





or simply by,
nTB; = (1 —n)TB;. (5.10)

I can use the nominal trade balance as expressed in equations (5.7) — (5.8) and the aggregate income value
derived in equations (5.5) — (5.6) to write that,

nP,Ci +nTB; = nPPIY; =néP,Ci+ (1 —n)& S POy, (5.11)
(1—maxx—ﬂgﬁ - u—mppﬁwy:nu—agfxz+u—nﬂ1—€u¢@:<5n)
Taking the ratio of both equations,
nP.Cy + nT B, _ néP,Cy + (1 —n) S PrCY 7 (5.13)
(1—=n)SPFCy —nTB; n(l—&PCi+(1—n)(1—E£)SPrCy
and re-arranging terms appropriately, I derive the following expression,
nT'B, = (M s i) (L= m) SuPy G = 50

n(1=6)P,Cy+(1—n)(1—£*)S: P, C;
- ( nécfﬁ(kn)stpgcgt — ) nbCy.

Let me assume the polar case where the asset markets are complete. Under complete asset markets,
the perfect international risk-sharing condition given by (3.2.29) holds, so I can write the domestic nominal

trade balance in the following terms,

nTB, = [(%) (1-n)v— <” (1= f)n_:—((ll_—?)(i —&) “) n] PC, (5.15)

where v = 1 after normalization of the steady state. Further algebra allows me to compute the following

formula for the nominal trade balance,
nTB; = [(1—n)¢" —n(1— &) RCy. (5.16)

The way the model is written, it follows that the nominal trade balance is equal to zero if and only if,

u—nm*znu—gy:¢g=1—(1;”)€. (5.17)

This condition is at the center of the irrelevance result.

Let me assume the polar opposite case where the asset markets are fully separated and no cross-country
asset trading is permitted. This case is also discussed in Woodford (2007). I do not take a stand on the
number of assets available within each local market, so there may be less than a full set of Arrow-Debreu
securities. If asset trading does not occur in the international markets, then the nominal trade balance

must be equal to zero in every period. International borrowing and lending is simply impossible. Based on
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equation (5.14), I can argue that,

nEP,Cy+(1—n)E* S, P;C; *
( nl‘f’tCt't-i-(l—n)St];t*tCt* : ) (1 - n) StPt Ct*_

B (n(1753%%;((117_2))%;1%:)0?p;c;) nP.Cy = 0, (5.18)
and naturally it follows that,
(n€Cy+ (1 —n)&*RS,CY)RS: (1 —n)Cf =(n(1 -8 Cr+ (1 —n) (1 &%) RS,Cy)nCy. (5.19)
Simple algebra tells me that the real exchange rate can be pin down as a second-order equation,
£ ((1=n) C7)* (RS)* +[€ = (1= €] (1 = n) ) (nCy) RS, — (1 =€) (nCy)” = 0. (5.20)

I observe that the solution to the second-order equation on the real exchange rate takes the following form,

s, - —[5—(1—5*)}+7[52—5*<1—5*>]2+45*(1—£) el

(1-n)Cy”

where only the positive root gives a solution that is consistent with the real exchange rate being positive. I
suppose that the preference parameters satisfy the condition in (5.17), then it follows that the real exchange

rate is equal to,

n— 2 n— 2 —n
SEh ey’ )] e o
2 1-n)C;y  CF

(5.21)

which again coincides with the real exchange rate that would prevail if the asset markets were complete and
both countries were able to perfectly share their risks.

The point of these calculations is that an optimal allocation can be attained with no trade at all in
assets. Trading in the goods market suffices to attain the optimal allocation. In fact, the allocation attained
should be the same independently of whether I allow for unrestricted asset trading internationally and have
a complete set of Arrow-Debreu securities to do so or I impose that international trade is infeasible and
the local asset markets have only a limited number of assets to trade on. The same logic applies to other
intermediate cases where international asset trading is possible, but asset markets are not complete. It is
always possible to attain the perfect risk-sharing allocation without having to resort to the asset markets at
all. Therefore, the availability of more or less assets should not make a difference.

Let me review the implicit and explicit assumptions of these exercise. First, I have explicitly required
logarithmic (and additively separable) preferences on consumption, i.e. 7 = 1. Second, I have required
that the elasticity of substitution between the domestic and the foreign bundle of goods be equal to one in
both countries (Cobb-Douglas aggregator), i.e. o = 1. Third, I have to impose that the combination of
the population size in each country and the shares of local consumption satisfy that (1 —n)¢&" =n (1 —¢).
Forth, implicitly I have made the assumption that the initial condition on the net foreign asset position of
each country be equal to zero. Obviously, if I assume that one country starts as a net debtor (and the other
as a net creditor), the trade balance can not be zero from that point onwards because the debtor country

needs to either trade goods with the other country to repay its debts or simply needs to borrow more.
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The irrelevance of the asset market structure is a very powerful an interesting result and it has been
widely exploited to simplify the model in cases where asset trading or the nominal trade balance are deemed
of secondary importance for the questions being asked. Of course, in this particular case, increased financial
openness has no consequences whatsoever for the determination of the aggregate demand under any monetary
policy rule. Woodford (2007, p. 8) argues that "the fact that complete irrelevance is possible (and does not
even require an ‘extreme’ preference specification) indicates that the effects of financial globalization need
not be large". This irrelevance result is a very special case, convenient as it may be, so I would caution from
reading too much into Woodford’s (2007) argument. This paper tries to shed some light on the very complex
phenomenon of financial globalization. For the more advanced readers, I would suggest to start with the
papers of Evans and Hnatkovska (2005, 2007).

As relevant as portfolio allocations can be in order to address certain specific questions, like what explains
the fact that some countries have very large capital account surpluses (for example, Spain and the U.S.)
while others do not, the issue is of secondary importance in this paper. What matters is how the set of
available assets affects the risk-sharing opportunities of households and their consumption-savings margin.
Beyond that, as I will discuss later, portfolio allocations are not needed to close the model. In this sense,
portfolio allocations could be derived endogenously as a ‘residual’ after first having determined the optimal
allocation of resources. Following in the spirit of Evans and Hnatkovska (2005, 2007) that only requires a
second-order approximation of the asset pricing equations and either the optimal allocation of resources or

a number of conditions that would characterize it appropriately.

6 The Deterministic Steady State?

6.1 The Zero-Inflation Steady State

I require that all shocks be evaluated at their unconditional mean in steady state. The steady state pro-
ductivity shocks are denoted, A and A*, while the monetary policy shocks are denoted, Z and Z*. I also
conjecture the existence of a (symmetric) deterministic steady state in which prices, consumption and the

nominal exchange rate are constant, i.e.

Py = P,=P, P, =P =P, (6.1.1)
Civ1 = C=C, t1=Cf 26*, (6.1.2)
Sip1 = S =28. (6.1.3)

I often refer to this steady state as the zero-inflation steady state.
Given my steady state conjecture and the Euler equations in (3.2.31) and (3.2.32), it follows that the
steady state nominal interest rate in both countries is identical and equal to the inverse of the rate of the

subjective intertemporal discount factor,

1 1

ﬁ_1+7_1+€*

: (6.1.4)

23The initial conditions of the model at time t = 0 should naturally correspond to the steady state values.
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which holds true for the case of incomplete asset markets. Under complete asset markets, I can also argue

based on the intertemporal first-order conditions in (3.2.25) — (3.2.26), that the Arrow-Debreu security prices

TWw) = B, ﬁ:/m@(w)zﬁ, (6.1.5)
— 1 —
QW) = BEW, H—E*:/mc; ) =4, (6.1.6)

which is consistent with my findings on the steady state interest rate. The invariant distribution function is
denoted T (w). The assumption that the nominal exchange rate is constant satisfies also the intertemporal
first-order conditions in either (3.2.27) or (3.2.32).

From the firm’s first-order conditions in (3.3.16) —(3.3.17) and (3.3.22) —(3.3.23), I obtain that the LOOP

holds in steady state, i.e.

P(h) = 5P (h)zgfl <(1 +A$)W>, (6.1.7)
— — 1+¢ )W
_F() = P ()=gs ( A) (6.1.8)

The fiscal policy rule in this model is time-invariant, as described in (3.4.5). Furthermore, it cancels out the
effect of the mark-up charged by firms and results in a competitive Dixit-Stiglitz price-setting rule for all

varieties in steady state, i.e.

Ph) = EF(h):(%), (6.1.9)
1= = W
By - F (f)—( A*>, (6.1.10)

where the price equals the marginal cost. In other words, the pricing behavior of these monopolistic com-
petitors is observationally equivalent to the behavior of perfectly competitive firms. The steady state price
sub-indexes in equations (3.3.18) — (3.3.19) and (3.3.24) — (3.3.25) simply become,

H

P" = P, P =P (), (6.1.11)
P’ = P(), P =P (f), (6.1.12)
and, naturally,
P —g5p", P =3P "

The LOOP holds also at the level of the aggregate bundles of goods produced at home and abroad. Using
the price indexes in equations (3.2.14) and (3.2.15) evaluated at their steady state, I also infer that the real
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exchange rate should be equal to,

(9@ T T e e S [€ (1) (ToT) ]

ﬁ =5\ 1—0 s\ 1—0
¢+ (1—¢*) (ToT) P E+(1—¢) (ToT)

—F

[ -F
where ToT = # = I;—H denotes the steady state terms of trade. Absolute PPP holds in steady state (and

the real exchange rate equals to one) only if preferences on consumption are identical across countries, i.e.

& = &*, or the terms of trade are equal to one in steady state. Relative PPP holds in steady state, but not
absolute PPP, whenever the preferences differ across countries due to home-bias in consumption and terms
of trade are not equal to zero. In the workhorse model, the difference between the long-run price of a basket
of goods in either country expressed in terms of the same currency is a function of the steady state value of
the terms of trade.

These findings prove that, if a zero-inflation steady state exists as conjectured, the LOOP holds and the
pricing decisions of firms are equivalent to those of (symmetric) competitive firms under flexible prices. The
steady state is also observationally equivalent whether asset markets are complete or not, as I shall discuss
shortly. In other words, the steady state for any variant of the workhorse model that I explore here (with
nominal rigidities, LCP pricing and/or incomplete asset markets) is equivalent to the steady state of the
frictionless allocation described in subsection 4. That explains the notational convention of describing all
endogenous steady state variables by dropping the time subscript and marking them with an ‘upper bar’ (as

in the frictionless model).

The Other Real Steady State Variables. The analytic results reported in subsection 4 serve me to
argue that the steady state real exchange rate, i.e. RS, the steady state terms of trade, i.e. TOT, the
steady state total consumption, i.e. C' and 6*, the steady state output, i.e. Y and ?*, and the steady state
employment, i.e. L and f*, are all functions of the steady state productivity shocks in both countries (and
the structural parameters of the model). Taking that as given, I can infer real wages from the first-order
conditions on labor supply given by (3.2.38) —(3.2.39), or from the labor market clearing conditions discussed
in (3.3.30) — (3.3.31), i.e.

