N

N

Welfare Reversals in a Monetary Union
Stéphane Auray, Aurélien Eyquem

» To cite this version:

‘ Stéphane Auray, Aurélien Eyquem. Welfare Reversals in a Monetary Union. 2014. halshs-00925589

HAL Id: halshs-00925589
https://shs.hal.science/halshs-00925589

Preprint submitted on 8 Jan 2014

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://shs.hal.science/halshs-00925589
https://hal.archives-ouvertes.fr

GROUPE D’ANALYSE ET DE THEORIE ECONOMIQUE LYON - ST ETIENNE ( ; A | [

GROUPE D'ANALYSE ET DE THEORIE ECONOMIQUE
— )/ ON Saint-Etienne

WP 1342

Welfare Reversals in a Monetary Union

Stéphane Auray, Aurélien Eyquem

December 2013




GATE Groupe d’Analyse et de Théorie Economique Lyon-St Etienne

93, chemin des Mouilles 69130 Ecully — France
Tel. +33 (0)4 72 86 60 60
Fax +33 (0)4 72 86 60 90

6, rue Basse des Rives 42023 Saint-Etienne cedex 02 — France
Tel. +33(0)4 77 42 19 60
Fax. +33(0)4 77 42 19 50

Messagerie électronique / Email : gate@gate.cnrs.fr
Téléchargement / Download : http://www.gate.cnrs.fr — Publications / Working Papers




Welfare Reversals in a Monetary Union™

Stéphane Aurayf Aurélien Eyquem?

First version: January 2010
This version: November 2013

Abstract

We show that welfare can be lower under complete financial markets than under autarky
in a monetary union with home bias, sticky prices and asymmetric shocks. Such a mone-
tary union is a second-best environment in which the structure of financial markets affects
risk-sharing but also shapes the dynamics of inflation rates and the welfare costs from nom-
inal rigidities. Welfare reversals arise for a variety of empirically plausible degrees of price
stickiness when the Marshall-Lerner condition is met. These results carry over a model with
active fiscal policies, and hold within a medium-scale model, although to a weaker extent.
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1 Introduction

In this paper, we compare welfare under alternative financial market structures in a monetary
union with country-specific shocks, sticky prices, and home bias. What we have in mind is the
achievement of monetary unification in Europe, often regarded as part of a process of integrating
goods and financial markets. In particular, the integration of financial markets has long been
considered to be a crucial condition to foster the adoption of a common currency. The idea dates
back to the contributions of Ingram [1969] and Mundell [1973], and places financial markets,
and their ability to provide full insurance against country-specific shocks, at the heart of the
definition of optimum currency areas. Our main result is that, in a second-best environment such
as a monetary union with sticky prices, complete financial markets do not necessarily deliver a
higher level of welfare compared to financial autarky. In this environment, complete markets
produce welfare gains from risk-sharing compared to financial autarky, but can also generate
larger welfare costs from nominal rigidities. This negative effect on welfare can overturn the
gains from risk-sharing and invert the usual ranking of welfare. The result holds true for a wide
range of empirically plausible parameter values and is robust to various policy configurations.
In our view, it relates to and complements the recent results of Farhi and Werning [2013], who
show that agents do not acquire the socially optimal level of insurance in a monetary union with

sticky prices, even when financial markets are complete.

We lay out a simple two-country model of a monetary union with two goods and sticky prices,
following Benigno [2004]. We add home bias in private consumption, as in Pappa and Vassi-
latos [2007], and consider a non-unitary trade elasticity to analyze the welfare implications of
alternative financial markets structures.! In open economy models, complete financial markets
allow for international borrowing and risk-sharing among households of different countries. In
particular, the real exchange rate moves to ensure the equalization of relative marginal utili-
ties of consumption. Imposing financial autarky introduces a tighter link between income and
consumption, i.e. wealth effects, and generally yields welfare losses with respect to perfect
risk-sharing. In two-country models with two goods and home bias, when goods are substi-
tutes (respectively complements) in utility, perfect risk-sharing requires larger (resp. smaller)
expenditure-switching effects with respect to financial autarky to provide insurance over rela-
tive marginal utilities of consumptions, an outcome achieved by having larger (resp. smaller)

fluctuations in the real exchange rate (see de Paoli [2009]).

Under flexible exchange rates, with flexible prices or optimal national price stability policies, this

result implies that the nominal exchange rate is more (resp. less) volatile under complete markets

With a unitary trade elasticity, allocations under different financial market structures coincide. Our analysis
therefore has to proceed with a non-unitary trade elasticity.



than under autarky when goods are substitutes (resp. complements) in utility. With a fixed
exchange rate or within a monetary union, the volatility pattern applies to the terms of trade, not
the nominal exchange rate. When prices are flexible, welfare is not affected by these differences
in terms-of-trade volatility. However, when prices are sticky, due to the lack of monetary policy
instruments, national inflation rates cannot be fully stabilized. In this second-best environment,
alternative financial market structures also shape the welfare costs from nominal rigidities. We
show that, when goods are substitutes in utility, ¢.e. when the trade elasticity is larger than
one, equilibria under complete financial markets result in larger variations of terms of trade
compared to financial autarky, thus in more volatile national inflation rates, producing larger
welfare costs from nominal rigidities. The latter may end-up overturning the welfare gains from
a better sharing of risks. We uncover a large set of empirically realistic parameter values that
produce welfare reversals, cases where welfare is lower under complete financial markets than
under financial autarky. In particular, this is the case when the degree of price stickiness lies
in the range of standard empirical estimates and the trade elasticity is above one but not too

large.

Extending the baseline model to consider active public spending policies, we also investigate
the extent to which the occurrence of welfare reversals can be affected by fiscal policies.? With
active fiscal policies and more policy instruments, a monetary union could get closer to a first-
best environment. As in Gali and Monacelli [2008] or Pappa and Vassilatos [2007] however, this is
not the case as public spending enters as an argument of the utility function of households. Active
fiscal policies require deviations from the efficient provision of public good, creating a trade-off
between the benefits from stabilization, and the welfare costs implied by public spending gaps.
We show that none of the policy arrangements considered, including a fully optimal — Ramsey —
policy changes the prediction that welfare reversals can arise for empirically plausible parameter

values.

Lastly, we conduct an extensive robustness exercise and compare welfare under complete and
incomplete financial markets within a medium-scale model a la Smets and Wouters [2003]. The
model includes external habit in consumption, capital accumulation with adjustment costs, a
variable utilization rate, sticky prices and sticky wages, as well as price and wage indexation.
Our main result is robust to many of the additional assumptions made in the Smets and Wouters
[2003] model. However, price indexation, sticky wages, as well as the specific shock structure
with high reliance on preference shocks can change our main result. Price indexation lowers

the welfare costs from nominal rigidities by reducing producer price dispersion, and increases

20ur model also shares some of the features of models analyzing the joint design of fiscal and monetary policy
in a monetary union, such as Beetsma and Jensen [2005], Ferrero [2009], Gali and Monacelli [2008] and Hjortsg
[2013].



the relative importance of welfare gains from perfect risk-sharing. Wage stickiness significantly
lowers the sensitivity of wages and labor supply to fluctuations, and attenuates the strength
of cross-country wealth effects. Finally, the overwhelming importance of preference shocks im-
posed by the Smets and Wouters [2003] framework and calibration affects the welfare ranking of
alternative financial market structures. The structure of shocks chosen to represent the business

cycle is therefore important in shaping welfare reversal areas.

The paper is structured as follows. Section 2 presents a simple model that is solved analytically
to derive qualitative results about the volatility of terms of trade and inflation rates under
alternative financial market structures. We also run numerical experiments to assess the extent
of welfare reversals depending on key parameter values. Finally, we investigate the robustness
of welfare reversals to a variety of stabilization policies. Section 3 questions the sensitivity of
welfare reversals to the various assumptions and driving forces considered in a medium-scale

monetary union model ¢ la Smets and Wouters [2003]. Section 4 concludes.

2 A stylized monetary union model
2.1 Model highlights

We lay out a simple model of a monetary union with two regions of identical size, the home
country and the foreign country.® In each region there is a representative household maximizing
a welfare index that depends on the path of the log of consumption and on the path of hours
worked. Optimization gives rise to a labor supply condition and to a standard Euler equation.
The structure of financial markets can either consist in complete markets where agents hold a
portfolio of Arrow-Debreu securities that are traded before policy choices are made (see Senay
and Sutherland (2007, 2011)), producing a state-contingent return and allowing for perfect risk-
sharing, or consist in financial autarky. Under autarky, terms of trade adjust to induce a zero

trade balance each period and a zero trade balance condition replaces the risk-sharing condition.

There are two goods in the economy, one produced in each country, made of local varieties.
Both goods are imperfectly substitutable with elasticity of substitution g > 0, and households’
preferences are biased towards local goods. We denote (1 — «) € [1/2,1] as the share of goods
produced locally in the consumption bundle of households. In each country there is a unit
continuum of firms producing varieties of each type of good with labor using a linear production
function affected by exogenous productivity shocks. Price contacts are set according to Calvo
[1983], and the law of one price holds. Considering that governments optimally offset steady-state

mark-ups and assuming a symmetric degree of price stickiness, the model implies the following

3The detailed model is described in Appendix A.1.



linearized Phillips curves governing inflation dynamics for Producer Price Indices (PPIs) in each

region:
Tht = BETRni1 + kWU + ¢ +as — (1+19)ay) (1)
Tre = BETpi+ k@Y +¢ — a5 — (1 +19)ay) (2)

where the term under brackets is the real marginal cost. Labor leisure choices have been used
to substitute for real wages and then production functions have been used to eliminate hours
worked. In Equations (1)-(2), Tht = Dht —Pht—1 and Ty = Py —Dy—1 are domestic and foreign
PPI inflation rates, hats denote the log of variables and stars characterize foreign variables.
Further, ¥ is the log of output, ¢ is the log of consumption, s = py — pj, denotes the relative
price of the foreign good, i.e. the terms of trade, and @ is the log of labor productivity, following
an autoregressive process with iid innovations. Further, k = (1 —n) (1 — n) /n where j3 is the
discount factor and 7 the index of price stickiness, ¢~! is the Frisch elasticity on labor supply
and « captures the steady-state share of imports in consumption. These Phillips curves are fairly
standard, in that a higher degree of price stickiness gives more relative weight to the forward
component of inflation, a higher level of output pushes inflation up while higher productivity
levels lower inflation. Consumptions appear in the Phillips curves because the marginal utility of
consumption affects labor supply. All else equal, a decrease in the marginal utility of consumption
lowers labor supply, which exerts an upward pressure on wages, resulting in positive inflation.
Finally, terms of trade 5 play an important role in the dynamics of the model. They appear
in Phillips curves because households supply labor based on nominal wages deflated by the
Consumption Price Index (CPI) while firms demand labor based on wages deflated by the PPI.
These so-called terms-of-trade spillovers on labor supply play an important role, as they are

part of the transmission of terms-of-trade fluctuations to inflation rates.

