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1. The model

1.1. Households

1. Two types of consumers: a fraction A of rule-of-thumb consumers and (1 — A) of
optimizing households. In our basic model in Section 3 of the paper A = 0.
2. Separable utility function (as Baxter and King, 1993):
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3. Budget restriction for optimizing households:
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where );; are firms profits and
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1.2. Firms technology
1.
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1.3. The Government

1. Government budget constraint:
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where r;; is the equivalent to the rental cost of capital that would rationalize the quan-

tity of capital used by the firm and it is defined below.

2. Model solution

2.1. Optimizing Households:
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Now (9) can be expressed as,
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From equation (10)
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which also applies to the labour supply to each firm

From (11)

or, using (13),
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which is the Euler equation.

2.2, Rule-of-thumb consumers
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subject to
Pt(l + Tf)Crt = Pt(l — T?])thrt + Pt/\g?
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2.3. Alternative specifications of the utility function (Guo and Harrison, 2006)

Guo and Harrison (2006) consider the two follwoing specifications of the utility funrtion:

Uy =Incy +yIn(1 — 1) + T(g7)
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Notice that the first one (Uy) correspond to our utility function when o = 1.

Optimizing consumers

In these cases the FOCs imply that the intratemporal conditions are given by
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wheras the intertemporal condition in both cases is
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Non-optimizing consumers
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The first order conditions are
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which can be used in the budget restrictions to solve for /,+
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Given [, the solution of ¢, is
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2.4. Firms

We follow Woodford (2004 and 2006) and Christiano (2004), assuming that capital and
labour are firm-specific.

The aggregator.

Final good is produced using intermediate goods by a competitive/representative firm
(the aggregator) that solves the following problem
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First order condition
1
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Zero profits implies
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Intermediate good firms

The presented discounted value of profits of the intermediate good firm is given by
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The Lagrangian of this problem is

0 e=1
. k — € 1
Ly = E ) p {Pt,t+j ((1 —Tiy)) {(Atﬂk?tﬂlz‘ltﬁ - K) yt-‘y/-; - wit-lrjlifﬂ} - eit+]'(>3)
j=0

Cit+j
—Hipyj Kty — @ (k;é) kigrj — (1 — 5)kit+j}

and the FOCs are
JdL;
aeit

=0t Vi'(tqjgt =0

o=

oL; e—1 [ AKLIL* —x\ -
al: = Pt € < . lytt (1 - ‘X)k?tlita — Wit = 0

o=

dLit k e el (AmK LT -k
akitlﬂ = —Mip T BEtpr 1 (1 — Tipq) c l]/t+; akiy 1l

e
+5Etl‘i§t+1 <q)it+1 — Pl klth +(1- 5)) =0
it+1

From equation (55)
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and

(54)

(55)

(56)

(57)

(58)

(59)

(60)

(61)

(62)



then
wip = (1 —a)mep Akl " (63)
and
€it+1
l/‘i‘(t = ,BEtﬂi‘{tH (‘Dit+1 - ;t-&-l kl't+ + (1 - 5)) (64)
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Fita1 = mejp Akl 1S (65)

Price setting: nominal inertia in the standard case

If some firms change prices only every some periods, the analysis above is not adequate,
since there is not a symmetric equilibrium in which P;; = P;. We follow Calvo’s model of
nominal inertia (see Calvo, 1983): a percentage ¢ of firms set

Py =7tP;_q (66)

whereas the rest of the firms (1 — ¢) select P;; to maximize the value of their shares, that is,
the present discount value of future profits:

PV(Py) = Et{ipt,t-&-j(ﬁ(P)th-&-j(ﬁit)
=0

+ Yoy Bl V(1 - ¢>PV(EW~)} (67)
i=0

]

Since the terms in PV(EH]') do not depend on I3it (there is no cost of changing prices nor
any state dependence on 13,-t+]-), the relevant term of the maximization of PV(P;) is the
first. Therefore,

Pit

maxE; ) Pt,t+j(ﬁ¢)j {E‘tﬁjyitﬂ — Py jmeryj(Yiryj + K)} (68)
A~

subject to

Yityj = (Etﬁ) Py iyt (69)
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Substituting (69) in (68)