= w(A)P(C(AA)) (Y (A,4%)7, (6.1.13)

ERE

= K (AF)% (6* (A, A*))V (?* (A, A*))“a, (6.1.14)

noting that in steady state both labor and output are functions of the steady state productivity shocks only.
The demand for each variety and for the entire bundle of goods in each country can be obtained from
equations (3.2.21) — (3.2.24) as,

o) = %UH(A,A*),6*(h):%UH*(A,A*),ifhe[O,n], (6.1.15)
) = — T (4,4, i f e (1], (6.1.16)

1—n

Q!

() = (4,47, T
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and

—o

—H =
C = _1 1—0 C A’ A* Y

5 <§+(1_§)(TOT(A,A*)) ) ~ ( ) (61 17)
—Hx e ol
C = * L 1—0o C A,A* Y

¢ <£*+<1—£*)(T0T<A7A*>) ) ( :
UF = (1—5) T L o—1 1106(‘45‘4*)’

¢(TOT(A,A%))7 " +(1-€) ) (6.1.18)

— F'x = lol
c =(1-¢ L ¢ (A,47).

( £) (g*(ToT(A,A*))U +(1§*)> ( )

The pricing for each variety and for the bundle of goods in each country comes from the optimal pricing
equations in (3.3.14) — (3.3.15) and can be expressed relative to the CPI, by manipulating the indexes in
(3.2.14) and (3.2.15), as follows,

1 1

FH 1 == ﬁF 1 T—o

- = I —— il —— , (6.1.19)
E+(1—¢) (TOT (A, A¥)) E(TOT (A, A%)"  +(1-9)

—F'x e —Hx* 110

Pﬁ* _ — 10_1 ] , P_* = |= - 1_ 1_01 (6.1.20)
¢ (ToT (A, A)" "+ (1-¢") P £+ (1—¢€) (ToT (A, A¥))

These prices ratios are, not surprisingly, purely determined by real variables even in steady state.

The Nominal Steady State Variables. I should point out that the Taylor rules in the spirit of equations
(3.4.12) — (3.4.13), and the Euler equations in (3.2.30) — (3.2.31) are not sufficient to pin down the steady
state price level. Although the system is consistent with the conjecture that the inflation should be zero in

steady state. To be more specific, the Euler equations imply that,

1 1
== —— =0, (6.1.21)
147 1+4
while the Taylor rules ensure that,
147 2 (147 [ e (TN2]
- = = - m (= sI=1, 6.1.22
141 Z (1+i> ( ) <Y> ( )
—k —x% P* —x% ¢; lip*
1414 Z* (1414 —\¥1 (Y —x
oo 2 (L (M) (= eI =1 (6.1.23)
1+1 Z* \1+1 Y

This means that by enforcing a Taylor rule the long-run inflation target of the monetary authority becomes
the steady state level. By construction, therefore, price stability is guaranteed in the steady state. However,
this is not sufficient to determine the price level in steady state. It only guarantees that the price level
is unchanged in steady state. Under price stability, the Euler equations also imply that the steady state
nominal and real interest rates are determined by the subjective discount factor, £.

The determination of the price level may seem of little practical value since the log-linearized version of
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the workhorse model that I explore in this paper depends on the inflation dynamics and not on the price
level itself. Relative prices do matter, however, but those are determined by real shocks in the steady state.
However, as it turns out neither the nominal wages nor the nominal exchange rate (or any other nominal
price) can be identified in steady state without knowing the price level first. Hence, I cannot simply ignore
the issue.

The steady state version of the money market clearing conditions given by (3.4.8) — (3.4.9) characterizes

the real balances in real terms. It can also be re-interpreted as a function for the steady state CPI level, i.e.

P - (%f(U(A,A*)) , (6.1.24)

1
P (ﬂ) : (U* (A, A*)) o (6.1.25)
X

which is arranged to reflect that the monetary authority can alter the price level in steady state by manipu-
lating the steady state money supply. While in the short-run money supply is endogenously determined by
the model after the monetary authority sets a Taylor interest rate rule, in the long-run (more specifically
in steady state) it is not. As a result, the monetary authority could set the long-run money supply and
determine the price level in steady state.

Moreover, what this entails for monetary policy is that: (a) the short-term interest rate that the monetary
authority tries to manipulate in response to short-term deviations of the inflation rate must be consistent
with its long-run gross rate, 3 (which in the context of the model is completely independent of policy
choice), and (b) the long-run inflation rate is zero, but the long-run CPI level depends on the long-run money
supply of the economy. Therefore, if monetary policy is going to determine the price level in the long-run it
has to be the case that long-run money supply is being used to determine the price level.

In other words, there is a case to be made as to why the monetary authority may care about the long-run
trends of money supply. Imagine an economy that lies on a steady state. If money supply is increased
because the monetary authority decides to allow more liquidity in the markets than its average trend it may
create inflation and a transition towards a new steady state with higher price levels. If money is not neutral,
this may come at a cost in the short-run. In any event, letting the long-run money supply loose introduces
unnecessary noise in the system.

In summary, the monetary authority controls the nominal interest rates in the short-run, but cannot
control the long-run interest rates. In steady state, those depend on the time preference of households.
Monetary policy commonly relies on a Taylor interest rule to deal with the inflation dynamics (and to some
extent with the fluctuations over the business cycle) and this rule, in turn, endogenously defines the short-
run path of the money supply. In the long-run, however, the Taylor rule does not constraint the price level
or the money supply, and the steady state interest rates cannot be controlled by policy-makers. Hence,
policy-makers could still exercise some control over the price level by regulating the money supply (but only

over the long-run).

The Steady State of the External Sector. Using the definition of the real exchange rate in (3.2.19),
which is a function of the steady state values of the productivity shock in both countries (as implied in

subsection 4), it is possible to write the nominal exchange rate as the product of this function and the ratio
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of the CPIs in both countries, i.e.
S =RS (A A") =, (6.1.26)

which is consistent with the intertemporal first-order condition of the households’ problem in either (3.2.27)
or (3.2.32). I can also use the domestic current account equation in (3.5.31) for the complete asset markets
case and equation (3.5.33) for the incomplete asset markets case in order to identify the steady state trade
balance.

There are a few comments that deserve to be noted explicitly here. First, I have considered all along
that the deterministic steady state should correspond to that of the frictionless allocation independently of
whether the model in its full complexity has nominal rigidities and/or incomplete asset markets features.
Naturally, if a deterministic steady state does exist, whether the workhorse model has multiple Arrow-Debreu
securities traded internationally or just one bond is completely irrelevant. As can be seen from the current
account equation: whatever the optimal trade balance is for the steady state frictionless economy, it can
be implemented in steady for an economy where only one asset is available. Because the steady state is
deterministic there is no uncertainty and, therefore, having more assets is irrelevant. In this steady state,
the outcome should be observationally equivalent to that under complete asset markets?*.

Second, I argue that the portfolio allocation is indeterminate in this steady state. But I also maintain that
it is not necessary to take a stand about portfolio allocations in this paper because we are concerned with
the resource allocation instead. And, as I discuss later on, portfolio allocations are not needed to pin down
the resource allocations of the workhorse model. Finally, independent of the portfolio structure, the only
thing that really matters in steady state is the net borrowing that is attained in real terms. Alternatively, I

could say that the only fixture of importance is the domestic real trade balance which can be computed as,

TB _ & 1 ; O (A. A*
P o <£+(1—£)(TOT(A’A*)) = e ATE (6.1.27)
& 1 — | RS(A,A%) (1 —n)C" (4, A*) — C (A, A%).
T (£*+(1—§*)(T0T(A,A*)) - (4490 =n ¢ (4,47 (4, 47)

Not surprisingly, the real trade balance is a function of the steady state productivity shock levels in both
countries.

I can determine the steady state of real wages, real balances and the real trade balance. However,
obtaining the steady state for nominal wages, the nominal trade balance, the nominal exchange rate or even
the price of domestic and foreign goods requires that I pin down the steady state level of the CPI in both

countries. Hence, the relevance of my previous discussion on the subject.

6.2 The Normalization of the Steady State?

I shall impose a number of normalizations that make the linearization exercise much easier. It is worthwhile

to be explicit about these choices, because they are very common in the literature but not always trivial.

247 have shown that in steady state asset market incompleteness and nominal rigidities coupled with LCP pricing don’t matter
at all. The steady state of any model that combines either one of these frictions in the goods market and the assets market is
the same as the steady state that can be found for the case of complete asset markets, flexible prices and competitive firms.
Therefore, the steady state follows directly from the results that I already discussed in subsection 4.

* P
25Under this normalization of the steady state, it can be verified that v = % (g—g) =1.

49



First, I assume that the long-run level for the monetary shocks to the Taylor rule is equal to one. In other
words, without loss of generality Z = Z* = 1. T could assume that the long-run money supply (i.e., the
initial condition on the money supply regime) needed to pin down the price level is also equal to one, i.e.
M=DM =1. However, the steady state of the workhorse model corresponds to the steady state of the
frictionless model. In that scenario, money is neutral and it seems reasonable to assume that the consumption
good plays the role of numeraire (as it is often done in the RBC literature), i.e. P = P* = 1. For this

normalization to hold, the money supply regime implemented by the monetary authority must satisfy that,

- (ﬁf ©?%, (6.2.1)

M= (ﬁf(?*)%. (6.2.2)

This comes from the money market clearing conditions. I adopt this particular normalization, which seems
more natural to me, in this paper.

Second, I make the assumption that the steady state productivity shocks are chosen to ensure that terms
of trade in steady state are equal to one, i.e. ToT = 1. I know from (4.6) and (4.7) that, if the steady state
terms of trade are equal to one, then the real exchange rate is also equal to one,

RS = 1. (6.2.3)

Furthermore, the ratio of aggregate output in both countries is given by,

7 [ n(E)ra-n($) 62
=07 |n () v 0w (5 )

1-n

which implies that it is a constant fraction. Using this information about the structure of the economy and
the aggregate output equations in (3.3.36) — (3.3.37), I can re-write the steady state consumption in terms

of aggregate output (appropriately using the perfect risk-sharing condition in (3.2.29)) as,

nY [n (%) +(1—n) <%>} C, (6.2.5)

1-n)Y = {n<1__5>+(1—n)<11_5*>}6*. (6.2.6)

1—n -n

Naturally, it follows that these relationships are consistent with the ratio described above only if consumption
is perfectly shared across countries,
c=0C". (6.2.7)
Given that the real exchange rate is equal to one, this result also follows directly from the perfect risk-
sharing condition in (3.2.29). The money supply used to normalize the price level to one in steady state is
analogously equalized, i.e. M = M.
The expressions above show that aggregate consumption in each country is proportional to the local

aggregate output. From the equilibrium labor market clearing conditions in (4.3) — (4.4), I immediately
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derive a pair of steady state conditions that link output in both countries to productivity shocks under this

normalization, i.e.
R(A)FO) (1) = 1o r(A)F @Y) (T)° = (n (%) (=) <%))7 (6.2.8)
ca (@) (7)) = ey (0-07) (7)< (o (122) < 0-m (F=5939)

This is a system of two equations in two unknowns that can be resolved. If I re-write everything appropriately,

I obtain that,
- nﬁa é' 5* v ﬁ }{_i‘:%

aoov = [ () o ()] T e

K 1—n 1—n

If I take the ratio of both expressions and re-write everything according to equation (6.2.4), it should follow
that,

n(§) - (5 7o o () ra-m ()T
n(BE)0-m (B Y (o (0 (25) (- (55)) 7 (a0
(6.2.12)
and this implies that the ratio of the steady state productivity shocks is,
=,
A [1-n\T "(%)Jr(l—n)(%) e
A < n > n(E)+a-n ()] (6:213)

This is the most critical condition on the normalization of the steady state productivity shocks because it is
needed to guarantee that the terms of trade and the real exchange rate are both equal to one.

