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1 Introduction

Chari, Kehoe and McGrattan (2001), hereafter CKM, find that the main discrepancy between complete
markets sticky price models and the data is that models predict a high cross-correlation between the real
exchange rate and relative consumptions across countries. However, in the data there is not a clear pattern.
They refer to this discrepancy as the consumption-real exchange rate anomaly.!

In order to break the tight link between the real exchange and relative consumptions, CKM restricted
the set of assets that can be traded across the countries. In their setup, uncontingent nominal bonds
denominated in home currency are traded, so asset markets are incomplete. Although this channel was
theoretically promising in addressing the anomaly, it failed to explain it.?

One of the limitations of their approach is that the uncovered interest parity (UIP) holds. The UIP
relation postulates that the interest rate differential between two countries should equal the expected
exchange rate change. However, there is vast empirical evidence suggesting that UIP does not hold (see
Chinn and Meredith (2002) for a recent reference). Moreover, recent evidence presented by Lane and
Milesi-Ferretti (2001b) assigns a significant role to the net foreign asset position (hereafter, NF'A) in
determining the real interest rate differential®. Finally, the assets market structure where a single risk-free
uncontingent nominal bond is traded has been tested and partially rejected by Obstfeld (1989), Ravn
(2001) and Head, Mattina and Smith (2002).

During the last few years, New Open Economy Macroeconomics models (NOEM) have gained appeal
among designers of business cycle models and policy makers. One of the main advantages of these models
is that they allow the analysis of positive implications and normative policy prescriptions under the rigor
of an explicit microfunded model (Lane (2001) provides a survey of this literature). In general, these
models have assumed complete assets market*. However, models under this asset market structure cannot
explain the consumption-real exchange rate anomaly since the real exchange rate evolves according to the
ratio of marginal utilities of consumption, and a large positive cross-correlation between the real exchange
rate and relative consumption is predicted®.

Another feature of these models is that they have considered the implications of two polar cases of
pricing assumptions under nominal rigidities®: Producer Currency Pricing, where there is perfect pass-
through (PPT), and Price-to-Market where the pass-through is zero in the short-run. Producer Currency

Pricing brings about a strong expenditure-switching effect that redirects world demand in favor of domestic

1Backus and Smith (1993) had reported this anomaly in a IRBC model with non-traded goods.

20bstfeld and Rogoff (2000) list this “disconnect” among the central unresolved puzzles in international macroeconomics.

3Monetary shocks may also account for large deviations in the UTP. See Kim and Roubini (2000) and Faust and Rogers
(2003).

4Corsetti and Pesenti (2002), in a stochastic environment, introduce incomplete markets, although they shut down the
current account channel by assuming unitary intratemporal elasticity of substitution between home and foreign goods.

5This conclusion is limited to the case where there are no preference shocks. We do not rely on these shocks to explain
the anomaly.

6Empirical evidence assembled by Engel and Rogers (1996), Engel (1993) and Goldberg and Knetter (1997), among others,
shows that there are large deviations from the law of one price for traded goods. On the other hand, departures from PPP
are also an empirical regularity already documented by many other authors. It is important to clarify that the law of one
price may hold even when PPP does not.



tradable goods after a nominal depreciation of the exchange rate which ends up splitting outputs and
commoving consumptions. On the other hand, under Price-to-Market, prices are set in the currency of
the final consumer, and the expenditure-switching effect is eliminated. The previous two extreme price-
setting assumptions have been rejected at the empirical level”, and it seems to be appealing to consider
intermediate degrees of pass-through.

The aim of this paper is to evaluate how a stochastic new open macro model with incomplete and im-
perfect financial markets, along with imperfect pass-through, helps to solve the consumption-real exchange
rate anomaly. We also check the robustness of our results by testing econometrically the risk-sharing
condition derived in the paper.

To set up our model we follow previous contributions by Kollmann (2002), P. Benigno (2001) and
Schmitt-Grohe and Uribe (2001). Two risk-free one period nominal uncontingent bonds are traded, and
a cost of undertaking positions in the international financial markets allows us to characterize imperfect
financial markets. Under our asset market structure, the N F'A breaks the tight link between real exchange
rate and marginal utilities that characterizes models with complete markets. This result arises because in
our model the uncovered interest parity does not hold, and importantly, it is affected by the net foreign
asset position due to the presence of a cost of bond holdings.

We also need to choose the channel of real exchange rate fluctuations. There are two approaches:
deviations from the law of one price for traded goods across countries, or fluctuations in the relative prices
of non-traded to traded goods. In our paper, we combine both by introducing non-tradable goods into the
economy, and distribution costs in order to generate deviations from the law of one price in the tradable
sector®. Non-traded goods are appealing in an incomplete market setup because they allow an assessment
of the impact on transfers from their relative prices. Recently, Lane and Milesi-Ferretti (2001a) argue
that a model with only tradable goods may neglect the potential impact on transfers from the relative
price of non-traded goods. Hence, the wealth effect stemming from the level of net foreign assets on
the labor supply of non-tradable goods may be better captured in a heterogenous sector model. On the
other hand, we follow Bunstein, Neves and Rebelo (2000) and Corsetti and Dedola (2002) in order to get
deviations from the law of one price so we allow for partial degrees of pass-through in a dynamic sticky
prices environment.’

In the model, the UIP does not hold because of the presence of a cost of undertaking positions in
the international asset market that interacts with the incomplete asset market structure. Deviations from
the UIP will allow us to give an explicit role to the NF' A in the risk-sharing condition, breaking the

monotonic positive relation between the real exchange rate and relative consumptions.

7See Campa and Goldberg (2002) for an extensive analysis of the determinants of the pass-through across the OECD
countries.

8Betts and Kehoe (2001) investigate the relationship between a measure of relative price of non-traded goods to traded
goods across countries and the real exchange rate in a sample of 52 countries. They find that 1/3 of the real exchange
variance is explained by fluctuations in the relative price of nontraded goods. Stockman and Tesar (1995) present models in
which the real exchange rate is exactly the relative price of nontraded to traded goods across countries. Backus and Smith
(1993) also conclude that non-traded goods may account for many features of international macroeconomics data.

9The latter authors develop a two-period model where distribution costs incurred in the delivery of tradable goods generate
a gap between the consumer and the producer price of import goods.



Our results suggest that incomplete asset markets, in which the net foreign asset position enters in the
risk-sharing condition, help to address the consumption-real exchange rate anomaly. The model predicts
a zero or even negative cross-correlation between the real exchange rate and relative consumptions as it is
observed in the data. When a country accumulates assets, there is a wealth effect that reduces the labor
supply in the non-tradable sector, which affects the relative price of non-traded goods, and disconnects
the real exchange rate and relative consumptions. After considering intermediate degrees of pass-through
the anomaly turns out to be more severe since the current account channel is dampened, and therefore,
the wealth effects are diminished.

The sensitivity analysis shows that the larger the intratemporal elasticity of substitution between
foreign and home traded goods the better the model does in explaining the anomaly. The previous result
stems from the fact that the NF A position becomes more responsive to changes in the terms of trade as
this elasticity gets higher.

Another interesting result is that the larger the international financial friction the stronger is the
wealth effect associated with the incomplete market structure. Thus, the NF A becomes more important
in explaining the anomaly.

We also investigate two variations of the benchmark model, and doing so we check the robustness of
our results. The first variation introduces perfect mobility of labor across sector. The second variation is
a flexible-price version of the model. Our previous results hold under these two extensions.

In our model, a negative comovement between the real exchange rate and relative consumptions is
predicted after a productivity shock in the tradable sector. Following the shock, there is a worsening
of the terms of trade that generates an increase in domestic output above domestic consumption. The
asset accumulation triggers a real exchange rate appreciation which is consistent with the Harrod-Balassa-
Samuelson effect (HBS). The wealth effect generates a decrease in the labor supply in the nontraded sector
that increases the relative prices of nontraded goods, and consequently, appreciates the real exchange rate.
When we introduce I PT, the NF A accumulation is smaller due to the dampening of the expenditure-
switching effect.

Motivated by the results of the calibrated model, we use the generalized method of moments (GM M)
to test the risk-sharing condition derived in the paper. Our estimations suggest that growth factors of
consumption and real exchange rates may behave in a manner which is consistent with a significant role
for the NF A. Therefore, it seems reasonable to consider a theory where the NF A position affects the
risk-sharing across countries.

Our paper is organized as follows. In Section 2 we introduce the model and illustrate briefly the
equations in log-linear form. In Section 3 we analyze the quantitative properties of the model and we also
perform a sensitivity analysis.In Section 4 we test empirically the risk-sharing condition derived in section

2. Finally, section 5 concludes.



2 The Model

In this section, we introduce a dynamic two-country new open macro model. We extend the model to
allow for tradable and non-tradable goods, incomplete financial integration and imperfect pass-through in

a stochastic environment.

2.1 Preferences

Population in the home country belongs to the interval [0,n], while in the foreign economy it is in the
segment (n,1]. Similarly, tradable and non-tradable firms at home produce goods on the interval [0, n]
and are indexed by h. Foreign firms do so on the interval (n, 1] and are indexed by f. CI* denotes the level
of consumption in period ¢ for individual h, % his real balances holdings and N%,t N I%T’t denotes agent
h's labor supply in the tradable and non-tradable sector, respectively. The preferences of a household h

in the country H are assumed to be'°
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Labor is the only input in this economy, and V/(.) is increasing, convex and separable in both labors!!
(Néi,, NE..). L(.) is increasing and concave in real balances.

