Topic 5: Monetary Policy in the Open Economy

Part 1: Obstfeld and Rogoff (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).



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



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.



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




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

goods of the two-good index from before.
0
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This implies a price index as an index over the goods
consumer, just as we saw Iin lecture one in the case of

traded and nontraded goods:
1 1
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Where break up into home and foreign goods, assuming
that law of one price holds for each one.



This comes from the same sort of exercise used before Iin
this course for a Cobb-Douglas consumption index. What
IS the minimum cost of one unit of the consumption index.

P=minZ = jol p(z)c(z)dzd

L0 o
st. Dc(z) Z 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
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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*.



Budget constraint:
- Assume only asset traded is a riskless real bond (like

models earlier) with real return r.

- Household budget constraint: |
RBL+M{ =RQA+r)B' + M +p.(})y: (1) -RC/ - Rz

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.
Mt B Mt—l




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:

o[ p@)Y
c(2) c(z)( p(z))

Integrate over goods

ci(z) = [ p(z)}




- 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:

V9 (2) = {p(z)}
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

Ct+1 — ﬁ(1+ r:[+1)Ct

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.

M 1+1 . L
?tzc{ : “1] where i is nominal interest rate
t

It+1
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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.

- 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.
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- 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(h )_
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, = 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

18



Increase production, this will lower the price. So they
restrict production below efficient level.

- Plug these into the labor supply decision:

1
Yo=vio=( 22
0 0 9

- 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)—%yzj

1
optimal y=1> (%)2

This is iImportant 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:

e, =(m —m")-(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:

B F(1+ Q) + 260
6% -))

(Ct _ Ct*)

t

- 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

23



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: arise in home consumption relative 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: arise in home relative to foreign
output.
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Now Find world aggregates:

- Doing more manipulations not shown here, we find that:

)
== —— |M
1-5

So If either country increases its money supply, this will
make the common world real interest rate fall.

- And find that:
¢’ =—(1-p8)r,
So a fall in the interest rate will raise world consumption.
In fact:

e =m =y
- Summarizing: Tm" >4y r->Tc" =y"
- 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 kKnow 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 =S M
0 0
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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) DSGE Implementation (Kollman JIE 2001):
- 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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shocks t.
- Statistics Money sho H,B.PTR Data
Standard deviation {in %):
Output 2.008 2.07§ 1.85
Consumption 2.67 2.68 1.59
- Hours worked 2.00§ 2.17t 1.46
~ Net exports +2.568 2.61§ 2.42
Price level 0.61 0.62 1.62
Money supply L.77%.. _1.77t 2.50
Nominal interest rate 0.338 '0.38§ 0.

Neminal exchange rate S.45§ 6.15§
Real exchange rate | 5.33§ 5.78%
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Correlation with
demestic output: '
Consumption 0
Hours worked 1
Net sxports =0
FPrice level 0
Money supply 0.
Nominal interest rate -0
Nominal exchange rate 0
Real exchange rate 0

Autocorrelation:

Cutput 0.
Nominal exchange rate (D.
Real exchange rate 0.

Correlation between nominal
and real exchange rate: (ﬂ.

.98
.00
.92
.29

57

.39
.99
.98

71§
68+
68§

99

.95
.91
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.28
.56
.23
.80
.87
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0.73§
0.69¢
0.66§

0.95§

0.75
0.58
0.24
~-0.63
0.27
0.03
-0.16
-0.06

0.77

.82
0.79
e

e
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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 2) Sticky Price Models and Exchange Rate Puzzles

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:

1 ple I p/aql/p
y(s*)=[a1(f yﬁ(s'.s’}ﬂdi) +ag(f yf(e',s")f’df) ] |
0 0
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- Production of intermediate uses capital (k) and labor (I):
ya (i, s") + g, s") = FkG,s'™"), 1G, s")),

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

: ot
kG, s') = (1 — 8)k(i, s 1) + x(i, s") — @(k‘ff{l;f_i})k{f, s 1,

- Complete asset markets: complete set of nominal state-
contingent bonds, where
0s'is history of events up to period t.
0 B is holding of state-contingent bond
0 Q(s") is price of one unit of home currency in state s
0Q(s™,s") = Q(s")/Q(s) is price of bond bought in s'
and that pays off in s,
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- Price setting:

