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1 Introduction

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 around
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 DSGE applications at the IMF the reader is referred to Botman et al (2007).

In what follows, 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.

The paper is organized as follows. Section 2 provides an intuitive presentation of the
structure of the model and introduces the reader to its basic notation. Section 3 discusses
general elements and formal aspects of GEM. Section 4 describes the country-specific build-
ing blocks of GEM, treating as exogenous the variables related to international trade in prod-
ucts and assets (a partial-equilibrium approach suitable to modeling small open economies).
Section 5 introduces international interdependencies and considers the full-fledged general-
equilibrium version of the model. Consistent with the open nature of GEM as well as the
purpose of this contribution, there is no conclusion.

2 Peeking inside the box: model structure and basic
notation

Building on recent theoretical developments in international finance and monetary eco-
nomics, especially the ‘New Open-Economy Macroeconomics’ literature since the seminal
contributions of Maurice Obstfeld and Kenneth Rogoff (1995, 2000, 2002), GEM aims to
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.
While 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 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 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 inter-
mediate goods, and provide intermediation services.

In each country there are two final goods — a consumption good (A4) and an investment
good (F) — produced by perfectly competitive firms. The consumption good is consumed
either by domestic households or by the government (G¢). Similarly, demand for the in-
vestment good is split between private agents (I) and the public sector (Gy). 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 do-
mestic 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 ) or used in the production of the final goods (Ny). Domestic tradables
used by domestic firms are denoted @, 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 do-
mestic 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.

3 General considerations

3.1 Country size

The world economy consists of a set A 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 ), s =1 for H € N. The country size measures the world share of private agents
who are resident in the country: both households and firms in country H are defined over

a continuum of mass SH.

3.1.1 Discussion

H can be

For applications focused on short- and medium-term analysis, the country size s
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 defined in Section 3.2 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, since 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 5.4.

3.2 Growth trend

There is a common stochastic trend for the world economy (the variable TREN D), whose
gross rate of growth between time ¢ and time 7 is denoted g, = 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: ;1
converges to gss and g; r converges to gggt, where ggg is a constant.

3.2.1 Discussion

Each (detrended) real variable is stationary, that is 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.

3.3 Prices and inflation rates

As a convention throughout the model, nominal prices expressed in domestic currency are
denoted with uppercase variables, while 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 P4 denotes the
nominal CPI and Pg the nominal price of one unit of the FE good, pg = Pgr/Pa denotes the
price of one unit of E in terms of A. Of course, by definition we have p4 = 1.

Also we denote the (gross) CPI inflation rate between time ¢ and time 7 with m , =
P r/Pa;. The inflation rate in sector E is therefore equal to:

PE,
TEt,r = Tﬂ-t,T (1)

,t

In steady state the inflation rate m, ;11 converges to mgs and m; , converges to ngt, where
Tgs is a constant equal to the inflation target of the government.

3.3.1 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 P4 we
avoid dealing with unit roots, either nominal or real, in quantitative simulations of the model
over very long time horizons. Since the inflation rate 7  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 ¢t = 0 and computing P4,; = Pa omo+. 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 while
the CPI-based real exchange rate remains constant. We return on this point in Section 4.8.

Usually inflation variables carry a double time index. In most applications time ¢ is
measured in quarters, so that m;_; ; measures the quarterly inflation rate at time ¢, (wt,l’t)él
measures the annualized quarterly inflation rate at time ¢, and m;_4 + measures the year-on-
year inflation rate at time ¢. When there is no risk of confusion, we adopt the notation
as shorthand for quarterly inflation m;_; ;.

3.4 Notational conventions and other formal aspects

The convention throughout the model is that variables which are not explicitly indexed
(to firms or households) are expressed in domestic per-capita terms. For instance, A; =
(1/5) J; A¢(x)dz and £, = (1/s) (f; €e(n)dn + [; €:(h)dh). Variables without time indexes
as well as variables with subscript SS are used interchangeably to denote steady-state levels.
For instance, gss = 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 autoregressive process, we mean that
the process for X is coded as:

Xi=(1-Ax)Xss +Ax X1 +exy (2)

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

InX;=1-Ax)InXgs+AxInX;_1 +ex: (3)

Alternative specifications can be introduced depending on the specific nature of the simu-
lation exercise.

It is worth emphasizing that GEM has been developed and coded up in non-linear
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 non-stochastic 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.

4 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 indexes play no role in this section. General
equilibrium considerations and a fuller notation involving country indexes are introduced in
Section 5.



4.1 Final goods

In each country there is a continuum of symmetric firms producing two final goods, A (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 z € [0,s]. Firm ’s
output at time ¢ is denoted A;(z). The consumption good is produced with the following
nested constant elasticity of substitution (CES) technology:

1 1

Arl@) = {1 = 72) 7 Nag@)' % 937 W3 Qa(@)' 7
+<1_VA)ﬁ MA,t(:E)l* A /‘A 1(1_*)}% 1 (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 M4 of imported goods. The elasticity of substitution between tradables and
nontradables is €4 > 0, and the elasticity of substitution between domestic and imported
tradables is p4 > 0. The weights of the three inputs are, respectively, 1 —v4, Y474 and
Y4 (1 —va) with0 <7y, ,va <1

Firm z takes as given the prices of the three inputs and minimizes its costs pyNa(z) +
poQa(x) + prmaMa, () subject to the technological constraint (4). Cost minimization
implies that firm z’s demands for intermediate inputs are:

Nag(z) = (1—74)pyi Ailz) (5)
Qap(z) = ’YAVAth pXAtAAt( ) (6)
Map(z) = v4(1— VA)pMA thAtAAt( ) (7)

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

1
1— 1 Tia
PxAr = [uAvat“A +(1— )pMﬁ’z} A (8)

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

Np(e) = (L —vg) (pne/pEe) " Eb (9)

4.1.1 Discussion

Note that pypra and pp g are sector-specific as they reflect the different composition of
imports in the two sectors, while py and pg are identical across sectors. In Section 5.1
below we discuss the role of import adjustment costs and their effects on relative prices.

