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Abstract
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1 The Model

In this section, the full model is described, with the characterization of the household and the firms’
problem, the policy rules for the government in a competitive equilibrium, the foreign sector and
aggregation. From the household perspective, the model presents external habit persistence in con-
sumption, adjustment costs for investment, portfolio and changing the capacity utilization. House-
holds own capital, demand money to buy consumption goods and set their wages after observing the
demand for his specific type of labor.

Firms in the tradable and non-tradable sectors of the domestic economy rent capital and labor
from the households to produce goods. They set prices in a Calvo style, with a probability a; of not
adjusting prices in period ¢t. Firms from the tradable sector have to compete with imported goods
retailers. These retail firms buy goods produced abroad and sell domestically, also adjusting prices
in a Calvo style in terms of domestic currency. On the other hand, firms from the tradable sector can
sell goods for the exported goods retailers. These firms buy domestically produced goods and sell in
abroad, setting price in a Calvo style in terms of foreign currency. A demand for foreign currency is
justified in the model by a working capital constraint for imported goods retailers, with those firms
selling bonds to obtain foreign currency to finance the total aquisition of foreign inputs.

The government in a competitive equilibrium sets nominal interest rates according to a Taylor rule
based on inflation, output gap and changes in the real exchange rate, in order to match an exogenous,
time-varying inflation target. In terms of fiscal policy, the government has three instruments available
to finance an exogenous stream of consumption: money, bonds sold domestically, and distortionary
taxes. The government might tax in different rates consumption and the income from capital, labor
and profits. In the competitive equilibrium, taxes on labor are set according to a simple policy rule
based on total government liabilities. Taxes on consumption, capital and on profits are exogenous.

The foreign sector is described by a simple VAR including lags of the foreign money supply, output,
inflation, interest rates and a measure of the risk premium. The VAR has all shocks identified by a
Cholesky decomposition, following the traditional procedure in the literature. The model has a total
of 16 shocks, with five of them being from the foreign sector (one for each variable of the VAR),
plus the following: one on the price of imported goods in foreign currency; two stationary sectorial
productivity shocks; a non-stationary aggregate productivity shock; a non-stationary, investment-
specific shock; government spending; three tax shocks; monetary policy shock and a inflation target

shock.



1.1 Households

There is a continuum of infinitely-lived households i (i € [0, 1]) populating the domestic economy, each
one of them offering for domestic firms a labor type ¢, ht(¢). There is no population growth and labor
can not be sold for firms in the rest of the world. In the intertemporal problem, households maximize
discounted utility choosing current period’s consumption capacity utilization and investment for each
sector, wages, hours worked and the money demand, and next period’s foreign and domestic bond
holdings and physical capital stock. The general statement of the intertemporal household problem,

given the non-Ponzi games constraints, is:

max Eo Y B [(1 =) log (Cy(i) = (Ci—1) + y1og (1 — hy(i))]

t=0

s.t.: Pt (1 + Tg‘) Ct(’t) + Tt_lpt (Iit(’t) + Iz,t(z)) + PtMt(’L) + Rt—lBh,t(i) + StR{_llBt(’L)

. 2 . 2 . 2
+Wt¢7w ( W (i) MI> + %}/t (Bt;i(l) _ g) + %Yt (StIB;:l(l) _ reg/IB) _

TXOWe 1 (i)
(1= ) Wiiha(i) + (1= 77 ) Pu@u() + (1= 7£) Py [(RE aptn = 17 (114)) Kot ()

+ (RE gty — Yt a (1)) Kot ()] + Py My_1 (i) + Bpgs1(6) + Sid Beg (i)

K (i) = (1= 0) K (i) + 17, (i) | 1 =X L)
Jst+1 - Jst gt I:}‘-i,t_l(i)

Kj: = Mj,tfj,t a (Nj,t) = 0. (ﬂj,t - 1) + 972 (Nj,t - 1)2

Ig,t 451 Ig,t I ? >
I Iid;t—l =3 Iid,t—l iy J = {x,n}

Tia T T T, T
T, =fppr = (L—py) - +pyity + €y e ~N(0,0v)

h() = (W{;/(j)y he M) > o™ (14 79) Cild)

In this problem, 3 is the intertemporal discount factor of the utility function. The utility function
assumes a traditional, log-separable form in terms of consumption and labor, with consumption
adjusted by external habit persistenc In the budget constraint, define T, ! as the non-stationary
inverse of the relative price of investment in terms of consumption goods. The households also set

the rate of capital utilization for each sector (uj’t), paying a cost given by the function a (,uj’t)

1 In terms of notation, the general variable z+(i) represents the choice of household ¢ on period ¢ about z. The
variable z¢ is the aggregate value of z¢(¢) for the economy.



to change the utilization level in each period and in each sector j, j = {x,n}. Thus, Fj,t is the
stock of physical capital accumulated in sector j, while Kj; is the capital actually used by firms in
production. XN (.) defines a function for the investment adjustment cost, in the same fashion as in
Christiano, Eichenbaun and Evans (2005) [10] and Altig, Christiano, Eichenbaun and Linde (2005)
such that N (1) = 0,N' (1) = 0,8”(1) > 0. The functional form adopted follows Schmitt-Grohé
and Uribe (2007) [38], with u! defining the steady state growth of investment. Still in the budget
constraint, households are able to allocate wealth over time buying one-period, non-state contingent
nominal bonds from the government, By, ¢141(%), or from the rest of the world, IB;41(4). In the later
case, the bonds are priced in foreign currency, and S; is the nominal exchange rate. In order to
adjust its portfolio, and to induce stationarity in the model, the households incurs in a small porfolio
adjustment cost based on the variance of the stock of bonds as a proportion of the economy’s GDPH
Households also receive (after-tax) dividends from the firms ®;(7).