This normalization is very convenient to determine the basic log-linearized set of equilibrium conditions
that has become so popular in the international macro literature. However, this normalization is not in-
nocuous because it constraints the parameters of the model and may force us to rely on a fundamental
difference between the two countries. In other words, it is not always possible to assume that the steady
state productivity level in both countries is identical. So even if I normalize the steady state productivity in
the foreign country to be equal to one, I cannot make the same normalization for the domestic country. Let

me suppose that preferences are identical across countries, i.e. £ = £, then the restriction in (6.2.13) still

A (1-n = & ™
E‘( n) {1——5] , (6.2.14)

This means that identical preferences are not sufficient to restore the conventional view that the productivity

implies that,
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shocks in each country are identical in steady state. Instead, I would need also that,

n? n?

= = . 6.2.15
¢ (1-n)®>+n2 1+2n%—-2n ( :

The assumption that { =" =n = % is consistent with this restriction.

Instead, let me consider the possibility that the following restriction applies on the parameters of con-
sumption bias, i.e.

(l—me&=n1-9).

This is the same condition derived for the irrelevance of asset markets. Then, it is possible to re-write the

normalization condition on the steady state productivity levels as,

A n \ T
= <1 = n) . (6.2.16)

This equation indicates that under a particular specification of the home bias parameters it should follow

that the differences in the productivity levels in steady state are inversely related to the relative population
size of both countries. This condition is consistent with equal productivity levels, i.e. A = A* = 1, if I

)

assume that either n = 3 (equal population sizes) or ¢ = 0 (linear labor disutility).

Other Implications of the Normalization. Assuming this normalization of the productivity shocks
turns out to be very convenient. In the standard normalization that I propose in this paper the price level

is equalized across countries by construction, i.e.

== =1, (6.2.17)

given that C' = C'.Ina very intuitive fashion, this shows that the long-run differences in price levels across
countries can only be due to long-run differences in the money supply regime under which each country’s
monetary authority is operating. Given this simplification of the initial condition on money supply I know
that the CPI price level must be equalized across countries, i.e. P = 7.

Since the real exchange rate is equal to one given the normalization of the steady state productivity

shocks that I explore here, then, it must be the case that the nominal exchange rate is equal to one too, i.e.

g:

- (6.2.18)

| ~l

In principle the nominal exchange rate reflects the different steady state values (or the initial conditions) of
the money supply. It could be said that the nominal exchange rate is a purely monetary phenomenon in the
long-run, while this is not the case in the short-run if PPP fails. However, it must be noted that this is true

under the particular normalization of the productivity shocks that I discussed before?S. In any event, it is

26 Another normalization in which the real exchange rate is different than one and the consumption levels do not equalize
across countries would result in a long-run nominal exchange rate that depends on steady state money supply but also on steady
state productivity levels.
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obvious that if the monetary authority switches towards a different regime with a different long-run level of
money supply, the long-run CPI indexes as well as the nominal exchange rate will reflect the change.

Given the optimal Dixit-Stiglitz pricing rule in steady state in equations (6.1.9) — (6.1.12), the labor
market clearing conditions in steady state in equations (6.1.13) — (6.1.14), and the fact that P = P and
P =7 whenever TOT = 1, 1 obtain that,

P o
1 = == =r(A)(O) V)", (6.2.19)

*

v
PA
W

P
—F'%
P —oe1 =\ =\ P
= —g(An) (C ) (Y ) . (6.2.20)
P P Ax

Using equations (6.2.10) — (6.2.11) to pin down the steady state levels of output, it should follow that
aggregate consumption is equal to,

__®

) - () () () mn (E) T v

o Q) ) (O () () 0 ()

At any rate, consumption must be identical in both countries given the conditions I impose to normalize the

C

steady state productivity levels. Considering that TOT = 1, the demand of each bundle of goods given by
(6.1.17) — (6.1.16) is simply,

T = %UH, T (h) = %EH*, it helo,n], (6.2.23)
c(f) = ECFa C (f)= ECF , if f € (n,1], (6.2.24)
¢ = 0, T =T, T =1-9T, T 21— T, (6.2.25)

which is the same allocation that would prevail if I assume that the aggregator for the domestic and foreign
bundle of goods is of the Cobb-Douglas type. Given my normalization on prices, it should follow that the
steady CPI levels are,

P(h) = P =P=1, (6.2.26)

=* —F'x —x

P(f) = P =P =1, (6.2.27)

based on the steady state money supply in each country.
Finally, T can take another look at the real trade balance per capita given in (6.1.27) and conclude that,

~|

=€ (1-n) - (1-n]-C, (6225)

which is equal to zero whenever,

anm*—na5>¢$s—1(l”)€.

n
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This is exactly the same condition that I derived for the irrelevance of the asset markets. This means that
the normalization proposed ensures that international trading of assets is irrelevant in steady state without
requiring that the intertemporal elasticity of substitution, %7 and the elasticity of substitution across domestic
and foreign bundles, o, be equal to one. This normalization makes the nominal and real trade balance equal
to zero, so the allocation (in steady state at least) is not distorted by the asset availability for international

trading or lack thereof.

7 The Linearized Equilibrium Conditions

From this point on, I assume that fiscal policy is always set at ¢, = ¢; = _71. I take as given that fiscal

policy eliminates the mark-up distortion, and do not discuss the subject any further?”. In order to explore
the first-order effects of the different shocks on the dynamics of the economy, the international literature
has often relied on log-linearizations. Here I do the same, I log-linearize the equilibrium conditions around
the deterministic zero-inflation steady state. I denote Z; = In X; — In X the deviation of a variable in logs
from its steady state. For more details on this approach, see Martinez-Garcia (2007) and its corresponding

companion technical appendix.

7.1 Some Preliminaries

Let me start by describing the log-linearization of the domestic and foreign CPI indexes defined in (3.2.13)
and (3.2.15). Given the normalized steady state, it must hold true that P =P and P =P Hence,
taking a first-order approximation of the CPIs I derive that,

Q

P &y + (-8 p;, (7.1.1)
o~ EPTHA-EDp (7.1.2)

l

I define the domestic and foreign inflation rates in deviations as 7; = p;—p;—1 and T, = p; —p;_,, respectively.
I define the real exchange rate in equation (3.2.19) and describe the relative exchange prices in the home
and foreign country respectively in (3.2.20). Therefore, it immediately follows that the RS equation of the

model is equal to,

TSt = St+D; —Dt
~ S+ (P +1-)p) - (pr +(1—-6)DF). (7.1.3)

And, the RP equations take the form of,

e = P —DL, (7.1.4)
wm o= - - (7.1.5)

27In any case, neither the mark-up nor the fiscal policy terms have any impact on the short-run dynamics up to first-order.
The mark-up and the fiscal policy only enter in the specification of the long-run steady state.
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I denote world relative exchange prices, @ZV , and the difference between relative exchange prices across

. ~ R
countries, 7p;’, as follows,

&by — (1— &)}, (7.1.6)
= b+ (7.1.7)

~ W
TPt

Hence, the RP equations in the model can also be expressed in terms of ﬁ)fv and ﬁ)f as,

. 1 W 1-¢ _ g
7 — . Y 4 . D, 7.1.8
)z ¢ +1pt ¢ +1pt ( )
x 1 g § ~R

_ S &R 1.
TPt §—§*+1rpt +§_£*+1Tpt (7 9)

Moreover, I define domestic and foreign terms of trade respectively in (3.2.18). Then, I can infer that,

fote = (P =5 — ")+ = (BF — 3 — 1), (7.1.10)
O = (Gt pF - pF) + i = —foh, (7.111)

which in turn allows me to re-write the real exchange rate as,

75~ &y — (1= €)7p; — [P — 35— b
= ) —toty. (7.1.12)

These calculations show that fluctuations in the real exchange rate can be thought as cointegrated with

world relative exchange prices and domestic terms of trade.

7.2 The Demand-Side in the Goods Markets

The IS Equations. The linearization of the Euler equations in (3.2.30) — (3.2.31) applies to the model
under complete or incomplete asset markets and characterizes the consumption-savings decisions of the

households. This is a crucial margin of choice. I obtain the following system of two linearized Euler

equations,
VB [AGi1] ~ iy — By [Fega], (7.2.1)
VB [AC ] ~ i =By [T (7.2.2)

which are conventionally denoted as the IS? and IS¥ equations, respectively. The ez ante Fisher equation

requires that the model-based implicit real interest rate be equal to,

o= i — B [Figa], (7.2.3)
o= B 7] (7.2.4)

Therefore, the expected growth rate of consumption is proportional to this measure of the real interest rate.

The constant of proportionality is the intertemporal elasticity of substitution, % Using the linearized CPIs
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in (7.1.1) — (7.1.2), I obtain that,

VB [AG] ~ BB [+ (1= O], (7.25)
VB (M)~ T B [€R (- €A (7.26)

where 7?5_1 =pri, — by’ and %tF_H =Dl —Df.

In the literature is often preferred to express the consumption-savings margin in terms of the world IS
equation, ISW and the relative IS equation, IST. These two equations represent the dynamics of world
consumption (defined as a weighted average of domestic and foreign consumption), i.e. ¢}V = n¢;+(1 —n) ¢},
and the dynamics of relative consumption, i.e. ¢ = ¢ — ¢;. World and relative consumption are sufficient

to describe domestic and foreign consumption because it can be easily shown that,

& = & +(1-n)ek, (7.2.7)
¢ = &V —nek (7.2.8)

These dynamics can be derived by computing n - (7.2.1) 4+ (1 — n) - (7.2.2) and (7.2.1) — (7.2.2). The world
IS equation, IS"W | is obtained as,
VB, [ATH] ~ W~ B 7] (7.2.9)

where iV = niy + (1 — n) i} and %K/H = n@i41 + (1 — n) T, The relative IS equation, IS%, is obtained as,

VB, [ACR ] ~ 7R — E, {ﬁﬁl} , (7.2.10)

where 71 =%, — i and ﬁﬁl = Ty41 — Ty | interpret the argument on the right-hand side of (7.2.10) as

the difference between Fisher’s real interest rate at home and abroad.

The UIP Condition. The UIP equation, UIP, comes from the log-linearization of the intertemporal
first-order condition in either (3.2.29) or (3.2.27) if markets are complete, and from the log-linearization of
the first-order condition in (3.2.32) if markets are incomplete. Under complete asset markets, I obtain that

the relative consumption must be proportional to the real exchange rate, i.e.
75 ~ yer. (7.2.11)

Given this particular equilibrium condition, clearly equation (7.2.10) becomes somewhat redundant in the
computation of the equilibrium path. Nonetheless, equation (7.2.10) still has an interesting reading because
it implies that,

T By [Fen) 0 — By [Frp] + By [Afsﬁl] . (7.2.12)

In other words, the ex ante real interest rates are equalized across countries whenever asset markets are
complete, but only if PPP holds. This, obviously, puts a constraint on the behavior of consumption on both
countries, but it also shows that violations of PPP can induce different consumption paths across countries.

