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The Global Economy Model: Theoretical Framework

PAOLO PESENTI*

This paper has two purposes. First, it provides a thorough exposition of the
theoretical framework underlying the Global Economy Model (GEM ), as the
model stands in early 2008. Second, it discusses a number of variants and
alternative features considered in the GEM-related literature since Laxton and
Pesenti (2003). For an updated survey of GEM and other dynamic, stochastic,
general-equilibrium applications at the IMF, the reader is referred to Botman
and others (2007 ). Each section starts with a formal description of the relevant
equations, and is followed by a presentation of modeling variants and options.
When appropriate, the section provides a more detailed discussion of how the
building blocks of GEM relate to the literature. It is worth emphasizing
from the very beginning that the paper is meant to be used as a technical
reference on GEM and related models, with apologies for the somewhat
pedantic attention to details and formulas that stems directly from this premise.
[JEL E27, E37, F37, F47]
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I. Peeking Inside the Box: Model Structure and Basic Notation

Building on recent theoretical developments in international finance and
monetary economics, especially the ‘“new open-economy macroeconomics”
literature since the seminal contributions of Maurice Obstfeld and Kenneth
Rogoff (1995, 2000, 2002), the Global Economy Model (GEM) aims to
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Economic Research.
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Figure 1. The Structure of the Model
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provide an optimizing intertemporal framework capable of addressing basic
policy questions involving international transmission of policy and structural
shocks, while reproducing key elements of macroeconomic interdependence
among countries and regional blocs.

Like other recent dynamic, stochastic, general-equilibrium (DSGE)
models, the design of GEM combines the long-run properties of real
business cycle models with short-run “Keynesian™ dynamics stemming from
nominal rigidities and inertia in the inflation process. Although obviously
indebted to the classic Mundell-Fleming-Dornbusch tradition, GEM builds
on explicit microfoundations allowing for a tightly integrated treatment of
positive elements and welfare considerations.

A useful way to approaching GEM is by familiarizing oneself with its
broad characteristics and notation with the help of a visual representation.
Figure 1 illustrates the key macroeconomic variables in a representative
country.

Consider first the households sector. Each household consumes a final
good (C in Figure 1), and supplies labor (¢) to all domestic firms. Some
households do not have access to capital markets. They finance their
consumption exclusively through disposable labor incomes. The remaining
households own the portfolio of domestic firms and the domestic capital
stock (K), which they rent to domestic firms. They also buy and sell two
bonds: a domestic bond denominated in domestic currency, and an
international bond issued in zero net supply worldwide. When households
sell or purchase the international bond they pay a premium to financial
intermediaries, whose size is a function of the aggregate net asset position of
the country. Labor and physical capital are immobile internationally. The
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market for capital is competitive, and capital accumulation is subject to
adjustment costs. In the labor market, wage contracts are subject to nominal
rigidities.

On the production side, firms produce the final goods, an array of
differentiated intermediate goods, and provide intermediation services.

In each country there are two final goods—a consumption good (A4) and
an investment good (E)—produced by perfectly competitive firms. The
consumption good is consumed either by domestic households or by the
government (G¢). Similarly, demand for the investment good is split between
private agents (/) and the public sector (G;). Final goods are produced by
using all available intermediate goods as inputs.

There are many varieties of intermediate goods, each produced by a single
firm under conditions of monopolistic competition. Each intermediate good
is produced by using domestic labor inputs and domestic capital.
Intermediate goods are either nontraded (N ) or traded internationally (7).
The nontraded intermediate goods can be purchased by the government (G y)
or used in the production of the final goods (N y). Domestic tradables used by
domestic firms are denoted Q, imports from all other country blocs are
denoted M. Imports are subject to short-term adjustment costs that
temporarily lower the response of demand to changes in relative prices.
Prices of intermediate goods are subject to adjustment costs (nominal price
rigidities).

Finally, the government purchases the two national final goods, as well as
nontradable services. As treasury, the government finances its expenditures
with net taxes on the domestic private sector. As central bank, the
government manages the national short-term nominal interest rate.
Monetary policy is specified in terms of a credible commitment to
guarantee price stability by managing the domestic nominal short-term
interest rate.

Il. General Considerations
Country Size

The world economy consists of a set ./" of regional blocs (‘‘countries’). The
size of the world economy is normalized to one. The size of each country H is
denoted s, with 0<s<1 and ZHSH =1 for H € A". The country size
measures the world share of private agents who are resident in the country:
both hguseholds and firms in country H are defined over a continuum of
mass 5.

Discussion

For applications focused on short- and medium-term analysis, the country
size s” can be treated as a constant parameter. This specification is
problematic in simulation exercises in which one or more countries grow for
a prolonged period of time below (or above) the common trend (the latter is
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defined below). In these cases, maintaining the country size constant over
time leads to an upward (downward) bias of the long-term economic
relevance of these countries in a global context. Also, because the number of
product varieties and labor inputs in each country is normalized to s,
constant country sizes imply that the sectoral extensive margins (the
number of firms and varieties in any given sector) remain constant over
time as well, and there is no labor immigration. For the time being, the
current version of GEM does not encompass endogenous firms’ entry
and exit across sectors and countries. A possible way to deal with these
issues is to let s be time varying and equal (for instance) to the size of GDP
(or alternative measures of a country’s economy) in country H relative
to the world GDP. The model-based notion of GDP is discussed later, in
Section IV.

Growth Trend

There is a common stochastic trend for the world economy (the variable
TREND), whose gross rate of growth between time ¢ and time t is denoted
g8..=TREND./TREND,. All quantity variables in each country are
expressed in detrended terms, that is, as ratios of TREND. The exception
is labor effort ¢, bounded by endowment. In the long run, g, ,; ; converges to
gss and g, . converges to ggs', where ggg is a constant.

Discussion

Each (detrended) real variable is stationary, that is, it converges to a well-
defined steady-state level. This applies to all relative prices, including terms of
trade and real exchange rates. In the long term there is balanced growth (at
the rate g) across countries and sectors. The assumption is less restrictive
than it appears, as it is always possible to engineer persistent (albeit not
permanent) deviations from balanced growth for an arbitrarily long period of
time. Variants of the model could be considered to account for unit roots in
relative prices, but they are not discussed here.

Prices and Inflation Rates

As a convention throughout the model, nominal prices expressed in domestic
currency are denoted with uppercase variables, but relative prices are denoted
with lowercase variables. Without loss of generality, in each country the
consumption good A is the numeraire of the economy and all national
relative prices are expressed in terms of domestic consumption units, that is
relative to the consumer price index (CPI). For instance, if P, denotes the
nominal CPI and Pg the nominal price of one unit of the £ good, pp= Pg/P 4
denotes the price of one unit of E in terms of 4. Of course, by definition we
have p,4=1.
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Also we denote the (gross) CPI inflation rate between time 7 and time t
with nt, .= P4 /P4 .. The inflation rate in sector E is therefore equal to

PE,
Mg = u Tz (1)
Et

)

In steady state the inflation rate m, , , | converges to ngg and m, . converges to
Tss, where mgg is a constant equal to the inflation target of the government.

Discussion

GEM is coded up after transforming all prices in relative terms, so that
nominal prices do not appear in the model. Precisely for the same reason why
all quantities are defined in detrended terms, by normalizing all prices relative
to the domestic nominal trend P, we avoid dealing with unit roots, either
nominal or real, in quantitative simulations of the model over very long time
horizons. Because the inflation rate w, . is part of the model solution, one can
always reconstruct the nominal path for the CPI level by arbitrarily setting
the value of P, at some initial time =0 and computing P4 ,= P4 o7 ;. In
the main text we typically adopt the notation with relative (lowercase) prices.
We only switch to the notation with nominal (uppercase) variables when
appropriate in order to simplify the exposition.

As observed above, all relative prices p converge to well-defined steady-
state levels. If two countries have different steady-state inflation rates,
reflecting different policy preferences for the domestic nominal anchor, in
steady state the nominal exchange rate between the two countries depreciates
at a rate equal to the difference between the two inflation rates but the
CPI-based real exchange rate remains constant. We return to this point in
Section III.

Usually inflation variables carry a double time index. In most appli-
cations time ¢ is measured in quarters, so that m, ; , measures the quarterly
inflation rate at time ¢, (m,_;, )} measures the annualized quarterly inflation
rate at time 7, and m,_4 , measures the year-over-year inflation rate at time .
When there is no risk of confusion, we adopt the notation 7, as shorthand for
quarterly inflation m,_; ,.

Notational Conventions and Other Formal Aspects

The convention throughout the model is that variables that are not explicitly
indexed (to firms or households) are expressed in domestic
per-capita terms. For instance, A,=(1/s)[0A,(x)dx and ¢, = (1/s)( [, t:(n)
dn+ [, ¢,(h)dh). Variables without time indices as well as variables with
subscript SS are used interchangeably to denote steady-state levels. For
instance, ggs=g.