The supply of labor is decided by each household taking as given the aggregate wage of the
economy, the aggregate demand for labor, h;, and the quadratic adjustment cost function for wages.
As a monopolist of a specific type of labor, the household chooses the nominal wage W () and supplies
all the demanded for labor h:(i) given the acceptance of W (7). The elasticity of substitution across
different types of labor h;(i) is given by w. The nominal wage adjustment cost function allows
for partial indexation based on current inflation. The degree of indexation is determined by x,,
(Xw € [0,1]). The presence of sticky wages in the model results in an additional distortion, defined
by mcw;, which is equivalent to the markup households impose over real wages since they supply a
specific type of labor to the firms.

Finally, following Schmitt-Grohé and Uribe (2007b) [39], households demand money, M;(7), in a
cash-in-advance constraint, in order to pay for a share v > 0 of the after-tax consumption. The
constraint holds with equality as long as (gross) nominal interest rates are larger than unity.

Define X,:/Pt7 th}t, )\ant and (Xt (1 — T?) Wt) / (Pymcw;) the Lagrange multipliers on the bud-
get constraint on the capital accumulation equations, on the cash-in-advance constraint and on the

labor demand function, and define Wt = W;/ P, the (aggregate) real wages. The Lagrangean of the

2 See Schmitt-Grohé and Uribe (2003(b)) [36]. The functional form adopted is the same as the model proposed by
those authors. However, the use of the ratio to GDP is adopted here to obtain the stationary form of the model.



household’s problem is given by:
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The final set of equilibrium conditions of the household is given by:
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The household also solves a sequence of minimization problems constrained by the CES aggregator
function in order to choose first between imported and domestically produced goods in the tradable

goods basket, and then chooses the optimal composition of tradable and non-tradable goods:
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Combine the first order conditions with the expenditure function to obtain the demand for each
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type of tradable good and the price index of tradable goods:
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By analogy, the optimal decision between tradable and non-tradable goods and the CPI index is

given by:
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Households also solve an equivalent problem when setting the composition of the investment good
for each sector. For simplicity, assume that the weights in the basket of goods and the elasticities of
substitution among different types of investment goods is the same as the weights and the elasticities
for consumption goods. Also, assume that the adjustment costs in the portfolios of domestic and
foreign bonds and in capital utilization are allocated in the aggregate investment. As a consequence,

the demands for home produced and imported investment goods are given by:
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1.2 Firms’ Problem

There are four sectors in the economy, each sector composed by a continuum of firms operating in a
monopolistic competitive framework. Firms in the non-tradable (n) and tradable (z) sectors demand
labor and capital to produce. Firms in the imported goods (m) sector and in the exported goods
(zp) sector buy the final good and sell it to consumers in the domestic economy (for the case of
imported goods sector firms) or in the rest of the world (for the case of exported goods sector firms).
Firms chooses the amount of production inputs to buy and set new prices according to a probability
a;,i = {n,x,m,zp}, that is independent across sectors and across firms. Imported good’s firms must

finance the total amount of imported goods using only foreign currency.

1.2.1 Domestic non-tradable goods’ producers problem:

Firms in the non-tradable sector use capital and labor to produce goods that are used for consump-
tion, investment and spent by the government. The production technology is a simple Cobb-Douglas
function with a sectorial stationary productivity shock and a non-stationary, labor-augmenting tech-
nological shock. Setting real profits for firm i, as ®, ;(i,), the general problem of the domestic,

non-tradable goods producers of type i, product (i, € [0,1]) is given by:
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The firms maximize profits subject to the demand for its good, the fixed cost of production and
subject to two productivity shocks. In each period, firms choose the number of hours to buy from
households and the amount of capital to rent. Also, if allowed, firms set their prices optimally. In this
problem, a, ; is a stationary, sector-specific technology shock, z; is a labor-augmenting, non-stationary
technology shock. The non-stationary shock z; affects all the firms using labor in production. In order
to guarantee zero profits in the long run, z;y,, introduces a fixed cost proportional to the evolution
of the non-stationary shocks in production, following Schmitt-Grohé and Uribe (2007) [38].

From the first order conditions in terms of h,, ¢ (4,,) and K, ; (4,) , it is possible to prove that the



capital-labor ratio is the same across firms in the non-tradable sector. As a consequence, the marginal
cost across firms is also the same in this sector. Setting mc, ; as the Lagrange multiplier on the firm’s

demand constraint, the two equilibrium conditions are:
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Prices are formed in a Calvo style with indexation, where «, is the probability that firm 4,
is not allowed to optimally adjust its price in period ¢. In the case firms are not allowed to set

up prices optimally, they follow the simple rule P, (i) = ﬂgft_lpnt 1 (in), for 0 < k, < 1 and

Tht41 = % Setting the Lagrangean of the problem, considering only the terms relevants for price
determination:
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In this problem, r; 445 is the stochastic discount factor between periods ¢ and ¢ + s, and Pﬁn’t (in)
is the new price set by firms allowed to adjust prices in period t. The first order condition for firms

allowed to adjust prices is:
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As a consequence of the first order condition, given that mark-up over prices is the same across firms,
the symmetric equilibrium is characterized by all firms in the non-tradable sector allowed to adjust
prices in period t will set the same price: ﬁmt (in) = ﬁn’t.

