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Abstract

This paper develops a dynamic general equilibrium model derived from first principles to
determine whether traditional Mundell-Fleming results hold when currency mismatches and fi-
nancial frictions are explicitly introduced. For this, we extend the small-open economy model of
Obstfeld and Rogoff (1995) along the lines of Céspedes, Chang and Velasco (2004); being critical
to us deriving the form in which financial frictions affect the economy from primitive assumptions
in a model that can be studied analytically. We consider two different unexpected and perma-
nent policy shocks: a monetary expansion (floating exchange rate) and a currency devaluation
(fixed exchange rate). We find that traditional Mundell-Fleming results hold, since both shocks
have expansionary effects on the economy. These are amplified, although moderately, by the
presence of credit market imperfections. The mechanics at work seem to be traditional: with
preset prices the unforeseen shocks produce a trade balance surplus on impact (i.e., there is an
expenditure-switching effect) and hence an accumulation of net foreign assets. It follows a short-
and long-run boom in the economy implying that the non-neutrality property of nominal shocks
is not satisfied. We also show that capital and net worth act as a propagation mechanism in this
model.
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1 Introduction

Several authors have pointed out after observing the events in South-East Asia in 1997-8 that
the presence of currency mismatches and credit market imperfections could be key elements to
understand the financial crisis that affected these economies. A far from exhaustive list of researchers
that first supported this argument includes Krugman (1999) and Aghion et al (2000). Implicitly in
their work lies the idea that expenditure-switching effects as emphasized in the traditional Mundell-
Fleming textbook model can be counter-balanced by a debt burden of those agents indebted in
foreign currency. Whenever the latter effect is strong enough, the reduction in the value of the
domestic vis a vis the foreign currency can generate a contraction in output (i.e., the balance-
sheet effect). This is, as Calvo and Reinhart (1999) argued, a reinterpretation of the debt-deflation
argument popularized by Fisher (1933) but now in the context of small-open economies. Krugman
and Aghion et al, however, only develop highly-stylized partial-equilibrium models in which the
long-run dynamics are not considered.

In this regard, it is nowadays accepted that any well-respected macroeconomic model should be
derived from primitive behavioral assumptions. This, in conjunction with budget constraints and
some form of optimization process, allow the researcher to study the dynamic properties of the model
in full. Along these lines of reasoning Obstfeld and Rogoff (1995) (henceforth OR) have been able
to obtain the typical positive expenditure switching effects emphasized by Mundell and Fleming in
a well-microfounded dynamic general equilibrium model. This paper has been influential not only
because traditional Keynesian results were obtained from first economic principles, but also due to
the high tractability of their model'. It gave birth, moreover, to the so-called ‘New-Open-Economy-
Macroeconomics’ (henceforth NOEM) generation of models within international finance?.

Whether traditional Mundell-Fleming results® also hold when currency mismatches and credit
market imperfections are included in a NOEM-type of model has been an active area of research.
Although this is not a novel question®, what is new is the fact that the recent literature almost entirely
concentrates on financial channels where the presence of credit market imperfections is particularly
emphasized. The latter is in turn rationalized by the presence of asymmetric information problems
between lenders and borrowers. Broadly speaking, this literature combines three key ingredients: i.
currency mismatches, ii. nominal price rigidities and iii. credit market imperfections.

Currency mismatches imply that certain agents in the economy, for some reason taken as given?,

Tt is noteworthy that they were able to show the main results of the paper analytically. The cost of this has been,
however, the introduction of assumptions that could be thought of as ‘restrictive’ (for instance, they ignore capital as
an input in production and they also restrict Households’ preferences in a way that allows them to derive tractable
results).

2See Lane (2001) and Sarno and Taylor (2002) for a complete survey of the NOEM literature.

3By traditional Mundell-Fleming results we mean a monetary expansion generating a boost in output under a
floating exchange rate regime and a similar result considering a currency devaluation under a fixed exchange rate
regime.

“For a thorough review of this older literature see Agénor and Montiel (1999).

5Several papers have addressed the deeper question of understanding why agents may undertake contracts in a
currency other than the one legally accepted as a mean of payment. Different explanations coexist, being mostly



have access to a credit market in which loans are essentially denominated in the foreign currency.
Their assets, however, are denominated in the domestic currency or highly indexed to the domestic
price index. The assumption about nominal price rigidities allows monetary or exchange rate policy
to have non-trivial effects. Note also that the presence of prices that do not fully adjust after a
policy shock is at the heart of the existence of balance-sheet problems: the local-currency indexation
of domestic assets becomes restricted in such a case. In contrast, the domestic-value of foreign
currency denominated liabilities freely adjusts with the nominal exchange rate. Indebted agents
may suffer then a negative net worth effect as the exchange rate depreciates, thereby generating
a contractionary effect on the economy. The presence of credit market imperfections, moreover,
will restrict the availability of credit and will also imply the existence of a risk premium which is
inversely associated with the evolution of net worth. Therefore, there is an endogenous mechanism
that amplifies shocks and affects the economy. This is in general modelled following two seminal
contributions: Carlstrom and Fuerst (1997) and Bernanke et al (1999), which provide an elegant and
relatively simple way of introducing financial frictions into an otherwise standard dynamic general
equilibrium model.

Most of the papers developed along these lines have focused in studying quantitatively different
monetary and exchange rate policies. For instance, Cook (2004) finds numerically that an expan-
sionary monetary policy can have contractionary effects in the short-run due to the presence of the
balance-sheet channel. Choi and Cook (2004), in a similar framework (where currency mismatches
are localized in the banking sector) explore a slightly different question: which exchange rate regime
provides better stabilization properties? They find evidence in favor of a peg. Devereux et al (2006)
show that although the presence of financial frictions amplifies shocks, the ranking in terms of the
stability properties of an exchange rate regime is not affected. This ranking is sensitive, however, to
the degree of exchange-rate pass through. Moreover, they argue that in welfare terms there seems
to be a well-established preference for a flexible regime. Gertler et al (2007) develop a similar frame-
work to reproduce the Korean crisis in 1997-8, finding that their model seems to match fairly well
the data; and in welfare terms they also find that a fixed exchange rate regime seems to imply higher
losses.

Although constructing models that can be evaluated numerically through impulse-response func-
tions and other relevant empirical measures is a useful exercise, there is a sort of ‘black box’ when
someone is willing to carefully understand how the dynamic properties of the model are affected by
the presence of financial frictions. A qualitative or analytical approach seems to be the appropri-
ate way of dealing with this issue. There are fewer researchers, however, that have explored this
avenue; being the only published paper that we are aware of Céspedes, Chang and Velasco (2004)
(henceforth CCV). They manage to provide an analytical solution constructing a microfounded dy-

namic general equilibrium model but relying on a number of strong simplifications. In particular,

associated with variations of a lack of credibility problem in domestic monetary policy (see IADB 2004, specially Ch.
4, where the problems associated with financial dollarization and currency mismatches are discussed at length). A
similar argument is given by Hausmann (1999) but under the more artistic name, ‘original sin problem’.



they essentially postulate the form in which credit market imperfections affect the economy. This
assumption, however, seems to go against the objective of developing a model from first principles.

The present paper’s intention is to fill this gap. It can be viewed as an extension of the small-
open economy version of OR with the spirit of CCV. In particular, our intention is to construct a
simple though realistic framework developed from first principles that can be analyzed analytically®
to study the role of credit market imperfections in an otherwise standard NOEM model affected by
one-period nominal price rigidities and currency mismatches. In this setup we are further asking
whether traditional Mundell-Fleming results still hold. For expositional simplicity we now outline

the structure of the model.

1.1 Overview of the model

We consider a tractable two-sectors general equilibrium model for a small-open economy. To under-
stand how the different sectors are interrelated in this economy we show in Figure 1, below, a flow

chart of the model.
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Figure 1. Flow of goods in the model

Following OR we assume that the tradable sector is exogenous. Although this seems to be a
particularly strong assumption, we justify it emphasizing that we think of a small economy in which
there is a natural resource (e.g., oil) which is an endowment for the economy at each point in time. It

follows then that the richness of the model is associated with the behavior of the nontradable sector.

5Tt is worth pointing out that although our main concern is to solve the model analytically, the final results of
the model rely on some form of numerical exercise. To be more precise, our solution could be thought of as ‘quasi-
analytical’ since the steady state and the minimum state-space form of the model (to study its dynamic behavior) are
derived analytically in full.



This is essentially composed by a final and an intermediate goods sectors. The former is assumed to
be perfectly competitive, requiring a tradable and a combination of differentiated nontradable inputs
to undertake production. With this specification we want to emphasize that to produce a final good
a firm requires different inputs such as transport, retailing and so forth; all of which are nontradable.
Note that the demand for the tradable input by final producer firms is the only source of absorption
of tradable goods. It then follows that the evolution of the trade balance surplus will be directly
associated with the evolution of this demand. The final nontradable good is sold to domestic agents
either for consumption (to households and government) or as an input for the production of capital
(to entrepreneurs).

Since we want to introduce nominal price rigidities in its simplest form, but it becomes difficult
to justify it in a context of perfectly-competitive markets, we consider the existence of a continuum
of intermediate firms producing differentiated inputs (i.e., there is monopolistic competition in this
sector) that face one-period nominal price rigidities. We justify this assumption considering Burstein
et al (2005)’s argument where, analyzing 5 recent episodes of large devaluations’, they show that
the main source of changes in the real exchange rate has been the slow adjustment in nontradable
prices. Note that the combination of nominal rigidities and monopolistic competition rationalizes
that output can be demand-determined in the short-run.

This is a model which gathers together different elements that are not often observed in the
NOEM literature. Since our aim is to understand thoroughly the implications of each of these non-
conventional features, we decided to separate the sector that faces monopolistic competition and
price rigidities from the one exposed to credit market imperfections. Without loss of generality, and
following Carlstrom and Fuerst (1997)%, we assume that the latter only affects the production of
capital. This production is undertaken by entrepreneurs, who require external funding to invest.
We also assume that entrepreneurs can only obtain debt denominated in foreign currency. A key
element of this approach is the fact that the production function is linear but with a productivity
factor which is stochastic and idiosyncratic. In order to simplify things we further assume that
this random variable follows a uniform distribution®. We then show that financial frictions will
imply that the entrepreneur has to pay a premium over a risk-free interest rate when contracting
the loan. This premium is in turn negatively associated with the evolution of net worth, as can be
expected intuitively. Translated into macroeconomics’ jargon, we are essentially departing from OR
by introducing capital and net worth as two state variables of the model that will propagate any
initial perturbation that affects the economy.

We introduce Households and Government in a way that essentially resembles OR. We depart

from them, however, assuming that preferences over real money balances take the logarithmic instead

"They consider the cases of Argentina (2002), Brazil (1999), Korea (1997), Mexico (1994) and Thailand (1997).

8 An important difference is, however, the fact that our modelling device considers nominal instead of real variables.

9In this regard, we are departing from most of the literature that considers financial frictions, where the log-normal
distribution seems to be the most popular choice (e.g., Carlstrom and Fuerst (1997), Bernanke et al (1999) and
Devereux et al (2006) to name just a few). Our hope is that taking the simpler uniform distribution does not alter
substantially the results and helps us in providing a better understanding of the properties of the model.



of the constant risk-aversion form. This assumption, a helpful simplification in view of the other
complexities of the model, will imply that the domestic nominal interest rate is unaffected by the
policy shock. Thereby the nominal exchange rate does not show any overshooting effect as it does in
the case of Dornbusch (1976). Finally, this is a model with Ricardian agents in which the main role of
the Government is to introduce money into the economy. Therefore, we only consider private-sector
bonds. With this general background at hand we can now proceed to explain the main findings of

the paper.

1.2 Main results and structure of the paper

The main message of our paper is: although the presence of financial frictions seems to amplify the
initial shock, though moderately, the results are essentially the same as those predicted by a simple
Mundell and Fleming textbook model. Therefore, a monetary expansion under a floating exchange
rate or a currency devaluation under a fixed exchange rate both have positive effects on output!®.

Recall that we are assuming that prices are preset only for a period. It is then necessary to
divide the analysis of the model’s solution into two differentiated phases. There is a short-run
solution which lasts only the initial period which coincides with the presence of the unexpected and
permanent shock. There is also a long-run solution which holds afterward, in which prices are fully
flexible and no other shock takes place in the economy. Observe also that capital and net worth are
the only state variables of the model. Their values, therefore, are given at each point in time. From
their respective laws of motion there is a connection between the short and the long-run model’s
solutions. Short-run investment is therefore constrained: today’s investment should guarantee that
tomorrow’s capital stock is effectively supplied'!. Considering these elements in conjunction with
the intertemporal national budget constraint of the economy as a whole (henceforth INBC), it is
then possible to obtain the complete time-path of the endogenous variables.

Consider an unexpected and permanent monetary expansion (floating regime.) Since consump-
tion moves pari passu with real money balances under our specification of preferences, consumption
increases and through it there is a boost in the final nontradable sector. There is then a pressure
toward a trade balance deficit. We should keep in mind two key elements of the model at this stage,
however: i. any plausible solution must be consistent with the resource constraint of the economy
as a whole and ii. the stock of capital is given on impact.

To make feasible these endogenous changes with the INBC it is required to reduce today’s

0Note that the shocks that we are considering in this paper and the effects on the current account dynamics give
a sense of complementarity to those evaluated by CCV (a rise in the foreign interest rate and a negative shock to the
terms of trade). This is due to the differences in our modelling device. Real money balances are explicitly introduced
here. This allows us to explore the effects of the canonical exercise popularized by Dornbusch (1976): an unexpected
and permanent monetary expansion. We also allow households to accumulate bonds, and so our model provides
interesting current account dynamics not explored by them. Our source of nominal rigidity is also different: Instead
of assuming preset wages we consider that prices of intermediate nontradable goods are preset for a period. This will
modify the adjustment process of different endogenous variables after the policy shocks.

