
M
o
n
eta
ry
E
co
n
o
m
ics:

M
acro

A
sp
ects,

25
/
2
2
00
4

H
en
rik
J
en
sen

P
lan

for
tod

ay:

1
.
P
u
b
lic
b
u
d
get

a
ccou

n
tin
g,
in
fl
a
tion

a
n
d
d
eb
t

2
.
E
q
u
ilib
riu
m
seig

n
io
ra
g
e

L
itera

tu
re:
W
a
lsh
(C
h
a
p
ter
4
,
p
p
.
13
5
-1
6
4)

3
.
P
la
n
for
n
ex
t
lectu

re

c°
2
0
0
4
H
en
rik

J
en
sen
.
T
h
is
d
o
cu
m
en
t
m
ay
b
e
rep
ro
d
u
ced

fo
r
ed
u
ca
tio
n
a
l
a
n
d
resea

rch
p
u
rp
o
ses,

a
s
lo
n
g
a
s

th
e
co
p
ies
co
n
ta
in
th
is
n
o
tice

a
n
d
a
re
reta

in
ed
fo
r
p
erso

n
a
l
u
se
o
r
d
istrib

u
ted

free.

In
tro
d
u
ctory

rem
a
rk
s

•
In
fl
a
tion

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

ra
te
h
av
e
b
een

v
iew
ed
as
a
tax

o
n
h
o
u
seh
o
ld
’s
reso

u
rces

in
th
e
p
rev
io
u
s
lectu

res.

—
In
p
articu

la
r
th
ro
u
gh
th
e
erosion

of
real

m
on
ey

b
al-

an
ces

•
T
h
e
fl
ip
-sid
e
o
f
th
e
co
in
h
av
e
b
een

ign
o
red
:
T
h
e
p
ro
ceed

in
gs
fro
m

th
e
ta
x
h
ave

n
o
t
b
een

m
o
d
elled

;
i.e.,

th
e
gov
ern
m
en
t
b
u
d
g
et
h
a
s

b
een

(a
lm
ost)

n
eg
lected

•
T
h
is
is
a
n
o
m
issio

n
,
as
on
e
ign
o
res
im
p
o
rta
n
t
q
u
estio

n
s
lik
e:

—
C
a
n
in
fl
a
tion

b
e
eff
ectiv

ely
b
e
u
sed

as
a
m
ea
n
s
o
f
fi
n
a
n
cin
g

p
u
b
lic
ex
p
en
d
itu
res,

d
efi
cits

a
n
d
d
eb
t?

—
W
ill
m
o
n
etary

a
n
d
fi
sca
l
p
o
licy

in
tera

ct
in
w
ay
s
th
at
q
u
a
lify

som
e
o
f
th
e
co
n
clu
sio
n
s
rea
ch
ed
so
fa
r
from

th
e
fl
ex
-p
rice

m
o
d
els?

—
W
ill
d
eb
t
a
n
d
d
efi
cit
p
o
licy

h
av
e
im
p
licatio

n
s
for
m
o
n
eta
ry

p
o
licy

an
d
th
u
s,
e.g
.,
in
fl
a
tio
n
?

—
If
in
fl
a
tion

is
u
sed

a
s
a
ta
x
,
w
h
at
w
ill
its
o
p
tim
a
l
va
lu
e
b
e?

∗
(w
ill
th
e
F
ried

m
a
n
ru
le
ro
b
u
st
to
p
u
b
lic
fi
n
a
n
ce
co
n
sid
er-

a
tio
n
s?)
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P
u
b
lic
b
u
d
g
et
a
ccou

n
tin
g
,
in
fl
a
tio
n
a
n
d
d
eb
t

•
T
h
e
co
re
elem

en
t
lin
k
in
g
m
o
n
etary

an
d
fi
scal

p
o
licy

is
th
e

p
u
b
lic
b
u
d
get

con
straint

•
F
irst

co
n
sid
er
th
e
fi
sca
l
b
ra
n
ch
o
f
g
ov
ern
m
en
t
(th
e
T
rea
su
ry
).
It

fa
ces

th
e
follow

in
g
b
u
d
g
et
id
en
tity

in
n
o
m
in
a
l
term

s

G
t
+
i
t−
1 B

Tt−
1
=
T
t
+ ¡B

Tt −
B

Tt−
1 ¢
+
R
C
B

t
(4
.1
)

S
u
p
erscrip

t
T
d
en
o
tes
to
ta
l
p
u
b
lic
d
eb
t;
R
C
B

t
is
receip

ts
fro
m

th
e
cen
tral

b
a
n
k

•
T
h
en
con
sid
er
th
e
cen
tra
l
b
a
n
k
’s
b
u
d
g
et
id
en
tity

¡B
Mt
−
B

Mt−
1 ¢
+
R
C
B

t
=
i
t−
1 B

Mt−
1
+
(H

t −
H

t−
1 )

(4
.2
)

S
u
p
erscrip

t
M

d
en
o
tes

p
u
b
lic
d
eb
t
h
eld

b
y
th
e
cen
tra
l
b
a
n
k
;

H
t
is
“
h
ig
h
-p
ow
ered

m
o
n
ey
”
–
th
e
m
on
eta
ry
b
ase;

th
e
cen
tra
l

b
a
n
k
’s
ow
n
liab

ilities

•
L
et

B
t
=

B
Tt −

B
Mt
b
e
p
u
b
lic
d
eb
t
h
eld

b
y
th
e
p
rivate

secto
r.

