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Abstract

A common finding in the international-economics literature is that the elasticity of
substitution between domestically produced and imported goods is smaller in the short
than in the long run. Despite this, most of today’s commonly used macroeconomic models
assume this elasticity to be constant. This paper studies the implications of relaxing the
assumption that the elasticity is constant over time horizons, through the modeling of
habit formation. Compared to the standard model without habits, the proposed dynamic
demand model exhibits substantially more volatile exchange rates and can generate higher
real exchange rate persistence in the presence of interest rate smoothing. A high volatility
of the exchange rate turns out to be optimal in this model and is hence not an artefact of
the assumed monetary policy rule. Moreover, the dynamic demand model outperforms

the standard model in terms of matching moments in data for a number of other variables.
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1 Introduction

There is ample empirical evidence that shows that the elasticity of substitution between
domestically produced and imported goods is smaller in the short than in the long run —
see McDaniel and Balistreri (2003) for a summary. Studies such as McDaniel and Balistreri
(2003) and Ruhl (2008) have further shown that the elasticity of substitution is of fundamental
importance for policy analysis. However, in international business cycle models, this elasticity
is generally assumed to be the same for all time horizons.! There may thus exist non-negligible
flaws in policy analysis models and the recommendations based on those, indicating a need to
improve the models along the international dimension. This paper presents an intuitive and
convenient way of separating the elasticity of substitution in the short and the long run, and
studies the implications of this for monetary policy. Compared to the standard model, the
proposed model is more in line with data and delivers some interesting policy implications.

This paper starts from two observations. One is the above mentioned common finding
in the international economics literature that the elasticity of substitution between imported
and domestically produced goods is smaller in the short than in the long run. The other
starting point is the exchange rate disconnect puzzle, listed by Obstfeld and Rogoff (2000)
as one of the six major puzzles in international macroeconomics. As pointed out in their
paper, “exchange rates are remarkably volatile relative to any model we have of underlying
fundamentals” (p. 380). These two observations may well be interrelated. Reducing the
elasticity of substitution in the short run, as observed in data, should force international
goods markets to clear to a higher extent through fluctuations in relative prices. When
prices are sticky and central banks try to stabilize inflation, these relative price adjustments
will take the form of changes in exchange rates.

I provide a simple micro-founded way of reducing the short-run elasticity of substitution
in a standard international business cycle setting without altering the long-run properties
of the model. This is done by introducing country-specific habit formation. Here, country-
specific refers to habits being introduced separately for domestically produced and imported
goods. More specifically, what affects the household’s choices is the last period’s aggregate
consumption of domestically produced goods and the last period’s aggregate consumption of
imports. With different elasticities of substitution in the short and the long run, demand
adjustment is not constant over time; thus I refer to this model as the dynamic demand
model. The standard modeling of demand, which is a special case of the more general
demand specification presented in this paper, is referred to as the standard DSGE model.

The country-specific habits setup introduced in this paper resembles the deep-habits set-
ting by Ravn, Schmitt-Grohé, and Uribe (2006) in that the habits are formed separately for

different goods. This can be motivated by the presence of consumer switching costs affecting

'For examples of business cycle studies, where the constant-elasticity-of-substitution specification is the
standard way of modeling consumers’ demand, see Gali and Monacelli (2005), Benigno and Benigno (2006),
or Chari, Kehoe, and McGrattan (2002).



the agents choices, as in for example Klemperer (1987, 1995). However, while intuitively plau-
sible, the latter setting severely complicates the model derivations. The semi-disaggregated
habit formation imposed in the present model should be viewed as a convenient middle course,
enabling the study of the international dimensions of habit formation without loosing much
of the analytical tractability of the standard New-Keynesian model setup. It renders the
supply side of the model unchanged, making it easy to include in a model featuring nominal
rigidities. The modeling feature presented in this paper is thus demonstrated in a frame-
work well suited for studying monetary policy. I study the implications for monetary policy
assuming first that it follows a Taylor rule, and second that it is conducted optimally.

The main results can be summarized as follows. With the benchmark calibration, the re-
sponses of both real and nominal exchange rates are approximately twice as large on impact
in the proposed model compared to the standard. Hence, allowing for elasticities of substi-
tution to be varying over time horizons, we do not only obtain a more flexible and accurate
description of consumer demand, but also take a step towards an explanation of the observed
exchange rate volatility. A comparison between the dynamic demand and the standard DSGE
models indicates that the inclusion of country-specific habits improves the model’s perfor-
mance in important ways. In addition to increasing the volatility of the exchange rates, it also
brings the volatilities of some other variables and the correlations between variables overall
closer to data. Assuming that monetary policy follows the classical Taylor rule, the volatility
of exchange rates increases compared to the standard DSGE model, reconfirming the impor-
tance of the elasticity of international substitution for the workings of open-economy models.
It should be pointed out that in the present model a high volatility of the exchange rate
also turns out to be optimal. It is hence not an artefact of the assumed monetary policy
rule. In fact, under the model-implied welfare-maximizing monetary policy we obtain even
stronger responses in exchange rates to shocks than under the classical Taylor rule. Finally,
assuming that the monetary policy authorities have a preference for interest-rate smoothing,
the dynamic demand model generates more persistent real exchange rates than the standard
DSGE model, matching the persistence found in data.

The rest of the paper is organized as follows. Section 2 provides a short overview of
related literature. In Section 3, the model is introduced and developed. Section 4 contains a
description of how monetary policy is conducted, and Section 5 a discussion of the calibration
choices. In Section 6 simulation results are presented, starting with the outcomes under the
rule-based monetary policy. These are followed by the results under optimal policy, as well as
comparisons of the simulated second moments of the model with the corresponding ones in
data. In Section 7, the sensitivity of the results to changes in calibration and an alternative

modeling specification are discussed. Finally, Section 8 concludes.



2 Related literature

The topic of concern in this paper relates to at least three different branches of the macroe-
conomic literature. Some of the relevant contributions to each of these are discussed below.

The first one is the literature dealing with the elasticities of international substitution.
The amount of available estimates is vast, especially so for the US, but many of these are

plagued by biases and problems of identification.?

In their survey of the literature over
the last thirty years, McDaniel and Balistreri (2003) summarize the robust findings that
emerge. Generally, long-run estimates are found to be higher than short-run ones, sometimes
considerably so. Furthermore, cross-sectional studies generally arrive at higher estimates
than time series studies, which has been attributed to the former capturing the long-term
differences in trade flow levels that the latter cannot. While time series estimates of short-
term elasticities are often found to be around unity or even lower, long-term estimates can be
as high as 10 or even 20.> Of course, methodological differences between studies are bound
to affect the estimates. Though most studies focus on one time horizon or the other, some
specifications allow for estimation of both, thus offering a sense of the difference in magnitude
that cannot be attributed to methodology. One such study is Gottfries (2002), who estimates
the long-run elasticity to be more than ten times the short run one. Specifically, applying
instrumental-variable methods, Gottfries (2002) finds that the within-quarter elasticity of
Swedish exports is 0.27, while the long-run elasticity equals 3. Gallaway, McDaniel, and
Rivera (2003) estimate short- and long-term elasticities on US data and find the long-term
elasticity to be up to five times the short-term one.* The findings from these studies can and
will be used to infer the appropriate calibration of the habit parameter in our model, as there
exist no direct estimates of this parameter in earlier studies.

A second body of literature raises the issue of how monetary policy optimally should be
conducted in open economies. Gali and Monacelli (2005) study monetary policy in a small

open economy setting, finding that, in the special case of log utility and a unit elasticity

2 As pointed out already by Orcutt (1950), a standard regression of quantities on prices yields an estimate
that is some weighted average of the price elasticities of supply and demand. Simultaneous shifts in both
the demand and the supply schedules are likely to occur, which makes it impossible to clearly distinguish the
response of demand to price changes in the standard reduced-form setting. As emphasized further by Leamer
(1981), a negative estimate should be treated as an estimate of a demand curve and a positive as an estimate
of a supply curve, but in either case the obtained elasticity estimates are biased toward zero.

3 An elasticity of substitution below unity is often considered theoretically unappealing, as it implies that
all goods or, as in our case, both the basket of domestically produced goods and the basket of imported goods
are essential to obtain utility. This, in turn, would imply that even with an infinitely high price, one would
still demand some amount of both types of goods. While this may seem implausible in the long run, it may
not be unreasonable to assume that both types of goods are indispensable in the short run, as adjustment is
not likely to be immediate. In the rest of this paper, hence, I will restrict the long-run elasticity of substitution
to be higher than unity, but place no such restriction on the magnitude of this elasticity in the short run.

4As theirs is a simple single-equation time-series analysis, however, their estimates may suffer from endo-
geneity problems. Moreover, a non-negligible fraction of their estimated elasticities turn out to be insignificant.
For other estimates of short-term elasticities, see for example Hooper, Johnson, and Marquez (2000) who esti-
mate trade elasticities for the G7 countries. For further examples of long-term elasticities, see Feenstra (1994)
and Broda and Weinstein (2006), among others.



of substitution, the optimal policy requires that the domestic price level is fully stabilized.
Furthermore, comparing three simple monetary policy rules, the authors find that they can be
welfare ranked in terms of their implied volatility for the nominal exchange rate and the terms
of trade, so that the policy that implies the highest exchange rate volatility is the highest
ranked.® Benigno and Benigno (2006) study optimal monetary policy in a two-country setting
finding that, generally, there are gains from policy cooperation.

Finally, related to this exercise and worth briefly discussing is the literature on non-
standard preferences, specifically habit formation in consumption. Habits imposed on the
aggregate consumption level are frequently seen in the literature; in fact, practically any
DSGE model that is taken to the data incorporates habits on the aggregate level in order to
match the empirically observed consumption persistence.® Although this type of habit spec-
ification is the by far most predominant one, other types exist in the literature. Ravn et al.
(2006) allow for consumers to form habits over specific goods. They thereby manage to suc-
cessfully match important features of firms’ pricing, as the deep-habit-formation assumption
generates countercyclical movements in markups. Ravn et al. argue that their model can be
viewed as a natural vehicle for incorporating switching-cost/customer-market models into a
dynamic general equilibrium framework. However, habit formation on the level of individual
goods severely complicates the supply side derivations, and Ravn et al. (2006) do not include
any nominal rigidities in their model.”

Preceding the study by Ravn et al. (2006), there is a body of literature dealing with
the issue of consumer switching costs.® It presents convincing evidence that consumers per-
ceive it as costly to switch to consuming new brands due to information costs, which affects
consumption choices. As discussed by Klemperer (1987, 1995), there are also physical costs
involved in brand switching, such as transactions costs or contractual costs. The brand loy-
alty that this results in certainly resembles the phenomenon we model as habit formation, at
least on the disaggregated level. In a macroeconomic setting the degree of aggregation in any
macro model is then chosen facing a tradeoff between realism and analytical simplicity. In

the present paper, I impose habits on a semi-disaggregated level. The advantage of the type

5Excess smoothness in the nominal exchange rate, when combined with sluggish nominal prices, slows down
the adjustment in relative prices following shocks. Consequently, the lower the exchange rate volatility implied
by a policy, the lower is that policy ranked in welfare terms. It is a general finding that there are either no
or small performance improvements from including the real exchange rate into the policy rule — see Taylor
(2001) for a review of the literature.

5See Smets and Wouters (2003, 2007) and Christiano, Eichenbaum, and Evans (2005), among others. Tt is
worth noting that estimated values of the habit parameter, normally restricted to pertain to the unit interval,
are usually found to be quite high — see Fuhrer (2000), Guerrén-Quintana (2010), and Ferndndez-Villaverde,
Guerrén-Quintana, and Rubio-Ramirez (2008), among others.

"Following the work of Ravn et al. (2006), Moore and Roche (2008) model habit formation on the good level
in a two-good two-country model. While the idea is related to the one underlying this study, the framework
is very different from the one used here and not suited for the study of monetary policy, nor is the simpler
model setup easily generalized. Nevertheless, Moore and Roche (2008) find that exchange rate volatility is
significantly increased in their model, indicating that the inclusion of habit formation on the international
level is a promising approach.

8See, for example, Gottfries (1986), von Weizsicker (1984), Klemperer (1987, 1989, 1995), Beggs and
Klemperer (1992), and Stango (2002).



of habit formation modeled here is that it considerably simplifies the analysis relative to the
deep-habits model, while still having substantial effects on the dynamics of the international

relative prices.

3 The model economy

The implications of the dynamic demand assumption are studied in a two-country dynamic
stochastic general equilibrium model, featuring imperfectly competitive firms and staggered
price setting as in Calvo (1983). We keep the model as simple as possible, to make the
implications of this assumption clear and intuitive. Habits are external or, in other words, of
the keeping-up-with-the-Joneses type, and can thus be seen as a consumption externality. The
world consists of two countries, Home and Foreign. Each of the two economies is populated by
a number of households defined over a continuum of unit mass, and assumed to be immobile
between countries. The firms in the two economies each produce a differentiated good using
the same production technology, with labor as the only input. Firms are indexed by %, while
households are indexed by j. The subscripts H and F' denote consumption and prices of
Home and Foreign goods respectively, while an asterisk denotes allocations and prices in the
Foreign country. In other words, the subscripts H and F' refer to the origin of the good,
while the asterisk refers to where it is consumed, so that C'r denotes the Home agents’
consumption of Foreign goods, C}; denotes the Foreign agent’s consumption of Home goods,
etc. The economy is assumed to be a cashless limiting economy, following Woodford (2003).

Finally, asset markets are assumed to be complete both internationally and domestically.

