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M
O

T
IV

A
T

IO
N

•
In

m
any

m
any

p
olicy

situ
ation

s
th
e
com

m
itm

ent
solu

tion
is
tim

e-in
con

sistent.

•
T
h
e
p
rob

lem
occu

rs
in

fin
ite-

an
d
in
fin

ite-h
orizon

contexts.
T
h
e
continu

ou
s
M
arkov

solu
tion

is
a

n
atu

ral
equ

ilib
riu

m
to

stu
d
y,

as
it
is
th
e
con

n
ection

b
etw

een
th
ese

tw
o
kin

d
s
of

setu
p
s.

•
E
xistin

g
m
eth

od
s
for

fin
d
in
g
th
ese

equ
ilib

ria
are

–
a
little

of
th
e
b
lack

b
ox

typ
e,

an
d
th
erefore

n
ot

easily
accessib

le
to

a
large

au
d
ien

ce
an

d

–
b
ased

on
,
in

som
e
sen

se,
arb

itrary
ap

p
roxim

ation
s
(in

p
articu

lar,
stead

y
states

are
n
ot

p
in
n
ed

d
ow

n
in

th
ese

m
od

els
w
ith

controlled
accu

racy).

•
W
e
stu

d
y
a
p
articu

lar
exam

p
le

to
illu

strate

–
h
ow

to
m
ake

th
e
econ

om
ics

of
th
e
p
rob

lem
p
alatab

le
an

d

–
d
escrib

e
a
com

p
u
tation

al
algorith

m
th
at

allow
s
controlled

accu
racy.

T
h
e
econ

om
ics

of
th
e
p
rob

lem
com

es
ou

t
via

th
e
G
E
E
.
T
h
is

equ
ation

,
w
h
ich

is
th
e
key

on
e
for

any

p
olicy

m
aker,

can
b
e
stated

exp
licitly.

It
can

also
b
e
evalu

ated
at

a
calib

rated
p
oint

an
d
h
en

ce
b
oth

th
e
qu

alitative
an

d
th
e
qu

antitative
stren

gth
s
of

th
e
d
iff
erent

costs
an

d
b
en

efits
for

raisin
g
taxes

can

b
e
stu

d
ied

.
T
h
e
G
E
E
focu

ses
on

th
e
”n

atu
ral”,

or
”b

asic”
econ

om
ics,

in
th
e
sen

se
th
at

it
is
th
e
sam

e

econ
om

ics
as

sh
ow

s
u
p
in

any
fin

ite-h
orizon

m
od

el:
th
e
in
centives

for
raisin

g
an

d
low

erin
g
p
olicy

are

th
e
p
u
re

econ
om

ic
on

es,
entirely

ign
orin

g
”rep

u
tation

al”
con

cern
s
th
at

cou
ld

take
a
variety

of
form

s

an
d
are

th
erefore

h
ard

to
fu
lly

d
escrib

e.
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R
ecu

rsive
equ

ilib
riu

m
for

exp
en

d
itu

res
given

by
th
e
(exogen

ou
s)

fu
n
ction

g
=

Ψ
(k
):

k
′
=

H
(k
)
an

d

l
=

L
(k
),
satisfyin

g
th
e
F
O
C

for
lab

or

u
l (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

G
(k
),1
−

L
(k
),G

(k
))

u
c (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

G
(k
),1
−

L
(k
),G

(k
))

=
f
l (k

,L
(k
))(1

−
Ψ
(k
)),

w
h
ere

G
(k
)
≡

Ψ
(k
)
(f

(k
,L

(k
))
−

δk
)
,

an
d
th
e
F
O
C

for
savin

g

u
c (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

G
(k
),1
−

L
(k
),G

(k
))

=

β
(1

+
(f

k (H
(k
),L

(H
(k
)))
−

δ)(1
−

Ψ
(H

(k
))))

·

u
c (f

(H
(k
),L

(H
(k
)))

+
(1
−

δ)H
(k
)
−

H
(H

(k
))
−

G
(H

(k
)),1

−
L
(H

(k
)),G

(H
(k
)))

.
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O
n
e-p

eriod
d
eviation

in
exp

en
d
itu

res
from

th
e
ab

ove
equ

ilib
riu

m
:
cu

rrent
exp

en
d
itu

res
are

given
by

an
arb

itrary
τ

an
d

fu
tu
re

p
olicies

given
by

Ψ
(
·).

