Previous lecture

* New Keynesian Model
e This lecture: More on Phillips curves

Three equations
7=y +BE (Tt +x(y =)
~ . 1, )
Ve =E{Jenf—— (1 ~E {ma}=17)
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...or technology shock

a‘( = paa't—l + gta

p, =09

0 T T T T r
o1 7W
-02 1 1 L L L
0 2 4 6 8 10 12
Output Gap Inflation
1 T T T T T
05F
0L L A L 1 L
0 2 -4 6 8 10 12
Output Employment
0 T v T T T O T T T
o5l W (o .
o
S L L I L L 04 A 1 ' L 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Nominal Rate Real Rate
10 T T T T T 0 T T T T T
0 \S_WWW 0.5 NM
~10 L i 1 L i Il 0L i 1 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Money Growth a




More on policy

e Optimal policy
— Unigeness

— Realistic rules

* Information requirements
— Unobservables like flexible price output or interest rate

e Simple policy rules
— Taylor rules

* More on this later

More on Phillips curves

* Expectations
* Price setting
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Inattentive agents, Mankiw and Reis

Sticky information

firms gather information and recompute optimal
prices slowly over time

a fraction of the firms obtains new information
about the state of the economy and computes a
new path of optimal prices

other firms continue to set prices based on old
plans and outdated information

each firm has the same probability of being one
of the firms updating their pricing plans,
regardless of how long it has been since its last
update

Sticky information model

p: =P+ l(yt - ytn) optimal price
th = Et—j { pt*} price based on old plans
P, = 7/2?_0 (1_ }/)thj aggregated

p=7Y, A=7E  {p+A(y. — ¥}

o

%}(yt _ytn)+7z‘?=o(l—]/)jEtilfj {ﬂ't -i-ﬂ,A(yt _ytn)}
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Interpretation

* Inflation depends on output, expectations of
inflation, and expectations of output growth

e past expectations of current economic
conditions

* large differences in the dynamic pattern of
prices and output in response to monetary

policy

Theoretical properties

* a policy of permanently falling inflation will
keep output permanently high in NKPC

e the sticky-information model satisfies the
strict version of the natural rate hypothesis




Dynamic responses

e More realistic dynamic responses in sticky
information models compared to NKPC

e Hybrid Phillips curve
e Other properties of model
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Hybrid curve, Gali and Gertler 1999

m,o=0x; + (1 = P)E M| + Pm

* The addition of the lag term is designed to capture the
inflation persistence that is unexplained in the baseline
model

* adaptive expectations on the part of a subset of price
setters

* Inthis instance the estimated model is consistent with the
old Phillips curve: expected future inflation does not enter
significantly in the inflation equation; lagged inflation
enters with a coefficient near unity, as in the traditional
framework

Hybrid curve

e from the fraction firms that are able to reset
their price only a fraction will do so

 afraction instead use a rule-of-thumb that
makes them set the price equal to the average
of recently (last period) adjusted prices plus
an adjustment for expected inflation, based
on lagged inflation
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m, =A(me,—me)+y, E {7} + 77+ &

A=(1-o)1-6)1-po)¢™
¥ = BOp™
Vo = @G

¢= 9+w[1—9(1—ﬁ)]

Estimation problems

* Unobservables
— marginal cost gap
— output gap
— expected inflation
e Parameters to be expected (structural)
— identification
— model uncertainty
— simultaneity
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Estimating the gap
e Real marginal cost aC(Y,w)
oY
° Output gap w = vector of input prices
— Potential output
— HP filter
— Output at flexible prices
Y, = 4,K&N& Cobb-Douglas production function
MC, = (W,/P)/2Y,/ON,) marginal cost
M _anY,
oN, N,
MC, = i
S, = W,N,/P,Y,
mep = 5, deviation from steady state
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Cost function

oC(Y,w)
oY

oC(Y,w) _X(Y.W)

=C'(Y,w)

e Cobb-Douglas simplistic
e Marginal cost independent of output
e Cost shares constant (in steady state)

Translog example

logc=a,+»_a logw, +%ZZa". logw, logw;, + b, logw, log y +0.5g log y log y
i i j i

s =a+ Z aijo + bi |og y demand for inputs as shares
i

c

marginal cost

mc:{Zbi logw, + g log y}

simultaneous estimation of input demand and Phillips curve
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Another Phillips curve

Sticky prices in some firms
Adjustment costs

Threshold for price adjustment
Many firms

Small and large shocks

Shocks

Relative shocks -> relative price changes
Small shock -> no price change

Large shock -> price change

Mean of relative price changes =0
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Distribution of shocks/relative prices