3.1 Preferences

The expected lifetime utility of the Home household j is given by
vi =8>8 {u(ctie) —o (1)} &)
t=0

where Ctj and L{ denote household j’s time-t consumption and labor supply, and (3 is the

household’s discount factor. The utility function w is given by

1

—5 (2)

w(Cl; &) =&

where & denotes a preference shock at time ¢, the process of which will be further specified

below. The disutility of labor v, in turn, is given by

1

v(L]) = Tro

(L)' (3)

In each of the two countries a continuum of differentiated goods, defined on the unit



interval, is produced. The consumption indices of Home and Foreign goods, Cx and Cp,

respectively, are then defined as follows

cl = [/Olcf(i)“al dirl cl = [/Olcf(i)"ol diral : (4)

where o > 1 is the elasticity of substitution between the individual differentiated goods.
Each individual household’s consumption consists of aggregates of differentiated Home and
Foreign goods, so that the total consumption basket is defined as an aggregate of the two

types. Specifically, I define

. -1
0j = [(1—wt>ic§{,z o (5)

2=
<.
3
q\‘

L

| I
3

L

where C}‘{t is household j’s consumption of the Home-produced goods, Ci,t is the corre-

sponding consumption of Foreign-produced goods, and the time-varying import share w; is

defined as
yl=h Cri1 h
wp = o (6)
L= (1 . I/)lfh CH,t—1 h + yl-h Cri—1 h
Ci—1 Ci1

Note that the denominator in w; is included only for normalization purposes, so that the

weights of the consumption index at all times sum to one. We thus focus on the numerator.
The parameter h determines the strength of habit persistence. Consumers form habits in the
shares of Home and Foreign goods consumed; the current period’s consumption level of a
particular basket of goods is multiplied by a function of last period’s consumption share of
that same basket. The parameter v denotes the steady-state consumption share of imports.”

When v is set to one half, consumption is split equally between domestic and imported goods,

1
)2
v =0, we end up in the extreme of no trade in goods taking place between the two countries.

while a value of v in the interval [0, 5) implies that there is home bias in consumption. If

In the above specification, 7 is the short-run elasticity of substitution between Home
and Foreign goods, while the long-run elasticity is given by 113 (see Appendix A.4 for
derivations). Hence, the habit formation introduced here can be thought of as adding a
rigidity in the short run affecting the international dimension of the model. The strength of
the persistence of habit formation can be varied with the parametrization of h. In the extreme
case of h = 0, equation (5) reduces to the standard specification where utility is affected by
current consumption only, in which case v becomes the only elasticity of substitution between
Home and Foreign goods. As h — 1, the long-run elasticity of substitution goes to infinity
independently of what value the short-run elasticity takes. Hence, the larger the value of h,

the more pronounced is the short-term rigidity and the larger is the difference between the

9That v equals the steady-state import share is clear from the steady-state result that @ = v. See Appendix
A.3 for details and derivations.



elasticities in the long and the short run.

As shown in Appendix A.1, with the above specification, the implied price index is

1

P= (- w)Piy +wPr”| (7)

Py = [/Olp(i)lg dz']lla Pry = [/Olp(i)lg dz']lla . (8)

The demand for Home and Foreign goods coming from Home consumers is given by

where

. Py
Cppy=(1- Wt)Tt & (9)
. Pr,~7
Chi=wp" O (10)

The price index and the demand functions are of the same form as in the Dixit-Stiglitz
framework, with the only difference that w; is now a function of last period’s consumption
shares instead of being a constant. Further details on the comparison with the standard setup
are included in Appendix A.2.

Finally, given that the consumers in the Foreign economy have identical preferences as
the consumers in Home, the demand for a particular Home good i, i.e. the demand that the

Home firm ¢ faces, is given by

. i)\ 7 X .

Yi(i) = (1;;( )) (Cruy+Chy] » i€0,1]. (1)
Ht

The preferences of the Foreign households equal those of the Home households with the

weight on the Home consumption aggregate now given by wy, defined as

(V*)l—h* (C;I,t71> '
w;k = h* Ct*_l h* (12)
oy (G2 o (G
C* C*

t—1 t—1

3.2 Technology and resource constraints

Each firm produces one single differentiated good, which is sold both in Home and Foreign,
acting under monopolistic competition. To keep the derivation simple, we assume producer
currency pricing, i.e. the firms set one single price in the currency of the country where the
firm is located.!” This assumption implies that there is full exchange rate pass-through into

import prices. All firms within a country use the same linear production technology, which,

0This assumption does not work in favor of increasing the volatility of the exchange rate. If anything,
assuming producer currency pricing may have a restraining effect on volatility — see discussion in Section 8.



for Home goods, is given by
Yi(i) = Xe L (i) (13)

Here, X; is the level of technology in the Home economy at time t.

The resource constraint in the Home economy is given by'!
Yy = Cuy + Ciyy (14)
where Y; denotes aggregate production in the Home country at time ¢.

3.3 Budget constraints and the household’s optimization

The Home households maximize the utility function given by (1), with u(C{;&,) and v(L?)
defined as in (2) and (3), subject to the sequence of budget constraints

. . . . 1 .
P,C} + Zq(st+1|st)Bj(st+1|st) < BI(sy|s™™Y) + W, L] +/ I (4)di . (15)
0

st+1

Agents consume Home and Foreign goods, and buy state-contingent bonds B(s;y1|s') at the
price q(s¢11/st) denoted in Home currency where s;11 denotes a possible state at time ¢ + 1,
and s' = (s4,8_1,...,50) denotes the history of events that have occurred up through time
period ¢.? The income comes from previous period’s bond savings, wages W; and profits II;.
It is assumed that every agent in the economy owns an equally large fraction of each firm in
the economy. The ownership of Home (Foreign) firms is restricted to the Home (Foreign)
population.

With complete financial markets, the expected marginal utility of income is equal across
agents. Having assumed a utility function that is separable in consumption and labor sup-
ply, we in addition have that the marginal utility of consumption depends on the level of
consumption only, implying that the consumption levels are equalized across agents within
a country. Hence, consumption is equalized across Home agents, why I henceforth omit the
household index j. The first-order conditions with respect to C; and B’ (s;y1|s!) combined,

after summing over all possible states at t + 1, yield the familiar Euler equation

wlCot) = RO {ucCungn) o) (10

where R; denotes the gross nominal interest rate. Combining the first order conditions with

T implicitly assume that there is a wholesale sector in the economy, packaging the continuum of differen-
tiated goods into the Home and Foreign aggregate goods according to consumers’ preferences. Remembering
that the total demand for Home good 4 coming from Home and Foreign is given by ¢;(i) and ¢} (), respectively,
and that for each individual good we must have that production equals demand, the final aggregator can be

o=1  Joo1 v o=l o] ooT
written as Y; = [fol yt(i)sz] ' [ 01 yi (i) dz] h
121t is understood that all other variables are state dependent as well. However, to simplify notation, I have
let C; denote C(s'), L: denote L(s"), etc.



respect to Cy and L;, next, we have

’UL(Lt) . %

uc(Cp, &) B (7

which tells us that the marginal rate of substitution between consumption and labor must

be equal to the real wage.

3.4 The firm’s optimization and price setting

Taking wages as given, firms minimize their expenditures, which yields the following expres-

sion for the firm’s nominal marginal costs:
MCy(i) = MCy = — . (18)

Note that, since the firms all face the same wage and the same technology, the marginal costs
are equal for all firms.

Prices are set in a staggered fashion as in Calvo (1983). A fraction (1 — «) of randomly
chosen firms are allowed to reset their price in each period. When allowed to change its
price, a firm maximizes the expected discounted value of its profits in the current period and
every future period during which it does not get the opportunity to reoptimize. Letting o*
denote the probability of the chosen price still remaining effective z periods ahead, the firm
maximizes -

B> (B Mgz (1= 7o) pr (1) Yigz () = Wiz L= (1)) (19)
2=0

subject to the sequence of demand functions

Vi) = (01 ) Ty, (20)

Here, I have defined
uc(Criz) DB
Pt+z UC(Ct) 7

and let 7, denote a tax on the firm’s profits. Using equation (17) along with the production

Ay = By (21)

function (13), we can derive the following optimal price:

1
—o(1 -1 e
o Et {ZC;O:O (aﬁ)z (1 + (P) MH—ZPt,ti—(z +<p)Y;f%l-J;<pXt+(z +<P)} e (22)
Pt = - - .
Ly {Zzio (apB)” Ptl,t+0zft+z0t+9zn+zTH,t+z}

Note that I have defined p%;, = p; (7) /Puys and Pyyy» = Pry/Pu4-, and that p; denotes

the price markup defined by

oc—1
= 1—7), 23
=T - (23)

10



and hence allowed to vary over time with 7:. Given that there is a continuum of firms in
the economy, and thus the law of large numbers applies, the Calvo price-setting assumption

implies that the evolution of the Home price sub-index is given by
1= om%}l +(1—-a) (p‘}{yt)lfg . (24)

3.5 Optimal risk sharing

Combining the Home bond price equation with its Foreign equivalent, we have

uo(Cer1) B uc(Ciyy)  Seby
uc(C) P ue(Cf) Sl

(25)

Iterating, we obtain the optimal risk-sharing condition

uc(Cr) Py uc(CY) So Fy
uc(Co) Pr uc(Cy) Sy P

Defining the real exchange rate as Q; = Stlef*, we have that

uc(CY)
UC(Ct) 7

Q=1 (27)

where ¢ = Zg((gg)) SOTI:O* is a constant depending on the two countries’ initial conditions. Using

the assumed utility function (2), we can write the optimal risk-sharing condition as

¢y — v (§—> Qicy. (28)
t

4 Monetary Policy

For the above model to be complete, we need to specify how monetary policy is conducted.
We model monetary policy in two ways: it is either assumed that the monetary authority
follows a Taylor rule, or, it is assumed that the monetary authority minimizes a loss function
derived from consumer welfare. In the second setting, the resulting monetary policy is the

optimal one.

4.1 Rule-based monetary policy

In the first part of the analysis, monetary policy is modeled as an interest-rate feedback rule,

R R, 1 \PE T Mo v, \ WY 1-pr
() (&) G = &
t

where ¢; is a shock to monetary policy at time ¢ and Y;* denotes the natural level of output.

given by

In the case of pr = 0, we obtain the classical Taylor rule as a special case. A positive value

11



of pr implies that the monetary authority has a preference for interest-rate smoothing.

4.2 Optimal monetary policy

In the second part of the analysis, we instead turn our focus to the optimal policy implied by
the model. To do this, we need to derive and optimize the model-specific objective function
of the monetary policy authority.

The welfare of each country is simply the expected utility of its representative consumer,

for Home given by

W = Ejy {2@ [U(Ctsﬁt) - /Olv(Y;f (i)§Xt)di]} : (30)

World welfare is then defined as the sum of the two countries’ utilities, so that
w 1 1 *

Following the methodology laid out in Benigno and Woodford (2008), I use the linear-
quadratic approach to the optimal policy problem. Hence, while the model equations are
kept linear, I derive a quadratic approximation to the welfare function. This is done by first
taking a second-order Taylor expansion of the utility function around the efficient steady
state, and then eliminating the linear terms in the obtained expression using second-order
approximations of the model equations. In practice, I form a system of equations using the
model’s conditions and find the linear combination of the equations of the system that exactly
offsets the linear terms in the welfare function thus leaving us with quadratic terms only, as
in Benigno and Benigno (2006). The details of these derivations are presented in Appendix
B.

When choosing the optimal monetary policy, I assume that the monetary authorities of
the two countries cooperate to maximize world welfare. As Benigno and Benigno (2006)
show that there are, in general, gains from policy cooperation, the analysis in this paper is

restricted to cooperative policy outcomes.

5 Calibration

The time period is one quarter. We focus on the case of two completely symmetrical countries,
i.e. all parameters are set equal for Home and Foreign. The openness parameter v is set to
0.25; in other words, a quarter of all goods produced within one of the countries is exported
to the other. Following Chari et al. (2002) and Benigno (2004) among others, the preference
parameters are chosen so that o = 10, yielding a steady-state markup of approximately 11 %,
and p = 2, yielding a Frisch elasticity of labor supply of one half. Furthermore, the risk

aversion parameter 6 is set to 2, a value representative of the range of values commonly used
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in the literature.'® The calibration of v and h deserves special attention, since a combination
of these governs the difference between the elasticities of substitution in the short and long
runs. I set the within-quarter price elasticity ~ to 0.3, based on the findings in Gottfries
(2002). In order to make the long-run elasticity of substitution, given by ﬁ, plausibly
large, I then set h to 0.9. This makes the long-run elasticity ten times the short-run one. The
discount factor f3 is set to 0.99, which approximately corresponds to a yearly interest rate of
4% in steady state. The Calvo parameter « is set to 0.75, yielding an expected price duration
of one year. Monetary policy is conducted according to the classical Taylor rule, with the
policy parameters i, = 1.5 and py = 0.5 as in the original Taylor (1993) study. To calibrate
the shock processes, I use the estimates obtained in Adolfson, Laséen, Lindé, and Villani
(2007).1* T set the persistence of the technology shock, px, to 0.909 and the persistence of
the shock to consumption preferences, p¢, to 0.935. The monetary policy shock and the shock
to the price markup are assumed to have no autoregressive component, following Adolfson
et al. (2007), Christiano, Trabandt, and Walentin (2011), and others. For the simulation of
the second moments of model variables we need to calibrate the standard deviations of the
shocks as well. These are set to 0.452, 0.151, 0.133 and 0.130 for the technology, consumption,
monetary policy and price markup shocks, respectively, based on the estimates in Adolfson
et al. (2007).

The calibration of the comparison model, i.e. the standard DSGE model (see Appendix
A.2), differs from the dynamic demand model only by the calibration of the elasticity of
substitution between Home and Foreign goods. Since this elasticity is constant over time
horizons under standard demand, it is chosen so that it equals the long-run elasticity in the

dynamic demand model, rendering the steady states of the two models equal.

