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Introduction 

T
h
is b

o
o
k exam

ines the effects o
f fiscal p

o
licy o

n
 the econom

y. F
iscal 

p
o
licy refers to

 the actions o
f governm

ent in
 co

lle
ctin

g
 and spending p

ri- 
vate resources. A

s its title
 suggests, 

the book is concerned w
ith

 the d
y- 

nam
ic aspects o

f fiscal p
o
licy. These in

clu
d
e
 the elfects o

f fiscal p
o
licie

s 
o
n
 ca

p
ita

l fo
rm

a
tio

n
, econom

ic g
ro

w
th

, and in
te

rg
e
n
e
ra

tio
n
a
l e

q
u
ity; the 

influence o
f lo

n
g
-ru

n
 expectations o

n
 sh

o
rt-ru

n
 outcom

es; and the re- 
strictio

n
s im

posed by current policies o
n
 the set o

f feasible fu
tu

re
 policies. 

D
ynam

ic analysis has recently gained favor over static analysis in
 va

r- 
ious fields o

f econom
ics. 

It is p
a
rticu

la
rly a

p
p
ro

p
ria

te
 fo

r the study o
f 

fiscal p
o
licy, w

hich, at least in
 the U

n
ite

d
 S

tates, is fre
q
u
e
n
tly adjusted 

and altered. S
uch changes are o

fte
n
 e

xp
licitly legislated in

 advance, but 
w

hen not pre-announced they m
ay o

fte
n
 be surm

ised fro
m

 cu
rre

n
t fiscal 

co
n
d
itio

n
s. T

hat fiscal variables are co
n
tin

u
a
lly m

o
d
ifie

d
 is not su

rp
ris- 

ing. C
u
rre

n
t p

o
licy changes a

lte
r the course o

f the econom
y and in

va
ri- 

ably re
q
u
ire

 a
d

d
itio

n
a
l p

o
licy changes in

 the fu
tu

re
. B

ut the a
n
ticip

a
tio

n
 

o
f such fu

tu
re

 changes also alters cu
rre

n
t outcom

es; indeed, the cu
rre

n
t 

im
pact o

f fiscal decisions cannot be determ
ined w

ith
o
u
t co

n
sid

e
rin

g
 the 

e
n
tire

 fu
tu

re
 tim

e
 p

a
th

 o
f fiscal p

o
licy. 

A
 dynam

ic perspective is also cru
cia

l in
 w

eighing the sh
o
rt-ru

n
 benefits 

o
f p

a
rticu

la
r p

o
licie

s (e.g., tax cuts) against lo
n
g
-ru

n
 losses (e.g., 

cro
w

d
- 

in
g

 o
u

t) and in
 e

va
lu

a
tin

g
 the econom

ic efficiency o
f a

lte
rn

a
tive

 policies. 
E

conom
ic efficiency refers to

 the p
o
te

n
tia

l fo
r im

p
ro

vin
g
 the w

elfare o
f 

som
e segm

ent o
f society w

ith
o
u
t reducing that o

f another. S
tatic analysis 

is ill-e
q

u
ip

p
e

d
 to

 exam
ine econom

ic efficiency because it ignores a
 vast 

segm
ent o

f' society, nam
ely, a

ll fu
tu

re
 generations. D

ynam
ic analysis con- 

siders b
o

th
 cu

rre
n
t and fu

tu
re

 generations and p
e
rm

ils one to
 d

is~
in

g
u

ish
 

policies that tru
ly im

p
ro

ve
 econom

ic efficiency fro
m

 those that sim
ply re- 

d
istrib

u
te

 resources across generations. 
In

 a
d

d
itio

n
 to

 in
clu

d
in

g
 the tim

e
 dim

ension o
f fiscal p

o
licy, any per- 

suasive analysis o
f th

is subject sh
o
u
ld

 in
clu

d
e
 the general e

q
u
ilib

riu
m

 
en'ects ol' p

o
licy choices o

n
 endogenous econom

ic variables such as 
in

- 
terest ratcs, w

ages, 
and saving. S

tu
d
yin

g
 lisca

l p
o
licy in

 a
 dynam

ic gen- 
e
ra

l e
q

u
ilib

riu
m

 m
odel in

vo
lve

s a
 num

ber o
f issues that are not present 

in
 static m

odcls. Thesc iriclu
d
e
 treatm

ent o
f expectations, aggregation o

f 

I 



2 
1)ynrm

ic fiscal policy 

the behavior o
f overlapping generarions. and solving for rhe e

q
u

ilib
riu

m
 

tra
n
sitio

n
 path o

f thc cconom
y. T

he d
illicu

ltie
s in

 o
b

ta
in

in
g

 either q
u

a
li- 

la
live

 o
r quanrirarive analytical results in

 any but extrcm
cly sim

ple and 
highly unrealistic dynam

ic m
odels influenced o

u
r decision to

 use a
 com

- 
puter sim

u
la

tio
n
 m

odel lo
 study the dynam

ics o
f liscal p

o
licy. A

lth
o

u
g

h
 

this m
ethodological approach ro

 analyzing fiscal p
o

licy issues is con)- 
m

onplace, rhe m
odel developed here appears to

 be unique in
 that it can 

be used ro study rhe effects o
f a

 w
ide range o

f im
p

o
rta

n
t liscal policies 

o
n

 in
te

rte
m

p
o
ra

l general e
q

u
ilib

ria
 under the assum

ption o
f ra

tio
n

a
l ex- 

pectations. 
T

he num
erical sim

u
la

tio
n

 technique is required because o
f the com

- 
p

le
xity o

f the problem
s studied here. N

evertheless, the m
odel has few

 
com

ponents, and these are easily described. A
s a

 consequence, the sim
u- 

la
tio

n
 results are h

ig
h

ly in
tu

itive
 and easily understood by tracing ~

h
c

 
e

f- 
fects o

f p
o
licy changes th

ro
u

g
h

 the different parts o
f the m

odel. 

A
. 

K
ey issues 

T
he book exam

ines m
any types o

f fiscal policies, in
clu

d
in

g
 deficit finance, 

changes in
 the level and tim

in
g

 o
f governm

ent spending, ch
o

ice
o

f the tax 
base, tax progressivity, investm

ent incentives, and social security. In
 a

d
- 

d
itio

n
. 

the book considers the in
te

ra
ctio

n
 o

f dem
ographic change and 

fiscal choices, the effect o
f fiscal policies o

n
 the stock m

arket, p
a

rticu
la

rly 
investm

ent incentives, and the question o
f w

hether conventional m
ea- 

sures o
f governm

ent debt are in
trin

sica
lly w

ell defined. 
T

o p
ro

vid
e
 a

 better sense o
f the scope o

f this book, w
e list below

 som
e 

o
f the questions to

 be addressed. 

1. 
S

avings, w
ew

are, and the choice of 
tax base 

W
o
u
ld

 a
 sw

itch in
 the tax base fro

m
 incom

e to
 consum

ption in
- 

crease savings and w
elfare in

 the lo
n

g
 ru

n
?

 
H

o
w

 w
o
u
ld

 the outcom
e be different if the alternative tax base 

w
ere la

b
o

r incom
e, rather than consum

prion? 
D

o
 policies that lead to

 increased savings in
 the lo

n
g

 ru
n

 also im
- 

prove in
d

ivid
u

a
l w

elfare in
 the long ru

n
?

 

2. 
E

flciency gains fro
m

 clynam
ic tux reform

 

T
o w

hat extent d
o

 policies that im
p

ro
ve

 lo
n

g
-ru

n
 w

clfarc suc- 
ceed in

 d
o

in
g

 so th
ro

u
g

h
 transfers in

 resources fro
m

 earlicr 
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g
c~

~
cr:rlio

n
s rattie

r than th
ro

u
g
h
 increases in

 econom
ic clli- 

c
ic

t~
c

y
?

 
D

o
 liscal policies exist lh

a
t o

lk
r P

arcto cllicicncy gains, that is. 
that im

prove the w
clfarc o

f ar 
least one generation w

ilhour 
lo

w
e

rin
g
 thar o

f orhers? 
H

o
w

 largc arc the elficiency gains or losses fro
m

 sw
itching la

x 
bases? 

3. 
"C

row
ding out " und deficirs 

H
o

w
 m

uch private investm
ent is displaced by deficits associared 

w
ith

 lax curs o
f different sizes and durations? 

H
o

w
 fast does cro

w
d
in

g
 out occur? 

W
hat is the im

pact o
f deficit finance o

n
 sh

o
rt- and lo

n
g
-te

rm
 in

- 
teresr rates? 

Is it possible fo
r investm

ent to
 increase w

hen a
 deficit occurs? 

H
o

w
 does the type o

f tax cut that induces a
 deficit influence the 

degree o
f cro

w
d
in

g
 o

u
t?

 
H

o
w

 useful are reported governm
ent deficits as m

easures o
f in

- 
rergenerarional re

d
istrib

u
tio

n
 and fiscal stim

ulus? 

4. 
B

usiness tux incentives 

W
hat types o

f business tax incentives have the greatest "bang fo
r 

the buck" in
 term

s o
f increased investm

ent per d
o
lla

r o
f rev- 

enue loss? 
W

hat is the im
pact o

f investm
ent incentives o

n
 the stock m

arket 
and interest rates? 

H
o

w
 d

o
 adjustm

ent costs to
 investm

ent influence the efficacy o
f 

fiscal p
o
licy?

 
H

o
w

 do changes in
 investm

ent incentives influence the effective 
base o

f ta
xa

tio
n
?
 

5. 
T

ax progressivity 

H
o

w
 serious are the efficiency costs o

f progressive taxation in
 

com
parison w

ith
 the costs o

f p
ro

p
o
rtio

n
a
l la

xa
tio

n
?
 

H
o

w
 m

uch is la
b
o
r supply and savings reduced by rhe progres- 

sivity o
f the tax system

? 
H

ow
 docs increasing the progrcssivity o

f dill'erent taxes shifr rhe 
burden ol' la

xa
tio

n
 across generarions? 
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6
. 

A
 nnouncenient eflects 

C
an early announcem

ent of policy changes m
itigate or rcversc 

their intended effects? 
H

ow
 does theanticipation of different fiscal policy changes affect 

short-run econom
ic behavior? 

In w
hat cases is early announcem

ent of a policy shift beneficial? 

D
em

ographic shifrs 

W
hat econom

ic changes, particularly in capital form
ation and 

factor prices, should occur w
hen fertility rates undergo m

a- 
jor changes? 

H
ow

 does such a dem
ographic shift atfect the financial viability 

of social security and the distribution across generations of 
the burden of financing social security? 

W
hat changes in the social security system

 are required to off- 
set the effects of a m

ajor increase in the ratio of retirees to 
w

orkers? 

B
. 

K
ey findings 

T
hese and num

erous other questions are addressed in the follow
ing chap- 

ters using both theoretical analysis and the results of the sim
ulation m

od- 
el. T

he key findings are as follow
s: 

D
eficits arising from

 incom
e tax cuts of short duration "crow

d 
in" saving and investm

ent in the short run even though saving 
and capital form

ation are crow
ded out in the long run by such 

policies. 
C

onsum
ption taxation stim

ulates considerably greater savings 
than incom

e or w
age taxation. 

M
ost of the long-run w

elfare gains that w
ould result from

 a m
ove 

to consum
ption taxation are due to intergenerational transfers 

of the tax burden rather than gains in econom
ic elticiency. 

O
fficially reported governm

ent deficits can be highly m
isleading 

indicators of the "tightness" or "looseness" of' fiscal policy. 
lnvestm

ent incentives can lead to
 substantial declines in stock 

m
arket values. 

Investm
ent incentives can be self-financing in the scnsc that short- 

term
 revenue losses arc offset by long-term

 increases in rcv- 
enues w

ith no required increase in personal or business tax . 
rates. 

T
he degree of tax progressivity is as im

portant as the choice of 
the tax base in influencing saving and capital accum

ulation. 
D

espite adverse consequences for social security, projected dem
o- 

graphic changes such as those under w
ay in the U

nited S
tates 

are likely to im
prove significantly the w

elfare of future gener- 
ations because of capital deepening and a decline in the num

- 
ber of young children supported per adult. 

C. 
B

ackground 

R
ecent research into the effects of fiscal policy has been particularly active 

in a num
ber of areas. albeit w

ithout having achieved a broad consensus. 
T

he ensuing debates and controversies have m
otivated the choice of m

any 
of the topics covered in this book. 

1. 
S

avings, lubor supply, g
ro

w
th

, and governm
ent policy 

O
ne of the central questions explored here is to w

hat extent can govern- 
m

ent policies affect the rate of capital accum
ulation and the supply of 

labor in the econom
y. C

apital accum
ulation and labor supply are tw

o of 
the m

ain sources of econom
ic grow

th. B
oth grow

th and m
easured saving 

have been quite low
 in the U

nited S
tates in recent decades.l V

arious stud- 
ies (e.g., Feldstein, 1974) have suggested that governm

ent fiscal policy is 
in large part responsible for discouraging saving. T

heir particular con- 
cern is the crow

ding out caused by governm
ent debt policies and the dis- 

incentives to saving and labor supply generated by high m
arginal tax 

rates. 

2. 
T

h
e choice of 

tax base 

A
s has becom

e increasingly apparent, the choice of the tax base - w
hether 

it be incom
c, consum

ption, w
ages, or capital incom

e - has im
portant im

- 
plications Ibr the distribution of w

elfare am
ong individuals in society and 

for the ellicient operalion of the econom
y. T

he U
nited S

tates, like m
ost 

other industrialized countries, derives a large part of its revenue from
 thc 

individual incom
e tax. D

uring the past tw
o decades proposals to replace 

the tax on incom
e w

ith a tax on personal consum
ption have received scri- 

ous attention I'roln ccononlists and governm
ent officials. T

his discussion 
w

as irlllucnccd by the argum
ents of Fisher (1939), K

aldor (1957). and 
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others before them
 d

a
tin

g
 back to

 H
obbcs (1651). P

roponents o
f tllc con- 

sum
ption tax argue that not o

n
ly w

o
u
ld

 it be m
ore equitable, sim

plcr to
 

adm
inister, and less d

isto
rtio

n
a
ry, but it w

o
u
ld

 also p
ro

m
o
te

 saving. O
p
- 

ponents believe that it w
o
u
ld

 reduce the progressivity o
f the tax system

, 
w

hile discouraging la
b
o
r supply th

ro
u
g
h
 increased m

a
rg

in
a
l tax rates on 

w
age and salary incom

e. 

3. 
S

ocial securiry and the dernogruphic rrunsirion 

T
he im

pact o
f social security o

n
 the U

.S
. econom

y and the effects o
fe

co
- 

nom
ic and dem

ographic change on social security are receiving consider- 
able a

tte
n
tio

n
. F

ro
m

 a
 rather m

in
o
r fiscal in

stitu
tio

n
 in

 the 1940s. social 
security has g

ro
w

n
 enorm

ously in
 the ensuing years. S

ocial security taxes 
are now

 the second largest source o
f U

.S
. governm

ent revenues, and so- 
cia

l security benefit paym
ents represent alm

ost three-quarters o
f a

ll U
.S

. 
governm

ent transfer paym
ents. A

lth
o
u
g
h
 social security is credited w

ith
 

greatly im
p
ro

vin
g
 the w

elfare o
f the postw

ar generation o
f the elderly, 

som
e say that its im

p
licit fo

rm
 o

f d
e
ficit finance accounts in

 large p
a
rt fo

r 
the recent declines in

 the U
.S

. 
saving rate. O

thers have voiced concerns 
about the p

o
te

n
tia

l im
pact o

f social security's p
a
yro

ll tax, w
hich they see 

as h
ig

h
ly d

isto
rtio

n
a
ry. 

G
reater a

tte
n
tio

n
 has focused on the substantial increases in

 the ra
- 

tio
 o

f the elderly to
 the younger p

o
p
u
la

tio
n
 that w

ill occur in
 the U

n
ite

d
 

S
tates in

 the first h
a

lf o
f the next century and considerably sooner in

 Ja- 
pan and som

e E
uropean countries. T

he fin
a
n
cia

l squeeze on social se- 
cu

rity associated w
ith

 the p
ro

je
cte

d
 rise in

 the ra
tio

 o
f beneficiaries to

 
co

n
trib

u
to

rs has p
ro

m
p
te

d
 a

 variety o
f re

fo
rm

 proposals. T
hcse include 

increases in
 p

a
yro

ll taxes as 
needed over tim

e, large-scale benefit cuts, 
and the early a

ccu
m

u
la

tio
n
 o

f a
 m

assive social security trust fund. 

I). 
T

he need fo
r a

 dynam
ic general e

q
u
ilib

riu
m

 sim
u
la

tio
n
 

m
odel 

H
arberger (1962) w

as am
ong the first researchers to

 analyze the efrects o
f 

fiscal p
o
licy using a

 general e
q
u
ilib

riu
m

 approach. H
e
 w

as 
concerned 

w
ith

 the efrects o
f a

 co
rp

o
ra

te
 tax in

 an econom
y w

ith
 tw

o
 p

ro
d
u
ctio

n
 

sectors (co
rp

o
ra

te
 and noncorporate), tw

o
 factors o

f p
ro

d
u
ctio

n
 (ca

p
ita

l 
and la

b
o
r), and a

 representative household t hat supplies the p
ro

d
u
ct ivc 

factors and purchases the o
u
tp

u
t o

f the tw
o
 sectors. D

cspite the siln
- 

p
licity o

f his m
odel, it is o

n
ly possible to o

b
ta

in
 general a

n
a
lytica

l cxprcs- 
sions fo

r the elfects o
f ta

xa
tio

n
 in

 the case o
f in

lin
itcsim

a
l tax ch

a
n
g
e
. 

T
hcse cxpressions arc q

u
ite

 com
plicated w

hen there arc nonzero tax rates 
in

 the in
itia

l econom
y (A

tkin
so

n
 and S

tig
litz. 1980). 

S
im

u
la

tio
n
 analysis is the o

n
ly a

lte
rn

a
tive

 available w
hen it is necessary 

to
 analyze large p

o
licy changes in

 m
odels that are to

o
 com

plicated fo
r 

sim
ple a

n
a
lytica

l solutions. T
o
 solve such m

odels one m
ust specify explic- 

itly the key param
eters, such as the elasticity o

f su
b
stitu

tio
n
 in

 produc- 
tio

n
 o

f ca
p
ita

l for la
b
o
r. O

bviously, if the m
odel is to

 be as realistic as 
possible, the num

erical estim
ates o

f these param
eters should be culled 

fro
m

 the e
m

p
irica

l lite
ra

tu
re

. G
ive

n
 such a

 param
eterization, one can 

usually o
b
ta

in
 an exact 

num
erical so

lu
tio

n
 fo

r 
the e

q
u
ilib

riu
m

 01' 
the 

econom
y fo

r any given fiscal p
o
licy and com

pare the results fo
r different 

fiscal policies. T
h
is is the essence o

f the num
erical sim

u
la

tio
n
 approach. 

S
im

u
la

tin
g
 the m

odel fo
r a

lte
rn

a
tive

 policies takes the place o
f the 

com
parative static exercises that are p

e
rfo

rm
e
d
 w

ith
 a

n
a
lytica

l m
odels. 

In
 a

d
d
itio

n
, one can conduct sensitivity analysis o

f the num
erical sim

u- 
la

tio
n
 m

odel by exam
ining the im

pact o
f plausible va

ria
tio

n
s in

 param
- 

eter values. O
fte

n
 the results o

f such sensitivity analysis are very robust 
to

 reasonable param
eter changes, even though this outcom

e co
u
ld

 not be 
foreseen p

rio
r to

 p
e
rfo

rm
in

g
 the sim

u
la

tio
n
 experim

ents. In
 other cases 

results are q
u
ite

 sensitive to
 sm

all changes in
 p

a
rticu

la
r param

eters. T
his. 

too, is useful in
fo

rm
a
tio

n
, fo

r it indicates w
hich param

eters need to
 be 

e
m

p
irica

lly estim
ated m

ost precisely. 

1. 
E

urly sirnukurion rnodels 

T
he m

odel used in
 this book is a

 large-scale dynam
ic sim

u
la

tio
n
 m

odel. 
In

 contrast, m
ost o

f the in
itia

l sim
u
la

tio
n
 studies o

f liscal p
o
licy u

tilize
d
 

static m
odels. A

lth
o
u
g
h
 such m

odels are not suitable fo
r analyzing the 

types o
f questions considered below

, the earlier w
ork provides im

p
o
rta

n
t 

insights in
to

 the problem
s o

f o
b
ta

in
in

g
 solutions to

 num
erical sim

u
la

tio
n
 

m
odels and the p

o
te

n
tia

l uses o
f such m

odcls. 
T
he best kn

o
w

n
 o

f the early sim
u
la

tio
n
 m

odels are those developed by 
S

hovcn, W
hallcy, and various co

lla
b
o
ra

to
rs (S

hovcn and W
hallcy. 1972; 

S
hovcn, 1976; I:ullcrton, 

S
hoven, and W

halley, 1983; and B
a
lla

rd
 ct al., 

1985). These m
odels have been used to

 study the incidence and eliiciency 
cll'ccts o

f a
 variety o

f fiscal regim
es in

 b
o
th

 closed and open e
co

n
o

m
ie

~
.~

 
In

 the earlicst a
p
p
lica

tio
n
 o

f these m
odels an im

p
o
rta

n
t elem

ent o
f the 

rcsc;~
rcli illvo

lvcd
 ensuring that a

 so
lu

tio
n
 co

u
ld

 be fo
u
n
d
 w

ith
 a

 com
pu- 

ta
tio

n
a
l a

lg
o
ritllm

. S
carf's (1967, 1973) a

lg
o
rith

m
 w

as in
ip

o
rta

llt in
 this 

context bccausc it guaranteed convergence to
 an e

q
u
ilib

riu
m

, as lo
n
g
 as 
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at least one existed. Subsequently, alternative algorithm
s that w

ere com
pu- 

rationally m
ore efficient proved successful in the solution of large m

odels. 
O

ne such m
ethod is utilized in the present analysis.' 

2. 
S

teady state sim
ulation m

odels 

G
enerally m

issing from
 this earlier generation of large-scale general equi- 

librium
 sim

ulation m
odels is the elem

ent of tim
e, w

hich is needed to un- 
derstand the effects of governm

ent policy on savings and grow
th. A

lthough 
the production sectors of the econom

y are disaggregated in great and 
careful detail in the early m

odels, future production and consum
ption 

are either left out or treated in a less than satisfactory m
anner. A

s w
ill be- 

com
e clear from

 the description of the m
odel used here, tracing out the 

dynam
ic path of an econom

y presents the researcher w
ith special m

eth- 
odological problem

s. 
A

n alternative approach w
as developed to avoid such problem

s w
hile 

still m
aking it possible to analyze a subset of questions concerning sav- 

ing and grow
th. T

his approach characterized individual saving behavior 
m

ore fully, but w
as lim

ited only to finding a solution for the position 
of the econom

y in its long-run stationary (or, in the presence of trend 
grow

th, steady) state, w
hen each year is the sam

e as the previous one. In 
the stationary state, since nothing changes, the role of expectations and 
the process of econom

ic adjustm
ent cannot be considered, nor can issues 

relating to short-run outcom
es, the tim

ing of policy, or the behavior of 
different cohorts. T

he stationary state approach can be used, how
ever, to 

consider the long-run effects on the econom
y of changes in econom

ic 
conditions, including m

ost fiscal policies. 
In general, such m

odels have been m
uch less concerned w

ith a disag- 
gregation of m

arkets than have the static large-scale m
odels and have re- 

lied on the life cycle m
odel of saving developed by M

odigliani and B
rum

- 
berg (1954) and by A

ndo and M
odigliani (1963). For exam

ple, papers by 
T

obin and D
olde (1971, 1981). Sheshinski (1978). and K

otlikoff (1979) ex- 
am

ine the im
pact of social security on steady.state labor supply and sav- 

ings, w
hile Sum

m
ers (1981a) presents a steady state sim

ulation analysis 
of the effects of changing the tax base from

 incom
e to consum

ption. 

3. 
Lim

itations of 
steady state analyses 

A
s em

phasized below
, the steady state characteristics of an econom

y, 
although they reflect its long-run position, can be m

isleading if uscd to 

In
 fact, com

puting technology ha, advanced lo
 thc poinl w

herc ~
llc

 sim
ulation rnodcl 

described below
 is available lo

r use on personal com
puters. 

com
pare altcrnativc liscal policies. For exam

ple, in the base case sim
ula- 

- 
lions o

f C
hapter 5, the w

age tax is associated w
ith higher long-run capital 

per capita than the incom
e tax, although the incom

e tax is cconom
i- 

cally m
ore ellicient. B

ccausc of the intergenerational redistribution gen- 
I
 

eratcd by dillircnt tax system
s, future generations in the long run m

ay be 
bcttcr olT sim

ply bccause m
em

bers of earlier generations sufrered. T
here 

is no w
ay 

to consider this intergenerational redistribution w
ithout cx- 

am
ining the econom

y's dynam
ic transition path from

 one tax regim
e to 

another. 

4. 
M

yopic dynam
ic m

odels 

A
 gcneral equilibrium

 m
odel of the dynam

ic transition m
ust incorporate 

forw
ard-looking behavior into the actual determ

ination of the tim
e path 

of prices and policy variables facing households and firm
s. H

ence, the 
solution of the dynam

ic transition path presents problem
s that are m

uch 
m

ore im
posing than finding the equilibrium

 of a single steady state. If, 
how

ever, one m
akes the extrem

e sim
plifying assum

ption that individuals 
behave "as if" econom

ic conditions w
ere not changing, the econom

y's 
dynam

ic path can be solved forw
ard recursively, one year at a tim

e, w
ith- 

out regard to the im
pact of future conditions on current behavior. 

A
lthough this assum

ption of "m
yopia" or "static expectations" is not 

satisfactory w
hen the econom

y is changing every year, it does, provide 
som

e insight into how
 the econom

y m
ight look in the short run after a 

policy change and how
 long the econom

y m
ight take to adjust to such 

a change. M
iller and U

pton (1974) provided perhaps the first dynam
ic 

sim
ulations to be based on a life cycle m

odel assum
ing such static ex- 

pectations. S
um

m
ers (1980) extended his ow

n steady state calculations 
to the transition path of the econom

y after a change in tax structure, 
again under the assum

ption of m
yopia. Seidm

an (1983) has con~
inued 

this line of research, exam
ining som

e of the questions considered in this 
book. 

In m
yopic dynam

ic sim
ulation m

odels, how
ever, it is difficult to per- 

form
 m

eaningful calculations of the w
elfare effects of changes in fiscal 

policy. Since individual households are assum
ed to ignore the econom

ic 
im

pacts of such changes, one cannot separate the effects of the policy it- 
self from

 the elrects of such irrational household behavior. In addition, 
consistent application of the m

yopic expectations hypothesis requires that 
agents ignorc, or fail to perceive, future policy changes. In the sim

ulation 
of policies such as tem

porary tax cuts, the assum
ption of m

yopic expec- 
tations can lcad to dram

alically different short-run responses from
 those 

arising in the sam
e m

odel, but w
ith rational households. 
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. 

A
 dynam

ic, perfect foresight general equilibrium
 m

u
d

el 

In a series of articles (A
uerbach and K

otlikoff, IY
83a, b, c. d

, IY
85a. b; 

- 
A

uerbach, K
otlikoff, and S

kinner. 1983) w
e developed a life cycle dy- 

nam
ic sim

ulation m
odel that solves for the econom

y's path under the 
assum

ption that households and firm
s rationally take account of future 

changes in econom
ic conditions. In fact, individuals in the m

odcl have 
perfect foresight; along the solution path of the econom

y described by 
the m

odel individuals and firm
s m

ake decisions based on correct expec- 
tations of future econom

ic variables. 
A

lthough perfect foresight m
ay, at first, strike the reader as an extrem

e 
assum

ption, it appears to be a useful benchm
ark for analyzing behavior, 

just as the assum
ption that consum

ers optim
ally choose am

ong com
m

od- 
ities appears useful in elem

entary dem
and analysis. T

he assum
ption of 

fully rational perfect foresight provides a useful benchm
ark because de- 

viations from
 full rationality are not likely to be system

atic. T
hus som

e 
households m

ay overestim
ate future w

ages and others underestim
ate them

. 
In contrast to the rational expectations assum

ptions, the assum
ption of 

m
yopic expectations im

plies that all households are irrational in a par- 
ticular m

anner. 

1. 
H

ouseholds 

T
he life cycle m

odel developed by M
odigliani and B

rum
berg (1954) and 

A
ndo and M

odigliani (1963) provides the basic theoretical fram
ew

ork for 
m

odeling household behavior. A
ccording to this theory, households ra- 

tionally choose levels of current and future consum
ption and leisure. T

he 
life cycle m

odel exam
ined here is a "pure" life cycle m

odel in that house- 
holds are assum

ed neither to leave bequests nor to receive inheritances. 
E

ach household is represented by an adult w
ho lives for 55 years. (In ver- 

sions of the m
odel designed to address dem

ographic change, children are 
also present in the household.) T

he adult chooses a path of consum
ption 

and labor supply over his lifetim
e that is optim

al. given his preferences 
and lifetim

e budget constraint. T
he labor supply decision encom

passes 
not only the decision of how

 m
uch to w

ork in any given year, but also 
w

hether to
 w

ork at all or to
 retire. 

T
he extent to w

hich the pure life cycle m
odel w

ithout bequests char- 
acterizes actual behavior is a m

atter of considerable controversy. T
here 

is uncertainty about w
hether the w

ealth accum
ulation of households fol- 

low
s the "hum

p saving" pattern of net saving during m
iddle age follow

cd 
by 

dissaving during retirem
ent (M

irer, 1979; K
ing and L

)icks-M
ircaux, 

1982; B
ernhcim

, 1981) and w
hether m

ost of the econom
y's capital stock 

can be traced to prior lire cycle asset accum
ulation ('robin, 1967; W

hite. 

1978; D
arby, 1979; K

ollikolfand S
um

m
ers, 1981, 1987; M

odigliani, 1983, 
1984). A

 num
ber of authors have suggestcd that an accurate dcscription 

of aggrrgalc saving behavior m
ust treat tile bequest m

otive, liquidity con- 
straints, and the absence of com

petitive annuities m
a

rk
~

ts.~
 

A
lthough 

each of these considerations m
ay be significant, the basic life cycle m

odel 
rem

ains an im
portant benchm

ark I'or studying liscal policy. 

T
he production sector of the sim

ulation m
odel is characterized by a single 

representative lirm
 that uses capital and labor in production. A

lthough 
there is a single hom

ogeneous labor input, w
orkers of different ages are 

assum
cd to diner in their skill levels; that is, som

e w
orkers provide m

ore 
of the hom

ogeneous labor input per unit of tim
e than do others. T

he 
representative lirm

 hires factors and sells output com
petitively and is'ra- 

tionally valued by the stock m
arket. T

he lirm
's investm

ent decisions are 
governed by current and Suture after-tax profitability, subject to the re- 
strictions im

posed by short-run adjustm
ent costs. T

he lirst m
odel of a 

present value m
axim

izing firm
 w

ith adjustm
ent costs is due to E

isncr and 
S

trotz (1%
3). G

runfeld (IW
) first explicitly linked the investm

ent decision 
to the observed m

arket value of the lirm
. Jorgcnson (1963) first show

ed 
how

 to incorporate the U
.S. 

business tax structure into the theoretical 
m

odcl in a realistic w
ay. T

he inclusion o
f adjustm

ent costs gives rise to a 
"q

" m
odel of investm

ent, as lirst described by T
obin (1969) and L

ucus and 
P

rescott (1971) and exam
ined by H

ayashi (1982). A
bel (1979). P

oterba 
(1984). S

um
m

ers (1981b. c, d). and others. 

3. 
G

overnm
ent 

G
overnm

ent in the m
odel consists of tw

o institutions. O
ne, the tisca1.a~

- 
thority, provides general public services and has the pow

er to
 levy taxes 

of all sorts and to issue short-term
 debt. In addition to levying a progrcs- 

sive incom
c tax, the liscal authority can levy progressive taxes on capital 

incom
e, labor incom

e, or consum
ption; and it can provide investm

ent 
incentives. T

he second institution is the social security system
, w

hich, as 
in the U

nited S
tates, levies its ow

n payroll taxes to linancc its provision 
ol' rctircm

cnt benclits. 
A

 key requirem
ent of the m

odcl is intertem
poral governm

ent budgct 
balancc; tllat is, thc m

odcl docs not 
perm

it consideration ol' cconom
- 

ically infeasible policies such as perpetual increases in the budget delicit. 
B

uilt into the ~
n

o
d

cl is the requirem
ent that debt issued today m

ust, even- 
tually.. be paid oll; or, m

ore l'undam
cntally, (hat governm

ent consulnption 

' For 1'ul.thc.r Jisc~
~

s\io
~

r 
and rcl'crc~iue\ lo

 Ilii\ literature \cc E
o1lilioll'(1984a). 
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through tim
e m

ust be financed by a reduction through tim
e in the con- 

sum
ption or leisure of at least one generation. T

his aspect of fiscal policy 
has com

e to be recognized in the econom
ics literature (B

linder and Solow
. 

1973; A
uerbach and K

otlikoff, 1983a; Sargent and W
allace, 1981), but its 

policy im
plications are still not fully appreciated. 

4. 
W

hat's not included 

D
espite the com

plexity of the m
odel just described, it w

ould be a hope- 
less task to attem

pt to include all the interesting aspects of econom
ic be- 

havior in a sim
ulation m

odel (even w
ith the rapidly declining costs o

f 
com

putation). T
he m

odel w
as originally designed to

 study a particular 
set of fiscal policy questions and has been extended to other issues such 
as labor supply distortions and dem

ographics. Still, there are certain in- 
teresting m

acroeconom
ic questions for w

hich the m
odel in its current 

form
 w

ould not be a suitable tool of analysis. It w
ill be useful to

 m
ention 

som
e of these at the outset so that the m

odel's lim
itations as w

ell as its 
strengths are understood by the reader. 

T
here is only one type of governm

ent debt in this m
odel and no m

oney. 
H

ence, the question o
f inflation and the distortions caused by the inter- 

action o
f real and nom

inal m
agnitudes cannot be addressed. T

hat m
oney 

is not required in a m
odel of this type has led m

onetary econom
ists over 

the years to a variety of explanations for m
oney dem

and. R
ecent research 

has em
phasized the role of transactions costs and constraints requiring 

m
oney as a m

eans of p
a

~
m

e
n

t,~
 

but this is still an unresolved area, as is 
the entire issue of w

hy labor and financial contracts are often not indexed 
in the presence of inflation. lntroducing m

oney into the m
odel in a satis- 

factory w
ay w

ould constitute an enorm
ous task. lntroducing it in an ad 

hoc fashion (for exam
ple, by entering m

oney holdings directly as an ob- 
ject of consum

er preferences) w
ould be relatively sim

ple, but probably 
m

isleading. 
A

lthough m
oney is excluded, financial variables are determ

ined in the 
m

odel. T
he value of the stock m

arket plays a significant role in the m
odel, 

particularly in the presence of investm
ent incentives. In general the m

odel 
provides considerable insight into the interconnections of financial and 
real variables. 

T
he m

odel does not directly incorporate governm
ent optim

ization de- 
cisions; hence, the problem

 of dynam
ic inconsistency of governm

ent pol- 
icies (C

alvo, 1978b; K
ydland and Prescott, 1977) is ignored. In com

par- 
ing the w

elfare effects of different sim
ulated policies, w

e are im
plicitly 

assum
ing that any policy that is feasible (in term

s of satisfying the gov- 
ernm

ent's revenue requirem
ents) can also be m

ade credible. 
B

ecause the m
odel's labor m

arket is com
petitive and there are no con- 

straints on the behavior of firm
s or w

orkers, there is no scope for "invol- 
untary" unem

ploym
ent as defined by K

eynes (1936) and by subsequent 
w

riters w
ho have focused on the role of labor contracts in the determ

i- 
nation of short-run em

ploym
ent fluctuations.b A

s w
ith the rational for 

m
oney, the nature of labor m

arket equilibria or disequilibria rem
ains a 

com
plicated and controversial area of research in m

acroeconom
ics. For 

the types of questions addressed in this book, how
ever, the om

ission of 
involuntary unem

ploym
ent is less serious than w

ould be the case if one 
w

ere attem
pting to

 treat issues of short-run stabilization policy. 
O

ne of the reasons w
hy both m

oney and unem
ploym

ent are difficult to 
include in this m

odel is that the existence of each in the real econom
y is 

related to uncertainty about the future. A
lthough very sim

ple stochastic 
sim

ulation m
odels have been used to analyze fiscal policy,' introducing 

uncertainty into this m
odel seem

s com
putationally infeasible. 

Since there is only one country present in the m
odel, it is not.possible 

to consider the im
pact of policy on exports, im

ports, exchange rates, or 
foreign investm

ent. Finally, since the m
odel has a single production sec- 

tor it cannot take into account the effects of policy on particular m
arkets, 

for exam
ple, h

o
u

~
in

g
.~

 

F
. 

O
rganizalion o

f the book 

T
his introduction is follow

ed by eleven chapters. C
hapter 2 presents a 

sim
ple tw

o-period life cycle m
odel that w

ill fam
iliarize the reader w

ith 
the term

inology used in the book and identify various issues involved in 
solving a dynam

ic general equilibrium
 sim

ulation m
odel. C

hapter 3 pre- 
sents a detailed description of the m

odel used throughout the book. T
his 

is a life cycle m
odel w

ith 55 overlapping generations of adults, com
peti- 

tive production, and the governm
ent institutions characterized above. 

C
hapter 4 provides a technical discussion of the algorithm

 used to find 
the equilibrium

 of the sim
ulation m

odel. 
C

hapters 5 through 11 are concerned w
ith theoretical discussions and 

sim
ulation results. C

hapters 6 and 7 deal w
ith the effects of deficit fi- 

nance. C
hapter 6 presents sim

ulations m
easuring the im

pact of deficits on 
private investm

ent, interest rates, and w
elfare under a variety of assum

p- 
tions about the source of the deficit and the param

eters of the private 

St?: A
zariadis and S

tiglitn (1983) for a survey of such w
ork. 

' For exam
ple, scc A

uerbach (1986). K
o

tliko
li, Shoven, and S

pivak (1986). 
Sec G

avhari (1985) for a s~cady slate analysis ol' tiscal policy effects o
n

 housing. 
' See, e.g.. G

rossm
an and W

eiss (1983). 
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p
ro

d
u
ctio

n
 technology. C

hapter 7 deals w
ith

 Ih
c a

m
b
ig

u
itie

s in
licrcn

t in
 

the w
ay lisca

l d
e
licits are cu

sto
m

a
rily m

easured. 
C

hapters 5, 8. and 9 present sim
u
la

tio
n
s p

e
rta

in
in

g
 to

 d
illkre

n
t issues 

o
f la

x structure. C
hapter 5 considers thc choice o

f a
lte

rn
a
tive

 tax bases, 
in

clu
d
in

g
 to

ta
l incom

e, consum
ption, la

b
o
r incom

e, and ca
p
ita

l incom
e. 

T
he sim

u
la

tio
n
s in

 C
hapter 8 dem

onstrate the effects o
f progrcssivc taxa- 

tio
n
. C

hapter 9
 focuses o

n
 business tax incentives and the im

p
o

rta
n

t d
is- 

tin
ctio

n
 betw

een p
o
licie

s that are good fo
r the stock m

arket and p
o
licics 

th
a
t are good fo

r investm
ent. 

C
hapters 10 and I I

 deal p
rim

a
rily w

ith
 the im

pact o
f social security o

n
 

the econom
y. C

hapter 10 analyzes the e
re

cts o
f social security on saving. 

la
b
o
r supply, and the w

elfare o
f in

d
ivid

u
a
ls o

f d
iffe

re
n
t ages. C

hapter I
 I 

considers the repercussions o
f changes in

 the b
irth

 ra
te

 on the econom
y 

in
 general and on the social security system

 in
 p

a
rticu

la
r. 

C
hapter 12 provides a

 sum
m

ary o
f the book's findings, conclusions 

about their im
p
lica

tio
n
s fo

r the conduct o
f fu

tu
re

 fiscal policy, and an eval- 
u
a
tio

n
 o

f recent fiscal p
o
licy fro

m
 the perspective developed in

 the b
o
o
k. 

R
eaders fa

m
ilia

r w
ith

 the life
 cycle m

odel and its
 im

p
lica

tio
n
s m

ay 
choose to

 skip
 C

hapter 2
 o

r skim
 it fo

r m
a
te

ria
l that is u

n
fa

m
ilia

r. T
hose 

w
ho are fa

m
ilia

r w
ith

 o
u
r previous sim

u
la

tio
n
 w

ork m
ay treat C

hapter 3 
in

 a
 sim

ila
r fashion. T

he discussion in
 C

hapter 4 w
ill be o

f greatest in
- 

terest to
 those concerned w

ith
 developing and so

lvin
g
 sim

u
la

tio
n
 m

odels. 
F

a
m

ilia
rity w

ith
 the m

a
te

ria
l in

 this chapter is n
o
t assum

ed in
 thc subse- 

quent chapters. C
hapters 5 th

ro
u
g
h
 I
 I m

ay be read independently, a
l- 

though C
hapter 7 is best read a

fte
r C

hapter 6, C
hapters 8 and 9 a

l'tcr 
C

hapter 5, and C
hapter I I

 a
fte

r C
hapter 10. 

T
h
ro

u
g
h
o
u
t the book w

e 
have trie

d
 to

 keep the analysis as sim
ple as 

possi'ble and the technical ja
rg

o
n
 to

 a
 m

in
im

u
m

. In
 m

ost cases w
hat ap- 

pear at first to
 be fa

irly com
plex results have stra

ig
h
tfo

rw
a
rd

 in
tu

itive
 

explanations, w
hich w

e a
tte

m
p
t to

 p
ro

vid
e
. E

n
h
a
n
cin

g
 the reader's u

n
- 

derstanding o
f the dynam

ics o
f fiscal p

o
licy is, indeed, the m

a
in

 purpose 
o

f th
is book and explains o

u
r reliance o

n
 sim

u
la

tio
n
 m

ethodology. T
he 

sim
u
la

tio
n
 m

odel is id
e
a
l fo

r show
ing w

hat 
can happen, a

lth
o
u
g
h
 n

o
t 

necessarily w
hat w

ill happen. T
he sim

u
la

tio
n
 results should not be m

is- 
taken fo

r e
m

p
irica

l estim
ates, w

hich they are n
o
t. S

im
u
la

tio
n
 analysis is 

certainly no substitute Ib
r e

m
p
irica

l research. R
ather, it provides a rnethod 

o
f e

xp
lo

rin
g
 the llu

ll im
p
lica

tio
n
s o

f econom
ic re

la
tio

n
s and em

pirical 
lin

d
in

g
s. 

A
lth

o
u
g
h
 one should not take lite

ra
lly thc absolute ~

n
a

g
n

itu
d

cs ol'sim
- 

u
la

te
d
 variables, the sim

u
la

tio
n
 results are like

ly to
 p

e
rm

it m
orc re

lia
b
le

 
inferences concerning the re

la
tive

 e
lkcts o

f a
ltcrn

a
tivc p

o
licics. Iro

r so
~

n
c 

p
o
licy choices a

 q
u
a
lita

tive
 ra

n
kin

g
 o

f alternatives m
ay 

be a
ll, that 

is 

I In
tro

d
u

ctio
n

 
IS

 

needed. A
n

 exam
ple o

f this is o
u
r lin

d
in

g
 that co

n
su

m
p
tio

n
 ta

xa
tio

n
 is 

virtu
a

lly alw
ays m

ore conducive to
 savings th

a
n
 incom

e ta
xa

tio
n
. 

I;or 
other p

o
licy decisions, an u

n
d
crsta

n
d
in

g
 o

f fiscal m
echanism

s and 
the tim

in
g

 o
f lisca

l outcom
es m

ay be m
ost im

p
o
rta

n
t. T

hus legislators 
and others conccrncd w

ith
 lisca

l p
o
licy should be aw

are that enhancing 
investm

ent incentives is equivalent to
 in

tro
d
u
cin

g
 a

 consum
ption tax, that 

u
n
fu

n
d
e
d
 social security is covert d

e
ficit finance, th

a
t sig

n
ilica

n
t cro

w
d
- 

in
g

 o
u
t fro

m
 tax cuts occurs g

ra
d
u
a
lly, that increasing the progressivity 

ol' incom
e ta

xa
tio

n
 re

d
istrib

u
te

s resources to
w

a
rd

 the elderly, and that 
baby "busts" 

have benelicial as w
ell as adverse econom

ic consequences. 
These and related lessons fro

m
 the sim

u
la

tio
n
 m

o
d
e
l are the source o

f o
u
r 

interest and excitem
ent in

 th
is b

o
o
k, as w

e hope they are Ib
r the reader. 
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T
he tw

o-period life cycle m
odel: 

an introduction to the general m
odel 

M
any of the key features of the 55-period life cycle m

odel used to study 
dynam

ic fiscal policy can be illustrated w
ith a sim

ple tw
o-period m

odel. 
In this m

odel, one young and one old generation exist at any point in 
tim

e. For sim
plicity assum

e that individuals in this tw
o-period econom

y 
w

ork full tim
e w

hen young and are retired w
hen old. A

lso assum
e that 

. 
neither the population nor productivity grow

s and, for the m
om

ent, that 
there is no governm

ent. Since the old do not w
ork, they finance their old 

age consum
ption out of savings they accum

ulated w
hen young. T

he young 
choose their current consum

ption and anticipated old age consum
ption 

on the basis of their preferences and their lifetim
e resources. Since par- 

ents in this life cycle m
odel are assum

ed to spend their old age resources 
(their savings plus incom

e earned on their savings) entirely on their old 
age consum

ption, there are no bequests, gifts, or other form
s of net inter- 

generational transfers to the young. A
s a consequence, the young have 

no nonhum
an w

ealth, and the lifetim
e resources of the young correspond 

to the labor earnings they receive w
hen young. 

If one adopts the convention that output is produced, incom
e is re- 

ceived, and consum
ption occurs at the end of each period, the tangible 

w
ealth of the econom

y at the beginning of any period consists of private 
assets held by the elderly. Since the elderly consum

e all available resources 
in their possession at the end o

f their last period of life, the capital stock 
available to the econom

y in the next period consists of savings by the cur- 
rent young that they bring into the next period (their old age). 

T
he supplies of productive factors to

 the econom
y thus consist of the 

labor supply of the current young plus the capital supplied by the elderly 
(the savings of last period's young generation). T

hese factors are sup- 
plied to the production sector of the econom

y. T
he output of the produc- 

tion sector in turn is paid out to
 the productive factors as returns to cap- 

ital and labor. In this m
odel, equity and debt are perfect substitutes. 

H
ence, the elderly are com

pletely indifferent betw
een exchanging their 

capital for stocks or bonds at the beginning of their second period and 
receiving a return of principal plus capital incom

e in the form
 o

f div- 
idends and proceeds from

 the sale of their shares in the case of stocks 
and in the form

 of interest plus principal paym
ents in the case of bonds. 

I 9. 

i
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Since the production sector is com
petitive, factors (labor and capital) are 

hired to the point w
here m

arginal revenue products equal factor pay- 
m

ents. For the econom
y to be in equilibrium

, the tim
e path of factor de- 

m
ands m

ust equal the tim
e path of factor supplies. 

A
. 

T
he tw

o-period m
odel: 

a C
obb-D

ouglas exam
ple 

1. 
The supply of 

savings 

T
he w

orkings of the tw
o-period m

odel and the conditions for dynam
ic 

general equilibrium
 w

ill becom
e clearer if w

e consider a tw
o-period m

odel 
in w

hich both the utility and production functions are C
obb-D

ouglas: 

E
quation (2.1) expresses the lifetim

e utility of a m
em

ber of generation 
as a function of consum

ption w
hen young, C

y,, and consum
ption w

hen 
old, C

,,,,,. 
T

he econom
y's production function relates output per young 

w
orker, Y,, to capital per young w

orker, K
,, and labor per young w

orker. 
L

,. L
, is exogenously supplied by each young w

orker and is m
easured in 

units such that L, =
 1. E

quation (2.3) gives the lifetim
e budget constraint 

of an individual w
ho is young at tim

e I. 

w
here W

, is the w
age earned in period I, and r,+

 I is the period r + I return 
on savings. E

quation (2.3) states that the present value of consum
ption 

equals the present value of labor earnings. It can also be expressed as 

w
here A

,+
I, the assets (net w

ealth) of the old at tim
e I+

 1, equals the sav- 
ing carried out by these elderly w

hen they w
ere young, W

,- 
C

y,. M
axim

i- 
zation of (2. I) subject to (2.3) yields consum

ption dem
ands. In particu- 

lar, C
,,= 

BW
, and the supply of capital by the household sector, A

,+
I, 

can be w
ritten as 

Profit m
axim

ization by representative firm
s in the econom

y im
plies the 

follow
ing expressions relating factor dem

ands to factor returns: 
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T
he condition for equilibrium

 in the m
arket for capital is given by 

T
his condition m

ust hold for each period r if the econom
y is to be in dy- 

nam
ic equilibrium

. Since the assets supplied at tim
e r depend on the con- 

sum
ption-saving decision m

ade by the young at tim
e r - I. w

hich in turn 
is based o

n
 perceptions of r, (w

hich enters the budget constraint of gen- 
eration I- 

1). 
the dynam

ic equilibrium
, if it occurs, w

ill depend o
n

 the 
expectations of successive young generations about econom

ic conditions 
w

hen they are old. Since this is a certainty m
odel, the assum

ption of ra- 
tional expectations reduces to

 that of perfect foresight. T
he condition of 

dynam
ic perfect foresight equilibrium

 can now
 be described as a tim

e 
path of w

age rates (W
,) and returns to capital (r,) that (I) is correctly 

foreseen by the household sector and (2) induces a tim
e path of supply of 

capital that equals the tim
e path of dem

and for capital forthcom
ing at 

these factor prices. 

