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Topic 6: Sticky Price Models of Money and Exchange Rate

Part 1a: Backround on interest rate parity conditio ns

Uncovered interest parity (UIP):

Requires the total expected return be the same for
domestic and foreign currency assets

Example Lets say you have a 100$ and need to decide
whether hold in $ or € (euro) account:

Define: ig : nominal net interest on a $ account (1 year)
le : nominal net interest on a euro account
€g/euro . CUITENt spot exchange rate
E [egeuro]: €Xpected exchange rate for 1 year in future
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total gross return on $ deposit: (1+i$1)
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UIP requires these be equal: (1+i$,t) :(1+i€1)

Loqic of UIP condition:

- If the €-asset return were lower than the $ return, then
market participants would sell € assets to get $ assets.

- The excess supply of euros would cause a fall in the

current value of the euro (g, ).

- Given a constant expected future value of euro E [€g/euro],
this implies a greater expected euro appreciation over time.
- This would continue until the implied euro appreciation

overtime, E € ¢, /%/a makes make UIP hold.




It IS sometimes convenient to write UIP In terms of net
returns instead of gross returns, as an approximation:
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Since the last term in brackets is two small numbers
multiplied by each other, we can drop it:
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Overshooting
Suppose there is a U.S. monetary contraction that makes
the dollar interest rate rise. According to the interest
rate parity condition above, we know that people must
be expecting the value of the dollar to fall over the time

that people are holding the dollar asset (g, rising ).

But recall what the monetary approach to the exchange
rate said: a fall in home money supply should make the

home currency higher in value (g, lower ). Take this
as a long-run equilibrium condition.

If we put these two conclusions together, we get the
following type of path for the exchange rate following a
U.S. monetary contraction.



time

The exchange rate falls on impact, as required by the
monetary approach, but it overshoots its long run level. This
IS so It can gradually move upward in subsequent periods.

This Is one characterization of the “Overshooting” theory of
Dornbusch.



Covered interest parity

One reason why the uncovered interest rate parity condition
above might not hold is that people do not want to take the
risk that when it comes time to convert their foreign interest
earnings back to dollars, the future exchange rate will be
different from what they expected it to be.

This could be expressed in terms of a risk premium wedge In
the UIP condition:
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One way to avoid this risk is to use a forward contract that
specifies today what the exchange rate will be for you at the
future date you want to convert your interest earnings back
to dollars. Denote this forward rate as fge

This suggests a risk-free version of the condition: covered
Interest rate parity (CIP):
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Comparing these two conditions:

UIP i$:i€+Et e:‘o/€,t+1 B eJ5/€t CIP i$:i€+
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They together imply
$/€t+1 Et e$/€1;+ 1

But note that if a risk premium creates a wedge in UIP, this
would also create a wedge between the forward rate and the
expected future spot rate.

As a result, the risk premium is sometimes called the
“forward discount.”



Part 1b: Empirical VAR studies

Three papers, some may be presented by students:
1) Eichenbaum and Evans (1995): seminal paper
2) Faust and Rogers (2000): important contribution

3) Bjoernland (2006). one recent contribution



1) Eichenbaum and Evans (QJE 1995)

Motivation

- We have considered unconditional correlations in the
data; here consider conditional correlations: investigate
response of the exchange rate to monetary policy shock.

- Recall that Mussa and Stockman disagreed on whether

monetary or real shocks drove exchange rates. Here we
Identify them in a vector autoregression (VAR).
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Methodology:

- Use a simple VAR. Included in the vector of variables is a
variable representing policy.

- Apply a Cholesky decomposition, in which ordering of
variables matters: variables, X, preceding it are observed
contemporaneously.

- Define policy shock as the innovation to the policy
variable that is orthogonal to the contemporaneous
values of the observed variables.
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Data:
- Data on bilateral exchange rates of five countries with the
US dollar. Monthly data, starting in 74.1..

- Five variables in first system estimated:
1) US-IP: industrial production (output)
2) US-CPI: price level
3) NBR/TR, non-borrowed reserve ratio to total
reserves, measures degree of liquidity
4) Gap in 3-mo T-bils: foreign-home,
5) exchange rate (first nominal and then real)

- Measure monetary policy action as a change in
nonborrowed reserves not explained as a response to
changes in contemporaneous price or output.
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Results: Show figure 1: impulse responses to NBR/TR shock

1)
2)
3)

4)

4)

o)

A monetary contraction leads to a large appreciation in
both real and nominal exchange rates.

