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1 Decision problems of firms and households and equilib-

rium conditions

1.1 Final goods producers

The final good Y; is a composite made of a continuum of intermediate goods Y;(i) as in
Kimball (1995). The final good producers buy intermediate goods on the market, pack-
age Yz, and resell it to consumers, investors and the government in a perfectly competitive
market.

The final good producers maximize profits. Their problem is:

maxy, v, i) PYi = fy Pi(i)Yi(i)di

s.t. [fol G (Yﬁ,(:') 3 )dz} =1 (g,

where P, and P,(i) are the price of the final and intermediate goods respectively,

and G is a strictly concave and increasing function characterised by G(1) = 1. ¢ is an

exogenous process that reflects shocks to the aggregator function that result in changes in
the elasticity of demand and therefore in the markup. We will constrain € € (0,00). €

follows the exogenous ARMA process:
Inef = (1= py)lne’ + pylne_y — Oy + 11t My ~ N(0,0p) (1)

To simplify notiation, in what follows we leave out this argument.

The FOCQCs are:
1 . .
_ By (Ye(i) Yi(4) .
oY) B = /OG<Yt i

ovin v ()3

resulting in

Py Y Y
As in Kimball (1995), the assumptions on G() imply that the demand for input Y;(7)

is decreasing in its relative price, while the elasticity of demand is a positive function of

Yi(i) = ;@' [Pt(n /01 o (n(i)) Yt(i)di]

the relative price (or a negative function of the relative output).
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1.2 Intermediate goods producers

Intermediate good producer i uses the following technology:

Yi(i) = 0 K3 (1) [ Lo(i)] T — At 2)

where K[ (1) is capital services used in production, L;(7) is aggregate labour input and
® is a fixed cost. ' respresents the labour-augmenting deterministic growth rate in the

economy and ef is total factor productivity and follows the process:
Inef = (L= p.)lne® + p.lnef_y +nf, nf ~ N(0,04) (3)
The firm’s profit is given by:
P(i)Y;(i) — WiLy (i) — REK(3).

where W; is the aggregate nominal wage rate and R} is the rental rate on capital.

Cost minimization yields the conditions:

(OLe(1)) = ©u(i)y (1L — a)ef K (i) La(i ) =W (4)
(0K () = Ou(i)y = aei K (1) Lo(i)'~* = Rf ()

where ©(7) is the Lagrange multiplier associated with the production function and equals
marginal cost M Cy.
Combining these FOCs and noting that the capital-labour ratio is equal across firms

implies:
« Wt

Ky— >
b 1-aRk

Ly (6)

The marginal cost M C} is the same for all firms and equal to:

MC, = a—a(l _ a)—(l—a)th—aRf a,y—(l—a)t (6?)_1

Under Calvo pricing with partial indexation, the optimal price set by the firm that is

allowed to re-optimise results from the following optimisation problem:

BBy |:~ ; 1—tp ] .
max F Pi(i 7T Ty — MC Yoo (i
B tzgp = Prrs e (1) (T4 -1 ) s | Yias (i)
. 1 [ P(1)X,
st Yinali) = Vi 6t (PP )
t+s

where Jgt(z) is the newly set price, ¢, is the Calvo probability of being allowed to optimise
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one’s price, m; is inflation defined as 7y = P,/ P;_1, [@%ﬁ] is the nominal discount factor
for firms (which equals the discount factor for the households that are the final owners of
the firms), ¢ = fo G’ <Yt(l)> ()dz and

1 for s=0
Xt,s =
(I 17r* ®) fors=1,.

The first-order condition is given by:

-—4t+sPt g 1
B pr =P Y;f+s( ) |:Xt sPt( ) + (Pt(Z)XES - Mct+5) Glil(zt+s) G”(IE )

¢ (4)

_ P
where 7; = G’ 1(2) and z = poTt

The aggregate price index is in this case given by:

7Tt 17r* P i7y
Py

Py(i)T
P

]+§p TP 177* “rp,_ G (8)

P=(1-&)P()G [

1.3 Households

Household j chooses consumption Cy(j), hours worked L;(j), bonds By(j), investment

I(j) and capital utilisation Z;(j), so as to maximise the following objective function:

> 1 _ O-c_l . o
By p° [1 Y (Cets(j) = ACrrs—1)’ C} exp (H—mLt+s<]>l+ l)

subject to the budget constraint:

Biys(J
Ct+8( ) + It+s(.7) + EbRI:_FS(Pt)Jr - Tt+s (9)
t s s
Biis—1(3) W) Liss(f)  REsZiys(§) Kigs—1(J Di
< t+s 1(]) + t+s(.7) t+$(.7) + t+s t+$(.7) t+s 1(.7) . Q(Zt+s(j))Kt+s—1(j) + M
Pt+s Pt+s Pt+s Pt+s

and the capital accumulation equation:

k)= 0ok e -9 (P9 1

There is external habit formation captured by the parameter A. The one-period bond

is expressed on a discount basis. € is an exogenous premium in the return to bonds, which

might reflect inefficiencies in the financial sector leading to some premium on the deposit

rate versus the risk free rate set by the central bank, or a risk premium that households

require to hold the one period bond. £} follows the stochastic process:

Ine} = pyInel_y + 02,0 ~ N(0,00) (10)
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d is the depreciation rate, S(-) is the adjustment cost function, with S(vy) = 0,

S'(y) = 0, S”(-) > 0, and €} is a stochastic shock to the price of investment relative to

consumption goods and follows an exogenous process:
lnsé = Pi In 6%—1 + 77%7 7735 ~ N(Oa Ui) (11)

T} 15 are lump sum taxes or subsidies and Div; are 1 the dividends distributed by the labour
unions.
Finally, households choose the utilitsation rate of capital. The amount of effective

capital that households can rent to the firms is:
K7 (j) = Z(5)Ki-1(7) (12)
The income from renting capital services is Rf Z;(7)K;—1(j) , while the cost of changing

capital utilisation is Pia(Z;(7))Ki—1(J).
In equilibrium households will make the same choices for consumption, hours worked,

bonds _investment and capital utilization. The first-order conditions for consumption,

hours worked, bond holdings, investment, capital and capital utilisation can be written as

(dropping the j index):

— Uc_l . o —0
@C) == exp (T L)) (- ACa)

1—0e oc—1 144 o o= Wth
(OL4) o, (Ct — hCi—1) ] exp < o Lt l) (c.—1)L]" = —E; 2}
(0Bt) E¢ = Be) Ry Ey [:Hl]
Ti+1
—  lmwd
_ iy I L I
ol = = :kg’L(]__S_S/)
o) = = = (1-sh) - s
- i 1 1,
+05: [Shactas (k] (13
t t
- = - [ Bta -
(8Kt) = = BEt Zt41 Pt+1 Zt+l - a(Zt+1) + :‘t+1(1 - (5) (14)
- RF
@) 5 = d(Z) (15)

where Z; and Zf are the Lagrange multipliers associated with the budget and capital

——

accumulation constraint respectively. Tobin’s is Q; = Ef /E¢ and equals one in the absence

of adjustment costs.
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1.4 Intermediate labour union sector

Households supply their homogenous labour to an intermediate labour union which dif-

ferentiates the labour services and sets wages subject to a Calvo schemeiates about the

wage with the intermediate labour packers.

Before going into the household’s and the union’s decision on labour supply and wage

setting, more details on the labor market are needed. Labor used by the intermediate

goods producers L; is a composite:

1 1 1+>\w,t
Ly = |:/0 Lt(l) 1+ 2wt dl:| . (16)

There are labor packers who buy the labor from the unions, package L;, and resell

it to the intermediate goods producers. Labor packers maximize profits in a perfectly

competitive environment. From the FOCs of the labor packers one obtains:

1+t

Li(l) = (W) TR (17)

Combining this condition with the zero profit condition one obtains an expression for the

wage cost for the intermediate goods producers:

W, = [/01 Wt(Z)Ai,tdz] e (18)

We assume that A, follows the exogenous ARMA process:

InApe=(1-— pw)ln)\w + Pl i—1 — Owew,t—1 + €wt, €wt ~ - (19)

Labor packers buy the labour from the unions. The unions are an intermediate between

the households and the labor packers. The unions allocate and differentiate the labour

services from the households and have market power: they can choose the wage subject

to the labour demand equation 17. The household’s budget constraint now also contains
the dividends of the union distributed to the households:

. . Bits(j :
Cors(9) + Texald) + o0 p ey ()~ T
ttU4sd t+s
Bira1())  Wh ()Liss(j) Diviss RF ttgss(DNKiss1(j _
< t+ 1(]) + t+8(-7) t+ (.7) + YRS + t+8ut+ <j> t+ 1(.7) *a(ut+s(j))Kt+sfl(j)
Pt+s Pt+s Pt+s Pt+s

The household labour supply decision is the same for all households and is given by the
following FOC:

who | (G G e exp (S5 L) (-1 LY

P =t
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The real wage desired by the households here reflects the marginal rate of substitu-

tion between leisure and consumption. The marginal disutility of labour is equal accross

households and equal to:
Ul/,t =
Labour unions take this marginal rate of substitution as the cost of the labour services

in their negotiations with the labour packers. The markup above the marginal disutility

is distributed to the households. However, the union is also subject to nominal rigidities

4 la Calvo. Specifically, unions can readjust wages with probability 1 — (,, in each period.
For those that cannot adjust wages, W(l) will increase at the determistic growth rate -y
and weighted average of the steady sfate inflation 7, and of last period’s inflation (77,5,17
For those that can adjust, the problem is to choosmmge Wt(l) that maximizes theELge

income in all states of nature where the union is stuck with that wage in the future:

B°EysP,
nmekchs——Ji—i1hm+xw——wﬁﬂ<a+40

Wi (1) EtPits
1+>‘w,t+s
W s l N Aw,t«ks
and Lt+s(l) = (é;;?) Lt+s
with Wiys(l) = W)Lyt wl=) for s =1, ...,00
The first order condition becomes:
. _1+Aw,t+s 1
Eirs Py Xy sWi(l) R tts
oW, = Y o=l gy o) w2
(OW?) tZC =P (Wigs(0) ts) Wirs
1 + )\w t+s Xt S :|
— : C Vg — XisLiys(l
() G s = Xeaass(D)

where

1 fors=0
Xt,s = 1—
(I ymyy,_qmite) for s =1,...,00

Simplifying by substituting for the individual labour and multiplying with the optimal

wage
s — SP jigd 1+ )\w, s Tir
EZC%g:WMW%MMF&M?MWP&MMMMFO
or
— s B Zisbr 1 =
EY g b3 — [(1 + Awprs) W, — Xt,swt(z)] ~0 (20)
s=0 ’

The aggregate wage expression is

s 1

Wi = [(1 = C)W; ™ + Coymie i Wiy ) S P, (21)
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1.5 Government Policies

The central bank follows a nominal interest rate rule by adjusting its instrument in re-

sponse to deviations of inflation and output from their respective target levels:

G [0  e

Y7V
where R* is the steady state nominal rate (gross rate) and Y;* is the natural output.

The parameter pp determines the degree of interest rate smoothing. The monetary policy
o e
shock r; is determined as

Inry = plnri_1 + €4 (23)

The central bank supplies the money demanded by the household to support the de-

sired nominal interest rate.

The government budget constraint is of the form

Pth + Bt—l = /,Tt + = (24)

where 7T; are nominal lump-sum taxes (or subsidies) that also appear in household’s

budget constraint. Government spending expressed relative to the steady state output

path g; = Gy/(Y~") follows the process:
Ing: = (1 — pg)lng + pglngi—1 + pgalnZy — pyolnZi—1 + €gt, €91 ~ ... (25)

where we allow for a reaction of government spending to respond on the productivity

process. Or a slightly different specification:

Ings — pyolnZy = (1— pg)lng + pg(lngt_l — pgaant_l) +egt gt ~ o

1.6 The natural output level

The natural output level is defined as the output in the flexible price and wage economy.

The question is which shocks need to be taken into account. More in particular the

question is whether the markup shocks in prices and wages must be taken into account

in the calculation of the natural output level. If the markup shock are not taken into

account this will lead to a trade-off problem between output-gap stabilisation and inflation

M. Persistent markup shocks might result in persistent conflicts between the

two objectives and therefore in persistent deviations of inflation from the inflation target.
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1.7 Resource constraints

To obtain the market clearing condition for the final goods market) first integrate the

HH budget constraint across households, and combine it with the government budget

constraint:

PCy+ P I + PGy <II; + /Wt(])Lt(j)d] + Rf/Kt(j)dj — Pta(ut) /Ktl(j)dj
P

or in case of the labour unions:

P,Cy+ P, + PG, < Ht+/Wt"(j)Lt(j)dj+Dwt+R,’f/Kt(j)dj—Pta(ut)/Kt_l(j)dj.

Next, realize that

I, = / IL(i)di = / P,(i)Yy(i)di — WiL; — RV K,

where Ly = [ L(i);di is total labor supplied by the labor packers (and demanded by
the firms), and K; = [ K(i)di = [ Ky(j)dj. Now replace the defintion of II; into the
HH budget constraint, realize that by the labor and goods’ packers’ zero profit condition
WLy = [Wi(§)Le(j)dj, or = [W(§)Li(j)dj + Divy and PY; = [ P(i),;Y (i);di and

obtain:
P,Cy + PiI; + PGy + Pra(uy) Ky = PYy,

or

Ci+ L +Gi+alu)Ki1=Y; (26)

where Y; is defined by eq(1) .

In the data we do observe Y; and L, instead of Y; and L; where

Y= /Yt(i)di

Starting from eq (), the relationship between output and the aggregate inputs, labor

()~

~ Ptl B >‘p,t .
Y, = — Y:d
t /< P, ) tat

1+Ap7t 1+)‘p,t

= Y, (P) vt [ PG) e di

and capital, is:

1+>‘p,t _1+)‘p,t
— Y, (P) e / Pi)” e di

Hh, s 1t
D pt

= Y (R) ¢ P
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_pit
1+)‘p,t :| 1+)‘p,t

where Py = {f Py(i) et di

and

L = /Lt(j)dj

Gy

Wi(g)\  Pwi .
— Ld
J(5) e

1+>‘w,t _1+>\w,t

= L (W) Pwr W, "o

_ Dwt
T+ Aw,t T+ XA,

where W; = [f Wi(j) Pwt dj

In the first order approximation the barred concepts will equal the unbarred.
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1.8 Exogenous Processes