In a monetary union with only one policy instrument, a common central bank can stabilize union-
wide inflation but is unable to stabilize relative inflation rates, and cannot implement the flexible
price equilibrium (see Benigno [2004]). This policy trade-off is specific to a monetary union with
sticky prices and asymmetric shocks, and makes it a second-best environment. Following Benigno
[2004], we assume that the central bank follows the optimal monetary policy that fully stabilizes
union-wide inflation

T+ 5‘('\: = %h,t + %f,t =0 (3)
and union-wide allocations are just
Yty =+ =ap+a; (4)

where we substituted the union-wide goods market clearing condition in the union-wide Phillips

curve. This relation holds under both complete asset markets and financial autarky. Hence the



structure of financial markets affects relative variables only. Further, combining both Phillips

curves determines the dynamics of terms of trade through

T = BEmi . + K (Y + ¢ — 208 — (L+¢)ay) (5)
where ] = Zf — %y, Vo, and 7, = 7y — Ty = A5, Because terms-of-trade movements

do not replicate the flexible price equilibrium in a monetary union with asymmetric shocks
and sticky prices, we question the impact of alternative financial market structures on welfare.
Indeed, alternative financial market structures affect relative allocations and imply different
paths for relative prices, i.e. terms of trade. In the presence of nominal rigidities, the structure
of financial markets also shapes the dynamics of inflation rates. Under complete markets, real
marginal utilities from consumption are equated across countries, periods and states of the world
so that agent’s relative wealth are insulated from international or country-specific fluctuations.
In our framework, the corresponding risk-sharing condition relates terms of trade to relative
consumptions according to?

& = —(1-20)5 (6)

Under financial autarky, a zero trade balance condition
DPhit+Yt—Di—Co=Dfe+y; =Py — ¢ =0 (7)

is imposed. Combining with goods market clearing conditions

n=0-a)g+ac, +2pa(l—a)s; (8)
Ui =(1—a)¢ +ac —2pa (1l —a) s 9)

yields the following relation between relative consumptions and the terms of trade
¢ =—(\"=2a)5 (10)

where A\ =142 (u—1) (1 — «).® Allocations under both financial market structures coincide
exactly when p = 1, as A® = 1 in this case. When the trade elasticity is unitary, the trade balance
is always in equilibrium as movements in imports are offset by equal movements in exports. The
open economy under complete markets is thus isomorphic to an open economy with financial
autarky. Precisely because of this, we focus on the case of a non-unitary trade elasticity. It is

clear from these equations that \* > 1 whenever y > 1. Hence, for a given variation of terms

“In the particular case of a separable utility function with log specification for consumption, the risk-sharing
condition is p; + ¢ = p; + ¢;, which, after exploiting the definition of CPIs p; = (1 — &) pn,t + apy, and
pr = (1 —a)pyrt + apn,t, and the definition of terms of trade s¢ = py, — pn+, gives Equation (6).

’The parameter \* is positive whenever p > ﬁ7 a condition that we consider as met from now on. The
condition is rather loose as it means y > 1/2 when the economy is closed and less for an open economy with
a > 0.



of trade, domestic and foreign consumptions will be less synchronized under financial autarky
than under complete markets, because the latter are more closely tied to income. A crucial
implication is that, when p > 1, the positive cross-country transmission of asymmetric shocks
to the consumption of the other country will be larger under complete markets than under
financial autarky. However, these different external equilibrium conditions will also result in
different general equilibrium dynamics of terms of trade, an issue that we explore extensively in

the next paragraphs.

2.2 Welfare

We propose a fully micro-founded welfare analysis. In Appendix A.3, we show that a second-
order approximation of the utility function can be used and combined with second-order ap-
proximations of equilibrium conditions to derive an accurate measure of welfare within this

economy
1 = - -~ ~r -~ ~ -~ ~r —1 /ar
W=~ {Z B (@ — @) 4+ 4 (1= @) (55 — 5%+ (7 — 72)* + 6w 1(#)} (1)
s=t

where tildes refer to the equilibrium under flexible prices and complete financial markets.® First,
the derivation of this welfare measure does not make use of financial market conditions. There-
fore, this expression is valid to evaluate welfare both under complete markets and financial
autarky. However, precisely because gaps and PPI inflation rates will behave differently under
alternative financial market structures, welfare levels will differ. Second, because the steady state
of our economy is efficient, i.e. steady-state mark-ups are corrected by an optimal subsidy, our
welfare measure is purely quadratic. Using a first-order approximation of equilibrium conditions
to investigate the dynamics of gaps and inflation rates thus provides an accurate quantification
of welfare under alternative financial market structures (see Benigno and Woodford [2012]).7
Third, this welfare measure is very close to that derived by Benigno [2004]. Differences arise
from the fact that domestic and foreign consumption bundles share the exact same composition
in Benigno’s framework while they do not in our model, and from the use of the optimal mone-
tary policy of union-wide price stability, that closes union-wide gaps and implies 7y ; + 7 = 0,

simplifying the way PPI inflation rates affect welfare (the last term in Equation (11)).8

2.3 Equilibria under flexible prices

Before analyzing equilibria under sticky prices, it is useful to understand how the model behaves

under flexible prices. With fully flexible prices the proportion of producers bound to keep prices

5Terms that depend on exogenous shocks only are ignored. They are irrelevant to rank alternative equilibria
in terms of welfare.

"Our results are therefore immune to the critique of Kim and Kim [2003].

8With identical consumption bundles, we would simply have ¢, = & = 0 and §; — 7+ would depend on 5, — 3;
only in our framework, allowing for further simplifications, as in Benigno [2004].



unchanged () goes to zero, implying that x — oco. Phillips curves imply
Yy +¢ —2a8 — (L+)a; =0 (12)

meaning that real marginal costs are constant. Combining with Equation (6) and Equations

(8)-(9), the equilibrium under complete markets and flexible prices is

~r (1 720‘) (1+¢)Ar car

¢ = 1+ A\ a; = I cay (13)
~r A (1 +w)/\r cor

e e a T (14)
~ 1 ~ ~

St = 7—“’/} Y= F¢a; (15)

Tt T
where A =1+4(p—1)a(l —a) > 0. The equilibrium under autarky with flexible prices is
derived combining Equation (12) with Equation (10) and Equations (8)-(9):

A — 2 N
¢ = ?a’; = Feay (16)
Y = a; = Fya; (17)
~ 1. .
S = —Fag =Fjay (18)

where \> = 1+2 (u — 1) (1 — ). Both equilibria imply qualitatively similar responses to shocks.
A positive domestic productivity shock (aj < 0) increases the relative price of the foreign good
(st > 0), raises domestic production more than foreign production (y; < 0 and y; < 0) and

domestic consumption more than foreign consumption (¢; < 0 and ¢ < 0).

Quantitatively, equilibria produce different results depending on whether domestic and foreign
goods are substitutes or complements in utility, i.e. depending on the value of the trade elasticity
. First, notice that A > A° > 1 when goods are substitutes, i.e. when g > 1, while A* < X\
when p < 1. When goods are substitutes (@ > 1), complete markets induce perfect risk-sharing
and imply that domestic and foreign consumption are closer than under autarky (|c}| < [c}]).?
This outcome is achieved by larger movements in terms of trade (|sy| > [S|) as, when p >
1, the difference in terms of trade reaction between complete markets and financial autarky
F¢—F%depends on A* — 1+ ¢ (A*—X) =2(p—1)(1 —a)(1+9(1—2a)) and is positive
when g > 1. Those terms-of-trade movements produce larger expenditure-switching effects, that
disconnect domestic and foreign output (|y;| > |77|). Indeed, the difference in the reaction of
relative products between complete markets and financial autarky £y —F§ = (A° = 1) / (1 + A“Y)
depends on A° — 1 and is therefore positive when p > 1. These expenditure-switching effects
are further reinforced by terms-of-trade spillovers on hours worked especially when the Frisch

elasticity 1! is high, i.e. when % is low, as in this case Fy — Fy is larger.

9In Appendix A.4, we show that ¢ < ¢ when p > 1.



Under financial autarky, when p > 1, the zero trade balance condition imposes smaller move-
ments in terms of trade and generates cross-country wealth effects, by which domestic and foreign
consumption are more distant. Expenditure-switching effects are thus smaller, and domestic and
foreign products evolve more in line than under complete markets. Cross-country wealth effects

thus attenuate the effects of terms-of-trade spillovers.

The adjustment pattern is different when goods are complements (u < 1), as in this case,
complete markets induce risk-sharing through smaller movements in terms of trade as compared
to the zero trade balance condition: domestic and foreign output are thus closer under complete
markets than under autarky, and movements in terms of trade are smaller. Those results are

stated more formally in the following proposition.

Proposition 1 With flexible prices, when p > 1, terms of trade and relative outputs are more
volatile under complete markets than under autarky, and relative consumptions are less volatile.
When u < 1, terms of trade and relative outputs are less volatile under complete markets than

under autarky.
Proof. See Appendix A.4. A

While these results will prove useful to understand the dynamics with sticky prices, the volatility
patterns under flexible prices result in unambiguous welfare effects, as relative inflation rates
are unaffected. Indeed, real marginal production costs are constant because any change in the
nominal wage is offset by a similar change in the production price. In terms of welfare, price

flexibility implies that the weight of 7} in Equation (11) goes to zero, so that
1 oo
Wit = — B, {Z B (@ = @) + e (1= ) 3y = 5)° + 4 (7 - @92)} (19)
s=t

By definition of our welfare measure, under complete markets and flexible prices, Wtf lea,com _
Hence, deviations from the complete-market equilibrium such as those implied by financial
autarky will induce Wtf le,aut Wtf lez,com Complete markets thus generate higher levels of
welfare compared to financial autarky under flexible prices. The very same outcome could be
reached with a flexible nominal exchange rate and two independent optimal monetary policies,
as in Benigno [2009]. In this case, we would have 7, = 7¢y = 7; = 0, and welfare would
evolve according to Equation (19) even though x would be positive. With flexible prices or with
a flexible exchange rate and optimal national monetary policies, we conclude that complete
markets produce a higher level of welfare compared to financial autarky. This conclusion holds
true both when goods are substitutes (@ > 1) and complements (u < 1) in utility. We show in

the next paragraph how price stickiness crucially alters this result.



2.4 Equilibria under sticky prices

Contrary to the previous case, as long as prices are sticky within a monetary union with asym-
metric shocks, the weight of 7} in the welfare measure is non-null and 7} can not be equalized
to zero through monetary policy. The first-best equilibrium implying W; = 0 is thus out of
reach under both financial market structures. Formally, recalling that 7] = AS;, and using the
relative Phillips curve (5), we can substitute for relative consumptions using Equation (6) under
complete markets or Equation (10) under autarky, and substitute for relative productions using

relative goods market clearing conditions (Equation (9) minus Equation (8)) to get

{ A5 = BEAS 1 + Kk (— (1 4+ AY) 5 — (1 +¢)ay) under complete markets (20)

ASy = BEASi41 + k(= (1 +9) X% — (1 +1)a;) under financial autarky

The model breaks down to a simple dynamic equation describing the evolution of terms of trade
with one lead and one lag. In Appendix A.5, we show that the solution of the this dynamic
equation implies

5t = p151-1 — pay (21)

-1
where ¢ = kpi (1+0) / (1= papa), pr = (6 + V67— 4B) /2) ., p2 = (8= /8 — 45) /2 and
where p, is the persistence of the productivity process. The key difference between complete
markets and financial autarky lies in the value of § as

(22)

[ 148+ k(1+ %) under complete markets
| 1+ 8+ k(1 +¢)A* under financial autarky

This solution allows us to derive some qualitative results about the volatility of terms of trade
sy and that of relative inflation rates As;. We already shown that A* > A\¢ > 1 when goods are
substitutes, i.e. when pu > 1. As a consequence J is smaller under complete markets, making
both p; and po larger (see Proposition 3 in Appendix A.5.3). As a result the immediate impact
of shocks on terms of trade (¢) will be larger under complete markets, and the effects will be

more persistent as p; is larger under complete markets.