T
h
at

b
oils

d
ow

n
to

cu
rrent

equ
ilib

riu
m

fu
n
ction

s

k
′
=

H
(k

,τ
)
an

d
l
=

L
(k

,τ
)
an

d
fu
tu
re

fu
n
ction

s
as

ab
ove.

T
h
e
F
O
C

for
lab

or
in

th
e
cu

rrent
p
eriod

read
su

l (f
(k

,L
(k

,τ
))

+
(1
−

δ)k
−

H
(k

,τ
)
−

G
(k

,τ
),1
−

L
(k

,τ
),G

(k
,τ

))

u
c (f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

G
(k

,τ
),1
−

L
(k

,τ
),G

(k
,τ

))
=

f
l (k

,L
(k

,τ
))(1

−
τ
),

w
h
ere

G
(k

,τ
)
≡

τ
(f

(k
,L

(k
,τ

))
−

δk
)
,

an
d
th
e
F
O
C

for
cu

rrent
savin

g
read

s

u
c (f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

G
(k

,τ
),1
−

L
(k

,τ
),G

(k
,τ

))
=

β
(1

+
(f

′(H
(k

,τ
))
−

δ)(1
−

Ψ
(H

(k
,τ

))))
·

u
c (f

(H
(k

,τ
),L

(H
(k

,τ
)))

+
(1
−

δ)H
(k

,τ
)
−

H
(H

(k
,τ

))
−

G
(H

(k
,τ

)),1
−

L
(H

(k
,τ

)),G
(H

(k
,τ

)))
.

N
otice:

th
e
fu
n
ction

s
are

d
efin

ed
so

th
at

H
(k

,Ψ
(k
))

=
H
(k
)

L
(k

,Ψ
(k
))

=
L
(k
)

G
(k

,Ψ
(k
))

=
G
(k
).
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T
h
e
govern

m
ent

d
ecision

:

m
ax
τ

u
(f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

G
(k

,τ
),1
−

L
(k

,τ
),G

(k
,τ

))
+

β
V
(H

(k
,τ

))

w
h
ere

V
(k
)
=

u
(f

(k
,L

(k
,Ψ

(k
)))

+
(1
−

δ)k
−

H
(k

,Ψ
(k
))
−

G
(k

,Ψ
(k
)),1

−
L
(k

,Ψ
(k
)),G

(k
,Ψ

(k
)))+

β
V
(H

(k
,Ψ

(k
)))

for
all

k
.

N
otice

th
at,

on
th
e
equ

ilib
riu

m
p
ath

,
w
h
en

it
is

op
tim

al
for

th
e
govern

m
ent

to
ch
oose

Ψ
(k
)
for

every

k
,
th
e
m
ax

in
th
e
govern

m
ent’s

p
rob

lem
equ

als
V
(k
)!

T
h
at

is,
w
e
can

sp
ecify

th
e
govern

m
ent’s

p
rob

lem

as
a
recu

rsive
on

e.
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P
roced

u
re:

•
T
akin

g
th
e
first-ord

er
con

d
ition

s
w
ith

resp
ect

to
τ
,
w
e
ob

tain
an

equ
ation

w
h
ere

V
′(H

(k
,Ψ

(k
)))

n
eed

s
to

b
e
fou

n
d
.

•
O
n
e
th
en

d
iff
erentiates

th
e
exp

ression
for

V
(k
).