6 Results

We study the impulse response functions following the shocks, assuming first that monetary
policy follows a Taylor rule, and, second, that monetary policy is conducted optimally. Then,
the second moments of the main variables of interest are presented and compared to data.
Finally, the present model is compared to a model that includes import-adjustment costs

instead of habit formation.

13Restricting ourselves to the studies using open-economy models similar to the present one, on one hand
we can find a number of papers that restrict the elasticities of the model to equal unity, as this simplifies
the workings of the model (see Gali and Monacelli (2005) among others). On the other hand, Chari et al.
(2002) and other papers following them, set the risk aversion parameter to values as high as 6, as this is the
value needed to generate a high enough volatility in the real exchange rate. As the exchange rate dynamics
in my model differ from the dynamics in a model with standard preferences, I choose a value of 6 that falls in
between these low and high extremes.

4 Adolfson et al. (2007) has the advantage of containing all of the relevant shocks, and providing estimates
of standard deviations that can be easily used for calibration purposes. As we will eventually look at the
volatility of some variable relative to the volatility of GDP, what matters in the end is not the absolute size
of the shocks but only their relative sizes.
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6.1 Impulse response functions under rule-based monetary policy

The impulse responses to unit shocks to productivity and consumption preferences are pre-
sented in Figures 1 and 2. The solid lines are the responses from the benchmark dynamic
demand model, and the dotted lines are the responses from the standard DSGE model with
h = 0, plotted for comparison.

The impulse responses in Figure 1, generated by the technology shock X;, display a
number of interesting features. Focusing first on the real side of the economy, we note that
the increase in total production is smaller with habits, compared to the standard model.
With less substitution towards Home goods taking place in the short run and, due to habit
formation being present also in the Foreign economy, exports respond less compared to the
standard DSGE model. The response of imports is not only smaller, but initially even turns
positive in the dynamic demand model. This is explained by the immediate increase in Home
households’ income, and hence total consumption, after the shock occurs, in combination with
a delayed response in the fraction of income allocated to each basket of goods. Eventually,
households substitute away from the more expensive Foreign good, but this substitution is
slower when habits are present.

In both models, a real depreciation is required because of the rise in domestic supply.
However, from the impulse responses in the third row of Figure 1, we see that the response
of both the real and the nominal exchange rate is substantially stronger in the model with
dynamic demand. The intuition behind this is simple. When the shock hits the technology
of the Home economy, Home goods can be produced and sold cheaper on the world market.
The relative price of Foreign goods thus increases, and substitution away from the Foreign
to the cheaper Home goods occurs. Compared to the standard model, however, the habit
formation present in the dynamic model mitigates this substitution effect in the short run.
As prices are sticky, the short-run change in goods’ prices is limited and, hence, practically all
of the adjustment needed to clear the international goods market following the shock occurs
through the exchange rate. With the benchmark calibration shown here, the responses of
the exchange rates, both real and nominal, are approximately twice as large on impact in the
dynamic demand compared to the standard DSGE model.

Looking next at the implications of the assumed type of habit formation for monetary
policy, we see that the dynamic demand model calls for a stronger response in the interest
rate than does the model with standard preferences. At the same time, the Foreign interest
rate needs not respond as strongly, as the demand is now directed to a lesser extent towards
the cheaper goods produced by Home. In the figure, this demonstrates itself through the
greater interest rate differential that we observe in the second-from-above right panel.'?
The impulse responses following the consumption preference shock & are presented in

Figure 2. The shock increases the households’” willingness to consume in the present period

15 As the model is kept simple for clarity, we have abstracted from for example non-tradable goods. This
then implies that the impulse responses of the terms of trade move together with the ones of the real exchange
rate, differing only in magnitudes. The former are therefore not shown here.
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Figure 1: Impulse responses to a unit shock to Home technology
under the classical Taylor rule
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Figure 2: Impulse responses to a unit shock to Home consumption preferences
under the classical Taylor rule
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and for some periods ahead as the shock is assumed to be persistent, creating an increase
in demand. Since there is home bias in the model, the increase in demand from the Home
households will to a larger extent affect the domestically produced goods, increasing their
relative price. As very little substitution takes place immediately after the shock, the increase
in the demand for Home goods is even more pronounced than in the standard model, causing
production to increase more. By the same argument, i.e. due to the lack of on-impact
substitution away from the more expensive good, the responses of imports and exports are
both muted in the short run.

With the demand for Home goods increasing, a real appreciation is required to take place
in both models. As with the technology shock, the exchange rate responds more strongly
in the model with dynamic demand. Qualitatively, the responses of the real and nominal
exchange rates are again similar between the two models, but quantitatively, we observe a
clear difference in the short-run responses. As expected then, given the dynamics of the
exchange rates, the interest rate differential is larger in the dynamic demand model than in
the standard DSGE model, almost entirely due to a weaker response in the Foreign country
during the periods immediately after the shock.

In the interest of brevity, the impulse responses to shocks to monetary policy and the
price markup are presented and discussed in Appendix C. The main conclusions from the
analysis of these shocks are largely the same as for the two shocks discussed above: we again
see that the responses of production and net exports are somewhat less pronounced in the
dynamic demand than in the standard DSGE model, while the responses of exchange rates

are magnified.

6.2 Impulse response functions under optimal monetary policy

The solution to the optimal policy problem yields the impulse response functions in Figures
3 and 4. As in Figures 1 and 2, the solid lines denote the responses of the dynamic demand
model and the dotted lines the responses of the comparison model with standard preferences.
We focus here on the technology and consumption preference shocks. The responses to the
remaining shocks are again discussed in the appendix. In the model with standard preferences,
optimal monetary policy implies complete stabilization of domestic inflation and the output
gap. This is not true in the dynamic demand model. Still, the fluctuations of these variables
are strongly reduced compared to the case of the classical Taylor rule. With optimal monetary
policy, the response in the interest rate becomes more aggressive and there is a much stronger
response in the exchange rates — real as well as nominal — compared to the Taylor rule. The
on-impact responses of the nominal exchange rate are up to four times stronger with habit
formation present compared to when the elasticity of substitution is restricted to be constant
over all time horizons. Moreover, the exchange rate responses have doubled compared to the
case where monetary policy is assumed to follow a Taylor rule. The increase in exchange rate

volatility when monetary policy is conducted optimally is in line with the studies by Taylor
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(2001) and Adolfson (2007), arguing that exchange rate should not be targeted by monetary
policy, as this would in fact reduce welfare.

Looking closer at the responses to the technology shock, we see that optimal policy calls
for a slightly positive inflation and a positive output gap following the positive shock. The
differences in the loss function derived from the dynamic demand model compared to the one
based on the assumption of the standard model, is the occurrence of quadratic terms related
to the time-varying import share. This introduces a tradeoff between stabilizing inflation
and stabilizing the output gap following any of the shocks.' These fluctuations of inflation
and the output gap are minor, however, compared to the responses under the Taylor rule.
Roughly speaking, the optimal policy is still to stabilize domestic inflation, and thus the
output gap.

The implications of optimal policy following a consumption preference shock display a
similar pattern: the sign of the, now weaker, output gap response is reversed compared to
the case of the Taylor rule, and the response in the interest rate is notably stronger. The
on-impact response in the exchange rate is increased compared to the model with the Taylor
rule, with the response in the dynamic demand model being three times as large as the
response in the standard DSGE model.

In summary, when the elasticity of international substitution is allowed to take on different
values in the short and in the long run, optimal policy calls for a stronger interest rate reaction.
This results in much larger fluctuations in real and nominal exchange rates than when the
elasticity is assumed constant over time horizons. Moreover, there exists a tradeoff between
stabilizing inflation and stabilizing the output gap, implying that neither is fully stabilized,

although their fluctuations are small in magnitude.

6.3 Simulated second moments

Complementing the analysis of the impulse response functions, this section presents second
moments based on simulations of the dynamic demand model, as well as the standard DSGE
model used for comparison.

Table 1 presents the standard deviations of the main variables of interest in our model,
namely the international prices, as well as the interest rate, all as a fraction of the standard
deviation of output.!” In the rightmost column, the same measures based on data for Sweden,
United Kingdom and United States are presented as a reference point. These countries have

been chosen as examples of a small, a medium-sized and a large economy, respectively.

In the standard DSGE setting, no such tradeoff exists following a technology nor a preference shock, as
can be seen in Figures 3 and 4, where both of these variables are fully stabilized. Following a markup shock,
however, such a tradeoff is present even in the standard model.

1"The numbers for the n/o\minal fieprec/iﬁtion rate, the real exchange rate, the terms of trade and the interest
rate are computed as s:iﬁf, szg, s:ffg, zzjg, respectively, where TT' = Pp/Pg denotes the terms
of trade. The nominal exchange rate is here presented in differences rather than levels, since its level is
indeterminate in the model. This is true for any nominal price in the models of the sort we are dealing with
here.
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Table 1: Standard deviations of international prices and the interest rate
relative to output in models and data

Taylor rule | Optimal policy Data
h=09 h=0]|h=09 h=0 | Sweden UK US

All shocks
Nominal depr. 1.85 0.62 3.06 0.56 1.41 1.81 1.83
Terms of trade 2.18 0.75 2.87 0.72 1.19 221 2.28
Real exch. rate 1.09 0.38 1.44 0.36 2.14 3.37 237
Interest rate 0.39 0.19 0.60 0.10 0.54 0.67 0.87

Tech. shocks only
Nominal depr. 1.79 0.59 3.07 0.56
Terms of trade 2.18 0.75 2.89 0.72
Real exch. rate 1.09 0.38 1.44 0.36
Interest rate 0.26 0.11 0.60 0.10

Note: The numbers in the three rightmost columns are obtained using quarterly data from
OECD Economic Outlook No. 90 covering the period 1993q1-2010q4. The depreciation rate is
computed from the nominal effective exchange rate; the real exchange rate is measured as the
competitiveness indicator based on relative consumer prices; the terms of trade are computed
as the ratio between the imports deflator and a the total domestic expenditures deflator; and
the interest rate is the gross short term rate. Output is measured as real GDP per capita;
to transform the data into per capita terms, I have used total population data from OFECD
Employment and Labour Market Statistics. As population data is not reported at quarterly
frequency, I use the highest frequency available (for Sweden and US, mid-year and end-year; for
UK, mid-year estimates) and assume growth to be constant between each pair of consecutive

observations.

The numbers are averages of 100 repeated simulations of the economy over 2100 quarters,
discarding the first 100, using the same sequence of simulated shock processes for all models.
The first panel displays second moments for the Home economy where all of the modeled shock
processes are included, and the second where the shock process consists of technology shocks
only. Parametrization is unchanged compared to the impulse response function analysis,
except for the magnitudes of the shocks, as discussed in Section 5 above.

The second moments confirm what was indicated by the impulse responses above: allowing
for dynamic demand increases the volatility of the exchange rate substantially. Independent
of whether all shock processes or only technology shocks are used, all of the relative standard
deviations more than double when habit formation is introduced. In fact, the model with
habits and the Taylor rule matches the relative standard deviations of the depreciation rate
and the terms of trade that we observe in the US data remarkably well. The real exchange
rate, however, is still much less volatile than we observe in data. Nevertheless, the dynamic
demand model displays a far more volatile real exchange rate than does the standard DSGE
model, both under the Taylor rule and under optimal monetary policy. The same is true
for the interest rate, the volatility of which is markedly increased when habit formation is

included in the model, bringing it much closer to the volatilities observed in data.
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Table 2: Persistence, correlations and volatility of selected variables
in models and data

Baseline Interest-rate Data
calibration smoothing
h=09 h=0|h=09 h=0]| Sweden UK Us
Autocorrelations
autocorr(Y') 0.80 0.67 0.81 0.63 0.86 0.89 0.88
autocorr(C') 0.68 0.68 0.68 0.68 0.77 0.84 0.91
autocorr(Q) 0.63 0.66 0.68 0.62 0.75 0.85 0.72
autocorr(AS) -0.12  -0.14 | -0.08  -0.15 0.23 0.31 0.18
autocorr(TT) 0.63 0.66 0.68 0.61 0.63 0.85 0.75
autocorr(R) 0.26 0.18 0.60 0.52 0.87 0.86 0.91
autocorr(IM) 0.88 0.66 0.89 0.62 0.84 0.76 0.87
autocorr(EX) 0.88 0.66 0.89 0.62 0.97 0.70 0.85
Correlations
corr(Y, NX) 0.67 0.88 0.69 0.90 -0.26 -0.26 -0.20
corr(Y,EX) 0.90 0.97 0.91 0.98 0.90 0.58 0.81
corr(Y,IM) -0.29 -0.73 | -032  -0.76 0.85 0.68 0.92
corr(IM, EX) -0.57  -0.86 | -0.59  -0.87 0.94 0.88 0.83
corr(C, Q) 0.35 0.19 0.36 0.20 -0.12 0.53 -0.20
Correlations
corr(Y,Y*) -0.12  -0.60 | -0.14 -0.64 | 0.86Y% 0.819F 0.87VK
corr(C, C*) 061 079 | 0.63  0.80 | 0.82U% (0.825F (.74VK
Volatility
std(C)/std(Y) 0.74 0.47 0.73 0.45 0.65 0.86 0.80
std(Q)/std(Y) 1.10 0.38 1.08 0.38 2.14 3.37 2.37
std(AS)/std(Y) | 1.86 062 | 1.73  0.67 | 1.41 1.81  1.83
std(TT)/std(Y) | 220 076 | 216 076 | 1.19 221 228
std(R)/std(Y) 0.39 0.19 0.36 0.18 0.54 0.67 0.87
std(IM)/std(Y") 1.44 1.68 1.45 1.69 2.66 3.04 3.59
std(EX)/std(Y) 1.43 1.68 1.44 1.68 2.25 3.07 3.43

Note: The numbers in the three rightmost columns are obtained using quarterly data from OFECD
Economic Outlook No. 90 along with population data from OECD Employment and Labour Market
Statistics, covering the period 1993q1-2010q4 (see also note under Table 1). The last three rows display
cross country correlations; the superscript together with the respective column title indicate for which

pair of countries the correlation has been measured.