This Is very persistent. In fact, it does not reach maximal
level for 2-3 years.

It also produces a rise in home interest rate relative to the
foreign rate.

Plot also the “excess return” on holding dollar assets:
return from dollar appreciation plus higher interest rate.
Show tables 1a and 1b: statistics summarizing exchange
rate response

Can reject that the maximal impact happens in initial
period.

Variance decomposition: monetary shocks account for
18-43% of exchange rate volatility.
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Real exchange rate: (Table 1a)

(8) Max impact
Std. error
Significance

(9) Max month
Std. error
Significance

10) 31-36 months
Std. error
Significance

—-2.032 —-2.679 —-2474 —2.748 —2.283
1.033 1.226 1.031 1.361 1.159
0.025 0.014 0.008 0.022 0.024

23.650 32.070 36.498 36.162 39.754

11.818 10.851 9.480 8.209 9.704

0.023 0.002 0.000 0.000 0.000
Variance decompositions

23.016 42917 38.122 37.520 26.153

13.640 15.713 15.481 14.877 15.034

0.092 0.006 0.014 0.012 0.082




nominal exchange rate (table 1b)

(8) Max impact
Std. error
Significance

(9) Max month

Std. error
Significance

10) 31-36 months
Std. error
Significance

-1.913
0.952
0.022

24.654
11.818
0.018

—-2.961 —-2.950 -3.000
1.532 1.815 1.330
0.027 0.052 0.012

35.304 37.990 37.478
10.412 7.360 6.918
0.000 0.000 0.000

Variance decompositions

—1.859
0.983
0.029

38.872
9.553
0.000

22.084
13.901
0.112

41.021 38.767  38.474
16.271 15.135  15.879
0.012 0.010 0.015

18.752
12.428
0.131
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Interpretation of results: “Delayed overshooting”

- This confirms that real and nominal exchange rates move
closely together.

- Monetary shocks are an important part of explaining e-
volatility, not just real shocks alone. Although money
supply shocks do explain less than half.

- Is extremely persistent. Hard to explain with existing
theories.

- Not consistent with a simple story of Dornbusch
overshooting, but could tell story in broader sense:
exchange rate appreciates then depreciates.

- Not consistent with interest rate parity. The value of the
dollar continues to rise in following periods, even though
the dollar interest rate is higher. This means there is an
“excess return” on holding dollar assets.

17



Robustness:

- Try with extra variables: foreign IP, and separate the two
Interest rates. (figure 2, tables 2a and 2b)

- Try with FFR instead of RUS as measure of monetary
policy. (fig 3, tables 3a,b)

- Try with a different index of monetary policy (by Romers)
(fig 4, tables 4a,b)

- All give basically the same results.

Critigues: What do you think about the identification scheme
for identifying monetary policy shocks?
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2) Faust and Rogers (JME 2000) :

Motivation: This paper tests the robustness of the
conclusions of Eichenbaum and Evans (delayed
overshooting and role of monetary shocks) to
alternative identification schemes.

It develops a very clever methodology for searching over
all possible identification schemes

19



Methodology:
The paper considers two VAR systems:

/-variable system: U.S. and foreign industrial
production (Y and Y*), U.S. CPI (P), U.S. and foreign
short term interest rates (I and 1*), the ratio of U.S.
nonborrowed reserves to total reserves (NBRX), and
the exchange rate in dollars per foreign currency (S).

14 variable system: also includes foreign CPI (P*), U.S.
and foreign money supplies (M and M*), long-term
nominal interest rates (r and r*), commodity prices
(CP), and U.S. total reserves (TR).

Two-country pairs considered: US-UK and US-Germany

20



The authors consider a wide range of possible identification
schemes. Suppose a reduced form dynamic model:

B(L)Y, =u,

where Y Is an N-vector of data and u is vector of shocks.

One can pre-multiply both sides by any full rank matrix Aq

AB(L)Y, = A,

which can be rewritten:
A(L)Y, =w,

which has moving average representation:
Y, =C(L)w, where C(L)=A(L)™"
which can be used to find impulse responses to shocks.