T
h
is

w
ill

resu
lt

in
a
nu

m
b
er

of
term

s,
som

e
of

w
h
ich

m
u
ltip

ly
Ψ

′(k
);
all

th
ose

term
s
can

cel,
u
sin

g
th
e
first-ord

er
con

d
ition

ju
st

d
erived

(th
e
envelop

e

th
eorem

b
ein

g
at

w
ork).

•
A
n
oth

er
term

rem
ain

s
in

th
is
exp

ression
:
β
V

′(H
(k

,Ψ
(k
)))H

k (k
,Ψ

(k
)).

B
u
t
it
can

b
e
solved

for
from

th
e
first-ord

er
con

d
ition

,
d
eliverin

g
an

exp
ression

for
V

′(k
)
n
ot

involvin
g
any

fu
rth

er
valu

e
fu
n
ction

d
erivative.

•
E
valu

ate
th
e
exp

ression
for

V
′
at

H
(k

,Ψ
(k
))

an
d
su
b
stitu

te
it
into

th
e
first-ord

er
con

d
ition

.
T
h
is
is

n
ow

th
e
G
E
E
.

6



W
h
at

w
e
ob

tain
is:

u
c [L

τ f
l
−

H
τ
−

G
τ ]
−

u
l L

τ
+

u
g G

τ
+

β
H

τ
·

{

u
′c [f

′k
+

f
′l L

′k
+

1
−

δ
−

H
′k
−

G
′k ]
−

u
′l L

′k
+

u
′g G

′k
−

H
′k

H
′τ

(u
′c [f

′l L
′τ
−

H
′τ
−

G
′τ ]
−

u
′l L

′τ
+

u
′τ G

′τ )

}

=
0.

T
h
ere

are
several

p
arts

h
ere:

th
e
eff

ects
of

an
in
crease

in
th
e
tax

rate
on

:

1.
C
u
rrent

con
su
m
p
tion

,

(a)
via

h
igh

er
lab

or
su
p
p
ly

(L
τ f

l );

(b
)
via

low
er

savin
gs

(H
τ );

an
d

(c)
via

h
igh

er
govern

m
ent

sp
en

d
in
g
(G

τ ).

2.
C
u
rrent

leisu
re,

via
h
igh

er
lab

or
su
p
p
ly

(L
τ ).

3.
C
u
rrent

govern
m
ent

sp
en

d
in
g,

w
h
ich

goes
u
p
(G

τ ).

4.
F
u
tu
re

u
tility-relevant

variab
les,

via
a
d
ecrease

in
savin

gs
(H

τ ),
lead

in
g
to:

(a)
a
ch
an

ge
in

n
ext

p
eriod

’s
con

su
m
p
tion

via
a
d
irect

eff
ect

on
p
rod

u
ction

an
d
u
n
d
ep

reciated
cap

ital

(f
′k
+

1
−

δ),
an

in
d
irect

eff
ect

on
lab

or
su
p
p
ly

(f
′l L

′k ),
an

in
d
irect

eff
ect

on
savin

g
(
−
H

′k ),
an

d

an
in
d
irect

on
govern

m
ent

sp
en

d
in
g
(G

′k );
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(b
)
a
ch
an

ge
in

n
ext

p
eriod

’s
leisu

re,
th
rou

gh
lab

or
su
p
p
ly

(
−
L

′k );
an

d

(c)
a
ch
an

ge
in

n
ext

p
eriod

’s
govern

m
ent

sp
en

d
in
g
d
irectly

(G
′k ).

(d
)
an

in
d
u
ced

ch
an

ge
in

taxes
(
−
H

′k /H
′τ ),

w
h
ich

aff
ects

i.
n
ext

p
eriod

’s
con

su
m
p
tion

,
via

th
e
sam

e
ch
an

n
els

as
in

th
e
in
itial

p
eriod

(f
′l L

′τ
−

H
′τ
−

G
′τ );