Following Schmitt-Grohé and Uribe (2006) [37], split the pricing function equation in two parts,

X} and X7, and define p,,; = 5": in order to obtain the recursive solution for the problem of the

non-tradable goods’ producers:
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The recursive form for X} is given by:
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1.2.2 Tradable goods’ producers problem:

A tradable goods producer i, (i, €
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[0,1]) solves the same problem as the non-tradable producer,

using labor and capital as a production factors. The total production of the tradable good is divided

between domestic absorption (consumption, investment and government spending) and the demand

of a continuum of 4., exporting firms (D, ). The tradable goods’ firm problem is given by:

> Pa: t ('Lw) . Wt . Pt k .
E Pz - Da: x) hz x) R K{E x
max Fig ;To,t t ( Prs Jt (ie) Poy t (i) Py, z itz t (i)
i Nz
s.t.: Dyt (i) = (%@) Yo

Yor=Cor + G+ 71,

a:c,th,t (lx)e (Zthx,t (ix))l_e

_6 *
Ttl—é? — 2t

2t

Zt+1

ze Nf+1 = (1

—p) W+ popi €

logaz,i41 = pylogags + € 1;
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1 P
m[m,t + D.’rp,t

— 2 Xy = Day (i¢r)
€1[0,1); € ~N(0,0,)

€10,1); € ~N(0,0,)



X, is a fixed cost proportional to total output associated with the non-stationary shock in order
to guarantee zero profits in steady state. Setting mc,: as the Lagrange multiplier on the firm’s
demand constraint, the solution of the cost minimization problem of the firm in terms of hy ¢ (4,) and

K, ¢ (i), after using again the fact that the capital-labor ratio is the same across firms, become:

%
N Pt Kzt
W P4 Myt ( ) @12t <Zt w,t) N
Pt Kz,t o
R = mesbany (2 ) -

Similar to the firms in the non-tradable sector, price adjustment is based on the Calvo mechanism

with indexation to past inflation, with 0 < k, < 1 defining the degree of indexation in the tradable

Pm,t+1
Pa; t

sector. Taking the first order conditions in terms of ﬁw,t (iz), and defining 7, 441 = , the optimal

price set by each firm is:

oo ~ . N s Kae —n
3 Pa: t ('Lw) Ty t+k—1 ’
B, E 05Tt 445 Y g t4sPrtts (’P H —_— X
x,t 7

s=0 =1
1) Py (i) v [ oithe
(ny = 1) Pot (i) <’t+k 1) —Mmegits | =0
T Pw,t Tx t+k

As a consequence of the same mark-up over prices across firms, the symmetric equilibrium is char-

acterized by all firms in the tradable sector setting the same price when allowed to optimize, ﬁ” (ig) =

ﬁw,t. The recursive solution for the pricing problem of the importing firms is obtained after properly

defining Z}, Z2, such that Z}! = Z?, and p,+ = 11:21 :
~ —1—n Ke T
1 Dz, ’ Tz,
Z} = Pat T Yy imeg s+ 0ty 1 By (~ 2t ) ( (H; t)/n ) ZtlH (36)
Pa,t+1 R S
_ 1=n,
- -1 D. T LN
zt ZPx,?wa,ti(m ) T ourt 1By (~ - ) T D Zin (37)
Na Dz t+1 o1
zZ} =272 (38)

1.2.3 Imported goods’ firms problem:

Following Lubik and Schorfheide (2006) [27], deviations from the Law of One price in the model
arrises as a consequence of price stickiness in imported and exported goods. An imported goods’ firm

im (im € [0, 1]) buys a bundle of the international homogeneous goodﬂ and relabel it as an imported

3 Note that, in the model, one country buys a combination of the goods from different countries. As a consequence,

there is a gap between the world’s CPI (P;) and the imported good bundle imported by a given country (Py, ;).
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good type i,,. In order to buy the goods produced in the rest of the world, the firm needs to finance a
share of the total using foreign currency. The firm sells intraperiod bonds in foreign markets in order
to get foreign currency, but it does not transfer financial wealth over time. As a consequence, firms
do not incur in exposure to risk in the international markets, just an increase in the marginal cost
of production. As a timing convention, the bonds traded do not reflect in the end of period balance
of payments. The same framework is adopted in Christiano, Trabandt and Walentin (2007) [11] and
Mendoza and Yue (2008) [29]. The budget constraint of the exporting firm 4,,, expressed in terms of

domestic prices, is given by:

StP* * . St * .
Ptt Mm,t(zm) + EBm,t+1(Zm) =
S S . Pt (im) — S P _ . .
ﬁipt—le,t—l(Zm) + FzR{—le,t(Zm) + < Pt m,t) Dm,t (Zm) — 2t Xm — ‘bm,t(zm)

where ,,, is a fixed cost associated with the non-stationary shock in order to guarantee zero profits
in steady state. Following the assumption that firms do not keep any financial wealth across periods,

and that all profits are distributed to the households, obtain the expression for real profits:

Pt*M:;L,t(im) + R{Bzz,wl(im) =0, vt

- M* .m Pm -m *SP;;
ST (g M) _ (i) 5

) Dot (i) — 2 — Bt (i)

Py R{ Py
_ Pot (im) — Si P _ . S,P* (R —1 .
(I)m,t (Zm) = ( s mPt m,t) Dm,t (Zm) — Rt Xm — t]gtt t]%f Mm¢ (Zm)
t

where ,,, is a fixed cost associated with the non-stationary shock in order to guarantee zero profits

in steady state. The imported goods’ firm problem is given by:

Pt (im) — Si Py, , \ SiPre (Rl -1\ Py .
( - - ’t>Dm,t (im) = 2{ Xom — d ’t< : ) *t Mm,t(lm)‘|

0o
_Inax E(] E To,t
im) t=0

Ppy 1 (3 Py Py R,{ m,t
. Pmt(zm) i —1 Pt
t.: Dy (i) = | 212 'mit+ Y, —=—1In
s it (im) < P Crne + T4 Py ot
s P
it (Gm) > Pit* mat (Tm)

where P, , is the price of the imported good bought by home economy, quoted in foreign prices.

