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The transmission mechanism of monetary policy
How do monetary-policy actions affect real and nominal variables?

• Flexible prices
Money supply, expected future money growth→ Price level, expected inflation
Real variables (other than real balances) essentially unaffected by monetary policy
Nominal interest rates essentially determined by Fisher equation (real interest rate, ex-
pected inflation)
Monetary base (components of) natural instrument
Extremely simple case: Quantity equation

MtVt ≡ PtYt

whereMt is money stock in period t, Vt is the income velocity of money, Pt is the price
level, Yt is GDP, so PtYt is nominal GDP (nominal income). In logs (mt ≡ lnMt, not
Mt

Pt
),

mt + vt ≡ pt + yt
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Assume vt is exogenous and constant, vt = v.
Then, the money stock is proportional to nominal GDP,

pt + yt = mt + v.

By controlling money, the CB can control nominal GDP, pt + yt.
Furthermore, assume GDP, yt, exogenous.
Then, for given GDP, by controlling money, the CB can control prices.
Slightly less simple: Assume velocity depends on nominal interest rate and GDP
Money-demand equation

Mt

Pt

= Y κ
t e
− ηit (η > 0)

mt − pt = κyt − ηit

vt ≡ pt + yt −mt = (1− κ)yt + ηit
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Fisher equation, it and rt (continuously compounded) nominal and real interest rate

it = rt + pt+1|t − pt

pt =
1

1 + η
(mt − κyt + ηrt) +

η

1 + η
pt+1|t

Assumemt, yt,rt exogenous stochastic processes (yt, rt independent ofmt process)
and limT→∞( η

1+η)
Tpt+T |t = 0,

pt =
1

1 + η

∞X
s=t

µ
η

1 + η

¶s−t
(ms|t − κys|t + ηrs|t)

By controllingmt process, CB can control pt process.
Unfortunately (or fortunately) the real world is not so simple.
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• Sticky prices, sticky inflation, the conventional wisdom about the transmission mecha-
nism

– Except under exceptional circumstances (hyperinflation, etc.) price levels and inflation
are quite sticky (overwhelming evidence: Blinder et al., VAR, exchange-rate devalua-
tions, ...)

– CBs control short nominal interest rates, it (continuously compounded)

Short real rates, rt (continuously compounded)

rt = it − πt+1|t
Long real rates (expectations hypothesis)

rTt =
1

T

T−1X
τ=0

rt+τ |t =
1

T

T−1X
τ=0

(it+τ |t − πt+1+τ |t)

Expected future short rates and inflation matter
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Long real rates affect the output gap (with a lag)

xt ≡ yt − ȳt ≈ − γrTt , γ > 0

xt+τ ≈ − γrTt+τ |t, τ > 0

(Aggregate demand: Interest-rate channel to aggregate demand; also credit channel, other...)
The output gap and inflation expectations affect inflation (with a (longer) lag)

πt ≈ πet + κxt

πt+τ ≈ πet+τ |t + κxt+τ |t
(Aggregate supply/Phillips curve: Aggregate demand and expectations channels to infla-
tion)
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Aggregate supply/Phillips curve
Modeling price and inflation stickiness
Variety of models of aggregate supply/Phillips curves

– Backward, “acceleration”

– “Lucas”, “neoclassical”

– Taylor

– Fuhrer-Moore

– Irrational expectations (Roberts)

– Quadratic price adjustment costs (Rotemberg)

– Calvo 83

–Mankiw-Reis, Sticky information
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• Backward-looking “acceleration” Phillips curve (Robert Gordon, Fuhrer 95, 97; Svensson
EER 97, Rudebusch-Svensson 99), with lag (fit!)

