








this measure of world terms of trade. Using this definition we can write aggregate output as,

:/'J\t ~ 77%\}5/‘/ + (1 ’Yx) Ct —|—’}/x.’Et ’ (115)

Now, using the same definition we can write the inflation dynamics as,
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These equations constitute the aggregate supply block in this economy.

On the Efficiency Conditions. Using the efficiency conditions in (108) and (109) and, after a little bit

of algebra, it follows that the real returns on capital can be expressed as,

7 (o) 2) 3

_ (0=
(e ) e -
%‘f*z(—m—m—zf) Y, TR — G 5T
14(1 v ltpos
,( (¢w)¢>kt7 > at'

&’ + ,le_zgftw + ¢pis + Lty —

P
Itegs ar,

This simply re-writes the previous conditions replacing the relative prices with the definition of terms of
trade. However, for the purpose of simulating the model, suffices to use the expressions derived in (95) and
(96).

On Aggregate Employment. The aggregate employment can be easily derived from the production
functions in (62) and (63) as

U~ ap+(1 ¢)kt+¢lt7
U~ a1 - )k + ol

Naturally, the linear-in-labor case for employment can be derived as a special case of this linearized production

function in which the labor share converges to one, i.e. 1 — 1.
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4.4.1 On Real Exports, Real Imports, and the Net Exports Share

In a two-country model, suffice to determine the net exports of the domestic country. Let us denote the
deviation of net exports / GDP share from its steady state as t/i)td‘. Then, because the trade balance is easily
computed as the difference between domestic aggregate output and domestic aggregate consumption and

investment in real terms (or domestic absorption) (see, e.g., Galf and Monacelli, 2005), we obtain that,
tbt = :,y\t — (1 — ’Y:r)lc\t — ’Y:rit
Using the formula derived above for aggregate output, we obtain the following expression,

the ~ nt) +(1=7,) [(6uC + OpC;) — Gl + 7, [(GnTe + 0pT;) — Tl
= it} — (1 =7,) ¢p € — &1 = 1,052],

where &V = ¢ ¢ + ¢pcr, T = dpTt + ¢pTy, and T = 7, — 7. Using the perfect risk-sharing condition,

we can express the net exports share as,
tbt ~ 7751/[/ - (1 - 71) ¢FU7:‘\9t - 71¢F/x\ﬁ

In other words, adjustment in the trade balance comes either through movements in the world terms of
trade, fluctuations in the real exchange rate that induce each country to accept a given relative consumption
path, or from relative adjustments in investment.

The real exports and imports of domestic goods in the model can be inferred from equations (30) — (33)

and their foreign counterparts as follows,

EXP, = /Ol[c:(h)+X§(h)]dh:¢;{/Ol (%}@)9<€§*)W[C’f+Xﬂdh,
mir =[x =o [ (2 () o xaw

where ¢}; = ¢ under our assumption of (symmetric) home bias in consumption and investment. A simple

log-linearization of both definitions allows us to obtain the following pair of equations,

1
T~ 0</ﬁ(h)dhﬁf]*)n(ﬁf’*ﬁ?)+(17x)ﬁf+7£2‘,
0
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Recall that the log-linearization of the price sub-indexes in (13) — (14) clearly implies that fol Pt (h)dh =~ pl*

and fol Pt (f)dh =~ pF. Therefore, the first-order effects of relative price dispersion at the variety level are

4Instead of the more conventional 7Z; notation, in order to avoid possible confusion with the investment variable.

36



negligible, and we can re-write the export and import equations as,

— ~H
expy ~ 0Py b))+ (1= 7.) & + 7.3,
imp, ~ ( t) + (1= 7y,) ¢ + 7,2
We have defined the world price sub-indexes as pi" = qﬁHpt + ¢ppt* and pr"V* = GppF + ¢upl,
and the relative price sub-indexes as ﬁf R = pHl — pH* and p; pt = pI" — pI"*. Then, naturally, we can write
that,
pw ~H,R ~Hx _ ~HW ~H,R
o= + ¢ph; ,pf’ =P —oub
AF W% ~F % ~F W % ~F R
pi = +ouby L B =00 — ey "

Analogously, we have defined the world CPI as p}" = ¢ p; +¢rp; and pyY * = ¢pp; + ¢ i, and the relative
CPI as pF = p; — p;. Then, we can write that,

e = b +opdl', b =D — oubi

P = D+ oubls Py =D — ¢rbi

Using these definitions, it is possible to express the relative prices embedded in the definition of real exports

and imports in the following terms, i.e.

~Hx ~H,W ~H,R W R
D¢ _ﬁ: = ( _¢H )_(pt _¢Hpt)
_HW W _HR -~
= " —p —¢>H( —pf‘)
. - AFW IR
pr—p = o = (B + bt

_F W A _FR
= p = +¢H( *pf>,

where the world terms of trade is defined as £}V = pi>"* — pW*. The definition of CPI in both countries,

ie. Dy ~ ol + ¢ppl and pf = ¢ppl* + ¢ypl*, can be written as,

¢
=)

g [ZA’{I _ﬁt] + ép [ﬁf —ﬁt]
bp [AH* pi] + ou [P 7 - pt]

l
e

Then, based on the relationships described before, we can re-write these definitions of the CPI as,
ou [ (B = B1) + 0 (57 =8| + or [(B1"" =) +om (507 -B1)| ~ o,

or [(P = B1) = o (57— 58| + 0 [ (5 —@W*) ~op (A1~ 1)

Using the second equality derived above and the definition of the world terms of trade, we can write the

Q

0.
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relative prices embedded in the definition of real exports and imports in the following terms, i.e.

~H Pu [w ~F.R _ ~R

Pyt —pp =~ *(b_ [tt *¢’F(pt *Pt)}y
r

. ~ ~FR

Pl —p ~ ﬂ”ﬂéH(pt *pf)v
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Notice that under these conditions it naturally follows that,

—ou [ — op (51"~ 5F)| - 0p [ + 6 (51" — 5F)]
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or (B = 57) — (B —P1)]

Q

Therefore, we can compute the real trade balance in this model straight from the definitions of real exports

and imports as,

or (€0, — imp,) ~ —nop (B = B7) + 0p [(1 = 12) & +7,87] + nop (B — ) = 0 [(1 = 72) & + 7,4
= —nop (B = 57) = (57 = P)] + 6p (1= 72) (6 = @) + 7, (37 = 30)]

= gtV — (1—1,) ¢p [& — &) — 1,052 =~ th,

where % = 7, — ;. In other words, our measure of the trade balance is equivalent to the difference between

the log of real exports and imports (in deviations relative to their respective steady states), scaled by the
parameter ¢p. In the deterministic steady state of our model, it follows easily from equation (33) and the

foreign counterpart that,

—F P\ — —F 7\ —
C ¢F =3 C:¢F07X :¢F X:¢FX,

?H* -n ﬁH* -n
—H=* * —* « =% ——=Hx * ——* % ok

since P=P" =P and P =P =P ". Under the (symmetric) home bias assumption (i.e., ¢y = ¢p),

given that C = C and X = 7*, we therefore conclude that,

UH* +YH*

6i (C"+X7) = 0p (C+X) = 657

where the last equality follows from the steady state market clearing condition in both cases. In steady
state, the trade is balanced in real terms by construction. However, because households have preferences

for domestic as well as foreign goods, exchanges do occur between the two countries. The parameter ¢p
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denotes the share of imports and exports for consumption and investment purposes relative to output in
steady state.

Real exports and real imports can be re-written in the following form,

_ (;5 HoW
exp, ~ Nt
F

— oy (pt —ﬁf‘) + (1= 7,) ¢ + 7.7,

: F.R  —~ ~ ~
imp, ~ —nt}' —noy (pf —pf)+(1—vz)0t+%xt,

or, simply,
_ 1 . N - P
exp, ~ ndy [(b—ﬂ” - (pf’R pf)} + (1= 7,) & + 7,21, (119)
F
— 1 5 N ~ ~
mp, ~ —noy [—¢ &+ (pf’R —~ pf)] + (1= ,) 8 + 7,3 (120)
H

In order to be able to compute these equations to determine the evolution of both real imports and exports,

we need to add an additional equation to determine ﬁf’R. Fortunately, equation (100) already tells us that,

S5, (750 + <(1 “o) - Ba)) (= 5 = (w) . (21)

(&%

where 71" = 7F 7 (pER = pF —pF*) and pR = p, — p; is the relative CPI. These three equations tell us

that the strength of the demand for consumption and investment purposes is likely to have a major impact
on both exports and imports. However, it also tells us that exports and imports depend on world terms
of trade, £V t!V, the real exchange rate, 75, and the relative CPI, pI*. What is interesting and relevant is the
unusually complex way in which the real exchange rate affects the trade patterns (but not our measure of the
trade balance). Our model shows through equation (100) that not only current real exchange rates, but also
future exchange rates, matter for the trade patterns. This result may explain -at least qualitatively- why
the relationship between exports / imports and the real exchange rate is often found to be highly nonlinear

in the empirical literature.

5 An Extension: The Role of Capacity Utilization

For this extension, we follow the definition of capacity utilization as presented in Christiano, et al. (2005).

5.1 The Structure of the Model
5.1.1 The Intertemporal Consumption and Savings Problem

We assume that both countries have unrestricted access to a complete set of contingent claims, traded
internationally. The domestic household maximizes its lifetime utility in (1) subject to the sequence of

budget constraints described by,

P, (Ct + X, + AU f{t) + B¢ [Mys41Bes1] < Bi + WiLy + Z:U, Ky, (122)
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and the law of motion for physical capital,
K1 < (1-0) K + Vi@ (Xy, X1, Ky) X4, (123)

where B; is the nominal payoff in period ¢ + 1 of the portfolio held at the end of period ¢. M, .y is the
stochastic discount factor for one-period ahead nominal payoffs relevant to the domestic household. Money
can be thought as playing the role of a unit of account only. W; is the domestic nominal wage, P; is the
domestic CPI. Moreover, X; is domestic real investment, I?t stands for domestic physical capital, Z; defines
the nominal rate of return on capital, and V; is the investment-specific shock.

Capital services, K, are related to physical capital by,
Kt = Ut-[?t- (124)

Here, U; denotes the utilization rate of capital, which we assume is set by the households. ZtUtf( represents
the households’ earnings from supplying capital services. The increasing, convex function, A (U;) f(t, denotes
the cost, in units of consumption goods, of setting the utilization rate to U;. Our motivation to allow for
capital services to be elastic is twofold (as in Christiano, et al., 2005). First, it damps movements in marginal
costs by reducing fluctuations of the returns to capital. Second, it reduces the fall in labor productivity that
would otherwise occur after a positive monetary policy shock. The foreign households maximize their lifetime
utility subject to an analogous sequence of budget constraints and the same law of motion for capital.

Capital accumulation may be subject to adjustment costs too. We consider three special cases: the
capital adjustment cost (CAC) case in (5), the investment adjustment cost (IAC) in (6), and the neoclassical
case with no adjustment costs (NAC). We define capital adjustment costs in terms of housing services rather
than physical capital because we want to capture the idea that utilization rates could also influence how
costly it becomes to accumulate physical capital. However, this distinction only matters up to a first-order
under TAC adjustment costs. All other assumptions of the model are maintained in this extension.

The home and foreign consumption bundles of the domestic household, CH and C[’, as well as the
investment bundles, X7 and X[, are aggregated by means of the CES preference indexes in (7) — (8),
while aggregate consumption and investment, C; and X;, are defined with the CES preference indexes in
(9)—(10). Under standard results on functional separability, the indexes which correspond to our specification
of aggregators for the CPIs are (11) — (12), and the price sub-indexes are (13) — (14). We still define the real

exchange rate as in (15).

5.1.2 The Firms’ Problem and Monetary Policy

Neither the problem of the firms’ nor the simple monetary policy rules proposed by Taylor (1993) do change
in this environment with capital utilization. The only point that is worth emphasizing is that firms in this
model rent capital services rather than physical capital directly. Therefore, the capital utilization rate set
by the households has an impact indirectly on their marginal costs. Everything else is unchanged.