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

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

- Next period, firms indexed 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:
maxy " Y QEONPrG, s Hyni,s') + el PG, sy s
— P(sHw(sHI, s — P(s")x(@, 5]
and optimality conditions:
YT Y QT PTG, sT) A (sT)
oy NIy L QT AR (sT)
N-1
hL Dt QHP(sTHv(E, sT)AY(sT)
9 ZI+N 1 Zsf Q(ST)B(SI-)A:}}(SI)
Where: v(i, s’) is the real unit cost w(s’)/F(i, s")
- —f
Ar(sh) = [a1P(s)]T Pr(s'=")T=00D y(s')

_ —f
A5 = [aa P*(s")]T5 P2 (s~ 1) =001 y*(s1)

Py, s 1 =

P} (i, s"!

4]

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:

.\ O\ 4
Cue (1) :[ p';t (I)] Cpp at home and
Ht

oo [P (i)Y

C (1)=| — cw abroad,
P Ht

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

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

max E [Ugz ]

Pre (1), He (i)

:Et—1|: Ct(th(l) ()+eth()C Ht()_WtL‘(i))]

where profits over various periods and states are valued
using marginal utility of households, U,;.

Sul_:)stitute In production and then demand functi_ons:

max E,_,| U, ([ Du (i)_%jcm (i)+(et P (i)—%)c*m (i))

[ N\ A _/  raN\"H
max E,_,| U, [th(i)_VX:j(pl;)tH(tl)j cHt+[etp*Ht(i)—VZ:j p'::H(tl)} C*HtJ

\ i
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E ]

\

U

ct

[et p e (i)

W

A

FOC for foreign price, pw (i):

tj(—ﬂ)[ ppH*H(ti)jﬂl p}Ht C'h +[

Impose symmetry (and the unit interval of goods): p™w (i) = p w

E., {U LC e Het P h (i ) W

A

j(—ﬂ) 1

*
P Ht
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Interpret: price as a markup over marginal cost, augmented
by expectations about demand, marginal utility, and
exchange rate.
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If take a linear approximation of this condition around a
deterministic steady state, as done in RBC literature:

ﬁ*Ht = Et—lwt - Et—l'A\ - Et—lét

The repeated terms drop out, and it becomes simpler.

Note: To represent this conditional in a stochastic linear
system, need to define expectation terms, which will involve
a non-invertible matrix. This rules out solving the system by

the method of Blanchard-Kahn. Need an alternative not
requiring matrix inversion, such as QZ decomposition.
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Back to interpreting price setting conditions from paper:
T Y OGPV, s A (sT)
92”” 'Y QT AL (T
) o Lo Dr Q6D s)AL 6T)
0y Ny Q(sDe(sHAY (s7)
Q: like the marginal utility used for discounting above

Py, s =

L]

Ph (i, s'™

P v: nominal marginal costs, like W/A above

D p—0
An(s") = [a1P(s)]T7 Pu(s'™")T=P@D y(s").  ncertain 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:

P(sDe(s) + M) + ) 06" 5B
St+

< P(s"w(s)I(s") + M(s"™") + B(s") + (s") + T (s")

- Preferences: separable in consumption and leisure:

n—1 1

i = _ =y
e 0o
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- Usual first order conditions for labor supply, money
demand, and risk sharing:

U t
B U:({;)) = w(s),

Un(s')  Uec(s") 41, o Ues™)
PGs')  P(sh) +ﬁzs:+1”(5 1) Bty =0
U.(s") P(s' Y
Ues(s'™1) P(s?)

O(s"|s" "y = Br(s" s

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

U*(s")

Ue(s?)’ (A)

q(s') =«
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- Government: assume a constant money growth process,
Injected by transfers:

M(s') = p(sHM(s'™
log uy = pplog pe—1 + eps

log uy = pulogu_; + ¢},

With money distributed by transfers

T(s") = M(s") = M(s"")
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Calibrate one country to U.S., other to European aggregate.