1 This is an important aspect of the solution of the model. As we will show in the paper, moreover, this constraint
will imply that the optimal contracting problem between the entrepreneur and the lender does not hold in the short-run.



absorption. The exchange rate then rises toward its new steady state level and remains there forever.
Notice also that in the short-run any excess demand of intermediate goods is adjusted through
quantities. But since capital does not adjust within the period, there is a limit on intermediate
goods’ production. It follows that the nominal exchange rate increases less than the money supply.
There is more capital demanded on impact, fact that is reflected in a higher short-run real rental price
of capital. This boosts short-run investment thereby raising (future) capital stock. The economy,
therefore, should generate a trade balance surplus that provides the tradable resources that will
be absorbed in the future (a higher supply of capital will imply a higher production of the final
nontradable good).

This trade balance surplus can also be seen as the result of an expenditure-switching effect: the
final nontradable sector substitutes tradable wvis a vis nontradable inputs as the relative price of
the latter decreases. There is also a short-run positive wealth effect (i.e., an accumulation of net
foreign assets), thereby implying that the long-run non-neutrality of money is not satisfied. This
result seems to be a novelty since in the small-open economy version of OR current account effects
are absent. We also show that when capital is eliminated there are no current account effects and
the long-run neutrality property is recovered. In this sense, we argue that capital can be thought of
as an element that provides an additional source of rigidity in the economy.

Regarding the role played by credit market imperfections, recall that the supply of capital in
the period immediately after the shock is higher. Entrepreneurs then face a boom, which implies

12 The real amount of debt contracted in the short-run must be

that their net worth also raises
at a level that guarantees next-period supply of capital (in the case considered here debt slightly
rises). The essence of these results holds regardless the currency of denomination of entrepreneurs’
debt. Finally, notice that when the exchange rate regime is a peg and the policy shock is a currency
devaluation all the previous results are preserved; being the main difference that the real effects are
slightly amplified.

The rest of the paper is organized as follows. Section 2 explains in the detail the model. Section
3 defines equilibrium. Section 4 and 5 solve for the steady state and for a log-linear approximation of
the model, respectively. Sections 6 and 7 discuss its dynamic properties under a floating (monetary

expansion) and a fixed (currency devaluation) exchange rate regimes, respectively. Finally, in Section

8 we present some concluding remarks.

12Tn this setup net worth is a fraction of entrepreneurs expected profits. Whenever the latter increases, for instance
as a consequence of a boom in the production of capital, the former also rises.



2 The model

2.1 Firms
2.1.1 Tradable sector

There is a single homogeneous tradable good whose supply is constant and exogenously given each
period ¢ and is denoted by Y7; = Y. This output, in turn, becomes each period households’

endowment.

2.1.2 Nontradable sector

The nontradable sector is composed of a continuum of intermediate firms that produce differentiated
inputs and a perfectly competitive producer of the nontradable final good. There are a large number
of firms indexed by 7 in the intermediate sector, where each one specializes in producing a particular
input. The intermediate output of firm ¢ at period ¢ is produced by combining capital and labor

services with a Cobb-Douglas production function as follows,

Zip = AAK{LITY, i€ (0,1], 0<a <1, (1)

where Z;; indicates the production of input i, A; is a technology parameter assumed to be
common to all firms, K;; is the stock of capital rented to entrepreneurs at the beginning of period ¢,
L; ; indicates labor services obtained from households and « is the share of capital in the nontradable
intermediate input (which is assumed to be the same for all firms).

The producer of the final nontradable good combines the inputs provided by intermediate firms
and a tradable input with a Cobb-Douglas-type production function. This output is afterward sold
to domestic agents for consumption or to entrepreneurs for using it as an input in the production of

the capital good. The production function of a representative firm is defined as follows,

1
Y, = {[/ (Zin) T a7V X, 051, 0< v < 1, @)
0

where Y; is the final nontradable good, 6 is the elasticity of substitution between different non-
tradable inputs (or elasticity of demand), - is the share of nontradable components in the final
nontradable good and X7, is the tradable input that is used in producing the final good. Each
intermediate firm in the nontradable sector, therefore, faces the following downward sloping demand

curve',

1-— (1=)(6—1) B O—1+v
e DR ®)

Ziy = Y[

3The final good producer solves the following cost minimization problem:
0—1 2]
min fol ZitPiwdi +Pr  Xr st Ve = {[fol(Zi,t) 7 di]o-T }"’{XT’t}lf'*, giving the inverse demand function stated in
Eq. 3.



where Pr;, P;; and P; are the prices of the tradable good, the intermediate good and the final
good, respectively. It is worth noting that the marginal cost of the final producer firm is defined as
MGy =y Y(1 =)0 D(Pr) [ f) P 0di) o4,
Let us define Py; = [fol P;t_gdi]flf? =[Py7(1— 7)(1*7)(PT¢)7*1]%. We can therefore rewrite the
demand curve that each intermediate firm faces as,
=t B a1 Py
~

Zig =Y (1 —~) (E P]\;t)fe- (4)

Observe that Eq. 4 is a conditional demand correspondence obtained as a result of a cost
minimization problem taken Y; as given. Moreover, it is worth noticing that since the production
function is homogeneous of degree one the scale of production becomes indeterminate (and therefore
the demand for factors). In this context the appropriate way of deriving the conditional demand
correspondence is by solving a cost minimization problem as we have already done here.

It will be considered that the law of one price (LOOP) holds for tradable goods at all ¢, implying
that,

Pry =5,

where Sy denotes the nominal exchange rate measured as the domestic price of foreign exchange.

Note that the foreign price of the tradable good was normalized to one.

2.1.3 Demand for factors by intermediate firms

Turning to intermediate firms, it is worth observing that their decision problem can be analyzed in
two stages. As in the case of final producers the production function of intermediate firms is also
homogeneous of degree one. The conditional demand correspondences are therefore obtained as the
result of a cost minimization problem (first stage). Since intermediate firms produce differentiated
products they are able to choose the price level that maximizes their profits (second stage).

The cost minimization problem (taking the output level Z;; as given) is then defined as:

{KI.I?B ; REK;y+WiLiy st. Ziy = A KL, (5)

where Rf indicates the nominal rental price of capital and W; denotes the nominal wage. It is
worth highlighting that K;; is a homogeneous capital good demanded by intermediate firms and
supplied by a large number of entrepreneurs. L; ¢, on the other hand, is a homogeneous type of labor
demanded by intermediate firms and supplied by a large number of households. Since both inputs
are homogeneous, supplied by a large number of agents and demanded by a large number of firms,
at the individual level each firm takes the nominal rental price of capital RF and the nominal wage
Wy as given.

The first order conditions associated with this problem are,

Note that in equilibrium the marginal cost of the final producer firm will be equal to the price of the final good,
P;.
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Note that the cost function evaluated at K, and L], takes the form,

Cit(Zig, RE,Wi) = Cfy = o~ (1 — a)* A7 2, W/ (RY)™, (8)
2.1.4 Profit maximization problem of intermediate firms

In the second stage intermediate firms determine the price level P;; and output Z;; that maximize
profits subject to the cost function obtained in Eq. 8 and the inverse demand function stated in Eq.
4,

a1, P, a1 Py

max miy = Py Ziy — Ciy st. Ziy =Yi(1—7) 3 (PT =N B )0
it t

(P} !

The solution of this problem gives the following price setting equation,

0 21— _
Py = o (1= ) LA W (RE, )
where % is a markup over marginal costs!’.
This equation defines how intermediate firms optimally set the price level of their output P;;. It
is worth highlighting that firms decide the price level that will prevail at period ¢ at the end of period

t — 1. To be more precise, we can think of Eq. 9 as implicitly given by the following expression,

6
0—1
where Fj;;_; indicates the expectation hold by agent i at the end of period ¢t — 1 given the

Pir = Eirf a (1 - ) AW (RY),

information available at that time. This model assumes perfect foresight. Therefore, the above
expression will be identical to Eq. 9 for all periods but ¢ = 0, when an unexpected shock hits the
economy. During that period, the price P;q differs from what firm ¢ would have optimally chosen
had it known the shock in advance. It is in this context that we can consider the price level of the

intermediate firm ¢ as ‘given’ at period ¢t = 0.

5Note that in the perfectly competitive case, when § — 0o, the price of the intermediate firm is equal to the marginal
cost.

10



2.2 Households

The representative household obtains utility from consumption of the final good C}%, real money

M; 16
Py

nontradable input —%(Lt)Q). Therefore, lifetime utility of the representative agent takes the form,

balances and leisure (given by the disutility associated with working in the production of the

K

" (L0?) (10)

> M,
Uy =Y B'llogCy + xlog(?:)
t=0

The budget constraint that the household faces when maximizing utility, expressed in nominal

terms, is defined by,

PtCt + Mt + StDt—H = PT,t?T + WtLt + T+ StR:Dt + Mt—l + PtTt. (11)

Household’s sources of funding are given by the endowment of the tradable good PT,t?T, wage
earnings for working in the nontradable intermediate sector Wy L;, dividends from owning interme-
diate firms 7y, nominal gross return from previous-period foreign currency denominated deposits
S;R;D;'", holdings of previous period nominal money balances M; ; and lump-sum government
transfers P,T;'®. These resources are used to purchase consumption goods P;C;, to accumulate
nominal money balances M; or to acquire new interest-bearing deposits Si Dy 1.

The first order conditions associated with this problem are obtained by maximizing Eq. 10 with

respect to D11, My, and Ly subject to the budget constraint stated in Eq. 11. We therefore have,

Siy1 P

Ciy1 = BR; ———C, 12
t+1 ﬁ t+1 St Pt+1 t ( )

M, Riq
=t o, 13
P X "Rip1 — 1 (13)

11 W,

L, 14
K Ct Pt t ( )

Eq. 12 is a Euler equation indicating that the marginal rate of substitution of consumption in
two subsequent periods must be equal to the real interest rate. We assume that the UIP holds in
this model thus yielding R;41 = R} Hng—:l, where Ryy1 and R}, ; indicate the gross nominal risk-free
domestic and foreign interest rates, respectively!'®. Observe that the demand for real balances stated

in Eq. 13 is positively associated with consumption and the weight in the utility function of having

16T e fact that households obtain utility from real balances is common in the Money-in-the-Utility function literature.
It can be thought of as money generating utility owing to the services that it provides in facilitating transactions (see
Walsh 2003).

17Since one of the main objectives of the model is highlighting problems associated with currency mismatches, it is
assumed that households only hold deposits denominated in the foreign currency.

81n facilitating the analysis it is assumed that government’s transfers are only made in the final nontradable good.

19 Although we directly assumed that the UIP condition holds, we could have also derived it by allowing households
to accumulate a bond denominated in the local currency. Arbitrage between the domestic and the foreign bond will

then imply that R, y1 = Riyq Sgtl must hold.
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an extra-unit of real balances; and negatively related to the gross nominal interest rate. This is a
standard result in models with Money-in-the-Utility function and infinitely-lived agents. Finally, the
labor supply equation shown in Eq. 14 increases in the real wage, while decreases in consumption

and in the weight that the household gives to the disutility of working.

2.3 Government

For simplicity we assume that Ricardian equivalence holds, and therefore we will abstract from
government debt. It is further assumed that government spending affects only the final nontradable
good. In this simple setting, the only source of funding for the government’s current spending and
the lump-sum transfer that is made toward households is therefore real seigniorage. Observe that
the interpretation of T} is twofold: whenever it takes a positive value it refers to a lump-sum transfer
from the government to households, while if it takes a negative value it implies a lump-sum tax paid

from households to the government. The government’s budget constraint is expressed as,

(M; — M;_q)

G+ T, =
t+ 1t i2)

; (15)

where G; indicates government’s expenditure on the final good and %

is the real seignior-
age that the government is obtaining for issuing money between ¢ and t—1. In facilitating the analysis
it will be assumed that Gy = 0 and therefore any revenue due to seigniorage is immediately rebated

to households in a lump-sum way.

2.4 Entrepreneurs

Entrepreneurs will play a central role in the model. They will produce the capital good that is
afterward rented to firms. In producing capital, however, they must obtain external funding, which
is denominated in foreign currency and subject to frictions, as described below. The present section
provides a detailed analysis of the entrepreneurs’ behavior and their interactions with the credit

market.

2.4.1 Partial equilibrium contracting problem

The analysis of the debt contracting problem under asymmetric information developed in this sec-
tion closely follows Carlstrom and Fuerst (1997). It is assumed the existence of a continuum of
entrepreneurs indexed by j in the interval [0, 1] producing a homogeneous capital good. Each en-

trepreneur has the following stochastic linear technology,

Kjt11 = wjtije, (16)

where Kj;11 indicates the capital good produced by entrepreneur j at period ¢, that will be
incorporated in the production process of intermediate firms in period ¢ + 1; i;; denotes the input

utilized by entrepreneur j to produce the capital good, which is part of the final good produced in the
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economy; wj¢ is a i¢d random variable with a common distribution across j, where the cumulative
and density functions have positive supports and are denoted by ®(-) and ¢(-), respectively. To
simplify the analysis it is assumed that F(w) = 1.

When the entrepreneur decides how much to invest at period ¢, he or she faces the following

budget constraint,

StB;':t+1 = Pt(ijﬂg - le7t), (17)

where S; B}, indicates the domestic value of the foreign currency denominated debt contracted
at period ¢ to be repaid at period ¢ + 1 and n;; is the net worth of entrepreneur j at the beginning
of period ¢. This constraint simply indicates that the entrepreneur can purchase inputs beyond his
or her net worth only by contracting foreign currency denominated debt.

Following Townsend (1979) and Gale and Hellwig (1985) among others, the model assumes a
costly state verification problem. In this context the optimal contract between the borrower and the
lender will take the form of a standard non-contingent debt contract. To simplify the model it will
be assumed that there is enough anonymity in the credit market, so as to avoid issues related to
how past records of interactions between entrepreneurs and lenders may affect the characteristics of
the financial contract.

The contract specifies a fixed payment to the lender in all states where the project generates a
nominal gross return above the fixed nominal value of the debt repayment. In contrast, when this
condition is not satisfied, the entrepreneur defaults on the debt and the lender recoups as much as
he or she can from the project, after paying a fixed monitoring cost.

The random variable w;;, which can be thought of as a productivity parameter, is neither ob-
served by the entrepreneur nor by the lender ex-ante. For the entrepreneur, however, it is costless to
observe the ex-post value of w;;. The lender, in contrast, must incur in a monitoring cost to observe
the true value of wj ;.