We assume that production employs a (homogeneous of degree one) Cobb-Douglas technology as in
(16) — (17). Solving the cost-minimization problem of each individual firm yields an efficiency condition
linking the capital-to-labor ratios to factor price ratios as in (18) — (19), as well as a characterization for the

nominal marginal costs as in (20) — (21). A re-optimizing domestic firm h chooses a domestic and a foreign
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price, P, (k) and P; (h), to maximize the expected discounted value of its net profits in (22), subject to a
pair of demand constraints in each goods market in (23) — (24). Similarly, we characterize the objective of
the foreign firm as in (25), subject to the demand constraints of the foreign firm in (26) — (27).

The Taylor rule is often defined as the trademark of modern monetary policy. We assume that the

monetary authorities set short-term nominal interest rates according to Taylor (1993) type rules in (28)—(29).

5.2 The Optimality Conditions

Here, we present the relevant equilibrium conditions of the model only if they differ from those reported

before.

The Optimality Conditions from the Households’ Problem. Given the structure described in (7) —
(8), the solution to the sub-utility maximization problem implies that the home and foreign households’
demands for each variety are given by (30) — (31), while the demands for the bundles of home and foreign
goods are given by (32) — (33). Under complete asset markets, the intertemporal first-order conditions for
an interior solution result in the well-known equilibrium condition on international risk-sharing derived in
(34).

Let I; be the (gross) one-period riskless nominal interest rate in terms of the domestic currency, and I}
be the corresponding rate in terms of the foreign currency. Under complete asset markets, we can price a

one-period nominal bond using the price of the contingent claims available and obtain that,

—1
1 Ct—&-l)g Py
— = SE , 125
I PE, (Ct P (125)
—1
]. t*Jrl -7 Pt*
- = OE ( " ) " , (126)
It ! Ct Pt+1

which are exactly the same Euler equations that we derived in (35) — (36). The equilibrium conditions of the
households’ problem also include a pair of labor supply functions (the intratemporal first-order conditions)
which can be expressed as in (37) — (38), plus the appropriate no-Ponzi games, transversality conditions, the
budget constraints and the law of motions for capital in both countries. Finally, the equilibrium conditions
are completed with a number of equations that account for the capital-investment decisions of households.
The capital-investment conditions, however, depend on the choice of the adjustment cost function ® (-).

The maximization problem can be summarized generically in the following terms,

—o~ !
= (Ciyr)’' — 1 (L) TP -
Zoo 5 B \ Py s (CtJr‘r + Xipr + A(Upyr) Kt+‘r> + B¢ [Myyr t4r41Bryry1] —
e | —At4r ~
=0 —Birr = WiprLiyr — Zi4 7 U n Ko7
_)\t+‘rAt+‘r |:Kt+7+1 - (1 - 6) KtJrT - ‘/tJrT(I) (Xt+7'7 XtJrTflu Ut+TKt+T> Xt+7’i|

(127)
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and with the following set of equilibrium conditions,
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Let us define Tobin’s q as Q; = Af . Then, after further manipulation, it is possible to re-write the equilibrium

conditions as,

Q BE <Cv15+1>_(71 Pf+1 Ut+1 A(Ut+1)+ -
. = By 0% (Xy41, X0, Ur1 Ky 7
Ct +Qt+1 ((1 — 5) —+ ‘/t+1 ( +18]N(t+1+1 +1)Xt+1)
I 0P( X4, X ,Utl?t
Qv [<I> (XtaXt—l, Uth) i (T;)Xt]
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BE; c, el ol (U41) + Qe41Via 0y R

Under no adjustment costs (NAC), the set of conditions added to account for the capital-investment decisions

of households are summarized as,

Q; = AE, { <Cg1 ) - []Z;+1 Uppr — A(Upgp1) 4 Qe (1 — 5)} } , (128)
t t+1
1
Q= v (129)
Coi\ -~ TZ
(%) R[]} &

A similar set of derivations allows us to write the following system of equations for Tobin’s q in the foreign
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country,

:zﬁEt{( )RR - AU + Qi -0 } (131)

t+1
1
e 132
Q= (132)
2\ me (B e
BEt 7 Kt+1 P* - A (Ut+l) = O (133)
t t+1

The Lagrange multiplier on the law of motion relative to the Lagrange multiplier on the budget constraint
expressed in real terms, denoted @); and @) respectively, has the interpretation of being the real shadow
price of capital (or Tobin’s ). In the neoclassical case is well-known that Tobin’s q is exactly equal to one,
as these equations prove (if there are no investment-specific shocks).

Under capital adjustment costs (CAC), the set of conditions added to account for the capital-investment

decisions of households are,

1 2
C -7 Z, X X
Qt = PEy < tﬂ) F U = A(Uspr) + Qe | (1=0) = Ve @ ( = ) ( = ) Upy1 | [184)

Ct Py Ut+1f?t+1 Uit1 K41
-1
Q=— {(I) <—Xi ) +<1>’< X ) X ] : (135)
Vi UKy UK./ UK,
1 2
Cini\ 7 = Zi1 / / X1 Xit1
PEy (—) Ky — A" (Us1) = Qr41Vi® = = =0. (136)
G Pria 41K U1 K1

A similar set of derivations allows us to write the following system of equations for Tobin’s q in the foreign

country,

-1 2
* —a Z* X* X*
Q; = PE (—*) U~ A(Uin) + Qin (1—5>—V;:1<1>'< = )( = ) o | [187)

o Py U Ky ) \Ui K
1 X X X
Vi UrK; UrK; | UrK;
1 2
. - 7 Z* 1 Xt*Jrl t*+1
omd (B2) R |2 - A @) —Q:Hml@’( 3 £ —o. (139)
Cy Pr Ui K¢y ) \Ufa K

The Lagrange multiplier on the law of motion relative to the Lagrange multiplier on the budget constraint
expressed in real terms, denoted @; and @ respectively, has the interpretation of being the real shadow

price of capital (or Tobin’s q). Under investment adjustment costs (IAC), the set of conditions added to
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account for the capital-investment decisions of households are,

Co\ 7 [Z
Qi = BBy ( ”1> [ = Urin = AUr1) + Qe <1—6>] : (140)
Cy Py
@) v (G G o (G) ™ fown (%) (B2)
=— |® + @ 1+ BE Vig1®
Q¢ V;E|: <Xt1 o X, . BBy c, Qi+1Vit1 X, X, 1)
C\ 7~ [Z
B, < t“) Ktﬂ{ Lan /Y (Ut+1)] =0. (142)
Cy Py
A similar set of derivations allows us to write the following system of equations for Tobin’s q in the foreign
country,
* —071 Z*
Q; = fBy { (F) 7o - A +@iaa-9) } , (143)
t t+1
1 X; X; X;\17 S\ X7\ (X2
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Once again, the Lagrange multiplier on the law of motion relative to the Lagrange multiplier on the budget
constraint expressed in real terms, denoted @; and @)} respectively, has the interpretation of being the real

shadow prices of capital (or Tobin’s q).

The Optimality Conditions from the Firms’ Problem. The necessary and sufficient first-order con-
ditions for the domestic firm producing variety h give us the pair of price-setting formulas in (52) — (53).
Similarly, the first-order conditions for the foreign firm producing variety f give us the pair of price-setting
formulas in (54) — (55). Using the law of large numbers and the inherent symmetry of the firms’ problem, the
price sub-indexes on domestic and foreign varieties, P, P* PF and P/, become equal to those reported

in equations (56) — (59).

Aggregate Output and Returns on Capital. Equations (30) — (33) determine the demand function
for each variety. That coupled with the market clearing condition at the variety level allows us to calculate

the aggregate output as follows,

Y, — A(Uh) K, = /1 [Ci (h) + X¢ (h) + CF (h) + X7 (h)] dh (146)

_ 0
[ o) o ) [ )" i () o
K*—A(Ut*)fft*:/ol [Cy (f) + Xe () +CF (f) + X7 ()] df

' - - - B (147)
= [ () "arfor () "o [ [T (58) ] i (5) i .
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Equations (146) — (147) tie the aggregate output in both countries to consumption as well as to optimal
prices, after adjusting for the costs of capital utilization. Without accounting for these costs, the equations
would correspond exactly to those reported in (60) — (61).

Notice that given the production functions in (16) — (17) and the fact that capital-to-labor ratios are
equalized across firms, it is possible to write the aggregate output equations as in (62)—(63). Combining these
aggregate production functions with the efficiency conditions in (18) — (19) and the labor supply equations
from the households’ problem (as in equations (37) — (38)), we can express the real returns on capital in
terms of productivity shocks, consumption, output and capital as in equations (64) — (65). Manipulating the
same set of conditions a little bit further also allows us to re-write the real wages in terms of real returns on
capital as well as productivity shocks, consumption, output and capital as in equations (66) — (67). These

two equations suffice for the purpose of replacing real wages out of the marginal cost equations, as before.

5.3 The Steady State

We impose two restrictions on the capltal utilization functlon A(-). First, we require that U = U'=1in

steady state. Naturally, this implies that K = K and K -K also. By equations (130) and (133), we can

easily derive that,
A (U)

A (U) - 2

This is true under the NAC version of the model without capital adjustment costs. For the CAC case we

Il
SR

*

Y

can derive exactly the same steady state condition from equations (136) and (139), and the same can be
said for the TAC case based on equations (142) and (145).

Second, we assume that in steady state A (U) =A (U*) = 0. Hence, in steady state, the capital
utilization function drops from the first-order conditions (128) and (131), (134) and (137), and (140) and
(143). Furthermore, it also drops from the steady state market clearing conditions implied by (146) — (147).

Hence, the steady state with capital utilization is identical to that without capital utilization, as described
in these notes. The only difference is that the first derivative of the capital utilization function must satisfy
that,

A0 = s=p1-01-9),

k

aT) = S=p"-0-9),

N ol N

“U

where the second equality follows from our derivations of the steady state returns to capital.

5.4 The Log-Linearized Equilibrium Conditions

Here, we log-linearize the equilibrium conditions around the deterministic zero-inflation steady state. We

only report those equations that differ from our previous derivations.
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5.4.1 The Households’ Equilibrium Conditions

The log-linearization of the Euler equations and the perfect risk-sharing condition is the same as reported
in equations (68) — (70). The log-linearization of the domestic capital accumulation formula in (123) and its
foreign counterpart in the neoclassical case without adjustment costs (NAC) is unaffected by the presence

of capital utilization. Hence, simple re-labeling allow us to conclude that,

o~

kipr ~ (1=0) k40T +7v),

bpyy ~ (L—0)k, +0 (@ +7),

o~k

where Et and Et denote the physical capital, and v; and vy are the investment-specific shocks.
The log-linearization of the domestic capital accumulation formula in (123) and its foreign counterpart

under capital adjustment costs (CAC) allows us to obtain the following set of equations,

’];t+1 ~ |:(1 )

) 5
+ {ch (Z)Z 70 (Z)

where the second-equality follows from the steady state properties of the CAC function. The log-linearization
of the capital accumulation formula in (123) and its foreign counterpart under investment adjustment costs

(TAC) allows us to obtain the following set of equations,
ke (=0 ke + Vo (2) 2470 (£) (£) 25—

[ @) @) @) F

where the second-equality follows from the steady state properties of the IAC function, and the fact that
X =0K and X =06K . It is interesting to notice that in spite of the fact that we are using three different
specifications for the adjustment cost function and allowing for capital utilization, the log-linearized law of
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motion for capital is the same in all cases.
A first-order approximation of the link between capital services and physical capital in (124) also gives

us the following relationship between these two variables,

ug + Ky,
A~k

A~k 7
Uy + kta

e

Q

Tk
kt

Q

which holds true independently of the choice of the adjustment cost function.