Let us focus first on the case of iid shocks, assuming p, = 0. In this case, the variance of terms
of trade is

K2p3 (14 9)°

var (5¢) = var (ay ) (23)

which, because p; is larger under complete markets, implies that terms of trade are more volatile

under complete markets when g > 1. In addition, the variance of relative inflation rates

2.2 2
var (A5) = 2P L) '01111:1 O ar @) (24)

10



is increasing along with p;, showing that inflation rates are more volatile under complete markets
when g > 1.1° In the more general case with persistent productivity shocks (p, > 0), the variance

of terms of trade )
v° 1+ pipg

1—pi1—pipa

is also larger under complete markets than under financial autarky when p > 1 (See Proposition

var (8;) = var (ay ) (25)

3 in Appendix A.5.3). Qualitatively, the conclusion reached under flexible prices holds under
sticky prices. As already shown by de Paoli [2009], when goods are substitutes (u > 1) perfect
risk-sharing implied by complete financial markets imposes larger variations in the real exchange
or relative prices under fixed exchange rates or in a monetary union, as compared to equilibria
under financial autarky. As a byproduct, we also show that the variance of relative inflation

rates

22(1 = pa 1-— .
var (A%) = 2 1(_ pf ) (1 _pf; >W @) (26)
1 a

is larger under complete markets than under financial autarky when domestic and foreign goods
are substitutes in utility, i.e. when p > 1 (See Proposition 4 in Appendix A.5.3). Given that
relative inflation rates are an argument of the welfare function (11), we conclude that complete

markets will produce larger welfare losses from nominal rigidities.

Additional intuition can be gained by analyzing the Impulse Response Functions (IRFs here-
after). Figure 1 reports the IRFs under alternative financial market structures after a 1% positive
domestic productivity shock for an illustrative calibration according to which domestic and for-

eign goods are substitutes.'!

The pattern uncovered under flexible prices is qualitatively robust under sticky prices, but there
are important differences in the magnitude of impulse responses depending on the financial mar-
ket structure. Under complete markets, cross-country wealth effects are completely offset, as
the terms of trade move widely enough to keep relative wealth constant over time. As a conse-
quence, movements in relative consumptions are smaller. Under financial autarky, movements
in terms of trade are smaller, and relative consumptions fall more due to cross-country wealth
effects. Because prices are sticky, movements in relative inflation rates (AS;) are also larger

under complete markets than under autarky, inducing larger costs from nominal rigidities.

This source of welfare costs can balance and even overturn the welfare gains from a better
sharing of risks when g > 1. This point is made clearer when looking at the weights attached

to the different components of the welfare measure (11). One the one hand, weights attached

2
107¢ is clear that 152)1 is an increasing function in p;.

"For an illustrative purpose, we choose the following quarterly calibration: 8 = 0.99, ¢ = 2, p = 1.5, a = 0.2,
n=0.75, po = 0.9, o (¢f) = 0.01, and 6 = 6.

11



Figure 1: IRF's after a positive domestic productivity shock when u = 1.5
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to the gap in relative consumptions, the terms-of-trade gap and the gap in relative outputs are
respectively 1, p and . For reasonable calibrations, none of these will be larger than 5 or 10. On
the other hand, the weight of relative inflation rates varies between zero (with flexible prices)
and infinity (with fully sticky prices), but for reasonable values of price rigidities (n = 0.75 for
instance) with a standard calibrated values of § = 6 and 8 = 0.99, this weight will be around 70.
Given our qualitative result about the volatility of relative inflation rates, we reach the following
conclusions under sticky prices. First, when p < 1, relative inflation rates are less volatile under
complete markets, resulting in lower welfare costs from nominal rigidities. Complete markets
thus always produce a higher level of welfare compared to financial autarky. Second, when p > 1,
relative inflation rates are more volatile under complete markets, resulting in higher welfare costs
from nominal rigidities. These costs may overturn the welfare gains from risk-sharing. This is
more likely when the degree of price stickiness is large, labor is highly elastic to wages, and the

trade elasticity is above one but not too large.

Even though we are able to track analytically the exact expression of welfare as a function of deep
parameters, this expression is quite intractable (see Appendix A.6). We thus present quantitative
evidence about the interactions of both welfare effects based on numerical experiments. We
consider some parameters as fixed, given the consensus about their calibrated value. Adopting
a quarterly perspective, the discount factor is § = 0.99. The share of imports in consumption
is @« = 0.2, and the elasticity of substitution between varieties 8 = 6. We then compute the

difference in welfare as a function of remaining parameters, the inverse of the Frisch elasticity
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1, the persistence of productivity shocks p,, the trade elasticity u, and the Calvo parameter
1. Figure 2 reports areas of welfare reversals, i.e. areas where welfare is higher under financial

autarky than under complete markets, in the (7, 1) space for various combinations of (v, p,).

Figure 2: Welfare reversal areas. Shaded areas denote parameterizations for which welfare is
higher under financial autarky than under complete markets.
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Figure 2 confirms that there is no welfare reversal when domestic and foreign goods are comple-
ments in utility, i.e. when g < 1. Further, as long as domestic and foreign goods are substitutes
(> 1), for a given value of the trade elasticity, welfare reversals occur when prices are stick-
ier. Stickier prices raise the volatility of relative inflation rates and magnify their weight in the
welfare measure, which enhances the probability of a welfare reversal. However, the larger the
trade elasticity u, the larger the price stickiness parameter needs to be to produce a welfare re-
versal. This is the case for two reasons. First, larger values of y reduce the size of terms-of-trade
movements required to reach the external equilibrium under both financial market structures,
as they strengthen the magnitude of expenditure-switching effects for a given degree of price
stickiness. The volatility of relative inflation rates, and therefore the welfare costs of nominal
rigidities, are thus dampened under both financial market structures. Second, larger values of
1 increase the weight of the terms-of-trade gap in the welfare function relative to the weight of

relative inflation rates.

Figure 2 also shows that the Frisch elasticity ¢! affects reversal areas. When labor supply is
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more responsive, i.e. when 1) is low, the impact of expenditure-switching on output is magnified,
and differences in the dynamics of real marginal costs and inflation rates are larger. In addition,
the weight of the gap in relative outputs in the welfare measure falls relative to the weight of

relative inflation rates. Welfare reversal areas are thus wider when v is small.

Finally, the persistence of shocks also shapes welfare reversal areas. On the one hand, persis-
tence downplays the importance of nominal rigidities in the adjustment process and magnifies
the importance of allocation effects. As already shown by Baxter and Crucini [1995] and Chari,
Kehoe and McGrattan [2002], the difference in real allocations resulting from alternative fi-
nancial market structures is larger when shocks are close-to-permanent. Welfare gains from
risk-sharing are thus more likely to be large. On the other hand, more persistent shocks imply
less consumption smoothing and larger movements in terms of trade, potentially raising the dif-
ference in welfare costs from nominal rigidities. As a result of those opposite effects, persistence
affects the difference in welfare in a non-linear way. It increases the probability of a welfare
reversal for intermediate to large values of persistence, and then decreases the probability for

close-to-permanent shocks (see Figure 4 in Appendix A.7).

2.5 Sensitivity to the policy set-up

In the previous section, we consider a very simple case where monetary policy fully stabilizes
union-wide inflation, abstracting from any kind of fiscal policy. We now investigate the occur-
rence of welfare reversals under a variety of policy arrangements. For the purpose, we incorporate
public spending in the utility function to the baseline model and consider alternative combina-

tions of monetary and fiscal policies. Lifetime welfare is now

[e'e] 1+1/;
_ n
Et{Z/BS t((l—g)logcs—i—gloggs— 111&)}’ 0<p<1 (27)

s=t

where g; is the amount of public expenditure falling on goods produced locally. The decentralized

equilibrium is now characterized by the following government budget constraints and goods

market clearing conditions'?
1
gi=taze+7 [ pns (@) (@) (28)
0
—p —p
v = (1 —a) <ph7t> g +a <ph*’t> ¢+ g (29)
bt b

It is clear from the modified utility function that the efficient steady-state provision of public

goods will be g = gy. In the following policy exercise, the decentralized steady state is thus

12Similar conditions hold in the foreign economy.
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consistent with the central planner steady state. All equilibria considered in this section share

the same steady state, and welfare differences relate to business cycle properties only.

We consider the following alternative policy set-ups. First, we compute Ramsey equilibria.

Second, we consider the following monetary policy rule for the central bank of the monetary

v r\ 1—dr
E_(t—l)‘” AR TN (30)
r \ r T U

is the union-wide output and y;* its flexible prices equilibrium value.

union

where yt = (yi)"/? (y7)"/*

Following the vast literature on fiscal rules, we consider the following fiscal policy rule for the

t14
dg dg 1-dy
() ()) @

and a symmetric rule for the foreign government.

domestic governmen

We focus on the following cases: (A) active monetary policy and passive fiscal policy (g; = ¢g) with
(A-I) optimized Taylor coefficients and (A-II) non-optimized Taylor coefficients, and (B) active
monetary policy with non-optimized coefficients and active fiscal policy with (B-I) optimized
coefficients on domestic output and (B-II) non-optimized coefficients on domestic output. We
calibrate the model in the following way. The discount factor is § = 0.99. Following the literature
reporting low values of the Frisch elasticity, we set ) = 2. We set the share of public expenditure
in GDP to ¢ = 0.22. Following Backus, Kehoe and Kydland [1993], the trade elasticity is
u = 1.5. Using data on intra-zone trade flows for the Euro area, we set the share of imports
in consumption to o = 0.2. Evidence by Rumler [2007] suggests that the Calvo parameter on
price adjustment is n = 0.75. The elasticity of substitution between varieties is § = 6. Finally,
the productivity shock has a persistence p, = 0.9 and the standard deviation of innovations
is o (ef) = 0.00628. Table 1 reports the results in terms of welfare and volatility under the
alternative policy scenarios. The welfare analysis consists in the total welfare losses from business
cycles £ =100 (E (W;) — W) / (¢ + ¢*) and the welfare difference between autarky and complete
financial markets W = 100 (E (W) — E (W™)) / (¢ + ¢*).