The UIP condition in its more conventional form holds up to a first-order approximation, and it can be
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expressed as follows,
By [ASi4 1] ~ iy — iy = ilY, (7.2.13)

where the spread in nominal interest rates reflects movements in the expected exchange rate. Using the
definition of the real exchange rate in (7.1.3), I can write a variant of the UIP equation in terms of the real
exchange rate as,

B, [Afs1] ~iF — B, {%ﬁl} , (7.2.14)

One way to read this is that the wedge between the real interest rate in the domestic and foreign country
is influenced by the real exchange rate, and this is true up to a first-order approximation independently of
whether markets are complete or not. Just compare this equation with equation (7.2.12).
Another way to look at this equilibrium condition is by replacing the ex ante real interest rate differential
using equation (7.2.10), i.e.
B¢ [A73e41] & 1By [ATE ] (7.2.15)

The equation reflects how the risk-sharing opportunities change whenever I switch from a world from complete
markets to a world with incomplete assets markets (to a bond economy). Under complete asset markets,
the relative marginal utility of consumption across countries is equalized to the real exchange rate across all
possible states of nature, and I end up with (7.2.11). Under incomplete asset markets, the relationship only
holds in expectations because all traded bonds are uncontingent. Hence, I end up with equation (7.2.15)
instead.

Equations (7.2.11) and (7.2.15), coupled with the definition of the real exchange rate as given by (7.1.3),
are going to be crucial in the determination of the exchange rates. It is also worth noticing that this is
the only (log-linearized) equilibrium condition for which there is a difference between the incomplete asset
markets model and the complete asset markets model. In summary, the asset market structure is relevant
up to a first-order as long as it ‘changes’ the risk-sharing opportunities available to households, so naturally

this effect pops up precisely in the risk-sharing equations.

The MP Equations. A simple log-linearization of the Taylor indexes described in equations (3.4.12) —
(3.4.13) gives me the MP equations, MP? and MPT, as,

S p/i\t—l +(1—-p) [T/Jﬂ?t + 1y (@\t - @t)] + 2, (7.2.16)
Bom T (=g [iE s (0 -T)] 43 (7.2.17)

where (@} — i:) and (@? — f: ) represent the domestic and foreign output gap, respectively, z; denotes the
domestic monetary policy shock, and z; the foreign monetary policy shock. I will derive a characterization
of the (first-order) potential output of the economy in subsection (7.7).

Monetary policy affects the demand-side of the economy because it directly ‘controls’ the nominal interest

rate. A monetary policy based on a Taylor rule can be viewed as a relationship that links the ex ante real
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interest rate to inflation, inflation expectations and the output gap, e.g.

B~ it p B[R] = By [Fe) + (1= p) (00— 1By [Feoa] + 0y R — B [feaa]) + 0 (5 - 5:) | +2472.18)

T~ P+ (B (7] - By [Rr]) + (1 —p7) {(Wf = DB [Ma] + 1 (7 — B [Ta]) + 43 (ﬂ: - @:)T%@)

where B;_1 [7t] — B¢ [Tt41] can be interpreted as sensitivity to inflation expectation jumps. If inflation is
thought to be a random walk process, then inflation expectations can be computed as Et [Tt+1] = 7. Then,

— By [Tt41] can be viewed as the forecasting error relative to the true model. This mispecification error
can be eliminated entirely if the monetary authority targets the true inflation expectations, instead of just
current inflation.

The real interest rate has the potential to influence the consumption path of households. However, I
caution from reading too much into this line of reasoning. The reality is that every market has two sides, a
demand-side and a supply-side. The monetary authority may be able to exert some influence on the demand
(and the expenditure allocation), but the endogenous equilibrium can only be determined once I add the
supply-side of the economy. For example, let me consider an economy that is fully segregated from the rest of
the world (autarky) and where prices are flexible. Without frictions, money is neutral and it has no impact
on the real output. By the market clearing conditions, however, everything that the economy produces must
be consumed by the local households (there is no capital accumulation either). The Euler equations are still
satisfied, but that does not mean the consumption path in equilibrium changes in response to a change in the
interest rate. In this environment, only nominal variables adjust and they do so to ensure that the resource
allocation remains unchanged. In other words, inflation will react to changes in the nominal interest rate to
make sure that households are satisfied with the consumption they already have.

The nominal exchange rate is often characterized with a combination of the UIP equation in (7.2.13) and
the MP equations described in (7.2.16) — (7.2.17). The impact of monetary policy on the determination of
the nominal exchange rate becomes easier to grasp if I make the assumption that the reaction functions of
the monetary authority are identical in both countries (i.e., p = p*, ¥; = 97, and ¥, = ¥3). If I combine
the UIP equation and the MP equations, it follows immediately that,

By [A8in] ~ i = = p (o =15 ) + (1= 0) [0 Ge=7) + 92 (3 -5,) — (3 -7) )| + G = 2.
(7.2.20)
Using the definition of the real exchange rate from (7.1.3) and the assumption that (1 — p)t; > 1, this
equation has a unique bounded solution for the depreciation of the nominal exchange rate which can be

expressed as,

AB, ~ ZOO ( 1 >j+1 5, (1-p) (¢2 ((@ig _5:-}-]‘/)\ - (@tﬂ' —§t+j)) - ¢1A7%t+j) +
=0 \(L=p)¥s +p (ifajo1 — irg—1) + (g — Zag)
(7.2.21)
This equation is a version of the often-cited and widely-used present-value model of the nominal exchange
rate.
In very simple terms, this equation shows how the nominal exchange rate depreciates (i.e., T AS;) in
response to monetary policy shocks, a depreciation of the real exchange rate (i.e., | A7), or a broadening

of the output gap differential across countries. The term zt 1 zt 1 accounts for the inertia in monetary
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policy and gives past shocks an impact on current and future fluctuations of the nominal rate. The monetary
authority may have an impact on the size of the output only if money has real effects. However, even if that
is the case, a successful monetary policy should imply that output fluctuates around its potential over time.
Therefore, if all economic agents anticipate a successful monetary policy, the contribution of the output gap
to the determination of the nominal exchange rate is likely to be ‘limited’. Therefore, it seems that the
most crucial linkage between monetary policy and the nominal exchange rate comes from the discretionary
component of monetary policy, z; — Z;, and the indirect influence it may have on the real exchange rate.

I see that what matters for the determination of the nominal exchange rate is not the interest rate itself,
but the monetary shocks. That is, the unpredictable part of the policy rule. If the domestic interest rate
decreases but the policy shock is positive keeping the interest rates above what the Taylor rule prescribes,
then the nominal exchange rate appreciates (everything else equal). Otherwise it will depreciate. This is true
only if the future expectations of the monetary policy shock remain unchanged. In any event, it is perfectly
possible to rationalize a depreciation of the nominal exchange rate simultaneously with a cut in the nominal

interest rate. In this sense, I don’t think we should be surprised to find those patterns in the data.

7.3 The Supply-Side in the Goods Markets

In the workhorse model, the Phillips curve is explicitly derived from the pricing decisions of firms. One
advantage of this approach is that the relationship has a structural interpretation, and serves to analyze the
transmission mechanism from shocks into inflation. The Phillips curve is no longer a mere ‘black box’ that
summarizes certain empirical regularities. But if there are structural changes in the economy, such as the
move to a low-inflation environment witnessed since the 1990s, the price-setting behavior of firms is likely
to change and with it the inflation dynamics.

From a policy perspective, therefore, two important issues arise. First, how sensitive are the short-run
inflation dynamics to such shifts in the economic environment? Particularly whenever the structure of the
Phillips curve is tied to the ad hoc characterization of price stickiness proposed by Calvo (1983). Second, how
well does a Phillips curve based on the assumption of unchanged price-setting behavior of firms (including
infrequent price changes at constant rates and pricing-to-market) describe the inflation dynamics of an

economy thought to be in continuous evolution and adaptation to new circumstances?

The AS Equations?®. The AS equations, 457, AS"* AS" and ASF*, come from a model with Calvo-
style price-setting firms and LCP pricing. The pair of equations AS? and AS™* is obtained from the log
linearization of the optimal price-setting rules, equations (3.3.20) and (3.3.21), and the home and foreign
price sub-indexes of the domestic bundle, equations (3.2.16) and (3.2.17). Similarly, I derive the pair AS¥ and
AST* from the log linearization of the foreign firms’ first-order conditions, equations (3.3.26) and (3.3.27),
and the price sub-indexes of the foreign bundle of goods, equations (3.2.16) and (3.2.17).

The Optimal Pricing in the Domestic Market for the Domestic Firm. I can log-linearize the

optimal pricing equation in (3.3.20) as in Martinez-Garcfa (2007). Accordingly, in steady state the Dixit-

28 An important feature of the workhorse model is that while technologies are symmetric, the nominal side (pricing contracts)
and the consumption preferences are asymmetric. This shows up on the aggregate supply (or AS) equations.

59



Stiglitz pricing rule holds, then the log-linearization around the steady state can be expressed as,

B A, (Ba) [ — 3t ]} =0, (73.1)

where the approximations are as follows,
~H _ ~ ~ ~ ~ ~H
Givr = (Wipr —Digr — Gtyr) + (pt—H— - pH_T) . (7.3.3)

I can re-write the optimal pricing equation simply as,

oo = ~ ~ ~ ~ ~ ~
B Y (Ba) [ (B () = Br) = @er = Prar —rsr) = (Prar —B1r) | |~ 0. (7.3.4)
T
Notice that I can re-express the price indexes pff  and pi’*_ respectively as pft = = pi’, + Z o ﬁg_i and
i=

-
pg_*T = pl* + Z o ﬂf{; Hence, the optimal pricing equation becomes,
7=

B (h) =By~ (1= Ba) B {3 (Ba) ST A+ (Busr — Bl — )|} (7.3.5)

In other words, the difference between the price charged by a firm that can reset prices and the average
price of all the firms who cannot re-optimize is given by a weighted function of current and future inflation
expectations and the marginal costs.