Figure 1. A symmetric distribution of relative shocks

Range of inaction

Figure 2. A positively skewed distribution of relative shocks

Range of inaction

Figure 3. A negatively skewed distribution of relative shocks

Range of inaction
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Figure 4. Relationship between variance and skewness in the distribution of
relative shocks
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TaBLe 3. REGRESSIONS WITH MODEL RESIDUALS — £, — A5 DEPENDENT VARIABLE

Model

VAR Bayesian VAR M. I. Economic Research

Wariable Coefficient (p}
Quarterly 1980-2003 Quarterly 1981-2003  Monthly 1998-2004
Constant —-0.005012 (0.000)  -0.403792 (0.000) 0.2659104 (0.001)
E,, —0.010574 {0.908) 0.096325 (0.292) 0.130121 (0.281)
ol 2.812243 (0.000) 1597 8204 (0.000) 70.25972 (0.062)
ol -1.260631(0.008)  -B0.26362 (0.017) -16.73187 (0.188)
ol 5.153802 (0.000) 331.5355 (0.000) —100.0026 (0.002)
oot —1205.869 (0.003) —74240.61 (0.007) —7991.953 (0.474)
R? 0.372 0.357 0,292

Mote: Quarterdy changes have been used for the VAR models, 12-menth changes for the forecasts from the
Mational Institute.

Yet another curve — Akerlof, Dickens and Perry

Figure 1. A Hypothetical Long-Run Phillips Curve

Inflation (percent per year)

" L I L
4 5 6
Unemployment (percent)

Source: Authors’ calculations from ealibration of the theoretical model,
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Theory

Near-rational expectations (psychological)
Firms set efficiency wages and prices
Some firms near-rational, others rational
=> real wages lower at low inflation

=> long run relationship between inflation and
unemployment

Sweden estimates

Figur 2 Phillipskurvan: Svenska data 19632000.
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Figure 7. Long-Run Inflation-1 ploy Relation E

Change in CPI (percent per year)
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Inflation measure

e GDP implicit price deflator = CPI in basic

model

e (CPI) in practice, narrower measure

e Other prices: wages, import prices, producer

prices, etc.
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Monetary policy in the basic model

Literature: Clarida, Gali and Gertler (1999) basic
Distortions

— Monopolistic competition

— Sticky prices

Monopolistic competition

— Equilibrium with too low employment and output
— Efficient equilibrium through subsidy

Sticky prices

— Inefficient
¢ Too low or too high output due to different markups

¢ Relative prices/relative consumption change => inefficient
resource allocation

Competitive economy, highest possible welfare

C.(i)=C,
N, (i) =N,
Un,t
U

=(1-a)AN” (1—a)AN;* = MPN,

c,t

11/12/2012
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Monopolistic competition and flexible prices

= < |\/||:)Nt Inefficiency 1

Creating efficiency

1-7)W
R=M ﬁ subsidy of labor
t

Choose 7 suchthat M (1-7) =1

S
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M

Inefficiency 2

R PM@-7z) __ RM

"7 @-0)W,/MPN,) ~ (I-1)W,/ MPN,) ~ (W,/MPN,)

average markup

U
I B VICINRLLR VIS
U, P M

c,t t

Inefficiency 3

* relative prices change due to some sticky

prices

* relative prices change => relative consumption

changes

e => inefficient resource allocation
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20



Aim of monetary policy

max utility of representative consumer

can be achieved by stabilising price level
MRS=MRT

not to stabilise output

low inflation =0 no object in itself

Optimal policy

7, = PE, {”t+1} +x(Y, —Yi)

Yo~ ytn =k {yt+1 - ytn+1} _é(it -E {ﬂ-t+1} - rtn)

L' =p+oE Ay} = p+oyE {Aa, ]

11/12/2012
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Other possibilities

it = rtn +¢7r7z-t +¢y(yt - ytn)

it - rtn + ¢7zEt {7Z-t+l} +¢y Et {yt+1 - ytn+l}

Conditions on parameters for uniqueness

K(¢ﬂ —1) —+ (1_ ﬁ)¢y > O aggressive policy

22



Problems with optimal rules

natural rate of interest unobservable

natural rate of output also unobservable, but
the weight on output can be set to zero

model known and true
shocks calculated
=> study simple rules

Simulation

I, =p+¢ﬁ7z'+¢y(yt_y)