2. 
D

ynam
ics 

C
om

bining expressions (2.4). (2.5). and (2.6) provides a relationship be- 
tw

een capital at tim
e r + 1 and capital at tim

e r: 

T
his expression can also be derived from

 the national incom
e account 

identity that the change in the capital stock (national investm
ent) equals 

national saving: 

E
quation (2.8') together w

ith (2.5) and (2.6) im
plies (2.8). In the econ- 

om
y's steady state, capital per w

orker is constant, as are all other eco- 
nom

ic variables. T
he steady state level of capital K

 can be determ
incd 

from
 (2.8) by setting k

=
 K

t+
,=

 K
,. T

he derivative of 
w

ith respect 
to

 K
, evaluated at k is given by 

T
he condition for local stability is that a

 is less than I. In this case there 
is no long-run (for very large values of T

) im
pact on the am

ount of cap- 
ital arising from

 a tem
porary increase or decrease in the capital stock. 

E
quation (2.8) can also be expressed as 

xI+ 
=

 (~
/K

o
"

-~
), 

(2.10) 

w
here k =

 [(I -
 a

)(l - /3)]""-"' 
is the steady state value of K

. S
ince I -

 cr 
is positive, K

t+
 I exceeds K

I w
hen K

, is less than the steady state value I?; 

2 I'h
e

 lw
o

-p
erio

d
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o

d
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I9 

Figure 2.1. 
C

apital accum
ulation in 

a tw
o-period life cycle m

odel. 

that is, capital accum
ulation is positive w

hen the econom
y's capital stock 

is beneath its steady state value. (T
his ignores the possibility of zero cap- 

ital exam
ined by C

ostrell, 1981.) T
here is capital decum

ulation, how
ever, 

w
hen the econom

y's capital stock exceeds its steady state value. Figure 
2.1 provides a graph of the relationship betw

een 
and K

,. A
round the 

steady state value k the evolution of the capital stock can be traced using 
the 45-degree line (follow

ing the arrow
s) and noting that the diagram

 is 
valid for analyzing capital form

ation betw
een any successive periods. 

3. 
Inclusion of 

rhe governtnenr 

T
he inclusion of fiscal policy alters the m

odel in tw
o w

ays. First it changes 
lifetim

e budget constraints, w
ith after-tax prices and after-tax lifetim

e 
resources substituted for their pre-tax values. S

econd, the capital stock 
now

 corresponds to total national net w
ealth, that is, the net w

ealth o
f 

the governm
ent plus the private sector. 

C
onsider, as an exam

ple, how
 the m

odel's equations are altered if the 
g

o
v

ern
m

en
t is levying a proportional incom

e tax at rate r, and also has 
a negative net w

orth; that is, there is outstanding governm
ent debt. T

he 
lifetim

e budget constraint is now
 w

ritten as 

and the equilibrium
 condition in the m

arket fo
r capital is now

: 
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w
here A: 

and A: 
are private and governm

ent net w
orth. respectively. 

T
he governm

ent's net w
orth evolves according to 

In (2.1 1) 
7
, Y, 

is period r incom
e taxes, w

hile G
, is the governm

ent's 
period r consum

ption of goods and services. T
he decision to label partic- 

ular governm
ent receipts as taxes is arbitrary (see C

hapter 7); hence, the 
division of K

, betw
een A

fan
d

 A: 
in (2.7') is also arbitrary. A

lthough the 
governm

ent is free to m
anipulate its accounting to alter its ow

n reported 
net w

orth as w
ell as that of the private sector, the sum

 of private and gov- 
ernm

ent net w
orth, K

,, is invariant to pure accounting changes. T
he bud- 

get constraint (2.3') is also unaffected by accounting m
anipulations. 

T
he governm

ent's choice of the tim
e path of its consum

ption and tax 
instrum

ents is constrained by its intertem
poral budget constraint (see 

C
hapter 3). T

his constraint requires that the present value of the gov- 
ernm

ent's outlays equals the present value of its receipts plus its initial 
net w

orth. W
hile restricting the set of feasible policies, the governm

ent's 
long-term

 budget is consistent w
ith a w

ide range of short- and m
edium

- 
term

 policies. In particular, the governm
ent can perm

it debt to grow
 for 

a long tim
e at a faster rate than the econom

y, although indefinite use of 
this policy is not feasible in this m

odel, since under such a policy debt 
w

ould eventually exceed national w
ealthand the capital stock w

ould be 
negative. 

F
or any particular governm

ent policy, the perfect foresight assum
p- 

tion requires that households correctly foresee the tim
e path of govern- 

m
ent policy variables entering their budget constraints; for exam

ple, as 
suggested by equation (2.3"). the generation that is young at tim

e I m
ust 

correctly foresee both r,+
l and T

,,,. 
P

erfect foresight, although not re- 
quired by the m

odel, m
ay be needed by the governm

ent if it is to im
ple- 

m
ent effectively its desired fiscal program

. For exam
ple, if the govern- 

m
ent m

yopically believes that the future level of capital, incom
e, and 

other real variables w
ill alw

ays be thosethat are currently observed, it 
m

ay be unpleasantly surprised to learn that quite dim
erent tax rates are 

required in the future from
 those anticipated. 

T
he governm

ent's policy affects both the tim
e path of the econom

y and 
its steady state stability. In som

e cases, it is possible to characterize the 
evolution of the econom

y's capital stock in response to fiscal policy w
ith a 

nonlinear first-order difference equation. For exam
ple, consider a policy 

of keeping governm
ent assets (debt, if A: 

is negative) and governm
ent con- 

sum
ption constant at 

and 6.. respectively. and adjusting the lax rate 
7
1
 each period to produce cash H

ow
 budget balance each period, nam

ely, 

P
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K
* 

A 
K 

Figure 2.2. T
he im

pact of a tax-cut policy on steady state capital. 

E
quations (2.7') and (2.12) plus the form

ula for the savings of the young 
w

hen they m
axim

ize utility subject to (2.3') im
ply 

=
 K

P
[I - (6

.-a
K

~
-'A

~
)/K

~
](l-a

)(l 
-O

)+A
g, 

(2.13) 

and the stability condition is altered to 
T

 

d
K

,+
~

/d
K

f=
 

s
=

~
 

n (
a

-
~

)
~

s
[

(
~

s
-

A
~

)
/~

s
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s
 

1. 
(2.14) 

In (2.14) I
)
, is the elasticity of the tax rate at tim

es w
ith respect to the cap- 

ital stock at tim
e s. A

ssum
ing ~

g 
is negative, then I), 

is negative, m
aking 

the stability condition less likely to be satisfied. Intuitively, an exogenous 
increase in capital at tim

e I leads, in this case, to a reduction in required 
interest paym

ents on governm
ent debt and to a higher level of the tax 

base at tim
e r, w

hich in this exam
ple is incom

e. H
ence, higher K

, m
eans 

low
er T

,, w
hich m

eans m
ore saving by the young in tim

e t and, there- 
fore, a larger value of capital at tim

e t + I. A
 second potential cause of in- 

stability in this exam
ple is too large a ratio of governm

ent debt to capital. 
Setting K

,+
 I =

 K
, =

 K
' 

in (2.13) yields a nonlinear equation in the steady 
state capital stock. T

he solution to this equation m
ay not be unique. Fig- 

ure 2.2 plots equation (2.13). w
here K,R, I(K

I) denotes the right-hand side 
of (2.13). under the assum

ption that there is one stable (point B) and one 
unstable (point C

) steady state equilibrium
 (w

ith positive capital). T
he 
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T
able 2.1. T

h
e transition arising fro

m
 a one-period tux cut 

P
eriod 

C
ap

ital 
D

ebt 
In

co
n

~e 
W

agc 
Ir~lcrc\l ralc 

0 
0.177 

O
.O

(W
) 

0.595 
0.416 

I .O
W

 
I 

0.158 
0.030 

0.574 
0.402 

I ,093 
2 

0. I2
9

 
0.030 

0.541 
0.378 

1.260 
3 

0.115 
0.030 

0.523 
0.366 

1.362 
10 

0.097 
0.030 

0.497 
0.348 

1.532 
20 

0.097 
0.030 

0.4%
 

0.347 
1 ,540 

w
 

0.097 
0.030 

0.4%
 

0.347 
1.540 

out has occurred. T
his exam

ple preview
s the findings of C

hapter 6, w
hich 

indicate that crow
ding out can be a very slow

 process. 
T

he policy also has im
portant effects on incom

e and factor prices. B
oth 

incom
e and the w

age rate are reduced in the long run by 17 percent, and 
the interest rate rises from

 1.008 to 1.540. O
n an annualized basis this is 

an increase from
 an interest rate of 2.35 percent to 3.16 percent. T

he tax 
rate required to balance the conventionally defined long-run budget is 
27 percent, w

hich is alm
ost tw

ice its initial value. 
T

he crow
ding out process can also be understood by referring to the 

national incom
e account identity that stipulates that the change in the 

capital stock equals incom
e m

inus total (private plus governm
ent) con- 

sum
ption. T

he decline in the capital stock betw
een period 0 and period I 

. 
reflects the increase in the consum

ption of the initial young and old gen- 
erations. In the absence o

f the tax cut, the young and old generation at 
t =

 0 w
ould have consum

ed 0.177 and 0.329, respectively. W
hen the in- 

com
e tax is reduced. the young at t =

 0 now
 consum

e 0.187, and the old 
consum

e 0.338. T
he increase in the econom

y's period 0 consum
ption is 

0.019, w
hich is precisely the decline in the capital stock betw

een period 
0 and I. 

C
. 

D
eficiencies o

f the tw
o-period m

odel 

A
lthough the tw

o-period m
odel is a useful teaching aid, it obviously pro- 

vides little or no insight into econom
ic outcom

es w
ithin a period that cor- 

responds roughly to 30 years. In addition, certain assum
ptions m

ade in 
the tw

o-period m
odel, such as com

plete retirem
ent in the second period. 

are incom
patible w

ith other features of a m
ore realistic m

odel (for exam
- 

ple, interest rate changes m
ay alter the present value of 

lifetim
e labor 

earnings. S
um

m
ers, 1981a. stresses this point.) 

2 T
h

e tw
o-period life cycle m

odel 

T
he sim

ple tw
o-period m

odels described here yield first-order nonlin- 
ear difl'erence equations in capital that can easily be used to calculate the 
econom

y's transition path. H
ow

ever, even the solution of a tw
o-period 

m
odel can be m

ade com
plicated by sm

all changes in the structure of the 
m

odel. S
uppose, for exam

ple, that in the m
odel described above indi- 

viduals w
ork in their second as w

ell as their first period. T
hen consum

p- 
tion of the young at tim

e t depends on the present value of lifetim
e labor 

earnings, w
hich. in turn, depends on the w

age, interest rate, and incom
e 

tax rate that w
ill prevail at tim

e r + I. T
hese variables depend on the cap- 

ital stock at r + I, K
,+

 ,. In this m
odel, the right-hand side of equations 

such as (2.13) w
ould involve nonlinear functions of K

t+
,, and the solu- 

tions to such problem
s w

ould require num
erical com

putation. Since the 
com

puter m
ust be used to solve any but the sim

plest tw
o-period prob- 

lem
s and since such m

odels provide only lim
ited insight into short-run 

changes, a large-scale com
puter sim

ulation m
odel is needed to study the 

dynam
ics of fiscal policy. 
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M
odeling the econom

y 

N
ow

 that the theory of life cycle behavior has been review
ed using the 

2-period life cycle m
odel, w

e are in a position to look at the m
ore realistic 

55-period life cycle sim
ulation m

odel. T
his m

odel consists of three sec- 
tors: a household sector, a production sector, and a governm

ent sector. 
F

or each sector, there is a system
 of nonlinear equations relating endoge- 

nous behavioral variables (e.g., consum
ption, labor supply, etc.) to pre- 

determ
ined econom

ic variables and taste and technological param
eters. 

By jointly solving the equations of the sectors, w
e can obtain a solution 

for the equilibrium
 path of the econom

y. 

A
. 

H
ousehold behavior 

A
t any given tim

e the household sector com
prises 55 overlapping genera- 

tions of adults. E
ach year one generation dies and another takes its place. 

It is useful to think of these "new
" adults as being 21 years old w

ith an ex- 
pected age of death of 75 years. A

s w
ith other aspects of uncertainty found 

in the real w
orld, lifetim

e uncertainty is not considered in this m
odel. 

Individual tastes are assum
ed to

 be identical, w
ith ditferences in be- 

havior being generated entirely by differences in econom
ic opportunities. 

S
ince all individuals in an age cohort are assum

ed to
 be identical, all dif- 

ferences in econom
ic opportunities are cross-cohort differences. T

he as- 
sum

ption that a single m
em

ber is representative of each generation m
akes 

it possible to describe the aggregate behavior of m
em

bers of a generation 
by the behavior of a single m

em
ber. 

E
xcept w

here dem
ographic questions are of central im

portance. the 
m

odel does not include children and explicit fam
ily structure, and the 

rate of population grow
th is fixed at som

e constant annual rate, denoted 
by n.l U

nless otherw
ise indicated, n is set equal to 0.01. 

H
ouseholds in the m

odel m
ake lifetim

e decisions about consum
ption 

and leisure on the basis of the life cycle m
odel of behavior, leaving no 

bequests and receiving no inheritances. A
s noted in the introduction, evi- 

dence is m
ixed about how

 accurately this strict version of the life cycle 

' These issues are di,cu,sed 
in C

hapler I I. 

m
odel describes individual behavior, but it rem

ains the best alternative 
for exam

ining problem
s of the sort considered in this book. 

1. 
P

references 

E
ach household is assum

ed to have preferences that can be represented 
by a utility function w

ith current and future values of consum
ption and 

leisure as argum
ents. L

eisure is m
easured as a fraction of the m

axim
um

 
am

ount of tim
e an individual could w

ork in a given year, taking values 
betw

een zero and one. 
W

e restrict preferences by requiring that the utility function be tim
e- 

separable and of the nested, constant elasticity of substitution (C
E

S
) form

. 
T

im
e separability m

eans that lifetim
e utility can be expressed as a func- 

tion of individual functions of leisure and consum
ption in each period: 

w
here c, and I, are consum

ption and leisure in year 1. It is also assum
ed 

here that the functions u
,(-) d

o
 not vary over tim

e, so that u,(.) =
 u

(.). 
T

he nested C
E

S
 form

 further restricts both functions, u
(.) and U

(-). 
T

he annual function takes the form
 

w
hile the lifetim

e function is w
ritten 

w
here p

, a
,
 y, and 6 are taste param

eters that perm
it a w

ide range of indi- 
vidual behavior to be represented by this general specilication of pref- 
erences. E

ach is associated w
ith a ditferent aspect of individual tastes. 

T
he param

eter p determ
ines how

 responsive an individual's annual la- 
bor supply is to that year's w

age rate. A
s w

as first show
n by A

rrow
 et al. 

(1961). the elasticity of substitution betw
een c, and I, in expression (3.2) 

is constant and equal to p. T
hat is, the percentage change in the ratio o

f 
I to c w

ith respect to a percentage change in the w
age rate alw

ays equals 
p

. T
he term

 a
 represents the intensity of household preferences for leisure 

relative to consum
ption. T

he greater is a
, the less labor the household 

w
ill supply in order to

 obtain consum
ption goods, preferring a greater 

am
ount o

f leisure instead. W
ere a

 equal to zero, households w
ould choose 

to have no leisure, and the result w
ould be a fixed labor supply assum

p- 
tion, as in som

e other m
odels. 

In expression (3.3). 6 is a discount rate, often referred to as the "pure" 
rate of tim

e preference. It indicates the degree to w
hich, other things 



3 M
o

d
elin

g
 the econom

y 
29 

28 
D

yn
am

ic fiscal p
o

licy 

being equal, the household w
ould prefer leisure and consum

ption in an 
earlier rather than later year. T

he larger is 6. the m
ore of its lifetim

e re- 
sources a household w

ill spend early in its life and the less it w
ill save. 

T
he rem

aining taste param
eter, y, can be show

n to equal the household's 
intertem

poral elasticity of substitution betw
een consum

ption in differ- 
ent years. T

he elasticity of substitution determ
ines the percentage change 

in the ratio of any tw
o years' consum

ption w
ith respect to a percentage 

change in the relative price of consum
ption in the tw

o years. T
he size of y 

governs the responsiveness of households to changes in the incentive to 
save. 

A
lthough this is an extrem

ely general utility function, it does im
pose 

certain constraints on preferences. F
irst, the degree of substitutability 

of com
m

odities across tim
e and w

ithin any year is fixed by the constant 
elasticities of substitution, p

 and y. S
econd, the intertem

poral elasticity 
of substitution, y, expresses the degree of substitutability of leisure, as 
w

ell as consum
ption, across different years. H

ence, one cannot consider 
preferences in w

hich leisure is either less or m
ore substitutable over tim

e 
than consum

ption. Finally, tim
e separability m

eans that individual deci- 
sions at any tim

e depend only on the future; past levels of consum
ption 

and leisure w
ill bear on a household's preferred behavior only insofar as 

they alter the household's current net w
orth. G

iven the paucity of em
- 

pirical evidence about individual preferences, it is not possible to iden- 
tify precisely all of the preference param

eters even of the present m
odel. 

T
here is little reason, therefore, to resort to

 a m
ore general, and m

ore 
com

plicated, m
odel. 

T
he values used for different param

eters of the household utility func- 
tion, together w

ith those characterizing firm
 behavior, are discussed in 

C
hapter 4. 

2. 
The household budger consrrainr 

A
t each date, the household decides how

 m
uch to w

ork and how
 m

uch to 
consum

e. T
he excess of after-tax earnings from

 labor and capital incom
e 

is saved and added to the household's stock of assets. B
ecause the house- 

hold has a lifetim
e horizon, it m

akes its current choice as part of a life- 
tim

e plan for consum
ption and labor supply in each future year, deciding 

on the path for labor and consum
ption over tim

e that m
axim

izes its util- 
ity function (3.3) subject to

 the lifetim
e budget constraint that it leave no 

debts. 
N

o other budget-related constraints are placed on the household. Such 
constraints could include a requirem

ent that the household never, rather 
than just not at death, be in a position of net indeb~edness. Such a con- 

straint w
ould m

ake m
ore sense in a m

odel w
ith uncertain lifetim

e or indi- 
vidual bankruptcy, w

here repaym
ent of debts could be avoided through 

death or default. T
here is som

e indirect evidence that at least a sm
all por- 

tion of the population faces such a "liquidity" constraint, in that aggre- 
gate consum

ption appears to be som
ew

hat m
ore sensitive to contem

po- 
raneous increases in incom

e than w
ould be predicted by the life cycle 

m
odel w

ith lifetim
e planning horizons (H

all and M
ishkin, 1981; Flavin, 

1981). W
hether this represents liquidity constraints or m

yopic behavior 
has not been estab

li~
h

ed
.~

 
H

ow
ever, this does not appear to be an im

por- 
tant om

ission given the other abstractions from
 reality and our em

phasis 
on m

edium
- and long-run behavior of the econom

y. 
Form

ally, the household chooses only its current level of consum
ption 

and leisure in each year. along w
ith its planned consum

ption and leisure 
in future years. G

iven that households are assum
ed to have perfect fore- 

sight, how
ever, each year's current decision w

ill be consistent w
ith pre- 

viously m
ade plans. T

herefore w
e can consider the entire path of con- 

sum
ption and leisure as having resulted from

 a single optim
ization decision 

at the date of the household's "birth," w
hen it has no previously accum

u- 
lated assets.' 

In the absence of taxation and social security, the household's budget 
constraint depends only on current and future values of interest rates and 
w

age rates. T
he requirem

ent that the present value of lifetim
e consum

p- 
tion not exceed the present value of lifetim

e earnings is, in this case, 

w
here r, is the interest rate in period r, w

, is the standardized w
age rate 

in year r (the w
age rate of a new

 adult), and e, is an adjustm
ent factor to 

allow
 for the fact that the household m

ay earn m
ore or less per hour in 

year r because of differences in skill levels am
ong households of different 

ages. O
ne m

ay think of the vector e, com
posed of values of e, for all r, as 

the household's "hum
an capital" profile, reflecting its change in earning 

capacity over tim
e. It is taken as fixed from

 the household's view
point. 

In addition to this overall budget constraint, it is reasonable to im
pose 

the requirem
ent that labor supply can never be negative; that is, if the 

For a dilferent approach to
 the delection o

f such constraints fro
m

 household saving 
h

cl~avio
r, see M

al.ig
cr (1986). 

' l'lir ollc exception to this rule is a governm
ent policy change that is not anticipated. H

ere. 
Iiouschold behavior hcl'ore and after the change result I'ro

n
~

 tw
o

 w
p

arate o
p

tim
i~

atio
n

 
dccisiolir, tl~

c
 tirst ill the household's lirst year and the second tl~

c
 year tl~

at the policy 
ch

i~lip
e ic.ccurs (o

r is announced). For 11ie \econd o
p

tim
ilatio

n
 dcci\ion, tl~

c
 hou\chold 

w
ill prnerally have assets that it accun~ulatcd up

 to that d
ale. This ic discussed further in
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household w
ould choose to dem

and m
ore than one unit of leisurc in a 

given period (there is nothing in the decision problem
 spccilicd so far to 

prevent this), the individual m
ust "retire" for that year, supplying zero 

labor. T
his is represented by the inequality constraints, 

I 
1 

for all 
I. 

(3.5) 

3. 
C

hoice of 
consum

ption an
d

 leisure 

For expositional purposes, let us consider first how
 households behave 

in their consum
ption and labor supply decisions in the absence of gov- 

ernm
ent policy. M

axim
ization of the utility function (3.3) subject to the 

budget constraint (3.4) and the retirem
ent constraints (3.5) yields first- 

order conditions for consum
ption and leisure in each year that m

ust be 
satisfied by the optim

um
 values of consum

ption and leisure: 

w
here X is the shadow

 price of the lifetim
e budget constraint and repre- 

sents the utility value of an additional unit of incom
e, in present value, 

and the term
s Q

 and w
* are defined by 

Q
,=

 [c
~

l-l/~
)+

C
Y

l~
l-l/~

) I(I/P
-~

/T
)/(~

-~
/P

)I 
I 

(3.7) 

w
here p

, is the shadow
 w

age in year I. T
his term

 differs from
 zero if and 

only if the individual chooses to retire in year I and represents the excess 
over theeffective w

age per unit of leisure foregone, w
,e,. 

that the individual 
w

ould require to leave retirem
ent and supply a positive am

ount of labor. 
T

he term
 w: 

is norm
ally referred to as the individual's "reservation" w

age. 
T

he com
bination of conditions (3.6a) and (3.6b) yields an expression 

relating contem
poraneous leisure and consum

ption: 

from
 w

hich it is evident how
 the term

s p and CY influence.the labor-leisure 
tradeoff. If p

 is held fixed, an increase in 
a
 increases I,/c,. 

II' cu is hcld 
fixed, the percentage change in I,/c, 

w
ith respect to a change in thc elrec- 

tive price of leisure, w
f, equals p

. 
S

ubstitution o
f (3.9) into (3.7) provides an expression for 0

, in term
s 

of c,; given this form
ula, (3.6a) yields an equation expressing the cvolu- 

tion of consum
ption over tim

e for the household: 

w
here 

T
he interpretation o

f (3.10) is com
plicated by the presence of the term

 
vl/v,- 

I, w
hich involves the effective w

ages w
* in both periods. In sim

pler 
m

odels w
ith fixed labor supply. corresponding, here to the case w

here 
CY =

 0, this ratio equals one and has no effect on the grow
th rate of con- 

sum
ption. In this special case, (3.10) says that consum

ption w
ill grow

 
over tim

e if the interest rate r exceeds the pure rate of tim
e preference 6. 

T
he rate of this grow

th depends on y; the percentage change in the ratio 
of c, 

to c,-1 in response to a percentage change in (I +
r
), the relative 

price ol'consum
ption in the tw

o years, equals y, the intertem
poral elas- 

ticity of substitution. 
W

hen 
CY is nonzero, this result still holds if w

* does not vary over tim
e. 

In that case, leisure and consum
ption grow

 at the sam
e rate. M

ore gen- 
erally. how

ever. if w
* does vary over tim

e, the sim
ultaneous effects of 

intratem
poral and intertem

poral substitution are at w
ork. For exam

ple, 
w

age grow
th over the life cycle does tw

o things. 
It causes an increase 

through tim
e in consum

ption, relative to leisure, but also a decline through 
tim

e in leisure. as the household shifts its labor supply from
 earlier years 

to take advantage of the higher w
age. T

he size of the first etiect is gov- 
erned by 

p
; the size of the second by y. 

If 
p
 =

 y, these effects exactly 
cancel, and 

v alw
ays equals one. If 

p
>

 y, the first effect is larger, and 
consum

ption grow
s faster if w

ages grow
. If p

<
 y, the intertem

poral sub- 
stitution etl'ect dom

inates and consum
ption grow

s m
ore slow

ly. 
T

he transition equation for leisure follow
ing from

 (3.9) and (3.10) is 

from
 w

hich it can be show
n that leisure grow

s m
ore slow

ly w
hen there is 

w
age grow

th. 
It is im

portant to rem
em

ber that equations (3.10) and (3.12) determ
ine 

the shape of the consum
ption and leisure profiles, but not their absolute 

levels. In general, there is no analytic solution for the actual values of c 
and I, w

hich m
ust be determ

ined n
~

m
erically

.~
 

T
o allen

lp
l h

u
cl~

 a o
lu

~
io

n
 in this type ol' m

odel, one w
ould ~

io
rm

ally apply (3.10) 5uc- 
'c

w
iv

c
ly

 to
 oh1;1i11 

expression for c., in
 ~

c
rn

n
 of 

U
\e

 o
f (3.9) then allo

w
\ the cx- 

p
rc\\io

n
 01 

I, in
 lcrlils o

f c.1 as w
ell. C

'ornbining ~
h

e
\c

 expre\sion\ w
it11  he budget con- 

slrain
l. (3.4).  hen yields an eq

u
atio

t~ ill c., in
 tern), o

l'tixcd
 paranlclcrs. H

o
w

ever, w
l~

e
n

 
rcllrelilcnl i\ prcscllt, ~

h
e

rc
 arc o

~
l~

e
r 

endogcnou\ variables in
 thih rcu

ltin
g

 cxprc\sion: 
tl~

c
 ~~

~
u

l~
ip

lic
r\ 

p
. Iicn

ce, one s
~

ill does not have a closed lo
rm

 \elution lo
r 

W
hen 

~
~

ro
g

re
*iv

e
 ta

x
c

 arc prcscnl, this problem
 is co

n
~p

o
u

n
d

ed
 by the endogeneily o

f tax 
rate\. 
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B. 
T

he im
pact o

f taxatio
n

 on household behavior 

T
axation w

ill affect the household by a
lte

rin
g
 b

o
th

 the absolute resources 
it has at its disposal and the relative prices ol' leisure and co

n
su

m
p
tio

n
 in

 
different years; it has b

o
th

 in
co

m
e
a
n
d
 su

b
stitu

tio
n
 effects. It is the la

tte
r, 

o
f course, that cause the d

isto
rtio

n
s n

o
rm

a
lly associated w

ith
 ta

xa
tio

n
. 

D
iffe

re
n
t tax system

s have different effects. G
iven the n

o
ta

tio
n
 already 

introduced, these effects are easily sum
m

arized. T
he results presented be- 

lo
w

 fo
r the d

iffe
re

n
t tax system

s are dem
onstrated in

 the appendix to
 this 

chapter. F
or convenience, w

e repeat the central equations governing house- 
h
o
ld

 behavior b
e
fo

re
 discussing the im

pact o
f ta

xa
tio

n
. 

I, r
 I 

fo
r a

ll t. 
(3.5) 

1. 
In

co
m

e
 ta

xa
tio

n
 

U
nder a

 progressive incom
e tax, there a

re
-tw

o
 relevant tax rates in

 each 
year: the m

a
rg

in
a
l tax rate on incom

e (th
e
 tax o

n
 the last d

o
lla

r earned), 
denoted by 

T,, 
and the average tax rate o

n
 incom

e (to
ta

l taxes d
ivid

e
d
 by 

to
ta

l incom
e), denoted by 7,. E

xpressions (3.4)-(3.12) 
still accurately de- 

scribe behavior if a
 few

 alterations are m
ade: 

T
he p

e
rio

d
 t interest rate a

p
p
ro

p
ria

te
 fo

r discounting becom
es 

r,(l- 
T

I). T
his alters expressions (3.4) and (3.6). 

G
iven the use o

f the average tax rate in
 co

m
p
u
tin

g
 the a

fte
r-ta

x 
discount rate, the shadow

 value o
f incom

e appearing in
 (3.6) 

m
ust be m

u
ltip

lie
d
 by the term

 

*., 
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to
 correct fo

r the fact that an increase in
 p

e
rio

d
 1 consum

p- 
tio

n
 reduces fu

tu
re

 incom
e and fu

tu
re

 average tax rates. 
T

he w
age rate a

p
p
ro

p
ria

te
 fo

r the m
easurem

ent o
f incom

e in
 pe- 

rio
d

 t, in
 expression (3.4), becom

es w
,(l -

 fi). 
T

he m
arginal w

age rate w
*, defined in

 (3.8) and appearing in
 sev- 

eral other expressions, becom
es w

,e,(l - 7
,) + p

,. 
T

he m
a
rg

in
a
l interest rate relevant lo

 the tra
n
sitio

n
 equations 

(3.10) and (3.1 2
) becom

es r, ( I-
 7,). 

W
hen the incom

e tax is a
 p

ro
p
o
rtio

n
a
l one, the values o

f 7
 and 7

 are the 
sam

e in
 any given year. In

 th
is case, the adjustm

ent sim
ply calls fo

r re- 
placing the gross returns r and w

 w
ith

 the net returns r(l -
 7) and w

(l -
 7

). 

w
ith

 0 =
 I. W

hen m
a
rg

in
a
l and average tax rates d

iffe
r, there are tw

o
 d

if- 
ferent a

fte
r-ta

x returns. T
he m

a
rg

in
a
l a

fte
r-ta

x re
tu

rn
s m

atter fo
r the de- 

te
rm

in
a
tio

n
 o

f consum
ption-leisure, as in

 (3.9), and p
re

se
n
t-fu

tu
re

 trade- 
offs, as in

 (3.10) and (3.12), 
w

h
ile

 the average a
fte

r-ta
x returns enter in

to
 

the budget co
n
stra

in
t. 

A
 num

ber o
f the effects o

f incom
e ta

xa
tio

n
 are im

m
ediately observable 

fro
m

 these changes. F
irst, since the net m

a
rg

in
a
l w

age is low
er (given the 

gross w
age w

), 
expression (3.9) predicts a

 higher ra
tio

 o
f leisure to

 con- 
sum

ption in
 each year. S

econd, since the net m
a
rg

in
a
l interest rate is low

er 
(given r), expression (3.10) predicts a

 slow
er rate o

f g
ro

w
th

 in
 consum

p- 
tio

n
. These changes in

 behavior w
ill have com

plicated feedback etfects 
on the econom

y th
ro

u
g
h
 the p

ro
d
u
ctio

n
 sector (changes in

 r and w
) and 

the governm
ent sector (changes in

 T
 and 7

)
;
 thus the u

ltim
a
te

 im
pact can 

be kn
o
w

n
 o

n
ly fro

m
 so

lvin
g
 the entire m

odel. 

2. 
L

a
b

o
r incom

e o
r ca

p
ita

l incom
e ta

xa
tio

n
 

' 

A
n

 incom
e tax includes b

o
th

 la
b
o
r and ca

p
ita

l incom
e in

 its base. T
his is 

n
o
t an accurate d

e
scrip

tio
n
 o

f w
hat is o

fficia
lly called the "incom

e tax" in
 

m
ost countries, because m

any item
s o

f incom
e are excluded (in

te
n
tio

n
- 

a
lly o

r n
o
t) fro

m
 the base. M

oreover, m
any p

o
licy prescriptions ca

ll fo
r 

the re
m

o
va

l o
f a

ll o
f a

 p
a
rticu

la
r type o

f incom
e fro

m
 the tax base, fo

r 
exam

ple, a
ll ca

p
ita

l incom
e. H

ence, it is im
p
o
rta

n
t to

 consider incom
e 

taxes that d
o
 not treat la

b
o
r and ca

p
ita

l incom
e equally. W

e consider tw
o
 

such extrem
e exam

ples: a
 la

b
o
r incom

e tax and a
 ca

p
ita

l incom
e tax. T

he 
expressions describing o

p
tim

a
l behavior under each o

f these tax system
s 

correspond to
 those fo

r a
 progressive incom

e tax w
here either the net re- 

turns to
 ca

p
ita

l are fixed at r (th
e
 la

b
o
r incom

e tax) or the net returns to
 

la
b
o
r are lixe

d
 at w

 (the ca
p
ita

l incom
e tax). 
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3. 
C

onsum
plion ruxalion 

A
 progressive consum

ption tax is one based on the household's annual 
level of consum

ption, c,. T
he tax w

ould norm
ally be levied on a tax cx- 

clusive base (i.e., on consum
ption expenditures net of tax, not gross of 

tax). T
he effect on expressions (3.4)-(3.12) is as follow

s: 

T
he average consum

ption tax rate enters into expression (3.4). 
and c, is replaced by c,/( I+ 7,). 

T
he m

arginal consum
ption tax rate enters into the right-hand 

side of (3.6a), and A is prem
ultiplied by the term

 (I + 7
,). Just 

as w: 
represents the price per unit of leisure in (3.6b), this new

 
term

 in (3.6a) represents the price of consum
ption goods, in- 

clusive of the consum
ption tax. 

T
his has the effect of reducing the effective m

arginal w
age. since 

consum
ption goods cost m

ore per dollar of incom
e. H

ence, in 
expressions (3.9) and (3.1 I). 

w; 
is divided by ( I+

 7,). 
T

he m
arginal price of consum

ption in different periods, (I + 7
). af- 

fects the rate of consum
ption grow

th. In expression (3. lo), the 
term

 (I +
r,)/(l+

 6) is m
ultiplied by the ratio (I + 7,-1)/(1 + 7

,). 

T
hus if the m

arginal consum
ption tax rises over tim

e, con- 
sum

ption w
ill grow

 less quickly. 

A
s should be evident, a consum

ption tax, like an incom
e tax, affects both 

the labor-leisure and savings decisions. H
ow

ever, in the special case w
here 

the tax is proportional at a constant rate, the consum
ption taxes d

o
 not 

enter directly into expression (3.10). except through the term
s v, and v,- 

In this case, a consum
ption tax and a labor incom

e tax both distort only 
the labor-leisure 

choice, through a reduction in the elf'eclive m
arginal 

w
age. 

4. 
S

ocial securiry 

T
he social security system

 levies payroll.taxes on individual households 
and gives them

 retirem
ent benefits. T

here are a num
ber of w

ays to treat 
these taxes and benefits. A

t one extrem
e, one could sim

ply vicw
 the pay- 

roll taxes as "forced saving" by households and the bcnclits as a return 
to

 such saving. In a m
odel w

ithout liquidity constraints. such as the prcs- 
en1 one, this w

ould have no elfcct on the ultim
ate behavior of the housc- 

hold, w
hich w

ould sim
ply olfset the forccd saving by its ow

n dissaving. 
A

t the other extrem
e,'one could treat the bcnclits and payroll taxes as 

being unrelated. w
ith the taxes having a potentially distortionary clfcct 

on labor supply. H
ow

ever, neither o
f these polar cxtrcm

cs correctly dc- 
scribes the social security system

 in the U
nited S

tates, w
hcrc bcnclits and 

taxcs arc tied together in an im
perfect and com

plicated w
ay. T

he m
ethod 

of dealing w
ith social sccurity from

 the household's 
perspective is dis- 

cussed in C
hapter 10. 

C
. 

F
irm

 behavior 

I. 
T

he produclion funclion 

T
he m

odcl has a single production sector that is assum
ed to

 behave com
- 

petitively, using capital and labor subject to
 a constant-returns-to-scale 

production function. C
apital is assum

ed to
 be hom

ogeneous and nonde- 
preciating, w

hile labor differs only in its efficiency. T
hat is, all form

s of 
labor are perfect substitutes, but individuals of different ages supply dif- 
ferent am

ounts of som
e standard m

easure of labor input per unit of leisure 
foregone. T

his am
ount is the term

 el for age cohort r. introduced above. 
T

he production function is assum
ed to

 be of the constant elasticity of 
substitution form

 
-A

[cK
~

l-l/a)+
(l -f)L

,(l-l/a) 
~

~
/

(
~

-
l

/
a

~
~

 
I -
 

I 
9 

(3.13) 

w
here Y

,, K
t, and L

, are output, capital, and labor at tim
e r, A

 is a scal- 
ing constant, c is a param

eter m
easuring the intensity of use of capital in 

production, and o
 is the elasticity of substitution in production, repre- 

senting the percentage change in the ratio of K
 to

 L
 w

ith respect to a per- 
centage change in the w

age rental ratio, w
/r. 

T
hroughout the sim

ulations presented in the follow
ing chapters w

e as- 
sum

e A
 to

 be constant over tim
e and thereby rule out the possibility of 

technological change. It is generally im
possible to

 include such change 
w

ithout also assum
ing a continuous change in tastes; otherw

ise the result 
w

ould be either an
 increasing or decreasing trend in labor force partici- 

pation, w
hich w

ould lead in the long run to
 an

 absurd re
s

~
lt.~

 

2. 
T

he dem
and fo

r labor 

T
he m

odcl incorporates the assum
ption that firm

s can adjust the am
ount 

of labor em
ployed costlessly. C

om
bined w

ith the previously stated as- 
sum

ption of com
petitive behavior, this leads to

 the standard result that, 
in equilibrium

, the gross (of taxes) w
age in period r, w

,, m
ust equal the 

m
arginal product of labor. G

iven the form
 of the production function. 

this leads to the equation 

' 'To \cc 1hi5 p
ro

h
lc~

n
. aotc fro111 equation (3.9) th

a
~

 as w
ages grow

 over tim
e. 111c con- 

\u
~

n
p

lio
l~

-Ic
is

t~
rc

 
ralio

 w
ill 1rc11d co

n
~

i~
iu

o
u

h
ly 
1111lc\\ p =

 I, w
hich correspollds lo

 ~
h

c
 

\pe- 
cia1 C

'ohh-l)ougla\ 
r;l\c 

w
llcrc co

n
\u

tn
p

lio
n

 is a conslant 
fraction ol' p

o
~

en
tial labor 

illcolllc. 
' 

. 
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W
, =

 (l-t)A
(t~

j~
-"

"
' 
+

(, -
 t)L

;i-l/n) I 1
/~

0
-1

)~
,-1

/~
 

(3.14) 

w
hich expresses the w

age as a function of the stocks of capital and labor 
in the sam

e year. 

3. 
T

he investm
ent decision 

M
any econom

ic m
odels treat capital sym

m
etrically w

ith labor in the firm
's 

decision process and assum
e that capital can be adjusted costlessly to a 

new
 desired level. In som

e cases, w
e m

ake this assum
ption in our ow

n 
analysis, in w

hich case the firm
 sets the m

arginal product of capital equal 
to the interest rate, r: 

(I- 110) 
r, =

 c
~

[
t

~
,

 + (1 -
 t)~

j'-'/") I '/(o
-')~

,-~
/~

 
(3.15) 

E
quations (3.14) and (3.15) together give the w

age rate and interest rate 
as functions of the stocks of capital and labor. 

T
his seem

s to be a m
uch less accurate description of the actual condi- 

tions governing investm
ent than it is of those governing w

ork force deci- 
sions. A

lthough it m
akes for m

uch sim
pler analysis, it is not alw

ays an 
innocuous assum

ption to im
pose, particularly w

hen the short-run effects 
of policy are at issue. 

4. 
A

djustm
ent costs and "q" 

M
any theoretical'alternatives are m

ore consistent w
ith the observed lags 

in the investm
ent process. O

ne that is particularly tractable is based on 
the "q

" theory of investm
ent. A

s first envisaged by T
obin (1969), this 

theory predicts that firm
s w

ill invest w
hen the stock m

arket value of their 
assets exceeds the cost of replacem

ent. 
A

s subsequently show
n by A

bel (1979). this behavior pattern is consis- 
tent w

ith the firm
's convex costs of installing new

 capital goods, in addi- 
tion to the price of the goods them

selves. W
ere no such adjustm

ent costs 
present, firm

s w
ould find it optim

al to
 invest so m

uch in each year that 
the gap betw

een the m
arket value and the replacem

ent cost of capital 
goods w

ould be driven to zero. W
ith respect to adjustm

ent costs, the 
high levels of investm

ent that this policy w
ould som

etim
es require w

ould 
cause the firm

 to incur unacceptably large additional expenses. T
he firm

 
w

ould thus be m
otivated to "sm

ooth" its investm
ent over tim

e. W
ith this 

sm
oothing or "partial adjustm

ent," behavior com
es the possibility that a 

firm
's m

arket value w
ill, from

 tim
e to tim

e, vary from
 the replacem

ent 
cost of its assets, being higher in periods of strong inveslm

cnt and low
er 

in periods of w
eak investm

ent. 
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Subsequent w
ork by other authors has clarified the conditions required 

- 

for the f rm
's m

arket value to be an accurate indicator of the incentive to 
invest (H

ayashi, 1982) and the alterations necessary to the m
odel in the 

presence of taxes (Sum
m

ers, 1981b). W
e m

odel investm
ent according to 

- 
the developm

ents in this literature. 
E

ach firm
 is assum

ed to face adjustm
ent costs that are quadratic in in- 

vestm
ent. T

he total cost of new
 investm

ent goods in year t is 
\ 

w
here b is som

e technologically determ
ined param

eter. T
he second term

 
in square brackets represents the additional installation costs. T

his yields 
a m

arginal cost of investm
ent of [I + b(I,/K

,)], w
hich increases linearly 

w
ith I,. Since this form

 of the adjustm
ent cost function leads to investm

ent 
paths that are identical for firm

s of different sizes except for their scale, a 
firm

's value m
ust bear a fixed relationship to the size of its capital stock. 

T
his value, in turn, m

ust equal the m
arginal cost o

f capital goods, since 
new

 and old capital goods m
ust be of equal future profitability (H

ayashi, 
1982). N

ote that w
hen I, is positive the m

arginal cost of investm
ent (the 

m
arket value of capital) exceeds the replacem

ent cost, and w
hen I, is neg- 

ative the m
arginal cost of investm

ent is less than the replacem
ent cost. 

5. 
T

axation an
d

 m
arket value 

In the presence o
f taxation, how

ever, the m
arginal cost of investm

ent 
goods to the firm

 m
ust be calculated in after-tax term

s. T
his requires tw

o 
adjustm

ents to our m
odel. First, the costs of adjustm

ent, as an expense, 
should be tax deductible. T

his m
akes the m

arginal adjustm
ent cost, after 

tax, equal to b
(l- r,)(I,/K

,) in year t, w
here 7

, is the m
arginal tax rate 

faced by the firm
. In addition, there m

ay be investm
ent subsidies that 

reduce the firm
's out-of-pocket cost still further. In the U

nited S
tates, 

these generally take tw
o form

s: investm
ent tax credits and accelerated 

depreciation allow
ances. In each case, the firm

 receives a reduction in 
taxes either im

m
ediately or soon after it purchases an asset; this reduction 

effectively reduces its price. 
In the m

odel, w
e represent investm

ent incentives of this type by assum
- 

ing that firm
s are allow

ed to deduct a fraction, 2, of their new
 invest- 

m
ent purchases (exclusive o

f adjustm
ent costs, w

hich are already fully ex- 
pensed). T

his m
eans that the net cost o

f such goods to the firm
 is (1 -

 zr,)I,. 
H

ence, at tim
e t the total m

arginal cost of investm
ent, w

hich equals the 
value of the firm

, is 
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N
ote that, even absent adjustm

ent costs, 4, w
ill not cqual one. T

he rca- 
son is that although old and new

 capital goods arc equally productive, 
their dilferent tax treatm

ents (old capital w
ill rcccive no additional in- 

vestm
ent incentives) m

ust be reflected in the price of the lirm
's existing 

capital stock.6 

6. 
T

he relulionship of 
real an

d
 financiul variables 

Just as a firm
's m

arket value w
ill vary from

 capital stock replacem
ent 

cost because of adjustm
ent costs and investm

ent incentives, so, too. the 
interest rate w

ill vary from
 the m

arginal product of capital. In'bchaving 
com

petitively, firm
s should purchase m

ore capital until the last unit yields 
a rate of return equal to the interest rate. W

hen capital's m
arket value 

w
ithin the firm

 varies over tim
e, such capital gains and losses lbrm

 a part 
of the return to capital. 

T
his total rate of return, based o

n
 the after-tax m

arginal cost of invest- 
m

ent goods (w
hich equals q), m

ust equal the interest rate: 

r,=
 (m

~
k

,+
q

,+
~

-q
,)/q

,. 
(3.18) 

w
here m

pk, is the m
arginal product of capital defined in expression (3.15) 

and q, is as defined in (3.17). T
his equation and (3.17) show

 that the 
interest rate w

ill equal the m
arginal product of capital w

hen there are 
neither adjustm

ent costs nor capital gains arising because of reductions 
betw

een I and I + I in the term
 7

2
. A

djustm
ent costs w

ork in the opposite 
direction, raising q and the required m

arginal product of capital. D
ur- 

ing periods of strong investm
ent, w

hen q is especially high and expected 
to fall, this anticipated capital loss raises the required m

arginal product 
of capital still further. 

D
. 

G
o

vern
m

en
t behavior 

T
he governm

ent in this m
odel raises taxes to pay for its ow

n spending on 
goods and services. B

ecause w
e focus on fiscal issues, w

e ignore the in- 
direct effects that this spending has on consum

er behavior and assum
e 

sim
ply that governm

ent consum
ption grow

s at the sam
e rate as the popu- 

lation. In addition, there is a separate social security system
. m

odeled 
after the one found at present in the U

nited S
tates. T

his system
 has its 

ow
n tax instrum

ent, the payroll tax, and faces the rcqcrirem
cnt that it be 

self-financing over tim
e. A

lthough the U
.S. unilied federal budget now

 

F
o
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~cn

t o
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~
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o
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includes both general and social security revenues and expenditures, this 
self-linancing rcquirem

cnt still rem
ains in force. 

1. 
T

he ~
o

v
ern

n
ien

l budgel conslruinl 

N
othing in the m

odel or in the real w
orld requires the governm

ent's bud- 
get to be in balance in any given year. A

s long as the governm
ent is free 

to issue debt, the dilference betw
een spending and taxes sim

ply results in 
an equal increase in the am

ount of outstanding governm
ent debt. T

his 
m

ay be w
ritten 

w
here D

l is the stock of outstanding debt at the beginning of year I. G
, is 

governm
ent spending on goods and services in year I, r, D

l is spending on 
debt service in year I, and T, is net tax collections in year I. N

ote that 
com

m
on m

easures of the level of the budget and governm
ent spending 

include not only spending on goods and services, but also debt service 
and transfer paym

ents. In (3.19) transfer paym
ents are subtracted from

 
gross tax receipts to obtain the net tax figure. 

Successive application of expression (3.19) for tim
e periods 0 to N

 yields 

If debt cannot grow
 as fast or faster than the interest rate indefinitely, the 

last term
 in this expression m

ust converge to zero as N
 becom

es large. 
T

his m
ust happen, in the long run, unless the econom

y's grow
th rate ex- 

ceeds the rate of interest, a condition never satisfied in the long run ir! 
our m

odel. T
hus, the governm

ent budget constraint in (3.20) reduces to 
the requirem

ent that the present value of tax collections (over an infinite 
horizon) m

ust equal the present value of governm
ent spending on goods 

and services plus the initial stock of governm
ent debt: 

It should be stressed that this is not an assum
ption, but a result only 

of the requirem
ent that the grow

th rate of governm
ent debt be bounded 

above by the interest rate. A
n im

m
ediate im

plication is that there are re- 
strictions on the feasibility of certain changes in fiscal policy that involve 
changes in revenue or expenditures. F

or exam
ple, norm

ally there cannot 
be such a thing as a "perm

anent" incom
e tax cut. for this w

ould intro- 
duce an im

balance to the equality, in present value. of taxes and spending 
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plus initial debt. Incom
e tax cuts m

ay be of long duration, but m
ust even- 

tually bring forth com
pensating tax increases.' 