We define the consumption index as
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where ¢ is elasticity of substitution between tradable and non-tradable goods, and + is the share of tradable

goods in the consumption basket. Cp is the sub-index of consumption for traded goods defined as
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where 6 is elasticity of substitution between home and foreign tradable goods. C}'{ and C’fm are indexes of
consumption across the continuum of differentiated goods produced in country H and F', and are given

by
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where o > 1 is the elasticity of substitution across goods produced within a country. Similarly, the

consumption of non-traded goods in the home country is given by

1\" [, o 17T
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10Note that utility is separable in consumption, real money holdings and labour effort. (3 is the intertemporal discount
factor (0<8 < 1).

1 This assumption implies inmobility of labors across sectors. In our sensitivity analysis we relax this assumption allowing
for perfect labor mobility across sectors.




In this context, the general price index that corresponds to the previous specification is given by
1
Po= [y (Pr) =+ (=) (Pyr)' ] (6)
where the price index for tradable goods has the following form

Pr, = {n (PH,t)lie +(1—-mn) (PF,t)lie] = ) (7)

with prices of home and foreign tradable goods, and non-tradable goods defined, respectively as

Pue= (L) [ oy —ean] " pe= [(—) [ mtrrear] (3)
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where p;(¢) and pnr+(i) are prices of good ¢ sold in the home country, in home currency and at consumer

level, for both tradable and nontradable goods, respectively.
A feature of our specification is the presence of distribution costs which imply a wedge between producer
and consumer prices. This follows closely Burnstein, Neves and Rebelo (2000) and Corsetti and Dedola

(2002). With competitive firms in the distribution sector, the consumer price of good h will be given by

pe(h) =Dy (h) + kPN (10)

where P, (h) denote the price of home goods at producer level and & are the units of a basket of differentiated
non-traded goods necessary to bring one unit of traded goods to the consumers'2. For the rest of the paper,

upper bar represents prices at producer level.

2.2 Asset Market Structure

In this section, we first introduce the complete asset market structure that has been the workhorse of
most NOEM literature after Obstfeld and Rogoff (1995). Then, we briefly present the incomplete asset
markets structure that CKM treated in their work - also known as bond economy. Finally, we characterize
an incomplete and imperfect financial assets market structure where the net foreign assets position plays

a different role in the dynamic of the real exchange rate, and enters explicitly in the risk-sharing equation.

2.2.1 Complete Markets

S}Ft’: . Under both domestic and international complete markets'?,

it follows that the ratio of marginal utilities of the two countries equalizes the real exchange rate at every

We define the real exchange rate as ¢; =

g—1 P
12Here, x = [fol k(h)" dh] Tisa Dixit-Stiglitz index that also applies to the consumption of differentiated non-traded

goods. For simplicity, we are assuming that there are no distribution costs in the delivery of non-tradable goods.
13The consumers in both economies can trade contingent one-period nominal bonds denominated in home currency.



state of the nature (see CKM for details).

T.(C) -
where k, is a function of predetermined variables.

From (11), we can see that the relative consumption across countries is proportional to real exchange
rate!4. In our model, the presence of non-traded goods precludes full risk-sharing across countries, even
if the law of one price holds. This equilibrium condition predicts a positive and high cross-correlation
between the real exchange rate and the relative consumptions.

We will build our model under the realistic assumption of imperfect degree of pass-through from
exchange rate to import prices. The introduction of IPT in a complete asset market structure allows to
capture a key aspect of the transmission mechanism of shocks across countries. However, it fails to break
the link between real exchange rate and relative consumption which tends to be very low in the data (see
Table A.2.). Therefore, in order to factor the relevance of IPT, we need to incorporate an incomplete

asset market structure.

2.2.2 Incomplete Markets

The standard approach: Bond Economy. An alternative incomplete assets market structure may
be based on the possibility of househols to trade an uncontingent nominal bond denominated in units
of home currency. Under this structure the risk-sharing condition reads as follows (see CKM for further
details).

Ue(Ciy1) Pt) (Uc<0t*+1) Si P )
By | ——— =F 12
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From the above expression the relation between the real exchange rate and marginal utilities only holds
in expected first differences'®. A stationarity problem could arise under this market structure, which would
prevent a proper analysis of small deviations around a deterministic steady state. In particular, without
further modification, such incomplete markets structrure implies a non-stationary distribution of wealth
across countries. Lucas and Stokey (1984) propose an endogenous discount factor that increases the
marginal “impatience” as the economy accumulates net foreign assets so the distribution of wealth evolves
along a stationary path'®. On the other hand, Cavallo and Ghironi (2002) and Ghironi (2000) achieve

stationary by an overlapping generation model that ensures an endogenously well-defined steady-state!”.

4Under PPP, this condition implies perfect risk-sharing of consumption across countries. This is not the case when there
are shocks to preferences. See P. Benigno (2001).
151n log-linear form, this expression reads as

Br (@1 — @) = Be [ (0e(C1) = Ue(Crsn) ) = (0e(C) = Te(C) )|

16 Theoretically, Mendoza (1991) develops an small open economy model, incomplete market economy and a endogenous
discount factor. Head, Mattina and Smith (2002) evaluate empirically this market structure, and reject it since key parameters
of the utility function are insignificant and inconsistent with the theory.

17Under a different approach, Corsetti and Pesenti (2001) shut down the current account transmission mechanism by
assuming a unitary intratemporal elasticity of substitution between home and foreign goods.



As equation (12) illustrates, incomplete asset markets-bond economy- allows us to break the link be-
tween real exchange rate and relative consumptions. However, as CKM pointed out, this asset market
structure does not help to resolve the anomaly. They find that the wealth effects in their model are
extremely small.*8

One of the limitations of this approach is that the uncovered interest parity holds, a result that has
been extensively rejected in empirical studies (see Chinn and Meredith (2002) for a recent reference). In
particular, there is no role for the net asset position in determining real interest rate differentials. Lane
and Milesi-Ferretti (2001b) reveal the importance of this channel.

Furthermore, Ravn (2001) and Head, Mattina and Smith (2002) have shown that this market structure
is not supported by the empirical evidence under many different assumptions on preferences. They show
that, under exogenous incomplete asset markets, the real exchange rate does not play a significant role in
explaining the risk sharing across countries. Therefore, a bond economy seems to fail on both empirical

and theoretical grounds.

Incomplete and Imperfect Asset Markets. In order to break the monotonic relationship between
the real exchange rate and relative consumptions we generate deviations from the UIP. We assume that
these deviations stem from a cost of holding foreign bonds that allows us to introduce the net foreign asset
position dynamics into the UIP.

In this context, we have chosen to model incomplete markets following P. Benigno (2001) where two
risk-free one-period nominal bonds are traded, and a cost of bond holdings is introduced to achieve
stationarity!®. One bond is denominated in domestic currency and the other one in foreign currency.

Then, the real budget constraint of the domestic household h will be given by

BZ{,t n StBl}é,t < BIIZI,t—l + StB?:‘,t—l + M, _ %th
PO+ " Pt i) e (S52) . .
WENE + W Nir n  TRP IO}
- C} - e 13
+ P, 0t P, + P, (13)

where W and W}, are the nominal wages in the tradable and nontradable sectors, respectively. I} are
nominal profits for home consumer. We assume that each consumer holds one firm in each sector (domestic
firms are located in the interval [0, n] and the size of the home population is normalized to n) and there is
no trade in firms’ shares. TR} is a nominal transfer that individual j receives from the government. Bpr,
is household h’s holding of the risk free nominal bond, in Home currency. Bp, is household h’s holding
of the risk-free nominal bond in Foreign currency. The function ¢ (.) depends on the real holdings of the

foreign assets in the entire economy, and therefore is taken as given by the domestic household?’. ¢ (.)

18Corsetti et. al (2002) consider a different incomplete asset market structure where an endogenous discount factor is
needed to pin down a well defined steady state.

19Schmitt-Grohe and Uribe (2001) and Kollmann (2002) develop small open-economy models introducing the same cost
to achieve stationarity. Heathcote and Perri (2001) also make a similar assumption in a two-country RBC model.

20As Benigno, P.(2001) points it out, some restrictions on ¢ (.) are necessary: ¢ (0) = 1; assumes the value 1 only if
Br; = 05 differentiable; and decreasing in the neighborhood of zero.



will allow us to obtain a well-defined steady state, and to capture the costs of undertaking positions in

the international asset market?!. The government has a budget given by

/ Mfdh—/'Mt’zlthr/’TRfdh:o
0 0 0

The first order conditions with respect to the labor supply for tradable and non tradable sectors imply?22

h W’}l t
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(

The first order condition with respect to real money holdings implies
M} 1y

L= )=U.(C 16
(F) =velen i (16)

In this model we describe the monetary policy through an interest rate feedback rule, therefore, equation
(16) determines the optimal holdings of real money balances.