πt+1 = πt + αxt + εt+1

output gap xt ≡ yt − ȳt, yt output, ȳt potential output

–Microfoundations?
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• “Lucas”, “neoclassical”
Imperfect information (confusion about money supply/general price level)
Simpler: Predetermined nominal (log) wage, wt (Yt = f(Lt),Wt/Pt = f 0(Lt))

xt = − α(wt − pt) + εt

wt = pt|t−1
xt = α(pt − pt|t−1) + εt

= α[(pt − pt−1)− (pt|t−1 − pt−1)] + εt

= α(πt − πt|t−1) + εt

No persistence: Et−1xt = 0
– Variants with persistence
Fischer (different nominal wages set for (at least) two periods ahead)

xt = α(pt − pet) + εt

pet =
1

2
(pt|t−1 + pt|t−2)

Lagged x. (Lucas AER 73, Lockwood and Philippopoulos 94, Svensson AER 97),
persistence

xt = ρxt−1 + α(pt − pt|t−1) + εt (1)

Lagged π. (Clark-Goodhart-Huang 97, Johansson 96)

πt = απt−1 + (1− α)πt|t−1 + γxt + εt
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• Taylor (79, 80)
Overlapping nominal wage contracts. In period t, set same (log) nominal wage wt for two
periods, period t and t + 1. Average (log) wage w̄t

w̄t =
1

2
(wt + wt−1)

pt = w̄t =
1

2
(wt + wt−1)

Set wages according to expected average nominal wages

wt =
1

2
(wt−1 + wt+1|t) + γxt

(Variant (Roberts 95, Walsh chap. 5): wt =
1
2(pt−1 + pt+1|t) + γxt.)
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pt =
1

2
(wt + wt−1)

=
1

2

∙
1

2
(wt−1 + wt+1|t) + γxt +

1

2
(wt−2 + wt|t−1) + γxt−1

¸
=
1

4

£
(wt−1 + wt−2) + (wt+1|t + wt)− (wt − wt|t−1)

¤
+
γ

2
(xt + xt−1)

=
1

4

£
2pt−1 + 2pt+1|t − 2(pt − pt|t−1)

¤
+
γ

2
(xt + xt−1)

=
1

2

£
pt−1 + pt+1|t − (pt − pt|t−1)

¤
+
γ

2
(xt + xt−1)

pt − pt−1 = pt+1|t − pt + γ(xt + xt−1) + εt

εt ≡ −(pt − pt|t−1) = −(πt − πt|t−1)

πt = πt+1|t + γ(xt + xt−1) + εt

Rewrite:

πt =
1

2
(πt+1|t + πt|t−1) +

γ

2
(xt + xt−1)

10



• Fuhrer-Moore (95)
In period t, set nominal wage wt for two periods.

pt =
1

2
(wt + wt−1)

Set wages according to expected average real wages (simplification)

wt − pt =
1

2
[(wt−1 − pt−1) + (wt+1|t − pt+1|t)] + γxt

∆wt =
1

2
[(wt−1 − pt−1) + (2pt+1|t − wt − pt+1|t) + 2pt − 2wt−1] + γxt

=
1

2
(− pt−1 + pt+1|t) + γxt

=
1

2
(pt − pt−1 + pt+1|t − pt) + γxt

∆wt =
1

2
(πt + πt+1|t) + γxt

πt =
1

2
(∆wt +∆wt−1)

=
1

2
[
1

2
(πt + πt+1|t) + γxt +

1

2
(πt−1 + πt|t−1) + γxt−1]
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εt ≡ − 1
2
(πt − πt|t−1) (forecast error)

πt =
1

2
(πt−1 + πt+1|t) + γ(xt + xt−1) + εt

Rewrite

πt =
1

3
(πt−1 + πt|t−1 + πt+1|t) +

2

3
γ(xt + xt−1)

Holden (01): Workers must be concerned about wt−1 − pt−1 (previous real wages). If
concerned about wt−1 − pt (current real wages on previous contracts), same as Taylor.
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• Irrational expectations (Roberts 97)
πt = πet + γxt + εt

πet = απt−1 + (1− α)πt+1|t (0 ≤ α ≤ 1)
Special cases
α = 1. Backward-looking acceleration
α = 0. Taylor, Quadratic price-adjustment costs, Calvo

13

• Quadratic price-adjustment costs (Rotemberg JPE 82)
p∗t optimal unrestricted (log) price, p̃t (log) price of particular firm, pt (log) price level.
Quadratic approximation to profits (Π(p̃t) ≤ Π(p∗t );Π(p̃t)− Π(p∗t ) ≈ Π0(p∗t )(p̃t − p∗t ) +
1
2Π