21



After assuming orthogonality of the shocks, identifying the
response to the monetary shocks requires N-1 additional
assumptions in the N-variable system. The authors’
algorithm searches over all possible linear restrictions.
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There are some restrictions the authors will consider
Imposing a-priori in some experiments:

|. monetary restrictions:
1) P, Y, Y* NBRX and S are greater than or equal to

zero on impact of a monetary shock

2) 1 and 1* fall on impact
3) P at horizon 80 is no larger than at horizon 36, Y* is

no more than one-half of that of Y on impact, etc,

ll. A set of shape restrictions on the path of the exchange
rate, that the exchange rate response falls over time
after the impact (ie. it is lower in period 2 than in period
1, lower in period 3 than in period 2, etc.)

Results:

23



Delayed overshooting:

- The authors run a large series of VAR estimations,
searching over the possible sets of N-1 restrictions to
achieve identification.

- The compute maximum and minimum delays in
overshooting. Table 1 shows that there is a very wide
range, from 0 months to 47 months.

- They conclude that the finding of delayed overshooting
found in past studies is not robust.

- Figure 2a shows an example of one of the identifications
along with the recursive identification typically used.
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Table 1

Nonrejection ranges for tming ol peak exchange rate effect in months

Country nvar Min. Max.
US UK 7 | 35
US GE 7 | 28
US UK 14 0 47
US - GE 14 0 30

Notes: Reading from the top to bottom row, the impulse response functions associated with these peaks
are shown m Figs. 2a, b and 3a and b. In each case the mimmum 15 Irom the solid line; the maximum 1s

[rom the dashed line.
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- The impulse responses implied are similar for all the
variables other than the exchange rate, but while the
recursive ordering implies prominent delayed
overshooting, the alternative identification does not.
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Uncovered interest parity deviations:
- Denote a measure of the degree of deviation from UIP as
a root mean square four years after a policy shock.

- The authors compute this measure for each of the
identification schemes, and compute confidence intervals
for the deviation.

- Table 2 shows that searching over all possible
identification schemes, there is statistically significant
deviations, of magnitude around 0.10.
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Table 2

Nonregjection range and one-sided confidence mnterval for UIPD (root mean square UIP deviation

percent
Rejection
Nonrgjection MR MR + SR None

Country nvar Min. Max. Sth 10th 5th 10th Sth 10th
LS UK 7 0.37 (.82 0.19 (.21 0.30 .34 (.08 (.09
IS - GE 7 0.31 (.92 0.16 0.18 (.24 0.27 (.08 (.09
LIS UK 14 0.28 (.70 0.20 0.23 0.23 0.27 0.07 0.07
US - GE 14 0.40 (.92 0.19 0.22 .22 (.24 0.07 0.07

MNotes: The mpulse responses giving the nonrejection ranges are as in Fig. 1. In each case the mmimum 15
from the sohd line; the maximum 1s from the dashed line.

29



- The authors then consider imposing the monetary
restrictions a priori, which require monetary shocks have
certain intuitive properties listed above.

- Searching over the possible sets of restrictions to fill out
the N-1 needed for identification, the authors find that
deviations from UIP are much larger.

- Then the authors consider requiring the shape restriction
listed above also, and find that the deviations from UIP
are much larger still.

- The authors conclude that rejection on UIP is a very
robust finding, not depending on the identification scheme.

- Further, UIP is rejected even in cases where the
exchange rate depreciates after the impact, so that there
IS no delayed overshooting. This means if there is
overshooting in the Dornbusch sense, is not due to UIP.
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Role of monetary shocks in driving exchange rate:

- The authors then compute variance decompositions for
the range of identifications they consider.

- Table 3 shows that the 95% confidence interval for the
share of exchange rate variation due to monetary shocks
varies a lot depending on the identification scheme.

- However, if the monetary and shape restriction are
Imposed, especially for the 14 variable system, the share
of monetary shock is well below 50%.

- They conclude that monetary shocks may be less
Important for exchange rate fluctuations than past studies
have suggested.
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3) Bjoernland (2006 working paper)

This paper shows that applying a particular, plausible
Identification scheme can resolve the puzzles above,
Implying that a monetary contraction has its maximum
Impact immediately, as implied by Dornbusch overshooting.

|dentification scheme: in contrast to those in Eichenbaum
and Evans, the restriction is not contemporaneous but
restricts long-run coefficients: monetary policy shocks have
no effect on real exchange rates in the long run (when prices
are assumed to be flexible).