0o . ~ _\1-¢ p=) * K
maxE; ) pt,t+j(18¢)]Pf+jyt+j [(Pitn) — Pryjmeyy <(Pit7'[) + )1 (70)
j=0
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1 ]:0
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~\—&> .
—(1—¢) (Pit) ;)ﬁ](l_s)Pt,tJrj(ﬁ‘f’)lptsﬂ]/tﬂ
=
~\ -1 2 e et .
= ¢ (Pit) Y 7P mer sy, (BY (72)
=0
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and the aggregate price index at ¢, using (48) is
1
Pi=[p(@P) "+ (- )BT (74)

Notice that for all price-adjusting firms P;; = P;.
Price setting: nominal inertia when labour and capital are firm-specific

We shall further assume that labour and capital cannot be instantaneously reallocated
across firms, so that, the marginal cost of firms adjusting prices (mc;; ) differs from the
average marginal cost at time f (mmc;). Following Woodford (2004 and 2006) and Christiano
(2004), in this case the coefficient which measures the response of inflation (7i;, in devia-
tions from steady state) to changes in marginal costs (i7i¢;, also in deviations) departs from
the one in the standard Calvo model since now it includes a multiplicative term:

~ - (1-p¢)(1—¢) 1—¢pr —
Tty = BETT4q + me 75
(PR ¢ (rer)-gpa)top
where 1 and «, are the solutions, together with ¢, of the following system of equations:

(1 - B9)
1+eg25) (1 - ppra) + 1255 0Pr2

¥ = ( (76)
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(A4 B+ 11— (= 0)]) oo + ralr +a) — (1~ )pma (Bra —E) =0 (78)

where

3:—(1—5(1—5))%$e (79)
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2.5.  Equilibrium

kiri1 = @ (f{;) kit + (1 — 0)ky (E.1)

| = BE, ((1 + Tf)cgtia(l —lopy1) 707 1 4 it> 2
(14 75)ey (1 - lot)Y(1=9) TTp4q

((1112)) W= o (E3)

o = (1+Ar§) {(1 1?2” f‘fa] (11— Ao (E4)

I = 1?—7 [1 -4 z);?i)wt] (1= Ay (E.5)

-1
_ [ Cit
qit = {q) (I%)} (E.6)

p e; e; e:
it = Ei [ﬁ s <(1 — TF ) Fit41 + it {CD ( lt“) +(1-96)—@ ( ”H) it+1 })

Pt kit41 kitr1) kit
(E7)
wip = meip (1 — o) Akl " (E.8)
Tip = mCit“Ak'ft_ll}t_“ (E.9)

i e ~ \¢ oy —e—1
Et ) preri(BO) Prjyeej | (1—¢) (Pitﬂ) + Pryjmci jem0 (ﬂ]Pit) =0 (E10)
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T = ﬁ (E.12)
1
TP Wl + T];/T’itkitdi + Ticr = g? + g? (E.13)
0
ye=ct+er+gf (E.14)
ye = AKSTI % —x (E.15)

E; ; Eittoryinq (-
Ptttj+1 _ Lt ct4j+1(°) (E.16)

Eio 4 Epuer (¢

e Notice that Isit =D
e All 7%, tFand ¢ will be assumed constant for all ¢ unless said otherwise.

e Notice that for the alternative specifications of the utility function (U, and U3), equa-
tion E.2 should be replaced by

1= pE, [ ColtT) 1+ (E.2b)
Cot+1(1+ T4, 1) T '

and equation E.3 for Uzby

1 _ TIU
th = YgCtlzg (E.3C)
t
e Additionally, for U3 we have that
Yo+1 AgS
1=Y378 1+ —2F
3t ( + (1 _ T?})wtlrt (80)
Given [, the solution of ¢;; is
_ LW
o = LT )W 81)
sl

and then E.5 is replaced by

It = Al + (1 — )L)lot (E.5¢)
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and E.4 by
cr = Ao+ (11— A)cyy (E.4c)
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3. Linearization of the model around the steady state

3.1. Linearization of E.1
First we linearize ® (%) k¢. Using Taylor, and taking into account the symmetry of the
steady state equilibrium,

d (EZt> ki ~ @k + [q’ - q)/]j (kit — k) + @' (eir — @)

kit
Therefore
ki1 = Pk + [@—@’Ii +1 5} (kis — k) + ®' (e —2) + (1 — )k
In steady state:
k=dk+(1-0)k=®=56
Then
(1+kips1)k = @k+(1—0)k+d2(1+¢)— P+
[d)—d)’]i +1- 5] (1+ K )k —
[CDCD’e+1(5]k
k
or