The Capital-Investment Decision under NAC. The log-linearization of the capital-investment con-
ditions coming from the domestic households’ problem in (128) — (129) are,

G~ B {2 @~ )+ (4) e + 85— A (0)| Ulia + B0 0)Gn }

. R (148)
=B {2 @1 —C)+ (1 =B —=08)T5y +B8(1—0) G}
G ~ — U, (149)
and, analogously, for the foreign counterparts in (131) — (132),
5k 1 ~k ~k A~k 5k
@ ~ B {_; (Ct+1 - Ct) +(1-B(1-0)r +B8(1—9) qt+1} J (150)
g =~ -, (151)

where naturally ¢; and g are the real shadow prices of an additional unit of investment (or Tobin’s q).
These are the same equations derived under no capital utilization. These equations can be re-arranged to
show that,

(1-B(1-0)E (77,,) = (@ _E, (ml)) 81— 0)Ey [G4a] — B, (152)
U-BU-NE () ~ (i~ (Fip)) + 81— 0B [57.] - 7, (153)

by adding the Euler equations in (68) — (69). Finally, we must add the log-linearization of (130) and (133)

as,
Et (?tz-i-l) ~ )\]Et (T/L\t_t,_l) s
By (777,) ~ ABy (),
A//(U)_ o A//(

A(U)
the capital utilization ch01ce

where \ = 2)[] since U = U = 1. These conditions clearly link the returns to capital to
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The Capital-Investment Decision under CAC. The log-linearization of the capital-investment con-

ditions coming from the domestic households’ problem in (134) — (135) are,

_% (Cyr—C)+ (1 -1=0)B)77, +(1=9)Bqs1 + x9*3 (ftﬂ — Et+1> +
. o2 @)+a(ver () (Z) (&) (Z)(X))7 .
G ~ B Zu-a(0)+a(a-o-Te (Z)(Z)7) o
Z0-a(0)+a(0-0)-ve (X)(Z)°0)
1 R =N =R R = =N
= [ {; (Ciyr—C)+ (1= (1=6)B) i1 + (1 —6) BGrgr + x6°3 <$t+1 — ki1 — ut+1)} ,(154)

al

Ty — ke Ut — Vg

=
Q

o) [EIE) T ) @@,

= X0 (5?} — ke — ﬁt) — Ty, (155)

and, analogously, for the foreign counterparts in (137) — (138),

~%

Sk 1 Sk Sk 2k Sk % Sk
q; E; {—; (Ct+1 - Ct) + (1= (1-9)p) Tiiq T+ (1-9) 5Qt+1 + X525 <$t+1 — ki1 — ut+1)} (156)

Q

T ~ Xa(@:@ﬂ:)ﬁ;. (157)

This system of equations describes ¢; and g as the real shadow prices of an additional unit of investment
(or Tobin’s q), while x regulates the degree of concavity of the capital adjustment cost function around the
steady state.

The pair of asset pricing equations which relate the current and expected Tobin’s q to the real return on

capital and the real interest rate can be re-arranged as,

G~ BB fG] + (1= (1= 0) BB (7o) — (30— B Grn) )| (158)
G~ BB [Ga]+ |- (-9 AE: () — (8~ B (71))] (159)

by adding the Euler equations in (68) — (69). These equations are exactly the same ones that we got in

(81) — (82). We can also re-write (155) and (157) in terms of capital services as,

@ =~ xé(ﬁc}—kt>—ﬁt,
@~ Xa(a;;-%:)—@:.

These equations are fundamentally the same ones that we found in (78) and (80). Finally, we approximate
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the first-order condition on capital utilization that completes the model as follows,

Et ($1‘2+1) ~ Et

U
A" (1) . 52 . = N
= [E { I <(1))Ut+1 - (—A¥(1)> <$t+1 - kt+1 - Ut+1)}
76(5)5) <@+1 - /Nk\tJrl - at+1> } ,
. 5B . = -
6 () ()

Using equations (155) and (157) we obtain that,

I
=
~
—N
>
=
+
[uy
Y
—_
=Is,
| S

By (771)

%
&
—N

B (771) ~ B {Aﬂtﬂ - <1_(f—65)5) th+1} ; (160)
- . g -
E (TtZJrl) ~ Et {)\ut+1 — (ﬁ) qt+1} . (161)

These equations are similar to those derived in the case without adjustment costs, but they show that returns

on capital are tied to capital utilization and Tobin’s q as well.

The Capital-Investment Decision under IAC. The log-linearization of the capital-investment condi-

tions coming from the first-order conditions of the households’ problem in (140) — (141) are,

~ T R R Z-a@|T
G RE——(Cp1—C)+ (1= (1—-6)B8)Ti 1 + (1 —=96) BGig1 + w=— —— Utt1
d [Z0-4@)+Q0-9)]
1 By ~
— B { =2 G =)+ (1= (=) B)TF +(1=0) B | (162)
(W@’ (é) v (3) () (%)
qr ~ —; — < ooV (T —2¢—1) +
(D) ()5
LACIICIN L TE)E)
e (R (7 O ) (ay )
e o(ve () ()70 (3) (3)°) 3
1ave (£)(F) b
=K[@ — T—1) — BBy (Be1 — T1)] — U, (163)
and, analogously, for the foreign counterparts in (143) — (144),
1 ~z* ~
G ~ B {—; (Efﬂ — Ef) +(1-1=9)p)ri +(1=9) ﬁQt-H} ) (164)
@~ nl(E - i) - B (B 5] (169
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This system of equations summarizes ¢; and g; as the real shadow prices of an additional unit of investment
(or Tobin’s q), and k regulates the degree of concavity of the TAC adjustment cost function around the
steady state.

The pair of asset pricing equations which relate the current and expected Tobin’s q to the real returns

on capital and the real interest rate can be re-arranged as,

G~ (1=8) BB Gen] + (1= (1= 6) ) Br (7iy1) — (i~ Be[Fe]) ] (166)
G o~ (L=0) BB [Ga] + |(1— 1= 0) B)B: (1) — (3 B« [770])] - (167)

by adding the Euler equations in (68) — (69). Finally, we re-write equations (163) and (165) in a more
compact form as follows,

1 1
7 o~ — 7, 4" R (7 — (G +7 168
Tt 1+ﬂxt 1+1+5 t[$t+1]+ﬁ(1+6)(%+w)a (168)
B o~ @ B[] ¢ ——— @ +0) (169)
t 1_'_5 t—1 1+Bt t+1 H(1+ﬂ) t t/

The presence of investment adjustment costs (IAC) changes equations (163) and (165) completely. These
equations are the same equations derived before in the model without capital utilization. Capital utilization,

however, adds an additional pair of equations to the system,

By (T541) = B (Ur1), (170)

B (F711) =~ AB (Ury,), (171)

A(TT A (T)T
Ay — AT

the capital utilization choice, and they are identical to the conditions derived in the case without adjustment

since U = U = 1. These conditions clearly link the returns on capital to

where A =

costs.

5.4.2 The Firms’ Equilibrium Conditions

Efficiency conditions and Aggregate OQutput. The efficiency conditions can be described by the same
pair of equations reported in (95) — (96). These efficiency conditions are necessary to close down the model
without having to keep track of either labor or wages explicitly. Using the demand constraints of the
domestic firm in equations (23) — (24), the demand constraints of the foreign firm in equations (26) — (27),
complemented by (32) — (33) and the corresponding foreign counterparts, it follows that the log-linearization
around the steady state of output demand for a given re-optimizing firm, i.e. ;- (h) and 77, (f), takes

the following form,

Q

—~ IR IR ~HW A R
Yt+r1 (h> —0 (pE/H' (h> - pK/H') + (9 - 77) (pt+r - pi‘E/K'F) + (1 - ’Ym)/C\E/H' + ’Yxxﬂfk'rv

o~k ~IWV x ~] ~F W I~ ~] ~W %
Ui () = —0@N:(f)—Dpis) +(0—mn) (pt+T *pﬁi)+(1*%)cmi+vxmﬁﬁ
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where the weighted variables are,

& = outi+opc;, ¢ = dpti+ ¢ucy,
) = ouTi+opTy, T = 0pTi + Oy,
bl (h) = ¢ubi (h)+¢rp; (h), B (f) = ¢xbr (f) + 6uby (1),
Y= ouby +orbt” B0 = 6pbl + oubi
P = oubi+orbi, D = Grbi + ubi,

which holds true because the demand for a variety of good is the same whether it serves to produce investment

goods or consumption goods. We define the steady state consumption and investment shares as v, = 5-%% =
_ X . :
1—x,and~, = ol respectively. 1
We can re-express the aggregate price of all domestic and foreign firms as ﬁfizv ~ fo ﬁf_‘f_T (h) dh and

ﬁ,i‘;v* ~ 01 pivs (f)df. Adding up the output functions for all firms and adjusting them for the capital

utilization demand, as per equations (146) — (147), we obtain an expression for aggregate output in these

terms,

R A (U)KU '\ HW A 4 -
Yir — <(—)T> Uppr &~ =) (MT - ptVL) + (1= 72) & + 7atrs

Y-AWU)K
A (U*) KT FW W W w
Yier — | = ——= |- & -7 (pt-i-r _pt—&-f—) + (1 = 7) e + 7.2,
v -a(T) K

which using our steady state results can be expressed more compactly as,

Q

iee = (57 = (0-0) () e

~HW =~ A ~
- (thr'r - pK/FT) + (1 - ’Ya:) CK/H' + ’YI‘IEK/H-’
™ -1 K e ~ SEWx W AW % AW
Yerr — (5 -(1- 6)) v Uppr ~ 7 (thr‘r - pt+r> + (1= 72) G 7 + 72T

We know that in steady state we can write the investment share as proportional to the capital-to-output

ratio,
—=%*

LS
Y

=i =

Vo =0

Therefore, we can re-express the equilibrium aggregate output in the following terms,

~ N R e o 1-8(1-9)\ .
Yitr ~ -0 (pfiKV - ptVL) + (1= 7,) & + Vatsr + e <$) Uty r, (172)
Y = N (pr,r‘:_V - pK/H') + (1 - ’7:10) CXE/FT + waKT 72 (T Uppre (173)

These equations become very important in our posterior derivations of the Phillips curves. Equations (172) —
(173) are identical to those derived in the model without capital utilization in (97) — (98) only if u; = u} = 0.

These equations compute aggregate output including the necessary adjustment for capital utilization costs.
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In fact, these equations are a pair of resource constraints which tell us that the output must be either

consumed, invested in physical capital, used to compensate for the capital utilization costs, or exported.

The Optimal Pricing Equations In steady state the Dixit-Stiglitz pricing rule holds. Accordingly, the
log-linearization of the optimal pricing equations in (52), (53), (54) and (55) can be compactly expressed as

follows,

Q

P(h) =B ~ B |Y (B) Fear| + )
B =B~ B> (Ba) |+ (1= Ba) B[S (B) (Mttsr — Birr — Fuer)]
P =P~ B[S (B0) Rerr| + (1- Ba)Be [30 (Ba) (7, — Biyr + Puer)]
Pf) =B~ By (Ba) |+ (1= Ba)E Y (B (

which is the same pricing formula that we obtained without capital utilization. We derive the marginal cost

11— Ba)B > (Ba)”
«

Q

(ersr = Pror)]
(

Q

T (=% Sk
Mmeyyr — pt+7)} )

Q

equations in (20) — (21), and they can be log-linearized as,
Meryr ~ YWyr + (1 =) (771, + Dgr) — Ggrs
mey, = YW, + (1 =) (T +Diyr) = Qs
while the labor market clearing conditions, which are implicit in (66) — (67), can be approximated as,

~ ~ ~ 1 1~ p ~ (1=Y)p ~ 1 ~
Wigr N —71“1“;/))@@“7 + Tr(A—¢)p o Ct+7 + TT(1—g)p Jt+r + +(1—9)e (?f%»'r +pt+'r) + TH(I—g)pPt+7
)¢
)

S e & 11 (1—4 1
Wiir R~ TRy Ottr T TR o Otr T TR Vit T Trawp (ibr T+ Pher) + el

If we combine these two log-linearized equations, it follows that the marginal costs can be expressed as,

W 1s ov - o (- - v -
MCttr R Ta—g)p o Ct+r + TF—gyp Yt+r — 1+(1 D)o (at+7' - (1-19) (7’?+T +Pt+r)) + =gy Pt
o~k ~ 1 i %

MEy 7 = Ty 2 r + Tres Vi — Trgys @ — (1= 9) (Fi1r +Dir)) + TrasmsPisrs

where 7, and 7, , reflect domestic and foreign aggregate output. Up to this point, the derivation of
marginal costs is the same independently of whether the model allows for capital utilization or not. If we

combine the marginal cost equations with the output equations derived before in (97) — (98), it follows that,