We further assume that the initial level of wealth is the same across all households belonging to the
same country. This assumption combined with the fact that all households within a country work for all
firms sharing the profits in equal proportion, implies that within a country all the households face the
same budget constraint. In their consumption decisions, they will choose the same path of consumption.
We can then drop the index h and consider a representative household for each country.

The conditions characterizing the allocations of domestic and foreign consumption, and holding of

nominal bonds are:

. P,
U(Cy) = (1+zt)ﬂEt{Uc(ct+1)P—t} (17)
t+1
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Equations (17) and (18) correspond to the euler equations of the home and foreign countries, respec-
tively. Equation (19) represents household H’s Euler equation derived by maximizing the holdings of the
nominal bond denominated in foreign currency. Finally, equation (20) corresponds to the resource con-

straint of country H, which is obtained by aggregating the equilibrium budget constraint of the households

21 Another way to describe this cost is to assume the existence of intermediaries in the foreign asset market (which are
owned by the foreign households) who can borrow and lend to households of country F at a rate (1 + ¢*), but can borrow
from and lend to households of country H at a rate (1+*)¢ (.).

22We are assuming that sectorial labors enter separately in the utility function which we may associate to the following
analytical expression:

V (N7, Ny7) = (N}” + N};”T") J(1+17).



with that of the government. From these conditions we are able to derive both the new uncovered interest
parity and the risk-sharing equilibrium condition where both are affected by the net foreign asset position

of the domestic economy.

2.3 Price Setting under IPT

In order to get a tractable model, we assume that prices are sticky in the non-tradable sector and flexible
in the tradable one. We also consider distribution costs in order to get deviations from the law of one price
and consequently intermediate degrees of pass-through. This follows previous contributions by Burnstein,
Neves and Rebelo (2000) and Corsetti and Dedola (2002) where they assume that to deliver traded goods

to consumers requires a component of differentiated non-traded goods.

2.3.1 Non-Tradable Sector

The firms’ price setting decision behavior is modelled through a Calvo-type mechanism. We assume that
prices are subject to changes at random intervals. In each period a seller faces a fixed probability (1 — «)
of adjusting the price, irrespective on how long it has been since the last change had occurred. In this
model suppliers behave as monopolists in selling their products. The objective of a home firm selling

non-traded goods is to maximize the expected discounted value of profits?3.

Maa?ﬁNT,t(h)EtZakCt,Hk{ﬁNT,Hk (h) Zﬁ\/T tt+k (h) — WJ}\LIT,t+kN]’ziT,t+k} (21)
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where @%T’t (h) is the total individual demand for nontraded goods which is composed by the demand of

ng = kny Cy, (24)

nontraded goods for consumption, O]%T,t? and the demand for distribution services by the tradable firms
d
M-

The supplier maximizes (21) with respect to pyr . (h) given the demand function and taking as given

the sequences of prices {Pﬁ,t,P}}’t, P%’t, P]"\,T’t, P, C’tl} for 1 = H, F. Each firm produces according to a

linear technology

YNT,t (h) = ZNT,tNJ}\L/T,t (25)

Uc(C
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Pt To €D is the pricing Kernel associated to the first order condition for the recursive competitive

equilibrium.



where Zyr, is the country-specific productivity shock to the non-tradable sector at time ¢.

The optimal choice of pyr (h) is:

k Wy ~d
o B0 @ik e gk (R)

Bt (h) = - wT (26)

(c—1) By o akCtJrky?\/T tt+k (h)

Finally, Calvo-price setting implies the following state equation for Py ¢
Py = aPyy g+ (L= a)pvre ()7 (27)

Analogous expression can be derived for the optimal non-tradable price setting in the foreign economy.

2.3.2 Tradable Sector

In this model we assume that the tradable sector is completely flexible. The presence of distribution services
intensive in local non-traded goods will imply different demand elasticities across markets, therefore, firms

will charge different prices in each market. Then, firms face the following maximization problem:
Maxgn) 3 [PuCi (h) + S P Crt ()] — ——=[C{! (h) + C7* (W) (28)

subject to

ety = oy (PP By T (P g (29
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H,t T,t

The optimal prices at producer level, B, (h) and Py (h) are

g WT,t k
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The marginal cost for tradable goods varies as a function of the prices of non-traded goods. In this
sense, the price setting of tradable goods at home will depend implicitly on the productivity shocks in the
non-tradable sector. Under the presence of distribution costs the elasticity of demand for domestic goods
is not the same at home and abroad, and firms will charge different prices in each market. Optimal price
setting implies deviations from the law of one price (?H,t # St?jq,t) unless the degree of distribution

margin, k, is equal to zero.

10



2.4 Monetary Policy

For the specification of monetary policy we consider a rule that embeds different types of rules. The

general form of the interest rate rule is

%?i%—==w(f1$?ﬁ (33)
where F' is the set of target variables for the home country, and &} is a pure monetary shock reflecting
interest rate movements that do not correspond to the endogenous reaction of the monetary authority to
instrumental variables. Monetary shocks can be motivated by assuming that the central bank sometimes
deviates from its own rule, that it makes mistakes in doing the monetary policy, or by assuming that the
demand for money is itself stochastic. In the latter case, the shock rather than being policy shock would

correspond to shocks to the parameters of the model.

2.5 The Log-linear Model

In this section, we present a full log-linear version of the model which is summarized in table 1. Appendices
A, B, C and D provide details on the derivation. In what follows, a variable )?t represents the log-deviation
of X, with respect to its steady state, X , and X, represents the log-deviation of the flexible price level of
X with respect to its steady.

From the first order condition (17) we obtain the standard Euler equation, I.S, for the representative
domestic consumer. This equation holds under both complete and incomplete markets.

The uncovered interest rate parity is derived by taking the difference between the log-linear approxi-

mation of equations (17) and (19), and is given by the following expression:
Uy —if = ByASp11 — 6b, (34)

Notice that the above equation incorporates a cost of borrowing in foreign currency and may be
consistent with the empirical failure of the UIP?*. In our case, there is a time varying risk-premium that
depends on both the net foreign asset position of the country (b;) and a cost of bond holdings (8). This risk-
premium could be positive or negative depending on the Home country being a borrower or a lender in the
international assets market. This equation implies a negative relation between the interest rate differential
and the N F A position of the economy. A country that accumulates assets faces a smaller implicit cost of
bond holding (6b;), and consequently, the interest rate differential is smaller. The parameter § measures
the elasticity of the interest rate differential to changes in the N F A position. The higher this elasticity,
the larger the effect of the current account channel on the interest rate differential. Notice that the UIP

does not hold even if the law of one price does.

24When the UIP relation holds a regression of exchange rate returns on the interest rate differential should give an intercept
of zero and a slope coefficient of unity. However, this hypothesis has been consistently rejected in the data.
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Table 1
The sticky-price version of the model

pEt (6’t+1 — @) :/’L'\t - Et7rt+1
EyASy 1 =iy — if + 6by

pE; ((at—i-l - af+1) - (ét - éf)) = F; (th—H - th) — by

1S
UIP

Risk-Sharing

TNt = KN |:a0ft +(p+nCit+arR—(1+ n)ZNT,t:| + BETNT 141 ASH
Tivr = KT [~ + (o4 m) Cr + aiRf = (L4 0)Z e, | + BERSr i1 ASF
Bby = by_1 + by Ty + bo Ry + bs Ry — by (Ct Cr — qt) NFA
~R(1—n)T, = —coRy — (1+0) Z,., + pCi + 0¥ Py
~R(1—n)T; = —coRf = (14 n) Zy, + pCi +nYu — G, Pr-
RnT, = —coRy — (I+n) 2. + pCA't* + n?F + @ Pr
—nRI} = —coRf — (1+41) Zy., + pC; +1Yr Pp.
PO . 1— X
gt = qt—1 + ASt + W (7TT,t — 7TT,t) + 'yﬁlgg-l-v()l—'y) (’/TNT,t - '/TNT,t) RER
— ol (1—v) R ol * (1—v) * .
Ty = (R TTT,t + R175+(1_7)7TNT,15 ) Ty = fy+(1—'y)}_2571 Tyt + ’Y§175+(1—’Y)7TNT¢ OP]H,CPIF
e = [%WNTJ + LEH)AS*} T = [REIWNTt —ASt} TIg;TIr
Parameters
—1 1
ao = (3 —n)Onpv;ay = (3 —n) Opv*sar = (VR E)/( R +(1- )) + nu;
1- —1-
a; =R/ (VR +(1=7)) + s
bh=2(1-n)(@—1)+(1— /n)v@( n);
—1—
br=[\1=) (1 —e) = (A=A )} (R (=) + (1= A

by =1 =n)(1=)/n(1 =)/ (7R "+ (1=9))ibs = A1 —n)/n;
where \ = nfyﬁl_e/ ['yﬁl_a + (7 +(1- y)ﬁa_l) T ((1 -ER + an'y) /EE] :
RN =1 —af)(1—a)/a(l+on);:NT" = (1—a*B) (1 —a*) /a* (1+0n);

_ 5((1 'U)'yﬁlis—v(l—'y)). " E((l v )’yR —c v*(l—v))
H= VR T+(1-7) H VB T+(1-7)

v =2nk/ <2n/€+(17—ﬂﬁs>w*:2(l_n)n/ (2(1_71)%4_%?5);
co = (§<1—7>+ (ﬁ_l)#—f)/(ﬁl—f+(1_ ))andF:H—’f—

= ¢/ (0)C, by = (Bry/Py) O}, Ty = 42t Ty = ’;i“,Rt and R} =

PNT ’ = Pir.