GEM allows for a rich menu of stochastic processes. As a general
convention throughout the model, when we state that variable X follows an
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autoregressive process, we mean that the process for X is coded as

X, =(1—kx)Xss +Ax X1 +exy, (2)

where 0<Ay<1, Xgg is the steady-state value of X,, and ey, is an i.i.d.
shock. If variable X is strictly positive, a logarithmic transformation is
considered:

lnX,:(l—l)()lnXss—i-)\.X lnX,_l—Q—eX’,. (3)

Needless to say, the assumptions about the dynamic structure of the
random variables and the variance-covariance matrix play a crucial role in
volatility exercises. In general, alternative specifications of the stochastic
processes can be introduced, depending on the specific nature of the
simulation project.

It is worth emphasizing that GEM has been developed and coded up in
nonlinear terms. This choice not only enhances the transparency of the model
code relative to the theoretical apparatus but also allows for seamless higher-
order extensions of the analysis beyond the traditional first-order
approximations around the nonstochastic steady state. This flexibility is
particularly relevant for welfare analyses involving at least second-order
expansions around the steady-state equilibrium. In one case below, however,
we find it useful to focus the presentation on the linear approximations of the
GEM equations, in order to facilitate the comparison between our
framework and similar analytical models.

lll. The Domestic Macroeconomy in Partial Equilibrium

This section is devoted to the country-specific elements of the model that do
not involve international interactions. Thus, in what follows we consider a
representative country under the working assumption that trade-related
variables are exogenous and determined outside the equilibrium. For this
reason, country-specific indices play no role in this section. General
equilibrium considerations and a fuller notation involving country indices
are introduced in Section IV.

Final Goods

In each country there is a continuum of symmetric firms producing two final
goods, A4 (the consumption good) and E (the investment good). Both goods
are produced under perfect competition.

Consider first the consumption sector. Each firm is indexed by x€]0, s].
Firm x’s output at time ¢ is denoted A4,x). The consumption good is
produced with the following nested constant elasticity of substitution
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(CES) technology:

1
2 1,L

ViA Qa.(x) Ha

1 1L
A,(x) _{(1 - YA)SANAJ(x)l e 4y

M €4

1 L m(l_é) |
+(1 = v My, (x) m] } (4)

Three intermediate inputs are used in the production of the consumption
good A: a basket N4 of nontradable goods, a basket Q4 of domestic tradable
(import-competing) goods, and a basket M, of imported goods. The
elasticity of substitution between tradables and nontradables is €,>0, and
the elasticity of substitution between domestic and imported tradables is
iy >0. The weights of the three inputs are, respectively, 1—y,4, v4v4 and
va(l=v, ) with 0<y,, v <]1.

Firm x takes as given the prices of the three inputs and minimizes its costs
PNNA(X) +poO 4(x) + paraM 4, (x)subject to the technological constraint (4).
Cost minimization implies that firm x’s demands for intermediate inputs are

Nai(x) = (1 =y )pyTAi(x), (5)
Qui(X) = Yavapo'y' P, Ad(x), (6)
M 4(x) = 14(1 = Va)Pard P Adx), (7)

where py, po, and py,4 are the relative prices of the inputs in terms of final
consumption baskets, and py4 is the cost-minimizing price of the composite
basket of domestic and foreign tradables, or:

_
Pxas = [Vapp i + (1= va)py ], ®)

The production technologies in the consumption and investment sectors can
be quantitatively different but their formal characterization is similar, with
self-explanatory changes in notation. For instance, a firm ee€]0,s], that
produces the investment good, demands nontradable goods according to

Neg(e) = (1 =vp)(pn.i/PEs) " Er. 9)

Discussion

Note that p,,4 and p,r are sector-specific as they reflect the different
composition of imports in the two sectors, but py and py are identical across
sectors. In Section IV we discuss the role of import adjustment costs and their
effects on relative prices.
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The weights v 4, V4, Y&, and vg can be modeled as constant parameters or
as autoregressive processes. In the latter case, they can be interpreted as
preference shifters, reflecting shifts in households’ consumption demand from
tradables to nontradables, or from import-competing goods to foreign
imports.

The CES specification is notationally cumbersome but widely adopted in
DSGE models to allow for a flexible parametrization of elasticities. Of
course, when the elasticities are equal to one the equations collapse to the
traditional Cobb-Douglas specification. In most applications the elasticities
of substitution between import-competing goods and imports, p4 and pg, are
likely to be larger than the elasticities of substitution between nontradables
and tradables, £, and gz. Note however that there are no theoretical
restrictions on the size of these elasticities.

Demand for Intermediate Goods

Intermediate inputs come in different varieties (brands) and are produced
under conditions of monopolistic competition. In each country there are two
kinds of intermediate goods, tradables and nontradables. Each kind is
defined over a continuum of mass s. Without loss of generality, we assume
that each nontradable good is produced by a single domestic firm indexed by
nel0, s], and each tradable good is produced by a firm /€[0, s].

Focusing first on the basket N4, this is a CES index of all domestic
varieties of nontradables. Denoting as N 4(n, x) the demand by firm x of an
intermediate good produced by firm #n, the basket N 4(x) is

eN
Oy—1

1
Oy [* 1
N (x) = (%)e‘/ONAJ(n,x)I Ovdn , (10)

where 0,>1 denotes the elasticity of substitution among intermediate
nontradables.

Firm x takes as given the prices of the nontradable goods p(n) and
minimizes its costs [op(n)N 4, (n, x) dn subject to (10), obtaining

Ny = & (”Z(”)>_GNNA.¢<x>, ()

S\ PN,

where py (the Lagrange multiplier) is the cost-minimizing price of one unit of
the nontradable basket, or

Py = [G) /0 Spt(n)le”dn] ﬁ (12)

The basket Ng is similarly characterized. Aggregating across firms, and
accounting for public demand of nontradables—here assumed to have the
same composition as private demand—we obtain the total demand for
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good n as

/NA,t(n,x)dij/NE7,(n,e)de+GN7t(n)
0 0

~ (p:n) O ~ (pn) O
=\ (Nas+ Nei+Gyy) = oy Ny, (13)
N N

where N4 ,=(1/s) [§N4, (x)dx (and similar).
Following similar steps we can derive the domestic demand schedules for
the intermediate goods /:

S N _eT
/OQAv,(h,x)dx+/0 Qp(h,e)de = (ppt(—h)) 0,. (14)

0.
Demand for imported intermediate goods will be characterized below.

Discussion

The elasticity of substitution 0, either in the nontradables or the tradables
sector, can be modeled as a constant parameter or as a time-varying
stationary process.

In Section IV we discuss how (13) changes when distribution services are
considered.

Supply of Intermediate Goods
Each nontradable good 7 is produced with the following CES technology:

v
Lo T
N,(I/l) = ZN,[ (1 — O(N)i/vf,(l’l) F”V + O(NNK,(H) (t”v . (15)

Firm n uses labor ¢(n) and capital K(n) to produce N(n) units of its variety.
&xn >0 1is the elasticity of input substitution, and Zy is a stochastic process for
productivity, common to all producers of nontradables.

Following the notational convention regarding prices, we let mc,, w,, and
r, denote marginal costs, wages, and rental rates in consumption units. Firm
n minimizes its costs w,¢,(n) + r,K;(n) subject to (15). Cost minimization
yields the marginal cost in nontradables production as

1

Nt

1
{(1—oy)wi = 4 oyry >} 18, (16)

me,(n) =

and the capital-labor ratio is
Kin) _ o ()™ (17)
Et(n) - 1 - aN WI ’

In each country, labor inputs are differentiated and come in different
varieties (skills). Each input is associated to one household, defined over a
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continuum of mass equal to the country size and indexed by je[0,s]. Each
firm n uses a CES combination of all available labor inputs:

)
v -1

1
(7 - L '
v = |(5)" [ | 18)

where /(n,j) is the demand of labor input of type j by the producer of good n
and ;> 1 is the elasticity of substitution among varieties of labor inputs.
Cost minimization implies that ¢(n,j) is a function of the relative wage:

tnj) =1 (Wf(f)> %et(n), (19)

s\ w,

where w(j) is the wage paid to labor input j and the wage index w is defined as

szgﬁkmﬁwﬂfﬁ (20)

Similar considerations hold for the production of tradables. We denote by
T(h) the supply of each intermediate tradable /. Using self-explanatory
notation, we have:

Er
LA ]
St K(h) w| 1)

1—

Ti(h)=Zr,|(1— O(T)éét(h)

where Z 7 is total factor productivity. Aggregating across firms, we obtain the
total demand for labor input ; as:

/0 0y, j)dn + /0 i )dh = (%ﬁ) _W% < /0 0y (n)dn + /0 SE,(h)dh)

::<W*ﬁ)‘“@, (22)

Wy

where /¢ is per capita total labor in the economy.

