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1 Carry trade

Historically investors who borrowed in currencies carrying low interest rates
and lent the proceeds in currencies carrying high interest rates would on
average have had a positive return. This investment strategy is known as
“carry trade”. (The results are for developed economies and instruments
with negligible credit risk).

1. Explain why consistently positive profits from carry trade over long
time periods is at odds with perfect capital mobility.

2. In a recent study Das et al (2013) found that a simple carry trade
strategy over the period 1989-2011 would have yielded a return of 0.79
per cent per month as against a return on US treasury bills of 0,31
per cent and US stocks (S&P500) of 0.63 per cent. These are the
returns to an investor who started with a certain amount of US dollars
and returned all positions to US dollars at the end. The carry trade
strategy was to always go “short” in the three currencies out of ten that
had the lowest interest rates, “long” in the three with highest interest
rates. Explain how a US investor can use the foreign exchange market
to do a “carry trade” without actually borrowing or lending foreign
currency and keeping his starting capital in US t-bills. (This is the
strategy the authors assumed).

2 Playing with the interest rate parity

Throughout this exercise you should assume that uncovered as well as covered
interest rate parity holds. We are looking at two imaginary currencies that
we call peso and dollar.
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1. Suppose the exchange rate is expected to be 10 pesos to a dollar one
year from now. The one-year interest rates are 10 per cent on pesos
and 5 per cent on dollars. What is the exchange rate today?

2. Suppose the exchange rate today is 10 pesos to a dollar. The two year
interest rate on pesos is 4 per cent per year, the two year interst on
dollars 5 per cent per year. What is the expected exchange rate two
years from now?

3. Historically the exchange rate between the two currencies has been 10
pesos to a dollar. If it deviates from this, agents expect it to return
to that level in the long run. The country with dollars is expected to
go into a recession one year from now. The recession is expected to
last for two years. During those two years the central bank is expected
to keep the dollar interest rate below the peso interest rate. Sketch in
a graph how you would expect the time path of the exchange rate to
behave.

4. Suppose now that both countries are expected to go through the same
type of recession as described above and that both central banks behave
in the same way. However, the recession hits the peso country one year
later than the dollar country. Sketch in a graph how the expected time
path of the exchange rate would look like.

5. Suppose the one-year forward exchange rate is 10 pesos to the dollar,
the current exchange rate is 9 pesos to the dollar and the dollar interest
rate is 5 per cent per year. What can you say about the peso interest
rate?

3 The Dornbusch model

In this problem we will discuss a version of the Dornbusch model. The key
equations are:

y = δ(e+ p∗ − p) + g (1)

m− p = y − λi (2)

ṗ = θ(y − ȳ) (3)

i = i∗ + ė (4)

y denotes (log of) domestic production, p the log of price level, i the interest
rate, and e the log exchange rate. Variables with a subscript ∗ are equivalent
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foreign variables. ȳ is equilibrium log output and θ is assumed to be a positive
constant. ė and ṗ are the ‘time’ derivatives of e and p, respectively. This is
the same setup as Obstfeld and Rogoff use in Chapter 9, but here we have
continuous time. Compare with equations (6.46)-(6.49) in OEM.

1. The endogenous variables in this model are y, i, p and e. In steady
state, ṗ = ė = 0.

(a) Explain how the steady state levels of the exchange rate (ē) and
the price level (p̄) are determined

(b) Show how to express ė and ṗ as functions of e− ē and p− p̄.

2. The two equations found in question 2 can be used to discuss the ex-
change rate dynamics of the model.

(a) Assume δ < 1. Draw a diagram with e on the x-axis and p on
the y-axis. Use the equations you have derived to show how ė = 0
implies a downward sloping curve in the diagram, while ṗ = 0 is
an upward sloping curve.

(b) Give a short interpretation of the signs of the slopes.

3. To complete the phase diagram, we need to figure out the sign of ṗ (or
ė) when p (or e) is below or above the ṗ = 0 (or ė = 0) curve.

(a) Draw the correct arrows, indicating the signs of ṗ and ė, and (if
you can) give an interpretation of the signs.

(b) Draw the saddle path that gives the equilibrium of the model, and
let e0 be the equilibrium value of e for an initial value of the price
level p0. Discuss what happens if the exchange is above or below
e0.

4. Now we want to use the phase diagram to analyze the effect of an
unexpected permanent increase in m (which will change the steady
state values p̄ and ē).

(a) Show what the initial response is, and how the variables move
towards the new long-run equilibrium.

(b) Explain what we mean by overshooting. Does the model imply
low or high exchange rate volatility (compared to, say, inflation
volatility)?

5. Then analyze the effects of an unexpected permanent reduction in g.
Compare with the effects of a change in the money supply.
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4 Interpreting simulation results for Dorn-

busch model

Consider the discrete-time version of the Dornbusch model from Problem 3,
which can be written as follows:

yt = δ(et + p∗ − pt) + gt (5)

mt − pt = yt − λit+1 (6)

πt+1 = θ(yt − ȳ) (7)

it+1 = i∗t+1 + Etηt+1 (8)

πt = pt − pt−1 (9)

ηt = et − et−1 (10)

In this model, yt, et, πt+1, it+1, pt+1 and ηt are the endogenous variables. (πt

is the rate of inflation, while ηt denotes the rate of depreciation. Otherwise,
all other variables are defined as before.) Note that prices are sticky, so pt is
predetermined. p∗ will be treated as a constant. Expectations are rational,
so Etηt+1 refers to the “mathematical expectation” of a future depreciation
(i.e., model based expectation). See the end of the problem set for details on
how to simulate this model using Dynare.

mt, i
∗
t+1 and gt were in problem 3 assumed to be exogenous variables. Now

we will introduce these variables autoregressive processes instead, depending
on exogenous normally distributed shocks:

mt = ρmmt−1 + ϵmt (11)

gt = ρggt−1 + ϵgt (12)

i∗t = ρii
∗
t−1 + ϵit (13)

With perfect foresight, one would assume that the agent knows the entire
future paths of m, g and i∗. With rational expectations, we only assume
that they know mt, gt and it+1, and that they know the shock structure,
which is equations (11)-(13) plus the distributions of ϵmt , ϵ

g
t and ϵit.