The nominal marginal cost net of (constant) labor subsidies from (3.3.3) can be expressed as,

T?Z\Ct = (fU\t — at) 5 (736)

(@ —a)). (7.3.7)

me;
Furthermore, after a little bit of algebra, I also find out that,

Zio (Ba) (Z;o %ﬁl) - (Z;zo (ﬂa>j) (Zio (Ba) %g”> 1 —1,6’& {Zjo:o (Be) 7?5”} - (138)

Therefore, the optimal pricing equation can be generically written as,

P () =Py~ B [ S5 (Ba) AL, | + (1= Bo) B |37 (Ba) (e ~PEL)], (7:39)

which is clearly a function of current and future marginal costs. I can easily re-write the above expression

under rational expectations as follows,
Bo () — Py ~ &l + (1 o) (e — B) + BoEy (B () — 1) (7.:3.10)

Equation (7.3.9) is the forward-looking (no-bubbles) solution to this equation.
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The Optimal Pricing in the Foreign Market for the Domestic Firm. In steady state the Dixit-

Stiglitz pricing rule holds, then the log-linearization around the steady state can be expressed as,
B YT By [F — ]} ~o0, (73.11)

where the approximations are as follows,

fl»j = ﬁt (h> _ﬁﬁk*‘r + (/S\t+7' +]/5t}{|»*7' _ﬁﬁkr) 9 (7312)
55:7 = (Wer — Pror — Qtgr) + (Digr —ﬁ{ir) . (7.3.13)

I can re-write the optimal pricing equation simply as,

(o) o~k ~H % ~ ~H % PN ~ ~ ~ ~ )
E, {ZTZO (BOC)T [(pt (h) _pﬁr) + (3t+'r +pﬁr —PﬁT) - (wt+'r — Dt4r — at+’r) - (thr'r - p{iq—)} } ~ 0.
(7.3.14)
.
Notice that I can re-express the price indexes f)\g_T and ﬁfiﬁ respectively as ﬁfiT =pl, + Z ?g_i and
=0

-
pg_*T = pH* + Z o ﬂf{; Hence, the optimal pricing equation becomes,
=

~k

P (h) =B~ (1= B B { Y (BT [ &+ (e = By = S4r — i) . (73.05)

In other words, the difference between the price charged by a firm that can reset prices and the average price
of all the local firms that cannot re-optimize is given by a weighted function of current and future inflation
expectations and the marginal costs.

The nominal marginal cost net of (constant) labor subsidies from (3.3.3) can be expressed as,

(wy —ay), (7.3.16)
me, = (0 —ay). (7.3.17)

mey

Furthermore, after a little bit of algebra, I also find out that,

3 (S ) (5, ) (7 o #) = s [ 0732

(7.3.18)

Therefore, the optimal pricing equation can be generically written as,

~k

Br () = i ~ B [ D (Ba) R+ (1= BB [S7 (Ba) (ersr — By~ Siss)| L (7:319)

which is clearly a function of current and future marginal costs. I can easily re-write the above expression
under rational expectations as follows,
o~k

By (h) — Bl = 71 4 (1= o) (e, — P~ 50) + BB (bry () - P1F) . (73:20)

Equation (7.3.19) is the forward-looking (no-bubbles) solution to this equation.
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The Optimal Pricing in the Domestic Market for the Foreign Firm. In steady state the Dixit-

Stiglitz pricing rule holds, then the log-linearization around the steady state can be expressed as,

BAY ", (B0) [T — G} >0, (7:3.21)

where the approximations are as follows,

fti'r = ﬁt (f) - ﬁf+7’ + (ﬁf+r - ﬁf:'r - /S\tJrT) ’ (7322)
/g\gjr‘r = (ﬁ}\:Jr‘r - ﬁ:‘f+7— - a:Jr‘r) + (erT - Z/)\f:T) ) (7323)

I can re-write the optimal pricing equation simply as,

e * = ~F ~F ~F % ~ o~ ~k ~% ~k "%
E; {ZT:O (Ba™)" Kpt (f) _pt+'r) + (pt+'r — Diyr — 3t+'r) - (wt+'r — Digr — a’t+'r) - (pt+'r _thr'r)] } ~ 0.
(7.3.24)
-
Notice that I can re-express the price indexes pf, . and pi. respectively as pf, . = pi_; + Z 7l 4; and
=0

-
pf_:T =pi + Z 0 Wf_,: Hence, the optimal pricing equation becomes,
1=

P () =B~ (L= Ba) B {37 (Ba)T D2 FlLi+ (@ = Plyr + 800 —Gip,) |} (7:3.25)

In other words, the difference between the price charged by a firm that can reset prices and the average
price of all the local firms that cannot reset their prices is given by a weighted function of current and future
inflation expectations and the marginal costs.

The nominal marginal cost net of (constant) labor subsidies from (3.3.3) can be expressed as,

ey (@ — Gy) , (7.3.26)
me = (G —a)). (7.3.27)

Furthermore, after a little bit of algebra, I also find out that,

5 (S ) = (5 00 ) (5 0 7o) = e [, 00755,
(7.3.28)

Therefore, the optimal pricing equation can be generically written as,
= I~ o #\T ~F * o0 *K\T (K i =~
pe (f) *pf—l ~ K, [ZT:O (Ba™) 7Tt+7} + (1= Ba™) By {ZT:U (Ba™) (mct+7' *Pﬂ-T + 5t+7')] , (7.3.29)

which is clearly a function of current and future marginal costs. I can easily re-write the above expression

under rational expectations as follows,
B (f) =By ~ 7Y+ (1= Ba) (e — Bf +31) + BB (b (F) — B ) - (7.3.30)

Equation (7.3.29) is the forward-looking (no-bubbles) solution to this equation.
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The Optimal Pricing in the Foreign Market for the Foreign Firm. In steady state the Dixit-Stiglitz

pricing rule holds, then the log-linearization around the steady state can be expressed as,

BAY ., (Bo) T — Gt} >0, (7:3:31)

where the approximations are as follows,

fhe = () =D (7.3.32)
/g\gjr‘r = (ﬁ}\:Jr‘r - ﬁ:‘f+7— - a:Jr‘r) + (erT - ﬁf:r) ) (7333)

I can re-write the optimal pricing equation simply as,
R * P~ ~F'x A~k ~k ~x% Sk ~F'x
E, {ZTZO (Ba™)" [(pt (f)— pf+7’) - (thrT ~ Piyr — at+7’) - (pt+'r _pt+‘l'):|} ~ 0. (7.3.34)
Notice that I can re-express the price indexes pf, . and pf*, respectively as pf, . = p{_; + ZT o 7?5 1; and
i=

-
pffT =pi + E o Wf:z Hence, the optimal pricing equation becomes,

B () =P~ (L= Ba) B Y (Bar) YT R+ (@, — B )|} (73.39)

In other words, the difference between the price charged by a firm that can reset prices and the average
price of all the local firms who cannot reset their prices is given by a weighted function of current and future
inflation expectations and the marginal costs.

The nominal marginal cost net of (constant) labor subsidies from (3.3.3) can be expressed as,

T/TL\Ct = ('&}t — at> s (7336)
mel = (@ —a)). (7.3.37)

Furthermore, after a little bit of algebra, I also find out that,

Zio (Be7) (Z::o %’i:) - (Zjio (ﬁa*)j) (Zio (™) %f:J - 1——1604* [Zio (Ba7) %f*:} '
(7.3.38)

Therefore, the optimal pricing equation can be generically written as,

~%k

B () =B~ B [ (Bt R (- et B[S (Bt (s, ~BE)| L (7:3.39)

which is clearly a function of current and future marginal costs. I can easily re-write the above expression

under rational expectations as follows,
o~k

Br (F) =Py ~ R 4+ (1= Ba”) (e — 1) + Ba'Be (i () =517 (7.3.40)

Equation (7.3.39) is the forward-looking (no-bubbles) solution to this equation.
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The Price Sub-Indexes of Home and Foreign Bundles. In a symmetric equilibrium under sticky

prices, the aggregate price sub-indexes in (3.2.16) — (3.2.17) can be expressed as follows,

pH - :a(P;il)l‘9+(1—a) (E(h))le] (7.3.41)
Pl = :a(PtH*;>”+<1—a> (E*(h))l_e]ﬁ, (7.3.42)
= ey a-a (Ran) T (7.3.49)
P = a (PF3) ™"+ (1-a) (E*(f))l_e]ﬁv (7.3.44)

which accounts for the fact that a proportion of firms maintain their prices while the remaining firms re-
optimize. The re—optlmlzmg ﬁrmb also ube a symmetric prlclng rule In a zero-inflation steady state, it must
hold that P = P (h), PP (h), P =P (f) and iz P (f). Hence, the log-linear approximation

of these price sub-indexes becomes simply,

B o~ apf +(1—a)p, (h), (7.3.45)
pH* ot 4+ (1—a), (h), (7.3.46)
pf o~ Pl (- o) (1), (7.3.47)
P o~ @+ (L), (f). (7.3.48)

A straightforward manipulation of these equations tells me that the difference between the optimal pricing

rules, ﬁt (h) and 5: (h), and the price sub-indexes, p’ and pi’*, is proportional to the inflation rate in logs,

~ . 1 ~ ~ I« 1 _Hx
o -t] ~ (12 ) 7[R -] = (125 ) R (7.3.49)

l—« 11—«

ie.

Similarly, the difference between the optimal pricing rule, ;@Vt (f) and ;@V: (f), and the price sub-indexes, pI’

and pf™*, is proportional to the inflation rate in logs, i.e.

~ . 1 ~F  [2* A 1 ~Fx

pe (f) _p£1] ~ <1——a*> Tt s [pt (f) == 1} ~ (1 _ a*) Ty - (7.3.50)
The Aggregate-Supply Equations for the Domestic Firm: ASH and AS™* The aggregate supply
equations can be derived from the optimal pricing rules in (7.3.10) and (7.3.20), and the aggregation rules
n (7.3.49). If T combine these results, I obtain the dynamics of inflation on domestically-produced goods in

the model as,

I\~ ~ . 1
(—1 - a) 7~ w4+ (1- Ba) (e — DL + Ba <1 - ) E, (7rt+1) (7.3.51)
1 ~H * S —~ ~Hx* -~ 1 ~H
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or, more compactly,

o~ BB (RIL) + M (e —pt) (7.3.53)
a o~ gm (al) + ST e (7.3.54)

These equations are central in my derivations of the Phillips curve for both economies.

The Aggregate-Supply Equations for the Foreign Firm: ASY and AST* The aggregate supply
equations can be derived from the optimal pricing rules in (7.3.30), and (7.3.40), and the aggregation rules

n (7.3.50). If I combine these results, I obtain the dynamics of inflation on foreign-produced goods in the

model as,
1 ~F ~F * ~ % ~F ~ * 1 ~F
T T ® T + (1 = Ba*) (me; —pi +5) + Bo T E: (7Tt+1) , (7.3.55)
1 ~Fx A * —~ % ~F'x * 1 ~Fx
(1a*> 70 o~ R+ (1-Ba”) (e — b Y) + Ba <1a*)Et (wfﬂ), (7.3.56)

or, more compactly,

~ 1—Ba") -

7F o~ R, (7rt+1) + (- )a(* ) (me; —pf +51), (7.3.57)
~F'x ~F'x 1 - * —~ % A~

o~ BB (R) + s )a B (i — ). (7.3.58)

These equations are central in my derivations of the Phillips curve for both economies too.

The Relative AS Equations. It follows from the two domestic aggregate supply curves in (7.3.53) and
(7.3.54) that,

H s 1—a)(l— S,
7 7l ~ gE, (wm wfi1>+w[st—(pt -] (7.3.59)

It follows from the two domestic aggregate supply curves in (7.3.53) and (7.3.54) that,

~F  ~Fx ~Fx (I-a")(1—Ba") . o~ ~
T, — 7 o~ B (7Tt+1 7rt_|_1) + o 5. — (pf —p{)]- (7.3.60)
In either case the structure of the pricing equations is such that marginal cost (whatever that might be)
completely drops out of the equation. This explains why pricing differences in the workhorse international
macro model are closely linked to the nominal exchange rate, and why the standard model has such a hard

time explaining the low degree of pass-through found in the data.