YH, YF are defined in appendix C.
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The risk-sharing condition under incomplete markets is obtained by combining the UI P equation and

the corresponding Euler equations for each country, and reads as:2°

pEr ((Crir = Ctir) = (Co = C7) ) = Bu (e — 1) — 8B (35)

Equation (35) illustrates the mechanism through which the NF A position affects the risk-sharing. The
characterization of this incomplete asset market structure maintains the gap between relative consumptions
that emerges in the incomplete asset structure specified in equation (12), but now, in addition, the dynamic
of the net foreign assets plays an explicit role. Aslong as there is either asset accumulation or decumulation,
the real exchange rate will be affected by the net foreign asset position, and therefore, the link between the
real exchange rate and relative consumptions that characterizes complete markets models will be broken
down. Ceteris paribus, there is a negative relation between the real exchange rate and the NFA, i.e.,
an asset accumulation implies a real exchange rate appreciation. The larger the asset accumulation the
greater will be the effect of the NV F'A position on the real exchange rate dynamics. Similarly, the larger the
cost of undertaking positions in the international financial market, 6, the greater the effect of the NF A on
the risk-sharing condition. Finally, if either 6 — 0 or b; = 0 at every period, the risk-sharing boils down
to the one that characterizes a bond economy.

The aggregate supply, ASy, comes from the log-linearization of equation (26) and (27). The aggregate
supply block will not differ under a different specification of the market structure, but it is affected by the
degree of pass-through in the economy.

The dynamics for the net foreign asset position is obtained after log-linearizing equation (20). The
terms of trade enter in the NF'A and its effect is influenced by the presence of distribution costs. As
expected, the relative price of non-traded goods along with the real exchange rate affect the current
account dynamics.

P
producer level ToT; = P,/S;Py;,. Combining equation (10) and the previous definition of the terms of

It is also possible to establish a relation between the market rate, T3 = %, and the terms of trade at

trade, we obtain that

~ R

TOTt = Ttﬁ & - \1’57 (36)
~ ~ R—k—1 .
\I’f = \I’i)_l — ﬂ (7TNT’t — 7TNT7t — ASt) (37)

where ) = St?;t/?H’t.

Notice that U? accounts for the deviations from the law of one price at producer level. Hence, we can

25To assess the empirical relevance of the net foreign asset position in the ”disconnectness” of relative consumptions and
the real exchange rate, testing this risk-sharing condition is a natural next step. Gagnon (1996), focusing on annual data for
20 industrial countries from 1973-1995, finds that, in the long run, there is a significant and robust relationship between the
real exchange rate and NFA. Conversely, Kollmann (1995), Ravn (2001) and Head et. al. (2002) test different risk-sharing
conditions derived under perfectly integrated financial markets. They find little connection between the real exchange rate
and relative consumptions. In Selaive and Tuesta (2003), we further explore this issue remarking the importance of financial
frictions and the key role of the NFA in explainig the apparent lack of international risk-sharing.
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derive a relationship between deviations from the law of one price at consumer and at producer level

o = Rk = kAS
\I’t* t—lzT(\P?*\I’iJJF Et (38)

where U§ = StPI’EI’t/PH,t.
When k = 0, there is perfect pass-through and the law of one price holds, T} = ToT; and ¥? = \flf =0.%
Finally, to completely characterize the equilibrium dynamics of the model, we specify the monetary
policy through interest rate feedback rules. The instruments the authority targets are CPI expected
inflation (;) and Output Gap (y;).2”

it = VeEmea ty,u+ &0 (39)
iy = yeEmia oy 6T (40)

where 7, and v, are the weights given to instrumental targets.

By the previous endogenous feedback rules, we are able to consider the systematic component of
monetary policy. This is in line with recent normative literature in monetary policy?®.

From identities C'PIy and 11y, we observe that changes in nominal exchange rate is an indirect target
for the monetary authority, and in particular, it is affected by the degree of pass-through. Lower degrees

of pass-through tend to close that channel and to equalize non-tradable and C'PI inflations.

3 Simulation of the Model

3.1 Parametrization

The parameters utilized in our model are reported in table 2. Our parametrization intends to characterize
the qualitative properties of the model and to highlight the main mechanism introduced by the incomplete
and imperct asset market structure, rather than match the data.

We set a quarterly discount factor, 3, equal to 0.99, which implies an annualized rate of interest of
4%. We calibrate our model assuming that country H is U.S. and country F' is Europe, with a symmetric
country size, n, equal to 0.5.

For the coefficient of risk aversion parameter, p, we choose a value of 5 as in CKM. Regarding this
parameter, Eichenbaum et. al. (1988) find a range between 0.5 and 3. On the other hand, Hall (1988)
suggests a value greater than 5. The inverse of the elasticity of labor supply, 7, is calibrated according to
Rotemberg and Woodford (1998) and is set equal to 0.47.

For parameter § we assume two possible values, 1072 and 102 which imply a 10 and 100-basis point

spreads of the domestic rate (in the foreign currency market) over the foreign rate, respectively. In order

260bserve that ‘ilf could be associated to an analogous variable in Monacelli (2002) that measures the law of one price
gap. This author incorporates an imperfect pass-through mechanism by domestic importers facing a pricing decision similar
to the domestic producer, setting prices directly in local currency.

27We define output gap as the deviations of output with respect to the flexible price allocation under complete markets.
See appendix C.

28See Gali, Gertler and Lopez-Salido (2001) among others for empirical evidence.
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to highlight the importance of N F A positions in the transmission mechanism of shock, we assume a very
low value for ¢ in our benchmark parametrization.

We choose a degree of monopolistic competition, o, equal to 7.66 following Rotemberg and Woodford
(1998). This implies an average mark-up of 15 percent.

The value of the elasticity of substitution between traded and non-traded goods, ¢, is set following
Kravis and Lipsey (1987) equal to 0.77. The value of the elasticity of substitution between traded goods,
0, is set equal to 2, in the line of values reported by Backus, Kehoe and Kydland (1992), even though, we
make sensitivity analyses for values in the interval [1,6]?°. The weight associated with traded versus non
traded goods, v, is set equal to 0.6 following Gatsios, Kollinzas and Levasseur (2002).

We set the distribution cost parameter, k, equal to 0.8 which implies a margin of 47 percent of the
retail price of consumer goods due to distribution costs®’. In order to evaluate the effect of IPT, we make
also a sensitivity analysis varying this parameter in the interval [0, 1].

Consistent with the RBC literature, we choose a low-persistent scenario for productivity shocks in the
tradable sector, and we set autocorrelations equal to 0.95. We assume their variances following Kehoe and
Perri (2002) and Baxter and Crucini (1995) where var(er) = var(ep-) = (0.007)?. Baxter and Crucini
(1995) and Kollmann (1996) find little evidence of spillover effects in technology shocks, and we rely on
their result in our paper. For the non-tradable sector productivity shocks, we assume in both countries
an autocorrelation equal to 0.93, and var(enr) = var(enr-) = (0.002)° following Corsetti et. al.(2002).
We do not impose any further structure on the shocks.

Following recent literature related with forward-looking monetary policy rules, in particular, Clarida
Gali and Gertler (2000), we assume that o and o* are 0.66 and 0.75, respectively, which implies a duration
of price stickiness of 3 and 4 quarters in U.S. and Europe, respectively. With respect to the monetary
policy, we set the coefficient on output gap, ¢ = 0.5, and the coefficient on inflation, v, = 1.5. In our

simulations we do not incorporate monetary shocks.

3.2 Responses to Productivity Shocks

We can get some intuition of our quantitative results by analyzing the IRFs to domestic shocks. Any
linkage between real exchange rate and relative consumptions across countries depends on two aspects:
the asset market structure and the nature of the shock. We focus on two economies: imperfect financial
integration with both PPT (dotted line) and IPT (thick line).

Traded sector productivity shock: In Figure 3 we depict the responses to a 1 percent productivity
shock in the tradable sector of the domestic economy which decays with an autoregressive coefficient of
0.95.

Under PPT, a productivity shock in the tradable sector delivers a negative comovement between real

exchange rate and relative consumptions. Following this shock, and stemming from the worsening of terms

290bstfeld and Rogoff (2000) presents a survey regarding the empirical estimates of §. In general, they suggest high values
for this elasticity.

30Burnstein, Neves and Rebelo (2002) show that distribution costs are large and account for about 40-60 percent of the
retail price in U.S.
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of trade, domestic output increases and foreign output decreases. In addition, consumption increases
but less than proportional than real income, and therefore, an asset accumulation occurs. The NFA
accumulation generates a real exchange rate appreciation. The wealth effect decreases the labor supply in
the non-traded sector, and consequently, an increase in the relative price of nontraded goods triggers an
appreciation of the real exchange rate. The domestic economy continues accumulating assets within the
first 20 quarters before reverting on the downward path to the steady state. Notably, the net foreign asset
dynamics shows the similar high persistence as in the data. With I PT the expenditure-switching effect is
dampened, and the NF A accumulation is smaller.3!