The weights v 4, va, 7 and vg can be modeled as constant parameters or as autoregres-
sive 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,
4 and pg, are likely to be larger than the elasticities of substitution between nontradables
and tradables, €4 and €. Note however that there are no theoretical restrictions on the
size of these elasticities.

4.2 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 n € [0, s], and each tradable good is produced by a firm h € [0, s].

Focusing first on the basket N4, this is a CES index of all domestic varieties of nontrad-
ables. Denoting as N4 (n,z) the demand by firm z of an intermediate good produced by
firm n, the basket N(z) is:

Naslz) = [(i)N/O Ny (ny2)' =% dn]NN (10)

where 0 > 1 denotes the elasticity of substitution among intermediate non-tradables.
Firm z takes as given the prices of the nontradable goods p(n) and minimizes its costs
Jo p(n)Na4(n, x)dn subject to (10), obtaining:

791\7
Nay(n,z) = % <lzj(vnt>> Nas(z) (11)

where py (the Lagrange multiplier) is the cost-minimizing price of one unit of the non-

tradable basket, or:
1
1 [* _ =N
o= [(3) [ oo "
0

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 good n as:

S S
/ Ny (n,z)dx + / Ng(n,e)de + Gn(n)
0 0

pe(n)\ " pe(n)\ "
= < : ) (Nat+Ngi+Gny) = ( : > Ny (13)
PNt PNt

where Na; = (1/s) [ Na(z)de (and similar).
Following similar steps we can derive the domestic demand schedules for the intermediate
goods h:

/0S Qa,t(h,x)dx + /08 QE,i(h,e)de = <(h)> - Q- (14)

PQ,t

Demand for imported intermediate goods will be characterized in Section 5.1 below.



4.2.1 Discussion

The elasticity of substitution 6, either in the nontradables or the tradables sector, can be
modeled as a constant parameter or as a time-varying stationary process.
In Section 5.2.1 we discuss how (13) changes when distribution services are considered.

4.3 Supply of intermediate goods

Each nontradable good n is produced with the following CES technology:

N
[

1
a4 ol Ky(n)' T (15)

Ni(n) = Zns | (1 — an) T £(n)

Firm n uses labor £(n) and capital K(n) to produce N(n) units of its variety. £, > 0 is 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;, wy and r; denote
marginal costs, wages and rental rates in consumption units. Firm n minimizes its costs
wily(n) + reK¢(n) subject to (15). Cost minimization yields the marginal cost in nontrad-
ables production as:

1 _ e ) ToEw
= {(1 —ay) wtl vy aNrtl EN} N (16)
ZN

me(n)

and the capital-labor ratio is:

Ki(n) an < Ty >—5N an

Li(n) - 1—axn \w;

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

tu(m) = [(1) v San,j)%dj] i (19)

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

tng) =1 (w‘”)w 4(n) (19)

labor inputs:

S Wi

where w(7) is the wage paid to labor input j and the wage index w is defined as:

e [(2) o]

Similar considerations hold for the production of tradables. We denote by T'(h) the
supply of each intermediate tradable h. Using self-explanatory notation, we have:

1

1 1 L 1 | ér—t
Ty (h) = Zr [<1 —ar)® Ly(h) T + afT Ki(h)' ] (21)



where Zp is total factor productivity. Aggregating across firms, we obtain the total demand
for labor input j as:

/ to(n, f)dn + / t(hj)dh
0 0

_ (wtw(j)> o % (/0 ét(n)dn—k/osét(h)dh) _ (wf))% ( (22)

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

4.3.1 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 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 Julliard et al (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:

1 En-—1

_1
Ni(n) = Zny |(1 = an)® 6 (n) " +a¥ Ky(n)' "o (23)
where £*(n) is ‘effective’ labor, defined as the product of two components:
i (n) = t(n) (1 — Ty [£(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: ,
r fo)] = % ({47 1) (29

where as usual {y—1 = (1/s) [ £—1(n)dn. In this case, expression (17) is replaced by

—£
K(n) __on Ty v
ti(n)  1—ay \w/(1=Tn(n) = (), (n))
and the marginal cost me(n) is given by:

1
1-¢&N
Wy

1-¢y
meg(n) = 7o (1—-an) (1 () = ft(n)rkﬂt(n)> +ayr, N (26)




The adjustment terms in the previous equation reflect the fact that, if ¢;(n) differs from
fn+—1, producers’ costs are temporarily higher to account for the losses of efficiency associ-
ated 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-skills workers may be relevant. As we discuss be-
low, there are two types of households, LC-type households and F L-type households (these
indexes will be explained in Section 4.6 ). F'L-type households represents a share (1 — sp¢)
of domestic households and are indexed by j € [0,s(1 — sp¢)]. LC-type households repre-
sent a share sy of domestic households and are indexed by j € (s(1 — sL¢),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:

Y

_1 1 1 1 Y —1
li(n) = {S}fé&at(n)l_“’% + (1= s00) 7% Lppy(n)' ”} (27)

where £1,c(n) is a basket of LC-type labor inputs, £z, (n) a basket of F'L-type inputs, and
1, the elasticity of substitution between the two types. The two baskets are defined as:

YEL
1 wrr s(l-sco) MR
b= (o) [ e G (28)
s ( ) 0

]-*SLC

L\ g N
lroqs(n) = < ) / l(n,j)  vrcdj (29)

S*SLC (1—src)

