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Learning models
fTwo examples: T

# R. Edge, T. Laubach and J. Williams (2004) “Learning
and Shifts in Long—Run Productivity Growth” (ELW)

# T. Sargent, N. Williams and T. Zha (2005) “Shocks to
Government Beliefs: The Rise and Fall of American
Inflation” (SWZ2)
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Learning

fLearning may be done by
# private agents (ELW)
# government (SWZ2)
Learning may be about

# hidden state (ELW)

# parameters value (SWZ2)
Learning may be done via

# recursive least squares

# Kalman filtering (ELW and SW2)
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Solving learning models

- .

# |n each period, agents solve a new decision problem.

# The model that they use to solve this problem isn’t the
true law of motion of the economy.

o -

LEARNING MODELS —p. 4/



ELW model
L o

# Two sector neoclassical growth model

# Endogenous labor supply

# Permanent shocks to growth rate of productivity

# Authors use a projection method to solve the model
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Production technology
B o

- l—ara 11—«
Cr = At K c,th,t
. l—a 7-a 11—«
I, = (ZA) YL
with C, production of consumption goods, I;, production of investment goods, A,

aggregate technology process common to both sectors, Z; technology process specific to

the investment good sector. K ;, stock of capital in sector j, at the end of period ¢, L; ¢,
labor employed in sector j.
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Accumulation

- .

K, = (1—8)Ki1+1
Ki1 = Koo+ Kig

Capital is freely mobile between the two sectors, after
learning the productivity shocks at the beginning of the
period.
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Households

@)
max & ZﬁtUt
t=0
(ln%—l—@n(l—é—tt) fory =1
Ut = < ¢ 1— _
k 1; % (1 — fl—tt) ] otherwise

where H; Is the household’s size.

Ly = Lit+ Ley
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First order conditions

Ly
B Lc,t
L.\ ¢A=r) .
o)
Hy
Cer1\ L1 \ ¢4 Ci41 —(1—a)
= 5&( ) (1— ) ( +(1-90)Z, 4 )
Hiy1 Hita Ke,t+1
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Growth processes

In A;
InGay
In Z;
InGzy
Hy

InA; 1 +InGay+eay
InGai—1+vay
InZi1+InGzt +ezy
InGgzi1+vz:
GrHi—
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Stationary variables

Ly
= 4
T HAZY
_— [y
" HiAZy
o=

Hi A Zy
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Stationarized model

- .

kiv i
kc,t N Ec,t
c; ' (1— £t>§(1—7) = P& (Ct-|—1GA,t-|—1€€A’t+1 (GZ,H—leeZ’Hl)Oé)_7
(1= £py)* ) <a e 5) (R I
kc,t—l—l
oy = (1—a)(1—£)
ki_
ke = (1-96) = + iy

GrGaef4tGy ef2:t

= ket + ki
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Learning model

=

Ui
Ec,t

~ ~ o —y
Bgt (Ct+1GA,t+1€€A’t+1 (GZ,TH_leeth‘i‘l) )
~ —(1—«)
(1 — b)) (Oé AR 5) (GZ,tHeeZ’t“)

kc,t+1
(1 — CE) (1 — ﬁt)

kSl
ke
k
(1_5) =1 + 2t
GHGA te €A tGZ te Zt
kc,t ‘l‘ki,t
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Learning process

-

Constant gain learning:

N N X N
In GX)t = In GX)t_l + A (ln ( ! ) — In GX)t_l)
X¢-1

where

In the paper A = 0.115.
And,

InGxi1=InGxy+vxit1
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SWZ model
B

he governement objective is

onn E i o {(Wt — ) A (ur — “**)}
Tifizo o

and the dynamics of the economy is

up —u* = Og(m — Ey_qme) + 601 (m—1 — Er_omp—1) + 71 (up—1 — 0

T = Tg—1 T 02W2y

¢, Inflation rate, 7*, inflation target.
uy, Unemployment rate, «*, natural rate of unemployment,
w**, unemployment rate target.
x+_1, policy instrument.
Lwl,t and ws; are unit—variance, uncorrelated, white noises. J
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A misspecified Phillips curve

- .

he government believes that unemployment is driven by
Ut = QOT¢ + Q1T—1 + QU1 + Q3T—2 + Q4Ur—2 + Q5 + oWy

The government is going to revise his estimates of the «
coefficients, but will never learn the true model.
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Government decision problem

-

In this later case, the Lagrangian is

=

L= BY 6 (m— ) 4 A (g — u™)
t=1

+ L1t (w4—1 + ooway — M) + Loy (o + a1me—1 + agup—1 + ¢
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The first order conditions together with the constraints

Dynamic model

define the dynamics of the system as seen by the

gOvernment

oL . 2

o 2(m — ) + aplir + @10 Lory1 + a30 2442
= 0

oL N 2

a—ut = 2 (ut — U ) — 2t + 0425L2t—|—1 — 0445 L2t+2 — th
= 0

oL

o Lit4a
= 0

o

Tt

QO + Q1T¢—1 + QU1 + Q3T¢—9 + Q4Ut—9 + Q5 + OWy
Tt—1 + O2W2
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Learning process

-

It is believed that the Phillips curve coefficients follow a
random walk

=

Uy = ()ég(I)t—Fth
ar = a1+ N

This, in turn, implies the following Kalman filter updating
equations

P11 (ut - (I);f@t\t—l)

AN

54t+1]t = Qq-1 T o2 + q)éptyt—lq)t
Pt‘t_lq)tq)épt‘t 1
P = Dy v
L1t =171 Dy Fyjp— 1P "

vaith ajjp = ap and Py = P givenand V = & (AA}). J
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