate S is defined
(in the usual way) as the Home currency price of Foreign currency.
Under LOP, we can re-write the definitions of the H and F price levels (2.3) and (2.4) as:

(2.6) P =

⎡⎣ nZ
0

(Pi)
1−θ

di+

1Z
n

(SP ∗i∗)
1−θ

di∗

⎤⎦
1

1−θ

,

(2.7) P ∗ =

⎡⎣ nZ
0

µ
Pi
S

¶1−θ
di+

1Z
n

(P ∗i∗)
1−θ

di∗

⎤⎦
1

1−θ

.

Dividing both sides of the first equation by the NER, S, or — equivalently — multiplying both
sides of the second equation by S convinces that purchasing power parity (PPP) also holds, as
a consequence of LOP, in the redux model, so that:

(2.8) P = SP ∗.

(NB!) PPP holds in the Obstfeld-Rogoff redux model because:

5As Obstfeld and Rogoff (1996), p. 662, assume. They note, at the same time, that it is easy to relax this
restriction in the following analysis, but doing so would complicate some expressions without modifying any of
the main qualitative conclusions from the redux model.
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• preferences are identical across countries; and
• there are no departures from the law of one price.

(NB!) But relative prices of various individual goods need not remain constant: changes in
the terms of trade (≡ the relative price of H and F tradables) do play an essential role in the
model!

2.1.4. Individual Budget Constraints. To complete the specification of the individual’s problem,
we need to write down the agent’s budget constraint. In doing so, Obstfeld and Rogoff (1996)
assume that the only internationally traded asset is a riskless real bond, bt, denominated in the
composite consumption good. Thus,

• asset markets are incomplete in the sense that the only financial instrument available is
the riskless real bond;6

• there exists, at the same time, an integrated world capital market where both countries
can borrow or lend, by trading in bonds.

Under these assumptions about the asset structure of the redux economy, the (current-) period
budget constraint for the representative Home individual j can be written in nominal terms as

(2.9) M j
t−1 + Pt (1 + rt) b

j
t + Pjty

j
t − Ptc

j
t − Ptτ t ≥M j

t + Ptb
j
t+1,

where rt denotes the (net) real interest rate on bonds between t − 1 and t, yjt is the output
of good j, for which agent j is the sole producer, and Pjt is its H-currency price. Obstfeld and
Rogoff (1996), p. 663, emphasise that Pjt need not be the same for all j because each product
is differentiated. Symmetric H producers will, however, find it optimal (as will be seen later)
to choose the same prices for their distinct products in equilibrium. M j

t−1 is agent j’s holdings
of nominal money balances entering period t, and τ t denotes net lump-sum transfers (taxes
less subsidies) payable in the composite good ct. The representative H agent — and, of course,
symmetrically, the representative F agent — thus brings into the current period nominal wealth in
the form of money balances and maturing bonds; obtains a monetary transfer (−τ t) and chooses
output (or alternatively, the price) of good j so as to maximise utility (2.1); receives income
from the sales of output and allocates this income across consumption, next-period money and
bond holdings (i.e., savings) observing the (nominal) budget constraint (2.9).
Dividing through by the price level and rearranging (2.9), one can rewrite the nominal budget

constraint above in real terms, which are indeed relevant in the optimisation problem of the
representative individual (consumer-producer) in Home (and, symmetrically, in Foreign):

cjt +
M j

t

Pt
+ τ t + bjt+1 ≤

Pjt
Pt

yjt + (1 + rt) b
j
t +

M j
t−1
Pt

From the definition of inflation we have:

πt ≡ Pt − Pt−1
Pt−1

,

πt ≡ Pt
Pt−1

− 1,

1 + πt ≡ Pt
Pt−1

,

Pt ≡ (1 + πt)Pt−1.
The last equation will be further used to substitute for Pt in the last term of the budget

constraint in real terms above, which is thus modified to:

6Obstfeld and Rogoff (1996), p. 663, make the point that it would not be difficult to reformulate the redux
model to incorporate greater diversity of assets, ”but the assumption of complete asset markets would seem
incongruous alongside the nominal rigidities” to be introduced later on. This ”bonds-only formulation”, the
authors claim, is also more natural and consistent with their objective to provide microfoundations for the
Mundell-Fleming-Dornbusch set-up.
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(2.10) cjt +
M j

t

Pt
+ τ t + bjt+1 ≤

Pjt
Pt

yjt + (1 + rt) b
j
t +

1

1 + πt

M j
t−1

Pt−1
.