_ . ~ ~H,W
Witrr = Prer ~ Ty Sorer — Tritmg (P — ) +
oy ~ ~ 1 1-§
+ 14+(1—2 ((1 - ’Yac) CK&/-T + fY:er&/-T + YV (%) ut+T) —

)e
ke Gy — (1))
MCyy — Piypy & ﬁ >Chr — W%’? (ﬁﬁr —p)+
+ s ( Ct+r + 71$t+7 +Ya (#) ut+r) -
- me (@ (1 V)T

These definitions of the marginal costs are central to our derivations of the Phillips curve and the pricing

conditions. It naturally shows that now marginal costs have to account for the costs of variable capital
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utilization.
We can use our characterization of the real marginal costs with the pricing formulas log-linearized before

to write that,

pi(h) — e =
( (1-Ba)y ) ZOO (ﬁ )TE —©n (thr'r ﬁt+7‘) + 2 (1 ’YI)/C\K/LT + Wz/x\m'r + Yz (%) utJrT)
T o (0%
I+(1-9)p (_+f e — (1— ) 72,,)

Q=
0)

+ZT:1 (Ba)" Bt (Ter),
py (h) —pf =
~ ~ &
(1—Ba)y o] T E %C —©n (thr‘r - pm‘r) + ((1 - ’YLE) /CKT + ’watvyk‘r + Ve (Ll)> utJrT)
(1+(1—¢)¥’) ZTIO (Bo)” B e

52 ) (@ — (1= 0) 7Fyr) — P14
+> . (Ba) By (Riy,)

. (f) — P ~

() ™ (gayr, | 35 e (7)o I (=52 i) -
® =0 (—zf) aiyr — w)ﬁj_T)-i-ﬁ?t-ﬁ-r
+ Zil (Ba) By (Teqr)
b (f)=Pr ~
)5 | $ ) 0 (0t o () )
¥ =0 1+¢

te) (@, — (1-9)75L,)
+> (Ba) B (77,,).

We log-linearize the price sub-indexes in (56) — (57) and (58) — (59) and re-arrange them to obtain that,

B -p ~ (5 — ﬁ)+< o )%f,

11—«
3 h ~ ~Hx o « ~H =
Dy ( ) b = (pt pt)+ 1 Ty
-
= ~ ~ ~ (e ~F
p(f)—pr = (prt)JF(l >7rt7
-«
=* S ~ ~F'x ~k o ~F'x
pe (f) =P =~ (B —D;)+ 1 Tt o
-«
which is quite convenient for our purposes. We replace the isolated terms lct and —ct out of the marginal
cost. If we define the world consumption as ¢}V = ¢y¢; + ¢pc; and ¢fV* = ¢p; + ¢ and the relative

consumption as ¢i = ¢ — ¢}, then we can write that,

~ ~WV ~R . W ~
¢t = ¢ topc R +Qporsy,
~ . AWk SR AWk -~
G = G —QpG R T — gpoTst,

where the second approximation follows from the perfect risk-sharing condition in (70). Hence, the pricing
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equations can be expressed more compactly as,

T+ (452) B - 1) =

_ ~ ~ —B8(1-68)\ ~
(U ! + ¥ (1 - ’Yac)) Ctv:/-r + QD’Y:r"EtVY&-T + PV (%) ut+7'+
oo T ~ ~HW -~
v (1+(1¢—1/;)<p) ZT:O (Ba)” By +OpTSt4r — 1) (pt+T - pﬁr) - +

— (52) @sr — (1 - 0)7%,,)
+(459) Zil (Ba)" By (Fi4r)
m o (5) (B - 0y) <
(@ + A=) @) s + 798 + 9%, (%) Upr—
v (ﬁ) Zio (Ba)" By - (¢H + % (1+ 90)) PS4 — @) (ﬁﬁKV - QBK/H) - +
~ (%2) @ — (0 - 0)75)
+(552) Y7 (Ba) B (7))
RE 4 (122) (5F — 7o) ~ _
(071 + (1= 72) @) &Y + 7aeBls + ov, (252 G+
() o, () B + (o + 552 (14 9)) P04 — om (B2 - B3 ) - +
~ (&2) @, - - 9)7)

_ IV ATV s 1-8(1=68)\ ~x
(07" + (1 =72) 9) & + 10T + 7, (—63(5 )) Ufyr—
o T o~ ~F W IV %
v (1+(1—w>z,a) > (Ba) By —GpTSiir — O (pHT —ptVL) - n

. - (552) @, - -0y
+ (554> (Ba) B (77,,)

where ¥ = (=2)(=fa)

Furthermore, this system of pricing equations can be expressed in the form of a system of expectational
difference equations. Let us focus on the first equation as an example, then if we re-write the equation at

time t 4+ 1 and take conditional expectations at time ¢, it should follow that,

B [ﬁﬁ-l +(52) (07 —ﬁt+1)] ~
(07 + (=) @) &ir + 79T 1 + 07, (#) Ups14r+
v (ﬁ) Zio (Ba)" By FOpTStq14r — @1 (ﬁﬁ#ﬁr _ﬁKHT) -
— (52) @rrer — (1= 9) )

_|_

+(5%) Zil (Be)” Be (Fry14r)-

Hence, using the properties of the conditional expectation, the pricing equation can easily be decomposed
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in two terms as,

T+ (552) (- p) =~

(rereors) (07 4 (L= 70) @) & + a8l + o, (S22 ) @+ dprise — o (B — 1) -
1+(1—7) _ (1_—54@) (at . (1 . w);,\g)

+ (1= ) BBy (Fesr) + afBe |7/ + (52) (#Hha — Pen)

Further re-arranging allows us to express the expectational difference equation as,

— BBy (Wt+1> + ¥ (p" — )
N v (' + (1 =7) ) &Y + 7.9 +¢7, (1 Bﬁ(,}; 6)) Uy + GpTs, — @0 (ﬁf{’w *ﬁfv) -
~ (1+(1*¢)@> _ (%«2) (@ — (1 —¥)7%)

We can apply the same approach (and algebraic steps) to re-write all other pricing equations as expectational

difference equations, i.e.

w1 — BB (705 + ¥ (5 - B)

(0T (=) @) T el + e, (G -
%(r(f%)‘lf —(¢H+1—Zﬁ(1+w))mt son(HW—ﬁl”) :
_ - (B2) @ - (- 9)7)

- BB, (710 ) + ¥ (5F — B1)

(07 (=) @) A Bl + o, (M) i+ |
~ (m) v + (¢>H +5E (14 90)) 5 — on (AFW* @W*) - :
- (=2) @ - 0w

w0 - OB (705) + ¥ (B~ 77)

I — W« Wk - = Sk T

(' + (1= 7,)0) & + 7,028 + o7, (%) Uy —
~ ~F Wk W %

~ (T(f%) v —@pTse — (pt -p ) -

- (&2) @ - -0

These equations provide a very simple characterization of the price dynamics at the price sub-index level.

Now, we use the pricing equations described above to infer the dynamics of the relative price sub-indexes

~H,R _ ~H ~H ~H,R ~H % ~F,R ~F ~F R ~Fx
milt=wl w2 (" =pl P and 70T =77 =7 (5" =Bl — i) as follows,
#HR _ g, (wm ) + U (AH B _ ]35) ~ UF%,, (174)
A pE () 4w (B0 )~ i, (175)

where pf* = p; — p; is the relative CPL Using these relative price sub-index dynamics, we can re-write the
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pricing equations further as follows,

~ BEt (ﬂ—tJrl) +
(07 4 (L= 70) @) & + 7208l + v, (22 ) it
+ (1+(1—¢)w> v +opTs — vn (pt =Dy ) - )

-0 -5) - (52) @ - (1 - 0)7)

/\H* ~ BEt (%\f:l) +

o) v (ot

~ BEt (ﬂ—tJrl) +
(071 + (1= 70) @) &Y + 7,080 + oy, (252 i+
& — s /\F,W* W %
+(1+(1—¢)¢)‘1’ +(¢H+1—¢f£(1+<ﬁ)) 5t —on (pt —-pt” )— 7

w1~ BEy (%5:1> +
[ (07 + (1= 7)) T + 7Bl + o, (52 ) - |
+ () v o7 —on (B0 - BIV) -

-0 B - (52) @ - -0

We have defined the world price sub indexes as ﬁfIW = (bHﬁf + ¢pp* and piV* = ¢ppf + ¢ppl*, and

the relative price sub-indexes as pt =pl * and p, pt = pl" — pI'*. Then, naturally, we can write that,
~H AH w ~H,R ~Hx _ ~HW ~H,R
Py = +orpy s D =Dy —oub:
~F AF W ~F\R ~Fsx _ ~F,Wx ~F\R
by = +éupy, by =Dy —Opby

Analogously, we have defined the world CPI as p}" = ¢ p; +¢xpr and py¥ * = ¢pp; + ¢y p;, and the relative
CPI as p¥ = p; — p;. Then, we can write that,

pr = AW+¢FZ/7\57@:AW*¢H?5£%7
J IS +¢Hpt,pt_ —¢F
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Therefore, we can re-arrange the pricing equations as follows,

~ BB (74) +
(07 + (1= 72) @) &Y + 7ol + v, (252 (17
+(mdm)‘1’ +opTsE — LWL‘FW?) (pf _ﬁ}f/v)_ )
|- (B2) o (B0 BF) — (452) @ — (1 - 0)77)
AH* ~ ,BEt (/ﬁf{ﬂ) +
(0 (1 =7)9) &Y + 7,08 + ¢, (#) Uy — )
+ () ¥ |~ (0n + 520+ 0)) s — (9522 4 on) (557 =B ) + |
~H,R
| () oy (B - ) - (152) @ - (1 - 9)7)
~ BBy (7f1) +
(07" + (1 =7) ) & + 7,05 + 97, (%) u; + a78)
+ () ¥ |+ (0n 352 (o)) 7o — (BH722 ) (0 =517 - |
(e g, (510 —ﬁf) - (52) @ - 1 -9)7F)
7~ BEy (/7%5:1> +
(0 H (L =7) @) &V + 7,07 + 97, (%) Uy — (179)
+(1+<f/71¢)¢)‘1’ —¢Fﬁ9t—( e )“0+<P77>(FW*—W*)+
| () o (B - B - (M) @i - (1 - )7
We define the world price sub-indexes as pi" = ¢ pH + ¢ppH* and pi"V* = ¢pp! + ¢ pF*. Therefore,
~HW ~F, W
we easily derive the dynamics of 7; and 7,7 " from the equations above as,

7V & BE, (ﬁﬁ?} n
(07 + (=) 9) & + 708 + 97, #) U~
+ (Tt ) ¥ | —or i L+ - (—H% D ton) (57 -B) - |
_ - (B2) @-a-v)m)
OV~ BB (R +

[ (07 4+ (1= 7)) &7 + 7,08 + v, (1 A= 5))ut+
+ (m%) v +¢F1—;1‘2 (14 )78 — (1+(1 Lo Lpn) (AFW _]’5;4’*> _
- (B2) @ - (1-9)7)

We define the domestic and foreign CPI indexes as p; ~ ¢yup + ¢ppt and pf ~ ¢ppll* + dupl*,
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respectively. Therefore, it is easy to derive the dynamics of 7; and 7; from the equations above as follows,

T ~ BBy (Ti41) +
(™' + (1 =7,) @) [ouet” + opel ™| + 7.0 [ouzl + opzl ] +
TPz (%) [prt: + dpuy] +
N ( “ ) . +(2¢H¢F+¢F1_;p‘di(l+‘p)> rSt—
THI-9)7 e [ (0 msmen) (e (B - BY) + o (B8 -0+ |
(=) +opy (7" - 58) + (7 - 5F)]
— (H52) (6 + 0pt7) — (1= ) (61577 + 0577
wy ~ BB (Ti4) +
(' + (=) 9) [0r8 +0uc™ ] + 1,0 [0pT) + opT) ] +
07, (2L [ + dyr] -
N ( " ) . - (2¢F¢H + ¢F1;¢ (L+¢))rsi—
Yy ( () o (1 <30 o 50 —a1)] -
’ ~onor [(B"" ~5F) + (50" - 5]
— (52) (6 + outy) — (1= ) (6577 + 61777)]

We can also write certain terms inside the brackets of the inflation dynamics in a more compact form as,

(1 i) [on (07 = B) + 0 (B8 =) | - opon (007 - 5F) + (51"~ 5F)]
= ratgenlon — orl (B0 = B1) — mrgmsenen | (B -V ) + (557 -] -
= (B =) + o (B = )| — o [ (B0 B ) + o (5" - 5F))]

— (1 msen) or (B =) + o (587 = B1) | + émer | (37" —58) + (50"~ )]
= e on — orl (B0 = ) — mrgsener (B0 ) + (B0V - )] -
= o (B = BY) = ém (B~ BF)| = 0w [ (B0~ B) = 0p (B0 - BF)] -

Based on our definitions of the world aggregates, denoted with the superscripts W and W*, it is possible for

us to argue that,
O (P~ ) + 6 (P17~ 5F) | + 0r [ (BF™" ~5F") + o (51"~ )]
= oy (ﬁfl _ﬁt) +op (ﬁiF _ﬁt) =0,
o [(BY = BY) = o (B = )] + ou [(B5"" = ") — 0 (51" — 5]
=op (ﬁf*_@)+¢H (ﬁf*_@) 0

since Py ~ QD + ¢ppl and P ~ ¢ppi* + ¢upr*. Furthermore, we also know based on those same
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definitions, that the following result must hold true,

(B =) + (PO =) =B + 5T = (B +51)
= ou (' —Pt) + ¢p (P = Bi) + 6r (07 —Pt) + 6u (07" — D7) (180)
= [on (B' = be) +0r (07 —Pe)] + [0p (B — BF) + ¢u (B — B7)] = 0.