The Aggregate AS Equations: The Inflation Dynamics. The inflation dynamics in the domestic
country can be derived by applying the aggregation rule in (7.1.1) to equations (7.3.53) and (7.3.57). Simple

algebra gives me the following expression,

(1-a)d - pa)

[e%

T~ BBy (Fog1) + (1=¢) (mc; —p; +5). (7.3.61)

£(n/1\ct 7?)\{{) " (1 — a*)of*l — Ba*)
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Whenever the Calvo contracts are symmetric across countries, i.e. a = a*, it follows that the inflation
dynamics take a more conventional form,

w (e, + (1 — &) me; — P+ (1—€)3]. (7.3.62)

Ty =~ BBy (Teg1) +
This shows that the direct effect on inflation from fluctuations of the nominal exchange rate depends on the
proportion of foreign goods in the domestic consumption basket, £, as well as the degree of price stickiness,
«, and the subjective discount factor, 5.
The inflation dynamics in the foreign country can be derived by applying the aggregation rule in (7.1.2)
to equations (7.3.54) and (7.3.58). Simple algebra gives me the following expression,

7~ OB, (%;‘H)Jr%j_ﬂa)g* (me: — i —8)+ (1= a*)a(j — o) (1—¢&%) (me; —pp *) . (7.3.63)

Whenever the Calvo contracts are symmetric across countries, i.e. « = «*, it follows that the inflation

dynamics take their more conventional form,

(1*04)(17601)[

- Emey + (1= &) me, —py — €75 - (7.3.64)

7y~ BB (Tiga) +
This shows that the direct effect on inflation from fluctuations of the nominal exchange rate depends on the
proportion of domestic goods in the foreign consumption basket, £*, as well as the degree of price stickiness,

«, and the subjective discount factor, 5.

7.4 The Labor Market Equilibrium Conditions and Marginal Costs

The LM Equations. The LM equations, LM and LMY | are easily derived from the first-order conditions
of the household’s problem in (3.2.38) — (3.2.39), the labor market clearing conditions in (3.3.12) — (3.3.13),
and the linear-in-labor technologies in (3.3.1)—(3.3.2). Log-linearizing the labor supply functions in (3.2.38)—
(3.2.39) it follows that,

D —Pr A e+ ol (7.4.1)
W —pr o~ e + el (7.4.2)

The combination of the labor market clearing conditions and the linear-in-labor technologies in (3.3.28) —
(3.3.29) (or in (3.3.12) — (3.3.13) and (3.3.1) — (3.3.2)) can be used to derive that,

e atJrlAtSy (7.4.3)
U~ Al (7.4.4)

Naturally, putting all these results together helps me characterize the path of real wages both in the domestic

and foreign country. It follows that,

We —pr = Ve + PYr — par, (7.4.5)
Wy —p; & V¢ + @Y — pay. (7.4.6)
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These are the LM and LM* equations of the model, and they are both instrumental in the determination

of the marginal costs faced by firms in the economy.

The Y Equations. The output equations, Y and Y, are easily derived from the aggregate goods mar-

ket clearing conditions in (3.3.32) — (3.3.33). Almost mechanically, the aggregate market clearing conditions

can be log-linearized to obtain that??,

+<(>+(_)<)_)[0[/0 (5 (0~ ) an) — o (92~ 77) + 5

1— r 1
U ~ e | [ =i et -pyale
v Lol G -] -t va].

Let me point out that the relative price dispersion has no first-order impact on the production in either

country. This is because, up to a first-order approximation it follows that,

/On(ﬁt(h)—ﬁf)dhz/on(?(h) pi*) dh = /(ﬁt(f)—ﬁf)dfz/ (Pr (f) —pr*)df =0.  (7.4.9)

Therefore, I can re-write the domestic and foreign output as follows,

9 o~ nl-o@f —p)+a]+ 1 —n)[-oc @ -p;)+7], (7.4.10)
U o~ 0 [~o(®f —p)+a] + (=) [~ (5 -P;) +E], (7.4.11)
where 1 = ) and n* = n(1=) Notice that n = n* = n whenever £ = £*, while
= REreaE) T T RED R ) e ’
n=~&and n* =& if (1—n)&" =n(1—¢). Per capita output can also be conveniently re-written if T use
the log-linearization of the CPI in (7.1.1) and (7.1.2) as®’

oo~ o= B =) + (L= A=) (B =P + e+ (1 —m)&),  (74.12)
U~ o E@d —00) =) B - p)] e+ (L-n") e, (7.4.13)

or, based on the log-linearization of the definition of relative exchange prices,
ge o~ oml—=8mp,— (1 —n)(1=&)rp]+ e+ (L—n) ], (7.4.14)
Ui o~ o[-0+ (1 —n") vy + e+ (1—n") ], (7.4.15)

29 The log-linearization is attained based on the normalization of the steady state that I discussed before in subsection 6.1.
30Tt is necessary to check that these formulas are consistent with the approximation of the market clearing condition in

(3.5.19). I do not check this consistency condition here, but I will discuss it later in the paper where it applies to the frictionless
economy (subsection 7.7).
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where

Dy = D —Dy,
~ ~Fx | ~H
™y = _(pt*_pt *)

The Y and Y¥ equations of the model are also instrumental in the determination of the marginal costs
faced by firms in the economy.

The dispersion in relative prices that affects the output levels supplied by each firm is of second-order
importance as noted in my comments before. Indeed, this claim has become part of the jargon used in the
literature. I think, however, that it is a somewhat misleading statement based on partial analysis. It does
not take into account the endogeneity of the right-hand side variables and the general equilibrium effects of
price stickiness that pop-up (even for a first-order approximation) from a fully-specified DSGE model. In the
workhorse model, this is quite easy to understand. After all, price stickiness still has a first-order impact on
the pricing decision of firms and, therefore, alters both the path of inflation and output in this economy. The
impact of price stickiness on the short-run dynamics of output is non-trivial, and can be measured relative

to the frictionless allocation by the size of the output gap!

The Marginal Costs. The combination of the LM and Y equations allows me to characterize the marginal
cost functions that are relevant for the pricing decisions of firms and for the dynamics of inflation. If I put

all these equations together, I can re-write the nominal marginal costs as follows,

TT/l\Ct—]/)\FE (@t—at)—]/?\fl

7.4.16
n e+ o [0 (57 — ) 48] + 9 (L—1) [—o (0 —57) + 2] — (1 + @) a +7 — 1, T+

~ e +on [—o (Bf —be) +&] +o (L —n") [—o (B —07) + & — A+ p)af +pr — 5,
Alternatively, using the log-linearization of the definition of relative exchange prices, I can re-label the
marginal cost functions as follows,

me, —py o~ Ve + i+ (1—8) 7, — (1+ ) a
Ve + o [n (L= &)y — (L—n) (L= &) ;] + @ ee + (1 —n) G + (1= &) ip, — (1 T BB)
me; =Py R G el + € — (Lt o)
~ G o[-0 Erp + (L=n") Erpl+ e e+ (L—n) Gl + &ip — (L+@)a;. (74.19)
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Based on this equation, it clearly follows that the marginal cost is a function of relative exchange prices and

aggregate consumption. More generally, I can infer that,

mey —pi e +eme+ (1 —n)¢l+eon(L—€)m, —(1—n) (1 —&)mp;] + (1 — &) rp—

Yy (7.4.20)

e — Pyt — 8 e+ e+ (1= m) &) 0o [y (1= &)y — (L= m) (L= €) ] +fole — &y
— (1 +¢)ay,

me; —PE + 5 ~ T + o[ + (1 — %) & + @0 [ &b, + (1 — %) €7p;] — oty — (1 — 5*)@7‘2(22)

mei —pr R + e+ (1—0") ¢ + o [—n*&rp, + (1 — ") £7pi] + £y —

PR (7.4.23)

Therefore, the inflation dynamics of the price sub-indexes in (7.3.53), (7.3.54), (7.3.57) and (7.3.58) are

determined as follows,

o 0 N ) el 1) Ve + ¢ (e + (1 =) T) + (7
t ~ t+1 ~ K\ o~k ~ .
L] a oo (n(L— &), — (L—n) (1 — &) p}) + (1 — &) 7py, — (1 +9)
t ~ t+1 ~ K\ o~ K o ~ ok
L] a +po(n(1—&)rp, — (1 —n) (1 = &) rpy) +toty — Erp, — (1 + ) ay
+F ~ BE, |77 '+(1—a*) 1 — Ba*) ver e (e + (1 —n*)ef) + .
t ~ t+1 % S *\ K Sk 3 Y\ Nk S
L] o +po (—n &pﬂr(l*n)érpt)*tott*(lfﬁ)Tpt*(lﬂps
P~ R '%F*'Jr(l—@*)(l—ﬁa*) ver +e e+ (1—n")e) +
t ~ t+1 * N R 3 * ok ~ |
L] o oo (—n*&rp, + (1 —n*) ' rp;) +§7pf — (L + @) a

This system of four equations suffices to characterizes the dynamics of inflation in both the domestic and
foreign economies when combined with the log-linearized CPI indexes in (7.1.1) and (7.1.2). The structure
of these equations is the same independently of whether the asset markets are complete or incomplete in the

model.

7.5 The Equilibrium Trade Balance

The TB Equation. The real trade balance equation, TB, comes from the log-linearization of equation
(3.5.38) by parts, which holds whether asset markets are complete or incomplete. What I do is I log-linearize
P };It Y; and nC%, and I define the log-linear approximation of the real trade balance as the difference. Then,
it follows immediately that,

n

—~ - “(1—p)  ~ . R
th = i = et 5+ (1= 0) gt (0 —B1) +
§(1=n) (~Hx £ (1-n) =R
+ (1 B J) En+£*(1—n) (pt 7ﬁ) T é&nt+EF(1-n) Cts

(7.5.1)

where ¢I' = ¢, — ¢;. T use the normalization of the steady state discussed in subsection 6.1, which implies

that (1 —n)&* = n(1 —¢) ensures a zero trade balance in steady state, in order to simplify the equation
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above as,
thy —pr=(1—&) s+ (1—0) (€ (BF —pe) + 1—&) (B — D7) — (1 — &) & (7.5.2)

Finally, if I use the log-linearization of the CPI in (7.1.1) and (7.1.2), I am able to write the trade balance
more compactly as,

th —pr = (1= )P + (0 — 1) (n (1= &) b, — (1 =) (1 =€) ;) — (1 = )&, (7.5.3)

n(%)

where the composite parameter is n = W and the relative exchange prices are defined as,

@t = ﬁf_ﬁfla
o= =0 -p).

In this equation, £b; measures the per capita nominal trade balance, and by =nE(1— &) ip,—(1—n)E(1— &) ip;
tracks the world relative exchange prices®!.

It also shows that the trade balance expressed in real terms (in units of the domestic consumption basket
of goods) depends on consumption in both countries as well as on changes in the real exchange rate and
world relative exchange prices. If PPP holds, then expenditure switching across countries comes exclusively
from fluctuations of the world relative exchange prices. If PPP does not hold, then, expenditure switching

will no longer depend on the world relative exchange prices alone.