13Under a full Ramsey policy, the central planner jointly determines and implements the optimal public spending
and monetary policies so as to maximize the aggregate welfare within the monetary union subject to the set of
equilibrium conditions. As Ramsey policies are typically known to be time-inconsistent, we adopt the timeless
perspective (see Woodford [1999] and Giannoni and Woodford [2002]). More precisely, we assume that optimal
conditions at time zero are set consistently with a previous commitment, such as the one described by optimal
conditions between period ¢ and t 4+ 1. We solve for Ramsey policies using the “get_ramsey” procedure developed
by Lépez-Salido and Levin [2004] and used in Levin, Onatski, Williams and Williams [2006]. We simulate the
model with a second-order approximation to the optimal conditions using Dynare (http://www.dynare.org/).

14See Beetsma and Jensen [2005], Ferrero [2009], Galf and Monacelli [2008], Kirsanova, Satchi, Vines and Wren-
Lewis [2007], Kirsanova and Wren-Lewis [2012] and Pappa and Vassilatos [2007] among others for theoretical
contributions, and Candelon, Muysken and Vermeulen [2010], Fatds and Mihov [2003], Gali and Perotti [2003]
and Wyplosz [2002] among others for empirical contributions.
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Table 1: Standard deviations and welfare

Financial autarky

A B Ramsey
I 11 I II

o (y) 1.3665  1.2121 1.4379 1.5608 1.3906
o (¢) 1.6389  1.4227 1.3894 1.0198 1.1919
o (g) — — 1.3189 3.7053 1.9679
o(n) 0.3599  0.3537 0.3355 0.3927 0.1239
o (i) 0.4196 0.1374 0.3396 0.1983 0.0988
o(s 1.1054  1.1053 0.9967 0.7825 0.8838
d, 0.7000 0.0473* 0.7000 0.7000 —

" 1.5000 99661* 1.5000 1.5000 -

Y 0.1250  0.0255* 0.1250 0.1250 —
dg — — 0.7000 0.8959* —
dy — — —0.5000 —2.5540* —

L (%) 8.5142  1.3294 5.3997 2.8919 0.5909

Complete financial markets

o (y) 1.3977  1.2394 1.4526 1.5672 1.4323
o (c) 1.5293  1.2856 1.2921 0.9037 1.0836
a(g) — — 1.2103 3.6413 2.2322
o(n) 0.3771  0.3638 0.3658 0.4213 0.1205
o (m;) 0.4287  0.1798 0.3510 0.2013 0.1214
o(s 1.5884  1.5884 1.4991 1.2395 1.2307
d, 0.7000 0.0000* 0.7000 0.7000 —

r 1.5000 2.9700* 1.5000 1.5000 —

Y 0.1250 0.0359* 0.1250 0.1250 —
dg — — 0.7000 0.8968* —
dy — — —0.5000 —2.9698* —

L (%) 8.9737  1.8905 5.9013 3.1021 0.8647
Welfare difference
W (%) 0.4594  0.5611 0.5016 0.2102 0.2738

x : Optimized coefficients. A-I: Passive fiscal policy and active mone-
tary policy with non-optimized coefficients. A-II: Passive fiscal policy
and active monetary policy with optimized coefficients. B-I: Active mon-
etary policy with non-optimized coefficients and active fiscal policy and
with non-optimized coefficients. B-II: Active monetary policy with non-
optimized coefficients and active fiscal policy and with optimized coeffi-
cients.
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Table 1 reports the expected ranking of policies in terms of welfare losses from fluctuations. Ob-
viously, full Ramsey policies deliver the lowest welfare losses (last column). A set-up with passive
fiscal policy and active monetary policy with non-optimized coefficients yields the largest welfare
losses from fluctuations (first column). Adding active fiscal policies lowers welfare losses by a
substantial amount, especially with optimized public spending rules (fourth column). Among
set-ups with policy rules, a set-up with an optimized monetary policy rule and passive fiscal pol-
icy delivers the lowest level of welfare losses (second column). The high ranking of union-wide
price stability policies points to the large contribution of the volatility of inflation rates in the
welfare loss function, as seen in the previous section. In addition, the ranking of welfare losses

follows closely the ranking of producer price inflation volatility.

Given the value of optimized coefficients, the optimal monetary policy consists in stabilizing
union-wide inflation. Because the union-wide output gap is strictly tied to the union-wide infla-
tion rate when the business cycle is driven by productivity shocks only, this policy also closes
the union-wide output gap. In other words there is no trade-off in policy objectives from a
union-wide perspective, consistently with Gali and Monacelli [2008]. Optimized fiscal policies
are counter-cyclical with respect to output gaps, seek to close national gaps, and feature a large
persistence term. However, contrary to the case of monetary policy, there is a trade-off between
the strength of fiscal stabilization and the associated welfare costs. Indeed, as public expenditure
enters the utility function of households, deviations from the efficient provision of public goods
implied by stabilization policies also incur some welfare costs. This trade-off is mostly apparent
when comparing the volatility of public expenditure under optimized fiscal rules and under the

Ramsey policy.

Under all policy arrangements, a regular pattern governs the volatility of key variables under
alternative financial markets. Output, PPI inflation rates and terms of trade are always more
volatile under complete markets than under financial autarky. Under all set-ups except under
Ramsey policies, hours are also more volatile under complete financial markets. Private con-
sumptions on the other hand are always less volatile under complete markets. Hence, none of
the policies considered in Table 1 reverse the mechanism highlighted in the previous section,

according to which complete markets produce a lower level of welfare than financial autarky.

Another noticeable result is that a more efficient monetary policy (optimized vs. non-optimized)
magnifies the welfare difference between both financial market structures, while more efficient
fiscal policies (optimized vs. non-optimized) reduce the welfare difference for a given monetary
policy. This highlights the essential role played by monetary and fiscal policies in shaping the
extent of business cycle asymmetries within the monetary union. A more efficient monetary

policy is beneficial in the sense that the volatility of union-wide inflation is brought down, but
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at the same time contributes to the increase in national inflation rate asymmetries. Fiscal policies
are more efficient in handling asymmetries but are insufficient to prevent welfare reversals, due
to the trade-off between the costs and benefits of stabilization. Overall, Table 1 shows that
welfare reversals arise for a wide range of stabilization policies, regardless of their efficiency in

stabilizing the economy.

3 A medium-scale monetary union model

We now investigate the welfare difference implied by alternative financial markets structures in a
richer two-country model a@ la Smets and Wouters [2003]. The latter embeds additional frictions
such as sticky wages, capital accumulation with investment adjustment costs, variable capacity
utilization, external habits in consumption and a much wider set of shocks, including produc-
tivity shocks, investment shocks, mark-up shocks, public spending shocks, preference shocks,
monetary policy and inflation target shocks. In addition, we consider incomplete markets with
portfolio adjustment costs rather than financial autarky as the alternative to complete mar-
kets, as this assumption is a more realistic description of adjustments in international financial
markets. The full model is described in Appendix B.1, and equilibrium conditions in level are
solved using a second-order approximation.'® This approach allows us to evaluate the welfare
losses from fluctuations under alternative financial markets structures, as unconditional means
differ from steady-state values through the impact of second-order moments on first-order mo-
ments. Alternatively, using a first-order approximation would require the derivation of an exact
expression of welfare using second-order approximations of equilibrium conditions, which is out

of reach given the dimension of the model.

3.1 Calibration

The model is calibrated to the closed economy version of the Euro Area model of Smets and
Wouters [2003]. We consider a symmetric calibration across countries in the baseline case, and
purely asymmetric shocks. Steady-state mark-ups are assumed to be corrected by appropriate
subsidies. Further, following Pappa and Vassilatos [2007], we set the share of imports to a = 0.2.
The value of u is widely debated in the literature. The range of empirical estimates is typically
very large and includes values as low as 0.43 (see Lubik and Schorfheide [2006]), as well as
values as large as 4 or 6 (see Broda and Weinstein [2006]) or more (see Harrigan [1993]). The
literature on international business cycles usually sets this parameter to intermediate values to
match the volatility of the trade balance (see Backus et al. [1993]). Following this literature,
we set u = 1.5, and present an extensive sensitivity analysis with respect to this parameter.

Table 3 in Appendix B.3 reports the baseline parameter values. Alternative calibrations could

'5We use the Dynare routine.
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follow Pytlarczyk [2005] or de Walque, Smets and Wouters [2005]. However, those work produce
quite different estimates for structural parameters and imply different patterns of international
spillovers. This lack of consensus for the Euro Area suggests that medium-scale models may not
produce a reliable representation of the business cycle, and that the implied predictions should

be interpreted with caution.

3.2 Welfare

Table 2 reports the difference in welfare expressed as a percentage of steady-state current con-
sumption W = 100 (E (W{"¢) — E(W™)) / (¢ + ¢*) for different model specifications and for
a variety of shocks.

Table 2: Difference in welfare between incomplete and complete financial markets,
in % of steady-state consumption

Prod. Pref. Pub. Mk-up Invt. All No Pref.
Oq op + on (] Ow +Up [ - -

I 0.0473 0.4845 0.0014  —0.0000 - 0.5332 0.0486
II: T + indexation —0.0046 —0.5829 —0.0079 0.0000 - —0.5954  —0.0125
III: T + sticky wages 0.0212 —0.2328 —0.0006 0.0000 - —0.2122 0.0206
I + habit 0.1334 1.3782 0.0013 0.0000 — 1.5128 0.1347
I 4 capital 0.0538 0.2389 0.0037  —0.0000 0.0002 0.2966 0.0577
IV: I + habit 4 capital 0.1375 0.6149 0.0056 0.0000 0.0004 0.7585 0.1436
V: Full model —0.0447 —0.7511 —0.0364 —0.0001 —0.0085 —0.8407 —0.0896
V — indexation (y* =~P =0) 0.0490 —0.3876  —0.0039 0.0000 —0.0005 —0.3429 0.0447

I: Flex. wages (n* = 0), no cap. acc. (¢ = 0), no habit (hc = 0), no indexation (y* =~P = 0)

Model T is the closest to the simple model presented in the previous section. We start from this
model and look at how the different assumptions considered in the medium-scale model affect
the probability of a welfare reversal. Model I predicts a moderate welfare reversal under all
driving forces of the business cycle, except for mark-up shocks, but the latter account for a very

low share of the variance of key variables.

Model II introduces price indexation, and changes the previous result, as the model with com-
plete markets produces a higher level of welfare. Price indexation cuts the volatility of price
inflation rates, and reduces the dispersion of PPIs, thereby moderating the welfare costs from
nominal rigidities under both financial market structures. The cut is large enough to let the
welfare gains from risk-sharing under complete markets outweigh the larger costs from nominal

rigidities.

Model IIT is the baseline model of Section 2 augmented with sticky wages. In this case again,
when all shocks are considered together, complete markets dominate. The reason is that wage
stickiness reduces the size of cross-country wealth effects by partially muting the impact response

of labor supply. This in turn favors the model with complete markets in terms of welfare
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with respect to the model with incomplete markets. This effect also lowers the domination
of the incomplete market model with productivity shocks only, but essentially changes the
welfare ranking with preference shocks only. When all shocks are considered, the welfare ranking
induced by preference shocks dominates, and complete markets produce welfare gains. This result
highlights the overwhelming importance of preference shocks in the variance decomposition of
key variables in Model II1I, including welfare.'® As shown in Table 2, removing those shocks and
leaving productivity shocks be the main driver of the business cycle changes the prediction of
Model III, as the model with incomplete markets dominates in terms of welfare. An important
conclusion is that welfare reversals are quite sensitive to the shock structure chosen to represent

the business cycle.