Kkipyq = @ety + {cb - @’% 1 5} ik

1 1
As @ = 1.Since k; = /Etdi and ¢; = /Eitdi, integrating over all i € (0,1) we have that
0 0

~ e| ~ e
kiv1 = |1—=| ki + =& L1
41 [ k}t e (L.1)



3.2. Linearization of E.2

(1478, )co " (1= 1) 70=9) 7Tp4q

1=BE <(1 + 75)cq (1 — lot41) 7179 1 4 it>
= BE;
t+1

Under the assumption 7¢ is constant

~ i~
= —0C, —v(1—-0 1] + —i — 7T
ot+1 — ¥( ) 1 ot+1 1+ t t+1

Then

Cot = Cot+1 —

Q=

3.3. Linearization of E.3

a-t) et

A+~ a—1)

Under the assumption 7¢ and 7% are constant

Wy = +

3.4. Linearization of E.4

A (1—17)w; Ag;
A+7) | 1+7 1+

Ct = + (1 — )\)Cot

In steady state
T=Ae+(1-A)%

Therefore
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(L.3)

(E.4)
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3.5. Linearization of E.5

In steady state

Therefore

3.6. Linearization of E.6
Using Taylor

€; e ne , . ~
CDI <kli> ~ q)/ (k> +q> i(eit _kit)
1

Therefore E.5 can be written as
1 ~ (€ ne . o~
5(1—%0:@ z +@ E(eit_kit)
Assuming that &’ (%) =1, then

ne . =~

—qit = P i(eit — kit)
which allows us to obtain the following aggregate expression

ne , .

=@ =(& — k)

=

3.7. Linearization of E.7
The steady stateis of E.6is (7 = 1)

1:5@—#y+ﬁk«

>+u—&—d<

Cit41
kit1

= I
N——
=
[E—'

taullBeY

Define

Zjt4+1

17

(E.5)

(85)

(L.5)

(L.6)
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and using Taylor

D(zit11) = @(2) + ' (2)(zit11 — 2)

Q' (zit11)zier1 =~ P'E)Z+(P'(2)Z+P(2)) (zit11 —2) =
" (2)2zit11 + ¥ (2)zi 11 — O (2)7

Then, we can write E.6 as
. — BE M[lfk ) ) 18+ ®— 'z — d'"(2)zz: & ()32
q9it = BE: ” (1= 7°)rirg1 + Gira (( )+ z (2)zzit1 + " (2)Z
t
or

qi¢ = PBE <y;j1(1 - lef()ritJrl) — " (2)ZE; (y‘;ﬂqulzitJrl) +

t t

B ((1 —0)+P—-D'z— <D”Z2) E; ( e 5]it+1>
B

Now, taking a linear approximation around the steady state and since BE; ( % 711:1 ) =1,
t

—k
~ —Jen— ~ 1~ T ~ ~
(1+G4) = BA—T)E |1+ Eftpyq — 153 _'_glt = gfltcﬂ +Tit+1
_ N i~ N
—BD"Z% |1+ Etftyq — P + i1+ Ziby1 | +

_ _ _ i~
+B ((1 P <1>”z2) 14 Eiftpet — ——it + Gisa
141
That using
Zit41 = Cip1 — E‘tﬂ

and the steady-state restriction, can be written as follows:

G = (Eftipr — i i) + B(1 = T)FE; | Piprr — Tk +

qit t7Tr41 1+;t t | Tit+1 1k t+1

_\2
e\ e N -
(1 -(1- Tk)r) Eifir41 — pO” (k) E¢(€it1 — kit1)
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Integrating over all i € (0,1) we have that