E
ven if the governm

ent 
does not increase taxes directly. som

e com
pensating elrect m

ust take place, 
be it a renunciation of the federal debt or an increase in the "inflation 
tax" (S

argent and W
allace, 1981). Since neither of these avenues is open 

in our m
odel, the governm

ent m
ust offset tax cuts in one year w

ith tax 
increases in another or w

ith current or future reductions in governm
ent 

consum
ption. W

hich taxes w
ill be increased and in w

hat year is, in re- 
ality, uncertain. In the m

odel, how
ever, w

e assum
e that the governm

ent's 
future policy com

pensations are announced and know
n. 

Since there are m
any possible com

pensating future responses to a cur- 
rent tax cut or other current governm

ent policy, one cannot sensibly talk 
about a current policy's effect on today's econom

ic behavior w
ithout spec- 

ifying and sim
ultaneously discussing com

pensating future policies. T
he 

reason is sim
ply that today's econom

ic behavior depends on future ex- 
pected as w

ell as current policies. T
hus, there is no single answ

er to the 
question H

ow
 w

ill current saving respond to a reduction in capital in- 
com

e taxes? T
he answ

er depends strongly on w
hether this cut is paid for 

by increases in future taxes on labor incom
e, future taxes on capital in- 

com
e, or current taxes on labor incom

e. 

2. 
T

h
e instrum

ents of 
governm

ent policy 

In form
ulating fiscal policy subject to

 the intertem
poral budget constraint 

described in (3.21), the governm
ent in our m

odel has at its disposal pro- 
gressive taxes o

n
 consum

ption, all incom
e, capital incom

e, and labor in- 
com

e. T
he debt that it issues w

hen the budget is not in balance is short- 
term

 debt, of one year's m
aturity. In som

e sim
ulations the com

pensating 
changes that the governm

ent undertakes to satisfy its intertem
poral bud- 

get constraint w
ill also be required to satisfy additional, short-run con- 

straints, 'such as year-by-year budget balance. 
A

 typical fiscal policy experim
ent consists of specifying the change in 

policy that is desired along w
ith the source from

 w
hich the com

pensating 
change m

ust occur. F
or exam

ple, one could specify a 20 percent reduc- 
tion in the incom

e tax for five years, follow
ed thereafter by an increase in 

the incom
e tax sufficient to satisfy expression (3.21). T

he deficit, rather 
than a particular tax instrum

ent, m
ay also be used as the direct policy 

tool. O
ne could specify a 10 percent increase in the current annual deficit 

A
n exception lo this rule occurs w

hen the cconom
y is in \uch a di\tor~cd equilibrium

 as 
the result of high m

arginal lax ralcs that low
cring lax race\ docs no1 low

cr rcvclluc. 1111- 
pirical evidcnce \uggcs~s that such "L

alfcr curve" considcra~ion.; are ur~in~porlanl (scc 
Fullcrlon. 1982). 

for live years, and concurrent tax rates w
ould autom

atically adjust to 
yield this result. 

3. 
T

h
e sociul .security system

 

T
he social security system

 is kept logically separate in the m
odel because 

of its historical legal and financial separation from
 other governm

ent op- 
erations, at least in the U

nited S
tates. P

ayroll taxes are assessed inde- 
pendently of w

hatever other taxes on labor incom
e m

ay exist, and bene- 
fits are paid for by payroll taxes. 

A
s in reality, the system

's net cash flow
 (tax collections less benefits) is 

not required to be nonnegative in any given year; the only stipulation is 
that a present value budget constraint like the one in (3.21) be satistied. 
M

any of the subsequent social security sim
ulations, how

ever, are con- 
ducted assum

ing annual social security budget balance. It has been the 
policy of the U

.S. social security system
 to m

aintain its accum
ulated trust 

fund at a very low
 level in com

parison w
ith that of its annual gross cash 

flow
. 

E. 
E

quilibrium
 under perfect foresight 

In the static general equilibrium
 m

odels discussed in C
hapter I, a gen- 

eral equilibrium
 solution is one in w

hich the behavior of each sector of 
the econom

y is consistent w
ith the prices that are established, and m

ar- 
kets clear. T

he concept o
f equilibrium

 is no different in our m
odel, ex- 

cept that the behavior o
f households, firm

s, and the governm
ent m

ust be 
consistent not only w

ith current prices, but also w
ith future ones. 

H
ousehold labor supply and consum

ption m
ust be optim

al, given the 
entire future path of interest rates, w

age rates, and tax rates. Firm
 in- 

vestm
ent decisions m

ust adequately reflect the future behavior of interest 
rates and the stock m

arket. T
he governm

ent's projected path of tax sched- 
ule's m

ust satisfy its intertem
poral budget constraint. G

iven the behavior 
of each sector, m

arkets for labor and capital m
ust clear. 

B
ecause of the assum

ption of perfect 
foresight (the sam

e w
ould be 

true even w
ith a lim

ited degree of foresight), the behavior of the econ- 
om

y today depends on conditions in the future. O
ne cannot com

pute a 
"separate" equilibrium

 for a given year w
ithout a com

plete characteriza- 
tion of future econom

ic developm
ents. H

ence, the solution m
ethod m

ust 
treat the present and future together, so that the products of different 
years co

rresp
o

~
~

d
 

to
 those of difierent m

arkets in the traditional large- 
scale static m

odels. T
he exact m

ethodology used is the subject of the next 
chapter. 
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A
ppendix: E

ffect o
f taxation on household hehavior 

T
his appendix dem

onstrates how
 household behavior. as dcscribcd by 

expressions (3
.4

) to (3.12) in the text, is alfected by taxation. 

P
rogressive incom

e taxation 

U
nder progressive incom

e taxation, the household budget constraint (3
.4

) 
becom

es 

[ 
[

I
+

r
(

l
-

 
[w

le
l(

l-
(

I-
 T

I)-,] 0
 

(3
A

.I) 
,=

I 
s

=
2

 

w
here 7, is the average incom

e tax rate in year r. L
etting A be the L

agrange 
m

ultiplier associated w
ith this constraint, and 8

, the m
ultiplier o

f'th
e re- 

tirem
ent constraint (3

.5
) in year t, one obtains the follow

ing first-order 
condition for the m

axim
ization of 

the utility function (3.3) w
ith respect 

to c,: 

w
here i2, is as defined in (3.7). and J, is the indirect en'ect of 

(
; on the 

budget constraint through changes in the average tax rates 
... , fs

s
. 

L
etting M

s
.
 s>

 t, be the partial derivative of the budget constraint w
ith 

respect to
 T

I, w
e have 

w
here 

N
ote that assets at the beginning of y

ears m
ust equal the present value o

f 
planned consum

ption less planned earnings over thc years s through 55. 
T

hat is, 

3 M
o

d
elin

g
 thc cconom

y 
0
 

II' T
y

(.) is thc progressive incom
e lax I'unction, then ?:= 

T
y

(y
,)/y

, and 
7

, =
 T

i( y,). T
l~

u
s 

1
)

 
--- 

T;()Ihs 
-
 =

(7
,-7

,). 
-
 

I -. clvs 
dc, 

dc, 
(3

A
.7

) 
Y' 

dc, 
T

hus, from
 (3

A
.6

) and (3
A

.7
). 

Since 1 is held fixed, 

By definition, 

,
=

A
-

I
I

~
+

-
-

I
I

+
-

I
~

.
,

-
~

-
-

I
(

~
-

~
I

-
~

,
~

.
 

(3
A

.1
0

) 

T
hus, 

U
sing (3

A
.7

) and (3
A

.9
) to solve !'or d

T
.v

-l/d
~

I 
in term

s of d
A

,y
-l/d

c
,, 

w
e m

ay rew
rite (3

A
. I I) as 

dA
, - 1 

[l+
r.$

-l(l- T
~

-
~

)
]

 
-
 

dc, 
dct ] '" 

-
 1 

s
=

t 

w
hich, solved recursively, yields 

and, using (3
A

.8
) and (3

A
.9

). 

W
e can sim

plify (3
A

.4
): 
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w
here 

T
hus, from

 (3A
.3) 

T
hus, (3A

.2) m
ay be rew

ritten (com
pare to 3.6a in the text) 

w
here 

T
he first-order condition w

ith respect to I,, arrived at in sim
ilar fashion 

(com
pare to

 3.6b), is 

T
he rem

aining effects of the incom
e tax follow

 directly from
 these equa- 

tions. 
A

nalysis of the effects of progressive taxation of labor or capital incom
e 

separately follow
s in a straightforw

ard w
ay, w

ith either the m
arginal and 

average tax rates on capital or those on labor being set equal to zero. 

Progressive consum
ption taxation 

H
ere, the budget constraint (3.4) becom

es 

w
hcrc 7, is the average consum

ption tax rate in year I. ~
ax

im
izin

 
associated L

agrangian w
ith respect to c, yields (com

pare w
ith 3.6a) 

using the definitions of 
7, and 7,. T

he first-order condition for I, ( 
pare w

ith 3.6b) is 

D
ividing (3A

.22) by (3A
.20) and substituting the result into (3A

.21) 

w
here v, is as defined in (3.1 1). 
C

om
bining (3A

.23) for successive value of t yields 

~
I=

I[
(

~
+

~
~

)
/(

~
+

~
~

~
[

(
~

+
~

~
-

I)
/(

~
+

~
~

)
~

~
~

~
~

~
/~

I-
I~

C
~

-
I 

(31 

(com
pare w

ith 3.10). 



C
H

A
P

T
E

R
 4 

4 S
im

ulation m
ethodology . 

47 

1. 
The in11 iul sleudy .s/ulcJ 

Sim
ulation m

ethodology 

T
he general equilibrium

 econom
ic m

odel described in C
hapter 3 form

s 
the basis for all the sim

ulation results presented in this book. T
his chapter 

exam
ines the choice of param

eter values and the m
ethod of solving for 

the quantities and prices that characterize the perfect foresight equilibrium
. 

A
. 

S
o

lu
tio

n
 m

ethod 

T
he calculation of the equilibrium

 path of the econom
y, given a particu- 

lar param
eterization, typically proceeds in three stages: (I) solving for the 

long-run steady state of the econom
y before the assum

ed change in fiscal 
policy begins, (2) solving for the long-run steady state to w

hich the econ- 
om

y eventually converges after the policy takes effect, and (3) solving for 
the transition path that the econom

y takes betw
een these tw

o steady states. 
T

he perfect foresight assum
ption is im

portant only in this third stage, 
since in either of the long-run steady states econom

ic variables are con- 
stant from

 one year to
 the next; any plausible assum

ption about the for- 
m

ation of expectations w
ould lead individuals to have correct foresight 

in such situations. T
he transition begins w

hen inform
ation about the pol- 

icy change becom
es available. O

ne should visualize this as an unantici- 
pated change in the fiscal policy regim

e. 
H

ouseholds and firm
s have perfect foresight in both old and new

 pol- 
icy regim

es, but d
o

 not anticipate the policy change. T
he policy change 

m
ay take the form

 of im
m

ediate changes in fiscal variables or of im
m

e- 
diate announcem

ents of future changes in fiscal variables. In the case of 
preannounced policies, the transition also begins in year 1 (the year al- 
w

ays used to index the beginning of the transition), although there is no 
change in fiscal policy until several years later; that is, since households 
and firm

s have perfect foresight about the future sw
itch in regim

e, in pre- 
announced policy changes the transition begins as soon as the future pol- 
icy is announced. 

T
he iteration techniques used in each of the three stages of the solulion 

are basically the sam
e, although the actual procedure is m

ore com
pli- 

cated w
hen one is solving for the transition path because econom

ic vari- 
ables are changing over tim

e. 

46 

Solution for the equilibrium
 of the econom

y in the initial steady state 
am

ounts to solving a com
plicated system

 of nonlinear equations based 
on tlic behavior of households, firm

s, and the governm
ent, as outlined 

in C
hapter 3. T

he solution is obtained using an iterative technique often 
referred to in the literature as the G

auss-Seidel m
ethod. 

T
he algorithm

 starts w
ith guesses of a subset of the endogenous vari- 

ables and initially treats these variables as exogenous in som
e of the equa- 

tions of the system
 in w

hich they appear. T
his sim

plification m
akes the 

resulting system
 easier to solve for the endogenous variables, including 

the variables for w
hich guesses w

ere m
ade. W

hen the solution for these 
"guessed" variables equals the guesses them

selves, a true solution to the full 
system

 has been found. O
therw

ise, the "solution" is not consistent w
ith the 

values of the guessed endogenous variables, and new
 guesses are tried, typ- 

ically a com
bination of the tw

o sets of values from
 the previous iteration. 

A
 schem

atic representation of the algorithm
 is given in Figure 4.1. B

egin- 
ning w

ith guesses about the aggregate capital stock, K
, total labor supply, 

L
, the age-specilic shadow

 w
ages, p

, the payroll tax, @
, the vector of social 

security w
ealth, SSW

, and the vectors of age-specific m
arginal and average 

tax rales, r and 7, w
e use (3.14) and (3.15) to calculate the w

age and in- 
terest rates consistent w

ith the factor supplies. W
hei~

 com
bined w

ith the 
tax rate, shadow

 w
age, and social security w

ealth guesses, this allow
s us to 

solve for optim
al household behavior using, for exam

ple. (3.4) to (3.12). 
T

he individual labor supply decisions that result tell us w
hether our shad- 

ow
 w

age guesses w
ere accurate, and aggregation of labor supply over indi- 

viduals gives a new
 estim

ate of the total supply of labor and the level of so- 
cial security payroll taxes needed to pay for prom

ised benefits. U
sing 

individual consum
ption decisions and know

ledge of after-tax labor earn- 
ings and al'tcr-tax interest rates w

e can calculate accum
ulated savings at 

each age. A
dding up the savings of all age groups provides a new

 guess of 
total private assets. Subtracting the assum

ed level of public debt yields a 
new

 guess Ibr the capital stock. T
he level of assum

ed governm
ent revenue. 

com
bined w

ith the new
 estim

ates of individual behavior, gives us new
 esti- 

m
ates ol'how

 high tax rates m
ust be set to achieve this revenue requirem

ent. 
T

ypically, 10-20 iterations are required to achieve convergence to a 
solution for the initial steady state. 

T
he policy clialigc colisidcrcd in a sim

ulation m
ay he one ol' tw

o types. 
'T

hc lirst type ol' policy change is such that w
e can solve Ibr the new

 stcady 
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Figure 4.1. The m
odel and its solution. 

state w
ithout know

ledge of the precise transition path. T
he second type 

of policy change requires solving for the final steady state together w
ith 

the transition path. 
A

n exam
ple of the first kind w

ould be a sw
itch from

 an incom
e tax to a 

consum
ption tax. H

ere, w
e w

ould specify that all revenue in the final 
steady state m

ust com
e from

 consum
ption taxes. A

n exam
ple of the sec- 

ond kind w
ould be a five-year tax cut, during w

hich national debt is ac- 
cum

ulated, follow
ed by a one-tim

e incom
e tax increase sufficient to pre- 

serve the level of debt per capita at its existing level. In this case, the new
 

higher tax rate required in the new
 steady state depends on the am

ount of 
debt issued along the econom

y's transition path. H
ence, w

e cannot know
 

the new
 steady state level of debt until w

e have solved for the econom
y's 

4 S
im

u
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 m
e
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o

d
o

lo
g
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transition path. In such circum
stances, w

e solve for the final steady state 
- 

and transition path sin~ultaneously. 
A

side from
 this com

plication, solution for the final steady state pro- 
ceeds exactly as lor the initial steady state. 

3. 
The tronsirion 

T
he approach used to solve for the econom

y's equilibrium
 transition path 

is sim
ilar to that used to calculate the initial and, w

here possible, final 
steady states. T

here are several com
plications, how

ever. First, because the 
econom

y undergoes a transition in w
hich conditions change over tim

e, it 
is necessary to solve explicitly for behavior in each year. M

oreover, be- 
cause households and firm

s are assum
ed to take into account future prices 

in determ
ining their behavior, it is necessary to solve sim

ultaneously for 
equilibrium

 in all transition years. 
T

his is done in the follow
ing w

ay. T
he sim

ulation m
odel provides the 

econom
y w

ith 150 years to reach a new
 steady state. A

fter 150 years, the 
m

odel constrains all prices, tax rates, and shadow
 w

ages to be constant. 
If the final steady state has already been calculated, it is used to provide 

'\
 

the values of these variables. O
therw

ise, they are solved together w
ith 

those for the years 1-150. T
he choice of 150 years is arbitrary, but is in- 

tended to provide enough tim
e so that the econom

y w
ill settle dow

n by 
itself w

ell before it is "forced" to in year 150. T
hus, the constraint requir- 

ing that the num
ber of years in the transition d

o
 not exceed 150 is not 

binding. T
he sam

e path w
ould result if 140 or 160 years w

ere assum
ed, 

but not if a substantially shorter period, such as 30 years, w
ere used, for 

in that tim
e the econom

y typically is still adjusting.' 

I A
n

 issue that arises in
 calculating the transition path is w

hether it is unique. P
revious 

analyses w
ith

 overlapping generations m
odels (e.g., 

C
alvo. 

I978a; K
ehoe and Levine. 

1985) have provided exam
ples in

 w
hich there is a continuum

 o
f transition paths to

 the 
new

 equilibrium
. 

T
he nonuniquetless problem

 arises if there are not enough boundary conditions (in
itia

l 
conditions plus thc requirem

ent o
f convergence to

 a steady state) to
 determ

ine the transi- 
tio

n
 path. It occurs in

 cases w
here there are m

ore stable roots to
 the linearired version 

o
f the system

 in
 the neighborhood o

f the final steady state equilibrium
 than there are 

in
itia

l conditions. T
he requirem

ent o
f convergence elim

inates only the unstable roots 
(thosc outside the unit circle) from

 the solution, leaving, in
 som

e cases, a continuum
 o

f 
fcasible paths that satisfy the in

itia
l conditions. (If there are few

er stable roots than in
i- 

tia
l conditions, then no convergent solution exists, but this problem

 does not arise here.) 
A

lthough w
e have not explicitly calculated the roots o

f a linearized version o
f our ow

n 
m

odcl to
 ascertain w

hether this problem
 m

ig
h

i be present. such analysis has been con- 
ducted for a sim

ilar m
odcl by Laitner (1984). H

e found the transition path to
 be deter- 

m
inate. and the num

ber o
f stable roots equal to

 the num
ber o

f in
itia

l conditions (w
hich. 

in
 this m

odcl, w
cre the relevant past values o

f the capitalstock). T
his result. along w

ith
 

our ow
n lin

d
i~

ig
s that. in

 practice, the so
lu

tio
t~

 calculated by our m
odel does not depend 

on thc in
itia

l guesses choscn for the transition path, strongly suggests that indeterm
inacy 

in
 our m

odcl is not a problcm
. 
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A
s w

ith the steady states, a G
auss-Seidel 

iteration algorithm
 is cm

- 
ployed, but here the problem

 is 150 tim
es larger since the equilibriu~n ol' 

the econom
y in each of the 150 years is solved sim

ultaneously. A
side from

 
this greater com

plexity, a final diH
Prence in solving for the transition path 

as opposed to the initial steady state is that individuals alive at the tim
e 

the policy is adopted m
ust be treated difkrently. W

hereas individuals born 
after the transition begins know

 w
hat econom

ic conditions w
ill confront 

them
, those born before the beginning of the transition behave up lo I he 

tim
e of the change in governm

ent policy as if the old steady state w
ould 

continue forever. A
t the tim

e of the announcem
ent of a new

 policy to 
be instituted either im

m
ediately or in the near future, existing cohorts 

are "born again"; they behave like m
em

bers of a new
 generation, but 

have a shorter life expectancy and their initial assets result from
 prior 

accum
ulation. 

B. 
P

aram
eterization of the m

odel 

T
o solve the m

odel, w
e m

ust choose values for the preference param
eters, 

6, a
,
 p, and y, the production elasticity, 

t, the production scaling con- 
stant, A

, the adjustm
ent cost term

, b
, and the hum

an capital vector, e. 
S

om
e of these param

eters (such as y and e) have been precisely estim
ated 

in several em
pirical studies. T

his is not the case for the others, how
ever, 

and indirect m
ethods m

ust be used to obtain values for certain param
eters. 

1. 
H

ousehold preferences 

a. 
lnrerlem

poral elastictry of 
subsrirurion (y

): A
lthough m

ost studies of 
this param

eter have not included leisure in the utility function, the esti- 
m

ates of y d
o

 not appear to be particularly sensitive to this sim
plification. 

M
ost studies, regardless o

f m
ethodology, have consistently found values 

of y to lie w
ithin a reasonably narrow

 range. 
A

m
ong those w

ho have focused only on consum
ption, W

eber (1970) 
estim

ated y to lie betw
een 0.13 and 0.41, but in a later study (W

eber, 
1975) found a higher range, betw

een 0.56 and 0.75. M
ore recently, sev- 

eral studies have derived their estim
ates from

 m
odels of optim

al house- 
hold portfolio behavior under uncertainty. G

rossm
an and Shiller (1981) 

found y to range from
 0.07 to

 0.35, M
ankiw

 (1981, 1985) recorded values 
of 0.25 and 0.37, respectively, Sum

m
ers (1982) reports about 0.33, and 

H
all (1981) found values generally below

 0. I. In contrast, I-lansen and 
Singleton (1983) and M

ankiw
, R

otem
berg, and Sum

m
ers (1985) obtaincd 

estim
ates above I. 

4 S
im

u
latio

n
 m

e
th

o
d

r~
lo

~
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In an early study that accounted for both leisure and consum
ption, G

hez 
and LIccker (1975) estim

ated y to be at m
ost 0.28. M

ore recently, M
aC

urdy 
(1081) obtained estim

ates ranging betw
een 0.10 and 0.45. In the light of 

this evidcncc, w
e choose a value of y =

 0.25 for our baseline sim
ulations. 

b. 
Inrruretnporul elusriciry of 

subsrilulion (p): T
here is far less direct 

em
pirical evidence concerning the value of p. G

hez and B
ecker (1975). 

for exam
ple, found an aggregate value of p=

0.83. W
ith respect to the 

contem
poraneous w

age, m
uch evidence is available on the labor supply 

elasticities of both m
en and w

om
en, and "standard" values for the un- 

com
pensated elasticity close to zero for m

en and equal to at least one for 
m

arried w
om

en (H
eckm

an 1974, R
osen 1976, H

ausm
an 1981). H

ow
ever, 

the translation of these elasticities into estim
ates of p depends on the de- 

gree to w
hich the underlying w

age changes are perm
anent or tem

porary 
and w

hether they are anticipated or not. 
T

he m
ore tem

porary the w
age change, the sm

aller the incom
e effect 

that is included in the estim
ated labor supply response. L

ikew
ise, the fur- 

ther in advance that the w
age change is anticipated, the m

ore the house- 
hold w

ill have an opportunity to m
ake prior saving adjustm

ents, such as 
saving less in response to anticipated w

age increases. T
his offset w

ill re- 
duce the incom

e effect on labor supply occurring after the w
agechange, be- 

cause the eA
'ect is being spread over a longer planning horizon. A

s A
uer- 

bach, K
otlikoff, and Skinner (1983) have show

n, a w
ide range of values 

of p is consistent w
ith estim

ated w
age elasticitie~

.~
 

O
ur chosen base case 

value o
f p equal to 0.8 falls near the center of this range and is approxi- 

m
ately equal to the direct estim

ate of G
hez and B

ecker (1975).' 

c. 
The pure rare of 

rim
e preference 

(6): 
T

here is scant evidence of the 
appropriate value of 6. W

e choose a value of 0.015 largely because: given 
other param

eters, it leads to a realistic consum
ption profile and labor 

supply decision and, for reasonable tax param
eters and levels of govern- 

m
ent consum

ption, yields an am
ount of aggregate capital consistent w

ith 
observed U

.S. capital-output 
ratios. A

 higher value of 6 w
ould lead to 

less saving, w
hile the opposite w

ould be true for low
er values. 

Scc M
aC

u
rd

y (1981) I'or a re
la

td
 discussion. 

O
n

e recent htudy that docs explicitly treat the dynam
ic lab

o
r-co

n
su

n
~p

tio
n

 decision is 
M

i~
C

u
rd

y
 (1983). w

ho es~im
ates param

eters o
f a u

tility function that, though in
~

crtem
p

o
- 

rally cp
ar;lb

lc. Ilah a dillkrent fo
rm

 l'roln that o
l'(3.3). H

o
w

ever. given his reported hub- 
\tittitio

n
 clli.ct\ 

for hours and co
t~su

n
ip

tio
n

 with respect to the colltem
porancous alter- 

tax w
apc and the \alnplc nlcanr for thchc vilrinhlcs plus the nlonthly labor endow

nlent, 
it i\ poh\iblc to c\tiln

atc the v;lluc ol' p
 at tlic h;i~llple means. Tllib yields an estim

ate ol' p
 =

 
1.96 I'or ;I 

\alllplc o
f prim

e-age nlalcr! This estim
ate ol' p

 appcars to be quite dillerent 
I'rom

 111osc ol' 111oht previouh rcscarchers. 
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d. 
The leisure preference param

eter 
(
a
)
: T

his param
eter. 

too, has re- 
ceived little attention in em

pirical investigation. W
e seek a value for it 

w
hich w

ill result in realistic levels of labor supply. If a
 =

 0, households 
w

ill w
ork the m

axim
um

 num
ber of hours in every year. For a

 =
 1.5, our 

chosen value, prim
e-age w

orkers in typical sim
ulations w

ork approxi- 
m

ately 40 percent of the tim
e, or, if w

e base our calculations on a full- 
tim

e labor endow
m

ent of 5,000 hours per year, they w
ork 2,000 hours 

per year, or 40 hours per w
eek. 

2. 
P

roduction param
eters 

F
or the production sector, values are required for the param

eters a, e, t, 
and A

 and 6
. 

a. H
u

m
an

 capital profile (e
): T

he vector e determ
ines relative w

ages by 
age. T

he profile used is based on estim
ates obtained by W

elch (1979) from
 

a cross-sectional regression of w
eekly labor earnings of full-tim

e w
orkers 

on personal variables including experience and experience   qua red.^ T
he 

resulting w
age profile peaks at adult age 30 (w

hich the reader should think 
of as an actual age of about 50). and w

ages at that age are 45 percent 
higher than at age 1 (21). T

he w
age at age 55 (75) is 22 percent low

er than 
the w

age at age I. 

b. 
E

lasticity of 
substitution (a): T

here has been considerable research 
into the elasticity of substitution betw

een capital and labor in U
.S. m

an- 
ufacturing (N

erlove, 1967; B
erndt and C

hristensen, 1973). w
ith the usual 

finding of values of 1 or slightly less. F
or our basic param

eterization, w
e 

set a
=

 1, thereby assum
ing a C

obb-D
ouglas production function. 

c. ,C
ap

ital intensity param
eter (c): It is w

ell-know
n that for a C

obb- 
D

ouglas production function, factor shares are constant, and the capital 
share in incom

e equals the capital-intensity param
eter, t. U

sing the his- 
torical share of capital in national incom

e in the U
.S., 

w
e set c =

0.25. 

d. P
roduction function constant 

(A
): T

his param
eter depends on the 

units chosen for output. It should be a hundred tim
es larger if output 

is m
easured in cents rather than dollars. T

hus, w
e are free to choose A

, 
choosing the output units at the sam

e tim
e. It is convenient to choose a 

value that leads to a w
age rate per one-year-old adult of exactly 1.0 in 

' The equation used is e, =
 4.47 +0.033/ - 0.00067/, w

here I is the individual's num
ber o

l' 
years o

f experience, corresponding to adult age ill our specilication. 

our basic incom
e tax equilibrium

, w
ith a proportional incom

e tax of 15- 
percent. T

his requires a value of A
=

 .892657593, w
hich w

e used through- 
out. 

e. M
arg

in
u

l adjustm
ent cost param

eter (6
): In m

ost of our sim
ulations, 

w
e ignore adjustm

ent costs, setting b
=

 0. W
hen adjustm

ent costs are 
, 

included, a value of b
=

 10 is chosen. T
his value stands at the low

 end 
of som

e estim
ates (e.g., S

um
m

ers, 1981b; A
bel and B

lanchard, 1986; or 
P

oterba and S
um

m
ers, 1983). H

ow
ever, all these estim

ates w
ere derived 

from
 regressions of investm

ent on calculated values of q
 that, for a num

- 
ber of reasons described in the studies, m

ay have been inaccurate. H
ence, 

it seem
s reasonable that the m

easured response of investm
ent to q

 has 
been understated and the size of the param

eter b overstated by such 
estim

ates. 

3. 
G

overnm
ent behavior 

a. F
iscalp

o
licy: A

s m
entioned above, the base case assum

ed for govern- 
m

ent fiscal policy is an incom
e tax of 15 percent. T

his choice represents 
a com

prom
ise m

ade necessary by the sim
plicity of the m

odel com
pared 

to the real w
orld. O

n the one hand, U
.S. federal governm

ent spending 
on goods and services (excluding investm

ent goods) absorbs about 10 per- 
cent of the national product. O

n the other hand, the spending of all levels 
of the U

.S. 
governm

ent on goods and services is about one-quarter of 
the national product.>

 A
lthough the incom

e tax pays for m
ost spending 

on goods and services by the federal governm
ent, this is not the case for 

state and local governm
ents. In 1984, the receipts from

 individual and 
corporate incom

e taxes at all levels equaled 17.7 percent of national in- 
com

e. T
his is probably closest to the param

eter w
e are seeking, and hence 

the value used, 15 percent, appears quite reasonable in term
s of overall 

revenue. 
A

t the sam
e tim

e, the actual tax system
, particularly at the federal level, 

is characterized by a tax base that is m
uch narrow

er than national in- 
com

e, and hence by m
uch higher m

arginal tax rates than w
ould be sug- 

gested by these revenue percentages. T
he effect of this base narrow

ing is 
one of the issues explored in the sim

ulations presented below
. 

In our base case steady state there is no initial governm
ent debt, but 

the effects of accum
ulating governm

ent debt are considered in detail in 
C

hapter 6. 

E
cuno~rric Hcporr uJ'r11r Prrsid

rn
r. 1985, Tables B

-I and B
-21. 
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b. 
Thesocialsecuri~y system

: In som
e sets of sim

ulations the social secu- 
rity system

 is om
itted to m

aintain as m
uch clarity as possible in ev

alu
ati~

~
g

 
w

hat m
ay already be fairly com

plicated policies. W
here the social secu- 

rity system
 is included, the basic assum

ption is that benefits are based on 
an average o

f past earnings com
parable to the average indexed m

onthly 
earnings (A

IM
E

) actually used in the U
nited S

tates w
ith a "replacem

ent 
rate" - the ratio of actual benefits to this earnings average - patterned on 
typical replacem

ent rates in the U
nited States. B

ecause of the com
plexity 

of these calculations, further discussion is deferred until the social sccu- 
rity system

 first appears in the sim
ulations in C

hapter 10. 

C
. 

C
onclusions 

M
odern com

puting technology m
akes it relatively easy to solve m

odels 
as com

plicated as the one described in C
hapter 3. H

ow
ever, the choice 

of appropriate param
eter values is not alw

ays straightforw
ard. It is here 

that econom
ics begins and com

puter science ends. B
ut rather than resort 

to oversim
plified m

odels that don't require such param
eterization, it seem

s 
far m

ore sensible to use the best available inform
ation in calibrating as 

realistic a m
odel as possible. 

T
he answ

er to
 uncertainties about the "correct" values of various para- 

m
eters is sensitivity analysis, w

hich tests the dependence of conclusions 
on the choice of param

eters by sim
ulating the sam

e policy under a range 
of param

eter estim
ates. A

s it does in this study, sensitivity analysis should 
form

 an im
portant part of any num

erical sim
ulation analysis. 

T
ax refo

rm
 - choice o

f the tax base 

T
he proper choice of tax bases is a central question in tax reform

. T
he 

choice has im
portant im

plications for the course of saving and econom
ic 

grow
th, the distribution of w

elfare across generations, and the level of 
econom

ic elhciency in the econom
y. T

his chapter considers each of these 
issues in relation to

 four proportional taxes: an incom
e tax, a consum

p- 
tion tax, a labor incom

e tax, and a capital incom
e tax. 

In recent years. there has been m
uch discussion (e.g., Pechm

an, ed., 
1980, 1985; B

radford and others, 1984; B
radford, 1986; Institute- for Fis- 

cal Studies, 1978; H
all and R

abuska 1983) about the im
plem

entation of 
a consum

ption tax and its m
erits relative to an incom

e tax. W
hereas re- 

search in the past focused on issues such as sim
plicity and enforcem

ent, 
w

hich are not dealt w
ith here, recent w

ork has concentrated on the rel- 
atively lavorable treatm

ent of saving provided by a consum
ption tax. 

H
ow

ever, w
hat has been term

ed "consum
ption tax treatm

ent" by others 
m

ore closely resem
bles a labor incom

e tax. T
his distinction has im

por- 
tant im

plications for questions about the desirability of sw
itching to a 

consum
ption tax. Section A

 o
f this chapter distinguishes am

ong the four 
tax bases exam

ined here. 
Since deficit finance and changes in the level of governm

ent consum
ption 

are covered in C
hapter 6, the assum

ptions of constant governm
ent con- 

sum
ption per capita and annual budget balance are m

aintained through- 
out this chapter. T

he requirem
ent that the governm

ent annually collect a 
constant am

ount of revenue per capita provides a form
ula for determ

in- 
ing annual tax rates along the transition paths associated w

ith sw
itching 

from
 an incom

e tax to each of the alternative tax bases. 

A
. 

K
ey points 

N
o

~
~

iirru
l 

vs. ejJeclive lux buses: In assessing the results of this 
chapter, 

O
I

I
~

 
sl~

ould bcar in m
ind that although nom

inal and effective 
tax bases arc equivalent in the sim

ulations reported below
, erective tax 

bascs ol' aclual econom
ies can be substa~

~
tially 

dillerent from
 their nom

i- 
nal tax bases. T

his point can be illustrated by an econom
y w

ith a personal 
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incom
e tax plus a subsidy to capital at the business level of equal value. 

In such an econom
y the subsidy to

 capital at the business level cancels the 
tax on capital incom

e at the personal level, and the result is an cfl'ective 
labor incom

e tax. C
hapter 9 places special em

phasis on the distinction 
betw

een eH
ective and nom

inal incom
e and consum

ption tax bases. It is 
show

n that the perhaps seem
ingly incidental addition of investm

ent ex- 
pensing to an incom

e tax structure effectively transform
s the incom

e tax 
to

 a consum
ption tax. 

S
ensitivity analysis: A

nother point to consider about the out- 
com

e of any sim
ulation is the sensitivity of the result to the choice of 

param
eters. In conducting sensitivity analysis it is im

portant to consider 
not sim

ply the m
arginal im

pact of changing one parapeter w
hile hold- 

ing others at base case values, but also w
hat happens w

hen several para- 
m

eters are assigned values different from
 those of the base case. T

his is 
necessary because the outcom

es of the sim
ulation m

odel are nonlinear 
functions of the m

odel's param
eters. T

he sensitivity analysis conducted 
below

 exam
ines a w

ide range of param
eter values. 

W
elf4re changes vs. efficiency: A

lthough the m
odel described in 

C
hapter 3 is w

ell suited to studying the effects of tax base changes on the 
w

elfare of different generations, one cannot sim
ply add up such changes 

in w
elfare to assess the potential efficiency gains or losses from

 tax re- 
form

. By efficiency w
e m

ean P
areto efficiency. In this context, P

areto 
efficiency is a situation in w

hich no generation can gain w
ithout som

e 
other generation being m

ade w
orse off. T

ax reform
s that im

prove the 
w

elfare of som
e generations w

hile reducing that of others m
ay, in con- 

junction w
ith the redistribution from

 w
inning to losing generations, offer 

the prospect of P
areto im

provem
ents; but one cannot assess the poten- 

tial efficiency gain w
ithout actually im

plem
enting the intergenerational 

redistribution. 
T

o distinguish potential efficiency gains from
 changes in the w

elfare of 
different generations that are possibly offsetting w

e introduce an addi- 
tional governm

ent institution, the L
um

p Sum
 R

edistribution A
uthority 

(L
SR

A
). T

he L
SR

A
 transfers resources across generations through lum

p 
sum

 taxes and transfer paym
ents. Since this additional fiscal institution 

does not engage in consum
ption, w

e require that it break even in present 
value; that is, the present value of its tax receipts m

ust equal the present 
value of its transfer paym

ents. 

A
nnouncem

ent eflects: 
A

s described below
, shifting tax bases 

has im
portant substitution as w

ell as incom
e effccts. In the short run, 

n
 

- p
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thcsc substitution elrccts arc cithcr greatly cnhanced or greatly reduced 
by prea~

inouncing a future change in tax regim
cs. Since the agents in this 

m
odel have perfect foresight, such preannounced changes in the future 

course of tax rates w
ill lead to im

m
ediate substitution responses. T

hus, 
. 

announcing today that a consum
ption tax w

ill be im
posed in tw

o years 
leads to an im

m
ediate substitution of current for future consum

ption to 
take advantage of the tem

porarily low
 relative price of current consum

p- 
tion. T

his chapter considers both the saving and efficiency aspects of early 
announcem

ents of policy changes. 

P
rincipalfindings: 

T
he principal findings in this chapter are as 

follow
s: T

he consum
ption tax base generates significantly m

ore long-run 
capital form

ation than either the w
age tax or the incom

e tax. 
C

apital form
ation under the w

age tax typically exceeds that 
under the incom

e tax. T
he size of the long-run capital stock 

under a pure capital incom
e tax is m

uch sm
aller than under 

the incom
e tax. 

P
roportional consum

ption taxation appears to
 be significantly 

m
ore efficient than proportional incom

e taxation. In contrast, 
the transition from

 a proportional incom
e tax to a propor- 

tional w
age tax typically generates an efficiency loss despite 

the fact that the proportional w
age tax, like the consum

ption 
tax, does not distort saving decisions. 

T
he rankings of the four tax bases w

ith respect to their effects on 
savings and efficiency are insensitive to

 reasonable variations 
in param

eter values. 
Policies that potentially raise the long-run level of capital per 

w
orker, such as shifting from

 an incom
e tax to a w

age tax, 
m

ay nonetheless im
ply a low

er level of long-run econom
ic w

el- 
fare and reduce econom

ic efficiency. 
T

he short-run response to certain announced future changes in 
the tax base can be exactly opposite to those m

otivating the 
sw

itch in tax bases. 

B. 
C

onceptual issues 

1. 
Incom

e and substitution effects fro
m

 sw
itching tax bases 

T
he structural tax policies considered in this chapter have one I'eature in 

com
m

on: nam
ely, they com

pensate the private sector for the rem
oval of 
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tax change, changing the tim
ing of a tax paym

entover the life cycle can 
significantly alter the burden of 

taxation across generations and, thus, 
the intergenerational distribution of resources. 

In com
parison w

ith the incom
e tax, an im

m
ediate sw

itch to consum
p- 

tion taxation or capital incom
e taxation shifts the tax burden tow

ard the 
initial generation of elderly. In contrast, sw

itching the tax base from
 in- 

com
e to

 w
age taxation shifts the tax burden tow

ard initial young genera- 
tions as w

ell as subsequent generations from
 the initial generation of el- 

derly alive at the tim
e of the regim

e sw
itch; i.e., elim

inating the incom
e 

tax elim
inates taxes on the capital incom

e of the initial elderly generation. 

b. 
Subsriturion eflects: 

Sw
itching tax regim

es can also lead to
 significant 

substitution effects. T
o illustrate the role of substitution effects, let us ab- 

stract from
 the incom

e effects just described and exam
ine a sw

itch from
 

a w
age to a capital incom

e tax under the assum
ption that the present 

value of taxes is not altered by changing tax structures. T
his is a com

- 
pensated tax change since the rem

oval of the w
age tax is com

pensated by 
the im

position of the capital incom
e tax. C

onsider again the tw
o-period 

m
odel of C

hapter 2 w
ith consum

ption in both periods. Figure 5.1 illus- 
trates the partial equilibrium

 effect of such a (present value) com
pen- 

sated tax change. T
he slopes of lines 1 and 2 equal 1 +

r, w
here r is the 

before-tax interest rate. T
he slope of line 4 is 1 + r(1- 

7
,). w

here 7
, is the 

capital incom
e tax rate. 

P
oint A

 is the equilibrium
 under w

age taxation, w
hile point B

 corre- 
sponds to the equilibrium

 under a capital incom
e tax. T

he governm
ent 

collects the sam
e present value, G

, in taxes under both tax structures, and 
private consum

ption occurs along the sam
e budget frontier, line 2; since 

the increase in capital incom
e taxation is com

pensated by a decline in 
lum

p sum
 taxation, the consum

er ends up consum
ing on her initial bud- 

get frontier. U
nder sm

ooth convex indifference curves, private consum
p- 

tion in period 1 unam
biguously rises from

 C
;
 to C;'. 

(N
ote that if the 

private sector had m
aintained its initial consum

ption bundle, the govern- 
m

ent's capital incom
e tax rate w

ould have been low
er by the difference in 

the slopes of lines 3 and 4 divided by r.) T
he policy depicted in Figure 

5.1 - by raising consum
ption of young w

orkers and leaving, by assum
p- 

tion, the budget opportunities and thus the consum
ption of the elderly gen- 

eration unchanged - im
plies an unam

biguous decline in national saving. 
In contrast to the saving effect of a com

pensated capital incom
e tax, 

that of a com
pensated tax on labor earnings in a m

odel w
ith variable 

labor supply m
ay be am

biguous. F
or exam

ple, suppose labor supply is 
variable in both periods of 

a tw
o-period m

odel; then the com
pensated 

labor incom
e tax w

ill lead to an increase in leisure as w
ell as a decline in 

P
*
+

; 
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Figure 5.1. T
he savings effect of a com

pensated sw
itch from

 w
age LC 

capital incom
e taxation. 

consum
ption in both periods. If the reduction in first-period consum

p 
tion equals the decline in first-period labor earnings, the com

pensatec 
labor incom

e tax w
ill have no im

pact on savings in the tw
o-period m

odel 
If, on the other hand, labor supply occurs only in the first period and thc 
w

orker is retired in the second period, then the com
pensated w

age ta: 
w

ill low
er first-period saving, w

hich equals the tw
o-period m

odel's cap 
ital stock. T

he reason is that w
orkers w

ill substitute aw
ay from

 future a: 
w

ell as current consum
ption in response to the labor incom

e tax. Sincc 
the decline in first-period labor earnings equals the decline in the presen 
value of first- plus second-period consum

ption, first-period earnings fa1 
by m

ore than first-period consum
ption. 

2. 
C

om
paring lax slructures 

T
he effects of changing the tax base can be better understood by exam

in 
ing the relationship am

ong tax bases. E
quation (5.7) gives the lifetim

e bud 
get constraint for a young agent at tim

e t in the sim
ple tw

o-period m
od( 

w
ith labor supplied inelastically and only in the first period. E

quatio 
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(5.8) gives the budget constraint for an old agent at tim
e I. L

ach ol' tllc 
four taxes - the incom

e tax, T
,; the consum

ption tax, T
,; the w

agc tax, 
T,; 

and the capital incom
c tax, 

T, - are includcd. 

From
 these equations it is easy to see that a proportioi~

al incom
e tax 

i,s equivalent to equal-rate proportional w
age and capital incom

e taxcs. 
A

nother tax equivalency occurs if 
T,., 

equals I,.,+,. For young individuals 
at tim

e 1 in this case, the consum
ption tax is equivalent to a w

agc tax 
levied at rate ~

,.,/(1+
 I,.,). 

H
ow

ever, for the older generation at tim
e I, im

- 
posing a consum

ption tax is equivalent to
 a lum

p sum
 tax on their assets; 

since these assets m
ust be spent in the last period of life, part of the elder- 

ly's assets is spent on the consum
ption tax. H

encc, one can describe a con- 
sum

ption tax as a com
bination of a w

age tax and a lum
p sum

 w
ealth tax. 

From
 the perspective of the elderly, capital incom

e and incom
e taxcs also 

represent effective w
ealth taxes. In this case the governm

ent taxes the in- 
com

e (as opposed to the principal) from
 w

ealth. Since w
ealth is in inelastic 

supply once it has been accum
ulated for old age, such taxes are equivalent 

to lum
p sum

 taxes from
 the perspective of the elderly. A

s is w
ell know

n, 
lum

p sum
 taxes d

o
 not distort econom

ic choices. H
ence, the lum

p sum
 

tax feature of consum
ption taxes, capital incom

e taxes, and incom
c taxcs 

is im
portant in determ

ining the relative efficiency of the four tax regim
es. 

A
nother im

portant point is that changes through tim
e in the tax rates 

of a given tax base can transform
 the tax from

 one effective tax base to 
another. T

ake the case of increases through tim
e in the consum

ption tax 
rate. By dividing both sides of (5.7) by (1 + T

,.,) one can see that such a 
policy raises the relative price of second-period consum

ption. H
encc, a 

rising consum
ption tax rate acts, in part, like a capital incom

e tax. If the 
m

odel w
ere augm

ented to include first- and second-period variable labor 
supply, then a w

age tax that increases through tim
e w

ould also alter rela- 
tive intertem

poral prices; in this case the price of future leisure w
ould fall 

relative to the price of current leisure, inducing a substitution of current 
for future labor supply. 

3. 
D

istinguishing ejficiency fro
m

 redislribu~ion: The LLII?I/? 
Sutn R

edistribution A
u

lh
o

rily 

T
he L

SR
A

 is a hypothetical construct used to ineasurc the pure ctlicicncy 
gains from

 tax reform
. T

he L
SK

A
 is m

odeled as a separate, sclf-linancing 
governm

ent agency that uses lum
p sum

 taxcs and transl'ers to kccp cohorts 
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born before a spccilicd date at their status quo lcvcl of utility and to raise 
the utility of all col~ort!, bo

ri~
 after this date by a uniform

 am
ount. E

qual- 
ization o

l'tl~
c utility ofthose born after a certain datc, a policy first ana- 

lyzed in a tw
o-period setting by Phclps and R

iley (1978). seem
s to be a 

reasonable w
ay of characterizing thc intinitc set of w

elfare paths the L
SK

A
 

coi~
ld generate. 

T
he sim

ulation m
odel w

as adapted to solve for the econom
y's general 

equilibrium
 transition path consistent w

ith the behavior of the standard 
governm

ent liscal authority as w
ell as the lum

p sum
 tax-transfer activity 

ol' thc L
SK

A
. T

hus, for exam
ple, household consum

ption decisions un- 
der a con sum

p ti or^ tax transition take into account the L
SR

A
 lum

p sum
 

taxes and transfers. It is also im
portant to note that the equilibrium

 path 
of consum

ption tax rates w
ill differ from

 that generated in the absence 
of the L

SK
A

, since changes in the behavior of households w
ill necessi- 

tate m
odifications in the tax schedule im

posed by the m
ain governm

ent 
authority. 

T
he L

SR
A

 faces a budget constraint requiring that its lum
p sum

 taxes 
and transfers sum

 to zero in present value. A
t any point in tim

e, the L
SR

A
 

holds net assets that m
ay be positive or negative, but that equal the present 

value of its net future paym
ents. T

hese net assets are added to those held 
by the private sector to determ

ine the econom
y's total stock of capital. 

L
um

p sum
 taxes and transfers are collected and paid in year one (the first 

year ol' the transition) for all existing cohorts and in the first year of eco- 
nom

ic life for all subsequent cohorts. E
quation (5.9) expresses the L

SR
A

 
budget constraint, w

here v, is the lum
p sum

 tax (negative, if a transfer) 
paid by m

em
bers of generations born in year I, and n is the econom

y's pop- 
ulation grow

th rate. T
he tw

o parts of the expression in (5.9) correspond 
to the net taxes collected from

 existing and future cohorts, respectively. 

W
hen the L

SK
A

 is included in the sim
ulation, the m

ethod of sim
ula- 

tion is essentially the sam
e as that previously used. H

ow
ever, the budget 

constraints of existing and future cohorts now
 include the term

s v,, and 
updated guesses of these m

ust be m
ade in each iteration step along w

ith 
those 01' 

factor prices, tax rates, and shadow
 w

ages. In the tirst iteration 
of the sim

ulatiqn, all v,'s are given prelim
inary values of zero. In the 

course o
f cach iteration, the m

odel produces new
 estim

ates of the path 
of this vector v. A

 w
eighted average of the initial guess and this com

- 
puted path gclicratcs a guess for the next iteration. 

T
he calculatio~l of v in cach step is described in detail in the appendix 

to this chapter. It is im
portant to

 rem
em

ber that the vector v is included 
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T
able 5.1. 

T
h

e base case steady state 

C
ap

ital stock 
95.1 

P
rivate consum

ption 
20.70 

L
ab

o
r supply 

19.1 
C

apital-output 
ratio

 
3.73 

W
age 

1.000 
N

atio
n

al saving rate 
3.73%

 
P

re-tax interest rate 
6.70%

 
Incom

e tax rate 
15%

 
N

atio
n

al incom
e 

25.47 
S

ocial security tax rate 
0%

 
G

overnm
ent consum

ption 
3.82 

S
ocial security replacem

ent rate 
0%

 

in the full general equilibrium
 solution of the m

odel. T
hus, policies lead- 

ing to large transfers to older cohorts (as w
ill be the case for a consum

p- 
tion tax) w

ill lead to
 an accum

ulation of debt by the L
SR

A
 and hence 

w
ill crow

d out som
e of the increase in capital that occurs in the basic 

sim
ulation. 