Hence, we argue that those particular terms inside the brackets of the Phillips curves can be simplified as,

— (1 ) [on (7Y = B) + o (B0 =) | = dwou [ (10" —5F) + (55"~ 5F)]
= %@n [9r — ¢F] (AFW* ﬁtW*),
( N 1 TT1-9)% ) [¢F (ﬁt ’ *ﬁtw) +on (AFW* ﬁgv*ﬂ +oudp Kﬁf’R*ﬁf) + (ﬁfR ﬁ?)]
= — a1 [0n — ¢F] (AF e —@W*) :

We conclude that both Phillips curves in the model take the following form,

e = BBy (Tig1) +
(07 + (L =0) ) [puCt” + 6pe*] + 1,0 [oT)” + op"™] +
Ly (#) +sovx (175[%75)) [ppte + Ppptiy] + (181)
H=9)e (2¢H¢F + ¢F (1 + 90)) 75 + (b — dr) 1 (ﬁf W ﬁgv*) - |’
— (ke ($u + $50) (1~ ) (Gt + 6577°)
7t ~ BBy (Tq1) +
(' + (L= 72) @) [0p” +out | + 7,0 [0pT) + o] +
e o (Z52) 65+ 0m 1] - (152)
FO02) |~ (20505 + 0p52 (14 9)) 70 — (03 — o) on (BF"" = B") = |
— (452) (@5t + ény) — (1 = ¥) (67 + 0577")]

which extends the specification in models like those of Steinsson (2008) by adding capital and investment.

A More Compact Characterization of the Phillips Curves. We can combine the efficiency conditions
n (95) — (96) with the inflation dynamics in (176) — (179) to obtain a more compact characterization of the
Phillips curves. We note that if we define the world consumption as ¢}V = ¢ ¢ +¢pc; and ¢V * = ¢+ Cr

and the relative consumption as ¢* = ¢, — ¢;, then we can write that,

~ W ~R W ~

Gt = G +opc =l + ¢porsy,
~ 0 Wk ~R Wk o~
G = G —OpC RC T — QpoTsy,

59



where the second approximation follows from the perfect risk-sharing condition in (70). This is a substitution
trick that we have used before. Then, we can express the efficiency conditions in (95) — (96) as

N 1+ 1 N 1+ 14 (1- ~
T, o~ — Soat—i—;cfv—i—qﬁFrst—i— 14 ( ( wﬂﬁ)/ﬁ,

5i —
i T i

P L+o, 1y, 1+, [(1+(1—9)p\
L *T(pat+;€t/v — QpTst + ¢@yt( (w )<P>k’t.

Furthermore, if we combine the efficiency conditions with the output equations derived in (172) — (173), it
follows that,

. - 1-6(1-8) ) ~ ~
P (B4 (=) B2 )& oy, R o, (R ) g s)
i (i) - (120cske) e,
= - 1-6(1-8) | ~ ~
;'\tz* ~ (% + (1 _’Yx) 1;;(‘0) CXV* +’7x1_—:;£mgv* +’7m%€ (%) u;fk - ¢F7nst_ (184)
~FW % 1+(1- T ~
_WHT@ (pt " -p ) - (%) ki — 130%-

These conditions can be appropriately used to simplify the description of the inflation dynamics.

By appropriately replacing the efficiency conditions, and after a little bit of algebra, we can now re-arrange
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the pricing equations for the sub-indexes in (176) — (179) as follows,

#1 ~ BB, (%fil) T

(0‘1 +(1—7,) (1+(17¢)w> <90 +(1—v) (1*7“")2» v+
Ve (H(fﬁww) o+ (1—1) (l—if)z zy +
+ 0 oy, (%) (w +(1—9) ”T@)Q> (I—Bé}ﬁ)) Ut
+opfin = (140 (remrs) (o + - 0) (%f)?) (5~ ) -
—op (A7 - BF) - (1= ) (552) o — (552) at

~H % ~H *
T~ OB (7Tt+1) +

(o7 + =) (v

(
+w . (o) (S"“l‘w (%)
(

o= (14 (mrers) (e + (-0 (52) ) (P - +
o (07 - BF) — (1) (B2) ke - (12) @

7~ BB (71 +
(o7 =) (o) (o -0 (322) ) ) e
+1: (e (94 090

v +1, (rrte) (o -0 (452)
S — <1+n (i) (so+(1 ) (552

o (P17 = BF) - (1) (12) By — (452) ar

e )+
(‘71 + (1 =7) (1+(+w)¢) (goJr (1—1p (iﬁe)z)> W
+(

e (%) (9"

+v Ve (m) <80+(1—¢) (%‘E

2
#))
o (P07 - BR) — (1 —w) (152) s - 21—;%) a;

We define the world price sub-indexes as ;3{{ W = Spp? + ¢ppl* and ﬁf W = ¢ ppl + ¢ pt*. Therefore, it

W ~

is easy to derive the dynamics of %tH’ and ﬂf’W* from the equations above and the definition of the world
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price sub-indexes as ﬁfl’w = ¢y + ¢ppi* and ﬁf’w* = ¢ppl + dypl*. We get that,
W~ R (7Y +
(o7 + =) (i) (o 1= 0)
+1, (rer) (1= 9)
Y (o) (@ +(1-) (L2
)

(”’ﬂm) <80+(11/’ ;
—(1—v) (52) k- (52) @

o %ﬂEt (FI) +

(o7 + =) () (4
1. (i) <<p+ (1-v) (%

+v +7. (9% ) <<P+(1w) (L2 2)

- (1 (i) (o -0 (32) ) (0 -5) -
—(1-w) (52 k- (52 @

,_.
|
=
—~
—
5
~—
RN
N——
9%
£

We define the world CPI indexes p; ~ ¢yl + ¢pbi and pf ~ ¢ppl* + ¢ypl*. Therefore, it is easy to
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derive the dynamics of 7y and 7; from the equations above as,

e ~ BBy (Teg1) +
r 2
22)")) [ont +opt] +

[6uTt +0r)""] +

(
LU e (m) <<P+(11/J) (I—J{f 7
- (10 () ﬂw(lw) (452)°) ) [ (92 =) + o (35 =07 -
)+ (@
(

~onor | (B —BF) + (pP" —BF) | - (1) (152) V-

77 e B, (75,0) + 2
<o-1 +(1-7.) (Tt ) (e + - v) (252) )) [oret + duel"] +
s (v (o =9 (452) ) (000 + 0l +
+7. (i) (cp +(1-0) (22)") (25) 6rt + 04i] — 26 pdpisi—
- (1 () (o =0 (352)) ) o (3 = 20) 4 00 (P8~ 07 +
+opon |(BP" - BF) + (517 - BF)] - (1 - w) (S5 WVe-
— (552) [értn + o1t1]

+ U

where world aggregate capital is defined as E’V =¢ H%t +¢ Fic\f and Q’V =¢ FEt +¢ H/k\:f We can also write

certain terms inside the brackets of the inflation dynamics more compactly as,

~ (10 () (o 0= (52)°)) o (7 =) 0 (5 - 5)] -
— oo (P = B8) + (B0 - 5F)| = 0 (o) (go (- (1—#)2) (o — o) (B = 51) =
() (o (o (52) ) o (50 0+ (5 - 9°)] -
— o (B =) + o (7 = )] — 0 (B0 ) + 0w (577 - BF)

- <1+n(m) (<p+(1 - ) (1—2*‘3)2» (0r (5" = 51) +0m (B0 = 51")] +
oo [ (P17 = 50) + (0" = 58)] = =1 (o) (o + (1= ) (52) ) low — o) (35" ~77) -
() (o4 o) (52) ) o [ (P8 =) + (584~ 1)) -
—op (B =) = o (7 )] — ou [(B0 - BY) — 0r (517 - BF)].

Based on our definitions of the world aggregates, denoted with the superscripts W and W*, it is possible for
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us to argue that,

bu KAHW _@/V) + op (AHR )] + op [(AFW* AW*) + o (AFR _155')}
=ouy (P —pt) +or (PF — D) =0,
o (B = B) — o (B - 7;)

)|+ on [ (PO = 1) = o (507 - 1)
=¢r (PP —17) + ou (7 — D7

since py = ¢l + ¢ppl and pf = ¢ppl* + dypl*. Furthermore, we also know based on those same

definitions, that the following result must hold true,

(B =)+ (B =) =B B = B+ BY)
= oy (P —pt) +or OF* — D7) + ¢ (BF —Pr) + o (BF* — P7)
= (o B —B0) + op (BF — D)) + [6p B — D7) + o (BF* —B7)] = 0.

Hence, we argue that those particular terms inside the brackets of the inflation dynamics can be simplified

as,

~ (1 (me) (o4 000 (52)°)) o (Y =) 0 (5 - 50)] -
— buor [(ﬁfﬂ—ﬁﬁ)-i- ﬁfﬁ—/\f)} Tl(m%) <90+ (1—1 (I—ZE> > [6n — ¢F] (AFW* ﬁW*>
(v

- (Hn(ﬁ) (so+(1—w) (%52) )) [or (B =31 + 0m (B0 - 1")] +
+ opon (B0 = BF) + (50" - 7)) = —n (5o (¢+ (1-v) (52) ) o — o (A5 —517).
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Finally, we conclude that both Phillips curves in the model take the following form,

Ty~ BE_% (Teg1) +

¥y, (i) (so+ (1-v) (1*7“’)2) (552) s + 055] + 20565750+ |
+(0n — 6p)n (7973 ) (so+ (1-v) (1—59)2) (5 — i) -
_ (=) (552) R = (552) ot + o] _
7y ~ BB (Ti4) + )
(0‘1 +(1=7,) (ﬁ) ¢+ (1-v) (1*7“")2» [orct” +opel ] +
1, (vt (0 (- (522)7) [0+ 60] +
T, () (o 09 (52)) (S252) ot + 0] - 2000 |
~(on = o) (merers) (v + (-9 (32)°) (P - -
_ — (1) (B52) B = (152) (o + o] _

(0—1 +(1=7,) (ﬁ) (‘P +(1—9)

e (mdm) (30

+ (- (

which extends models like that of Steinsson (2008) by adding capital, investment, and capital utilization.

