APPENDIX C

THE NEW KEYNESIAN PHILLIPS CURVE

C.1 Optimal Price Setting in the Calvo Model

According to the Calvo style every firm resets its price with the probability
1-0 each period in other words it means simply that only a 1—& portion of firms is
able to reoptimise their prices. An individual firm’s probability of re-optimizing in
any given period is independent on the time elapsed since it last rested its price
implied by the time is independent of the time since the last adjustment. The rest of

the firms keep the price adjusted by the indexation to the last period inflation.
In the Calvo price setting holds P, .., ()= Pw.( j)with probability * for
k =0,1,2,...,which represents the likelihood that new price chosen at current period

would last for the next k -period ahead, where Puy is the new price set by a firm j

adjusting it in period t. Because we suppose that all firms choose the best new price,

which is the same one for all firms, we drop the subscript j .
Every firm set its new price P, in period t to maximize the discounted

value of all future profits to reach the most effective behavior during its optimizing.

For the j—th firms we can write:

E Y ¢ Rti{vﬁk(j)(BH,t(j)—Mc:Lk)}

k=0 +k
The chosen firm’s price is the same we can rewrite the previous function

into the following form:

0 1 -
k _ n
E X0 . Yoo (Pra—MCy, )}
Every firm tries to maximize it by setting the new price Pw: subject to the

sequence of demand constraints (expressed as the demand constraints):
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Yt+k S[;H't ] (CH,Hk +C:|,t+k)’

H t+k
where MC/, are nominal marginal costs and the demand constraint for the
i —th good is

. Pue ) Pue ) \
Yt:j-k(l)E(P it ] Yik :(PLJ (CH,t+k+CH,t+k)’

H,t+k H t+k

The first order condition (FOC) of the optimizing behavior is calculated

with using the Lagrangian function.

maxE, 3 L{Ytik (i)(Pu—MCy, )} (C1.1)
k=0 +k
st. A0 E( Pus J Y., (C12)
H t+k

The Lagrangian has the following form:

L(EHvt): Etiell-(l L{ 5H1t 7 Yt+k (EH,t - Mctrl-k )}

k=0 +k I:)H Jt+k

L(EH,t)z Etzell-(l i Pt Yt+kEHvt _( P J Yt+kMCtrlk
k=0 Rek Py ek P, otk
" 1 E —e+l E -
— H.t H.t n
L(PHt):ZQI: Et_{(P J Yt+kPH,t+k_{ ] Yt+kMCt+k}
k=0 Rek H t+k H.t+k

and the calculation:
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oL EH,( 2 1 P , N 1 P , - 1 n
Q:Z@lﬁ E, {(—8+1)(P ni ] B Yo Pt _(_8)[P it Yok MCy

H ,t+k H ,t+k H t+k

—_ -& — - — -1
:26’:' Eti (_5 +1) Pri Yok +€ Pri Pri L Y, MC{,
k=0 Rt+k I:>H Stk I:)H Lk I:)H t+k I:)H t+k

= 1 EHt N P 1
=Y OE —{(-+1)Y.° (i ALk Y. MC"
; ; th+k ( o ) t+k( )+8(PHI+I< PH,t PH,t+k e Hk}
=Y OB (e )Y, ()| 2 | v, me,
k=0 Rt+k H t+k H.t
® 1 1 ]
:kz;‘e;Eth— (_Hl)Y‘gk(')HY‘gk(')E_HtMC”k}
= +k
:ieﬁai\(jk(i){(—g+1)+g_i|v|cgk}
k=0 Rt+k H.t

The derivative of the Lagrangian function equals zero:

ieg E, ivtik (i){(—g +1)+g_i Mctik} =0
k=0 Rt+k PH,t

S 1 d (\| B ¢ n

kZ(;QH Eth—{Yt+k (l)(PH,t —H MCHKJ}:O
= +k

The last equation is the first order condition for the firm’s optimizing

problem. We use the Euler equation
1= pRE, Lth i
Ct - th—l Pt+1

T (Cm —hG, j R (CL.3)
Rt+1 Ct - th—l Pt+1
and for t+k:

1 — ﬂk E (ka — hCt+k—l j Pt 1 — ﬂk E (anﬁ — hCHk J Pt+k
t t
Rt+k Ct - th—l Pt+k Rt+k Ct+k - hCHk—l Pt+k+l
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1 k @t+k - P
=BE <| — L where €, =C, —hC
Rt+k ﬂ t {( Et j t+k } t t o

Now we rule out R,,, from the FOC

(¢-1)
0= Eti(ﬂe,_' )k {Et_fk Pt;thik (i)[EH*t - MC. J}

(-1
P

0-EY (50 {@;fkv:k (i P(;’ - J}

t+k H,t-1 Ht-1

- Eti(ﬂeH )k @t_j‘ Pt;i {Yt-c:k (i)LﬁHvt - MCtn+k J}

According to the nominal marginal costs are MC;" = P, MC,, MC, are real
marginal cost. Therefore,

*© —-o . P _ EHt & P
0=E B0 k @HkYi j)_Ht o H,t+k |\/|C+
té( H) { t k( ) Pt+k PH,I—l e-1 PH,I—l o
P
and HEI,HK = PH'Hk
H.t-1