2.1.5. Government Budget Constraint. Since Ricardian equivalence holds in redux set-up, Ob-
stfeld and Rogoff also assume that:

(1) there is no government spending ;
(2) the government runs a balanced budget each period;
(3) all seigniorage revenues are rebated to the public in the form of transfers:
In nominal terms,

0 = Ptτ t + (Mt −Mt−1)| {z }
≡∆Mt

,

in real terms,

(2.11) 0 = τ t +
Mt −Mt−1

Pt
,

or, equivalently,

−τ t = Mt −Mt−1
Pt

.

2.1.6. Demand Curve Facing Each Monopolist. Given the constant elasticity of substitution
(CES) consumption index (2.2), Home individual j’s demand for any (Home- or Foreign-made)
good z is derived in the following — now standard Dixit-Stiglitz (1977) — way:
Maximizing

c =

⎡⎣ 1Z
0

(cz)
θ−1
θ dz

⎤⎦
θ

θ−1

subject to the nominal budget constraint

1Z
0

Pzczdz = Z,

where Z is any fixed total nominal expenditure on goods, one can show that, for any two
goods z and z0:

cz =

µ
Pz
Pz0

¶−θ
cz0 .

Plugging this expression into the preceding budget constraint and using the Dixit-Stiglitz
(1977) price index (2.3) gives the representative Home agent’s demand for good z:

cz =

µ
Pz
P

¶−θ
Z

P
=

µ
Pz
P

¶−θ
c,

where the second equality uses the fact that P is, by definition in the Dixit-Stiglitz (1977)
context, the (minimum) money cost of one unit of composite (real) consumption.
Thus, by analogy, we can obtain the Home individual j’s optimal demand for any good z:

cjz =

µ
Pz
P

¶−θ
cj ,

and the Foreign individual j∗’s optimal demand for the same good z:

cj
∗
z =

µ
P ∗z
P ∗

¶−θ
cj
∗
.
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It is now evident, from the Dixit-Stiglitz (1977) aggregators above, why θ is the (relative)
price elasticity of substitution across the differentiated goods.
Integrating demand for good z across all agents (that is, in our symmetric case, taking a

population-weighted average of Home and Foreign demands and skipping the j and j∗ super-
scripts), and making use of equations (2.5) and (2.8) — which imply that for any good z, PzP =

P∗z
P∗

— the total world demand for good z is:

(2.12) ydz =

µ
Pz
P

¶−θ
cW ,

where world consumption is given by:

cW ≡
nZ
0

cjzdz +

1Z
n

cj
∗
z dz = nc+ (1− n) c∗.

(2.12) is a downward-sloping world demand curve the monopolistic producer (of any good z)
faces in the redux set-up.

2.1.7. FONCs for the Representative Home Agent’s Problem. To solve the model, Obstfeld and
Rogoff first express

Pjty
j
t = Pt

³
yjt

´ θ−1
θ ¡

cWt
¢ 1
θ

from the downward-sloping world demand curve (2.12) and then substitute the above expres-
sion in the period budget constraint in real terms (2.10). The resulting expression is further used
to solve (2.10) for ct and to substitute back in the intertemporal utility function (2.1), yielding
the unconstrained maximisation problem7 for the Home representative agent j:8

max
yjt ,M

j
t ,b

j
t

U j
t =

∞X
t=0

βt

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩ln
"
(1 + rt) b

j
t +

M j
t−1
Pt

+
³
yjt

´ θ−1
θ ¡

cWt
¢ 1
θ − τ t − bjt+1 −

M j
t

Pt

#
| {z }

ct

+

(2.13) +χ ln
M j

t

Pt
− κ

2

³
yjt

´2)
In performing the maximisation, the representative Home individual j takes cWt as given.

The FO(N)Cs w.r.t. the choice variables are:

(2.14) bjt : cjt+1 = β (1 + rt+1) c
j
t ⇔

cjt+1

cjt
= β (1 + rt+1) ,

(2.15) yjt : κyjt =
θ − 1
θ

1

cjt

Ã
yjt
cWt

!− 1
θ

⇔
³
yjt

´ θ+1
θ

=
θ − 1
κθ

1

cjt

¡
cWt
¢ 1
θ ,

(2.16) M j
t :

M j
t

Pt
= χcjt

1 + ιt+1
ιt+1

⇔ Pt

M j
t

=
1

χ

1

cjt

ιt+1
1 + ιt+1

,

where ιt+1 is the nominal interest rate for Home-currency loans between t and t+1, defined
as usual by the so-called Fisher equation:

7As we know from previous lectures, an alternative route is to use the Lagrangian multiplier method, as done,
for instance, in Walsh (1998), chapter 6.