Taking the first order conditions in terms of ﬁm’t (im) , the price for those firms allowed to optimize

P11

prices in period ¢, and defining m,, 141 = y— and 0 < Kk, < 1 the degree of indexation in the
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imported goods’ sector, the expression for the optimal price set by each firm becomes:

0o ~ . “Nm s Km —n
P, Pt (im) T - "
—1 t+s m,t \!m m,t+k—1
E; E Oéfn?"t,tJrst,tJrs <Cm,t+s + Tt+57-[m,t+s r=a— H S — X
Pm,t+s

=0 Pm,t-i—s b1 T, t+k
(nm - 1) Pm,t (im) ﬁ (Wfr::lt-l—k—l) o St-&-sP:L,t-&-s 14+ R{—i-s -1 =0
Nm P tts i1 \ TTmottk P ts R{+S

In this problem, «,, is the probability that importing firm 4,, is not allowed to adjust its price in

period t. As a consequence of the same mark-up over prices across firms (in this case, given by the

real exchange rate deflated by the import price level), the symmetric equilibrium is characterized by

Pt (im) = Pat. The recursive solution for the pricing problem of the importing firms is obtained

after properly defining V! and Y;? such that V! = Y2, and py, s = }Izm’z

1y P, S, Pr, R -1
Y;fl = pm}t m (Cm,t + T;l L Im,t) : ot (1 + t 7 )
Jt

Pm Pm,t Rt
~ —1_7/m Kom —Nm
Pm,t Tt
+ OémTt,t+1Et <~ = ) W Ytil (39)
Pm t+1 7Tm,t+7f m

Pm,t ’ 77m
5 N hm 1=,
m,t m,t 2
Famruea b (M ) (an/mml) ) Vi (40)
” m,t+1
vl =Yy (41)

1.2.4 Exported goods’ firms problem:

On exported goods’ side, there is a specific sector consuming tradable goods and, in a Calvo style,
setting prices in foreign currency. An exported goods’ firm iz, (iz, € [0, 1]) buys a share of the final
tradable good in the domestic economy and sell it to the rest of the world. Price is sticky in foreign

currency. The exported goods’ firm problem is given by:

SiP?, (inp) — Puy . R —1 ) .
( a4 Z Da:p,t (pr) - (t> wa,t(zwp) — X;cp

oo
_max Eog To,t

ProGien) 1= Py By
L (Prlig
st.: Dypy (igp) = (;*p) X;
x,t
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where X, is a fixed cost associated with the non-stationary shock in order to guarantee zero profits

. . cps . 5 . . 2
in steady state. Taking the first order conditions in terms of Py, (izp), and defining 7, ; = —p+
’ ’ .t

and 0 < kg, < 1 the degree of indexation in the exported goods’ sector, the expression for the optimal
P

price set by each firm becomes:

%)
E s *
Et aa:p'rt,tﬁLSPw,tJrsXS

Kap “MNzp
D . —Nep—1 *
(P::,s (7’9617)> T t4+k—1
k

X
—0 Py -1 Ttk
~ Rap
(Nap — 1) Py (i) I1 (W2¢+k_1) Pes | _,
Nap Pry Pty Ttk SsPy

In this problem, oy, is the probability that importing firm i, is not allowed to adjust its price in
period ¢, P;, is the price of the tradable good from the domestic economy quoted in foreign prices.
The symmetric equilibrium is again characterized by ]5;7t (iz) = 13;7,5. The recursive solution for the
pricing problem of the exporting firms is obtained after properly defining U} and U?, such that

D*
Pw,t,

1 _772 for SN .
Ut —Ut,andpat—a.

11— P,
Ul — (7* 1 nme T,
(pm,t) t StP;,t
o] _1_7]113 * Kap Tlap
p Ty,
+ azprt’tJ’,lEt (5*1,15 ) % Ut1+1 (42)
ni (5 01) "7
1-n
~ —Nap O\ Rap xp
—n, Nap — 1 Dz, Tyt
U =(pe,) " pXti( ) + apre i1 Be | = _m) I Uy (43)
7793;; pm7t+1 (Trm t+1) (Ngp—1)
Ul =U} (44)

1.3 Government

In the competitive equilibrium of the economy, the government follows basic rules to set monetary
and fiscal policy. In terms of monetary policy, a standard Taylor rule includes an autorregressive com-

ponent, plus the deviations of inflation from an exogenous, autocorrelated inflation target, deviations
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of output from its steady-state, and changes in the real exchange rate:

R R
log ( ;1) = pprlog (Rt) +

T rer
+(1—pg) [aw log ( to+1> + oy log (yt;1> + ayper log < s ﬂ +elly (45)

ﬂ't+1 Tery

1001 = (L= pro )7 + proml + €y (46)

65 ~ N(OvoR) 6?0 ~ N(Oag‘n’o)

The government, in order to finance its exogenous expenditures, Gy, collects distortionary taxes

on consumption, labor, capital and profits income (7¢, 7%, 7F and Tf), sells bonds domestically, B ;

and controls the money supply, M;. The government budget constraint is given by:

PG+ Ri1Bgy = BTy + PPMy + By i1 — Poo1My—y
Gy = 2{ gt

9t = (1—py) g+ pygi—1+ €l e/ ~N(0,04) (47)

Tt:Tgct-i-T?Wtht—‘rT?(bt

+ Tf [(Rf;,tp’n,t - Tt_la (Un,t)) ?n,t + (R.I;,t:um,t - Tt_la (H’x,t)) Fm,t] (48)