Taylor Rule
i - 1 i 5 1.5
@, 0.125 0 0 !
(o, pr)
o (V) 0.55 0.28 0.04 1.40
a(m) 2.60 133 021 6.55

welfare loss 0.30 0.08 0.002 1.92

11/12/2012
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Monetary policy tradeoffs

e Central banks: we care about output, not only
inflation

e Tradeoff: strict inflation targeting => too much
volatility in real variables

* Flexible inflation targeting, Lars E O Svensson

Loss function, representative consumer

1 0 (0+0(
L :EEOthoﬂt Km -

11/12/2012
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Loss function

* incresingin ¢,0

* jsincreasingin *¢o°

A. The case of an efficient steady state:
short run deviations

e

X =Y.~ Y welfare relevant output gap
© ot 2 2 welfare loss of representative consumer
B, {Zizoﬂ (ﬂt T )}
e n
Yi =Y

deviation between efficient and natural
levels of output = short run deviations

11/12/2012
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yt — ytn = Xt + (yte — ytn) definition
ﬂ't — ﬂEt {ﬂ-t-kl} + KX’[ + ut new-new Phillips curve
— e n
Uy = K( Yo =W )
U, =pu._; + 8tu assumption
L € dynamic IS
X :Et{xt+l}_;(lt_Et {”t+1}_rt ) Y

ﬁe::ﬁ’+<7Et{Ay§4}

11/12/2012
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Tradeoff

Short-run tradeoff
Forward-looking NKPC (constraint)
Discretion vs. committment

Committment might improve tradeoff due to
effects on expectations

Optimal discretionary policy

choose (Xt , 7Z't)

2 2
minimize 7Z't + CZXX,[ s.t. T, = K'Xt +Vt
K
FOC X =——m,
(94

11/12/2012
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Optimal policy yields

1
s +0(X(1—,8,0y)

T, =a ut inflation

1
2 1— ut output gap
k" +a,(1-fp))

X =—K

Simple interest rate rule?

it = rte + l//ut equilibrium interest rate
not unique, no good rule

it = I’te + ¢ﬂ72't unique ¢,[ >1

28



Optimal policy under commitment

choose sequence (Xt ' 7T );D:O
1 %
t 2 2
to minimize E EO thoﬁ (ﬂ-t Ta,X )
bject t =
subject to 7z't _ﬁEt{ﬂt+l}+KXI +Ut
K
Xo ==
a,
FOC
. K
X=X,
a,
K A A
Xt = _a_ pt pt = pt - pt_l implicit price level target

11/12/2012
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ﬁt = aﬁt—l + a:BEt { ﬁt+1} + au,

price level

dynamics
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Discretion vs commitment

* Improved tradeoff in 0, commit to lower
future output gaps => current inflation lower

for any given output gap
* Worsened in future, but not offset
e Allover improved tradeoff with commitment

B. The case of an inefficient steady state

U
——2=MPN(1-®) wedge

UC

D= 1—i >0

M
0 1 A A i
t| (.2 2\ accounting for
EO Zt:oﬁ |:2 (ﬂ-t T o ) AXT:| inefficiency
A o
A=0—>0 X =X—-X x=welfare relevant output gap

€ in the zero inflation steady state

11/12/2012
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T, = ﬂEt {7Z't+1} + K‘)’zt + LIt new-new-new PC

Optimal discretionary

choose (Xt y ﬂ'-t)
| L o ooy
to min E(ﬂtz +0!XXt2)—AXt
subject to T = K')’Zt +V, V. = ﬂEt {”Hl} +U
FOC X, =A—£”1
aX aX

32



Dynamics

Ax
T, =—
k“+a,(1-/5)

+a, Yy,

inflation bias, average inflation
increases

AC-B)
K2+ax(l—,8) !

it:

Optimal policy under commitment

ﬁt = aﬁt_l + aﬂEt { f)t+1} + axm + aut price level

dynamics

A A OKA
pt = 5 pt_l R — ut +— steady state
1=, * 1-op
limp, =p,+ OKA
=PaT T oo o no inflation bias
o 1 (1-9p)1-9) asymptztically

11/12/2012
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Conclusions

 Efficient steady state or not matters if
discretionary policy

e Results depend on
— Linear approximations around SS
— Functional forms

— Inflation bias with optimal policy (max repr
consumers welfare)

More policy problems

e Simple new Keynesian model can be extended
— Sticky wages
— Sticky import prices
— Sticky producer prices
— Other respects

e Implications for

— Choice of target variables
— Model structure and dynamics

34



Both wages and prices are sticky

Calvo type for wages

Both wages and prices sticky, but degree of
stickyness can differ

Firms
) 1 _1,gi . 'fww-1 definition of index of labor
N (@) =| [ NG, 0) “di
(WD)
N (I, j) :[ L ] N (I) labor demand
t Wt t

11/12/2012
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1

Wt — [I:Wt (l, j)l—gw dJ jll_gw aggregate wage index

Maximization problem

max Zf:o ‘9; E, {Qt,t+k ( Pt*Yt+k\t Vi (Yt+k\t ))}

subject to

P )"
Yt+k\t = (P_tJ Ct+k demand

t+k

11/12/2012
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NKPC

m’ = PE, {ﬁtr-)rl} - ﬂ“platp

/[‘tp = :utp — P = —(mc, —mc)

L _0-6)0-56) 1-a

P 9, l-a+as,
Households
B {20, AU (C.D N ()