00(p∗t )(p̃t − p∗)2 = 1
2Π

00(p∗t )(p̃t − p∗)2,Π0(p∗t ) = 0,Π
00(p∗t ) < 0)

min
{p̃t+τ}∞τ=0

1

2
Et

∞X
τ=0

δτ [(p̃t+τ − p∗t+τ)
2 + c(p̃t+τ − p̃t+τ−1)2]

First-order condition for p̃t
p̃t − p∗t + c(p̃t − p̃t−1)− δc(p̃t+1|t − p̃t) = 0

π̃t = δπ̃t+1|t − 1
c
(p̃t − p∗t )

Optimal unrestricted price: Assume

p∗t = pt + γxt + εt

All firms identical

p̃t = pt

π̃t = πt

Phillips curve

πt = δπt+1|t +
γ

c
xt +

1

c
εt
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Example of p∗t = pt + γxt + εt:
Monopolistic competition, Dixit-Stiglitz (AER 77)
Ỹt demand of particular firm, continuum of firms
Cost function PtỸ

1+ω̃
t eε

0
t

Ỹt = Yt

Ã
P̃t

Pt

!−θ
, θ > 1

P ∗t = argmax
P̃t

⎧⎪⎨⎪⎩P̃tYt

Ã
P̃t

Pt

!−θ
− Pt

⎡⎣YtÃP̃t

Pt

!−θ⎤⎦1+ω̃ eε0t
⎫⎪⎬⎪⎭

First-order condition

(1− θ)Yt

µ
P ∗t
Pt

¶−θ
− Pt(1 + ω̃)

"
Yt

µ
P ∗t
Pt

¶−θ#ω̃
(−θ)Yt

µ
P ∗t
Pt

¶−θ
1

P ∗t
eε

0
t = 0

P ∗t =
θ

θ − 1Pt(1 + ω̃)

"
Yt

µ
P ∗t
Pt

¶−θ#ω̃
eε

0
t
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Take logs

p∗t = pt + ω̃yt − ω̃θ(p∗t − pt) + ε0t + log
∙

θ

θ − 1(1 + ω̃)

¸
p∗t = pt +

ω̃

1 + ω̃θ
yt +

1

1 + ω̃θ
ε0t + constant

≡ pt + γ(yt − ȳ) + εt
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Derivation of Calvo-type Phillips curve (Calvo 83, Yun 96, Woodford 96, 03-3, ...)

• Representative consumer

Et

∞X
τ=0

δτu(Ct+τ ,mt+τ , Lt+τ), 0 < δ < 1

u(Ct,mt, Lt) = U(Ct) + Ũ(mt)− V (Lt)

Ct =

µZ 1

j=0

C
1−1θ
jt dj

¶ θ
θ−1

(2)

Variant of Dixit-Stiglitz. Ct aggregate consumption of continuum of differentiated goods
Cjt, 0 ≤ j ≤ 1, CES θ > 1
mt real balances, Lt labor, V (Lt) disutility of labor
U 0 > 0, U 00 < 0, Ũ 0 ≥ 0, Ũ 00 ≤ 0, V 0 > 0, V 00 ≥ 0
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• Price level, price index

Pt =

µZ 1

j=0

P 1−θjt dj

¶ 1
1−θ

, (3)

where the price index is given by the unit cost

Pt = min{Cjt}

Z 1

j=0

PjtCjtdj subject to

µZ 1

j=0

C
1−1θ
jt dj

¶ θ
θ−1
= 1.

Demand for differentiated good j, produced by firm j

Cjt = Ct

µ
Pjt

Pt

¶−θ
Perfect competition on labor market,Wt nominal wage, equilibrium condition

Wt

Pt

=
V 0(Lt)

U 0(Ct)
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• Continuum of firms, firm j produces Yjt of good j. In equilibrium, Cjt = Yjt.
Input labor, common labor-requirement function

Ljt = Φ(Yjt/At),

At exogenous common productivity parameter, Φ0 > 0, Φ00 ≥ 0. No capital, no invest-
ment.
Monopolistic competition on markets for differentiated good.
Beginning of period t: With prob 1−α, firm j sets new optimal price. With prob α, must
keep previous price adjusted for average gross inflation (suppose given and constant), s

Π ≡ E[Pt+1/Pt].