It is important to note that in our benchmark calibration, § was set larger than 1 which implies that
worsening of the terms of trade bring about current account surpluses in the domestic economy.

In a nutshell, conditional to a traded productivity shock, a net foreign asset accumulation contributes
to a real appreciation due to wealth effects that are transfered to the nontraded sector. On the other hand,
the worsenings in the terms of trade increases the relative consumptions and decreases relative outputs.
The IPT mechanism amplifies the real exchange rate appreciation and dampens the increase in both

relative consumptions and relative outputs.

Non-traded sector productivity shock: Responses to a 1 percent domestic non-traded productivity
shock are shown in Figure 4. The autorregresive coefficient is equal to 0.93. When the economy is hit by
a productivity shock in the non-tradable sector, the comovement between real exchange rate and relative
consumptions is positive under both PPT and I PT. This comovement is driven mainly by the traditional
HBS. According to the HBS effect, an increase in the relative price of traded/non-traded goods in
the home country with respect to the foreign country leads to a real exchange rate depreciation. When
the price of non-traded goods falls, the real exchange rate depreciates because the domestic consumption
bundle becomes less expensive than the foreign consumption bundle. Non-traded consumption increases
at home and so does relative consumptions. When the pass-through is imperfect the expenditure-switching
effect is dampened, and the NF A reacts by less.

3.3 Quantitative Properties of the Model

The results of our simulations are summarized in Table 3. Both relative tradable and non-tradable shocks
are included. We evaluate the unconditional correlation between real exchange rate and relative consump-
tions as well as some other statistics. The first column of the table reports H-P filtered statistics for the
data from quarterly time series. United States is considered as the home country and an aggregate of
Europe as the foreign country.

A good starting point is the complete market-PPT model. We perform our simulations under a stan-
dard Taylor Rule where the monetary authority reacts to expected C'PI inflation and output gap. The
expenditure-switching effect, which is complete for tradable goods, triggers a very positive correlation be-

tween consumptions (0.88). This benchmark model delivers a perfect cross-correlation of the real exchange

31The responses are very similar to the ones obtained by Cavallo and Ghironi (2002) where they find an asset accumulation
after a tradable productivity shock.
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rate and relative consumptions while it is well known that in the data this correlation is negative (-.17).
Our results are in the line of Kehoe and Perri (2002) and Heathcote and Perri (2001), among others.

As a way to reconcile the previous findings with the data, we introduce IPT (see third column in table
3). We dampen the link of consumptions and this is basically the main aspect in which the PPT and IPT
models look different?.

The next step is to analize the bond economy. In terms of the anomaly the results are virtually
identical to the ones under complete markets, and the cross-correlation is still equal to one. This result
is in the line of CKM (2001) where they point out that that the wealth effects that arise from this
market incompleteness are too small, and therefore, the link between the real exchange rate and relative
consumptions is not affected.

Considering the discrepancy between the data and the simulated model under both complete markets
and the bond economy structures, we study an incomplete and imperfect markets. First, we consider a
conservative friction in the international financial markets, and set § equal to 10™3 which implies 10-basis-
point spread of the domestic rate over the foreign rate.

In terms of the consumption-real exchange rate anomaly, the incomplete assets market structure under
PPT delivers a cross-correlation closer to the data (0.17 vs -0.17), and clearly lower than the value we
obtain under the bond economy. Furthermore, if we increase tthe cost of bond holdings by setting 6 equal
to 1072, we can get values even closer to the ones observed in the data (-0.13 vs -0.17).

We perform a similar exercise under I PT. The cross-correlation between real exchange rate and relative
consumptions increases with respect to the PPT model, and the anomaly gets more severe. Therefore,
IPT does not help in solving the consumption-real exchange rate anomaly. In fact, the IPT model worse
the fit under the benchmark parametrization.

The bottom line is that incomplete and imperefect asset markets along with imperfect markets can
help resolve the anomaly in a PPT environment. The interaction of the incomplete markets structure
and financial frictions are crucial. On the other hand, the IPT mechanism does not help in this direction.
Basically, as we decrease the degree of pass-through, the effect of the net foreign asset position on the

risk-sharing condition is dampened, and we get closer to a bond economy.

3.4 Sensitivity Analysis

The Elasticity of substitution between home and foreign traded goods, 6 : Here, we examine
our findings considering scenarios with different values for the elasticity of substitution between home and
foreign traded goods. We have already showed that the asset market structure we have introduced breaks
down the cross-correlation between the real exchange rate and relative consumption through the current
account channel. Furthermore, the effect of the terms of trade on the NFA is shaped by the elasticity of

substitution between home and foreign traded goods. In table 4 we perform a sensitivity analyses to show

32There are important gains in volatility of the real exchange rate, but these results are beyond the scope of this paper.
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the importance of the elasticity of substitution in explaining the anomaly®3.

Clearly, 6 is a crucial parameter, and as it becomes larger it exacerbates the net foreign assets position
channel breaking the link between the real exchange rate and relative consumptions that characterizes a
bond economy. When 6 = 1, under PPT, the terms of trade do not enter in the current account dynamics*
(see equation NF A in table 1). Hence, the cross-correlation turns out to be perfect. Conversely, under
IPT, the cross-correlation is not perfect since wealth effects are now solely transmitted through the relative
prices of non-traded goods.

Cost of Bond Holdings: Not for characterizing the incomplete asset market structure, but for getting
a well defined steady state, we need to introduce a cost of undertaking positions in the international
financial markets. This cost is captured by the parameter 6.

As we have already pointed out, in our model there is a tight link between the UIP and the risk-
sharing condition. The presence of a cost of bond holdings generate deviations from UIP which affect the
risk-sharing across countries. In this context, 6§ is at the heart of this incomplete asset market structure
and turns out to be important in explaining the anomaly.

In figure 3, we plot different values of the cross-correlation between the real exchange rate and relative
consumptions by varying the cost of bond holdings parameter. Clearly, the larger the cost, the lower the
cross-correlation. Thus, the larger are the financial frictions in the international markets the more relevant
is the NFA in explaining the lack of risk sharing that characterizes complete markets models.

Degrees of Pass-Through: To show how the degree of pass-through affects the cross-correlation
between the real exchange rate and relative consumptions, we vary the parameter k which is closely related
to the degree of pass-through (see figure 4). As we increase the distribution margin, the cross-correlation
increases. The I PT mechanism undermines the N FA dynamics by dampening the expenditure-switching
effect.3?

Perfect Labor Mobility: Thus far, the analysis has been focused on a specification where the labor
supply across sectors is separable. In this context, there is no labor mobility across tradable and non-
tradable sector. Our logic for relaxing this assumption is to allow for some degree of labor mobility across
sectors3®. We follow Stockman and Tesar (1995) where they assume that labor is perfectly mobile between

traded and nontraded sectors. To this end, we consider a disutility of working of the following form:

h 1 1
Vv (N%,t + NJ}\l/T,t) = m [Nt + Nn7] —HI (41)

330bstfeld and Rogoff (2000) outline the importance of the intratemporal elasticity of substitution. Benigno P. (2001) find
that the larger the intratemporal elasticity of substitution the higher the cost of imperfect risk sharing.

34When 6 = 1, under PPT, the current account channel is inhibited which eliminates the effect of NF A on the risk-sharing
condition.

35This constrast with Corsetti, Dedola and Leduc (2002), where the incomplete asset market structure is not enough to
break the tight link between the real exchange rate and relative consumptions.

361t is also the case, as Corsetti, Dedola and Leduc (2002) and Burnstein, Eichenbaum and Rebelo (2001) point it out,
that the I PT mechanism by distribution costs seems to work mainly through a large flow of labor between the tradable and
nontradable sectors.
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Under this specification the marginal rate of substitution between consumption and working is equalized
across sectors, and therefore, real wages are the same. Thus, once we add perfect mobility, the marginal cost
dynamics changes and so does the Phillips curve. In particular, the Phillips curve under this specification
will also depend on the foreign consumption and the relative price between traded and non-traded goods
abroad. We calculated the statistics under the benchmark parametrization. The results, reported in table
5, confirm our previous findings.

Flexible Prices: The results of a flexible price version of our model are reported in table 5. The
statistics behave quite similarly to the ones obtained under sticky-prices. However, with flexible prices
we get smaller cross-correlations between the real exchange rate and relative consumptions under both
PPT and IPT. The previous result is driven mainly by the particular Taylor rule used in the benchmark
calibration since the response to output gap tends to offset the real exchange rate appreciation that is
triggered by the effect of the foreign assets on the relative price of non-traded goods.

It is also the case that I PT does not help in explaining the anomaly with respect to the PPT model,
unless the elasticity of substitution between home and foreign traded goods is equal to one. With a unitary
elasticity and perfect pass-though, tradable shocks do not enter in the reduced form coefficient matrix,

and the real exchange rate reacts only to non-tradable shocks>”.

4 Empirical Testing

In this section we aim to test empirically the risk-sharing condition we have derived in our paper, equation
(35). First pointed out by Obstfeld (1989), under complete markets the link between real exchange rate
and relative consumptions holds even if there are frictions in goods markets, including non-traded goods,
pricing to market, local currency pricing, or transportation costs. Previous results have shown that the
complete market model cannot match the observed consumption and real exchange rate growth rates. It
is also the case that empirical evidence has cast strong doubts on the incomplete market assumption in
which only one risk-free bond can be used for international financial transactions (e.g. Kollmann (1995)).