The monitoring cost is given by the payment of uij; units of the final capital good, where
0 < p < 1?9, The payment to observe wjt, however, is only made in case the entrepreneur defaults
on the debt. It is clear now where the costly state verification problem arises in the model: in order
to observe the true realization of w;;, the lender must incur in a deterministic pecuniary cost.

It is worth highlighting that for simplicity we will assume that capital fully depreciates within the
period and that there are no adjustment costs of any form in the law of motion of capital 2'. From

these assumptions it follows that the relative price of capital in terms of the final nontradable good

20The assumption regarding the form of the monitoring cost implies that there is a fixed cost pi; ¢, known ex-ante by
the lender, for observing the true realization of the project. Note that this cost depends on the scale of the investment
ij,t, but is independent of the ex-post realization of wj ;. A slightly different approach is taken in Bernanke et al (1999),
where the monitoring cost is a fraction of the ex-post realization of the project. It is worth observing, however, that
the main results of the model remain the same, independently of the form in which monitoring costs are defined.

21 Although these assumptions can be seen as particularly strong, it is noteworthy that are critical to obtain a model
which can be handled analytically. Departing from these assumptions complicates the analysis and, in our view, is not
critical for a neat understanding of the role played by credit market imperfections in a dynamic general equilibrium
model. Note, moreover, that CCV also introduce these simplifications in their paper.
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is equal to 1. Similarly, it can be easily seen that the (gross) nominal rate of return of producing
the capital good will be equal to Rf ' 1, its rental price.

nd

Let w;; denote the minimum value of w;; at which default does not occur and let R7¢, | indicate

J
the non-default gross nominal interest rate charged on entrepreneur j when contracting the debt at
period t. R% 11 and w;; therefore satisty,

k — - _ pnd * _ pnd > .
Ry Wi = Rj,t+1St G+l = Rj,t+1Pt(ZJ,t —njt). (18)

Eq. 18 indicates that entrepreneur j, with the associated value for the productivity parameter
given by @w;+, produces wW;j 7 units of the capital good that are afterward rented to firms at the nom-
inal rental price Rf, ;. The term Rf,,w; si;,, therefore, represents the minimum nominal gross return
of the produced capital required to repay the principal and interests on the debt, Rﬁf _HStB;t i1

Note that Eq. 18 can be rewritten as follows,

nd Rfﬂwﬁ

Jyt+1 Nty "
P(1— T )

(19)

Eq. 19 gives a simple relation between R;-"f .1 and @jy. It is worth highlighting that R, ; is a
market price, and as such it will be determined by the equilibrium conditions between aggregate
supply and aggregate demand for capital. The general price index, P;, is also a market price
determined by equilibrium conditions in the market for goods. Therefore, from the entrepreneur’s
viewpoint, these variables are taken as given.

Also note that taking the net worth of entrepreneur j as given, the contractual problem between
the lender and the entrepreneur is fully specified once we solve either for R%I v1 and i, or wj+ and
it (see Eq. 18). Since the contract in terms @, and i;, is slightly easier to study, we analyze the

optimal contractual problem only in terms of these two variables.

2.4.2 Expected profits

In determining the optimal contract it is assumed that both the entrepreneur and the lender are
risk neutral. Recalling that capital fully depreciates within the period, the net expected profit of

the entrepreneur in nominal terms can be expressed as follows,

o0
Ry, /ij,tW¢(W)dw — 1= (@) R} Pulije — nje),
Wiyt

where the first term indicates the expected gross income for producing the capital good whenever
wjs > Wjs, while the second term shows the expected cost of the debt repayment in case the
entrepreneur repays the debt as established in the contract (i.e., whenever w;; > @;;). The term
[1 — ®(w;)] thus indicates the probability that the entrepreneur repays the debt. Observe that in
case of default, or whenever w;; < w;;, the entrepreneur receives nothing, and any remaining value

of the project is completely seized by the lender.
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Using Eq. 18 it is possible to rewrite the above expression as follows,

RE yijof (@50) = RE 141 /Mb(w)dw —[1 = ®(@j)]w;e}

Wit

o0
where f(w;) = { / wo(w)dw — [1 — (w;)]w;} indicates the expected share of the investment
R
that the entrepreneur keeps when undertaking a successful project.

Following a similar way of reasoning, the net expected profit of the lender can be expressed as

follows,

wjt
RY /ij,twgb(w)dw — Ry i ®(@jg) + [1 — (@) R Polije — nje).
0
@jt
In this case Rf 1 / ijwo(w)dw indicates the expected gross income generated by the project

0
that is seized by the lender whenever w;; < @,; and R,’f 115, P(@;+) denotes the expected payment

of monitoring costs?2. Note that ®(w;,) indicates the probability that entrepreneur j defaults on
the debt. In the case in which w;; > w;, on the other hand, the entrepreneur repays the loan as
established in the contract, and thus the lender expects to receive [1 — @(wjvt)]R”?f 1 Piige —mj).

J
Using Eq. 18 it is possible to define the expected profit of the lender as,

Wyt

R 1i19(@j0) = Ripqijed /w¢>(w)dw — p® (@) + [1 — (@) ]wye
0

Wit
where g(@;;) = /wgb(w)dw — p®(@Wj¢) + [1 — ®(Wj¢)]w;, indicates the expected share of the

0
investment that the lender keeps from the project.
Considering the definitions of f(@;;) and g(w;;) it is possible to show that f(w;:) + g(@;¢) =
1—pu®(wj)?3. This fact implies that a fraction u®(wj) of the total investment made by entrepreneur

j is expected to be lost owing to the presence of monitoring costs.

22Recall that when the entrepreneur defaults on the debt, the lender must pay pij,¢ units of the capital good, which

must therefore be priced at the rental price of capital Rf_H.
oo

2370 obtain this result, notice that f(@; )+ g(@;,+) can be written as /wqb(w)dw — u®(wj¢). Recalling that E(w) =
0

oo}

/ w(w)dew = 1 gives F(@5.0) + (@) = 1 — p(@50)-
0
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2.4.3 A note on the behavior of f(w;;) and g(w;;)

Let us consider again the fraction of the investment that the entrepreneur and the lender keep from
the project f(w;) and g(@j;), respectively. In Appendix B it is shown that f/(w;;) = —[1 — ®(W;)]
and that f”(w;;) = ¢(w;+), implying that f(w;;) is a convex function of W;; (notice that monitoring
costs, u, do not affect f(w;;)) . In particular, note that f/(w;.) will always be negative, unless @+
takes the highest value for which w is defined, in which case f/(w;;) = 0. Therefore, for a given level
of investment 4, entrepreneur’s expected profits, Rf+1ij7tf(wj7t), do not increase in w; ;.

Regarding ¢g(w; ), in this Appendix it is also shown that ¢'(@;:) = —p¢(wW;+) +[1 — P(w;+)] and
that ¢"(w;.) = [,ua(gg:u”) + ¢(w;+)]. Note that, without monitoring costs (i.e., whenever p = 0),
g(wj+) is concave in wj,; and ¢'(w;;) > 0?*. When monitoring costs are introduced in the model,
there is an additional effect on ¢(w;;). It can be shown that ¢”(w;;) < 0 but, for sufficiently high
values of @ ¢, ¢'(@;+) < 0 (i.e., whenever pp(w;,) > [1 — ®(w;)]). Therefore, with monitoring costs
g(@j) becomes a hump shaped concave function, with a maximum at the value of @;; for which
po@je) = [1 — @(w;y)], call it @3 ,.

Observe that for a given i, ;, the behavior of the lender’s expected profits, Rf " 1%5,19(@;¢), depends
on the the behavior of g(wj;). In particular, whenever w;; < @}, a small rise in w;,; must increase
lender’s expected profits. To gain intuition on this result, note that a small rise in @;; has three
effects on lender’s expected profits: i. Increases the expected gross revenue of what the lender would
recoup when the entrepreneur defaults on the debt, ii. Increases the expected monitoring costs and
iii. Reduces the expected nominal value of the debt repayment. Therefore, it must be true that the
first effect overcomes the second and third effects when ¢'(w;;) > 0, so as to have that the lender’s

expected profits increase in wWj;¢ when w;; < w7,
b

2.4.4 Determining the optimal contract

The optimal debt contract will be determined by a pair of values of i;; and w;; that maximizes
the entrepreneur’s expected profits, subject to the lender receiving at least the opportunity cost of
the loan. Note that to ensure the optimality of the contract entrepreneurs expected profits must
be maximized. Otherwise, there might be another lender that provides a different contract under
better conditions.
In what follows, it is assumed that the entrepreneur’s participation constraint, given by Rf i f (W) >

Riy1Pnjy, holds. This condition indicates that the gross nominal rate of return that the en-
trepreneur expects to obtain for undertaking the project, %ﬁm, must be greater than the

gross nominal interest, R;41.

The lender’s participation constraint, in turn, is given by Rfﬂij’tg(wj,t) > Ri1Pi(ije — mjy),
R 1i5,09(@j,¢)
Py(j0—mje)

the opportunity cost of the loan, R;y1. Assuming that there are a large number of lenders in

indicating that the lender’s expected gross nominal rate of return, must be at least

249’(0.1 .+) will always be positive unless w;; takes the highest value for which w is defined, in which case ¢'(w;:) = 0.
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this economy, we can invoke arbitrage conditions so as to guarantee that the lender’s participation
constraint binds.

The optimization problem that defines the optimal contract, therefore, can be stated as follows,

{'mgx Rfﬂij,tf(wM) sS.t. Rf+1ij7tg(wj,t) = Rt+1Pt(ij,t — nj,t).
15,05t

From the first order conditions it is possible to obtain,?®

f(@jt)

RY L {g@jy) — mg/(wj,t)} = Ry Py, (20)
-]1
and
. n;
ijr = e . (21)

R _
L= Rtﬁhg(wj,t)
It is worth observing that Eqs. 19, 20 and 21 constitute a system of three equations in three

unknowns (@, R74., and i), since nj;, P, RF ,, and Ry are taken as given. In solving this

J
system, notice that Eq. 20 gives an implicit function of the form,2%
b, om  F()
Wit = F(=——"=) = w;, where = > 0. 22
j’t (Rt+1Pt) ! ORf .  RinP (22)

Eq. 22 implies that, in equilibrium, the value of @, is the same for all entrepreneurs (and thus
it is denoted by @;). Using Eqgs. 21 and 22 it is possible to rewrite the demand function for the

input ¢ as,

. UIR

b = R?il —. (23)
RHlptg(wt)

This expression indicates that the demand function for the input i;; linearly depends on the

net worth of entrepreneur j, fact that facilitates aggregation. This result is a direct consequence of
the linearity of the production function of capital, the monitoring technology and the entrepreneur
budget constraint. Taking as given the net worth of entrepreneur j, moreover, Eq. 23 gives a
positive relation between the rental price of capital, Rf " 1, and the investment demand, i, ;. Formally,

differentiating this equation with respect to Rf 1 it is possible to obtain,

. )
e 1
OR.,  RiaPingy

[9(wi) + Rfﬂg/(wt) ] > 077,28, (24)

25Gee Appendix A for details.

263ee Appendix B for details.
2T A sufficient condition for having ;Zi‘t > 0 is that ¢’(@;) > 0. In Appendix C it is shown that this condition must
t+1

hold in order to satisfy the second order conditions of the entrepreneur’s maximization problem when w is uniformly
distributed in the interval [0, 2]. Moreover, the fact that in equilibrium g¢'(@;) > 0 can also be determined by analyzing
the maximand and the constraint of the entrepreneur’s optimization problem. To see this: let ¢'(w:) < 0. From the
constraint, this fact implies that %% < 0. Using this result, we can see from the maximand that the entrepreneur can
always increase expected profits by increasing investment (since f’(w:) < 0), fact that must not be true in equilibrium
(i.e., entrepreneur’s profits must be bounded).

281t is worth emphasizing the close link between the entrepreneur’s optimal contracting problem and the modern
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Also notice that Eq. 20 can now be rewritten as,

L @0y R P (25)

Combining Eqgs. 19, 22 and 23 we can compute the solution for R;f‘f 15

Rfﬂ = {g9(wr) —

RF @,

d 195, — -1 d

Rt = (1 — L) Ripaweg(we) ™ = R (26)
t it

This equation indicates that, in equilibrium, the non-default interest rate will be the same for

all entrepreneurs since it does not depend on any variable of entrepreneur j.
3 Equilibrium

3.1 Aggregate net worth and aggregate investment

A key variable of the model is given by the entrepreneur’s net worth. For simplicity and taking the
modelling device considered in Bernanke et al (1999), it will be assumed that there is a constant
fraction of entrepreneurs v dying each period, where death implies leaving the economy and con-
suming the accumulated net worth up to that point. The size of the population remains constant
since for each entrepreneur that dies there is a newcomer entering the economy. As Carlstrom and
Fuerst (2001, p. 7) point out, it can be thought of that those entrepreneurs who do not survive are
‘informed’ at the beginning of the period and thus they consume their end-of-period profits just an
instant before dying.

Recall that Rf ' 1.f(@jt)ij denotes the expected net profits of entrepreneur j at period ¢. Using
the fact that in equilibrium @w;; = w; and summing over j, we can define the net expected profits of
the entrepreneurial sector as RF ' 1.f(@;)it, where i; denotes aggregate investment (defined below). It

then follows that:

Pryanipr = (1= v)RE f(@0)iy. (27)
Recalling that f(w;) = 1 — p®(wy) — g(w;), nominal aggregate net worth at the beginning of
period t + 1 can be defined as,

Ping = (1 - U)Rerl(l — p® (@) — g(@y))is.