8The unconstrained optimisation problem for the Foreign representative agent j∗ is symmetric.
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(2.17) 1 + ιt+1 =
Pt+1
Pt

(1 + rt+1) .

(2.14) is standard Euler equation for the optimal consumption path (for the case where IES
is 1, i.e.„ for log-utility);
(2.15) is the optimal labour-leisure trade-off: the ratio of the marginal disutility from effort

to the MUC must equal the marginal product of work;
(2.16) is a microfounded money demand function (for log-utility): the ratio of the marginal

utility of money to MUC must equal ιt+1
1+ιt+1

;
As noted earlier in this course, the FONCs w.r.t. the control variables do not fully charac-

terise equilibrium. We have to also consider the period budget constraint (2.9) and a standard
transversality condition (TVC):

(2.18) lim
T→∞

TY
v=t+1

1

(1 + rv)| {z }
≡R−1t,t+T : market discount factor for date T consumption on date t<T

µ
bt+T+1 +

Mt+T

Pt+T

¶
= 0

Furthermore, general equilibrium implies certain market clearing assumptions, which we
present next.

2.1.8. Global Equilibrium. Global (general) equilibrium in the redux model is defined by 15
equations:

• the 3 FONCs, the TVC and the period budget constraint for the representative agent’s
decision problem in each country (as presented above for Home)⇔ 10 symmetric equa-
tions;

• plus LOP-PPP and the following 4 additional, market-clearing conditions: 2 for each
domestic money market as well as 2 for the global (i) bond and (ii) goods markets ⇔ 5
other equations.

In addition to domesticmoney market clearing inH and in F , the global bond market-clearing
condition (these are, in fact the 3 asset market equilibrium conditions in the redux) imposes
zero net foreign assets:

(2.19) nbt+1 + (1− n) b∗t+1 = 0

Given the 3 asset market clearing conditions as well as LOP and PPP, Obstfeld and Rogoff
(1996) derive an aggregate global goods market clearing condition. They use the period budget
constraints in real terms, (2.10) for Home and the corresponding equation for Foreign, take a
population-weighted average of these real budget constraints and finally impose the bond market
clearing condition (2.19) together with the Home government budget constraint (2.11) and its
Foreign analogue to obtain:

(2.20) cWt ≡ nct + (1− n) c∗t = n
PHt

Pt
yHt + (1− n)

P ∗Ft
P ∗t

y∗Ft ≡ yWt ,

where PH or P ∗F and yH or y∗F are price and output of the representative Home or Foreign
good. Equation (2.20) thus states that world real consumption equals world real income.

2.2. Log-Linear Approximation to the Model. Because of monopoly pricing and endoge-
nous output, the redux model does not yield simple closed-form solutions for general paths of
the exogenous variables. To analyse the effects of exogenous shocks, one has to

(1) either simulate it numerically, for large disturbances;
(2) or examine a linearised version of (or, rather, approximation to) the model around a

well-defined flexible-price steady state (SS), for small shocks and with the aim of seeing
through the intuition behind the redux.
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The most convenient SS corresponds to the case where all exogenous variables — that is, the
policy variables in the redux: money supplies inH and in F — are constant. Because consumption
and output are constant in this SS, the RIR is tied down by the consumption Euler equation
(2.14) and is given by:

β (1 + r) = 1,

Hence

r =
1− β

β
≡ δ = const.

Recall from earlier lectures that the subjective discount factor β ≡ 1
1+δ and the subjective

discount (time preference) rate δ ≡ 1−β
β are linked through their definition. In a symmetric SS

— i.e., with all (Home) individuals being the same —, the representative Home agent’s budget
constraint (2.10) reduces to a simpler expression, (2.21) below. We show why: in the steady
state, Mt = Mt−1 = M = const and Pt = Pt−1 = P = const, hence −τ = Mt−Mt−1

Pt
= 0 and

π = Pt−Pt−1
Pt−1

= 0. Now re-write (2.10), with equality required for optimality and duly modified
to reflect the above SS values,

c+
M

P
+ τ|{z}

=0

+ b =
PH
P

yH + (1 + r) b+
1

1 + π|{z}
=0

M

P
,

cancel respective terms and rearrange

c+
M

P
+ b =

PH
P

yH + b+ rb+
M

P
,

to obtain

(2.21) c =
PH
P

yH + δb,

where b is the SS real stock of bonds held by all Home individuals. (2.21) says that SS
real consumption in H equals real income (the real value of output sold plus income from bond
holding). From the bond-market clearing condition (2.19) one could determine b∗, the SS real
stock of bonds held by all Foreign individuals, as

b∗ = − n

1− n
b

and then express the SS real consumption in F , c∗:

(2.22) c∗ =
P ∗F
P ∗

y∗F −
n

1− n
δb.