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

. —YpL —Y¥r
1 (wt(J) ) (wFL’t> li(n) for FL inputs

S

. w w

g =3 5L, &
(“’t(J)) (wwt) ¢(n) for LC inputs
S \WLC,t Wy

where the wage indexes wrc, wrr, and w are defined as:

1 S(lfSLc) = 1*¢’1FL
_ L N pp i 1
WFL,t (S (1 — SLC)) /0 w(J) ] (31)

1 S %
WLet = / wy(5)' " Vredj (32)
S % SLC S(l—SLc)

1
— — -9
Wy = [SLC wicﬁL +(1-sLe) w};;ﬁf} e (33)

Similar considerations hold for the tradables sector. Aggregating across firms, we obtain
the total demand for F L-type labor input j as:

s(1=sLc) s(1—sLco) ws (i —YpL w YL
/ Ci(n, 5)dn + / te(h, §)dh = (“”) (F“> (1—s10) b
0 0

WFL,t W
(34)

10



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

/ Et(n,j)dn—&—/s 0u(hy j)dh = (wt(ﬂ)> e (wwt> et (35)

(1-sLc) s(l—=sLc) WLCt R

The elasticities ¢, ¥y, and ¥~ can be modeled as constants or as time-varying autore-
gressive processes.

4.4 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
Gpnt [Pi(n), Pr—1(n)] and is a function of both current and lagged prices. The benchmark
parameterization we adopt allows the model to reproduce realistic nominal dynamics:

bpn (Ptm)/Pt_l(n) - 1)2 (36)

2 TN, t—1

GPN,t (n) =

The adjustment cost is related to changes of the nominal price of nontradable n relative to
the lagged inflation rate in the nontradables sector 7 ¢—1. 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.

The price-setting problem is then characterized as:

Pr(n)

_QN
PN) N, (1= Gpns(n))  (37)

TREND
s TP S D [P )~ M) (
where D, , (with D, = 1) is the appropriate nominal discount rate, to be defined below in
eq. (66). As real variables are detrended, eq. (37) includes the rate of growth of the global
trend between t and 7.

The first order condition is:

0= [1 _ox (Pf(”) - Mct(”))} (P’f(’”)_GN (1— Cr ()

Pi(n) Py,
~ [Pu(n) — MCy(n) (I;fvm)e s
~EDuaguien (raatn) ~ My (P2 0) T Mo 0w
where:
St = oy (BB ) )
Gt = oo (PLHE ) BB w)

11



Since marginal costs are symmetric across nontradables producers, say M C;(n) = MCyy,
firms n charge the same equilibrium price P(n) = Py. The first order condition can therefore
be simplified as:

dGpn ¢
0={[Pnv:(1—=0Nn)+0ONMCn:] (1 =Gpn:(n))} — {[Pne — MCny] WPM}
t
Nit1 0GpN 141
—{E:D P - MC ——— P 41
{ tt t+19t,t+1 [ Nt+1 Nt+1] N, apt(n) Nt} ( )

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

On

P =
Nt Oy — 1

MCyy (42)

where the gross markup is a negative function of the elasticity of input substitution. De-
viations 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 be-
tween 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:

oo 791\[
max TRENDE, Y Degeer o (n) = mee (n)] (1:(”)> N, (1-Tpnn(n) (43)
pt(n —t N,T

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

box <mpt<n>/pt_1<n> - 1>2 (44)

2 TN, t—1

FpN7t(n) =
Note that T'pn = Gpn i, pi(n)0Tpn,/Opi(n) = Py(n)0Gpn, /0P, (n) and py(n)OT pn i41/0pi(n)
= P,(n)0GpnN,14+1/0P;(n). The first order condition is then:

8FPN7tp (n)
ape(n) "

0= =Tpn:(n)[pi(n) (1 = On) + Onmer(n)] — [pr(n) —mei(n)]

Niy1 0 pN 41
t(n)

N, 781%(”) pe(n (45)

—EDy 17104190041 [Pe1(n) — meg1(n)]

4.4.1 Discussion

Note that when 0 is very large, the first order condition is approximately solved by pi(n) =~
mce(n) regardless of how sizable ¢p 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 (6 is close to one, its minimum value), they can charge a high average markup over
marginal costs. In this case, when marginal costs increase due to cyclical conditions, firms
find it optimal to maintain relatively stable prices and absorb the change in production
costs through a markup squeeze. In other words, when 6 is 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 fn reduces firms’ ability to use markup fluctuations as a shock absorber.
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It can be useful to express the pricing equation above as a first-order approximation
around the steady state where I'pn; = O pni/Opi(n) = OTpni41/0pi(n) = 0, TNy =
TNt—1 = TNt+1 = T, Dyy1mNi1Gei+1 = 1/(1 4+ 7) and p(n) = On/ (On — 1) me(n). Also
for simplicity consider the case in which there is zero growth in steady state or g = 1, so
that 1/(1 +r) = . Defining yn: = mci(n)/pr(n), we can rewrite (45) as:

‘Zl;jf; ()}

N, or
- {EtDt,t+1gt,t+17Tt,t+1 (1 - yNt+1) %ﬁpt(ﬂ)} (46)

0={(1—-0n+0nyn:) (1 —Tpn:(n)} —{(1—yne)

Now linearize in the neighborhood of the steady state:

1 d —d _ 1 d —d
0=0ndyn: — —bpy ANt — GTNt—1 +EB—dpy ATNt+1 — TNt (47)
9N ™ QN s
Define 7n; = dryi/m and yn, = dyn¢/yn- Obtain:
. 1 - _ 1 _ —
On =1y = 7—bpn (TNt — TNt—1) — 7—PpNEB (TNi+1 — TNe) (48)
GN 9N

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:

(On —1)0n
PPN

ATNy =7 YN, + BEATN 1 Y (49)
Similar considerations apply to the tradables sector.