Notice that the lender’s constraint in the entrepreneur’s maximization problem can be written

in the aggregate as Rfﬂitg(wt) = Ry+1P;(iy — nt). We can then obtain,

Priangsr = (1= v){Ry (1 — p®(@))is — Rip1SiBiia - (28)

literature on credit rationing. In particular, the fact that in equilibrium it must be true that ¢’(@:) > 0, suggests
that this model does not show ‘equilibrium credit rationing’ in the sense of Stiglitz and Weiss (1981). Therefore,
on the upward sloping part of g(w;), the lender may provide any extra funding required by the entrepreneur at a
higher interest rate R?ﬁl, since lender’s expected profits increase in that region. In contrast, whenever ¢'(w;) < 0,
any further increase in the interest rate, which is associated with a higher probability of default of the entrepreneur,
reduces lender’s expected profits thus giving place to a situation where credit rationing holds.
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To gain intuition on the mechanism by which balance-sheet effects may affect the economy, it is
useful to write the expression for net worth (in real terms) at the beginning of period ¢ 4 1 noticing
that (1 — M(I)(wt))lt = Kt_|_129 :

St+1 s

Ziy1 — Pyt

Py 1
i = (1 - v){a—==
t+1

where we have made use of Eq. 6 and the UIP condition. Ceteris paribus, an unexpected real
exchange rate depreciation measured by a rise in Sy11/P;4+1 negatively affects n;y1. There might be
then a negative effect on the production of capital available at the beginning of period ¢ + 2. Note,
however, that this is a partial equilibrium exercise. In general equilibrium, however, Bf,; can be
affected by the evolution of i; (notice that n; will be predetermined), and similarly either Py ;/P;
and/or Z; might be modified by any unexpected shock. In such a case, therefore, the effect on n;y;
can be different.

Aggregate consumption at period ¢+ 1, Cf, {, is hence given by,
Pr1Cfyy = vfRE (1 — p®(@y))ie — Re1SiBis b (29)

Considering Egs. 28 and 29 lagged one period, the budget constraint of the entrepreneurial sector

at period t (i.e., S¢Bf , = Pi(it — ny)) yields,

Ptit + Pth + RtStle; = Rf(l - u@(wt,l))ipl + StB:—i—l‘ (30)

Each period ¢, entrepreneurs invest P;i; to produce the capital good, consume P;Cf of the final
produced good and repay capital and interests of the debt contracted at period t — 1, R;S;_1 B;*°.
These expenditures are financed with the aggregate income obtained for renting the produced capital
good to firms, Ry (1 — u®(wy—1))ii—1, and by issuing new debt Sy B;, ;.

Aggregate investment can be obtained by summing over j the demand function for the input 7;;

stated in Eq. 23, thus yielding,

Y= (1= P oy, - L@@
=1 Rt+1Ptg( )= (1 f@t)gl(wt)) v (3D

where the last term in this expression is derived from Eq. 25. Eq. 31 shows that i; linearly
depends on n;, the aggregate net worth available at the beginning of period ¢. It also indicates

that, in equilibrium, aggregate investment at period ¢ is determined by the aggregate net worth in

1 — £ @)g(@e)
f(@t)g' (we)
leverage ratio of the entrepreneurial sector as a whole.

the same period scaled by the factor ( ), which can be thought of as a measure of the

Introducing Eqgs. 25 and 31 into Eq. 28 it is possible to obtain,

The fact that (1 — u®(w;))i; is equal to the supply of capital at period ¢ 4 1 is discussed in detail in the next
subsection.

30Tt is worth noting that, although each individual entrepreneur has to repay R;-LftiSt,lB;,t to lenders (whenever the
debt is repaid as established in the contract), at the aggregate level lenders receive the opportunity cost of the loan,
R:S:—1B;.
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GO

Pt+1nt+1 ( )Rt+1{ (wt)g (wt) ( - M(I)(wt))Ptnt - StB:—i—l}' (32)
Similarly, entrepreneurs’ consumption can be expressed as,
PraCiay = vRua{— - 1) (1 (@) Pone — SuBf ) (33)
f(@e)g' (@)
Eq. 32 defines the evolution of aggregate net worth. It indicates that entrepreneurs obtain in the
aggregate the gross nominal return —%(1 — p®(w;))Req1 for investing their aggregate net

worth Pin; to produce the capital good. They utilize this return to repay the amount R;y1S5: B,
for the debt contracted at period ¢. The difference between these two flows multiplied by (1 —wv), the
fraction of entrepreneurs’ net profits not consumed, defines aggregate net worth at the beginning of
period ¢ + 1.

Finally, note that from the budget constraint of the entrepreneurial sector and Eq. 31 it is

possible to obtain the aggregate demand for credit:
SiBf 1 = =Py —"—=

3.2 Aggregate supply of capital

From the previous discussion we know that a fraction pu®(w;) of the total investment made by
entrepreneur j at period t is expected to be lost owing to the presence of monitoring costs. The

expected aggregate supply of capital is hence defined as,

_ f'(@e)g(@r)
0 @ @)

where the last equality is obtained from Eq. 31. The existence of asymmetric information

Kiy =i(1— p@(wy)) = (1 = p® (@), (35)

problems between lenders and entrepreneurs implies that the aggregate supply of capital, K}, , is
a fraction (1 — u®(w;)) of what would be supplied under perfect information (i.e., whenever p = 0).
Notice that, as Rt "1 increases K/ | is affected by two effects: i. Aggregate investment increases,
positively affecting K, ; and ii. Expected monitoring costs rises, negatively affecting K7, ;. The first

effect, however, overcomes the second effect. This fact is formally assessed in the following remark:

Remark 1 The model with monitoring costs provides an upward sloping supply curve of capital in

the (RF, 1, Ki11) space.

Proof. Recalling that f(w;) + g(@;) = 1 — pu®(@;), Eq. 35 can be rewritten as: K7 ; = (1 —

%)( f(@¢) + g(@¢))ne. Since in equilibrium ¢'(@w;) > 0, we know that ¢; is an increasing func-

t o

st~ > 0. To demonstrate that 8R,§+1 > 0, it thus suffices to show
t+1

that 57 (£(@) - HFQEF) > 0. Notice that 57 (f(@) - HFeh) = JE5 (@) + FHE):

expression that must be positive to satisfy the second order condition of the entrepreneur’s maxi-

tion of RY, ;. We also know tha

mization problem (see Appendix C). m
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3.3 Equilibrium conditions

To define the equilibrium of the model it is still necessary to specify: i. Money market equilibrium,
ii. Goods market equilibrium, iii. Capital good market equilibrium, iv. Labor market equilibrium,

v. Intertemporal balance of trade equilibrium and vi. Domestic credit market equilibrium.

3.3.1 Money market equilibrium

Money market equilibrium is given by Eq. 13 under the assumption that aggregate supply equals

aggregate demand for real money balances.

3.3.2 Goods market equilibrium

To determine the equilibrium conditions in the goods market it is worth recalling that there are two
sectors in this economy: one tradable and one nontradable. Since the only source of absorption of
tradables is given by the demand for tradable inputs by the final producer firm we can denote the

(nominal) trade balance at period ¢ as,

Pry(Yr — Xp,) = TB,. (36)

In a symmetric equilibrium we have that P;; = Py, and that Z;; = Z; for all ¢. Therefore,
the production function of the nontradable intermediate firm becomes Z; = Ath‘L%*O‘. Owing to
the existence of imperfect competition in this sector, it must be true that the aggregate income of
intermediate firms equates the payment of the two factors of production plus any remaining profits
or: Py.Z; = REK, + WLy + m>L.

Regarding the final producer firm, in equilibrium the marginal cost equals the price level thus
yielding:

P=~"(1- 7)(7_1)PT,7&1_7PJ’\Y/¢7

where Py is given by,

0 — —a «a
Py = ma_a(l - a)a_lAt Ith (Rf) . (38)

Note that in equilibrium the production function of the final producer is Y; = Z; X%_tw. Cost
minimization hence implies P;Y; = Py Z;+ Pr; Xt , and thus the demand functions for the tradable

and the nontradable inputs are given by:

PT,tXT,t = (1 - ’Y)PtY;n (39)

and

31The profits of intermediate firms are given by 7 = %PN,t Z. There is an inverse relation between 7, and 0, where
the former converges to zero as the demand for intermediate inputs becomes perfectly elastic (i.e., § — 00).
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Py Zy = yPY;. (40)

Finally, the clearing market condition for the final nontradable good implies,

Y = Cy + Cf + 4. (41)

3.3.3 Capital good market equilibrium

From Eq. 6, the aggregate demand for the capital good in period ¢ 4+ 1 takes the form,

1-« a—1 Zt+1 Wt+1 11—«

Ky = (
+1
@ Apr Ry

(42)

In equilibrium RF will adjust so as to equate aggregate supply and aggregate demand for the

capital good: K} = th = K;. From Eqgs. 35, 42 and 38 we thus have that,

0 —1Py.Z
0 K

RF =« (43)

where Kj; is given by Eq. 35.

3.3.4 Labor market equilibrium

From Eq. 7, in a symmetric equilibrium the aggregate demand for labor is given by: L{ =

(%)a%(%)fa. Using Eq. 38 and the equilibrium condition L{ = L¢ = L; yields,

0 —1PN:Z
Wt:(l_a)T ]\Z L

(44)

where L; is given by Eq. 14.

3.3.5 Intertemporal balance of trade equilibrium

By adding the budget constraints of households, government and entrepreneurs we can obtain the

budget constraint of the economy as a whole (i.e., the balance of payment):

P.Cy + PtCte + Py + StR:B: + StDt+1
= PrYp+ 8B+ RV — ®@_1))i—1 + WiLy + m + Sy R} Dy.

Using the fact that RY(1 — u®(@;_1))ir—1 = RFKy; PnyZy = REK, + Wi Ly + 73 PY, = Py Zy +

Pr X7, the definition of T'B; and the clearing market condition of the nontradable sector gives,

Sy(Dy1 — Biyy) = TBy + SR} (D, — BY).
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Let Fy = Dy — By and Fyy1 = Dy — Bf; denote the net foreign assets accumulated by the
economy as a whole at periods ¢t and t+ 1, respectively, in foreign currency. The balance of payments

of the economy can thus be written as,

SiFry1 = TB; + S;R Fy. (45)

Observe that Eq. 45 implicitly defines an equilibrium condition between the domestic economy
and the rest of the world, in which any excess supply (demand) of tradable goods is automatically
satisfied at the price Pr; while any excess supply (demand) of foreign assets is cleared at the foreign

risk-free interest rate R;. We can iterate forward Eq. 45 obtaining:

o0
~SoRFy = > TBi(1.5(S1R}) .81 (S k) ™) + Jim So(—Fr)(L(R) ™ L.(RM)™.
t=0
In order to guarantee that the economy is solvent from an intertemporal perspective we im-
pose the ‘no-Ponzi-game-condition’: limy o So(—Fri1)(1.(R})~L...(R%)™1) = 0, thus obtaining the

intertemporal national budget constraint,

—SoRGFy = > TBi(1.5(S1R}) .81 (SeRy) ™). (46)
t=0

3.3.6 Domestic credit market equilibrium

By Walras’ law, equilibrium in the domestic credit market is guaranteed whenever the remaining
markets of the economy are in equilibrium. In this context, the condition becomes an identity which

is given by:

SiBi 1 = St(Diy1 — Fipa),

where the aggregate demand for credit (i.e., S;B}, ) is defined in Eq. 34; while the aggregate
supply is given by Dy41—Fy41. The total credit available in the economy is thus provided by domestic

households in the form of deposits Dy41, and by foreigners in the form of net foreign liabilities, —Fy 1.

4 Zero-inflation symmetric steady state

In this section the solution of the model in a zero-inflation symmetric steady state is described®?. For
brevity we leave the derivation of the main equations discussed here to Appendix E. Nevertheless,
since w; is a non-conventional variable present in this model it is worth going with some detail

through its derivation. Let us start with the steady state version of Eq. 32:

321t could have been also possible to choose a different steady state to undertake the analysis; for instance one in
which the money supply growth rate and therefore the inflation rate are both constant. For simplicity, and since our
main results do not depend on the chosen steady state we have decided to consider the analytically simpler zero-inflation
case.
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nlf(@)g' @) + (1 = v)Rf @) (f(@) + 9(@))] = —b(1 - v) Rf (@)g' (@), (47)

where b = %. Observe that this equation involves four endogenous variables: w, n, R and b.
However, from the Euler equation derived in the households’ maximization problem, we have that R
is pinned-down and given by R = 87 1. It follows then that Eq. 47 only contains three endogenous
variables: w, n and b. It is possible to obtain another expression in the same variables considering

the aggregate demand for credit defined in Eq. 34, thus yielding:

f'(@)g(@)
F@)'@) )
These two equations pin-down w. To see this, notice that the combination of Eqs. 47 and 48
gives,
A% 1
— =(1- . 49
r@ (49)

In this equation there is only one endogenous variable w, whose solution can now be obtained
(call it w*). With the value of @* at hand, it will later be possible to solve for n and b. It can also
be shown that entrepreneurial consumption takes the form: C° = Z-n, indicating that a share =
of entrepreneur’s aggregate net worth is devoted to consumption in the steady state.

Since w is a random variable, solving the model analytically requires assuming a distribution
function for it. To simplify matters, we assume that w is uniformly distributed in the interval [0, 2].
Therefore, Eq. 49 yields (see Appendix D for details):

w:2—|—1_(uﬁﬁ+v)zw*. (50)

Note that for @* to be within the interval [0,2] it is further required that 5+ v > 1 and that
-2 < % < 0. From here onwards we will assume that these two steady state restrictions are
satisfied. It is worth observing also that the parameters affecting w* are only u, 8 and v. It follows
then that the steady state solution of @ is not affected by those parameters related to production
functions or preferences other than 5. Observe that having derived @w* we can obtain the associated
steady state values f(w*) and g(w*). With the expression of ¢g(@*) it is then easy to see that the

restriction ¢’(@w*) > 0 requires v < 1, condition that is always satisfied since v € (0,1)33.

4.1 Analysis of the remaining steady state variables of the model

In this subsection we briefly discuss the solutions of some endogenous variables of the model not
directly related to the presence of credit market imperfections. With a few exceptions, the model

does not provide simple closed-form solutions unless we set the steady state value of (real) net

33This can be easily seen by noting that ¢’ (w*) = £ ﬁi;ﬁl

Appendix D).

when w is uniformly distributed in the interval [0, 2] (see
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foreign assets to zero: f = S?F = 034, From Appendix E it is then possible to show that in this
case X7 = Y and thus the steady state real exchange rate takes the form s = Y (1 — 7)7;1. The

solutions for output, consumption, net worth and labor are given by:

Y= (1- L BE) s oy P e S ) 6
C=v{1l—a 5 LS sz‘;))tri gé:‘i? 1 (52)
n=Yay’ . L Jf((c:"))ilg_(;)) (53)

and
S sy ol "

In the general case in which f/ # 0, it can be shown that taking this variable as ‘given’®

a
higher F raises Y, and through it there is a positive impact on C and n but L remains unaffected.
More generally, it can be shown that the solution of L is independent of F, result that is directly
associated with the type of preferences assumed in the model?S.