There are seven exogenoues processes in the model:

e Technology process:

InZy=1—p)InZ+p,inZ;_1+ ey

e Investment relative price process:

Inpy = (1 = py)lnp+ pplnpy_y + e

e Intertemporal preference shifter (financial risk premium process):

Inby = (1 — ppyInb+ pyInby 1 + €y

e Government spending process:

Ing; = (1= py)ing + pglngi—1 + pgalnZy — pyalnZi—1 + €

Ingt — pgalnZy = (1 — pg)ing + py(Ingi—1 — pgalnZi—1) + €g

e Monetary Policy Shock:

Inry = plnri_1 + €4

e Price Mark-up shock:

ln)\m = (1 — pp)ln/\p + ppln/\m_l — 9p6p7t_1 + €pt

e Wage Mark-up shock: InA,: = (1 — Pw)lnAw + pylnAp -1 — Owewt—1 + €wt

and where the innovations € are distributed as i.i.d. Normal innovations:

€it ~ N(0,04)

2 Detrending and steady state

2.1 Intermediate goods producers

The model can be detrended with the deterministic trend v and nominal variables can be

replaced by their real counterparts. Lower case variables represent detrended real variables

which can be considered as stationary processes that have a well defined steady state: for

instance
ke = Ky /v w = Wi/ (Pyt),rf = R /Py, & = E477°"

The aggregate production function\ibecomes

10
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ye(i) = Zuke (1) (Le(3)) ™% — @ (27)

Equation 6 becomes:

o Wt
k; = —L 28
t l—arf t ( )
and at st.st.:
o a ws
k*—l_aE *

The maginal cost expression ?? becomes:

MC; wtl_o‘rf «
mcy jjt Cka(l —Q)(I_Q)Zt ( )

Option 1: Expression 7?7 becomes

1/ .
o (P = (1 ) MC) Yila) +

o0
BSEH-SB 1 ~ L 1—s .
E s D7 (Pz s e 2ley 4y MO )y ;

t;Cp EtPirs Aptts VO )= ( pit+s)MCiis ) Yiis(i)
=0

becomes:

L B— (1 Apme) i) +

)‘pﬂf
> ( ) & 1 (I1} 17TLpl 171-i_bp)
E sns (1—o.)sSt+s ~ /. =1"t+1— —(1 A .
t;QﬁV & Moirs 0] 0 7mm) (14 Apivs)meiys | Yevs(i)
=0
or

1 .
P (Pt — (14 Ape)mer) ye(d) +
D,t

Zoo L 1—
_ Et 1 . (Hleﬂ-tp 11T p) '
F e ¢ - —(14+A me 7
t s=1 Cplg ! ft )\p,t+s pt( ) (Hleﬂ't+l) ( P7t+s) t+s yt+s( )

-0 (30)

where p; = ﬁt/Pt, B° = B%y~9* and Eihs = Zrrs77¢(9) is the real discount factor.

Note that in case 0. = 1 the expression simplifies to the standard problem with 5 as the

discount factor.  This implies that in steady state:

% B = (L4 Ap)a™ (1 —a) - Dwymork ez

Expression 77 becomes:

1 1 AP;t

1= [(1 — gp)ﬁtm + Cp(wi”_mi“”wgl)m . (31)

11
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which means that:

Option 2: Equation (7)

~t+sPt ’ 1 G@es) 500y, 1 G'(z4s) _
Etch =P YHS(Z)KH () C(anss) Py(3) Xt s s O (re) MCpys| =0

E; ngﬁs s§t+$yt+s( ) |:(1 + G/_ll G/(xt-‘rs)) 5t<i)Xt,s _ (G,_l]. G’(xt—‘rs) > mct+s:| -0

(2t4s) G"(@e4s) ) X{ig (2t4s) G (Tt45)
(32)
where
X7 =0for s =0or else (Il_qms4q)
In steady state this gives (using G'~1(G'(1)) =z = 1)
1 G'(1)
14 [1— =0
+[7walw%»mm
G”(l)
G’ o - me
The implied markup is equal to
G'(1)
_ 1o M)
mu(l) - G’1) — aG'(QQ) 1 - €<1) 1 - (1 + AP)
_—— G'(n G -
which corresponds with the elasticity of demand (1) = —g,l,—((ll))
The aggregate price index in the case of the Calvo model becomes (8):
. 1—1 . 1— Lp 1 /—1 Lp 1—p 1
L= (1-¢)pe(1)G [pe(i)7] + Cpﬂ't 1T G T T T T (33)

In steady-state!
L= (1= Gp)G [puli)] +¢,6 7 [7]
1 = p(i)G " [2]
1 = p*(z)

'Recall that z; = p;(i)7¢, hence z, = pi(i)7 and G' ! (z) =2 =1, 7= G'(1) & G '(1) = 1.

