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d
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b
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b
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o
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s
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g
a
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n
o
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a
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d
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reta
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fo
r
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n
a
l
u
se
o
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u
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d
u
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a
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s

•
R
ecen

t
research

o
n
m
o
n
eta
ry
p
o
licy
m
a
k
in
g
h
a
s
fo
cu
sed

o
n
m
o
d
-

els
w
ith
m
icro

-fou
n
d
a
tio
n
s

•
F
o
cu
s
is
m
o
stly

o
n
m
o
d
els
w
ith
th
e
in
terest

ra
te
as
in
stru

m
en
t

•
H
av
e
b
u
ilt
a
b
rid
g
e
b
etw
een

aca
d
em
ics
a
n
d
p
ractitio

n
ers

—
U
ses
m
o
d
els
th
at
a
cad
em
ics
can

“
a
ccep

t”

—
A
re
em
p
irica

lly
orien

ted
,
a
n
d
ca
st
in
w
ay
s
th
a
t
rea
l-life

cen
-

tral
b
a
n
k
s
ap
p
recia

te

•
R
esea

rch
h
a
s
h
ad
en
orm

ou
s
in
fl
u
en
ce
in
recen

t
fo
cu
s
(o
r
retu

rn
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o
n
th
e
im
p
o
rta
n
ce
o
f
m
o
n
eta
ry
p
o
licy
m
ak
in
g
fo
r
b
u
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ess
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•
N
ew
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a
re
d
iscovered

/d
ev
elo
p
ed
;
o
ld
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lts
re-em

erg
e
in

n
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g
s

—
I.e.,

a
h
ealth

y
m
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p
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gress

a
n
d
co
n
fi
rm
a
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(=
scien
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T
h
e
M
o
d
ern

“
N
ew
K
ey
n
esian

”
m
o
d
el

o
f
m
on
eta
ry
p
olicy

an
a
ly
sis

•
P
resen

ta
tion

of
sim
p
lest,

a
n
d
w
id
ely

a
p
p
lied
,
varia

n
t
o
f
m
icro-

fo
u
n
d
ed
,
sm
all-sca

le
m
a
cro

m
o
d
el

•
S
o
m
e
ca
ll
m
o
d
els
o
f
th
is
ty
p
e
fo
r
“N
ew
N
eo
classica

l
S
y
n
th
esis”

—
“
N
eo
classica

l”
d
u
e
to
th
e
relia

n
ce
o
n
p
rivate

secto
r
op
tim
iza-

tio
n

—
“
N
ew
”
refl
ectin

g
th
e
u
n
d
erly

in
g
assu

m
p
tion

s
o
f
n
o
in
sta
n
ta-

n
eou
s
m
a
rket

clearin
g

•
C
la
rid
a
et
a
l.
(1
9
99
)
d
en
ote

th
e
m
o
d
els
“
N
ew
K
ey
n
esian

”

—
“
K
ey
n
esia

n
”
a
s
th
e
frictio

n
p
rov
id
in
g
a
role

for
m
o
n
eta
ry

p
o
licy

is
n
om
in
al
rigid

ities

—
“
N
ew
”
as
th
e
m
o
d
els
o
p
p
osed

to
“O
ld
”
K
ey
n
esia

n
m
o
d
els
a
re

d
eriv
ed
from

fi
rst
p
rin
cip
les

•
H
en
ce,
th
e
L
u
ca
s
critiq

u
e
sh
o
u
ld
n
ot
a
p
p
ly

•
T
h
is
versio

n
o
f
m
o
d
el
is
a
IS
/
A
S
va
rian

t
of
g
rea
t
sim
p
licity

—
D
esp
ite
sim
p
licity,

its
“y
ield
”
in
term

s
o
f
u
n
d
erstan

d
in
g
m
o
n
-

eta
ry
p
olicy

p
ro
b
lem
s
is
fa
r
b
eyo
n
d
th
e
su
m
o
f
its
(tw
o
)
p
a
rts!

3

T
h
e
d
e
m
a
n
d
sid
e

•
T
h
e
K
ey
n
es-R

a
m
sey

ru
le
in
lo
g-d
ev
ia
tio
n
s
fro
m
stea

d
y
sta
te:

c
t
=
E
t c
t+
1 −

ϕ
(it −

E
t π

t+
1 )
,

ϕ
>
0

•
M
ark
et
clea

rin
g
:

Y
t
=
C
t +

G
t

w
ith

G
t
b
ein
g
ex
o
gen
ou
s
g
ov
ern
m
en
t
sp
en
d
in
g
.
R
ew
rite:

1
=

C
t

Y
t
+
G

t

Y
t

•
In
log
s:

c
t
=

y
t −

e
t

e
t ≡

−
ln µ

1−
G

t

Y
t ¶

•
R
ew
ritten

,
log
-lin
ea
rized

,
K
ey
n
es-R

a
m
sey

ru
le
in
term

s
o
f
o
u
t-

p
u
t:

y
t
=
E
t y

t+
1 −

ϕ
(it −

E
t π

t+
1 )
+
e
t −

E
t e
t+
1 ,

ϕ
>
0

•
D
efi
n
e
output

gap
a
s

x
t ≡

y
t −

z
t

w
h
ere

z
t
is
sto
ch
a
stic,

“
h
y
p
o
th
etical,”

fl
ex
-p
rice

o
u
tp
u
t;

th
e
naturalrate

of
output

•
N
o
te
th
a
t
z
t
can

b
e
in
terp

reted
a
s
a
tech

n
olo
gy
sh
o
ck
(d
eter-

m
in
in
g
o
u
tp
u
t
in
a
R
eal
B
u
sin
ess
C
y
cle
m
o
d
el)
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•
T
h
e
“IS

cu
rve”

th
en
p
rov
id
es
a
d
y
n
am
ic
rela

tio
n
fo
r
th
e
o
u
tp
u
t

g
ap
:x
t
=
E
t x

t+
1 −

ϕ
(it −

E
t π

t+
1 )
+
e
t −

E
t e
t+
1 −

z
t
+
E
t z

t+
1

o
r,

x
t
=
E
t x

t+
1 −

ϕ
(it −

E
t π

t+
1 )
+
g
t

(2
.1
)

g
t
=

∆
E
t z
t+
1 −

∆
E
t e

t+
1

g
t
=

µ
g
t−
1
+bg

t ,
0
<
µ
<
1

•
N
o
te:

A
lth
o
u
g
h
co
n
sid
ered

a
d
em
a
n
d
-sid
e
rela

tion
sh
ip
,
it
co
n
-

ta
in
s
su
p
p
ly
sid
e
elem

en
ts
th
ro
u
g
h
z
t

•
I.e.,

g
t
is
n
o
t
a
p
u
r
e
d
e
m
a
n
d
sh
o
c
k

—
g
t
<
0
cou
ld
b
e
cu
rren

t
b
elow

-av
era
ge
g
overn

m
en
t
ex
p
en
d
i-

tu
res
d
riv
in
g
o
u
tp
u
t
a
b
ov
e
n
a
tu
ra
l

—
g
t
<
0
co
u
ld
b
e
cu
rren

t
a
b
ov
e-av

erag
e
tech

n
o
lo
g
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ca
u
sin
g

o
u
tp
u
t
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b
e
a
b
ov
e
th
e
n
atu
ra
l
ra
te
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T
h
e
su
p
p
ly
sid
e

•
M
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in
g
o
o
d
s
m
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rk
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•
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lv
o
-sty

le
sta
g
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ered

p
rice

settin
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(in

sty
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of
C
h
a
p
ter

5
.3
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a
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•
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o
set-u
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—
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p
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n
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d
ep
en
d
en
t
p
ro
b
ab
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b
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”
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<
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<
1

—
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h
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b
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n
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d
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e
fra
ction

o
f
fi
rm
s
n
o
t
ad
ju
stin

g
p
rices

in
a
p
erio

d

∗
1−

θ
is
th
e
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p
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p
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c
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u
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b
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m
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•
L
o
g-lin

earized
,
a
gg
reg
ate

op
tim
al
p
rice

settin
g
is
ch
a
racterized

b
y

π
t
=

β
E
t π

t+
1
+
λ
x
t
+
u
t ,

λ
>
0,

0
<
β
<
1,

(2
.2
)

u
t
=

ρu
t−
1
+bu

t ,
0
<
ρ
<
1

—
A
gg
reg
a
te
p
rices

to
d
ay,
d
ep
en
d
o
n
p
rices

y
esterd

ay
(a
s
p
rices

a
re
stick

y
)

—
A
gg
reg
a
te
p
rices

to
d
ay,

d
ep
en
d
o
n
a
gg
reg
a
te
p
rices

fo
r
to-

m
o
rrow

—
A
gg
reg
a
te
p
rices

to
d
ay
a
re
a
m
ark
-u
p
ov
er
rea
l
m
argin

a
l

co
sts;

h
ere

p
ro
p
o
rtion

a
l
to
th
e
o
u
tp
u
t
g
ap

—
λ
is
an
(in
v
erse)

m
ea
su
re
o
f
n
o
m
in
a
l
rigid

ity
in
th
e
eco
n
o
m
y
:

H
ig
h
θ
m
ea
n
s
low

λ
.