T
h
e
th
e
tw
o
b
u
d
get
id
en
tities

a
re
co
m
b
in
ed
to
th
e
con

solid
ated

b
u
d
get

id
entity

G
t
+
i
t−
1 B

t−
1
=
T
t +
(B

t −
B

t−
1 )
+
(H

t −
H

t−
1 )

(4
.3
)

•
E
x
p
ress

th
in
g
s
in
real

term
s
a
n
d
in
rela

tio
n
to
to
ta
l
n
o
m
in
a
l

in
co
m
e
P
t y

t ,
a
n
d
ig
n
o
re
p
op
u
la
tion

a
n
d
o
u
tp
u
t
g
row
th
:

g
t
+
r
t−
1 b

t−
1
=
t
t +
(b

t −
b
t−
1 )
+
H

t −
H

t−
1

P
t y

t

(4.4
’)

(low
er-ca

se
letters

a
re
varia

b
les
rela

tiv
e
to
to
ta
l
n
om
in
al
in
com

e)

3

•
T
h
e
term

r
t−
1
=
1
+
i
t−
1

1
+
π
t

−
1

is
th
e
ex
p
ost

rea
l
in
terest

ra
te

•
D
efi
n
e

r
t−
1
=
1
+
i
t−
1

1
+
π
et

−
1

a
s
th
e
ex

ante
real

in
terest

ra
te,
a
n
d
th
e
b
u
d
g
et
id
en
tity

b
e-

com
es

g
t +
r
t−
1 b

t−
1
=
t
t +
(b

t −
b
t−
1 )+

(1
+
r
t−
1 )
(π

t −
π
et )

1
+
π
t

b
t−
1 +

H
t −

H
t−
1

P
t y

t

(4.5
’)

•
N
o
te
th
e
rev
en
u
e
ca
u
sed

b
y
π
t
>

π
et
a
s
h
ig
h
er-th

a
n
-ex
p
ected

in
fl
a
tio
n
erod

es
th
e
real

serv
icin
g
co
sts
o
f
d
eb
t;
b
u
t
in
fl
a
tio
n
in

itself,
w
h
en
an
ticip

a
ted
,
d
o
es
n
o
t
red
u
ce
th
e
rea
l
d
eb
t
b
u
rd
en
.

•
T
h
e
la
st
term

o
f
(4.5

’)
is
seign

iorage
,
th
e
rea
l
in
com

e
g
en
era
ted

b
y
“
issu

in
g
n
o
n
-in
terest

b
ea
rin
g
d
eb
t”
:
m
o
n
ey

•
S
eig
n
iorag

e
rela

tiv
e
to
total

n
o
m
in
a
l
in
co
m
e
is

s
t ≡

h
t −

1

1
+
π
t h

t−
1
=
h
t −

h
t−
1
+

π
t

1
+
π
t h

t−
1

(4.6
’)

•
Im
p
ortan

tly,
ev
en
in
stea

d
y
state

w
ith

h
t −

h
t−
1
=
0,
o
n
e
h
a
s

s
=

π

1
+
π
h
,

w
h
ich
is
p
ositive

fo
r
p
ositive

in
fl
ation
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•
A
ltern

a
tiv
e
in
tu
itio
n
:
A
s
h
is
a
rea
l
liab

ility
fo
r
th
e
g
ov
ern
m
en
t,

w
h
ich
d
o
esn
’t
p
ay
in
terest,

in
fl
atio

n
red
u
ces
th
e
rea
l
retu

rn
,
a
n
d

th
ereb

y
red
u
ces

“
rea
l
in
terest”

p
ay
m
en
ts
o
n
m
o
n
ey

•
W
h
at
if
in
fl
a
tion

is
zero

?
W
ill
th
ere
b
e
n
o
rev
en
u
e
from

seign
io
r-

a
ge?

Y
es,
b
y
issu

in
g
n
o
n
-in
terest

b
ea
rin
g
d
eb
t
(=
m
o
n
ey
)
in
stead

o
f
in
terest

b
ea
rin
g
d
eb
t
(b
o
n
d
s),
th
e
govern

m
ent

saves
in
-

terest
p
aym

ents

•
T
o
see
th
is,
rew
rite

b
u
d
g
et
id
en
tity,

d
efi
n
in
g
d
t
=
b
t +

h
t
a
s
total

lia
b
ilities,

a
s

g
t
+
r
t−
1
(d

t−
1 −

h
t−
1 )

=
t
t +
(d

t −
d
t−
1 )
+
(1
+
r
t−
1 )
(π

t −
π
et )

1
+
π
t

(d
t−
1 −

h
t−
1 )
+

π
t

1
+
π
t h

t−
1

a
n
d
th
u
s

g
t
+
r
t−
1 d

t−
1
=

t
t
+
(d

t −
d
t−
1 )
+
(1
+
r
t−
1 )
(π

t −
π
et )

1
+
π
t

d
t−
1

+ ∙
π
t −
(1
+
r
t−
1 )
(π

t −
π
et )

1
+
π
t

+
r
t−
1 ¸
h
t−
1

g
t +
r
t−
1 d

t−
1
=
t
t +
(d

t −
d
t−
1 )+

(1
+
r
t−
1 )
(π

t −
π
et )

1
+
π
t

d
t−
1 +

i
t−
1

1
+
π
t h

t−
1

•
S
o
,
w
h
en
form

u
la
ted

in
term

s
o
f
to
ta
l
lia
b
ilities,

th
e
stea

d
y
-sta

te

seig
n
io
ra
ge
is

s
=

i

1
+
π
h

(4
.9
)

•
S
o
,
a
F
ried

m
a
n
ru
le
elim

in
a
tes
seig

n
io
ra
ge,
an
d
req
u
ires

o
ff
settin

g

fi
scal

p
o
licy

ch
an
ges

to
m
a
in
ta
in
b
u
d
get

id
en
tity

5

•
In
g
en
eral,

irresp
ectiv

e
o
f
d
efi
n
itio
n
o
f
seig

n
io
ra
ge,

a
ch
a
n
g
e
in

m
o
n
eta
ry
fi
n
an
cin
g
req
u
ires

o
ff
settin

g
ch
a
n
g
es
in
eith

er
ta
x
es,

sp
en
d
in
g
o
r
d
eb
t

•
In
w
h
ich

m
a
n
n
er
m
o
n
eta
ry
ch
a
n
g
es
a
ff
ect

fi
sca
l
p
o
licy

d
ep
en
d
s

o
n
th
e
d
efi
n
itio
n
o
f
fi
scal

p
o
licy

—
If
it
is
in
term

s
of
fi
x
ed
sp
en
d
in
g
a
n
d
in
terest

ra
te
b
ea
rin
g

d
eb
t,
ch
an
g
es
in

s
a
n
d
th
e
o
ff
settin

g
ch
a
n
g
es
in
ta
x
es
a
re

m
o
n
etary

p
o
licy

—
If
it
is
in
term

s
of
fi
x
ed
sp
en
d
in
g
an
d
to
ta
l
lia
b
ilities,

ch
a
n
ges

in
s
a
n
d
off
settin

g
ta
x
es
an
d
com

p
osition

o
f
liab

ilities
a
re

m
o
n
etary

p
o
licy

•
S
o
w
h
ich

d
efi
n
itio
n
is
releva

n
t,
d
ep
en
d
s
o
n
h
ow
fi
sca
l
p
o
licy

is

con
d
u
cted

•
N
o
te
im
p
lica
tio
n
o
f
sim
p
le
v
ersio

n
of
b
u
d
g
et
id
en
tity

(ig
n
o
rin
g

u
n
an
ticip

a
ted

in
fl
a
tio
n
)