7.6 The Money Market Equilibrium Conditions

The MM Equations. The MM equations, MM and MM?, are easily derived from the money-market

clearing conditions in (3.4.8) — (3.4.9). Log-linearizing these equations it follows that®?,

e — P~ %a - % (%)%, (7.6.1)
_ 1 .
m;y —p; = g’cj ~ (%) i, (7.6.2)

The equations say that the real balances are cointegrated with the nominal interest rate and with aggregate
consumption (instead of aggregate output as in Cagan’s money demand functions). Taking the difference
between (7.6.1) and (7.6.2) and using the definition of the real exchange rate is easy to derive an expression

for the nominal interest rate spread across both countries as,

B ¢

31'Whenever TApXV > 0, then foreign-produced goods are relatively more expensive and world demand is shifted towards
home-produced goods.

~ % 1-— ~ N Py
A P, (—ﬁ) [—mfﬂc%p? , (7.6.3)

32The approximation is calculated relative to gross interest rates, not relative to net interest rates.
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where ¢ = ¢, —¢;, mf = my — m}, and pI = p; — p; = & — 75;. This implies that,
- 1- _ R -
[ (Tﬁ> [—mﬁ + %cf +pR], (7.6.4)

where /z\f“ = /i\t —Zif In words, this tells me that the interest rate differential is negatively proportional to the

money supply differential, and positively proportional to the relative consumption and to the relative CPIs

across countries.

7.7 The Frictionless Allocation for Potential Output

The labor market equilibrium conditions of the frictionless allocation in equations (4.3) and (4.4) can be

easily log-linearized as,

~ = =~ ~H =

—(L+p)as +9¢ + ¢y, — (pt —pt) ~ 0, (7.7.1)
~x o o ~F'* ~

-+ )a; +7¢ + ¢y, — (p —pt) ~ 0. (7.7.2)

Similarly, the perfect international risk-sharing condition under complete asset markets described in equation

(3.2.29) can be log-linearized to take the form,

~

Ct

~ ~k

ETR (7.7.3)

2~

Re-labelling equation (7.1.3) I can express the log-linearized real exchange rate as,

s (€ +(1-)B ) - (B +1-9F ), (7.7.4)

while the relevant definitions of terms of trade that apply to the frictionless model are ﬁt = ﬁf — ﬁf{ and
t_/o\t: = ﬁf - ]_A)f = —ﬁt. The assumption of the frictionless model is that prices are fully flexible, so the
LOOP holds at the variety level and, due to symmetry, also at the level of locally-produced bundles of goods.
Hence, manipulating equation (7.1.3) I can re-write the log-linearized real exchange rate as a function of the

terms of trade,

TS = P+ D,
~ (6-¢) (B -Br ) = (- )Tk (7.75)

In other words, up to a first-order approximation, the real exchange rate is unaffected by the elasticity of
substitution across bundles, but depends upon the assumption of home bias in consumption.

Given that the LOOP holds under flexible prices (see equations (3.3.14) — (3.3.15)), it is possible to
re-write the output equations for both countries as in (3.3.36) — (3.3.37). After re-labelling those equations

to take account of the fact that I am referring to the frictionless allocation, I log-linearize them around the
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normalized steady state to obtain that,

~ ~H ~ ~ ~ ~k

5o~ o (B —B) o (LT e+ (1-0)F, (7.7.6)

=~ oFx o = *2 w0y =F

Yy ~ —o (pt —m)—on TSe+ 0"t + (1 —n")%, (7.7.8)
n(%) n(i=5)

where 1 = A () and n* = S o () It must be noted, once again, that the condition
on the home bias parameters applied for the 1rre1evance of asset markets, i.e. n (1 —¢&) = (1 —n)¢", implies
here that n = £ and n* = £*. Taking the difference between the output level in both countries, I can say
that,

L

<)

T~ o (B B) (B R)) re )T ) (B -7 (1.7.9)

-7 ((Z_A’f B ‘gt) - (1:% ~B _gt)) +o(l=(—n)Ts +(n—n") (%t —€§§7..7.10)

Using the terms of trade and the real exchange rate definitions, then recalling that under flexible prices the

LOOP holds (and ﬁf o5 = ﬁf ), I can re-write the difference above as,

~

U~ ~—0 (%t —t_ott) +o(l—(n—n))7Tse+(n—n") (%t _gtk) : (7.7.11)
Using equations (7.7.3) and (7.7.5), I derive the following expressions for the real exchange rate and terms
of trade??,

= 1-— 5 B g* * 1 * o = =

TS A [a (%) Fo(l=m=n))+=m=n )} (yt *yt) : (7.7.12)

o~ -1 . o
G~ o= (=N toe- )0 -m-m) - m-m| [T, 111)

2

which indicates that both relative prices are proportional to the output differential across countries.
These equations simplify further if T assume that n (1 —¢) = (1 —n) £, ie.

- (¢ - -
TS A~ _J( P 2)+%§ = (yt yt), (7.7.14)
= 1 =~ o
ol = o (1-(—€)) + - (7). (T

where these formulas depend on the home bias parameters but also on a weighted average of the elasticity of
substitution across bundles of goods, o, and the intertemporal elasticity of substltutlon . The intertemporal
elasticity of substitution, however, only plays a role in determining the sensitivity of the real exchange rate to

the output differential whenever I assume home bias in consumption, i.e. £ # £*. Based on the structure of

33These calculations do not depend on the assumptions I made regarding the technology used in this economy. Therefore,
the same kind of relationships should hold also if I had a production techology that uses other inputs rather than labor alone,
specially capital.
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the CPIs in (3.2.14) — (3.2.15), and the log-linearization in (7.1.1) and (7.1.2), I can argue that the following

price ratios, i.e.

=H = ~H ~F =
e —n ~ (1-6) (pt — D¢ ) =—(1—=¢)toty, (7.7.16)
/_\F* o~k * /_\H* /_\F* *2

P =P = £ (pt — Dt ) = ¢ toty, (7.7.17)

are also related to terms of trade.

Then, I combine all these results in order to write domestic and foreign output as,

~

U c(1=8Toly+0(1—n)Ts +nee + (1 —n)

SN {% +(1- n)} 75 — (1 —1n) (%t —%:) +ct, (7.7.18)

~
C

Q

~%

Uy —o&tot, — on*Ts; +1°C + (1 — 1)

Q

t

Q

& o] = v [~ ¥\ o
U|:£_§*+n TSt + 1 (ct ct)+ct. (7.7.19)

Using one more time the perfect risk-sharing condition derived in (7.7.3), I can re-write the domestic and

foreign consumption in terms of domestic and foreign output as,

and,

ol
~

Q

B~ o (=g ) -z a-n|mes, (7.7.20)
TS —[a<£§£*+n*>—%n*}r_}t+a, (7.7.21)
_ o(EE+0-m)-L1-m) G-
Yy — " Yy — Y
Dl (S rea -yt im-m |
o(fm+m)+ta-n) | [o(EE+a-n)-ta-n]..
7 - Yy + - ; Uy, (7.7.22)
0(5 5*—(n—n*))+;(n—n*) 0(5,5*—(n—n*))+;(n—n*)
~% g (% +77*) o %77* ~ o~k
i t 1-(—¢%) i L (o (ytiyt)
o (L) 4o -m-nN+LEm-m)
(Ee+m) -t ] [ e(FEEru-w)+d ]l
- - . - U + - - - - 7. (7.7.23)
0(@—(n—n))+;(n—n) U(@—(n—n)>+;(n—n)
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Assuming that n (1 — &) = (1 — n) £", the equations can be further simplified as,

Lo [e1-90+E-E)-10-96-)| o -
Y — 2 1 ) (yt_yt)
o(1-(-¢))+L1-¢)
o (1L (E-ENFIA-NE-E) |  |a(-0+E-)N-21-9E-¢)]-
= 2 1 12 Y + N2 1 12 1Y
o(1-(-¢))+L1-¢) o(1-(-¢))+L1-¢)
e £>>f1£< ) o
Yr + (yt_yt)
7 (=)
o (1+(E-€N-2EE-)]. [c1-90+E-N+ieE-)|

= 0(1—(5—5*)> 1E-¢y Yy + 0(1_@_5*)2)_1_%(5_5*)2 e (7.7.25)

o
Q

4)

ol
Q

which tells me that the consumption in each country is a weighted function of the output produced in both

countries (weighted according to household’s preferences).

Consistency with the Market Clearing Conditions. I know that the sum of the real aggregate output
in both countries equals the sum of the real aggregate consumption which follows from the market clearing

conditions in (3.5.19). Hence, after log-linearizing it must follow that,

= - Y ~ Y’ ~
nEt—l-(l—n)Et N ——————— ="y +_—_*(1 —n)yt,

(7.7.26)
nY +(1—-n)Y nY +(1-n)Y

l

|
*
<
~

and it can be shown from the steady state derivations in (6.2.10) and (6.2.11) that,

- (e N7
7 o= = ()] @,

L& \T

I 1—¢\\ 7]t
— ® n — L

(1 - n) ?* = (1 n) (1* ) (A*)’Y_:r—i% )

k n

r 1543 1-¢\\ 717+

Y —* ® 7 5+ 1 AN n — )
nY+(1-n)Y = nr <§> (A)ﬁé + (1-mn) (1* ) (A*)'V_i%
L R\ K n

The steady state normalization, applied to any choice of the consumption bias parameters, requires that,

B [<1nn>2nﬂ*(lg§)]ﬁ’

n(i=£)1 T

A=1, A" = S T
() |4
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as per (6.2.13). Therefore, it follows that,

v o= [EE)]T
n;, |

— [ne (E\7]7F% n n
1-n)Y — = —
( n) | < (n) | (l—nr]*

n

1—5)
f )

— —x* -’nﬁo 5 ’Y-ﬁ 771_5
nY +(1-n)Y —(—) | (1—&—171;?).

As a result I can express the market clearing condition becomes,
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I impose on the home bias parameters that n (1 —¢) = (1 —n) £, which further implies that n = £ and
n* = £*. In this case, it must be true that,
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sonY = (1-n)Y ", and it holds true that,
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If T aggregate equations (7.7.22) and (7.7.23) accordingly, it shall follow that,
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Hence, this implies that in order for the approximation to be consistent with the market clearing condition,

ne+(1 — n)%: R~

the elasticity of substitution across bundles of domestic and foreign goods, o, and the intertemporal elasticity

of substitution, %, must satisfy the following two parametric conditions,
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Since there are two restrictions and two degrees of freedom, the parameters ¢ and =, it could happen that
either no solution exists, that only a solution exists that functionally relates these two elasticities to the
home bias parameters, or that these equations are satisfied for any possible choice of the elasticities. T check

here only the conditions applying to the special case where n (1 — &) = (1 —n)£". Given this parametric
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restriction on the home bias parameters,
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A little bit of manipulation and it follows that,
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In other words, I end up with one additional parametric constraint which requires that,

1
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or, alternatively, that,

%[n_%] (g— lfn(l_@)gzg% Kl— lfn(l—f))Q—gﬂ, (7.7.30)

where I use once again the fact that n (1 — &) = (1 —n) ™.