Discussion

Recall that all variables are defined in detrended terms. The implicit
assumption is that in each country the effectiveness of labor effort ¢ grows at
the same rate as TREND, so that a shock Z (either in the tradables or in the
nontradables sector) is defined as a total factor productivity deviation from
the common world trend. The model allows for country-specific changes in Z
that do not affect the long-run balanced-growth properties of the model.
Therefore, one can consider a scenario in which the level of Z changes
permanently, or one in which Z grows or falls for some time, but not a
scenario in which Z grows or falls permanently in steady state. Variants of
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the model allow for the possibility of transitory shocks to the effectiveness of
labor or capital in addition to total factor productivity.

A variant of the model considered in Juillard and others (2006)
introduces adjustment frictions in the labor market. The adjustment terms
reflect the fact that it takes time for labor inputs to be fully productive
in production, so that from the viewpoint of national producers their
effective costs are higher in the short term than in steady state. Rewrite
Equation (15) as

Ex
T B I I
Ni(n) = Zn, | (1 —on)ovli(n) & 4oy Ki(n) &) (23)

where ¢*(n) is “‘effective” labor, defined as the product of two components:

by (n) = £i(n)(1 = Ty[li(n)). (24)
In the expression above, £(n) is the same CES basket of differentiated labor
inputs as defined in (18). However, now we assume that changes in labor are
subject to firm-specific adjustment costs. These costs are specified relative to
the past observed level of labor effort in the sector and are zero in steady
state. Specifically, I'y[¢(n)] can be modeled as a quadratic term:

li(n ?
e =% (1)) 03)
2 \Un-1
where as usual fy,_; = (1/s)yl,—1(n)dn. In this case, expression (17) is

replaced by

K[(I’l> . N I -
wi/(1 =Ty (n) = £(n)T (1)) ’

0x (I’l) N 1 - oN
and the marginal cost mc(n) is given by

t

1 w e liléN
i - B t 1-&,
men) =7 - (“ ) <1 —Ty.(n) — E,(n)l"&,(n)) o ) '
(26)

The adjustment terms in Equation (26) reflect the fact that, if ¢,(n) differs
from ¢y, producers’ costs are temporarily higher to account for the losses
of efficiency associated with the change in labor inputs.

Another variant of GEM allows for heterogeneity in labor skills, to
model situations in which differences between high- and low-skill workers
may be relevant. As we discuss below, there are two types of households,
LC-type households and FL-type households (these indices will be
explained later). FL-type households represent a share (1—s,¢) of domestic
households and are indexed by je€[0,s(1—s.¢)]. LC-type households
represent a share s;- of domestic households and are indexed by
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je(s(1—=sz¢), s]. Suppose each type of household supplies a different type of
labor input, and each type comes in many differentiated varieties. In this
case, (18) is replaced with

03
€L 1 1 1] W1
v - - -
l(n) = |sjelrc(n) Ve + (1 —spe)Velpp(n) Ve , (27)
where ¢;¢(n) is a basket of LC-type labor inputs, ¢x; (n) a basket of FL-type

inputs, and \; the elasticity of substitution between the two types. The two
baskets are defined as

\ 793
i 1 Vi —1
1 Vpr, s(I=sec) 1—L t
Vi — - Y’ ) Ve df 28
FL,I(”) (S(l — SLC)> A (nvj) i ) ( )
~ . \II‘I’L(‘I
1 Ve § l—L e
Y = l(n,j) Viedj 29
e = | ()™ [ e e 9

where /(n,j) is the demand of labor input j by the producer of good n and
Vrr, VUre>1 are the elasticities of substitution among skills. Cost
minimization implies that ¢(n,j) is a function of the relative wages

NV N .
%(%) rL(%) “4,(n) for FLinputs

t(n,j) = o i : (30)
l(M) " (“L#> “0,(n) for LCinputs

s \ wrey w,

where the wage indices w;c, wgy, and w are defined as

1
1 s(1=s20) —— 1=Vp

WFL,t <7s(1 — SLC))/O Wz(]) 7 s ( )

i

1 ’ 7 17‘~|"LC r e
- d 32
v, [(XC) [ el (32)
we = [sLewpert + (1= spe)wp b0 (33)
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Similar considerations hold for the tradables sector. Aggregating across
firms, we obtain the total demand for FL-type labor input j as

S(I—SLc) S(I—SLC)
/ 0y, j)en + / 0,(h, )
0 0

_ <w,(j>> i (@) M(l s (34)

WFL,t Wi

where once again ¢ is per-capita total labor in the economy. Similarly, total
demand for LC-type labor input j is

s(

lst(j) S(l*SL(j)

H Ve s =V
- (_Wf(f )) <—”LC¢> spcly. (35)
WLCt Wi

The elasticities \;, r7, and ;- can be modeled as constants or as time-
varying autoregressive processes.

Price Setting in the Nontradables Sector

Consider now profit maximization in the intermediate nontradables sector.
The key element here is the presence of nominal rigidities. They are modeled
as costs to nominal price adjustment measured in terms of total profits
foregone, building on Rotemberg (1982) and Ireland (2001). To illustrate as
clearly as possible the role of nominal inertias, we find it useful to cast the
analysis first in terms of nominal prices, and later move back to our usual
notation involving relative prices.

Each firm n takes into account the demand (13) for its product and sets
its nominal price P,(n) to maximize the present discounted value of profits.
The adjustment cost is denoted Gpy, [P/(n), P,_i(n)] and is a function of both
current and lagged prices. The benchmark parameterization we adopt allows
the model to reproduce realistic nominal dynamics:

= g (PARLPA() 1)? 56)

GPN’t(n) 2 TN -1

The adjustment cost is related to changes of the nominal price of nontradable
n relative to the lagged inflation rate in the nontradables sector my , ;.
Underlying this specification is the notion that firms should not be penalized
when their price hikes are indexed to some (publicly observable) measures of
aggregate or sectoral inflation.
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The price-setting problem is then characterized as

TREND >
max ————E; Y D,gx[P:(n) — MCq(n)]

Pi(n) PA,I T—1
P(n)\ ™
P— N‘r(l - GPN,T(”))? (37)
Nt

where D, . (with D, ,=1) is the appropriate nominal discount rate, to be
defined below in Equation (66). As real variables are detrended, Equation
(37) includes the rate of growth of the global trend between ¢ and t.

The first-order condition is

oo A ()i

P,(l’l)) —by aGPN:t
PN,f aP,(l’l)

~Pu(n) — MC(n)] (

—ED; 11181141 [Pry1(n) — MCyyq(n)]

Pii1(n) NN 0GpN 141
8 < PN,I+1 > N, aPt(”) 7 (38)
where
aGPN,, . Pt(n)/P,_l(n) 1 1
aPi(”) B d)PN( TN 1—1 a 1) TN -1 P,,](n) ’ (39)
0GpN+1 Pri1(n)/Pi(n) Pri(n)/P(n) 1
oP,(n) _(I)PN( TN . B 1) TN . P,(n)’ (40)

Because marginal costs are symmetric across nontradables producers, say
MC[(n)=MCy,, firms n charge the same equilibrium price P(n)= Py. The
first-order condition can therefore be simplified as

0 ={[Pn:i(1 = On) + O MCp](1 — Gpy,(n))}

0Gpn,
— [Py — MCy| 22 p
{[ Ni Cyi 3P, (n) Nt
N1 0G
- {EtDt,mgt,rH [Pyt — MCiii] Tﬂ %&;IPM}. (41)

The right-hand side of the previous equation consists of three expressions in
curly brackets. When prices are fully flexible (Gpy=0), only the first
expression matters and the optimization problem collapses to the standard
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markup rule:

oy —1

where the gross markup is a negative function of the elasticity of input
substitution. Deviations from markup pricing occur if firms are penalized for
modifying their prices in the short term. The speed of adjustment in response
to shocks depends on the trade-off between current costs (second expression
in curly brackets) and future expected costs (third expression), making the
price-setting process forward looking.

We can now return to the standard notation in terms of relative prices:
the optimization problem can be written as

Py,

MCyy, (42)

o0
m<a§< TREND,E, z D, g1~ o[ pr(n) — meo(n)]
P =t

<’M> Nl = Tp (), (43)

PN

where the adjustment costs I are now expressed as a function of relative
prices:

rPN,t(n) = (I)gN (TC[

Note that T'py ,=Gpn,,, pAn)ODpy, /Opn)= P (n)0Gpy,,/OP(n) and
pn)oI py. ;4 1/0p(n)= P(n)0Gpy, ,1/0P(n). The first-order condition is
then

0 =(1 = Tpyi(n))[pi(n)(1 = Oy) + Byme,(n)]

= ) = ma () 5 )

pi(n)/pi-1(n) _ 1>2_ (44)

TN 1—1

N1 O py g1

Tz —apt(n) pi(n). (45)

— ED; 1T 11181041 Pir1(n) —meq(n)]

Discussion

Note that when 0 is very large, the first-order condition is approximately
solved by p,(n)~mc/n) regardless of how sizable ¢ py is. This implies that in a
competitive economy (large 0) prices must move in tandem with the shocks
affecting marginal costs, even though such flexibility entails large adjustment
costs. Instead, if price setters have strong monopoly power (0, is close to one,
its minimum value), they can charge a high average markup over marginal
costs. In this case, when marginal costs increase owing to cyclical conditions,
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firms find it optimal to maintain relatively stable prices and absorb the
change in production costs through a markup squeeze. In other words, when
0, 1s small, firms are able to keep their prices well above marginal costs and
accommodate changes in demand through supply adjustments, without
corresponding changes in prices. Other things being equal, an increase in 0
reduces firms’ ability to use markup fluctuations as a shock absorber.