We use the generalized method of moments (GMM), in the line of previous contributions by Kollmann
(1995) and Head et. al. (2002), to test the risk-sharing condition derived in the paper for Australia. The
data for all the estimations are obtained from the Quarterly National Accounts (QN A) of the OECD, the
IMFE’s International Financial Statistics (IFS), and the net foreign asset position database of Lane and
Milesi-Ferretti (2001a). We complete the data for the NF A position for the period 1998 to 2000 using the
quarterly cumulative current account.

First, we estimate the risk-sharing condition between Australia and the Rest of the World (RoW)

considering in our definition of RoW the Euro Area, Japan and US.?® Consumption series include private

37Stickiness in the non-traded sector has been introduced to deliver a very tractable model. Thus, by considering a
perfectly flexible tradable sector, the real exchange rate evolves following closely the relative prices of non-tradable goods
across countries. In this context, neither the degree of pass-through nor the the stickiness in the non-traded sector affects
the persistence of this variable.

38This contrasts with Kollmann (1995), Head et. al. (2002) who present results on country-pairs basis, with the US acting
as the reference country. Ravn (2001) analyzes the case of country-RoW; however, his incomplete asset market structure is
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consumption plus services. The real effective exchange rate is taken from the IFS for the period 1980:1-
2000:4. The NF A position was disaggregated to get quarterly series by the methodology of Chow and Lin
(1971) considering the current account as the related series.

By way of contrast, our first estimation closely follows Kollmann (1995). In the moment condition we
allow for different coefficients of risk aversion for Australia and RoW. For the period 1970:1 to 2000:4, the
risk-sharing condition estimated by Kollmann gives us the following

E, | -0.333AC,.1 — 0.603AC;,, — AGis1| =0, 42
t (L300 t+1 (1817 t4+1 di+1 (42)

Standard errors are shown in parentheses. We have used two lags of each variable as instruments.
The associated p — value of the J statistic is 0.92. All standard errors were modified using a Newey-West
correction. From equation (42) we see that the risk aversion parameter has the correct sign but is not
significant for the domestic economy while the coefficient that corresponds to the rest of the world is
negative. It is also useful to test the bond economy restricting the risk aversion coefficient to be the same
across countries. Below we show the results

B, {—0.197 (Aém - AC“:H) - A@H} -0, (43)
(1.246)

The associated p — value of the J statistic is 0.80. The instruments in this case are two lags of each
variable. Again, the risk-aversion parameter is negative and not significant, which confirms the lack of link
between the real exchange rate and relative consumptions that characterizes a bond economy, and it is also
consistent with previous findings by Kollmann (1995) and Ravn (2001). These results may be due to the
choice of the functional form and/or to the risk-sharing condition failure®’. Even so, we argue that this
risk-sharing hypothesis could be failing because of the omission of the N F'A position of the country. Thus,
we perform an empirical testing of the risk-sharing under imperfect financial integration. As a benchmark
we will use the results obtained in the estimation of equation (43).

In our model, the incomplete and imperfect asset market structure described in section 2 implies that
the link between the real exchange rate and relative consumptions is affected by the presence of net foreign
assets. The risk-sharing condition implies that an increase in the net foreign asset position today generates
a expected real depreciation. By the same token, as consumers expect the relative price of home goods to
be cheaper, home consumption increases relative to foreign consumption.

Under rational expectations, we define the following new set of orthogonality conditions associated

with the asset market structure proposed in the paper:
Et {p (A6t+1 - Aét*+1) - Aat+1 + 6bt} Zt =0 (44:)

where Z; corresponds to the vector of instruments, and A stands as the first difference operator so

(A@H — Aét* +1) is the growth rate of relative consumptions. Similarly, Ag;y; is the growth rate of

independent of the NF A position dynamics.
39Ravn (2001) includes non-separability in the utility function, money balances, leisure, government expenditure and habit
persistence. His results also reject this risk-sharing hypothesis.
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the real exchange rate, and b; corresponds to the ratio of NF A position in current dollars to GDP in
current dollars.

We use instruments dated ¢ or earlier. For the estimation, our vector of instruments includes lagged
growth of relative consumptions, lagged change in real exchange rate and lags of the net foreign asset
position. We have chosen a reduced set of instruments other than N F'A in order to minimize the potential
bias that might arise from the excess of overidentifying restrictions in small samples.*?

Theoretically, the VF' A position has to return to a long-run stationary equilibrium. We perform some
tests to check for non-stationarity in the NF A position for Australia, and we can not reject the null of
unit root for this variable.*!

Equation (45) shows the estimation of the new risk-sharing condition between Australia and the RoW
for the period 1980:1 to 2000:4.

E, {(2029(% (A@+1 — A@*H) = A + 0,006, =0 (45)

The striking result is that estimate of the risk-aversion parameter turns out to be positive and signifi-
cant?2. It seems that the inclusion of the N F A position allows us to capture some aspects of the smooth
consumption possibilities, making the risk-aversion estimate positive and significant. Furthermore, the es-
timate of the cost of bond holdings is also positive and significant*3. This finding confirms the prediction
of our theory that a NF' A accumulation will generate an expected real exchange depreciation.

To check the robustness of our findings, we perform a bilateral estimation between Australia and US.
In this case, we extend the sample period to run from 1975:1 until 2000:4. The results are shown in the

next equation**

E, [1.583 (AC,., — ACY. ;) — AG, 0.0044b;| =0 46
t[(0.465)( i+l t“) Qt+1+(o.0022)t (46)

The result are quite similar to the Australia vs RoW estimation. Again the coefficient of risk aversion
is positive, bigger than one and significant. On the other hand, the cost of bond holding parameter has
the right sign.

Our previous findings bring some evidence in favor of a theory in which the net foreign asset position
plays an explicit role in risk-sharing across countries. The influence of the net foreign asset position may
be better capturing both the associated time varying risk-premium and smooth consumption possibilities

for Australia.

40The NF A position for Australia is very persistent. In this context, it is advisable to consider a large number of lags as
instruments to capture this fact.

41 Augmented Dicker-Fuller and Phillips Perron tests can not reject the null hypothesis of unit root. It is also the case that
the power of unit root test is limited in small samples and can lead to misleading interpretations under highly persistent
series.

42Recent empirical evidence presented by Yogo (2002) locates the value of the elasticity of intertemporal substitution
-inverse of the risk aversion parameter- below one.

43 A proper correction of standard errosr may be appealing when the series are very persistent.

44The bilateral estimation Australia-USA of the bond economy performs quite similar to its multilateral version shown in
the text.
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Since weak identification problems may invalidate hypothesis testing®, we use the procedure suggested
by Stock and Wright (2000) to test if our instruments are weak.*® We construct the conventional 90%
confidence ellipse with the 90% S-set, and the tests for our models are reported in figure 5.47 Under the
reasonable assumption that the risk-aversion parameter is not “too large” as previous empirical evidence
has suggested (see Yogo (2002)), our estimations may not be driven by important weak identification
problems.

In a nutshell, it seems reasonable to consider a theory where the N F' A position affects the risk-sharing
across countries.*® It appears that growth factors of consumption and real exchange rates behave in a
manner which may be consistent with the assumptions implicit in our incomplete and imperfect market
structure. Although our findings are in favor of our theory, for some other larger economies the NF A
position may not be capturing a time varying risk-premium. To assess more precisely the importance of
N F A in the risk sharing across countries, a more extensive analysis covering a larger number of countries

is a natural next step.

5 Conclusions

An important issue in international macroeconomics is the lack of risk-sharing across countries. Standard
complete market models predict a high and positive cross-correlation between the real exchange rate and
relative consumptions while in the data we observe the opposite.

In this paper we have taken a step toward solving this anomaly stressing the importance of interna-
tional financial frictions in this issue. We have enriched previous models with a particular incomplete asset
market structure in which the net foreign asset position affects the real exchange rate dynamics by entering
in the risk-sharing condition. Our results suggest that the interaction of incomplete markets and imper-
fect financial integration may deliver very low cross-correlations between real exchange rate and relative
consumptions. In our model, financial frictions generate deviations from UIP, which allow us to affect
the risk-sharing condition through the NF A position. In this context, there is an explicit link between
the UIP puzzle and the consumption real exchange rate anomaly. Finally, the imperfect pass-through
mechanism, by closing the current account channel, does not help to explain the lack of risk-sharing.

We conclude our work by testing empirically the risk-sharing condition derived in the paper. We find

some support for the incomplete asset market structure since growth factors of consumption and real

45Consumption growth is very unpredictable, and the change in the real exchange rate exhibits a very low persistence with
respect to the original series. Therefore, our instruments could be weakly correlated with the endogenous regressors and the
possibility of weak identification could arise.

46Stock, Wright and Yogo (2002) also present a survey about the procedures available for detecting and handling weak
instruments in GM M estimations.

47The S-set consists of parameter values at which one fails to reject the join hypothesis that the parameters are the true
values and that the overidentifying conditions are valid. It contains all parameters that pass the 90% Xi test, where k is
the degree of freedom, and therefore, contains the topology of the objective function. As a rule- of-thumb, if the S-sets are
unreasonably large, then the parameters are poorly identified. See Stock and Wright (2000) for more details.