Another interesting exercise to consider is an increase in the exogenous variable Y 7. From Eq. 51
we can see that Y must be at a higher level after the change in Y7 and thereby C and n (note that
L is also unaffected in this case). It is possible to also see that s decreases and that the real wage
w rises. At the steady state level, we can thus observe some sort of ‘Dutch-disease’ phenomenon,
where an exogenous expansion in the tradable sector is spread into the rest of the economy. Hence,
there is an expansion of nontradable output and consumption, but there is also a more appreciated
real exchange rate and a higher real wage in the long-run. In fact, the rise in Y7 can be viewed as
a positive wealth shock affecting the economy, with implications that are somehow intuitive.

We close the steady state analysis discussing the solution of a number of variables relative to K.

Notice that these ratios are unaffected by steady state net foreign assets. For a better understanding

of the implications of financial frictions we also consider the case in which p = 0.

34A clear exception is @, whose solution was already derived.

35To be more precise, f is an endogenous variable determined in general equilibrium where domestic choices are
mutually consistent with the restriction imposed by the national intertemporal budget constraint.

36The implications of this property will become apparent when studying the dynamic behavior of the model.
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Table 1. Selected steady state solutions relative to K

Variable  Credit markets imperfections case: 11 € (0,1] RBC case: 1 =0

Xz Rl X=X~
q

f@*)+g(@”)

Without credit market imperfections it can be easily seen that f(@*) = 0 and that g(@*) = 13.
In this situation we arrive to a fairly standard RBC model, similar to that developed, for instance,
in McCallum (1989)38 3%, Since we have assumed that capital fully depreciates within the period,
when g = 0 investment 7 and the capital stock K coincide, as expected: i/K = 1. With credit
market imperfections we have a different result: /K > 1. The fact that p > 0 implies that there is
a fraction of investment which is lost due to monitoring.

Notice that, although the steady state level of output is higher in the RBC case, the ratio Y/K
is lower compared to that when p > 0. This fact is a direct consequence of the relatively higher
increase in K compared to that of Y, which is obtained when monitoring costs are eliminated.

An interesting feature of the model is the fact that as p — 0, n — 0. Observe that since the real
amount of debt b and the stock of capital K coincide we also have that b/K = 1 and hence n/K =0
as shown in Table 1. In this situation we also have that C¢ — 0, implying that entrepreneurs’

consumption must also be zero. We emphasize this property of the model in the following remark:

Remark 2 Without credit market imperfections entrepreneurs disappear as a differentiated class
from households. In this case there is no need to accumulate net worth. The supply of capital in the
economy s hence directly provided by households in the form of savings for future consumption; and

thus can be interpreted as a one to one linear transformation from savings: b= K =i=Y — C.

5 Linearized model

To study the dynamics of the model it is useful to take advantage of the dichotomy which exists
between the monetary and the real side of the economy, due to the assumed households’ logarithmic
preferences. A similar approach for solving their respective models is taken, for instance, in Benassy
(1995) and in Fender and Rankin (2003).

37See Appendix D for details.

38For the case in which McCallum assumes full capital depreciation, a Cobb-Douglas production function and
logarithmic preferences.

391t should be noted, however, that other relevant differences between our model and McCallum’s framework remain.
He considers a closed-economy model, with flexible prices and without money. However, the assumption previously
made that f = 0 and that the nominal price rigidity only lasts one period imply that the steady state solutions of the
two models do not essentially differ for that reasons. Both solutions are different, however, since McCallum assumes
perfectly competitive sectors. Since we are introducing monopolistic competition there are slight differences in the
steady state solutions.
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Since this model is highly non-linear, however, we will analyze its dynamic properties undertaking
a linear approximation of it about a reference steady state in which inflation is zero. With a

few exceptions, a lower-case variable denotes a percentage deviation of the original variable with

respect to that reference steady state. For instance, for any variable X; we define x; = %

XRSS’

(% log %) , where is the value of X; in the reference steady state??. We now start analyzing

the linear approximation of those variables associated with the monetary side of the model.

Ty =My — P — G (55)
hy = my — My (56)
Ty = B ey — by (57)
T = — T 57’t+1 (58)
St41 — St = Tl (59)

Defining the demand for real money balances per unit of consumption as X; (= %) and the
inverse of the (gross) growth rate of money supply between ¢ + 1 and ¢ as H; (= #L), it is easy
to see that Eqs. 55 and 56 are log-linear versions of these two equations. Solving for R;y1 Eq.
12 (introducing the UIP condition) and replacing the obtained result into the demand for money
equation derived in Eq. 13 gives, after linearizing, Eq. 57. The log-linearization of the money
demand equation yields Eq. 58. The UIP condition does not require approximation and, assuming
that the risk-free foreign interest rate Rf,; is constant over time, applying logarithms to it and
differentiating yields Eq. 59.

The solution of the model becomes easier by firstly solving Eq. 57, which is a first order linear
difference equation in the forward-looking variable z;. Since § < 1, this difference equation is unstable
in its forward dynamics. Assuming that h; is constant over time (i.e., hy = h V t), saddle point
stability requires that z; immediately jumps to the steady state value #

Since the economic policy exercise in which we are interested is a permanent and unanticipated
change in the log-deviation of the money supply at time ¢, we further have that h = 0 (i.e., m; =
myy1 = m)*L. In this case, therefore, x; is unaffected by the monetary shock (z; = 0).

Notice that Eq. 55 implies that ¢; = m—p;, and thus consumption and real money balances move

together over time. From Eq. 58 we also have that ;11 = 0 and hence Eq. 59 gives s; = s441 = 5.

19A convenient way to obtain log-deviations is proposed in Uhlig (1999). For any variable X; we can define:

RSS
X; = XB95¢% A first order Taylor approximation about the point x; = 0 gives, after rearranging, x; = %.

*1Observe that 72 can be thought of as the percentage deviation of the new steady state level of the money supply

(=M"®55") with respect to its pre-shock steady state level (=M79%): m = %

27



This is an important implication of the model since it embeds the fact that the nominal exchange
rate immediately jumps to its new steady state value after the shock. This model does not show,
therefore, non-trivial (nominal) exchange rate dynamics as in the case of the well-known overshooting
model of Dornbusch (1976)*2.

It is worth highlighting that this dichotomy between the monetary and the real side of the model
is not complete since s is an endogenous variable and we still have to solve for it. To do that, it will
be necessary to consider the real side of the model, the direction in which we are now moving.

To facilitate the exposition, below is presented a list with the key variables of the model, where

we have made use of the results previously obtained for the monetary sector.

Ct4+1 =Pt — Pe+1 T (60)
e ="m—py (61)

2zt =a; + aky+ (1 — )l (62)
yr = vz + (1 — ), (63)
yr: =0 (64)

rre =Y — (5 — 1) (65)

2 =Yt — (PNt — Pt) (66)
pe=(1=7)5+ 1PNy (67)
PNy = —ar + (1 — a)wy + arf (68)
iy = o1y + o9biia (69)
Wy = oeny — o6bit1 (70)

42The fact that the time-path of the domestic interest rate r.1 is unaffected by the monetary shock is the reason
behind the no-overshooting result. It can be shown that with a more general specification of preferences such as
Ur =372, B log Cr + 1~ log(%")lfE — £(L+)?], where the consumption-elasticity of money demand e is different from
1, it is possible to recover the overshooting effect. In this case r.4+1 is affected by the monetary shock.
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k ~ ~
Tir1 — Pt = 01bip1 — 01Ny + 03wy

Tt+1 (14 o3)w:

N1 = Cipp = bey1 — (D1 —

ki1 = —osWi + o1 + 02bi 1

— PNt = %t — k¢
— DNt = 2t — ly
[t =we —pt — ¢
Yt = o7ct + 0gcy + ooit
—ITt =Tt

—B7 o = Z/BtTt
t=0

where:
=(1+ #) Lo 0
(1—v) f(@*) 1/u=0 =

0'2:(14-%) 0'2/#:0:1

— 1@ . =0
o1 = @) (@) + f@)) = F@) Y 04ppm0 — —0
o5 = (f@*) +9@*) ' —1; 05/y=0 =0

= (w*—Q)(,LL—Q—w*—Q) . —
T6 = vy a1 (25 2 2 A DRIy 6/u=0 =0
o7 = % =1- 04’7991 ff(( *))J:_%g((ai)% O7/u=0 =1 — 04'75%
09= v = ’YQT e )((1*)iLJEBf§ ); 09 /=0 = awﬂ%

Eq. 60 is derived from the Euler equation for consumption, where we have considered the fact

that rry1 = 0. Eq. 55 is rewritten in Eq. 61 for the case in which x; = 0. The supply side of the
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model is described in Eqs. 62-64. The log-linear production function of intermediate firms is defined
in Eq. 62, while that of the final producer firm is given by Eq. 63. The log-linear expression for the
tradable output, which is equal to zero owing to the assumption that its supply is exogenous and
constant over time, is given by Eq. 64.

Egs. 65 and 66 are log-linear versions of the input demand functions of the final producer firm
stated in Egs. 39 and 40, respectively. We have used the fact that the LOOP holds and thus p7; = 5.
The linearized price index of the economy is represented by Eq. 67; while that of nontradable goods
is given by Eq. 68.

The presence of credit market imperfections is essentially reflected in Eqs. 69-74. The linear
approximation of aggregate investment (i.e., Eq. 31), is given by Eq. 69%3, where we have used
the following definition b;y1 = b}, ; + 5 — p;. Similarly, Eq. 70 is the linear approximation of the
aggregate demand for credit defined in Eq. 34. Eqs. 71-74 are linear approximations of Eqs. 25,
26, 32, 33 and 35, respectively, considering FEq. 34. It is worth observing that since entrepreneurs’
net worth and consumption are constant fractions of expected profits ((1 — v) and v, respectively),
the log-deviation of these variables is the same. Eqs. 75-77 are log-linear versions of Eqs. 43, 44
and 14, respectively. Eqs. 78 and 79 are linear approximations of the clearing market condition
for the nontradable sector and the definition of the trade balance surplus incorporating the result
that yr; = 0. Regarding this linearization, it is worth highlighting that to facilitate studying the
analytics of the model we have approximated it about a reference steady state in which the trade
balance surplus is zero. It follows then that in this steady state net foreign assets are also zero.
We thus define 7, (= %) as the absolute deviation of the trade balance surplus at period ¢
deflated by the value of tradable output in the steady state of reference. The linear approximation
of the intertemporal national budget constraint gives Eq. 80. In this expression we define Fo{=
SoFo/(SY )95} as the absolute deviation of (inherited) net foreign assets deflated by the value of
tradable output at that reference steady state. Notice that Fj is given by the previous history of
the model. The coefficients o;, i = 1,...,9, are complicated functions of the structural parameters
of the model. For future comparisons we also include the values for the case without credit market
imperfections (i.e., 4 = 0), which we denote as o;/,—¢, i = 1,...,9. Notice that 04/, — —00,
implying that net worth is not well defined in such a case. This is a direct consequence of the fact

that the steady state level of net worth is zero when p = 0.

6 Dynamics

Since we are studying a monetary shock, to simplify the analysis it will be assumed that a; = 0V 44,
Let € = 5 — m denote the difference between the log-deviation of the exchange rate and the money

supply, respectively. In Appendix F it is shown that Egs. 60-78 can be reduced to the following

StBipr _ o f(@)g(@r)

Py T wo)g @)

44The model can be extended to also consider technology shocks. It will then be required to relax the assumption
that a; = 0 V¢ and to define a law of motion for this variable. We leave this interesting exercise for future research.

43Tn obtaining Eq. 69 we also considered the aggregate demand for credit:
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minimum state-space form:

Kt y1 a1 a2 a3 Ky b1
Ni+1 | = | a1 a2 a3 ng | +| b2 | (81)
C+1 as1 azz as3 ct b3

where the coefficients a; ; and b;, i,7 = 1,2,3, are complicated expressions of the structural
parameters of the model, also defined in this appendix. Notice that this representation takes the
value of the endogenous variable s as given. This variable is not affecting the matrix of coefficients
that pre-multiplies the vector of endogenous variables, however, and thus will not affect the speed
of convergence toward the new steady state after the shock. But we then have to solve for 5. The
strategy for doing this is as follows. We first obtain the time-paths of k¢, 7y and ¢;. Then, using Eq.
79 and the intertemporal national budget constraint which is defined in Eq. 80, we should obtain
one equation in one unknown (i.e., 5); from which the nominal exchange rate is determined. There
will be a unique value of the exchange rate that guarantees the solvency of the economy from an
intertemporal perspective.

Observe that Eq. 81 defines a non-homogeneous first-order system of linear difference equations,
in which the capital stock k; and net worth n; are predetermined or state variables at each period
t, while ¢; is a non-predetermined or ‘jump’ variable. At ¢ = 0, in particular, notice that ko(=
log Ko/KT95) and fy (= log No/NT5%) are given by the previous history of the model. If we
assume that before the shock hits the economy the system was located at an initial steady state
equal to the reference steady state, it then follows that kg = ng = 0. We will assume that this is
the case here. To study the dynamic behavior of the model it is necessary to first evaluate the
roots of the above system of linear difference equations. Notice that satisfying the saddle point
stability property will require to have two roots lying inside and one root lying outside the unit
circle in absolute value. Since the coefficients a; ; and b;, 7,7 = 1,2,3 are highly nonlinear in the
structural parameters of the model, however, to proceed studying its dynamics it becomes necessary

to undertake some sort of numerical exercise.