With a little bit of additional algebra, it is possible to obtain simply that,

~HW _ ~H,W
7Y~ g () +

=

*)+

+(1—%)s0(
7, (

(el

| (0*1+(1*%)<p(
720 (

(e

P> +(1=) (14+¢) \ | 2w P> +(1=)(14+¢)* | 2w
oP+(1—1p)pp? ))Ct ""Ym%o( P+ (1—1)pp? )xt +

PP+ (A=) (14+¢)? | (1=B8(1=5) ~
POFI=0)0? ) ( B5 )“ - (185)
~HW A ’
Py +(1— w>§1+<,o> )) (pt —ptw)
)h - (52)
P+ (1=p)(1+9) | | W«
2T ) ) A e (

pp+(1
_ ((Hﬂ)(lw)
4
¢w2+<1—w><1+w)2) (1—5(1—6)
PY+(1—1)Yp?
~F W
) (¢

e +(1=p) (14¢)?
_ ((1—w2/)(1+<,0)) %: _ (1%) a;

~

Gt

e?+ (1) (14¢)?
P+ (A—)pp?

~W
—-pi "

W

Ty T+

)
(o)

B |

Ph+(1—1)hp?
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and, naturally,

e ~ OBy (Teq1) +
— v +(1—y)(A+ W
(U 1+(1*7x)¢(W)) [éf’HCt +¢FW]+
P2+ (1—9)(1+9)* AW
Y2 # (%) (o + opT} "] +

—e)ie AL . (187)
+ (gl_xaﬂ) Y2 (thﬁlizgﬂ;f) ) (1 ﬂﬁ(}; e ) [prt: + dply] +

N 2 B 2 _EWr e
+200pTS+ (O — dp)1¢ (%) (pt -t ) -
_ ((17w2ﬁ(1+«:)) KW (%ﬂ) [61Gc + dpat]

& BB (Tr10) + _
(0_1 + (1 =)0 (%)) [opct” + ope ] +
. (%) [¢r2)" + ouTt"*] +
i ((1701)((117&5)) 0 (“‘”fjﬁfﬂ%fﬁ (17%4)) (650 + dpit] —
—20p¢yTSt — (o — dp) ne %) (ﬁfw* _Z?XV*) -
_ ((1—w2£1+¢)) W (1_1?%) [6pd: + d5al]

(188)

Capital appears in the equation dynamics because it reflects the impact of the efficiency conditions on the
decision of firms. A similar argument can be made regarding the role of capital utilization on the amount of

capital services made available to firms.

5.4.3 Other Equilibrium Conditions

On the Terms of Trade. We have defined the world price sub-indexes as pi" = ¢ up + (bFAH * and
ﬁf W = = ¢ppl + ¢ pl*, and the relative price sub-indexes as @H’R = pIf —pH* and p, pt =pl' —pf*. Then,

naturally, we can write that,

~H AH w ~H,R ~H=x ~H W ~H R

Dy = + ¢F y Dy = Dy - ¢H )
~F AF W s ~Fx _ ~F Wk ~F,R
Py = +oup ™ BE =pr "V — oy

Analogously, we have defined the world CPI as pYY = ¢y i + ¢ppr and D}V * = ¢ppy + ¢ D;, and the relative
CPI as p* = p; — p;. Then, we can write that,

bt = AW+¢FZ/)\57 ﬁ:zﬁ?/_(éHﬁ?v

Pe = P+ oubls B =Py~ drby-

The definition of CPI in both countries, i.e. p; = ¢ypl + ¢ppl and pf ~ ¢ppil* + L™, can be written
as,

oyet [ﬁiH _ﬁt] + or [ﬁf _ﬁt] ~ 0,
Op [P —Pt] + on [P7* — )

l
e
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Then, based on the relationships described before, we can re-write these definitions of the CPI as,

ou [ (P =) + o (B =) + o (A =) + o (507 -BF)] =~ o,
o (B =) = o (" =) | + om [ (B0 = B) —0r (5" -5F)] = 0.

Let us define t}V = ﬁf W —p/’* as the world measure of terms of trade in this model. Terms of trade are

implicit characterized by the previous pair of equations. Notice that we already know that by construction

(ﬁfI W ) + (ﬁf W W *) ~ 0 (see equation (180) for a demonstration), hence the two expressions
~H,R - FR -

Pror [(pt —pf‘") + (pt —pf)} :
~HR PR -

onor | (1" = 5F) + (B0 - 1) |.

In summary, the only constraint that determines the terms of trade is given by,

(0 —or) (B0 =51 ) ~ omop (6" ~5F) + (51" 7)) -

above become simply,

Q

(61 — o) (B0 = 51)
(61 — o) (B = 51)

Q

If the model has no bias in consumption, i.e. ¢z = ¢, then (pf W ﬁfv*) only matters because it affects

output. Therefore, it must follow that (AH R ﬁf) + (ﬁf R ﬁf) ~ 0. In that case, this constraint imposes

no restriction on the terms of trade tt = ﬁf W _ pV*, and we would need to use the price sub-indexes
equations in order to close down the model. If the model has a bias in consumption, i.e. ¢z # ¢p, then
t) = (ﬁf W _ v *) matters because it affects output in both countries, and it also matters because it

affects the inflation dynamics. Moreover, we can write the world terms of trade as follows,

W _ AF W AW duPr _H.R ~R _FR  ~R
ty = Dt . [(pt _pt>+(pt — D )} :
H— PF

This is going to be crucial to derive the dynamics of world terms of trade.

In equations (174) and (175) we already derive a simple characterization for the relative price sub-indexes
7R and PR
t

an , i.e.

"o (afyr) + (GOm0 e g

~ T8¢,
(0% (0%
#FR _ R, (?rf;’f) N <(1 - a)s — aﬁ)) (ﬁf,R 7135) ~ ((1 - a)al - aﬁ)) 75,

Simple manipulations allow us to write this pair of equations as,

(Aé‘{R AR) E, (Wt+1 %ﬁrl) + (M) (@Hﬁ_ﬁf)

Q

(M) 75 — T + BB, (Wt+1>

[0} [0}
(R - a8) - o (Ri -t + (L) (e )~ (B2, —ar e s (71

where the relative CPI price is defined as p* = p; — p;. If we use the definition of world terms of trade and



we combine it with these two equations, we can write the dynamics of ﬂ/v

Y — g (0T + (Um0 Y o Sty [(Ao)UeB) o on s (51 )]
(189)

— @VKI. This suffices to close down

where we define the growth rate of world terms of trade as A}V = tWV
our model. Notice that the dynamics of terms of trade are unaffected by the presence of capital utilization
in the model because %f{ H and %f “ only depend on the real exchange rate and the relative CPI.

Now, using the same definition of world terms of trade we can write the inflation dynamics as,

7 ~ BBy (Tir1) +

i (0‘1 (1 =7)e (%)) [ouel + ¢plV*] + |
TV (%) M’H@ + ¢y’ ] +

() | () (o) o gy |

+200pT3: + (g — Op) NP (MM> 1Y -

R eY+(1—)pp?
— (Uaeel) R — (52) [oys + opd]

(190)

7y~ BB (T740) + _

(‘771 =) (%Jﬁl e )) [orel? + ¢uel] + |
tYa# (%) [op +duf""] +
() | e (SR ) () 160+ 0] -
—20p¢uTse — (P — dp) NP (%) fXV*
— (Ul v — (L2 gy + 61r7]

(191)

These equations constitute the aggregate supply block in this economy.

On the Resource Constraint and the Efficiency Conditions. Using the definition of world terms of

trade we can write aggregate output from equations (172) — (173) as

R 1—B8(1—=08\
. 1-8(1-0)\ -,
U~ ot (=) a3+, (%) uy . (193)

Using the efficiency conditions in (183) and (184) and, after a little bit of algebra, it follows that the real

returns on capital can be expressed as,

T (B (L) B2 ) @Y o, LRl 4, 15 (R0 ) G+ 0 4+ 2T
o (1+(1 V)p )k Iteg
¥

+
»
* AW ok 1 1-§
o (4 +(1—%)—$“‘-’)5W e SRR o, 1 (B Gy — g, — iR -
_ ( +0- 1/1250) L — o
» t 1/) t:
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This simply re-writes the previous conditions replacing the relative prices with the definition of terms of
trade. However, for the purpose of simulating the model, suffices to use the expressions derived in (95) and

(96), which do not depend explicitly on whether capital utilization is allowed or not.

On Aggregate Employment. The aggregate employment can be easily derived from the production
functions in (62) and (63) as,

G o~ a+ (1= ) k4l
s @+ (1 — ) Ky + ol

Q

These are the same equations that we obtained in the model without capital utilization. However, here Et
denotes capital services instead of physical capital as before. A simple log-linearization of the Taylor indexes
gives us the same monetary policy rules described in (91) — (92) and (93) — (94). The specification of these

monetary policy rules truly closes down our model with capital utilization.

On Real Exports, Real Imports, and the Net Exports Share. In a two-country model, suffices to
determine the net exports share of the domestic country, ﬁ)t. The net exports share can be easily computed
as the difference between domestic aggregate output and domestic aggregate consumption, investment and

capital utilization costs in real terms (the domestic absorption) (see, e.g., Gali and Monacelli, 2005), i.e.

1_6(1_5))@.

=5~ (1= 7)== (g

Using the formula derived above for aggregate output, we obtain the following expression,

the ~ b +(1=7,) [(bne + 6rC;) — &) + 7, (65T + 6pF;) — B

= it} — (1 =7,) ¢p € — &1 = 1,052],

where &V = ¢ ¢ + ¢pcr, T = dpT + ¢pTy, and T = 7, — 7. Using the perfect risk-sharing condition,

we can express the net exports share as,
3 W ~ ~R
thy =ty — (1 —7,) pporse — V1,07

In other words, the trade balance is not affected by capital utilization costs because aggregate capital cannot
be traded across countries (only varieties are tradable). In this environment, therefore, the capital utilization
term appears on the domestic aggregate output and it also appears on the domestic absorption, so it cancels
out. We don’t have to worry about the direct effects of capital utilization on the trade balance.

The real exports and imports of domestic goods in the model can be inferred from equations (30) — (33)

and their foreign counterparts as follows,

Bxpo = [ s x;man=oy [ (Pjité?)e(igif)"[cwxs]dh,
mir =[x =o [ (2 () Mo xaw
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where ¢}; = ¢ under our assumption of home bias in consumption and investment. A simple log-

linearization of both definitions allows us to obtain the following pair of equations,

1
T~ —e(/ﬁ:(h)dh—ﬁf*)—n(ﬁf*—ﬁ:)+<1—wa+m:,
0

—

Tmp;

Q

1
iy (/ 7 () dh—ﬁf) CnF )+ (1) E e
0

Recall that the log-linearization of the price sub-indexes in (13) — (14) clearly implies that fol p; (k) dh ~ p*
and f01 Pt (f) dh =~ pf'. Therefore, the first-order effects of relative price dispersion at the variety level are
negligible, and we can re-write the export and import equations as,

ewp, ~ —n(pi" P+

t) T (1= 7.) ¢ + 7,77,
imp, & (A Pr) + (1= 7,) G + 7,2
U e HW ~H ~H * SE W ~F ~Fx
We have defined the world price sub mdexes as p75 = (;5 Hpt + ¢ppy* and py = ¢pp; + Oub; ",
and the relative price sub-indexes as pt =pl T and p; p = pl" — pf'*. Then, naturally, we can write
that,
Py AH,W ~H,R ~Hx _ ~H,R
Py = T A s Ty
- AF 1% N ~F,W ~F,R
P = “toup B =0 — opby "

Analogously, we have defined the world CPI as pYY = ¢y i + ¢ppr and D}V * = ¢ppy + ¢ D;, and the relative
CPI as p* = p; — p;. Then, we can write that,
e = P+ oubls b =0 — ¢pbr-

Using these definitions, it is possible to express the relative prices embedded in the definition of real exports

and imports in the following terms, i.e.

Hr ~H,W ~H,R w
by —pp = ( — Oubt ) (;0 — Oub; )
~H,W ] ~H R PN
= o =p —du (pt *pf),
~ ~ /\F W ~F.R A~V -~
pf—p = + OuDy —(W +¢Hp5)

~F W % ~] ~F.R ~
= P —ptW“rqﬁH( —pf)

where the world terms of trade are defined as #}V = pi*"" * — piV*. The definition of CPI in both countries,

ie. Py~ opp! + ¢ppl and pf ~ ¢ppl* + ¢pL*, can be written as,

S [Pt — ) + op B — Pt]
op [P —Pi] +ou (B 5] =~ O

¢
=)
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Then, based on the relationships described before, we can re-write these definitions of the CPI as,

ou [ (P =) + o (B =) + o (A =) + o (507 -BF)] =~ o,
o (B =) = o (" =) | + om [ (B0 = B) —0r (5" -5F)] = 0.