Optimal new price P̃t for any producer j: Maximize expected discounted profits for future
states of non-optimal price

max
P̃t

Et

∞X
τ=0

ατqt,t+τ

⎡⎣P̃tΠ
τ

Pt+τ
Yt+τ

Ã
P̃tΠ

τ

Pt+τ

!−θ
−Wt+τ

Pt+τ
Φ

⎛⎝Yt+τ

At+τ

Ã
P̃tΠ

τ

Pt+τ

!−θ⎞⎠⎤⎦ ,
(real discount factor qt,t+τ ≡ δτU 0(Ct+τ)/U

0(Ct))
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First-order condition (multiplied by P̃t/(1− θ))

0 = Et

∞X
τ=0

ατqt,t+τ

⎡⎢⎢⎢⎣P̃tΠ
τ

Pt+τ
− μ

Wt+τ

Pt+τ

Φ0
µ

Yt+τ
At+τ

³
P̃tΠ

τ

Pt+τ

´−θ¶
At+τ

⎤⎥⎥⎥⎦Yt+τ
Ã
P̃tΠ

τ

Pt+τ

!−θ
,

where μ ≡ θ
θ−1 > 1, standard gross markup.
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• Loglinearization
Linear approximation of f(x) around x = x̄

f(x) = f(x̄) + df(x, x̄) +O(||x− x̄||2).
Order symbol

h(x) = O(ϕ(x))⇔ lim
x→0

¯̄̄̄
h(x)

ϕ(x)

¯̄̄̄
bounded,

h(x) = o(ϕ(x))⇔ lim
x→0

¯̄̄̄
h(x)

ϕ(x)

¯̄̄̄
= 0.
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Differential (linear approximation of f(x) around x = x̄)

df(x, x̄) ≡
nX
i=1

∂f(x̄)

∂xi
(xi − x̄i)

Loglinear approximation of f(x) around x = x̄ > 0 (f(x̄) > 0)
(if x̄i < 0, change variable, zi = −xi; if f(x̄) < 0, h(x) ≡ −f(x))
Define

g(z) ≡ ln f(ez)

z ≡ lnx

Take linear approximation of g(z) around z̄ = ln x̄, g(z̄) + dg(z, z̄)

dg(z, z̄) =

nX
i=1

∂g(z̄)

∂zi
(zi − z̄i)

=

nX
i=1

x̄i

f(x̄)

∂f(x̄)

∂xi
(lnxi − ln x̄i) ≡

nX
i=1

εf(x̄)

εxi
(lnxi − ln x̄i)

Define partial elasticities,
εf(x)

εxi
≡ ∂ ln f(x)

∂ lnxi
≡ xi

f(x)

∂f(x)

∂xi
(xi > 0, f(x) > 0).
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Hat notation

f̂ = d ln f(elnx, eln x̄) =
X
i

εf(x)

εxi
(lnxi − ln x̄) =

X
i

εf(x)

εxi
x̂i

f̂ ≡ d ln f ≡ df

f
x̂i ≡ d lnxi ≡ dxi

xi
(f > 0, xi > 0)

cxy = x̂ + ŷ (x > 0, y > 0)cαx = x̂ (when α > 0 constant, since α̂ = 0)dx/y = x̂− ŷ

[x + y =
x

x + y
x̂ +

y

x + y
ŷ

[x− y =
x

x− y
x̂− y

x− y
ŷ (x > y > 0)

Chain rule, z = f(y) > 0, y = g(x) > 0, x > 0

εf(g(x))

εx
=
xf 0(g(x))g0(x)

f(g(x))
=
g(x)f 0(g(x))
f(g(x))

xg0(x)
g(x)

=
εf(g(x))

εy

εg(x)

εx

Suppose x < 0,

[(−x) ≡ d ln(−x) ≡ d(−x)
(−x) =

dx

x
.

