
Open economy macroeconomics ECON 4330 Fall 2006

Sketch answers to exam
PART A

Question 1

� See Rødseth chapter 1 p. 15. The UIP condition is

i = i� + ee;

where i is the domestic nominal interest rate and i� is the foreign nominal interest
rate and ee is the expected rate of depreciation of the domestic currency. UIP is the
equilibrium condition in the foreign exchange market when there is perfect capital
mobility. If capital mobility is perfect then, if UIP does not hold, there will be only
lenders in the market for one currency and only borrowers in the market for the other
which cannot be an equilibrium.

� See Rødseth chapter 1 pp. 16-17. Reasons why investors might want to hold �nite
amounts of both domestic and foreign currency assets even if UIP does not hold (that
is; even if the expected returns on the two assets are di¤erent) include

�Exchange rate risk and risk aversion

�Di¤ering expectations

�Transaction costs and liquidity

�Exchange controls

� Relevant material is covered in Rødseth chapter 2 pp. 40-43. Let f be the share of
�nancial wealth invested in foreign currency assets and 1� f be the share of �nancial
wealth invested in domestic currency assets. The real return on the investor�s portfolio
is

� = (1� f)(i� p) + f(i� + e� p) = (1� f)i+ f(i� + e)� p;
where p is the domestic in�ation rate and e is the rate of depreciation, both of which are
stochastic variables (the interest rate is assumed to be non-stochastic). The variance
of the real return is

var(�) = f 2�ee + �pp � 2f�ep;
where �ee is the variance of the depreciation rate, �pp is the variance of the in�ation
rate and �ep is the covariance between the depreciation rate and the in�ation rate.
Minimization of var(�) with respect to f gives the �rst-order condition

2f�ee � 2�ep = 0 =) f =
�ep
�ee

Thus, under the reasonable assumption that �ep > 0; the portfolio that minimizes the
variance of the real return on the portfolio contains foreign currency. By investing a
positive amount in foreign currency, the investor hedges against domestic in�ation.
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Question 2

� This exercise is based on exercise 2 in chapter 1 in Obstfeld&Rogo¤ which appeared
in assignment 1. The model is discussed in chapter 1 in Obstfeld&Rogo¤. Assume
that the initial level of foreign assets in both countries is zero and that the economies
end period 2 with no claims on the other country (B1 = B�1 = B3 = B

�
3 = 0):Home�s

period budget constraints are

B2 = Y1 � C1
C2 = Y2 + (1 + r)B2

which implies that the intertemporal budget constraint is

Y1 +
Y2
1 + r

= C1 +
C2
1 + r

The representative Home household maximises

U1 = logC1 + � logC2;

subject to the intertemporal budget constraint, that is; maximizes

U1 = logC1 + � log (Y2 + (1 + r)(Y1 � C1))

with respect to C1. The �rst-order condition (the consumption Euler equation) is

1

C1
� � 1

C2
(1 + r) = 0 =) C2 = �(1 + r)C1

Combining the �rst-order condition with the budget constraint we get

�(1 + r)C1 = Y2 + (1 + r) (Y1 � C1)
[�(1 + r) + (1 + r)]C1 = Y2 + (1 + r)Y1

(1 + �)(1 + r)C1 = Y2 + (1 + r)Y1

C1(r) =
1

1 + �

�
Y1 +

Y2
1 + r

�
Home saving in period 1 is then

S1(r) = Y1 � C1(r)

= Y1 �
1

1 + �

�
Y1 +

Y2
1 + r

�
=

�

1 + �
Y1 �

Y2
(1 + r)(1 + �)

The analogous expression for foreign saving is

S�1(r) =
��

1 + ��
Y �1 �

Y �2
(1 + r)(1 + ��)
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The equilibrium real interest rate is determined from the condition that

S1(r) + S
�
1(r) = 0

which implies that

��

1 + ��
Y �1 �

Y �2
(1 + r)(1 + ��)

= � �

1 + �
Y1 +

Y2
(1 + r)(1 + �)

��

1 + ��
Y �1 +

�

1 + �
Y1 =

Y �2
(1 + r)(1 + ��)

+
Y2

(1 + r)(1 + �)

r =

Y �2
1+�� +

Y2
1+�

��

1+��Y
�
1 +

�
1+�
Y1
� 1

A ceteris paribus increase in Foreign�s date 1 output leads the country to raise its saving
at a given rate of interest. The reason is that Foreign wants to smooth consumption
by lending some of its temporarily high output to Home. For this to happen, that is;
for Home to be willing to reduce its savings, the world real interest rate must fall.