To further assess the workings of the dynamic demand model, Table 2 presents the cor-
relations and the autocorrelations of some other variables of interest. As we have kept the
model simple, it should not be expected that it be able to match the moments perfectly.
Rather, the exercise is meant to compare the dynamic demand setting to the standard DSGE
setting, in terms of accordance with the moments observed in data. Starting with the auto-
correlations under the baseline calibration discussed in Section 5, we see that the dynamic
demand model does somewhat better for most variables. The dynamic model matches the

autocorrelation of output, imports and exports well, while the standard DSGE model does
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worse. It also performs slightly better in terms of matching the interest rate. The autocor-
relations of the relative prices do not change much between the models. If anything, the
dynamic demand model performs slightly worse here, matching only the autocorrelation of
the nominal exchange rate slightly better and the autocorrelation of the real exchange rate
(and that of the terms of trade, which is the same in a model with no non-tradables) slightly
worse. The autocorrelation of the nominal exchange rate has the wrong sign in both models.

With respect to the contemporaneous correlations between variables, the dynamic demand
model generally does better than the standard DSGE model. Note that there is a problem
in both models with the predictions for the dynamics of imports: in data, the imports are
positively and strongly correlated with output and with exports, while the models predict a
negative correlation. From the analysis of the impulse response functions in the two preceding
sections, we know that the imports in the dynamic demand model are positively correlated
with output and exports immediately after a shock, but that the correlation turns negative
as substitution takes place. The dynamic demand setting hence takes the model in the right
direction, although not all the way. The inability of the models to match the correlation of net
exports with output mainly stems from the poor matching of the imports dynamics, as the
correlation between exports and output is well matched, in particular by the dynamic demand
model. A potentially related problem is that the cross-country correlations of output have
the wrong sign in both models, although the dynamic demand model is again closer to the
data.'® This issue is, of course, more complicated, as the models abstract from investments
and government spending, and the measures of output in the models and in data are hence
very different. Moreover, in this simple exercise we have assumed in the model that the
shocks are uncorrelated, which in reality is not likely to be the case. We finally note that,
with the baseline calibration, the standard DSGE model does somewhat better in terms of
matching the correlations of consumption across countries. The conclusions regarding the
correlation of consumption and the real exchange rate are less clear, as the dynamic model
is more in line with the positive correlation in the UK data, but further from the negative
Swedish and US correlations.

We next focus on the results in the two middle columns, obtained using a somewhat more
realistic calibration where we introduce interest-rate smoothing in the Taylor rule. There is
wide support in the empirical literature for slow adjustment of the policy interest rate, and
the estimated degree of smoothing is often found to be around 0.8 or higher. In line with the
recent estimates in Christiano et al. (2011), we set the interest-rate smoothing parameter,
pr, to 0.8. To maintain a symmetric calibration, the value is chosen to be the same in
both countries. Under this calibration, the performance of the dynamic model is significantly
improved. Most notably, the dynamic demand model now matches the autocorrelation in the

real exchange rate and the terms of trade better, generating more persistent real exchange rate

¥ncreasing the degree of habits somewhat compared to our benchmark calibration, the dynamic demand
model actually generates a positive cross-country correlation of output, as well as consumption. See Section
7 and Appendix D for details.
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than the standard DSGE model. In the absence of interest rate smoothing, we observe larger
interest rate shifts in the model with dynamic demand than in the standard DSGE model.
When the interest rate movements are constrained by the monetary authorities preference for
smoothing, these large deviations instead transfer into less pronounced, but more persistent
interest rate differentials following a technology shock. These, in turn, generate somewhat
less volatile, but more persistent exchange rates. However, the shocks that generate the
largest differences between the dynamic demand and the standard DSGE model are not the
persistent shocks, but the non-persistent ones, i.e. the monetary policy and the markup
shocks. Without the possibility of quickly bringing back the interest rate to steady state, and
with a constraint on the international flows of goods imposed by the habit formation in the
dynamic demand model, the response following these one period shocks are quite long-lived.
In the standard DSGE model, we instead observe rather large fluctuations in the flows of
imports and exports when the adjustments in the interest rate are not immediate, which
more rapidly bring the economy back to steady state. Under interest rate smoothing, the
autocorrelations of the interest rate and the nominal exchange rate in the dynamic demand
model are also brought closer to those in data. The increase in persistence happens at some
expense of exchange rate volatility; the volatility is however only marginally decreased, and
still much higher in the dynamic demand than in the standard DSGE model.

While both models have been kept simple and lack some relevant features for a compre-
hensive comparison of the models with data, the above analysis suggests that allowing for
dynamic demand considerably improves the performance of the model along several important

dimensions.

6.4 Spillover effects

We next analyze the effects of Foreign shocks on the Home economy. The impulse responses
for the technology and consumption preference shocks are shown in Figures 5 and 6. As the
countries are assumed symmetric, the responses of the international relative prices are just
the negative of the responses following the corresponding shock occurring at Home, and have
hence been discussed in Sections 6.1 and 6.2 above. The same holds for imports and exports,
as the two-country setting implies that the imports of one country are simply the exports of
the other. Therefore, only the responses of domestic variables are shown in the figures. The
thinner lines show responses generated with the calibrated Taylor rule, while the thicker ones
show the responses generated under optimal monetary policy. Just as before, the solid lines
correspond to the model with dynamic demand and the dotted ones to the standard DSGE
model.

Focusing first on the calibrated Taylor rule, we see that a Foreign technology shock
initially raises Home production and creates a positive output gap. This response differs
from the standard DSGE model; this is, as previously argued, due to less substitution taking

place towards the now cheaper Foreign good. There is even an increase in demand for Home
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Figure 5: Impulse responses to a unit shock to Foreign technology

goods since the world as a whole has become richer, explaining the rise in Home production.
The interest rate response is now small but positive at first, before turning slightly negative
six quarters after the shock. Moving on to the responses under optimal monetary policy,
interestingly, the optimal interest rate response is reversed compared to the standard DSGE
model. Following the technology shock, optimal monetary policy calls not only for a rise
instead of a decrease in the Home interest rate, but for a rather large one as well, in order for
the inflation to be near-stabilized. As the Foreign technology shock has made the world as a
whole able to consume more than prior to the shock occurring, but demand is only redirected
towards Foreign goods to a small extent, the Home economy is in fact overheated, causing
the interest rate to rise.

A consumption preference shock affecting the Foreign consumers results, under the clas-
sical Taylor rule, in somewhat smaller deviations in all of the presented variables compared
to the standard DSGE model, as the Foreign consumers are demanding relatively less of
the now cheaper Home goods in the dynamic demand than in the standard DSGE model.
Even here, the sign of the output gap is initially reversed, by the same reasoning as for the
technology shock. Under optimal monetary policy, the interest rate response is reverted just
as in the case of the Foreign technology shock, although it is now initially negative instead
of positive as in the standard DSGE model. In other words, demand for the cheaper Home
good is now relatively low, compared to the standard DSGE setting, causing a fall in the
interest rate instead.

The responses to the monetary-policy and markup shocks are shown in Figures C.4 and

C.5 in the appendix, and discussed in relation to those.
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Figure 6: Impulse responses to a unit shock to Foreign consumption preferences

7 Sensitivity analysis

In this section, I briefly discuss the effects of changes in the calibration of some individual
parameters, one at a time, while keeping the rest of the calibration fixed. Specifically, I
comment on the sensitivity to changes in the habits parameter h, and thereby the elasticities
of substitution, the risk aversion parameter 0, and the openness parameter v. Finally, the
baseline model is compared to a model including import adjustment costs. In the interest of
brevity, the tables pertaining to the sensitivity analysis are placed in Appendix D.

The baseline calibration of the elasticities of substitution was based on the findings in
Gottfries (1986). Basing the calibration instead on the estimates in Gallaway et al. (2003),
while keeping the long-run elasticity unchanged, would instead imply that v = 0.6 and
h = 0.8. This reduction in the degree of habit formation has no implications for the qualitative
results, but it does have some implications on magnitudes. The volatility of the exchange rates
is still considerably increased compared to the standard DSGE model. However, the volatility
increase and the other improvements brought about by the dynamic demand assumption are
now mitigated. Furthermore, the persistence of the exchange rates is now lowered, which is
at odds with the data. Increasing h to 0.95 instead further strengthens the advantages of the
dynamic demand model: the exchange rates are now more volatile and more persistent, and
the correlations of imports with output and of output across countries are both positive, in
line with the correlations in data.

Varying the risk aversion parameter has notable effects on the volatility of the exchange
rates, as has already been pointed out in earlier literature. Just as in Chari et al. (2002),

an increase in the risk aversion parameter increases exchange rate volatility, leaving the
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persistence nearly unchanged. However, the correlations between the remaining variables
are markedly worsened compared to data. This is the case in both the dynamic demand
and the standard DSGE models. Decreasing the risk aversion instead improves the model’s
performance, in all aspects but the magnitude of the exchange rate volatility. As we have
seen above, however, in the dynamic demand setting there are other ways of increasing the
volatility of exchange rates. Thus, a low risk aversion parameter together with dynamic
demand seems like a promising venue.

The effects of varying the openness parameter v manifest themselves mainly through a
change in the volatility of the exchange rates. More open economies exhibit somewhat less
volatile exchange rates than more closed ones — due to the composition of consumption in
the two countries being more similar the more open is the economy, the relative prices need
not change as much to clear the international goods market following a shock in one of the
economies. Changing the steady-state share of imports to 0.20 or 0.30 has, however, only
minor implications for the volatility of the exchange rates, and renders all other moments
nearly unchanged compared to the baseline scenario.

Earlier studies in the literature have used the modeling of import adjustment costs to
dampen the responsiveness of quantities to changes in prices on the international level — see,
for example, Laxton and Pesenti (2003). There, it is assumed that it is costly to change
the share of imported goods in the aggregate in response to relative price changes.!'® Table
D.2 in the appendix presents a comparison between the two models in terms of simulated
second moments. We compare first the results based on simulations with the parameter
o set to 2 with our benchmark calibration. While replicating the autocorrelation of the
nominal exchange rate somewhat better, the import adjustment cost model does worse than
the dynamic demand model when it comes to the autocorrelations of the real exchange rate,
the terms of trade, the interest rate, and consumption. The import adjustment cost model
also does worse in replicating most of the cross-correlations between variables. Exports
and imports are too highly correlated with output and with each other. The correlation of
imports with output and exports has the wrong sign in both models, but the problem is
more pronounced in the import adjustment cost model. The model with import adjustment
costs is better at replicating in particular the volatility of the real exchange rate, while the
dynamic demand model does somewhat better in replicating the volatilities of the terms of
trade and the nominal exchange rate. Both models generate too low volatilities of imports

and exports, the dynamic demand model slightly more so than the import adjustment cost

19For the model comparison, I assume that the consumption aggregate is given by the following function:

— 1 — 1 P
| -1 :7_] 5—1
b

cl = [(H)w (c4.) ™ +v¥ [, (1-10)]

; 2
i = Y8 Cfv,t/CF,t—l _1
) Cf Ci1 '

where
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model. However, comparing with the standard DSGE model with h = 0, we see that these
volatilities are only marginally decreased when these additional mechanisms are introduced.

Scaling up the import adjustment costs and comparing to a high degree of habits (see
columns 3 and 5 in Table D.2), we can see that the volatility of relative prices is further
increased in both models while the volatility of imports and exports is somewhat lowered.
However, increasing the importance of the import adjustment costs worsens the correlation
between output and imports, and the cross-country correlations generated by the import
adjustment cost model. On the contrary, the dynamic demand model now generates positive
correlations of both output and imports, and output across countries when the degree of
habits is scaled up. This speaks in favor of the mechanism in the dynamic demand model, as
it appears to move the model in the right direction. In summary, comparing the benchmark
model to the import adjustment cost model, we can conclude that both generate considerably
more volatile exchange rates than does the standard DSGE model — the import adjustment
cost model even more so than our benchmark when it comes to the real exchange rate.
However, the benchmark model performs better in several other dimensions, generating cross-
correlations and autocorrelations of other variables that are more in line with those observed

in data.

8 Conclusions

Using a two-country general equilibrium model with separate habit formation in the con-
sumption of imports and domestically produced goods, and otherwise standard features, I
am able to separate the short-run elasticity of substitution from the long-run one as ob-
served in data. Contrasting the results of the model with habits to results obtained from
the model with standard preferences, I find much larger effects of shocks on international
relative prices, as well as on interest rates. In particular, the volatility of exchange rates is
considerably increased when the short-term substitution effect is reduced, bringing the model
closer to the data. Furthermore, a high volatility of the exchange rate turns out to be opti-
mal in this model and is hence not an artefact of the assumed monetary policy rule. In fact,
the model-implied optimal monetary policy results in even stronger responses in exchange
rates to shocks than does the classical Taylor rule. Allowing for interest-rate smoothing, the
dynamic demand model also generates more persistent real exchange rates than does the
standard DSGE model, yielding a persistence more in line with that found in data.