23

Alternative calculation

f(x) ≈ f(x̄) + df(x, x̄) = f(x̄)

µ
1 +

df(x, x̄)

f(x̄)

¶
≡ f(x̄)(1 + f̂)

f(x) = f(x̄ + dx) = f [x̄(1 +
dx

x̄
)] ≡ f [x̄(1 + x̂)] ≈ f(x̄) +

X
i

∂f(x̄)

∂xi
x̄ix̂i

f(x̄)f̂ =
X
i

x̄i∂f(x̄)

∂xi
x̂i

f̂ =
X
i

x̄i∂f(x̄)

f(x̄)∂xi
x̂i ≡

X
i

εf(x̄)

εxi
x̂i

• Or alternative definition of f̂ and x̂,
f̄ ≡ f(x̄), f̂ ≡ f(x)− f̄

f̄
, x̂i ≡ xi − x̄i

x̄i
,

f̄(1 + f̂) = f [(x̄i(1 + x̂i))] ≈ f̄ +
X

i

∂f(x̄)

∂xi
x̄ix̂i,

f̂ ≈
X

i

εf(x̄)

εxi
x̂i
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• Consider flexprice equilibrium, potential output
P̃t = Pjt = Pt

Cjt = Yjt = Yt

Ct = Yt

Lt = Φ(Yt/At)

Wt

Pt

=
V 0(Lt)

U 0(Ct)
=

V 0(Φ(Yt/At))

U 0(Yt)
Nominal marginal cost for individual firm

MCt ≡ ∂

∂Yjt
WtΦ(Yjt/At) =Wt

Φ0(Yjt/At)

At

Equilibrium real marginal cost for individual firm
MCt

Pt

=
Wt

Pt

Φ0(Yjt/At)

At

=
V 0(Φ(Yt/At))

U 0(Yt)
Φ0(Yjt/At)

At

≡ S(Yjt, Yt, At)
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Elasticities of S(Yjt, Yt, At)

sy ≡ εS(Yjt, Yt, At)

εYjt
=

εΦ0(Yjt/At)

εYjt
=
(Yjt/At)Φ

00(Yjt/At)

Φ0(Yjt/At)
≥ 0

sY ≡ εS(Yjt, Yt, At)

εYt
=

εV 0(Φ(Yt/At))

εLt

εΦ(Yt/At)

εYt
− εU 0(Yt)

εCt

> 0

sa ≡ εS(Yjt, Yt, At)

εAt

=
εV 0(Φ(Yt/At))

εLt

(− εΦ(Yt/At)

εYt
)− εΦ0(Yjt/At)

εYjt
− 1 < 0

Suppose constant-elasticity functions

U(C) =
C1−1/σ − 1
1− 1/σ , V (L) =

L1+ω

1 + ω
, Φ(Y ) =

Y 1+γ

1 + γ
(σ > 0, ω ≥ 0, γ ≥ 0)

sy = γ ≥ 0
sY = ω(1 + γ) +

1

σ
> 0

sa = −ω(1 + γ)− γ − 1 = − (1 + ω)(1 + γ) < 0
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Define potential output, Ȳt, flexprice output

Yt = Ȳt

TRjt ≡ PjtYjt

MRjt ≡ ∂TRjt

∂Yjt
= Pjt + Yjt

∂Pjt

∂Yjt
= Pjt(1 +

Yjt

Pjt

∂Pjt

∂Yjt
) = Pjt(1 +

εPjt

εYjt
) = Pjt(1 +

1
εYjt
εPjt

)

= Pjt(1− 1
θ
)

MRt = Pt(1− 1
θ
) ≡ 1

μ
Pt = MCt

1 = μ
MCt

Pt

Potential output defined by solution Ȳt to

1 = μS(Ȳt, Ȳt, At).

