1 The linearized economy

1.1 Domestic goods-producing firms
1.1.1 The labour market

Define the deviation (not log-deviation) of unemployment as Uﬁ = U# — U®. According
to (77), and with the steady state value (7?) substituted in, the linearized after-hiring
unemployment rate is:

Ut =—(1-U")N, (1.1)
The persistent hiring cost shock (??) follows an AR(1) process:

Ctﬂ = pQCtQA + 5? (1-2)

Linearizing the labour market tightness variable (?7) and substituting (??) and (1.1) to
.
give:

A~

X(1 =090 = =Uf + (1= Q)(1 - )0, (1.3)

Given the steady state condition (?7), linearizing (?7) gives:
XHt = Nt — (1 - X)Nt—l (14)

1.1.2 Domestic intermediate-producing firms
Linearizing the production function for the intermediate producer (??) and substituting
(7?) gives:
gt = j\d (gt + Oé(l%t — [Lf) + (1 — Q)Nt> (15)
Permanent technology growth (77?) is:
fii = pp=fli 1 + € (1.6)
The temporary technology shock (??) follows:

ét = p€ét_1 + E; (17)

Combining (?7) and (?7?) gives a relationship between the real rental rate of capital and
marginal cost ¥ = ae kP (uZ) YN *mcd. Linearizing with (1.1) substituted in gives:

Linearizing (??):
Ht = QtUt
Ny — (1= x)Ne—1 = Qi (1= (1 = x)N¢—1)
N1+ N;) = (1= x)NA+Ne1) = Q1+ Q) — (1= X)QN (1 + Q¢ + Ny—1)
NN; — (1= x)NNi_y = Q0 — (1 — )QN (4 + Ny_1)
NE@-1)(1-x)
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P =& — (1 —a)(k —47) — 1_—UCLUt + mc; (1.8)

Given € =1, ¢ = 1, and define:

k= |@R+ B(1+0)Q’ (1 80 - {LQ - 1} ﬂ
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K
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The linearized real marginal cost (?7) is:?

ﬁ/l\cfz—é—i-af'f—/il [wt—FRt—l] — K2 [gt‘i‘ﬁﬁt—i_étﬂ]

— K3 Ey [€t+1 + i + T+ éﬁl} — raby [QHI} (1.9)
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Moving (1 - e+ ﬁff) into the curly bracket, ignoring the cross products and applying mc?

from (?7) to cancel the constant terms gives:

—_d\T=a o .
(mc ) ﬁl\cf _ ( 1 ) <1> ! (Fk)m
11—« 11—« a

X {UJR |:’LZ)t + Rt—l —

_ N 1
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Factoring out (—ﬁét + ﬁff) and dividing both side by =" gives:
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The new Keynesian Phillips curve for domestic intermediate producing firms (?7?) is:

Vg A=8&)( = F%) [5a, —d
Eo R e R A

wi— P pad ]+

-5 (1.10)

1.1.3 Domestic-importing firms

The new Keynesian Phillips curve for the consumption-importing firms (?7) is:

Am,c ﬁ ~m,C 1 ~m,c (1 B f?)(l B ﬁg;n) 1m,c —~m,c
T =7 +6Et 7] + 1 _i_ﬁﬂ-tfl + en(l+ ) [)‘t +me, ] (1.11)

where the real marginal cost mc;"“ as defined in (?7):
meyC = P+ S, — P/ = —mey — A7 — 400 (1.12)

The new Keynesian Phillips curve for the investment-importing firms 7?7 is:

T = ——E |70+ ——7 - ‘ [/\’+mc’] 1.13
where the real marginal cost mc;" as defined in (??):
met = P* 4 5, — PV = —imey — 40" — 47 (1.14)
1.1.4 Domestic-exporting firms
The new Keynesian Phillips curve for the exporting firms (?7?) is:
~ ﬂ ~ 1 ~ (1 _gm)<1 _ﬂ£x> N —~x
r= LB [#0,] + ——A7 B | 1.15
T 1 +/6 t |:7Tt+1:| + 1 +/67Tt—1 + fgj(l +ﬁ) t + me, ( )

where the real marginal cost me; = P% — S, — P*. Lagging one period then subtracting
from itself gives:

mef =me; |+ 78— Sp 4+ S — 7F (1.16)
_ . i -«
mey = —€ +ary +

CEET e )]
x {@R [+ Bua] + B+ 0)@” e+ 06, + 7]
4 BB(1 — )R (90 — 1 — O)E, [ém bR A+ @11}