A benefit of a long-run restriction is that it allows in the short
run for monetary policy to respond to the exchange rate as
well as affect the exchange rate contemporaneously.
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Methodology and Data:

Interest rates are used to measure monetary policy.

In addition to the long run restriction between interest rates
and the real exchange rate, standard Cholesky ordering is
used on the remaining variables

Data on 5 small open economies using inflation targeting
monetary policy rules: Australia, Canada, New Zealand,
Sweden, UK.

Quarterly data on 5 series: real GDP, CPI inflation, 3-month
Interest rate, trade-weighted foreign interest rate, trade-
weighted real exchange rate, 1983Q1 to 2004Q4
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Results: Impulse responses imply immediate overshooting:

35



36



37



Also show that monetary policy does respond
contemporaneously to the exchange rate:
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Variance decomposition: small role for monetary shocks.

Lastly, the paper also shows that, conditional on monetary
shocks, UIP does not perform so badly. (Note that this does
not rule out unconditional rejection of UIP, studied later in

this course)
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Questions for Discussion:

1) If Eichenbaum and Evans are correct, how could you use
this knowledge to make money in the foreign exchange
market?

2) What are the implications for the classic Muss-Stockman
debate?

3) Do you have ideas for better ways of identifying monetary
policy?

40



Part 2: Obstfeld and Roqoff (1995 JPE)

- We want to explain how monetary shocks affect real
variables. The model here will do so by introducing sticky
prices. Resembles the Mundell-Fleming model.

- But it has more developed micro foundations, including
an intertemporal budget constraint and the internal
consistency that comes with this.

- It also can evaluate policies in terms of agent welfare
(utility).

41



Model Description

- Two countries, two currencies, perfect foresight except
for initial shock

- Money introduced by putting it in the utility function
- Only hold own money, not foreign.
- Sticky price: need to set it one period ahead of time.

- Agents choose price, are price setters rather than take
price as given, because have some monopoly power

- Have a continuum of differentiated goods

42



Market structure:

- A continuum of individual monopolistic producers
(producers and consumers: yeoman farmers) indexed by
z on interval [0 1], each produce a single good.

- Fraction n are at home, 1-n are foreign.
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Preferences: identical preferences over a consumption index
(combine all the consumption goods), real money
balances (only own money), and effort expended in
production (opposite of leisure).

- - M 1,
U’ =logC’ +IogT- Ey’tz

t

- Last term represents utility of leisure, disutility of labor
supply. Are assuming production is just a function of
labor y = square root of labor.

44



- Consumption: Is a real CES index, an extension to more

goods of the two-good index from before.

. 9
1 | g-1 g-1

C'= ¢ (29 dz

0

This implies a price index as an index over the goods
consumer, just as we saw in lecture one in the case of

traded and nontraded goods:
1 1

P= p(2"7dz _q: 0 Y7 dz ( e ))zl'q dl-zq

0

Where break up into home and foreign goods, assuming
that law of one price holds for each one.
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This comes from the same sort of exercise used before In
this course for a Cobb-Douglas consumption index. What
IS the minimum cost of one unit of the consumption index.

P minz= ;p(z)c(j dz

L1 gh
st ¢29 dz =1

0

where Z is total nominal expenditure on consumption.

Note that we can do same for the foreign price index, P*:

1 1

1 10 n 1-q 1 1- g
= p(30dz = P2 da y)20 qz

0 0 € n
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Note that as long as both countries have the same
consumption index over goods, we will have PPP
satisfied: P = e P*.
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Budget constraint:
- Assume only asset traded is a riskless real bond (like

models earlier) with real return r.

- Household budget constraint: |
RB.+M =RA+)B +M , +p(Dy()-RG- R

where P is aggregate price index, p(j) is price of the good
this household produces and sells.

- Tau is tax with government, how it injects money into the

economy:.
M, - Mt-l

t,=—
| R
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Demand curves:

- Consider the intratemporal choice between the various
goods.

- Maximize index over consumption goods subject to
budget constraint that total expenditure not exceed some
limit gives an intratemporal allocation rule:

n 9
Z
«(d=q2) B2
p(2)
Integrate over goods:
q

c'(2) = @ | C
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- This says that given the total consumption level,
household will allocate it among the various goods
depending on their relative price, relative to the overall
price index.