Parameter values

Benchmark model
Preferences
Final goods technology
Intermediate goods technology
Money growth process

Variations'
High exports
Nonseparable preferences

Real shocks
Technology

Government consumption
Taylor rule
Sticky wages
Incomplete markets

B=099 ¢y =10,y =5,6 =5,1n1=039, 0w =094
p=1/3,a; =094, a; = 0-06
a=1/3,=0021,6 =09, N =4

pyu = 0-68, corr(ey, SE) =0-5

a; =0-76,a, = 0-24
£ =2.25

pa = 0-95, var(e4) = var(e’) = (0-007)%,

corr(e 4, £3) = 0-25

pg = 0:13, pe = 0-97, var(eg) = var(s;‘;) = (0-01)2

pr =079, ax = 2:15, ay = 0-93/4, corr(er, g) =05
=087, M=4

Same as benchmark model
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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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TABLE 5

Exchange rates and prices for the models’

Variations on the benchmark economy*

Benchmark High Nonseparable Real Taylor  Sticky Incomplete

Statistic Data® economy exports preferences shocks rule wages markets
Standard deviations
relative to GDP1
Price ratio 0-71 3-00 3-26 0-02 298 1-35 2-11 298
(0-75) (0-77) (0-00) (0.74) (0-33) (0-59) (0-75)
Exchange rate
Nominal 4.67 4.32 4.27 0-07 4.27 4-66 4-14 4.22
(0-80) (0-79) (0-01) (0-80) (0-66) (0-80) (0-78)
Real 4-36 4.27 409 0-05 4.26 4.98 4-35 4-19
(0-72) (0-67) (0.01) (0-71) (0-72) (0-83) (0-71)
Autocorrelations
Price ratio 0-87 0-93 0-92 0-81 0-93 0-92 0-95 0.93
(0-02) (0-02) (0-06) (0-02) (0-02) (0-02) (0-02)
Exchange rate
Nominal 0-86 0-69 0-69 0-83 0-69 0-46 0-69 0-69
(0-08) (0-08) (0-05) (0-08) (0-10) (0-08) (0-08)
Real 0-83 0-62 0-58 0.77 0-62 0-48 0-69 0-62
(0-08) (0-08) (0-06) (0-08) (0-09) (0-08) (0-08)

Cross-correlations
Real and nominal
exchange rates 0-99 076 0-70 0.-98 0-76 0-96 0-88 0-75
(0-06) (0-07) (0-00) (0-06) (0-01) (0-04) (0-06)




Intuition for volatility: equation (A) above implies:

The high volatility of real exchange rates comes from our choice of a high curvature
parameter o, which corresponds to a choice of high risk aversion. To see the connection between
volatility and o, log-linearize the expression for real exchange rates, (14), to obtain

G =A@ — &)+ B(h —m*) + D — %), (18)

where a caret denotes the deviation from the steady state of the log of the variable and m, m*
denote real money balances. The coefficients A, B, and D are given by

_CU(T’ B — _mec*mi D= _fUm’

UC U(_' U(‘

evaluated at the steady state. For preferences of the form (15), the coefficient of relative risk
aversion A is approximately equal to the curvature parameter o = 5, B is unimportant, and
D = 0. (The actual values are A = 4-96 and B = 0-04. Notice that A is only approximately
equal to o, because of the nonseparability between consumption and money balances.) Thus, for

our preferences,

A=

std(g) . std(¢ — ¢*)
=0
std(y) std(y)

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.

60




1.0

8 -
Autocorrelation
(right scale)
bpE—~——=-=--"- - T T T 7 7

4 — Standard Deviation
Relative to that
of Output

(left scale)

Relative Standard Deviation

0 I | | I I |

——

—0.6

0.8

—10.4

—0.2

1 2 3 4 5 6 7
Curvature Parameter ¢

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.

. n—1 —L | —or
U(c,l, M/P) = [(mc”Tl + (1 —f:z;u)(M/P)T)yI a —1)5] /(1 - o).
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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:

U (s")
Uc(s') ’

q(sr) =K

- But in the data the correlation is varied and negative on
average.
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TABLE 7

The correlation between real exchange rates and
relative consumption among five countries during

1973:1-1994 : 47
France  Germany  Italy U.K.

U.S. —0.06 —0.15 —-0.35 -048
France 0.24 -0.17 0.05
Germany —0.08 0.17
Italy 0.14

"The table reports the correlation between bilateral real
exchange rates g; and relative consumption ¢; — ¢;.

- Neither incomplete asset markets nor habits in prefer-
ences can break the counterfactual high correlation.
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2) Johri and Lahiri (2008 JIE)

Questions for class discussion:

1)

2)
3)

4)
5)
6)

What two new features does this paper add to the model
of Chari et al.?

Have we seen one of these before? How different?

Why should these two model features help explain real
exchange rate persistence?