Using the second equality derived above and the definition of the world terms of trade, we can write the

relative prices embedded in the definition of real exports and imports in the following terms, i.e.

P p ~ S [R —on (p7 1))
P — b ~ W+¢H(ﬁfﬂ*ﬁf)v
and
op PI" —;) ~ —ou |8 —or (B0 - )],
or B —P) = or [tt +¢H(@FR_17§)}~

Notice that under these conditions, it naturally follows that,

b [ = 60 (P~ 5E)] — 05 [ + 6 (55— 9]
= —(utopti =1

op (P = P1) — (B — D)

Q

Therefore, we can compute the real trade balance in this model straight from the definitions of real exports

and imports as,

b (60— mpy) & b (B~ 7) + 6 (1~ 71,0 & +7,85] + 76 (5F — ) — 6 [(1 = 1,) 84 + 7,2
= —nop (B = P7) — (B —Po)] + 0p (1 —7,) (& =)+, (T — )]
= b = (1=7,) 6p [ — &) = 7.0pT1" ~ tby,
where ! = 7, — Z}. In other words, our measure of the trade balance is equivalent to the difference between
the log of real exports and imports (in deviations relative to their respective steady states), scaled by the

parameter ¢p. In the deterministic steady state of our model, it follows easily from equation (33) and the

foreign counterpart that,

Nzl
—H=x\ — 7 —Hx\ — "1
C = ¢ | = C =¢5C , X  =9¢5| = X =o¢uX
. — —H —F —x —Hx* —F'x . . . . *
since P=P =P and P = = P . Under the (symmetric) home bias assumption (i.e., ¢7; = ¢p),
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given that C = C" and X = X, we therefore conclude that,

o +xX" ¢p (C+X) =¢pY,
H x —H=x

TTAXT = 65 (T 4+X) =0 (C+X) = 657,

where the last equality follows from the steady state market clearing condition in both cases. In steady
state, the trade is balanced in real terms by construction. However, because households have preferences
for domestic as well as foreign goods, exchanges do occur between the two countries. The parameter ¢p
denotes the share of imports and exports for consumption and investment purposes relative to output in
steady state.

Real exports and real imports can be re-written in the following form,

— (ZS ~F R -~ ~x ok
R e (BF" =F) + (1 =) & + 7,37, (194)
— R A ~ ~
imp, ~ —nt}' —noy (pf — pf‘) + (1= 7,)C + 7,7, (195)
or, simply,
— 1 ~ -~ sk ~*
erp, ~ by [—ﬂw - (pf’R pf)} + (L —=7,) ¢ + 7,78, (196)
F
— 1 5 N ~ N
imp, N Ny [—ﬂ” + (pf’R - pf)] + (1 —=7y,) ¢ + 7,7 (197)
H

In order to be able to compute these equations to determine the evolution of both imports and exports, we

need to add an additional equation to determine ﬁf R, Fortunately, equation (175) already tells us that,

. - 1—a)(l—pa . . 1—a)(l—pa)\ -
) (020 gy (O
where 71" = 7F — 2 (PR = pF — pF*) and pE = p, — P} is the relative CPI. These three equations

tell us that the strength of the demand for consumption and investment purposes is likely to have a major
impact on both exports and imports,. However, it also tells us that exports and imports depend on world
terms of trade, ﬂ”, the real exchange rate, 735;, and the relative CPI, pf*. What is interesting and relevant is
the unusually complex way in which the real exchange rate affects the trade patterns, but not our measure
of the trade balance. Our model shows through equation (175) that not only current real exchange rates,
but also future real exchange rates, matter for exports and imports. This interesting finding may explain
-at least qualitatively- why the relation between exports / imports and the real exchange rate is often found

to be highly nonlinear in the empirical literature.
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Appendix

A The Linearized Equilibrium Conditions: A Summary

Here, we report the system of equations derived after log-linearizing the equilibrium conditions of the model

A.1 The Model Without Capital
The Households’ Problem:

¢ ~ By [Ct+1] -0 Zt — By [7Tt+1])

IS
IS* G~ B [G]) — o (i~ B 7))
RS & — & ~ oy,
The Firms’ Problem:
i e = BB (Tiy1) + i
AS + (w) (07 +¢) [ouet” +opct”™| + 200575 + (1 — Or) et +
“ — (L +¢) [ppar + ¢pa;] ] ,

) T, ~ BBy (Tyy1) + )
(071 +) [0ret” + ouct""] — 2056575 — (b — d) npl} —
—(1+¢) [ppar + ¢pa;] ]

((ka)((xlfam) DUV L K(ka)(l aa)) 75, — 71 4 BB, (”Hlﬂ

)

AS* N (gl—a)gl—a,é’))

[}

H F

Aggregate Output and Net Exports:
U & ntt +e,

TV ATV — BB, (ATY,) +

Y

Y* U~ -tV eV,

L S,

L~ l} ~Y; —ay,

NX thy = nﬂ/v — QpOTS,

The Monetary Policy:

MP iy~ pi/i\t—l +(1—p;) [wy@ + %ﬁt] + My,
MP* i~ iy + (1= py) [, + V71 + W7,

Other DeﬁnitionS'
&V = ot + opcr, ¢ = ¢t + pc;,

_ ~R
Aﬂ”:ﬂ” ZW 15 Ty :Wt_ﬂtaﬂ—t_pt_ptflawt_ﬁz&k_@fl'
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A.2 The Model With Capital, Without Capital Utilization - NAC

The Households’ Problem:

¢~ B [Cia] — 0 2t — Ky [ﬁt-i-l]) )

IS @
IS &~ B G — o (i - B [71])
RS Ct — Ci = 0T84,
N ~ (1= 6) BBy @] + (1= (1= 0) ) By (7711) — (00 — B (o) )|
qr = —y,
o ~ (1= 6) BBy [Gp) + (1= (L= ) BB, (771) - (i~ Be (714))]
@
KA ki1 = (1—0) ki + 6 (T +7¢),
KA* ki o~ (1—0) ki +6 (3 +77),
The Firms’ Problem:
7 ~ BB (Tpq1) +
[ (071 + (1) o (RS0l ) ) (ol + 6pel] + |
AS n <(1 a)(1 aﬁ)) TYz P (%) M’th +‘17FAW*] +
“ +20ppTs: + (P — dF) NP (%) i — 7
- (%) EXV - (H ) [P rar + ¢pay]
T ~ BBy (%:H) +
i (0‘1 +(1=7.)¢ (%)) (opet + o] + |
AS* n ((1 )1 a5)> Y2 (%) [¢Fxt +¢HAW*]
¢ —20pdpTse — (dg — dp) NP (%) H/V* 7
- (7(1_”’15”“’) HV* - (1+¢) [¢rpar + ¢pa;]
™ ALY — BE, (ABY,) —l—_(—(l a)((ll a’B)) W~ ¢ZH:¢FF K(l a)(l aﬁ)) 7% — 7y + BBy (WHlﬂ
EC 77~ L+ e, - (Lt kt——zfa‘t,
EC* P A %a&k + 1_;52@? _ (1+(11;1/1)<P) ET _ 1_;&2&:7
Aggregate Output and Net Ezports:
Y ﬂt%nﬂwﬂl 'Ym)ct JF’Yxxt )
Y Ui~ + (L= el + .3,
L Yl ~ Gy — s — (1= ) by,
L VI = G - a7 = (L= )k,
NX the =i} — (1= 7,) pors = 1,60 (@ — 7).
The Monetary Policy:
MP iy~ piig—1 + (1= p;) (0Tt + VT | + g,
MP* ;f ~ Pﬁf—l + (1 —p;) Wy@ + 971 + My,
Other Definitions:
R R e E/?Hft + ¢F8tkv:dt/v* = ¢Fct + O, T = dple + OpTi, TYF = opls + oy iy,
Y = gk + ¢pkt, K = gpke + ok, 7 =R =7 A =0 -8V R =P — B, 7 = Pr — Py
(1-9)]

Other Coefficients: v, = (1 — )4 [(%) (ﬁ_

(0]



A.3 The Model With Capital, Without Capital Utilization - CAC

The Households’ Problem:

&~ By @] — o (i — B [fera])

IS @
IS &~ B G — o (i - B [71])
RS Ct — Ci = 0T84,
9 G~ BBy (G + [(1 = (1= 0) ) By (7,1) — (3 — B (7e)) ]
G ~ X0 (@—A) ~ B,
o G~ BB G + [(1— (1= ) 8)B (71) — (3 — B (7110) )]
é?%xd(mt - t) -7,
KA Fepr~ (1= 08) ki 46 (Z + ),
KA* ki~ (- 0k +6 (@5 +77),
The Firms’ Problem:
7y~ BBy (Teg1) +
i (‘7_1 + (A=) (m%)) [onct” + opct ] + ]
AS <(1 (1 aﬁ)) Ve (%) [¢Hﬂ~”t + ozl ] +
“ 205 ¢rT5: + (b — dp) NP (—thJﬁ;w%ZLf)2> ﬂ/v_
_ — (R ) B — (152) [og + 605 |
) i~ BB (Tiyq) + )
(0‘1 +(1=7.)¢ (%)) [opct” +oncl™] +
AS* n ((1_(!)(1_@[3)) +Vzp (%) [¢F§§t +¢H~Tt ] -
“ —20pdpTse — (dg — dp) NP (%) ﬂ/v_
i MM) E;/V* - (%) [P par + ¢ ay]
™ ARV — B (ATH) + (Loelfimel) Y s e [((Coalioedl) i =4 g8, (7 )]
EC e e L e
EC* o Ly 4 Ly — (M) By — Ly,
Aggregate Output and Net Ezports:
Y gt + (1 =7,) e + 7,2,
Y @“‘Qﬂ”“‘(l_"H)ct + T
L Yy =~ gy —ar — (1 —¢)kt,
L vl =77 - a; — (1 0)k,
NX thy =0t} — (1—7,) ¢p07s — v,0p (T — FF) |
The Monetary Policy:
MP Zt ~ pﬂt 1+ (1 —py) [ﬂ’y@ + %ﬁt] + My,
MP* iy R Pﬂf 1+ (1T =py) [lffy?/ffk Jrl[%ﬁﬂ +my,
Other Definitions:
&Y =t +opc;, ¢ = 0pt +opt, T = duTe + ¢pT, T = ¢ply + Sy,

BY = buke + opki, KV = dphi + ouky, 7 =7 — 77, ARV =8V 8V, R =y

~¢
— De—1, 7Tt =Dt —

Other Cocffcients: ~, = (1L—v)5 (5% (57 = (1 - 9)]
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A.4 The Model With Capital, Without Capital Utilization - IAC

The Households’ Problem:

IS & ~ B [er] — o (i — B [ml]) ,
IS &~ B G — o (i - B [71])
RS Ct — Cf & o754,
9 G~ (1= 0) BBy [da] + [(1 = (L= 0) ) By (7,1) — (3 — Be (7)) |
T~ 1+5$t 1+ 1+BE [$t+1] n(liﬁ) (@ + ),
o G ~ (1= 6) BB: [G] + [(1— (1= ) B)Be (7 i) - (5 — B o))
TP~ 1+th 1t 1+5Et [$t+1] + (1+5) @ +v7),
KA k’t+1 (1-9) kt + (2 +vy),
KA* ki~ (1 —0)kf +6 (@ +77),
The Firms’ Problem:
) 7y~ BBy (Teg1) + )
(07 + (1 =7, o (B ) ) (ol + opel ] +
AS n <(17Q)(170¢ﬁ)) TV (%) [QSth + ¢FAW*] +
“ +200pT3: + (g — Op) NP (%) & -
— (R ) B — (152 oy + 6]
) 7, ~ BBy (%:H) + )
i (‘7_1 + A=) (%)) [Ppct +dpct ] + ]
AS* n <(1_Q)(1_a[3)) Va9 (%) [d)Fxt +¢HAW*]
“ —20pdpTse — (dg — dr) NP (%) ﬂxv_
~ (L) v — (L2) g, + o]
™ ALY — BE, (AY,) _‘_'(—(17&)&17(15)) W~ ¢¢H_¢;F K(l O‘)(l O‘ﬁ)) 75 — 74 4 BBy (W;HH
EC 77~ L+ ey, - (B ) By - Heay,
EC* Rt Lo 4 ey - (71“11; ¢ ) Ry - ear,
Aggregate Output and Net Exports:
Y et + (1=7,) e + 7,2,
Y* U~ (=) @
L Yly = gy —az — (1 —¢)kt,
L Vi 25 —ap — (1= )k,
NX the = 08" — (1 —7,) opois —7,0p (@ 1),
The Monetary Policy:
MP Zt ~ Pitfl + (1= py) [0 + 0 e] + T,
MP* is A piti + (1=