ii.
n
ext

p
eriod

’s
leisu

re
(L

′τ );
an

d

iii.
n
ext

p
eriod

’s
govern

m
ent

sp
en

d
in
g
(G

′τ ).8



L
u
m

p
-su

m
ta

x
e
s

T
h
e
an

alysis
is

qu
ite

p
arallel

to
th
e
on

e
ab

ove.
R
ecu

rsive
equ

ilib
riu

m
for

exp
en

d
itu

res
given

by
th
e

(exogen
ou

s)
fu
n
ction

τ
=

Ψ
(k
):

k
′=

H
(k
)
an

d
l
=

L
(k
),
satisfyin

g
th
e
F
O
C

for
lab

or

u
l (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

Ψ
(k
),1
−

L
(k
),Ψ

(k
))

u
c (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

Ψ
(k
),1
−

L
(k
),Ψ

(k
))

=
f
l (k

,L
(k
))

an
d
th
e
F
O
C

for
savin

g

u
c (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

Ψ
(k
),1
−

L
(k
),Ψ

(k
))

=

β
(1
−

δ
+

f
k (H

(k
),L

(H
(k
))))

·

u
c (f

(H
(k
),L

(H
(k
)))

+
(1
−

δ)H
(k
)
−

H
(H

(k
))
−

Ψ
(H

(k
)),1

−
L
(H

(k
)),Ψ

(H
(k
)))

.

N
otice,

com
p
ared

to
b
efore

th
at

•
th
e
cu

rrent
exp

en
d
itu

re
fu
n
ction

,
G
(k
),
h
as

to
equ

al
Ψ
(k
)
an

d
th
erefore

d
oes

n
ot

h
ave

to
b
e
in
clu

d
ed

in
th
e
an

alysis;
an

d

•
th
e
F
O
C
s
b
oth

ch
an

ge
d
u
e
to

th
e
ab

sen
ce

of
a
d
istortion

.
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Ju
st

like
b
efore,

d
efin

e
a
on

e-p
eriod

d
eviation

equ
ilib

riu
m

w
ith

cu
rrent

exp
en

d
itu

res
given

by
an

arb
itrary

τ
an

d
fu
tu
re

p
olicies

given
by

Ψ
(
·).

T
h
e
cu

rrent
equ

ilib
riu

m
fu
n
ction

s
are

k
′
=

H
(k

,τ
)
an

d
l
=

L
(k

,τ
)

an
d
th
e
fu
tu
re

fu
n
ction

s
are

as
ab

ove.
T
h
e
F
O
C

for
lab

or
in

th
e
cu

rrent
p
eriod

read
s

u
l (f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

τ,1
−

L
(k

,τ
),τ

)

u
c (f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

τ,1
−

L
(k

,τ
),τ

)
=

f
l (k

,L
(k

,τ
)),

an
d
th
e
F
O
C

for
cu

rrent
savin

g
read

s

u
c (f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

τ,1
−

L
(k

,τ
),τ

)
=

β
(1
−

δ
+

f
k (H

(k
,τ

),L
(H

(k
,τ

))))
·

u
c (f

(H
(k

,τ
),L

(H
(k

,τ
)))

+
(1
−

δ)H
(k

,τ
)
−

H
(H

(k
,τ

))
−

Ψ
(H

(k
,τ

)),1
−

L
(H

(k
,τ

)),Ψ
(H

(k
,τ

)))
.

N
otice:

th
e
fu
n
ction

s
are

d
efin

ed
so

th
at

H
(k

,Ψ
(k
))

=
H
(k
)

L
(k

,Ψ
(k
))

=
L
(k
).

1
0



T
h
e
govern

m
ent

d
ecision

is
n
ow

:

m
ax
τ

u
(f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

τ,1
−

L
(k

,τ
),τ

)
+

β
V
(H

(k
,τ

))

w
h
ere

for
all

k

V
(k
)
=

u
(f

(k
,L

(k
,Ψ

(k
)))

+
(1
−

δ)k
−

H
(k

,Ψ
(k
))
−

Ψ
(k
),1
−

L
(k

,Ψ
(k
)),Ψ

(k
))

+
β
V
(H

(k
,Ψ

(k
))).