g
t
+
r
b
t−
1
=
t
t
+
b
t −

b
t−
1
+
s
t ,

th
e
“
so
lven

cy
req
u
irem

en
t”:

(1
+
r)
b
t−
1
+

∞Xi=
0

g
t+

i

(1
+
r)

i
=

∞Xi=
0

t
t+

i +
s
t+

i

(1
+
r)

i

w
h
ich
h
o
ld
s
w
h
en
lim

i→
∞
(1
+
r) −

ib
t+

i
=
0
(n
o
“
P
on
zi
ga
m
es”
)

•
S
o
,
if
g
ov
ern
m
en
t
h
as
in
itia
l
d
eb
t,
it
m
u
st
at
som

e
p
o
in
t
ru
n
su
r-

p
lu
ses,

t
t+

i +
s
t+

i
>
g
t+

i ,
gen
era
ted

th
ro
u
g
h
ta
x
es
or
seign

iora
g
e

6



•
T
h
is
ra
ises

th
e
issu

e
of
w
h
eth
er
g
overn

m
en
t
d
eb
t
o
r
d
efi
cits

w
ill

u
ltim

a
tely

create
seig

n
io
ra
ge
a
n
d
th
u
s
in
fl
atio

n

•
T
h
is
w
ill
g
en
era
lly
d
ep
en
d
o
n
th
e
fi
scal-m

on
etary

regim
e

—
If
fi
sca
l
p
o
licy

is
“d
om
in
an
t”
(o
r
“
a
ctive”

),
m
o
n
eta
ry
p
o
licy

m
u
st
b
e
p
a
ssiv
e,
an
d
secu

re
solv

en
cy

—
If
m
on
eta
ry
p
o
licy

is
“
d
om
in
an
t”
,
fi
sca
l
p
o
licy

m
u
st
secu

re

solv
en
cy

•
H
en
ce,
in
regim

es
o
f
fi
scal

d
om
in
an
ce,
it
m
ay
b
e
th
e
case

th
a
t

d
eb
t
a
n
d
d
efi
cits

w
ill
b
e
in
fl
atio

n
a
ry

•
A
lso,

it
m
ay
b
e
th
e
ca
se
th
a
t
m
on
etary

contraction
s
(e.g.,

a
im
ed
a
t
red
u
cin
g
in
fl
a
tio
n
)
w
ill
red
u
ce
seig

n
io
ra
g
e
rev
en
u
es,
in
-

crea
sin
g
d
eb
t,
w
h
ich

u
ltim

ately
req
u
ires

in
crea

sed
seig

n
io
rag
e,

a
n
d
th
u
s,in

fl
ation

in
th
e
fu
tu
re
(S
argen

t
a
n
d
W
a
lla
ce’s

“U
n
-

p
lea
sa
n
t
M
o
n
eta
rist

A
rith
m
etic”

)

•
T
h
is
em
p
h
asizes

th
a
t
trea

tin
g
m
o
n
ey
a
s
in
d
ep
en
d
en
t
of
fi
sca
l

p
o
licy,

co
u
ld
b
e
very

m
islead

in
g
,
a
s
m
o
n
eta
ry
p
olicy

ch
a
n
ges

cou
ld
very

w
ell
b
e
th
e
resu

lt
o
f
ch
an
ges

in
fi
sca
l
p
o
licy

—
.
.
.
th
e
eff
ects

o
n
th
e
m
a
cro
eco
n
o
m
y
co
u
ld
b
e
very

d
iff
eren

t

d
ep
en
d
in
g
u
p
on
th
e
so
u
rce
o
f
th
e
ch
an
g
e
in
m
on
eta
ry
p
o
licy

7

A
sim

p
le
m
od
el
to
p
rove

th
e
p
oint

•
A
ssu
m
e
g
overn

m
en
t
sp
en
d
in
g
is
zero

.
T
h
e
b
u
d
g
et
co
n
strain

t

th
en
b
ecom

es

(1
+
r
t−
1 )
b
t−
1
=
t
t +

b
t
+
s
t

(4.1
5
)

•
L
et
th
e
p
resen

t
va
lu
e
o
f
tax
es
cov
er
a
fraction

o
f
ex
istin

g
g
ov
-

ern
m
en
t
lia
b
ilities

(1
+
r
t−
1 )
b
t−
1 :

T
t ≡

∞Xs=
t µ

1

1
+
r
s ¶

s−
tt

s
=
ψ
(1
+
r
t−
1 )
b
t−
1 ,

0
<
ψ
≤
1

•
F
o
r
ψ
=
1,
a
n
y
d
eb
t
is
fu
lly
b
acked

b
y
ta
x
es
(th
is
is
so
m
etim

es

referred
to
a
s
a
R
ica
rd
ia
n
fi
sca
l
p
o
licy

–
o
r,
n
on
-d
om
in
an
ce
in

fi
scal

p
o
licy
)

