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1 Introduction

This paper measures the welfare costs/gains associated with incomplete financial mar-
kets in a monetary union with idiosyncratic productivity shocks and sticky prices.
Completeness of financial markets usually yields important welfare gains by allowing
agents to share risks perfectly among agents, countries and states of nature. As a coun-
terpart, in multi-country models, relative prices are the favored external adjustment
channel, which leads real exchange rates to be more volatile under complete than in-
complete financial markets. This may not be a problem in a flexible—price environment.
However, this excess of real exchange rate volatility may be costly in a second—best
environment, i.e. characterized by idiosyncratic shocks, price stickiness and less policy
instruments than targets, as in fixed exchange rates area or monetary unions. In this
paper, we show that the costs arising from the excess of real exchange rate volatility
under complete financial markets quantitatively exceed the welfare gains related to a
better sharing of risks in a second—best environment.

Here, we have in mind the achievement of a monetary union in Europe, often seen
as part of a process of integrating goods and financial markets. Financial markets
integration is indeed often seen as a necessary step, as the loss of policy flexibility im-
plied by monetary unification requires insurance mechanisms against country—specific
shocks. The central result demonstrated in this paper states that achieving financial
markets completeness in a second—best environment is not necessarily welfare improv-
ing. It therefore appears as an important warning against the simplistic and potentially
misleading logic according to which policies aimed at deepening financial markets in-
tegration should be the priority when achieving monetary unification.

Formally, the paper builds on a two—country model of a currency area with sticky prices
in the spirit of Benigno [2004] allowing for home bias in private consumption and finan-
cial markets incompleteness, as in Benigno [2007]. However, contrary to the latter, it is
assumed that policymakers face a monetary policy trade—off. Indeed, Calvo contracts
introduce a wedge between efficient (flexible prices) and sticky prices fluctuations in
country—level labor efforts. As a result, arguments of the utility—based welfare measure
that policymakers use to determine their policies include country—level inflation rate
as standard arguments in addition to the standard terms—of-trade gap. The first—best
equilibrium that actually replicates the flexible prices equilibrium is thus out of reach
and the second—best equilibrium is characterized by a stabilization of aggregate infla-
tion (as in Benigno [2004]) but also features some volatility of country—level inflation
rates. As a consequence, even though financial markets incompleteness does not allow
agents to smooth consumption optimally, it is associated with a lower volatility of the
real exchange rate (driven by differences in country—level inflation rates), which implies
welfare gains with respect to a situation of complete financial markets.

First, it is noticeable that this result is robust to various specifications of the monetary
policy that the common Central Bank commits to. The result holds under (Ramsey)



optimal monetary policy, optimal Taylor rules and simple Taylor—type rules. It is also
robust to variations in parameterizations (risk—aversion, labor supply elasticity, asym-
metric nominal rigidities). The key point in generating the result is the existence of the
policy trade—off implied by idiosyncratic shocks, price stickiness and the limitation of
instruments to conduct stabilization policies.

Second, our framework encompasses several standard results relative to the welfare
gains of perfect risk—sharing in flexible—price environment. When prices are flexible
(or when national monetary policies allow for country—level price stability equilibria),
perfect risk—sharing is found to increase the welfare, as Benigno [2007] and Van Win-
coop [1999]. A reduction in home bias in private consumption is also found to reduce
significantly the welfare distance between complete and incomplete financial markets
equilibria, as in Cole and Obstfeld [1991].

Third, the magnitude of welfare gains and losses remains small, in accordance with
others studies in sticky—price environments (see for instance Gali and Monacelli [2005]
and Faia [2007]). In average, under sticky prices, incomplete financial markets imply
welfare gains corresponding to a 0.01-0.02% increase in permanent consumption for
a constant labor effort. Under flexible prices, the welfare gains arising from perfect
risk—sharing are equivalent to an average 0.005% increase in permanent consumption.

The remaining of the paper is structured as follows. Section 2 presents the model.
Section 3 describes the dynamics of the model and the authorities’ loss function. Section
4 determines the optimal (Ramsey) policy. Section 5 analyzes the dynamics of the model
after an asymmetric productivity shock. Section 6 presents the welfare analysis under
alternative financial markets structures and monetary policies, and presents to some
robustness experiments. Conclusions are summarized in Section 7.

2 A two—country model

The model describes a two—country monetary union with a common Central Bank
that controls the nominal interest rate. Each country is populated by a continuum
of households of infinite life, an infinite number of firms that are specialized in the
production of differentiated goods and a government. Goods markets are characterized
by a home bias in consumption bundles and Calvo-staggered adjustment of prices.
Financial market incompleteness is allowed.

2.1 Households and financial markets

In each country the representative household j € [0, 1] of country i € {h, f} maximizes
a welfare index,
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subject to the budget constraint, !
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and the transversality condition, limy_ o J17_,R;* E, {B&(5)} = 0. In (1), the param-
eter 3 is the subjective discount factor, C{(j) is the consumption bundle chosen by the
representative household, N/(j) is its competitive labor supply, o is the coefficient of
risk-aversion and ¢! is the elasticity of labor supply. In (2), W} is the nominal wage
in country i for period ¢, ITi(5) = [y IIi(k, j)dk is the profit paid by national firms to
the representative national household j. Bi_,(j) corresponds to the holding of the one—
period nominal bond at the end of period t — 1 denominated in units of the common
currency which pays a gross nominal rate of interest R, ; between periods (¢ — 1) and
t, T{(j) is a lump-sum tax paid by household j to the national government of country
i. Finally, P/ is the consumer price index in country i in period ¢, P;; is the producer
price index in country 7 in period ¢ and AC}(j) is a portfolio adjustment cost paid in
units of domestic goods.

In the case detailed above, the financial market of the monetary union is incomplete
and households trade a one—period financial asset. Buying (resp. selling) bonds affects
negatively (resp. positively) the individualized interest rate, so that: (i) agents have
a strong incentive to return to their initial position in the long run; and (7i) agents
belonging to a creditor country face lower nominal interest rates than agents in the
debtor country. As underlined by Schmitt-Grohe and Uribe [2003], this assumption is a
convenient way to balance the current account in the long run between union members
while preserving its short-run dynamics. We impose a standard quadratic form for
portfolio adjustment costs,

Aci() =5 (BiG) - B»))’

where B'(j) is the steady state level of financial assets hold by agent j in country 4.
Portfolio adjustment costs affect the Euler condition since,

9", (raur ),
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(3)

Eq.(3) highlights that creditor (respectively debtor) households face an incentive to
increase (respectively decrease) their current consumption. This results in a faster
return to their initial asset holdings.