12
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Recall that aggregate profits are equal to:
II; = PY; — WiL; — RF K.

In terms of detrended variables we then have, using 2 :

11, k
?’Yt = yt—tht—V"tkt
= Ztk‘taL%_a — o — tht - liy tht
= _Zk“L_O‘— 1 we| Ly — @
i thy Loy 1— o t| Lt
= Oza(l — CE)iOéZt'LU?(T’f)ia — 11ﬁt :| Lt -
r L
= |o®(1 - ) Zw?  (rf) 7Y — 1] ;Ut LAY
L -

1
= < - 1) tht - q)
mc 11—«

At steady state we can use 1 = p, (i) = (1 + A\,)me, to get st. st. profits:

Wy L

IL = (1+XA-1)—"-@
( + 4 )1 —
Wy Ly
= A - o
L
2.2 Households
Expression 77 and 7?7 become:
1 JC—l 141 —0c
§ =bpexp | 7Ly | (e — (h/7)ci-1) (34)
§ = BbgRtEt[§t+17rt_+11] (35)
respectively with where ¢, = ;77! and 8 = (8/77¢) . At steady state:

/
o.—1

€. = bloxp <1+VZ«L*1+”Z> ¢, 7 (1= (h/7)™"

R, = B T s
Equation 12 and 7?7 become:
ke = UtEt—1/77 (36)
- .
_ _ ) .
b= 0=+ (1-5625)) i @7

13
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which deliver the steady state relationships:
Fe = ueki/y=ke/y
o= (p) (1= (1-08)/7)k
= (1-(1=0)/7) ks

under the assumption that S(y) =0, uy, = 1, and p, = 1.

The FOC with respect to investment, capital, and capital utilization are:
01 1 = Qf,ut [1_8(.%’)’)_5/(%7) .Zﬂ]
-1 -1/ -1
= , , 2
. Ey177t ! U417 [ b1
+(B/77¢) Et {:t’YUCt Qf+1#t+15’/ i T

= oct+1
Oy @ = O/ IEZEL I (ks — awn)) + Qealt - 9)] |

Epyoet

(Ouy) Tf = a'(ut)

with ZF/Z; = Q4 so that

o 1= @b (1-s (1) s (22) 1)
-1 it—1) Gp—1
. _ )
+(B)E: {521 [Qfﬂﬂtﬂé” <Zt“;tw> <“ZW> ]} (38)

OK) @ = w)Et{gt“[wfﬂutﬂ—a(ut+1>>+@t+1<1—6>1} (39)

&
(Ouy) rf = ad(u) (40)

so that in steady state where Q. =1, u, =1, and a(us) = 0:

1= B[(rf + (1= 9)]

In the variant for the utilisation cost, the accumulated utilisation costs becomes

aky = Wkt-&-s—l(ﬁ + L ; 9)

aki_1

Option 1: Expressed in terms of detrended variables, equations 7?7 and 21 become:

1| UL0G) Xps~ .
[ li+ (1+)\w,t+s)+ b Wt(]) =0

o
E, Z CoBEitsLits(h)

5—0 )\w,t—l-s Stts Py
where
U O [ (G hO) e e (5115 (o1
= bl exp (L)1) (Ch = hCi) ™

{%Q(Ct — th_l)liac + et:| (Uc—l)Lzl
(Cy — hCy_q1)Ce
= —[(Cy — hCy_1)] LY
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for ¢, = 0.

o0 _ ) 1 Y
2 ZCZﬁS’YHS(:Hs)LHs(J))\ " [— [(ce = (R/7)ee-1)] L' (1 + Aw,rs) +
s=0 wtTs
> 1
ey G877 7 (77 B s () —— [ [(er =
s—0 w,t+s
(L _omyt, )
+ w =0
(Hz:thJrl—l) w(9)

1 v
By Z GBI (Ees) s () [— [(ce = (R/v)ee-1)] L' (1 + Aw,rs) +
w,t+s
or option 2: from (20)
2 ch et 5 [ e W — X, T)] = 0
._JtPtJrs )\w,tJrS 7 ’
which becomes
= o) Strs R (I 07Tt+l 17T1 ")
By ¢ ey Xits (1 14 A prs)wlt o —
t ; gt t+ ( )>\w7t+5 ( + ) t+ (leoﬂ-t_i_l_l)
3 §et h (1L 07rt+l 177'1 )
E SB AT Les(l 14+ A tts)Wi g —
tZC g ( ))\w s ( o )_H (o meri-1)
With
Ul,t v
wi s = ——2 = [(ee — (h/y)er-1)] LY!
in steady state
(1+)‘w*)wf = W
S U
with w, = —:7’ = [(C* - (h/’Y)C*)] LY
= (L=h/)eLy
and where
1 1 7wt
Wt - |:(1 - gw) Tt +Cw(77rt 17-‘-1 Lth 1) w’t:|
becomes