•
F
o
r
ψ
<
1
o
n
ly
a
fra
ction

is
b
ack
ed
,
an
d
to
secu

re
so
lven

cy
so
m
e

seig
n
io
ra
ge
is
req
u
ired

.
I.e.,

so
m
e
fi
sca
l
d
o
m
in
a
n
ce
is
p
resen

t

•
O
n
e
ca
n
w
rite

T
t
=
t
t +

1

1
+
r
t T

t+
1

(forw
a
rd
it
su
ccessiv

ely,
an
d
o
n
e
g
ets

th
e
p
resen

t
va
lu
e
ex
p
res-

sio
n
).
H
en
ce,T

t
=
t
t
+

1

1
+
r
t ψ
(1
+
r
t )
b
t
=
t
t
+
ψ
b
t

•
F
ro
m
th
e
assu

m
p
tion

a
b
o
u
t
T
t
o
n
e
g
ets

ψ
(1
+
r
t−
1 )
b
t−
1
=
t
t
+
ψ
b
t

N
o
te
th
a
t
w
ith

ψ
=
1
o
n
e
in
d
eed

g
ets

th
e
gov
ern
m
en
t
b
u
d
g
et

con
stra

in
t
w
ith

s
t
=
0.
S
o
,
for

ψ
<
1,
seig

n
io
ra
ge
is
req
u
ired
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•
N
ow

con
sid
er
th
e
h
o
u
seh
o
ld
s’
b
u
d
g
et
co
n
stra

in
t
(y

t
is
en
d
ow
-

m
en
t)y

t
+
(1
+
r
t−
1 )
b
t−
1
+

m
t−
1

1
+
π
t −

t
t
=
c
t
+
m

t +
b
t

(4.1
6
)

•
In
sertin

g
th
e
ex
p
ressio

n
fo
r
t
t
from

th
e
g
overn

m
en
t
b
u
d
g
et
co
n
-

stra
in
t
o
n
e
g
ets

y
t
+
(1−

ψ
)
(1
+
r
t−
1 )
b
t−
1
+

m
t−
1

1
+
π
t

=
c
t +

m
t
+
(1−

ψ
)
b
t

•
F
o
r
ψ
=
1,
o
n
e
sees

th
a
t
d
eb
t
d
isa
p
p
ea
rs.
In
eq
u
ilib
riu
m
it
w
ill

p
lay

n
o
ro
le
for
d
eterm

in
a
tio
n
of
th
e
p
rice

level;
on
ly
th
e
m
o
n
ey

sto
ck
m
a
tters

•
F
o
r
ψ
<
1,
d
eb
t
w
ill
m
a
tter

for
p
rice

lev
el
d
eterm

in
a
tion

•
T
o
ex
em
p
lify

th
e
ro
le
of
d
eb
t
fo
r
p
rices

a
n
d
in
fl
a
tio
n
,
con
sid
er

a
M
IU
p
referen

ce
sp
ecifi

ca
tion

fo
r
h
o
u
seh
o
ld
s,
w
h
ere

th
e
p
er-

p
erio

d
u
tility

fu
n
ctio

n
is
g
iven

b
y

u
(c

t ,m
t )
=
ln
c
t +

δ
ln
m

t ,
δ
>
0,

•
T
h
e
h
o
u
seh
old
s
th
en
m
a
x
im
ize
life-tim

e
d
iscou

n
ted

u
tility

su
b
-

ject
to
th
e
b
u
d
get

co
n
stra

in
t

9

D
erivin

g
th
e
m
on
ey

d
em
an
d
fu
n
ction

.
M
aterial

n
ot
for

lectu
rin
g,
b
u
t
for

read
in
g

•
M
ax
im
iza
tio
n
ch
a
ra
cterized

b
y

V
(b

t−
1 ,m

t−
1 )
=
m
ax{

ln
c
t +

δ
ln
m

t +
β
V
(b

t ,m
t )}

w
h
ere
m
a
x
im
iza
tio
n
is
ov
er
c,
m
,
a
n
d
b
a
n
d
su
b
ject

to
th
e
b
u
d
g
et

con
stra

in
t.
A
s
u
su
al,
u
se
th
e
b
u
d
g
et
con
strain

t
to
elim

in
a
te

b
t

to
o
b
tain

a
n
u
n
co
n
stra

in
ed
m
a
x
im
iza
tion

p
ro
b
lem

over
c
a
n
d
m

•
F
irst-o

rd
er
co
n
d
itio
n
w
.r.t.

c:

1c
t

=
β

1−
ψ
V
b (b

t ,m
t )
.

(i)

•
F
irst-o

rd
er
co
n
d
itio
n
w
.r.t.

m
:

δm
t

+
β
V
m
(b

t ,m
t )
=

β

1−
ψ
V
b (b

t ,m
t )
.

(ii)

•
R
ela
tion

sh
ip
s
b
etw
een

p
a
rtia
l
d
eriva

tives
o
f
th
e
va
lu
e
fu
n
ction

b
y
th
e
en
v
elo
p
e
th
eo
rem

:

V
b (b

t−
1 ,m

t−
1 )
=

β
(1
+
r
t−
1 )
V
b (b

t ,m
t )
,

(iii)

V
m
(b

t−
1 ,m

t−
1 )
=

β

(1
+
π
t )
(1−

ψ
) V

b (b
t ,m

t )
.

(iv
)

•
F
o
rw
a
rd
(iii)

an
d
m
u
ltip
ly
b
y
β
/
(1−

ψ
)
on
b
oth

sid
es
to
g
et:

β

1−
ψ
V
b (b

t ,m
t )
=

β
2

1−
ψ
(1
+
r
t )
V
b (b

t+
1 ,m

t+
1 )
.

•
T
h
en
u
se
(i)
to
o
b
ta
in
th
e
co
n
su
m
p
tio
n
E
u
ler

eq
u
atio

n
(th
e

K
ey
n
es-R

am
sey

ru
le):

1c
t

=
β
(1
+
r
t )
1

c
t+
1

c
t+
1
=
β
(1
+
r
t )
c
t

(v
)

1
0



•
T
h
en
u
se
(iv
)
o
n
(ii)

to
get

δm
t

+
β
2

(1
+
π
t+
1 )
(1−

ψ
) V

b (b
t+
1 ,m

t+
1 )
=

β

1−
ψ
V
b (b

t ,m
t )

δm
t

+
β

(1
+
π
t+
1 )

1

c
t+
1
=
1c
t

δm
t

+
1

(1
+
π
t+
1 )
(1
+
r
t )

1c
t

=
1c
t

w
h
ere

th
e
la
st
tw
o
eq
u
atio

n
s
fo
llow

s
fro
m
ap
p
ly
in
g
(iv
)
an
d
(i),

a
n
d
fi
n
ally

(v
).