48Gagnon (1996), focusing on annual data for 20 industrial countries from 1973-1995, finds that there is a significant and
robust relationship between the real exchange rate and NFA. An increase in the NF' A position delivers a real exchange rate
appreciation.
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exchange rates behave in a manner which is consistent with a significant role for the net foreign asset
position.

Throughout the paper we have emphasized the importance of net foreign assets explaining the low cross-
correlation between real exchange rate and relative consumptions. Our results are based on simplifying
assumptions that facilitate the analysis. Extending the model allowing for home bias, capital accumulation,
different Taylor rules and stickiness in the tradable sector may change the dynamics of real exchange rate,

and therefore, the comovement between the real exchange rate and relative consumptions.
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Appendices

A. Steady State

We define the symmetric steady state around which we will approximate the economy. The inflation
and depreciation rates are zero, and there are no productivity shocks (Z; = 1) for all ¢ =T, NT,T*, NT*.
From equations (17) and (18) we get

1 1
e - = —— Al
b 142 1+, (AD)
which along with equation (19) implies %F = 0 in steady state.
From equation (20) we obtain
= Wr—  Wyr—
C=—N N A2
p T + P VNT (A2)
and from the resource constraint of the foreign country
N 7 — W —_
= p*T Nr + P_]ZT Ny (A3)
In equilibrium,(14) and (15) together with the corresponding foreign conditions imply
— — W
Vi (Nr) = U (C) = (A4)
— W
Vv (Nn7) =U. (O) %VT (A5)
—% —k WT
VN (Np)=U.(C )| = A6
v (V7)) =0 (T7) = (A6)
— _ —\ WHnr
VN (NNT) =U. (C ) = (A7)

We log-linearize around a steady state where No = N and N7 = N5 , and combining (A4), (A5),(A6)
and (A7) we get
c=C"

In steady state the consumer prices in domestic and foreign markets are

Pyr = OWyr (A8)
ﬁ;VT = q)WjVT (Ag)
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Py = Wi+ —2 Py (A10)

= All
- —_— — ko =
Pp=®WS+ ——Pnr (A12)
(c—1)
—x — kO’ —x
Pr=oW,+ Pur (A13)
(c—=1)
or equivalently
=1—0, 71 —e—1, 72 Vv (Yi) ko —l—e 71
1—n)T 1-9)R = & — 1- R
(n+1-n)I" )" (v+A-mR ) 0.(0) +(U_1)( Y+AR )
=01, 127 RN Vv (Yi) ko —*l—c w7
n+(1—n)T +(1-7R = & — + 1—v+R
(n+ (=T )y (1= E ACH I IGRRRRLA
—0—1 Pi_l —e—1,5=1 VN (?F) ko —l—c,z=1
1- T 1-9)R = & — 1-— R
(I-n+nT" )" (v+(Q-7E ) 0.(0) +( _1)( T+yR )
= 1-0, 757 —='e—1 =1 Vv (Yr) ka Nt
1—n+nT Y+ (1—-7v)R = @ —— + 1—vy+9R
( ) (=) ) e 1)( )

where & = ﬁ

Similarly, the domestic prices for the non-tradables goods are given by

—1-¢ e Vn (Ynr)
(yB  +(1—-7)) 0.(0)
—yl—e = Vn (Y n1+)
(v (1=7) 0.
where . .,
Y= gH +£'H
Yr= Cr+0Cp

Vyr= (1-9)(1-7)+R )" C+k[Cn+Tr]
—*l—e, T —+* —x —x
Vir= (- +3R" )T +k[Cu +Ty]

— —1-9. L —e— 1 TS —=
Cu=nyn+1—n)T )" (y+(1-yE )T 0C
9

C—H* _ (1 _ n)fy((n n (1 B n)GT*()—l)m (’y n (1 B Z)R*g—l)ﬁa*
O =my((L=m)+nT" N7+ 0-9R )0
Cr=0-ny((1-m)+nT N7 (+1-y)R HTC

7(n) =k [Cu + Cp|
Since Yy =Yp and Y np = Y*NT. We can pin down T, T*, Rand R
It is easy to show that T' = T = 1,and R = R = (1 + (;“T‘Tl)) is a solution. Then we get

%?(—Z) = 2nk/ (21m + @Ee) =, and % = 1 — v which will be used in the next appendix.
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B. Phillips Curve

In this section we log-linearize the price setting for non tradable goods, equation (26), around the
steady state defined in appendix A.

We can write equation (26) as:

Uc (Ciyk) PNTt4k (PNT (B o Whi sk
Etzj gyt Ye (Cuui) P pvra (b) Letk g (=0 (BI)

Py Pyrivk 0 —1PNT 4k ZNT 14k

which can be re-written as

> Uc (Cigr) P74k DTyt (R) o Wik Py
E af g : : — : U =0 B2
! ,;)( ) Py Pyrivrk 0 —1 Pk ZNT itk PNT,t+k} N ek (B) = (B2)

After taking a log-linear approximation of the previous expression, and defining pnr ¢+ 1+1 (k) = In(Dn7t (h) /Pnrttk),

we obtain

. /W\h ﬁ
E S (@B | Byt eask (h) — btk Ttk | g B3
,Z( B)" |PNT tt+k (h) PiikZNT 4k PNT 44k )

where

h wh
WNT 4k WNtsr 5

= — ZNT,t+k (B4)
Pk ZNT 14k Pty

From the first order condition respect to the labor supply in the non-traded sector, equation (15) we

get
/W\J}\LIT k S =~
P—’H— =nN¥r i1k + PChr, (B5)
t+k
_ NVNN(N) _ _aUcc(a) . . . .
where n = ) and p = (@) From log-linearizing the production of non tradable goods we
obtain
NNT,t+k (h) =Ynre4k (h) — ZNT,t+k (B6)
Recall that Ry = PT —, Ry = Tt PF 5T = 1;‘;;’ L. Then, from the price index definitions
ot
P, _ i
S = R+ (L) (87)
NT
which in log-linear form can be expressed as
—l—e ~
P, R R
t o t, (BS)
Pnr X1
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where X| = 'yﬁl_s +(1—-7).
Now we are able to get the total demand for home non-traded goods, equation (22) ,that in log-linear

form can be expressed:

ral —=l—-e
A C . eR" "Ry 4
Yntatk (h) = = —0PNT ti+k (h) + Jeil_ h +C | +
YN X1
7(n) | —OPNT ek (R) + % (0 (1—n)T, — %ﬁt + @t> 4 59
Y C e3) (1—=v)e D o~
YN aHfFF (anTt — 7—1Rt —+ Ct)
~ ~ 1 ~ ~
YNT,t+k (h) = —0DNT te4% (h) + 00 (5 - n> Ty + pRy + Cy (B9-A)

6((1—’L1)’)/E175—U(1—’y))
YR T+ (1)
To obtain the above expression we have used the log-linear forms of the demands for home and foreign

goods domestically, equations (29) and (30). Note that

where u =

k
PNT 4k () = DN e (R) — Z TNT, t+j (B10)
j=1
and from log-linearizing (27)
N a
PNT 1t (h) = T NT (B11)
Then, combining expressions (B4),(B6),(B5)and (B8) we get
Wi Pan | A N R R
T S LNtk (B) + pCo — (1 1) Zyan + Lt (B12)
Pk Znt vk PNT otk X

Plugging (B9) into (B12) and using this result together with (B11) and (B3) we get the aggregate
supply equation :

TNTt = KMt + BETNT 41 (B13)

where me; = [aoﬁ +(p+mn) C,+a1Ry — (1+ n)ZfVT} . This corresponds to the aggregate supply expres-
sion ASy in Table 1.

The coefficients are:

—1— —1—
a0 = (5 —n) s ar =9/ (BT + (1 =9) 40, ¥ = (1-aB) (1 - a) /a(1+0m),
KN = (1—a*B) (1 —a*) Ja* (1 +on), where v = 2nk/ (QTLH + Lﬁﬁiv and R=1+ 42 >1

When we assume perfect mobility across sectors, the home aggregate supply will read as

TNT,t = KNT [aoﬁ +(p+n-9Q) at + Q@;“ + alﬁt + a2§? -(1+(1-w) 7Y)ZNT,t - u1772T,t] + BEATNT 141 ;

where w = 1/ (1 + 2nk + (1;7)§8> and Q =wn(l—n).
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C. Flexible Price Allocation and Output Gap

In this appendix we derive the flexible price allocation needed to determine the output gap. We define

X=X — X*and X" =nX + (1 — n)X*. First, the flexible price allocation under complete markets is

given by
- 141n) ~
Tt _ ( n)Zj}“‘%t
. ( ) Zting
(p+mn) Co+PG1
RV Z ZW]
t <C1+a1) NT,t Tt
- (1 ~
cr = () 2,
(p+mn)co+ pay
cl [c ZV. +a ZW}
t <P+77 01+a1)> 12NT ¢t 147 ¢

where ¢y = (E(l -N+y(R-1) El_a) / (vﬁl_a + (1 - 7)) and c; = co+ne (1 —7)/ (yﬁl_e +(1— 7)) )