Following Schmitt-Grohé and Uribe (2006) [37], after defining the total real government liabilities
(L), the evolution of government debt is pinned down by a fiscal policy rule where the government
sets income taxation as a function of the gap between the actual liabilities as a proportion of GDP and
its steady state value, plus a term related with the output gap, in order to account for the stabilization

of the business cycle. Use the definition of net government liabilities to rewrite the budget constraint:

R;_
Ly 1=M 1+ PtilBg’t (49)
t—1
Ry
— Lt = ?Ltfl + Rt (Gt - Tt) - (Rt - 1) Mt (50)
t

To close the dynamics of the fiscal block, assume that the government follows a fiscal policy
rule to determine the labor income taxation, while taxes on capital and profits are exogenous. The

assumption of a fiscal policy rule for labor income taxation is an arbitrary choice, since the presence

17



of portfolio adjusment costs in domestic financial markets ensures stationarity in the model. Also,
for simplicity, assume that the taxation on profits is constant over time. Notice that taxes on profits
are lump sum transfers from the households to the government. In this sense, it does not interfere

with the dynamics under the competitive equilibrium, where profits are zero.

L l
et = (f - D) nb-n+d 651)
Tf = (1 - ka) Tk + ka,T?—l + ezk (52)
¢ =719 (53)
T =0 =p) T H peTig T (54)

e~ N(0,001) €F ~N(0,00%) €% ~N (0,0:¢4) €°~N(0,0,)

Additionally, the government solves an equivalent problem as the households to determine their
optimal consumption of tradable and non-tradable goods. By assumption, the government does not

consume imported goodsﬂ The demand for each type of good is given by:

P\ ¢
Gt =(1—w) <Ptt> Gy (55)
P —E&
Gt,t = W < ,Pf:) Gt (56)

1 ==l 1 e=1l7e—1
Go=[(1-w)? G5 +wiG] |

1.4 International Financial Markets and World’s Economy

The transmission of shocks from international financial markets assume the existence of an interna-
tional bond market capable of evaluating country-specific risk on bonds issued outside the domestic
economy. In this sense, a mechanism to induce stationarity in the style proposed in Schmitt-Grohé
and Uribe (2003(b)) [36] can be used to determine (and estimate) the risk premium of the bonds
issued in each country as a function of the net foreign position of the economy. The international
interest rate is given by:

IB IB\ "™
St t+1/Y) (57)

Rl =R (1+¢&)™
F+e) (5
In this equation, Ry is a baseline, risk-free nominal interest rate on bonds traded in international

markets; £, is an autonomous shock in the risk premium, associated with the general risk level of

the world’s economy, with expected value equal to the long run risk premium demanded from the

4 The same assumption is used in Lubik and Schorfheide (2006).
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domestic economy, £*; the last term is the gap between total external debt of the domestic economy
and the long run level of external debt.

The world’s economy is modeled by a VAR containing measures of output, y;, inflation, 7}, interest
rates, Ry, growth of real money supply, AM;, and the risk premium, &,. The inclusion of the risk
premium tries to capture financial shocks that are not only unrelated with country-specific events,
but also not associated with changes in foreign monetary policy. International shocks are identified
with the Cholesky decomposition of the variance-covariance matrix of residuals. The world’s output
is added in order to identify supply from demand shocks in changes in the international prices. Thus,

the VAR for the rest of the world will provide five shocks for the domestic economy.

AMY AMY em* em*
AM* AM* t t
gt gt—l f f
3 € €
£* & t t
. R iid
A & [0y (58)
T T Tk T*
— € €
= e t t
n Vi1 y* y*
L v L v 1 L% | L &

In the system, A is a 5 by 5 matrix of coefficients, > is a 5 by 5 upper triangular matrix of shocks.
Variables are listed from the "more endogenous" to the "more exogenous" variable.

Two assumptions closes the relation between prices and quantities of goods between the domestic
country and the rest of world. First, assume that households in the rest of the world solve an
expenditure minimization problem in order to set the optimal demand for home produced tradable

goods. The solution of this problem is given by the demand equation:

PN L
X = Pr 2t Yt (59>

Finally, the terms of trade of the domestic economy are defined as the ratio between the exported
goods price and the imported goods price level, both quoted in foreign currency. The dynamics of

the terms of trade are given by:

*

ﬂ—z,t
tOtt = — tOtt_l (60)
ﬂ-m,t
Tt T toty_1
T =0 el f 0L L EXS e ™~ N (0,05m) (61)
with X7 = | AM; & Rl m w

AMF & R on oy
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1.5 Aggregation and Relative Prices

In order to find an expression for the aggregate constraint of the economy, start from the demand
faced by a non-tradable producer firm and integrate both sides over all the i, firms, noting that

it = fol Bt (in) din, and that the capital-labor ratio is constant across all the firms:

Pn,t (Zn)

1
6 1-6
e e
0 ,

i (Cont G e
Zd n,t n,t t Pn,t n,t

Pn,t

. _'f],n’ 3 .
Define s, ; = fol (P"’t(’”)) ' di,, to obtain:

_ P,
an KOy (2thne) ™0 = 25 X0 = Sus <Cn7t + G + Ttlpttfn,t> (62)

Obtain the recursive form of sy, 4+:

1 - -n
Pn t (Zn)) " .
Snt = _— di
! /0 < Pn,t

1 ﬁ (i) e —n
Spe = (1 — ozn)ﬁ;Z" + an/ ( -1 (in) n,t—1> di
0

Pn,t
~ . -7
1 Kn n

~—1,, Pn,tfl (Zn) 7Tn:]tfl .