•
F
ro
m
th
is
th
e
m
o
n
ey
d
em
a
n
d
rela

tion
sh
ip
fo
llow

s
as:

m
t
=

δ ∙
1−

1

(1
+
π
t+
1 )
(1
+
r
t ) ¸−

1

c
t

m
t
=

δ ∙
1−

1

(1
+
i
t ) ¸−

1

c
t

a
n
d
th
u
s

m
t
=
δ µ
1
+
i
t

i
t ¶

c
t

(v
i)

•
N
o
te
th
a
t
th
is
follow

s
im
m
ed
iately

from
th
e
gen

eral
ch
aracterization

of
op
tim

al
m
on
ey

d
em
an
d
from

th
e

M
IU

ap
p
roach

in
C
h
ap
ter

2
u
m
(c

t ,m
t )

u
c (c

t ,m
t )
=

i
t

1
+
i
t

•
T
h
is
in
d
eed

g
iv
es

δ
/
m

t

1/
c
t

=
i
t

1
+
i
t ,

a
n
d
th
u
s
th
e
m
o
n
ey
d
em
a
n
d
fu
n
ctio

n
(v
i)

E
n
d
of
m
aterial

n
ot
for

lectu
rin
g

1
1

•
N
ow
d
efi
n
e

w
t ≡

m
t
+
(1−

ψ
)
b
t

a
s
th
e
“
total”

rea
l
w
ea
lth
n
et
o
f
ta
x
es:
R
ea
l
m
o
n
ey
b
a
la
n
ces
p
lu
s

n
o
n
-ta
x
-b
a
ck
ed
gov
ern
m
en
t
d
eb
t

•
B
u
d
g
et
con
stra

in
t
th
en
b
eco
m
es

y
t
+
(1
+
r
t−
1 )
w
t−
1 −

i
t−
1

1
+
π
t m

t−
1
=
c
t
+
w
t

•
N
o
te
th
e
term

i
t−
1

1
+
π
t m

t−
1

w
h
ich
is
th
e
d
ed
u
ctio

n
from

to
ta
l
n
et
w
ea
lth
a
risin

g
fro
m
th
e
fa
ct

th
a
t
rea
l
m
o
n
ey
p
ay
s
n
o
in
terest

•
R
em
ark

th
a
t
th
is
term

corresp
on
d
s
exactly

to
th
e
seign

iora
g
e

d
efi
n
ition

s,
(4.9

),
releva

n
t
w
h
en
a
fi
x
ed
fi
scal

p
o
licy

is
on
e
w
ith

a
fi
x
ed
p
a
th
for
total

liab
ilities:

m
o
n
ey
a
n
d
d
eb
t

1
2



•
U
se
th
e
la
gg
ed
m
o
n
ey
d
em
a
n
d
fu
n
ctio

n
a
n
d
th
e
co
n
su
m
p
tion

E
u
ler
eq
u
a
tio
n
to
g
et

y
t
+
(1
+
r
t−
1 )
w
t−
1 −

i
t−
1

1
+
π
t δ
1
+
i
t−
1

i
t−
1

c
t−
1
=

c
t +

w
t

y
t
+
(1
+
r
t−
1 )
w
t−
1 −

δ
(1
+
r
t−
1 )
c
t−
1
=

c
t +

w
t

y
t
+
(1
+
r
t−
1 )
w
t−
1 −

δβ
c
t
=

c
t +

w
t

•
U
se
th
a
t
y
t
=
c
t
in
eq
u
ilib
riu
m
a
n
d
ex
a
m
in
e
th
e
stea

d
y
sta
te:

w
ss
=

δ

β
r
ss y

ss
=

M
ss
+
(1−

ψ
)
B

ss

P
ss

•
T
h
e
p
rice

level
is
th
u
s
d
eterm

in
ed
a
s

P
ss
=

β
r
ss

δ
y
ss
[M

ss
+
(1−

ψ
)
B

ss]

•
H
en
ce,govern

m
ent

d
eb
t
m
atters

for
th
e
p
rice

level
w
h
en

ψ
<
1.

•
O
n
ly
w
h
en
all
g
ov
ern
m
en
t
d
eb
t
is
b
acked

b
y
ta
x
es,

ψ
=
1,
w
ill

th
ere

b
e
th
e
u
su
a
l
p
ro
p
o
rtio
n
a
lity

b
etw
een

n
om
in
al
m
o
n
ey
a
n
d

p
rices.

O
th
erw
ise,

h
ig
h
er

B
ss
w
ill,

fo
r
ψ

<
1,
req
u
ire

m
o
re

relia
n
ce
o
n
seign

iora
g
e,
lead

in
g
to
a
n
in
crea

se
in
th
e
p
rice

lev
el

1
3

E
q
u
ilib
riu
m
seign

io
rag
e

•
B
efo
re
co
n
sid
erin

g
(n
ex
t
lectu

re)
h
ow
in
fl
atio

n
is
optim

ally
u
sed

a
s
a
ta
x
,
a
n
d
b
efo
re
(re)co

n
sid
erin

g
th
e
o
p
tim
ality

o
f
th
e

F
ried

m
an
ru
le,
w
e
a
ssess:

—
W
h
a
t
ca
n
seign

io
ra
g
e
a
ch
iev
e
in
term

s
of
fi
n
a
n
cin
g
g
iven

d
efi
cits?

A
n
y
th
in
g?
O
r
a
re
th
ere

lim
its?

—
W
h
a
t
a
re
th
e
in
fl
a
tion

ary
im
p
lica
tion

s
o
f
rely

in
g
o
n
seign

io
r-

a
g
e?
C
a
n
h
y
p
erin

fl
atio

n
s
resu

lt
fro
m
seig

n
io
ra
g
e
co
llectio

n
?

A
re
th
ere

lim
its

to
collection

of
seign

iorage?