Adding capital accumulation, habit persistence, or both as in model IV, does not change the
prediction of model I. Finally, considering the full model (model V), complete markets produce
a higher level of welfare compared to incomplete markets. The result is robust to removing

preference shocks.

Those results show the high sensitivity of welfare reversals to the size of the welfare costs from
nominal rigidities and to the strength of cross-country wealth effects. Any mechanism reducing
the welfare costs from price stickiness, as indexation, or attenuating the strength of cross-country
wealth effects, as wage stickiness, contributes to lower the probability of a welfare reversal.
Further, capital accumulation and external habit formation do not change qualitatively the
prediction of the stylized model. From a quantitative perspective, however, the former dampens
and the latter magnifies the welfare difference between equilibria under complete and incomplete
financial markets. Lastly, our results suggest that welfare reversals are sensitive to the structure

and calibration of shocks driving the business cycle.

Quantitatively, differences in welfare losses from fluctuations are quite small in absolute terms,
but rather important relative to the total welfare losses from business cycles. In the full model
(model V), the total losses from fluctuations represent 2.91% of steady-state consumption, or
equivalently 0.0291% of permanent steady-state consumption, a measure that is consistent with
Lucas [2003]. The welfare difference between complete and incomplete markets is 0.84% of
steady-state consumption in favor of the complete market equilibrium, which represents about
30% of total welfare losses. Hence, even though figures reported in Table 2 seem small, they

represent a non-negligible share of the welfare losses from fluctuations.

'6As shown in Appendix B.4, with the standard Smets and Wouters [2003] calibration, after removing the
contribution of monetary shocks, preference shocks account for 94% of the variance of output, 95% of the variance
of consumption, 70% of the variance of hours, 82% of the variance of PPI inflation rates and 97% of the variance
of welfare.
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3.3 Sensitivity Analysis

We now conduct a sensitivity analysis with respect to key parameters. While the response of
monetary policy to the union-wide inflation rate has negligible effects on the occurrence of welfare
reversals, the trade openness parameter o and the cross-country correlation of shocks both reduce
the welfare difference between equilibria under complete and incomplete markets, by making the
monetary union more homogeneous.'” When the share of imports increases, asymmetric shocks
are more powerfully transmitted to the rest of the monetary union through trade in consumption
and capital goods, making the business cycle more synchronized among union’s members, and
risk-sharing through financial markets less relevant for households’ welfare. Similarly, when
the correlation of shocks increases, welfare differences are attenuated, and simply vanish when
shocks are perfectly correlated. In this case, the monetary union and member countries behave

as a single closed economy where the structure of financial markets is irrelevant for welfare.

Figure 3 reports the sensitivity of W to changes in the value of the trade elasticity u, the level
of the Calvo parameters on prices nP and wages ", and the degree of heterogeneity in Calvo

price contracts Q.18

Figure 3: Sensitivity of W to changes in key parameters of the model.

Model T e
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-4 —2 |
2 4 6 8 10 07 08 09 1 1.1 12 13
Trade elasticity (u) Trade elasticity ()

= = : . . . L
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
Calvo parameter on prices (n?) Calvo parameter on wages (7*)

| | | | |
0.8 085 0.9 0.95 1 1.05 11 1.15 1.2 1.25 1.3
Heterogeneity in Calvo contracts ( = n?/nP*)

"Those results are not reported but available upon request.

'8 Heterogeneity in Calvo contracts is considered as in Benigno [2004], assuming that the average duration of
price contracts remains constant and equal to its calibrated value but results from heterogeneous durations across
the monetary union. More precisely, we assume (1 — 77”)71/2 1- 77”*)71/2 =(1- ﬁp)fl, vary nF and report the
results as a function of Q = n?/nP*.
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The trade elasticity is a crucial parameter for the welfare ranking of alternative financial markets.
Model I, the baseline model, and model IV, that imbeds capital accumulation and external habit
in consumption, behave very similarly, as equilibria under complete markets welfare-dominate
for low values of the trade elasticity, are dominated for intermediate values, between 0.85 and
2.5, and dominate again for large values of the trade elasticity. This pattern is virtually identical
to that uncovered in the previous section, except that the threshold for the trade elasticity is
now less than one, because the zero trade balance condition depends on additional parameters.
Model II, with indexation, and model V, the full Smets and Wouters [2003] model, insensitively
predict that complete markets deliver higher levels of welfare. Finally, model III predicts a small

welfare reversal for a very narrow interval of the trade elasticity, between 0.95-1.15.

Model I, ITI and IV produce a strictly increasing relation between the difference in welfare and
the Calvo parameter on producer prices nP. The introduction of indexation in model II and V
produces a slightly different pattern, as the relation is flat or decreasing for low values of 7 and
then increasing for larger values. In all cases but the full model (model V), there exists a value
of P that is large enough to produce a welfare reversal, even though this value is empirically

unrealistic for model III and model IV.

The degree of wage rigidity (n") exerts a negative effect on the occurrence of welfare reversals
for all models as long as n? < 0.9. This can easily be understood as a higher degree of wage
rigidity de-emphasizes the importance of cross-country wealth effects. More generally, welfare
reversals are directly related to the strength of the wealth effects generated under incomplete
financial markets. Hence, any mechanism altering the transmission of expenditure-switching
effects to labor supply and output, such as the mechanism proposed by Gali [2011] or Greenwood,
Hercowitz and Huffman [1988] preferences could change the ranking of alternative financial
market structures. When n? > 0.9, however, welfare reversals arise as wage stickiness indirectly
participates to the stickiness of terms of trade, through their impact on relative marginal costs.
With highly sticky wages, this effect is large enough to counterbalance the negative impact on

cross-country wealth effects.

Finally, heterogeneity in Calvo price contracts € alters the magnitude of welfare difference but

does not change welfare reversal patterns.

4 Conclusion

A two-country monetary union with home bias, sticky prices and country-specific shocks is a
second-best environment. A central bank can not close all gaps and replicate the flexible prices
equilibrium. National inflation rates are thus different from zero, and the dynamics of relative

prices is different from its flexible prices dynamics. Alternative financial market structures, as
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they alter the dynamics of relative prices, also affect the dynamics of national inflation rates,

and shape the welfare costs from nominal rigidities.

In this paper, we have shown that complete financial markets, while they produce welfare gains
through perfect risk-sharing compared to incomplete markets, can also bring welfare costs by
increasing the volatility of inflation rates when the Marshall-Lerner condition on the trade
balance is met. The value of the trade elasticity and the degree of price stickiness are crucial to
determine the extent of what we have called welfare reversals. The value of the Frisch elasticity on
labor supply and the persistence of shocks are also very important, as they affect the magnitude
of cross-country wealth effects and distortions in allocations respectively. Further, we have shown
that welfare reversals can arise even with an extended number of policy instruments under a

variety of stabilization policies, including (Ramsey) optimal policies.

Finally, a robustness exercise has shown that our result is more fragile within a medium-scale
model a la Smets and Wouters [2003]. Price indexation lowers the dispersion of producer prices
and the welfare costs from nominal rigidities both under complete and incomplete markets, which
favors complete market equilibria in terms of welfare. Wage rigidity also lowers the probability of
welfare reversals, reducing the impact of cross-country wealth effects, on which welfare reversals
crucially depend. In addition, we have shown that the shock structure chosen to represent the
business cycle matters, as various combinations of driving forces can lead to different welfare

rankings.

Overall, the paper presents a variety of situations where welfare reversals can occur within
a monetary union. Given the high level of uncertainty concerning the “true” model of the
European economy, it makes an important warning against the simplistic logic according to
which further financial market integration within a monetary union always yields welfare gains.
Further, given the documented inability of New-Keynesian models to price assets and risks
correctly, our estimates may constitute a lower bound of the welfare losses from further financial
market integration. A policy aimed at increasing real, trade and financial integration all together
would undoubtedly minimize the chances of generating welfare costs, in comparison to financial
market integration policies alone. Any policy seeking to make a monetary union behave as a
homogeneous economy would attenuate reliance on financial markets to share risks, and hence,

make welfare reversals irrelevant from the perspective of citizens.
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A The stylized model

A.1 Assumptions

The monetary union is composed of two areas of identical size, the home country and the foreign
country. The representative household of the domestic economy maximizes a welfare index

oo . n1+,¢}
E 57 [logcg — x=—2 ,0<pB<1,x>0,%>0 Al
) ;6 <ogc‘ X1+w> B<1,x>0,9 (A1)
subject to the following budget constraint
Tt,t—‘,—lbt JFPtCt = bt—l + WNy + (pt — taxt (A?)

In Equation (A.1), 8 is the subjective discount factor, ¢; is the level of consumption and n; is
the level of hours worked. In Equation (A.2), b; is the holding of a portfolio of Arrow-Debreu
securities that are traded before policy choices are made (see Senay and Sutherland (2007, 2011)).
The portfolio delivers a state-contingent return r,;; between period ¢ and ¢ + 1. Risk-sharing
is thus perfect. The CPI is denoted p;, the nominal wage is w;, ¢y = fol t(w)dw is the profit
paid by the monopolistic firms to the domestic households, and taz; is a lump-sum tax. Under
complete markets, since foreign households solve a similar problem, first-order conditions are

xnle, = & (A.3)
Pt
) wy
Xntwct = —i (A4)
b
ﬂEt< TtPeCt > — (A.5)
Pt+1Ct+1
A (A.6)
bice

where stars characterize foreign variables. In these expressions, r; is the risk-free return on a
one-period asset and © is a constant reflecting the initial foreign asset positions. From now on,
we assume O = 1.

As an alternative financial market structure, we consider an extreme version of financial markets
incompleteness and assume financial autarky. In this case, relative prices adjust to induce a zero
trade balance each period. The risk-sharing condition (A.6) is therefore replaced by

PiCt PG 4 (A7)

PhiYe  Dfili

while other first-order conditions remain unchanged.