I The model features no money holdings, since money is endogenously supplied depending
on the level of nominal interest rate.



When markets are complete, agents are supposed to have access to a continuum of
Arrow—Debreu securities. In this case, the risk—sharing condition holds and then the
real marginal utility of consumption is the same among agents and across the monetary
union,

PrCE(j)7 = PICL () vt.

Contrary to the case of incomplete financial markets, the measure of the current account
that captures changes in asset quantities remains constant: insurance contracts are
executed, deliveries are made, and net foreign assets move only to the extent that asset
values change.

The labor supply function is standard and depends on the level of consumption and

the real wage,

. Wi
Ni() = ot
+G) PiCi(j)°

We assume home bias in final consumption bundles (see, for instance Canzoneri and
Henderson [1991] and more recently Corsetti [2006]). The consumption bundle of con-
sumer j living in country 4, C¢(j), is,

p—1
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and the companion consumption price index P} is,

Pi= o) (Rl ™+ (P) T

where 1 — ; € [O, %} is the home bias. The parameter 2a; also proxies the openness
of the final goods market in country i. Finally, u > 1 is the elasticity of substitution
between domestic and foreign goods.

Consumption subindexes are,
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C’fht(k:,j) (resp. C}’t(k,j)) is the consumption of a typical final good k of home (resp.
foreign) country by the representative consumer j of country ¢ and 6 > 1 is the
elasticity of substitution between national varieties of final goods. We assume that
firms do not discriminate the market they address and that their retail prices are
identical in both countries. The corresponding prices of domestic and foreign goods in
country i are, P, = Py, = [fo Phi(k)=0dk]™ and Pi,=Pry=[fy Pyo(k) =0 dk] T,
respectively.



Accordingly, optimal variety demands are,
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Since portfolio costs are paid in units of goods, i.e. AC!(j) = [Jy ACZ(!{:,j)%dk]%,
, 20

they imply variety demands, defined as AC}(k,j) = {Ph#(f)} AC}(j). Finally, we

define the terms—of-trade in the currency area as, ’

_ D

S, = .
"7 P,

2.2 Firms

Each firm produces a single variety k in country i € {h, f} using national labor ac-
cording to,

Ytz(m = A,Z;Li(k), with Ai—&-l = (1= pa) AT+ paAi + ffﬂ,
where &, is an 4.7.d innovation with zero mean and constant variance.

Following Calvo [1983], we assume that in economy i € {h, f}, a fraction (1 — n") of
randomly selected firms is allowed to set new prices each period. Firms set prices higher
in comparison of the typical mark—up pricing, depending on the expected period during
which they will be unable to reset. The corresponding optimal price is,

S [ ViR }
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In this expression, 7 is a subsidy that compensates the distorting effects of monopolistic
competition in the economy.? Y/ (k) is the aggregate demand addressed by firm k on

2 Monopolistic competition distorts the first-best allocation through mark-up pricing and a
lower output. An optimal subsidy policy restores the optimal perfectly competitive allocation.
The importance of this result in the analysis of optimal monetary policy was brought to the
attention of macroeconomists since Rotemberg and Woodford [1997] and discussed more
recently by Benigno and Woodford [2005].



the final goods market. Aggregating among firms and assuming behavioral symmetry
of Calvo producers, the average price of final goods in nation ¢ € {h, f} is,

Pa=[(1= ) Pah) R
2.3 Governments

Fiscal policy is aimed at closing first order distortions related to the monopolistic
structure of final goods markets.® Governments finance the corresponding subsidy
made to firms through a lump-sum tax on households. Their budget constraint is,

/01 Ti(0)dj =~ /01 P,y (R)Y; (K)dk.

2.4  General equilibrium

For any sequence of productivity shocks {A?,A{ }:io, an equilibrium is a sequence
of quantity{Q;}°, where Q; = {Yth,th, ch.cf NI N/, Bf,Btf,AC’[L,AC’tf}tiO that
satisfies households and firms optimality conditions for a given set of prices {P;},-, =
(Wi, Wi, Pl Pl Py, P, Pry(k), Piy(k)}~in a way that is compatible with the
clearing of markets described below.

o0

_0
Defining aggregate supply bundles as Y, = [ Iy Y;Z(k)%dk} ! and assuming ap = o
and ay = 1 — a, final goods markets clear according to,

YI=(1-a) Pl ™ Cl + Pl ™ cf + Ach
t Pth t Pf t to
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Labor is immobile, so that N/ = [} Ni(j)dj = [y Li(k)dk, and the aggregate production

: ; o Vi _ AinTi 1 [Piek)]? .
function of country i € {h, f} is Y/DP;; = A}N}, where DP;; = [, |:P7t:| dk is the

dispersion of production prices in country .

3 This assumption is crucial to eliminate the linear terms that arise in the second-order
approximation of the utility function, insuring that our analysis is immune to the accuracy
problem emphasized by Kim and Kim [2003].



The international financial market clearing condition is,
1 hy oo g 1 FroN g
| BiGydi+ [ Bl =o.

Finally, consolidating households, governments and firms resources constraints, the
dynamics of net foreign assets in country h is given by

B!~ R, B!, = P,,Y/"— P'CI". (4)

3 A linear-quadratic framework

We solve the model applying standard linearization methods. We define the optimal
policy as the minimization of a welfare loss function constrained by the model. This
approach usually requires that the model is solved with a second order approximation to
avoid spurious welfare reversals documented by Kim and Kim [2003]. However, Benigno
and Woodford [2006] have shown that the solution of the optimal policy problem can be
set in the convenient linear—quadratic form while remaining valid when the second order
approximation of the welfare—based loss function yields a purely quadratic function,
which is the case in our framework.

3.1 Steady state

The model is solved in log—deviation with respect to the symmetric steady state. In the
symmetric steady state A = A = 1 and B' = B = 0. Symmetry imposes P, = P; = P"
= P/ = Py (k) = P, implying, VI‘D/; = % = WA. The compensation of first order
distortions requires that the government sets 7 = (1 —6)~' < 0, implying v =A
Portfolio costs are zero so that I = R = 371, Price indexes are such that DP = 1, final
goods markets give C' =Y, and the production function is Y = AN. Combining these

P
relations with the leisure arbitrage, we get, ¥ = Av¥s . For tractability, we assume
A=1,implyingY =C =N = % = 1. Since the model features no money holding,
the price level is defined arbitrarily to P = 1.