An impulse-response function (IRF) shows how the endogenous variables
respond to shocks, i.e., what happens when either εgt , ε

m
t or εit equals 1 at time

t, and zero afterwards. In the figures below, I plot various impulse response
functions, and the following questions ask you to evaluate each figure.

1. Figure 1 contains the IRFs for a shock to ϵm when ρm = 0. One is for
e, the other is for p. Explain which line is the IRF for e.

2. In Figure 2 the same set of IRFs is drawn for the same variables, but
for a different value of ρm. Guess which value, and give an argument.
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3. How do you think Figures 1-2 would change if the IRFs refered to
shocks in ϵg instead of ϵm?

Try to relate your answers to what you answered in problem 3.
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Figure 1: IRFs for ϵmt . But for which variables?

1 2 3 4 5 6 7 8 9
0

0.5

1

1.5

2

2.5

Figure 2: IRFs for ϵmt . But for which variables and what value of ρm?
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A Appendix: Basic simulation using Dynare

In this appendix we go through how you could have simulated the Dornbusch
model in Problem 4 on your own.

Dynare is a package of codes that can be used in Matlab to solve and
simulate linear rational expectations models. See www.dynare.org for more
info and to download.

The simplest thing to do when using Dynare, is to simulate a model like
the one we are working with. We need to complete five steps:

1. Define the endogenous variables (including the exogenous shock pro-
cesses)

2. Define the parameters and assign parameter values

3. Define the innovations (ϵ’s) and their properties

4. Write up the equations of the model

5. Simulate

Steps 1-3 are very simple, and the code below is almost self-explanatory.
The first step defines 9 endogenous variables, corresponding to the endoge-
nous variables of our model plus the three shock processes. It is the command
var that tells the program we are defining variables. Note that although all
variables look like ‘time t’ variables for now, the precise dating of the vari-
ables will be made clear later. At step 2, we define δ, λ, θ and p∗, and give
them values. The command parameters tells Dynare that we are defining
parameters, while values are given to them just like in normal Matlab codes.
In addition we define the parameters ρg, ρm and ρi, set to 0.5 for simplicity.

Step 3 involves defining the ϵ’s, our innovations shocks. varexo tells
Dynare what we want to call the innovations, and shocks tells Dynare that
we are defining their properties. By default, they will be normally distributed
variables with zero mean. stderr helps us determine what their standard
deviation is, and for simplicity we set it to one for all three.

// 1) VARIABLES

var p, e, m, y, i, istar, g, pi, eta;

// 2) PARAMETERS

parameters delta, lambda, theta, pstar, rhom, rhog, rhoi;

delta = 0.2;
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lambda = 1;

theta = 0.8;

pstar = 0;

rhom = 0.5;

rhog = 0.5;

rhoi = 0.5;

// 3) INNOVATIONS

varexo gshock, mshock, ishock;

shocks;

var epsilong; stderr 1;

var epsilong; stderr 1;

var epsilong; stderr 1;

end;

The fourth step is almost as straightforward as the first three, but it
requires a little extra thinking. You need to be aware of the following name-
convention in Dynare:

• For a variable x, this is treated as xt by Dynare

• If you want to use Etxt+1, you simply type x(+1). Dynare will then
treat it as the rational expectations over xt+1. These are computed
given the model, knowing the value of the innovations at time t, and
expecting all future innovations to be zero.

• If you want to use lagged values, xt−1, you write x(-1). This value is
treated as predetermined.

This means that if you have a variable dated as a t + 1, but it known at
time t, then you must change the dating in order to make sure that Dynare
doesn’t treat it as an expected value. So, when it comes to yt, et, pt, ηt, mt

and gt, these will have the intutitive definitions: y, e, p, eta, m and g. But
for i, i∗ and π, we will let pi refer to πt+1, i refer to it+1 and istar refer to
i∗t+1.

With that settled, defining the model is simple. The IS and LM equations
follow intuitively. The Phillips-relationship between πt+1 and yt follows (note
here that I’ve utilized that ȳ = 0). Then comes the UIP, where eta(+1)

refers to the rational expectations over ηt+1. Then comes the definition of
pt, and note how it is written as a function of pi(-1), which means πt.
This makes it clear that p is predetermined. The definition of ηt follows,
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and finally we define the three exogenous shock processes. Here I have set
ρg = ρm = ρi = 0.5.

// 4) MODEL

model (linear);

y = delta*(e + pstar - p) + g;

m = p + y - lambda*i;

pi = theta*y;

i = istar + eta(+1);

p = pi(-1) + p(-1);

eta = e - e(-1);

g = rhog*g(-1) + epsilong;

m = rhom*m(-1) + epsilonm;

istar = rhoi*istar(-1) + epsiloni;

end;

The fifth and final step is to initiate the simulation, and for our purpose
we only need one Dynare command:

// 5) SIMULATE

stoch_simul(noprint,nograph,irf=8,periods=200);

The command asks Dynare to solve and simulate the model, produce sim-
ulated series for 200 periods, and produce impulse-response functions that
stretch over 8 periods.
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