Potential output depends on μ and At, independent of monetary policy
Loglinearize around (Ȳt, At) = (Ȳ , 1), ȳt = ln Ȳt, ȳ = ln Ȳ , at = lnAt

0 = (sy + sY )(ȳt − ȳ) + saat

(sy + sY )(ȳt − ȳ) = − saat (4)
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• Now, consider sticky-price equilibrium
Allow bounded fluctuations in (P̃t/Pt, Pt/Pt−1, Ct = Yt, At) around a steady state (1,Π, C̄ =
Ȳ , 1). Steady state q̄t,t+τ = δτU 0(C̄)/U 0(C̄) = δτ

Rewrite FOC in terms of S(Yjt, Yt, At):

0 = Et

∞X
τ=0

ατqt,t+τ

⎡⎣P̃tΠ
τ

Pt+τ
− μS(Yt+τ

Ã
P̃tΠ

τ

Pt+τ

!−θ
, Yt+τ , At+τ)

⎤⎦Yt+τ ÃP̃tΠ
τ

Pt+τ

!−θ
. (5)

Consider loglinearizing
∞X
τ=0

hτ(zτ)[f(zτ)− g(zτ)] = 0

around zτ = z̄, where f(z̄) = g(z̄) > 0. Rewrite as
∞X
τ=0

hτ(zτ)f(zτ) =

∞X
τ=0

hτ(zτ)g(zτ) > 0

∞X
τ=0

hτ(z̄)f(z̄)P∞
j=0 hj(z̄)f(z̄)

(ĥτ + f̂τ) =

∞X
τ=0

hτ(z̄)g(z̄)P∞
j=0 hj(z̄)g(z̄)

(ĥτ + ĝτ),

ĥτ ≡ εhτ(z̄)

εzτ
ẑτ , f̂τ ≡ εf(z̄)

εzτ
ẑτ , ĝτ ≡ εg(z̄)

εzτ
ẑτ
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∞X
τ=0

hτ(z̄)f̂τ =

∞X
τ=0

hτ(z̄)ĝτ

∞X
τ=0

hτ(z̄)(f̂τ − ĝτ) = 0

Use this and loglinearize (5).
p̃t ≡ ln P̃t, pt ≡ lnPt, π = lnΠ
zτ ≡ (P̃tΠ

τ

Pt+τ
, Yt+τ , At+τ), z̄ ≡ (1, Ȳ , 1), ẑτ = (p̃t + πτ − pt+τ , yt+τ − ȳ, at+τ)

hτ(zτ) ≡ ατδτU 0(Yt+τ)
U 0(Yt)

Yt+τ

Ã
P̃tΠ

τ

Pt+τ

!−θ
hτ(z̄) =

ατδτU 0(Ȳ )
U 0(Ȳ )

Ȳ = ατδτ Ȳ

f(zτ) ≡ P̃tΠ
τ

Pt+τ

f̂τ = p̃t + πτ − pt+τ
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g(zτ) ≡ μS(Yt+τ

Ã
P̃tΠ

τ

Pt+τ

!−θ
, Yt+τ , At+τ)

ĝτ = (sY + sy)(yt+τ − ȳ)− syθ(p̃t + πτ − pt+τ) + saat+τ

= (sY + sy)(yt+τ − ȳ)− syθ(p̃t + πτ − pt+τ)− (sy + sY )(ȳt+τ − ȳ)

= (sY + sy)xt+τ − syθ(p̃t + πτ − pt+τ)

where we use (4) and the output gap, xt, is defined as

xt ≡ yt − ȳt
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0 = Et

∞X
τ=0

ατδτ [p̃t + πτ − pt+τ − (sY + sy)xt+τ + syθ(p̃t + πτ − pt+τ)] (6)

0 = Et

∞X
τ=0

ατδτ
∙
p̃t + πτ − pt+τ − sY + sy

1 + syθ
xt+τ

¸
=

1

1− αδ
p̃t − Et

∞X
τ=0

ατδτ [(pt+τ − πτ ) + ζxt+τ ]

where ζ ≡ sy+sY
1+syθ

> 0.
Solve for p̃t

p̃t = (1− αδ)Et

∞X
τ=0

ατδτ [pt+τ − πτ + ζxt+τ ] (7)

All firms choose same new price, P̃t

Price index, from (3)

Pt =
£
α(Pt−1Π)1−θ + (1− α)P̃ 1−θt

¤ 1
1−θ .