Other Definitions:

/c\z‘f/v = ¢Ha§ +¢F/c\tkv /C\l/v = ¢Fct + ¢Hcta xl/l/

ST+ opTy, T

¢Fkt+¢)Hk:t,7rt :Wtfﬂt,At :ﬂ”—tt_l,wt:pt

= ¢p + oy,

_
— De—1, 7Tt =Dt

~¢
— Pt—1-

Other Coefficients: v, = (1 — )¢ K%) (ﬂfl —(1-

)|

T



A.5 The Model With Capital, With Capital Utilization - NAC

The Households’ Problem:

IS & ~ B [er] — o (i — B [ml]) ,

1S &~ B G — o (i - B [71])

RS G — ¢ ~ 0Ty,

N ~ (1= 6) BBy @] + (1= B(L =) By (771) — (00— B (o)) |

qt = —Ut,
o ~ (1= 0) By 3] + [(1 - B (- 0) B (72) — (7 — B (R1))]
@ ~ =y,
KU B¢ [77,1] ~ At [Ge41]
KU* - By [Fita] ~ AR [@44] ~
KA ki1~ (1= 08)ky+ 6@ +0,), ke ~ Ty + ky,
KA Tyay ~ (1= 8) by + 8 (35 +07), bt ~ T + by
The Firms’ Problem:
) Ty = BBy (Tpy1) + )
(O’*l +(1- ’)/x);p (%W)) [ngct + ngAW*] +
AS (1-a)(1-ap) +vmi(j("l;ﬁ}({2§)w’) 1>—£?1H§; forn
b (Umelien) | (S (S0 o5y g |
T200prse + (¢ — ¢r) Ny (%) i -
— (LR ) B — (152 oy + 6]
: 7wy~ BBy (Tr10) + :
(et (=) (%)) [6r2t +o5el ] +
1 (1 ~Wx
AS” (1—a)(1=ap) +7m22(:’(?%((11+£)£;@ 1> zE?lF 5) o t
() | e (PR ) () e o] - |
—20pdpTse — (dg — dp) NP (%) ﬂ”*
(L= B — (552) (g + 67]

™ ALV — BE, (ATY,) +_(—“‘“>§—aﬂ>)f;” ~ pute [(Umelloo)) i, — 74 GB (W;H)]
EC P~ Lo+ l—jp(‘eﬂt - _1+(11;¢ S0) ke — —d)ﬂat,

EC" 77 By + Mgy — (M) — Legy,

Aggregate Output and Net Exports:

Y G it + (1= 7,) & + 7,80 + 7, (552 ) e,

Y" Ui~ -t + (1= ,) @ + 7,3 +%($)ﬂ?,

L Wt%yt—at—( —¢)kt,

L ) vl = 57 —a = (=) k7,

NX the = 1t} — (1 —7,) $p0730 — 1,05 (B — T7),

The Monetary Policy:
MP i~ piir—1 + (1= p;) [y G + 7] + e,
MP* i & piti_y + (L= py) [0, TF + a7 ] + 7,

7Qther Definitions:

EXVE¢H@+¢F8{7/C¥V*—¢Fct+¢HCta§f = oyl + Opay, xt * = ¢pZ + oy,
kthfﬁHkt‘f'(bF]ffvkXV*E¢Fkt+¢Hktv7Tt =7 — 7, A =tV -0V, R =D — i1, T, =D} — Pf_1-

Other Coefficients: v, = (1 — )¢ K%) (ﬁ_ (1

-9)|




A.6 The Model With Capital, With Capital Utilization - CAC

The Households’ Problem:

&~ By @] — o (i — B [fera])

IS c
1S &~ B G — o (i - B [71])
RS Ct — Ci = 0T84,
G~ BBy (G + [(1 = (1= 0) ) By (7,1) — (3 — B (7e)) ]
“ gt ~ X0 ($t ) — U,
o @ ~ BB [G7] + (1 ( 1— BB (770) - (3 B (1))
q; = XJ Ty — 7<:\ vt,
KU By [P711] ~ By [ Mg — 1 5 VG Gea1)
KU* B [771.] ~ Et AUj gy — 1 T—1-3)8 qt+1 ;
KA Etﬂ (1- kt—i—é (Ze +0t) k:tNut—l—kt,
KA ijﬂz(l—a)k 6@+ Tr), B~ s
The Firms’ Problem:
) T ~ BBt (Tey1) + )
(77 01000 (SRR ot st
s oy | R ) et
+ (T) +%<P( EER GE T ) ( 35 ) [Pt + ¢pur] + ;
F20prTs + (g — or)me (ST ) B -
- (%) E/V - (1+ ) [prar + ppay]
: &~ BB (W) + :
(o7 + -2 (%)) [6r2t + el ] +
AS (1-a)(1-ap) HIZQ(W 1)%179;; o i .
+ (T) TV ( P G ) ( 35 ) [Pt + dpuy] — ;
—20p¢Ts: — (b — Pp) NP (@dj{jﬁ;%%b;f?) ffW—
W Ve — 1+¢) [ppar + dpay]
T™W AR — R, (ATY) ((1—a)il—a,6))tﬁfv ~ ZH:;&;F K(l @) aﬁ)) 75, — 7R 4 BE, (ﬂ't—i-l)}
EC 77~ L+ ey, - (B ) by - Hea,
EC’ i A+ Mgy - (B B - ey,
Aggregate Output and Net Ezports:
Y ﬂt%ntt (1*%)% +'szt + Y (1 ﬁ(l 6))%‘,
Y* U~ i+ (L= 7,) @Y+, *+%(%)ut,
L Q/Jlt%yt—at—( ¢)kt,
L* Yl; ~ G —a; — (1— )k,
NX the = 0t} — (1= 7,) $poise — 7,60 (@ — 7).
The Monetary Policy:
MP Zt ~ pﬂt 1+ (1 —py) [ﬂ’y@ + ?/%ﬁt] + My,
MP* Zf ~ Pﬂf 1%( p;) [lffy?/ffk +¢ﬁ7’%ﬂ +my,

Other Definitions:

oY = ¢Ha§ + OpCr, G = ¢ptr + oy, T = ¢yl

_¢Hkt+¢Fk* kW _¢F7€\t+¢Hktv7Tt =7 —7;, AtV

=?tW—tt_1, T =P

+ OpT;, TV = Qpy + Oy,

_ =
— De—1, 7Tt = Dt

~~¢
—Dt—1-

Other Coeffeients: ~ = (1 — b)) § { _

-1 _ (1 _sn |~



A.7 The Model With Capital, With Capital Utilization - IAC

The Households’ Problem:

IS & ~ B [er] — o (i — B [%Hl]) ,
IS &~ B G — o (i - B [71])
RS Ct — Cf & OT3y,
9 G~ (1= 0) BBy [da] + [(1 = (L= 0) ) By (7,1) — (3 — Be (7)) |
Ty A 1+5$t 1+ 1£5 ¢ [Te41] + 115 (@ +7t),
o G~ (1= 0) B8 (G + [(1-(1-9))B ¢ (77) - (5 B 7))
Ty~ gty + 1+5Et @] + 1+5 (@ +77),
KU By [72,,] ~ ABy [Gr4]
KU* R By [Fgt] ~ XBq [@7,4]
KA Trir ~ (1= 8) ke 48 (Fe+5) , By ~ G + o,
KA Toyuy (L= 8) by + 8 (@5 +07), bt ~ T + oy,
The Firms’ Problem:
) e = BB (Ti1) + )
(- %)f (%)) [Prcl +opcl”*] +
AS (1-a)(1-aB) +7m22(:’;‘1;ﬁ}(1:2));f 1&?1113 y (bfx?/*] t
+ (T) Y2 ( NS G i ) ( B3 ) [Pt + ¢pur] + )
205 ¢pTse + (b — dp) Ny (%) -
— (U ) B (552 oy + 0p07]
: &~ BB (W) + :
(7t + @m0 (SEERED) ) [orel! + ol ]+
AS” (1-0)(1-ap) ﬂxi?( i%%ﬁiw) 1) a[iF 5) o] J:
+ (%) V¥ ( RIS G i ) ( B35 ) [prut + dpuy] — )
—20pduTst — (dg — dp) Ny (—wﬁj_&;w&gzﬁf)v ﬂ/v_
7(1_1”151*“’) Etw* - H"D) [prat + ¢pay]
™ ALY — BE, (AY,) _‘_'(—(1—(){)&1_(),3)) W~ ¢ZH_¢;F K(l a)(l aﬁ)) 75 — 74 4 BBy (W;HH
EC 77~ L+ ey, - (B ) by - Hea,
EC* 7 %ag n 1_?_;?; _ (1+(1¢—w)¢) Tr — TpEA?v
Aggregate Output and Net Exports:
Y Gomenlt + (1= @ + 7,8l + v, (52 e,
Y Ui~ )+ (L= ,) @ + o, 1 *+%(#)ﬂ?,
L Q/Jlt%yt—at—( —¢)kt,
L Wi =7 —a; — (1= )k,
NX by =ty — (1= 7,) dpois — 7,05 (@~ F7)
The Monetary Policy:
MP it & piie—r + (1= p;) [0 + Vpe] + T,
MP* 7?‘ ~ Pz‘gf—1 + (1 —p;) Wy?/ffk + %ﬁﬂ +my,
8ther Definitions:
R R e EAQSH:C} + ¢F€§af?/ = ¢FCt + O, T} = Gyl + Opt, T = dply + dpy,
kY = dpke + dpki, kVE = dpki + opks, TR =T — 70, AW =8 — 0V Ry =P — Dror, T} = D; — D1

Other Coefficients: v, = (1 —1) 46 [(%) (57 (1 5))} )




A.8 An Extension: Real Exports and Real Imports

The Model Without Capital:
EXP e, ~nSet —noy (5" —BF) +4.
IMP imp, ~ =i}’ = noy (B1" —PF) + 2
AT = BB (R + (Ul ) (BN ) & (Uit )
The Model With Capital (NAC, CAC, IAC), With or Without Capital Utilization

exp, ~ NSty —néy (p fﬁf) + (1= 7.) & + .77,

EXP
IMP imp, ~ =t} —noy (pt F B ) (L= 7a) @+,
R ) R o
New Definitions:
i e e e S S ——
Other Coefficients: v, = (1 —)¢ Km> (ﬁ_ —(1- 5)”_
The Model Without Capital:
EXP exp, ~ NSty —néy (ﬁf’ - D ) +¢
IMP Zmpt ~ —ntt — N9y (ﬁf’ — b ) +¢t,
(Lt B) " — () — Y+ (Uil ) (517 ) ~ (eelfied) i,
The Model With Capital (NAC, CAC, IAC), With or Without Capital Utilization
EXP expt ~ 77¢H tt —N9g (pt - b ) (1= 72) ¢ + 7,27,
IMP imp, ~ =t =06y (b1 —B1) + (1= 7,) & + 7,81,
(1o (1 Ba)> ( ) ((1 a)S*BDx))fst’

~F\R ~F R ~F R
(1+8)p, " — BEy (pt+1) Pyt
New Definitions:
Fx R 3 I’)\k

AFR_pt —pt )y Pt .
)(5- a-9)] -

Dy

Other Coefficients: v, = (1 —1) 0 K

D]
‘% i

81