It can be useful to express the pricing equation above as a first-order
approximation around the steady state where I'py ,=0I py ,/Op(n)=
O pN, 1 4+1/0p(n)=0, Tn, =N 1 =Tn 1 =T Dy 1N 18+ 1=1/(1+7)
and p(n) =0x/(0y—1)mc(n). Also for simplicity consider the case in which
there is zero growth in steady state or g=1, so that 1/(1+r)=p. Defining
vy =meln)/p(n), we can rewrite (45) as

0 ={(1 —6x+0nyn)(1 —Tpyn,(n))}

Ny or
- {EIDl,f+]gf,Z+thl,[+l (1 - yNz+1)]<[—+zl ﬁpr(’?)} (46)
Now linearize in the neighborhood of the steady state:
1 dny, — dny,
0 =Oudyni — g~ by (M)
N s
1 d —d
+ EB—dpy <M> (47)
GN s
Define Ty, = dny;/n and yyt = dyy;/yy. Obtain
. 1 —~
(O = 1)y = 5= bpy (v, — Tvii)
N
1 — _
- ad)PNEtB(TENt+1 —TNy)s (48)

which can be rewritten as a log-linear Phillips curve with full indexation, an
expression that relates changes in inflation to expected changes in inflation
and real marginal costs:

6y — 1)By
(bPN '

Similar considerations apply to the tradables sector.

Notice that markup/monopoly power in our setup (0) directly affects the
slope of the Phillips curve y. The important implication is that a reduction of
monopoly power in GEM (higher 0) makes the Phillips curve steeper and
reduces the sacrifice ratio faced by the economy. Similar considerations apply
to an increase in price flexibility (lower ¢ py).

A@t = P‘/J/’-]Tfr + BEIAE;HN Y= (49)
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Variants of the model can exploit alternative assumptions about the
degree of indexation and inflation inertia in the model, simply by modifying
the denominator of the term in brackets in (36) or (44). For instance, a model
in which

Cpn(n) = ey (n/’ (n)/pii(n) 1)2, (50)

o 1—o
2 TN 1T

implies weighted indexation with respect to past sectoral inflation and current
economy-wide inflation, and the resulting Phillips curve is characterized by
asymmetries between forward- and backward-looking components of the
inflation process:

E/\Vt = o(’E;t—l + (1 - a)ﬁt +yﬁr

_ _ R Oy —1)8
+ BE (Tty 1 — oy, — (1 — o) fTisy), YEM. (51)
dpy

Price Setting in the Tradables Sector

In this section we only consider optimal price setting for domestic firms
selling in the domestic market, and we abstract from the role of the
distribution sector. Later we consider the price-setting problem faced by
exporters and consider a variant of the model encompassing distribution
services.

The analysis is similar to the nontradables sector above. Adopting a self-
explanatory notation, the price-setting problem of firm 4 at time ¢ can be
characterized as follows:

max TRENDE, > Diatigiclpe(h) — mex(h)]
Pt =t

pe(h)\ "
<ﬁ) 0.(1 ~ Tpoa(h), (52)

and the first-order condition in a symmetric equilibrium with p(h) = pg 1s

0 =(1 = Tpo(h))[p:(h)(1 = B7) + O7me,(h)]

= ) = e, )] 5 7 )

0141 0 pp 111
— E.D — —_— .
! t,t+17'51.,z+1gt,z+1Lpt+l(h) mCt+1(/’1)] 0, @p,(h) pz(h) (53)

259



Paolo Pesenti

Consumer Preferences

In each country there is a continuum of households indexed by je[0, s], the
same index of labor inputs. Some households have access to capital markets,
some do not. The latter finance their consumption by relying exclusively on
their labor incomes. We refer to the first type as “Ricardian” or “‘forward-
looking” (FL). We refer to the second type as “‘non-Ricardian” or “liquidity-
constrained” (LC). The two types of households can also be heterogeneous
in the labor market, as discussed above.

For each household j, we denote with #/(j) the lifetime expected utility
and specify its preferences as

Wi(j) = TREND,E, Z Btﬂg}‘;cut(ct(j),&(j)), (54)

T=t

where the instantaneous felicity is a function of (detrended) consumption C
and labor effort ¢:

I

 Zr (W)~ b))
1+¢ (1 —by)° '

(55)

In the expressions above, B, . is the discount rate between time 7 and time
T, possibly time-varying and different across countries. In steady state B, .
converges to B5s’ where Bgs is a constant.

The term g; .° in (54) implies that the disutility of labor effort increases
with the common trend, an assumption required to guarantee balanced
growth. The implicit assumption is that technological progress associated
with home production activities follows the same trend as the effectiveness of
labor in manufacturing production. The restriction limtﬁoo[?),,rg};"<1 is
imposed to ensure that utility is bounded.

The parameter ¢ in (55), which affects the curvature of consumption
utility, is the reciprocal of the elasticity of intertemporal substitution. The
parameter {, which affects the curvature of labor disutility, is the reciprocal
of the Frisch elasticity of labor supply.

There is habit persistence in consumption with coefficient 0 <b.<1. The
term C; ,_; in (55) is past per capita consumption of household ;s peers (that
is, either forward-looking or liquidity-constrained agents). Similarly, there is
habit persistence in leisure with coefficient 0 <by < 1. Households’ preferences
are therefore symmetric within their respective categories but, because of
different reference groups in habit formation, they are not symmetric across
categories.
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The marginal utilities of consumption and leisure are

ou,(j) oy Gt Zv () = bt )]
— = 4 C — bc = - - = ’ 56
oc,(jy) ) 10 1+E (1= by)" (0
—G
A0 —7v| ) - b)Cj,r—l _ Zy (L)) - bety1)' "
() ’ “Gris 1L (1—5)f
xZy (MJ)I _b[fful) (57)
and the marginal rate of substitution is
\_ _ ou())/oh()) 0(j) = bebr\*
MRS,(j) = ——2 0 7 (Z0J) 7 ] 58
D= =gutnct) = 2\" 1=5 (58)
Discussion

The specification of the utility function builds on Greenwood, Herkowitz,
and Huffman (1988). The main reason underlying the choice of this para-
meterization relatively to alternative options (such as additive separability or
Cobb-Douglas aggregators) is that it generates relatively high volatility in
consumption and countercyclical trade balances, consistent with empirical
stylized facts. This is because hours worked are determined exclusively by the
real wage (see (71) below after accounting for (58)), leading to a direct link
between fluctuations in labor effort and consumption growth.

The terms Z; and Z; can be modeled as positive parameters or
autoregressive processes. Note that Z;- is normalized so that in a steady state
with ¢,(j) = ¢;,_1, the marginal rate of substitution is independent of habit
persistence.

Budget Constraint (Forward-Looking Households)

The individual flow budget constraint for Ricardian agent j€[0, (1—sz¢)s] is
Bi-1(J)
1,081,

gtB;k_l (])

Ttt_l,’tgtfl,l
+ (I =w)rKi(J) + (1= )wi (NG =T ()

- Ci()) _pE,tIt(j) +&,(J) = TT.(J) (59)

Bi(j) +eB;(J)<(1 + i)

+ (L +i )1 =g
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Households hold two nominal bonds, one denominated in domestic
currency and one denominated in an international currency. We will refer to
the country issuing the international currency as the “center.” In terms of our
notation, B(j) is holdings of the domestic bond by household j, expressed
in terms of domestic consumption units, B,(j) is holdings of the international
bond, expressed in terms of center consumption units, and g, is the CPI-based
real exchange rate, expressed as the price of one center consumption basket in
terms of domestic consumption. If the domestic currency is also the
international currency, € is equal to 1. Below, when we introduce explicit
country indices, 7 is the price of one consumption basket in country J in
terms of country H’s consumption baskets, and similarly ¢/* is the bilateral
real exchange rate of country H relative to the center.

The short-term nominal rates i, and i are paid at the beginning of
period 7+ 1 and are known at time ¢. The two rates are directly controlled
by their respective national governments, so that i is the onshore rate
in the center country. The spread between the onshore rate paid in the
center country and the offshore rate received by domestic investors is
denoted I 5. Only the center-currency bond is traded internationally and is in
zero net supply worldwide. The domestic bond is in zero net supply at the
domestic level (although later we consider a model variant encompassing
public debt).