Then, we can determine the output gap as

Yt = W}/}H,t +(1-w) )/}NT,t - (W?H,t +(1-w) ffNT,t) J
Yy, = wf/F,t +(1-w) ?JTTT,t - (W?F,t +(1-w) ?f\ka,t)
where
~ ~ W ~R
Yy = Y& +(1-n)Y, ,
~ ~W ~R
YF,t = Y —nY: ,
?NT,t = ?]%,t +(1—n) ?J\}?T,tv
Yirg = Yan —n¥ir.
and
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9(1—n)ﬁ—6(1—_7))(nfzt+(1—n)1§:)+n6t+(1—n)é:

S Y ¢ R
N 1 — ~ ~ ~ .
—onT, — _f_(—’” (nRt r(1- n)R;;) +nC,+ (1 —n)Cr
TR+ (1)

1 ~ ~ ~
vl <§—n> Tt+MRt+Ct
0T,
(1-9) BW | AW
—e——— R +C
AREE (- T
puRE + CF

1 ~ - ~
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D. Current Account Dynamics under IPT

Here, we will log-linearize the current account equation (20). First, some steady state definitions are

needed:
R=1+ %; _77(2) =v=2nK/ (Qn/{ + u;”ﬁs) . Remember that T} = —ﬁ*.
~ 1 ~ o
YNT = v <§ —n> Tt+,URt+Ct
~ (1 ~ ~
CF,t = —Han — S: ’Y) R +Ct
R +(1—-v)
~ ~ (1 — ~
Gy = 01— ——0=Y R g
TR+ (1-7)
* e e(l- * *
Che = 00 -n)T— —0=0 Ry
TR+ (1-7)
—=l—¢
~ v R ~ ~
Cnt = %Rt + Gy
TR+ (1=7)
1—v)yR ™ —v(1—
where p = 8(( —)?75 ( V))
YR T+ (1)
The current account can be rewritten (20)as:
SiB SiBp - Pr. P, P, Pj P,
t F,tB — - t ;,t 1 ;,t PH,t et PT;t Pf:,t Ciri + J]\;T,t Cn, — C (E1)
P, (1 + ZZ‘) 10) (%) t t T t ST t

We will log-linearize the following component of the right hand side of (E1)

Pri P+ Pr, Py, Pyt
Y, = —-—= ———CF — E2
t P, Prs Cui+aq Py Pp, Chi+ 2 Cnr, (E2)
we need the following steady state definitions:
Pr P | mER
?TP_HE = ”’Y[’Y"‘(l_’Y)E 76]_1 = %
T TR+ (1—-7)
_ 1 i —
TR+ (1-9)
Pr Py - L L .
%TH = )\Eﬂ"le °/ {le "+ (1—7)+2nkR 1
_ PP~
q¢ PZ: ;*{ H )\(1 — n)
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Py _
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Log-linearizing Y; we get

1— ~ L 1— 1— ~ L
- A _1_(8—7)Rt—(1—n)Tt+CH,t ad=n [@,—i— —1_(5 7) R;‘—(l—n)Tt—FC’[,g%)
TR+ (1-7) " TR+ (1-7)
—l—¢
A R SN
+<1——) Ryt T
n YR+ (1—7)

combining the above equation with the demands C*H,t and 5}“” we get

,Bbt =bi_1 + Ulﬁ + ’Ugét + Ugﬁzk —+ U4 (E]\t + @*) + 1)5?1\['1’ + 7)6625

S >

v =2(1—=n)(0—1); 1 1

M =7) =l =) = (1= Nmy B )]/ (B "+ -9);
v3 =M1 =n)/n((1-7) —el =)/ (Vﬁl_e +(1- 7))
va=AX1—-n)/njus =(1—A/n);vs=A—1

Plugging Yyr

Vg =

—

. . . o 1 . . N
Bby = b1 + 01Ty + vaRy + v3 R} + vy (qt + Ct) + vs <v9 (5 — n> Ty + pRy + Ct> + v6C4

Replacing the parameters in order to get equation NF A in table 1:

Bby = b1 + (v1 + vsv0 (5 — 1)) T, + (vg + vsp) Ry + vs R + 04 (@t + @*) + (vs 4+ vg) Cy

Bby =bi1+ (21 =n)(@—1) + (1 = A/n)vd (+ —n)) T

+(Pa=m=et =) =@ =Ny B/ (R + =) + (0= M) Re

A =n)/n (=9 —e(t =]/ (7R "+ (1 =) B + 21— n)/n (@ +Cr) +A21C,
we get the dynamics of the current account shown in table 1:

86 = b1 + Ty + by + bR — by (G, - Cr — @)

where

by=2(1-n)(@—1)+ (1—XA/n)vd (3 —n);

b= M=) = (1= 7)) = (L= My B )]/ (4R + (=) + (1= Mn)ps
by= A —n)/n((1=7) ==/ (B +01-7);

by = M1 —n)/n;

b = (Bp:/P;) C~.
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Table 2

Benchmark Parametrization

Baseline

Preferences

Technology shocks

Distributions costs
Taylor Rule
Incomplete Markets

Sticky prices

6=0.99;,0=788,1n=047; p=5;0 =2;
e=077,7v=0.6;n=0.5

pr = py = 0.95;var(er) = var(e}) = (0.007)° .
pnt = Py = 0.93;var(enr) = var(eiy) = (0.002)

2
No distribution costs. k = 0; Distribution costs. x = 0.8
Vo =197, =05

6 =0.001 — (10 basis points)

a=0.75;a* = 0.66
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Table 3

Statistic Data Complete Markets Bond Economy Incomplete and Imperfect Asset Market Model
PPT, delta PPT, delta IPT IPT
PPT IPT PPT IPT ' ' ’ ’
=0.001 =0.01 delta=0.001 delta=0.01

Autocorrelations
Real Exchange Rate 0.814 0.70 0.71 0.72 0.77 0.71 0.70 0.71 0.72
Net Foreign Asset Position ** 0.95 - .- 0.94 0.95 0.95 0.95 0.96 0.96
Cross-Correlations
RER-Relative Consumption -0.17 1.00 1.00 1.00 1.00 0.17 -0.13 0.61 0.10
RER-Net Foreign Assets 0.02 -.- -.- -.- -.- -0.11 -0.12 -0.15 -0.26
Domestic Consumption-Foreign Consumption 0.16 0.88 0.32 0.89 0.35 0.63 0.10 0.49 0.27

- Based on H-P filtered quaterly data from US time series (1973-2000) and an aggregate of European countries. The data was obtained from Chari et al (2002) and Heathcote and Perri (2002) webpages. Some statistics are authors' calculations
- The imperfect pass-through was simulated under k=0.8 which implies a 47% margin of distribution costs

* The benchmark economy considers a standard Taylor Rule targeting CPI inflation and Output Gap.
** Lane and Milesi-Ferretti (2001). Quarterly series were constructed by disaggregating annual data by Chow and Lin (1971)'s methodology
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Table 4
Cross-Correlation Real Exchange Rate and Relative consumptions (§ = 0.001)

0=1 0=2 0=3 0=4 0=5 0=6
PPT 100 017 0.01 -0.04 -0.05 -0.05
IPT 0.75 0.61 043 031 024 0.19

-Exercises are over the benchmark parametrization (¢ = 0.77,7 = 0.47,7v = 0.6,p = 5)
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Table 5

Statistic Data Non-Separability of labor * Flexible Prices
PPT, delta IPT, PPT, delta PPT, delta IPT, IPT,

=0.001 delta=0.001 =0.001 =0.01 delta=0.001  delta=0.01
Autocorrelations
Real Exchange Rate 0.814 0.71 0.71 0.71 0.72 0.71 0.72
Net Foreign Asset Position ** 0.95 0.96 0.96 0.96 0.96 0.96 0.96
Cross-Correlations
RER-Relative Consumption -0.17 0.37 0.51 0.10 -0.42 0.72 0.31
RER-Net Foreign Assets 0.02 -0.04 -0.14 -0.19 -0.34 -0.17 -0.28
Domestic Consumption-Foreign Consumption 0.16 0.65 0.51 0.86 0.71 0.61 0.47

- Based on H-P filtered quaterly data from US time series (1973-2000) and an aggregate of European countries. The data was obtained from Chari et al (2002) and Heathcote and Perri (2002) webpages. Some statistics are authors' calculations
- The imperfect pass-through was simulated under k=0.8 which implies a 47% margin of distribution costs
* With a standard Taylor Rule targeting CPI inflation and Output Gap.

** Lane and Milesi-Ferretti (2001). Quarterly series were constructed by disaggregating annual data by Chow and Lin (1971)'s methodology
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Figure 1: Incomplete Markets: Productivity Shock in the Domestic Tradable Sector
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Figure 2: Incomplete Markets:Productivity Shock in the Domestic Non-Tradable Sector
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Figure 3. Effect of the Cost of Bondholding Parameter (8)
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Notes: Graph under the benchmark parametrization (¢ = 0.77,0 = 2;n = 0.47,7 = 0.6,k = 0.8, p = 5)

Figure 4. Effect of Distribution Costs (k)
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Notes: Graph under the benchmark parametrization (¢ = 0.77,0 = 2;n = 0.47,y = 0.6,6 = 0.001, p = 5)
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Figure 5: Join S-sets
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