- Take weighted sum of home and foreign households to
get total world demand as share of total world

consumption:
q

iy P2
y'(2) = 5 o

where C" =nC+(1- n)C*

This is a demand curve, where the constant elasticity of
demand is theta.
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b) First order conditions

- Now consider the full intertemporal problem:
choosing consumption, bond holdings, money demand,
and either quantity of output (labor supply) or price --
subject to constraints: budget constraint, and demand
they face for their product.

- If prices flexible: choose guantity of production,
- but If prices need to be fixed ahead of time, then choose
price, let market determine demand and then we assume

the agent must satisfy that demand when the time
comes, supplying whatever labor supply is necessary.
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Get first order conditions:

1) Basic intertemporal consumption Euler: want to
smooth consumption

Cn = 6L+ 1,1)C,

2) Money demand: agents must be indifferent between
consuming a unit of consumption good on date t or using
the same funds to raise cash balances, enjoying the
transactions utility in period t and then converting the
extra cash balances back to consumption in period t+1.

1+1,

It +1

where 1 I1s nominal interest rate

M
R
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3) Labor supply: marginal utility cost of producing extra unit
of output (lost leisure) equals marginal utility from
consumption of the added revenue that an extra unit of
output brings.

= qg
Yi 9 q (Ct ) Ct
- Takes into consideration fact that if increase production,

this will lower the price can sell good at, depending on
size of market.

- Since we assume agents are price-setters rather than
guantity setters, use the equation above along with the
goods demand condition (demand as a function of goods
price) to solve for the optimal price set for the good.

53



- Further, we assume that the agent must set this price

one period ahead of time (price rigidity), so he sets price
as a function of the expected value of the variables

above.
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Market-clearing conditions

- Money supply must equal money demand in each
country. (implicit here because use M for supply and
demand)

- Bond clearing condition: sum over home and foreign
bond holdings equals 0.

- Can get a world goods market clearing condition, written
In terms of consumption index, saying total world
consumption equals total world production.
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c) Solution :

Define equilibrium:

16 variables: C, y, M, b, P, tau, price of representative
good p(h) and foreign counterparts for these, as well as
the exchange rate and interest rate.

16 equilibrium conditions:

- FOCs for consumption, money demand, labor supply
(price setting) with foreign counterparts (6)

- Household budget constraints (2)

- Government budget constraints (2)

- Definition of price indexes (2) (involves nominal
exchange rate)

- Demand curves for representative national good (2)
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- Goods market clearing condition (in terms of
consumption index) (1)
- Bond market clearing (1)

Can’t get full analytical solution, but can get some
equilibrium relationships that help with intuition.

Solution strateqgy:
1) find a steady state, as a function of relative wealths.
2) Linearize equilibrium conditions around steady state.
3) Find the differences between national variables
4) Find world aggregates. Put this together with national
differences to conclude regarding individual national
variables.
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d) Initial Steady state:

- Derive consumption functions in steady state, using
consumption Euler and intertemporal budget constraint):

C_rB+p()—
P

- If want a closed form solution, consider a case of
complete symmetry where the net foreign asset position
IS zero (Bbar = 0) In this case we have:

Co=C*, = y, = ¥, in the initial steady state.

Note that with monopolists, the level of production in
steady state will be too low. Because they know that if
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Increase production, this will lower the price. So they
restrict production below efficient level.

- Plug these into the labor supply decision:
1

— - q_ 1 2
Yo=Y = —
0 0 q
- Notice first that money does not matter for the steady

State.
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- Notice next that this level of output is less than what a
social planner would choose, based on the real part of
the agent’s utility function:

max log(y)- % V

optimal y=1> ——

This is important to the welfare conclusions later.
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- Next log linearize all equations around the symmetric
steady state. | skip most steps.

- Use lower case letters to represent percent deviations
from Initial steady state.
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e) Short run effects - permanent rise in money.

MM-curve
- Combine (as differences across countries) the
consumption Eulers and money demands, and PPP:

6 =(m-mi)-(c-c)

- This says: If we increase home money supply, this will
Increase money supply relative to money demand, and
this causes the exchange rate to depreciate.

- Graph it as e versus relative consumption: downsloping
to show a rise in consumption raises money demand and
causes e to appreciate. A rise in m would shift curve to
right: e depreciates for a given relative consumption.
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GG curve
- Combine the linearized versions of the goods demand
equations (where prices are fixed), along with the
linearized versions of the labor supply conditions (to
change outputs into consumption levels, you get:

rd+qg)+ .
o =T DT (¢ ¢
r@ -1
- Graphs this as an upsloping curve because it says an e
depreciation will shift demand toward home goods
because prices fixed and are cheaper relative to foreign,

production increases, so income increases, SO
consumption rises
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M1

M2

M1

M2

C-C*
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- A rise in home money supply shifts the MM curve right.
This has the effects:
1) e rises (home currency depreciation)
2) (c-c*) rises: a rise in home consumption relat  ive to
foreign.