•
Y
es!

—
O
n
th
e
o
n
e
h
a
n
d
,
h
igh
er
in
fl
a
tio
n
an
d
n
o
m
in
a
l
in
terest

rates,

in
crea

se
seig

n
io
ra
ge
fo
r
giv
en
rea
l
m
o
n
ey
b
a
la
n
ces

—
O
n
th
e
o
th
er
h
a
n
d
,
rea
l
m
on
ey
b
ala
n
ces

w
ill
fa
ll
a
s
in
fl
a-

tio
n
a
n
d
n
o
m
in
a
l
in
terest

rates
in
crea

se
(a
m
o
n
ey
d
em
a
n
d

resp
o
n
se)

—
H
en
ce,
a
s
th
e
in
fl
a
tio
n
ta
x
g
o
es
u
p
,
th
e
tax

b
ase

is
go
in
g

d
ow
n

•
T
h
is
is
sh
ow
n
fo
rm
ally

in
a
M
IU
m
o
d
el

•
H
ere,

it
su
ffi
ces

to
fi
n
d
th
e
m
on
ey
d
em
a
n
d
fu
n
ction

fro
m
th
e

u
su
a
l
fi
rst-o

rd
er
co
n
d
itio
n
:

u
m
(c

t ,m
t )

u
c (c

t ,m
t )
=

i
t

1
+
i
t ≡

I
t

1
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•
S
p
ecifi

c
form

o
f
p
er-p

erio
d
u
tility

fu
n
ctio

n
:

u
(c

t ,m
t )
=
ln
c
t +

m
t (B
−
D
ln
m

t )
,

B
>
D

>
0

•
R
esu
ltin
g
m
on
ey
d
em
a
n
d
rela

tio
n

B
−
D
ln
m

t −
D

1/
c
t

=
I
t

lea
d
in
g
to

m
t
=
A
e −

It /
D
c
t,

A
≡
e
(B−

D
)/
D

(4
.2
4
’)

A
stan

d
a
rd
sp
ecifi

ca
tio
n
o
f
m
o
n
ey
d
em
an
d

•
O
ften

rep
la
ced

b
y

m
t
=
K
e −

α
π
et,

α
>
0,

in
stu
d
ies
o
f
h
y
p
erin

fl
a
tion

s
(w
h
ere

assu
m
p
tion

is
th
at
rea
l
in
-

terest
ra
te
a
n
d
co
n
su
m
p
tio
n
/
o
u
tp
u
t
fl
u
ctu
ates

rela
tively

little),

o
r
fo
r
stea

d
y
-sta

te/
lon
g-ru

n
an
a
ly
ses,

w
h
ere

b
y
th
e
F
ish
er
rela-

tion
sh
ip
in
fl
a
tion

a
n
d
n
om
in
al
in
terest

rate
m
ov
es
on
e-for-o

n
e

•
S
tea
d
y
sta
te
seig

n
iorag

e
is
(fro
m
(4.9

))

s
=

i

1
+
π
m

=
(1
+
r)

i

1
+
i m

=
(1
+
r)
I
m

1
5

•
U
sin
g
th
e
m
o
n
ey
d
em
a
n
d
fu
n
ction

o
n
e
gets

s
=
(1
+
r)
I
A
ex
p ∙−

ID
c ¸

•
F
o
r
I
clo
se
to
zero,

seign
io
ra
g
e
is
close

to
zero

;
th
is
w
ill
th
u
s
b
e

a
ch
a
ra
cteristic

o
f
relativ

ely
low

in
fl
ation

•
F
o
r
I
v
ery

h
ig
h
,
seig

n
iorag

e
is
a
lso
clo
se
to
zero

;
th
is
w
ill
th
u
s

b
e
a
ch
a
ra
cteristic

of
rela

tiv
ely
h
igh

in
fl
ation

•
H
en
ce,

w
ith

in
fl
atio

n
in
crea

sin
g
fro
m
a
low

lev
el,
seign

iora
g
e

is
in
creasin

g
,
b
u
t
ev
en
tu
a
lly
th
e
fa
llin
g
m
o
n
ey
d
em
a
n
d
red
u
ces

seig
n
io
ra
ge.

A
m
a
x
im
a
l
a
m
o
u
n
t
o
f
seig

n
io
ra
ge
th
u
s
ex
ist.

•
I
o
th
er
w
o
rd
s
a
n
in
fl
a
tion

ra
te

π ∗
ex
ists

fo
r
w
h
ich

seig
n
io
ra
ge
is

a
t
a
m
ax
im
u
m
.

—
F
o
r
π
>
π ∗
eq
u
ilib
riu
m
seig

n
io
ra
g
e
is
d
ecrea

sin
g
in

π

—
F
o
r
π
<
π ∗
eq
u
ilib
riu
m
seig

n
io
ra
g
e
is
in
crea

sin
g
in

π

—
A
seig

n
io
ra
ge
“
L
aff
er
cu
rv
e”
is
fa
ced

b
y
th
e
g
overn

m
en
t

In
fl
ation

ary
im
p
lication

s
of
relyin

g
on

seign
iorage

•
R
em
ark

th
at
th
e
L
a
ff
er
cu
rv
e
p
ro
p
erty

im
p
lies

th
a
t
tw
o
stead

y
-

state
in
fl
atio

n
ra
tes
ca
n
fi
n
a
n
ce
th
e
sa
m
e
d
efi
cit;

a
h
igh

a
n
d
a

low
in
fl
atio

n
ra
te

•
A
lso,

th
ere
are
lim
its
as
to
h
ow
m
u
ch
o
n
e
can

fi
n
a
n
ce
b
y
seign

io
r-

a
ge

•
B
oth

a
sp
ects

can
p
o
ten
tially

lea
d
to
h
y
p
erin

fl
a
tio
n
(o
ften

d
efi
n
ed

a
s
m
on
th
ly
in
fl
a
tion

ra
tes
o
f
+
5
0
%
)

1
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•
S
ta
b
ility

p
ro
p
erties

o
f
th
e
tw
o
stea

d
y
sta
tes,

b
o
th
acco

m
p
lish
in
g

th
e
sa
m
e
fi
n
an
cin
g
ta
rg
et?