0

k -0 . P _ EH,t &
0= Et — (ﬂeH ) {@tﬁ-kYt:j—k (I) ;Yt : [ P - g_lntiil,HkMCHK J}

t+k H,t-1
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Log-linearizing the previous equation around the steady state (zero

inflation perfect foresight steady state) gives with a balance trade we obtain:

Puc = Pucst 2 (804) B () + (1= 50:) 2.6 t(logﬁMCw]

k=0 k=0

8

for mc, = Iogi1 MC, , where the steady state value is mc = IogL
- c—

We can rewrite the equation into the form of

Poc=Puat Z(ﬁe ) AT i + (1= SO, )MC, )

Next,

pH £ Prga +Zw:(189H )k Et I:”H,t+k +(1_ﬁ9H )mct]

k=0

= Py +| 7, +(1-B6,) ]+i(ﬂ6m ) E,[ 7 +(1- 86, ) me,, ]

I: k=1
= Py s+ 7, + (1= B6y) ]+(ﬂ9H){i(ﬂeH)k Et[frH,Hm(l—ﬂeH)mcth}

k=0

Then we use the log-linearized condition expressed for t+1
BH,t = Pra +[”H,t + (1_:B‘9H )mct]+(ﬂ6H ) Et {BH,Hl — Py ,t}

Puy = Pua =Ty + (1= SO, )Me, + (6, ) Emyy 1
We use the last equation together with the log-linearized version of the

domestic price level (4.33)

T4 ¢ :(1_‘9H )(BH,t - pH,t—1)+95I7TH,t—l

aF :(1_‘9H )[”H,t +(1- 46, ) mc, +(ﬂ0H)Etﬂ-H,t+l:|+0liﬂ-H,t—l

=(1-6, )7, +(1-6,)(1- B0, )mc, +(1- 6, )(B6y ) Evry
+0Ii7Z-H,t—l
Ty —(1=64 )7y =(1-6,)(1- 86, )me, +(1-6, ) (64 ) Erryy o1 + 057y
HH”H,t:( - H)(ﬂaH)EtﬂH,t+l+95|ﬂ-H,t—l+(1_HH)(1_ﬂ6H)mCt
1-6,)(1- 46,

Th ¢ :ﬂ(l_eH)EtﬁH,t+1+eHﬂ-H,t—l+( H)e( H)mct

H

7T ¢ :ﬂ(l_HH)EtﬂH,t+1+0H7Z-H,t—l+ﬂ”H mc, (C14)
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This equation is the New Keynesian Phillips Curve in terms of domestic

goods.

C.2 Aggregate Domestic Price Level

We use a log-linearized version of the aggregate domestic price level for
the calculation of the Phillips Curve.

The aggregate domestic price level is expressed in the following form:

1 0
. P P
Pa :|:(1—0H)P1H,,t) +6, E’Lf}l p and E,H’t _ PH,t—l[PHYtlj

H,t-2

1

P oy P | 1-p
P, ={(1-6,)Pui +6, [PH“[PHHJ ]

H,t-2

—1-p

O
—1 P
P2 =(1-6,) Ple +0, {PH “(P“H ]

H,t-2

B, V]
~(1-6,)Put =—Pif +6,| P, ., [—“ =
I:)H -2

H,t-2

O
— P
(1_9H )P}"'f = Pl-lii,tp _HH [PHtl( PH'tl]

and the log-linearizing:

6, =P
—1 P
|og{(1—9H)P1H,’Z}=|og Pi’ -6, [PH“[PH”] ]

log(1- 6, )+log Pl =
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_ 5 0
P
1-p I:)Hlip PH I:>H t-1 " (P:j
APH,t Plfp_gHA HHFT P Y P O
H H O\ MHt-2 By
. | s
(l—p)lOg Put = T
P H
P o, | (}
H H[ H P, ]
_ 0, T
P
APY Y P | e (PH}
pl-s Hi g Al THiz H
TR R (P]
P P
_ H
(1—/7) Pr, = o o 7
Pr7:1-6 [Hj
H H|: P, }
_ p
Piia P, ™
(1_:0) Py, — O A P it
' P, PH,t—Z P
P H
— H
(1_p) pH,t = - 1-p -
1-6,[ ()" |
P
P "
Para| P
1— _ A H,t-1 H
( p) pH,t 9H PH PH,t—z
_ P,
l— =
(1-p) Puy 1-0,
(1_9H )(1_p)BH,t =(l—p) Pr;—0 (1_p)[pH,t—1+‘9H (pH,t—l_ pH,t—2):|
(1_9H )(1_p)EH,t = (l—p)( Pr e — 6, )[ Pt +6, (pH,t—l - pH,t—2):|
_ = Pae— N N
(l eH)pH Ph ¢ 6H|:th1+6H(7z.Ht1):|
(l_eH )BH,’( = P = Pra ¥ P — 6 pH,t—l_eli”H,t—l
“YH Ht = e P00 ) Py — EI Ht-1
(1-6,)py, =7y, +(1-64)p Oir

After rearranging, we get:

e = (1_9H )(EH,t - pH,t—l)+05| Ty -1 (C2.1)