Obstfeld and Rogoff (1996), p. 668, note that, in general, there is no simple closed-form
solution for the SS we describe, but one does exist when initial foreign assets are zero:

b = 0 and, thus, b∗ = − n

1− n
b|{z}
=0

= 0

Moreover, Obstfeld and Rogoff (1996), p. 669, restrict attention to a perfect foresight setting
(excepting the initial shocks), which reminds of Dornbusch (1976) overshooting model we studied
in lecture 6.
The log-linear approximation (or log-linearisation) to the redux model, i.e., its version ex-

pressed in terms of percentage deviations around the SS (with any ”hatted” variable below
defined as bxt ≡ d lnxt ≡ ln xt

x0
, where x0 is its initial SS value) is thus given by:9

9We would not have space and time here to linearise the redux model equation by equation. We would only
note that the procedure usually involves total differentiation and is similar to the way we derived the intertemporal
elasticity of substitution in lecture 4 and the coefficient of relative risk aversion in lecture 5.
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(2.23) bPt = n bPHt + (1− n)
³bSt + bP ∗Ft´ ,

(2.24) bP ∗t = n
³ bPHt − bSt´+ (1− n) bP ∗Ft,

(2.25) byt = θ
³ bPt − bPHt

´
+ bcWt ,

(2.26) by∗t = θ
³ bP ∗t − bP ∗Ft´+ bcWt ,

(2.27) nbct + (1− n)bc∗t = bcWt ≡ nbyt + (1− n) by∗t = byWt ,
(2.28) bct+1 = bct + δ

1 + δ
brt+1,

(2.29) bc∗t+1 = bc∗t + δ

1 + δ
brt+1,

(2.30) (θ + 1) byt = −θbct + bcWt ,
(2.31) (θ + 1) by∗t = −θbc∗t + bcWt ,
(2.32) cMt − bPt = bct − brt+1

1 + δ
−
bPt+1 − bPt

δ
,

(2.33) cM∗t − bP ∗t = bc∗t − brt+1
1 + δ

−
bP ∗t+1 − bP ∗t

δ
,

(2.23) and (2.24) express the domestic and foreign price levels as weighted averages of prices
of H- and F -produced goods in common currencies;
(2.25) and (2.26) express the demand for each country’s output as a function of world con-

sumption and relative price;
(2.27) defines world consumption (and world output);
(2.28) and (2.29) are the Euler conditions (for optimal intertemporal allocation of consump-

tion): the change in consumption equals the rate of real return;
(2.30) and (2.31) are implied by optimal production decisions (labour-leisure trade-offs);
(2.32) and (2.33) are microfounded real money demand functions; (NB!): while both countries

face the same real interest rate, nominal interest rates may differ if expected inflation is different!
Thus, we have 11 equations to solve for the equilibrium path of 11 endogenous variables:
• output (byt, by∗t );
• consumption ¡bct,bc∗t ,bcWt ¢;
• prices and the NER

³ bPHt, bPt, bP ∗Ft, bP ∗t , bSt´;
• and the real interest rate (brt+1).

Subtracting (2.23) from (2.24) implies PPP:

(2.34) bSt = bPt − bP ∗t .
Note as well that addition of n times (2.25) and (1− n) times (2.26) yields the goods market

clearing relationship — the RHS of (2.27) — equating world consumption to world production!

2.3. Flex-Price Equilibrium in the Linearised Model.
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2.3.1. Monetary Policy and Welfare. To analyse the welfare implications of monetary policy,
Obstfeld and Rogoff (1996) define it as one-time (permanent) unanticipated change in (the level
of) nominal money supply.
The classical real-monetary dichotomy (as in the closed-economy case) is then evident from

the structure of the flexible-price model we described up to here: with prices and the NER free to
adjust immediately to changes in either Home or Foreign money supply, the equilibrium values
of all real variables can be determined independently of money supply and money demand factors:

(2.23) and (2.24) imply n
³ bPHt − bPt´+(1− n)

³ bP ∗Ft − bP ∗t ´ = 0 and then this equation plus world
demand, world consumption, optimal individual consumption and labour-leisure schedules, i.e.,
(2.25) through (2.31), suffice to determine real equilibrium, while money demand functions,
(2.32) and (2.33), determine the price paths and the PPP equation, (2.34), the path of the
nominal exchange rate!