Spt = (L= an) Py +an 2 di
0 n,t

D Kn M D Kn Kn “Tn
—(1 ~—, 1 P15 2 (1 P om0 o
Sn,t = (1- Oén)pn,t +an (1 - ay) —pr ., + oy, (1—an) P + .
n,t n,t
~ J . M
0 Pn’t*j Hl T t—j—1+s
— fout/} j s=
we = (= o)+ !
-7 n,t
j=1
”]n
T
_ ~"N n,t
= Sn,t = (1 - O‘n)pmtn + an (71-'{" > Sn,t—1 (63)

n,t—1

Also, from the definition of the non-tradable goods price index:

1 =
Pn,t - |:/ Pn,t (in)lin" dZ:|
0

1-n, _ Hl—n K 1=n,
P,,"=0-a,)P,,"" +a, (Pmt—lﬂ'n?t—l)

Ky 1-—n
P"vt—lﬂ-n?t—l> "

1(1an)ﬁi,/’"+an< B

Kn 1-n,
_ T
=1=01-a)bn, " +an ( o 1) (64)

n,t

Equivalent expressions can be written for the resource constraint, price dispersion and the price
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index of imported and domestically produced tradable goods and the price index of exported goods

in foreign currency:

P,
Drn,t - Z;(Xm = Sm,t (Cm,t + Tt_lt-[m,t> (65)
Pm,t
N,
N 7T'm,t
Smip = (1= Q) Pr i + (N> Sm,t—1 (66)
7T-m,t—l
hm 1=1m,
1= (= an) i+ an (251 (67)
Tm,t
0 1-6 * -1 Pt
az Ky, (zthet) " — 20 Xe = Sat | Cop + Gre + 1y B Lot + Dape (68)
x,t
N
— T
Szt = (1 - O‘a:)pa:,zm + ay < nx’t > Sx,t—1 (69)
7Tx,tfl
1— w0\ "
1=(1- agg)ﬁLtWI + oy (gv’) (70)
Tt
pr;t - Z:X:vp = Swp,tXt (71)
* Nxp
Sl‘p,t = (]_ — O[mp) (m,t)fnxp + amp % Smp’tfl (72)
(Top,i-1)
1 (ﬂ'* )"izp 1=ngp
~L ="y z,t—1
1= (- aag) P 4ty (W> (73)
x,t

From the aggregation condition of the labor market, the total amount of work hours supplied by
the domestic households is given by:

het+hne=hy (74)

The external equilibrium assumes that the net foreign position of domestic households is propor-
tional to the average trade balance result in steady state. Again, notice that the external equilibrium
in the bond markets do not include the bonds issued by imported goods’s firms, as they are negoti-
ated and liquidated at the beginning and the end of each period. The description of the net foreign

position in terms of domestic currency is given by:

P:E,tXt - Pm,tDm,t

R/ -1
1+ ( tRf )] = SRl | P;IB, — 8P} 1B, (75)
t

It’s also necessary to determine the market clearing conditions for domestic bonds and money
market. For simplicity, assume that foreign households and domestic firms do not demand home
government bonds. As a consequence:

Byt + Bui=0 (76)
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Finally, the gross domestic product is defined as:

¢1 Bt+1 B 2 ¢2 StIBt+1 rer IB 2
Y; = Cp + 1Y, -2 2y, -
t t+ 5 Tt Y, v + 5 Tt Y, v

— Pr t Pm t Rf - 1
T, 22Xy~ 2 Dy |1 t
+ 1, Iy + G+ 2 ¢ 2 ot + ( R'tf (77)
Aggregate profits are given by:
O, =Y, — Wihy — RE i, Ky — RE iy Ko (78)

1.5.1 Relative prices

The model includes a set of relative prices that are strictly related to some observables of the economy.

In terms of dynamics, the set of relative prices in the model are given by:

Pt,t Tt Pt,tfl
B m Py
Pn,t o Tn,t Pn,t—l

P m Py

pty =

png =

Py Tt Pri—1
pry = E = 81
Pt,t Tt Pt,tfl ( )

Pm,t Tt Pm,tfl

pmy = = 82

! Pt,t Tt,t Pt,t—l ( )
P Tt Pmt—1

* — m, — m, my 83

pmt Pt* ﬂ—;fk Pt*fl ( )

S, P}
= — 84
rer; P, ( )

2 Stationary Form and Equilibrium

The objective of this section is to describe the equilibrium conditions with the necessary adjustments
to induce stationarity and characterize the competitive and Ramsey Equilibria. Define the stationary
allocations with small letters, such that, for a generic variable X; and the appropriate trend Z;, the
stationary variable is given by z; = X;/ Z;. The model in stationary form is fully described by the

stochastic processes for the following sets of variables:

ices: k k * Lk mx ~
¢ prices: Wtyﬁn,taﬂ$,t77rt,t77rm,tawtﬂnm,ta rn,t7rt7t+17mcwt7mcn7t7mci,t7rerta7rt77r;p,t777t s Pngty Pty

5m7t7 ﬁ;,taptta PN, pTe, pmy, pm:a tOtt;

e interest rates: Rt,ét,Rj,R{;
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i . ] : ; . d  d T
e allocations: Cty Ct,ts Cnyts Cmty Coo ity Uty Ut ity Injty bty Lty Tty dm,ta dwp,t: M;c,ta umtv Zz7t7 Zn,t7 Yt kl‘,ty
7. T .2 .,1.2,1,2,1,2 ; * ok
kn,h kw,ta kn,ta ht, hn,ta hw,ta xt ) th ) Zt 9 Zt 9 yt 9 yt 9 ut ) U’t ) ’thv bh,ta gtv AMt ) yt ) Sn,t; STTL,t7 37;,t> Szp,h