Agents who take a position in the international bond market must
deal with financial intermediaries who charge a transaction fee I'p on
sales/purchases of the international bond. The presence of the financial
friction I'p guarantees that international net asset positions follow a
stationary process and the economies converge asymptotically to a well-
defined steady state. This transaction cost is a function of the average net
asset position of the whole economy. Specifically, we adopt the following
functional form:

exp(¢pleB; /GDP — bipgsl) — 1 _ ZB_;> B;ll.,t (60)

exp(GpoleB; /GDP, — bypps]) + 1 Bt

where 0<dp <1, ¢py >0, and g,B* = (1/s)g, f(‘;(lﬂw) B*(j)dj represents the
per capita net asset position of the country in consumption units. The term
b¥pEes is the “desired” net asset position of the country expressed as a ratio of
GDP. This variable measures the degree of international exposure that
financial intermediaries consider appropriate for the economy, based on their
assessment of the global economic outlook.

To understand the role played by I'g, suppose first that biprs=Zz=0
and f*= . In this case, when the net asset position of the country is equal to
its ““desired” level of zero, it must be the case that I'3=0 and the return on
the international bond is equal to 1+ i*. If the country is a net creditor,
worldwide I'p rises above zero, implying that the country’s households lose
an increasing fraction of their international bond returns to financial
intermediaries. When holdings of the international bond go to infinity, the

1 -Tp; = (1 — bp
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return on the international bond approaches (1 +i*)(1—dp;). By the same
token, if the country is a net debtor worldwide, I' 5 falls from zero to —¢p;,
implying that households pay an increasing intermediation premium on their
international debt. When net borrowing goes to infinity, the cost of
borrowing approaches (1 + i*)(1+ ¢ ;). In nonlinear applications of GEM
the parameter ¢z, controls the flatness of the I'z function: if ¢z, =0 then
I'ps=0 regardless of the net asset position; if ¢z, tends to infinity then
1-I'g=(1—0dp;) for any arbitrarily small net lending position, and 1-I" 3=
(14 ¢p1) for any arbitrarily small net borrowing position. An appropriate
parameterization allows the model to generate realistic dynamics for net asset
positions and current account.

Consider now the other components of (60). The term b}prs can be
positive or negative. The above considerations are still valid after reinter-
preting the concepts of “net creditor” or ‘“net borrower” in terms of
deviations from the desired levels.

The variable Z , can be modeled as a stochastic process with zero mean
in steady state, provided that fluctuations in Zz are not large enough to push
I'p above 1. In our framework, uncertainty in international financial
intermediation plays the same role that “‘uncovered interest parity shocks”
or risk-premium fluctuations play in similar open-economy models.

Finally, when rates of time preference diverge across countries and
Bx#pB, the transaction cost is appropriately modified to account for
asymmetries in real interest rates across countries, as in Farugee and
others (2007).

Let us consider now the remaining components in the budget constraint.
Households accumulate physical capital which they rent to domestic firms
at the after-tax rate r(1—1g). Gross investment before depreciation is denoted
1. The law of motion of capital is

Kt+1(j)gt7l+l = (1 - S)Kz(j) + Fl,t(j)Kl(j)7 0<d < 17 (61)

where 6 is the country-specific depreciation rate of capital. Capital
accumulation is subject to adjustment costs: I';(.) is an increasing, concave,
and twice-continuously differentiable function of the investment/capital ratio
1,(j)/K,(j) with two properties entailing no adjustment costs in steady state:
I'(do+g—1)=0+g—1and I'";(8+g—1)=1. The specific functional form we
adopt is quadratic and encompasses inertia in investment:

. . 2
C) =5 0+ 20) =3 (2~ 2= )
bn (L() L\
G o
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where ¢y, ¢p>0, Z;, is a transitory shock (modeled as a negative
adjustment cost) and g is the steady-state growth rate.

Labor incomes w/ are taxed at the rate t;. Each FL-type household is the
monopolistic supplier of a specific labor input and sets the nominal wage for
its labor input j accounting for its demand £(j) = (w(j)/w) V¢. There is
sluggish wage adjustment due to resource costs that are measured in terms of
the total wage bill. The adjustment cost is denoted I' -, (for Wage Forward-
Looking) and its specification is the analog of (44) above:

Foei(j) = 20EL (nz wi(j)/wii () 1>27 )

2 W -1

where 1y is the wage inflation rate.

Ricardian households own all domestic firms and there is no
international trade in claims on firms’ profits. The variable ® includes all
dividends accruing to shareholders, plus all revenue from nominal and real
adjustment rebated in a lump-sum way to all Ricardian households, plus
revenue from financial intermediation which is assumed to be provided by
domestic firms exclusively. A formal definition of ® is given below in
Equation (119).

Finally, agents pay lump-sum (nondistortionary) net taxes 77T
denominated in consumption units.

Discussion

In GEM it is assumed that all intermediation firms are owned by the
country’s residents, and that their revenue is rebated to domestic households
in a lump-sum fashion. A simple variant of the model in which
intermediation firms are owned by foreign residents leaves the basic results
virtually unchanged. There are no intermediation costs for center residents
entering the international bond market, that is, there is no difference between
onshore and offshore center interest rates. Note that the choice of currency
denomination of the international bond is arbitrary, and any available
country currency is viable.

Both desired (b5pgs) and actual (eB*/GDP) net asset positions converge
over the long term to their steady-state value b7 gs.

Consumer Optimization (Forward-Looking Households)

The representative Ricardian household chooses bond holdings, capital and
consumption paths, and sets wages to maximize its expected lifetime utility
(54) subject to (59) and (61), taking into account (22) (or (34) if there are
different types of labor).
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For expositional convenience, it is worthwhile to write explicitly the
maximization problem of agent je[0,(1—szc)s] in terms of the following
Lagrangian:

max
Col):Li():B: (7). B; (1) K1 (J).wi ()

TREND EIZB,tg U Ce(g) we() T ewdety)
=t
(1 + i‘rfl)BT*I(j)
Tr—118t—1,t

1 (N)(=Be()) — &B()) +

1+ ) - I I)STBT 1(])

+ 1
‘[—l"[g‘c—lft
+ (1= 7)we() TV Wl (1 = T2 [we (), we-1 (7))
+ (I = tx)riKe()) — Co()) — peode(J) + @:(J) — TT2()))

+ M () (=Kes1 ()grasr + (1 = 8)Ke())
+ Trell()/ K (DK ()} (64)

where p and A are the multipliers associated with, respectively, the budget
constraint and the capital accumulation process.
The first-order conditions with respect to C,(j) and I,(j) yield

w,(J) = 0u,(j)/0C,(j) = Xt(.j)ri,t(j)/pE,l' (65)

In a symmetric setup, Ou,(j)/0C,(j) is the same across Ricardian agents j.
Their stochastic discount rate and pricing kernel is therefore the variable D, .,
which is defined as

1 1
D= z,rgzlq;c b - (66)

My Tz grr

Accounting for the above expressions, the first-order conditions with
respect to B/ j) and B,(j) are, respectively,
1= (1 + it)EtDt,l+17 (67)

1= (1 + ij)(l - FB,I)Et(Dt,t+lAt,t+l)7 (68)
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where A denotes the rate of nominal exchange rate depreciation against the
center country, or

Ay ==l (69)

& T,
The first-order condition with respect to K, () is
#Ezgz,tﬂ :Et{Dt,t+lnt,t+lgt,l+l((1 - TK)”I-H
F],z(])

PE t+1 .
+ =11 =041,
En) | ()

T (70

Expression (70) links capital accumulation to the behavior of the after-tax
price of capital (1—tx)r. In a nonstochastic steady state 14 (1—tx)r/pg is
equal to the sum of the natural real rate g°/B and the rate of capital
depreciation 9.

Finally, taking the first-order condition with respect to w(j), the
Ricardian household’s wage rate is set according to

U MRS, () th(j) =, = D[ = Twrr (N1 —72)

Ol wrr.(J) )
- T 1 —
aw,(j) w(J)( )
W .
+ E[D[,l+1nf7t+1gl,l+l r+1(])

Wz(.j)

(e ™ b
(Wt(.].)/wt)iw b

x%ww’t(j)(l — 1), ()

where MRS has been defined in (58) above. The interpretation of (71)
is similar to (112) above. In a nonstochastic steady state the real wage
w(j) is equal to the marginal rate of substitution between consumption
and leisure, MRS = —uy/u., augmented by the markup y;/(\,—1), which
reflects monopoly power in the labor market. For an analysis of wage
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rigidities in open-economy general equilibrium models, see Corsetti and
Pesenti (2001).

Discussion

In a nonstochastic steady state (67) implies (1 + igg)/Tss = g9s/Pss: recall that
Tgs 1S the (gross steady-state quarterly) inflation rate, (1 + igg)/mgs is the
equilibrium real interest rate, ggg is the (gross steady-state quarterly) rate of
growth of the world economy, 1/Bgg is the rate of time preference, and g3g/
Bss 1s the steady-state ‘“‘natural” real interest rate of the economy.
International differences in natural rates can arise from asymmetric rates
of time preference. The financial friction I3 in (60) is appropriately adjusted
to take into account these asymmetries.