2.3.2. Exchange-Rate Dynamics. Subtracting money demand functions, (2.33) from (2.32):

cMt − cM∗t − ³ bPt − bP ∗t ´| {z }
=bSt

= (bct − bc∗t )− 1δ h³ bPt+1 − bPt´− ³ bP ∗t+1 − bP ∗t ´i| {z }
=
³ bPt+1 − bP ∗t+1´− ³ bPt − bP ∗t ´| {z }

= bSt+1− bSt

,

(2.35) cMt − cM∗t − bSt = (bct − bc∗t )− 1δ ³bSt+1 − bSt´
and solving forward for bSt (in the no-bubbles case):

(2.36) bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s h³cMt+s − cM∗t+s´− ¡bct+s − bc∗t+s¢i
(2.36) states that the current NER depends on the current and future path of nominal money

supply and real consumption (not output, as in ad-hoc macromodels) differentials! Note as well
that from the SS condition β (1 + r) = 1 the discount factor in (2.36) is also related to the SS
real interest rate, r = δ.
A key feature of the redux model relates to its consumption Euler equations, (2.28) and (2.29).

Looking at them convinces that:

bct+1 − bc∗t+1 = bct − bc∗t .
By analogy,

bct+s − bc∗t+s = ... = bct+2 − bc∗t+2 = bct+1 − bc∗t+1 = bct − bc∗t , s > t.

Hence, we can also write (2.36) as

bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ⎡⎢⎣³cMt+s − cM∗t+s´− (bct − bc∗t )| {z }
=bct+s−bc∗t+s

⎤⎥⎦ ,
bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+s − cM∗t+s´− δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s
(bct − bc∗t ) ,

bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+s − cM∗t+s´− δ

1 + δ

"µ
1

1 + δ

¶0
+

µ
1

1 + δ

¶1
...

#
(bct − bc∗t ) ,

bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+s − cM∗t+s´− δ

1 + δ

"
1

1− 1
1+δ

#
(bct − bc∗t ) ,
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bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+s − cM∗t+s´− δ

1 + δ

"
1
δ
1+δ

#
(bct − bc∗t ) ,

bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+s − cM∗t+s´− (bct − bc∗t ) ,
(2.37) bSt = − (bct − bc∗t ) + δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+s − cM∗t+s´ .
The current NER thus depends in the flex-price redux model version on the current and the

future path of the nominal money supplies in the two countries and on current consumption
differentials. This equilibrium equation lend itself to an easy and natural interpretation, insofar
the exchange rate measures the price of one currency in terms of another: we can see in the above
equation, or in (2.36), that an increase in one country’s money supply relative to the other’s
depreciates its currency. As Walsh (1998), p. 667, stresses, since agents are forward-looking in
their decision making, only the present discount value (PDV) of relative money supplies matters
for the equilibrium NER in (2.36); in other words, the SS NER only depends on ”the permanent
money supply differential”, an analogy with the permanent income hypothesis (PIH) in closed-
economy macroeconomics suggested by Friedman (1957) and tested/modified by Hall (1978),
among others!

Another parallel can be made more visible by letting bft+s ≡ ³cMt+s − cM∗t+s´− ¡bct+s − bc∗t+s¢
in (2.36):

(2.38) bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s bft+s,
which is a dynamic equation for the nominal exchange rate (under perfect foresight) rem-

iniscent of the monetary model, with bft+s again interpreted as the ”fundamentals”, but now
consisting of real consumption (not output) differentials and the same old money supply differ-
entials. This difference arises from the explicit microfoundations of the equilibrium exchange
rate (determination) equation (2.36).
To see another point related to predicting exchange-rate dynamics, put clearly in Walsh

(1998), p. 250, let us re-write (2.38) as:

bSt = δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s bft+s =
=

δ

1 + δ

"µ
1

1 + δ

¶0 bft +µ 1

1 + δ

¶1 bft+1 +µ 1

1 + δ

¶2 bft+2...# =
=

δ

1 + δ

" bft +µ 1

1 + δ

¶1 bft+1 +µ 1

1 + δ

¶2 bft+2...# =
=

δ

1 + δ

(bft +µ 1

1 + δ

¶" bft+1 +µ 1

1 + δ

¶1 bft+2...#) =
=

δ

1 + δ

⎧⎪⎨⎪⎩ bft +
µ

1

1 + δ

¶"µ
1

1 + δ

¶0 bft+1 +µ 1

1 + δ

¶1 bft+2...#| {z }
⎫⎪⎬⎪⎭ =

=
δ

1 + δ

⎡⎢⎣ bft +µ 1

1 + δ

¶z }| {
∞X
s=0

µ
1

1 + δ

¶s bft+1+s
⎤⎥⎦ =
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=
δ

1 + δ
bft + δ

1 + δ

µ
1

1 + δ

¶ ∞X
s=0

µ
1

1 + δ

¶s bft+1+s =
=

δ

1 + δ
bft +µ 1

1 + δ

¶
δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s
ft+1+s| {z }

=bSt+1
,

so that

bSt = δ

1 + δ
bft + 1

1 + δ
bSt+1.