While relaxing the assumption that the elasticity of substitution is constant over all time
horizons brings us much closer to explaining the volatility of exchange rates, the real exchange
rate in the present model is still not quite as volatile as in data. One possible reason for this
is the producer-currency pricing assumption, which implies that all movements in exchange
rates are directly passed on to consumer prices. Other papers, such as Chari et al. (2002)
and Devereux and Engel (2002), have used local-currency pricing in combination with specific

parameter values or a list of other model elements to eliminate the pass-through of exchange
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rate changes to the rest of the economy, thus “disconnecting” the movements of the exchange
rate. It would be interesting to investigate what the implications of local-currency pricing
would be in our model setting. It would also be interesting to study the model’s performance
when estimated, especially so when allowing for a more developed and realistic economic
setting. While such an exercise would offer a natural way to further assess the model and
the mechanism at hand, it is beyond the scope of the theoretical exercise in this paper.
There are other ways of introducing slow adjustment of demand into macroeconomic
models, such as information frictions or various types of adjustment costs. Séderberg (2011)
presents a model of customer markets where households only occasionally reoptimize their
allocation, slowing down demand adjustment without altering household preferences. Mankiw
(1985) shows that small menu costs can have large effects on demand adjustment. While
appealing and tangible in a closed-economy setting, the mechanisms in these papers are not
easily extended to open economies. The advantage of the mechanism for slow adjustment
presented in the present paper is its tractability. It captures the elasticity findings and
generates moments closer to those in data, while being simple enough to be easily incorporated
in larger and more realistic models. Finally, as shown in the sensitivity analysis, the present
model outperforms the import adjustment costs model in terms of matching data moments

for most of the modeled variables.
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A Appendix: Model calculations

A.1 Demand functions and price indices

Maximizing equation (5) in the main text subject to household j’s total expenditures
Z] = PyyCly, + PryCl, | (A1)

we have the following two first-order conditions:

. Pu\ "

Chy=(1-w) (T54) (A2)
. Po "7

Cl, = wy <Tit> i (A.3)

where we have defined the aggregate price index as the inverse of the Lagrange multiplier on
the expenditures. Note that this definition of the price index implies that the expenditures
can be written as Z = P,C{, and hence®

P,C{ = Py,Ci;, + PryCh, . (A.4)

Inserting (A.2) and (A.3) into (A.4), we can derive the below expression for the aggregate
price index.

Pus\ " Pri\ "
P = (1—w)Puy (_}1;%) + wi Py (—]I;t> (A.5)
t t
1
P = [0 -w)Py +wPr | (A.6)

As we assume the preferences in the two countries to be the same, the Foreign demand
functions and the price index have the exact same forms as the above, with all of the variables
denoted by an asterisk and w; replaced by (1 —wy).

A.2 The comparison model

Letting h = 0, implying that w; equals v for all ¢, we obtain the standard DSGE model. The
consumption aggregator becomes

1 a1 FR =t e
C, = [(1 — Z/)WCH} +viCp; } , (A.7)
yielding the following demand equations:
P .

Cu: = (1-v) (ﬂ> C, (A.8)

’ P

P -5
Cpi = v (%) C, (A.9)

t

2070 derive this, combine (A.2) and (A.3) and solve for Pp¢ as a function of Py, Then rearrange (A.2) as

. 1 il
Cl=01—-w) ™ Pg’t C’;_fftC’tj 7 . Insert the definition of the consumption index on the RHS, and substitute

in the derived expression for Pp ;.
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and price index
o
P = [(1 — )Py +vPE T (A.10)

Note, however, that ¥ now denotes the constant elasticity of substitution instead of the short-
run one as in the model with A > 0 (denoted by ), and should hence be calibrated as such.
In the simulation exercises in the present paper, 7 is always calibrated so that it equals the
long-run elasticity in the dynamic demand model, rendering the two models equal in the long
run. Compared to the model with standard preferences, hence, the type of habits imposed
here should be thought of as a short-run friction only.

A.3 The steady state

Here, the steady state around which the model is linearized is presented. A variable in the
steady state is denoted by a bar. We assume that the steady-state values of all shocks are
one, that net inflation is zero, i.e. the steady-state gross inflation is

TH=Tp=1, (A.11)

and that the countries are perfectly symmetric. Furthermore, we assume that the steady
state is efficient, i.e. that the tax 7 is chosen in such a way that it exactly offsets the
distortion caused by the monopolistic power of the firms. Normalizing the prices so that
Py = Pr, we insure that the steady states of the model with habit formation and the one
without will be the same, hence facilitating the comparison of the two models. Moreover,
the price normalization will also allow us to more easily calibrate the long-run elasticity of
international substitution as will be clear from Section A.4 below.

First, from the Euler equation (16) in the main text and its Foreign equivalent, we have
that

1 1

= —3. A2

z= =8 (A12)
Next, given the normalization of the prices, the price index yields

P =(1—-0)P " +aPy T =Py 7. (A.13)

This implies that - -

Pt P;

2 e [ (A.14)

P P

ulEC AU A.15
Since, in steady state, - o
p(i) = Py = SPyy, (A.16)
we must have P = SP*, and so o
_ P*
_ 5Py (A.17)
P
Then, assuming that ¢» = 1, from the risk-sharing condition (27) we get
C=C*. (A.18)



Since Py /P = Pp/P = 1, from demand we have that

% =w, (A.19)

implying that w equals the steady-state import share. Furthermore, inserting the steady state
demand equations,

Cu .
= — 1— — — = A20
= h
_ 1-h F
Cr 7 (7) v
- = = AN = A21
o -~ o P (A4.21)

into the steady state expression for €2, we have

0 (=N v !
Q = (1—7/) 1 + v — 1
Q7 QT 7
h

_ Q*ﬂ
Q = 1. (A.22)
Then,
o ()
p=— 39T lhgh v, (A.23)
Q
and hence the steady-state import share is given solely by the parameter v.
The market clearing conditions yield
Y = Cu+Cjh (A.24)
V' = Cp+Cp. (A.25)

Inserting the demand functions and noting again that the steady state relative prices equal
1, we obtain - B B B
Y=(1-w)C+wC*=C (A.26)

Absent price rigidities, or absent any shocks to the economy, the firms set their prices as
a constant markup over marginal cost. Substituting for wages and labor using technology in
the household’s first-order condition (17), we can then write

W _(0-1)(1-7) Py

yeas — —1 A2
C 5 : (A.27)

1
o P Qi
where the efficiency of the steady state requires that 7 = 1/(1—0). Using (A.26), it is easy to

see that Y = 1. Having solved for Y the rest of the steady-state variables are straightforward
to compute.
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A.4 Deriving the long-run elasticity of substitution

With the assumed consumption preferences, in the presence of habit formation, the short-run
elasticity of substitution is as straightforward to compute as in the standard DSGE model,

and is given by?!
Cr Pry
d( G ) P,

P Ct
The long-run elasticity of substitution, defined as
a(%) 2
r=—~—~2~22, (A.29)
() %
P C

is however somewhat harder to evaluate in the present setting. In order to arrive at an
expression for I', we will need to employ implicit differentiation. Note that we are interested
in the elasticity of substitution in the proximity of the assumed steady state, as given in
Section A.3, and so it will be assumed that the steady-state price normalization holds. This
considerably simplifies the final expression for I, making it a constant instead of a function
of steady-state variables. Moreover, since the entire analysis of the model is based on its
log-linearized form and hence only accurate for relatively small deviations from a constant
steady state, this restriction on I' adds no new assumptions but rather relies on the assumed
constancy of the model-implied steady state.
To simplify notation in the calculations of this section, we begin by defining

Cry Pry

—— =D — =T A.30
C. Fit 2 Pt ( )

Ch.t Py

— =D — =Ty. A.31
c, H,t 2 Ht ( )

Then, writing the steady state demand of Home goods as

1% .

. " =0, (A.32)

Dp — —
(1 =)D+ v1-hD ) "

we can totally differentiate with respect to Tr to obtain

1-h >

Y= v —n\ dDp

0 = ——DyT 1 _ _

1—hFF+(+1—hQ F>dTF

h 1-v)h_ _, dDy
. DpDit—= A.33
TR a FEH T (4.33)
where

Q=01 —-)"" Dl + ' "Dh. (A.34)

d cH,t) Prrs

2LOf course, the short-run elasticity can equally well be defined as % . %, which would yield the
Py Cy

d H,t
exact same results. The same is true for the definition of the elasticity in the long run.
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Similarly, writing the demand of Foreign goods as

_ 1— v
Dy — v T, =0, (A.35)
(=)' DYy +»1-1D) "

we can differentiate to get

"}/ — -1 dTH h I/lih — _hfldDF
0 = ——DyT;'—= _ Dy D=8
T i ey M s e T
h (1—v)'™"_,\ dDy
1 D =y A.36
+ ( 1o a 1| T, (4.36)
Finally, the price index
~ J1=h Dk - =
Ty — |14+ ————E (1 _ T;‘W) —0, (A.37)
(1—v) "Dy
when differentiated, yields
0 — dTH n Z/l_hD?r Sy Ay
dTr (1 —v)'=hph 10
1 hw'=hDhl 1\ dDp
- ) (1 g ”) a@r A.38
L=y (1w pp " ) dTy (4.38)
1 hulth?; 7 (1 - Tl_w) dl?H
L=y (1 —p)lhpprt P ) dTy

Equations (A.33)-(A.38) form a system of equations from which we can solve for % and
thereby also for I'. After some tedious algebra,?? we obtain the following complicated expres-
sion for the long-run elasticity of substitution:

dDp Tr A4
o e A.39
dTr Dp A (A-39)
where
— 1 — 1
L=z 7 Q7 Sy QTR o o0
Ay = — T -2 TS - T T "
! A A T R A A e o
— 1
1—y)(1—h)QTF a0
o (A0
_ ko
+(1_7)(1_V) -r h 1—y
h v TH ’

21 first insert equation (A.38) into (A.36), rearrange and then combine (A.33) with the resulting expression.

Thereafter, I solve for %, multiply by %F; and simplify, to obtain equation (A.39) in the text.
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and

_ 1 — yh
L 1—h) Qi-n 2t v Tp\ T
Ay = 1-T07 4 ¢ Tr" —
: L A +<1—u><H
=1 = Tk
At - ()
h (1-v) 1—v o
— 1
1—h\*1—~Qrhr 22
- Tl A4l
() =2t (aay)
_ h
l—hl—vy gy 1—hl—yl—v (Tp\TF
TR TRy v \m) T

While the above expression is neither intuitive nor easy to handle, when the steady-state
price normalization is imposed, we obtain

dDF TF Ag
et A.42
dTF DF A4 ’ ( )
where
1l—v ~ 1 v 1
Ar — _ 1 A A.43
s h h(l—v)  h(l—v) (4.43)
L=y ad=-m1 d-71-v
h? v h v
and
(1—h) 1 v (1—h) 1 v
Ay = — - A.44
4 (-0 (=)  h (=») 1-v (A-44)
C(1=h\?1-91 1-hl-y 1-hl-ql-v
h v v h v h v v
Simplifying,
dDFE o PT'Y + (1_7})1(21_11)% + (1;7) (1;V)
e De () 5+ i 4 b
o vyh+ (1 —h)y+ (1 —v)vyh
(1—h)?+vh(1—h)+h(1-"h)(1-v)
gl
_ _ A.45
% (A.45)

Hence, in the proximity of the assumed steady state, the long-run elasticity is a function
of the short-run elasticity v and the degree of habit formation h. The parameter h, when
different from zero, allows for a separation of the two elasticities and is the only parameter
governing the size of the long-run elasticity, given some chosen value for the short-run one
(or, alternatively, the other way around).
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A.5 The log-linearized model

In this section, the log-linearized model is summarized. For details on the steady-state
relationships, needed for the log-linearization of some of the model expression, see Section
A.3 of this appendix. Note that, as in Section A.4, for notational simplicity we define Tr; =
Pr/P, and Ty = Py /P;. Moreover, Tr = P;i?t / P} and T};?t = P};?t /P

Log-linearizing, the Home Euler equation (16) becomes??

R . 17a X . .
EiCip1 —Cr = g [Rt — Eip1 e + &1 — St] ; (A.46)

and noting that in steady state we have w = v, the log-linearized price index (7) becomes
0= (1= v)Ts+v (Tre+ Q) (A.47)

i.e. equal to the log-linearized price index in the standard DSGE model. Denoting the
denominator in wy by £, log-linearization yields

&y =hCri 1 —hCyq — Qs (A.48)
and R R R R
QO = (1 — I/) hCH,t—l + I/hCF’t_l —hCy_1. (A49)

Combining with the log-linearized demand functions, finally yields the below log-linear ex-
pression for wy.

&r = hdr 1+ (1= v) T — (1 —v) hfyT;i,tfl —(1=v)hyQs (A.50)
The log-linearized Home economy resource constraint can be written as
Y, = —'yTH,t —vw+ (1 —v) C, + vop + Véf + V'y@t, (A.51)

where we have used the log-linearized demand functions and made use of the steady-state
relationships C = C*, C* = Y*, Q = 1,T;§ =1 and w = ©* = v. To conclude the log-
linearization of the demand side of the model, we finally note that the optimal risk-sharing
condition becomes

Cy = % (5} — &+ Qt) +Cr. (A.52)

The supply side of the model is summarized by one recursive price setting equation — a
New Keynesian Phillips Curve (NKPC) — for each country. We can write the log-linearized
version of equation (22) as

1l—af / - . . A .
5%, = Vi (1+¢) Xy + i — & +0C, — T, )
DH 1+ o0 (80 t— (1 + ) X+ 1 — & + 0C; Hit
+aBfta e + aBPr i - (A.53)
Using that equation (24) implies
3, = ——7 A.54
pH,t 1 _ aﬂ-H,t ’ ( ° )

23A hat on a variable denotes its log deviation from the steady-state value, while the steady-state value
itself is denoted by a bar above the variable so that, for some variable Z, Z; = log Z; — log Z.
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we obtain the following first-order approximation of the Home NKPC:

(I1-a)(1—ap)
a(l+op)

THt =

(goﬁ —(L+ @) Xe+ fuu — & +0C, — TH,t) + B+ (A.B5)

We now have a dynamic system of equations that contains equations (A.46), (A.47),
(A.50), (A.51), (A.55) and their Foreign equivalents, as well as equation (A.52). To close the
model, we furthermore need to include the log-linearized monetary policy rule

Ry = PRRt—l + (1 - pr) (MﬂﬁH,t + MY(SA/t - ?tn)> + &, (A.56)
and the following relationship between relative prices and inflation
7ATH,t = TH,t — TH,t—l + 7, (A.57)

along with their Foreign equivalents. We now have a system of 15 equations with 19 un-
knowns??, not yet having specified the processes for the 4 persistent shocks present in the
model. Including the following stochastic Home shock processes,

th = PXXt—l + Eix (A58)
€ = pebi_1 + €, (A.59)

and an equivalent set of Foreign ones, we obtain a complete linear system with a total of 19
equations and 19 unknowns.