Notice that markup/monopoly power in our setup () affects directly the slope of the
Phillips curve . 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 ¢p ).

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:

P a(n) = 02 (thn)/ptl(n) . 1) (50)

[e% 11—«
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:

(On —1)0n

PPN
(51)

Nt = anni—1+(1 — @) T +y N +PE: (TN —amne — (L — ) Tg1)

4.5 Price setting in the tradables sector

In this section we only consider optimal price setting for domestic firms selling in the domes-
tic 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.
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The analysis is similar to the nontradables sector above. Adopting a self-explanatory
notation, the price-setting problem of firm A at time ¢ can be characterized as follows:

o h 79T
inax TRENDIE: Y Dot lpr () = me- (1) (1;(;)) Q. (1=Tros(h)  (52)
t T=t T

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

0= (1-Tpq:(h) [pe(h) (1 = Or) + Ormey(h)] — [pe(h) — mei(h)] gl;i?l’)tpt(h)

Gt 2%t (1 (53)

— Bt Dy g1 44198041 [Pe+1(h) —merp1(h)]

4.6 Consumer preferences

In each country there is a continuum of households indexed by j € [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’ (F'L). 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 W, (j) the lifetime expected utility and specify its
preferences as:

Wi(j) = TRENDE, Y By-91 7 ur( C-(5) £-(7) ) (54)
T=t

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

£

Zy

u (Ci(4),4e(j) ) = [Ce(5) — be

Cit1 Zv (L(j) — befj,t—l)HC]lw
1—0

g1t 1+C (1—1by)*

(55)

In the expressions above 3, ;. is the discount rate between time ¢ and time 7, possibly
time-varying and different across countries. In steady state 3, . converges to ﬁggt where
Bgg is a constant.

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

The parameter o 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; ;1
in (55) is past per-capita consumption of household j’s peers, (i.e., 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 cate-
gories 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 () . Cji—1 Zy (6(5) — befjt—1)1+< _
= = Zy[Cy(j) — bo—L= — - 7 56
9C4(7) ulG9) gi-1¢ 1+¢ (1—by)° ] (56)
duy(4) . Cium1  Zy (L(5) = belju—1)'™ G (5) — belje—a
- ~ = Zy[Cy(j) — bo—"— — ’ °Z 2726
5&(]) v[Ci(4) G-tz 1+ ¢ (1—be)< ] v( 1— b, )
(57)
and the marginal rate of substitution is:
. aut(j)/‘%t(j) ft(j) - blfj t—1
MRS, =P g (L NG 58
‘= "guecs) ~ T 1o ) (58)

4.6.1 Discussion

The specification of the utility function builds on Greenwood, Huffman and Hercowitz
(1988). The main reason underlying the choice of this parameterization relatively to alterna-
tive options (such as additive separability or Cobb-Douglas aggregators) is that it generates
relatively high volatility in consumption and counter-cyclical 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 Zy and Zy can be modeled as positive parameters or autoregressive processes.
Note that Zy is normalized so that in a steady state with £;(j) = ¢;;—1 the marginal rate
of substitution is independent of habit persistence

4.7 Budget constraint (forward-looking households)

The individual flow budget constraint for Ricardian agent j € [0, (1 — sp¢) 8] is:

B +20Bi0) < (1 +ie )2 g, 2EEE)
(=) B G) + (- T )G (1= Twi())
= Ci(J) = peide(§) + ©:(j) — TT(j) (59)

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 interna-
tional 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, By (j) is holdings
of the international bond, expressed in terms of center consumption units, and e; 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

H,J

€ is equal to 1. Below, when we introduce explicit country indexes, ¢**” is the price of

one consumption basket in country J in terms of country H’s consumption baskets, and

H.* i5 the bilateral real exchange rate of country H relative to the center.

similarly e

The short-term nominal rates i; and ¢} are paid at the beginning of period ¢t + 1 and
are known at time ¢t. The two rates are directly controlled by their respective national
governments, so that ¢* is the onshore rate in the center country. The spread between
onshore rate paid in the center country and the offshore rate received by domestic investors

is denoted I'g. Only the center-currency bond is traded internationally and is in zero net
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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' g on sales/purchases of the international bond.
The presence of the financial friction I'g 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 (¢ps [e: By /GDP; — b}‘DES]) —1
exp (¢po [etBf /GDP; — bippgl) + 1

5:—1,7:
Btfl,t

where 0 < ¢p, < 1, ¢y > 0, and &, B* = (1/s) & f;(l_sLC)B*(j)dj represents the per-
capita net asset position of the country in consumption units. The term b%,pg is the
‘desired’ net asset position of the country expressed as a ratio of GDP. This variable mea-
sures 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'p, suppose first that b}, = Zp = 0 and 8 = 5.

1-Tpi=(1-¢p;

—Zp,t) (60)

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 'y = 0 and the return on the international bond is equal
to 1 4 4*. If the country is a net creditor worldwide I'g 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 return
on the international bond approaches (1 +i*) (1 — ¢51). By the same token, if the country
is a net debtor worldwide I'p falls from zero to —¢pg;, 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 + ¢51). In nonlinear applications of
GEM the parameter ¢, controls the flatness of the I'p function: if ¢y = 0 then I'g =0
regardless of the net asset position; if ¢, tends to infinity then 1 —T'g = (1 — ¢ ;) for any
arbitrarily small net lending position, and 1 —I'g = (1 4 ¢5) 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}, zg can be positive or negative.
The above considerations are still valid after reinterpreting the concepts of ‘net creditor’ or
‘net borrower’ in terms of deviations from the desired levels.