Expressions (67) and (68) yield the risk-adjusted uncovered interest
parity, recalling that the return on international bond holdings is modified to
account for the costs of intermediation I'p. In steady state the interest
differential (1 +iss)/[(1 4+ iss*)(1—I 5 s5)] is equal to the steady-state nominal
depreciation rate of the currency vis-a-vis the United States, and relative
purchasing power parity holds.

Note that the expectation operator on the left-hand side of (70) is needed
as shocks to the trend g, , ;| are not part of the information set at time ¢. This
is because variables are expressed as deviations from the current trend. An
alternative specification which expresses variables as deviations from the
lagged trend would make little difference.

When the two types of households also represent different types
of labor inputs with different elasticities, the first-order condition (71) is
replaced by

1
\VFLMRSr(j) W :(\ljFL - 1)[1 - rWFL,t(j)}(l - TL)
0 «(J .
ot ()1~ )
+ ED 1T 4181041 W}:E%)

" (WFL.,Z+1/WI+1)7\|IL CEL i1

(wFL’t/wt)_‘l”‘ Crry

Ol wrr+1(J)

aW[(]’) Wt(])(l - TL)' (72)

A wvariant of the model considers the role of money. Define as .#
the stock of real money balances held by household j. The budget
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constraint (59) becomes

v%w+&UHﬂ$Uh9%MD+O+m%§ﬁ¥%
F I T 2P (1 ek
+ (1 - TL)‘Vr(j)ét(j)(l - rW,z(f))
)+ Tsa()] = peadi(j) + 0(j) = TT, (). (73)

Consumption spending is subject to a proportional transaction cost I'g
that depends on the household’s money velocity v, where
N GlJ
v(j) = i ) )
M (])

A suggested functional form for the transaction cost (implying a satiation
point for the demand of real balances) is

¢S2
t

v

(74)

— (s bsa) " (75)

Agents optimally choose their stock of real money holdings .# so that at
the margin shopping costs measured in terms of foregone consumption are
equal to the benefits from investing in yield-bearing assets. The first-order
condition with respect to .#,(j) is

- Fi?z(])"%(]) = EDy 11, (76)

which defines real money balances .# as a positive function of consumption
and a negative function of the nominal interest rate. Other equations of the
model need to be modified appropriately to account for the presence of
money. For instance, the asset pricing kernel is now equal to
D —p gt L L 1F Us.i(/) + s, (1) (7) 77)
br e B T 8o 1+ Ts2(J) + ri?,z(j)"r(j)’
and the government budget constraint is modified so that seigniorage revenue
is rebated in a lump-sum fashion through net transfers.

Cs(vi) = dgyvi +

Consumer Optimization (Liquidity-Constrained Households)

As liquidity-constrained households have no access to capital markets, their
optimal choices are confined to labor supply. Similar to the Ricardian
households, they can optimally set their wages to exploit their market power.
Also similar to the Ricardian households, they face adjustment costs for their
wages. These costs are denoted I'y; ¢, (for wage liquidity constrained) and
are similar to (63). Different from the Ricardian households, however, their
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optimal choices are purely static and do not entail forward-looking
components.

The maximization problem of agent je((1—szc¢)s,s] can be written in
terms of the following static Lagrangian:

o max u(C()w (w6 + w(D=Ci() = T )

+ (1= 1) w() 7w, (1 = Tyrea (). (78)

It is assumed that redistributive policies 77 rebate to LC-type households
the income losses associated with wage adjustment, so that their consumption
level is:

Ci(j) = (1 =z)wi(/)()). (79)
The first-order conditions with respect to C(j) and w(j) determines partial
adjustment of wages:

L MRS,()) W[}].) — (1= 1) [(W, = (1 = Tz )

Ol wrc.(J) .
W wi(J) |- (80)

Denoting wg; the wage rate w(j) that solves (71), and w; - the wage rate w(j)
that solves (80), Equation (20) determines the wage rate for the whole
economy as

W}_\UL = SLCwlL_Cl}I[L +(1- SLC)WIFZJ;L. (81)

Discussion

When two types of labor inputs are considered, Equation (80) is
replaced by

Wy MRSH()) W{tj) —(1 — ) [(Wre — (1 = Twzea())
Ol wrc.(J)

o )| (82

Fiscal Policy

Public spending falls on nontradable goods, both final and intermediate. In
per-capita terms, G¢ is government consumption, G; is government
investment, and Gy denotes public purchases of intermediate nontradables.
There are four sources of (net) tax revenue: taxes on capital income tg, taxes
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on labor income 1, import tariffs zar, and lump-sum taxes net of transfers to
households 7'T. In the benchmark version of GEM the government follows a
balanced budget rule:

0=G;— Ggrey,, (83)
where
G =Gc;+peiGri+pnv:Gny, (84)

and Grgyp is aggregate government revenue, to be defined below.

Discussion

Although GEM has not been designed to analyze fiscal policy issues in detail,
variants of the model can be designed to provide a satisfactory quantitative
assessment of budgetary dynamics. In what follows we consider a
possible extension in this direction, following Farugee and others (2007,
forthcoming).

The government finances the excess of public expenditure over net taxes
by issuing debt denominated in nominal currency, denoted B in per-capita
terms. All national debt is held exclusively by domestic (Ricardian) agents.
The budget constraint of the government is

B,

B, > (1+4i-1) ———+ G, — Grevy. (85)
1,811t

Define now the average tax rate for the economy 1 as
Tl‘ = GREV[/GDP[ (86)
Similarly, define the deficit-to-GDP ratio as

DEF,; B, >/
=B, ——F GDP;. 87
GDP, ( ' T—1,181—-1,1 ' ( )

From (85), in steady state we have

Bss TSsESsS ( Gss >

GDPss  mssgss — (1 + iss)

nssgss DEFsg

nssgss — 1 GDPss (88)
The previous equations define the relationships between the debt-to-
GDP, average tax rate, and deficit-to-GDP ratio that are sustainable in the
long term. In what follows we treat the long-run debt-to-GDP ratio as a
policy parameter set by the government, and let tgg¢ and DEFg5/GDPgg be
determined by (88).
The government is assumed to control lump-sum taxes, trade policy
parameters, T and tx directly, while 1, is endogenously determined. A
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possible specification for the fiscal rule for 1 is

B,
T = (1 + o+ Evg)/3 4 drax <GDP Orax2brar:

B DEF, DEFgg
—(I = dr4x2) GDP, > + &raxs <GDP, GDPSS>

G, Gss ) (89)

+ braxs (GDP, "~ GDPss

where by, is the targeted debt-to-GDP ratio, a variable that converges to
Bss/GDPgg in steady state. The tax rate is a smoothed function of past and
expected future rates, adjusted upward when the current debt-to-GDP ratio
is above the average of its current target and its past observed level, when
the current deficit-to-GDP ratio is above its sustainable steady-state level,
and when current government spending as a share of GDP is above its
long-run level.

By construction, public debt is exclusively held by domestic agents, and
the net asset position of the country is independent of the extent of public
borrowing. This feature of the model is of course highly unrealistic. A way to
enhance the realism of the simulations is by introducing a link between the
desired net asset position of country H and the debt-to-GDP ratios in the
world economy as follows:

B

* J,.H

bFDESr Ff]\leUT Fl GDPH JE;]¢F2 GDP_] (90)
#

According to the previous expression, biA:s is equal to a country-specific
constant, b o7, adjusted to account for changes in the debt-to-GDP ratios
in either the domestic economy (B”/GDP™) or in the other countries in the
world (B”/GDP?).

This specification provides a plausible (albeit judgmental) link between
debt imbalances and net asset positions. When the national debt-to-GDP
ratio increases, domestic agents reduce the share of foreign securities in their
portfolios by selling the international bond to foreigners. By the same token,
if the debt-to-GDP ratio increases in the center country, international
investors would require a higher return on center securities, leading to a
higher share of center assets in their portfolios or a reduction of net
borrowing from the center.

Of course, our approach should be viewed only as a crude approximation
to the actual determinants of cross-country spreads and interest rate
premiums in response to macroeconomic imbalances, whose endo-
genization should be eventually incorporated in a self-contained model. It
remains unclear, however, whether the final benefits of such a framework
significantly outstrip the costs of incorporating the large amount of
complications from which we abstract here.
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Quantitatively, one could take bypgs* as a free variable and estimate the
¢ and ¢ parameters on the basis of empirical evidence on the link
between net asset positions and debt levels. Alternatively, one could rely on
cross-fertilization with respect to alternative theoretical models able to shed
light on the structural determinants of these parameters. In Faruqgee and
others (2007), for instance, the calibration of (90) has relied on results based
on the Global Fiscal Model, an overlapping-generation multicountry model
developed at the International Monetary Fund.