3.2 The model in deviation from the natural equilibrium

The natural equilibrium, corresponding to the flexible price equilibrium with complete
financial markets, is considered as the benchmark for the definition of the optimal
policy. We thus express the linear dynamics of the model in deviation from the natural



equilibrium. Applying the standard linearization procedure, we consider ¢ as the log—
deviation of X}, Vt for i € {h, f} from the steady state. Defining 7; as the natural
equilibrium dynamics of x;, we finally define the deviation of a variable from the natural
equilibrium as z; = x; — 7;.

3.2.1 Complete financial markets

Under complete financial markets, the model expressed in deviation from the natural
equilibrium is given by,

Ny = —wa5y, (5)

oF, {at, ) — ot = 115 ~ B ) (6)
0B {&1} — o€ = —(1-2a) E {m],.}, (7)
Tt = BB o} + K" (0 +0)8 — V] + 35, Q

(9)
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where w, = (1—20‘)2+24;W(1—a) and ki = W?M In these expressions, =% = %(xh +

2/ ) is the average value of X in the monetary union and 2" = § (2 — 2" ) its relative
value. Eq. (5) is the contraction of the relative expression of the final goods market
equilibria (for the right—hand side element) and the relative production functions (for
the left-hand side element). Egs. (6) and (7) summarize the union-wide and relative
expressions of Euler equations. Egs. (8) and (9) are the expressions for modified Phillips
curves, obtained by expressing marginal cost in terms of variables in deviation from
the natural equilibrium.

3.2.2  Incomplete financial markets

We expose the dynamic equilibrium under incomplete financial markets. Since B = 0,
Bi/C
ED;'

we define the log-linear expression of B} as bl = . In this case, the model in

deviation from the natural equilibrium,



(1 —2a) ¢ — 275, (11)
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oE; {EIH} — 0 =xb" — (1 - 2a) E, {7r +1} (13)
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where v = pa (1 — ).

The equations are slightly modified with respect to the case of complete financial
markets. Since the risk—sharing condition does not hold anymore, Eq.(11) indicates
that the equilibrium of the final goods markets depends both on relative consump-
tion and on the terms-of-trade. Eq.(12) is unchanged. Eq.(13) is the contraction of
Euler equations and shows that the risk—sharing condition is broken, since XE? is the
gap between relative consumptions and the terms—of-trade. Using the current account
EL — 5?_1 to adjust externally clearly increases the distance from perfect international
risk-sharing. Eqs. (14) and (15) are the expressions for modified Phillips curves when
relative consumptions and the terms—of-trade are not tied by the risk—sharing condi-
tion. Eq.(16) is unchanged. Finally, Eq.(17) describes the dynamics of net foreign assets
where o 21 (1 — «) — 1] 8; 4+ 2@ is the trade balance at time ¢.

3.8 The authorities loss function

To determine the optimal policy and to rank alternative situations, we adopt a welfare
measure based on the aggregate utility function,

1 1 h . . 1 1 f . .
wr = 5/ wr(j)dj + */ wy(7)dj,
0 2 Jo

where, after using symmetry among agents,

e o)t

The welfare measure is computed using second—order approximations of wr and equi-
librium conditions, and expressed as a quadratic function of endogenous variables in
deviation from their natural equilibrium paths, 4

4 The extensive derivation is available in appendix.
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(18)

The welfare measure (18) admits standard arguments, such as national inflation rates
and the aggregate consumption gap. However, the welfare measure also penalizes re-
gional asymmetries, since deviations of terms—of-trade, of relative consumption and of
relative effort are costly.

4 Monetary policy

In this section, we compute the optimal monetary policy under complete and incom-
plete financial markets, and then consider that the common Central Bank follows an
interest rate rule that in fact may not be optimal.

4.1 Optimal policy under complete and incomplete financial markets

We first compute the optimal plan under complete financial markets. It is defined as
the minimization of the welfare loss function (18) subject to the linear dynamic system
(5)—(10). Assuming that the social planner can commit for an infinity of periods and
adopting Woodford’s timeless perspective, the optimal policy is obtained by minimizing
the following Lagrangian,

£l 0 0 a
['complete = EOZBt{%T(}%,t + ﬁ’n%t + (0 + ¢) (Ct> + 78? + ¢ ( )
t=0
I 1
+ 2014 |hy — BB {mpgga} — K ((U + )¢ — vy T 55 ﬂ
1

+ 2A27t 7Tf’t — ﬂEt {7Tf’t+1} — k?f ((0' + w) gtu -+ w'ﬁ: 2§t>:|

P 2(1+7) 2(1+1)
2A _ _ _ _ ' T .
+ 2034 | St — St—1 — Tt + Thy 1+2wwaat + 1+21/1waat_1 }

After some algebra, first order conditions collapse to the following optimal targeting
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augmented with constraints (8)—(10).

Second, we compute the optimal plan under financial market incompleteness. The
optimal policy is obtained by minimizing the following Lagrangian,

d 0 0 ~u =~ ~r =7
‘Cincomplete = Eogﬁt{%ﬂ'it + %W?,t + (O' + w) (Ct )2 +y (St)2 +o (Ct)2 + 1/} (nt>2
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After some algebra, first order conditions collapse to the following optimal targeting
rules,

¢, =Ny,
g (ng + 7)) = = (8 = 8y) = Ay (K" = K7),
Z (g = mne) = — (AF = A5y ) + Agy (K" + £F)
A3,t—1 - 5A3,t = —75-1— 0477:71;

o= _(1 — 2oz)§t7

20

augmented with constraints (14)—(16).

4.2 Interest rate rule

We assume that the common Central Bank commits to a price stability policy. A full
stabilization of the aggregate inflation rates and output gap implies 7} = ¢} = 0, Vt.

12



However, 7, = 0 or equivalently r, = 7, can not be interpreted as a rule that the Central
Bank could follow to implement its price stability policy.