How is home bias important to this result?
How is the intertemporal elasticity important here?

Do you think this model can explain the Backus-Smith
puzzle also?
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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)
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Habits

- Specify preferences:

t_ Jt—1 M(s*)
>3 tr(eo (el 16 ), 5 )

Where b>0 indicates habits.

- The labor supply first order condition becomes:
L,-*E(qt} —|_sz St J‘ r f+J\J|[E(St—l:|

qt} - qt} U, Sf l:l

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:

] | . M(s) | A 1
U (c{s’:]:f{sﬁ}—bi(gt Y, P{Et}) = —Z(s")' "7+ ¢ [I(s") —bl(s*Y)] T /(1 —€).

where

7 ) AN e JI{St} (;r.ﬂ:-_]].f-;; 71
] oy 5 |'r g |' I o '
A [”"ﬂf.»t} e+ - w) (I' (s?) )

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

Production function:
F(K(z,s7"),N(2,s),H(z,s")) = N(z,s")*K (s, s ) H(z,5" )"

where H represents organizational capital, which
depends on output yesterday.
H(i,s%) = H(s,s7 ) 7y(s, s*)".

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

S Y o s) =3 S o) [Ph{i, S Dyn(i, s°) + e(sH) P (4, sy (4, ) — € (i, st}]
t gt t gt

Where C is nominal cost:

1

"= qt oo
C(s,s') = P(s")B (w{sﬁ}ﬂﬁ-{s*}“’ H?j Z;_jl)g)
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First order conditions for prices and H:
> Q(sH)yn(z, s7) {melz, s¥) — nA(s, s°)H(z, s 1) y(e, s5)7 1}
0> o Q(s")yn(z, s%) :
S Q(sM)yk(z, ) {mc{z’: s*) — nA(e, s*)H(z. Sr_')’-’y{é._ Sr)”_l}
0> s Q(s")e(s)yp (2, 5) :

#\{3‘ St} _ Z'Q(St—l) ( E ) é{i: 5—1+le +-'“r}t{i.St+I}H[:3'_St:lr-"_ly[:i_st_H)”
o ot a+0/) H,s") S ’ ' ?

Py(i,s5 1) =

P18 1) =

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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TABLE 1.

PARAMETERS FOR BASELINE CALIBRATION

Parameter Value Comment

W 094 Preference parameter

) 0.39 Preference parameter

[ Calibrated Preference parameter

a 11 Intertemporal risk aversion parameter

£ a Controls elasticity of labor supply

b 08 Habit intensity

8 0984 Discount factor

o 1/3 Controls the elasticity of substitution between home and foreign goods
) Calibrated Controls elasticity of substitution between home goods
ay 0.94 Home goods production share parameter

as 0.06 Foreign goods production share parameter

o 06 Labor share of output

O 04 Capital share of output

) 0.021 Depreciation rate

v Calibrated Adjustment cost parameter

¥ 05 Coefficient on H; in learming function

n 1 Coefficient on Y; in learning function

g 04 Output share of organizational capital
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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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TABLE 2: PROPERTIES OF THE MODELS

Jc/y 91/)y ONJY UTgq/y UTe/y Py Pe Pq.e
US Data 095 266 078 550 629 094 095 099
Benchmark 055 266 1656 565 748 -001 066 092
LBD + Habits 0.55 2.66 1.22 5.67 5.11 0.8 0.76 0.97
CKM 4 quarters 083 158 244 424 693 071 089 049
LBD only 056 266 145 518 620 048 073 092
Habits only 55 266 166 535 640 45 67 097
Exog. LBD+Habits 055 266 130 564 548 073 072 097

Note: high degree of persistence in LBD + Habits case.
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TABLE 3: SENSITIVITY OF RESULTS

Oc/y 91/y ON/Y UGg/y UTe/y Pqg Pe Pg.e

US Data 095 266 078 550 629 094 095 099
LBD + Habits 0.55 2.66 1.22 5.67 5.11 0.8 0.76 0.97
Low LBD + Habits 055 266 133 5533 572 067 071 099
LBD + Low Habits 055 266 133 536 581 065 074 0098
No Home Bias 055 266 118 527 696 0 065 0.76

g=25 09> 122 116 413 378 07 072 098

Note: low persistence of case with no home bias.
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Questions for Discussion:

1) Do you think their model can explain the “Backus-Smith”
puzzle?

2) 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?

3) 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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