∗
(In

th
e
lim
it:

θ→
0,
λ→

∞
a
n
d
x
t
=
0;
i.e.,

y
t
=
z
t )

—
S
h
o
ck

u
t
ca
p
tu
res
varia

tio
n
s
in
p
rices

n
o
t
ca
p
tu
red

b
y
o
u
tp
u
t

g
a
p
(e.g

.,
fl
u
ctu
a
tio
n
s
in
fi
rm
s’
m
a
rk
u
p
)

•
N
o
te
th
a
t
(2
.2
)
is
a
n
ex
p
ecta

tion
s-au

g
m
en
ted

P
h
illip

s
cu
rv
e

•
S
im
p
le
m
on
eta
ry
tra
n
sm
ission

m
ech
an
ism

as
in
earlier

m
o
d
els

u
n
d
er
in
terest

rate
o
p
era
tin
g
p
ro
ced
u
res:

—
T
h
e
sh
o
rt
n
o
m
in
a
l
in
terest

rate
aff
ects

th
e
real

in
terest

ra
te

a
n
d
a
g
greg

a
te
d
em
a
n
d
a
n
d
th
u
s
th
e
o
u
tp
u
t
g
a
p

—
In
fl
a
tio
n
is
th
en
aff
ected

b
y
th
e
o
u
tp
u
t
g
a
p

7

•
N
o
te:

b
o
th
th
e
IS
cu
rve

a
n
d
th
e
P
h
illip

s
cu
rve

a
re
fo
r
w
a
r
d

lo
o
k
in
g
:
C
u
rren

t
va
lu
es
o
f
x
t
an
d
π
t
d
ep
en
d
o
n
th
eir
ex
p
ected

fu
tu
re
va
lu
es,
a
n
d
th
u
s
e
x
p
e
c
te
d
fu
tu
r
e
m
o
n
e
ta
r
y
p
o
lic
y

•
In
d
eed
,
fo
rw
a
rd
in
g
th
e
IS
cu
rv
e
su
ccessiv

ely
y
ield
s

x
t
=
E
t

∞Xi=
0 {−

ϕ
(it+

i −
π
t+
1
+
i )
+
g
t+

i }
(2
.5
)

I.e.,
cu
rren

t
ou
tp
u
t
g
ap
is
d
eterm

in
ed
b
y
su
m
of
cu
rren

t
a
n
d

ex
p
ected

fu
tu
re
n
o
m
in
a
l
in
terest

ra
tes

•
U
n
d
er
th
e
ex
p
ecta

tio
n
s
th
eo
ry
o
f
th
e
term

stru
ctu
re:

C
u
rren

t

o
u
tp
u
t
ga
p
d
ep
en
d
s
on
th
e
lo
n
g
r
e
a
l
in
te
r
e
st
r
a
te

•
O
b
v
io
u
sly,

cred
ib
ility

o
f
a
n
n
o
u
n
cem

en
ts
a
b
o
u
t
fu
tu
re
p
o
licies

w
ill

b
e
im
p
orta

n
t
fo
r
m
a
cro
eco
n
o
m
ic
p
erfo

rm
a
n
ce

•
...m

u
ch
m
o
re
in
trica

te,
h
ow
ev
er,
th
an
in
stan

d
a
rd
B
a
rro
-G
o
rd
on

set
u
p
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S
ta
b
ility

p
ro
p
erties

•
S
ta
b
ility

p
rop
erties

o
f
sy
stem

follow
in
g
a
sh
o
ck
?

•
N
o
te
th
a
t
th
ere
a
re
n
o
p
red
eterm

in
ed
sta
te
va
ria
b
les
in
th
e
m
o
d
el

•
B
oth

x
t
a
n
d
π
t
a
re
en
d
o
g
en
o
u
s

•
W
e
th
erefo

re
n
eed

th
a
t
th
e
sy
stem

o
f
ex
p
ecta

tion
a
l
d
iff
eren

ce

eq
u
atio

n
s

x
t
=
E
t x

t+
1
+
ϕ
E
t π

t+
1

(*
)

π
t
=

β
E
t π

t+
1
+
λ
x
t

(*
*
)

p
rov
id
es
u
n
iq
u
e
,
n
o
n
-e
x
p
lo
siv
e
,
so
lu
tio
n
s
for

x
t
a
n
d
π
t

•
T
o
a
n
a
ly
ze
stab

ility
p
ro
p
erties,

o
n
e
u
su
a
lly
fo
rm
u
lates

th
e
sy
stem

in
m
atrix

fo
rm
:

∙
E
t x

t+
1

E
t π

t+
1 ¸
=
A ∙

x
t

π
t ¸

w
h
ere
A
is
a
2×
2
m
a
trix
.
U
n
iq
u
en
ess
o
f
n
on
-ex
p
lo
siv
e
so
lu
tio
n
s

req
u
ires

th
a
t
th
e
rea
l
p
a
rts

of
th
e
eig
en
va
lu
es
o
f
A
a
re
b
o
th

n
u
m
erica

lly
g
r
e
a
te
r
th
a
n
o
n
e
a
s
sy
stem

con
ta
in
s
tw
o
“
ju
m
p

varia
b
les”

x
t ,
an
d
π
t ;
i.e.,

tw
o
“
u
n
sta
b
le
”
e
ig
e
n
v
a
lu
e
s

(cf.
B
lan
ch
a
rd
a
n
d
K
ah
n
,
1
9
80
,E
conom

etrica
)

