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1 Staggered pricing: Continued
Log-linearization: Final goods pricing rule

e Equation
Ptkd) = ppt1:1¢ +(1- P)Pt*(k)liw

e Using Uhlig’s method for log-linearization gives
Pel=0)Pt = ;P0=9)Pioy | (1 p)Pel=9)P (k)

since all firms have the same price, ?*(k) and applying the price bundler
results in P = P (k).

e Using the standard approximation rule gives
1+(1-9)P =~ p(l-ﬁ-(l—?ﬂ)ﬁpl)
+(1=p) (14 (=) PF(R))

or

Py~ pPy + (1 - p) Py (k)
Log-linearization: intermediate goods firms
e Begin with pricing rule
P (k)
o B0 (B0 PuaiYors () i [ 2]’
Y1 B 320 (8p) Yeri (k)




e Multiplying out the denominator gives

P/ (k)E, Z (Bp)" Yeri (k)
i=0

3 0
Zﬁ 1Et iz:; (80)" PrsiYViss () it [ Ttti ]

P (1 - 9)>\t+i Wit

Log-linearization: intermediate goods firms

e Right hand side gives

oo

EiYy  (Bp)' P} (k)Yiys (k)
=0

= E Z (5/7)1 P*(k)? (k) eﬁt* (k) + Y1 (k)

=0

P'(R)Y (k) B S (8p)' (1+ By (k) + Vi (k)
=0

= S5 (1 + P (k))

AP (0 (k) By (Bp)' (Vers (1)

=0

%

Log-linearization: intermediate goods firms

e Left hand side gives

Y - i Wiy rivi(1-0)]"
i 1Et ; (Bp)" Pr+iYisi (k) (1= 0)Mrps { w0 }
(]
= o YW aTn [ ow
x By i (Bp)! ePrerit Vi (B)+(1=0)Tri =X i +0T s
i=0
~ e o [
~ o1 Y W [ ow
x B Z (Bp)’ {1 + Pryi+ Y (k)
i=0

+ (1= 0) Wiy — Xt-i—i + H?tﬂ}



Log-linearization: intermediate goods firms

e In the stationary state

P —1 z [u—e)?r

(1-6) 0w

>|

e The right side becomes simply
~ PY(W)EY (Bp) [1 + Pryi + Yo (k)
i=0

K2

+ (1= 0) Wepi — Mo + HFHZ}
e We have shown that P = ?*, so stationary state prices and ?(k) Eancel
out on both sides of the equation. Both sides contain E; >~ (8p)" Vit (k)
Log-linearization: intermediate goods firms
e the log-linear pricing rule for the intermediate goods firm is therefore
Py (k)

= (1-Bp) B> (Bp)' [ﬁt+i + (1= 0) Wi — Mgi + O
i=0

Price equation

e Combine
Brk) = (1-6p)
xEy Z (Bp)’ []Bt+i (1= 0) s — Aegi + GFHZ}
i=0
e and B B N
Py~ pP1+ (1= p) P/ (k)
e we get

P~ pPia+(1-p)(1-Bp)

(oo}

X Ey Z (Bp)’ F)tﬂ‘ + (1= 0) Wi — Aegi + 977t+¢]

=0

Price equation: quasi differencing



e Quasi-differencing entails multiplying both sides of the equation by the
polynomial in the lag operator 1 — BpL~', where L stands for the lag
operator

e Lag operator
LXy =X

or
L_lXt = Xt+1

e Applying this polynomial to the left side of the equation gives
(1- BPL_l) P, =P, — BpPiy1
Price equation: quasi differencing

e applying it to the right side gives
(1=BpL™") (pPrs + (1= p) (1 - Bp)
[ee] . _ _
X By Z (Bp)' {Pt+i + (1= 0) Wi — Aeyi + G?HiD
i=0

= pPi+(1—p)(1—Bp)

o0

X Ey Z (Bp)’ {ﬁtﬂ' (1= 0) Wy — Nei + 973%]