•
A
ssu
m
e
slu
g
g
ish
ad
ju
stm

en
t
of
m
on
ey
d
em
a
n
d
d
u
e
to
,
e.g
.,
a
d
-

ju
stm

en
t
co
sts
o
r
“
slow

”
reactio

n
s
in
in
fl
a
tio
n
ex
p
ecta

tion
s
(a
s

in
W
a
lsh
).

•
C
on
sid
er
th
e
h
ig
h
-in
fl
a
tio
n
stea

d
y
-sta

te

—
If
in
fl
a
tion

tem
p
o
ra
rily

go
es
u
p
,
seign

io
ra
g
e
g
o
es
u
p
a
s
m
o
n
ey

d
em
an
d
rea
cts
little

—
H
ou
seh
old
s
start

g
ra
d
u
ally

to
red
u
ce
rea
l
m
o
n
ey
b
a
la
n
ces;

th
is
ca
u
ses
seig

n
io
ra
g
e
to
fa
ll

—
If
in
fl
a
tio
n
rem

a
in
s
p
erm

a
n
en
tly
a
t
th
e
h
ig
h
er
lev
el,
seign

io
r-

a
g
e
w
ill
ev
en
tu
a
lly
b
eco
m
e
low
er
th
a
n
ta
rg
et

—
H
en
ce
in
fl
a
tio
n
m
u
st
in
crea

se
fu
rth
er
to
m
ain
tain

req
u
ired

seig
n
io
ra
g
e
rev
en
u
es

—
...a
n
d
th
e
p
ro
cess

co
n
tin
u
es
w
ith
ever

in
crea

sin
g
in
fl
a
tio
n

1
7

•
C
on
sid
er
th
e
low
-in
fl
a
tio
n
stea

d
y
-sta

te

—
If
in
fl
a
tion

tem
p
o
ra
rily

go
es
u
p
,
seign

io
ra
g
e
g
o
es
u
p
a
s
m
o
n
ey

d
em
an
d
rea
cts
little

—
H
ou
seh
old
s
start

g
ra
d
u
ally

to
red
u
ce
rea
l
m
o
n
ey
b
a
la
n
ces;

th
is
ca
u
ses
seig

n
io
ra
g
e
to
fa
ll

—
If
in
fl
a
tio
n
rem

a
in
s
p
erm

a
n
en
tly
a
t
th
e
h
ig
h
er
lev
el,
seign

io
r-

a
g
e
w
ill
ev
en
tu
a
lly
b
eco
m
e
h
igh
er
th
a
n
ta
rg
et

—
H
en
ce,
in
fl
a
tio
n
m
u
st
d
ecrea

se
to
m
ain
tain

req
u
ired

seign
io
r-

a
g
e
rev
en
u
es

—
...a
n
d
th
e
p
ro
cess

co
n
tin
u
es
b
a
ck
to
th
e
low
-in
fl
a
tion

stead
y
-

sta
te

•
H
en
ce,

low
-in
fl
atio

n
stead

y
sta
te
is
sta
b
le,
w
h
ile
h
ig
h
-in
fl
a
tion

stead
y
state

is
u
n
sta
b
le

•
T
h
erefore,

if
som

e
sh
o
ck
b
rin
gs
in
fl
a
tion

a
b
ov
e
th
e
h
ig
h
-in
fl
a
tion

stead
y
state,

th
e
resu

lt
w
ill
b
e
h
y
p
erin

fl
a
tio
n

•
A
lso,

if
fi
n
an
cin
g
requ

irem
ent

su
d
d
en
ly
in
creases

a
b
ov
e

w
h
a
t
is
fea
sib
le
to
fi
n
a
n
ce
b
y
seig

n
io
ra
ge,

th
e
gov
ern
m
en
t
m
ay

en
g
a
ge
in
fu
tile

fi
n
a
n
cin
g
attem

p
ts
b
y
p
rin
tin
g
m
o
n
ey
at
a
fa
ster

ra
te,
th
ereb

y
d
riv
in
g
m
o
n
ey
b
ala
n
ces

d
ow
n
,
lea
d
in
g
to
a
ttem

p
ts

to
ra
ise
rev
en
u
e
b
y
in
crea

sin
g
m
on
ey
grow

th
ev
en
fu
rth
er,
etc.

•
In
b
o
th
cases,

h
y
p
erin

fl
a
tio
n
s
ca
n
o
n
ly
b
e
sto
p
p
ed
b
y
fi
scal

re-

fo
rm

1
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•
N
o
te
th
a
t
in
b
o
th
“
sto
ries”

of
h
y
p
erin

fl
a
tion

s,
in
fl
a
tion

w
as
ca
u
sed

b
y
m
on
ey
grow

th
;
i.e.,

in
fl
atio

n
w
as
b
a
sed

o
n
fu
n
d
am
en
ta
ls

•
A
s
a
n
a
sid
e,
n
o
te
th
a
t
h
y
p
erin

fl
a
tio
n
s
can

b
e
n
on
-fu
n
d
am
ental;

i.e.,
o
ccu
r
in
iso
la
tio
n
o
f
m
o
n
ey
g
row
th
.
T
h
ese
a
re
lab
elled

sp
ec-

u
lative

h
y
p
erin

fl
a
tio
n
s
(o
r
“
b
u
b
b
le
p
a
th
s”
)

•
A
s
a
n
ex
am
p
le,
let
m
o
n
ey
d
em
a
n
d
b
e
(n
ow
va
riab

les
a
re

log
a
rith
m
s):

m
t −

p
t
=
−
α
(E

t p
t+
1 −

p
t )
,

α
>
0,

•
T
h
is
is
rearran

g
ed
a
s
a
n
ex
p
ression

fo
r
th
e
(lo
g
o
f)
p
rice

level:

p
t
=

1

1
+
α
m

t +
α

1
+
α
E
t p

t+
1

T
h
is
is
a
fi
rst-o

rd
er
ex
p
ecta

tion
al
d
iff
eren

ce
eq
u
a
tion

in
p
t
(a
s
it

d
ep
en
d
s
o
n
its
ex
p
ected

fu
tu
re
va
lu
e)

