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This class

e The basic new Keynesian model
e Sticky prices, output gaps, and the new Keynesian Phillips curve

e Equilibrium dynamics and response to shocks



Sticky prices

e Discrete time version of Calvo (1983)

e Firms have IID random opportunities to change prices

— with probability 6, firm keeps current price
— with probability 1 — 6, firm gets to re-optimize price

e Implies average duration of price is 1/(1 — ) periods



Law of motion for price level

e Recall ideal price index

1

by = (/Olpt(j)l_gdj)ls

e Fraction 6 of firms stuck with their old prices, fraction 1 — 6
re-optimize and choose P, (by symmetry). Implies

1

P,= (0P F+(1—0)p )=
e Log-linearization around zero-inflation steady state
pr = 0ps—1+ (1 —0)p;
or equivalently, in terms of inflation
it = Pt — pr—1 = (1 — 0)(Dy — Pr—1)
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Expected discounted profits

e Now need to determine reset price P/
o Let Vi (P)) be nominal profit in period t + k given P} set at ¢

e Expected discounted nominal profits
Ey {Z A Qt,t+kVt+k(Pt*)}
k=0

where Oy 41 1s the nominal ‘stochastic discount factor’

Bk Ue t+k Pt
Uet Pt—|—k

Ot 4k =



Expected discounted profits

e Nominal profit in period ¢ + k given price P/ set at ¢

k k W k P* c
Verr(F7) = (Pt N Ztt:k > <P til) s

e Choose single number P/ to maximize

Eq {Z 0" Ot -1 Viak (P7) }

k=0

e First order condition

I, {Z 9th,t+k Vi (P) } =0

k=0



Optimal reset price

e Manipulating this first order condition gives

W,
e Et {Zk 0(95) Ue t—i—k _|_k- Yt+k zti_kk }

P =
e—1 K {Zk:o ‘95) “c,t+kp+k yt+k}
e Reduces to usual markup formula P} = &T_%VZV—; if prices fully

flexible (that is, if § = 0)



Optimal reset price

e Log-linear approximation (around zero-inflation steady state)

p; = (1 —08)E, {Z(eﬁ)k[wwk — Zttk +]5t+k]}

k=0

where w; — 2; is the log dev. of real marginal cost w/z so that
W — Z¢ + Py is the log dev. of nominal marginal cost W/z = wP/z

e In recursive form, p; solves stochastic difference equation

pr = (1 —08)[wr — 2 + pe) + 08E, { Py (2)



Inflation

e Combining (1) and (2), inflation solves

(1—6)(1—08)

Ty = Ny — 2¢) + BE {741}, A 5

Current inflation depends on current real marginal costs and
expected future inflation

e [terating forward

T = Ay {Zﬁk[wwk - 2t+k]}

k=0

Current inflation discounted sum of expected real marginal costs

e Common to rewrite real marginal cost in terms of an output gap



Output and real marginal cost

e Use household labor supply condition to write real marginal cost

w [Pl

< Z

and use production function and goods market clearing to write

w_ Yot ,—(1+¢)
2z

e Hence in log deviations real marginal cost is

UA)t — ZA’t = (U—FQD)?;t — (1 —|—90)7:’t
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Natural output and output gap

e But recall from last lecture that if prices are fully flexible

1+

2t
o+ @

Q? — wyzgt =
where ¢;* denotes the ‘natural level of output’

® So we can write
Wy — 2 = (0 + @) (G — )
In short, real marginal cost is proportional to the output gap

UAJt—,?:‘t:(O'-FSO)Z%ta ftE?)t—@?
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New Keynesian Phillips curve

e Hence at last, the ‘new Keynesian Phillips curve’

(1-6)(1—065)

7%75 = /ﬁli%t -+ BEt {7%754_1}, K = (O' + 90) 0

where k denotes the sensitivity of inflation to current conditions
(k = 0 if prices rigid, # = 1 vs. kK = ¢ if prices flexible, § = 0)

e [terating forward

7/'\(75 p— IiEt {Z Bkﬁfﬂ_k}
k=0

Expected tuture booms ;1 > 0 tend to increase current inflation.
Expected future busts ;1 < 0 tend to decrease current inflation.
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Dynamic IS curve

From the log-linear consumption Euler equation
re = p+ B { A1}

Define the ‘natural rate of interest’
ry = p+ oE{ Ay )

Therefore
ry — 1y = B {AZyqq}

This can be written as the ‘dynamic IS curve’

A 1 " A
By = ——(re = 1) + By}
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‘Canonical three equation NK model’