Loglinearize around (Pt/Pt−1, P̃t/Pt) = (Π, 1)

pt = α(pt−1 + π) + (1− α)p̃t
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Substitute for p̃t

pt = α(pt−1 + π) + (1− α)(1− αδ)Et

∞X
τ=0

ατδτ [pt+τ − πτ + ζxt+τ ]

Quasi-difference:

pt − α(pt−1 + π) = (1− α)(1− αδ)Et

∞X
τ=0

ατδτ [pt+τ − πτ + ζxt+τ ]

= (1− α)(1− αδ)(pt + ζxt)

+αδ{(1− α)(1− αδ)Et

∞X
τ=0

ατδτ [pt+1+τ − πτ − π + ζxt+1+τ ]}

= (1− α)(1− αδ)(pt + ζxt)− αδ(1− α)π + αδEt[pt+1 − α(pt + π)].

Collect terms

α(pt − pt−1 − π) = (1− α)(1− αδ)ζxt + αδEt(pt+1 − pt − π)

Let πt ≡ pt − pt−1. We get
πt − π = δ(πt+1|t − π) + κxt

where

κ ≡ (1− α)(1− αδ)

α
ζ ≡ (1− α)(1− αδ)

α

sy + sY

1 + syθ
> 0.
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Solve forward, assume limτ→∞ δτxt+τ |t = 0.

πt − π = κ

∞X
τ=0

δτxt+τ |t

• Expected discounted future output gaps
– Expectations matter

– Inflation forward-looking variable, no inherent persistence
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• Express in terms of marginal cost instead of output gap
Redo the above derivation from (6) in terms of (log) real marginal cost, st (Sbordone,
Gali-Gertler)

gτ = μSt+τ

ĝτ = st+τ − s̄ ≡ lnSt+τ + lnμ, s̄ = − lnμ
πt − π = δ(πt+1|t − π) + κ̃(st − s̄)

κ̃ ≡ (1− α)(1− αδ)

α
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• Assumptions about indexation between price changes, persistence, natural-rate hypothe-
sis

– Indexation to π ≡ ln E[Pt+1/Pt] ≈ E[ln(Pt+1/Pt) = E[πt] (Yun)

πt − E[πt] = δ
¡
πt+1|t − E[πt]

¢
+ κxt

Long-run Phillips curve, E[·]
E[πt]− E[πt] = δ

¡
E[πt+1|t]− E[πt]

¢
+ κE[xt]

E[xt] = 0

Vertical (in terms of output gap, not necessarily output if potential output would depend
on E[πt])

– No indexation, constant price P̃t between price changes (Calvo, Woodford)

πt = δπt+1|t + κxt

Long-run Phillips curve, E[·]
E[πt] = δE[πt] + κE[xt]

E[xt] =
1− δ

κ
E[πt]

Positive slope if δ < 1!
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– Index to a fraction γ of previous inflation, γπt−1 (Christiano-Eichenbaum-Evans, Wood-
ford 02-4)

πt − γπt−1 = δ(πt+1|t − γπt) + κxt

πt =
γ

1 + δγ
πt−1 +

δ

1 + δγ
πt+1|t +

κ

1 + δγ
xt

More persistence in inflation
Long-run Phillips curve, E[·]

E[πt] =
γ

1 + δγ
E[πt] +

δ

1 + δγ
E[πt] +

κ

1 + δγ
E[xt]

E[xt] =
(1− δ)(1− γ)

κ
E[πt]

Positive slope if δ < 1 and γ < 1

Indexing to π + γ(πt−1 − π) implies vertical long-run Phillips curve

– Selecting a “price plan” when prices are changed (Calvo-Celasum-Kumhof 01)
Instead of optimal price p̃t in period t, select optimal linear schedule (αt, βt)

p̃s,t = αt + βt(s− t) s ≥ t

Distributed lag of past inflation enters in Phillips curve
More persistence
Vertical long-run Phillips curve
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• Alternative Phillips curve: Sticky information instead of sticky prices. Information dis-
seminates slowly through price setters
Mankiw and Reis (2002)

• Some realism: Inflation predetermined, not forward-looking variable
In period t, set price for period t + 1

πt+1|t − π = δ(πt+2|t − π) + κxt+1|t
Inflation in period t (εt unexplained shock)

πt = πt|t−1 + εt

πt+1|t forward-looking
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