C
. 

S
im

ulation results 

1. 
T

h
e initial steady slate 

T
able 5.1 presents the sim

ulated initial steady state values of the base case 
econom

y. T
he base case incom

e tax rate is I5 percent; the base case cap- 
ital-labor ratio is 5.0; the base case w

age is I, reflecting our choice of the 
coefficient A

 in the production function in (3.13); and the base case pre- 
tax return to

 capital is 6.7 percent. T
he econom

y's saving rate of 3.73 
percent is substantially below

 the com
parable U

.S. rate of saving out of 
N

N
P

, w
hich has averaged 7.93 percent since 1950. O

n the other hand, the 
w

ealth-to-incom
e ratio of the base case econom

y is 3.7, w
hich is not far 

from
 the current U

.S. 
w

ealth-to-incom
e ratio of roughly 3.5. 

W
ere w

e to assum
e a larger population grow

th rate than the I percent 
assum

ed here, the sim
ulated saving rate w

ould be closer to that observed 
in the U

nited States. O
n

 the other hand, including social security as w
ell 

as the dependency of children in the m
odel significantly reduces the sim

- 
ulated saving rate as w

ell as the sim
ulated w

ealth-to-incom
e ratio (see 

C
hapters 10 and I I). T

he relatively low
 saving rate and ratio of w

ealth to
 

incom
e of this latter econom

y vis-8-vis the U
.S. rate reflects the difficulty 

of explaining U
.S. w

ealth accum
ulation solely on the basis of the zero be- 

quest life cycle m
odel unless one m

akes unrealistic assum
ptions concern- 

ing the shapes of age earning and age consum
ption profiles (K

otlikoff 
and Sum

m
ers, 1981). 

T
he shapes of age-earnings and age-consum

ption profiles of the base 
case econom

y are, how
ever, fairly realistic; Figure 5

.2
 depicts these.pro- 

files. N
ote that by age 53 (age 73 if age 21 is used as the initial age of labor 

Figure 
5.2. 

A
ge-earnings and age-consum

ption profiles in 
the base 

case steady state. 

force entry) w
orkers are fully retired. P

artial retirem
ent occurs m

uch ear- 
lier in the life cycle, how

ever. L
abor supply is 0.46 (out of a tim

e endow
- 

m
ent of I) at age 5 (age 25 in real tim

e); it falls gradually to 0.41 by age 
25 (age 45 in real tim

e), and m
ore rapidly thereafter. A

t age 45 (age 65 in 
real tim

e) labor supply is only 0.18, less than one-third of the initial age 
zero value. If w

e take real nonsleeping tim
e to be roughly 100 hours per 

w
eek, then these labor supplies correspond to 46 hours per w

eek at age 
26, 41 hours per w

eek at age 45, and 18 hours per w
eek at age 65. 

2. 
S

tructural tax change 

T
able 3.2 displays the large im

pact structural tax policies can have on 
an econom

y's saving rate and related variables. R
elative to the initial in- 

com
e tax regim

e, long-run saving rates are 19 percent larger under a con- 
sum

ption tax, 8 percent larger under a w
age tax, and 32 percent sm

aller 
under a capital incom

e tax. C
hanges in the econom

y's saving rate during 
the transition period are even m

ore dram
atic; in the first year after the 

sw
itch to consum

ption taxation, the saving rate rises to 9.3 percent from
 

an initial value o
f 3.7. In the case of the capital incom

e tax, there is a 
negative 2.9 percent saving rate in the first year of the transition, and saving 
rates rem

ain negative for m
ore than a dkcade. T

he U
nited States has occa- 
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T
able 5.3. S

rrucrural tax reform
 - steady srare sensiriviry analysis 

Param
elers 

Incom
e tax 

C
onsum

ption tax 

G
am

m
a 

R
ho 

Sigm
a 

D
elta 

A
lpha 

K
 

W
age tax 

C
apital incom

e tax 

G
q

m
a

 
R

ho 
Sigm

a 
D

elta 
A

lpha 
K

 
L 

Y 
w

 
r (%

) 
7

 
(

a
)

 
K

 
L

 
Y 

w
 

r (%
) 

~
~

(
q

0
)

 

T
able 5.4. S

ready srare changes in the capiral srock and facto
r returns (param

erers) 

D
K

/ K (To) 
D

H
/w

 (w
o) 

D
r/r (ro) 

G
am

m
a 

R
ho 

Sigm
a 

D
elta 

A
lpha 

C
ons 

W
age 

C
aplnc 

C
ons 

W
age 

C
aplnc 

C
ons 

W
age 

C
aplnc 
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- 
presents the lo

n
g
-ru

n
 (across steady state) levels o

f the ca
p
ita

l stock, la
- 

b
o
r supply, w

age rate, p
re

-ta
x interest rate, and tax rates under the S

our 
tax structures fo

r a
 range o

f param
eter values. T

ablc 5.5 sum
m

arizes som
e 

- 
o

f the in
fo

rm
a
tio

n
 in

 T
able 5.4; 

it presents percentage changes in
 the 

lo
n
g
-ru

n
 ca

p
ita

l stock and fa
cto

r prices associated w
ith

 sw
itch

in
g
 fro

m
 a

 
15 percent p

ro
p
o
rtio

n
a
l incom

e tax stru
ctu

re
 to

 an equal a
n
n
u
a
l revenue 

co
n
su

m
p
tio

n
, w

age, 
o
r ca

p
ita

l incom
e tax. In

 considering these tables 
i 

one sh
o
u
ld

 bear in
 m

in
d
 that fo

r each set o
f param

eter values the level 
o

f governm
ent co

n
su

m
p
tio

n
 equals 15 percent o

f the level o
f incom

c in
 

i 
the incom

e tax sim
u
la

tio
n
 using those param

eters. H
ence, as one m

oves 
d
o
w

n
 the row

s in
 these tables the absolute am

ount o
f governm

ent con- 
su

m
p
tio

n
 differs, a

lth
o
u
g
h
 it is alw

ays 15 percent o
f the level o

f incom
e 

in
 the incom

e tax steady fo
r the row

-specific param
eters. 

A
s T

able 5.3 
indicates, the size o

f the steady state stock o
f ca

p
ita

l is 
q
u
ite

 sensitive to
 the choice o

f ce
rta

in
 preference param

eters. F
o
r exam

- 
ple, in

 the incom
e tax base case, 

ra
isin

g
 y

 fro
m

 0.10 
to

 0.50 generates 
m

ore than a
 th

re
e
fo

ld
 increase in

 the stock o
f ca

p
ita

l. T
he d

ire
ctio

n
 o

f 
change is in

tu
itive

 since larger values o
f y

 im
p
ly steeper age-consum

ption 
, 

profiles. V
a
ria

tio
n
s in

 the tim
e
 preference rate, 6, can also sig

n
ifica

n
tly 

alter the lo
n
g
-ru

n
 stock o

f savings; lo
w

e
rin

g
 the tim

e-preference ra
te

 (re
- 

d
u
cin

g
 the degree o

f co
n
su

m
p
tio

n
 im

patience) fro
m

 0.015 to
 -0.030 

im
- 

plies m
o
re

 th
a
n
 a

 d
o
u
b
lin

g
 o

f steady state ca
p
ita

l under incom
e tax h- 

'
3

 

nance. H
ow

ever, a
 -0.030 

tim
e-preference rate im

p
lie

s a
 ra

p
id

 and h
ig

h
ly 

u
n
re

a
listic ra

te
 o

f g
ro

w
th

 o
f co

n
su

m
p
tio

n
 w

ith
 age. 

In
 co

n
tra

st to
 the supply o

f ca
p
ita

l, the steady state aggregate la
b
o
r 

supply is re
la

tive
ly unresponsive to

 these changes in
 y

 and 6. 
It is, h

o
w

- 
ever, q

u
ite

 sensitive to
 the choice o

f p, 
the static e

la
sticity o

f su
b
stitu

tio
n
 

betw
een co

n
su

m
p
tio

n
 and leisure, and the choice o

f the term
 C

Y, the lei- 
sure u

tility share. 
U

nder incom
e tax finance, 

ra
isin

g
 p

 fro
m

 -0.03 
to

 
0.015 im

plies, ceteribus paribus, a
 re

d
u
ctio

n
 in

 aggregate la
b
o
r supply o

f 
close to

 one-quarter, w
h
ile

 ra
isin

g
 alpha fro

m
 0.5 

to
 3.0 reduces aggre- 

gate la
b
o
r supply by m

o
re

 than o
n
e
-h

a
lf. 

A
lth

o
u
g
h
 aggregate fa

cto
r supplies and fa

cto
r prices m

ay be sensitive 
to

 param
eter specification, especially if one is w

illin
g

 to
 e

n
te

rta
in

 p
a
ra

- 
m

eter values th
a
t produce u

n
re

a
listic age-consum

ption p
ro

file
s and la

b
o
r 

supplies, the q
u
a
lita

tive
 effects o

f stru
ctu

ra
l tax re

fo
rm

 m
ay be re

la
tive

ly 
insensitive to

 the precise choice o
f param

eters (see T
ablc 5.4). F

o
r exam

- 
ple, sw

itch
in

g
 fro

m
 I5

 percent p
ro

p
o
rtio

n
a
l incom

e ta
xa

tio
n
 to

 equal rcv- 
enue co

n
su

m
p
tio

n
 ta

xa
tio

n
 across a

ll I1 sets o
f param

eters in
 T

able 5.3 
raises the steady state stock o

f ca
p
ita

l by at least 19 p
crccn

t. T
he largest 

increase in
 the 11 cases is 28 percent. If one ignores the extrem

e values fo
r 

the tim
e-preference rate, 6, in

 T
able 5.4, 

the increase in
 lo

n
g

-ru
n

 ca
p
ita

l 
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in
 long-run capital form

ation is 24 percent w
hen thc level o

f incom
e tax- 

a
tio

n
 is 20 percent in

 the in
itia

l incom
e tax steady state; in

 contrast. the 
increase is 118 percent w

hen the in
itia

l steady state features a 45 perccnt 
incom

e tax rate! W
h

e
n

 incom
e a

n
d

 w
age taxation arc cornpared, the im

- 
pression given in

 T
able 5.3 

that w
age taxation im

plies som
ew

hat m
o

re
 

capital form
ation changes dram

atically if the in
itia

l incom
e tax steady 

state tax rate is 45 percent. In
 this case sw

itching to
 w

age taxation low
ers 

the long-run level o
f capital b

y 2 percent! 
Increases in

 governm
ent consum

ption "crow
d 

in
" capital fo

rm
a

tio
n

 
w

hen consum
ption tax finance is being used (see C

hapter 6). T
h

e
 oppo- 

site is true w
hen the incom

e tax is used to
 finance increased governm

ent 
consum

ption. T
h

is difference in
 crow

ding in
 a

n
d

 crow
ding o

u
t fro

m
 in

- 
creased governm

ent consum
ption under the tw

o
 tax structures explains 

the dram
atic difference betw

een the figures o
f 24 percent a

n
d

 118 percent 
in

 T
able 5.6. 

T
he explanation fo

r the w
age tax results appears to

 reflect 
the relative inefficiency o

f w
age taxation relative to

 incom
e taxation. In

 
the w

age tax steady state corresponding to
 the 45 percent incom

e tax 
steady state, the w

age tax rate is 67 percent. T
h

is very high tax o
n

 labor 
supply suggests a m

u
ch

 m
o

re
 severely distorted labor supply choice than 

in
 the case o

f a 45 percent incom
e tax. Indeed, in

 the w
age tax steady 

state, 
labor supply is 14 percent sm

aller th
a

n
 in

 the incom
e tax steady 

state. L
o

w
e

r life
 cycle labor supply m

eans low
er life

 cycle earnings a
n

d
 

less life
 cycle savings. A

lth
o

u
g

h
 life

 cycle savings are 2 percent sm
aller 

as a result o
f sw

itching fro
m

 45 percent incom
e taxation to

 equal revenue 
w

age taxation, the w
age tax steady state capital-labor 

ra
tio

 is larger bc- 
cause o

f the 14 percent decline in
 steady state labor supply. H

ence, w
ages 

rise a
n

d
 interest rates fall in

 this as w
ell as the other w

age tax sim
ulations. 

D
. 

W
elfare effects o

f stru
ctu

ral tax refo
rm

 

C
hanges in

 after-tax prices o
f factors a

n
d

 goods obviously alter the u
tility 

levels o
f each cohort alive at the tim

e o
f the tax change o

r b
o

rn
 there- 

after. O
n

e
 m

easure o
f these u

tility differences is the cquivalenr percentage 
increase in

 fu
ll lifetim

e resources (assets plus the present value o
f earn- 

ings based o
n

 w
o

rkin
g

 fu
ll tim

e) needed in
 the original incom

e tax regim
e 

to
 produce each cohort's realized level o

f u
tility under the specified alter- 

native tax regim
es. 

F
o

r cohorts livin
g

 in
 the ncw

 long-run equilibrium
 

under consum
ption, w

age, a
n

d
 capital incom

e tax regim
es, the cquiva- 

lent variations are 2.32 perccnt, -0.90 
perccnt, a

n
d

 -
 1.14 perccnt. These 

figures are sm
aller than the long-run changes in

 w
age rates indicate4 in

 
T

able 5.2 because they encom
pass the additional am

ount o
f b

o
th

 li t'ctim
e 

leisure a
n

d
 consum

ption that could hypothetically be altbrdcd in
 the.old 

I 
/consum

ption 
TIJX 

I 

Year of B
irth 

Figure 5.4. 
The w

elfare effects o
f tax reform

. 

steady state. S
tated differently, since 51 percent o

f lifetim
e resources are 

spent o
n

 leisure in
 the initial steady state, a I percent increase in

 full-tim
e 

resources w
o

u
ld

 perm
it a 2.04 (1/0.49) 

percent increase in
 lifetim

e con- 
sum

ption if leisure is held constant. 
O

n
e

 perhaps surprising feature o
f these num

bers is that steady state 
u

tility is low
er under w

age taxation than under incom
e taxation despite 

an 8 percent increase in
 capital intensity. T

h
e

 before-tax w
age rises to

 1.02 
! 

fro
m

 an in
itia

l value o
f I, b

u
t the after-tax w

age is 0.80 in
 the w

age tax 
steady state com

pared w
ith

 0.85 
under the incom

e tax. In
 addition, the 

long-run after-tax interest rate, w
hich determ

ines prices o
f future con- 

sum
ption a

n
d

 leisure, is o
n

ly 0.61 percentage points greater in
 the w

age 
taxation steady state. 

D
espite the larger capital stock in

 the w
age tax 

steady state, aggregate steady state consum
ption is low

er, in
 part because 

o
f the sm

aller aggregate supply o
f labor induced b

y the increased w
age 

tax. A
nalysis o

f changes in
 steady state w

elfare indicates thal [he im
pact o

f 
tax re

fo
rm

 o
n

 the w
elfare o

f generations alive after the transition to
 the 

new
 steady stale is com

plete. A
lth

o
u

g
h

 the long-run w
elfare eftects are 

im
portan[, m

u
ch

 o
f the concern about the w

elfare elfects o
f structural 

tax change centers o
n

 the im
pact o

n
 generations alive d

u
rin

g
 the transition 

lo
 the new

 steady stale. F
igure 5.4 presents the eH

ects o
n

 cohort w
elfare 
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of changing from
 incom

e taxation to consum
ption taxation, w

age taxa- 
tion, and capital incom

e taxation w
hen base case param

ctcrs arc assum
ed. 

T
he cohorts alive during the econom

y's transition are identified on the 
horizontal axis by their year o

f birth, and zero is taken to
 be the year of 

the initiation of the tax change. W
elfare gains and losses are m

easured on 
the vertical axis, as above, as the fraction of full lifetim

e labor endow
- 

m
ent required under the original incom

e tax regim
e to generate the sam

e 
level of utility actually achieved w

ith the change in tax regim
e. 

A
s Figure 5.4 clearly indicates, the consequences for the distribution 

of cohort w
elfare differ m

arkedly under the three tax reform
s. A

long the 
consum

ption tax transition path, young and future cohorts achieve util- 
ity gains, partly at the expense of older generations. In contrast, the w

age 
tax transition involves increased levels of w

elfare for initial elderly gen- 
erations and reductions in w

elfare for initial young generations as w
ell as 

for all future generations. U
nder the consum

ption tax, the break-even 
(experiencing no change in utility) cohort is age 13 at the tim

e the con- 
sum

ption tax is introduced. T
he break-even cohort under the w

age tax is 
age 10 at the initiation of the w

age tax. 
In the case of the capital incom

e tax, the initial elderly are m
ade w

orse 
off as are all those born 23 years or m

ore after the tax change. T
he gener- 

ations experiencing a w
elfare gain from

 sw
itching to the capital incom

e 
tax structure are all those cohorts below

 age 3 (age 23 if age 20 is the age 
of adulthood) w

hen the policy change is m
ade and those cohorts born 

before year 23. 
T

he shapes of these curves is easily understood. U
nder the consum

p- 
tion tax, elderly generations are faced w

ith a m
uch heavier tax burden 

than they w
ould have experienced under the incom

e tax. For these older 
cohorts, labor earnings are sm

all, and consum
ption is financed by deplet- 

ing accum
ulated savings. Since the elderly are dissaving, their consum

p- 
tion exceeds their incom

e, and they are particularly hard hit by sw
itching 

from
 incom

e to consum
ption taxation. Y

oung and future generations gain 
from

 a sw
itch to consum

ption taxation because older generations are 
forced to bear a larger proportion of the present value of governm

ent 
consum

ption expenditures. In contrast, under the w
age tax the burden of 

taxation is shifted aw
ay from

 older generations and transferred to initial 
young and future generations. T

he change to
 capital incom

e taxation, 
like the change to consum

ption taxation, shifts the tax burden onto ini- 
tial older generations; but the associated reduction over tim

e in the capital 
stock and therefore the w

age im
plies a low

er level of w
elfare for genera- 

tions born after year 22. Initial young generations and those born prior 
to

 year 23 gain from
 the reduction in their lifetim

e tax burden, but are 
not greatly affected by the transition effects on w

ages because the w
age 

5 T
ax refo

rm
 - choice o

f tax base 

T
able 5.7. E

Jficiency gains o
r losses fro

m
 sw

itching fro
m

 incom
e to

 
w

age taxution 

P
aram

eters 
Incom

e tax in 
initial incom

e tax 
Em

ciency gain or lors 
G

am
m

a 
R

ho 
S

igm
a 

steady state 
(w

ealth equivalent. %
) 

0.25 
0.80 

1.00 
0.15 

-0.25 
0.25 

-1.18 

0.10 
0
.8

0
 

1.00 
0.15 

-0.70 
0.25 

-3
.4

2
 

0
.5

0
 

0
.8

0
 

1.00 
0.15 

-0
.1

0
 

0.25 
-0

.4
6

 

0.25 
0.30 

1.00 
0. I5

 
0.03 

0.25 
0.06 

0.25 
1 .50 

1.00 
0.15 

-0.55 
0.25 

-2
.8

9
 

0.25 
0.80 

0.80 
0.15 

-0
. I I 

0.25 
-0

.5
4
 

0.25 
0.80 

1.25 
0.15 

-0
.5

8
 

0.25 
-2

.6
9
 

N
ore: Table assum

es base case values for alpha and delta. 

changes slow
ly through the transition; although it is ultim

ately 13 percent 
low

er than its initial value, it is only 5 percent low
er after the first 10 years 

of the transition. 

E. 
T

he relative efficiency o
f alternative tax structures 

1. 
B

ase case results 

T
he results w

ith respect to the w
elfare effects of alternative tax structures 

beg the question of w
hether policies that increase capital accum

ulation 
also increase econom

ic efficiency. O
ne approach explored by A

uerbach 
and K

otlikoff (1983a) is to
 seek com

binations of taxes that, w
hen used in 

conjunction w
ith deficit finance, raise the w

elfare of all cohorts to at least 
that enjoyed under the incom

e tax. Such P
areto im

proving w
elfare paths 

d
o

 not, how
ever, offer a single, precise m

easure of the efficiency gain (or 
loss) resulting from

 a tax change. Incorporating the L
SR

A
 in the sim

ula- 
tion does provide such a m

easure. In the sim
ulations on w

hich T
ables 5.7 

and 5.8 are based, the L
SR

A
 uses its lum

p sum
 taxes and transfers to 
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T
able 5.8. E

ficiency gains o
r losses Jro

tt~ sw
ilc'h

it~g
 fro

ttl 
in

cw
t~

e lo
 

consurtlprion ruxarion 

P
aralnclcrs 

Incom
e tax in 

initial i~
ic

o
n

~
c

 
tax 

L:llicic~icy gaili o
r lo\s 

G
am

m
a 

R
h

o
 

S
igm

a 
blcady hlatc 

(w
cal~

li cq
t~

iv
i~

lc
~

~
l. 

"/u) 

N
o

le: Table assum
es base case values for alpha and delta. 

leave unchanged the w
elfare of all generations alive at the tim

e of the 
change in tax regim

es and to raise or low
er uniform

ly the w
elfare of all 

future generations. T
hese tables present eficiency gains or losses from

 
dynam

ic tax reform
 m

easured as a w
ealth equivalent. T

hey present the re- 
sults for sw

itching to w
age and consum

ption laxation for a range of para- 
m

eter values and initial incom
e tax rates of 15 and 25 percent, respeaively. 

T
ables 5.7 and 5.8 indicate efficiency gains from

 sw
itching to consum

p- 
tion taxation and. w

ith one exception, efficiency losses from
 sw

itching to 
w

age taxation. T
he efficiency changes are considerably larger in absolute 

value w
hen an initial 25 percent incom

e tax rather than a 15 percent in- 
com

e tax is assum
ed. T

his reflects the fact that econom
ic distortions rise 

w
ith the square of tax rates. 
W

hen base case param
eters are assum

ed, the efficiency gain in sw
itch- 

ing from
 a 15 percent incom

e tax to an equal revenue consum
ption tax 

is equivalent to raising full-tim
e resources in the initial steady state by 

0.29 percent for each generation born al'ter the tax structure is changed. 
If an initial incom

e tax of 25 percent is assum
cd, the clliciency gain is 

1.04 percent. If the L
SK

A
 m

aintains unchanged the w
elfarc of all initial 

cohorts as w
ell as those born in the first 20 years after the tax sw

itch. the 
elliciency gains available to all cohorts born after the tirst 20 years of the 
transition are 0.80 percent in Ihe case of an initial I5 percent incom

e tax 
and 3.10 peicent in the case of an initial 25 percent incom

e tax. 
A

s the discussion of equations (5.7) and (5.8) m
akes clear, the con- 

sum
ption tax com

bines a distortionary w
age tax and a nondistortionary 

lum
p sum

 tax on existing w
ealth. Individuals w

ho have already accum
u- 

lated w
ealth at the tim

e the consum
ption tax is unexpectedly introduced 

have no w
ay of avoiding paying consum

ption taxes w
hen they spend this 

w
ealth. Since their consum

ption out o
f w

ealth is a com
pletely inelastic 

form
 of behavior, taxing this behavior is nondistortionary. O

f course, 
individuals can try to avoid the consum

ption tax by w
orking less, but 

for a large segm
ent of society - nam

ely. the elderly - this is not a partic- 
ularly im

portant option, since they are, to a large extent, already retired. 
T

he greater the revenues from
 the im

plicit lum
p sum

 tax on w
ealth im

- 
posed by the consum

ption tax, the sm
aller the revenue that m

ust be ob- 
tained from

 the distortionary w
age tax com

ponent of the consum
ption 

tax. H
ence, in com

parison w
ith sw

itching from
 incom

e to only w
age tax- 

ation. sw
itching from

 incom
e taxation produces a sm

aller effective tax 
rate on labor supply. 

Since full-tim
e resources are spent on both consum

ption and leisure, it 
m

ay be instructive to express these gains in term
s o

f the percentage in- 
crease in lifetim

e consum
ption that could be financed. In the I5 percent 

incom
e tax initial s~

ead
y

 state the present value of lifetim
e consum

ption 
represents only 49 percent of the present value of full lifetim

e resources; 
hence, the efficiency gain provided to all cohorts born after the change 
in tax structure is 0.59 (0.29/0.49) 

percent of initial steady state life- 
tim

e consum
ption under a 15 percent initial incom

e tax. It is 1.86 percent 
(1.04/0.56) under a 25 percent initial incom

e tax. T
he efficiency gain can 

also be expressed in relation to
 annual G

N
P

. R
aising the full-tim

e re- 
sources of each successive new

 generation in the initial I5 percent incom
e 

tax steady state by 0.29 percent is equivalent to a perpetual increase in 
G

N
P

 of 0.20 percent. 
T

he efficiency loss in sw
itching to w

age taxation from
 the I5 percent 

incom
e tax steady state is 0.25 percent of the present value of full lifetim

e 
resources (0.51 perccnt of the present value of lifetim

e consum
ption). 

Starting w
ith a 25 percent incom

e tax, the efficiency loss is 1.18 percent of 
full lifetim

e resources (2.11 percent o
f lifetim

e consum
ption). In contrast 

to the consum
ption tax, w

hich is m
ore efficient than the incom

e tax be- 
cause it is efrectively equivalent to a lum

p sum
 tax on w

ealth plus a dis- 
tortionary tax on labor supply. the w

age tax regim
e has n

o
 such im

plicit 
lum

p sum
 tax. H

ence, in the w
age tax regim

e the am
ount of revenue that 
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m
ust be collected by taxing labor supply and the distortions of labor sup- 

ply are larger than under the consum
ption tax regim

e. 
G

iven the im
plicit lum

p sum
 tax em

bedded in the consum
ption tax, it 

is not surprising that the consum
ption tax is m

ore efficient than either the 
incom

e or the w
age tax. It is perhaps surprising, how

ever, that the in- 
com

e tax, at least in the base case, is m
ore efficient than the w

age tax. 
A

fter all, the incom
e tax distorts tw

o m
argins of choice, nam

ely, the in- 
tertem

poral tradeoff betw
een current and future consum

ption and cur- 
rent and future leisure and the static tradeotf betw

een consum
ption and 

leisure at a point in tim
e. In contrast, the w

age tax distorts only the static 
consum

ption-leisure m
argin of choice. 

A
lthough it does distort an additional m

argin of choice, the incom
e tax 

distorts these tw
o choices at a low

er tax rate than the w
age tax, w

hich dis- 
torts a single m

argin of choice, that is, under the incom
e tax labor supply 

is taxed at a I5 percent rate, w
hile it is taxed at 20 percent under the w

age 
tax. H

ence, the incom
e tax appears to be m

ore efficient because it spreads 
out the distortions over tw

o choices, in contrast to the w
age tax, w

hich 
concentrates all its distortion on a single choice m

argin. H
ence, the finding 

here of m
ore efficient incom

e than w
age taxation is in accord w

ith the gen- 
eral second-best proposition that it is better to

 tax m
ore than few

er com
- 

m
odities. O

f course, the theory of the second best provides m
ore precise 

tax-setting prescriptions that depend on the relative com
plem

entarity o
f 

the argum
ents of the utility function. A

ccording to A
uerbach, K

otlikoff, 
and Skinner (1983). second-best theory does not suggest that incom

e tax- 
ation w

ill alw
ays be m

ore efficient than w
age taxation (indeed, T

able 5.7 
presents a case in w

hich it is less efficient); rather, the relative efficiency 
of the tw

o taxes w
ill depend on the particular structure of preferences. 

A
 second reason for the relative efficiency of the incom

e tax em
pha- 

sized by C
ham

ley (1981) com
pared w

it11 the w
age tax is that there is a 

sm
all elem

ent of lum
p sum

 taxation in the incom
e tax. C

onsider the taxa- 
tion of capital incom

e under the incom
e tax. A

t any point in tim
e the cap- 

ital stock is fixed and, if w
e ignore labor supply changes, the m

arginal 
product of capital and therefore capital incom

e are fixed. H
ence, the im

- 
m

ediate period tax on capital incom
e is a lum

p sum
 tax. In the sw

itch to 
w

age taxation from
 incom

e taxation the econom
y foregoes this lum

p sum
 

tax on capital incom
e. 

A
s for the capital incom

e tax, the L
SR

A
 transition to this tax struc- 

ture starting w
ith a I5 percent incom

e tax is infeasible, at least for the 
base case param

eters. T
he capital incom

e tax base is too sm
all to gen- 

erate the sam
e am

ount of revenues as in the 15 percent incom
e tax rate 

initial steady state. H
ow

ever, sw
itching to capital incom

e taxation w
ith 

the L
SR

A
 is feasible if the initial incom

e tax is 10 percent. In this case 

5 Tax reform
 - choice o

f lax base 

the w
elfare loss in sw

itching from
 incom

e to capital incom
e taxation is- 

2.15 percent ol' full-tim
e resources. D

espite the increase in effective lum
p 

sum
 taxation associated w

ith sw
itching solely to capital incom

e taxation, - 
the increase in intertem

poral distortion under the capital incom
e tax m

akes 
this tax structure far less efficient than an incom

e tax. 
It is instructive to com

pare the steady state w
elfare changes described 

in the previous section w
ith these efficiency effects. In sw

itching from
 I5 

percent incom
e taxation to consum

ption taxation, the non-L
SR

A
 steady 

state w
elfare gain is 2.32 percent, w

hich is eight tim
es larger than the 

corresponding L
SR

A
 efficiency gain of 0.29 percent. Sim

ilarly, in sw
itch- 

ing to w
age taxation from

 an initial 15 percent incom
e tax, the non-L

SR
A

 
steady state w

elfare loss is 0.90 percent, 3.6 tim
es larger in absolute value 

than the corresponding L
SR

A
 efficiency loss of 0.25 percent. 

T
he difference in these num

bers clearly reflects the differences in inter- 
generational redistribution under the non-L

SR
A

 and L
SR

A
 policies. In 

the non-L
SR

A
 transition to consum

ption taxation, initial elderly genera- 
tions suffer reductions in their w

elfare, w
hich benefit future generations. 

Indeed, the lion's share of the long-run w
elfare gain to future generations 

in sw
itching to consum

ption taxation is attributable to the policy's inter- 
generational redistribution rather than to its im

provem
ent in econom

ic 
efficiency. In the case of sw

itching to
 w

age taxation, the 0.90 percent 
long-run w

elfare loss in the non-L
SR

A
 transition is 3.6 tim

es larger than 
the L

SR
A

 efficiency loss because the non-L
SR

A
 transition involves a re- 

distribution to initial elderly generations at the expense of future genera- 
tions; such redistribution to

 the initial elderly is ruled out in the L
SR

A
 

sim
ulations. 

2. 
E

flciency gains - sensirivily analysis 
T

ables 5.7 and 5.8 consider the sensitivity of the base case w
age and con- 

sum
ption tax L

SR
A

 efficiency calculations to
 the choice of y, the inter- 

tem
poral elasticity of substitution; p

, the intratem
poral elasticity of sub- 

stitution betw
een goods and leisure; and a

, the elasticity of substitution 
in production betw

een capital and labor, In general, the w
age tax effi- 

ciency gains appear m
ore sensitive to the choice of param

eter values than 
the consum

ption tax efficiency gains. T
his is not surprising, since the con- 

sum
ption tax represents a com

bination of a w
age tax and a lum

p sum
 

tax, and the gains to sw
itching to partial lum

p sum
 taxation rem

ain even 
w

hen one is considering param
eter values that im

ply behavioral responses 
quite sim

ilar to incom
e and w

age taxation. 
L

arger values of y entail greater inefficiency associated w
ith intertem

- 
poral distortions and, thus, sm

aller reductions in efficiency from
 sw

itching 
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to w
age taxation. In the case of a 25 perccnt initial incom

e lax thc elti- 
ciency loss from

 sw
itching to w

age taxation is 3.42 pcrcent of full-tim
e 

resources w
hen y equals 0.10; it is only 0.46 perccnt w

hen 7
 cquals 0.50. 

T
hese percentage differences m

ay suggest largcr absolute dilt'crences than 
is the case. A

s indicated in T
able 5.3, the w

age rate and interest rate are 
larger and sm

aller, respectively, w
hen y equals 0.50 than w

hcn it equals 
0.10. H

ence, the present value of full-tim
e resources is larger w

hen y 
equals 0.50 than w

hen it equals 0.10. 
In the case of sw

itching to consum
ption taxation from

 25 perccnt incom
e 

taxation, the efficiency gain declines from
 1.29 percent w

hen y equals 0.10 
to 0.98 percent w

hen y equals 0.50. H
ow

ever, since the present value of 
full-tim

e resources alm
ost triples w

hen y rises from
 0.10 to 0.50, the etti- 

ciency gain in absolute value is larger w
hen y equals 0.50 than w

hen it 
equals 0.10. 

L
arger values of p, the elasticity of substitution betw

een consum
ption 

and leisure, im
ply larger percentage efficiency losses in sw

itching to w
age 

taxation. S
tarting from

 the 25 percent incom
e tax steady state, there is a 

6 percent efficiency gain in adopting w
age taxation w

hen p equals 0.30 
and other base case param

eters are assum
ed; w

hen p
 equals 1.50 there is 

a 2.89 percent efficiency loss. In contrast, larger values of pim
ply, ceteri- 

bus paribus, greater (percentage as w
ell as absolute) efficiency gains from

 
sw

itching to consum
ption taxation. T

hese results are intuitively plausible; 
sm

aller values of p
are associated w

ith less serious distortions of the labor 
supply decision for a given tax on labor incom

e. T
his leads to sm

aller 
efficiency losses under w

age taxation and sm
aller efficiency gains from

 
sw

itching to consum
ption taxation. 

A
s a approaches zero, capital and labor approach perfect com

plcm
en- 

tarity in production; in the lim
it, for a equal to zero, taxing capital is 

equivalent to
 taxing labor since there is a single com

posite input. Sincc 
the distinction betw

een taxing capital and labor vanishes as a declines, 
the efficiency losses in sw

itching to w
age from

 incom
e taxation decline 

w
ith a decline in a. T

he reduced substitution in production associated 
w

ith a drop in a also m
eans that the incom

e tax w
ill cause less distortion 

and, therefore, the (perccntage as w
cll as absolute) gain in sw

itching to 
partial lum

p sum
 taxation under a consum

ption taxation w
ill bc sm

aller. 

F. 
A

nnouncem
enl eR

ecls 

1. 
Im

p
act o

n
 sh

o
rt-ru

n
 suving 

E
arly announcem

ent of future policy changcs can significantly alter cco- 
nom

ic bchavior in periods prior to thc im
plcm

cntation of thc new
 pol- 

icy. G
ivcn the tim

c rcquircd to
 tbrm

ulatc and cnact ncw
 tax tcgislation, 

5 T
ax re

h
rm

 - choice o
f tax base 

I 
I 

I 
I 

2
0

 
4
0
 

6
0
 

Y
ear 

Figure 5.5. T
he clfecls on capital form

ation of prcannounced sw
itches 

to consum
plion raxalion. 

announcem
ent effects are a serious concern. Indeed, sim

ulating the early 
announccm

cnt of a policy designed to stim
ulate savings, such as sw

itch- 
ing to a consum

ption tax, indicates potentially dram
atic declines in na- 

tional saving in the period prior to the enactm
ent of the new

 policy. 
C

onsider first the ett'ect in year zero ot' announcem
ents ot' a com

plete 
sw

itch from
 a 15 pcrcent incom

e tax to consum
ption taxation starting im

- 
m

ediately, or in 5, 10 or 20 years. W
hereas the national saving rate jum

ps 
from

 3.73 pcrcent to 9.27 percent if the consum
ption tax is im

plem
ented 

im
m

cdiatcly. thc short-run (year I) saving race falls to 1.93 percent in 
rcsponse lo

 inform
ation that the consum

ption tax sw
itch w

ill occur in 
ycar 2. C

lcarly thc ncar-term
 prospect of high consum

ption tax rates sig- 
nificantly low

ers the price of current consum
ption relative to the price of 

consuniption after thc sw
itch to consum

ption taxation; that is, announc- 
ing loday that high consum

ption tax rates are to be im
posed in a few

 
years is sim

ilar to im
posing a stitf short-term

 capital incom
e tax. T

he 
short-run rcsponsc of households to this policy is to increase significantly 
the lcvcl of private consun~

ption. 
k'igurc 5.5 depicts thc ctlicts on the capital stock of' prcannounced 

sw
itches-to consun~

ption taxotio~
t. Thc labels on the curves indicate the 

num
bcr of ycars in advancc that the tax change is announced. In the case 
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Figure 5.6. T
he effects on capital form

ation of preannounced sw
itches 

to w
age taxation. 

of the 20-year preannounced sw
itch to consum

ption taxation, the capital 
stock gradually falls from

 its initial (year 1) value of 95 to 92 in year 21, 
w

hen the consum
ption tax is instituted. Slightly sm

aller reductions in 
capital occur by years 11 and 6 in the 10-year and 5-year preannounced 
sw

itches to consum
ption taxation. 

W
ith regard to short-term

 saving rates, announcing fi~
ture wage taxa- 

tion has the opposite effect of announcing future consum
ption taxation. 

H
ere the prom

ise of low
er rates of capital incom

e taxation in the near 
future reduces the relative prices of future consum

ption and leisure, lead- 
ing to a substitution of future for current consum

ption and leisure and 
an increase in short-term

 saving rates. F
or exam

ple, if a shift to w
age 

taxation is announced five years in advance, the national saving rate im
- 

m
ediately rises from

 3.73 percent to 5.57 percent. 
Figure 5.6 depicts the effect of early w

age tax announcem
ents on cap- 

ital form
ation. In the case of a 5-year preannounced sw

itch, the capital 
stock in year 6, w

hen the sw
itch occurs, has already increased by alm

ost 
half of the ultim

ate increase. H
ence, m

uch of the policy's im
pact on sav- 

ings occurs before the policy is actually instituted. T
he 10- and 20-year 

preannouncem
ent paths of' capital illustrate this as w

ell; they also show
 

that the stock of capital can overshoot its ultim
ate value. 

Y
ear 

of 
B

irth
 

Figure 5.7. The w
elfare eH

ects of preannounced sw
itches to consum

ption 
taxation. 

T
he announcem

ent effects in both Figures 5.5 and 5.6 indicate that 
econom

ic behavior changes less in the short term
 the further the date of 

policy im
plem

entation is in the future. Y
et policy changes that w

ill not 
occur for 10 years can still change saving rates in year zero by m

ore than 
20 percent. 

2. 
W

elfare eflects 

T
he w

elfare im
plications of preannouncing the sw

itch to consum
ption 

and w
age taxation are diagram

m
ed in Figures 5.7 and 5.8, respectively. 

M
ore distant im

plem
entation of the consum

ption tax relieves iniiial el- 
derly cohorts of the heavy taxation of their retirem

ent consum
ption. In 

contrast, initial young cohorts are hurt by a delay in the sw
itch to a con- 

sum
ption tax. For these generations the short-run crow

ding out of capi- 
tal m

eans low
er w

ages during som
e if not all of their rem

aining w
orking 

years. T
he gains to future generations are also reduced by a delay in the 

im
plem

entation of consum
ption taxation. A

gain, the initial crow
ding 

out of capital in anticipation of the consum
ption tax m

eans a sm
aller 

stock of capital during the econom
y's transition path than w

ould have 
occurred under im

m
ediate im

plem
entation. 



86 
D

yn
am

ic fiscal policy 
. - 

5 Tax refo
rm

 - choice o
f lax base 

87 

Year of 
B

irth
 

Figure 5.8. 
The w

elfare efTec~s of preannounced sw
itches to

 w
age la

x- 
ation. 

Y
oung and fu

tu
re

 generations benefit fro
m

 the delay in
 im

p
le

m
e
n
tin

g
 

the w
age tax. D

e
la

yin
g
 the tax sw

itch still induces im
m

ediate a
d
d
itio

n
a
l 

ca
p
ita

l fo
rm

a
tio

n
, w

hich spells higher w
ages fo

r these cohorts, but the 
governm

ent also collects m
ore revenue in

 the short ru
n

 fro
m

 the in
itia

l 
e
ld

e
rly. H

ence, the ta
xa

tio
n
 o

f younger and fu
tu

re
 generations can be 

reduced, in
 present value, by the a

d
d
itio

n
a
l am

ount o
f revenue collected 

fro
m

 retirees in
 the short ru

n
. 

3. 
E

ficiency 
im

p
lica

lio
n
s of 

early p
o
licy announcem

enrs 

P
reannouncing stru

ctu
ra

l tax re
fo

rm
s can also greatly reduce if not re

- 
verse the p

o
te

n
tia

l efficiency gains fro
m

 such re
fo

rm
s. C

onsider a
 prean- 

nounced sh
ift fro

m
 a

 15 percent incom
e tax to

 a
 consum

ption tax. W
hereas 

the efficiency 
gain fro

m
 sw

itch
in

g
 im

m
ediately to

 a
 consum

ption tax is 
0.29 percent (see T

able 5.8). the gain is o
n
ly 0.024 percent if the sw

itch is 
announced 5 years in

 advance. If the sw
itch is announced 20 years in

 a
d
- 

vance there is an efficiency loss o
f -0.18 

percent. If the in
itia

l incom
e 

tax steady state features a
 25 percent tax rate. announcing the sw

itch to
 

consum
ption ta

xa
tio

n
 5 years in

 advance results in
 a

 -0.024 
pcrccnt clli- 

ciency loss, 
w

hile a
n
n
o
u
n
cin

g
 the sw

itch 20 years in
 advance leads to

 

a
 -
 1.00 percent clliciency loss. T

hcsc figures should be com
pared w

ith
 

the corresponding I .O
Q

 percent efficiency gain fro
m

 enacting the p
o
licy 

im
m

ediately. 
C

learly, delaying the sw
itch to

 consum
ption ta

xa
tio

n
 exacerbates in

te
r- 

te
m

p
o
ra

l d
isto

rtio
n
s. H

ence, w
e have the paradoxical result that a

p
p
ly- 

in
g
 thc rig

h
t m

edicine (th
e
 consum

ption tax) to
o
 late can actually m

ake 
the patient (th

e
 econom

y) w
orse o

ff. 

A
p

p
en

d
ix: L

S
R

A
 transfers 

B
ecause the u

tility fu
n
ctio

n
 described in

 (3.3) is hom
ot hetic, increases in

 
in

d
ivid

u
a
l w

ealth, given fixed prices, b
rin

g
 about p

ro
p
o
rtio

n
a
l increases 

in
 the vectors c and I. T

hus, to
 solve fo

r the a
d
d
itio

n
a
l resources needed 

by an in
d
ivid

u
a
l b

o
rn

 a
fte

r tim
e zero to

 a
tta

in
 a

 u
tility level ii, we solve 

fo
r 4 such that 

w
here ii is the current level o

f u
tility being a

tta
in

e
d
 w

ith
 a

 transfer level 
D,. 

T
he difference betw

een 0, and the p
ro

d
u
ct o

f 4 and the present value 
o

f fu
ll-tim

e
 earnings yields a guess o

f the a
d
d
itio

n
a
l resources, A

v,, 
that 

m
ust be transferred to

 the in
d
ivid

u
a
l to

 a
tta

in
 the u

tility level li. A
d
d
in

g
 

h
i to

 v, gives us a
 fu

n
ctio

n
 v,(li) 

o
f to

ta
l transfers needed fo

r u
tility 

level u
. 

F
o
r in

d
ivid

u
a
ls alive w

hen the tra
n
sitio

n
 begins, the sam

e procedure 
is fo

llo
w

e
d
 using the u

tility subfunctions that apply over the rem
aining 

years o
f life

. F
or in

d
ivid

u
a
ls o

f cohorts i <
 i*

,
 

ii is set at the level that 
w

ould have been enjoyed under the o
rig

in
a
l tax regim

e, uo. T
he present 

value, T
, o

f a
ll such transfers, u,(u0), i

 < i*, is then calculated. T
he value 

o
f u

* is chosen by re
q
u
irin

g
 th

a
t the present value o

f a
ll LS

R
A

 transfers 
is zero: 

T
 

n (l+
r,) 

(l+
n

)iu
,(~

*)=
~

. 
I' 

I-' 
(5

A
.3

) 
,=,' 

j=
O

 

T
his also yields solutions fo

r U
,(U

*), the new
 guesses fo

r v,, 
w

hich are 
w

eighted w
ith

 the o
ld

 vector O to
 p

ro
vid

e
 values fo

r the next ite
ra

tio
n
. 
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D
eficits, governm

ent spending, and 
crow

ding out 

In recent years the coincidence of large official budget deficits in several 
industrialized countries and exceptionally high short-term

 real interest 
rates has aroused considerable interest in the econom

ics of deficit finance. 
Since 1980 U

.S. official debt in the hands of the public has m
ore than 

doubled. D
uring the sam

e period, the U
.S. rate of saving out of net na- 

tional production has averaged less than tw
o-thirds the average saving 

rate of the prior 30 years. P
art of the explanation for the recent low

 sav- 
ing rates in the early 1980s w

as consum
ption sm

oothing in the face of the 
recession of 1981-2; 

but in the relatively prosperous years of 1984 and 
1985 the saving rate has rem

ained low
. T

he 1985 saving rate of 4.4 per- 
cent is precisely half of the rate observed on the average in the 1950s. 

D
eficit finance is alleged to "crow

d out" dom
estic saving, and, depend- 

ing on the international m
obility of investm

ent, to "crow
d out" dom

estic 
investm

ent (capital form
ation) as w

ell. A
ccording to the standard sce- 

nario, the reduction in the stock of capital relative to the supply of labor 
im

plies an increase in the factor price of 
capital relative to

 that of 
la- 

bor; real interest rates rise and real w
ages fall. T

he life cycle m
odel of 

savings predicts precisely this com
bination of events w

ith regard to defi- 
cit finance. Indeed, the life cycle m

odel is the principal neoclassical m
odel 

generating such predictions. 
Since the predictions of the life cycle m

odel appear to underlie m
uch of 

the concern about deficit finance, it is im
portant to exam

ine closely those 
predictions. A

 related concern about governm
ent policy is the possible 

crow
ding out of capital form

ation by governm
ent consum

ption. Increases 
in governm

ent consum
ption m

ay or m
ay not be associated w

ith increases 
in governm

ent deficits. H
ence, it is im

portant to exam
ine balanced bud- 

get as w
ell as deficit-financed increases in governm

ent consum
ption. 

T
his chapter considers the im

pact on savings and capital form
ation of 

conventional deficit policies and balanced budget increases in govern- 
m

ent consum
ption. C

onventional deficit policies considered are (I) short- 
term

 tax cuts holding governm
ent expenditures fixed and (2) increases in 

expenditures holding tax rates fixed in the short run. Since C
hapter 10 ex- 

am
ines changes in transfer expenditures, specifically social security trans- 

fers, changes in expenditures here are confined to changes in govcrnm
ent 

6
 I)eficils. governm

ent spending, and crow
ding out 
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consum
ption. T

he policies involving balanced budget increases in govcrn- 
m

cnt consum
plion include (1) perm

anent incrcascs in governm
ent con- 

sum
ption and (2) tem

porary incrcascs in governm
ent consum

ption. 
'The seven im

portant lessons 01' 
this chapter are as follow

s: 

D
eficit finance and governm

ent consum
ption can significantly 

crow
d out capital lbrm

ation and low
er the w

elfare of future 
generations. 

T
ax cuts of short duiation can lead to short-run crow

ding in
, al- 

though substanlial crow
ding out occurs in the long run. H

ence, 
short-term

 changes in capital form
ation m

ay provide little or 
no guidc to the ultim

ate im
pact of deficit finance. 

C
row

ding out from
 deficit finance is a vcry slow

 process because 
it results from

 increased consum
ption spending over poten- 

tially long horizons. 
D

eficit policies that lead to very sizable increases in long-term
 

interest rates m
ay involve no change or even declines in short- 

term
 interest rates. 

T
he inclusion of adjustm

ent costs to the life cycle m
odel has only 

a trivial alrect on the tim
e path of interest rates arising I'rom

 
a policy of deficit finance, despite its sm

oothing of the path of 
the capital stock. 

A
. 