At, Qx.tsqdn.,ts 9t,ty Gn,t> G t> Mt ¢t;

e government policies: T?,lt,tt,b%t;
o d ti hocks: kE ¢ _c z , T o
omestic shocks: g, 7, T{, T¢, Qg t, Gty 17, [bg T

The equations describing the law of motion of the variables are given by a set of equilibrium
conditions for the household (equations 1-28), firms responsible for domestic production (equations
29-38), exporting and importing firms (equations 39-44), government (equations 45-56), foreign sector
(equations 57-61), aggregation and price indexes (equations 62-78) and relative prices (equations 79-
84). Additionally, there are 4 exogenous processes for sectoral productivity and aggregate productivity
growth (ag.i, Gn.t, 147, pf). As a consequence, there are 84 equations for endogenous variable and 9
domestic exogenous stochastic processes for a total of 93 variables in the model.

The prices and the shocks are stationary, but the allocations must be normalized in order to ensure
stationarity. The set of variables given by { Ky ¢+1, Kn 41, Kott1, Kop1s Iy Loty Doty Iyt Lot 12,
Ifll’t} must be normalized by z;Y;, while the variables {Y;, Cy, Ci1, Cni, Conty Cuts Wiy Xiy Dt
Dapts Buist, Boisn, IBisa, My, X2, X2, 28, Z2, Y Y2, UL U2, Gy, Gty Gty Gty Ly, Ty ) must be ad-
justed by z;. Finally, the prices in each sector for renting capital from households {R’;’t, Rfm} and

the shadow prices of investment {Gy,Gn+} are divided by Y, ! while the Lagrange multiplier of

consumption, A¢, is normalized by (z;) ™" to obtain ;.

2.1 Competitive Equilibrium

Definition 1 Given exogenous paths for shocks {gt,Tf,Tf,Tf,aw,t,amt,uf,pf,ﬂ'f}, foreign sector
variables {AMt*,Et,R;,Wf,y;,F:n’t} , policy processes for interest rates {Rt,ét,R{} and taxes T?,

and initial values for prices {7r,1, =1 Ta,—1s Tt,—1> Tm,—1, W—1, Pt—1, PR_1, PT_1,pm_1,pm’ {, tot,l}

. .d .d 7 EN . .
and allocations {0_1, g —10p 1, kz,0,kn,0,00,—1,b9,—1,80_1,8n,—1, Sm,—1, S2,—15 Szp,— 1, l_l}, a station-
ary competitive equilibrium is a set of processes for prices {71' Tty Tty Tty T we, mF Lk

Y ty ingts M yty Wt,ty Tmyts Wiy Tty Tty 12,241
MCWt, MCry t, MCop £, TETL, T 43 Doty Dt Dty Do 5 Dbty DIty DTy, DMy, pY toty + and allocations {c, ¢
1y n,ts x,t iy x7t7pn,tap$,t7pm,tapx7t7p ty Pty P, PITLE, P11 t ty Ct,ts

. . . . . .d .d
Cn,ty Cm,ty Ca ity Uty Uty Inyty Umty Loty Tty d'm,t7 d$p,t’ :u.'r:,tv Nn,t? Zx,t7 Zn,ta Yt kx,ta kn,h kx,tv kn,ta hta hn,t; h’x,ta
1,2 1,2 1 ,2 1 2 ;
Ty, g5 2 2 Yt Yoo Ut > UE > 104, Ont, byt Sty Sty Sty Sapits M Tt Qe ts Gnsts Gty Gty G s By Lty Py} SUCh
that, after stationary transformations of the respective equations: a) Households maximize utility; b)

Firms mazimize profits; ¢) Government balances its budget; d) Markets clear.

5 Note that equation is a 5-variable VAR.
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2.2 Ramsey Equilibrium

The Ramsey equilibrium is evaluated by the "timeless perspective" described in Woodford (2003) [45],
where the government is assumed to run the policy committed for a very long time. In this sense, any
dynamics resulting from the initial state of the economy is eliminated, and the economy fluctuates

around its steady-state.

Definition 2 Given exogenous paths for shocks {gt, Tf,Tf, TE, Gty Aty 47 5 ug,ﬂf} and foreign sec-
tor variables { AM; &, R;‘,ﬁf,y;‘,ﬂﬁl7t} , previously defined, and a set of initial values for Lagrange

multipliers, a Ramsey equilibrium is a set of processes for prices and allocations that mazimize
oo
By Y B'[(1=7)log (Ci(i) — ¢Ci1) +ylog (1 — hy(i))]
t=0
subject to the equilibrium conditions of the competitive equilibrium and R; > 1.

2.3 Stationary Equilibrium Conditions

In order to transform the model for the stationary form, first note that:
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3 Steady State Conditions: Competitive Equilibrium

This section describes the sequence of equations necessary to compute the steady state of the com-
petitive equilibrium of the assuming that the values related to income taxation are known. The
taxation on consumption is obtained using the government budget constraint, assuming that the
steady state level of debt-output ratio is known. Given steady state values for taxes 7", 7%, 7¢, para-
meter values for 3,0, 8,w, 2, 117, 115, 10, s Mo Naps @s K1, Qy Oy Qi O, and steady state values for
h,R* /RS tb/y, /[y, 7, 7, g/y,b/y,m/y,imp/y and the share of non-tradable goods in the output,
there are 86 variables and 9 parameters to be computed in the steady state of the competitive equilib-
rium. The set of variables is given by: {7, 7y, T, Tt, Ty Ty TE, Gy Gy Gy Qs fhgs oy, MCWe, AM™ D, DT,
px,pm,pm*, R, 7, E, RY € R Dy Sy Dy Sy Dy Saps Prus Sny MCryy MCzy rer, vk b B Koy o iy e,
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4 Ramsey Steady State

The Ramsey solution assumes the same parameters from the competitive equilibrium to compute
allocations and prices, including those derived implicitly in the steady state computation. The Ramsey
equilibrium is characterized by no inflation dispersion across sectors (thus, relative prices remain set
at unity) and the Ramsey planner has the domestic nominal interest rates (R) and taxes (7", 7%, 7¢)
as instruments to maximize the objective function, taking as given the values for domestic government

expenditure, g, the taxation over profits, 7%, and the steady state values for the rest of the world.