•
In
tu
itio
n
:
W
ith

tw
o
u
n
stab

le
eig
en
va
lu
es,

any
d
ev
iatio

n
fro
m

fu
n
d
am
en
ta
ls-b
a
sed

so
lu
tion

lea
d
to
ex
p
losive

p
a
th
s

9

•
R
em
ark

d
iff
eren

ce
from

a
n
a
ly
sis
in
a
m
o
d
el
w
ith

tw
o
p
red
eter-

m
in
ed
va
ria
b
les

—
S
tab
ility

req
u
ires

tw
o
stab

le
eig
en
va
lu
es

•
H
a
d
sy
stem

h
ad
o
n
e
p
red
eterm

in
ed
varia

b
le
a
n
d
o
n
e
ju
m
p
vari-

a
b
le,
u
n
iq
u
en
ess
of
a
n
o
n
-ex
p
lo
siv
e
ratio

n
a
l
ex
p
ectatio

n
s
eq
u
ilib
-

riu
m
w
ou
ld
req
u
ire
o
n
e
sta
b
le
a
n
d
o
n
e
u
n
stab

le
eigen

valu
e

—
A
n
a
log
y
w
ith
R
am
sey

g
row
th
m
o
d
el
fo
rm
u
lated

in
con
su
m
p
-

tio
n
(th
e
ju
m
p
va
ria
b
le)
a
n
d
cap
ital

(th
e
p
red
eterm

in
ed
vari-

a
b
le):

U
n
iq
u
e
eq
u
ilib
riu
m
w
h
en
sy
stem

h
as
a
sta
b
le
a
n
d
u
n
-

sta
b
le
eig
en
va
lu
e
(in

con
tin
u
o
u
s
tim
e:
on
e
b
elow

zero
a
n
d

o
n
e
ab
ove

zero)

•
F
in
d
A
.
F
ro
m
(**
)
an
d
(*
)
w
e
g
et

E
t x

t+
1
=
x
t −

ϕ
β
−
1
[π

t −
λ
x
t ]

E
t x

t+
1
= ¡1

+
ϕ
β
−
1 ¢
x
t −

ϕ
β
−
1π

t

•
W
ith
E
t π

t+
1
=
β
−
1
[π

t −
λ
x
t ]
from

(*
*),
w
e
g
et
th
e
sy
stem

a
s

∙
E
t x

t+
1

E
t π

t+
1 ¸
= ∙

1
+
ϕ
λ
β −

1
−
ϕ
β −

1

−
λ
β
−
1

β
−
1 ¸∙

x
t

π
t ¸

•
T
h
e
eig
en
va
lu
es

δ
1
an
d
δ
2
a
re
com

p
u
ted

fro
m
:

¯̄̄̄
1
+
ϕ
λ
β
−
1−

δ
−
ϕ
β −

1

−
λ
β −

1
β
−
1−

δ ¯̄̄̄
=
0

1
0



•
T
h
is
giv
es
a
seco

n
d
-o
rd
er
p
oly
n
o
m
ial
in

δ
:

δ
2−

β −
1 £1

+
β −

1 ¡1
+
ϕ
λ
β −

1 ¢¤
δ
+
β −

1
=
0

β
δ
2− £1

+
β
−
1 ¡1

+
ϕ
λ
β
−
1 ¢¤

δ
+
1
=
0

•
T
h
e
so
lu
tion

s
a
re:

δ
=
1
+
β −

1 ¡1
+
ϕ
λ
β −

1 ¢± q¡1
+
β
−
1 ¡1

+
ϕ
λ
β
−
1 ¢¢

2−
4β

2β

•
C
h
eck

for
follow

in
g
p
a
ram

eter
va
lu
es

—
A
gg
reg
a
te
d
em
an
d
’s
rea
l
in
terest

ra
te
sen
sitiv

ity
;
ϕ
=
0.1

—
In
fl
a
tio
n
’s
sen
sitiv

ity
to
a
gg
reg
a
te
d
em
an
d
;
λ
=
0.14

—
D
isco

u
n
t
factor;

β
=
0.99

•
W
ith
th
ese

va
lu
es
w
e
g
et

δ
1
=
0.8347

δ
2
=
1.2101

•
S
y
stem

d
o
e
s
n
o
t
p
r
o
v
id
e
u
n
iq
u
e
so
lu
tio
n
s
fo
r
x
t
a
n
d
π
t !