•
M
on
ey
is
fo
r
sim
p
licity

assu
m
ed
to
b
e
co
n
sta
n
t,
m

t
=
θ
0

•
T
h
e
va
riab

le
θ
0
is
th
e
m
o
d
el’s

fu
n
d
am
ental,

a
n
d
a
so
lu
tion

o
f
p
t
d
ep
en
d
in
g
o
n
ly
on
th
e
fu
n
d
a
m
en
ta
l
an
d
p
a
ra
m
eters

is
a

fu
n
d
am
en
ta
l
solu

tion

•
T
o
fi
n
d
th
is
solu

tio
n
,
u
se
th
e
m
eth

od
of
u
n
d
eterm

in
ed

co-
effi
cients:

—
C
o
n
jectu

re
a
fo
rm

o
f
th
e
so
lu
tio
n
b
y
u
n
d
eterm

in
ed
co
effi
-

cien
ts

—
F
o
rw
a
rd
th
e
so
lu
tio
n
,
ta
k
e
ex
p
ecta

tion
s
an
d
in
sert

in
to
th
e

ex
p
ecta

tion
a
l
d
iff
eren

ce
eq
u
a
tion

in
p
t

—
Id
en
tify

th
e
co
effi
cien

ts

1
9

•
H
ere:

C
o
n
jectu

re
th
e
so
lu
tio
n
p
t
=

X
θ
0 ,
w
h
ere

X
is
th
e
u
n
d
e-

term
in
ed
co
effi
cien

t

•
F
o
rw
a
rd
th
e
con
jectu

re
an
d
ta
ke
ex
p
ectatio

n
s:
E
t p

t+
1
=
X
θ
0

•
In
sert

in
to
d
iff
eren

ce
eq
u
a
tion

:

p
t
=

1

1
+
α
θ
0
+

α

1
+
α
X
θ
0

=
1
+
α
X

1
+
α

θ
0

•
T
h
e
u
n
d
eterm

in
ed
co
effi
cien

t
is
n
ow
id
en
tifi
ed
as
it
m
u
st
b
e
th
e

case
th
a
t

X
=
1
+
α
X

1
+
α

a
n
d
th
u
s
X
=
1
H
en
ce,

p
t
=
θ
0
is
th
e
fu
n
d
am
en
ta
l
solu

tio
n
.

•
H
ow
ev
er,
it
is
easy

to
see

th
a
t
in
fi
n
itely

m
a
n
y
so
lu
tio
n
s
o
f
th
e

fo
rm

p
t
=
θ
0
+
bu
b
t ,

bu
b
t ≶

0

ex
ists

w
h
en

E
t bu

b
t+
1
=
1
+
α

α
bu
b
t

•
T
o
see
th
is,
n
o
te
th
at
is
it
co
n
sisten

t
w
ith
th
e
d
iff
eren

ce
eq
u
a
tio
n
:

θ
0
+
bu
b
t
=

1

1
+
α
θ
0
+

α

1
+
α
E
t [θ

0
+
bu
b
t+
1 ]

θ
0
+
bu
b
t
=

1

1
+
α
θ
0
+

α

1
+
α ∙

θ
0
+
1
+
α

α
bu
b
t ¸

θ
0
=

θ
0

•
H
en
ce,
if
bu
b
t
>
0,
w
e
h
ave

ev
er
risin

g
p
rices,

ev
en
th
o
u
g
h
th
e

m
o
n
ey
su
p
p
ly
is
co
n
sta
n
t

2
0



S
u
m
m
ary

•
M
on
eta
ry
a
n
d
fi
scal

p
o
licy

a
re
lin
k
ed
th
ro
u
g
h
th
e
p
u
b
lic
b
u
d
g
et

con
stra

in
t

•
Ig
n
o
rin
g
th
is
m
ay
b
e
valid

if
gov
ern
m
en
ts
h
av
e
a
ccess

to
lu
m
p
-

su
m
ta
x
a
tio
n
an
d
follow

p
o
licies

th
a
t
fu
lly
b
a
ck
in
terest-b

ea
rin
g

d
eb
t
w
ith
ta
x
es

•
O
th
erw
ise,

im
p
ortan

t
ch
a
n
n
els

from
m
o
n
eta
ry
p
o
licy

to
fi
sca
l

p
o
licy

an
d
v
ice
v
ersa

m
ay
b
e
ov
erlo

o
ked
,
as
th
e
fi
n
a
n
cin
g
p
ro
p
-

erties
o
f
in
fl
a
tion

is
ig
n
o
red

•
A
lso,

it
is
im
p
o
rta
n
t
to
stress

th
at
a
n
o
b
serv

ed
ch
an
g
e
in
m
o
n
e-

ta
ry
p
o
licy

m
ay
o
r
m
ay
n
o
t
b
e
d
u
e
to
fi
sca
l
co
n
sid
era
tio
n
s,
a
n
d

th
erefo

re
h
ave

d
iff
eren

t
im
p
licatio

n
s
fo
r
th
e
rea
l
econ

o
m
y
d
ep
en
d
-

in
g
o
n
th
e
so
u
rce

o
f
th
e
ch
a
n
ge

•
W
h
ile
a
p
o
ten
tial

fi
n
a
n
cin
g
to
o
l,
o
n
e
m
u
st
b
e
aw
a
re
o
f
th
e
d
a
n
-

g
ers
o
f
h
y
p
erin

fl
a
tion

asso
ciated

w
ith
relia

n
ce
on
seign

iora
g
e
a
s

a
m
ea
n
s
o
f
fi
n
a
n
cin
g
p
u
b
lic
ex
p
en
d
itu
res

2
1

P
lan

fo
r
n
ex
t
lectu

re

1
.
O
p
tim
al
ta
x
a
tion

a
n
d
seign

io
ra
g
e

2
.
R
o
b
u
stn
ess
of
th
e
F
ried

m
a
n
ru
le?

L
itera

tu
re:
W
a
lsh
(C
h
a
p
ter
4
,
p
p
.
17
2
-1
8
7;
p
p
.
1
92
-1
9
5
)

2
2
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