1=0
—BppPs + Bp(1 — p) (1 — Bp)

o0

xE: Y (Bp)' {f)ﬂrlﬂ + (1= 0) Wig14d — A1 + Wtﬂﬂ]
i=0
Price equation: quasi differencing
e Removing the parts that cancel out gives and putting in both sides
ﬁt - 5PEtf~)t+1 ~ pﬁtfl - ﬁppﬁt
+(1=p) (1= Bp) [P+ (1 - 0) @, — X + 67,

e Sometimes this is written as a Phillips curve:

[ﬁt — Igt_J ~ B [Etﬁt-l—l - ﬁt}
L0=n(-5p)

; [(1 )@y — M+ (m}

Log-linear version of model



e FOCs of households
—wy = BTET41 — By
Et5t+1 + EtﬁtJrl =w; + ﬁt
e The cash-in-advance and budget constraints become
(P +Cy) = (G + M)
and _
- M ~ ~ .
KKyl + $(Mt —P)=YY;+(1-0)KK;

e Combine the second first order condition and the cash in advance con-
straint to get

Ey [§t+1 +]\A/[/t} =+ P
e using the law of motion for g;11 this can be written as
g + J\Z =@, + P,
Log-linear version of model
e Pricing equation
{ﬁt_ﬁtfl} ~ f {Etﬁwl _ﬁt}

(1-p)(1-8p)
|

n 1_9)@—Xt+973}

e The first order condition for the intermediate goods firms
Hy+ @, =7+ Ky
e The aggregate production function
Y = A\ +0H, + (1 —0) K,

e The process for the aggregate money stock i

]\A/f/t = Z\/thl + gt
e The two stochastic process equations

A = ”yxt_1 + & and gy = 7gr_1 + &7

Log-linearization



e An interesting characteristic of the model after log-linearization

Using the bundler technology of the final firm,
w—1 1 w1
YT = [0
0

e writing it in log-linear form gives

v (1 + d); 153)

=
v AH SVek) ) b

e or )
f@z{/ f@(k)dkz]
0
Full model
0 = wy+ PBFET 41 — Eeq,
0 = Mt_Mtfl_gh
~ 1-6)(1—- 1-— - 1-— 1-— ~
0 = g, =00 (=8 (1-p (-85
p p
9(1—p) (1 - Bp) -
+ ( p)p( ﬁp)Tt—(l-f—ﬁ)Pt‘i‘Pt—h
0 = Gi4+M_1—P—C,
. o M T~
0 = YVit(U-OKK, - KKy — M, + =P,

= @t-i-ﬁt—]\z—ﬂgt,
= )\t+(1_0)Ht+9Kt7_}/ta
= Hi+w— K, — 7.

Solving the model
e Define

M~ —_— o~/
® Tt = Kt+17Mt7Pt]

r ~ o~ o~ 7!
o yo = |Fu i, Co, Vi, Hy|

M~ /
® Zt = )\tagt} )



e one can write the model as

0 = AIEt + BII}'t_l + Cyt + .DZt,
0 = Ei[Fripn +Gay+ Hry o 4+ Jyppr + Kye + Lz + Mz,
zip1 = Nz +epq1,
e where
0 (L 11 0 1 0
K -C © 1-6)K 0 0
A= 0 -1 1 B = 0 0 0
0 0 0 0 0 0
0 0 0 -1 0 0
0 0 -1 0 0
0 0 O Y 0
C= 0 1 0 0 0
O 0 0 -1 1-90
-1 1 0 0 1
0 1
0 O
D=0 —-m
1 0
0 O
0 0 O
[widthheightequation* F= 0 0 0
00 8
0 0 0
G=1|0 1 0
00 —(1+4)
0O 0 O
H=1]0 -1 0
0 0 1
Fo—(F+1-6) 0 0 0
J=10 0 0 0 O
0 0 0 0 O
0 3 0 0 0
Widtﬁﬁeigﬁtequation* K= 0 0 0 0 O
00-p)d=Bp) (A=0)0=p)A=Bp) 4 g