Question 3

� Sterilized interventions are discussed in chapter 3.1 of Rødseth. An intervention in the
foreign exchange market means that the central bank buys or sells foreign currency.
If the central bank counteracts the changes in the money supply that follow from
intervention in the foreign exchange market by purchasing or selling domestic bonds,
we say that the intervention is sterilized. Complete sterilization occurs when the e¤ect
on the money supply of the intervention in the foreign exchange market is fully o¤set
by operations in the domestic bond market.

� Relevant materials for the discussion are found in chapter 1.4-1.5 and/or chapter 3.1
in Rødseth. The students are not required to derive a formal model in this question.
Focusing only on the simple portfolio model is acceptable (in particular since the
question asks about the e¤ectiveness of interest rate changes).

� Insights from the simple portfolio model in chapter 1.4-1.5

� Under reasonable assumptions (regressive exchange rate expectations, for-
eigners have positive holdings of domestic currency and vice versa, no exces-
sive speculation), foreign exchange interventions become less e¤ective when
the degree of capital mobility is high. With perfect capital mobility, inter-
ventions cease to have an e¤ect on the exchange rate. (Note: in the simple
portfolio model interventions are sterilized interventions since the interest
rate is held constant)

� In general, the interest rate has a stronger e¤ect when capital mobility is
high. With �xed exchange rates there may be reasons not to deviate from
interest rate parity when capital mobility is high
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� When varying the interest rate, the central bank has to accept the ensuing
changes in the level of foreign exchange reserves. The changes in the
foreign reserves may be large when capital mobility is high. If the interest
rate is set too low, the central bank risks running out of reserves. Thus,
there might be a lower limit for the interest rate below which the central
bank is unable to accommodate the demand for foreign currency.

� If the interest rate di¤erential is too large the central bank ends up as a
borrower in the market with high expected returns and a lender in the
market with low expected returns. If capital mobility is high, the revenue
losses from deviating from interest rate parity can be large and therefore
constitute a strong argument against large deviations.

� Insights from the portfolio model with money in chapter 3.1

� Fixed exchange rates: sterilization requires that the central bank has large
reserves of foreign currency when capital mobility is high. Complete steril-
ization is impossible when capital mobility is perfect.

� Floating exchange rates: sterilized interventions lose their force when capital
mobility is high (a sterilized intervention leaves the interest rate unchanged),
unsterilized interventions remain e¤ective (unsterilized interventions a¤ect
the interest rate)

Question 4

� The linear-quadratic permanent income model is discussed in chapters 2.3.2 and 2.3.3
in Obstfeld&Rogo¤. A similar exercise appeared in the term paper and in assignment
2.

� With quadratic utility and �(1 + r) = 1, the expected future consumption path is
�at, and consumption follows a random walk. After a shock, consumption jumps
immediately to its new level and remains there in absence of new shocks.

� Case � = 0:75: Output is stationary; after the initial increase, output returns grad-
ually to its original level. The increase in output is transitory and thus permanent
income �uctuates less than current income. The desire to smooth consumption causes
households to increase consumption by a small amount in every future period. This is
achieved by running a current account surplus. The level of net foreign assets increases
permanently. This makes it possible to have a higher level of consumption even after
output has returned to its original level.