S
h

o
rt-term

 tax-cut policies 

1. 
Theoretical issues 

a. Inrergenerarionul redisrriburion und irs itnpact on suving: A
s dictated 

by 
the governm

ent's intertem
poral budget constraint (equation 3.20), 

short-term
 reductions in tax rates, w

hen the tim
e path of expenditures is 

fixed, eventually necessitate increases in tax rates to m
aintain intertem

- 
poral budget balance. H

ence, the tax-cut policies considered here involve: 
(1) short-term

 reductions in incom
e tax rates, (2) the issuance of govern- 

m
ent debt during the period of the tax cur to

 m
ake up the shortl'all in 

governm
ent revenues, and (3) at the cessation of the tax cut, increases in 

the incom
e tax rate to balance the governm

ent's conventional budget such 
that governm

ent debt per capita no longer increases. but rather rem
ains 

at its level as of the end of the tax cut. 
W

ith governm
ent consum

ption held constant, policies involving short- 
term

 cuts and long-term
 increases in incom

e tax rates fundam
entally in- 

volve governm
ent redistribution; in this case the redistribution is across 

generations, w
ith initial older generations benefiting from

 the tax cut5 
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I)e
lirils, governm
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u
t 

Y
I 

because they w
ill be either dead o

r p
a

rtly o
r I'u

lly re
tire

d
 w

hen tax ratcs 
are subscquentially increased. H

ence they cscape, to
 a

 la
rg

c extent. the 
e
ve

n
tu

a
lly higher tax rates. H

ow
ever, youngcr and fu

tu
re

 g
cn

cra
tio

n
s 

lace the higher tax rates either over sig
n
itica

n
t p

o
rtio

n
s o

f th
e
ir livcs o

r 
over th

e
ir e

n
tire

 lives. 
T

h
is re

d
istrib

u
tio

n
 fro

m
 younger a

n
d
 fu

tu
re

 generations to
 o

ld
cr gcn- 

e
ra

tio
n
s produces an increase in

 to
ta

l n
a
tio

n
a
l co

n
su

m
p
tio

n
 and a

 d
cclin

c 
in

 n
a
tio

n
a
l saving. T

he reason fo
r th

is increase in
 n

a
tio

n
a
l co

n
su

m
p
tio

n
 

is stra
ig

h
tfo

rw
a
rd

: o
ld

e
r generations, w

ith
 sh

o
rtcr re

m
a
in

in
g
 lifc

 spans, 
have larger m

a
rg

in
a
l propensities to

 consum
e than youngcr generations 

a
n
d
 than fu

tu
re

 generations, w
hose m

a
rg

in
a
l p

ro
p
e
n
sitics to

 consum
e 

p
rio

r to
 being b

o
rn

 are zero. 

b. 
O

ficially defined deficits as a m
easure oJ inrergenerarionul redisrribu- 

lion - a w
ord oJcaulion: A

s argued in
 C

hapter 7, m
any governm

cnt p
o

l- 
icies th

a
t re

d
istrib

u
te

 fro
m

 young and fu
tu

re
 generations to

 o
ld

cr gencra- 
tio

n
s have n

o
 im

p
a
ct o

n
 the co

n
ve

n
tio

n
a
lly defined level o

f governm
cnt 

d
e
b
t. Indeed, the sh

o
rt-te

rm
 ta

x-cu
t p

o
licie

s exam
ined herc co

u
ld

 be co
n
- 

d
u
cte

d
 w

ith
 n

o
 change in

 o
fficia

lly re
p
o
rte

d
 governm

ent debt. H
encc, the 

level o
f o

fficia
lly re

p
o
rte

d
 governm

ent debt is n
o
t a

 sufficient sta
tistic fo

r 
the governm

ent's in
te

rg
e
n
e
ra

tio
n
a
l tra

n
sfe

r p
o
licy, n

o
r is it even neccs- 

sa
rily co

rre
la

te
d
 w

ith
 th

e
 extent o

f such re
d
istrib

u
tio

n
. T

h
is p

o
in

t sh
o
u
ld

 

'. 
be ke

p
t in

 m
in

d
 in

 co
n
sid

e
rin

g
 the sim

u
la

tio
n
s o

f th
is chapter; a

lth
o
u
g
h
 

the stock o
f o

fficia
l debt increases in

 these sim
u
la

tio
n
s, one co

u
ld

 dc- 
vise ta

x-tra
n
sfe

r p
o
licie

s w
hose sim

ultaneous im
p
le

m
e
n
ta

tio
n
 w

o
u
ld

 a
r- 

b
itra

rily a
lte

r the re
p
o
rte

d
 course o

f o
fficia

l debt but lcave unchangcd the 
re

a
l effects o

f the ta
x-cu

t p
o
licy. T

h
e
 tru

e
 in

d
ica

to
r o

f the govcrnm
cnt's 

in
te

rg
e
n
e
ra

tio
n
a
l re

d
istrib

u
tio

n
 is n

o
t the size o

f its
 a

rb
itra

rily d
clin

e
d
 

o
fficia

l lia
b
ilitie

s, b
u
t the change in

 the life
tim

e
 budget co

n
stra

in
ts o

f cu
r- 

rent a
n
d
 fu

tu
re

 generations. T
he te

m
p
o
ra

ry tax-cut p
o
licie

s considered 
here cle

a
rly expand the budget o

p
p
o
rtu

n
itie

s o
f in

itia
l o

ld
e
r g

cn
cra

tio
n
s 

a
n
d
 co

n
tra

ct those o
f young a

n
d
 fu

tu
re

 generations. 

c. 
S

horl-lerrn lax curs in rhe presence oJ udjusrrnenr cosrs: A
s in

d
ica

te
d
 

in
 e

q
u
a
tio

n
 (3.18), adjustm

ent costs in
tro

d
u
ce

 an a
d
d
itio

n
a
l tcrm

 in
vo

lvin
g
 

ca
p
ita

l gains in
 the e

q
u
a
tio

n
 re

la
tin

g
 the re

a
l interest ra

te
 to

 the m
a
rg

in
a
l 

p
ro

d
u
ct o

f ca
p
ita

l. S
ince the m

a
rg

in
a
l p

ro
d
u
ct o

f ca
p
ita

l at tim
c r de- 

pends o
n

 th
c ra

tio
 o

f the stock o
f ca

p
ita

l to
 the supply o

f la
b
o
r at tim

c 
I, and since one w

o
u
ld

 n
o
t expect thcse fa

cto
r supplics to

 changc ra
d
ica

lly 
in

 thc very sh
o
rt ru

n
, even in

 thc casc o
f m

a
jo

r tax cuts, onc w
o
u
ld

 n
o
t 

expect sig
n
ifica

n
t increases in

 sh
o
rt-tcrm

 rca
l in

tcrcst ratcs in
 thc abscncc 

o
t'a

d
ju

st~
n

cn
t costs. W

ith
 a

d
ju

stm
e
tit costs, how

cvcr, sh
o
rt-te

rm
 tax cuts 

w
ill bc associated w

it11 an im
m

cd
ia

tc changc in
 q

 (s~
o

ck values), rc
llc

c
ti~

~
g

 
tllc change in

 new
 in

vcstln
cn

t a
n
d
 subscqucnt tra

n
sitio

n
a
l changes. E

vcn- 
tu

a
lly the valuc o

f q w
ill rctu

rli to
 its

 in
itia

l stcady state value. H
ctlcc, 

d
u
rin

g
 thc ta

x-cu
t tra

n
sitio

n
 thc rca

l interest ra
tc w

ill exceed o
r be less 

th
a
n
 the m

a
rg

in
a
l p

ro
d
u
ct o

f ca
p
ita

l by a
 tcrm

 in
vo

lvin
g
 ca

p
ita

l gains o
r 

losses o
n
 equities a

risin
g
 d

u
rin

g
 thc tra

n
sitio

n
. S

h
o
rt-te

rm
 ratcs could, in

 
principle, rise sig

n
ilica

n
tly above the in

itia
l steady state m

a
rg

in
a
l p

ro
d
u
ct 

o
f ca

p
ita

l in
 response to

 te
m

p
o
ra

ry tax cuts if such p
o
licie

s in
vo

lvc a
 tra

n
- 

sitio
n
 p

a
th

 w
itli sizable sh

o
rt-te

rm
 ca

p
ita

l gains (increases in
 4). 

a. 
Incom

e rux curs in rhe ubsence oJadjusrm
enr cosrs: T

ablc 6.1 present s 
thc elfccts o

f cuts in
 thc in

co
m

c tax ra
te

 la
stin

g
 5

 and 20 years w
here n

o
 

a
d
ju

stm
cn

t costs arc assum
cd. K

cca
ll that the in

itia
l steady state p

ro
p
o
r- 

tio
n
a
l in

co
m

c tax ra
tc is I5

 pcrcent. D
u

rin
g

 the p
e
rio

d
 o

f tax cuts thc 
incom

c tax ra
tc is reduced to

 10 percent, a
n
d
 governm

ent debt is cndoge- 
nous. the new

 issue o
f debt b

cin
g
 equal to

 the co
n
ve

n
tio

n
a
l budget d

e
li- 

cit. A
t the cnd o

f thc tax cut the incom
e tax ra

te
 becom

es endogenous, 
and pcr ca

p
ita

 governm
ent debt is h

cld
 constant th

e
re

a
fte

r. 
A

s in
d
ica

te
d
 in

 T
ablc 6.1, 

thc lo
n
g
-ru

n
 in

co
m

e
 tax ratcs, 

7
,. 

re
su

ltin
g
 

fro
m

 cu
ttin

g
 in

co
m

c tax rates by o
n
c-th

ird
 fo

r 1.5, 
a
n
d
 20 years are 15.3, 

16.6, and 30.4 perccnt, respectively. T
he lo

n
g
-ru

n
 re

d
u
ctio

n
 in

 per ca
p
ita

 
ca

p
ita

l, K
, is 1.3 pcrccnt fo

r the I-ye
a
r tax cut, 7.8 percent fo

r the 5-year 
tax cut, and 49.1 pcrcent fo

r thc 20-year tax cu
t. P

er ca
p
ita

 la
b
o
r supply, 

L
, fa

lls by a
 trivia

l am
ount in

 thc 1- and 5-year tax cuts, b
u
t by 5.1 p

e
r- , 

cent fo
r the 20-year tax cut, o

w
in

g
 to

 the sharp decline in
 rca

l w
ages. 

T
h
c tra

n
sitio

n
 paths d

isp
la

ycd
 in

 T
able 6.1 reveal a

 num
ber o

f im
p

o
r- 

tant features o
f cro

w
d
in

g
 o

u
t. F

irst, the I-
 and 5-year tax-cut p

o
licics 

cxh
ib

it crow
ding in p

rio
r to

 thc ycar tax rates arc increased. D
u

rin
g

 this 
p
crio

d
, sh

o
rt-tcrm

 (o
n
c-ye

a
r) interest rates are low

er, n
o
t h

ig
h
cr. o

w
in

g
 

to
 thc d

e
ficit p

o
licy. In

 thc I-ye
a
r tax re

d
u
ctio

n
, the sim

u
la

te
d
 econom

y's 
saving ra

tc riscs by 32 pcrcent in
 tlic lirst ycar o

f the tra
n
sitio

n
. H

o
w

cvcr, 
ill thc sccolid ycar o

f tllis sim
u
la

tio
n
, a

ftcr taxcs have bccn raiscd, the 
saving ra

tc is 8 pcrccnt lo
w

e
r than its in

itia
l stcady statc value. 

In
 contrast to

 thc tw
o sh

o
rte

r-te
rm

 tax cuts, the 20-ycar tax cut e
xh

ib
its 

im
ln

cd
ia

tc cro
w

d
in

g
 o

u
t. T

h
e
 sh

o
rt-ru

n
 d

ilfcrcn
ccs in

 thcsc sin
lu

la
tio

n
s 

clcn
rly rcllcct the p

rcd
o

n
ii~

ia
tlcc of su

b
stitu

tio
n
 o

vcr incom
c cll'ccts in

 t hc 
casc o

fth
e

 sh
o
rt-p

e
rio

d
 tax cuts a11d tllc coIivcrsc I'or the 20-ycar tax cut; 
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T
able 6.1 . C

ro
w

d
in

g
 out under alternative short-term

 incom
e tu-v-cut 

policies 

Y
ear 

s/ y 
7

~
 

w
 

r 
L

 
K

 

Initial stcady state 
0.037 

0
. I 50 

1.000 
0.067 

19.10 
95.1 

I-year incom
e tax c 

1 2 3 4 5 
10 
30 
60 
90 

Final steady state 

5-year incom
e lax cur 

I 2 3 4 5 
10 
30 
60 
W
 

Final stcady state 

2G
year incotne tax cur 

1 
0.034 

0.100 
2 

0.033 
0.100 

3 
0.03 1 

0.100 
4 

0.030 
0.100 

5 
0.029 

0.100 
10 

0.023 
0.100 

30 
-0.014 

0.246 
60 

0.01 1 
0.284 

90 
0.020 

0.297 
Final stcady state 

0.023 
0.304 

"T
his saving rate is below

 that in the initial steady state to thc I'ourth dccim
al 

in the I-year tax cut, all but the oldest generation alive in the first year 
w

ill face higher tax rates through the rest of their lives. Y
oung gcnera- 

tions w
ill face the higher tax rate for such a long period that their budget 

possibilities and levels of w
elfare w

ill actually be reduced. A
lthough the 

incom
c etl'ccts experienced by m

ost current age groups from
 the change 

in the tim
e path of tax rate are trivial, if not negative, each age group has 

strong incentives to substitute future for current consum
ption and leisure - 

in response to the brief rise in al'ter-tax w
age rates and returns to capital. 

A
 key lesson of these short tax-cut sim

ulations is that policies that inevit- 
ably crow

d out saving and investm
ent can look quite effective in prom

ot- 
ing capital form

ation if one evaluates such policies using only the first 
few

 years of inform
ation. 

A
 second point illustrated by T

able 6.1 is that crow
ding out is typically 

a slow
 and gradual process. A

lthough the 20-year tax cut reduces the cap- 
ital stock (per capita) by alm

ost half its initial value, the reduction dur- 
ing the first 10 years of the policy is only 1.9 percent. Indeed, m

ost of the 
reduction in capital form

ation occurs after the first 30 years of the pol- 
icy's enactm

ent. C
row

ding out, once it begins, is also slow
 for the tax 

cuts of shorter duration. For econom
ies of the type described in the sim

- 
ulation m

odel, econom
ic deficits can have a barely discernible im

pact on 
the econom

y in any particular year, although their cum
ulative im

pact is 
dram

atic. T
he reason is that, although long-term

 tax cuts m
ay have sub- 

stantial incom
e effects leading to higher consum

ption, the increased con- 
sum

ption is spread over m
any years by the life cycle savers receiving the 

tax cuts. 
A

lthough tem
porary tax cuts m

ay initially crow
d in capital form

ation, 
there is no w

ay to escape the long-run costs of short-run deficit finance. 
T

his is the third im
portant lesson of these sim

ulations and the standard 
life cycle intertem

poral theory on w
hich they are based. A

lthough one 
m

ight think that, having crow
ded in capital through short-term

 tax cuts, 
one could adopt a painless policy for elim

inating the accum
ulated debt 

(or sim
ply m

eeting repaym
ent com

m
itm

ents), such is not the case w
hen 

incom
e taxes m

ust be relied on. O
ne cannot postpone indefinitely raising 

tax rates, and once these rates are raised, the stim
ulus to saving through 

substitution effects is reversed; in addition, the cross-generational incom
e 

etfects that are at the heart of the crow
ding-out process ultim

ately play 
a decisive role in reducing national saving. C

onsider those older initial 
households, w

hich by and large escape (through retirem
ent or death) the 

eventual tax increases. T
hese elderly, in the case of short-run tax cuts, 

m
ay delay consum

ing their increases in lifetim
e resources until tax rates 

are raised, but once these rates are raised, their planned increase in con- 
sum

ption from
 their expanded after-tax lifetim

e budgets proceeds pari 
passu. 

T
able 6.1 also indicates that the extent of crow

ding out is a nonlinear 
(unction o

f the duration o
f the tax cuts. T

he reduction in capital in the 20- 
year tax cut is 6.8 lim

es that in the 5-year tax cut. T
his nonlinearity is not 





Table 6.3. F
ive-year incom

e fax cut w
ifh

 and w
ifhout adjusfm

enf cosfs 

w
 

r 
L 

K 

-> 
s/ y 

5
 

4
 

Y
ear 

ac 
nac 

ac 
nac 

ac 
nac 

ac 
nac 

ac 
nac 

ac 
nac 

ac 
nac 

Initial steady 
state 

0.034 
0.037 

0.150 
0.150 

0.974 
1.000 

0.067 
0.067 

1.085 
1.000 

19.15 
19.10 

85.8 
95.1 

1 
0.036 

0.046 
0.100 

0.100 
0.%7 

0.592 
0.067 

0.069 
1.097 

1.000 
19.71 

19.74 
85.8 

95.1 
2 

0.036 
0.045 

0.100 
0.100 

0.%7 
0.593 

0.066 
0.068 

1.0% 
1.000 

19.70 
19.73 

85.8 
95.3 

3 
0.035 

0.044 
0.100 

0.100 
0.%7 

0.593 
0.067 

0.068 
1.094 

1.000 
19.69 

19.71 
85.9 

95.5 
4
 

0.034 
0.043 

0.100 
0.100 

0.968 
0:994 

0.067 
0.068 

1.093 
1.000 

19.68 
19.70 

85.9 
95.7 

5 
0.033 

0.026 
0.100 

0.100 
0.968 

0.994 
0.067 

0.068 
1.092 

1.000 
19.68 

19.69 
86.0 

95.8 
10 

0.027 
0.028 

0.164 
0.164 

0.976 
1.003 

0.068 
0.066 

1.067 
1.000 

18.91 
18.80 

85.3 
94.6 

30 
0.029 

0.032 
0.165 

0.166 
0.%7 

0.989 
0.070 

0.069 
1.073 

1.000 
IS.% 

18.92 
82.6 

90.3 
60 

0.031 
0.036 

0.166 
0.166 

0.960 
0.983 

0.070 
0.070 

1.080 
1.000 

19.02 
18.99 

80.6 
88.4 

90 
0.031 

0.036 
0.166 

0.166 
0.958 

0.983 
0.071 

0.07; 
1.082 

1.000 
19.03 

18.99 
80.0 

88.2 
Final steady 

state 
0.032 

0.036 
0.166 

0.166 
0.958 

0.983 
0.071 

0.070 
1.085 

1.000 
19.04 

18.99 
79.7 

88.2 

hbre: ac stands for adjustm
ent costs, nac for no adjustm

ent costs. 
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leisure and consum
ption after tax rates are increased. H

ence, during the 
lirst Sew years of this sim

ulation crow
ding out of investm

ent is alm
ost 

dollar for dollar. E
ventually the econom

y returns to its initial steady state. 
although the path back is slow

; in year 10 the capital stock is 6.3 percent 
low

er than its initial and ultim
ate value. In contrast, w

hen the increase 
in G

 is perm
anent. the year 10 capital stock is only 3.7 percent low

er than 
inilially, although it is ultim

ately 7.8 percent low
er. T

he strong substitu- 
tion etfect associated w

ith the tem
porary higher G

 policy is evident in 
the year I change in aggregate labor supply, w

hich drops by 2.6 percent. 
W

hen the increase in G
 is perm

anent, there is no significant change in ini- 
tial labor supply. 

T
able 6.5 indicates how

 the choice of tax bases to finance increases 
in G

 alters the extent of crow
ding out. In the w

age tax and consum
p- 

tion tax sim
ulations the initial steady state w

ith a IS percent proportional 
incom

e tax is the sam
e as before, but the additional required revenue is 

I 
raised from

 the tw
o respective alternative taxes. In contrast to financing 

additional G
 through an incom

e tax, use of the consum
ption tax actually 

leads to a m
inor am

ount of crow
ding in of capital. Part of the explana- 

tion is that m
uch of this additional tax hits the initial elderly w

ho have 
large m

arginal propensities to consum
e; and part is that the consum

ption 
tax involves, at least in the long run, no additional intertem

poral distor- 
tion of 

the consum
ption-saving decision. W

hen a w
age tax is used to 

collect the additional revenue, the extent of crow
ding out o

f capital for- 
m

ation is sim
ilar to that arising w

hen the incom
e tax is used. T

hat crow
d- 

ing out is slightly sm
aller w

ith the w
age tax than w

ith the incom
e tax ap- 

pears to reflect the sm
aller distortion of the consum

ption-saving choice 
w

hen the w
age tax is used for m

arginal financing. 

C
. 

D
eficit-fin

an
ced

 increases in
 governm

ent consum
ption 

T
able 6.6 exam

ines crow
ding out w

hen the governm
ent's perm

anent in- 
crease in its consum

ption is deficit-financed for either 5 or 10 years. A
fter 

these periods ol' debt accum
ulation the incom

e tax is raised to m
aintain 

' I 
budget balance. W

hereas long-run crow
ding out w

ith no deficit is 7.8 
percent, it is 15.0 percent in the 5-year debt policy and 25.0 percent in 
the 10-year debt policy. T

his is due to the additional consum
ption by 

older initial generations that is m
ade possible by the low

er tax rates asso- 
ciated w

ith short-run deficits. Such an incom
e effect w

as present under the 
"pure" delicit policies in w

hich there w
ere no concurrcnt changes in gov- 

ernm
ent spending. In addition, in the short run the deficits reduce crow

d- 
ing out via the substitution elt'ccts that are associated w

ith the tem
porarily 

low
er tax rates. 
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T
able 6.6. C

ro
w

d
in

g
 out fro

tn
 debt-financed pertnunenr ittcreu.~e.s in 

governtnenl consum
prion 

N
o debt finance 

5-year debt tinance 
10-year dcbt linance 

Y
ear 

K
w

 ry 
K

 w
 

7, 
K

 
w

 
T

V
 

In
itia

l 
steady 
state 

95.1 
1.000 

0.150 
95.1 

1.000 
0.150 

95.1 
1.000 

0.150 
1 

95.1 
1.000 

0.201 
95.1 

0.992 
0.150 

95.1 
0.W

3 
0:IS

O
 

2 
94.6 

1.000 
0.201 

W
.9 

0.991 
0.150 

94.7 
0.W

2 
0.150 

3 
94.1 

0.998 
0.201 

94.6 
0.991 

0.150 
94.4 

0
.W

I 
0.150 

4 
93.7 

0.997 
0.201 

W
.4 

0.991 
0.150 

W
.O

 
0

.W
 

0.150 
5 

93.3 
0.996 

0.201 
94.2 

0.990 
0.150 

93.7 
0.989 

0.150 
10 

91.6 
0.990 

0.202 
91.3 

0.993 
0.215 

92.1 
0.985 

0.150 
30 

88.5 
0.980 

0.202 
83.7 

0.990 
0.217 

79.0 
0.959 

0.242 
60 

87.8 
0.978 

0.202 
81.1 

0.989 
0.218 

72.2 
0.935 

0.248 
YO 

87.7 
0.977 

0.202 
80.8 

0
.W

 
0.219 

71.3 
0.931 

0.249 
F

in
a
l 

steady 
state 

87.7 
0.977 

0.202 
80.7 

0.959 
0.221 

71.1 
0.931 

0.249 

E
conom

ic versus accounting definitions 

I 
o

f deficit finance and the potential 
for fiscal illusion 

i 
T

his chapter argues that conventional m
easures of deficit finance provide 

little, if any, basis for assessing the extent of intergenerational redistribu- 
tion by the governm

ent. Since such redistribution is at the heart of the 
concern about deficit finance, conventional deficit m

easures m
ay cause 

alarm
 w

hen alarm
 is not w

arranted and, conversely, m
ay calm

 observers 
w

hen alarm
 is m

ost appropriate. T
he point here goes beyond recent and 

I 
past debates about "correctly* m

easuring the deficit (see, e.g., E
isner and 

Pieper, 1983; and B
uiter, 1983). T

he point is m
uch m

ore fundam
ental. It 

is that any definition of "deficits" is inherently arbitrary from
 an eco- 

nom
ic perspective. 

A
lthough econom

ists typically discuss fiscal policy in term
s of officially 

reported values of "taxes," "spending," and "deficits," the accounting def- 
initions of these term

s are them
selves arbitrary. S

tated differently, eco- 
nom

ic theory provides no guide as to w
hether certain governm

ent receipts 
should be labeled "taxes" and others "borrow

ing," or w
hether certain gov- 

ernm
ent outlays should be term

ed "spending" and others "repaym
ent of 

loans." In neoclassical m
odels w

ith optim
izing, forw

ard-looking house- 
holds such as the one presented here, household budget constraints de- 
pend on m

arginal prices and endow
m

ents and are independent of ac- 
counting conventions; that is, relabeling governm

ent receipts and outlays 
w

ill not alter the m
arginal prices and net lifetim

e resources of households 
and therefore w

ill not alter household consum
ption and labor supply de- 

cisions. From
 the perspective o

f these m
icro budget constraints, fiscal 

policies that are tight are often m
islabeled loose and vice versa. T

he fail- 
ure to discuss tiscal policy in term

s of its ultim
ate im

pact on household 
budget constraints raises the potential for fiscal illusion. 

T
hat the labeling of particular governm

ent receipts and paym
ents is ar- 

bitrary from
 an econom

ic perspective can be understood by referring to 
equation (3.21). w

hich is reproduced in equation (7.1): 
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A
lthough equation (7.1) is perfectly valid in asserting that the present 

value of the governm
ent's receipts (T

,) equals the present value of its pay- 
m

ents (G
I), econom

ic theory does not require that the receipts corre- 
sponding to T

, be labeled "net taxes," or that the governm
ent's obligation 

to pay D
o (in present value) to the public be labeled "oH

icial governm
ent 

debt." F
or exam

ple, rather than labeling the paym
ent obligation repre- 

sented by D
o a "debt," the governm

ent could call it a "transfer paym
ent"; 

sim
ilarly, it could label the left-hand side of (7. I) "governm

ent assets," 
rather than the present value of taxes. 

T
he "pay-as-you-go" financing of the U

.S. social security system
 pro- 

vides an excellent exam
ple of the inherently arbitrary nature of govern- 

m
ent accounting and of the potential for fiscal illusion. T

he social security 
system

 represents the federal governm
ent's largest program

 of intergen- 
erational transfers, yet none of w

hat effectively constitutes enorm
ous bor- 

row
ing from

 current and future generations w
as officially recorded as 

deficits. R
ecent estim

ates by social security actuaries suggest an unfunded 
social security liability of $4 to

 $6 trillion ow
ed to the current adult popu- 

lation. T
hese liabilities, although they are not legally enforceable obli- 

gations and have different risk properties than official debt, sw
am

p esti- 
m

ates of the governm
ent's current official net liabilities.' Indeed, official 

per capita U
.S. 

net liabilities (D
o above) m

easured at m
arket value in 

real 1986 dollars are sm
aller than they w

ere 40 years ago, because of 
considerable federal holdings of financial and tangible assets and sizable 
capital gains on nom

inal governm
ent liabilities accrued during the 1970s 

(E
isner and Pieper, 1983, 1985; 1982 E

conom
ic R

eporr of 
rhe Presidenr, 

C
hapters 4 and 5). 
H

istorically, the governm
ent could have m

ade its hidden annual social 
security "deficits" explicit sim

ply by sending each social security taxpayer 
a piece of paper indicating his or her projected claim

 to
 additional future 

benefits "purchased" 
w

ith his or her annual paym
ent of social security 

"taxes" (C
hapter 10 illustrates this explicitly). H

ad the governm
ent re- 

corded social security taxes as paym
ents for social security bonds, the 

governm
ent w

ould have reported deficits, inclusive of these bond issues, 
in excess of $300 billion in several of the past 20 years, and deficits in 
excess of $100 billion in m

ost of the past 20 years. O
ne im

agines that 

A
lthough thedefault risk m

ay be sm
aller for official than for unofficial im

plicit liabilities, 
the real return to official liabilities m

ay still be highly risky. In
 the U

nited S
tates. for 

exam
ple, official com

m
itm

ents to future nom
inal expenditures d

o
 not correspond to com

- 
m

itm
ents to future real expenditures. D

u
rin

g
 the 1970s the U

.S
. federal governm

ent 
accrued 5365.5 billion, m

easured in
 1980 dollars, in real capital gains on its olficial lia- 

bilities w
hile never m

issing a nom
inal principal or interest paym

ent. This dcl'ault on the 
real value o

f official liabilities through inflation that m
ay, in

 part. have been anticipated. 
is docum

ented in
 the E

co
n

o
m

ic H
ep

o
rt of 

th
e P

re.sic/ent. 1982. C
hapter 5. 
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this alternative tally of governm
ent indebtedness w

ould have engendered 
difl'erent estim

ates of' concepts such as "(he full em
ploym

ent deficit" and 
w

ould have led to an array of dim
erent econom

etric findings. E
conom

ists, 
insensitive to the problem

 of fiscal illusion, m
ay w

ell have reached dif- 
ferent conclusions about the degree of fiscal stim

ulus. 
Presum

ably, such a redefinition of official governm
ent liabilities w

ould 
raise the question o

f w
hether to classify other im

plicit com
m

itm
ents to 

future expenditures as governm
ent debt. If one is w

illing to label im
plicit 

prom
ises to pay future retirem

ent benefits official liabilities, w
hy not in- 

clude im
plicit expenditure com

m
itm

ents to m
aintain the national parks, 

to defend the country, or to
 provide m

inim
um

 sustenance to
 the poor? 

A
 heated debate about the appropriate definition of governm

ent debt 
w

ould likely lead som
e exasperated officials to

 suggest that w
e elim

inate 
deficit financing entirely and sim

ply rely on taxation. T
hese officials m

ight 
also argue that one could sw

itch from
 deficit to

 tax finance w
ith no effect 

w
hatsoever on the econom

y. U
nder the assum

ption of this book's m
odel, 

they w
ould be quite correct. R

ather than raise additional funds by issuing 
governm

ent securities, the governm
ent could sim

ply levy a head tax per 
adult, prom

ising to
 provide each adult in the follow

ing year a tax credit 
equal to the tax plus interest on the tax. If the adult died during the year, 
the paym

ent w
ould be m

ade to his or her estate. T
hose too poor to pay 

the head tax or those aged 54 and about to
 die could borrow

 against next 
year's tax credit to obtain the required funds. T

he equality, in present 
value, betw

een each household's head tax and its head tax credit leaves 
household budgets and therefore private behavior unaltered. H

ow
ever, 

since future tax credits, like future social security benefit paym
ents, are 

not recorded in the current budget, this policy perm
its the governm

ent 
to report a sm

aller deficit. 
A

n analysis o
f (7.1) indicates m

ore precisely how
 shrew

d accounting 
can elim

inate the reporting of deficits w
ithout changing any real policy. 

D
efine a sequence of head taxes, z, that m

ay be negative o
r positive, but 

that sum
 in present value for each household and therefore for the aggre- 

gate econom
y to zero, by 

%
=

D
~

(l+
ro

)+
G

o
-T

~
, and 

C
=

G
,-T

, 
for r>O

. 
(7.2) 

C
ondition (7.3) follow

s im
m

ediately from
 (7. I) and (7.2). 

A
dding zero as defined by (7.3) to the left-hand side of (7.1) and letting 

T
;' =

 T
, + 7; produces 
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and for all r >
 0, 

7;'. =
 G

I. 

A
ccording to

 (7.5) the governm
ent can now

 report zero debt and zero 
deficit in every year in the future w

hile running exactly the sam
e policy. 

T
he trick in going from

 (7.1) to
 (7.5) is sim

ply to have the governm
ent 

label private sector loans to the governm
ent positive "taxes" and to clas- 

sify governm
ent loan repaym

ents as negative "taxes." 
S

tarting from
 (7.5). the governm

ent could further m
odify its account- 

ing practices and start reporting enorm
ous "surpluses," although it again 

engages in no real policy change. In the gam
e here the governm

ent im
- 

poses additional positive head. taxes, c, and positive head transfer pay- 
m

ents, E
l+ ,, related by 

Provided the taxpayers at r are the transfer recipients at r + I, this pol- 
icy has no etfect on household budget constraints. T

he official surplus (a 
stock) at tim

e I, S
,, for r >

 0 is now
 reported as 

since El =
 S

f- I /(I+ 
rl-I) by construction, and T

,"- 
E

l equals zero from
 

(7.5). T
he governm

ent can potentially m
ake T

I and, therefore its reported 
surplus at tim

e I as large as the econom
y's stock of w

ealth at tim
e r.* 

T
he fact that econom

ic theory does not distinguish positive taxes or 
negative spending from

 governm
ent borrow

ing and positive spending or 

T
he governm

ent, in this case. "ow
ns" all w

ealth and invests it iri the private sector each 
period, either directly through governm

ent lirm
s or indirectly through governm

ent loans 
to private lirm

s and individuals. For neutrality, the allocation o
f governm

ent direct and 
indirect investm

ent m
ust correspond to

 w
hat w

ould otherw
ise have ari\en ill the absence 

of the "surplus." In this exam
ple the governm

ent acts like the private sector's bank, since 
private sector w

ealth is sim
ply funneled through the governm

ent's Ilands and invested 
back in the econom

y. T
h

e "taxes," 
T

,, are, in ell'ect, loans to
 the governm

ent, and the 
"spending," E,, represents repaym

ent of principal plus interest. Ju\t a\ positive "taxcs" 
m

ay constitute private loans to
 the governm

erlt, negative "taxcs"  nay bc cqtrivalcnt to 
governm

ent loans 1
0
 the private 5cctor. For exam

ple, accclcralcd dcprccialion allow
- 

ances and other investm
ent incentive\ at the early stages of 

an iilvcslm
ent pro\lw

cl, 
coupled w

ith po\itive taxation of investm
ent return\ at later slag

c, can, allart 
troll1 

their im
p

ac~
 on m

arginal incel\tives, be view
ed as govcrniiiciit loan\ to

 ~
llc

 private \cclor. 
T

he repaym
ent of these "loans" is paid in the form

 of ci~
pital incolilc taxes. 

negative taxes from
 governm

ent debt service potentially perm
its the gov- 

ernm
ent to report essentially any level of debt and dcticits it w

ants w
ith- 

out alk
cti~

ig
 the econom

y. In addition to
 this freedom

 to m
anipulate the 

rcporlirig of delicits, the governm
ent has essentially unlim

ited ilexibil- 
ity in altering the size of reported taxes and spcnding given the level of 
dcticits it chooses to report. 'The governm

ent could, for exam
ple. declare 

a new
 set o

f taxes, r, and transfers, 
of equal value. If w

e assum
e 

that households paying these additional taxes receive an identical am
ount 

back in the form
 of additional spending and that any changes in m

ar- 
ginal incentives (prices) associated w

ith the new
 taxes are exactly olfset 

by changes in m
arginal incentives (prices) associated w

ith the new
 spend- 

ing, econom
ic activity w

ill rem
ain unchanged. R

educing the size of gov- 
ernm

ent taxes and spending w
ith no real consequences is also in the pow

er 
of governm

ent book keepers. J
 

B
etw

een 1960 and 1983, U.S. federal spending on transfer paym
ents, 

including grants-in-aid to state and local governm
ents, rose from

 6
 to

 14 
percent of G

N
P

; this change led m
any to

 praise, m
any to decry, and 

others to study the "grow
th" in governm

ent. Seventy-tive percent of fed- 
eral transfer paym

ents are direct paym
ents-to individuals; m

ost federal 
transfers to state and local governm

ents are ultim
ately paid to individuals 

in the form
 of m

edical, housing, and general w
elfare support. 

In principle, the federal governm
ent could have incorporated all post- 

w
ar transfer paym

ents w
ithin the tax code in the form

 of special tax cred- 
its and deductions. H

ad the governm
ent em

bedded this grow
th in spend- 

ing in the tax code as additional "tax expenditures," a term
 coilled by 

Surrey (1973) and adopted in the C
ongressional B

udget A
ct of 1974, re- 

I 
ported federal spending w

ould sim
ply have consisted of federal govern- 

m
ent consum

ption. Federal consum
ption, excluding purchases of durable 

goods but including im
puted rent on governm

ent assets, fell as a fraction 
of N

N
P in the postw

ar period, from
 10 percent in the 1950s to 8 percent 

I:or 
exarllple, a I~

ouscl~
old's 

w
ell'iirc and social security be~lelit paym

ents. before any re- 
ductio~

l lor carrli~lgs, could be labeled lunlp sum
 tax credits; arid the schedule o

rp
o

tc~
itial 

losacs o
f tllc.\c bellelit\ bccau\e of labor earnings could be addcd to otllrr niarginal labor 

tax and ruhsidy scl~
cdulcs hcing tllc household (m

ore precisely spccilic household m
crn- 

bcrs) ill ycilr r to produce 
;i total llct labor earnings lax schedule. T

his $chedule w
ould 

then bc applicd to
 Ilouscllold j's actual carnings to calculate total taxes on labor earnings 

ill year r by I~
o

u
scl~

o
ld

 
J

. Sinlilarly, the govcrnm
c~lt's year 

I paylncrlts of interest and 
prirlcipal 011 

net ollicial debt llcld by Ilou\cllold j w
ould be subtracted l'rom

 other net 
irnranlal-ginal \axe$ 1

0
 dc

tc
r~

~
~

il~
c

 
I~ouscllold j's ~

o
ta

l net lum
p sum

 tax ill yw
r r. E

lti.~.tivc 
(IIC

I) capital ~
IIC

O
IIIC

 lax rate s~
l~

c
d

t~
lc

s 
co~

iIronting each I~
o

u
seh

~
ld

 
ill each future year 

w
ould I)c d

~
tcr~

lliiled
 

by coillpari~
ig bcl'orc-tax rctur~

ls cartled 0
1
1
 a Ilouscl~old's rnargiilal 

i~
iv

c
s

ti~
~

c
~

~
~

 
w

it11 tllc after-lax (iilcluding L
.orporatc and lxrsonal tax) rcturn received by 

that Ilouacllold (A
ucrbacll and Jo

~
.g

cn
so

~
~

. 
IYUO). 
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in 1982. O
ne presum

es that over this period this m
anner of' displaying 

econom
ic reality w

ould have led m
any of those w

ho praised, decried, and 
studied the grow

th in governm
ent to

 have decried, praised, and studied 
its decline. 

T
he point here is certainly nor to

 claim
 that there are no real econom

ic 
effects from

 policies that are associated w
ith changes in reported taxes, 

transfers, and official governm
ent debt. Indeed, C

hapter 6 presented a 
num

ber of sim
ulations in w

hich real crow
ding out w

as associated w
ith 

increases in official governm
ent debt. T

he point is that the size and char- 
acter of the effects of fiscal policy cannot be judged from

 the size of taxes, 
transfers, and deficits per se because these accounting entries can vary 
w

idely w
ithout having any effect w

hatsoever on econom
ic activity. If fis- 

cal policy is to be discussed w
ithout engaging in fiscal illusion, w

e m
ust 

describe changes in the governm
ent's consum

ption, w
hich affect the econ- 

om
y directly and governm

ent-induced changes in household budget con- 
straints, w

hich affect the econom
y in

d
ire~

tly
.~

 
From

 this perspective, an econom
ic rather than an accounting defini- 

tion of debt policy is a policy that transfers resources from
 young and 

future generations to
 older generations. O

nce one adopts this definition, 
it is clear that a variety of policies beyond those studied in C

hapter 6 gen- 
erate econom

ic deficits. S
tructural tax change (see C

hapter 5) is an im
- 

portant m
echanism

 by w
hich governm

ents can redistribute tow
ard early 

generations. 
R

ecall the policy of sw
itching from

 consum
ption to w

age 
taxation. Such a policy shifts the tax burden from

 the current elderly, 
w

ho are largely retired, to young and m
iddle-aged w

orkers as w
ell as fu- 

ture generations. A
lthough these latter generations escape consum

ption 
taxation, the present value of the w

age taxes exceeds the present value of 
the consum

ption tax paym
ents they w

ould otherw
ise have paid. H

ence, 
their lifetim

e tax burden is increased by the policy. E
xcept for the nature 

and tim
ing of tax distortions, structural tax changes of this kind are quite 

sim
ilar to econom

ic deficits arising from
 short-term

 tax cuts or those aris- 
ing from

 unfunded governm
ent retirem

ent program
s. E

ach of these pol- 
icies m

akes an initial set of generations better off at the expense of later 
generations. 

For m
ost fiscal pronram

s the relationship betw
een their provisions and these fundam

ental 
policy instrum

eks;~ easily discerned. Fbr other policie; the connection is extrem
ely sub- 

tle. C
ham

er 9. for exam
ole. describes how

 governm
ent investm

ent incentives redistribute 
. 

. 
resources from

 older to ;o"nger 
cohons, &

t 
through the explicit collection and transl'cr 

o
f resources. but by low

ering stock m
arket values. A

nother exam
ple, pointed out by 

B
oskin (1982) is the governm

ent regulations governing the characteristics o
f particular 

com
m

odities; a rule that m
andates autom

obile seat belts in
 new

 cars is essentially equiva- 
lent to the governm

ent's levying a tax on the purchase ol' each autom
obile and spending 

(consum
ing) these revenues on safety belts Ib

r each new
 autom

obile. 

7 1)elicil finance and fiscal illusion 
I W

 

T
he sw

itch from
 consum

ption to w
age taxation leads to a 14.4 percent 

long-run decline in (per capita) capital stock of the sim
ulated econom

y 
under base case param

eter values (see T
able 5.3). T

his is tw
ice the per- 

centage reduction in capital form
ation that arose from

 cutting incom
e 

tax rates by one-third fbr five years (see T
able 6.1). 

A
nother subtle m

ethod by w
hich governm

ents run econom
ic deficits 

and surpluses is altering investm
ent incentives. Investm

ent incentives, are 
defined here as tax provisions that discrim

inate in favor of new
ly pro- 

duced capital (see C
hapter 9). T

he connection betw
een investm

ent incen- 
tives and econom

ic deficits revolves around the pricing of old capital. 
Since each unit of old capital is at a tax disadvantage relative to a unit of 
new

 capital (for w
hich investm

ent incentives are available), its price m
ust 

be less than that of a new
 unit of capital by exactly the present value dif- 

ference in tax treatm
ent. R

eductions in investm
ent incentives reduce the 

tax disadvantage of old capital and produce capital gains on old capital. 
Since older and m

iddle-aged generations are prim
ary holders of capital 

at any point in tim
e, reducing investm

ent incentives transfers resources 
from

 younger generations (w
ho now

 m
ust pay m

ore for old capital) to
 

older generations. 
A

 third exam
ple of econom

ic deficits that d
o

 not show
 up on govern- 

m
ent books is unfunded social security. C

hapter 10 describes the extent 
of crow

ding out that could arise from
 this m

ethod of intergenerational 
redistribution. T

he sw
itch from

 proportional to
 progressive incom

e taxa- 
tion, a subject considered in C

hapter 8, also constitutes, to som
e exient, 

an econom
ic debt policy; in com

parison w
ith the effect of a proportional 

incom
e tax, the burden of a progressive incom

e tax falls m
ore heavily on 

m
iddle-aged and younger w

orkers w
ith higher current incom

es but low
er 

assets than older generations, w
hich are partly or fully retired. 

A
. 

S
um

m
ary 

T
he central ideas of this chapter m

ay be sum
m

arized as follow
s: 

C
onventional budget deficits are an arbitrary accounting con- 
struct from

 the perspective of neoclassical econom
ic m

odels. 
T

he governm
ent can run the sam

e real policy independent of the 
size of the budget deficit or surplus it reports. 

G
overnm

ent policy is best described in term
s of its im

pact on 
household 

budget constraints and the level of governm
ent 

consum
ption. 

M
any policies that represent significant econom

ic debt (intergen- 
erational transfer) policies - such as unfunded social security. 
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changes in the tax structure, and changes in investm
ent in- 

i 
C

t1
A

I'T
E

K
 

8 
centives - m

ay easily be overlooked by focusing on otficially 
, 

reported deficits. 
T

he excessive focus on official budget deficits as m
easures of eco- 

nom
ic debt in the U

.S. 
and other econom

ies suggests w
ide- 

P
rogressive taxatio

n
 

spread fiscal illusion. 

in earlier chapters, w
e discussed the econom

ic effects of taxation by ex- 
ploring a w

ide range of dynam
ic tax policies encom

passing different tax 
bases and a variety of assum

ptions about governm
ent borrow

ing. T
hus 

far, how
ever, this analysis has failed to take into account one im

portant 
aspect of actual tax system

s: tax progressivity. A
lthough progressivity 

m
ay be delined in m

any w
ays, a progressive tax structure has at least the 

follow
ing tw

o characteristics: (I) A
verage tax rates increase w

ith the size 
of the tax base, and (2) m

arginal tax rates generally exceed average tax 
rates regardless of the size of the tax base. in term

s of governm
ent ob- 

jectives, one m
ay view

 the efficiency cost associated w
ith (2) as being the 

price for accom
plishing distributional equity goals through (I). 

A
n im

portant question is how
 these costs and benefits com

pare in real- 
istic tax system

s. M
uch of the recent political push for reduced m

arginal 
tax rates, in the U

nited States and elsew
here. has been fueled by argu- 

m
ents about the potential gains from

 reducing tax distortions. im
plicit 

in such argum
ents is the view

 that these efficiency gains are large in rela- 
tion to any reduction in equity that w

ould be brought about by low
ering 

m
arginal and, necessarily, average tax rates on the w

ell-to-do. 
T

ax progressivity is also im
portant in the choice of tax base. T

he anaiy- 
sis in C

hapter 5 considered the effects of sw
itching the tax base from

 the 
incom

e tax prevalent in m
ost developed countries to taxes on w

ages, con- 
sum

ption, or capital incom
e. T

he focus there w
as on the intergenera- 

tional redistribution such changes m
ight bring as w

ell as the associated 
efiiciency gains or losses. H

ow
ever. m

uch of the debate over the choice 
of tax base has also involved questions of intragenerational equity. D

is- 
tributional equity has been an im

portant issue, for exam
ple, in the debate 

betw
een proponents of the incom

e tax and the consum
ption tax. M

uch of 
this discussion has been concerned w

ith proportional taxation. it w
ould be 

m
isleading, how

cvcr, to com
pare one proportional tax system

 to another 
w

hen thc real choice is betw
een progressive tax system

s. T
he degree of pro- 

gressivity needed to provide a particular extent of redistribution through 
the tax system

 m
ay vary across tax system

s, as m
ay the eH

iciency cost of 
tax progressivity per se. 
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T
o explore these issues. this chapter extends a num

ber of' siniuln~
ions 

described in the preceding chapters to progressive taxes. T
he results sug- 

gest that the degree of tax progressivity, given the tax base. is at least as 
im

portant an issue as the choice of tax base itself. 
T

his chapter's principal findings are 

Sw
itching from

 progressive to proportional taxation can signili- 
cantly increase long-run capital form

ation, depending on the 
tax base in question. 

Sw
itching from

 progressive incom
e to progressive consum

ption 
taxation generates a m

uch larger long-run increase in capital 
than the sw

itch from
 proportional incom

e taxation to propor- 
tional consum

ption taxation. 
In the case o

f the consum
ption tax the intergenerational redistri- 

bution associated w
ith increased progressivity has a positive 

im
pact on savings that offsets the tax's increased disincentive 

to save. 
T

he efficiency gain (loss) in sw
itching from

 incom
e taxation to 

consum
ption (w

age) taxation is significantly larger if these 
taxes are progressive. 

A
. 

M
o

d
elin

g
 progressive taxes 

I 
P

erhaps the sim
plest w

ay to introduce progressivity is via a linear tax, 
som

etim
es referred to in the incom

e tax literature as the negative incom
e 

tax.' A
 linear tax is a proportional tax augm

ented by a lum
p sum

 transfer 
of equal value to each taxpaying unit, som

etim
es called a dem

ogrant. 
T

hus, the m
arginal tax rate, 

T
, is constant, and the average tax rate is 

w
here D

 is the dem
ogrant and B

 is th
e tax base. N

ote that the average 
tax rate is alw

ays less than the m
arginal tax rate and that it increases in B

. 
A

 second sim
ple tax schem

e is the flat rate tax, w
hich adds to a propor- 

tional tax system
 an exem

ption level, say, E
. Individuals then face a zero 

m
arginal tax rate for B

 less than E
, and a tax at rate T

 for B
 greater than 

or equal to E
. T

his yields an average tax rate of zero for B
<

 E
 and, for 

B
>

 E
, 

T
=

 r(B
-E

)/B
=

 
r- rE

/B
. 

(8.2) 
I 

' 
It should be noted that negative incom

e tax system
s could also have niorc lhan one m

ar- 
i 

ginal rate. Such a schem
e has been proposed by such an unlikely com

bination ol'econo- 
m

ists as Jam
es T

obin and M
ilton Friedm

an. and w
as one o

f the Ic\s s~
lcccssl'~

~
l 

parts ol' 
the I972 cam

paign platform
 of G

eorge M
cG

ovcrn. 111c I)cm
ocralic presidcnlial no~

nincc. 
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N
otc that w

hen T
E

 =
 I>

, these tw
o tax systcm

s are the sam
e except for the 

trcalm
'cnt of' individuals w

ith tax bases below
 E

. U
nder the negative in- 

com
e tax thcy rcccivc net transfers, w

hereas under the flat rate tax they 
neither pay laxes nor rcccive transf'crs. 

A
lthough single-rate tax system

s have been proposed, actual tax sys- 
tem

s arc norm
ally characterized by increasing m

arginal as w
ell as average 

tax rates. In the U
nited S

tates at present the low
est positive m

arginal tax 
rate under the federal incom

e tax is I5 percent, and the highest is 33 per- 
cent. In other countries m

arginal tax rates on certain types of incom
e 

reach as high as 90 percent. 
T

he rationale for increasing m
arginal taxation m

ay be understood by 
considering expressions (8.1) and (8.2). S

ingle-rate system
s, w

hile pro- 
gressive, m

ust, as the individual's tax base rises, im
pose an average tax 

rate that approaches asym
ptotically the single m

arginal rate. It can go 
no higher. T

hus, at high levels of incom
e, if one is considering an in- 

com
e tax, the tax is roughly proportional to incom

e. Such a linear incom
e 

tax can be as progressive as is desired if one com
pares the poor to the 

non-poor, but not if one com
pares dilferent classes of individuals in the 

latter group. O
nly additional m

arginal rate categories help to increase 
progressivity . 