6.1 Parameterization

In the following table we define the baseline parameter values considered in the paper:

Table 2. Baseline parameter values

poov o B0 v X
0.12 0.12 0.33 099 10 0.925 0.342

We firstly discuss those parameters associated with the presence of credit market imperfections.
Regarding p we follow Carlstrom and Fuerst (1997)’s notion that monitoring costs are equivalent
to bankruptcy costs. In case of default, hence, the lender will have to incur in direct costs (e.g.,
legal costs) but also indirect costs to seize the entrepreneur’s project. The latter are associated with

those costs in which the lender must incur for having entrepreneur’s assets idle while these are being
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liquidated. We then set = 0.12. This value is the same as in Bernanke et al (1999) but is below of
that considered in Carlstrom and Fuerst (x = 0.25). Turning to v, notice that its value is restricted
by the following steady state relations: 8+ v > 1 and —2 < % < 0, under the assumption
that w; is uniformly distributed in the interval [0, 2]. Since the share of expected profits consumed
by entrepreneurs is likely to be relatively low we define v = 0.12. This value implies that, in steady
state, entrepreneurs consume 12% of their net expected profits.

The rest of the parameters are taken, essentially, from Chari et al (2002). From their paper we
consider then: o = 0.33, 8 = 0.99, and # = 10. Taking US annual data for the period 1948-2006 we
take a simple average of the ratio exports / GDP, in order to obtain a rough figure of 1 —+ (the
share of tradable inputs in the final nontradable good). This calculation gives v ~ 0.925. Finally,
to define the value of x, the weight in the utility function of real money balances, we have taken an
indirect approach. Chari et al estimate the following regression for the US economy (period 1960:1-
1995:4): log % = —nlog =5 +logc — nlog %. They obtain the values: n = 0.39 and w = 0.94.

Considering our money-demand specification (see Eq. 13) we can indirectly obtain the following

_w
1—w

relation: x = (=) ~ 0.342, which is the value at which we set .

6.2 Analysis under flexible prices

The saddle point stability property is satisfied since, under the parameterization specified above, we
have two roots inside, A\; and Ay, and one root outside, A3, the unit circle (see Table 3).

There is an extensive literature that discusses how to solve dynamic models under the Ratio-
nal Expectations hypothesis. In this regard, a widely used approach is to follow the method of
undetermined coefficients?®. In our view, however, sometimes it is difficult to understand in depth
the economic and mathematical conditions that this method requires to obtain finite or bounded
solutions.

An economically more transparent approach and, perhaps, mathematically more elegant is that
developed by Blanchard and Kahn (1980). Essentially this method consists in solving the system of
linear difference equations as a boundary-value problem; where a set of initial and terminal conditions
are imposed so as to obtain the unique convergent saddle-path. This solution is, of course, equivalent
to the one that can be obtained following the method of undetermined coefficients.

It is possible to show that we can express the stable solution (conditional on §) by solving
mathematically the system of difference equations and setting to zero the constant of integration

associated with the unstable root*6 7. Being explicit, its solution takes the form,

45See Uhlig (1999) for a thorough exposition.

46This approach is extensively used in Sargent (1987).

47To be more precise, in the present case we are imposing the following set of conditions: i) initial conditions on the
predetermined or state variables k; and 7, indicating that their initial values ko and 7o are taken as given and ii) a
final condition on the ‘jump’ or non-predetermined variable c;, lim7_ o A5 Ter =0, implying that consumption must
grow at a rate lower that As.
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ky V11 V12 551

ne | =r1 | v | M) +h2 | vae | (N)f+ | ss2 | @, (82)
Ct V31 V39 5883
where letting ¢+ = 1,2,3 and j = 1,2 we have that: v;; are components of the associated

eigenvectors of each eigenvalue \;; r; are constants of integration to be determined using the fact
that kg and ng are given values and ss; are steady state coefficients. Observe then that the solutions

of the constants of integration will be of the form: &; e. Considering the baseline specification

= MNkje
presented previously, the solution of the system is completed with the components of the right hand

side of Eq. 82 taking the following values:

Table 3. Solution under baseline parameter values

A1 A2 A3 v V21 Uzl V12 Ug V32 SS1 SS2 883 Muie Mk2e
031 094 37 -092 -0.28 -0.28 -0.03 -1.00 -0.01 -0.11 -0.11 -0.11 -0.12 -0.08

For simplicity, it becomes easier to analyze the solution of the model in terms of the recursive

equilibrium law of motion of the three endogenous variables conditional on s :

Ct = Uc,kkt + nc,nﬁt + 7707657
kivr = Mgkt +ngnie + 0 8
ﬁt+1 = nn7kkt + nnm/ﬁt + nn,eé’

where, as it is conventional in dynamic macroeconomic models, the coefficients 7, , are the
elasticities of each variable p with respect to variable q. Observe that €(= s —m) acts as an impulse
affecting the dynamics of the endogenous variables only if there is a discrepancy between s and .
Hence, in the case in which € = 0 there is no perturbation that moves the system away from the
initial steady state.

We are now ready to start solving for s. For doing this we require the intertemporal na-
tional budget constraint. But we first need the solution for xr;, which can be expressed as
Tt = Ny pkt + Nyt + Ny €. Using this solution in combination with Eq. 82, we are then able to
solve for 5. For concreteness, we present in the table below the elasticities 7, , for a set of endogenous
variables considering different values of p but leaving the rest of the parameters as in the benchmark
specification. In particular, we address here three cases: i. u = 0.01, which essentially reflects a
situation in which credit market imperfections are negligible, ii. p = 0.12, which gives the baseline
value of p and finally iii. pu = 0.2, case in which financial frictions are at its highest level while at

the same time the steady state restrictions on p, 8 and v are satisfied.
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Table 4. Equilibrium law of motion under flexible prices
uw=0.01 w=0.12 uw=0.2

ky g e ke o e ks e e
Ct 0.305 0.000 -0.075 | 0.307 -0.005 -0.075 | 0.310 -0.014 -0.076

kt—i—l 0.305 le-04 -0.075 | 0.299 0.020 -0.074 | 0.287 0.060 -0.071

ﬁt—i—l -0.194 0.941 -0.027 | -0.196 0.946 -0.027 | -0.198 0.955 -0.026
Tt 0.000 0.000 1.000 0.002 -0.008 0.999 0.007 -0.022  0.998
Yt 0.305 0.000 -0.075 | 0.304 0.003 -0.075 | 0.303 0.009 -0.074
/7,‘\15 0.305  0.000 -0.075 | -0.309 -0.014 -0.076 | 0.316 -0.035 -0.078
2t 0.330 0.000 0.000 | 0.329 0.003 2e-04 | 0.328 0.008  6e-04
n 0.000  0.000  0.000 | -0.001 0.004 3e-04 | -0.003 0.011 8e-04

bt+1 0.306 -0.002 -0.075 | 0.432 -0.416 -0.106 | 1.654 -4.419 -0.406

There are a number of interesting properties of the model worth emphasizing®®. Notice that the
degree of credit market imperfections has a very mild effect on the elasticities of the variables of the
table with respect to k; and € with the exception of [; and b, 1. The elasticities with respect to n; show
slightly more variation, although their absolute values are relatively low. It follows then that varying
 may not add significant differences in terms of the model’s dynamics. This observation seems to
be an important characteristic of the model, which is also appearing at later stages of the analysis.
In contrast, the elasticities associated with [; and b;y; become more relevant as p increases. A
similar pattern is also observed in those variables directly affected by the entrepreneur’s contracting
problem (see Appendix G).

Focusing on the elasticities with respect to €, it is worth noting that are negative in all cases
but 74, z; and l; (although for the latter two variables are almost insignificant). It follows that a
negative value of € (i.e., S rising less than m) will be expansionary, but it will affect negatively the
trade balance surplus.

Finally, it is important to notice that the elasticity of ¢; with respect to n; is negative. This is a
direct consequence of the fact that a higher n; also implies a higher entrepreneurial consumption, cf,
which ceteris paribus reduces ¢;. A similar negative relation is also observed between b1 and ny :
higher net worth reduces the need of external funding thereby decreasing b;11. This effect becomes
more important as u rises. There is as well a negative relation between @ and 7;, which can be
understood observing Eq. 69. A rise in net worth positively affects ?t but also reduces b;11 which
in turn reduces /z'\t (under the specification considered here we have that o1 > 0 and o9 > 0). When
the latter effect is strong enough the overall result might be a reduction of investment, as the table
shows.

We are now ready to solve for 5. Observe that assuming an initial steady state which is equal

to the reference steady state will also imply that f o = 049. Eq. 80 then reduces to: 0 = Yoo Birs.

48We leave for Appendix G a similar table considering other variables of the model.

49Recall that Fo = SOFO/(SYT)RSS is defined as the absolute deviation of net foreign assets with respect to a
reference steady state in which the trade balance surplus is zero. It follows that net foreign assets must also be zero
in this steady state. If initially there is a zero trade balance surplus, it must be the case then that Fy = 0 which in
turn implies that Fo = 0.
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Using the recursive equilibrium solution for x7; in combination with Eq. 82 and the intertemporal

national budget constraint finally yields:

B B
0 = [(nev11+ nr,n,UQl)l_iﬁ)\lnnl,e + (Mg k12 + 77x,n7122)1_7ﬂ/\27752,e +
nx,kssl + nm,nSSQ -+ nx,e]é'

Notice that whenever the term in curly brackets in the expression above is different from 0,
satisfying this equation requires that € = 0°°. It follows then that § = 7, and therefore the real
variables of the model are unaffected by the monetary shock. As mentioned previously, this is a
direct consequence of the fact that in the recursive equilibrium law of motion of the model the
propagation mechanism is given by €. Whence, the neutrality of money is satisfied when prices are

fully flexible, as one would predict.

6.3 Analysis including nominal price rigidities

The case in which intermediate nontradable firms do not adjust prices at period ¢t = 0 adds interesting
elements into the analysis, as we will now proceed to discuss. In order to solve for s we will also
consider the intertemporal national budget constraint. Before doing this, however, we have to find
the expression that defines the short-run trade balance surplus, the direction in which we are now
moving.

In what follows the subindex 0 indicates a short-run value of any given variable (i.e., while prices
of intermediate nontradable goods remain unchanged). By assumption, therefore, py o = 0. Notice
that nontradable output will be demand-determined in the short-run (as explained below) and that
Egs. 68, 75 and 76 do not hold on impact®'. From the general price index of the economy it then
follows that pg = (1 —~y)S. It is now easy to derive the impact level of consumption, which is defined
as: ¢g = m — (1 —)s. It can also be seen that the demand for the tradable input takes the form
TT,0= Yo — S, expression from which we can later derive the short-run trade balance surplus. For
doing this we first ought to find yo. First observe that the assumption 779 = 0 also implies that c¢f = 0.
The clearing market condition can then be written as yg = o7co + 0'9/7,‘\(). We are now interested in
obtaining an expression for ip as a function of only 5 and m. We proceed as follows.

Since the non-tradable output is demand-determined in the short-run, the level of ip is now
constrained. It should be noticed, in particular, that ?0 must satisfy the clearing market condition
of the final nontradable good. It has to also guarantee that ki is effectively supplied when prices
are fully flexible at ¢t = 1. Owing to these reasons, the optimal contracting problem of entrepreneurs

do not hold in the short-run. Therefore, entrepreneurs do not have the possibility of choosing i to

50Under the benchmark specification the term in curly brackets is always different from zero. Moreover, this result
seems to be robust to variations of the baseline parameter values.

51To be more precise, since wages and the rental price of capital freely adjust in the model in the short and long-run
Eqs. 75 and 76 are used to derive the short-run values of wo — po and r§ — po once the solutions for zo, po and lo are
obtained.
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maximize their expected profits. In other words, at period t = 0 the supply of capital should satisfy

the following set of conditions:

ki = —os@0 + fo, (83)
iy =¥ — p1 4+ Qo(04 — 03) + 0, (84)

and
i = oaby. (85)

Egs. 83 and 84 are log-linear versions of Eqs. 35 and 28 when ¢t = 0, describing the laws of motion
of capital and net worth, respectively. Eq. 85 is simply the log-linear version of the aggregate budget
constraint of entrepreneurs: S;B}, | = P,(iy — nt), where by = b + 35 — po. It is worth highlighting
that k1, m1, and 'r’f — p1 are flexible price solutions, which can be easily obtained considering their
respective equilibrium law of motion as discussed in the previous subsection. Putting it another way,
these variables are solved according to the saddle-path solution of the model. Recalling that kg and
ng are given and equal to 0, it follows then that Eqs. 83 and 84 provide the solutions of the two
unknowns @o and g as functions of 3 and m. Call these solutions &y = wWo(s,m) and o = i (s,m).
Once 7 is obtained, moreover, entrepreneurs’ debt b; is simply given by: b; = /z'\o(E, m)/oa. To be

more precise, it can be shown that ?0 takes the form:

i = {nk,e()Ol + [nn,e - (nrk,knk,e + Nrkn"n,e + nrk,e)}¢2}éa

where ¢, = =242 — and ¢y =

> 73 95 Notice that we have made use of the following
5+04—03 3

ostoa—0
equilibrium law of motion: 7F — p; = nik?,;ct + Npgnit + Mpp o€ that holds V& > 0. The short-run
trade balance surplus can now be expressed as a function of only 3§ and 77°2. Denote the latter as:
To = 70(S,m). Recalling that V¢ > 0 prices are fully flexible, from the previous subsection we already
have the result that that 7, = 7,(5,m) V¢t > 0. The trade balance surplus is hence divided into two
different phases that describe its whole time-path. There is a short-run effect that lasts only one
period, while prices of intermediate nontradable goods are unchanged. There is also a second phase
which is characterized by price flexibility and holds V¢ = 1...0c0.

We are now ready to solve for 5 considering the intertemporal national budget constraint stated
in Eq. 80. Since F o = 0 it must be the case that 7o(3,m) + > i, '74(5,m) = 0, equation that will
provide a unique value of 5. In the table below, we present the solution of 5 as well as the short-run
values of a set of endogenous variables of the model modifying those parameters associated with the
entrepreneurs’ contracting problem: p and v. We again modify certain (specified) parameters while

leaving the rest as in the baseline specification. For simplicity we set 7 = 1°3.