Rearranging

(1 + δ) bSt = δ bft + bSt+1
bSt + δ bSt = δ bft + bSt+1
δ bSt − δ bft = bSt+1 − bSt
bSt+1 − bSt = −δ ³ bft − bSt´

and using, to substitute above, the definition of the fundamental, bft, and the equilibrium
flex-price NER, equation (2.36), yields

bSt+1 − bSt = −δ n³cMt − cM∗t ´− (bct − bc∗t )−
− δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ⎡⎢⎣³cMt+s − cM∗t+s´− ¡bct+s − bc∗t+s¢| {z }
=bct−bc∗t

⎤⎥⎦
⎫⎪⎬⎪⎭ =

= −δ

⎧⎪⎨⎪⎩
³cMt − cM∗t ´− δ

1 + δ

⎡⎢⎣
³

1
1+δ

´0 ³cMt − cM∗t ´+
+
³

1
1+δ

´1 ³cMt+1 − cM∗t+1´+ ³ 1
1+δ

´2 ³cMt+2 − cM∗t+2´+ ...

⎤⎥⎦
⎫⎪⎬⎪⎭ =

= −δ
⎧⎨⎩³cMt − cM∗t ´− δ

1 + δ

⎡⎣
³cMt − cM∗t ´+

+
³

1
1+δ

´1 ³cMt+1 − cM∗t+1´+ ³ 1
1+δ

´2 ³cMt+2 − cM∗t+2´+ ...

⎤⎦⎫⎬⎭ =

= −δ

⎧⎪⎪⎪⎨⎪⎪⎪⎩
³cMt − cM∗t ´− δ

1+δ

³cMt − cM∗t ´− δ
1+δ

³
1
1+δ

´
×

×
"µ

1

1 + δ

¶0 ³cMt+1 − cM∗t+1´+µ 1

1 + δ

¶1 ³cMt+2 − cM∗t+2´+ ...

#
| {z }

⎫⎪⎪⎪⎬⎪⎪⎪⎭ =

= −δ

⎧⎪⎨⎪⎩1 + δ − δ

1 + δ

³cMt − cM∗t ´− δ

1 + δ

1

1 + δ

z }| {
∞X
s=0

µ
1

1 + δ

¶s ³cMt+1+s − cM∗t+1+s´
⎫⎪⎬⎪⎭ =

= −δ
"

1

1 + δ

³cMt − cM∗t ´− 1

1 + δ

δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+1+s − cM∗t+1+s´
#
,

so finally we get

(2.39) bSt+1 − bSt = − δ

1 + δ

"³cMt − cM∗t ´− δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+1+s − cM∗t+1+s´
#
.



ESSEX EC933-G-AU INTERNATIONAL FINANCE — LECTURE 8 15

(NB!): (2.39) shows clearly that if the current value of the money-supply differential, cMt −cM∗t , is high relative to the permanent money-supply differential, the second term in the square

brackets δ
1+δ

∞P
s=0

³
1
1+δ

´s ³cMt+1+s − cM∗t+1+s´, bSt+1− bSt will be < 0, or — equivalently, bSt+1 < bSt
so the NER bSt will ↓ (i.e., the domestic currency will appreciate)!
An explicit solution for the nominal exchange rate in the flex-price case can be obtained if

specific processes for the nominal money supplies are assumed. Among the simplest cases is to
look at constant, deterministic growth paths in both countries, often given by equations like:

cMt = cM0 + μt and cM∗t = cM∗0 + μ∗t.
As Walsh (1998), p. 250, emphasises, strictly speaking (2.36) applies only to deviations around

the steady state and not to money supply processes that include deterministic trends, like the
two defined just above. However, it is very common to specify the money demand functions
we used to derive (2.36) in terms of the log levels of the variables, perhaps adding a constant
to represent SS levels. The advantage of interpreting (2.36) as holding for the log levels of the
variables is that one can use it then to analyse shifts in the trend growth paths of the nominal
money supplies, rather than just deviations around the trend. In doing so, it is important to
keep in mind the limitations of such analysis. A conclusion from an example along these lines,
in Walsh (1998) textbook, p. 251, is the well-known one from other models, microfounded as
well as ad-hoc: if domestic money growth exceeds the foreign one (μ > μ∗), the NER will rise
over time to reflect the falling value of the home currency relative to the foreign currency!