The variable Zp ; can be modeled as a stochastic process with zero mean in steady state,
provided that fluctuations in Zg are not large enough to push I'g 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 8* # 3, the transac-
tion cost is appropriately modified to account for asymmetries in real interest rates across
countries, as in Faruqee et al. (2007)..

Let’s consider now the remaining components in the budget constraint. Households ac-
cumulate physical capital which they rent to domestic firms at the after-tax rate r (1 — 7x).
Gross investment before depreciation is denoted I. The law of motion of capital is:

Kiv1(5)gte+1 = (1 = 0) Ki(4) + 1o (5) K1 (4) 0<d<1 (61)

where § is the country-specific depreciation rate of capital. Capital accumulation is subject
to adjustment costs: I';(.) is an increasing, concave, and twice-continuously differentiable
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function of the investment/capital ratio I;(j)/K;(j) with two properties entailing no adjust-
ment costs in steady state: T'y(d +g—1) =0+ g — 1 and I';(6 + g — 1) = 1. The specific
functional form we adopt is quadratic and encompasses inertia in investment:

Crat) = gl 0 20— B (20— g -1) - %2 (F0 - 22

where ¢;q, ¢y > 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 7. Each F' L-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)~¥* £. There is sluggish wage adjustment due to resource
costs that are measured in terms of the total wage bill. The adjustment cost is denoted
Twrr (for Wage Forward-Looking) and its specification is the analog of (44) above:

dwrr <7Ttwt<j)/wu(j> B 1)2

2 TW,t—1

I'wrr:(j) = (63)
where 7y, 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 (non-distortionary) net taxes 7T denominated in con-
sumption units.

4.7.1 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 (b} ppg) and actual (eB*/GDP) net asset positions converge over the long
term to their steady-state value by, gq.

4.8 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).

For expositional convenience, it is worthwhile to write explicitly the maximization prob-
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lem of agent j € [0,(1 — sp¢) s] in terms of the following Lagrangian:
oML BB K ) N PP ;ﬁ rger" {0 (Cr () ()™ e urt )
i (1 +ir—1)Br-1(4) " (144 1)1 =Tpr-1)e-Br_1(5)
Tr—1,797—1,7 Tr 179717
+ (1= 71) we ()Y rwE s b (1 = D [wr (7), we—1 (7))
+ (1 =7x)r- K7 (5) = C:(§) — pe L (5) + - (5) — TT:(j) )
+ A () ( —Krp1()grrt1 + (1= 0) K- (j) + T [ (5)/ K- ()] K-(4) ) } (64)

where p and A\ are the multipliers associated with, respectively, the budget constraint and

+ 1) ( =B-(j) — - B7(4)

the capital accumulation process.
The first order conditions with respect to Cy(j) and I(j) yield:

11 (5) = 0ue(5)/9C+(§) = Ae ()T 4 (5) /et (65)

In a symmetric setup, du.(5)/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:

ok 11
Dir=By,9.0 FF —— 66
b bt My Ttr Gt,r ( )

Accounting for the above expressions, the first order conditions with respect to Bi(j) and
B (j) are, respectively:

1=(1414)EDs 141 (67)
1= (1+41i;) (1= Tpe) Bt (Deg18¢41) (68)
where A denotes the rate of nominal exchange rate depreciation against the US, or:
Ay, =2Dr (69)
€t Ty

The first order condition with respect to Ky11(j) is:

?E’t. Etgtt+1 = Ee{ Dipp1mei419t,041( (1 — Tr) e

FI,t(])

PB4 T () ~ T ()10 ) ) (10
Fl,t+1(-]) ’ Ki1(5)

Expression (70) links capital accumulation to the behavior of the after-tax price of capital
(1 —7x)r. In a non-stochastic steady state 1 + (1 — 7x) r/pg is equal to the sum of the
natural real rate g% /8 and the rate of capital depreciation §.

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

OTwrr(j)
ow(J)

wir1(§) (Wer1 () /wes1) ™" Lyt OTwrpa41(5) ) (1
wl) (oG b ow(G)
where MRS has been defined in (58) above. The interpretation of (71) is similar to (112)
above. In a non-stochastic steady state the real wage w(j) is equal to the marginal rate of
substitution between consumption and leisure, M RS = —uy/u., augmented by the markup
¥/ (¢, — 1) which reflects monopoly power in the labor market. For an analysis of wage
rigidities in open-economy general equilibrium models see e.g. Corsetti and Pesenti (2001).

YL MRS(35) =W =D =TwrrL (I (1 —7)+ wi(j) (1 =7L)

1
wy ()

+ E¢ Dyt 17t 04108041 —71) (71)
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4.8.1 Discussion

In a non-stochastic steady state (67) implies (1 +igs) /mss = g2g/Bgg: recall that mgg
is the (gross steady-state quarterly) inflation rate, (1 +igs) /mss 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 ¢gg¢/55g is 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 I'p 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 intermedi-
ation I'g. In steady state the interest differential (1 +igs) /[(1+i%g) (1 —T'p ss)] is equal
to the steady-state nominal depreciation rate of the currency vis-a-vis the US, 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¢ ;41 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:

Mwrri(d)

b MRS)())—— = (b — 1)[1 ~ Twrr()] (1 — 72) + wi() (1= 71)

wy(5) Owy(j)
w1 (§) (Wrpps1/wis1)” " Cep i O0wrnis1(G) .
+E;D T - : : . 1—7
e Ty T P Tt B
(72)

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

M) + Bu) + 2B () < My () + (1t ipy) —2210)

Tt—1,t9t—1,t
# i) = Taaed S22 )4 (0= 7w )6G) (L T )
= Ci(§) 1+ Tse()] — pLe(5) + Pu(d) — TT(j) (73)

Consumption spending is subject to a proportional transaction cost I'g that depends on
the household’s money velocity v, where:

N Gi()
Ut(]) Mt(j)

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

(74)

Ps (vr) = dsyvr + 252 — 2 (66162)" (75)

Ut

Agents optimally choose their stock of real money holdings M 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 My (j) is:

1—- g’,t(j)vtz(j) =EDy 41 (76)
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which defines real money balances M 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:

Loty 11 1+ Ts4(d) + g (5)ve ()

Dir =0 ,9: 7 - . -
b e 9er 14 s, (G) + U ()r ()

(77)

and the government budget constraint is modified so that seigniorage revenue is rebated in
a lump-sum fashion through net transfers.