G = (Ea o i) + p(1 — T)7E; | 7, _ +
qt t7Tt4+1 1+;t t| Te+1 1_; t+1
e\’ -
(1= (1 =77) Ediss — po” (k) E(@r — Fren) L)
3.8. Linearization of E.8
Integrating over all i € (0,1) we have that
ZAUt = ﬁl\Ct + ?Z\t + Dé/k\t — IXE (L.8)
3.9. Linearization of E.9
Integrating over all i € (0,1) we have that
P = ey + a4 (a — D)k + (1 — a)]; (E.9)
3.10. New Phillips curve when capital and labour are firm-specific
~ - (1-pp)(1—-¢) 1—¢pry —
Tt = BEtTt4 1 + mcy (86)
Pl o (rers) (= gpe) + 5op
3.11. Fiscal Policy: linearization of fiscal rule for transfers
In the steady state we assume that the variation of public debt is zero (b = 0) :
TGl + Tk +TC — (T +3" +5°) =0 (87)
then linearizing the budget constraint
/ B
PtTgthlt + PtTlt(/Titkitdi + Ptcht - b (gf + g?) = —ﬁ + Bt—l (E.13)
t
0

we have that
TG (W + T + 1) + TFk(F + T + ki) + T (T + &) — 85 — %5

- -5 1+i) (b -5)+ % (b1 -7) (88)
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In our simulations T}’ = T; = Tf = 0. We assume that the fiscal rule in transfers is

given by

g=a (b —0) + o35+l

(89)

In order to have the minimun distortion we can use a low value of &} (equal to 0.1), which
guarantee the equilibrium in all simulation and a3, = 0. Finally, we may allow government

consumption to rect to output deviations, that is
8t = ayli + &
Unless explicitelly mentioned, we assume that aj, = ¢; = 0.

3.12. Linearization of E.14
Yy = ¢t +eer + 3°gf
3.13. Linearization of E.15

~ Yt > -~
Yie = yT (ﬂt + akip + (1 — ”‘)lit)
To obtain an alternative expresion notice that:

14

78 = AK'T
Then
wl+7k+x =78
Using the expressions for w and r

e—l(l_“)yg+e—1

- “yg_FK:yg

which can be simplified to

Since Y =y +«

(90)

oD

92)

(93)

94)

(95)

(%6)
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or

K= y 97)

Wik =74+ 4 —_& g
VEytk=y =yt Ty = oY (98)
Therefore
= -~ € (.~ ~
it = (at +aki + (1— Oc)llt> l— (at +aki + (1— Oé)lit) (99)
Integrating over all i € (0,1) we have that
N e (. o~ -
= (at ks + (1— @zt) (100)

3.14. Monetary policy: linearization of the interest rate rule
it = i1+ (1= p,)i+ (1= p,)o, (e = 70) + (1 = p,)p, T
i(147) = p,i(1+7-1) + (1= )i+ (1= p, ) (R + ) = 70) + (1= p,)p, T
i = p,ii 1+ (1= p,)0, () + (1= p,)p, Jt

3.15. Linearization of E.17

1 Ag; )
—— =14+ — E.17
VAL ( (1= 1) wiln (E17)
. 1 Aos PO
_('Yg + )l = & — (8% — Wt — Int) (101)

Yo T (=,
3.16. Linearization of E.18

(E.18)



Crt = W1 — Yglnt
3.17. Linearization of E.4c

_ 11z
ACy +( 7A)coaﬁ

2
I
o
£
3

3.18. Linearization of E.5c

)
=i
3

~—~
~
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(102)

(103)

(104)



4. The simulated model (AD): the steady state.

bl Il

1=pB1-F+B[1-4

(Notice that we have made use here of SS.4 and SS5.12)

w = mmc(l —a) A"

7 = mca AK* I
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(SS.1)

(SS.2)

(SS.3)

(55.4)

(SS.5)

(SS.6)

(SS.7)

(55.8)

(SS.9)

(SS.10)

(SS.11)

(S5.12)
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z_1+7{1 (1_Tw)w}+(1 M,

Again Assuming that § = 0.

k

5C
Exogenous variables (5): 7T and most fiscal variables: 7%, T¢, %,

Endogenous variables (13): ¢, 1, @, i,q, ¢, k, 7, 71ic, Y, T, Co, L.

<I°g)

24

(S5.13)

In the resolution I (I = 0.33) is given; then 7 is made endogenous. We also impose that

0 = 7k and ¢ = 0.