F
o
r
a
fi
x
ed
n
o
m
in
a
l
in
terest

ra
te,
th
e
eco
n
o
m
y
w
ill
featu

re
in
fi
-

n
ite
ly
m
a
n
y
n
on
-ex
p
lo
siv
e
o
u
tp
u
t
a
n
d
in
fl
atio

n
p
a
th
s

—
R
atio

n
a
l
ex
p
ectatio

n
s
eq
u
ilib
riu
m
is
n
o
t
u
n
iq
u
e≈

in
d
eter-

m
in
a
cy

•
(N
ote:

resu
lt
d
o
es
n
o
t
rely

o
n
p
a
rticu

la
r
p
a
ra
m
eter

va
lu
es;
can

b
e
p
rov
en
gen
era
lly.)

1
1

•
H
en
ce,
th
e
p
rice

level
in
d
eterm

in
a
cy
u
n
d
er
in
terest

ra
te
o
p
era
tin
g

p
ro
ced
u
re
o
f
ea
rlier

m
o
d
els
is
rep
la
ced

b
y
in
fl
a
tio
n
an
d
o
u
tp
u
t

g
ap
in
d
eterm

in
a
cy
–
r
e
a
l
in
d
e
te
r
m
in
a
c
y

—
In
tu
itio
n
:
A
n
a
r
b
itr
a
r
y
in
crea

se
in
in
fl
atio

n
ex
p
ecta

tio
n
s

w
ill
–
for
a
g
iven

n
om
in
al
in
terest

rate
–
d
e
c
r
e
a
se
th
e
rea
l

in
terest

ra
te,
a
n
d
in
c
r
e
a
se
o
u
tp
u
t
an
d
in
c
r
e
a
se
in
fl
a
tio
n

—
S
elf-fu

lfi
llin
g
p
rop
h
ecy
!

—
T
h
e
eco
n
o
m
y
w
ill
grad

u
a
lly
retu

rn
to
stea

d
y
-sta

te
fo
llow

in
g

th
is
“su
n
-sp
o
t
d
riven

”
b
u
rst
o
f
in
fl
atio

n
a
n
d
o
u
tp
u
t

—
T
h
e
eco
n
o
m
y
m
ay
th
u
s
b
e
su
b
ject

to
n
on
-fu
n
d
a
m
en
tal-b

a
sed

fl
u
ctu
atio

n
s
in
o
u
tp
u
t
a
n
d
in
fl
a
tio
n

•
T
h
e
p
u
rp
o
se
o
f
th
e
d
eriv

in
g
g
u
id
elin
es
fo
r
g
o
o
d
m
o
n
etary

p
o
licy

is
th
erefo

re
a
g
ain

tw
o
-fold

:

—
S
ecu
re
th
a
t
th
e
eco
n
o
m
y
w
ill
n
o
t
b
e
su
b
ject

to
self-fu

lfi
llin
g

b
u
rsts

o
f
in
fl
a
tio
n
an
d
ou
tp
u
t

∗
I.e.,

secu
re
a
d
eterm

in
a
te
–
u
n
iq
u
e
–
eq
u
ilib
riu
m
fo
r

in
fl
a
tion

a
n
d
ou
tp
u
t
g
ap
(an
d
th
u
s
th
e
p
rice

level,
as

p
t−
1

en
ters

ex
p
licitly

in
th
e
P
h
illip

s
cu
rv
e)

—
S
ecu
re
th
e
op
tim
a
l
m
a
n
n
er
b
y
w
h
ich

th
e
o
u
tp
u
t
g
ap
a
n
d

in
fl
atio

n
fl
u
ctu
a
tes
in
resp

o
n
se
to
fu
n
d
a
m
en
ta
l
sh
o
ck
s

1
2



O
p
tim
a
l
m
o
n
eta
ry
p
o
licy

u
n
d
er
d
iscretio

n

•
T
h
e
criterio

n
of
m
o
n
etary

p
olicy

is
to
m
in
im
ize

th
e
ex
p
ected

d
iscou

n
ted

su
m
of
d
ev
iatio

n
s
o
f
o
u
tp
u
t
ga
p
an
d
in
fl
a
tion

fro
m

th
eir
lon
g-ru

n
eq
u
ilib
riu
m
valu

es

•
In
ea
ch
p
erio

d
t,
th
e
u
tility

fu
n
c
tio
n
is
assu

m
ed
to
b
e

−
α2
x
2t −

12
π
2t ,

α
>
0.

•
R
ecen

t
resea

rch
h
as
sh
ow
n
th
a
t
su
ch
a
fu
n
ctio
n
ca
n
b
e
d
erived

a
s
a
secon

d
-ord

er
T
ay
lor
ap
p
rox
im
atio

n
of
th
e
u
tility

fu
n
ctio

n
o
f

th
e
rep
resen

ta
tive

ag
en
t
in
th
e
eco
n
o
m
y
!
(see

W
a
lsh
,
C
h
a
p
ter

1
1,
b
u
t
th
is
is
r
e
a
lly

su
p
p
lem
en
ta
ry
!)