Households also optimize over the composition of the consumption bundle (see Gali and Mona-
celli [2005] or Pappa and Vassilatos [2007]). Households consume both domestic and foreign
goods. Both goods are imperfectly substitutable with elasticity of substitution p > 0. In addi-
tion, households’ preferences are biased towards local goods. We denote (1 — «) € [1/2,1] as the
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share of domestic goods in the consumption bundle of the domestic household and consider a
symmetric structure for the consumption basket of the foreign household:

1 =1 1 pe1N 75T . 1, et FRRNTES B TR
= ((1 —a)* (ene) * +ak (cpe) * ) ,and ¢f = [ (1 —a)* (ch_’t) [T (cf’t) n
(A.8)
Companion consumption price indices are
1 1
= (1= a)pt +apj) ", and p = (1= @) pj" + apj ) (A.9)

where py, and py; denote the prices of goods produced in the home and foreign country respec-
tively. The optimal allocation of expenditure between each type of good is thus given by

phe) " pre) "
Cht = (1-a) <’) ctand cfyp = o <f’> Ct (A.10)
Dt Pt
—i — i
c*}t = (1-a <pf;t) ¢ and ¢, = « (th) cf (A.11)
, D} ’ yz

Defining the terms of trade s; = ps./pn+, and using the structure of price indices, labor supply
conditions are

1
xnfer = ot (1 —a+ as%f”) o (A.12)
Dh,t
w} =
xniter = — (1 —a—l—asz) " (A.13)
Pyt

Each type of good is a composite of national varieties with a constant elasticity of substitution
6 > 1. Optimal variety demands are thus
e (@) pia @)\’
Cit(w) = () i, and ¢, (w) = () ciy, fori=h, f (A.14)
Dit ' Dit ’
In each country, a unit continuum of firms indexed in w produce varieties of each type of good
according to
yo (@) = amy () and gy (@) = ajnf (@) (A.15)

where a; and a} are exogenous measures of productivity. Following Calvo [1983], prices are set
optimally subject to the constraint that only a fraction (1 —#) € [0, 1] of producers is allowed to
reset prices, other producers updating prices at the pace of steady-state inflation 7, = 7y = 1,
and subject to the variety demands of households. The corresponding optimal pricing condition
for re-setters is

0 Ey i (577h) Wi+sYt+s (w) (ph,t+sat+sct+s)71
Pht (w) = = = (A.16)
| 6-1D-=r) By Y (B0") ers (@) i
s=0

where 7 is a constant tax introduced to offset the first-order distortions related to monopolistic
competition. The optimal steady-state level of this tax is negative, and so turns out to be a sub-
sidy, financed by the lump-sum tax imposed on the household. Government budget constraints

are thus )

1
P— / Pht @)y (@) =0, and taz} + 7 / pre @)yl (@) =0 (A17)
0 0
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The aggregation of the model is straightforward as goods market clearing condition are

—p —p —p —p
ye=(1—a) (pht) ¢ +a <phf) cf,and yy = (1 — ) (pf;t) ¢ +a <pft> e (A18)

Y43 D Dy Pt

while labor market clearing conditions are

1 1
ng = / ny (W) dw, and ny z/ ny (w) dw (A.19)
0 0
implying that aggregate production functions are
ye Ly = agng, and y; L7 = ajn; (A.20)

where T; and Y} denote the dispersion of producer prices.

A.2 Steady state and linearization

Assuming a = a* =1, y =1 and 7 = (1 —6)"', the symmetric steady state of this economy is
r=1/,y=y"=c=c =m=np=m=7n"=1p, =pf =p=p°"=w=w" Asin any
cashless economy, nominal price levels are undetermined. We thus assume p = 1 without loss
of generality. Linearizing the labor supply equations, combining with production functions and
assuming symmetric nominal rigidities, the dynamics of inflation rates are

The = PBEThi1 + K@Y+ +asy — (1+)ay) (A.21)
Tre = BETfep + 8@y +¢ —as — (1+9)ap) (A.22)

where hats denote logs and x = (1 —17) (1 — 8n) /n. Under complete markets, the risk-sharing
condition yields

a=c¢+(1-2a)3 (A.23)
while under autarky we have
C=Cf + Y — U — 208 (A.24)

=10 —-a)e+acf +2ua(l —a)s; (A.25)
U =(1—-a)¢f+ac; —2ua(l —a)s; (A.26)

The model is closed by considering the dynamics of consumption. We assume that the central
bank of the monetary union fully stabilizes the union-wide inflation rate at all times, so that

Thi+Rpe =7 +7; =0 (A.27)
As a consequence, union-wide consumption and output are just
Uty =t =at+a (A.28)

While union-wide variables are determined independently of the structure of financial markets,
relative variables are not. Defining z} = z} — 7y, Vz, using the definition of terms of trade, and
combining both Phillips curves, terms of trade evolve according to

Ty = BEF i+ K (VU] + ¢ — 205 — (L +¢)ay) (A.29)
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The goods market clearing condition is
U = (1 —2a)¢; —4dpa(l —a)s, (A.30)

and the international condition is given by

(A.31)

¢} = (2a—1)5 under complete markets
¢ =7; +2as; under financial autarky

A.3 Welfare

We start from the following second-order approximation of the utility function and using n =

x =1, we get
(14

U~ U+ C— Ny — 5

An exact log-transformation of the aggregate production function gives

ne (A.32)

e =G+ To — G (A.33)
so that (1+9)
~ o~ & + e P
up = — Yy — Yy — R (y? - 2yt‘1t) +0 (”fHS) (A.34)

where O (||€]|*) captures terms of order 3 and higher. Exogenous terms like shocks are also
p g g

omitted. As shown by Gali and Monacelli [2005], Y, is of second-order so T,7; or T;a, and ’Y‘f are
of third and fourth order respectively, and included in O (HfHS). Deriving a similar second-order

approximation of the utility function for foreign households and considering union-wide welfare
gives

(1+9)
2

wrup =E+ - G+ g - (Te+ T7) - (@ — 25a) + @2 - 25:a;)) + 0 (Jel*) (A35)

A second-order approximation of goods market clearing conditions is then used

—_

-~ Sk -~ >k -~ ]'/\k -~ 1/\ 1/\* d
G+ =8+ + 58+ 57+ pa(1—a) s — 552 - 557 + 0 (Iigl”) (A.36)

and plugged in the previous equation

* 1/\ 1/~* ~ 1/’ ~ ¢ ~ A E ~ o~ ks
w58 = 5o~ pa(1- )5 - £ (7 + 52 - (Te+ 1) + (1+v) @+ 55a7) + 0 (Jl€)”)

2 2
(A.37)
We now use
~2 | %2 1o o2 1o oy2 1~u2 1/\,-2 3
But = @D 5 -0 =5 G+ 5 @+ o (lEP) (A-38)
P ~ 1 P, ~2\ 2 1 ~¢ N 2 1 2 1 ~r\ 2 3
G+e? = S@E+E) 45 @ - =@ + 5@ o (e’ (A.39)
Because of our assumption about monetary policy, the following relation holds
U+ U =G+ ¢ =ap +ay (A.40)



The welfare function thus simplifies to

1 ~ ~ ~ APk A~ sk
w1 @)~ pa(1—0) & — 2 @)~ (Tt 1) + (L) @+ 57 + 0 (el?) ()

In addition,

P S 1 . e o
yrar + Y ap = i(yt + ;) (@ +ay) + 5(% —ye)(ay —ay) (A.42)
e — e — NN
vy ay It ay

which, using g¢ = a¥ yields'?

1 . P
w1 @)~ pa (1) §

. o (1 .

@2 - (T 1) + Y% 0 (1) ()
Let us define

o - (120001 +9),

A.44
Cy 1+Acw ay ( )
A(L+9)..
~r — T A4
Y 1+ A ay (A.45)
I
CRIES T )\%at (A.46)

with A=144(p—1)a (1 — «) > 0, where tildes denote the equilibrium under flexible prices and
complete markets. Using these equations:

(I4+v) oy _ X0 +Y), ., (+Y) .,
D) Yy = 2 1+ Ao atyt+2(1+>\cw)ytat
5U;
w”f‘/\fr (1 + w) (1 B 2a)/\r~r 4/J,C¥ (1 B O[) (1 + ¢)ATA
R Y FE T 211 Aeg)
ter —2pa(l—a)s;
= Yo s law 2 1 5154 A.47
= oYU t+§ctct+ pa (1 — a) s¢5¢ (A.4T)

Plugging in the welfare function

1 = _ ~ ~
w3 @ )~ po (- a) G- 8) — 5 G -3 (T T1) vo (JelP) (aas)

Now the lifetime welfare measure, using the result of Woodford [2003] can be expressed as

W, ~ E - s—t 1 ~r o2 ~ ~\2 % ~r ~r\2 9%’21,8 9%?5 3
B Y BT~ @) e (1= a) By =5 - L ) — 5 - +0 (llel®)

pot 4 2k 2kS
(A.49)
Recalling that we consider symmetric nominal rigidities " = k/ = x and using
N 1. 1.,
Thi = 3 (The +Tfe) — o7 (A.50)
—_——
=0
~ 1. ~ 1.,
Tt = 2(7Th,t +7pe) + 37 (A.51)
—_——

=0

19Terms that depend on exogenous shocks only are irrelevant to compare welfare under alternative financial
market structures, that affect the path of endogenous variables.
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we get

1 - SO 1
Wi~ —E, {Z B (@ = @)% + dpa (1= 0) (s — 5%+ (7 — 70)° + 0n ™! m)?)} +0 (Jlel”)
s=t
(A.52)
A.4 Equilibria under flexible prices
We compare variances under alternative financial markets structures:
var (5;) —var (5;) = ((F§)2 - (Fg)Q) var (ay) (A.53)
var (@) —var (&) = ((F)* = (F&)*) var @) (A.54)
var () = var (G7) = ((r)* = (r)?) ver @) (A.55)

Given the domains of parameters considered, we have ¢ > 0, A\ > 0, and A* > 0. Therefore
sign(var (5¢) —var (5¢)) = sign [(1 + ) A* — (1 + AY)] (A.56)

which using the definitions of A =1+4(u—1)a(l—«a), and A* =1+ 2(p—1)(1 — «), can be
written as
sign[(1+¢) (A*) = (1 +A9)] = sign 2 (p = 1) (1 — a) (1 + ¢ (1 = 2))] (A.57)

Therefore, given the domains of parameters,
sign(var (5;) — var (8)) = sign (u — 1) (A.58)

When p > 1, under flexible prices terms of trade are more volatile under complete markets.

Using a similar approach,

) —wvar(cy)) = sign[(1—2a)(1+v)A* — (A" —2a) (1 + X)) (A.59)
= signfd(l-pa(l-a)l+v+¢(1—-20+2(n—1)(1—a)))A.60)

sign (var (

thus, when p > 1, var (¢]) < var (¢}), and relative consumptions are less volatile under complete
markets under flexible prices. Lastly,

A¢—1
1+ Aeyp

~r ~

sign(var (y;) — var (g;)) = sign ( ) = sign(u—1) (A.61)

so relative outputs are more volatile under complete markets under flexible prices when u > 1.