As shown by Gali and Monacelli [2005], setting 7, = 0 results in indeterminacy. Unique-
ness can be restored by having the Central Bank committing to the following rule,

?t = ¢7r7TZL>

or equivalently,
ry = 7775 + Qbﬂ—ﬂ'l;u.

This policy rule will be referred to as an optimal Taylor—type monetary policy rule
(or IRR1), since this policy rule permits the implementation of the optimal monetary
policy consisting in aggregate price stability. However, it is often argued that monetary
authorities could not commit to such a rule because the natural real interest rate
(depending on models underlying shocks) is not observable. For this reason, we also
investigate the case where the common Central Bank commits itself to the following
rule,
Ty = Cbnﬁf )

referred to as a simple Taylor-type rule (or IRR2).

5 Dynamics

In this section, we calibrate the model under both complete and incomplete financial
markets. We then analyze the dynamic properties in both cases and highlight the
mechanisms behind our results.

5.1 Baseline parameterization

We calibrate the deep parameters of the model based on standard values found in the
literature. Following Beetsma and Jensen [2005], the degree of risk aversion is o = 2.
The value of ¢ refers to Canzoneri, Cumby and Diba [2007] and varies between 5
and 15. For the baseline case, we choose @ = 5. In the literature, estimates of u,
the elasticity of substitution between domestic and foreign goods, range from 1 to
12. For example, estimates of Backus, Kehoe and Kydland [1995] range from 1 to
2 while estimates of Harrigan [1993] range from 5 to 12. We set 4 = 2 and then
check for robustness with other values of this parameter (from 1 to 10). The elasticity
of substitution across varieties determines the average mark—up, which according to
Rotemberg and Woodford [1997] is around 16-17% , implying 6 = 7. We set the
openness parameter to o = 0.25 in the benchmark calibration and, following Faia
[2007], we let it vary from 0.25 to 0.4. The parameter controlling nominal rigidities

13



ranges, according to different estimates, from 0.5 to 0.8. Following Canzoneri et al.
[2007], we set the baseline value at n" = 1/ = 0.75. The portfolio cost parameter y
is set to 0.001, corresponding to an average annual interest rate premium of 0.405%,
in line with Schmitt-Grohe and Uribe [2003] and Benigno [2007]. Other parameters
are fairly standard: 8 = 0.988, p, = 0.95 and std (¢}) = 0.7%. Finally, the reaction
coefficient in the monetary policy rules is ¢, = 1.5.

5.2 Dynamics with optimal monetary policy

In the case of complete financial markets, the risk—sharing condition holds implying that
external adjustment after asymmetric shocks hinge on real exchange rate fluctuations
only, namely,

. (I—2a)_

G = ————5;.

20

i~

The basic intuition of the paper is that the incompleteness of financial markets may
improve the welfare in a second-best environment. The Central Bank of the monetary
union, reacting to union wide of the inflation rate when asymmetric shocks arise, is
not able to stabilize fluctuations of national inflation rates. As a consequence, the way
the external equilibrium is reached under alternative structures has an impact on the
volatility of the terms—of—trade, and thus on national inflation rates which entails sig-
nificant welfare consequences. In particular, our main result is that the incompleteness
of financial markets promotes a smoother ride of terms—of-trade, and thus of country—
level inflation rates, which is the most heavily weighted component of the welfare
measure (Eq. 18). Despite the losses implied by imperfect risk—sharing among cur-
rency area participants, we show that the welfare improving effect of financial markets
incompleteness dominates.

Figure 1 plots the Impulse Response Functions (IRFs) of interest variables in the mone-
tary union after a unit domestic productivity innovation when the Central Bank targets
an optimal monetary policy both in the case of complete and incomplete financial mar-
kets. The figure illustrates the smoothing effect that financial markets incompleteness
exerts on national inflation rates in the case of an asymmetric productivity shock.

A positive productivity shock reduces the marginal cost of domestic firms, and thus
implies a significant deflation. The optimal policy requires that policymakers make
use of their monetary instruments, for example the nominal interest rate, to stabilize
the aggregate inflation. This policy requires that the foreign economy experiences a
significant level of inflation that exactly offsets the domestic deflation and implies a
zero aggregate inflation rate in the equilibrium. Moreover, since prices are sticky, terms—
of—trade are also sticky and a negative terms—of-trade gap thus arises: terms—of-trade
increase in the natural equilibrium with flexible prices and complete markets, but not
as much in the sticky-price environment.

14



Fig. 1. Impulse response functions to a unit domestic productivity innovation with optimal
monetary policy, in % deviations from natural equilibrium.
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Under complete financial markets, the external adjustment of currency area members
when undergoing asymmetric productivity shocks relies exclusively on the real exchange
rate (that exactly corresponds to the terms—of-trade in our setting) and assets quan-
tities do not change. As a consequence, the risk—sharing condition induces a positive
gap of relative private consumptions, while the standard wealth effect would give rise
to a negative gap of relative private consumption (an over—adjustment of the domes-
tic consumption triggered by the deflation and an under—adjustment of the foreign
consumption triggered by the inflation).

Under incomplete financial markets, the pressure on the terms—of-trade to adjust ex-
ternally is lower. The external adjustment of currency area members occurs through
the additional channel of assets quantities. As a consequence, the gap of the terms—
of-trade and the gap of the relative consumptions are thus determined independently
that results in lower cumulated responses of national inflation rates and increases the
response of the gap of the terms—of-trade. Indeed, since the terms—of-trade are less
responsive, their distance to the natural equilibrium increases when national inflation
rate become less responsive. Since the negative relation between the gap of the terms—
of-trade and the gap of the relative consumptions is broken, the wealth effect now
entirely drives a negative relative consumption gap.
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5.8 Dynamics with interest rate rule

We now study the dynamics of the economy assuming that the Central Bank follows
an interest rate rule as described in Section 4.2.

Fig. 2. Impulse response functions to a unit domestic productivity innovation with interest
rate rule, in % deviations from natural equilibrium.
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One may remark by looking at Figure 2 that the adjustment pattern of the country—
level inflation rates and of the gap of terms—of-trade is unchanged. The productivity
shock implies a deflation in the domestic economy and a positive response of inflation in
the foreign economy, triggered by the Central Bank’s reaction that lowers its nominal
interest rate and increases the transmission of the shocks among the currency area
members. Terms—of-trade thus increase but not as much as under flexible prices and a
negative terms—of-trade gap arises.