•
N
o
te
zero

in
fl
a
tion

ta
rg
et;

a
n
d
ou
tp
u
t
target

eq
u
al
to
n
a
tu
ra
l

ra
te
(reaso

n
a
b
le
u
n
d
er
m
o
n
op
olistic

com
p
etition

?
–
see

la
ter)

•
D
u
e
to
fo
rw
a
rd
lo
ok
in
g
n
a
tu
re
o
f
m
o
d
el,
th
ere

is
d
iff
eren

ce
b
e-

tw
een

solu
tio
n
u
n
d
er
com

m
itm
en
t
to
a
p
o
licy

p
a
th
,
or
p
erio

d
-b
y
-

p
erio

d
o
p
tim
iza
tio
n
(d
iscretion

).
W
e
ex
a
m
in
e
d
iscretio

n
h
ere.

•
T
o
solv

e
m
o
d
el
n
o
te
fi
rst:

—
In
p
erio

d
t,
p
o
licy

ca
n
n
o
t
a
ff
ect

ex
p
ectatio

n
s
a
b
o
u
t
fu
tu
re

va
riab

les
(n
o
p
ersisten

ce
in
eq
u
a
tion

s)

—
H
en
ce,
w
h
en
op
tim
izin
g,
ex
p
ected

fu
tu
re
varia

b
les
are

ta
ken

a
s
g
iv
en

•
T
rick

:
T
rea
t
x
t
a
s
th
e
p
olicy

in
stru

m
en
t,
a
n
d
fi
n
d
it
com

p
a
tib
le

w
ith
th
e
so
lu
tion

a
fterw

ard
s

1
3

•
M
ax
im
izin
g−

12
E
t

∞Xi=
1

β
i £α

x
2t
+
π
2t ¤
,

0
<
β
<
1

w
.r.t.

it
su
b
ject

to
(2
.1
)
an
d
(2
.2
)
is
th
u
s
eq
u
iva
len
t
o
f

m
a
x
im
izin
g

−
α2
x
2t −

12
π
2t
+
F
t

(3
.1
)

w
.r.t.

x
t
su
b
ject

to

π
t
=
λ
x
t
+
f
t

(3
.2
)

ta
k
in
g
a
s
g
iv
e
n
F
t
a
n
d
f
t

•
S
u
b
seq
u
en
tly,

o
n
e
fi
n
d
s
th
e
n
o
m
in
a
l
in
terest

ra
te
co
m
p
a
tib
le
w
ith

th
e
so
lu
tio
n

•
T
h
e
p
ro
b
lem

b
ecom

es
a
seq
u
en
ce
o
f
sin
g
le-p

erio
d
p
rob
lem
s

•
S
im
p
le
fi
rst-ord

er
co
n
d
ition

:

−
α
x
t
=
λ
π
t

(3.3
’)

•
“
L
ean

a
ga
in
st
th
e
w
in
d
”
p
olicy

:
If
in
fl
a
tio
n
a
ry
p
ressu

res
a
rise,

con
tra
ct
o
u
tp
u
t
(x

t
<
0)
su
ch
th
a
t
th
e
m
a
rg
in
a
l
co
st
(left-h

a
n
d

sid
e)
eq
u
a
ls
th
e
m
argin

al
g
a
in
(th
e
righ

t
h
a
n
d
sid
e)

•
N
o
te
th
at
w
ith
m
o
re
n
om
in
al
rigid

ity,
low
er

λ
,
th
e
in
fl
a
tio
n
-

o
u
tp
u
t
tr
a
d
e
-o
ff
is
m
o
re
u
n
fav
o
ra
b
le:

A
giv
en
red
u
ctio

n
in

o
u
tp
u
t
red
u
ces

in
fl
a
tio
n
b
y
less

1
4



•
U
se
th
e
fi
rst-o

rd
er
con
d
itio
n
in
th
e
P
h
illip

s
cu
rve

to
elim

in
a
te

th
e
o
u
tp
u
t
ga
p
:

π
t
=

β
E
t π

t+
1
+
λ
x
t +

u
t

π
t
=

β
E
t π

t+
1 − ¡λ

2/α ¢
π
t +

u
t

π
t
=

β

1
+
λ
2/α

E
t π

t+
1
+

1

1
+
λ
2/α

u
t

•
A
u
to
n
o
m
o
u
s
fi
rst-o

rd
er
ex
p
ecta

tio
n
a
l
d
iff
eren

ce
eq
u
atio

n
in

π
t

(n
o
tice

o
n
e
u
n
sta
b
le
eig
en
va
lu
e
secu

rin
g
a
u
n
iq
u
e
n
o
n
-ex
p
lo
siv
e

so
lu
tio
n
fo
r
in
fl
a
tio
n
)