In general, this implies that for internal consistency with the market clearing condition, I cannot pick an
arbitrary choice for the two elasticities. At the same time, I can also show that if I choose both countries to
be symmetric in size, i.e. n = %7 then the left- and the right-hand side terms of this restriction become zero
and that allows me an unrestricted selection of both elasticities. Making both countries symmetric was also
a necessary condition in the standard normalization to be able to assume that the steady state productivity

levels in both countries are identical and equal to one.

The Potential Output of the Economy. Mindful of the implicit restriction on the elasticity of sub-
stitution across bundles of domestic and foreign goods, o, and the intertemporal elasticity of substitution,
%, I proceed ahead to derive the implicit relationship between output and productivity shocks. For that, I
only have to replace consumption, prices and terms of trade in the log-linearized equilibrium labor market

clearing conditions derived in (7.7.1) — (7.7.2) to easily obtain the following system of two equations in two
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unknowns,
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or, expressed more compactly,
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The solution to this system of equations gives me the following pair of formulas,
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where the coefficients are defined as follows,
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These two equations characterize the potential output of the economy, and implicitly set a reference for the
output gap targeted by the monetary authorities.

Let me assume that the usual restriction is imposed on the home bias parameters, i.e. n(l—¢) =

(s



(1 —n)&". Then, operating on (7.7.1) — (7.7.2), I can obtain the following system of equations,
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Using the structure of the linear-in-labor technology functions, it is possible to approximate aggregate output

as,

yt ~ lt + ag,
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~
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therefore, the equilibrium level of employment follows easily from here.
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I already argued, while discussing the irrelevance of asset markets, that under certain special conditions*

the foreign shocks have no direct impact on the domestic output. That was true because under those
conditions the nominal trade balance was equal to zero. However, in my previous calculations appears
an interesting fact which is true independently of the choice of home bias parameters. If the elasticity of
substitution across domestic and foreign bundles is identical to the intertemporal elasticity of substitution,
ie.

o=—,
Y

then local employment and output will only depend on local productivity shocks up to a first-order approxi-
mation. Arguably, this is a knife-edge case. However, these two parameters have very important implications
for the way labor reacts to shocks coming from abroad. In fact, it can be said that these two parameters
regulate whether the wealth effects or the substitution effects dominate on the employment decisions (and,
hence, translate into a higher or lower equilibrium output level). This can be seen from the fact that the

sign of (0‘ — %) determines the sign of A\,« and .

The Output Gap and Monetary Policy. If monetary policy targets deviations of output from its
potential, as posited by the Taylor rule, it can no longer ignore the foreign productivity shocks except
whenever o = % My previous derivations show that potential output in either country is a function of both
productivity shocks. On one hand, it indicates that potential output can be affected by the productivity
shock of the other country (if international trade in goods is feasible). On the other hand, it shows that the
monetary authority has no influence whatsoever on potential output. This should not be surprising since the
potential output of the economy is the output that would prevail in a frictionless economy, which is precisely
the type of economy where money is neutral.

The Taylor monetary policy rules also suggest that errors in the estimation of potential output could
be perceived or misinterpreted as monetary policy shocks, while in reality they are truly supply (or real)
shocks. For example, let me suppose that the domestic monetary authority believes the economy to be
closed or the foreign productivity shocks to be unimportant and estimates the domestic potential output as
ft ~ Aqa;. Depending on the sign of A\, and the realization of the foreign shock, the output gap may be
either overestimated or underestimated by the monetary authority. That means the interest rates might be
either too high or too low relative to what the correctly-specified Taylor rule would prescribe in order to
drive the economy closer to the frictionless allocation. Hence, this specification error can be detrimental for
the goals of the policy-maker.

Let me suppose now, as an alternative example, that the monetary authority follows the Taylor rules
prescribed in (7.2.16)—(7.2.17). But an econometrician does not know how to correctly estimate the potential
output that is being targeted. Then, the differences between the econometrician’s conjecture and the true
output gap of the economy will be interpreted as monetary policy shocks. While, in fact, these specification
errors should be functionally related to productivity shocks, because potential output only depends on real
shocks. Because these output gap errors are misconstrued as monetary policy shocks, econometrician’s may
use them to conclude that monetary policy shocks are correlated with real shocks, even though that is not

the case. These errors could also lead the econometrician to conclude that Taylor rules have real effects,

34That is, whenever 0 = =1, n (1 — £) = (1 — n) £* and the net debt in the initial conditions is zero.
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even when there is little truth to that (if anything at all).

7.8 The Linearized Equilibrium Conditions: Revisited

The workhorse model is build around a log-linearized set of equilibrium conditions. It has been shown that
asset prices, the nominal interest rate and the nominal exchange rate particularly, can be pin down with the
current framework. Moreover, this first-order approximation is sufficient to close the model and determine
the relevant allocations based on a small number of Euler equations, pricing equations and asset pricing
equations. For instance, I derive aggregate output and consumption, inflation, as well as the trade balance
based on these equations only.

However, the portfolio allocation is indeterminate up to a first-order approximation. The composition
of assets in each country’s portfolio cannot be determined in this way. One way to attain a determinate
portfolio allocation would be to produce a second-order approximation of the asset pricing equations. This
is precisely the approach that Evans and Hnatkovska (2005, 2007) follow. Portfolio determination is crucial
for our macro models to be able to say something interesting on the home bias in equity portfolios puzzle or
regarding the role of financial globalization.

However, it seems important to emphasize that asset prices, not portfolio quantities, is all that is needed
to determine the allocations (even the trade balance) in the workhorse model. On one hand, portfolio
allocations are only of second-order importance to help us understand the behavior of the economy. On the
other hand, the asset market structure is quite important still in as much as determines the risk-sharing

opportunities available and, therefore, the efficiency with which households pool their risks and trade.

What does this mean for monetary policy? The asset market structure influences decisively the risk-
sharing that occurs across countries. Therefore, it changes the financial environment in which monetary
policy is conducted and through which it is implemented. It also introduces a potential role for monetary
policy to promote better risk pooling across countries (insurance), which is not clear whether it conflicts or
not with the objective of price stability. I argue that portfolio allocations are of second-order importance for
the determination of those variables (primarily inflation and output/consumption) that are thought to be of
relevance for the monetary authority. Up to a first-order effect, only certain asset prices like the short-term
nominal rates, the consumption-saving decision of households and the pricing decisions of firms matter in the
context of the workhorse model. Nonetheless, the asset market structure cannot be ignored by policy-makers
as exemplified by the distinction between a complete asset markets economy and a ‘bond economy’ in this
paper.

Finally, it is worth always keeping an open mind on these topics and financial globalization is no exception.
In a slightly more complex model with borrowing constraints, differential trading costs across asset types or
segmented markets and different degrees of asset substitutability, the claim that portfolio allocations are of

second-order importance may no longer be true. Certainly, more research needs to be done along these lines.
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8 Concluding Remarks

First, monetary policy is neutral if prices are flexible, firms are competitive and asset markets are complete.
In this context, it makes little sense for the monetary authority to worry about output fluctuations over
the business cycle because it is outside the set of things monetary policy can actually accomplish. In the
presence of nominal rigidities in the goods markets (and possibly other frictions), monetary policy may have
real effects because the price level can be manipulated to alter some relative prices. Monetary policy can
play a role in dampening the relative price distortions implied by these frictions. However, even if monetary
policy was fully effective in eliminating these distortions, its real effects may only be modest.

After controlling for other sources of heterogeneity across firms, large real distortions depend on the
existence of very large relative price differences. In Calvo’s (1983) world with nominal rigidities, these
relative price disparities are only possible if inflation is quite sizeable. But it is unlikely that firms will make
their pricing decisions only sporadically if inflation is pushing the relative prices rapidly far apart. The firms
being hurt by the resulting misallocation of spending would endogenously re-price their goods (and will do
so frequently) to mitigate the decline in the expenditure share they get. Therefore, this should keep relative
price differences ‘contained’. That’s what logic dictates. Therefore, I should not anticipate a very large real
effects. If large relative price differences do exist, that may have to be explained by some other feature that
this simple model of sticky price contracts cannot either capture or approximate sensibly.

Second, independently of the magnitude of the real effects of monetary policy, one of the underlying
themes of this paper is how to conduct monetary policy in this environment with nominal rigidities. I would
argue that, at least conceptually, the Taylor-type policy rule should be ‘robust’ to model uncertainty. If
you believe that the frictionless model best describes the economy, then you must believe that output is
most of the time at its ‘potential’. Therefore, on the basis of a simple Taylor rule, you should set the short-
term interest rate to determine the inflation rate. Monetary policy only affects nominal variables, and the
objective of price stability seems a perfectly reasonable criteria. If you believe that nominal rigidities (or
other frictions) are pushing the economy away from its potential, then a Taylor rule has real effects and can
be used to force the economy to revert back to the frictionless allocation. Inflation targeting ensures that
relative price distortions are minimized and, in doing so, it ‘reduces’ the welfare loss for consumers.

Third, price stability is the ultimate goal of the monetary authority whether you believe that money is
neutral or not. The discrepancy in the implementation of the Taylor policy rule arises because economists
do not seem to agree on the potential output of the economy (even if they agree to adopt exactly the same
policy rule). Conventional measures of output gap make critical assumptions on what potential output is
likely to be. However, it is not necessarily obvious that observable output is not equal (or closely matches)
the potential output. This is where model uncertainty becomes a contentious issue, and this is why most of
the policy debate seems to move these days around the challenge of how to best estimate the output gap.

Finally, as I have shown in this paper, inflation and prices are an essentially monetary phenomenon.
But even in the frictionless economy, where I have analytical solutions, it is clear that consumption prices
are influenced by monetary shocks. However, it is also obvious that consumption prices are affected by
other shocks to the economy (including productivity shocks). It is necessary to dispel the myth that lower
inflation and more stable prices necessarily implies that monetary policy has become ‘better’ or ‘tighter’. It
is perfectly possible to be running a loose monetary policy while (either domestic or foreign) productivity

shocks are pushing inflation down. In fact, that might even be the correct policy prescription at the time to
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maintain price stability without the perils of deflation. In other words, inflation reflects more than just the
impact of monetary shocks.

The problem with a situation like this is that the monetary authorities may ‘get accustomed’ to run a
loose monetary policy. Then, it may be costly to re-set monetary policy towards a tighter phase whenever
the inflation downward bias caused by productivity shocks wanes down or disappears. We may keep running

a loose monetary policy for too long and, hence, end up feeding the inflation ‘monster’ in the process.
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A The Nonlinear Dynamics

A.1 The Flexible Price, Complete Asset Markets Model
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A.2 The Sticky Price, Complete Asset Markets Model
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A.3 The Sticky Price, Incomplete Asset Markets Model
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B The Deterministic Steady State

The Demand-Side in the Goods Market:
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C The Log-Linearized Dynamics (A First-Order Approximation)

C.1 The Flexible Price, Complete Asset Markets Model
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C.2 The Sticky Price, Complete Asset Markets Model

The Demand-Side in the Goods Market:
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C.3 The Sticky Price, Incomplete Asset Markets Model

The Demand-Side in the Goods Market:
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