~(1 = QBB )91+ D) E, Q] )



1.1.5 CPI inflation

According to the aggregate consumption price (??), linearizing, lagging one period and

subtract from itself, then applying (?7) gives:®
~c,d Ne—1
we (Zm) ] e (1.17)
1.2 Households

Since the steady state value of preference shocks (' = 1 for [ € {¢, N}, the log deviation

from the steady state values are measured by étl = Cé; ! which follow an AR(1) process:

e = [(1 — w,) (ﬁc’d)"“l] 7+

(= peeCl g +e (1.18)
~ A N
N = pen Y+ e (1.19)

Similar to the preference shocks, the investment-specific technology shock follows also an
AR(1) process:

Ty = prli + € (1.20)

Linearizing the consumption Euler equation (??) gives:

3Linearizing (?7) gives:

B, 1-ne Sm,c Hd\ 1—Ne _cd Ne—1
PN Ptd ad IR ~m,c —c,d\ne—1xd v “m,c
=) (f) e () A= (mwdGe i e (g )
4Equation (??) can be simplified to:
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Multiplying both sides by (ciuf — ber—1)(cip1pi,q — ber), applying steady state value (¢ = 1 and
linearizing gives:

E, [é (5%)? [CF + A7 + Gran + fifyy] — EE[CE + fif + &0 — eBbE°[CE 1 + it + &) + aBb[CFyy + 1]
= By PO 5 17 + 35 + 60t G+ i+ i) = BT A0 o + v + i
—OEE [} + A0+ 28 + ) + V(67 + A0 + &+ e}

Dividing both side by ¢, using equation (?7?) for the steady state and collecting common terms gives:

E, [ﬁz (° = b)GF + (%) (37 + Gepr + i 1] — (1 + B)bEE[ff + &) — Bb(” — b)CFy, + ﬂbzét—l]
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Expanding RHS and collecting common terms gives (1.21).



A bji . ; bii” i — B
Ct = m ¢ [Coo1 + Béria] — (_Z)Z+ﬁb2Et ['ut N 6““1}
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The optimal asset holding 7?7 can be linearized to:

Vi = Ry + Bl — i — Tl (1.22)

Given (??), a(ii) = 0 and /(@) = 7* at the steady state, the ready to install asset price
(??) can be linearized to:

ey (1=08)8 ~p pF—p1=9). -
Ptk = Et M—Ptljrl Trtﬂ +wt+1 ¢t - t+1 (1-23)

With (?7) substituted, the optimality condition for investment (??) can be linearized as:
Ptk, = %i’d - JE1(it, i1, Hi) — BE fz(it+1; it, Mf+1)i|

where fi(ig, ig_1, i) and fo(igg, iy, pid 1) are the differences between the first order Taylor
expansion of fi(.) and fo(.) with the respective steady state fi(.) and f5(.), which can be
derived from (??) and (??).5 Substituting into the above equation gives:

Take first order Taylor expansion of (??), ignoring cross products gives:

=72 Bk’ ~
941+ 404 — TP f1(i,i )(1+P + Dy + filie,ie— 1,ut)) Zﬁﬁizp Ey [f2("t+1’it’“tz+l>}+
o [y?PF Ty P+ . )* Pk )? Pk
Bfa(isi, i*) Ey wzﬁz + 1;/; t+1+ e —— Vi — (QZ_)) ¢Z+wdjz | )

Then applying (??), T =1, fi(i,i,5?) = 1, and fa(4, 1, i*) = 0.