S
olvin

g
for

th
e
G
E
E
,
on

e
ob

tain
s

u
c [L

τ f
l
−

H
τ
−

1]
−

u
l L

τ
+

u
g
+

β
H

τ
·

{

u
′c [f

′k
+

f
′l L

′k
+

1
−

δ
−

H
′k ]
−

u
′l L

′k
−

H
′k

H
′τ

(u
′c [f

′l L
′τ
−

H
′τ
−

1]
−

u
′l L

′τ
+

u
′g G

′τ

)

}

=
0.

H
ere,

th
ere

are
m
any

sim
p
lification

s:
on

e
can

u
se

th
e
F
O
C
s
ab

ove
to

can
cel

term
s,
en

d
in
g
u
p
w
ith

u
g
−

u
c
+

β
H

τ H
′k

H
′τ (u

′g
−

u
′c )

=
0.

It
is
clear

th
at

a
Ψ
(k
)
su
ch

th
at

u
g
(f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

Ψ
(k
),1
−

L
(k
),Ψ

(k
))

u
c (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

Ψ
(k
),1
−

L
(k
),Ψ

(k
))

=
1

satisfies
th
is

con
d
ition

for
all

k
.
T
h
is

m
ean

s
th
at

w
e
can

com
b
in
e
th
is

equ
ation

w
ith

th
e
first

tw
o
F
O
C
s

for
th
e
lab

or-leisu
re

an
d
con

su
m
p
tion

-savin
gs

ch
oices

(th
ose

th
at

are
N
O
T

off
th
e
equ

ilib
riu

m
p
ath

)
to

h
ave

th
ree

fu
n
ction

alequ
ation

s
in

th
ree

u
n
kn

ow
n
fu
n
ction

s
H
,
L
,
an

d
Ψ
.
T
h
is
system

is
entirely

stan
d
ard

an
d
d
oes

n
ot

involve
d
erivatives

of
p
olicy

fu
n
ction

s.1
1



L
a
b
o
r

ta
x
e
s

T
h
e
recu

rsive
equ

ilib
riu

m
for

exp
en

d
itu

res
is

given
by

th
e
(exogen

ou
s)

fu
n
ction

s
g
=

Ψ
(k
),

k
′
=

H
(k
),

an
d
l
=

L
(k
),
satisfyin

g
th
e
F
O
C

for
lab

or

u
l (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

G
(k
),1
−

L
(k
),G

(k
))

u
c (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

G
(k
),1
−

L
(k
),G

(k
))

=
f
l (k

,L
(k
))(1

−
Ψ
(k
)),

w
h
ere

G
(k
)
≡

Ψ
(k
)f

l (k
,L

(k
))L

(k
),

an
d
th
e
F
O
C

for
savin

g

u
c (f

(k
,L

(k
))

+
(1
−

δ)k
−

H
(k
)
−

G
(k
),1
−

L
(k
),G

(k
))

=

β
(1
−

δ
+

f
k (H

(k
),L

(H
(k
))))

·

u
c (f

(H
(k
),L

(H
(k
)))

+
(1
−

δ)H
(k
)
−

H
(H

(k
))
−

G
(H

(k
)),1

−
L
(H

(k
)),G

(H
(k
)))

.

N
otice

th
at

•
w
e
again

n
eed

to
d
efin

e
th
e
fu
n
ction

G
;
an

d
th
at

•
th
e
F
O
C

for
savin

gs
is
u
n
d
istorted

b
u
t
th
e
on

e
for

lab
or

is
n
ot.

1
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In
th
e
on

e-p
eriod

d
eviation

,
as

in
th
e
oth

er
cases,

th
e
cu

rrent
exp

en
d
itu

res
are

given
by

an
arb

itrary
τ
an

d

fu
tu
re

p
olicies

given
by

Ψ
(
·)

so
th
at

w
e
h
ave

cu
rrent

equ
ilib

riu
m

fu
n
ction

s
k
′=

H
(k

,τ
)
an

d
l
=

L
(k

,τ
)

an
d
fu
tu
re

fu
n
ction

s
as

ab
ove.