T
o m

odel this characteristic of "real w
orld" progressive tax system

s, 
w

e assum
e in the follow

ing sim
ulations that the m

arginal tax rate takes 
the form

 

T
his yields an average tax rate at B

 of 

W
hen n =

 0, the tax system
 is proportional. O

ne m
ay m

ake the tax sys- 
tem

 m
ore progressive, holding revenue constant, by increasing * and de- 

creasing $
 sim

ultaneously. 

B
. 

T
h

e im
pact o

f progressive taxatio
n

 o
n

 econom
ic decisions 

Since the average tax rate is less than the m
arginal tax rate w

hen taxes are 
progressive, it seem

s clear that a progressive tax m
ust be m

ore distor- 
tionary and im

pose a greater efficiency loss than an equal yield propor- 
tional tax. In a single-individual static m

odel this is im
m

ediate. If a given 
level 01' revcnuc is to be raised, a progressive tax cannot differ from

 its pro- 
portional counterpart w

ith respect to the incom
e etfect it im

poses. O
nly 

the substitution effect w
ill be dilferent, w

ith the progressive tax im
posing 



n
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the greater distortion because, unlike its proportional tax counterpart, 
its m

arginal rate exceeds its average tax rate. 
T

he sam
e logic w

ould apply if there w
ere not one, but several identical 

individuals; but there w
ould be no reason for progressive taxes in such a 

w
orld. W

ith the introduction 01' 
population heterogeneity, the results bc- 

com
e less clear. O

n the w
hole, of course, m

arginal tax rates m
ust still 

exceed average tax rates. H
ow

ever, som
e individuals (e.g.. the poor) w

ill 
face low

er average and m
arginal tax rates under a progressive tax than 

they w
ould under the proportional tax counterpart w

ith equal aggregate 
revenue yield. In the sim

ulated econom
y, although there is a single repre- 

sentative m
em

ber per generation, different individuals at a point in tim
e 

face different tax rates because of changes over the life cycle in an indi- 
vidual's tax liability, for exam

ple, in the level of one's taxable incom
e. 

A
lthough it seem

s highly likely that progressivity w
ill decrease econom

ic 
efficiency, sim

ulations are needed to understand how
 these changes in 

lifetim
e tax rate patterns influence behavior and econom

ic ~
ell'are.~

 

1. 
S

im
u

lario
n

 fin
d

in
g

s 

T
able 8.1 com

pares the steady states of the econom
y under six tax re- 

gim
es, each of w

hich collects the sam
e revenue as that collected w

ith a 15 
percent proportional incom

e tax. T
hese tax regim

es are a proportional 
incom

e tax, a proportional labor incom
e tax, a proportional consum

p- 
tion tax, and progressive taxes on the sam

e three bases (incom
e, w

ages, 
and consum

ption). In the case of progressive taxes, the term
 

(see equa- 
tion 8.3) is set equal to

 tw
o-thirds of the corresponding proportional tax 

rate, and the term
 r
 is determ

ined by the equal revenue requirem
ent. 

U
nder all three tax regim

es, progressivity leads to a narrow
ing of the 

aggregate tax base. T
his m

ay be inferred directly from
 the first line of the 

table, w
hich show

s the need for a larger aggregate average tax rate under 
each case of progressive taxation. U

nder these regim
es, national incom

e, 
labor supply, and .the capital stock all fall as the result of tax progres- 
sivity. A

lthough m
arginal tax rates generally exceed the aggregate aver- 

age tax rate for each progressive regim
e, the lifetim

e pattern of m
arginal 

tax rates differs across the three cases. 
Figure 8.1 show

s the steady state lifetim
e profiles of tax rates under 

each of the three progressive tax bases. T
he proliles, 7

,, 
r,, and 7

,. indicate 
m

arginal tax rates under the w
age tax, the increase tax, and the consum

p- 
tion tax, respectively. T

he f,, .7,, and .T,. profiles are the corresponding 

In
 a slalic m
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tax rate 
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0
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2
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O
.?X7 

agc 25 
0.150 
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0.301 
age 45 

0.150 
0

. I X2 
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0
. I XX 

I.abor 
supply 
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"A
ggrcgalc average m
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average tax rates. U
nder the incom

e tax the m
arginal rate peaks at m

iddle 
age. after substantial assets accum

ulate and before labor earnings begin 
to decline. T

he labor incom
e m

arginal tax rate also peaks in m
iddle age, 

but falls off even m
ore sharply as retirem

ent approaches, since capital 
incom

c is not included in the tax base; by age 45, the m
arginal tax rate is 

less than that under the proportional tax regim
e. In contrast, consum

p- 
tion tax rates increase lhroughout life. 

If one had to rank the three regim
es according to the size of the tax 

base reduction resulting from
 progressivity, the w

orst w
ould be the in- 

com
e tax, w

ith the labor incom
e tax a close second. D

espite its structural 
sim

ilarity to the labor incom
e tax. the consum

ption tax im
poses a sm

aller 
additional reduction in the tax base w

hen it is m
ade progressive. 

A
t lirst, this result m

ay seem
 surprising; as m

entioned in C
hapter 3, 

w
hen the consum

ption tax becom
es progressive and rates rise w

ith age 
(as in the sim

ulation given here). it distorts the intertem
poral consum

p- 
tion choice as w

ell as the labor-leisure tradcolc that is, rising m
arginal 

consum
ption tax rates. like a capital incom

c tax. raise the price of future 
consum

plion relative to current consum
ption. H

ence, w
c m

ight expect 
this additional distortion to lead to a substantial reduction in saving and 
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Figure 8.1. 
Lifetim

e profiles of m
arginal and average tax rates under 

different tax bases. 

in the long-run capital stock. Y
et the capital stock declines less w

ith the 
m

ove to progressivity under the consum
ption tax than under the labor 

incom
e tax, w

hich continues to leave the intertem
poral consum

ption de- 
cision undistorted. 

2. 
Increased progressiviry and in

~
ergen

era~
ion

al 
redisrriburion 

I 
T

he explanations for the capital stock results of T
able 8.1 are closely re- 

lated to those governing the differential effects of the proportional con- 
sum

ption and labor incom
e taxes (see C

hapter 5). R
ecall that the capital 

stock under a consum
ption tax is m

uch higher than under an equal yield 
labor incom

e tax prim
arily because the transition from

 labor taxation 
to a consum

ption tax involves an intergenerational redistribution aw
ay 

from
 initial elderly generations, w

hich suffer increased tax burdens, and 
to initial young and future generations, w

hich enjoy reduced tax bur- 
dens. G

iven generational differences in m
arginal propensities to consum

e 
at a point in tim

e, the incom
e effects from

 this redistribution have an im
- 

portant role in raising savings. A
nother w

ay to
 describe thcse elfccts is 

that for a typical individual, taxes occur m
uch earlier in life under a w

age 
tax than under a consum

ption tax. G
iven the sam

e annual aggregate tax 
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rcvcnuc, thc prcscnt value o
f taxes that each person m

ust pay, and con- 
sccjucntly thc associated distortionary im

pact, w
ill be higher under the 

proportional w
agc tax. T

hus the level of econom
ic activity, individual 

w
elfare, arld the capital stock under the labor incom

e tax w
ill be low

er 
than under thc consum

ption tax. 
T

he sw
itch from

 progressive to proportional labor incom
e taxation 

shifts thc burden ol' taxation som
ew

hat from
 initial older to initial m

iddle- 
agcd and younger generations as w

ell as to future generations. U
nder the 

progressive w
age tax, average tax rates start declining around age 20 (w

hich 
corresponds to a "rcal" age of 40). G

iven the larger m
arginal propensity 

o
f the initial eldcrly to consum

e, this redistribution and its associated 
change in the tim

ing of tax paym
ents over the lifespan are, in part, re- 

sponsible for the decline in long-run savings. 
T

he case o
f sw

itching from
 proportional consum

ption to progressive 
consum

ption taxation is quite different. Since the elderly, according to 
the m

odel's param
eterization, consum

e m
ore than the young, a change to 

progrcssive consum
ption taxation shifts m

ore of the burden of paying, in 
present value, for the governm

ent's consum
ption onto the initial elderly; 

in T
able 8.1 the m

arginal consum
ption tax rate is 25.9 percent at age 

45 (real age 65). but only 21.6 percent at age 5 (real age 25). H
ence, the 

increased savings arising from
 this intergenerational redistribution vir- 

tually com
pletely offsets the reduced savings generated by the increased 

distortion of inlerlem
poral consum

ption choices. 

3. 
P

rogressiviry and labor supply 

A
n additional factor contributing to

 the stronger negative effect on sav- 
ings under the progressive labor incom

e tax is the change in the lifetim
e 

labor supply pattern. W
ith higher m

arginal tax rates during the years of 
peak earnings, individuals are encouraged to engage in intertem

poral la- 
bor substitution, w

orking less in m
iddle age and m

ore w
hen old. A

s a 
result, labor earnings, on the average. shift to later years, thereby lessen- 
ing the need for life cycle savings. T

he changes in labor supply and con- 
sum

ption under the incom
e tax are show

n in Figure 8.2. L
abor supply 

under the proportional labor incom
e tax is 0.40 (40 hours a w

eek) at age 
25 (real age 45) and 0.14 (14 hours a w

eek) at age 45 (real age 65). U
nder 

the progressive version of the tax, the corresponding num
bers are 0.38 

and 0.16, respectively. E
ven though labor supply declines substantially 

along w
ith consum

ption in the aggregate, it actually increases am
ong older 

individuals. T
he progressive consum

ption tax provides no such direct in- 
centive for intertem

poral labor substitution. T
he corresponding changes 

in labor supply at the sam
e tw

o ages under the consum
ption tax are from

 
0.41 to 0.40 and from

 0.17 to 0.16. 
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Figure 8.2. 
C

om
parison of labor supply and consum

ption profiles under 
proportional and progressive incom

e taxation. 

Intergenerational redistribution arising from
 m

aking a tax base m
orc 

progressive is less significant in the case of the incom
c lax. In addition, 

the m
arginal tax rate under rhe progressive incom

e tax peaks after labor 
earnings d

o
 (ow

ing to the presence of the incom
e from

 accum
ulated cap- 

ital in the tax base); this offsets the tendency under the progressivc labor 
incom

e tax for labor supply to shift row
ard later years. 

H
ow

 robust to param
eter changes are these qualitative results? T

he 
next section considers the effects of sw

itching ro a progressive rax base 
starting w

irh a higher initial level of governm
ent consum

ption and rcv- 
enue. It also exam

ines the effects of variations in im
porrant prefercnce 

param
eters. 

C
. 

Sensitivity analysis 
1 

1. 
S

cule of 
governm

enl consum
prion 

I 
T

able 8.2 repears the analysis of T
able 8.1, but assum

es a highcr level of 
I 

governm
ent consum

prion and rcvcnue. H
ere. the govcrnm

cnr is assu~
ncd 

to require revenue resulting in a 25 percent tax rare under the propor- 

T
ablc 8.2. L:y$.csr.% o

J'p
ro

g
resivr ruxurion - 25 percenl proporrionul 

in
c~o

m
e lux rcvm

u
r bm

chm
urk 

lncolne lax 
C

onhum
plion tax 

Labor incornc lax 

I'ropor- 
P

ropar- 
P

ropor- 
tional 

P
rogressive 

~
io

n
a

l 
Progressive 

tional 
P

rogressive 

A
verage 
lax ratcU

 
0.250 

0.266 
0.316 

0.325 
0.339 

0.364 

M
arginal 
lax rate 

age 5 
0.250 

0.308 
0.316 

0.366 
0.339 

0.463 
age 25 

. 
0.250 

0.357 
0.316 

0.400 
0.339 

0.471 
age 45 

0.250 
0.298 

0.316 
0.416 

0.339 
0.333 

C
apital 
htock 

81.2 
71.0 

118.4 
118.1 

88.8 
80.2 

Labor 
supply 

19.5 
18.8 

19.2 
18.8 

18.5 
17.4 

N
ational 
~n

co
n

ie 
24.9 

23.4 
27.1 

26.5 
24.4 

22.8 

"A
ggregate average m

arginal tax rate. 

rional incom
e tax regim

e. T
he corresponding proportional rates of con- 

sum
ption and labor incom

c taxation are 31.6 perccnt and 33.9 percent, 
respecrively. Progrcssivity is introduced by keeping the tax base constant 
and sctting $

 equal to 0.8 tim
es the corresponding proportional tax rate. 

T
his adjustm

cnr w
as chosen so that the absolute change in $

 under ,the 
incom

e tax (0.05) w
ould be the sam

e as in the previous experim
ent that 

assum
cd low

er govcrnm
cnt consum

ption and tax revenue. T
he objective 

here is to com
pare the etfects of introducing a given level of progressivity 

starring at ditferent levels of required governm
ent revenue. 

A
ssum

ing a highcr level of governm
ent revenue strengthens the pre- 

vious conclusions about sw
itching from

 proportional to progressive tax 
system

s. In com
parison w

ith the sim
ulations of T

ablc 8.1, the tax base 
and the capital stock each fall by a larger percentage, w

ith the incom
e lax 

still inlposing thc largcsr reductions in thesc variables and the consum
p- 

tion tax thc sm
allest; in thc case of incom

e taxation, the shift to progres- 
sivity now

 rcduccs thc long-run stock of capital by 12.6 percent; the re- 
duction w

ith rhc sm
aller rcvenue requirem

ent is 8.5 percent. T
here is little 

im
pact on the lifctim

c partern of m
arginal tax rates; m

axim
um

 rates now
 

rcach nearly 50 pcrccnr under the labor incom
e tax, m

ore than 35 percent 



T
able 8.3. Sensiriviry analysis of effects of sw

irching ro progressive incorne ra.varion 

Param
eterization 

Proportional incom
e tax 

Progressiie incom
e tax 

7 
P

 
o 

6 
a
 

T~ 
Y 

K 
L 

T ra 
Y 

A' 
L 

-
 
-
 

"A
ggregate average m

arginal incom
e lax rate. 
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D
espite w

idely varying predictions about the levels of capital, labor, 
and output under the dim

erent param
eter assum

ptions, thcrc is rblativcly 
little variation in the size o

f the tax base reduction associated w
ith the 

incom
e tax under the m

ove to progressivity. U
nder the 15 percent pro- 

portional tax, the reduction varies from
 2 percent to 5 percent, w

hile 
under the 25 percent proportional tax it ranges from

 4 to 7 percenl. 

D
. 

W
elfare and efficiency effects o

f progressivity 

1. 
B

ase case resulls 

T
he discussion of the choice of tax base in C

hapter 5 pointed out that 
m

ost of the change in steady state individual w
elfare associated w

ith a 
sw

itch to either consum
ption or labor incom

e taxation from
 proportional 

incom
e taxation w

as due not to
 efficiency gains, but to the intergenera- 

tional redistribution associated w
ith changes in the tim

ing of tax collcc- 
tions. Since increasing the degree of progressivity also involves intergen- 
erational redistribution, changes in long-run individual w

elfare associated 
w

ith changes in tax progressivity cannot be attributed to efficiency ditrer- 
ences alone. U

nder tw
o of the three tax bases. a m

ove from
 progressive 

to proportional taxation is associated w
ith an increase in long-run indi- 

vidual w
elfare. W

hen governm
ent revenue equals lhat raised under a 15 

percent proportional incom
e tax, a sw

itch from
 the progressive incom

e 
tax w

ith 
I) 

=
 0.1 to

 a proportional incom
e tax results in a w

ealth equiva- 
lent increase in steady state utility of 0.69 percent. In addition, nearly all 
generations alive at the initiation of this policy have greater utility. 

K
eeping constant the w

elfare of these initial generations (using the 
L

SR
A

 introduced in earlier chapters) m
akes it possible to

 provide each 
subsequent generation a sustainable increase in utility equivalent to a 1.24 
percent increase in full-tim

e resources in the initial progressive incom
e 

tax steady state. T
he sw

itch to proportional w
age taxation from

 its pro- 
gressive version m

akes long-run cohorts better otf by 0.84 percent of life- 
tim

e full resources, but neutralizing, via the L
SR

A
, the gains and losses 

(again, prim
arily the form

er) of initial generations allow
s a sustainable 

increase of 1.35 percent in the w
elfare of all subsequent generations. 

A
s discussed above, the difference in the m

acro characteristics of the 
econom

y, such as the size of the tax base and the capital stock, is m
uch 

sm
aller after a sw

itch from
 proportional to progressive consum

ption tax- 
ation (or vice versa) than after such a sw

itch in the case of incom
e or 

labor incom
e taxation. A

gain, this is because the initial elderly gcnera- 
tions in particular sutTer from

 the progressivity of the tax, w
hich thcrcby 

lessens the burden on future generations and olrsets the etticiency losses 

8 P
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from
 progrcssivc taxation. 

In fact, long-run generations are w
orse oli' 

by 0.12 pcrccnt o
l' lil'ctirnc resourccs undcr proportion consum

ption tax- 
ation than under progressive taxation. T

his loss turns to a gain of 0.50 
percent w

hen the gains and losses of preexisting generations are neutral- 
ized by the L

SK
A

 during the sw
itch from

 progressive to proportional 
consum

ption taxation. 
T

hus, for all three tax bases, the L
SR

A
 could generate a large sustain- 

able increase in the w
elfare o

f generations born after a sw
itch to pro- 

portional taxation. H
ow

ever, w
ithout the L

SR
A

 in place, m
uch of this 

potential gain is actually received by m
em

bers of transitional generations. 
In the case of the consum

ption tax, enough is received by those alive 
initially that long-run cohorts are actually slightly w

orse off in the ab- 
sence of the L

SR
A

. E
ven w

ith such transitional gains neutralized, the 
gains from

 reducing progressivity are sm
aller under a consum

ption tax 
than under the incom

e tax. A
t the sam

e tim
e, progressivity of the w

age 
tax seem

s particularly distortionary in com
parison w

ith its proportional 
counterpart. T

his can be explained by the fact that the burden of pro- 
gressive consum

ption taxes falls even m
ore heavily on the elderly, im

- 
posing a larger im

plicit lum
p sum

 tax on their assets, than the burden 
of the proportional consum

ption tax, w
hereas the burden of progressive 

w
age tax falls even less heavily on this group than the proportional w

age 
tax. T

hus, the sam
e factors that explained (in C

hapter 5) w
hy a sw

itch 
to proportional consum

ption taxation produces a greater efficiency gain 
than one to proportional w

age taxation explains the difference in gains 
from

 getting rid of progressive taxation under each o
f the tw

o bases. 

2. 
S

ensilivily anulysis 

O
nce again, the etTect of assum

ing a higher level o
f governm

ent revenue 
is to m

agnify these results. For exam
ple, under the incom

e tax, the long- 
run gain of sw

itching to a proportional 25 percent tax from
 a progressive 

tax is 1.62 percent, as com
pared w

ith 0.69 percent for the 15 percent in- 
com

e tax; the corresponding "eff~ciency gain" (after using the L
SR

A
 to 

neutralize transitional gains and losses) is 3.72 percent, com
pared w

ith 
1.24 percent. T

hus, the gain is tw
o to

 three tim
es larger even though the 

proportional tax rate is just 60 percent higher. 
T

he reason w
hy the etficiency gain is so m

uch larger than the ordinary 
long-run gain in all o

f the foregoing exam
ples is thal virtually all genera- 

lions gain from
 a sw

itch to proportional taxation. T
his is especially true 

under the consl~
m

ption tax, but even undcr the incom
e tax transition just 

considered no generation loses m
ore than 0.01 percent of lifetim

e w
ealth, 

and all generations under age 42 (62) enjoy a lifetim
e increase in w

elfare 
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1 

T
able 8.4. E

ficiency gains of a sw
itct~

 from
 incorne tuxution 

(percentage of lifetim
e w

ealth) 

C
onsum

ption taxation 
Lahor incotlie taxation 

P
roportional 

P
rogressive 

P
roporrional 

I'rogrcssivc 

Low
er taxes 

0.29 
0.77 

-0.25 
-0.42 

H
igher taxes 

1.04 
2.42 

-1.18 
-2.91 

N
o

re: Low
er raxes and higher taxes correspond, respectively, lo

 the revenue in
 the base 

case steady state w
ith I5 and 25 percent proportional incom

e tax rates. 

. 
w

hen the sw
itch is m

ade. T
he efficiency costs of progressivity are so large 

that even those retirees w
hose average tax rates increase in sw

itching to 
proportional taxation lose very little. T

his result is im
portant, for it sug- 

gests that a decision to increase or reduce the progressivity of the tax base 
, 

does not hinge on issues of intergenerational redistribution to the sam
e 

, 
extent as the choice of the tax base. 

I 
E. 

T
h

e choice o
f tax base, once again 

I 
T

he sim
ulation experim

ents of C
hapter 5 suggest that a sw

itch from
 a 

proportional incom
e tax to a proportional consum

ption tax w
ill increase 

. 
steady state w

elfare in the hypothetical case in w
hich transitional gains 

and losses are neutralized through L
SR

A
 intergenerational transfers. A

n 
L

SR
A

 sw
itch to labor incom

e taxation w
ould, how

ever, reduce long-run 
1 

w
elfare. 
T

he results of this chapter indicate that progressive raxation is m
ost 

distortionary under the labor incom
e tax, because of the very low

 burden 
placed on the elderly, even relative to the proportional w

age tax. T
he 

consum
ption tax has the least overall distortion associated w

ith progres- 
sivity. T

hus, it should be expected that the difference betw
een the w

el- 
fare effects of sw

itching to these tw
o alternative tax bases from

 the in- 
com

e tax w
ill be even larger w

hen taxes are progressive than w
hen raxes 

are proportional. 
T

able 8.4 presents statistics for the long-run w
elfare gains, in the pres- 

ence of L
SR

A
 transfers, associated w

ith a sw
itch to consum

ption and 
j 

labor incom
e taxes from

 the incom
e tax for tw

o levels of governm
ent rev- 

, 
enue and for proportional and progressive raxes. B

oth rhe elliciency gains 
from

 sw
itching to proportional consum

prion taxation and elliciency losses 
from

 sw
itching to labor incom

e taxation are significantly greater in abso- 

8 Progressive laxalio
n
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lute value if one is sw
itching from

 a progressive incom
e tax to a progres- 

sive consum
ption or w

age tax than if the initial incom
e tax and subsequent 

taxes arc proportional. T
hcse are sizable efficiency gains and losses. W

ith 
the higher revenue requirem

ent, the w
ealth equivalent gain to sw

itching 
to progressive consum

ption taxation is 2.42 percent, w
hile the loss from

 
sw

itching to progressive w
age taxation is 2.91 percent. 

F. 
P

rogressive laxes an
d

 in
trag

en
eratio

n
al red

islrib
u

tio
n

 

T
he results presented thus far suggest that the gains obtained in sw

itch- 
ing from

 an incom
e tax to a consum

ption tax and the losses from
 sw

itch- 
ing instead to a labor incom

e tax are increased by the existence of tax 
progressivity. Y

et these calculations introduced progressivity in a som
e- 

w
hat arbitrary fashion. R

ather than introduce progressivity, as above, 
by setting IJ at tw

o-thirds of the corresponding proportional tax rate, it 
w

ould probably be m
ore appropriate to consider the efficiency costs of a 

tax base sw
itch for a given degree o

f inequality. 
A

lthough the sim
ulation m

odel used in this book has but a single indi- 
vidual per generation, an earlier version of the m

odel, less satisfactory in 
several respects than the current version, had three representative m

em
- 

bers per cohort, differing in ability levels. In that m
odel (see A

uerbach 
and K

otlikoff, 1983a) the degree of progressivity of a consum
ption tax 

w
as chosen to deliver the sam

e degree of lifetim
e w

ealth inequality as the 
progressive incom

e tax. 
T

his analysis resulted in little difference in the resulting rate structure 
progressivity across tax bases. For exam

ple, top lifetim
e m

arginal incom
e 

tax rates w
ere 0.24, 0.34, and 0.43 for the poor, m

edian, and rich indi- 
viduals, respectively, in the long run, w

hile they w
ere 0.34.0.54, 

and 0.71 
under the consum

ption tax. G
iven that consum

ption tax rates, unlike 
those of the incom

e tax, are expressed on a "tax exclusive basis" (i.e., as 
a fraction of consum

ption, not gross expenditures on consum
ption), these 

rates are nor directly com
parable to those of the incom

e tax unless they 
are adjusted. E

xpressing these three rates on a "tax inclusive basis" (i.e., 
as a fraction o

f consum
ption plus taxes) yields top rates of 0.25,0.35, and 

0.42, respectively, w
hich are virtually identical to those of the incom

e tax. 
T

hese findings suggest that equity considerations w
ould not greatly af- 

fect the ranking of tax bases arrived at in this chapter, but for several 
reasons caution is still advisable. F

irst, these results d
o

 com
e from

 an 
earlier m

odel. one that had tixcd labor supply and lcss realistic age-earn- 
ings 'and age-consum

ption profiles. Second, and perhaps m
ore im

por- 
tant, rich and poor individuals m

ay dilier sysrem
arically in dim

ensions 
beyond ability. E

m
pirical evidence suggests, for exam

ple, rhar the rate of 
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tim

e preference m
ay be substantially higher for low

-incom
e irldividuals 

(H
ausm

an. 1979; L
aw

rence, 1986). Finally, and perhaps m
ost inlportant 

in this context, is the exclusion of bequests in these m
odels. 

E
m

pirical evidence suggests both that bequests reprcsent an im
portant 

com
ponent of national w

ealth (see K
otlikoH

 and Sum
m

ers. 1981) and 
that the w

ealth elasticity of bequests is substantially above one (M
enchik 

and D
avid. 1983). In a setting w

ith significant intergenerational iranskrs, 
sw

itching from
 incom

e to
 w

age or consum
ption taxation can have quite 

different effects on inequality than those considered here. Indeed, the im
- 

plicit taxation of individuals w
ith vast inherited w

ealth via the consum
p- 

tion tax w
as a goal of one strong proponent (K

aldor. 1957). A
s stressed 

in C
hapter 2, the bequest m

echanism
 is still poorly understood. and m

ore 
research in this area is required before the w

elfare etiects of progressive 
taxation can be analyzed satisfactorily. 

In
vestm

en
t incentives 

C
hapters 5 and 8 analyzed the e

~
e

c
ts 
of tax reform

 on econom
ic behav- 

ior. T
he reform

s studied included changes in the tax base and changes in 
the degree of progressivity of the rate structure for a given tax base. In 
com

parison w
ith such tax reform

s, the introduction of investm
ent incen- 

tives m
ay appear to be a rather m

inor m
odification of an existing tax 

I 
structure. Such is not the case. O

ne of the central m
essages of this chap- 

ter is that changes in investm
ent incentives can fundam

entally change the 
nature of the tax base. For exam

ple, introducing 100 percent expensing 
of new

 investm
ent in the presence of an incom

e tax transform
s the effec- 

1 
tive tax base from

 incom
e to consum

ption. 
T

hat the governm
ent can effectively introduce a consum

ption tax by 
altering investm

ent incentives is one of the lessons of this chapter. A
nother 

is that the governm
ent can redistribute resources across generations w

ith- 
out any direct transfer by using investm

ent incentives or the tax rate on 
business profits to induce stock m

arket revaluations. A
 third feature of 

investm
ent incentives is that they can be self-financing over the long run. 

T
he distinction betw

een savings and investm
ent incentives provides a 

useful starting point for this discussion. Investm
ent incentives treat new

ly 
produced capital m

ore favorably than existing capital. A
 consequence of 

this discrim
ination against old capital is that it w

ill fall in value relative 
to new

 capital. T
hus, investm

ent incentives directly alter stock m
arket 

valuations, w
hereas savings incentives d

o
 not. Since revaluations in the 

asset (stock) m
arket also arise because of adjustm

ent costs, it seem
s nat- 

ural also to include adjustm
ent costs in the discussion of asset revalua- 

tions in several of this chapter's sim
ulation exercises. In addition to

 sim
- 

ulations com
paring savings and invcstm

ent incentives w
ith and w

ithout 
I 

adjustm
ent costs. the chapter presents sim

ulations in w
hich savings and 

investm
ent incentives arc delicit financed as w

ell as sim
ulations in w

hich 
invcstm

cnt incentives are gradually phased in. 
T

hc principal lindings of this chapter are 

Investm
ent irlccntivcs represent a shift from

 irlcom
e to consum

p- 
tion taxation, w

hile savings inccntivcs represent a shift from
 

inco~
nc to w

age taxation. 
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lnvestm
ent incentives can dram

atically alter stock m
arket values. 

Such revaluations are dam
pened som

ew
hat by assum

ing sig- 
nificant adjustm

ent costs. 
lnvestm

ent incentives, even those financed by short-run increases 
in the stock of debt, significantly increase capital form

ation 
in life cycle econom

ies. 
D

eficit-financed investm
ent incentives can be self-financing for 

particular, but not unreasonable, param
eterizations of neo- 

classical life cycle grow
th m

odels. 
T

he underlying explanation of the relative efficacy of investm
ent 

as opposed to savings incentives in stim
ulating capital form

a- 
tion in life cycle m

odels is that investm
ent incentives redis- 

tribute from
 the old to

 the young via asset (stock) m
arket 

revaluation. 

A
. 

D
istin

g
u

ish
in

g
 savings an

d
 investm

ent incentives 

In closed econom
ies, saving and investm

ent represent, respectively. the 
supply of and dem

and for new
 dom

estic capital. Saving incentives shift 
the supply curve for new

 dom
estic capital, w

hile investm
ent incentives 

shift the dem
and curve. T

he basic public finance equivalence theorem
 - 

that the real effects of a tax (subsidy) are independent of w
ho nom

inally 
pays the tax (receives the subsidy) -applies equally w

ell to the m
arket for 

new
 capital. H

ence in closed econom
ies, saving and investm

ent incen- 
tives do not represent conceptually distinct policies, and the real effects 
of taxes or subsidies are the sam

e w
hether applied to saving or the de- 

m
and for new

 capital, investm
ent. 

A
lthough econom

ically m
eaningful distinctions betw

een saving and in- 
vestm

ent incentives d
o

 not arise, there are m
eaningful distinctions be- 

tw
een policies that affect savingg the sum

 of past and current saving, and 
those that directly affect only current saving, or, in equilibrium

, current 
investm

ent. Policies that distinguish new
 capital from

 old are denoted 
investm

ent policies, w
hile those that do not are labeled savings policies. 

A
lthough both types of policies alter m

arginal incentives to accum
ulate 

new
 capital, investm

ent incentives can generate significant infram
arginal 

redistribution from
 current holders of w

ealth to those w
ith sm

all o
r zero 

claim
s on the existing stock of capital. In the context of the sim

ulation 
m

odel. this redistribution runs from
 the elderly to younger and future 

generations. T
he direction of the intergenerational transfer generated by 

investm
ent incentives is the sam

e as that associated w
ith sw

itching from
 

w
age to consum

ption taxation. Indeed, an easy w
ay to explicate invest- 

m
ent and savings incentives is to clarify their relationship to

 consum
p- 

tion and w
age taxation. 

W
e have already indicated in C

hapter 5 how
 a consum

ption tax and a 
tax on labor incom

e differ prim
arily because of their effects on the holders 

I 
of existing w

ealth at the tim
e of their introduction. E

ven though each has 
a nondistortionary im

pact on new
 saving and investm

ent decisions, the 
labor incom

e tax is typically less efficient than the incom
e tax, in part, 

because it provides a w
indfall to the initial elderly by elim

inating taxation 
of incom

e on preexisting capital, that is, capital that w
as accum

ulated 
in the past. T

he consum
ption tax, in contrast. reverses this w

indfall by 
increasing the tax burden on old w

ealth. In this w
ay, the tax incentive 

for capital form
ation under the consum

ption tax is "targeted" at new
 

capital accum
ulation. 

A
lthough it m

ay at first appear quite surprising, savings incentives as 
typically observed in the U

nited States and other countries are structur- 

I 
ally equivalent to

 shifts from
 incom

e taxation to labor incom
e taxation, 

w
hile investm

ent incentives are structurally equivalent to shifts to con- 
sum

ption taxation. For the sam
e reason that consum

ption taxes are m
ore 

efficient than labor incom
e taxes, investm

ent incentives are m
ore efficient 

than savings incentives. 

I. 
S

lruclural equivalences 

a. S
avings incentives: C

onsider first a savings incentive policy. T
his is 

any type of policy aim
ed at encouraging an increased supply of funds for 

investm
ent. T

he crucial feature of savings incentives is that they d
o

 not 
distinguish new

 from
 old capital. M

ost such policies involve either a re- 
duction in the rate of tax on the incom

e generated by savings, or a tax 
deduction for savings itself. 

E
xam

ples of rate reductions in the U
nited S

tates are favorable capital 
gains tax rates, the tax exem

ptions granted holders of m
unicipal bonds, 

and, for a brief period after the 1981 tax legislation w
as passed, bank sav- 

ings accounts called "all savers' certificates." E
xam

ples of deductions for 
savings are Individual R

etirem
ent A

ccounts and K
eogh plans. C

learly, 
the form

er involve a m
ovem

ent in the direction of labor incom
e taxation, 

since the return to capital is being rem
oved from

 the incom
e tax base. T

he 
latter appear to resem

ble a consum
ption tax approach, since the saver 

receives a deduction from
 the incom

e tax w
hen establishing the account 

and pays a tax on the entire subsequent w
ithdraw

al w
hen the funds are 

spent on consum
ption. Such is not the case, how

ever, because the savings 
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for desirable new
 tax incentives. For the purposcs of this analysis, thc 

assum
ption that invcstm

ent incentives are available only to ncw
 capital 

is m
aintained. 

T
he econom

ic effects of invcstm
ent incentives can be illustrated by' a 

governm
ent policy that perm

its each invcstor to expensc (deduct) a ccr- 
tain fraction of the cost of new

 investm
ent. E

xcept for thc distinction 
betw

een a deduction and a credit (w
hich is trivial under a proportional 

incom
e tax), this is precisely w

hat investm
ent tax credits do. A

lthough 
accelerated depreciation is m

ore com
plicated than expensing, both share 

the salient characteristic of reducing the present value of the investor's 
tax burden through increased deductions. 

C
onsider the im

pact of a program
 of partial expensing of new

 invest- 
m

ents on the budget constraints o
f old and young individuals in the tw

o- 
period m

odel. If z is the fraction of investm
ent that can be expensed. the 

saving of the young individual can be w
ritten as 

T
he accum

ulated value of this investm
ent in the second period, w

hich is 
used to finance second-period consum

ption, equals the return to capital, 
after capital incom

e taxes, plus the value of the capital itself: 

w
here q is the price at w

hich old (previously expensed) capital goods can 
be resold. H

eretofore, this term
 has not appeared in our analysis; w

e have 
im

plicitly assum
ed it to

 be 1. B
ut once investm

ent incentives are present, 
this is no longer an appropriate assum

ption, since old and new
 capital are 

no longer perfect substitutes because of their differential tax treatm
ent. 

N
ew

 capital goods (new
 investm

ent) have a pre-tax (before-expensing) 
cost o

f 1, but a net, after-tax (after-expensing) cost of I - T
Z

 per dollar 
of capital purchased. A

 sim
ple arbitrage relationship dictates that the 

net of tax (stock) m
arket value of com

parable existing old (previously 
expensed) capital goods m

ust be the sam
e. A

 com
pany that has one dol- 

lar of existing capital m
ust be w

orth the sam
e am

ount as one w
ith l - T

Z
 

dollars of cash, since that am
ount of cash is just sufficient to purchase a 

com
parable piece of capital.' S

tated differently, a young saver m
ust be 

A
 sim

ila
r tax ca

p
ita

liza
tio

n
 effect is associated w

ith
 the ta

xa
tio

n
 o

f la
n
d
 (R

ld
ste

in
, 1977; 

C
alvo. K

o
tliko

ff, and R
odriguez. 1979; and C

ham
ley and W

rig
h
t. 1986) and dividends 

(B
ra

d
fo

rd
. 1981; K

in
g
. 1977; and A

uerbach, I979a, b). T
he re

la
tio

n
sh

ip
 bctw

een the cap- 
ita

liza
tio

n
 o

f investm
ent incentives and d

ivid
e
n
d
 taxes is discussed in

 A
uerbach (IY

R
3b). 

B
ecause w

e have o
n
ly one level o

f ta
xa

tio
n
. not the "classical" 

system
 o

f tw
o
 separate 

co
rp

o
ra

tio
n
 and in

d
ivid

u
a

l incom
e taxes, d

ivid
e
n
d
 tax ca

p
ita

liza
tio

n
 is absent. T

he eco- 
nom

ic effects, how
ever, are sim

ila
r. 

indiffcrcnt bctw
ccn (I) investing in a new

 unit of this cconom
y's singlc 

com
m

odity (w
hcrc "ncw

" m
eans not yet cxpcnscd) and (2) investing in an 

old unit of thc singlc com
m

odity (w
hcrc "old" m

eans it can no longer be 
expcnscd). Indiffcrcncc rcquircs that the price of old capital equals I -

 T
Z

, 

thc aftcr-tax cost of investm
ent in ncw

 capital. H
ence, the m

arket value 
of old capital, q

, is T
Z

 lcss than the m
arket value of new

 capital. 
S

ubstituting this value of q
 into (9.9) and com

bining (9.9) w
ith (9.8) 

yields the tw
o-period budget constraint of a young individual at tim

e I: 

I 
w

hich is equivalent to a reduction in the tax rate on capital incom
e from

 
T

 to T
(I - z)/(l -

 T
Z

). A
lternatively, it has the sam

e im
pact as the com

- 
bination of a consum

ption tax at the tax-inclusive rate T
Z

, com
bined w

ith 
an incom

e tax at rate ~
(

1
-

 z)/(l- 
T

Z
)

.~
 If z equals 1, 100 percent expens- 

ing, the tax structure is equivalent to a labor or consum
ption tax from

 
the perspective of the young at tim

e I. N
ote that although capital incom

e 
taxes are still collected, the subsidy to the purchase of capital offsets, in 
present value, the capital incom

e tax, leaving a zero effective tax on cap- 
ital incom

e. 
F

or the older individual at tim
e I, the budget constraint becom

es 

w
hich is, again, equivalent to that im

posed by a com
bination of an in- 

com
e tax at rate ~

(
1

-
 z)/(l -

 T
Z

) and a consum
ption tax at the tax-inclu- 

sive rate T
Z

. 

T
hus, encouraging capital form

ation in this m
anner rather than through 

- 

a reduction in the capital incom
e tax rate im

poses an additional tax on 
existing assets at rate T

Z
, just as a consum

ption tax im
poses a tax on exist- 

ing assets relative to the labor incom
e tax. O

ne should think of a partial 
expensing schem

e as a com
bination of a reduction in the incom

e tax and 
the introduction of a consum

ption tax. Indeed, a system
 of full expens- 

ing, w
ith z =

 1, is in effect identical to a consum
ption tax.' T

his can be 

T
o
 see this, note that the p

rice
 o

f co
n
su

m
p
tio

n
 goods in

 term
s o

f w
ages equals the product 

o
f I - 7,. 

and I - r,, 
w

here 
7,. 

is the tax rate on co
n
su

m
p
tio

n
 (m

easured tax in
clu

sive
ly) 

and r, is the tax rate on la
b
o
r incom

e; and (I - rz).l I - ~
(

1
 

-:)/(I 
- r;)l=

 
(
I
 -7

)
. 

' T
his la

s
~

 equivalence does not depend o
n
 the assum

ption that ca
p
ita

l does not depreciate. 
In

 a
 m

odel w
ith

 depreciable ca
p
ita

l, the tam
e result w

o
u
ld

 be tru
e
 if there w

ere n
o
rn

la
l 

depreciation allow
ances I'or 

replacenlent investm
ent plus im

m
ediate expensing ol' a

ll 
new

 n
e
t investm

en!. T
h
is general result w

as discussed by the M
eade C

om
m

ittee (1978) in
 

the U
n
ite

d
 K

in
g
d
o
m

 and has been applied by H
a

ll and H
abushka (1983) in

 tlisir p
ro

- 
posal fo

r a
 lla

t rate co
n

~
u

m
p

tio
n

 tax fo
r the U

n
ite

d
 S

tates. T
hey proposed to

 a
tta

in
 a

 
co

n
su

m
p
lio

n
 tax. by co

m
b
in

in
g
 a

 la
b
o
r incom

e tax and a
 tax on business inconie w

ith
 

im
m

ediate expensing ol' investm
ent. 
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w

here m
pk, is the real m

arginal product of capital. H
ence. a m

ccha~
iis~

n 
through w

hich expectations alt'ect investm
ent is introduccd. Supposc it is 

expected that the capital incom
e tax w

ill be elim
inated one period hence. 

T
his w

ill drive up q
,+

 ,, as investm
ent in period r + 1 rises in response. B

ut i 
this, in turn, m

akes the current holding period yield on real capital too 
high. E

quilibrium
 is reestablished by an increase in current invesim

ent, and 
a higher value of q,. W

ithout adjustm
ent costs, m

uch m
ore of the increase 

in investm
ent w

ould occur in period t + I, since q
 w

ould never change. 
N

ote that things w
ould turn out quite differently w

ere an investm
ent 

incentive in period t+
l to be announced in period 1. A

lthough this w
ill 

increase period I + 1 investm
ent, it could easily reduce q,+

 
substantially 

via the term
 

7,z, 
requiring a low

er equilibrium
 value of q, 

and thereby 
discouraging investm

ent in period 1. T
he etfect of adjustm

ent costs is to 
cushion the period I im

pact on investm
ent. In the absence of adjustm

ent 
costs there could be very substantial disinvestm

ent in period I as inves- 
tors respond to the anticipated capital loss (the anticipated fall in q

,+
, 

i 

due to the increase in 7,z). 
i 

C. 
S

im
u

latio
n

 results 

1. 
T

h
e im

pact of 
rax incentives o

n
 investtnent 

T
he follow

ing sim
ulations serve to

 illustrate the various points m
ade 

above. W
e consider com

binations of tw
o types of policies: reductions in 

the rate of capital incom
e taxation and increases in the fraction of invest- 

m
ent that m

ay be deducted as an expense. 
Four policy sim

ulations are presented in T
able 9.1, tw

o w
ith adjust- 

m
ent costs and tw

o w
ithout. C

olum
ns 1 and 3 report, respectively, the 

results of rem
oving the capital incom

e tax com
ponent of the incom

e tax 
and of providing full expensing. B

oth sim
ulations assum

e no adjustm
ent 

costs. T
he initial steady state is our base case econom

y w
ith a 15 percent 

incom
e tax and no expensing or governm

ent debt. In colum
n I, annual 

budget balance is m
aintained by changing the labor incom

e tax rate, w
hile 

budget balance in colum
n 3 is m

aintained by adjusting the incom
e tax 

rate. A
s should be clear from

 the discussion above, these are just the 
basic sim

ulations presented in T
able 5.2 for transitions to the labor in- 

com
e and consum

ption taxes, respectively. T
he m

arket value of assets is 
different under expensing and the consum

ption tax only because of dif- 
ferences in the units of m

easurem
ent, as already d

i~
cu

ssed
.~

 
C

olum
ns 2 

In
 a

d
d
itio

n
, the m

easured rate o
f interest d

ilie
rs slig

h
tly. S

ince thc co
n
su

m
p
tio

n
 la

x 
is "p

re
p
a
id

" a
t the firm

 level under an expensing regim
e, the ra

tc of 
interest received 

by savers is m
easured in

 net o
f tax d

o
lla

rs. U
nder a

 co
n
su

m
p
tio

n
 tax. 

the interest rate 
w

o
u
ld

 be m
easured in

 pre-tax dollars.. T
here is no d

ilfe
rcn

cc in
 the tw

o
 m

casurcs w
hen 

9
 In

vcstm
e

n
l in

ccn
livcs 

T
able 9.1. 

7h
e itn/~uc.r 01 udjusrtnent c

o
~

s
: 
sw

irch jro
rn

 I5 percenr 
p

ro
p

o
n

io
n

u
l incw

nc. rux ro .speci/icad tux regitne 

E
lim

in
a

tio
n

 ol' ca
p
ita

l 
ilico

ln
c ta

xa
tio

n
 

tiull 
cxperlslng 

In
itia

l 
steady state 

h
 =

 0
 

h
=

 10 
h

=
O

 
b

=
 10 

7iun.yifion yrur 2 
r 

6.6 
6.4 

6
.9

 
6.1 

4
 

I .M
 

1.114 
0.840 

0
.W

 
s/ y 

5.2 
4.0 

9.0 
6.0 

Yeur 5 

and 4 rcport results for the corresponding transitions in the presence of 
adjustm

ent costs, w
ith the param

eter b set equal to 
T

his value of 
b im

plies that 5 percent of steady state investm
ent expenditures are allo- 

cated to adjustm
ent costs. It is on the low

 end of the range of em
pirical 

the tax rate is constant over tim
e
. S

h
o
u
ld

 it rise (fa
ll). how

ever, the interest rate under an 
expensing schem

e w
ill be low

er (h
ig

h
e
r) than under the equivalent co

n
su

m
p
tio

n
 tax; o

n
ly 

the lirst m
easure w

ill take account o
f the price-level ell'ect caused b

y the change ill tax 
rates. 

It is re
a
d
ily show

n lh
a

l the tw
o

 tax ratea are rcla
tcd

 by the expreshion 

w
here 

T
 is the lax-exclusive tax ra

te
 a

n
d
 rr and rL

'a
re

 Ih
c interest rates undcr expcnsilig 

and thc equal-rcvenuc co
n
\u

n
ip

tio
n
 la

x. 
I'or the a

d
ju

srrn
c~

~
t 

cost ~
il~

~
u

la
tio

n
s

, 
w

e assum
e that the p

o
licy change ill year I w

cu
rs 

a
fte

r purchases o
l' o

ld
 ca

p
ita

l fro
m

 thc d
yin

g
 gene ratio^^ have taken place. T

hus. the ilii- 
tia

l clia
lig

c ill q
 w

cu
rs a1 the b

cg
ilin

i~
ig

 of p
rio

d
 2. 
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Y
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Tronsit ion 

Figure 9.1. T
he im

pact on Q
 of savings and investm

ent incentives w
ith 

and w
ithout adjustm

ent costs. 

estim
ates, but there is reason to

 suspect that such estim
ates are biased 

upw
ard.6 

F
or selected years of each transition, T

able 9.1 presents the interest 
rate, r; the ratio of m

arket value to replacem
ent cost of the capital stock, 

q
; and the net national savings rate, S/Y

, w
hich equals the increase in the 

capital stock (at replacem
ent cost) as a fraction of incom

e.' 
V

alues for q 
and interest rates in the first 10 years under each transition are graphed 
in Figures 9.1 and 9.2, respectively. 

C
onsider first the im

pact of adjustm
ent costs on the steady states of 

each of the three tax system
s considered here. A

lthough steady state in- 
terest rates are not substantially affected by the presence of adjustm

ent 
costs, this does not m

ean that steady state capital-output ratios are insen- 
sitive to adjustm

ent costs. Since q
 is higher w

ith adjustm
ent costs, the im

- 
plied m

arginal product of capital m
ust be too (see equation 9.13); there- 

fore, the capital-output 
ratio m

ust be low
er. T

his is confirm
ed by the 

low
er savings rates in each case. 

See A
ucrbach and H

ines (1986). 
' D

uring period I there are unanticipalcd capital gains, so that the ex-post in
tcro

~
 rate and 

saving rate are not a reflection ol' perl'ect foresight behavior. T
o rl~aintairb com

parabilily 
w

e therefore present results starling in year 2. 

9
 In

veslm
cn

l in
rcn

livcs 

- 

+
 6.4 

0
)
 

+
 

Elim
ination of C

apital Incom
e Taxation (b.10) 

5
 
6.3- 

i 
5.91 

I 
I 

I 
I

.
 

2 
4

 
6

 
8

 
10 

Y
ear of 

T
ransition 

6.1 

1 
6.0- Figure 9.2. T

he im
pact on interest rates of savings and investm

ent in- 
ccn~ives. 

-
 

Full Expensing (b
=

 10) 
- 

In the transitions from
 the initial tax system

 to either of the tw
o al- 

ternative tax regim
es, there are additional differences arising from

 ad- 
justm

ent costs. U
nder the capital incom

e tax cut. q
 rises initially by 2.7 

percent as investm
ent increases. T

his sm
oothes the increase in capital in- 

tensity relative to the case o
f no adjustm

ent costs; the saving rate rises by 
m

uch less in the first year and is below
 that in the no-adjustm

ent cost case 
throughout the f rst 10 years of the transaction. A

t the sam
e tim

e, interest 
rates drop m

ore quickly because the anticipated decline in q
 m

eans cap- 
ital losses m

ust be subtracted from
 the m

arginal product of capital in 
determ

irling the overall yield on assets. T
his reduced return to saving 

further contributes to the sm
oothing o

f the investm
ent increase. 