24The unknown variables are: C, C*, &, &*, #, #*, #u, 7%, Y, Y*, R, R*, Tu, T}, O, é, é*, X, X*. Note
that we have assumed that &, €, i and ™ are given by some i.i.d. processes.
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B Appendix: A second-order approximation of welfare

In this appendix, we derive the second-order approximation of the representative agent’s
welfare, which we also assume to be the objective function of the central bank. The derivation
is based on the methodology laid out in Benigno and Woodford (2008) and applied to a two-
country setting by Benigno and Benigno (2006).

We start by taking a simple second-order approximation of the welfare functions, obtaining
expressions which still contain some linear terms. To be able to eliminate these, we then need
to take second-order approximations also of the model equations. In order to keep this system
as small as possible, I rewrite the model in terms of the nine endogenous variables Y;, C,
TH¢, W, f/t*, é;, T;it, wy and Qt, and the six shocks Xt, ft, e, Xg*, é;‘ and fiy. We hence
need the second-order approximations of the demand equations, the definitions of the time-
varying degree of openness, the price indices, and the price setting decisions, for both Home
and Foreign, as well as the risk sharing equation bringing the two economies together.

Throughout this appendix, we will make extensive use of the column vectors of the model
variables and shocks, x; and (; respectively, defined as:

s=V G Tue & ¥ G Tp, o Q (B.60)
G=1[X & m X; & iyl (B.61)

B.1 Utility

The individual’s lifetime utility function for individual j is given by equation (1) in the main
text, where u and v take on the functional forms given by (2) and (3), while the technology
is given by expression (13). Given the assumption that there are equally many firms as there
are households, we can index the firms in such a way that ¢ = j. Then we can write utility as

5 Y {u (i) v x) (B.62)
t=0

where

v (Y (i) Xy) = rXt 2 (Y (1) (B.63)

The welfare function of country Home is then given by

{Z g [ (Cii&) - /O (%) ;X»dz']} , (B.64)

where Ctj = (C} for all j because of the complete-market assumption.
Taking a second-order approximation of the consumer’s per-period utility from consump-
tion then yields

u(Cy; &) ~uc (C) C <C‘t + % (1-0)C?+ @5) +tap.+0([[C]P), (B.65)

where O (|[¢]|*) denotes terms that are of third order or higher (in the norm of the shocks),
and t.i.p. denotes terms independent of policy. The per-period disutility function v, in turn,
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yields

(Vi (i): X)) =~ wY(ﬁ<i>+§<1+w>%<z‘>2—<1+go>fft<z'>f<t>
+tip. +O(||¢]P) . (B.66)

In order to obtain an expression for the disutility function in terms of aggregate production
Y;, we first need to approximate the output aggregator. Following Woodford (2003), ch. 6,
we denote by E;7; (i) the mean value of ¢ (i) across all differentiated goods at time ¢, and
by var; (9 (i)) the corresponding variance. Then,

¥y~ B () + (" = 1) var; (5 (1)) + O (131%) - (B.67)

Integrating (B.66) over i, and inserting (B.67) along with the relationship
E; (91 (1)) = (Eige (1))* + vari (52 (1)) . (B.68)

we have
1
| o di- o
0
e 1 o2 P% 4 L (0! e (1
ueCi (Yit 5 (1+9) Ve = (14 @) VX + 5 (07" + ) vars (4 (1))
+tip.+ O (|3,¢]°) ,

where we have used the steady-state relationship

Wyzwc“‘i@‘”:“f (B.70)

and followed the notation in Benigno and Benigno (2006) in defining

(1-7) . (B.71)

Note that we have assumed that there is a subsidy in place such that @ = 1, rendering the
steady state efficient. Any value of u; > 0 would instead yield an inefficiently low production
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level. Following Woodford (2003), we can write?>

> Bars (0 () = oy T ag oo F e+ e+ O (ML) (B2
=0 =0
and, defining
y= (1-a)(l—apb)
o 7

we finally obtain the following approximation of the welfare function for the Home country:

T+ Y2 (B.73)

= > . 1 1_
W = uC(C)CEO{Zﬁt[Ct—ﬁ—1m+ (1-0)C}— Sh

t=0

A A _ NN 1, )
+ G+ 17 (L @) ViXy — o'~ o (Lt o) my }+t.z.p.+0(H<H3)-

Rewriting in vector-matrix form,

- > 1 1
W = uc(C)CE, {Z Bt [z;:ct - Eschzxt VA ZﬂHﬂ'%{ t] }
t=0
+tip.+O(||C]*) . (B.74)

where
Zy=[-p* 10000 0 0 0],

#From p. 396, chapter 6 in Woodford (2003), we know that

ZB vary (G (1)) = o ZB var; (p (1)) = o Zﬁ JAVIS

and that var; (p: (1)) = A evolves over time according to
Av=atr + T2k, +0 (I1a13,¢) -

Integrating forward starting from any initial degree of price dispersion A_; in the period before the policy is
chosen, Woodford shows that the degree of price dispersion under the new policy, in any time period t > 0, is
given by

t
A=atan+ e (P2 )b+ 0 (I8 d) |
t=0

Since the first term is independent of policy, taking the discounted value over all periods ¢t > 0, we have

23 A= gy e o B e i+ O (JIAYE )
t=0
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i (1+ ) 0 000O0O0TO OO
0 —(1-6 0000000
0 0 000O0O0TO OO
0 0 000O0O0GO 0O

Zy = 0 0 000O0GO0OGOOf,
0 0 000O0O0TO 0O
0 0 000O0O0TO OO
0 0 000O0O0TO OO

i 0 0 000000 0

i (1+9) 0 0 0 0 0]

0 -10 0 0 0

0 0 0000

0 0 0000

Z; = 0 0 000 0],

0 0 0000

0 0 0000

0 0 0000

i 0 0 00 0 O]
Zng =00 o (L 0g)

and x} and (] are defined as in (B.60) and (B.61) above.
Similarly, for the Foreign economy, the welfare function is given by

- > . o1 A\ 2
W* = uc (C) CE {Zﬁt {C: — B 45 (1-0) (C;) -
t=0

+CRE T (L) VX -
+ti.p. +O (||, (B.75)

which in vector-matrix form becomes

- - 1 1
W* = uc(C)CE {Z Itk [z;’xt - §x2Z;xt — 225G — §Z;F (W}yt)2:| }
=0

+tip. + O (|[C]]P) . (B.76)
where
z/=[0 000 —g* 100 0],
0 0 0 0 0 0 0 0 0]
0000 0 0 000
0000 0 0 000
0000 0 0 000
ZE=10 0 0 0 g '(1+¢) 0 00 0f,
0000 0 —(1-6) 0 0 0
0000 0 0 000
0000 0 0 000
00 00 0 0 0 0 0]
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0 0 0 0 0 0]
000 0 0 0
000 0 0 0
000 0 0 0
ZE=10 0 0 =g '(14+¢) 0 0f,
000 0 -1 0
000 0 0 0
000 0 0 0
0 0 0 0 0 0]

and
ao= i e (14 0p).

B.2 The demand equations

Using equations (6), (9), (10) and (12) in the main text along with the definition of the real
exchange rate, the second-order approximation of the total demand for Home goods, equation
(14), can be written as

Vi = (1-v)C —yTuy — vy +vCi + v} + vy Qy
1 ro 1 5 1 A\ 2
+§y(1—y)C’t — 51/(1+1/)wt —1—51/(1—1/) (Ct)
1 1 R
+5v(1-v) (@)% + Sv (=) V2Q? (B.77)

120 —v (1 =) CCF — v (1 —v) Coiof — v (1 — 1) yCiQy
020 CF + V20 + V20 Qr + v (1 — v) CF
v (1= )G Qr+v (1 =) 7w Qr + O (IIC]])

where we have made use of the steady-state relationships C* =C, C =Y, Q = 1,Ty = 1,
and w = w* = v. In vector-matrix form, this becomes

oo
Zﬁt [mgxt + %xészt + 2 McGe | + tip. + O ([[C]]P) =0, (B.78)
t=0
where
my=[-1 (1-v) =y —v 0 v 0 v wvy],
[0 0 0 0 0 0 0 0 0 i
0 v(l—-v) O —v? 0 —v(l-v) 0 —v(1—-v) —v(l—-vr)y
0 0 0 0 0 0 0 0 0
0 —v? 0 —v(l+v) O v? 0 2 viy
M, = 1|0 0 0 0 0 0 0 0 0 ,
0 —v(l-v) O 2 0 v(l-v) O vy v(l—v)y
0 0 0 0 0 0 0 0 0
0 —v(l-v) O v 0 vy 0 v(1-v) v(-v)y
0 —v(1—-v)y O vy 0 v(1-v)y 0 v(1—v)y v(1-v)y?]
and
Mg =0
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Proceeding in the same way, we obtain the following expression for the total demand for
Foreign goods

V¢ = vCi4 v+ (1 —-v)Cf — fyT}}yt — v — vyQy
+%y(1 Y %yu et + %yu (&)
g (D) (@) + v (1 =)} (B.79)
+v(1—v)Ciy —v (1 — ) CiCF + VPG00 —v (1 — ) yCiQy
—v (1= v) 0 CF + V200 — v (1 — v) @ Qr — V2CFO]
+v (1= v)7CF Qe — v*yef Qe + O (IIKIF)

which in vector-matrix form becomes

[e.9]
1
> B [m;’xt + §$2M§$t + @ MEG | + tip.+ O ([¢]°) =0, (B.80)
t=0
where
mi=0 v 0 v -1 1-v) =y —-v -],
[0 0 0 0 0 0 0 0 0 i
0 vl-v) 0 v(l-v) 0 —v(l-v) 0 2 —v(l—v)y
0 0 0 0 0 0 0 0 0
0 vl-v) 0 v(l-v) 0 —v(l-v) 0 v —v(l—v)y
M; = |0 0 0 0 0 0 0 0 0 ,
0 —v(l-v) 0 —v(l-v) 0 v(l-v) 0 —v? v(l—v)y
0 0 0 0 0 0 0 0 0
0 2 0 2 0 —v? 0 —v(l+v) —viy
0 —v(l-v)y 0 —v(1-v)y 0 v(l-v)y 0 vy v(l-7)7"]
and

Mg =0.

B.3 The time-varying degree of openness

Writing the definition of wy, as given in equation (6) in the main text, in terms of €, it is
obvious that the log-linear approximation

&r =hCry1 —hCyq — Q (B.81)

coincides with the second-order approximation. We still, however, need to derive a second-
order approximation for €2;. In terms of Cp and Cp, this can be written as

Qt = (1-v) hCA'H,t_l + VhéF,t—l - hét—l
1 - 1 ~
+§y (1-v) hQC’IQ{,Fl + Y (1-v) hchz«“,t—l (B.82)
—v(l-v) hzéH,t—léF,t—l +0 (HCHg) .
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We next need to derive the second-order approximations of (9) and (10) in the main text.
An approximation of equation (9), lagged one period, yields
v .2

. A 1
o1 —YITHt-1+Cioy — c——— . B.83
Tt 1 T G 2(1_1/)2%—1 ( )

Chi—1=—

For equation (10), the second-order approximation will coincide with the log-linear one.
Noting that

TF,t = Qi+ Tﬁt,t, (B.84)
and lagging one period, we have
Cri1 =1 — Qi1 — ’YT},t—1 +Ciq. (B.85)

In order to keep the final number of variables scarce, which will simplify the computations of
the loss equation, we substitute (B.82), (B.83), and (B.85) into (B.81). Leading one period
forward, we finally arrive at the following expression for Home openness:

o = — (=) VT +h o + (1 —v) ’YT;“,t +(1—v) Qs
1 . 1 /v(1—=nh)\ .
+§7/ (1 — 7/) h’szI?Lt — 5 (ﬁ) W?
1 A 1 .
+5v(1-v) hy?Q7 + 5V (1=v) hy* T, (B.86)

+Vh'7TH,tCDt -v(l-v) h’YQTH,tT},t
—v (1= v) Wy Ty Qi — vhyinQy
—Z/h’yd)tfgi,t +v(l—v) h’ythTEt :
We can hence rewrite the above equation in vector-matrix form as follows:
= 1
Z Gt [ngjxt + §x;met + Ty NeCe + @iy | + tip. + O (HCH3) =0. (B.87)
t=0

Here, x; and (; are defined as before, and

n,=1[00 —(1-v)y =1 0 0 (1-v)y 0 (1-v)v],

[0 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0
00 v(l—v)hy? vhy 0 0 —v(1—-v)hy? 0 —v(1—v)hy?
0 0 vhy — ”(ll:yh) 0 0 —vhry 0 —vhry
Ny=10 0 0 0 0 0 0 0 0 ;

0 0 0 0 0 0 0 0 0
00 —v(l-v)hy? —vhy 0 0 v(l-v)hy? 0 v(1l—v)hy?
0 0 0 0 0 0 0 0 0
0 0 —v(1-v)hy* —vhy 0 0 v(l—v)hy* 0 v(l—-v)hy* |

N;=0,

and
1
ny = E .