Under complete financial markets, the reaction of the terms—of-trade is higher (the
gap is lower) because the external adjustment relies only on the terms—of-trade, which
drives—up the reaction of the country—level inflation rates after the shock. Risk—sharing
is better however in this case and the distance to the natural equilibrium is much lower
under complete financial markets, as depicted by the small magnitude of the responses
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of the gaps of relative hours, of the relative consumptions and of the net foreign assets.
The risk—sharing condition implies a positive gap of relative private consumptions. In
addition, the gap of relative hours — that is strictly equivalent to the gap of relative
output levels — is positive. The output gap is negative in the domestic economy and
positive in the foreign economy, which is consistent with the reaction of country—level
inflation rates.

Under incomplete financial markets, the reaction of the terms—of-trade is lower (the
gap is higher) because the external adjustment now relies both on the terms—of-trade
and on the current account, which tends to smooth the reaction of the country—level
inflation rates after the shock and enhance the reaction of the relative hours, the
relative consumptions and the net foreign assets. In this case, much of the external
adjustment and of the smoothing of relative wealth across countries and time occurs
through the measure of the current account that captures changes in assets quantities.
Consequently, the adjustment to transitory shocks in this environment is driven more
by changes in quantities (consumptions, hours) while the adjustment under complete
financial markets is driven more by changes in prices. For that reason, the persistence
of the shocks is playing a key role in terms of the quantitative differences between
incomplete and complete financial markets, as the equilibrium under both specifications
tends to rely more on prices as shocks become more permanent.

6 Welfare costs/gains

In this section, we measure the welfare costs or gains arising under alternative financial
structures in a monetary union subject to asymmetric productivity shocks. We do
this for different monetary policy specifications. We highlight the fact that financial
markets incompleteness yields welfare gains that more than compensate the welfare
costs related to imperfect risk-sharing as long as (i) prices are sticky enough and (77)
private consumption is home biased. These results hold under all specifications of the
monetary policy (optimal plan, a Taylor-type rule and a simple Taylor—type rule) and
for most plausible values of parameters.

One may notice that if the result holds for any degree of price stickiness under the
optimal plan, it holds under a Taylor—type rule as long as the degree of price stickiness
lies above a certain threshold (n = 0.38). In these cases, financial markets incomplete-
ness is associated with a lower volatility of national inflation rates since the external
adjustment after asymmetric productivity shocks relies less on the terms—of-trade as re-
vealed by the analysis of IRFs. In addition, we show that the sharing of the risk allowed
by complete markets is welfare improving when prices are flexible. Finally, openness
on goods markets dramatically reduces the welfare distance between incomplete and
complete financial markets equilibriums, as demonstrated by Cole and Obstfeld [1991].
Finally, we check the robustness of our results to variations of the deep parameters and
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conclude the section by allowing the degree of price rigidity to differ across countries.

Welfare gains/losses are expressed in terms of permanent consumption, so that,

o = (250 (e -))

where w% and W are the welfare in two different monetary policy situations for the
same financial market structure or two different situations in terms of financial market
structure for the same monetary policy regime.

6.1 Price stickiness and welfare

Welfare gains/losses of risk sharing of alternative financial structures and monetary
policies are reported in Table 1.

Table 1
Welfare analysis.

Qopt,rule Qcomplete,incomplete

Complete Incomplete Flexible prices* Optimal plan IRR 1 IRR 2

Baseline  0.0226 0.0218 0.0052 -0.0166 -0.0176 -0.0192
P =10 0.0174 0.0174 0.0037 -0.0120 -0.0121  -0.0136
P =15 0.0147 0.0149 0.0030 -0.0099 -0.0097 -0.0111
oc=1 0.0224 0.0196 0.0061 -0.0174 -0.0205 -0.0211
o=5 0.0199 0.0204 0.0037 -0.0141 -0.0134 -0.0172
a=0.35 0.0192 0.0214 0.0028 -0.0139 -0.0101 -0.0126
a=04 0.0183 0.0213 0.0018 -0.0132 -0.0073  -0.0105
p=1 0.0439 0.0358 0.0086 -0.0304 -0.0396 -0.0403
w=>5 0.0079 0.0088 0.0023 -0.0064 -0.0050 -0.0090
pw=10 0.0033 0.0040 0.0012 -0.0028 -0.0016 -0.0077
n=0.7 0.0163 0.0152 - -0.0127 -0.0140 -0.0153
n=0.8 0.0324 0.0319 - -0.0219 -0.0227 -0.0246
pa =09 0.0523 0.0511 0.0105 -0.0338 -0.0357 -0.0391
pe = 0.99 0.0031 0.0025 0.0008 -0.0026 -0.0031 -0.0032

*n = 0.0001. Note: a negative sign signals welfare losses.
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Consistent with other studies (see Kim, Kim and Levin [2003]), when prices are flexible,
we find that incomplete financial markets imply imperfect risk-sharing, generating wel-
fare losses rising to an average decrease of permanent consumption of about 0.0052%
(third column of Table 1). Alternatively, interpreting the situation of flexible prices as
a situation where independent national monetary policies stabilize national inflation
rates, our results are directly related to those of Benigno [2007]. We report results
of the same magnitude since risk—sharing is associated to an average 0.0052% welfare
gain while he reports gains ranging from 0.0024% for o = 1 to 0.0069% for o = 6 with
productivity shocks only. Our results also comfort those of Cole and Obstfeld [1991]
according to which trade integration may help replicating the complete asset markets
equilibrium. Indeed, openness clearly lowers the magnitude of welfare gains related to
risk—sharing (see also Figure 3).

When prices are sticky, Tables 1 and 2 provide a set of results indicating that (i) the
optimal plan always Pareto-dominates the equilibrium with a Taylor-type monetary
policy rule and (7i) incomplete financial markets prove welfare enhancing for most plau-
sible values of the deep parameters both under the optimal plan and under monetary
policy rules.