(1) New Keynesian Phillips curve
Ty = Kk + BBy {Tpq1 ), Tt =G — Yp
(2) Dynamic IS curve, in terms of nominal rate 4,

. L 5 .
Ty = —— (it — Eqfen} —r¢) + Beleg )

(3) Monetary policy rule, for example
it = P+ PnTrt + Gy + Vg

Plus essentially exogenous terms and shocks

Q;Z — wyz'%b T? =P+ U¢yzEt{A2t+1}a
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Condensed version

e New Keynesian Phillips curve

7y = KTy + PE {71}

e Dynamic IS curve 4+ monetary policy rule

1 ) . . X
(OnTe + Ozt — Ee{re1} — wt) + Ee{Te41}

Ty — ——
o)

e Single ‘composite shock’

Ut = UwyzEt{Aét—l—l} — Ut

e Two endogenous variables 7, T;, exogenous composite shock wu;

e Solve the model using the method of undetermined coefficients
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Method of undetermined coefficients

e (Guess solutions are linear in exogenous composite shock u;

Ty = Py U

and

7%75 — wwu Ut

for some .y, Yry to be determined

e For simplicity, suppose u; is AR(1) with persistence p, € (0,1)
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Method of undetermined coefficients

From new Keynesian Phillips curve

Yry = Kgy + waupu

Hence
K
U — wxu
w 1 - Bpu
From the dynamic IS curve

2pzlzu — _é (wawwu —|_ ¢x¢azu T ¢7Tu,0u T 1) "|_ 2pztzupu

Plug (3) into (4) and solve for 1,,,, then recover ¥, from (3)
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Solution

e This gives

¢mu — (1 — ﬁpu)Au

wwu — KAy,

where

1

M= T B (01 = ) + 60) + R(m — pa)

e Notice ¥4y, Vry have same sign and sign determined by Ay,
depends on magnitudes of policy coefficients ¢, ¢,

e A sufficient condition for A, > 0 is ¢, > p, (e.g., ¢ > 1)
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Recover other variables

Nominal interest rate

it =p+ OrTy + QuZy + vy
Real interest rate

re = 4y — B {41}
Output

U = Ty + 9y

Employment

A

ly = Ut — 24
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Monetary policy shock

For simplicity, set z2; = 0 so u; = —v; and p, = p, etc.
Assume sufficient reactivity ¢ > p, = Ay > 0

Inflation falls on impact (in response to contractionary shock)

87% 87% 8ut

8—vt N 8ut c%t

= Ynru(—1) = —rA, <0

Output and output gap fall on impact

Oy 0y

8:%,5 6’ut

vy Ovy  Ouy Ovy

— wxu(_l) — _(1 — 5,01))/\@ <0

Employment falls on impact

Ol _ O

8—m_8@t

<0
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Monetary policy shock

e Nominal interest rate is ambiguous

% — ¢7T aﬂ-t ¢az axt
Ut

Depends on p,, tends to fall if shock sufficiently persistent

e Real interest rate unambiguously increases

(97} (97%

It (4 — R |
9o, 9 >a ¢@vt+ >0
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Example

Let 8 = 0.99 quarterly, c =1 and x = 0.2
Suppose monetary policy rule with ¢, = 1.5 and ¢, = 0.125
Suppose monetary policy shock AR(1) with p, = 0.5 quarterly

Equilibrium coefficients work out to

oy
0’075 "
0y
va—:_l_ fUAfU:_O.98
9o, — L= Bpw)

Note: interest rates, inflation etc expressed at annual rates (x4)
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pct deviation from steady state, annualized

Policy shock v; = p!, and implied paths of inflation m; = 1, v; and output gap

-0.5

Monetary policy shock: example

— — policy shock
inflation
output gap

0 5
periods after shock

10

T+ = Yzove (percent deviations from steady state, annualized).
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Monetary policy shock: example

— — policy shock
nominal rate

real rate
expected inflation

pct deviation from steady state, annualized

periods after shock

Implied paths of nominal interest rate i;, expected inflation E¢{7¢++1}, and real
interest rate r, = iy — E.{7t1+1} (percent deviations from steady state, annualized).
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Money supply

e Suppose money demand is given by
My — Py = Yt — Ni
e What path for money supply m; is required to implement ;7

e For this example, set interest semi-elasticity to n = 4
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Monetary policy shock: example

— — policy shock
nominal rate
price level —
— — money supply

pct deviation from steady state, annualized

-0.8 ! 1 |
0 5 10 15

periods after shock

Implied paths of nominal money supply my, price level p; = ZZ:O 7, (percent
deviations from initial steady state, annualized).
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