P

o O O
o O O

h
I
1



0 0
M = 0 —1
—(1=p)(1—
( sz( Br)
v 0
v=[3 7]
Solutions are
[ )
Tiy1 = Pry + Qz
and
yt:R:ct—f—Szt
P 1 3
931 .020 —.020 .889 .096 —.096
P 0 1 0 0 1 0
—.509 .989 .011 —.486 .948 .052
151 .055 A17 0 .147
Q 0 1 0 1
—.501 1.433 —.483 1.383
—1.088 .318 -—.318 —1.735 1.507 —1.507
509 011 —.011 .486 .052  —.052
R .509 011 —-.011 .486 .052 —.052
—-.022 197 -.197 —.421 931 —.931
—.597 .308 —.308 —1.221 1.455 —1.455
1.735  .328 1.200 1.783
.501 .047 483 .098
S 501 —.433 483  —.383
1.789 .180 1.459 1.079
1.233  .281 717 1.685
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Figure 1: Responses of the model’s variables to a technology shock: p = .3,.5,.75

p D .75
792 276 —.276 446 915 —.915
r 0 1 0 0 1 0
—.433 .849 .151 —.244 500  .500
035 .372 —.258 1.216
Q 0 1 0 1
—.438 1.260 —.278 .799
—3.283 4.355 —4.355 —8.738 14.427 —14.427
433 151 —.151 244 499 —.499
R 433 151 —.151 244 499 —.499
—1.378 2.691 —2.691 —4.748 8913 —8.913
—2.716 4.204 —-4.204 —7.982 13.927 —13.927
—.087 5.323 —4.718 18.629
438 220 278 .681
S 438 —.260 278 201
.664  3.266 —2.197 11.487
—.525  5.102 —4.996 17.948

Inpulse response functions:
Inpulse response functions:
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Inflation adjustment for non-optimizing firms
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Figure 2: Responses of 5, )N/, and H to a technology shock
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Figure 3: Responses of 7, K , and Ptoa technology shock
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Figure 4: Response to a .01 money growth shock for economy where p = .5
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Figure 5: Response to a .01 money growth shock for economy where p = .75
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Figure 6: Responses of money, prices, and capital to a money growth shock for
economies with p = .3,.5, and .75

e New rule of thumb

e Price updating rule of

1— Pt—l 1y * 1—p
P =p P, 2Pt—1 + (1= p) Py (k)

Inflation adjustment for non-optimizing firms

e Intermediate goods firms max

00 P
i | Pirica Piyi
max B, Y (8p)" | —o—P; (k)Yiyi <
£ P P pr (k)

; Piti—1 px
Py (k) It;:_l :
P
Pyt [0y (P
e (1 - 9))\t+i wtﬂ»@ t+i %P{k(k)

P
Pt-H
max E; E (Bp)" Yt_H <Pt+L 1P*(l€)>

Py_y

X

Piyioa “(k) — Pryiweyi |:Tt+i(1 - 9)}9
Py ! (1 —0)Ayi W40
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Inflation adjustment for non-optimizing firms

e First order conditions are

0 = E.) (80) Yisi (k)

=0

x |1 -+ VP 1 Priwiy [Tt+i(1 — 9)} 9]

Pipica PF(k)(1 = 0)Aeyi | wigif

e which gives the pricing rule

P/ (k)
. 0
0o i Py 1Py Wi reyi(1—06
_ P E; Zi:o (ﬁp) ptiPlthH (k) (1_a)+)\t+i [ Tut(ﬂ@ )}
-1 E Y20 (Bp) Yiyi (k)

Inflation adjustment for non-optimizing firms: Stationary states

e From the first order conditions of the households get (because g # 1)

ro L
C = 7B
e That results in
_pw
gB
I O ) A F1—0)1""-
S LI S AP L)
or
_ﬁ@

?:

75 (w[42] + L+ -0 [452))

Inflation adjustment for non-optimizing firms: Stationary states

Variable T w Y H K 13 C
SS value 0351 2.0426 1.0218 .2%01 9.5271 .0329 .7§36
g g g

Inflation adjustment for non—optimizinggﬁrms: I?og—linearization
e Aggregate price rule
PV a-wP pﬁl—dfe(lfw)(let,lff’t,g)
11— p)P Y0P (k)

or

Pi=p (Zﬁt—l - ﬁt—2) + (1= p)P; (k)
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e Price fixing rule for intermediate goods firms
P (k)b ()