=
\]



Note that the only variable in (B.87) not dated ¢, w11, comes in linearly. For the purpose
of eliminating the linear terms from the welfare function, we will subtract an appropriate
linear combination of the remaining equations, such that the linear terms obtaining from it
will exactly equal the negative of the linear terms from the welfare function, resulting in an
expression for welfare consisting of only second-order terms. To that end, we will use the
sum from time ¢ = 0 to infinity of each of the model equations. Note that we can rewrite the
above expression as

oo
1 N Ny . .
Z B [nfvxt + §xéNxxt + 2y NeCe + Fwwt - ?wwto] +tip. + O (|[C]]*) = 0. (B.88)
t=0
Rewriting,
- > 1
Vi = Z Bt [fz;xt + §xQNxxt + IEQNCQ:| +tip. + O (|[C]]P) , (B.89)
t=0
where now

ﬁ;:[o 0 —(L-v)y 58 00 (1-v)y 0 (1—1/)7},

and
‘/tO — %d}to .
Since @, is predetermined, we have that ‘7150 is independent of any policy implemented at time
to or later.
For the Foreign economy we instead have

wy = o -~ , (B.90)
where N N
Cx Cx
QO =(1—v)'" (—F;fl> +uih < H;”) . (B.91)
Ciy Ciy
Using the same reasoning as with w; above, we obtain
wf = (1-v) ’YTH,t -(1-v) ’YT;;,t + h_la’:ﬂ +(1-v) VQt
1 . 1 .
+§Z/ (1-v) h'YQTIQ{Jt + i (1-v) h'szE?t
1v(l—h) ,, 1 .
_§ﬁwt2 + 2V (1—v)hy?Q? (B.92)
+v(l—v) h'y2TH7tQt — Z/h'yTH,td)Z‘
v (= ) T Ty + i Tl
—v(l—-v) h'szEtQAt — vhy@FQy
or, analogously to expression (B.89),
- > 1
Vi = 308 i+ aiNie + oG] ein  OKIF) . (B9
t=0
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where

nd=10 0 1-v)y 0 0 0 —(1—-v)y % (1—y)fy],
[0 0 0 000 0 0 0 |
0 0 0 0 0 O 0 0 0
00 v(l-v)hy? 0 0 0 —v(l—-v)hy? —vhy v (l—v)hy?
0 0 0 0 0 O 0 0 0
N:=10 0 0 0 0 O 0 0 0 ,
0 0 0 0 0 O 0 0 0
00 (1-v)hy? 0 0 0 (1 —v)hy vhy (1 —v)hy
0 0 —vhry 0 0 O vhy — V(lljf) —vhy
00 v(A=v)hy* 0 0 0 —v(1—-v)hy* —vhy v(1—v)hy*
NZ =0,
and
V= ! — w5
to = 3,3%%

B.4 The risk sharing equation

Under the assumption that ¢/ = 1, a log-linearization of equation (28) in the main text yields
the exact log-linear expression

1-

A 1 Fx A Ak
Cy = Eft - Eft + th +Cy, (B.94)

making the first- and second-order approximations identical. Rewriting in vector-matrix
form, we have

Zﬁt [aay] +tip. =0, (B.95)
t=0

where z; and (; are again defined as before, and

a,=[0 -100 010 0 67'].

xT

B.5 The price indices
Rewriting the Home price index (7) in terms of relative prices, we have

— 1 Wt 1—
Ty, = —~ T, B.96
H,t 1— Wy 1— Wy Fit ( )

Taking a second-order approximation, and using (B.84) to substitute for Tr; yields

a _ VoA Vo s 1 I/( ) (1 — ’7) Tk 2
Tay = —1 Q-7 Tr—5 1—v) Q7 - —7(1 e (TF,t) (B.97)
1-— ~ A A T
i >)@t b oo o telEer 0 (1)
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Rewriting in vector-matrix form, we then have

o0
1 .
> B [b;xt + 5 Bae + 21 BeG| + i+ O (JIC]F) =0, (B.98)
=0
where

V,=[0 0 -1 00 0 —7% 0 —%],
0 0 0 0 00 0 0 0 7
000 0 00 0 0 0
000 0 00 0 0 0
000 0 00 ) 0 e

B,=|0 00 0 00 0 0 0 ’
000 0 00 0 0 0

v r(1—y) _v(1—y)
000 1) 00 1) 0 1)
000 0 00 0 0 0
v _v(1—y) _v(d—)
_0 00 (1-v)? 00 (1-v)? 0 (1—v)2
and
Bs=0
The Foreign price index, using
Tiry = Tre — Qr, (B.99)

instead yields

- Voo vVooa Lv(1—7),9 1v(1—7) A9
T, o= -2 _ PN T g VAT B.1
Fit 11—, Ht+ 1—1/Qt 5 (1_y)2 A (1_1/)2 Q3 (B.100)
1-— v v .
+— v(1=7) HtQt 7TH{, O; + tht-l—O(HCH )

(1—v)* (1—v)* (1-v)*

Rewriting in vector-matrix form, we have

[e.9]
1
> 8 [b;’xt t 5@t B+ 4B | + tip. + O (I1¢IP*) = 0, (B.101)
t=0
where
by =0 0 —g% 0 0 0 -1 0 %],
0 0 0 0000 0 0 7
0 0 0 0000 0 0
2 v(1—v)
0 0 0 0000 7 0
0 0 0 0000 0 0
B:=10 0 0 0000 0 0 ,
0 0 0 0000 0 0
0 0 0 0000 0 0
0 0 —(1_”ng 0000 0 ﬁ
v(l—y v _v(d—y)
00 (1-v)? 0000 (1-v)? (1-v)?

[
o



and
Bgf =0.

B.6 Price setting

When setting its prices, the firm maximizes

max Ey D (@B) Atz (1= Teg2) o1 (1) Yeyo (6) = Wiz Liy2 (3)) (B.102)
t(7 2=0
where (Ci) P
UC (Litz t
A =E , B.103
t,t+ t Pt+z ue (Ct) ( )
Ve = (o) T, (B.104)
Hit+z
and
L<P
W, = ——P,. (B.105)
gtct

Denoting by pg; ., = pt(1)/ Pr -+~ the relative optimal price at time ¢ + z of a firm that last
reoptimized its prices in period ¢, we can write the solution to the above problem on the
following form:

1
o K\ 1+oe
Phy = (FZ) : (B.106)
where
Kt = Et {Z (Oéﬁ)z kt,tJrz} (B107)
z=0

F = E {Z(aﬂ)zft,ﬂrz} (B.108)

z=0

and, introducing the notation Py, = Pr+/PH t+2,

_ —o(14+¢) 14 y—(1+
kv = (14 9) mrP 0 YA X 0 (B.109)
frivz = PoGCrlYe:Thys . (B.110)

Proceeding as in Benigno and Woodford (2008), we can write the exact log-linear expression
for p;, as
(1+0¢) Pire = Ki = F. (B.111)

A second-order expansion of F} and K;, next, yields,

1 > . 1.

FitSF? = (1-af) B, {Z:; (aB)? (fmz + §f3,t+z> } +O([CIP)  (B.112)
. 1 . > R 1.
Ki+ 5K = (1-0ap)E, {z% (af)* (kt,m + 5k§t+z> } +O(lKIP) . (B.113)
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Plugging in (B.112) and (B.113) into (B.111), we have

(I+op)phry = (1—aB)E {Z (iftt-i-z_ftt—kz)}

+7(1 —2a6) i af)® (k?t P A t+z) (k‘t the + i t+Z>}
z=0
3 (B &) (B &)+ 0 (1) (B.114)

Note next that, in an exact log-linear form,

Frive = firs—0 (L4 9) Prrpe + (14 9) Vi — (14 ) Xip2 (B.115)
Jtive = (1=0) Pz +&4: =00+ Y. +Thpy e, (B.116)

and so

iﬂt,t+z - ft,t+z = —(1+o0p) Pt,t+z + @ﬁJrz - (1+¢) Xt-l—z
+0C 2 + fitz — Etve — THipy2 (B.117)
and
fet s + ft,t+z = 24+ ¢) Vi, — (1 4+¢) Xepo + (1 =20 — 09) Prsrs
—0C 12+ fiegz + &z + Ty

= Tt+z+(1—20'—0'g0) Pt7t+z, (B118)

where
Tir-=2+ ) Vigs — (1+¢) Xire = 0C s+ fipyz 4 & + TH,tJrz . (B.119)

Substituting into (B.114) and rearranging, we arrive at

l+op , 1 - - L R
angt = —5 (1 +09) Pz + Ey {Z (aB) (kt,tJrz - ft,t+z>} (B.120)
z=0
1 - e A .
+§Et {Z (Oéﬁ) (kt,t+z - ft,t+z) : [Tt+z + (1 — 20 — U@) Pt,t-l—z} }
z=0
O (IIIP)
where -
Z=Y (aB) [THZ (11— 20— o) sz} . (B.121)
z=0
Defining ) X R
Btz = kt,t—f—z - ft,t—f—z + (1 + J‘P) Pt,t+z ) (B-122)
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and noting that P,y = Py+/Pr+ = 1 and hence Pt,t = 0, we can write (B.120) recursively as

14+op . 14+op - 1 .
TP = 2+ af B(pmﬂ Prasr) =5 (1 +09) iy Z

a,ﬁ .
+ - (L +09) D1 Ze41 + §ZtTt (B.123)

+ _IBEt {Z (aB)” [(1 —20—0p)(1+0p) (_Pt%t+1 - 2pt,t+1pt+1,t+1+z)

z=0

— (14 09) Pis1Yis14s + (1 — 20 — a¢) Pt,t+1zt+1+z} } + 0 (J)<]]?) -

The term in brackets in the last equation can be rewritten as

/8 - Z B
_Et > (@B)* B
2=0
[(1 —20 —o0p) [(1 + o) <—pt,t+1 - Pt+1,t+1+z) + Zt+1+z” }
af(1—20—0p)(1+0 . - .
_aliz2 - _*fjﬁ( DB (Frars = Pron) P} (BA24)
which implies that

1+o0p. 1+o . 1
ﬁp?{,t = z+ aﬁ O;Z (pH t+1 Pt,t+1> + §ZtTt (B.125)

2 (o) e+ 2L (14 09) B { (Bt — Brrnr) Zeer)
+ﬂfgﬁﬂl—%—U@ﬂ+mﬁﬁ{@ﬁHrJ%H)EH&
+O(II¢IP) -

We continue with taking a second-order expansion of the law of motion for the price index,

as given in equation (24), which yields

o a 1 a o 3
= ——1—-0)—— @) . B.126
Dt L B (1-o0) (1 a)zﬂH,t + O (I[<]]?) ( )
Inserting (B.126) into (B.125), and using that ]%Hl = —TH+1, we have
. l1—-0 1 | R 1—0 af N
THt = T m”?{,t + Kz + BTH 1 — TﬂEt {7}
1 1 . N
+ = K',ZtTt — 5 (1 — Oéﬁ) ﬂH,tZt + g (1 — Oéﬁ) Et {ﬂ_H,t-f—th-i-l} (B127)

2
2 (1=~ 09) Bu {01} + O (ICI)

where we have defined
. (1-a)(l—apb)
a(l+op)
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Integrating equation (B.127) forward from ¢ = ¢y and rearranging, we can write the above
sum as

oo oo

_ 1 _
Vi = By > Bz + 5By > By (B.128)
t=to t=to
o(l+ = .
4T g S giot0sd g+ O (ICIF)
t=to
where
1. 1—0 1 R o1+ ¢).
V%O =K 1 |:7TH,t0 —_ mﬂ%{yto + 5 (1 — 046) WH,tOZtO + TT(%{JO ; (B129)
and
ap
Zy = Y+ Y (1 — 20 — O'QO) 1+ afE Zy1 1 . (B130)
Substituting back in z; and Y, we can finally write
R 1
Vie = Ey {Zﬁ“O [«th +0C =Ty = (L+9) Ko+ ju — &+ 50 2+ @) ¥/
t=to
Loso 1o o A O A 7
— 50 Ci — §TH’t +0Y;Cy — YTy + 0C T,
-1+ ‘P)z VX + (1+ ©) Vijie — Vi€ + 0Ci&s — gtTH,t:| }
o(l+ = .
+ %Eto > By +tip + O (JICIP) - (B.131)

t=to
Using vector-matrix notation,

00
_ 1 1
‘/to = Eto {Z Bt to |:fg/;xt + §-T;Fxxt + SC;FCQ + §f7TH7T%{7t:| }

t=to

+ti.p.+ O (<P, (B.132)

where

fi=[p 6 =1 0 0 0 0 0 0],

(0(2+9) 6 —1 0 0 0 0 0 0]
0 -6 9 0 00 000
-1 6 —-1 000000
0 0O 0 00O0O0O0TO
F, = 0 0O 0 0O0O0O0O0 Of,
0 0O 0 00O0O0O0TO
0 0O 0 0O0O0O0O0TO
0 0O 0 00O0O0O0TO
0 0O 0 00O0O0O0 O
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—(14+¢)? =1 (14+¢) 0 0 0
0 0 0 000
0 -1 0 000
0 0 0 000
Fr = 0 0 o 00 0],
0 0 0 000
0 0 0 000
0 0 0 000
L0 0 0 0 0 0

and

fﬂH:J(1+@)“_1-

For the Foreign economy, we instead have

oo

ol oo U | 2

vy o= Eto{Zﬁt to [@ft*+00§—T}7t—(1+¢)Xf+uf—£?+§<ﬁ(2+¢) (Yt*)
t=to

1 2 [ Arx 2 1 ik 2 Ok Avk Or s % Ak ok
— 50 (Ct> _§(TF,t> +0Y Oy =Y Try +0C TE,

(P i 306 a6 -6 |

2 Gr R, i 571 (5" + tip.+ O (ICIF) (B.133)
where
Vo= k! [ﬁ;to - ﬁ (Fp) (B.134)
(- ap) g 2, + 1) (ﬁ;,t(,)Q] ,
and
Z = @)y (49) Xf — 00+ i+ 6 (5.135)
+Th, + % (1—=20 —0p) T +aBEZ .