2.4. Sticky-Price Equilibrium in the Linearised Model.

2.4.1. Rationale for and Specification of Price Rigidities. As in the case of closed economies, flex-
price models of the open economy appear unable to replicate the size and persistence of monetary
shocks on real variables, and just as with closed-economy models, this can be remedied by the
introduction of nominal rigidities!
The redux model assumes a simple (and symmetric for the two countries) pricing rule:

domestic-currency prices of domestically-produced goods are set one period in advance and
stay fixed for just one period ; thereafter they adjust completely and both economies return to
their SS; but during the one period in which prices are set, real output and consumption levels
will be affected. Thus the presence of nominal rigidities leads to real effects of monetary distur-
bances (through the channels known from closed-economy models, but now also through a new
channel)!

2.4.2. The New Channel of Monetary Transmission. Although domestic output price indices PHt

and P ∗Ft are preset, the aggregate price level indices in each country Pt and P
∗
t , as clear from (2.6)

and (2.7), now fluctuate with the NER: e.g.„ a nominal depreciation raises the domestic general
price index: (NB!) no distinction was made in closed-economy models between these two types
of price indices (GDP deflator vs CPI), hence, this new channel of shock transmission in an open
economy: NER movements alter the domestic currency price of foreign goods, allowing CPIs to
move in response to monetary disturbances, even in the presence of nominal rigidities (whereas
with nominal stickiness, the price level could not adjust immediately in a closed economy)!

2.4.3. Specification of a Monetary Shock. In period t the Home money supply rises unexpectedly
relative to Foreign money supply. To smooth consumption, H agents may now lend, and Home
can thus run a CA surplus: such a result alters the NFA position of the two economies and can
affect the new SS equilibrium!

2.4.4. Monetary Policy, Exchange-Rate Dynamics and Welfare. Using the linearised model ver-
sion, it now follows from the Euler equations that

bct+1 − bc∗t+1 = bct − bc∗t ,
and since the economies are in the new SS after one period, i.e., at t+ 1,

bct+1 − bc∗t+1 ≡ Θ = const
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is the SS consumption differential between the two countries; but since we also have that

bct − bc∗t = bct+1 − bc∗t+1 = Θ,
this relationship implies that relative consumption in the two economies immediately jumps

in period t to the new SS value!
Relative money demand (2.35) can now be written as

cMt − cM∗t − bSt = −Θ− 1δ ³bSt+1 − bSt´
and solving forward for the NER (again, in the no-bubbles case) yields:

bSt = −Θ+ δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s ³cMt+s − cM∗t+s´ .
If one assumes, as before, that the change in cMt − cM∗t is a permanent one-time change, then

cMt+s − cM∗t+s ≡ Ω = const,

so the NER becomes:

bSt = −Θ+ δ

1 + δ

∞X
s=0

µ
1

1 + δ

¶s
Ω =

= −Θ+ δ

1 + δ

"µ
1

1 + δ

¶0
Ω+

µ
1

1 + δ

¶1
Ω+

µ
1

1 + δ

¶2
Ω+ ...

#
=

= −Θ+ δ

1 + δ

"
1 +

µ
1

1 + δ

¶1
+

µ
1

1 + δ

¶2
+ ...

#
Ω =

= −Θ+ δ

1 + δ

"
1

1− 1
1+δ

#
Ω =

= −Θ+ δ

1 + δ

"
1

1+δ−1
1+δ

#
Ω =

= −Θ+ δ

1 + δ

"
1
δ
1+δ

#
Ω =

= −Θ+ δ

1 + δ

∙
1 + δ

δ

¸
Ω =

= −Θ+Ω.
Thus

(2.40) bSt = Ω−Θ = const.

Since Ω−Θ is a constant, (2.40) implies that NER jumps immediately to its new SS (following
a permanent change in the relative money supplies! For this reason, we do not observe exchange
rate overshooting, as in the Dornbusch (1976) model we studied in lecture 6.
If relative consumption levels did not adjust (i.e.„ if Θ = 0), then the permanent change in bSt

is just equal to the relative change in nominal money supplies, Ω, and cMt ↑ relative to cM∗t (i.e.„
Ω > 0) produces a home currency depreciation!
If Θ 6= 0, then changes in relative consumption affect relative money demand, from (2.32) and