_ Y 5w [r1-9) o
=1 (1-0X| W
y E, Z;’io (Bp)’ €Pt—1+Pt+7‘,_Pt+i—1+Yt+i(k)+(1—9)ﬂ)vt+i—>\t+i+0?t+i

By 2, (5P)i e¥r+i(h)

Inflation adjustment for non-optimizing firms: Log-linearization
e Simplifies to

Pi(k) = (1-Bp)EY_ (Bp)'

i=0

X {ﬁtfl + ﬁtﬂ' - ]St%»ifl + (1 - 0)Weys — XH»Z’ + 0744
e Combining gives
]57: = p(2ﬁt—1_ﬁt—2)

+(1=p) (1= Bp) Er Y _ (Bp)'

i=0
X {ﬁtfl + ISt+i - j5t+ifl + (1 - 0)Weys — Xtﬂ' + 0744
Inflation adjustment for non-optimizing firms: Log-linearization
e After quasi differencing, this becomes
(1+428) P, — ﬁEti’Sf,H —24+8) P+ P,
(1—p)(1—Bp)

= (1 - 0)@; — N + 07

e Notice the ]St,g
Inflation adjustment for non-optimizing firms: Solving the model
e Managing ﬁt,g

e write model as

0 = Al‘t + th—l + Cyt + DZt
0 = E; [Fa:t_H +Gxy+ Hrpo1 + Jyey1 + Ky + Lzeyr + Mzt]
zip1 = Nzg+eia
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e where
xp = [Kip1, My, Py, Py

e With this definition of x;, x;_1 is now

Tt—1 = [Kn M1, P, Pt—z}/

e Matrices for the expectational variables

0000
0000
F=100 8 0
0000
[0 0 0 0
01 0 0
“=1o 0 -1-28 0
00 0 1
[0 0 0 0
0 -1 0 0
=10 0 245 -1
(00 -1 0
T —(F+1-5) 0 0 0
0 0 000
=10 0 000
0 0 000
0 % 00 0
0 0 000
K= oa-pa-p (-00=p0=82) ( ¢ o
p p
0 0 000
00
00
L=10 o
00
0 0
0 -1
M=1 —a-pa-ss |
P
0 0
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Matrices A to D are

0 0O -1 0 0 1
K -C T 0 (1-0O)F 0
A= 0 -1 1 0 B= 0 0
0 0 0 O 0 0
0 0 0 O -1 0
0 0 -1 0 0
0 0 0 Y 0
C= 0 1 0 0 0
0O 0 0 -1 1-6
-1 1 0 0 1
0 1
0 O
D=0 —=«
1 0
0 O

e The solution is of the form

Tip1 = Py + Qz

and

Yy = Roy + Sz

e where, for p = .75,

0.3450 1.1358

—1.8440 0.7082

P 0 1 0 0
| —0.1881 0.3788 1.0073 —0.3862
0 0 1 0
—0.3926 1.5977
0 1
@=1 _02040 0.5893
0 0

—10.3266 17.9123

0.1881 0.6212

R = 0.1881 0.6212
—5.7294  11.0663
—9.5147 17.2911

—6.8340
0.2040
S = 0.2040
—3.5044
—7.0381

16

—29.0784 11.1662
—1.0073  0.3862
—1.0073  0.3862
—17.9655 6.8992
—28.0711 10.7800

24.6587
0.8907
0.4107

15.2115

23.7679

OO OO O

oo O oo
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Figure 7: Response of P and K to a technology shock for two rules of thumb

Impulse response functions: Technology shock

Impulse response functions: Technology shock

Impulse response functions: Technology shock

Impulse response functions: Money growth shock
Impulse response functions: Money growth shock (fixed)
Impulse response functions: Money growth shock (lagged)
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Figure 8: Response of }7, CN’, H , 7 and w to a technology shock for two rules of
thumb
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Figure 9: Response in the first 10 periods of }7, 5, H , 7 and w to a technology
shock for two rules of thumb
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Figure 10: Response of P and K to a money growth shock for two rules of
thumb
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Figure 11: Response of Y,C, H,7and @ to a money growth shock for rules of
thumb with prices constant
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Figure 12: Response of )7, 5, H , 7 and w to a money growth shock for rules of
thumb with lagged inflation

20