Detailing the first set of results, the first and second columns of Table 1 indicate that
commitment to the optimal plan yields welfare gains with respect to Taylor—type rules
reaching 0.0226% and 0.0218% respectively under complete and incomplete financial
markets. More generally, Table 1 displays welfare gains of following the Ramsey policy
ranging from 0.0033% to 0.0523%. These figures are in clear accordance with those
of Gali and Monacelli [2005] and those of Benigno [2007]. As policy become more
and more distant from the optimal plan, Table 2 displays increasing volatilities of
country—level inflation rates both under complete and incomplete financial markets.
Finally, one shall notice that the volatility of the aggregate consumption gap is zero
both under the optimal plan and the first type of Taylor rule while it is positive when
the central bank commits to a simple Taylor-type rule. In this last case, when the
currency area experiences asymmetric shocks, the aggregate inflation rate is not fully
stabilized and as a consequence, country—level inflation rates do not fluctuate by the
same magnitude (while they still move in opposite directions as under the optimal plan
and under optimal Taylor-type rules). This remark is important because it indicates
that results concerning the welfare gains of incomplete financial markets are robust to
the specification of monetary policy rules.

We now analyze the results displayed by columns 4, 5 and 6 of Table 1, showing that
incomplete financial markets are associated to welfare gains with respect to the situa-
tion of perfect risk-sharing. As demonstrated by the analysis of the impulse response
functions after an asymmetric home productivity shock, incomplete financial markets
introduce an additional external adjustment channel and restore the role of the current
account. The general idea behind our results is thus that incomplete financial markets,
by allowing the external adjustment to rely on the current account and lowering the
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pressure on terms—of-trade, give rise to less volatile country—level inflation rates, as
depicted in Table 2. In the loss function and for the baseline calibration, weights on
inflation are % ~ 40 while weights on terms—of-trade gaps, relative consumptions gaps
and relative hours gaps are respectively poa (1 —a) ~ 0.37, 0 = 2 and v = 5. As a
consequence, welfare gains associated with lower volatility of inflation rates more than
compensate for welfare losses related to higher volatility of gaps in terms—of-trade,
relative consumptions or relative hours (see Table 2). The situation of incomplete fi-
nancial markets thus Pareto-dominates the situation of complete financial markets in a
monetary union characterized by sticky prices and subject to asymmetric productivity
shocks. According to our results displayed in Table 1, the incompleteness of finan-
cial markets is associated to an average 0.0166% welfare gain under the optimal plan,
0.0176% when monetary policy is conducted using an optimal Taylor—type rule and
0.0192% when monetary policy is being conducted using a simple Taylor-type rule.

Table 2
Standard deviations for the baseline calibration, in %.

std(mpy)  std(mp.) std(cy) std(sy) std(c;) std(ny)

Flexible prices*

Complete markets — — — — _ _

Incomplete markets — — — 0.014 0.012 0.004

Sticky prices — optimal plan
Complete markets 0.017 0.017 0.000 0.024  0.0003  0.003

Incomplete markets 0.015 0.015 0.000 0.037 0.000 0.000

Sticky prices — IRR 1

Complete markets 0.020 0.020 0.000 0.002 0.000 0.002
Incomplete markets 0.018 0.018 0.000 0.015 0.112 0.005
Sticky prices — IRR 2
Complete markets 0.023 0.023 0.001 0.002 0.000 0.002
Incomplete markets 0.021 0.021 0.001 0.015 0.012 0.005
* 1 = 0.0001.

6.2 Sensitivity analysis

Figure 3, 4 and 5 complement the results described in Table 1 and 2 by running a
more systematic sensitivity analysis of our main results. The general conclusion of
this sensitivity analysis is twofold. First, key parameters in generating our results are
the preferences parameters (the elasticity of labor supply, the risk—aversion parameter,
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home bias), the parameters determining the degree of prices stickiness and those gov-
erning the persistence of the exogenous shocks. Second, alternative specifications for
the common monetary policy have marginal effects on the magnitude of the results,
implying that the relevant assumption is the existence of a currency area with a central
bank targeting the aggregate inflation rate.

Fig. 3. Welfare gains for different levels of openness («), of nominal rigidities (7), of financial
market incompleteness () and of the persistence of the shock (p,) under optimal policy rule.
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The sensitivity results may be summarized as follows:

(i): The Frischian elasticity 1 lowers the welfare losses independently of the financial
structure, since fluctuations have less impact on hours worked.

(#1): First, the risk—aversion parameter o also lowers the volatility of private consump-
tions, which lowers the overall costs of economic fluctuations. Second, risk—aversion
crucially affects the volatility of the terms-of-trade, at the heart of our results. Under
complete financial markets, the risk—sharing condition is binding, implying that higher
values of o lower the volatility of the terms—of-trade required to adjust externally for
a given volatility of relative consumptions. As a result, the volatility of country—level
inflation rates under complete financial markets is reduced by an increase of o and the
welfare distance between complete and incomplete situations is dampened.

(71): a exerts powerful effects on our results. On one hand, « increases the volume of
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Fig. 4. Welfare gains for different levels of openness («), of nominal rigidities (7), of financial
market incompleteness () and of the persistence of the shock (p,) under interest rate rule.
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goods traded and implies a higher volatility of the current account. Since the current
account is at the heart of our results, an increase of o should amplify welfare gains
associated with incomplete financial markets. On the other hand, the risk-sharing con-
dition shows that a higher value of a implies a lower response in the terms—of—trade to
a given variation of relative consumptions. The implied lower terms—of-trade is welfare
enhancing and, again, dominates the first effect.

(iv): The elasticity of substitution between home and foreign goods, i, impacts neg-
atively the welfare gains associated with incomplete financial markets. When goods
become better substitutes, (i) the expenditure—switching effect is higher for a given
variation of relative prices, i.e. the terms—of—trade, or (ii) the required variation of the
terms—of—trade to meet the external equilibrium is lower. In both cases, the welfare
distance between complete and incomplete financial markets determined by differences
in terms of terms—of-trade volatilities, tend to decrease.

(v): The degree of price stickiness has a positive impact on welfare gains associated
with incomplete financial markets. When differences in country—level inflation rates
become more persistent, a mechanism that lowers cumulated country—level inflation
rates becomes more and more attractive from a normative point of view, i.e. in terms
of welfare. Moreover, higher values of 7 are associated with lower k' and improve the
weight of national PPI inflation rates in the welfare function.
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Running simulations across the whole spectrum of possible values of 1 in the case
of symmetric nominal rigidities, Figure 4 highlights the fact that when prices become
more flexible, there is a point at which financial markets incompleteness becomes costly
in terms of welfare. For the baseline calibration of the model, the threshold value
corresponds to n = 0.38. As long as n is inferior to this threshold value, the costs of
imperfect risk—sharing dominate the gains of smoother national inflation rates.