1

w =0

NW w 1—1y
- Cw)wt ' +Cw(77ré—1ﬂ-* '

Loy )
(I _omegi-1)

(h/¥)er—1)] L (14 A )

(L, ()

(szoﬂtﬂfl)

wi(j)| =0

1

))"Lu,t

—-1_-1
Ty Y W1

:|A'Lu,t

which imply at steady state:

=(1+ Aw)wf

15
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2.3 Resource constraints
The resource constraint(s) become:?
Ci+ 1L+ G+ alu) K1 =Y,

e+ g 4 yege + alug)ki—1/y =y

and
U = Zik$ LY — @,
. 1+)‘p,t
Pt At .
Y,=|= Y,
t (Pt t
becomes
1+Ap ¢
ye = (Pe) *t U
where
. (P)
Pt = P,
Pt I (P)tfl 1M Apt
= (=G ™+ Gm ) T T
T o pely et~ R
= [A=C)p ™" +(ma(p)i—amy ) et | e
While
1+)\th
Wt /\w,t .
Li=| = L
¢ Wt) (L)
becomes
1+t
Ly = ((w)t ot (L)
where

At steady state we have:

and
Yo = Z kO — @,

and
2.4 Government Policies

The Taylor rule becomes:

1-p
& _ <Rt1>pR <7Tt)w1 <yt>¢2 R <yt/yt1>¢3rt
R R i vi Yi /Y

Gy Gt
oo & 5t = Yegu.

2Using g; =
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3 Steady state

Combining the steady state expressions:

From (28)
ho= ——2*
T l—arkT
From (30)
Bre=1=(1+A)a (1 —a) Dwl () z !
From (35)
R, = Eilﬂ*
From (36) and (37):
k., = Yk,

From (42):
with
U/
h — l:* — vy __ 14}
wh = =22 [(es = (h/m)e)] L = (1= hf7)e.L
From (34):

—1
.= e (S5 L1 ) o1 - )

From (39) and (40)

= -
and k= d(uy)
From (27):
Yo = ZkSLT — @
From (44):

17



The ratio

with
Tox — Y + @ (&)a 1
Y« Yx ky
and
Cx T
- (g -2
Qs K
— g
4 Log-linearized model
Eq. (29) becomes:
me = (L—a) @y +a7f—Z (46)
Eq. (31) becomes:
~ o~
P = —2— (Tt — pTe-1) (47)
1-¢,

e Optionl:
Eq. (30) becomes:

d(p,) — (14 Ap)d(mer) — med(Apy) +
E Y By <d(ﬁt> +d(
s=1
— 0

17
(I s )

(HlS:17rt+l)

)—(1+ )‘p)d(mCH—S) - mCd(/\p,t+s))

minus the same expression for time t+1 multiplied with Cpﬁfy

1 s CpB’y o
a3 CpBV)d(pt) — (1 + Ap)d(mey) — med(Apy) — a-cp (d(py11))
CpBy w (rm, ")
g (e
= 0

in terms of deviations from steady state this becomes:

1 = <pBFy =

mpt — (14 Ap)me(ier) — meAphpe — m} Dit1
¢,BY S
=g e
=0

18
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using 47 to substitute the optimal price expression

B G,

1 ¢
CpB’)/ (1 - Cp) ~

( 7/1\'75 - Lp%t—l) - (ﬁz\ct) - mc)\p)\p7t —

+(1 _ CPB'Y) (1 — Cp) (Lpﬂ't - 7rt+1)
=0
regrouping

(7 — Lp%t—l) - CpB’Y( T4l — Lp%t) + (B’Y - B’Yfp) (Lp%t — T41)
(1=¢pBn(1=¢p)

= (’ﬁ’L\Ct + mCAp}\\pﬂg)

Cp
(14 Bytp) Tt — tpfie—1 — BT
(1 - CprY)(l - Cp) —~ 3
— 3 (Me + meApAp,t)
Finally we obtain:
1-¢,Bv)(1 - N Ap < ~ p ~
T = ( CpB’Yl( ) ey + ——L—Xpt | + Lipfﬂt—l + LEt[mH
(1+4BY)E, LA L+ by Lt by

( %t—l-l -

Lp%t)

if 0. = 1, the expression [y = 3 and the traditional expression is obtained again (see

also DSSW).