Monetary Policy

The government controls the short-term rate i,. Monetary policy is specified
in terms of annualized interest rate rules. The specification of the interest rule
is likely to change according to the nature of the simulation exercise. A
benchmark specification is

+ 01 E (o143 — Iy 43). (91)

The current interest rate i, is an average of the lagged rate i/,_; and the current
“neutral” rate i/, defined as

0.25 o
] 4 e = T8 ()
- )

’ Bri

where I1, ., .4 is the year-over-year gross CPI inflation target (either
explicit or implicit) prevailing at time ¢ for the four-quarter period between
t—t and ¢r—t+4. This average is adjusted to account for the expected
inflation gap three quarters in the future. In a steady state when all constant
targets are reached it must be the case that the nominal interest rate is equal
to the neutral level, equal to the product of the equilibrium ‘“‘natural” real
interest rate g°/P times the inflation target:

(92)

0.25 0 G
» T
L4 iss = 1 4 i = —55 885 _ TSRSs, (93)
BSS BSS

Discussion

The rule (91) could be modified to include policy responses to a set of other
variables (such as measures of the output gap level or growth, the exchange
rate, the current account, etc.) expressed as deviations from their targets. For
an extension to price-level path targeting, the reader is referred to Laxton,
N’Diaye, and Pesenti (2006). For an introduction to optimal monetary policy
in open economies, see Corsetti and Pesenti (2005).
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Market Clearing in the Domestic Economy

Maintaining international variables (including government revenue G gy,
which depends on import tariffs) exogenous for the time being, the model is
closed by imposing the following resource constraints and market clearing
conditions.

In each country, the domestic resource constraints for capital and labor
are, respectively

s(1—=s.c) s K
/0 K(j)dj > /0 K.(n)dn + /0 K, (h)dh, (94)

and

L) > /0 (o, j)dn + /0 0, j)dh. 95)

The resource constraint for the nontradable good n’ is

N,(n) > / N (, x)dx + / Nii(n,e)de + Gy (n), (96)
0 0

while the tradable / can be used by domestic firms or imported by foreign
firms (see below).
The final good A4 can be used for private or public consumption:

/ A (x)dx > / C/(j)dj + sGc, 7)
0 0

and similarly for the investment good E:

K (I=sLc)s
/ E(e)de > / L,(j)dj +5Gi,. (98)
0 0

Market clearing in the domestic bond market requires

S(l*SL(j)
/ B,(j)dj = sB,, (99)
0

where B, =0 in the benchmark model (see discussion above for the treatment
of public debt B,>0).

IV. World Interdependencies in General Equilibrium

So far all trade-related variables have been taken as exogenous. Now we close
the model by considering a multicountry general-equilibrium setting. The
notation becomes slightly more complicated, as explicit country indices must
be introduced. We will refer to H as the ““home” country and to J+# H as one
of the remaining ‘‘foreign” countries. When a double country index is
considered in the case of bilateral trade variables, the first index refers to the
importing (destination) country and the second index to the exporting
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(source) country. Multicountry applications of GEM can be found in
Farugee and others (2007, forthcoming).

Demand for Imports

The derivation of the foreign demand schedule for good / is analytically
more complex but, as we show in (108) at the end of this section, it shares the
same functional form as (13) and (14) above, and thus can be written as a
function of the relative price of good / (with elasticity 07) and total foreign
demand for imports.

We focus first on import demand in the consumption good sector of
country H. Denote the representative firm in the consumption sector as
xe[0,s™]. Tts imports M (x") are a CES function of baskets of goods
imported from the other countries, or

1= - 1
MUY= ST G (T (1= T () P (100)

J#H
where
o<yt <1, Y P =1 (101)
J#H

In (100) above, p’ is country H’s elasticity of substitution across
exporters: the higher is p%, the easier it is for firm x* to replace imports from
one country with imports from another. The parameters b’/ determine the
composition of the import basket across countries. M4 7(x') denotes
imports from country J by firm x” located in country H.

The response of import volumes to changes in demand as well as their
price elasticities is typically estimated to be smaller in the short term than in
the long run. To model realistic import dynamics, such as the delayed and
sluggish adjustment to changes in relative prices typically referred to as the ““J
curve,” we assume that bilateral imports are subject to bilateral adjustment
costs I'4%{. These costs are specified in terms of import shares relative to firm
x™s output. They are zero in steady state. Specifically, GEM adopts the
parameterization

H.J H,J
MA,} (XH) MA,t—l

FH,J
Afl(x™) [ AL

MA,t

M (Al ) e Al 1]
_ N

- = (102)
2 (U (MY (et Al () J (M AR ) - 1))

with d)ﬁ’;fzo. The specification is such that i =o, Ffj/{[oo]:d)ﬁ’jﬁ,
and T4 /[0]=T% 121 = ¢4i1/4. Alternative parameterizations (for instance,
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quadratic) could be considered, although the suggested one has proven to be
useful in nonlinear simulation exercises with relatively large shocks.

Denoting p47” the price in country H of a basket of intermediate inputs
imported from J, firm x minimizes its costs >, zphi’M'{>’(x") subject to
(100). Cost minimization implies

M (M) (1= T4 (1)
(1 =Tt () = MO (T, H LT (X))

ol

pHJ —P4
=p | L) (), 103)
. (pMA,z(xH) A (

where T4 {(x™) is the first derivative of T'4%{(x") with respect to M47(x*)
and the cost-minimizing import price index pf,(x") is the Lagrangian
multiplier:

Pl 1-pff 1—10.7

H H H.J M.t

Pra(X7) = b ( , ) . (104)
i L;f 1= Tt ) = M (T HLJT ()

In principle, the import price piy4(x™) is firm-specific, as it depends on firm
x™s import shares. To the extent that all firms x*/ are symmetric Within the
consumption sector, however, there will be a unique import price ph . It
follows that piy, M| —EJ¢HPMJM§ J(l 30D/ (=T =ML T ad ™).

Consider now the basket M%"/(x") in some detail. In analogy w1th (10)
above, it is a CES index of all varicties of tradable intermediate goods
produced by firms 4’ operating in country J and exported to country H.
Denoting as M**/(h’, x*) the demand by firm x” of an intermediate good
produced by firm %’ the basket M57(x") is

07
071

1
11—
M (") = (,) / M ) an | (105)

where 07> 1 is the elasticity of substitution among intermediate tradables,
the same elasticity entering (14) in country J.

The cost-minimizing firm x*’ takes as given the prices of the imported
goods p™(h”) and determines its demand of good /” according to

—0’
1 (pH (0’ '
M,
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where Mf;,’(xH) has been defined in (103) and p4%”/

1
H.J 1 : 10 | O
o= () [ oot (107)

The import demand schedules in the investment good sector can be
derived in perfect analogy with the analysis above. As a last step, we can
derive country J’s demand schedule for country H’s intermediate good /i,
that is, the analog of (14). Aggregating across firms (and paying attention to
the order of the country indices) we obtain

/ Bt X Ydx! +/ M (h ") de’
s/ P},(hH) o J.H
e (MG + M. (108)
M.t
Discussion

Import adjustment costs '} and T4 are treated in GEM as expenditures
associated with intermediation activities (transportation, distribution,
training, etc.) Thus, they show up somewhere else in the economy as
revenue for the firms that provide these services, and as dividend incomes for
the households who own these firms. Below, we include these components in
the definition of ®.

Variants of the model can include trade in commodities, parts, raw
materials, and other “upstream” intermediate goods. The reader is referred
to Laxton and Pesenti (2003) for a detailed algebraic treatment.

Price Setting in the Tradables Sector and Exchange Rate Pass-Through

In Section III we characterized the optimal price set by a firm producing
tradable intermediate goods for the local market. We now reconsider the
price-setting problem in the tradables sector from the vantage point of the
firm 4" located in country H and exporting to all other countries J# H. We
also introduce the distinction between import prices at the national level and
at the border level. National import prices p’(h*) are paid by firms located in
country J to purchase one unit of the variety 4. These are the prices that
enter equations such as (103) above. Border import prices are indexed with a
bar (for example p’(h")). These are the prices set by the exporting firm /.
The difference between the two prices stems from trade barriers such as
tariffs. Below we consider a more general specification of the model in which
the gap between the two prices reflects distribution costs and retail margins.
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In terms of our notation, we have
th(hH) =(1+ tarJ’H)ﬁ,J(hH), (109)

where tar’* is a proportional tariff duty imposed by country J over its
imports from country H.

To the extent that different country blocs represent segmented markets
in the global economy, each firm A" in country H has to set different
prices for the domestic market and all other export markets. Because the
firm faces the same marginal costs regardless of the scale of production in
each market, the different price-setting problems are independent of each
other.

Exports are invoiced (and prices are set) in the currency of the destination
market. Accounting for (108), the price-setting problems of firm /4 in country
H at time ¢ can then be characterized as follows:

max TREND,E, Z Diinlle, .