•
S
o
lve
b
y
m
eth
o
d
of
u
n
d
eterm

in
ed
co
effi
cien

ts

•
C
on
jectu

re
so
lu
tion

π
t
=
X
u
t

•
F
o
rw
a
rd
con
jectu

re
an
d
tak
e
ex
p
ectatio

n
s:

E
t π

t+
1
=
X
E
t u

t+
1
=
X
ρu

t

•
In
sert

in
to
d
iff
eren

ce
eq
u
a
tion

:

X
u
t
=

β

1
+
λ
2/α

X
ρu

t
+

1

1
+
λ
2/α

u
t

•
Id
en
tifi
es

X
b
y

X
=

β
ρ

1
+
λ
2/α

X
+

1

1
+
λ
2/α

•
H
en
ce,

X
=

1

1
+
λ
2/α−

β
ρ

1
5

•
S
o
lu
tio
n
fo
r
in
fl
a
tion

is
th
erefo

re

π
t
=

1

1
+
λ
2/α−

β
ρ
u
t

=
α

1

λ
2
+
α
(1−

β
ρ
) u

t
(3
.5
)

•
S
o
lu
tio
n
fo
r
ou
tp
u
t
g
a
p
fo
llow

s
a
s

x
t
=
−
λ

1

λ
2
+
α
(1−

β
ρ
) u

t
(3
.4
)

•
Im
p
lica
tion

s:

—
N
o
im
p
a
ct
o
f
d
em
a
n
d
an
d
tech

n
o
log
y
sh
o
ck
s;
th
ese

p
ose

n
o

trad
e-o

ff
s

—
Im
p
a
ct
of
a
“
cost-p

u
sh
”
sh
o
ck
is
“
sp
rea
d
ou
t”
on
in
fl
a
tion

a
n
d
o
u
tp
u
t
g
ap
;
i.e.,

th
ere

is
a
trad

e-o
ff
in
m
on
eta
ry
p
o
licy

∗
H
igh
er

α
,
rela

tiv
ely
h
igh
er
in
fl
a
tion

va
riab

ility

∗
H
igh
er

λ
,
low
er
in
fl
a
tion

varia
b
ility

;
a
m
b
ig
u
o
u
s
eff
ect

on

o
u
tp
u
t
g
a
p
va
ria
b
ility

∗
H
igh
er

ρ
,
h
ig
h
er
m
acro

eco
n
o
m
ic
va
riab

ility

∗
H
igh
er

β
,
h
ig
h
er
m
a
cro
econ

om
ic
va
ria
b
ility

1
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•
S
o
lu
tio
n
fo
r
x
t
an
d
π
t
a
n
d
th
e
asso

ciated
solu

tion
fo
r
E
t x

t+
1

a
n
d
E
t π

t+
1
(e.g

.,
E
t π

t+
1
=

ρπ
t )
ca
n
b
e
u
sed

in
IS
-cu
rv
e
to
fi
n
d

a
sso
cia
ted

so
lu
tio
n
fo
r
th
e
n
o
m
in
a
l
in
terest

ra
te

•
T
h
e
o
p
tim
a
l
va
lu
e
o
f
th
e
n
o
m
in
a
l
in
terest

rate
ca
n
b
e
w
ritten

in

m
a
n
y
w
ay
s

•
If
w
ritten

a
s
a
fu
n
ctio

n
o
f
ex
p
ected

n
ex
t-p
erio

d
in
fl
atio

n
o
n
e
gets:

x
t
=
E
t x

t+
1 −

ϕ
(it −

E
t π

t+
1 )
+
g
t

(2
.1
)

−
λα
π
t
=
−
λα
E
t π

t+
1 −

ϕ
(it −

E
t π

t+
1 )
+
g
t

−
λα
ρ
E
t π

t+
1
=
−
λα
E
t π

t+
1 −

ϕ
(it −

E
t π

t+
1 )
+
g
t

a
n
d
th
u
s

it
= µ

1
+
1ϕ ∙

λα
ρ −

λα ¸¶
E
t π

t+
1 −

1ϕ
g
t

= µ
1
+
λ
(1−

ρ
)

ϕ
α
ρ ¶

E
t π

t+
1 −

1ϕ
g
t

(3
.6
)