6 Applying the first order Taylor expansion to (??) then subtracting fi (7,4, i) = 1 to give:

ﬁmm1wn=y@%%fﬁf)—90(:i)ﬁwugf)]m—a
0 (T ) 50 (1) + 50 ()] 6o -0
L) 5050 (e

At steady state, iy = i1 =14, S’(.) = 0, evaluating the above equation at steady state implies:

filivsies i) = [=8"0) )] i+ [$70) (57 e + [=870) ()] i

Similarly, taking the first order Taylor expansion of (??), then subtracting fo(i,, i*) = 0 to give:

+




B =5 =P (P 3O [ (=i + ) = B (e — i+ )] (129)

The linearized capital accumulation (?77?) is:”

bt = (1; )k, — i) + (1 - (1;‘”) (F+ i) (1.25)

With (?7?), the linearized optimal condition for capital (??) is:

th - kt - kt (126)
From (77?), we can obtain:
L o
Uy = —1 1.27
Uy o Ty ( )
where o, = ‘;l,/((ll)). Given the steady state relationship (?7), the linearized optimal real

balance (?77?) is

1 - R .
Iy = ——Y — ——— R, 1.28
qt Uq@bt Uq(R—l) t—1 ( )

fa(iepr,ie, piyq) = 3
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Evaluating at steady state gives:

Falivsnsies i) = [$70) @) i = [870) @] + [870) 2] i

2 z
groplntin)” oy )““-L;?l] (ir41—7)

"The capital accumulation (??) can be linearized as (with A; equals 0 for all ¢ at equilibrium):

L ) (T —T) +

2 1 =2 . ~ . .
kty1 2(1—5)§(kt—/~0 7+ fligyie—1, pf)
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where f(.) = f(.) — f(.) Evaluating f(i,%;_1, 1) at the steady state gives:

Feriv-1,1) = Hj’js’() (1-30)] -0+ [30 2 s -0 - [FL80] i - )

Noting f(.) = i, combining with (??) gives (1.25).



Combining the optimality condition of domestic bond holding (??) and foreign bond hold-

ing (?7) gives: Sgl D(ay, ;) = %. Given the functional form of the risk premium (?7?),

log-linearizing gives the uncovered interest rate parity (with risk premium) condition:
Rt - R: - Et [gt+1 - gt:| - andt —+ Qgt (129)

where ¢, is the time-varying shock to the risk premium, which is assumed to follow a
stationary AR(1) process:

by = Pg)ﬁgt—l +é€f (1.30)

1.3 Wage rigidities
1.3.1 Nominal wage rigidity

The wage determination process under nominal wage rigidity (?7):

Wy = 7y (W1 + 7 — 7D + 75 (B[] — 75+ By [78]) + 7 (é}N +op Ny —f + X;”)

(1.31)
where:
_Me(-f&) (G B (- fE)1-&)
R PTG+ 88 T TvGr 88 °T  1+&r+B88
1.3.2 Real wage rigidity
Linearizing the equilibrium Nash bargaining wage (?7) gives
Wy =T <ét+19Qt+<:tQ> + T2 <étN+0LNt —¢f>
- m3E [€t+1 + éﬁ-l + 7;;1 —F - [l — ﬁfﬂ} + T4 By [Qt-i-l] (1.32)
where:
_ BQY _ ApN°E Bl —x)BY(1-Q) B —=x)BQ (Q(1+9) — )
= = = = T4 =
71 ik 72 wzw* 73 ﬂzﬁ-dw* ﬂzﬁ'du_)*
which (7?) implies the the real wage follows:
wy = fweq + (1 — flw] (1.33)



1.4 Relative prices

linearizing (?7) and (?7?) gives:

~c, (]' — wC) ~me,
4ed — (1 ~ e ) ¢ (1.34)
N (1 —w) ~mi,
it~ (1 G ) 7 (1.35)

Linearizing the relative price between imported consumption and the domestic price (?77?),

between imported investment and the domestic price (??) and between export price and

the foreign price level (?77?), lagging one period, then subtracting from the original equation
a8

gives:

~me,d ~mc,d ~m,c ~
Tt =V1 T — Wf (1.36)
~mi,d ~mi,d ~ N, ~
Yt = Y1 T — 77? (1.37)
V=AY (1.38)
According to (77?):
A = me; + 4 (1.39)

1.5 Monetary policy
Monetary policy (??) is given by:
R, = pRRt_l + (1 = pr)[raTy_q + TyUi—1 + ra@i—1] + rAAT, + A Ay + el (1.40)

The real exchange rate (??) can be expressed as:’

;\m,c 1=nc
By = —imer — A5 — w, (_W’) Amed (1.41)

SEquation (??) implies 4;"% = P/™° — P (??) implies 4,""* = P™" — P& and (??) implies
2% D P
Yoo= b= P

9Equation (??) can be rewritten as:
B = (Si+ Py = PO + (B = P — (Pf — BY)

Applying (1.12), (1.34) and the definition of the relative price between imported consumption goods
and intermediate goods (?7):

. _ LEk e, e 1—w e
B = —(mey + 47" + 40N + (37 e?) - (1 - W) g

Collecting common terms, then applying (?7) gives (1.41).



1.6 Goods and financial market-clearing
1.6.1 Goods market-clearing
The asymmetric technology shock (77) is

=i 4 € (1.42)

Linearizing (?77?), assuming equality of the aggregate resource constraint, applying the
steady state condition of aggregate hiring (?7), (??), (??) and dividing both sides by the
steady state value of output ¥ gives:*°

(1—we) ['Y } —{770( )+Ct}+(1_w1)[ :| _{nZ(AZd)‘{'Zt}"i__{yt _nf('V )+Zt}

BN
=Yt — Oé{k't — kt} — T{Gt —+ 19915 + Ctg -+ Ht} (143)

1.6.2 Evolution of net foreign assets

Linearizing (?7) gives'!

—% %

A(~Cd\Ne
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= —7—7 ) |1 — — _ ZeA T 147, — 7,
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From the steady state property for imported consumption and investment, (?7) and (?77?),
we know that:

10 Applying a Taylor expansion up to the first order to the stationary capital utilization cost, a(u;)=t mE
t

and ignoring the cross-product gives:

i Bk — k& k be— k) Pk 5
Ez(w)*izo-%?kf(t )+< _ku +0>(t]:€) P (ky — k)

- a1 S, R*®aS aS _ R*aS -
Ri_\®(ar 1,00 SE (R~ R+ 2 (@~ B
a1, do) (WM> (sH) e+ sy — R+ 2 (s~ D)
R*®S _ R*®aS _ R*®aS ., . .. R'®a - R*®aS
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Applying (1.34), (1.35), and the steady state properties: ®(0,0) =1, R* = R, (??), (?7)
and (?77?) give the evolution of net foreign assets:

~ —x [ ~x Zx T A T% —m “m\ 2 —-m _ed\—(1-mc) ~mc, ~
=y (yt + 2 —mey =1 >+(c +i")i — ¢ (—m(l—wc) () A d+ct>

-m _i.d\—(1=m) ~mi, 2 ~
+1 (—m(l—wi) G I d+Zt>+ﬁ_dﬂzat1

1.6.3 Loan market-clearing

Linearizing (?7?), applying the steady state condition (??) gives the loan market clearing

condition:
N (i + Ne) = m (A" + g — 7 = 1) — 4G, (1.45)
From the definition of money growth (77?)
[y = 1 + ﬁ'td—l + oy — e (1.46)
1.6.4 Foreign economy
The foreign economy is modeled as:
Ur = Y101 + Yoy + y;;Rr—l + 6%* (1.47)
T =Ty T TR e (1.48)
Ry + Ryj; + Riar = Rig;_, + Ryiiy + BRI, + €fF (1.49)
1.6.5 Markups
The markups follow the following dynamics:
. 1 ya
M = Feﬁ (1.50)
Amc 1 mc
A= et (1.51)
Aml 1 m
A= Weg (1.52)
e 1 e
M= ;eg (1.53)
< w ]_ w
Y = X—wef‘ (1.54)
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