T
h
e
F
O
C

for
lab

or
in

th
e
cu

rrent
p
eriod

read
s

u
l (f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

G
(k

,τ
),1
−

L
(k

,τ
),G

(k
,τ

))

u
c (f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

G
(k

,τ
),1
−

L
(k

,τ
),G

(k
,τ

))
=

f
l (k

,L
(k

,τ
))(1

−
τ
),

w
h
ere

G
(k

,τ
)
≡

τ
f
l (k

,L
(k

,τ
))L

(k
,τ

),

an
d
th
e
F
O
C

for
cu

rrent
savin

g
read

s

u
c (f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

G
(k

,τ
),1
−

L
(k

,τ
),G

(k
,τ

))
=

β
(1
−

δ
+

f
′(H

(k
,τ

)))
·

u
c (f

(H
(k

,τ
),L

(H
(k

,τ
)))

+
(1
−

δ)H
(k

,τ
)
−

H
(H

(k
,τ

))
−

G
(H

(k
,τ

)),1
−

L
(H

(k
,τ

)),G
(H

(k
,τ

)))
.

A
s
in

th
e
case

of
in
com

e
taxation

,
th
e
fu
n
ction

s
are

d
efin

ed
so

th
at

H
(k

,Ψ
(k
))

=
H
(k
)

L
(k

,Ψ
(k
))

=
L
(k
)

G
(k

,Ψ
(k
))

=
G
(k
).

1
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T
h
e
govern

m
ent

d
ecision

is
as

b
efore:

m
ax
τ

u
(f

(k
,L

(k
,τ

))
+

(1
−

δ)k
−

H
(k

,τ
)
−

G
(k

,τ
),1
−

L
(k

,τ
),G

(k
,τ

))
+

β
V
(H

(k
,τ

))

w
h
ere

for
all

k

V
(k
)
=

u
(f

(k
,L

(k
,Ψ

(k
)))

+
(1
−

δ)k
−

H
(k

,Ψ
(k
))
−

G
(k

,Ψ
(k
)),1

−
L
(k

,Ψ
(k
)),G

(k
,Ψ

(k
)))+

β
V
(H

(k
,Ψ

(k
))).
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W
h
at

w
e
ob

tain
th
is
tim

e
is:

u
c [L

τ f
l
−

H
τ
−

G
τ ]
−

u
l L

τ
+

u
g G

τ
+

β
H

τ
·

{

u
′c [f

′k
+

f
′l L

′k
+

1
−

δ
−

H
′k
−

G
′k ]
−

u
′l L

′k
+

u
′g G

k
−

H
′k

H
′τ

(u
′c [f

′l L
′τ
−

H
′τ
−

G
′τ ]
−

u
′l L

′τ
+

u
′τ G

′τ )

}

=
0.

T
h
is

equ
ation

is
id
entical

to
th
e
on

e
u
n
d
er

in
com

e
taxation

.
U
sin

g
F
O
C
s
w
ill

m
ake

som
e
term

s
can

cel,

h
ow

ever:
th
ose

involvin
g
th
e
savin

gs
ch
oice.

W
e
ob

tain
:

L
τ [u

c f
l
−

u
l ]+

G
τ [u

g
−

u
c ]+

β
H

τ
·

{

L
′k [u

′c f
′l
−

u
′l ]+

G
′k [u

′g
−

u
′c ]
−

H
′k

H
′τ

(L
′τ [u

′c f
′l
−

u
′l ]+

G
′τ [u

′g
−

u
′c ]
)

}

=
0.

T
h
is

equ
ation

equ
ates

(w
eighted

)
d
is
to

r
tio

n
s
tod

ay
an

d
tom

orrow
.
T
h
e
d
istortion

s
ap

p
ear

in
sid

e
th
e

b
rackets,

an
d
th
ey

are
all

zero
in

th
e
u
n
restricted

op
tim

u
m
.
T
h
ere

are
tw

o
kin

d
s
of

d
istortion

s:
th
ose

in

th
e
lab

or-leisu
re

ch
oice,

an
d
th
ose

in
th
e
p
rivate-p

u
b
lic

con
su
m
p
tion

ch
oice.