J,H
$ er

¢! H.T J(hH) mcf’(hH)]% ((1 —i—tarJH)p{(hH)) —of
X (Mg + M) (1 =Ty (h), (110)

where p7, is the price of the basket of country J’s imports from country
H, and M%™ + M7 is country J's aggregate imports from country H.
The term &7 is the bilateral real exchange rate between country H and
country J (an increase in £+’ represents a real depreciation of country H’s
currency against country J ) The term I'%;/(h") denotes adjustment costs
related to changes of the price of good hH in country J. These costs are the
analogs of (44) above:

(111)

PM .t t —J,H
2 Tr -1

rn gy = O <n,pf<hH>/p{]<hH> . 1>27

where 7,, is the inflation rate for bilateral imports prices. Despite its
fastidiousness, the notation above is straightforward and the equations are
self-explanatory.
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Accountmg for firms’ symmetry (p’(h")="%" and (1 + tar]")p’(h") =
pit in equilibrium), profit maximization yields

0 =(1 — Ty, (K™ 5] (WT)(1 = 0F) + 07 mecy! ()]

oryt
HJ J HY _ et (B PMt _J
- Et{DﬁtHnZHgmH[Sﬂljﬁrj-s-l(hH) z+1(hH)]
J,.H J.H J,H
% MAI+1+MEZ+1 arPMt+lpJ(hH) (112)
My + My ) opl(h)

If adjustment costs in the export market are relatively large, the prices of
country H’s goods in the foreign markets are characterized by significant
stickiness in local currency. In this case, the degree to which short-term
exchange rate movements (and other shocks to marginal costs in country H)
affect import prices in country J is rather small-—as in Chari, Kehoe, and
McGrattan (2002). If instead the ¢347 coefficients are small, expression (112)
collapses to a markup rule, and exchange rate pass-through is full:

mc

HJ—J H HJ—J.h 917—{ H
(h )= & M,t:eH_l ' (113)
T

If firm 4" faces small adjustment costs in all sales markets, both domestic
and foreign, the law of one price holds at the border level:

_ oL
pg}[:gf{"] ‘]]t;[[j:eHT_lmcfl. (114)

Discussion

In the previous paragraph, low exchange rate pass-through is the result of
nominal price stickiness in export prices. There is no need, however, to limit
our analysis of the determinants of pass-through to the role of nominal
rigidities. As an example of an alternative approach, the variant of GEM
studied in Laxton and Pesenti (2003) and based on work by Corsetti and
Dedola (2005) considers the role of the distribution sector. In this section we
briefly summarize this extension and its implications for export prices.
Suppose that firms producing the final goods 4 and E in country J do not
import intermediate tradables directly from the foreign producers. Instead,
firms in the distribution sector purchase tradables abroad and distribute them
to the firms producing the final good. The distribution technology is Leontief:
to make one unit of an intermediate good available to downstream
producers, firms in the distribution sector require M >0 units of the
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nontradables basket N. Thus, total demand for nontradables (13) in country
J
J is appropriately modified as (p,’(nJ)/p]Jv’[)_eN (NG, A Ne + G+ Yy
(M7 + M),
Firms in the distribution sector are perfectly competitive. Because of

distribution costs, there is a wedge between producer (border) and consumer
(retail) prices even in the absence of tariffs and trade barriers. It follows that

pl (") = (1 + tar’Mp] (W) + ' pl - (115)

From the vantage point of firm 4 exporting to country J, the price-setting
equation (112) then becomes

0 =(1 = Ty, (W) [ p1 (W) (1 - 07)

HJ_J J
& WOPN: | aH, H/H
1 + tar/-H + Opme, (A )]
orLi
_ PMt /_
P e ) P 72

n'py
L H H
" m> B E’{Dt,t+lnz.z+1g1,z+1

x [gﬁ{ﬁLl (h) — mcﬁ-l (h™)] (

it (o . WPhy

The key implication of the presence of a distribution sector is that, even in the
absence of adjustment costs, pass-through is no longer full. In fact, when the
&5l coefficients are small, the above expression collapses to a double-
markup rule:

J.H J.H
My + MEJH)
JH JH
My, + ME,;

N

HJ ] (1 H H.J =] H 07 H n’ sf“p{\“
g " p,(h7) =g Py = 91;1 — lmct 91;1 11+ [arJ’*H’ (117)
HJ T/ H H.J JH 07 H JH
. . T
gt/pz(h):Szpr,tzeH_lmct(l"i_mr’)
T
J
n
+ el pl (118)

0 —1
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Market Clearing in the World Economy

All profits and intermediation revenue accrue to Ricardian households:

MO o
/0 O (J7)dj

A‘H(l—SZC) SH,*B*H -H
" U .
= /0 (I+ Zr—l)rll;l.r—l B )d]H

*

T 1,81t

SH(I—Sfc)
+ /0 i G = wl (7 a™

H

K
- / e 0 =< wi (G
S”(lfs‘;l(;)

st

[ ) = el ()

X(/O‘s. Nf;(nH )»H)dxHJr/‘ NH( H7 H)d +G ( H))dnH

JH

+/0 [p[H(hH)fmcf[(hH)]
X(/ QZ,(hH,XH)dxHJr/ Qg_,(/1H7eH)deH)th
0 0 ’
S [ o) —melt
J#H
.Yl
X(/ MAJJ_I:I dv —l—/ M"H W e J a’ej>th
0

o M (x )F,ZA{r(XH) HJ 3 HJ( Hy 5 H
J#H

MAI( xH) — Mt
. e 1ty
+ / ! p T MET (M de™, 119
qué;l 0 (l_rll;lflé,t(eH)_MHJrlHEt( )) . £ ( ) ( )

*

where ¢* is the bilateral real exchange rate between country H and the
center country.

It may be helpful to go through the single elements on the right-hand
side. The first expression (integral) is revenue associated with financial
intermediation in the bond market. The second and third expressions are
revenue associated with wage adjustment by either forward-looking or
liquidity-constrained agents. Note that revenue associated with price
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adjustment is not included here, as it is a cost for some firms and a revenue
for others. The fourth expression is monopoly profits in the nontradables
sector (if “‘entry costs” were considered, they would appear here as negative
items offsetting these profits). The fifth expression is domestic monopoly
profits in the tradables sector. The sixth expression is export profits.

The last two expressions in (119) are revenue associated with import
adjustment, both in the consumption sector and in the investment sector. The
sum of these last components is referred to as IMPADJ (for import
adjustment) in what follows.

The tradable good A" can be used by domestic firms or imported by
foreign firms:

T,(h') > / O.4.(h xM)dx™ + / O, (h" e de"
0 0

YJ SJ
+) ( / MEE Yy + / Mg1f’(hH,eJ)def>. (120)
71 \J0 7 0 '

Market clearing in the international bond market requires

sT(1=s] )
S e o (121)
J

Finally, government revenue is given by

H 1 o H H . H s (1=sie) H
GREV,tES_H /0 IT, (.f)df-l-TK”t/O K ())dj

olt /0 Wl (j)elt (.1'>dj>

+—Zlar1”/ Pl M (W) + M (w))an' . (122)

J#H

Together with the appropriate transversality conditions, this concludes the
description of the equilibrium.

Measuring Output and Trade Balance

GEM codes all quantity variables in per-capita terms. For the vast majority
of the equations above the aggregation is straightforward. In this section we
focus on the two most important macrovariables in the model, gross
domestic product and the current account.
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Define first per capita net financial wealth in country H as

H(-s )

1 ] K LC 8H7*B*H H .

FrH 9_(1 +i )1 = FB,:]]/O t*[4glt(]“)de. (123)
' t—1,¢

Aggregating the budget constraints across private and public agents after
imposing the appropriate transversality conditions, the law of motion for
financial wealth is

(14 el B!
E’D{:Irﬂnftﬂgt;fHFtH _FH+FBI 1 L

tfl,tgf_lsl
+ Dy, tNH +th
_HJ H.J HJ
+ Z (th P ) (M7 + Mgy)
J#H

+IMPADJ — /' —pf I =G, (124)

where the total value of tradables is defined as

P Tl (QAI+QEI+Z ”infi(M’“ME,)- (125)
J;éH

Recall that the variable IMPADJ is the sum of the last two terms in (119).
Expression (125) can be written as

B*H
CURBAL = ¢l (B;‘H - ’—1> = NFP!' + TBAL!. (126)
1,811

The left-hand side of (126) is country H’s current account in domestic
consumption units. The first term on the right-hand side is net factor
payments from the rest of the world to country H:

- B*H
NFPH = L. (127)
Ty &1
TBAL is the trade balance or net exports:
TBALY = EX! — M7, (128)
where total exports EX are evaluated at border prices:
EX[" = p?, T]" = po (O, + OF). (129)
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and, similarly, total imports /M are evaluated at border prices:

M =" g+ M, (130)
J#H
Using the definition above, the model-based gross domestic product (in
consumption units) is

GDP! = 4" + ! E" 4 p!t GY ,+ TBALY

H H H —H H —H.J H,J H,J
:pN,tNt +pT,tTt + Z (pM,t_pM,t)(MA,t +ME,[ )
J#H

+IMPADJY. (131)

Note that there is a discrepancy between GDP measured according to
national accounting standards (goods output), and GDP measured as
manufacturing output. This discrepancy reflects the portion of the revenue
from sales of goods associated with making imports available to downstream
users, such as costs incurred with imports adjustment and wedges between
border- and market-prices of imported goods.
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