Notice that for the alternative specification of the utility function (Uz), equation SS.2

should be replaced by

1 _ T'(U o -
(<1+Tc>)w = Yol

A new equation is added,

55
1=Ysl, "¢ (1 T S )

(1 —7v)wl,
S5.13 is replaced by
_ (1-)w l ]
=A — 1-A
‘ [ G+ g T
and SS.14 by

(SS.2¢)

(SS.14)

(SS.13¢)

(SS.14)



5. The simulated model (AD): deviations from the steady state.

~ el~ e
k == 1_: k +:é\
t+1 [ k} t kt

Cot = Cort1 = 2 | 1 +th LS Bl 1-1 )A ot+1
—to

wy =t + —1
t t (1_l)t
o (Ut g, (N
N (e "
~ Al ¢S R 1= M, ~
h ( LGS t))+( Mlog,
] LA+9)(1—-1t)w
Gi=—@" =(e — k)
~ = 7
~ T4 I~ —k\= ~ T~k
= — — ~i; + (1 —=TH)7BE; | T -7 +
t = 11t ( ),Bf<t+1 o t+1>

(1 -1 —Tkﬁ) Eigry1 — B6D" ( ) Et (81— kis1)

= I

(Notice that we have substituted out AD.1, using: = = J)

e
k

@t:nﬁ\ct—i-ﬁt—i-u@—aﬂ
?t:ﬂ/’l\ct+ﬁt+(06*1)/k\t+(1fﬂc)/l;

(1-B9)(1—9) 1 9pr, o
¢ (e - 9pr) + b

ﬁt = ﬁEt/T\[t_A'_l +
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(AD.1)

(AD.2)

(AD.3)

(AD.4)

(AD.5)

(AD.6)

(AD.7)

(AD.8)

(AD.9)

(AD.10)
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T + 3 + 1) + TR + T + Ke) + 7 (7 + &) — 38 — TADAD

- B3

G = <G+ oo+ S g8 (AD.12)
y y y
. e—1/ ~ ~
Vr=— (ﬂt +aky + (1 — lX)lt) (AD.13)
Fiscal and monetary reaction functions:

~ -~ 7Tt ~
it = pyir-1+ (1= p,)p = + (1 —p,)p, ¥t (AD.14)
g =yl ¢ (AD.15)
G = (bt — E) te (AD.16)
Cot = E;_1Cot +€f (AD.17)
e = Ey_16 +¢f (AD.18)
Tot = Er_1lot + €} (AD.19)
7ty = Ep_171: + 8{( (AD.20)
gt = Ey 11 + €] (AD.21)

7t = E;_17+ + 8; (AD.22)
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b= 0,1+ € (AD.23)

Variable order in the system, when 7% = 7% = 7¢ = 0:
7€\t+1 et EtCott1  Cot I G @ T qt T [T vog b g
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17
Eterr1 Edopy1 Eiftypn B B @
18 19 20 21 22 23

Number of equations: 23

Endoge;lous variables (23): %t+1/ et, ExCoty1, Ct, lAt, ?t, W, 7Tt, Gt, Tt, Cot, MCt, let, Vi, 85, b, S5,

€41, Etlor1, ExTis1, Edisn, Eifiiq and Zj.

(Notice that k;1is a variable endogenously set at t. Thus they are not expectational

and do not require auxiliary equations. They enter in g0, whereas k does so in gl).

In our simulations ¢ = ¢} = 0 and aj, = 0, unless said otherwise.

From Christiano (2004) x; and x, are the solutions, together with ¢, of the following

system of equations:

ez (1 B¢)
T+ ert) (1= ¢pra) + 5 P2

Y=

Ky = Eprcy
prip —1
and

(14 B+ [1— B = 0)]) 1 ko + Brals +a) — (1— @)z (Bra — 5) = 0

where

= (1-B1-8) o o

Notice that under the alternative specifications of the utility functions (U, and Us),
equation AD.2 changes to

Cor = Cot1 — 7 i+ (AD.2b)

+i
For U3, equation AD.3 is given by

D = G + 7ls (AD.3¢)
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AD.4 by

6= g, UM, (105)
and AD.5 by

=g, L, (106)

o Additionally two new variables (¢,; and lA,t) and two new equations are added

| AT
Y3728+1 (1 — Tw)WL’

~(rg + Dl = (& — @ —Iny) (AD.25)

and

Gt = @1 — Yl (AD.26)