In
th
e
lu
m
p
-su

m
tax

case,

th
e
form

er
w
ere

zero,
an

d
w
e
en

d
ed

u
p
w
ith

a
sim

p
le

equ
ation

.

In
th
e
case

of
in
com

e
taxes

(w
h
ich

w
e
cou

ld
h
ave

d
erived

ab
ove),

th
e
equ

ation
w
ou

ld
b
e
m
ore

com
p
li-

cated
,
b
ecau

se
it
w
ou

ld
involve

a
d
istortion

to
th
e
con

su
m
p
tion

-savin
gs

ch
oice

as
w
ell.
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O
n
e
can

u
se

th
e
F
O
C

for
lab

or
to

sim
p
lify

th
is
exp

ression
som

ew
h
at:

L
τ [u

c f
l Ψ

]+
G

τ [u
g
−

u
c ]+

β
H

τ

{

(L
′k
−

H
′k

H
′τ L

′τ )[u
′c f

′l Ψ
′]+

(G
′k
−

H
′k

H
′τ G

′τ )τ
[u

′g
−

u
′c ]

}

=
0,

w
h
ere

Ψ
an

d
Ψ

′
d
en

ote
th
e
equ

ilib
riu

m
tax

rates
in

th
e
cu

rrent
an

d
n
ext

p
eriod

,
resp

ectively.

T
h
is

equ
ation

d
oes

n
ot

seem
to

off
er

m
ore

sim
p
lification

s
u
sin

g
first-ord

er
con

d
ition

s:
if
th
e
cu

rrent-

valu
ed

term
s
su
m

to
zero

for
each

k
,
th
e
fu
tu
re-valu

ed
term

s
w
ill

n
ot,

u
n
less

L
τ /L

k
=

G
τ /G

k
(h
ow

m
u
ch

τ
h
as

to
ch
an

ge
in

resp
on

se
to

a
ch
an

ge
in

k
to

keep
lab

or
con

stant
is
th
e
sam

e
am

ou
nt

as
it
h
as

to
ch
an

ge

to
keep

p
u
b
lic

exp
en

d
itu

re
con

stant).

C
an

w
e
con

clu
d
e
from

th
e
ab

ove
th
at

th
e
com

m
itm

ent
solu

tion
to

th
e
lab

or
taxation

p
rob

lem
is

n
ot

tim
e-con

sistent?
N
ot

h
avin

g
an

alyzed
th
e
com

m
itm

ent
solu

tion
it
is
h
ard

to
tell—

w
e
h
ave

to
d
o
it.

W
ill

th
e
an

sw
er

d
ep

en
d

on
w
h
eth

er
or

n
ot

th
ere

is
govern

m
ent

d
eb

t?
T
h
e
case

w
ith

govern
m
ent

d
eb

t
is

w
ell-kn

ow
n
n
ot

to
b
e
tim

e-con
sistent

(see
L
u
cas

an
d
S
tokey).

F
in
ally,

n
otice

th
at

th
e
tim

e-con
sistent

lab
or

taxation
case

is
som

ew
h
at

d
iff
erent

from
th
e
in
com

e

taxation
case

in
on

e
resp

ect:
th
e
stead

y
state

interest
rate

is
m
ore

easily
ob

tain
ed

h
ere

(sin
ce

th
e
savin

gs

ch
oice

is
u
n
d
istorted

).
H
ow

ever,
to

fin
d

th
e
level

of
cap

ital
an

d
lab

or,
on

e
again

n
eed

s
to

fin
d

th
e

d
erivatives

of
th
e
d
ecision

ru
les,

w
h
ich

in
tu
rn

w
ill

d
ep

en
d
on

th
e
d
erivative

of
th
e
Ψ

fu
n
ction

.
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