4.9 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'yy o, (for Wage Liquidity
Constrained) and are similar to (63). Different from the Ricardian households, however,
their optimal choices are purely static and do not entail forward-looking components.

The maximization problem of agent j € ((1 — sp¢) s, 8] can be written in terms of the
following static Lagrangian:

o max u (Cil)wy "Gyl + i (5) [ =Cold) = TT)

+ (1= 7o) we(f) Y rw (1~ Twrce() ] (78)

It is assumed that redistributive policies T'T rebate to LC-type households the income losses
associated with wage adjustment, so that their consumption level is:

Ci(G) = (L= 7L) wi(5)6:(5) (79)
The first order conditions with respect to C(j) and w(j) determines partial adjustment of
wages:
L - _(1- Vo Twresd) o
VMRS(G) s = (1=70) [y = 1) (1= D) ) + =5 0Pm) | (80)

Denoting wpy, the wage rate w(j) that solves (71), and wrc the wage rate w(j) that
solves (80), equation (20) determines the wage rate for the whole economy as:

wy " = spowpat + (1 - spo) wp (81)

4.9.1 Discussion

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

lwrc.(d)

VLeMRSI) s = (1= 72) [0 = 1) (1= Twrce) ) +

4.10 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 G denotes public pur-
chases of intermediate nontradables. There are four sources of (net) tax revenue: taxes on
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capital income T, taxes on labor income 7, import tariffs tar, and lump-sum taxes net
of transfers to households T7. In the benchmark version of GEM the government follows a
balanced budget rule:

0=Gy —GRrEV, (83)

where:
Gt =Geyt +pEiGre + PN iGNt (84)

and Grpy is aggregate government revenue, to be defined below in Section 5.3.

4.10.1 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 et al (2007,2008).

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+ zt_l)til +G: — GRrevs (85)

Tt—1,t9t—1,t

Define now the average tax rate for the economy 7 as:
Tt = GREV,t/GDPt (86)

Similarly, define the deficit-to-GDP ratio as:

GDP,

DEF, (B_Btl>/GDPt (87)

Tt—1,t9t—1,t

From (85), in steady state we have:

Bss T$59ss < Gss TSS) _ _7ssgss DEFss
GDPss  mssgss — (1 +iss) \GDPsg mssgss — 1 GDPsg

(83)

The previous equations define the relations between debt-to-GDP, average tax rate, and
deficit-to-GDP ratio which 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 75 and
DEFgs5/GDPsg be determined by (88).

The government is assumed to control lump-sum taxes, trade policy parameters, 7 and
Tx directly, while 7, is endogenously determined. A possible specification for the fiscal rule
for T is:

B B,

Te = (Te-1 + 7o + BeTegr) /3 + ¢5T,4X1(G?tR — ¢rax2brar: — (1 — draxs) GDtiP:_l)
DEF, DEFss G, Gss

+draxs (GDPt GDPas ) + draxa <GDPt GDPss > (89)

where by ap is the targeted debt-to-GDP ratio, a variable that converges to Bgs/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
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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:

. . BH BJ
bFHDEs,t = by NEUT — ¢g1GDﬁ + Z ¢1Jv§ GDtPJ (90)
t J#H t

According to the previous expression, bl ¢ is equal to a country-specific constant, b3 zi;r,
adjusted to account for changes in the debt-to-GDP ratios in either the domestic economy
(BH /GDPH) 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 de-
terminants of cross-country spreads and interest rate premia in response to macroeconomic
imbalances, whose endogenization should be eventually incorporated in a self-contained
model. It remains unclear, however, whether the final benefits of such a framework signifi-
cantly outstrip the costs of incorporating the large amount of complications from which we
abstract here.

Quantitatively, one could take b} g as a free variable and estimate the ¢, and ¢p,
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 Farugee et al (2007), for instance, the calibration of (90) has relied on results based on
the Global Fiscal Model, an overlapping-generation multi-country model developed at the
International Monetary Fund.

4.11 Monetary policy

The government controls the short-term rate ¢;. 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:

. : neut\4
(It = wi (L +dem)* + (1 —wi) (147" + 1B (Te—1,048 — i—1,043) (91)

The current interest rate i; is an average of the lagged rate i;_; and the current ‘neutral’
rate i°“!, defined as:

Bi1,e
where IT,_; ;_,14 is the year-on-year gross CPI inflation target (either explicit or implicit)
prevailing at time ¢ for the four-quarter period between t — 7 and ¢ — 7 + 4. This average is
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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 g7 /0 times the inflation target:

HO.25 o o
14igs = 1+ i3yt = —55 985 _ 155955 (93)
Bss Bss

4.11.1 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 e.g. Corsetti and Pesenti (2005).