521t can be shown that: To = 5{(1 - 7)07 + Y- ‘79[771@,5901 + [nn,e - (nrk,knk,e + nrk,nnn,e + /)77‘]6,6)]902]}

_m{07 - Jg[nk,ewl + [T]n,e - (777'k:,knk:,e + Mrk,nTn,e + nrk,e)}tpﬂ}'
53We leave the short-run values for a different sub-set of endogenous variables for Appendix G.
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Table 5. Short-run solutions of the model
p=001 =012 =02 v=0.07 v=0.15

s 0.998 0.998 0.998 0.998 0.998
e -0.003 -0.003 -0.003 -0.003 -0.003
T0 0.249 0.250 0.251 0.252 0.250
Yo 0.674 0.673 0.672 0.671 0.673
Co 0.925 0.925 0.925 0.925 0.925
/Z'\o 1.9e-04 1.9e-04 2e-04 1.9e-04 1.9e-04
20 0.748 0.748 0.746 0.746 0.748
lo 1.117 1.116 1.114 1.113 1.116
b1 1.9e-04 2.7e-04 0.001 0.01 2.3e-04

From this table we can observe that 3 < T (i.e., € < 0). In this model it then follows that
the exchange rate is less volatile than the money supply. It is also clear that the unexpected and
permanent monetary shock has expansionary effects on output (both intermediate and final) as well
as on households’ consumption. Observe also that since ky = 0, production in the intermediate
sector can only increase if labor rises, which is the case here. Notice that the monetary shock has
generated a positive wealth effect on impact. The economy accumulates net-foreign assets (i.e., there
is a short-run trade balance surplus). Thereby this model shows the path-dependence property that
often arises in dynamic models with infinitely-lived agents®*. Notice, moreover, that investment ?0
also rises on impact. Its magnitude, however, is almost negligible. This is in turn associated with
the low value of ki, as shown below. It follows then that as 70 rises only slightly entrepreneurs
do not face the necessity of increasing indebtedness by a large amount, and thereby neither by nor
Wo are very sensitive to the policy shock. Other variables related to the presence of credit market
imperfections also show a similar pattern (see Appendix G). Note that variations in either p or v
have mild effects on the real variables of the model. It is worth noticing, moreover, that higher
values of 1 seem to be associated with a lower supply of nontradable goods.

For a better understanding of the long-run effects of the model we now discuss the associated

impulse-response functions for the case in which 7 = 1 under the baseline parameter specification.

Table 6. Impulse-response functions after a monetary shock

t T k¢ n Yt ct 1t 2 ly bii1 Wy
-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0 0.2500 0.0000 0.0000 0.6728 0.9252 1.9e-04 0.7476 1.1159 2.7e-04 1.1e-04
1 -0.0025 1.8e-04 6.7¢-0.5 0.0002 0.0002 2.5e-04 0.0001 0.0000 3.2e-04 1.0e-04
2 -0.0025 2.4e-04 9.5e-05 0.0002 0.0003 2.6e-04 0.0001 0.0000 3.3e-04 0.0000
50 -0.0025 2.7e-04 2.6e-04 0.0003 0.0003 2.7e-04 0.0001 0.0000 2.7e-04 0.0000
100 -0.0025 2.7e-04 2.7e-04  0.0003 0.0003 2.7e-04 0.0001 0.0000 2.7e-04  0.0000

Note that the accumulation of net foreign assets on impact allows the country to run a permanent

trade balance deficit. To be more precise, in the new steady state the following relation must hold:

4For instance, the path-dependence property is obtained in the two-countries version model of Obstfeld and Rogoff
(1995), although the small-open economy version discussed therein does not produce it.
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F % = —tb, where f denotes (real) net foreign assets and tb defines the trade balance surplus also
in real terms. Since the real (gross) interest rate in this steady state is equal to 571, the country is
financing the steady state trade balance deficit with the return on the net foreign assets accumulated
in the short-run.

Net worth and capital will propagate the initial shock. It is noteworthy, however, the fact that
k; and 7n; take values close to zero, and hence the effect on the remaining endogenous variables is
relatively mild, as previously mentioned. Regarding credit market imperfections, note that w; goes
up since there is a small increase in indebtedness. Finally, observe that labor is unaffected by the
positive wealth effect. This is an important property of the model, implying that labor is not affected
when prices are fully flexible as we already noticed at the steady state level °°.

It is also interesting to understand the effect on the relative prices of the economy. At an
intuitive level we should expect that the positive wealth effect raises real wages and appreciates the
real exchange rate. These effects can be formally confirmed in the table below (under the baseline

specification):

Table 7. Impulse-response functions after a monetary shock (cont.)

t wo—p S—p rF-p TPh

—1 0.0000 0.0000 0.0000 0.0000
2.0411 0.9227 0.6728  3.5e-05
0.0002  -0.0023  5.9e-05  3.3e-05
0.0003  -0.0022  2.0e-05  3.1e-05
50 0.0003  -0.0022  0.0000 0.0000
100  0.0003  -0.0022  0.0000 0.0000

N = O

It follows that although the nominal exchange rate immediately jumps to its new steady state
value, the real exchange rate shows an overshooting effect. On impact there is a real depreciation
since intermediate good prices are pre-set and therefore the general price index adjusts only partially.
However, the increase in the domestic price level at period ¢t = 1 (when prices of nontradable goods
freely adjust) generates a strong real exchange rate appreciation. In the new steady state the real
exchange rate is lower (i.e., more appreciated). Also notice that the real rental price rises on impact,
and it decreases toward a new steady state where its value is essentially zero. As the supply of
capital rises in the transition toward the new steady state there is a negative pressure on ¥ — p;.
An important transmission mechanism that has been emphasized in the literature on balance-sheet
effects is the evolution of the risk premium. We can define it as "%, — ryq (or simply 7¢;, since
re41 is unaffected by the shock). We can notice by inspecting Table 7 that the monetary expansion
moderately raises the risk premium (both in nominal and real terms), result which is consistent with

the higher degree of entrepreneurs’ leverage.

55This result is sometimes referred to as a case in which the income and substitution effects originated in the increase
of the money supply exactly cancel each other. For a detailed discussion of this property, although in a different model
and considering a different shock, see King, Plosser and Rebelo (2002).
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Since the result behind the long-run non-neutrality of money is associated with the impact effect
of the monetary shock on the trade balance surplus, a sensitivity analysis of the model can be

undertaken by focusing only on this variable (varying a particular parameter at each time).

Table 8. Sensitivity analysis of the trade balance surplus

t w=001 =02 v=007 v=015 a=001 a=05 =001 p=a=0.01

—1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0 0.2491 0.2512 0.2516 0.2496 0.0076 0.3786 0.0000 0.0075
1 -0.0025 -0.0025 -0.0025 -0.0025 -le-04 -0.0038 0.0000 -le-04
2 -0.0025 -0.0025 -0.0025 -0.0025 -le-04 -0.0038 0.0000 -le-04

50 -0.0025 -0.0025 -0.0025 -0.0025 -le-04 -0.0038 0.0000 -le-04

100 -0.0025 -0.0025 -0.0025 -0.0025 -le-04 -0.0038 0.0000 -le-04

Notice, again, that the case in which u — 0 gives an otherwise conventional RBC-type model
for a small-open economy. Comparing the second and third columns in Table 8 we see that a higher
degree of credit market imperfections amplifies the trade balance surplus in the short-run, though
moderately. Modifying the fraction of expected profits that entrepreneurs consume each period
neither has substantive effects on 7;. A higher level of entrepreneurs’ consumption, however, seems
to be associated with a reduction of the trade balance surplus as one would expect. Results are
dramatically changed, in contrast, when « or ~ are modified. Note that v can be thought of as a
measure of openness. As v — 0 the economy tends to be completely open, thereby isolating it from
what is happening in the nontradable sector. In particular, note that the evolution of capital and
net worth, as well as the one-period nominal price rigidity assumption, will become irrelevant in this
case. This is why we do not observe current account effects. Notice also that by setting o — 0 we
are eliminating capital from the model (and indirectly the relevance of credit market imperfections).
In such a case the trade balance surplus also becomes negligible. This effect is even more attenuated

when g — 0. We now summarize the discussion in the following remark:

Remark 3 The introduction of capital in the model in combination with credit market imperfections
and one-period nominal price rigidities bring the result that money is not neutral in the long-run
after considering an unexpected and permanent rise in the money supply. The presence of capital
hence incorporates an additional source of ‘rigidity’, since at each point in time the capital stock
is given. In this scenario the monetary shock generates a positive wealth effect via a trade balance
surplus, which is the reason behind the departure from the long-run non-neutrality of money. To
recover equilibrium the mominal exchange rate does not have to depreciate as it would have to do

otherwise.

We close this section emphasizing that the in the small-open-economy version of OR, in which
labor is the only input of production and credit market imperfections are absent, the long-run
neutrality of money is satisfied. From our previous discussion it follows that the case a = =0

(which roughly collapses to the OR version), recovers the long-run neutrality of money even under
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one-period nominal price rigidities since there are no current account effects (i.e., 7+ = 0V ¢t =

0,..,00).

7 A currency devaluation

In the previous sections we have analyzed how a permanent and unanticipated monetary expansion
affects the economy under a pure floating regime. In this section we explore the implications of a
different economic policy shock: an unexpected and permanent devaluation under a fixed exchange
rate regime. With some specific differences to be analyzed, most of the previous procedure for
solving the model when considering a monetary expansion remains valid. A key difference to notice
is, however, the fact that the nominal exchange rate now becomes the policy variable (i.e., it is
exogenous) and is fixed by the economic authority at a certain particular level. In contrast, the
money supply is endogenous and adjusts after the policy shock.

We assume that at time ¢ = 0 there is an unexpected and permanent nominal exchange rate
devaluation. The log-deviation of the nominal exchange rate, therefore, changes from 0 to some
arbitrary level denoted 5°¢. As we did before, we can start solving the model considering only the
monetary side of the economy. Since the devaluation is permanent it follows from Eq. 59 that

ri41 = 0, result that in turn implies that z; = 0 (see Eq. 58). Consumption is thus given by:

Ct = Myt — Pt- (86)

To solve for this economic policy exercise, we now have to replace Eq. 61 with Eq. 86 in the
system given by Eqgs. 60-78. Letting in this case & = 5 — m; (instead of €), we can proceed to
solve the model exactly as before. Notice that in order to have a non-trivial role for the exchange
rate policy, we are still assuming that prices of intermediate nontradable goods do not adjust in
the short-run (i.e., pyo = 0). The final solution for m; must then be obtained considering also the
short-run equilibrium of the model. In particular, note that there will be a unique level of m; which
satisfies a mutually consistent internal and external equilibrium for a given value of 5.

Turning to the numerical results, for comparability with our previous policy exercise we set s = 1.
It can be shown that the currency devaluation produces effects which go exactly in the same direction
as in the case of the monetary expansion. Nevertheless, under the baseline parameter values the
devaluation has slightly larger short- and long-run effects®”. This is a direct consequence of the fact
that the trade balance surplus is always larger on impact under a devaluation, thereby implying a

larger positive wealth effect at period ¢ = 0 in this case.

56Observe that 5 = %7_52%7 being and the steady state level of the nominal exchange rate after

and before the shock, respectively. Since we have assumed that before the shock takes place the economy is located at
the reference steady state, it then follows that initially s = 0.

57To preserve space we decided not to repeat results essentially similar to those already discussed under a monetary
shock.

SRSS’ SRSS
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8 Concluding remarks

We have developed here a fully microfounded dynamic general equilibrium model which can be
thought of as an extension of the small-open economy model of Obstfeld and Rogoff (1995) along
the lines of Céspedes, Chang and Velasco (2004). We essentially extended OR incorporating currency
mismatches, investment and the presence of credit market imperfections in the production of capital.
We somehow complemented Céspedes and colleagues since we have addressed two unexpected and
permanent policy shocks not considered by them: a monetary expansion and a currency devaluation.
The main difference with their framework is, nevertheless, the fact that we derived the form in which
financial frictions affect the economy instead of postulate it.

Although we had derived analytically the steady state and the minimum state space form of
the model, we have had to rely on a numerical calibration exercise to study its dynamic properties.
This fact is a consequence of the high degree of non-linearities in the coefficients of the endogenous
variables of the model after log-linearizing it. Nonetheless, our approach allowed us to study in detail
the properties of the dynamic system and to trace back thoroughly the transmission mechanisms of
the shocks.

We showed that the presence of currency mismatches and credit market imperfections do not
seem to invalidate traditional Mundell-Fleming results. On the contrary, these results seem to be
amplified, although moderately, by introducing an additional state variable into the model (i.e., net
worth), compared to what is obtained when capital is the unique propagation mechanism.

To explain, whenever prices do not fully adjust in the short-run, the presence of capital (and at
a lesser extent financial frictions) allows the economy to accumulate net foreign assets (on impact)
after the policy shock. This current account surplus is essentially driven by a typical expenditure-
switching effect. Hence, there is a positive wealth effect which implies that nominal shocks are not
neutral in the long-run. We further explain that the neutrality property is recovered by eliminating
capital (indirectly reducing the relevance of financial frictions); avoiding therefore a source of ‘real
rigidity’, since the stock of capital is given at each point in time. In that case the model roughly
collapses to that of OR (where current account effects are absent). The currency of denomination
of entrepreneurs’ debt does not seem to have any critical effect on the results obtained here.

We leave for further research two interesting extensions. We have assumed that the risk-free for-
eign interest rate is constant over time. Relaxing this assumption will allow us to explore exogenous
changes in this variable as Céspedes and colleagues do. To facilitate the analysis of the model’s
dynamics we have eliminated the possibility of having technology socks. Relaxing this assumption
will allow us to explore different propagation mechanisms (in this case real), getting closer to the

RBC-type literature and to those shocks emphasized in Aghion et al (2000).

41



Appendix A

The maximization problem can be written in terms of the following Lagrangean,

max L= R i f (@) + AR 145409(@j) — ReyrPi(ize — njg)], (AA1)

{i5,6:05,6:A

The associated first order conditions are:

oL

g = Bl f @) + MRE9(@50) — Ren P) =0, (AA2)
J7

aL_ k. ol A e _

GV Rt f (W) + A[Ria7569 (@50)] = 0, (AA3)

Wit
and

oL k. .

= Benteg@ie) = Rea By — nje) = 0. (AA4)

Note that Eq. AA3 implies A = — ]gc :gj:; Replacing this expression in Eq. AA2 and rearranging
Js

gives Eq. 20. Solving Eq. AA4 for i;; gives Eq. 21.