11/12/2012
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Optimal wage setting

Wt* = luW + (1_ﬁ9W)Z:3:0(ﬂ0W )k Et {mrSHkt + pt+k}

Specific functions as before
. = PE, {ﬂ-tvq\il} - ﬁw/}tw

A = (1_9W)(1_ﬂew)
v 6,(1+¢&,0)

¢ =E {Ct+1} _é(it -E {”til} —,0)

11/12/2012
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Equilibrium
Zﬁt =w; — ZD'tn wage gap
o, =W, — pt real wage
7Z'tp = ﬂEt {ﬂtil} + K'p yt + /’tpzﬁt price inflation
w w ~ ~
T, = ﬂEt {ﬂnl} + Ky yt - /’i'wwt wage inflation

Equilibrium 2

~ _ ~ wo_p n
o, =0, +r, —7, —Aw®,

Yt = __(it o Et {ﬁtil} o rtn)+ Et {ym}

o)

I, = p+¢p7rtp + @, 7, +@, ¥, +V,

11/12/2012
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Monetary policy with unique efficient
equilibrium?

* Determinacy region:

Determinacy

0.5
Indeterminacy

11/12/2012
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Simulation

6,=2/30ch g,=3/4
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Dynamics

* Flexible wages and prices not so realistic
* Both wages and prices should be sticky

Optimal price & wage setting

ﬂ__Un,t M
R U, "
_ (1_T)Wt
‘ " MPN

11/12/2012
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Efficient steady state
e Subsidy is

1
M M

p w

r=1-

Loss function

1 o pral., ¢ 2, &d=0) v
R [(“m) o, e

w
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g,(l-o

a)
b)

c)

) shows that the welfare costs increase with

W

the elasticity of substitution between different labor types, ¢,

the elasticity of output with respect to labor input, 1 — &, and

the degree of wage stickiness, @, , which is inversely related to A, .

a) and b) amplify the negative effect on aggregate productivity of any given dispersion of wages
across labor types while c) increases the degree of wage dispersion for any given rate of wage

inflation.

maxLwrt

P _ (..p -5 ~
7l = BE Al |+ x,5,+ 2,3,
and

o~ -

wo__ fow 1, . = ~
’Tr - ﬂEr IJTHII Kw]'r wm

-

and

= = WP n
o, =w,,+7n, — T, —A®,
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Optimal policy

Flexible wages => stabilize price level
Flexible prices => stabilize wage level

Wages & prices sticky => efficiency no longer

possible => policy tradeoff

Structural parameters in weights for wage and

price inflation determine optimal policy

20 — j
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Wage Inflation

— sticky wages and prices

sticky prices
- = - sticky wages
L - | -

4 6 ] 10 12

Price Inflation

Real Wage

|
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Problem

Too complicated

Structural parameters difficult to identify

Output gap unobservable

Model unknown

Special case
k,=k,and ¢,=¢, (1-a)=¢=
A
Al +Am) =="LA(y, - y7)
&

7, =(1-v)xf +vx

v= l

A+ 4,
ﬂ:(l—gp)(l—ﬁep) -«
b 6, 1-a+aeg,

5 _(1-6,0-56,)
" 6,(1+6,p)
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Optimal policy as before

Stabilize the composite price level with the
derived weights

=> output is stabilized as before

But: Wage inflation should be included in the
target variable

Simulations with simple rules

v"  strict price inflation targeting
v"  strict wage inflation targeting

v"  strict composite inflation targeting

11/12/2012
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Strict Rules

Flexible Rule§

e Strict price inflation targeting suboptimal

Optimal
Policy Price Wage Composite Price Wage Composite
O,=% by=1
a(x”) 0.64 0 0.82 0.66 1.50 1.08 1.12
oc(x®) 022 098 0 0.19 1.05  0.30 0.42
o(y) 004 238 0352 0 075 116 0.01
L 0.023 0.184 0.034 0.023 0.221 0.081 0.089
l'!.[, = ; Gy = -ll
oc(x?) 029 O 0.82 0.21 140 145 1.30
e(m™) 124 291 0 1.63 1.49 098 125
o(y) 0.19 061 052 0 0.29 0.68 032
L 0.010 0038 0034 0012 0097 0.104 0083
H'., — l& Oy = }
a(x?) 164 0 1.91 1.75 258 210 210
o(@") 011 098 0 0.06 147 007 0.10
afyy =017 238 ' 027 0 0.87 0.60 0.58
L 0,016 0.184 0.021 0.017 0271 0030 0.031

Wage inflation important

e Strict better than flexible

11/12/2012
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Further extensions

* Open economy
— Prices on tradables

— Price discrimination or not, pricing to market or
law of one price

— Local currency or producer currency pricing
— Small/large economy
— Policy target variable
— Phillips curve, Dynamic IS Curve, Policy rule
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