•
H
en
ce,
w
ritten

lik
e
th
is,
a
n
in
crea

se
in
ex
p
ected

in
fl
atio

n
is
m
et

b
y
a
la
rg
er
in
crea

se
in
th
e
n
o
m
in
a
l
in
terest

rate,
th
e
rea
l
in
terest

ra
te
in
creases

•
S
u
ch
an
in
terest

ra
te
ru
le
ty
p
ica
lly
secu

res
d
eterm

in
acy

—
S
elf-fu

lfi
llin
g
b
u
rst
o
f
in
fl
a
tio
n
a
n
d
ou
tp
u
t
in
crea

ses
a
re
r
u
le
d

o
u
t

—
A
n
a
rb
itrary

in
crea

se
in
in
fl
a
tion

ex
p
ecta

tio
n
s
in
crea

ses
th
e

rea
l
in
terest

ra
te,
d
ecreases

o
u
tp
u
t
g
ap
a
n
d
in
fl
atio

n

—
....in

va
lid
ates

th
e
in
crea

se
in
in
fl
atio

n
a
s
a
ratio

n
al
ex
p
ecta-

tio
n
s
eq
u
ilib
riu
m

1
7

•
E
m
p
irica

l
a
n
a
ly
sis
o
f
in
terest

ra
te
ru
les
b
y
C
larid

a
et.
a
l
(2
0
00
,

Q
uarterly

Journalof
E
conom

ics
)

•
F
o
r
U
S
,
in
1
9
70
s
th
e
estim

a
ted

co
effi
cien

t
o
n
ex
p
ected

in
fl
a
tion

w
as
b
elow

o
n
e

•
In
1
98
0
s
a
n
d
o
n
w
a
rd
s,
th
e
estim

a
ted

co
effi
cien

t
is
sign

ifi
ca
n
tly

a
b
ove

on
e

•
C
om
b
in
in
g
th
e
em
p
irical

resu
lts
w
ith
th
eory

:

—
T
h
e
h
igh
a
n
d
p
ersisten

t
in
fl
atio

n
ra
tes
in
th
e
1
9
70
s
co
u
ld
h
av
e

b
een

ex
p
ecta

tio
n
s
d
riven

;
m
o
n
eta
ry
p
olicy

d
id
n
ot
resp

o
n
d

su
ffi
cien

tly
a
g
gressive

tow
a
rd
s
in
fl
a
tio
n
ex
p
ectatio

n
s

—
In
th
e
1
9
80
s
a
n
d
o
n
w
a
rd
s,
less

fl
u
ctu
a
tion

s
an
d
low
er
avera

g
e

in
fl
atio

n
;
con
sisten

t
w
ith
th
e
fa
ct
th
a
t
th
e
p
o
ssib

ility
of
self-

fu
lfi
llin
g
in
fl
atio

n
a
ry
b
u
rsts

a
re
ru
led

ou
t

•
N
o
te,
th
e
em
p
irics

a
re
n
o
t
“
p
ro
o
f”
o
f
self-fu

lfi
llin
g
fl
u
ctu
atio

n
s;

b
u
t
“
o
n
ly
in
d
ica
tiv
e
ev
id
en
ce”1
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•
O
th
er
im
p
lica
tio
n
s
o
f
o
p
tim
al
m
o
n
eta
ry
p
olicy

u
n
d
er
d
iscretio

n
:

—
A
fter

a
co
st-p

u
sh
sh
o
ck
,
in
fl
a
tion

g
ra
d
u
a
lly
m
ov
es
b
a
ck
to-

w
a
rd
s
targ

et;
in
a
ccord

a
n
ce
w
ith
in
fl
a
tio
n
ta
r
g
e
tin
g

—
C
avea

t:
so
d
o
es
th
e
ou
tp
u
t
g
ap
;
so
is
it
o
u
tp
u
t
g
a
p
ta
rg
etin

g
?

∗
N
o
te:

w
e
ca
n
n
ot
tell

fro
m
th
e
in
terest

rate
ru
le,
w
h
at
is

in
th
e
loss

fu
n
ctio

n
o
f
th
e
cen
tral

b
a
n
k

∗
(3.6

)
co
u
ld
lo
o
k
a
s
if
o
u
tp
u
t
g
a
p
d
id
n
o
t
en
ter.....

—
If
tech

n
o
lo
gy
sh
o
ck
s
a
re
ran
d
o
m
w
a
lk
,
z
t+
1
=

z
t
+bz

t ,
th
en

th
e
n
om
in
al
rate

d
o
es
n
o
t
resp

o
n
d
to
tech

n
olo
gy
sh
o
ck
s

∗
If
z
t
>
0
cu
rren

t
ou
tp
u
t
g
ap
fa
lls,
b
u
t
for
g
iven

ex
p
ected

fu
tu
re
ou
tp
u
t
g
a
p
,
ex
p
ected

fu
tu
re
o
u
tp
u
t
in
crea

ses
a
n
d

cu
rren

t
o
u
tp
u
t
in
crea

ses,
leav

in
g
th
e
o
u
tp
u
t
g
a
p
u
n
ch
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