A.5 Equilibria under sticky prices
A.5.1 Complete markets

Under complete markets, we get the following dynamics of terms of trade
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where A° = (1 — 2a) + 4pa (1 — a), and where relative products and consumptions are

U o= A% (A.63)
& = (2a-1)5 (A.64)

Finally, using the expression of terms of trade under flexible prices and complete markets s; =
—%6@, we get
AS; = BEAS 1 — e (8¢ — 5t) (A.65)
where ¢ = k(1 + X°y). Because this equation has a forward and a backward component, the
saddle path condition requires that the lag polynomial admits one root outside the unit circle
and one root inside. Rewriting this equation using the lag (L) and the lead (L~!) operator we
get
—Ey (L7 (L? = ScomL + B) $1) = €5 (A.66)

where 6com = (14 B+¢). Let us focus on the determinant of the polynomial §2,,, — 43. First,

k > 0 and X > 0 which means that ¢ = k(1 + X°y) > 0. If ¢ is large, i.e. with low nominal
rigidities, it is clear that §2,,, — 43 > 0. Second,

lim oz, — 46 =1+ 5"~ 26 = (1~ B)? >0 (A.67)
Therefore the polynomial always admits two roots:
A deom = Qézom “8 i oy = Seom W (A.68)
We can further check that 0 < A\; < 1 and that Xy > 1. Remind that d.,,, > 0 and that, since
B> 0, Seom — \/02,, — 48 < 1 always, which means 0 < \; < 1. Finally, because

limAo =1, and lim Ay =00, VO< B < 1 (A.69)
E—> 00

e—0

and because \q is a continuous and strictly increasing function in both € and g on their respective
domains, Ay > 1 always. So the equation always delivers the following saddle path solution

L\ 1 € ~
or
5= (gt_l +e > NE, (§t+s)> (A.71)
s=0

where, since \; < 1, we have used the fact that ;—iz= = (1+ ML "+ ML 7> + ...+ APL™™).
Finally, substituting the values of Ao and A; :

:g\t = pl,com/s\tfl + EP1,com Z (p2,com)s Et (§t+s) (A72)
s=0

-1
where p1 com = (% (6wm ++/02,, — 46)) and p2 com = % (6com -2, — 4,6’). As a function of
structural shocks, we get

o0

/S\t = pl,com/s\tfl — KP1,com (1 + w) Z (p2,com)s Et (a§+s) (A73)

s=0
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A.5.2 Autarky

Under autarky, the dynamics of terms of trade is
ASy = BEAS 1 + 1 (— (1 + ) XS — (L+¢) ap) (A.74)

where A* =1+ 2(u — 1) (1 — «) and relative products and consumptions are

y = —\% (A.75)
G = (1-2u(l-0a)s (A.76)

Again, using the flexible prices expression of terms of trade, we get

A/S\t = ﬁEtA:S\tJrl — & (‘P/S\t — gt) (A77)
where & = qf’ﬁ)f Just as in the previous case, we can derive the analytical solution to this
equation

—E, (L7 (L? = 0L+ B) ) = €5 (A.78)

where 8,0 = (14 8 +¢e®). Let us focus on the determinant of the polynomial §2,, — 43. Now
because A* can be negative, ® can also be negative and the analysis of the complete market case
would not carry over the case of financial autarky. The conditions to have A\* > 0 are rather

loose, however, since A\* > 0 as long as

1/2 —
> 2=a
l—«

)

which means that p has to be higher than 1/2 for a closed economy and can be lower in the case
of higher trade openness. From now on, we assume g > 1/2, which means that the polynomial
governing the dynamics of terms of trade under autarky always admits two roots, one outside
and one inside the unit circle. Now the solution of the terms-of-trade equation is

/S\t = pl,aut/s\tfl — KP1,aut (1 + ¢) Z (p2,aut)s Et (a;Jrs) (A79)
s=0

where pyaue = (3 (w320 —48)) and pa e = b (aue — /32, — 4B

A.5.3 Variances

PI'OpOSitiOIl 2 When w > 17 6aut > 6com which impli@s P1,aut < P1,com and P2,aut < P2,com-

Proof. In general, sign (daut — dcom) = sign ((2(1 — a) +2¢ (1 — «) (1 — 2a)) (v — 1)), which, be-
cause 0 < a < 1/2 implies sign (daut — Ocom) = sign (p—1). A

Proposition 3 When u > 1, terms of trade are more volatile under complete markets than under finan-
cial autarky, while they are less volatile when p < 1.

Proof. Under rational expectations, E; (ay,,) = p.a; where p, is the persistence of the produc-
tivity process, so that
é\t = pl/S\tfl - QDZZ\: (A80)
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where ¢ = kp1 (1 + 1)/ (1 — p2pa), which implies

2
1
2 +plpava,r (ar)

1—pi1—pipa !

var (8¢) = (A.81)

This equation shows that p; and p, affect positively the variance of terms of trade. Using the
result of Proposition 2 gives the result. W

Proposition 4 The variance of relative inflation rates is also higher under complete markets than under
autarky when @ > 1.

Proof. Using the solution of Equation (A.80) in difference also allows us to derive the analytical
expression of var (A%s;), that is of the variance of relative inflation rates

22 (1 = pa 1-—-

var (A%;) = 22 L ) ( A1 )W @) (A.82)
1—pi 1= pi1pa

While the effect of ps on the variance of AS; is unambiguously positive, the effect of p; is less

clear. However, it can be shown that

. <8var (AS)
sign | ————"

B ) = sign (2 (1 — p1pa) — p1 (1 +p1) (1 = pa)) > 0 (A.83)

as p1(1+p1) <2 and (1 —p,) < (1 — p1pa) since p; < 1. As both p; and ps affect positively the
volatility of relative inflation rates, the latter is higher under complete markets if p > 1. W

A.6 Analytical expression of welfare

We start with the difference between the variance of key welfare variables under complete markets
and autarky:

2 2 14p1,a1
(120 (1 = ) g rhnente

_ (20& _ 1)2 02 14p1.comPa
1—Pf‘com 1=p1,comPa

(1-2a)@com
14+ T o compa -
+2(1-20) 77 < OIS T )”‘”’(“t)

-r

VaTqut (€ — C) — vareom (¢; — ¢;) = var (ay )

1—p1,autPa
2 2
~ ~ ~ ~ Paut 1 + P1,autPa Peom 1 + P1,comPa ~r
vargyu: (8¢ — 5¢) — var S5; — 5¢) = — var (a
“ ( ) comn ( ) (1 - p%,aut 1= p1,0utPa 1- p%,com 1 = p1,comPa ( t)
+ 2 1 + w ( Socom o Saaut > var (a»,»)
1+ )‘C’L/} 1- P1,comPa 1- P1,autPa ¢
()\a)Q @%ut 14+p1,autPa
1— au 1—p1,autPa ~
’Uar,raut (yt a g{) a var007n (yt a g{) - _ )\C 2 Z%;ntt 1+;1.c:nnpa var (CL:)
(A%) 1= com L1=P1.comPa
A (1 A€ A\? N
+2 ( tw) ( Poom _ _ Paut ) var (a;)
1+A w 1- P1,comPa 1- P1,autPa
L—praut P2
— — 3
Varaut (AS)) — 0T eom (AF) = 2(1 — pa) | 17P0ewtPe 1 Phawe | o (a))

_ 1_p1.co7n Pcom
1-p1,comPa 1=PF com
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Now we can deduce that

Wt —weem s = —(1—2u (1 — a))2 Varau: (8t) — (200 — 1)2 VAT com (5t)

1 1-2 com 2u (1 — — 1) pau N

“2(1 - 2a) +9 (( &) Peom  2p(l—0a)—1)¢ t>mr(a:)

1+ X 1- P1,comPa 1- P1,autPa

—dpa (1 — a) (vargu: (81) — varcom (8t))
(1 + w) ( Pcom Paut ) —~

—8ua(l —« — var (a;

H ( ) 1+ )\Cw 1- P1,comPa 1- P1,autPa ( t)

—¢ (()\‘1)2 varaut (1) — (A)2 varcom (gt))

A¢ (1 + '(/J) ( AC(Pcom )‘a@aut
1+ )‘Cq)b 1- P1,comPa 1- P1,autPa

-2t ) var (ay)

_ 1- P1 aut) ~ (1 —P1 com) ~ )
—2(1—=p,)0k~" (7’varau 5t) — —————— VAT com (5¢) (A.84
( p ) ((1 + pl,autpa) ’ ( t) (1 + pl,compa) ( t) )

or, simplifying further

Wtam - Wtcom = EcomVaT com (gf) — EqutVar gyt (/S\t) - E’a"tacomvar (a:) (A'85)
where
- . 2 a2 1 (= prau)
et = (1-20(1—-0a) " +4pa(l—a)+p(A*)" +2(1 —pg) 0™ ———— (A.86)

(1 + pl,autpa)

—_ _ o 2 _ c\2 _ -1 (1_p1,com)
Zom = (o= 1) b (1L— @) 4 (X 421 p) b P (A.87)

- 2D gy (U2t Gal ) Do)

ZSaut,com = m 1 — p1,comPa B 1 — p1,qutPa
Pcom Paut
+4pa (1 — a ( - )
H ( ) 1- P1,comPa 1- P1,autPa
A€ com A® aw
poxe (e M) (A88)
1-— P1,comPa 1- P1,autPa

Finally, using the expression of the variance of terms of trade under alternative financial market
structures
Wtaut _ Wtco’m — (’:‘l _ = Eaut,COM) var (a;) (A89)

—com —aut ~

where

—/

=)
—aut

szut 1+ p1,autPa and =

= _-= Sp?:om 1+ P1,comPa (A 90)
- p%,aut 1- P1,autPa

2
~ Pl,com 1- P1,comPa

(1]

= —aut 1 —com com 1

A.7 The effects of persistence

Figure 4 reports the difference in welfare expressed as a percentage of steady-state consumption
W =100 (E (W) — E(Wge™)) /(e+c*) as a function of persistence with a fixed Calvo parameter
(n=10.75) and a fixed trade elasticity (u = 1.5).

For intermediate to large values of persistence, the effects on nominal rigidities is stronger and
equilibria under complete markets deliver lower levels of welfare than equilibria under financial
autarky. Larger values of persistence, implying close-to-permanent shocks, magnify the allocation
effect and lead complete markets to produce higher levels of welfare.
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Figure 4: W as a function of the persistence of productivity shocks.
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B The medium-scale model

B.1 Equilibrium conditions
B.1.1 Households

We carry over the two-country structure used in Appendix A, but extend the analysis by con-
sidering a unit-mass continuum of households in each country. Let us focus on the behavior of
household j in the domestic economy that maximizes its lifetime welfare

0 e (7)) — \\1-0 ne (1Y
Et{z Bst%((sml fi,(f)) e ﬁ)w )} B1)

s=t

where ¢; (j) denotes consumption, h; (j) = heci—1 (j) a stock of external consumption habits,
n¢ (j) the hours of work supplied and ¢, and ¢, ; respectively an intertemporal substitution and
a labor supply shock following autoregressive processes. The budget constraint of agent j is

rea1be () + pe (e (3) +40 (7)) = ber (5) + (1 = 7) we () e ()

+ (2 (7) = praci (7)) ki—1 (7) + @1 () — taz, (B.2)
where b; (j) denotes the nominal value of a portfolio composed of Arrow—Debreu securities at
time ¢ producing a state-contingent return r, ;11 between period ¢ and ¢+1. Further, p, is the price
index of consumption goods, ps: the price index of goods produced in the domestic economy,
it (j) is the investment in physical capital, 7% is the labor income tax rate, introduced to offset
monopolistic distortions on the labor market, w; (j) is the nominal wage paid to type-j labor, r¥ is
the gross return on the capital stock, z; (§) is the utilization rate of capital, ac? () = % (2 () — 1)
is a capital utilization adjustment cost, o; (j) denotes profits from monopolistic firms and taz;
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is a lump-sum tax. An additional constraint to this optimization problem is the law of capital
accumulation

ke () = (1= 8) ke—1 (§) + €0 (1 — aci () 4t () (B.3)
where ¢; ; is an investment shock following an autoregressive process, and where
»” @<idﬁ )2
= = -1 B.4
acy (.]) D) itfl (J) ( )

is an investment adjustment cost. The maximization of the welfare function subject to the
budget constraint with respect to consumption yields

BE, (Wt“m) =1 (B.5)