(vi): Figure 3 and 4 also report the welfare gains of financial markets incompleteness
for varying values of portfolio management costs. While irrelevant in the case of the
optimal plan, this parameter is found to have very little impact on the magnitude of our
results. As a matter of fact, the introduction of financial intermediation costs is more
a technical trick allowing us to pin down a unique steady state of the economy under
incomplete financial markets than an important assumption in terms of our results.
The sensitivity analysis reveals that modifying the value of this parameter does not
really affect our results since welfare gains range from 0.019% to 0.014% when y ranges
from 0 to 0.01, which corresponds to an average annual interest rate premium varying
from nearly 0% to 4%.

(vii): The persistence parameter p, has a negative impact on welfare gains associ-
ated with incomplete financial markets. Higher persistence generates less incentives for
agents to smooth their level consumption in time after asymmetric shocks and enhances
their incentives to adjust permanently. Since our results builds on a mechanism relying
on differences in terms of consumption smoothing, its importance decreases when the
persistence of shocks increases and the argument tends to vanish as p, gets closer to
unity.

Fig. 5. Welfare gains for different patterns of asymmetric nominal rigidities.
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(viii): Finally, Figure 5 shows the evolution of welfare gains associated to financial
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markets incompleteness in the case of asymmetric nominal rigidities in the monetary
union. In the spirit of Benigno [2004], we vary the relative duration of pricing contracts
(n" relative to n/) while preserving a constant aggregate level of nominal rigidities in
the currency area.® While asymmetric nominal rigidities preserve the sign of the result
both in the case of the optimal plan and Taylor—type monetary policy rule, asymmetries
in the pattern of nominal rigidities (nh / n’/ being more distant from one) imply lower
welfare gains of financial markets incompleteness under the optimal plan and higher
welfare gains under Taylor—type monetary policy rules.

> We make use of the following relation between price contracts durations, (1 — nh)fé(l -
)2 =1
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7 Conclusion

This paper considers a currency area model in which each country is specialized in
the production of a bundle of goods. Goods are traded, but there can be home bias
in consumption. Prices are sticky. The model follows from Benigno [2004] with some
modifications. In particular, a departure from a unitary intratemporal elasticity of sub-
stitution de—couples complete from incomplete markets. The complete market model
with state—contingent securities is compared to an incomplete market model in which
only one nominal bond is traded. When prices are sticky, relative prices are also sticky,
so a currency area is a second—best world. The question that this paper asks is whether
having completeness of financial markets improves welfare. The answer is no. In a
second—best world like a currency area, completing financial markets does not reach
the first best. Thus, within a second—best world completing the financial markets might
not be welfare improving with respect to a world in which markets are incomplete. On
top of this, we show that with incomplete markets the volatility of the inflation rate
is even lower than under complete markets and that there are substantial gains from
not having complete markets. The main message of the paper is interesting and has
interesting policy implications: in a second best, more financial integration might not
be welfare improving.
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Appendix

The natural equilibrium

We define the natural (Pareto-efficient) equilibrium as the economic equilibrium arising
when prices are flexible under complete asset markets, i.e. n* =n/ =0 and y = 0.

We firstly derive the natural path of aggregate variables, defined as,

xy = (x?+a:{)

N —

Using the pricing equations, pn; = wl — a? and py; = w{ — af, and adding them,

u ()
Wy — Py = Qg -

Using the aggregate leisure-consumption arbitrage,
ynf +oct =i —pt,
the aggregate production function,
Yi = a; +ng,
and the aggregate equilibrium of goods markets,
Y =i
we get the natural path of the aggregate consumption, which also equals the aggregate

output,
~U ~u 1 + w U

=C = a, .
t t U+¢t

Combining the previous expression with the aggregate Euler equation, we determine
the natural equilibrium interest rate,

implying,
- _o(1+6)(1+7) u u
7= 5ot 0) (Et{atﬂ}—at).
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We now turn to the natural path of relative variables, defined as,

In the natural equilibrium, the financial market is complete, implying,

200, = — (1 —2a) 3.

Combining this expression with the relative leisure-consumption arbitrage condition,

we get,
1—2a_

T

=T _ =T
Yny — 5 St = Wy — Py-

Using the definition of terms—of-trade,

o (1=2a)_

= —S
pt 2 ty

the relative leisure-consumption arbitrage condition becomes,

VR = .

The relative pricing equation yields,

gt = ﬁf,t —ﬁh,t =2 (@: - &:) )

which, combined with the previous condition, yields,

=T 1 r
wnt = 531‘/ -+ Ay .

(19)

On the other hand, the risk-sharing condition, combined with the relative equilibrium

condition on goods markets yields,

Yy = —Wast,

(1-2a)?+4opa(l—a)
20 ’

where w,, =

Using the relative production function,

=r __ ~T r
Ny =Yy —
we get,
Al = —waS, — al.

(20)



Combining (19) and (20), we get the natural path of terms-of-trade,

204y
! (14 2w,)

Summing up, using the relative equilibrium condition of goods markets to get ¢, and
the relative production function to get n;, we have,

L2049
1+ 2w, ©

o 1+¢9)(1~-2q) ,

t o(1+ 2¢w,) “

. 2w, — 1,

" T 29w

The quadratic welfare—based loss function

The welfare criterion writes,

o= B3 { | (300 00+ 501 ) )
—EoZﬁt{ [ (ve) - v,0)) i}

After using the symmetry among agents, we get

u . u 1 —o 1 —o
Uej) =Ucs = m (ng)l + m (th)l ;
ka,t(]) = UJQ\L/,t - 2 (1:_w) (Nth)l—Hp + 2(1:_w) (Ntf>1+w .