4.12 Market clearing in the domestic economy

Maintaining international variables 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(l—src) s s
/0 Ki(j)dj > /0 Ki(n)dn + /0 Ko (h)dh (94)

and:
S

6G) 2 [ tngyin [ b g)an (99)
0 0
The resource constraint for the nontradable good n* is:
N¢(n) > / Nai(n,z)dx —|—/ Ng i(n,e)de + Gn (n) (96)
0 0

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

/ Ay(w)dz > / Co(j)dj + Gy (97)
0 0
and similarly for the investment good E:

s (1—src)s
/ Ey(e)de > / LG)dj + 5G1r.s (98)
0 0

Market clearing in the domestic bond market requires:

s(l—src)
/ B,(j)dj = sB, (99)
0

where B, = 0 in the benchmark model (see discussion above for the treatment of public
debt B; > 0).
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5 World interdependencies in general equilibrium

So far all trade-related variables have been taken as exogenous. Now we close the model
by considering a multi-country general-equilibrium setting. The notation becomes slightly
more complicated, as explicit country indexes 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 (source) country.
Multi-country applications of GEM can be found e.g. in Farugee et al (2007, 2008).

5.1 Demand for imports

The derivation of the foreign demand schedule for good h 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, thus can be written as a function of the relative price of good h (with elasticity
6r) 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 7 € [0, s#]. Its imports M (z*) are
a CES function of baskets of goods imported from the other countries, or:

1 1 _ 1
MY T = S ()T (Ml @y (T ) )T o)
JAH
where:
o< v <1, Y o =1 (101)
J#H

In (100) above pf is country H’s elasticity of substitution across exporters: the higher is
p'f the easier it is for firm 2% to replace imports from one country with imports from an-
other. The parameters bg"] determine the composition of the import basket across countries.
Mf’J(mH ) 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 are
typically estimated to be smaller in the short term than in the long run. To model realistic
imports 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 Ffji. These costs are specified in terms of import shares relative to firm
s output. They are zero in steady state. Specifically, GEM adopts the parameterization:

M) g [(MI @ AR ) /(M ad) -]

FH,J _ YMA 5
(14 (vt @myapiom) s (ulti s pagt) 1))

MA,t[ AtI{(fIJH) / A£1 ]_ 2

(102)
with ¢]I\{4i > 0. The specification is such that Fﬁ’i[l] = 0, Fﬁ[’i[oo] = ¢]I{/[’i/2, and
7o) = TiT[2] = ¢t /4. Alternative parameterizations (for instance, quadratic) could

be considered, although the suggested one has proven to be useful in non-linear simulation
exercises with relatively large shocks.
Denoting pAHjJ the price in country H of a basket of intermediate inputs imported from

H H,J

J, firm 2 minimizes its costs >_ ;P Mf’J(mH) subject to (100). Cost minimization
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implies:

H,J H,J
MA,t (fUH) (1 - FMA,t(xH)> mJ < pAH4‘t]
=04

)> AM;‘{t(xH) (103)

HJ [ 1 H,J pg\p/HJ o H A Phra (@
1_FMA,t(9E )_MA,t (z )FMA,t(x ) ’

where F'ﬁj(x}[) is the first derivative of Fﬁj(a:H) with respect to Mf’J(xH) and the
cost-minimizing import price index ptl , (z*?) is the Lagrangian multiplier:

p topa] 1oei
H H H,J M.t
Para () = Z b ( o7 H,J H,J ) (104)
JAH L= Dy () = My (a0 (1)

H) H

H

In principle, the import price pi} , (z7) is firm-specific, as it depends on firm z
shares. To the extent that all firms =™ are symmetric within the consumption sector, how-
ever, there will be a unique import price pl} ;. It follows that p!} , ME = ZJ;éH pJ\HjJMf’J(lf
Pyia)/(L= Do — MATRE).

Consider now the basket Mf’J(xH) in some detail. In analogy with (10) above, it is a
CES index of all varieties of tradable intermediate goods produced by firms h” operating in
country J and exported to country H. Denoting as Mf"] (h‘], a:H) the demand by firm 2

of an intermediate good produced by firm h”, the basket Mf"] (a:H) is:

’s import

J
1\ [ -1 97§“T‘1
M (a") = [(y,) T/O My (W7 2ty o th] (105)

where 9% > 1 is the elasticity of substitution among intermediate tradables, the same
elasticity entering (14) in country J.

The cost-minimizing firm ¥ takes as given the prices of the imported goods pf (h”)
and determines its demand of good h” according to:

L () "
H,J H,J
MA,t (thxH) = o7 ( ;H’J > MA,t (xH) (106)
M.t

where Mi;‘](xH) has been defined in (103) and pJ\H[] is:

1
HJ 1 . PN
o= |(57) | o )" an (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 h*!, that is, the analog of (14). Aggregating across firms
(and paying attention to the order of the country indexes) we obtain:

J J

/ Mi:{’(hH,xJ)de+/ Mg (hH e”)de’
0 0

—_oH

s pJ(hH) T

-5 ( S (Mg + M) (108)
Pare
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5.1.1 Discussion

Import adjustment costs F]\H/[’j and FﬂHm‘é 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.

5.2 Price setting in the tradables sector and exchange rate pass-
through

In Section 4.5 above 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 A 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 hff. These are the prices that enter
equations such as (103) above. Border import prices are indexed with a bar (e.g. p’(h')).
These are the prices set by the exporting firm A. 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. In terms of our notation, we have:

p] (W) = (1 + tar” ™) ] (B") (109)

JH is a proportional tariff duty imposed by country J over its imports from

where tar
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. Since 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 A in country H at time ¢ can then
be characterized as follows:

T

max TREND,E, > D w’ g [e/p] (W) — me (B)]
T=t

p{ (hH)
I (1 + tar™ ) (b1 —07
S ar= ) pr J,H J,H J,H
*ST ( pJ,H ) (MA,T + ME,T) (1 - FPM,T(h‘)) (110)
M,T

where p‘J@H is the price of the basket of country J’s imports from country H, and MX’HJr
M éH is country .J’s aggregate imports from country H. The term £/ is the bilateral