T
he sw

itch to expensing has a m
ore dram

atic ef'ect, w
ith or w

ithout 
adjustm

ent costs; w
e know

 this from
 the previous consideration of the 

consum
ption tax. T

he drop in q
 that occurs w

ithout adjustm
ent costs be- 

cause. of the tax distinction betw
een new

 and old capital is partly. but 
not com

pletely, ofl.sct in the presence of adjustm
ent costs by the increase 

in the bclore-tax cost ol'capital goods that com
es from

 the rise in invest- 
m

ent. W
ere adjustm

ent costs zero, q
 w

ould have fallen by 0.16 betw
een 

the initial steady state and period 2. W
ith adjustm

ent costs the fall in q
 

is 0.095. ticnce, the presence of adjustm
ent costs dam

pcrls by tw
o-fifths 
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the fall in q
. A

s in the previous case, the saving rate rises in period 2 by 
a m

uch sm
aller am

ount w
ith adjustm

ent costs, the coincident increase 
in labor supply outw

eighs the depressing effect of thc initial incrcasc in 
saving on the interest rate.8 

Finally, for each of the tax reform
s analyzed, the long-run increase in the 

saving rate is proportionately sm
aller in the presence of adjustm

ent costs. 

D
. 

A
nnouncem

ent effects 
i 

A
nother w

ay of dem
onstrating the im

portance of adjustm
ent costs is to 

consider the im
pact on investm

ent o
f expectations o

f a tax change. From
 

C
hapter 5 w

e know
 that an expected reduction in capital incom

e taxes w
ill 

encourage saving and investm
ent today, and that an expected consum

p- 
tion tax w

ill have the opposite effect. W
e argued above that each of these 

effects w
ill be m

itigated by adjustm
ent costs. T

able 9.2 confirm
s this hy- 

pothesis. It presents sim
ulations of econom

ic behavior in response to tax 
changes to begin in five years. 

T
he sam

e tw
o tax changes presented in T

able 9.1 are considered w
ith 

and w
ithout adjustm

ent costs. T
he only difference is that during the first 

five years of the transition the original tax regim
e rem

ains in place. R
e- 

m
em

ber, how
ever, that q

 is m
easured at the beginning of the period, be- 

fore any tax changes of that period occurs, w
hile interest rates and saving 

are m
easured at the end. T

hus, for exam
ple, the high level of' saving in 

1 
year six under the expensing regim

e directly affects the value of q in year 7, 
w

hich is also the first year in w
hich q

 includes the im
plicit tax on old assets. 

T
he im

pact of the delayed im
plem

entation of a tax change depends on 
the change considered. For a rem

oval of capital incom
e taxes (sw

itching 
to an effective w

age tax base) saving increases im
m

ediately in anticipa- 
tion of the higher after-tax returns that w

ill soon be available. A
bsent ad- 

justm
ent costs, the saving rate rises from

 3.7 percent to 6.8 percent in year 
5; w

ith adjustm
ent costs, the increase is m

uch sm
aller, from

 3.5 percent 
to 5.1 percent. In each case, how

ever, both the saving rate and q peak at 
the end of year 5. w

hen adjustm
ent costs m

ay still be expensed and labor 
supply has yet to be discouraged by the sw

itch to labor incom
e taxation. 

In contrast, delaying the sw
itch to full expensing (sw

itching to an elfec- 
tive consum

ption tax base) causes current saving and investm
ent to 1811. A

s 
predicted, the decline in saving is m

ore severe w
ithout adjustm

ent costs, 
as is the jum

p in saving occurring in year 7, once expensing is provided. 
ln year 6, w

ith and w
ithout adjustm

ent costs, the interest rate actually 
becom

es negative. T
his is due to the capital losses that w

ill occur w
ith the 

T
h

is tem
p

o
rary increase in

 lab
o

r suppty com
es ab

o
u

i because leisu
re and co

n
su

m
p

lio
n

 
are co

m
p

lem
en

tary goods. A
s households save m

o
re to

 rakc ad
van

tag
e o

l' h
ig

h
 in

lcrcsl 
rates, lh

ey are also led lo
 w

o
rk m

o
re. 

T
ablc 9.2. A

nnouncc~m
enr eJ"ecrs: sw

itch in yeur 6 jro
m

 15 percenr 
proporlionul inc.ortrt~ lux lo

 .specified lux regitne 

N
o
 c;1p

i1;11 111conrc tax 
1.1111 cxp

cn
\in

g
 

ll~
itia

l 
\tcad

y \talc 
h

 =
 0

 
h

 =
 10 

h
 =

 0 
h

 =
 10 

introduction of expensing at the period's end. T
he change in interest rates 

is m
uch less severe w

ith adjustm
ent costs, since the contem

poraneous rise 
in investm

ent reduces the m
agnitude of these capital losses. 

Figure 9.3 show
s the paths for q in the presence of 

adjustm
ent costs 

for each of the four tax experim
ents considered. 

E. 
T

he im
pact of disguised w

ealth taxation 

1. 
A

re w
ealth ruxurion an

d
 increased inveslm

enr conrparible? 

W
e conclude this chapter w

ith tw
o exam

ples that illustrate how
 easy it 

is to be confused about the real effects of investm
ent incentive policies, 
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Figure 9.3. 
T

he im
pact on Q

 of im
m

edia~e and 5-ycar prcannounccd 
savings and inves~m

ent incentives w
ith adjusrm

cnl cosls. 

p
a

rticu
la

rly the disguised w
e

a
lth

 taxes they represent. S
uppose the in

i- 
tia

l tax system
 h

a
d

 accelerated depreciation to
 the p

o
in

t w
here, as in

 the 
above sim

u
la

tio
n

s w
ith

 fu
ll expensing, the ell'ective 

tax ra
te

 o
n

 new
 in

- 
vestm

ent w
as zero. S

uppose, also, th
a

t th
e

 governm
ent, perhaps decrying 

the re
d

u
ctio

n
 in

 co
rp

o
ra

te
 tax collections, proposed to

 increase the rate 
o

f ca
p

ita
l in

co
m

e
 taxation. W

h
a

t w
o

u
ld

 the effects be? T
h

e
 in

tu
itio

n
 that 

asset ow
ners w

o
u

ld
 n

o
t like

 such a p
ro

p
o

sa
l is q

u
ite

 sound. B
u

t w
o

u
ld

 it 
also h

u
rt business investm

ent and, m
o

re
 generally, econom

ic elriciency? 
O

n the contrary, such a p
o

licy is equivalent to
 a ca

p
ita

l levy, a one- 
tim

e
 tax o

n
 existing w

ealth, w
h

ich
 a

llo
w

s a re
d

u
ctio

n
 in

 fu
tu

re
 d

isto
r- 

tio
n

a
ry taxes o

n
 la

b
o

r incom
e. In

 term
s o

f. th
e

 tw
o

-p
e

rio
d

 m
o

d
e

l dis- 
cussed above, the constraints fa

cin
g

 yo
u

n
g

 a
n

d
 o

ld
 w

ith
 fu

ll expensing 
(z =

 1) a
n

d
 w

ith
 different sta

tu
to

ry rates o
f tax o

n
 ca

p
ita

l a
n

d
 la

b
o

r in
- 

com
e, 

7
, a

n
d

 7
,. 

respectively, are 

A
n

 increase in
 7

, has n
o

 efl'ect o
n

 the elfcctivc tax ra
tc o

n
 ca

p
ita

l incom
e, 

w
h

ich
 is still zero; 

it sim
p

ly reduces q, 
a

n
d

 w
ith

 y th
e

 value o
f existing 

9
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asscts. T
h

is re
d

u
ctio

n
 reflects the ca

p
ita

liza
tio

n
 o

f a
n

 increase in
 the tax- 

a
lio

n
 o

f the quasi rcn
ts fro

m
 existing ca

p
ita

l th
a

l w
ill b

e
 collected in

 the 
future. These tax revenues w

ill enable th
e

 governrncnt to
 lo

w
e

r la
b

o
r in

- 
com

e taxes. T
h

e
 result w

ill be a lo
n

g
-ru

n
 increase in

 w
elfare Ib

r tw
o

 rea- 
sons: th

e
 intergenerational transfer fro

m
 o

ld
 to

 yo
u

n
g

 a
n

d
 the reduced 

d
isto

rtio
n

 o
f fu

tu
re

 la
b

o
r supply decisions. 

F
o

r exam
ple, under a sim

ulated increase (w
ith

o
u

t adjustm
ent costs) in

 
the ca

p
ita

l in
co

m
e

 tax fro
m

 I5
 perccnt to

 50 percent in
 the presence o

f 
com

plete expensing, w
ith

 the w
age tax adjusted to

 keep revenues con- 
stant in

 each year. the w
age tax w

ill eventually d
ro

p
 fro

m
 its in

itia
l value 

o
f 15 percent to

 below
 4 percent. the w

ealth-equivalent m
easure o

f steady 
state u

tility w
ill increase b

y
 7.5 percent, a

n
d

 the lo
n

g
-ru

n
 saving ra

te
 w

ill 
increase fro

m
 4.4 

percent to
 5.9 

perccnt. 
H

ow
ever, a

ll those over a
d

u
lt 

age I5
 (35) a

t the tim
e

 o
f the ca

p
ita

l levy are m
a

d
e

 w
orse off. T

hus, a p
o

l- 
icy th

a
t m

a
y appear to

 be g
o

o
d

 fo
r e

q
u

ity a
n

d
 b

a
d

 Ib
r savings a

n
d

 elfi- 
ciency is, actually, q

u
ite

 the opposite. 

2. 
S

elj-finunqing busines.~ lax curs 

A
 p

o
p

u
la

r n
o

tio
n

 ol' U
.S

. "supply siders" o
f the early 1980s w

as that tax 
cuts co

u
ld

 be self-linancing; 
everyone co

u
ld

 be better o
lf. 

It has been 
kn

o
w

n
 b

y
 econom

ists fo
r w

e
ll over a ce

n
tu

ry th
a

t i~
 is possible to

 raise 
tax rates so h

ig
h

 th
a

t revcnue decreases. A
t such h

ig
h

 ratcs the m
a

rg
in

a
l 

cost o
f a d

o
lla

r o
f revenue fro

m
 raising taxes is infinite, since such a

n
 in

- 
crease in

 revcnue is n
o

t possible. 
C

onversely, 
lo

w
e

rin
g

 tax rates raises 
revenue. A

t the sam
e tim

e, taxpayers' real in
co

m
e

 increases, so everyone 
w

ins. 
A

lth
o

u
g

h
 there is n

o
 serious evidence to

 suggest that such a situ
a

tio
n

 
prevails in

 the U
n

ite
d

 S
tates, given the current level o

f tax rates. 
it is n

o
t 

h
a

rd
 to

 lin
d

 investm
ent incentive policies that seem

 to
 generate the "sup- 

p
ly side. free lunch" result. C

onsider, in
 o

u
r m

o
d

e
l w

ith
o

u
t adjustm

ent 
costs. a

n
 e

co
n

o
m

y w
ith

 a
n

 in
itia

l in
co

m
e

 tax ra
te

 o
f 3

0
 percent a

n
d

 n
o

 
expensing. S

uppose the governm
ent in

tro
d

u
ce

d
 a p

o
licy o

f 5
0

 percent ex- 
pensing (z =

 0.5) a
n

d
 fo

r 20 years kept the tax ra
tc at 3

0
 perccnt a

n
d

 fi- 
nanced a

n
y shortage o

f revenue b
y issuing debt. If, at th

c end o
f the 20- 

year period, the governm
ent resolved thereafter to

 m
a

in
ta

in
 consranl the 

level o
f dcbt per capita b

y
 a

d
ju

stin
g

 in
co

m
e

 tax rates, h
o

w
 m

u
ch

 w
o

u
ld

 
thcsc ratcs have to

 risc to
 a

llo
w

 a servicing o
f the debt? T

h
e

 answ
er is th

a
l 

they w
o

u
ld

 1\01 have to
 risc at all, a

n
d

 indeed they w
o

u
ld

 h
a

ve
 to

 fa
ll to

 
prevent thc a

ccu
m

u
la

~
io

n
 of a govcrnnlent surplus! T

h
e

 long-run. sus- 
tainable tax ratc w

o
u

ld
 be 29.3 percent, b

e
g

in
n

in
g

 in
 year 21. w

h
ich

 is be- 
lo

w
 the in

itia
l 3

0
 percent in

co
n

le
 la

x rare. 
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L
est it be thought that a free lunch has really been identilied, onc should 

rem
em

ber than an investm
ent incentive is equivalent in its cllict to a cut in 

the incom
e tax rate com

bined w
ith a consum

ption tax increase that keeps 
the labor supply distortion unaffected. W

hat w
e have found is that the con- 

sum
ption tax increase is slightly m

ore than enough to linance the incom
e 

tax decrease. T
his indicates that the distortion to saving can be reduced 

w
ithout increasing the distortion to labor, w

hile at the sam
e tim

e running 
no long-run deficit. B

ut there is a tax increase included in the package, 
on consum

ption. Initial elderly and late m
iddle-aged shareholders w

ill 
hardly find the tax policy beneficial or even innocuous since they w

ill suffer 
a capital loss on their shares of stock. O

nce again, it is im
portant to see 

the equivalences of different tax structures. T
he study of investm

ent in- 
centives obviously requires an understanding of sim

ple principles of tax 
incidence. 

S
ocial security 

A
fter defense, social security is the largest program

 in the U
.S. 

federal 
budget. For m

ore than half of U
.S. w

orking-age households, social secu- 
rity taxes exceed personal incom

e taxes. F
urther, for m

ost elderly U
.S

. 
households, the future paym

ents they w
ill receive from

 social security 
constitute their m

ost valuable asset, w
ith the possible exception of their 

house. A
lthough this m

ajor U
.S

. 
fiscal institution has been highly suc- 

cessful in providing incom
e security to the elderly, it has been criticized 

for reducing U
.S. 

savings (Feldstein, 1974b). exacerbating the trend to- 
w

ard early retirem
ent (B

oskin and H
urd, 1978). and possibly distorting 

labor supply decisions (A
uerbach and K

otlikoff, 1985b). 
&

L
. 

A
s is w

ell know
n, the social security system

 is not funded; its financial 
assets at any point in tim

e am
ount to only a trivial fraction of the fu- 

ture paym
ent obligations of the system

. T
he true source of funds to m

eet 
these future obligations is the social security tax contributions of future 
w

orkers. T
he unfunded, "pay-as-you-go" m

ethod of financing social se- 
curity is an im

plicit form
 of deficit finance that has transferred im

m
ense 

sum
s from

 current younger and future generations to current older gener- 
ations as w

ell as recently deceased generations. A
s described in C

hapter 6, 
._

_
 

such intergenerational redistribution reduces savings in life cycle m
odels 

because of generational differences in m
arginal consum

ption propensities. 
T

he social security system
's earnings test raises concerns about w

hether 
social security induces early retirem

ent. A
lthough social security partic- 

ipants are generally eligible to start receiving benefits at age 62, these 
benefits are "earnings tested" in the sense that benefits beyond a speci- 
fied "exem

pt am
ount" are reduced SO cents on the dollar for every dollar 

earned until benefits are totally exhausted. 
T

he com
bined em

ployer-em
ployee 

payroll tax used to
 finance U

.S. 
social security retirem

ent and disability benefits is greater than 10 percent. 
G

iven the rather com
plex linkage betw

een social security tax paym
ents 

and eventual benefits, it m
ay w

ell be that m
ost U

.S
. w

orkers believe that 
m

arginal social security tax paym
ents provide no m

arginal benefits; that 
is, paying additional social security taxes, like paying additional incom

e 
taxes, provides no additional individual-specific benefit. In this case, the 
greater than 10 percent payroll tax m

ay be greatly increasing the distortion 
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o
f labor supply associated w

ith the tax system
 since such distortions rise 

w
ith the square of com

bined effective tax rates. 
T

his chapter considers the im
pact o

f social security on savings and its 
potential distortionary im

pact on labor supply. T
he im

pact of social se- 
curity on retirem

ent is not considered here because of the diH
iculty of 

including nonlinear budget constraints in w
hat is already a fairly com

- 
plex sim

ulation m
odel. 

T
he principal findings of this chapter are as follow

s: 

In its ability to crow
d out savings, an unfunded social security 

system
 is equivalent to cutting taxes significantly for an cx- 

tended period of tim
e and, thereby, running substantial of%

- 
cia1 budget deficits. 

A
n unfunded social security system

 w
ith a 60 percent benefit to 

earnings replacem
ent rate reduces the sim

ulated long-run level 
of capital in the base case econom

y by 24 percent. 
For the base case econom

y. the w
elfare loss to generations living 

in the long-run steady state w
ith a 60 percent social security 

replacem
ent rate is 6.02 percent of full-tim

e resources. 
T

he failure to link m
arginal social security taxes to m

arginal so- 
cial security benefits significantly increases labor supply dis- 
tortions. 

G
reater than proportional linkage of m

arginal social security taxes 
to m

arginal benefits could substantially reduce labor supply 
distortions and generate quite large efficiency gains. 

A
. 

S
ocial security and savings 

1. 
C

onceplual issues 

T
he im

pact of introducing an unfunded social security system
 in a life 

cycle m
odel can be easily understood by adding social security to the sim

- 
ple tw

o-period m
odel of C

hapter 2. L
et B

, stand for the social security 
benefit paid to a m

em
ber of generation I - 1 w

ho is old at tim
e I. A

t tim
e 

I the budget constraint for each elderly individual is 

w
here A

, are private assets per old person at tim
e I. For young individuals 

born at the beginning of period I, the lifetim
e budget constraint is 
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w
here 0

, is the social security tax rate at tim
e I. A

ssum
ing a constant n 

percent population grow
th rate, the form

ula for the econom
y's capital 

stock per young w
orker is now

 

K
,+

,=
A

,+
,/(l+

n
)=

[W
,(I-9

,)-C
y

,,l/(l+
n

) 
(10.3) 

Since the social security system
 is financed on a pay-as-you-go basis, so- 

cial security tax revenues per young w
orker m

ust equal benefit paym
ents 

per young w
orker: 

B
, =

 8
, W

,(l+
 n). 

(10.4) 

C
om

bining equations (10.2) and (10.4) and considering steady state values 
(indicated by 

'
 ) gives 

C
,,+

C
;/(l+

i)=
 w

[l-(i-n
)8

/(1
+

i)l. 
(10.5) 

From
 (10.5) and ignoring for the m

om
ent potential general equilibrium

 
effects on the values of w

an
d

 i, one can see that introducing unfunded 
social security low

ers the steady state level of lifetim
e resources if the 

interest rate exceeds the grow
th rate. T

his is intuitive; in the steady state 
each w

orker hands over 8
W

 to social security w
hen young and receives 

back e
~

(
l

+
 

n
) w

hen old. T
he benefit received w

hen one is old exceeds 
the tax paym

ent m
ade w

hen one is young by the grow
th rate because there 

are I +
n

 younger w
orkers contributing at any point in tim

e for every 
older beneficiary. H

ow
ever, if the interest rate exceeds the grow

th rate, 
the present value to a young w

orker of the old age benefit is less than the 
tax paym

ent m
ade w

hen one is young. 
W

hen r exceeds n, as in our sim
ulation m

odel, initial young and future 
generations are w

orse off not only because the return they receive on their 
social security tax contributions is less than they could have received had 
they invested these funds in the private econom

y, but also because the 
policy of running unfunded social security crow

ds out capital form
ation, 

low
ering through tim

e the pre-tax w
age. A

s in the case of tax cuts, the 
crow

ding out process under unfunded social security involves an initial 
increase in national consum

ption. 
T

he consum
ption of the initial elderly generation increases because this 

generation receives benefits w
ithout having to pay taxes. E

quation (10.1) 
m

akes this clear; if, starting at tim
e I, B

, is raised from
 zero to a positive 

value B, the consum
ption of the elderly at tim

e I, C
o

at, rises by B since 
the m

arginal consum
ption propensity of the elderly is unity. If w

e ignore 
for the m

om
cnt changes through tim

e in benefit levels, tax rates, and 
factor rew

ards, the prescnt value loss to the initial young from
 this policy 

is B
(r- n)/(I +

r). T
he young, w

hose m
arginal propensity to consum

e is 
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less than unity, w
ill reduce their consum

ption by a fraction of this prcs- 
ent valuc loss. H

ence, in the initial period in w
hich social security is intro- 

duced each elderly individual increases his consum
ption, ~ncasured per 

young person, by B
/(l+

n
), w

hile each young person reduces his con- 
sum

ption by a fraction of ~
(

r
-

 
n)/(l+

 r). T
otal private consum

ption in 
the initial period therefore increases, and saving is crow

ded out. 
A

lthough each future generation sufkrs a loss in 
present valuc of 

B
(r-n

)/(l+
r), 

at any point in tim
e there w

ill alw
ays be future genera- 

tions that have yet to arrive on the scene and experience this resource 
loss. T

hus, at any point in tim
e the initial period increase in private con- 

sum
ption w

ill not yet have been fully offset by reduced consum
ption o

f 
future generations. T

his explains w
hy the econom

y ends up in a new
 steady 

state w
ith a perm

anently low
er stock of savings. 

A
dding general equilibrium

 effects to this partial equilibrium
 story only 

reinforces the intergenerational transfer aw
ay from

 future generations. 
A

s the capital stock is crow
ded out, the w

age falls and the interest rate 
rises. T

hose generations that are elderly w
hen interest rates rise benefit 

from
 the greater return on their savings, w

hile the corresponding young 
and future generations are w

orse off because the concom
itant fall in their 

w
ages is m

ore detrim
ental to their econom

ic w
elfare than the reduced 

price of old age consum
ption reflected in the higher interest rate. In the 

case of a tw
o-period m

odel in w
hich the social security tax rate is levied 

at tim
e r at rate 8

 and kept constant thereafter, the lirst generation of 
young w

orkers benefits from
 the general equilibrium

 changes in factor 
I 

returns; since the crow
ding out takes one period to get under w

ay, the in- 
terest rate is high w

hen they are old, but the w
age this lirst set of young 

w
orkers receive w

hen young is unaffected by the introduction of social 
security. In contrast, generations.born after the first generation, w

hile 
benefiting from

 higher interest rates, receive low
er w

ages during their ini- 
tial w

orking period. 
T

he transitional and long-run crow
ding out o

f capital I'rom
 running 

unfunded social security is determ
ined by equation (10.3). If the econ- 

om
y is C

obb-D
ouglas as in the exam

ple of C
hapter 2 w

ith the share o
f 

C, in the utility function equal to
 0 and the share of capital in the pro- 

duction function equal to a
, the form

ula for the long-run stock of capital 
per young w

orker, K
, under social security is im

plicitly defined by 

1
-0

-9
 

1- 
B(aR"-'-n)]]/(l 

+ n). 
(10.6) 

[ 
l+

a
R

a
-' 

It is easy to show
 that the larger is 6

 the sm
aller is the steady state capi- 

tal stock. 

10 S
o

cial security 

l'hc prccisc tim
c path o

l'cro
w

d
i~

~
g

 
out as w

ell as the precise course of 
inlergcncralional rcdi\tributio~i depends on the course of social security 
bcnelit Icvcls, w

hich detcrnlinc, according to
 (10.4), the course of social 

security tax rates. If, Ibr exam
ple, thc govcrnm

ent pursues a policy of 
gradually raising benefit levels over a period of tim

e until they reach a 
levcl that is subsequently m

aintained. then social security m
ay be bene- 

ficial to m
ore than the initial generation of elderly. In the U

.S. 
system

, 
the level of real social security benefits grew

 at a faster rate than t.he econ- 
om

y over the period 1940-80, and, like the initial older generations, m
ost 

of the generations that w
ere m

iddle-aged at the tim
e social security w

as 
enacted also received m

ore in present value in social security benefits than 
they paid in social security taxes. 

In the U
nited States the discussion concerning the proper level of social 

security benefits has focused on replacing, during retirem
ent years, a spec- 

ified level of earnings. In term
s of this sim

ple m
odel, if the governm

ent 
specifies a benefit-to-earnings replacem

ent rate of R
, then the level of 

benclits at tim
e 1 is given by 

T
his rule for setting benelit levcls through tim

e also determ
ines the tim

e 
path of tax rates by equation (10.4). 

2. 
T

he relalionship of unJunded sociul securiry to traditional 
deficir jinunce 

In the context o
f this sim

ple m
odel, unfunded social security could easily 

be run as an explicit governm
ent debt policy. Suppose that at the initia- 

tion of social security the governm
ent labels its initial benefit paym

ents 
"transfer paym

ents," but labels its initial and subsequent social security re- 
ceipts I'rom

 young w
orkers "borrow

ing" rather than "taxes." In addition, 
the governm

ent labels benefit paym
ents, w

ith the exception o
f those m

ade 
in the initial period, "principal plus interest paym

ents" on the governm
ent's 

borrow
ing. Let the governm

ent also levy a special tax (possibly transfer) 
on each elderly generation to reflect the fact that social security benefits 
do not correspond precisely to tax paym

ents w
hen young plus interest. 

W
ith the new

 language, the sam
e m

odel, after the initial period, can be 
described in the follow

ing five equations: 
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w
here T, 

is the special o
ld

 age tax, and D
,,, 

is the stock o
f o

llicia
l govern- 

m
ent debt ow

ed to
 the p

u
b
lic by the social security system

. A
, is still private 

assets, 
but A

, 
now

 equals 
W

,-i- 
C

Y
.,-, 

rather than W
,-,(I -

 e
l-,) - 

C
yS

,-,. A
 com

parison o
f the above five equations w

ith
 equations (10.1)- 

(10.4) show
s that the econom

y's real behavior is n
o
t altered by the rela- 

beling. H
ow

ever, the relabeling m
akes e

xp
licit the debt p

o
licy associated 

w
ith

 ru
n
n
in

g
 unfunded social security; that is, it increases the level o

f 
o
fficia

lly reported debt in
 p

e
rio

d
 t fro

m
 zero to

 D
,,,. 

F
o
r the U

n
ite

d
 S

tates, such a
 change in

 the la
b
e
lin

g
 o

f social security 
taxes and benefits w

o
u
ld

 have enorm
ous im

p
lica

tio
n
s fo

r the level o
fg

o
v- 

ernm
ent debt reported to

 the public. In
 this case, 

the am
ount o

f addi- 
tio

n
a
l governm

ent debt that w
o
u
ld

 show
 u

p
 o

n
 the U

.S
. books equals the 

sum
 over a

ll cohorts o
f the accum

ulated (at h
isto

ric interest rates) am
ount 

o
f social security taxes p

a
id

 less benefits received. F
orm

ulas presented by 
K

o
tliko

fi (1979) suggest that fo
r I986 this num

ber co
u
ld

 be as large as $8 
trillio

n
 (30 x social security tax revenues), w

hich is m
ore than 4.5 

tim
es 

larger than the 1986 o
ficia

l stock o
f U

.S
. debt. C

alculations o
f this kin

d
 

should m
ake one w

ary o
f re

lyin
g
 o

n
 o

ficia
l governm

ent debt num
bers as 

in
d
ica

to
rs o

f the governm
ent's true p

o
licy w

ith
 respect to

 intergenera- 
tio

n
a
l re

d
istrib

u
tio

n
. 

%
 

B. 
In

clu
d
in

g
 social security in

 the sim
u
la

tio
n
 m

odel 

In
 the sim

u
la

tio
n
 m

odel, social security benefits are received sta
rtin

g
 at 

age 46 (age 66 in
 real tim

e) and continue u
n

til death at age 55 (age 75 in
 

real tim
e). A

s in
 the U

.S
. system

, 
benefits are related to

 an average o
f 

past earnings. T
he U

.S
. average is called the average index o

f m
o
n
th

ly 
earnings. W

e 
use the sym

bol A
IM

E
 to

 stand fo
r the average o

f earn- 
ings over the first 45 years o

f the life
 span. S

ocial security benefits are re- 
lated to

 A
IM

E
 by the replacem

ent rate R
. D

enoting by A
IM

E
, the level 

o
f A

IM
E

 o
f the generation reaching age 46 in

 year t, the fo
rm

u
la

 for 
A

IM
E

, is 

W
,, , and I,, , stand fo

r the w
age and leisure, respectively, o

f an in
d
ivid

u
a
l 

age j 
in

 year t. T
he benefit received each year u

n
til age 55 by the genera- 

tio
n
 reaching age 46 in

 year t, B
,, 

is related to
 A

IM
E

, by 

10 S
o

cial secu
rity 

B
, =

 H A
IM

E
,. 

S
ince social security is self-financing, annual social security taxes m

ust 
equal annual benelit paym

ents: 

In
 the sim

u
la

tio
n
 m

odel a
 value fo

r R
 is specified, and the benefits o

f 
each generation above the social security retirem

ent age (the age at w
hich 

benefits are provided) are determ
ined fo

r each year according to
 equa- 

tions (10.10) and (lo
. I l). E

q
u
a
tio

n
 (10.12) then determ

ines the tim
e path 

o
f social security tax rates. In

 each ite
ra

tio
n

 o
f the convergence a

lg
o
rith

m
 

updated values o
f A

IM
E

,, 
B,, 

and 8
, are calculated. 

W
orkers are assum

ed to
 treat social security co

n
trib

u
tio

n
s as m

arginal 
taxes that p

ro
vid

e
 n

o
 a

d
d
itio

n
a
l benefits in

 re
tu

rn
 fo

r a
d

d
itio

n
a

l taxes 
paid. T

his assum
ption, w

hich is explored in
 the next section, seem

s rea- 
sonable w

hen the U
.S

. social security system
 is m

odeled; few
 U

.S
. w

orkers 
appear to

 be aw
are o

f the com
plex re

la
tio

n
sh

ip
 betw

een taxes p
a
id

 in
 

and benefits u
ltim

a
te

ly received. U
nderstanding this relationship requires 

know
ledge o

f the determ
ination o

f A
IM

E
, the nonlinear fo

rm
u
la

 re
la

t- 
in

g
 social security's p

rim
a
ry insurance am

ount (P
IA

) to
 A

IM
E

, and the 
p
rim

a
ry and various dependent benefits that one can receive o

n
 the basis 

o
f the determ

ination o
f the P

IA
. In

 a
d
d
itio

n
, fo

r m
any U

.S
. spouses w

ho 
are secondary earners, m

odeling social security O
A

S
l (O

ld
 A

G
E

 S
ur- 

vivor Insurance) taxes as m
arginal taxes yie

ld
in

g
 n

o
 m

arginal benefits is 
factually correct, since such secondary earners w

ill collect retirem
ent and 

possibly survivor benefits solely o
n
 the basis o

f their spouses' co
n

trib
u

- 
tions to

 social security. 

C. 
S

im
u
la

tin
g
 the tra

n
sitio

n
 to

 unfunded social security 

1. 
Itnpact on factor supplies and factor prices 

T
able 10.1 presents sim

ulations o
f three tra

n
sitio

n
s to

 an unfunded social 
security system

 w
ith

 a
 60 percent benefit-to-earnings replacem

ent rate.' 
T

he transitions differ w
ith

 respect to
 w

hich tax base is used to
 finance gov- 

ernm
ent consum

ption. In
 the three cases o

f incom
e, w

age, and consum
p- 

tio
n

 ta
xa

tio
n
 the sam

e level o
f governm

ent consum
ption is financed. In

 
each o

f the three sim
ulations, the ca

p
ita

l stock fa
lls by 23 units, w

hich is 

I T
h

e sim
ulations rcported in this section assum

e a slightly larger value for A
 in

 the p
ro

- 
duclion function givcn in

 (3.13). This has a negligible im
pact o

n
 the results. 
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L
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W
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Y
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W
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onsum
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ption 
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W

age 
C
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ption 
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18.5 
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0.99 
1 .O

l 
1.05 

4 
89 

95 
Ill 

18.8 
18.4 

18.7 
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1. 
M

odeling social security benefit-rux linkage 

R
ecall that social security affects household behavior through its appcar- 

ance in the lifetim
e budget constraint; w

ith the addition of social sccu- 
rity under incom

e taxation, the budget constraint (3.4) becom
es 

w
here w

, is the w
age per standard labor unit at tim

e I. PV
B

 equals the 
present value of lil'etim

e social security benefits, the social security re- 
tirem

ent age is taken to be 45, and 8
, equals payroll taxes paid at age I. 

In an unfunded system
, as in a funded system

, the governm
ent is free to 

specify a form
ula that relates social security benefits to lifetim

e labor earn- 
ings. T

he fact that, as a long-run proposition, the return paid by social 
security on tax contributions equals the econom

y's grow
th rate places 

som
e restrictions on the generosity of the benefit form

ula, at least in the 
long run. It does not. how

ever, restrict the design of the benefit form
ula 

at the m
argin. C

onsider, for exam
ple, the follow

ing sim
ple linear form

ula 
relating the present value of benefits (P

V
B

,) received by generation i to 
the present value of its social security taxes (P

V
T

,). 

PV
B

, =
 a

i + A; PV
T

,, 
w

here 

C
onsideration of (10.14) and (10.15) indicates that this benefit form

ula 
offsets, at the m

argin, the age j social security tax by the factor hie,. 
H

ence, the effective social security m
arginal tax on age j labor supply is 

reduced from
 8
,
 to (I - Ai)8,, 

and the payroll tax otfset factor at age j 
sim

ply equals A, 9
,. 

T
he benefit form

ula given in (10.14) is convenient for sim
ulating the 

efficiency gains from
 benefit-tax linkage. W

ith this form
ula the total ef- 

fective m
arginal labor incom

e tax rate on a w
orker age s in year r is 

rs,,+
 @

,(I -
 A

,), w
here r,,, 

is the ages, year I, m
arginal incom

e tax rate, 
and 8

, is the year r social security tax rate. N
ote that A, =

 0 is the case of 
no linkage, and Xi= 1 is the case in w

hich the payroll tax on'set exactly 
equals the payroll tax. W

e exam
ine each of these cases below

. A
nother 

case exam
ined here is a, =

 0 and A, =
 P

V
B

,/P
V

T
,. N

ote that in the steady 
state PV

B
 <

 PV
T

; hence, or is negative if A exceeds PV
B

/I'V
T

, 
and it is 

positive if A is less than P
V

B
/P

V
T

. 

2. 
Incorporuring benejir-lux linkuge in rhe sim

ulurion m
odel 

In the sim
ulations considcrcd below

, w
e exam

ine (I) the case of setting 

? 
a

, =
 0 for all 

1, 
and A, =

 P
V

B
,/P

V
T

,, and (2) the case ol' setting a
, =

 
I'V

B
,- 

A
I'V

T,, 
w

hcrc A is set equal to I for all generations. W
hen the 

baseline benelit linkage is announced, there are, of course. initial social 
security beneficiaries in the m

odel. T
hese initial steady state social secu- 

rity recipients, w
ho exceed age 45 (65 in real tim

e) at the tim
e 01' the ncw

 
policy. are grandfathered under the old social security program

; that is, 
1 

they are perm
itted to continue receiving the sam

e benefits they w
ere col- 

, 
lecting prior to the change in the benelit form

ula. 
For each w

orker the present value of his or her benefits is related to the 
present value of taxes by the form

ula: 

w
here PV

B
,, a,, and A, are the present value of benefits, of a

, and o
f A, 

respectively, for the generation born in year r; ?,., 
is the average tax rate 

paid by the generation age s in year I. Substituting Ibr B
,+

, 
from

 (10.16) 
into (10.12) gives a sequence of equations of the form

: 

Suppose that the tim
e path of the social security tax rates, the values of 

0
,. is given. A

lso assum
e that either the sequences of or, or A, are set 

exogenously according to the policy experim
ents (I) and (2) described 

above. If the tim
e paths of w

,, r,, r,,,, and I,,, (w
hich depends on A,-,) 

arc also given, the sequence of equations (10.17) for each r can be used 
to solve for the endogenous sequence of either or, or A,. 

In the sim
ulation 

m
odel, this sequence 01' 

equations plus other equations determ
ining w

,, 
r,, T,,,, 

and I,,, are solved sim
ultaneously. A

ctually, the values of the 
tim

e path of tlie social security tax rates, the 8
,
,
 

are also endogenously 
determ

ined. T
he tim

e path ot' tax rates is set equal to the tim
e path that 
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T
able 10.3. E

ficiency gains front linking sociul 
securiry benefits lo

 payroll (axes (p
ercen

~) 

Tax regim
e 

X =
 P

V
B

/P
V

T
 

A =
 l 

P
roportional incom

e tax 
1.3 

7.6 
P

rogressive incom
e tax 

2.0 
15.1 

w
ould be required to finance annual benefits for each successive gencra- 

tion equal to 60 percent of its A
IM

E
. T

his choice for setting the tim
e path 

of social security tax rates ensures that the general scale of the system
 is 

not affected by the particular form
ula chosen that links individual bene- 

fits to individual taxes. 

3. 
B

enefit-fax linkage - sim
ulation resultsl 

T
able 10.3 reports the efficiency gains from

 sw
itching from

 an unlinked 
(X

= 0
) social security benefit form

ula to tw
o alternative benetit-tax linked 

form
ulae. T

he tw
o form

ulas have alternative values of X equal either to 
I or to the realized ratio of the present value of social security benefits to 
the present value of social security taxes. T

w
o alternative m

ethods of 
financing governm

ent consum
ption are considered. T

he first is a 30 per- 
. 

cent proportional incom
e tax; the second is a progressive incom

e tax in 
w

hich the m
arginal tax rate, 

T,, 
is a linear function of incom

e: 

H
ere the L

SR
A

 efficiency gain is m
easured w

ith reference to the initial 
(X

 =
 0

) steady state. In the case that X =
 P

V
B

/P
V

T
 and governm

ent con- 
sum

ption is financed by a proportional incom
e tax, the efficiency gain 

is 1.3 percent of full lifetim
e resources, or m

ore than 2.4 percent of the 
present value of actual lifetim

e earnings (or lifetim
e consum

ption since 
the tw

o are equal). Since a new
 generation is born each year, the efficiency 

gain is equivalent, in present value, to an annual stream
 of additional in- 

com
e to the econom

y equal to 1.3 percent of full lifetim
e earnings. W

hen 
this annual stream

 is m
easured as a percentage of G

N
P

, the elticiency 
gain is equivalent to perm

anently increasing G
N

P
 by 0.78 percent. T

o 
put the 1.3 percent figure in further perspective, one can com

pare it to thc 
com

parable efficiency gain associated w
ith a sw

itch from
 a proportional 

I The sim
ulations reported in

 this section assum
e a slightly larger valuc for A

 in thc pro- 
duction function given in

 (3.13). This ~
h

o
u

ld
 have a ncglig~ble im

pact on ~
h

c
 

rcsu
l~

r. 

incom
e tax to a proportional consum

ptio~i tax starting in the sam
e initial 

30 percent incom
e tax and unlinked social security steady state. T

he gain 
from

 such a policy is 5.3 percent of full lifetim
e resources. H

ence. the 
gain from

 a proportional bcnelit-tax linkage (A= P
V

B
/P

V
T

) is about 
one-fourth of that available from

 sw
itching to a consum

ption tax. 
T

he final steady state value of X in this sim
ulation equals 0.13. and the 

linal steady state payroll tax rate is 9.8 percent. Since the final steady state 
incom

e tax rate is 0.29, proportional benefit-tax linkage low
ers the effec- 

tive tax rate from
 an initial steady state value of 39.8 percent to a final 

stcady state value of 37.4 percent. Setting X
= I produces a m

uch larger 
clticiency gain. 7.6 percent. T

he effective tax rate, in this case, is reduced 
from

 39.8 percent to 26.9 percent. 
A

s one w
ould expect, the eficiency gains from

 benefit-tax linkage are 
larger still if a progressive rather than a proportional incom

e tax is used 
to linance the sam

e level of governm
ent consum

ption as it w
ould under 

the proportional incom
e lax. In the initial steady state the m

arginal tax 
rates associated w

ith the equal revenue progressive tax rate schedule con- 
sidered here are 40 percent at age I (age 21). 50 percent at age 25 (age 45). 
31 percent at age 50 (age 70). and 25 percent at age 55 (age 75). T

he eth- 
ciency gains reported in T

able 10.3 from
 benefit-tax linkage in the pres- 

ence of this progressive incom
e tax are 2 percent for A

= P
V

B
/P

V
T

 and 
15.1 percent for A

= 1. M
easured as a percentage of annual G

N
P

, these 
ligures are 1.2 percent and 9.1 percent. 

T
able 10.4 contains inform

ation about the stock of capital and the 
supply of labor for the four' econom

ies referred to in T
able 10.3. N

ote 
that w

hen A
= I, benefit-tax linkage significantly increases the supply of 

labor. particularly at the early stages of the transitions. T
his linkage, 

coupled w
ith the L

SK
A

's tax-transfer policy, leads to substantial long- 
run increases in the capital stock. In view

ing these num
bers, one should 

recall that the param
eterization of the m

odel is fairly conservative w
ith 

respect to the extent of substitution possibilities betw
een consum

ption 
and leisure, both at any point in tim

e and over tim
e. T

he significant sub- 
stitution elfects underlying the results of T

able 10.4 appear to reflect the 
substantial changes that occur in the relative price of leisure w

hen X is 
set equal to I. 

T
able 10.5 show

s how
 setting A

= I affects cohort w
elfare. N

ote that 
w

ithout the L
SR

A
, as w

ith the L
SR

A
, the econom

y's transition path in- 
volves a P

areto im
provem

ent. T
he reduced long-run w

elfare gain w
ith no 

L
SK

A
 relative to that w

ith the L
SK

A
 (1.5 percent rather than 7.6 percent) 

rcllects the im
proved w

elfare of those generations that are initially alive 
at the tinie the A

= I bcnelit-tax linkage policy is im
plem

ented. T
he cap- 

ital stock is also larger w
ith the L

SK
A

 since the LSK
A

 m
ust tax initial 



.
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T
able 10.4. L

SR
A

 steady sture and rransilionul vulucs of 
cap

ital an
d

 lab
o

r 

P
roporlional 

P
rogressive 

incom
e tax 

incom
e taw

 

C
apital 

X
= 

X =
 

stock 
P

V
B

/P
V

T
 

X= 1 
P

V
B

/P
V

T
 

A= l 

Year 
0 

56.2 
56.2 

39.4 
39.4 

5 
56.7 

58.7 
39.7 

42.5 
10 

57.2 
61.7 

40.1 
46.5 

50 
58.9 

75.0 
41.7 

67.2 
I
 50 

58.7 
74.4 

42.5 
66.9 

Labor 
supply 
Y

ear 
0
 

18.4 
18.4 

16.8 
16.8 

5 
18.6 

20.1 
17.1 

18.9 
10 

18.6 
20.0 

17.1 
18.7 

50 
18.5 

19.5 
17.0 

17.8 
150 

18.5 
19.4 

16.3 
17.9 

generations to low
er their w

elfare to the value it w
ould have attained in 

the absence of the new
 policy. T

hese taxes low
er the consum

ption of such 
early generations and thus account for the larger accum

ulated saving. 

E
. 

C
onclusions 

T
he sim

ulations of this chapter suggest that introducing unfunded social 
security can substantially crow

d out long-run capital form
ation. A

lthough 
unfunded social security doesn't increase officially reported deficits, the 
crow

ding out can be greater than that arising from
 sizable long-term

 tax 
cuts that significantly increase the size of officially reported governm

ent 
liabililies. 

T
he chapter also indicates that there m

ay be significant efficiency gains 
in tightening the connection betw

een m
arginal social security taxes paid 

and m
arginal social security benefits received. Indeed, the sim

ulated efli- 
ciency gains are very large in com

parison w
ith those obtained I'rom

 analy- 
ses of the gains from

 structural tax reform
. G

reatly restructuring social 
security to enhance m

arginal benefit-tax linkage m
ay bc inl.casible, at 

least in the short run. H
ow

ever, the results suggest that under the current 

1 
10 Social security 
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T
able 10.5. E

fficiency guirrs fro
m

 sociul 
securiry D

enejit-payroll 
tux linkuge, L

S
R

A
 

ver.su.5 n
o

 L
S

H
A

 (p
ercen

t) 

G
eneration burn 

in
 year 

N
o

 LS
R

A
 

L
S

K
A

 
1 

W
clfare gain 

C
apital stock 

Trunsirion yeur 
-
 

0 
56.2 

56.2 
10 

58.6 
61.7 

50 
60.7 

75.0 
100 

60.5 
74.5 

150 
60.4 

74.4 

U
.S. social security system

, sim
ply providing annual reports that indicate 

how
 a w

orker's projected benefits are alfected by his or her tax contribu- 
tions could increase econom

ic eH
iciency considerably - perhaps as m

uch 
as I percent o

f G
N

P
 on an annual basis. 
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E
ffect of a dem

ographic transition and 
social security's policy response 

T
he rem

arkable changes in U
.S. fertility rates over the past four decades 

are having increasingly im
portant effects on U

.S. social institutions and 
econom

ic perform
ance. R

ecent elem
entary school closings, less rapid w

age 
grow

th of the young relative to the old, and alarm
ing projections of long- 

run social security deficits are exam
ples o

f the far-ranging im
plications 

of the dem
ographic transition. 

A
nother m

ajor sw
ing in U

.S. fertility occurred earlier in this century. 
T

he interw
ar period w

itnessed a sizable change in childbearing behavior; 
but the difference betw

een the postw
ar peak total fertility rate (the ex- 

pected num
ber of births over a w

om
an's life span as she experiences cur- 

rent age-specific birth rates) of 3.7 in 1957 and the trough of 1.7 in 1976 
is alm

ost tw
ice the interw

ar peak-trough 
differential.' M

ore im
portant, 

the previous birthrate changes w
ere cyclical, and the cycles extended only 

tw
o decades. In contrast, the current decline in birth rates appears to be 

a perm
anent phenom

enon. U
nder interm

ediate assum
ptions of the Social 

Security A
dm

inistration's activities, the U
.S. fertility rate w

ill rem
ain be- 

low
 2.2 through 206C

h2 
In the U

nited States, a tw
o-decade-long baby "boom

" follow
ed by a 

perm
anent baby "bust" has produced a bulge in the age structure of the 

population that w
ill pass into older age groups over the next 50 years. T

he 
elderly (those older than 64) now

 represent about one-fifth of all adults; 
by 2040 they could represent as m

any as tw
o-fifths of all U

.S. adults.' 
G

iven social security's pay-as-you-go m
ethod of finance, the 60 to 125 

percent projected increase by 2040 in the ratio of beneficiaries to con- 
tributors portends increases in social security tax rates to levels as high as 
25 percem

4 Such a rise m
ight have im

portant econom
ic effects, but alter- 

native policy choices should be m
ade w

ith a clear understanding of the 
full econom

ic im
plications of the dem

ographic transition. 
For exam

ple, this potential increase in social security taxes need not 

' 
B

oard o
f Tru\teer. Federal O

ld
-A

g
e and S

urvivors In
w

ran
ce and U

i\ab
ili~

y Insurance 
Trust Fund\. 1982 A

nnuul ttep
o

rr. p
. 77. 

Ib
id

., p
. 35. 

Ib
id

.. p
. 79. 

' Ibid.. p
. 66; bee A

lternalives II and Ill. 
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reduce living standards of future generations. ];ew
er children per fam

ily 
im

plies a reduction in the fraction of a fam
ily's lifetim

e resources re- 
quired for child raising. R

educed expenditures on child rearing perm
its 

households both to consum
e and to save m

ore in their w
orking years, In 

addition, if an im
portant part of the econom

y's capital stock is generated 
by the accum

ulation of assets for retirem
ent, then the rise in the ratio of 

old to young that accom
panies a decline in population grow

th w
ill lead 

to an increase in the econom
y's capital-labor 

ratio and, hence, in the 
level of w

ages. Stated differently, the dem
ographic change m

eans there 
are few

er young w
orkers w

ith lim
ited asset accum

ulation relative to el- 
derly individuals w

ith sizable retirem
ent savings. 

D
espite social security's financial requirem

ents, living standards in the 
next century could also rise because of possible reductions in non-social 
security governm

ent expenditures and taxes. A
s a fraction of total aggre- 

gate output, other governm
ent expenditures could decline if m

uch of the 
expenditure is on program

s for the young - for exam
ple, education. T

he 
im

portance of these factors can be evaluated only if one m
akes explicit 

assum
ptions about the response of both private and governm

ent behav- 
ior to changes in the- econom

ic and dem
ographic environm

ent. 
T

his chapter exam
ines the econom

ic effects of a dem
ographic transi- 

tion, particularly the interaction of dem
ographics and social sec~

rity
.~

 
T

he unsettled nature of social security's long-term
 finances certainly pro- 

vides am
ple rationale for this em

phasis. M
oreover, there is a need for m

ore 
inform

ation about the general equilibrium
 effects of dem

ographic change 
per se on num

erous m
acroeconom

ic variables, including savings, interest 
rates, w

age rates, and non-social security tax rates. A
lthough the U

nited 
States is engaged in a dram

atic dem
ographic sw

ing, the potential im
pact 

of the baby boom
's baby bust on general econom

ic perform
ance has re- 

ceived little attention. T
he dearth of research in this area is probably a re- 

flection o
f the difficulty in deriving analytic expressions for the tim

e paths 
of econom

ies experiencing com
plex dem

ographic change. 
T

his chapter opens w
ith a discussion of the 1983 am

endm
ents to the 

U
.S. Social Security A

ct. T
he underlying concern here is the im

pact of 
im

pending U
.S. dem

ographic change and the course of U
.S. social secu- 

rity policy. T
he next tw

o sections describe the m
odeling of dem

ographics. 
Section D

 looks at the im
pact of dem

ographic change on savings and 
other econom

ic variables in the absence of social security, and section E 
brings social security into the picture. A

 variety of social security pol- 
icy responses to dem

ographic change are considered in section F. T
hese 

T
h

e sim
ulations in

 this chapter, as in
 section D

 ol' C
hapter 10, are based o

n
 a slightly 

difrerent value o
f the coetlicient A

 appearing in
 the production function (3.13). 
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include reductions in benefit replacem

ent rates, advances in social secu- 
rity retirem

ent age, taxation of social security bencfits, and the accum
u- 

lation of a significant social security trust fund. 
T

he key findings of this chapter are as follow
s: 

I I 
M

ajor sw
ings in fertility rates such as those currently undcr w

ay 
in the U

nited States can have considerable effect on long-run 
I 

factor returns and produce precipitous changes in short-term
 

saving rates. 
I 

A
lthough social security policy has im

portant effects on the sim
- 

' 
ulated dem

ographic transitions, these em
ects are of secondary 

im
portance to the long-run level of econom

ic w
elfare. 