We begin the derivation by taking a second order approximation of Uy,

U= g+ N0 (o 52 () i)) + 0 (7))

Recalling that the approximation is taken around the steady state assuming [afé]2 =0
(see Benigno and Woodford [2005]), second order approximations of production func-
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tions write,

nf + ; (ar + n?)2 =y +dp} +tip+0(|€]),
nf + ; (af +nf)" = +dpl +tip+0(|¢]).

where t.i.p gathers terms independent of the policy problem, and where,

.0
dp; = —var (piy)

2
. . i\2
implying (dp;)” € O ([|€°]))-
Combining these expressions, we get,
w1, o 1, 51 1 w 1,y 1, .5 0 0 ,

n; +§ (ng") +§ (n}) +§a?n?+§a{n{ =y —1-5 () +§ (y7) —i—zvar (ph,t)—l—zvar (pse)+t.i.p+0O (H§3H> .
The previous expression is then plugged in the approximation of Uy,

u I S 1, . 1 1 0 0

UN,t = Nlﬂb{yt + 5 (yt )2 + 5 (v )2 - fa?n? - fa{n{ + —var (ph,t) + —var (pf,t>
2 2 2 2 4 4
Voo Y : 3
+§(nt) +§< ‘) }—l—t.z.p—l—O(H£ H)

Now focusing on U, we compute a second order approximation of U¢ ,

l-0o

rO (s (@ + @) o (|€])-

U, ~
Cit 1_0_

A second order approximation of final goods markets equilibria gives,

1 2 1 2
h n\? _ o _ h L.
Yy +§ (yt> =(1—-a) (ct + pasy + 5 (ct +0zust> )
1 2
+a(c{+u(1—a)8t+2(c{—i—u(l—a)st) )

reip+o([€]).

1 2 1 2
f o= (.,f\ _ _ ;o L f
Y + 5 (Z%) =(1-a) (ct sy + 5 (ct uast> >
1 2
—i—a(cﬁ—u(l—a)st—l—Q(cff—(l—,ua)so >

+tip+0(|€).
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Combining these expressions, we get,

1 1
2 U u2 T
— S )+ 5 (@) + P ()’

rein+o([€]).

i 1 w2 1 r
Yy +§(yt) "’5(%)

or,

1 1
u w2 7\ 2 u w2 r
G +*(Ct) "‘*(Ct) =Y +§(?Jt) +§(yt

+tip+0([¢f)).

The previous expression is then plugged in the approximation of U¢ ,,

U = Oyt g w00 2T (2T ()i (|€]).

Now combining Uy, and U¢ ;, we get,

u U U —of,u 1 u 1 r Ho (]' — O_/) O g
Uy = UC,t - UN,t ~ (! {yi + 2 (y; )2 + Bl (%)2 S R (St)2 D) (ci )2 b) (Ct)2
- N7y + B ()" + B (y1)" + ivm’ (Phe) + ZUC”“ (Dye) — iat ng — iat N
Voowe Yo, .
+ 9 (ny )2 + 9 (nt>2} +tip+0O (HE:SH) .
Using the fact that,
N = Y _yoe — oo
A ?
we get,
o a(l —a O/ , 1 1
Uy~ 0o (OO (2 T (e 4 () + Lall 4 Safnd
Y , 0 0 _
—5 ((nt )? + (nt)2) - gvar (Pht) — i (pge)} +tip+0O <H§3H> .
Using,

uo__ .U
Ny =Yy — Qs

u u
yt _Cta
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we get,

a(l —« 0 0
U ~ Clg{—u(2> (s0)" = 2V (Pnet) — il (Pr.)
g U o (d ¢ T 1 1
) (Ct)2 DY (Ct)2 D) (nt)2 + ia?n? + 5“1{”{

w u\2 U U ) s
= 2 (@) = 2ea)+tip+ 0 (€]

We then manage to make the term [¢¥ — @]* appear in the welfare criterion, we get,

lecr 0 9
Ut e =g {=pa (1= 0) ()" = Gvar () = gvar (py)
— (0 +9) (¢} =) = 2(0 + ) ¢ + 2yc}af

o ()~ () + alnl +afnd ) +ip O (|

Using the definition of ¢,

¢l = 1+9 a;
t U—l—l/) to
we get,
Cl—cr 9 9
Ut = g {pa (1= a) (s,)* = Svar (i) — gvar (pr,)

— (0 + ) (¢ — &) —2(1+ ) ey + 2¢¢} af
— o () = (n)* + afnf +ainf} + tip+ 0 (|¢%)).

We then use the following relation,

h,h
a;n; + aini = 2nyay + 2nyay,

= 2c/a; + 2nja; + t.1.p,
to get,

o 0 0

U ~ 5 {—pa(1—a) (st)2 — ivar (pnt) — §va7“ (pse)

— (0 +9) (¢ = &) = o ()" =¥ (nf)* + 2n]af’}
+tip+0([€).

In the next step, we show that 2nja; can be expressed as a function of 5, ¢, nj. We
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start with the following decomposition,

r.r 2(1+w) T 2w, — 1 r\.,r
2ntat = %ntat + <2¢H2W1at)nt.

2epny

Using,
ng =Yy~ ag,
Yy = (1 —2a) ¢f — 2ua (1 — @) sy,
and using natural equilibrium expressions of s, ¢}, nj,
_ 2(1+v)

St = _1+2¢waat7
L (1+¢)(1—-2a) ,

T ot 2w,
. 20— 1
n,=-———=~a
t 1+2¢wa t

we get,

r.r r (1—|—’¢)(1—20&) r 2(1+¢) r =r.r .
Qntat:20t< T 20w, a; | —2pa (1 —a)s; %at + 2ynyn; + t.i.p,

= ~
ocy St

or,

2nja; = 20¢;c; + 2ynyng + 2pa (1 — o) 55 + tip.
Plugging this relation in the welfare criterion, we get,

Cl—o
~Y

0 R
Uy =~ 9 {—500”“ (ph,t) - 5176”“ (pf,t) — pa (1 — ) (&:)2

—(o+¥) (@) = @) —v @)} +tip+0(|€]).

where T; = x; — I; are variables expressed in deviation to their natural equilibrium
expressions.

Actualizing and summing, we get,
T
wr = EoZﬁt {UZJ} :
t=0
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Following Woodford [2003] we know that,

T
> _Brvari (piy) = Z ' ”
t=0

t=0

(1-08) (1)

where k! = 3
7
Summing—up, the welfare criterion criterion writes,
e UE Zﬁt o e+ apr e + (0 +0) (@)
2 P
+7(3)" +0 @)+ (7]

+tip+0(|&).

where v = pa (1 — «), t.i.p gathers terms independent of the problem and O (||€3|])
high order terms. Since C'~7 = 1, we finally get,

T
W:—;Eozﬁt{;;hwz,t+;wa;,ﬁ(aw) @ 47 G+ o (@) + 0 >}+t-zﬂp+0 ()
t=0
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