H,J

real exchange rate between country H and country J (an increase in e represents a

real depreciation of country H’s currency against country J). The term thf[(hH ) denotes
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adjustment costs related to changes of the price of good hf in country .J. These costs are
the analogs of (44) above:

J,H
4 (piy = P

PM,t B (111)

t —JH
T t—1

2
< WAGY )
T —1
where 7y is the inflation rate for bilateral imports prices. Despite its fastidiousness, the

notation above is straightforward and the equations are self-explanatory.
Accounting for firms’ symmetry (57 (hf) = T)JA}[H and (1 + tar;]’H) p’ (R = p}{/’[H in

equilibrium), profit maximization yields:

0= (1=TH, (™) [eM75 (0 (1= 608F) + 0 mef (n1h)]
o
. PM,t _
= [T — mell )| sl () — B DLt g
t
JH JH J,H
My + ME,t+1) 2] B sy

=J(pH
py (h7)} (112)
Mg+ gy opl ()

i [Pl () = mefl (b)) (

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 gb‘{p’ﬁ coefficients are small, expression
(112) collapses to a markup rule, and exchange rate pass-through is full:

H

= _ 0
e Bl () = e B = el (113)
7

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

H,J_J,H 7

H T, T

PQt=¢ Pmi = ,H

07

N mcl (114)

5.2.1 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 deter-
minants 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 A 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 7 > 0 units of the non-
tradables basket N. Thus, total demand for nontradables (13) in country J is appropriately

. -3 JH J,H
modified as (p‘t](n‘])/p%,t) N (Nit + Né,t + G%,t + 77J EH;&J(MA,t + ME,t )

27



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:

pi (W) = (1 + tar™™) g} (W) + 07 pR s (115)

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

H,J
g M pN
0= ( F{DJ\% t(hH)> [ P J(hH)(l - aT) W + Ggmcf{(hH)]
b, n’pk
- [ 7Bl () — mef (hH)} W}ﬂ’t)(pi(h}[) + m) - Et{Dgt+17T£t+1gt,t+1
JH JH JH
H,J_J (hH) _ H (hH) My A1 + Mg A1 8FPM,t+1(,J(hH) UJpﬁ,t N
* €41 Pi41 My MJH L MH apy (hH) Pr + 1+ tar |
Et
(116)

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 he (b#]}g[ coefficients are
small, the above expression collapses to a double-markup rule:

0H J EHv]pJ
HJ J H o H,J_J,H _ T H U t N,t
(h ) = & pM,t = elgi_lmct + 0¥ 11+ tar H (117)
HJJ H HJ J,H egrf 77J H,J J
() = Py = o mct (1 + tar? ) + o7 1€t Pt (118)
T — T —

5.3 Market clearing in the world economy

All profits and intermediation revenue accrue to Ricardian households:

s (1-s7c) s (1-s7c) el prH (jH
. . RV .
/ (I)H( H)dJH:/ 1+ I)FBt 17* 1l )dJH
0 Ti—1,69t—1,t
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J#H
sH MH,JFIH,J (eH)
E ' ME¢t H,J 3 rH,J( HY 3 H
+ / ( H,J H,JH,J ) pa Mg (e7)de (119)
JAHY0 1 =Typ(efl) — My F;W’E,t(eH)
where ¢°* is the bilateral real exchange rate between country H and the center country.
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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
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 h¥ can be used by domestic firms or imported by foreign firms:

SH SH
T; (hH) > / QA,t(hH7$H)d$H +/ QE,t(hH7€H)d€H

+> (/ T a7 )da” +/ Mg (R, e”)de J) (120)

J£H

Market clearing in the international bond market requires:

s7(1-s7¢) N
>/ B (37)dj =o. (121)
J

Finally, government revenue is given by:

H

H H
1 s o 57 (1=src) o s
Gheve = 77 (/0 TT (j)dj + TﬁTtH/O K[ (5)dj + Tf/o

i LS tar! / 207y (M 7Y+ MES (07 )y (122)

JAH

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

5.4 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.

Define first per-capita net financial wealth in country H as:

HO-sH) g .
s LC FpxH (s H
FH — 1 e B2 (57)
t =

S

(i) = Tae) [

L gt (123)
0 Ti_1,t9t—1,t

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

(1+1d7_ 1)st By
Tr_1,49t—1,t

+ > (phe = mhel) (ME + M) + IMPADI - O - plf 1 - GE (124)
J#H
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where the total value of tradables is defined as:

J
_ S° H,J_JH J,H JH
p’ZI_{tTtH = Pg,t (Qf,t + Qg,t) + Z STth Pt (MA,t + ME’t ) (125)
J#AH
Recall that the variable IM PAD.J is the sum of the last two terms in (119).
Expression (125) can be written as:

* H
Btfl

*
Tp—1,19t—1,t

CURBAL! = ¢+ (B;H - ) = NFPH + TBALY (126)

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:

e Bt

NFPH = = (127)
T—1,49t—1,t
TBAL is the trade balance or net exports:
TBALF = EX}/ — 1M} (128)
where total exports £ X are evaluated at border prices:
EXtH = p;{tTtH - Pg,t (Qil,t + Qgt) (129)
and, similarly, total imports I M are evaluated at border prices:
v = 3 wid (M + ) (130)

J£H

Using the definition above, the model-based Gross Domestic Product (in consumption
units) is:
GDPI = A +pi B + p§ ,GN .+ TBAL{
—H,J H,J H,J
:pg,tNtH +p7}{tTtH + Z (p?/l,t *PM,t) (MA,t + Mg ) +IMPADJ! (131)
J£H
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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Figure 1: The Structure of the Model
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