E
ven if payroll tax rates rise dram

atically, long-run w
elfare is 

nonetheless substantially higher in the case of a sustained drop 
in the fertility rate; w

hile a sustained decline in fertility even- 
tually m

eans a larger ratio of elderly per capita, the concom
- 

itant decline in children per capita m
eans an eventual overall 

decline in the ratio of dependents to prim
e-age w

orkers in the 
econom

y. L
ong-run w

elfare is also greater because of the cap- 
ital deepening associated w

ith low
er population grow

th rates. 
B

aby busts require large changes in social security finances. T
hese 

m
ust take the form

 of significant payroll tax increases, sizable 
benefit cuts, substantial advances in the social security retire- 
m

ent age, or the accum
ulation of a large social security trust 

fund. 

A. 
T

he U.S. social security system
's policy responses to the 

dem
ographic transition 

T
he 1983 am

endm
ents to the Social Security A

ct contain a num
ber of 

significant changes in the system
's current and projected fiscal operations. 

T
hese include federal incom

e taxation of half of social security benefits 
of high-incom

e recipients starting in 1984, gradual increases in the norm
al 

retirem
ent age from

 65 to 67 starting in 2000, and the expansion of cov- 
erage to new

 governm
ent w

orkers and to em
ployees of nonprofit orga- 

nizations. If fully im
plem

ented, these provisions are projected (under in- 
term

ediate IIB
 assum

ptions) to close social security's O
A

SD
I (O

ld A
ge, 

Survivors' and D
isability Insurance), 75-year, open-group deficit, w

ith 
little or no need for additional payroll tax increases beyond those cur- 
rently stipulated in law

. 
A

lthough the new
 legislation has greatly alleviated if not elim

inated 
O

A
SD

l's short-term
 cash flow

 problem
s, the longer-term

 financial pic- 
ture rem

ains in doubt. T
here are four im

portant reasons for the continuing 

I I 1)em
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em
phasis on the system

's long-term
 finances. First, even if all aspects o

f 
the ncw

 law
 arc actually im

plem
enttkl, econom

ic and dem
ographic con- 

ditions closc to thc social security actuaries' pessim
istic assum

ptions m
ay 

prevail. In this case the O
A

SD
l deficit, expressed as a fraction of taxable 

payroll, equals 10.0 percent over the period 2034 to 2058. 
Second, m

ost of the long-run financial savings from
 the new

 legislation 
arise from

 m
easures that are scheduled to be im

plem
ented. T

hese m
ea- 

sures include increases in the retirem
ent age and the gradual rise, through 

inflationary bracket creep, in the fraction of social security recipients 
w

hose benefits are taxed under the federal incom
e tax. If future adm

in- 
istrations and C

ongress periodically legislate aw
ay this bracket creep or 

if they delay or elim
inate raising the retirem

ent age, the nation w
ill again 

face, under interm
ediate assum

ptions, significantly higher O
A

SD
I tax 

rates in the early part of the next century. 
T

he third concern is closely tied to the second. D
uring the period 2000 

to 2015, the ratio of the cum
ulative projected surplus of the O

A
SD

I trust 
fund to annual benefit paym

ents w
ill rise from

 2.3 to 5.4. T
o put this fig- 

ure in perspective, the current ratio of gross U
.S. debt to current social 

security benefits is roughly 4.5. Since the O
A

SD
I trust fund holds its re- 

serves in the form
 of governm

ent securities, the 1983 am
endm

ents im
- 

plicitly project social security's holding of a significant fraction, if not 
all, of official governm

ent liabilities. 
A

lthough such an O
A

SD
l investm

ent policy raises questions of its ow
n, 

there is the logically prior question of w
hether future politicians w

ill have 
the w

ill to preserve a trust fund for future generations that w
ould repre- 

sent m
ore than 5.4 years of benefits by 2015 (7.0 years under the 11-A

 as- 
sum

ptions). Such a surplus is unprecedented in the history of the pro- 
gram

; the current O
A

SD
I reserve can cover less than 3 m

onths of benefit 
paym

ents. R
ather than accum

ulate a large trust fund, future politicians 
m

ay dissipate the projected social security surplus by legislating larger 
benefit paym

ents, by indexing federil incom
e taxation of social security 

benefits, or by reversing the scheduled retirem
ent age increases. T

here is 
another, m

ore subtle w
ay in w

hich this trust fund could be dissipated: 
T

he governm
ent could run larger oficial deficits over this period if it 

found the Social Security T
rust Fund a ready purchaser of these securi- 

ties. From
 the perspective of the governm

ent's overall deficit policy, such 
a program

, in the extrem
e, sim

ply transform
s an im

plicit liability into an 
explicit liability and transfers concerns about m

ajor increases in payroll 
tax rates into concerns about m

ajor increases in incom
e tax rates. 

T
he fourth concern about social security's long-run finances has to d

o
 

w
ith the sizable long-term

 M
edicare (H

I) deficit projected by the Senate 
Finance C

om
m

ittee. U
~

lder current law
 and the actuaries' interm

ediate 
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11-B assum
ptions, the H

I deficit w
ill reach 7.9 percent o

f taxable payroll 
by 2030 and rise to 8.3 percent of taxable payroll by 2055. 

B
. 

M
o

d
elin

g
 dem

ographics 

W
e assum

e that each adult has N
 children at age 21 and seeks to m

axi- 
m

ize the utility of his (her) im
m

ediate fam
ily, w

hich consists of his (her) 
ow

n utility, given by equation (3.3), but w
ith age now

 running from
 21 to 

75 rather than from
 I to 55, plus that of his (her) children until they reach 

adulthood (age 21). T
he adult's utility of 

children is 

w
here J(a-20) 

is the utility w
eight given to children aged a-20 

and 
C

o
-2

0
 and 

represent thildren's consum
ption of goods and leisure. 

T
he param

eters 6, p
, y, and a

 correspond to those in equation (3.3) for 
any given sim

ulation. 
T

he lifetim
e constraint facing an adult w

ith children at age 21 is 

w
here rs

 is the gross interest rate, w
, is the standard w

age rate, e, 
is the 

hum
an capital profile, and 

T,, 
is the proportional incom

e tax rate w
hcn 

the adult is age s. T
he term

s T, and B
, represent social security taxes paid 

and benefits received, respectively, by an individual age u
. B

enefits arc re- 
ceived after age a

~
.

 
In the individual's 

m
axim

ization problem
, B

, are 
treated as lum

p sum
 paym

ents and receipts (see C
hapter 10). T

he hum
an 

capital profile e is norm
alized so that ezl =

 I; e, 
equals zero for a 5

 12, 
and rises linearly from

 0.3 at age 13 to I at age 21. A
fter age 21, e, 

rises 

I 
I I IB
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arid then falls olf' sorncw
hat follow

ing the pattern estim
ated by W

clch 
(1979) arid discussed it1 C

hapter 3. 
B

csidcs the ovcrall budgct constraint, w
e m

aintain the requirem
ent that 

labor supply can not be ncgativc, including the labor supply of children. 
T

hat is, if the notional dem
and Ibr leisure, I, exceeds one, the individual 

m
ust "retire" for that period, supplying zero labor. 
T

he lifc cycle nuclear fam
ily's first-order conditions w

ith respect to 
consum

ption and leisure at cach age are given in C
hapter 3 for the choice 

I 
of the adult's consum

ption and leisure. 
T

he first-order conditions for children's consum
ption im

ply 

w
here 

v, 
is defined in (3.1 1). T

he relationship betw
een children's con- 

sum
ption and leisure at a specific age is given in (3.9). T

he first-order 
conditions, household budget constraints, and labor nonnegativity con- 
straints of the extended life cycle fam

ily are solved using the techniques 
discussed in C

hapter 4. T
hese decisions are recalculated in each iteration 

of the sim
ulation m

odel until the perfect foresight equilibrium
 is obtained. 

C
. 

S
pecifying a lim

e path o
f ferlilily change 

Fertility change is introduced into the m
odcl in thc follow

ing w
ay. For 

a certain period after the beginning of the transition, w
e exogenously 

specify the num
bcr of births per adult. T

hereafter, a procedure is needed 
to m

ake the population's age structure convcrge to that of the new
 steady 

state. C
onstancy of the birth rate w

ill not suffice, since the perfect regu- 
larity in the birth cycle w

ould perpetuate cohort size ditferences through 
an infinite series of "ccho cffccts." In the real w

orld, this happens to
 a 

m
uch sm

aller extent because births are distributed over parents of differ- 
cnt ages, but such a solution w

ould be infeasible for a sim
ulation m

odel. 
Instead, w

e assum
e that, alter a specified period, typically 50 years, births 

cqual thc num
ber born the previous year tim

cs the annual population 
grow

th rate of the final steady state. T
hus, aftcr 75 additional years at 

m
ost, the agc distribution of the population stabilizes. T

his proccdure 
m

akcs the fertility rates thcm
sclves endogcnous for a pcriod, and they 

m
ay Iluccuatc som

cw
hat unrcalistically for a tim

e. H
ow

ever, expcrim
cnts 

varying thc critical datc at w
hich fertility rates bccom

e cndogcnous sug- 
gcst tliat, as long as tlie datc is w

ell after thc positcd dcrnographic transi- 
tion lias occurred, it has littlc intluelice on ~

lic
 basic rcsults. 
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D
. 

B
aseline sim

ulations: the econom
ic eflects of a 

dem
ographic transition 

1. 
Im

p
acr o

n
 m

acro
 variab

les 

T
his section contains sim

ulation results for tw
o types o

f dem
ographic 

transitions: 
a sudden and perm

anent reduction in the birth rate (bust) 
and a cycle of decline and increase in the birth rate follow

ed by a perm
a- 

nent drop ("bust-boom
-bust"). 

In the sim
ulations of the bust transition, 

the fertility rate drops so that population grow
th declines from

 an annual 
rate of 3 percent to a stationary level. In the second set of sim

ulations, 
w

hich contain the "bust-boom
-bust" 

(B
B

B
) fertility behavior, the birth 

rate drops to one child per parent over a 5-year period. For the next I0 
years the rate stays constant, after w

hich it gradually rises, reaching its 
original level 20 years into the transition. B

etw
een years 20 and 35 the 

birth rate rem
ains at this high value. It then gradually falls again to the 

zero population grow
th fertility rate betw

een years 35 and 45. T
he birth 

rate rem
ains at this level until year 50, after w

hich birth rates are endoge- 
nously determ

ined according to the requirem
ent that a flat zero popula- 

tion grow
th (Z

P
G

) age structure achieved by year 125 and thereafter. T
he 

m
odel is given an additional 125 years (a total of 250 years) to reach a 

new
 steady state. 

In all of these sim
ulations w

e have had to introduce the assum
ption of 

a positive governm
ent capital stock to

 generate plausible values for the 
econom

y's capital-output 
ratio. T

his w
as not necessary in the sim

ula- 
tions o

f the previous chapter because of the absence o
f children. W

ith 
the consum

ption needs of nonproductive children added to
 the popula- 

tion, life cycle behavior based o
n

 plausible preference param
eters yields 

extrem
ely sm

all capital stocks. T
he inability of the life cycle m

odel, by 
itself, to explain U

.S. 
w

ealth has been pointed out by several authors 
(e.g., K

otlikoff and Sum
m

ers, 1981). T
his dem

ographics-augm
ented m

odel 
provides further indication of the inadequacy of the pure life cycle m

odel 
w

ithout bequests to explain observed rates of capital accum
ulation. 

W
e begin the analysis by exam

ining how
 the com

position of the popu- 
lation changes over tim

e for each of these transitions. T
able I I. I presents 

the fraction of the population at different ages during the dem
ographic 

transition. T
he top panel presents data for the bust transition, and the 

bottom
 panel considers the B

B
B

 transition. In the bust transition the age 
structure flattens sm

oothly over tim
e until, in year 50, it is essentially flat 

and equal to its long-run structure. T
he bust-boom

-bust transition is a 
m

ore com
plicated situation; it starts out like the straight bust, but m

ain- 
tains a fairly steep age structure through year 50 because of the rebound 

T
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in the birth rate. T
he boom

 cohort is clearly evident in year 70's bulge in 
the fraction o

f young adults betw
een 20 and 40 and, again in year 110, in 

the fraction of the population age 61 to 75. T
he different tim

e patterns in 
age structures in these tw

o cases suggest that large changes in m
acroeco- 

nom
ic variables w

ill take longer to show
 up in the B

B
B

 transition, but 
that the sw

ings in these variables w
ill be larger as the boom

 cohort m
oves 

through the population. 
T

his intuition is supported by the results of the basic sim
ulations of 

the econom
y w

ithout social security (see T
able 11.2). In these sim

ulations 
w

e norm
alize the initial w

age rate to unity and set the governm
ent surplus 
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(capital stock) so that the gross interest rate is approxim
ately 10 percent. 

T
he stock of governm

ent capital per capita is held constant throughout 
I 

each sim
ulation. 

In the bust sim
ulation, w

ages rise and interest rates gradually fall 
throughout the transition in response to the increase in capital per w

orker 
as the fraction of young w

orkers, w
ho ow

n relatively little w
ealth, de- 

creases. T
he association of capital deepening w

ith low
er population grow

th 
rates dates at least from

 Solow
's (1956) grow

th m
odel, w

ith its K
eynesian I 

saving behavior. M
arginal incom

e tax rates decline because governm
ent 

consum
ption per capita is held fixed, but the fraction of the population w

ith 
no taxable incom

e - in this case, children - falls through tim
e. O

nce the 
transition has begun, saving rates im

m
ediately fall. T

hey then rise through 
year 20 to a value above that in the initial steady state. T

here follow
s 

a decline in saving rates, w
hich reach negative values in year 110. B

etw
een 

110 and I50 the saving rate rises to its ultim
ate steady state value of zero. 

T
he initial drop in the saving rate is unrelated to concurrent dem

o- 
graphic changes, w

hich in period one are still unim
portant, but is related 

to anticipated, general equilibrium
 increases in future after-tax w

ages. 
T

he projected increases in budget opportunities produce higher current 
consum

ption and low
er current saving. B

etw
een years I and 20 the drop 

in fertility reduces the num
ber of children and the im

portance of their 
dissaving, that is, consum

ption; by year 20, the fraction of the popula- 
tion betw

een 20 and 60 has increased from
 45 to 56 percent, and this 

group is doing m
ore saving because of the reduced num

ber of m
ouths 

they m
ust feed. By year 70, how

ever, the decline in birth rates has aH
ected 

the size of the young and m
iddle-aged adult-saving population, so that 

the only boom
 group rem

aining are the aged dissavers. T
his leads, tem

- 
porarily, to a slightly negative saving rate. 

T
he B

B
B

 transition, as suggested, occurs m
ore slow

ly and is then char- 
acterized by erratic sw

ings in m
acroeconom

ic activity as the bulge cohort 
ages. T

he w
age rate rises gradually to 1.06 by year 70, rather than the 1.11 

of the bust transition. It then overshoots its long-run level as the boom
 

cohort, w
ith its large accum

ulated savings of capital. retires. Sim
ilarly, 

m
arginal tax rates take longer to fall and undershoot their long-run value. 

Saving rates rem
ain positive and quite high through year 70; they then 

fall precipitously to -5.0 
percent of incom

e in year 110 before converg- 
ing to zero. 

2. 
W

elfare ejjects of 
dem

ogruphic trunsitions 

T
he w

ell-being of individuals alive during either of these transitions can 
be com

pared to that of cohorts w
ho die before there is any change in 

fertility. T
he m

ethod used in previous chapters is to ask w
hat additional 

fraction of liktim
c resources an individual in the initial steady state w

ould 
have to receive to be as w

ell otT as a m
em

ber of a particular transition 
cohort. T

his approach has som
e am

biguity in the current context because 
the parent's utility function depends on the consum

ption and num
ber of 

children. O
ur m

odel does not. 
how

ever, provide reasons for specified 
changes in fertility. H

ence, equating a decline in the num
ber of children 

w
ith a decline in parental w

elfare seem
s rather arbitrary. In a m

ore elab- 
orate m

odel that fully described the fertility decision, a decline in the num
- 

ber of children could be associated w
ith both negative and positive changes 

in parental w
elfare. For exam

ple, if children provide pleasure to their par- 
ents. but changes in social custom

s m
ake childbearing m

ore difficult, this 
w

ould im
ply a loss in w

elfare not present if reduced fertility cam
e about be- 

cause of, say, an incom
e effect associated w

ith increased living standards. 
T

his problem
 is side-stepped by focusing on the w

elfare adults receive 
directly from

 their ow
n consum

ption and leisure. T
he w

elfare changes of 
transition adult cohorts are m

easured by the increase or decrease in re- 
sources (spent on ow

n adult consum
ption and leisure) that adults in the ini- 

. 

tial steady state w
ould need in order to be left w

ith the level of utility from
 

adult consum
ption and leisure enjoyed by particular transition cohorts 

during their adulthoods. T
his is essentially the equivalent variation m

ea- 
sure of the change in econom

ic circum
stances faced by a transition cohort. 

T
able 1 1.3 expresses these w

elfare effects as a percentage of the life- 
tim

e resources of initial steady state cohorts. T
he cohort born in year 

-75 
(75 years prior to the date the transition begins) is the last generation 

not aH
ected by the transition. T

he first part of the table, labeled "bust," 
show

s the w
elfare effects of the transition under various fiscal regim

es. 
T

he first colum
n corresponds to the basic transition w

ithout social secu- 
rity discussed above. T

he drop in birth rates causes a large long-run w
el- 

. 
fare gain of 12.57 percent. about three-fourths of w

hich is realized by 
those born in year -

 10. T
he prim

ary reason for this upw
ard shift in w

el- 
fare is the reduction in children per adult. A

s w
e are considering w

elfare 
m

easured in term
s of adult expenditure on consum

ption and leisure, such 
a dem

ographic shift perm
its a higher level of w

elfare since adults now
 

shift a greater fraction of their resources tow
ard their ow

n consum
ption 

and leisure. T
he corresponding B

B
B

 transition. represented in the first 
colum

n o
f the second part of T

able 11.3, evidences the sam
e jum

p in 
w

elfare as birth rate declines, but also displays a tem
porary w

elfare drop 
associated w

ith the tem
porary rise in fertility. 

E
. 

Including social security in
 the dem

ographic lran
silio

n
 

C
onsider next the elfect o

f including unfunded social security in each of 
these transitions. T

he baseline m
odel of social security assum

es that the 
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security 
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bcnetitt 

Busr 
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0.00 
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0.02 
- 50 

0.16 
-25 

0.95 
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9.23 
0 

10.33 
10 

1 1.32 
25 

12.36 
50 

12.76 
75 

12.66 
100 

12.57 
125 

12.57 
150 

12.57 

replacem
ent rate is 60 percent and the initial age of benefit receipt is 46 

(66). T
his replacem

ent rate m
ay seem

 odd given that actual U
.S. replace- 

m
ent rates are currently about 40 percent. A

 60 percent rate is used to 
cover several types of social security benefits not explicitly m

odeled in 
our analysis. T

hese include dependent and survivor benefits, m
edical ben- 

efits. T
he sim

ulated base case payroll tax associated w
ith the 60 percent 

replacem
ent rate assum

ption is 5.2 percent, w
hich is still quite low

 relative 

I I 
Ilem

ographic transition and social security 

T
able 1 1.4. C

h
u

ru
c/eris/ic.s of 

d
em

o
g

ru
p

h
ic tru

n
sitio

n
s w

ith
 sociul 

sccu
ri/y 

Saving 
W

age 
I ntcrest 

M
arginal 

P
ayroll 

Y
car 

rate 
rate 

rale 
tax rate 

tax rate 

to the current U
.S. com

bined em
ployer-em

ployee O
A

S
D

H
l (O

A
SD

I plus 
H

ealth Insurance) payroll tax. T
his tax rate is m

uch sm
aller than that re- 

ported in C
hapter 10 because the assum

ed initial steady state population 
grow

th rate is 3 percent rather than I percent. H
ence, from

 the perspec- 
tive of approxim

ating a realistic payroll tax rate, the replacem
ent rate 

assum
ption is too low

. A
s already m

entioned, how
ever, the aim

 here is 
not to provide em

pirical estim
ates, but to provide a qualitative sense of 

the relative im
pact of various dem

ographic sw
ings and alternative social 

security policies. Such qualitative findipgs are sim
ilar w

hether one uses a 
40, 60, or 80 percent replacem

ent rate for a baseline value. 
Sum

m
ary statistics for the bust and the bust-boom

-bust sim
ulations in 

the presence of social security are given in T
able 11.4. T

he production 
function param

eter A
 is chosen here so that the initial standard w

age is 
again norm

alized to unity. A
side from

 the payroll tax, the tw
o sim

ula- 
tions w

ith social security behave generally like their counterparts w
ithout 
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social security presented in T
able 11.2. T

he presence of social security 
m

eans that, as fertility declines, part o
fth

e adult w
elfare gain previously 

discussed w
ill be olfset by the increased payroll taxes associated w

ith tllc 
higher ralio of beneficiaries to

 w
orkers. T

his is evident if one com
pares 

the first tw
o colum

ns of the tw
o parts of T

able I I .3, w
hich corrcspo~

ids 
to the w

elfare effects under the tw
o transitions in the prescncc ol'social se- 

curity. A
lthough the qualitative patterns of w

elfare change are the sam
e, 

cohorts gain uniform
ly less. A

bout 45 percent of the long-run gain is 
lost. T

he effect is sm
aller in the short run, since the earlier generations 

escape the burden of higher social security taxes. 
Payroll tax rates are quite different in the bust and the bust-boom

-bust 
transitions. In the first case, the num

ber of retirees per w
orker increases 

fairly sm
oothly, and the rise in the payroll tax behaves sim

ilarly. In the 
second, the population bulge represented by the baby boom

ers holds dow
n 

payroll tax increases w
hile they are w

orking, and causes them
 to jum

p 
sharply once this cohort retires. In year 110 the payroll tax rale is 18.7 
percent, alm

ost 3.5 tim
es the initial steady state value. 

F. 
S

o
cial security p

o
licy responses to the d

em
o

g
rap

h
ic tran

sitio
n

 

T
able 11.5 show

s saving, w
age, interest, and tax rates arising under the 

tw
o dem

ographic transitions if social security's replacem
ent rate is cut 

from
 60 to 40 percent in year zero. T

hese benefit cuts apply to all cohorts 
receiving benefits at the tim

e they are im
plem

ented. T
able 1 1.5 also pre- 

sents com
parable figures for a gradual reduction in the replacem

ent rate 
to 40 percent starting in year zero and ending in year 20. T

able 11.4 indi- 
cates the tim

e paths of these variables w
hen the replacem

ent rate is held 
fixed. A

 quick com
parison of T

ables 11.4 and 11.5 indicates that the so- 
cial security tax rate is sensitive to the benefit-cut policy, w

hile the im
- 

pact on other variables is relatively m
inor. R

ather than rising to
 13.9 per- 

cent, as in T
able 11.4, the long-run social security tax rate in T

able 11.5 
increases from

 5.2 percent to 9.2 percent. T
he social securiry tax rate is 

significantly low
er throughout the transition under the policy of. im

m
c- 

diately cutting the replacem
ent rate than in the transitions of T

able 11.4. 
T

he benefit cuts, by reducing the scale of unfunded social security, gen- 
erates a pre-tax w

age rate that is 3 percent higher than w
ould otherw

ise 
occur. T

he additional capital deepening associated w
irh lhis higher long- 

run w
age rate explains the slightly larger saving rates in T

ablc 11.5 com
- 

pared w
ith those of T

able 11.4. If the replacem
en1 ratc cut is phased in 

rather than im
plem

ented im
m

ediately, the econom
y is left w

ith a roughly 
20 percent higher payroll tax rate during the lirs~

 10 ycars of' thc transi- 
tion. T

he w
elfare eff'ects of these benefit curs are predictable. For both 

dem
ographic transitions. the im

m
ediate cut in benefits causes a w

cifare 
loss to older generations alive in year zero (T

able 11.3), but a w
elfare im

- 
provclncllt for younger cohorts, even for those w

ho are 25. and hence 
alrcady w

orking, a1 ~
h

c
 

tim
e ol'the change. In the long run, sucli a policy 

leads to substantially greater w
elfare than does a policy of sim

ply pas- 
sively adjustillg social sccurity tax rates to

 m
eet the benefits associated 

w
ith a 60 percent replacem

ent rate. 
A

n altcrna~
ive lo

 thc explicit reduction in benelit levels w
ould be an 

i~
icrcasc in 111c rc~

ircnlcnl age. T
ablc 11.6 prcscnls ~

h
c

 
charactcrislics ol' 

tlic dcn~
ograpliic ~raasition for tw

o such policies, an
 im

m
ediate illcrease 

in the rctircnlcnl age from
 65 to

 67, slid the sam
c rise occurring in year 

20, after bcing annouliccd in ycar zero. T
lic w

elfare ellkcts of thc first 
of thcsc policies is show

n in tllc lil'th colum
n o

f T
able 1 1.3. B

oth in term
s 
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o
f m

acroeconom
ic and w

elfare effects. an im
m

ediate increase in the re- 
tirem

ent age by tw
o years has a sim

ilar but sm
aller im

pact than the im
- 

m
ediate 40 percent benefit cut. In the long run, the payroll tax rate rises 

to 11.0 percent, w
hich is higher than the 9.2 percent in the form

er case. 
L

ikew
ise, the long-run w

elfare gain of 8.94 percent is sm
aller than the 

previous gain of 10.21 percent. If one extrapolates from
 our results, m

ain- 
tenance of the original payroll tax rate appears to require a benefit cut 
of close to 75 percent, or an increase in the retirem

ent age by 6 years. 
A

nother alternative that has been suggested to reduce the grow
th in 

payroll taxes is the taxation of social security benefits. Indeed, because 
of the T

ax E
quity and Fiscal R

esponsibility A
ct of 1982, higher-incom

e 
fam

ilies now
 face regular incom

e taxation on half of their social security 
benefits. T

able 11.7 and the last colum
n of T

able 11.8 show
 the etiects 

o
f taxing all social security benefits beginning at the start of the dem

o- 

I I 1)em
ographic transition and social security 
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graphic transition and of keeping the receipts w
ithin the social security 

system
 to reduce payroll taxes. Such a policy leads initially to reductions 

in social security taxes, but in the long run has a sm
aller im

pact than any 
of the policies previously exam

ined, because of the relatively low
 rate of 

incom
e taxation. A

s this suggests, the long-run w
elfare im

pact of this 
policy is sm

aller than the others, but generations reaching adulthood early 
in th; 

transition actually do alm
ost a

s
 w

ell as under the other policies. 
T

able 1 1.8 investigates a policy that som
e have advocated as a long-run 

-. 

solution to the long-run social security deficit: the accum
ulation of a trust 

fund. T
he sim

ulated policy introduces a one-third surcharge on the pay- 
roll tax for the first 20 years of the transition, the proceeds of w

hich are 
contributed to the trust fund. T

hat is, in the initial 20-year period this 
policy raises revenues by one-third m

ore than is necessary, in equilibrium
, 

to pay for current benefits. A
fter year 20, the accum

ulated trust fund is 
held constant per capita, and the incom

e and principal beyond that needed 
to m

aintain a constant per capita trust fund is used to help pay for bene- 
fits. U

nder this policy, the social security tax rate drops to
 essentially zero 

in year 20 of both transitions so
 that as the retiree-w

orker ratio rises, the 
payroll tax is kept from

 rising. In each sim
ulation, the long-run payroll 

tax (8.4 percent for the bust case, 8.8 percent for the B
B

B
 case) is the 

low
est of' any of the sim

ulations presented. A
s one w

ould expect, the 
trust fund transitions produce the highest long-run w

elfare gains of any 
of the social security transitions considered (T

able 1 1.3). A
t the sam

e 
lim

e, they are the only policy sim
ulations, excluding sim

ply passively 
adjusting payroll tax rates, under w

hich each generation gains from
 the 

changes in fertility. 
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T
able 1 1.8. A

ccutnulation of sociul security trust fund 

B
ahy bust 

U
ua1-hoo111-hu51 

Year 
S

/Y
 

w
 

r 
7
, 

rS
S

 
S

/Y
 

w
 

r 
r,. 

T
S

S
 

, 
1 1.1 

IS
.0 

6.0 
I 

11.1 
14.6 

7.0 
11.2 

12.7 
7.0 

11.1 
12.3 

7.1 
I 

10.1 
IS

.?
 

0.9 
5 

2 
1.8 

Y
O

 
10.7 

3.6 
7.6 

11.7 
8.7 

8.1 
11.4 

13.2 
8.4 

11.2 
8.6 

8.3 
11.2 

8.8 
I I 

C
. 

S
um

m
ary and conclusion 

A
 central lesson of the sim

ulations presented here is that dem
ographic 

conditions are potentially significant determ
inants of econom

ic perfor- 
I 

m
ance and w

elfare. Indeed. the tim
e path of dem

ographic change dom
i- 

nates the outcom
es of each of the five social security policy transitions, 

despite the fact that these five sim
ulations involve significantly dif'crcnt 

and quite substantive social security policy responses. T
he sim

ulated de- 
m

ographic transitions suggest that the sw
ings in U

.S. 
fertility currently 

under w
ay can have m

ajor im
pacts on factor returns over the long run 

and can produce precipitous changes in saving rates in the short run. T
o

 
place our findings on dem

ographic change in perspective, it should be 
noted that the sim

ulated long-run changes in factor returns and capital- 
labor ratios from

 m
ajor fertility declines are of the sam

e order of m
ag- 

nitude as the sim
ulated effect of entirely abolishing unfundcd social secu- 

rity. W
hereas considerable research has been conducted on the saving 

im
pact of this and other governm

ent fiscal policies, few
 studies have in- 

vestigated the effect of dem
ographic changc on saving. 

T
he presence of a social security system

 does have im
portant cllccts 011 

the econom
ic transition associated w

ith either baby busts or cyclcs of 
baby boom

s and busts; but the attendant financial squeeze placed on so- 
cial security in these transitions is of secondary im

portance w
ill1 rcspcct 

to the long-run level of econom
ic w

elfare. A
lthough payroll tax ratcs m

ay 
rise dram

atically, long-run w
elfare is nonethelcss substantially highcr, as 

m
easured by equivalent increases in levels of adult consum

ption and Ici- 
sure. T

his reflects, in part, the fact that each adult parcnt has "l'cw
cr 

I I Ilrm
ograyhic Irrnsition and social sw

urity 
179 

m
ouths to fccd" and thcreforc can enjoy a highcr individual standard o

f 
living. 

111 addition. although the replacem
ent fertility rate prevailing in 

the long run leaves m
ore elderly per capita in society, the sharp drop in 

children per capita m
eans an overall decline in the ratio of dependents to 

prim
e-age w

orkers in the econom
y. For the governm

ent. these changes 
potentially im

ply sm
aller dem

ands on its regular fiscal operations (e.g.. 
educational expenditures). w

hich w
e m

odel here as involving a fixed level 
of governm

ent consum
ption expenditure per capita. In our m

odel the 
m

arginal incom
e tax rate used to

 finance this spending falls from
 I5 per- 

cent to
 roughly 10.5 percent in each of the sim

ulations in response to the 
low

er overall dependency ratio. H
ence, although the typical w

orker m
ust 

support m
ore elderly through social security, he (she) supports few

er chil- 
dren, both directly as a parent and indirectly as an incom

e !ax 
payer. 

U
nder a passive policy of adjusting social security payroll taxes, com

- 
bined incom

e and payroll tax rates rise from
 an initial 20.2 percent to

 a 
long-run value of 24.2 percent (see T

able 11.4). H
ad the incom

e tax rate 
not dropped to 10.3 percent, the com

bined long-run tax rate w
ould have 

equaled 28.9 percent. 
A

lthough the com
bined long-run tax rate is4.2 percentage points higher 

in this sim
ulation, the pre-tax w

age rises by 7 percent, in response to the 
signilicant increase in capital intensity associated w

ith the long-run de- 
cline in fertility rates. It is this general equilibrium

 im
pact on factor re- 

turns that is prim
arily responsible for the higher long-run level of w

elfare. 
A

lthough reasonable alterations in social security policy appear inca- 
pable of signilicantly altering the basic econom

ic im
pact of substantial 

dem
ographic sw

ings. the particular choice of social security policy is none- 
theless im

portant. In com
parison w

ith sim
ply allow

ing payroll taxes to 
adjust upw

ard to
 m

eet required benefit paym
ents. m

ajor reductions in 
replacem

ent ratcs, m
ajor increases in the retirem

en1 age, or the accum
u- 

lation of a significant trust fund can all raise the long-run level of w
elfare 

by an am
ount equivalent to alm

ost 4 percent of lifetim
e expenditure on 

consum
ption and leisure. A

 4 percent long-run increase in w
elfare is a 

large am
ount w

hen com
pared w

ith the sim
ulated long-run w

elfare ellects 
ol'a variety of m

ajor liscal policy changes. T
he potential long-run w

elfare 
gain is not, how

ever. freely obtained; rather, such long-run w
elfare gains 

com
e at the price of reductions in the w

elfare of transition cohorts, typi- 
cally those alive at the tim

e of the dem
ographic change as w

ell as those 
born w

ithin 25 years of the initial date of the changc. H
cncc the choice of 

social security policy in the m
idst o

fth
c dem

ographic transition is o
fco

n
- 

sidcrablc ilnportancc to the intergenerational distribution of w
elfare. 
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S
u

m
m

ary an
d

 conclusion 

T
he purpose o

f th
is book has been to

 e
xp

la
in

 and illu
stra

te
 the d

yn
a
m

ic 
im

pact o
f a

lte
rn

a
tive

 fiscal policies. T
he sim

u
la

tio
n
 results, a

lth
o
u
g
h
 based 

o
n
 a

 h
ig

h
ly sim

p
lifie

d
 econom

ic m
odel, suggest th

a
t f~

sca
l policies can 

have p
o
w

e
rfu

l effects o
n
 the econom

y. P
ro

lo
n
g
e
d
 and sig

n
ifica

n
t tax cuts, 

changes in
 the tax structure, increases in

 the degree o
f tax p

ro
g
re

ssivity, 
increases in

 governm
ent co

n
su

m
p
tio

n
, enhancem

ent o
f investm

ent in
ce

n
- 

tives, and the in
tro

d
u

ctio
n

 o
f u

n
fu

n
d
e
d
 social security are each p

o
licie

s 
th

a
t can su

b
sta

n
tia

lly alter the course o
f saving, investm

ent, and fa
cto

r 
rew

ards. M
a
n
y o

f these p
o
licie

s are effective p
rim

a
rily because they trans- 

fer resources across generations. O
thers are effective, in

 large p
a
rt, be- 

cause they change econom
ic incentives. S

uch changes in
 econom

ic in
ce

n
- 

tives can sig
n
ifica

n
tly a

lte
r the degree o

f econom
ic efficiency, a

lb
e
it in

 
d
ire

ctio
n
s that m

ay n
o
t necessarily correspond to

 the d
ire

ctio
n
 o

f change 
in

 lo
n
g
-ru

n
 w

e
lfa

re
. 

T
h
e
 sim

u
la

tio
n
 m

e
th

o
d
o
lo

g
y has proved useful n

o
t o

n
ly -fo

r tra
cin

g
 

the channels th
ro

u
g
h
 w

h
ich

 fiscal p
o
licy operates, but also fo

r o
b
ta

in
in

g
 

a
 q

u
a
n
tita

tive
 sense o

f the re
la

tive
 im

p
a
cts o

f a
lte

rn
a
tive

 fiscal actions. 
A

lth
o
u
g
h
 absolute levels o

f ca
p
ita

l stocks and o
th

e
r econom

ic variables 
appear to

 be q
u
ite

 sensitive to
 th

e
 choice o

f param
eter values, the re

la
tive

 
efficacy and efficiency o

f a
lte

rn
a
tive

 fiscal p
o
licie

s appear m
uch less sen- 

sitive
 to

 the precise p
a
ra

m
e
te

riza
tio

n
 o

f the m
odel. 

D
espite the apparent pow

er o
f fiscal choices to

 alter the course o
f the 

econom
y, such effects m

ay be h
a
rd

 to
 discern. M

a
n
y fiscal policies operate 

slow
ly, and others act su

b
tly th

ro
u
g
h
, fo

r exam
ple, re

va
lu

a
tio

n
s in

 asset 
m

arkets. A
n
o
th

e
r d

ifficu
lty in

 assessing the re
a
ctio

n
 to

 fiscal policies is that 
sh

o
rt-ru

n
 p

o
licy outcom

es depend critica
lly o

n
 expectations co

n
ce

rn
in

g
 

the fu
tu

re
 course o

f p
o
licy, and such expectations are d

ifficu
lt to

 ascertain. 
A

n
 im

p
lica

tio
n
 o

f the slow
 n

a
tu

re
 o

f fiscal p
o
licie

s is that cu
rre

n
t eco- 

n
o
m

ic p
e
rfo

rm
a
n
ce

 m
ay be la

rg
e
ly the legacy o

f p
o
licie

s enacted decades 
ago, ra

th
e
r th

a
n
 the result o

f m
o
re

 recent p
o
licy m

o
d
ifica

tio
n
s. T

h
is sug- 

gests th
a
t p

o
licie

s should be assessed la
rg

e
ly in

 term
s o

f th
e
ir lo

n
g
e
r-ra

n
g
e
 

im
pact o

n
 the econom

y. U
n
fo

rtu
n
a
te

ly, m
ost p

a
rticip

a
n
ts in

 the p
o

litica
l 

systcm
 have sh

o
rt tim

e
 horizons, and m

ay as a
 consequence bccom

e to
o

 
q
u
ickly ske

p
tica

l o
f policies that w

ill u
ltim

a
te

ly p
ro

ve
 h

ig
h
ly beneticial. 

I2 S
u

m
m

ary an
d

 co
n

clu
sitrn

 
IHI 

A
lle

rn
a
tivcly, 

~
h

c
y

 may in
co

rre
ctly equate sh

o
rt-ru

n
 p

o
licy results w

ith
 

lo
n
g
-ru

n
 p

o
licy outcom

es. C
o

n
sid

e
r, fo

r exam
ple, the sh

o
rt-te

rm
 tax cut 

sirn
u
la

lio
n
s o

l' C
hapter 6; 

p
o
licym

a
ke

rs lo
o

kin
g

 o
n
ly at sh

o
rt-ru

n
 results 

w
o
u
ld

 draw
 the in

co
rre

ct co
n
clu

sio
n
 that d

e
ficit-fin

a
n
ce

d
 tax cuts increase 

savings, a
lth

o
u
g
h
 such p

o
licie

s d
o
 so o

n
ly in

 the short ru
n

 and, indeed, 
can g

re
a
tly reduce savings in

 the lo
n
g
 ru

n
. 

A
n
o
th

e
r concern about co

rre
ctly assessing fiscal p

o
licy in

vo
lve

s the 
issue o

f fiscal illu
sio

n
. W

e are accustom
ed to

 d
istin

g
u
ish

in
g
 p

o
licie

s on 
the basis o

f th
e
ir labels, b

u
t id

e
n
tica

l o
r essentially id

e
n
tica

l p
o
licie

s can 
be conducted under q

u
ite

 diH
erent nam

es. 
T

hus C
h
a
p
te

r 9
 p

o
in

ts o
u
t 

that enhancing investm
ent incentives is equivalent to

 in
tro

d
u
cin

g
 co

n
- 

su
m

p
tio

n
 ta

xa
tio

n
, and C

h
a
p
te

r 5 in
d
ica

te
s that co

n
su

m
p
tio

n
 ta

xa
tio

n
 

is equivalent to
 w

ealth ta
xa

tio
n
 in

 co
n
ju

n
ctio

n
 w

ith
 w

age ta
xa

tio
n
. C

h
a
p
- 

ter 7 addresses fiscal illu
sio

n
 in

 the co
n
te

xt o
f in

te
rg

e
n
e
ra

tio
n
a
l tra

n
sfe

r 
policies, p

o
in

tin
g

 o
u
t that a

 va
rie

ty o
f policies, n

o
t sim

p
ly d

e
ficit-fin

a
n
ce

d
 

tax cuts, re
d
istrib

u
te

 resources across generations. S
tru

ctu
ra

l tax changes 
and u

n
fu

n
d
e
d
 social security are tw

o
 p

rim
e
 exam

ples, b
u
t such p

o
licie

s 
can be conducted w

ith
 n

o
 im

pact o
n
 o

fficia
lly re

p
o
rte

d
 levels o

f g
o
ve

rn
- 

m
ent debt. In

 a
d
d
itio

n
, o

fficia
lly re

p
o
rte

d
 governm

ent debt can change 
enorm

ously w
ith

 n
o
 necessary change in

 the in
te

rg
e
n
e
ra

tio
n
a
l d

istrib
u

tio
n

 
o

f resources. D
espite th

is fact, in
 countless e

m
p
irica

l analyses th
a
t are a

l- 
legedly based o

n
 the life

 cycle m
odel. ill-d

e
fin

e
d
 accounting constructs such 

as o
fficia

l governm
ent deficits are related to

 a
ctu

a
l econom

ic outcom
es. 

A
 fa

ilu
re

 to
 u

n
d
e
rsta

n
d
 the stru

ctu
ra

l sim
ila

ritie
s o

f p
o
licie

s can lead to
 

the sim
ultaneous enact m

en1 o
f la

rg
e
ly o

ffse
llin

g
 policies. T

hus, t he R
ea- 

gan a
d
m

in
istra

tio
n
's increase in

 investm
ent incentives a

n
d
 lo

n
g
e
r-te

rm
 

cu
ls in

 social security benefits in
 the early 1980s co

n
stitu

te
 re

d
istrib

u
tio

n
 

aw
ay fro

m
 cu

rre
n
t o

ld
 and yo

u
n
g
 generations to

w
a
rd

 fu
tu

re
 generations 

th
a
t m

ay m
o
re

 th
a
n
 offset the re

d
istrib

u
tio

n
 to

w
a
rd

 cu
rre

n
t generations 

fro
m

 fu
tu

re
 generations associated w

ith
 the R

eagan tax cuts. 
T

he stance o
f fiscal p

o
licy ca

n
n
o
t be p

ro
p
e
rly evaluated w

ith
o
u
t an 

u
n
d
e
rsta

n
d
in

g
 o

f the stru
ctu

ra
l sim

ila
ritie

s o
f policies, the le

n
g
th

 o
f tim

e
 

re
q
u
ire

d
 fo

r p
o
licie

s to
 be effective, th

e
 ro

le
 o

f expectations, and the in
- 

teractions o
f p

o
licie

s. S
uch an u

n
d
e
rsta

n
d
in

g
 is also im

p
o
rta

n
t sim

p
ly to

 
describe fiscal p

o
licy p

ro
p
e
rly; fiscal p

o
licie

s are su
fficie

n
tly com

plex and 
have suH

iciently diverse effects o
n
 the econom

y that they ca
n
n
o
t be accu- 

ra
te

ly o
r adequately described b

y sim
ple term

s such as "tig
h
t" o

r "loose." 
N

o
r can they be w

ell u
n
d
e
rsto

o
d
 b

y p
o

in
tin

g
 to

 their effects o
n
 p

a
rticu

la
r 

a
cco

u
n
tin

g
 entities, such as 

"deficits." 
T

he results in
 th

is book suggest 
that 

lisca
l p

o
licie

s sh
o
u
ld

 be described in
 term

s o
f th

e
ir effects o

n
 the 

budget co
n
stra

in
ts o

f cu
rre

n
t and successive generations as 

w
e
ll as 

in
 

term
s o

f the course o
f the governm

ent's co
n
su

m
p
tio

n
. 
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T
o

 describe fiscal choices in
 th

is m
a

n
n

e
r o

n
e

 m
u

st specify the lim
e

 p
a

th
 

o
f p

o
licie

s a
n

d
 consider tile

 fe
a

sib
ility 01' 

such p
o

licy paths. A
n

 i~
lip

o
r- 

ta
n

t co
m

p
o

n
e

n
t o

f th
e

 p
rice

 o
f m

a
n

y sh
o

rt-te
rm

 decisions is th
a

t they 
,' 

re
n

d
e

r less feasible o
th

e
r p

o
licy choices in

 th
e

 fu
tu

re
. T

h
u

s a d
e

cisio
n

 n
o

t 
to

 a
ccu

m
u

la
te

 a so
cia

l se
cu

rity tru
st fu

n
d

 a
lo

n
g

 th
e

 tra
n

sitio
n

 p
a

th
 o

f a 
b

a
b

y b
u

st lim
its th

e
 governm

ent's a
b

ility to
 su

sta
in

 social se
cu

rity bcnc- 
fits in

 th
e

 fu
tu

re
. F

u
rth

e
rm

o
re

. in
 ch

a
ra

cte
rizin

g
 th

e
 b

u
d

g
e

t co
n

stra
in

ls 
o

f successive generations, 
p

o
licym

a
ke

rs w
ill be less like

ly to
 o

vcrlo
o

k 
lo

n
g

e
r-te

rm
 losers a

n
d

 focus a
tte

n
tio

n
 solely o

n
 sh

o
rt-te

rm
 w

inners. 
W

h
e

th
e

r such a
n

 a
p

p
ro

a
ch

 to
 the d

e
scrip

tio
n

 a
n

d
 analysis o

f fiscal p
o

l- 
icy w

ill u
ltim

a
te

ly p
re

va
il is u

n
ce

rta
in

. W
h

a
t seem

s m
o

re
 like

ly, how
ever, 

is th
a

t p
o

licy analysts w
ill in

cre
a

sin
g

ly re
ly o

n
 m

o
re

 com
prehensive g

cn
- 

era1 e
q

u
ilib

riu
m

 d
yn

a
m

ic m
o

d
e

ls o
f th

e
 so

rt presented hcrc. T
h

e
re

 is a 
danger, o

f course, th
a

t o
n

e
 m

a
y m

ista
ke

 m
o

d
e

ls o
f th

is typ
e

 fo
r th

e
 re

a
l 

w
o

rld
 a

n
d

 m
a

y e
n

d
 u

p
 p

ro
vid

in
g

 p
o

licy p
re

scrip
tio

n
s th

a
t a

re
 a

p
p

ro
p

ria
te

 
to

 a p
a

rticu
la

r m
odel, b

u
t n

o
t to

 th
e

 tru
e

 u
n

d
e

rlyin
g

 m
o

d
cl o

f th
e

 econ- 
o

m
y. T

h
e

 present m
o

d
e

l d
ilfe

rs fro
m

 e
co

n
o

m
ic re

a
lity in

 a n
u

m
b

e
r o

l'o
b

- 
vio

u
s w

ays. T
h

e
re

 is n
o

 u
n

e
m

p
lo

ym
e

n
t, o

n
ly

 a single asset, o
n

ly a single 
hom

ogeneous la
b

o
r in

p
u

t, n
o

 in
te

rn
a

tio
n

a
l trade, n

o
 u

n
ce

rta
in

ty. n
o

 d
il- 

ferences across in
d

ivid
u

a
ls in

 tastes o
r earnings p

o
te

n
lia

l, n
o

 m
a

rke
t im

- 
perfections, 

n
o

 d
ise

q
u

ilib
ria

, a
n

d
 n

o
 m

oney. F
o

r these reasons a
n

d
 m

a
n

y 
others, th

is m
o

d
e

l ca
n

n
o

t be used Ib
r e

co
n

o
m

ic p
re

d
ictio

n
s o

r fo
r p

ro
- 

vid
in

g
 e

xp
licit p

o
licy re

co
m

m
e

n
d

a
tio

n
s. H

o
w

e
ve

r, the m
o

d
e

l ca
n

 g
re

a
tly 

e
xp

a
n

d
 one's in

tu
itio

n
 a

b
o

u
t th

e
 w

ays in
 w

h
ich

 lisca
l p

o
licy m

a
y operate. 

a
n

d
 it is fo

r th
is p

u
rp

o
se

 th
a

t w
e have o

ffe
re

d
 it to

 th
e

 reader. 
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