� Case � = 1: Output follows a random walk and hence, is non-stationary. In this
case, an output innovation leads output to jump immediately to a new, permanently
higher level. Permanent output increases by the same amount as current output.
Consumption increases by the same amount as output and there is no e¤ect on the
current account.
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PART B

The monetary model is covered in Rødseth chapter 4. The Dornbusch model is covered in
Rødseth chapter 6.7. In general, credit is given for explaining the economic mechanisms and
the intuition behind the results.

a. The �rst equation is the purchasing power parity (PPP) condition which says that
when measured in common currency, prices are the same at home and abroad. The
small open economy assumption implies that the foreign variables (price level and
interest rate) are exogenous. The second equation is the equilibrium condition for the
domestic money market. Money supply m is exogenous (determined by the central
bank). Real money demand depends negatively on the nominal interest rate i (a
higher interest rate increases the opportunity cost of holding money) and positively on
output y which measures the volume of transactions. Due to the assumption of price-
and wage �exibility, output is exogenous relative to the foreign exchange market. The
fourth equation is the UIP condition and re�ects the joint assumption of rational
expectations and perfect capital mobility. Since there is no uncertainty in the model
rational expectations collapses to perfect foresight.

b. To derive the di¤erential equation for the exchange rate, �rst use the PPP condition
to eliminate p from the money market equilibrium condition

m� s� p� = ��i+ �y

Then solve for i
i =

1

�
(�m+ s+ p� + �y)

and substitute into the UIP condition

_s =
1

�
(�m+ s+ p� + �y)� i�

=
1

�
s� 1

�
(m� p� � �y)� i�

The equation is fundamentally unstable; the exchange rate has a positive feedback on
itself. The higher is the level of the exchange rate, the higher is the rate of depreciation.
Intuition: a higher exchange rate means higher prices and a lower real quantity of
money and thus higher interest rates. When UIP holds, a higher interest rate requires
a higher rate of depreciation. At any point in time, the exchange rate is free to jump
to any level. The model has an in�nite number of solutions. Finding a unique solution
for the exchange rate requires that we specify a terminal condition: the initial exchange
rate is pinned down by the requirement that the exchange rate should tend to a �nite,
strictly positive value when t goes to in�nity. (See Rødseth p.100-101 for a discussion
of the principle of choosing the non-explosive path for the exchange rate).

c. The exchange rate is the present discounted sum of the future path of the fundamentals
(here; money supply, foreign prices and interest rates, and domestic output). The
discount rate is the inverse of the interest elasticity of money demand �. Any change
in the expected future path of the fundamentals a¤ects the present exchange rate.
Changes far in the future have small e¤ect if the interest elasticity of money is low.
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d. Assume that initially the exogenous variables were believed to remain constant. Let
m0 denote the level of the money supply s0 the level of the exchange rate that were
expected before the change in the money supply. Consider an announcement at time t
of a future permanent reduction in the money supply �m < 0 at time t0:The expected
time path of the money supply after t0 is

m(t) =

�
m0 if t0 � t < t1
m0 +�m if t � t1

The solution for the exchange rate if t0 � t < t1

s(t) = s0 +

Z 1

t1

1

�
�m exp

�
�1
�
(� � t)

�
d�

= s0 +
1

�
�m

0BB@��exp��1� (1� t)
�

| {z }
0

+ � exp

�
�1
�
(t1 � t)

�1CCA
= s0 +�m exp

�
�1
�
(t1 � t)

�
(1)

After t1 the solution is s(t) = s0 +�m.

i. The e¤ect of an unexpected permanent reduction in the money supply is found
by setting t1 = t0. The solution is simply s(t) = s0 + �m. A reduction in the
money supply by x per cent causes an immediate and permanent exchange rate
appreciation of x per cent. From the PPP condition, the appreciation of the
exchange rate leads to an immediate and permanent fall in the price level of x per
cent. The real exchange rate does not move, neither does the real money supply
and hence, the nominal interest rate.

ii. When t1 > t0 we see from (1) that the exchange rate appreciates at time t0
in response to the announcement of the future reduction in the money supply
(the term exp

�
� 1
�
(t1 � t0)

�
lies between zero and one):The initial appreciation

is smaller the more distant is the future reduction in the money supply (the term

exp
�
� 1
�
(t1 � t0)

�
is decreasing in the distance t1�t0) and the less interest elastic

is the demand for money (the term exp
�
� 1
�
(t1 � t0)