- It is also possible to write these in terms of output
differences, given that the two national demand

conditions when linearized imply that (y-y*) = e.

- So we also conclude that:
3) (y-y*) rises: a rise in home relative to foreign
output.
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Now Find world aggregates:

- Doing more manipulations not shown here, we find that:
r = - i rntW
t 1- b
So If either country increases its money supply, this will
make the common world real interest rate fall.

- And find that:
q'=-( b)r
So a fall in the interest rate will raise world consumption.
In fact:

G =m =y
- Summarizing: - m'® ®- ' Yy
- This shows that this is not a zero sum game.
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- Before the monetary shock, output was sub-optimally
low, held down by the monopolists to maximize their
profits.

- But a surprise rise in money supply lowers the real
Interest rate and raises demand; the monopolists must
accommodate this demand by increasing production.
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- Put the information together to conclude about individual
country variables.

- Know (c-c*) rises and (c+c*) rises, so know c rises
home. Regarding the foreign variable, we can't tell from
here what happens to c*, but can use other equations to
show it rises as well.

- Know (y-y*) rises and (y+y?*) rises, so know y rises at
home . Regarding the foreign variable, we can’t tell what
happens to y*, and the effect is in general ambiguous.
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- This ambiguity in foreign output comes about because
there are two effects:

1) The rise in money lowers the real interest rate, which
would tend to raise foreign demand and hence output.

2) but it also makes the nominal exchange rate rise, so
foreign goods are more expensive. This shifts demand
toward home goods and away from foreign goods, and
this fall in demand would lower foreign production.

- As long as the elasticity of intratemporal substitution
(theta) is greater than the intertemporal elasticity (which
IS unity because of the log utility specification), the
change in the relative price will dominate the effect of the
change in interest rate.
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- Note that this would be an example of the “beggar thy
neighbor " policy emphasized in the Mundell-Fleming
model: a home monetary expansion raises home output
at the expense of lowering output abroad.
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f) Welfare effects .

- But we should not judge the impact of the policy in terms
of output levels, but instead in terms of agent welfare,
using the utility function on which the model was based.

- If substitute equilibrium variables into utility function, most
of terms cancel out and you get:

qu=a ="
g q
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Interpret:

- Welfare rises the same in both countries regardless of
who undertakes the monetary expansion, because
consumption rises in both countries.

- This Is a first-order effect. The monetary expansion
forces a rise in the world level of production and overall
consumption above the monopolistic level.

- This shows the importance of using optimizing models
rather than ISLM/ Mundell-Fleming models. In the latter
you can’t do welfare analysis.
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g) Kollman (JIE 2001): compare model to data
- See If OR-type model can generate stylized facts saw in
data. Augments model for data comparison.

Model Description (how different from OR)

- Has uncertainty.

- Small open economy rather than two-country.

- Consider sticky prices and wages also

- Consider stickiness of varying durations: 2 quarter, 4
guarter, and gradual adjustment.

- Multiple shocks: money supply, labor productivity, price
level in rest of world, and world interest rate.

- Nominal bonds, in either domestic currency with rate r or
foreign currency at r*.

- More general utility function and production function
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Sticky-Price specification:

Version one: price set k=periods ahead of time. So at
period t choose Pt+k that expect to satisfy optimality
conditions, based on info available at period t.

Version 2: Calvo adjustment mechanism:

- Firms only allowed to change price if receive a random
price-change signal with probability (1-delta).

- So each period fraction (1-delta) of firms change their
price and fraction delta will not.

- Firms solve for the optimal price given this expectation.

- Under certain conditions the prices can be aggregated to
Imply the aggregate price is a weighted average of prev-
lous period’s aggregate price and the optimal reset price.

- This has the convenient implication that the aggregate
price will gradually adjust to a shock.
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Impulse responses:

- Figure 1: four-period fixed price and wage. Monetary
shock lowers domestic nominal interest rate, and raises
domestic output, nominal and real depreciation of
country’s currency.