Appendix B

From the main text we have: f(w;;) = /wé(w)dw — [1 — ®(@;¢)]w;s. Observe that f(w;4)
wj’t
00 [
can be written as f(wW;¢) = /wgb(w)dw - /w¢(w)dw — [1 — ®(wW;4)]w;s. Recalling that E(w) =
0 0
/wqb(w)dw = 1, we can obtain,
0
Wiyt

[e=]

Taking derivatives with respect to w;; gives,

Fl@je) = =[1 = ®@;q)]; (AB1)

and

f(@je) = o(@j), (AB2)
implying that f(@;;) is a convex function of @j.

Similarly, from the main text we have,
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o(@5) = / Wi (W) — p®(@0) + [1 — B(@;)|T5 0
0

Taking derivatives with respect to w;; gives,

9 (@j1) = —pp(@je) + [1 — (@), (AB3)

and

9¢(Wjt)

8wjt

9"(@je) = —[p— "= + B(@;)]- (AB4)

Let us now consider the first order condition stated in Eq. 20. After rearranging terms, this

equation takes the form,

Rf+1 o= f(@je) et
Ry P lo(@;0) = f/(wjj’t)g @ )}

Let us define G(w;+) = {g(@j¢) — ;/((ZJ] tt)) g @;j )}t Therefore,

8G<wj’t)
8@7,5

f@je) § @)} 2 f(@jt)g @) (9" @je) f' (@)
f'(@j ) f1(@;)? g (@j)

considering the second order conditions of the entrepreneur’s maximization problem (see Ap-

= {9(@)¢) -

f"@;e)} >0,

pendix C) and the fact that in equilibrium ¢'(w;;) > 0. This implies that > (, as explained in

aRk
the main text.

Appendix C
To obtain the second order conditions we also need the following partial derivatives of the La-

grangean analyzed in Appendix A:

0?L
a2 - 07
({%N

L 9L
01;,100W; ¢ B 0w; 104

= RE 4 [f' @) + M\ (@j)] = 0%,

82[’ k. 1"(— "i—
0. R i/ (@50) + A (@je)]
j7t
8 oL .
th(a) = Ri19(Wjit) — Rera By,
and
58To obtain this result, it is worth recalling that A = — J;:g;:;
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0 0L . _
(5) - Rf+11j,t9/(wj,t)-

9t

We can now form the bordered Hessian,

0 R} 19(@j¢) — R Py RE 1ij.g (W)
H = Rf_,_lg(wj’t) — R Py 0 0
RY1ij.09' (@e) 0 RE il " (@54) + A" (@j0)]

To satisfy the associated second order condition for a maximum, we need the determinant of the
matrix H to be greater or equal to zero (see, for instance, Simon and Blume 1994, p. 461). This

determinant takes the form,

|H| = —Rf+1ij,t[Rf+19@j,t) — R PP [ (@50) + Ag" (@)

Since (R}, 1 9(@j1)—Re41P:)? > 0, to satisfy the second order condition it is needed that [ f”(w;)—
_f;:((gj’gg”(@,t)] < 0. Whenever w is uniformly distributed in the interval [0, 2], the second order
, S
condition can be written as 1 < %
2
further require that ¢/(@) = 1 — (@ + p) > 0 (or that p < 2 —w). Moreover, providing that y > 0

(see Appendix D). For this inequality to be satisfied, we

the second order condition is satisfied as an strict inequality.

Appendix D

In this appendix we consider the particular case in which w is uniformly distributed in the interval
[0,2]; therefore the mean of w is 1, as stated in the main text. The following results immediately
follows: ¢(w) = %, 825?) =0, ow) = %E and 1— ®(w) = 1 — %E. Using the results obtained in
Appendix B, we can easily obtain:

and



Appendix E
In this appendix we explain how to derive the steady state solutions of the main endogenous
variables of the model. The analysis becomes simpler by defining all variables in real terms as follows:

k — RF d — ,.nd — P - S - W — M j _ SB* — TB — SF
T :?7R'I’L :7“",pN:?N,S:pT:?,w:?,m:?,b: P,tb:T,andF:?. In

facilitating the exposition we list below the key endogenous variables of the model in a zero-inflation

steady state:

c=mi=h (AE1)

X
rd = g7 wg(@) (AE2)
=) - S @) (AE3)
R s (AE4)
K =i(1— pd(@,)) (AE5)
w=(1— a)pN%% (AE6)
L= %%w (AET)
7 = AK° L' (AES)
Y =27X;" (AE9)
VY =pnZ (AE10)
(1—~)Y = sXp (AEL1)
1= 471 = )0 Dsl=7p1, (AE12)
Py = %a—au — )Pt AT e (ke (AE13)
C = - f . (AE14)



_q S©e@),

=0 e @) (AE15)
8(?’1‘ — XT) =tb (AEIG)
Y =C+C+i (AE17)

@@

"= ey ®) (AR

_I@) gy (AE19)
f'(@)

—FB ' =(1-8)"'th. (AE20)

Recalling that when f = 0 we have that s = Y (1 — ’y)?}l, from Eq. AE12 it is possible to

obtain,

v

Y = V(2.
Y

This equation, however, does not pin-down Y since py is an endogenous variable. To solve for
pn note that the equilibrium condition in the labor market, described by Egs. AE6 and AE7, in
conjunction with Eq. AE10 bring the relation,

6

Hence, the price index for the nontradable good given in Eq. AE13 can be expressed as,

w={y(1-a) HYC}%. (AE21)

rk 0 ita YK

e )a(m)T{ (1—-a)

py =AY Yoy et

Combining the above equation with the expression for Y obtained previously and solving for C

gives,

y(1ta)—2 1
(I-a)y {A_ (

rh* 1 6 14, K [1-021

-~ )2 3 Y, la-1,
D) T )T )
This equation gives a relation between two endogenous variables: C and Y. The clearing market

condition for the nontradable good, Eq. AE17, in combination with Eqs. AE14, AE15 and AE19

c=Y

l—«o

also give,
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rh* 1 0 140, K . 1-a—2L1 o

n=(1-0v)1 +ﬁ?§iﬁ;)1{Y—Y78+2)>v2{,41( ) )3V, }aT), (AE22)

after substituting for C. Observe that Eq. AE22 relates two endogenous variables: n and Y.

l—«

We can obtain a second expression in these two variables as follows. The production function of
intermediate firms, Z = AK®L'~® and Eq. AE10 give,

Y = Ay KLY %py.

k*

Notice that L'=%py = A‘l(%r )*(vY)1=@ (from Eqs. AE7, AE13 and AE21). Also observe

(e}

that r** K = (1 —v)71(1 + *chgzg)n (from Eqgs. AE3, AE5, AE15 and AE19).

Therefore, it is possible to obtain,

-1 g(@*) 4
n=Yoy——(1-v)(1+ = . AE23
-0+ 45 (AE23)
Substituting Eq. AE23 into Eq. AE22 and rearranging gives the solution for Y,

0—1f@")+Bg@"), Lo g ¥ 1 0 e K e o
0 f(w*)+g(w*)}( ){A (a)(’ye—l) ( ) T } :

Y ={1—
{1-ay T

Having solved for Y we can now obtain the steady state solutions of all the remaining endogenous

variables of the model.

Appendix F

This appendix explains how to derive the minimum state-space system described in Eq. 81.
Without loss of generality it is assumed that a; = 0 V ¢. Let € = 5§ —m denote the difference between
the steady state level of the exchange rate and the money supply, respectively. To express the
system in terms of the endogenous variables k;11, Ns11 and c¢;11, as a first order linear system of
difference equations, it is necessary to firstly obtain the following intermediate results: (i) pi+1 — pe
as a function of kiy1, ¢iy1, ¢, Ty and €; (ii) ¢i41 as a function of kiy1, ¢, 1y and €; (iil) 441 as a
function of kit1, cry1, ¢, Ny and €; (iv) kiyq as a function of kg, ny, ¢, € and (v) 41 and Ny as a
function of ki, Tit, ¢, €. In what follows, we explain in detail how to obtain each of these results.

(i) From Egs. 61, 62, 63 and 65 it is possible to write z7; as:
xry = ok + (1 — a)ly — 'y_l(é +cp). (AF1)
Substituting Eqgs. 62, 63 and AF1 into Eq. 66 gives:

-1 -1
PN#+1 = P11 + 7 5 e+ 5 Cit1. (AF2)

Notice that using Eqgs. 62, 76 and 77 it is possible to obtain the following expression for w;41,
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«
1+«

Egs. 68, 71 and AF3, in turn, bring:

1
Wiy = (M + k1) + iPN,tH- (AF3)

1+

l—«o 1+«

PNi+1 = Pt = — (ct + kiy1) + 5 (o1bpy1 — o1 + 0300y). (AF4)
Substituting Eq. AF2 into Eq. AF4 yields,
1—x 1—7 1—«a 1+«

(ct + kev1) +

Pt+1 — Pt = Ct+1 + Té + (Ulbt—H — o1y + Ugat). (AF5)

Notice that from Eqgs. 70 and 74 b; 1 and &; can be expressed as:

~ 06(01+02) 06

Wt = ( )’I’Lt - k?t+1, (AFG)
o9 + 0506 02 + 0506
0506 — 01 1

bi41 = ng + kit (AF7)
09 + 0506 09 + 0506

Therefore, ps+1 — py is given by,

1—7

_ 1—
)(01 0306)}kt+1+ a

1
—{1— 1
ct+1+2{ a+ (1+a pes— 5

Dt+1 — Pt ct (AF8)

1 - 1-
14 a(o1+02)(o1 0306)ﬁt+ Vo
2 o9 + 0506 y

(ii) From the linearized Euler equation for consumption given in Eq. 60 and using Eq. AFS8 it is

possible to obtain:

1 (01 — 030¢6) 1+ )
= —~il — 1 - 1k AF9
Ct+1 27{ a+(1+a) pp—— Yhipr + v ( )
1 — P
i alotodoizosoe), | o gy
2 09 + 0506

(iii) Substituting Eqs. AF5, AF6 and AF7 into Eq. 73 yields,

~ 1 —o0g04 1 14+« v
n = {—————=(1—-a+—(01 — 030 iiq + B AF10
t+1 {0-2_1’_0'50'6 2( U2+U506( 1 3 6))} t+1 141 ( )
{(o1+ 02)(0604 + 1JFTQ(Ul — 030¢)) + 0506 — 01} 1—a o1
" Ny — ¢t + €.
0-2+0—50'6 9 ~y

(iv) Observe that Egs. 77, AF2 and AF3 give:

1 1 o 1 ~v—-1_
—— + kt + €.
14+ axy 14+« l1+a 7~
Substituting this expression into Eq. 63 and using Eqs. 62 and AF1:

I =
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2a 1 1-a 2 v-1
k —-1) - €.

1+a t+'y((7 ) 1+a)ct+1+a ¥ ¢

Finally, substituting the above equation in the clearing market condition stated in Eq. 78 and

using Eqgs. 69, 73 and AF7 it is possible to obtain:

Yt =

« . 2 ~v—-1, _
kiv1 =2— A1k — AA A1A — A AF11
t+1 1+ a 1Kt 1A9n; + A1A3c + Ta ~ 1€, ( )

where:
Al = 02 +o506

0902

Ay = 0g + 090506(01402)

o2+0506
— =1 _ 1l-a _
A?’ o v 1+a o7

(v) Replacing Eq. AF11 into Eq. AF9 gives, after some manipulation:

A
Cra1 = — L Agky+ {1+ ) Ag+ Ap Ay} + 2 {1—|—a AsAgle+(y—1)(1— —2)e. (AF12)
1+ 2 14+«
Introducing Egs. AF11 and AF12 into Eq. AF10 yields,
- o 1+ «) 0% .
Nigty1 = m{2A5A1 — ’7A4}k§t + {’7 5 AG +1- A2A5A1 + §A2A4 — (0'1 + 02)A5}TLEAF13)
1 vy l-« v—1 2
A3AsA1 — = (1 —9)(1 — =A3A4 — AsA —7A
{3512( 7)(+04)234 2}Ct+’y{1_’_ 541+ +a 4}e,
where
_ (1—a)(o2+0506) (1+a)(o1—0306)
A4 = 0'9?72 = + 0910'2 =
_ l—o040
oo
__ (o1402)(01—030
D= iz
Collecting Egs.AF11, AF12 and AF13 in matrix form we have:
i1 ail aiz ais Ky by
Ngy1 | = | a1 a2 a3 ng |+ | b2 |
Ci1 as; a2 ass ct b3
where:
all = Q#LaAl
a2 = —AlAg
a13 = A1A3
as1 = 1+aA5A1 1+QA4
a9 = ’}/%AG +1—AsA5Aq + 1A2A4 — (01 + 02)A5
agz = A3AsA1 — 5(1 =) (14 a) — FA3A, — 152
az] = 7l—i-7aA4
asy = %{(1 + a)AG + A2A4}
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aszz = %{1 + o — A3A4}

_ 2 -1
b=ty
by = {25 AsA1 + 7 — 5 A4}

1+«
by = (v — 1)(1 - 44).

Appendix G

In this appendix we present Tables AG1 and AG2 which extend Tables 4 and 5 of the main text,

respectively.

Table AG1

= 0.01 =012 =02
ks Nt e ky Nt e ke e e
Wy 0.0068 -0.022 -0.002 | 0.174 -0.569 -0.043 | 1.405 -4.603 -0.345
Wt—Py 0.305 0.000 -0.075 | 0.306 -9e-04 -0.075 | 0.306 -0.003 -0.075
S5—py 0.305  0.000 0.925 | 0.307 -0.005 0.925 | 0.310 -0.014 0.924
'I’f—pt -0.645 0.000 -0.075 | -0.696 0.003 -0.075 | -0.697 0.009 -0.074
rfﬁl 0.006 -0.021 -0.002 | 0.056 -0.184 -0.014 | 0.083 -0.271 -0.020

Table AG2
p=001 p=012 p=02 v=007 v=0.15

Wo 0.000 1.1e-04 8.7e-04 0.010 6.5e-05

wo — Po 2.042 2.041 2.039 2.039 2.042

s — Do 0.923 0.923 0.923 0.923 0.923

Tlg — Po 0.674 0.673 0.672 0.671 0.673

T‘?d 0.000 3.5e-05 5.1e-05 5.1e-05 2.9e-05
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