�
is increasing in �) After the

initial jump, the exchange rate appreciates towards its new long-run equilibrium
s0+�m which it reaches at time t1 when the money supply is reduced. There is no
jump in the exchange rate at time t1. From the PPP condition, the appreciation is
accompanied by a fall in the domestic price level. At time t0, since the reduction
in the money supply has not yet materialized, the real money supply increases and
the nominal interest rate falls below the foreign interest rate. The expected (and
actual) appreciation of the currency compensates investors for the lower interest
rate in the period between t0 and t1. In the period between t0 and t1 the interest
rate falls further. At time t1 the interest rate jumps immediately back to i�.
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e. The e¤ects can be illustrated in a phase diagram (see �gure 6.12 in Rødseth chapter
6.7). The discussion below focuses on the case where the

:

S = 0 locus is downward
sloping (that is; when ElY

�
M
P

�
� ElRY < 1 and hence di=dP > 0)

� In the new stationary equilibrium output is at its natural level and the domes-
tic interest rate is equal to the foreign interes rate. The real exchange rate is
unchanged which implies that real money supply is unchanged. Hence; the per-
centage reduction in the price level and the nominal exchange rate are equal to
the percentage reduction in the money supply in the long run (the model satis�es
long-run monetary neutrality).

�When the money supply is reduced, the
:

S = 0 curve shifts to the left whereas the
:

P = 0 locus is una¤ected.

�Unanticipated permanent reduction in the money supply: The exchange rate
drops immediately to the new saddle path. The appreciation causes output to
fall, which lowers the demand for money. Since domestic prices are sticky, the
real money supply falls and the nominal interest rate increases (since we have as-
sumed that the supply e¤ect dominates the demand e¤ect). The positive interest
di¤erential must be o¤set by an expected (and actual) depreciation, which can
only happen if the exchange rate initially falls below its new long-run equilibrium
value (i.e., overshoots the �nal e¤ect). The initial appreciation of the exchange
rate produces a negative output gap which causes prices to start falling. Out-
put increases and the interest rate falls until they are both back at their original
equilibrium levels.

�Following an announcement of a future permanent reduction in the money sup-
ply the exchange rate initially appreciates below the old equilibrium. Then, the
economy follows the time path consistent with the pre-shock economy and gets
on to the saddle-path associated with the new level of the money supply at the
time the money supply is actually reduced (there can be no expected jumps in the
exchange rate in a rational expectations model). The initial appreciation causes
a fall in output which leads to a fall in money demand and hence a fall in interest
rates (the money supply has not changed yet). The expected (and actual) ap-
preciation of the exchange rate compensates the investors for the lower interest
rates. After the initial appreciation, prices start to fall due to the fall in output.
Interest rates continue to fall. Prices decrease and the exchange rate appreciates
until at time t1 the economy is at the new saddle-path. At this point, the money
supply falls and the interest rate increases above the foreign interest rate. The
positive interest rate di¤erential is consistent with the expected depreciation of
the currency until the economy reaches the new long-run equilibrium.

�Credit is given for noting that undershooting is a possibility.

f. Relevant points in a discussion of the empirical plausibility of the �exible-price mone-
tary model:

� Empirical tests tend to reject the joint hypothesis of UIP and rational expec-
tations. Rejections could be due to e.g., time-varying risk premia, non-rational
expectations and/or the existence of a �peso problem�. See chapter 2.5 in Rødseth.
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� The notion that relative PPP holds continuously is rejected empirically (i.e., real
exchange rates are not constant). Sources of real exchange rate �uctuations are
deviations from the law of one price in traded goods and movements in the rela-
tive price of non-traded to traded goods in di¤erent countries The former could
be explained by e.g., local currency price stickiness, market segmentation and
pricing-to-market, non-traded distribution services (e.g., retail services and trans-
portation) and tari¤s. The latter could be due to sectoral productivity di¤erences
(Balassa-Samuelson hypothesis) or changes in government spending. There is
some evidence that the real exchange rate tends to a constant level in the very
long run. See Rogo¤ (1996).

� There is some evidence supporting the �exible-price monetary model in situations
when in�ation is high (i.e., when the assumption of �exible prices is most realistic).
See pp. 108-109 in Rødseth chapter 4.

� The �exible-price model is best viewed as a model of long term exchange rate
determination (?)
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