Rewriting in vector-matrix form,

o0
Vio = Ly {Z Cia [fg;,% + Efﬂgmeﬂt + TG+ §f7rp (WF,t)Q] }

t=to

+tip. +O(|C]P) . (B.136)

where

f&=10 000 ¢ 0 -1 0 0],
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0 0 0 0 0 0 0 0 0
0000 0 0 0 00
00 00 0 0 0 00
0000 0 0 0 00
Ff=10 00 0 ¢2+¢) 6 -1 0 0f,
0000 0 -0 0 0 0
0000 -1 6 -1 0 0
0000 0 0O 0 00
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0
000 0 0 0
000 0 0 0
000 0 0 0
FE=10 00 —(1+¢)?® -1 (1+9)|,
000 0 0 0
000 0 -1 0
000 0 0 0
0 0 0 0 0 0 |
and
fro=0l+¢) k.

B.7 Deriving the loss function

Given the functions (B.74) and (B.76) and the second-order approximations of the variables
entering vector x;, we can derive a welfare function for each of the two countries. To that
end, we need to eliminate the linear terms from the welfare functions using an appropriate
linear combination of the second-order approximations to the constraints. Explicitly, we need
to solve

oY = 2, (B.137)

and
Y = F (B.138)

T

for T and T*, respectively, where we have collected the linear terms from the constraints in
the (9 x 9) matrix

(I)E[fx my by ng fi mi bi nl az]. (B.139)

x x x

Since z, and 2} are given by the following (9 x 1) vectors,

2, = [-p7* 1.0 0 00 0 0 0] (B.140)
z = [0000 -t 100 0], (B.141)

we know that T and Y* must be (9 x 1) vectors as well. They can be computed by pre-
multiplying both sides of (B.137) and (B.138) by the inverse of ® as follows,

P7loY = ol e T=0""z (B.142)
olorr = Tl e =01 (B.143)

T
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where the second equality on each row makes use of the fact that ®~'® = 1.26

Having solved for T and T*, we can proceed to deriving the final loss function, i.e. the
negative of the welfare function, containing only quadratic terms. The loss function of Home
is then given by

L = uc(C)CE {Zﬁt [ 2y Lpas + Lo + L WHWI%”} }
+tip. +O(||¢P), (B.144)
where
Ly = Zy + T1Fy + YoM, + Y3By + YN, + Y5F) + YoMy + T7B; + TNy,
L¢ = Z¢ + Y1 Fg + Y5F,

loy = 2ry + Yifry

and where a subscript on T denotes the index of its rows, so that T denotes the first row of
T, To the second, etc. Similarly, the loss function of Foreign is given by

L* = CEO {Z gt [ xt}L*xt + xt Ct (WFt)z] }

+tip. +O(||CP), (B.145)
where
LY =2+ Y1F, + Y5M, + Y5B, + YuN, + YiFy + YoMy + Y57B, + TN,
L= ZF + Y1Fe + Y3EL
and

* Lk * pk
lap =22, X5 fr, -

The final objective function for the monetary authorities is then defined as

with I and L*given by expressions (B.144) and (B.145) above.

2°Due to the size of the matrix @, I refrain from computing its inverse analytically and evaluate it symbol-
ically instead. For the same reason, I also present the solution only in vector-matrix form.
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C Appendix: Impulse responses to monetary-policy and markup

shocks

In this appendix, we briefly discuss the shocks to monetary policy and the price markup.
These are displayed and discussed in the same order as the technology and consumption
preference shocks presented in the main text. The solid lines are the responses from the
benchmark, dynamic demand model, and the dotted lines are the responses from the standard
DSGE model plotted for comparison. Moreover, in Figures C.4 and C.5, where the responses
generated with both the classical Taylor rule and with optimal monetary policy are presented
in the same graphs, the thinner lines correspond to the Taylor rule, while the thicker ones
correspond to optimal monetary policy.

We begin by focusing on the impulse responses to Home shocks under the Taylor rule,
presented in Figures C.1-C.2. Just as in the cases of technology and consumption preference
shocks, we here see that the responses of production and, in particular, net exports are less
pronounced in the dynamic demand model than in the comparison model, while the responses
of exchange rates are somewhat magnified. This can be explained using the same reasoning
as for the shocks discussed in the main text: as the international substitution effect is now
reduced in the short run, implying an initially weaker response in quantities, the required
change in the international relative prices is relatively larger. Note, further, that the effects
of the non-persistent monetary policy and markup shocks are much more long-lived in the
dynamic demand model than in the standard DSGE model. The immediate response to
the shock is muted in the dynamic demand model, due to the presence of the additional
short-term rigidity. Any deviation from the steady state that does occur, will however take
longer to peter out. While the effect in the standard DSGE model disappears instantly with
the shock, in the dynamic demand model it can take up to 12 periods before the effects on
exchange rates and output have died out entirely.

Moving on to the markup shock under optimal monetary policy, presented in Figure C.3,
we find that the responses following the shock are all quite small. With the tradeoff between
inflation and output gap stabilization present in both models, the output gap deviation is
somewhat larger in the standard DSGE model than in the model with dynamic demand. The
responses of the exchange rates and the terms of trade, as well as the under optimal policy
required change in the interest rate, are however much stronger in the presence of habits, just

as for the two other shocks discussed in the main text.2”

2"Note that, since monetary policy is assumed to be conducted in an optimal way at all times, the shock to
the interest rate is irrelevant in this setting.
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Figure C.1: Impulse responses to a contractionary shock to Home monetary policy
under the classical Taylor rule
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Figure C.2: Impulse responses to a unit shock to the Home price markup
under the classical Taylor rule
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Figure C.3: Impulse responses to a unit shock to the Home price markup
under optimal monetary policy
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Figure C.4: Impulse responses to a contractionary shock to Foreign monetary policy

Finally, the spillover effects of the shocks to the Foreign interest rate and markup are
presented in Figures C.4-C.5 and briefly discussed here. Focusing first on the solution with
the Taylor rule, we see that the shock to the Foreign interest rate, has initially less pronounced
but longer lasting spillover effects in the presence of dynamic demand. Moreover, the initial
responses of all of the plotted variables have been reversed. This is due to the fact that very
little substitution takes place immediately after the shock, making the income effect dominate
and hence lowering consumption for both types of goods. Some substitution towards the
cheaper Home good does occur, nevertheless, tilting relative demand towards Home. When
the effect of shock disappears after one quarter, with habits present, the change in relative
demand is not immediately reverted, causing the demand for Home goods to stay above
steady state for approximately 8 quarters instead of 1. That the responses are prolonged
applies to the markup shock as well, the effect of which on inflation and output lasts for
approximately 12 quarters. The initial responses are again muted relative to the standard
DSGE model.

Turning our attention to the responses under optimal monetary policy, we note that the
price markup shock turns out to have smaller spillover effects, calling for a less aggressive
monetary policy reaction in the presence of dynamic demand, although the responses to this
shock remain small in both models. The short-lived rise in the Foreign markup leaves total
demand largely unaffected, creating only a small increase in demand of the more expensive
Foreign good. As discussed above, in relation to the responses generated from models con-
taining a Taylor rule, whatever the size of the distortions in the model with dynamic demand,

they will take longer to restore — independently of the assumptions made on monetary policy.
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Figure C.5: Impulse responses to a unit shock to the Foreign price markup
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D Appendix: Sensitivity analysis

Table D.1: Persistence, correlations and volatility of selected variables in the dynamic
demand model, varying the calibration

Base- Habit Risk Openness
line formation aversion
h=08 h=09|60=1 0=3|v=02 v=03
Autocorrelations
autocorr(Y') 0.80 0.81 0.77 0.75  0.84 0.79 0.81
autocorr(C') 0.68 0.67 0.68 0.67  0.68 0.67 0.68
autocorr(Q)) 0.63 0.56 0.68 0.62  0.64 0.64 0.63
autocorr(AS) -0.12 -0.17 -0.11 -0.14  -0.12 -0.13 -0.12
autocorr(TT) 0.63 0.56 0.68 0.62 0.64 0.64 0.63
autocorr(R) 0.26 0.22 0.24 024  0.27 0.25 0.27
autocorr(IM) 0.88 0.88 0.85 0.82 0.91 0.89 0.87
autocorr(EX) 0.88 0.88 0.84 0.81 091 0.89 0.87
Correlations
corr(Y, NX) 0.67 0.78 0.46 0.40 0.80 0.63 0.70
corr(Y,EX) 0.90 0.94 0.83 0.81 0.94 0.86 0.94
corr(Y,IM) -0.29 -0.50 0.08 0.19 -0.56 -0.27 -0.29
corr(IM, EX) -0.57 -0.71 -0.30 -0.20  -0.76 -0.63 -0.51
corr(C, Q) 0.35 0.28 0.41 041 034 | 042 0.29
Correlations
corr(Y,Y™) -0.12 -0.33 0.20 0.23  -0.40 -0.08 -0.15
corr(C,C*) 0.61 0.70 0.53 0.46 0.65 0.52 0.70
Volatility
std(C)/std(Y) 0.74 0.63 0.89 0.92 0.61 0.78 0.71
std(Q)/std(Y) 1.10 0.75 1.52 0.81 1.27 1.38 0.85
std(AS)/std(Y) | 1.86 1.40 239 | 140 215 | 1.93 1.81
std(TT)/std(Y') 2.20 1.51 3.04 1.63 2.55 2.29 2.12
std(R)/std(Y) 0.39 0.33 0.45 0.27  0.46 0.39 0.40
std(IM)/std(Y) | 1.44 1.53 132 | 124 1.60 | 1.60 1.32
std(EX)/std(Y) | 1.43 1.53 131 | 1.23 159 | 1.59 1.31

Note: The results are based on simulations of the model with habit formation, changing one parameter
at a time while keeping all other parameters fixed. The header in the six rightmost columns displays
the calibration change compared to the baseline calibration. We maintain the assumption of symmetry

across countries, and so each change in calibration is done equally for both Home and Foreign.
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Table D.2: Persistence, correlations and volatility of selected variables in the dynamic demand
model and the model with import adjustment costs

Dynamic Import Standard Data
demand adj. costs DSGE
h=09h=095 ¢opy =20y =5 h=0 Sweden UK Us
Autocorrelations
autocorr(Y') 0.80 0.77 0.82 0.76 0.67 0.86 0.89 0.88
autocorr(C') 0.67 0.68 0.60 0.61 0.68 0.77 0.84 0.91
autocorr(Q) 0.63 0.68 0.49 0.58 0.66 0.75 0.85 0.72
autocorr(AS) -0.12 -0.11 -0.04  0.09 -0.14 0.23 0.31 0.18
autocorr(TT) 0.63 0.68 0.55 0.58 0.66 0.63 0.85 0.75
autocorr(R) 0.25 0.24 0.20 0.23 0.18 0.87 0.86 0.91
autocorr(IM) 0.88 0.85 0.87 0.83 0.66 0.84 0.76 0.87
autocorr(EX) 0.88 0.84 0.87 0.82 0.66 0.97 0.70 0.85
Correlations
corr(Y, NX) 0.67 0.46 0.81 0.83 0.88 -0.26  -0.26  -0.20
corr(Y,EX) 0.90 0.83 0.95 0.95 0.97 0.90 0.58 0.81
corr(Y,IM) -0.29 0.08 -0.57  -0.60 -0.73 0.85 0.68 0.92
corr(IM,EX) -0.57  -0.30 -0.76  -0.76 -0.86 0.94 0.88 0.83
corr(C, Q) 0.35 0.41 0.65 0.86 0.19 -0.12 0.53 -0.20
Correlations
corr(Y,Y™) -0.12 020 | -0.39 -0.50 -0.60 0.86Y5 0.815F (.87VK
corr(C,C*) 0.61 0.53 0.06  -0.52 0.79 0.82U5 0.825F (.74VK
Volatility
std(C)/std(Y) 0.74 0.59 0.76 1.03 0.47 0.65 0.86 0.80
std(Q)/std(Y) 1.10 1.52 2.00 3.58 0.38 2.14 3.37 2.37
std(AS)/std(Y) | 1.86 2.39 1.58 2.40 0.62 1.41 1.81 1.83
std(TT)/std(Y) 2.20 3.04 1.67 2.70 0.76 1.19 2.21 2.28
std(R)/std(Y) 0.39 0.45 0.41 0.93 0.19 0.54 0.67 0.87
std(IM)/std(Y) | 1.44 1.32 1.58 1.45 1.68 2.66 3.04 3.59
std(EX)/std(Y) | 1.43 1.31 1.58 1.45 1.68 2.25 3.07 3.43

Note: The results in the third and fourth numerical columns are based on simulations of the model with import
adjustment costs as given in footnote 19 in the main text. The parameter ¢, is calibrated to the same value for

both the Home and the Foreign economy, maintaining again the assumption of symmetry across countries.
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