=T T =71% T¢=71° ¢ = 7% R=R

mew = —F5 r=% Rf:T;T*R f:(ﬂ)ﬁ_l R=R

1
5= 1iaw(ﬂ:)(nmp—1)(1—ngﬁp) T=ngp o = (1—agp)(PE) "=p
: e P 1magp(my)mer ()
1
ﬁ _ 1—O¢nﬂ'£f"’71>(1777") T—n, 5 — (1—an)py ™
n l—ap n 1_05"7.(.Zn(1*~n)
1
5 = (looemyr DO T (1aw)By
pw - l—ay r 1_am7‘_2m(1_’<m)
J
5 (lmewrlm VO (caw)m
m 1—am m 1— oy, lm (=rm)

36



, _ (=10 (o — ) &
— 1 Rf —1 ! pm l—oapmrmm ( m ):u'z (:U’T) T (nm — 1)
rer=pm 1+ g7 pt pm* (1= (i — 22 ) 25 Tm
- ) iy
— I_M 0
- 1—a$rm"1(ﬁ & )/f (W)™ (.- 1)
MmcCy = Px ( )( ng ) P n
N )\ be— 515 £
l—a, 77y Oz () T ‘
_ n— A+np) 0
- 1—an7"7Tnnn(n Mn ),uz (MT) 1—0 (nn _1)
me, = Pn a )( "y ) o n
M)\ En— 7 —1y
1—ay,rm O ()T !

o (1— . ~ O4nap) 0
pof— M Loy ()7 (rer =) e ()7 ( pa pt )
T ok o _ ~ O4ngp) *
(pT) (T]Ip 1) 1_ O{wp r (71';)( nmp)('ﬁcp TIIpp ) uz (MT)TEG rer pm

2]
- 1—rk)" “T(MZ(MT 179)—1+5 _o 4+ 2
= 5 3 )
T z T%
9 Ny (u (1 ) 0,
_ |2 _ -k _ _ 72
. % (1—7k) 3 149 01 + 5

37



In order to calculate the amount of labor used in domestic production, use the non-tradable sector

equilibrium condition:
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5 Welfare Cost Measurement

Following Schmitt-Grohé and Uribe (2006 and 2007) [37] [38], the welfare cost A, of adopting the
alternative policy regime i instead of the Ramsey monetary and fiscal policy r is measured in terms
of the share of consumption the households give up in order to be indifferent between the two policy
regimes:

(ch1 Ceiy

Of=EyY BUN| |ci———"5 | ,hi| =Eo>_BU|(1—-X) |} — —— | .1
i ()™ i ()

Using the period utility function of the households, the welfare cost A. is given by:

(& - T Cc’,* T
Of=EyY BU | (=X |cf ——5 | .}
t=0 pi ()™

Plug the period utility function for period zero and decompose the infinite sum:
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pg (ko )17
c r CCC
Ui =0 =9)log [ (1 =Ac)cy— ﬁ
wG (n ) ™
, Gel . ¢
—(1—7)log Co—ﬁ + (1 —7)log Co—ﬁ
w (mo ) ™ A
o0 CCT
+710g(1—h6)+E025tUt (1—Ac) Cg—% hi
t=1 wi ()"

Decompose, from the infinite sum, the term of the welfare cost of the alternative policy, using the

fact that the utility function is log-linear in consumption:
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/J‘(Z) <M0)179 /1'6 (/‘0)175
, > > ; ey ;
+ylog(L—hg)+Eg > B (1—y)log(1—X) +Eg > AU | | ¢f — — | .1
z T)1-9
=1 =1 wi (1)

Note that the third, fourth and last term of the right-hand side equal the welfare of the Ramsey

policy, O¢ :
c r Get
Ui =0 —9)log | (1=Ac)cy— ﬁ
15 (o ) ™
g <Cr—l c . t
—(1—~)log R +U7-+E025(1—7)10g(1—/\c)
w5 (g ) ° =1

Organizing the terms:

U0¢ — U¢ T 4

ﬁ:log (1—/\6)66—% —log | ¢ — e IL —|—lfﬂlog(1—/\0)

7 15 (mg ) ™" 15 (1o )"

Now, approximate the welfare cost A\, by a second-order Taylor expansion around the vector of

disturbances o to obtain:

o2

)\c ~ Xc + >\c,00— + )\c,aa 9

Following the results in Schmitt-Grohé and Uribe (2006 and 2007) [37] [38], note that ). vanishes,
because all the policies considered here do not alter the steady state of the economy, and A., = 0.

The second total derivative of the equation provides the welfare measure:

Ug,aa - 676",0(7 _ ( Ho + B ) )\c,o'cr

(1—7) po—¢ 1-p
Uﬁoa _Uga'a'
:>)\0700: U 2 3
i,
(1 _’7) (HOEC + 1—,3)

ve,, — ¢ 2

r,o0 i,00

7
(1=7) (Hfig + %) 2

= A~
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