- Figure 5: Calvo adjustment: same, but smoother, more
gradual adjustment.

- Note: overshooting
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Moments from simulation

Recall exchange rate facts to match:
- real and nominal exchange rates move together,
- volatility 4X that of output

- persistent (with serial corr of about 0.8).
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4-period stickiness:
- corr(e,rer) = 0.81 compared to 0.97 in data.
- Vol(e) = 3.64 compared to 4.75 in data
- Autocorr(rer) = 0.64 compared to about 0.8 on average

Calvo stickiness:
- Calibrate with 8% of firms adjust each quarter.
- Suspiciously high degree of stickiness — means that on
average price reset only every 3 years
- corr(e,rer) = 0.99 compared to 0.97 in data.
- Vol(e) = 5.45 compared to 4.75 in data
- Autocorr(rer) = 0.68 compared to about 0.8 on average
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Questions for Discussion

1)

2)

3)

4)

What role does PPP and the law of one price play in the
Obstfeld-Rogoff model?

List 3 specific ways in which this model differs from the
Mundell-Fleming model you have studied previously?

Might these differences lead to different implications for
policy analysis?

Compare the usefulness of this model for monetary
versus fiscal policy analysis.
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Part 3) Sticky Price Models of Real Exch. Rate Pers istence

1) Chari, Kehoe and McGrattan (RES 2002)

- The model is similar to Kollmann (2001 JIE), in that it is
an RBC model augmented with money and sticky prices.

- It is different in that it assumes prices are set in stag-
gered overlapping Taylor contracts (Taylor 1980, JPE).
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Core of the model is a standard RBC model.

Two countries: home and foreign

Each country produces a continuum of intermediate
goods indexed by i over [0...1].

Producers are monopolistically competitive, with market
power. Can choose different prices in the two countries.

These intermediate goods are combined to make final
goods, specific to each country, used for consumption,
Investment and government consumption.

Aggregator:
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- Production of intermediate uses capital (k) and labor (1):

- Capital accumulation subject to adjustment costs (X is
Investment)

- Complete asset markets: complete set of nominal state-
contingent bonds, where
0 S is history of events up to period t.
o B is holding of state-contingent bond
0 Q(s) is price of one unit of home currency in state s.
0 Q(s™,9) = Q(E™M/Q(S) is price of bond bought in &
and that pays off in s*,
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- Price setting:

- Index home firms i1 (0,1) and divide into N groups.

- In period t fraction 1/N of the home firms, i T (0,1/N), set
their price p(i) for N periods.

- Next period, firms indexed i I (1/N, 2/N set their prices,
and so on.

- The logic is that when a firm has the opportunity to reset
Its price, it will do so only partly, because it knows some
of its competitors have not reset their prices yet.

- Calibration will imply contracts last one year.
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Price setting problem:

and optimality conditions:

Where:

We will consider a simpler problem to aid interpretation...
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Aside: Simple version price-setting problem:

To deepen understanding, consider a simpler version of

price setting problem: (single-period predetermined price,
abstract from investment and state notation)

Suppose monopolistically competitive firm | faces demands:

c.(i)= 2xl)

o at home and
th
¢, (1)= pr;tH(tl) Cw abroad,

where firms takes overall demand ¢, andc w as given.

And production function: vy, (i) =c, (i) +c. (i) =AL(i)
Where labor is paid at wage rate W,
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Maximization problem:

max E Uy, (i)

Pre (1), P e (i)

:Et_l Uct(th( )CHt( )+q th( ) CHt(i)' WIT( I))
where profits over various periods and states are valued
using marginal utility of households, Uy,.
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FOC for foreign price, p'w (i), solve, and interpret
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Cont.

91



Back to interpreting price setting conditions from paper:

Q: like the marginal utility used for discounting above

P v. nominal marginal costs, like W/Aabove

:uncertain demand.
Sum over states: expected value

Sum over periods: price is average over optimal price for each
of period during the contract.
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Households:

- Infinitely lived, choosing consumption, labor, and money
demand, to maximize discounted sum of utilities U,

subject to budget constraint:

- Preferences: separable in consumption and leisure:
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- Usual first order conditions for labor supply, money
demand, and risk sharing:

- Note that iterating on the risk sharing condition implies
the following relationship between the real exchange rate
(g) and marginal utilities:

(A)
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- Government: assume a constant money growth process,
Injected by transfers:

With money distributed by transfers
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Calibrate one country to U.S., other to European aggregate.
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Findings:

- Run stochastic simulations, under shocks to monetary
aggregate. HP filter, and report moments of simulated
data.