Tt41Uc,t (])

where m, = py/pi—1, ¢ is the nominal return on risk-free one-period bonds, and w., (j) is the
marginal utility of consumption. Similar conditions hold for the foreign household, and the
structure of complete international asset markets yields

Uet (7) _ uc*,t*(j)’ Vi (B.6)

y4s yz

Under our alternative financial market specification, financial markets are incomplete across
countries (but complete within countries) with quadratic portfolio adjustment costs (see Schmitt-
Grohé and Uribe [2003]). As a consequence Euler equations under incomplete markets are

T Ue t41 (J) )
FE, : - = 1 B.7
5t<1+mwwHqu) (B.1)

T Uer 141 () )
FE, : - = 1 B.8
BE: (1—¢gb§/rert T Ues e (7) (B8)

where b] denotes the domestic real net foreign assets, assumed to be zero in the steady state, ¢y
controls the magnitude of portfolio costs and rer; = p} /p; is the real exchange rate. We consider
a similar structure for consumption and investment goods. Keeping notations unchanged with
respect to Appendix A, we get the following domestic and foreign good demands

o) = =) (2) ") e =a (22) Tl (B.9)
i) = -0 (Z) a6 s =a () 0 (8.10)

for x = {¢, 1, ac*}, where py, and py, are the prices of goods produced respectively in the domestic
and in the foreign economy, and p is the trade elasticity. The wage-setting equation is derived
using the aggregate labor bundle used by firms

ow

w
0y —1

1 7T
ny (w) = (/ ne (j,w) % dj) with (0 —1)" = (0¥ — 1) + 0y (B.11)
0

where &, ; is a wage mark-up shock, to derive optimal labor demands

m (o) = (22) @ (B.12)

w¢
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These labor demands are taken into account by monopolistic wage-setters in addition to their
budget constraint when solving their optimization program. Further, we assume sticky wages
whereby wage-setters face an individual probability 1 — n“ to be allowed to re-optimize and a
probability n* to index their previous period wage on lagged CPI inflation, where ~* is the
degree of wage indexation. The corresponding optimal wage w; (5) is%°

> (Bn") E; <nt+i () (ewag*u"t“ b1 ey el (pt“‘l> )) =0 (B.14)

i—0 t+i 1 e prs Pt+i Pt—1

and the dynamics of wages is

w

—er 1-6y " g
w % = (e ) T (=) () (B.15)

From now on we assume perfect risk-sharing among households of the domestic economy. House-
holds j are thus identical and we drop the j indices. Defining ¢;p;\; as the Lagrange multiplier
associated with the capital accumulation constraint, first-order conditions with respect to the
capital stock, investment, and the utilization rate, are respectively

Ue,t+1 Tzlchrl ¢z 2 _
BE; | —— (qe41 (1 —=9) + Zt41 — & (2141 — 1) = ¢ (B.16)
Ue ¢ Di+1 2
7 Ue
Qi€it (1 - %df — ¢idy (14 dt)) + BE; ( u’tﬂ Gir1€it41Pidir1 (1 + dt+1)2> = 1 (B17)
c,t

ok
L 9. (z—1) = 0 (B.18)

Dt

where d, = “’—jl —1.

B.1.2 Firms

There is a continuum of final good producers indexed in w in each country, with the following
production function
o (@) = eachi (@) £ (@)™ (B.19)

where kf is a measure of capital services used in production and ¢, is a productivity measure
following an autoregressive process. Cost minimization implies

k(@) = —— oty (w) (B.20)

11—y
which can be used to derive an expression of the nominal marginal cost

mey (W) = mey = ()" (rF)" (we) ™ (1= o) "0 (B.21)

20A similar condition holds for foreign households:

s . Wk . . * * T
> (Bn"") B <n2‘+i () <9f,f“ Untstki (g vy WEG) (M) )) -0 (B.13)

o e Piys
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The adjustment of production prices is also subject to Calvo contracts with partial indexation.
Re-setters face the following problem

- i Ue,t+i i— "
max (BnP)' By [ =1 = (1 =77) phe (w) (ph’H 1) Ytti (W) — merriyeri (W) (B.22)
Ph,t(w) =0 Ue,t Pt+i Ph,t—1
where 7P is the tax rate on sales, taking into account the demand addressed to firm w
@) "
w
ye (W) = (ph’t > Yt (B.23)
DPh,t

where the mark-up evolves according to
0 =17 = (0" = 1) oy (B.24)

The optimal pricing condition is thus

Pt+i Pht—1

> , , N\ 6P, .
(ﬂﬂp)l Ey (uc’tﬁ Yeyi (W) ((1 —7P) Ph.t (w) (ph7t+z_1) TP t+_t 1mct+i>> =0 (B.25)
=0

while the dynamics of prices is given by

P

170? D Y 1_9:5 D 179?
ot =0 (el ) (=) pae (@) (B.26)

B.1.3 Monetary policy, government and aggregation

As in Smets and Wouters [2003], it is assumed that the central bank of the monetary union
commits to the following interest rate rule

re premayde (N (P N e\
f:( ) () (;;) ( i ) (~u s ) exp (0,6r.1) (B.27)
r r Er,t Y M1 U Ui

where 7} is the union-wide inflation rate, y;* is the union-wide output, y¥ its flexible prices

counterpart and e, and &, respectively an inflation-target and a monetary policy shock. Gov-
ernment budget constraints are

1 1
taz, + 77 / P (@) g (@) + 7 / () G) = g (B.28)
0 0
1 1
taz} + 77* / pre @)y} (@) + 7" / wiG)n () = g (B.29)
0 0

where g; = ge, ¢ and gf = g*¢; , and ¢, and ¢}, follow autoregressive processes. Equilibrium in
the labor markets implies

1 1ol
b = / 4 (w) dw = / / ng (J,w) djdw = Tny (B.30)
0 o Jo
1 1
o = / 0} (w) dw = / / ny (j,w) djdw = TP ny (B.31)
0 0o Jo
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w

N -0 BN
where T = [ ! (M> dj and T¥* = fol (“’f—(])> dj denote the dispersion of wages. Equi-

0 wy wy

librium in the physical capital market gives
1 1
ko= [ o= [ A b G)di= ke (B.32)
0 0

1 1
B = / K (w) duo = / Gk () di = =7k (B.33)
0 0

while equilibrium in goods markets yields

—p —p
ye = (1—a) (p;t> (et +ir +aciki—1) + « <p;f) (¢f +iy +aci k) +g. (B.34)
¢ ¢
pre) " pre) "
i = =) (B) i e ta () etichagho bal (B35)
¢ t

Finally, using other aggregate conditions, aggregate production functions are
TPy = ean(ziker)' (Yine) ™" (B.36)
Ty = e (ki) () (B.37)

—07 -0 . .
where Y7 = fol (M> dw and TI* = fol (M> dw denote the dispersion of producer

Ph,t Pr.t
prices.

B.2 Steady state

We analyze the dynamics of the model around a symmetric steady state implying s = rer = 1,
as well as b = 0. Therefore equilibria under alternative financial market structures share the
same steady state. Further, in the steady state, by definition, d = 0, and the dynamics of ¢ gives
g = 1. The condition on the utilization rate thus gives

™ =6, (z—1) (B.38)

which plugged in the investment equation pins down z

2(8~1+6—-1
-
as well as 7*. Next use the real marginal cost to get the real wage w
O =)A= a0 )
w= (epb (1-— L)( ) (rk) (B.40)
Further, use L wn
and the aggregate production function
y = (zk) n'™ (B.42)
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to express the goods market clearing condition as a function of hours and consumption only

Un=c (B.43)

1—¢ rkz 1—¢ rk2?

public expenditure in GDP. We finally constrain €, to get n = 1, which gives

where ¥ = (1 — o) ( L )L — (0 +ac?) =22, and where ¢ = g/y is the steady-state share of

c=0 (B.44)

and pins down consumption, as well as all remaining variables. Using the wage equation, the

constraint on ¢,, writes
oY —-1)(1—-7v) w
= - B.4
‘ N (SR (345
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B.3 Parameter values

Table 3: Parameter values

Discount factor

Inverse of the Frisch elasticity
Habit in consumption
Risk-aversion

Trade openness

Trade elasticity

Share of public expenditure in GDP
Capital depreciation

Investment adjustment cost
Utilization adjustment cost
Capital share

Steady—state wage mark-up
Steady—state price mark-up
Calvo parameter (wages)

Calvo parameter (prices)
Indexation (wages)

Indexation (prices)

MP response to lagged interest rate
MP response to inflation

MP response to inflation growth
MP response to output gap

MP response to output gap growth
Pers. of preference shock

Pers. of investment shock

Pers. of labor supply shock
Pers. of productivity shock
Pers. of public spending shock
Pers. of inflation target shock
Sd of preference shock

Sd of investment shock

Sd of labor supply shock

Sd of productivity shock

Sd of public spending shock

Sd of inflation target shock

Sd of wage mark-up shock

Sd of price mark-up shock

Sd of monetary policy shock

8 =0.99
P = 1.265
he. = 0.551
o.=1.613

a=0.2
w=15
o=10.22

6 =0.025
¢; = 6.048
¢, =0.175

t=0.3

nP = 0.909
A = 0.655
AP = 0.429
dr = 0.928
d. = 1.668
Am =0.222
d, = 0.144

day = 0.174
Py = 0.882
pPi = 0.914
pn = 0.952
pa = 0.822
pg = 0.952
pr = 0.847
op = 0.324

g; = 0.14
on = 1.709
o, = 0.628
o, =0.331
or = 0.028
ow = 0.286
o, =0.163
oy = 0.129
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B.4 Variance decomposition

Table 4 presents the variance decomposition of key variables in model III after removing the
share of variance explained by monetary and inflation target shocks, as the latter do not affect
relative variables and have symmetric effects on both countries.

Table 4: Variance decomposition of the medium-scale model in model
III (no capital, no consumption habits, no indexation)

All shocks No Preference shocks
Prod. Pref. Pub. Mk-up Prod. Pref. Pub. Mk-up
Complete markets Complete markets
Yt 4.23 9437 1.39 0.00 75.20 - 24.78  0.02
Ct 4.61 95.13 0.26 0.00 94.61 - 5.36 0.03
ng 27.31 71.63 1.06 0.00 96.27 - 3.73 0.00
it 16.83 82.93 0.23 0.01 98.59 - 1.36 0.04
St 3.72  96.00 0.28 0.00 93.09 - 6.91 0.01
W, 1.78 9736 0.87 0.00 67.21 - 32.79  0.00
Incomplete markets Incomplete markets
Yt 4.68 93.74 1.57 0.00 74.83 - 25.16  0.02
ct 4.38 9536 0.27 0.00 94.22 - 5.75 0.03
ng 29.32  69.51 1.17 0.00 96.17 - 3.83 0.00
it 18.34 81.43 0.23 0.01 98.72 - 1.23 0.05
St 531 94.42 0.27 0.00 95.15 - 4.85 0.01
W, 1.17 9736 0.87 0.00 67.21 - 32.79  0.00

The contribution of monetary policy and inflation target shocks has been removed. The
contribution of investment shocks is null given the absence of capital accumulation in
model III.
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