Option 2:

For the flexible price case the derivation is relative simple. Remember the presence

of the markup shock in the aggregtor function results in:?®

a( @Gy 5,00 4 dlpu() — d(mer) = 0
G 4161 ) + S 6 (01) = () + () - dlme) = 0
¢lw) G”%mt)d(zt) + G/_i(zt)G’”d(a:t) — d(p) + d(pi(i)) — d(mer) = 0
L) rito) + S D6 a) = 0y + dlp) — dme) = 0
o)+ S 6o — ) + () — dlme) = 0
(24 G,,1<x)G’”)ﬁt(i) ~ mchgg — meiiE; = 0

e ok e oo st with 2 _ )
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where the deviations in the markup are exppressed in percentage of the marginal cost

58]

[2 + G?Z’(”l)}

—

ﬁt(z) = (77/1\0,5 + >‘p7t)

Linearization the aggregate price expression (33) (in stst: G’ 1[z] = x = 1 and 7 =
G'(1) and m = 0)

0 = (1-6) (30 + i)
+C, <Lp7ATt 1— T+ Lpg///(( ))Wt—l - g,/,((ll))?rt>
0 = (1- Cp)pt( ) + CpepTe—1 — )

p(1) = 1-¢ (Tt — tpTe-1)
p

Linearize the FOC for the Calvo wase with indexation (32):

G" (x415) )ﬁt(i)Xt,s
Gl(mtJrS) Xf—l—s

E; Zci)ﬁsvsgt—i_syt—i_s(i)(Gllz G (5Ut+ ) ) |:(1 + G- l(zt—i-s)
s=0

&t Ztvs) G (Teys) - mCHS] =0

(49)

lwts pe (i s /_lzts //xt 85 \pt+s
EtZCP §t+syt+s( )(G’_lgztﬁ-s) g//((x;__s))) [p A(Xvi){;it’ + ¢ ( + )GT( as A s ) - mct—f—s] =0

(50)

Etchﬁ o [0+ ) = dlmer) = Oyt 5D

<G¥"d<xt+s> + EE s da)

=0
Etzc B9 () + d( ) = dmerss) = A0y (52)
+G;_/HG/,d(pt+s) + G”( )T G,,d(thrs))

= 0
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Xis
p
Xt+s

BeY_ G [aio) +
s=0

n

) = O rs) = dlmers) + Grd(pees) + dprss)

|0

0 JE— " o G/// X s
B Y G| (24 G i) + 2o+ G ) = dlmecss) = 0| =0
s=0 s
where
s L 1—
Xts (lelﬂtilqw* ")
t+s Ly i)

ﬂ_Lpflﬂ_lpr ﬂ_Lpflﬂ_lpr
* * * *
= - d(ﬂt) +ip - d(7rt+1) + ...
1— tp 11—t
(mmy P (mdmye
e -
* *

minus the same equation for t-+1 multiplied with Cpﬁfy

Gl/l

1 _ G". By
0 = (2+ @)Wd(]?t(l)) -2+ @)md@tﬂ(l)) —d(mey) — d(Ap
P P
CpB’Y aQ" ﬂ'ip_lei_LP (Trip,n.i_%)
et o (e S
a" 1 ~ a" C B’Y — e o
0 = (2+ @) ¢ B’th(Z) -2+ @)Jﬁptﬂ(z) -1+ @)(mct + Apt)
P P
By G" oy e BN € 2 TN
T L S T (Ve
using the expression for E(z)
1 ¢ - - By ¢ - -
= = (P (T = ypT1)) = = (a1 — )
—h -G, t— LpTt-1 [~ e t+1 — LpTt
a+4%) . — CpBy e N (s s N
- " + )\ + e) * B *
eran I e\ e T e T
R R B, - _
0 = ((m— me,l))—pT(th— LpTit)
GBI —=C)) .
P

1

1+ %) (=GB -¢,)

(2 + el

G///

(e + Apyt)

) Cp
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0 = T— tpe-1— By Tegr + B L

+B7 (1pTe — Tos1) — BV, (1pTe — Teg1)
0+ -GG, | —
o %) ; (mey + Apt)

(1 -G =)

>p

(Lt Byiy) Ty = wpfie1+ By + A (met + Xp;) (53)

1+ &
witha = +C§i,,)
(2+ &)

If we consider the special case in which the aggregator function G reduces to the Dixit-
Stiglitz aggregator, we can see that option 1 and option 2 results in the same NKPC: in that
case G(x) = (2)/0+) and A = 1. The following relation between A and the curvature

holds:

4 U+E) 1 1
G+ G derl S
de) _ d(5)
= _— = = 1 —_—
€ @) d(z) +e+t+e el
Eq. 28 becomes:
/k\t = Wy — ;’\f + Et. (54)

Eq. 34 becomes:

(1= h/E = (1= b/ — 0@ +oe(h/7)é-1 + (1 —h/v)(oc — LML,

using w! = 2= = [(¢, — (h/y)er—1)] L}" -

Sk

(1= /)& = (1= h/Pbly — oy +oe(h/)e1 + (oc— D(W!L/e)L  (55)

Cx - 1+)\w « * Ysx Cx

[waL 1 1—a,kks y*]

Eq. 35 becomes:
& =07 +F + EfE ] — Eiffal. (56)

Eq. 36 becomes:

Eq. 37 becomes: . .
T Tk~
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Eq. 38 becomes:
a5 (25) ()2
14—1 -1/ -1

. . 2
+BE, {’5?1 @bancas' (27 (2227) ]} 1
t t (27

QF +7 —728"it + 728" i1 + (BY)¥* i1 — (By)V2S"iy =0

becomes:

~ ~ 2N 1 Ak [PS
it = m(lt% + (B7)it+1 + W@t + Jagit (58)
Eq. 39 becomes:
ko Tf k (1-9) k
Qf = =&+ Ef§] + mEt[T’Hﬂ + mﬂf[@tﬂ]' (59)
where the steady state expression S(r¥ + (1 — 7)) = 1 is used.
Eq. 40 becomes:
rRER = o' (60)

or in case of accumulated costs (assuming s = 0) expressed relative to output:

"(u ks . 1-0
akt = a(u) U + akt_l
v

gl
1=
= rszut—i—

aky_q

Option 2 for wage setting:
Eq. 42 becomes:

(1 + )\w)wh@f + )\w’thq;t — Wi41

—— (1= Byt (1= ¢, B)
_ Cubw (w0

=—lwTt + — = Tt+1
=0
Using Eq. 43:
1 "&7 _ Cw "&7 + Cw % _ Cw[’w 5_[_\ — =
1_Cw ! 1_Cw -t I_Cw ! 1_Cw -t _t
and
. I h/y . ~
TR Toa T
results in
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(14 X)W Bf + A Ay, — Wt + Wb

(1 —? By) (1 —IC ) (@t = Cu W1 + Gy T = G 1]
CwBYW 1

(1 — C B’}/) (1 — C ) [wt+1 - Cw {U\t + C’w %tJrl - CwL’LU %t]
_ CwB’YfU/ (1 B Cw) ~ Cwﬁ’yw (1 — Cw)/\
(L= By =)™ ™ =By = ¢,)
=0

el ~ >\w T ~
(1= CpwB)(1 =) wf + m)\w,t — Wy

(1 = CuBY = Cu + CuBrCw) Wt

—[We — Gy We—1 + Gy Tt — Cupbuw Ti—1]

FCuwBY [Wer1 — G W+ Cop Tt — Coplw 7]

—CowBrtw(l = C)Te 4 CuBY(l — () Teta
=0

(1+ By)W — W1 — ByWis1
(1 =¢WBr(1-¢,)
- Cu o+ G0

—(1+ Bytw) Tt + twTi—1 + ByTrs1

. A - .
h el )\w,t — W ]

Eq. (44) becomes:

- k
~ Cx e Tk
Yy = gt + iCt + ilt + * *ut.
Yx Yx Y«

Eq. (27) becomes (remember g; = ,):

~ * + q)/\ * + (I) o~ * + @ =
o=l T 1) L T
Ys Ys Ys
Eq. (45) becomes:
A~ fang ~ A~ oy l
Ry = ppRi + (1= pp)(Wi7e + ¥o(@ — 51"))

-~ flez Aflea:

+s(We — Y1 — ¥y — i1 )) + 1
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5 Estimated equations and rescaling residuals

5.1 For the sticky economy

Eq. (46):

me = (1—a) @y +af—Z

Eq (53)

(1 - —¢p)

(1 + Byip) Tt = tpTe—1 + BYE: [Fea] + A c (mey) + Xth
p
Eq (61)
(1+ B’Y);@ — Wi—1 — ByE} [W41]
— (1 B Cwﬁg)(l B Cw) [1 _1h/,_y/c\t o - ﬁ/];y/’yafl + l/lit o {U\t ]
—(1+ B’Ww)%t + twTt—1 + BYE} [Tet1] + )T;,t
Eq (56)
¢
_ v e (h/y)
= ) e e
A=h/7) 5 _
—m(bt + Ry — Ey[Ti41])
(o —1)(whL/c.) ~ =
o Gy ] -0
Eq (54)
/k\t = Wy — ?f + Et.
Eq (60)
rf?f =a"u.
Eq (57)
k= (- ;) Fe1 + Zut + ZZ.
Eq (58)

1= e (ig—1 + (B7) By [Zt+1} + WQt + W“t
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Eq (59)

k
Ak 72D ~ Ty k (1-9)
=-b; — (R — FE —* __F B S —
Qt t ( t t[ﬂ-t'i‘l]) + T’f + (1 _ (5) t[TtJrl] + Tf + (1 IR 5)
Eq. (64):
Ry = ppRi + (1= pp)(W7e + ¥o(@ — 3
R R ~ flex fl
(G — G — (v — L))+
Eq. (63):
-~ * + D~ * + b~ * + (1PN
o=l T 1) L T
Yx Y Yx
Eq. (62):
~ ~ Cx Ty Tfk*/\
Yt = Gt + —Ct + y771t + Ut.

5.2 For the flexible economy

26