- Benchmark case: good on volatility, not so good on
persistence. (See table 5 below.)
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Intuition for volatility: equation (A) above implies:

Lesson: With sticky price models of this type you generally
can generate as much real exchange rate volatility as you
want, by adjusting the risk aversion parameter.
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Lesson: But this trick does not help generate persistence.
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- Table further shows that many model extensions have little
effect (incomplete asset markets, sticky wages).

- Note that if the preferences are specified as non-
separable, this can raise persistence. But this comes at the
cost of losing all volatility.

- With nonseparable utility, the risk sharing condition is
affected also by leisure, not just sigma and consumption,
so the mechanism above is no longer at work.
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- An additional problem with main result above: it implies a
high correlation between consumption and real exchange
rate (also called the ‘Backus-Smith puzzle’: JIE 1993)

- The model implies a perfect correlation, as seen from the
risk sharing condition above:

- But in the data the correlation is varied and negative on
average.
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- Neither incomplete asset markets nor habits in prefer-
ences can break the counterfactual high correlation.
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2) Johri and Lahiri (forthcoming JIE)

This paper augments the model of Chatri, et al. with two
features to generate more persistence in the real
exchange rate:

1) Learning by doing in production: Higher production
today leads to accumulation of organizational capital by
a firm, which lowers cost of production in future.

2) Habits in leisure preferences: change in leisure today
affects marginal utility of leisure tomorrow
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Model: just like Chari et al in most respects:
- Two countries

- Monopolistically competitive intermediate producers,
selling to both countries

- Production using labor and capital
- Capital accumulation subject to adjustment costs
- Complete asset markets among households

- Price stickiness (but only one period stickiness)

105



Habits

- Specify preferences:

Where b>0 indicates habits.

- The labor supply first order condition becomes:

Where habits enter in the second term on the right side.

- S0 an extra unit of leisure raises the stock of habits
tomorrow.

- This helps generate persistence by spreading out over time
the rise in labor supply and output after a monetary shock.
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Specific utility function used here:

Like Chari, preferences are additively separable in
consumption and leisure.
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Production:

Production function:

where H represents organizational capital, which
depends on output yesterday.

Firm chooses price and organizational capital for the next
period to maximize profit:

Where Cis nominal cost:
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First order conditions for prices and H:

Price setting: term in {} shows that firms take into consider-
ation that pricing today affects organizational capital
tomorrow through effect on demand and hence output.

Last equation shows that the value of an additional unit of
organizational capital reflects both its implied cost
savings tomorrow as well as its positive effect on the
future stock of organizational capital.
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Why useful for persistence:

- When demand is high after a monetary shock, the firm
will choose not to raise price fully, so that it can gain the
organizational capital.

- This reduces costs in subsequent periods and further
lowers the desire of firms to raise prices in subsequent
periods.
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Calibration:

High risk aversion: sigma = 11 (needed to make Chari
trick work here for exchange rate volatility)

High home bias in preferences: al = 0.94.
Habit parameter from outside studies: b= 0.8.

Three parameters governing learning taken from small
number of outside studies on this. Implies that doubling
level of output reduces future production costs by 30%.
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Results

Solve linearized model and simulate under same
monetary shocks as Chari et al.

- Model without LBD or habits (‘benchmark’) has zero
persistence in the real exchange rate.

- The combination of LBD and habits delivers a serial
correlation of the real exchange rate of 0.80, which is
pretty close to the value of 0.94 in their data.

- Both features are needed to generate enough
persistence; either alone only gives serial correlation
around 0.45.

- Home bias in preferences necessary for persistence.

- Volatility is OK for all cases considered, given sigma.
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Note: high degree of persistence in LBD + habits case.
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Note: low persistence of case with no home bias.
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Questions for Discussion:

1)

2)

3)

Johri and Lahiri do not report the correlation of the real
exchange rate with consumption across countries. Do
you think their model can explain the “Backus-Smith”
puzzle?

JL claim volatility is not a problem, because you can
always raise the risk aversion parameter to get any
volatility you want. Do you agree? Is there a limitation?

Why does the case of no home bias in preferences in
JL generate no real exchange rate persistence, despite
the presence of learning by doing and habits?
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