(2.33): e.g.„ if Θ > 0, consumption as well as money demand in Home is higher than initially,
and then equilibrium between Home money supply and money demand can be restored with
a smaller increase in the Home price level: since PH and P ∗F are (pre)fixed, the increase in P
necessary to maintain real money demand and real money supply equilibrium is generated by
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a depreciation (S ↑); the larger the rise in home consumption, the larger is the rise in money
demand, and the smaller is the necessary rise in the NER!
With endogenous real consumption differential Θ, several steps are needed to determine its

value. We shall not have space and time to explain them in this lecture. We would just summarise
the main result in this version of the Obstfeld-Rogoff redux model. It is that (NB!) domestic
monetary expansion leads to a domestic currency depreciation that is less than proportional
to the increase in the money supply. This induces expansion in both domestic production and
consumption. As consumption rises by less than income, the home country runs a CA surplus
(lends) and accumulates NFA (claims against future income of the foreign country). This allows
the expansionary country to maintain higher consumption forever!!!

2.5. Concluding Comments.

2.5.1. Theoretical Import of the Obstfeld-Rogoff Redux Model.
• introducing microfoundations and nominal rigidities within a traditional open-economy
framework;

• hence, the responses of consumption, output (therefore, the current account), interest
rates and the exchange rate to a monetary shock are consistent with optimising behav-
iour;

• thus, allowing for explicit welfare analysis of alternative monetary and exchange-rate
policies.

2.5.2. Main Result and Transmission Mechanism.
• an unanticipated monetary disturbance can have a permanent impact on real consump-
tion levels and, hence, welfare (explicitly derived from the utility metric) when prices
are preset : domestic monetary expansion increases welfare!

• cM ↑ (money surprise) ⇒ bS ↑ (depreciation) and bP ↑ (inflation) ⇒ by ↑ and bc ↑ (but less
than by, because bc is determined on the basis of permanent income) ⇒ CA surplus (the
excess of output over consumption is exported) ⇐⇒ b ≡ ∆NFA > 0 (lending abroad
≡ accumulating foreign bonds, i.e., claims on future foreign output, as payment for
Home exports) ⇒ welfare (consumption in the utility) rises permanently, even though
the increase in output lasts only one period, as home permanent income has risen by
the annuity value of its claim on future foreign output! ⇒ an incentive for monetary
expansion! ⇒ ”beggar-thy-neighbour” policy!

2.5.3. Implications.

• policy coordination: a joint proportionate expansion leaves cM−cM∗, the NER and, thus,bc−bc∗ unchanged, but since output is inefficiently low withmonopolistic competition, both
countries have incentive to expand (⇒ steady inflation ⇒ no welfare gains)!

• small open-economy case (n is very low) ⇒ foreign variables are now exogenous ⇒
flexible vs fixed NER matters: the choice of exchange rate regime influences the way in
which disturbances affect the small economy!

3. New Open-Economy Macroeconomics

[... to be summarised in class, based on Lane (2001), Mark (2001), Sarno and Taylor (2002),
Canzoneri, Cumby and Diba (2002) and Vanhoose (2004) ...]

3.1. NOEM Models of Exchange Rate Dynamics. [... to be summarised in class ...]

3.1.1. Betts-Devereux Redux Extensions: Pricing to Market. [... Betts and Devereux (1996,
2000) to be summarised in class (if time allows) ...]

3.1.2. Corsetti-Pesenti Redux Extensions: Low (Unit) Cross-Country Substitutability. [... Corsetti
and Pesenti (1997, 2001 a, b and 2002) to be summarised in class (if time allows) ...]

3.1.3. Devereux-Engel Redux Extensions: Exchange-Rate Regimes. [... Devereux and Engel
(1998, 1999, 2000), Devereux (2000) and Engel (2000) to be summarised in class (if time al-
lows) ...]
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3.2. Explicitly Stochastic NOEM Models. [... to be summarised in class ...]

3.2.1. Obstfeld-Rogoff Directions for NOEM Research: Risk and Space. [... Obstfeld and Rogoff
(1998, 2000 — risk and 2001 — space (transport and/or trade costs) to be summarised in class (if
time allows) ...]

3.2.2. Early Stochastic NOEM Contributions: Bacchetta and van Wincoop. [... Bacchetta and
van Wincoop (1998, 2000) to be summarised in class (if time allows) ...]

3.2.3. A Single-Period NOEM Model with Trade Costs and Inelastic Imports: Mihailov. [... Mi-
hailov (2003 a, b) to be summarised in class (if time allows) ...]

3.2.4. A Multi-Period NOEM Model with Asset Structure and Intermediate Goods: Singh. [...
Singh (2004) to be summarised in class (if time allows) ...]
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