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Abstract

Inflation distorts an economy through many channels. This paper highlights the interaction between
inflation and capital gains tax and how they distort an economy through the financial market. Several
observations motivate this research. First, capital formation or investment is an important channel
for economic agents to smooth their consumption over their life cycles. Second, capital gains are
taxed only when the gains are realized. Third, inflation introduces an upward bias in the calculation
of the tax base. Thus, a capital gains tax in the presence of inflation can have a large welfare effect
even though its contribution to the government revenue is relatively small.

This paper supplements the literature on the overlapping generations model with money. Ina world
with imperfect capital markets where all agents consume cash goods, inflation transfers purchasing
power from cash-rich generations to cash-poor generations who suffer more from liquidity
constraints. This observation makes the welfare analysis here more interesting.

Résumé

L’inflation exerce des distorsions de toutes sortes dans I’économie. Dans cette étude, les
auteurs mettent en lumiére I’interaction qui existe entre 1’inflation et I'imposition des gains en capital
ainsi que les distorsions que ces deux facteurs créent dans I”économie par le truchement des marchés
financiers. Leur analyse s’appuie sur plusieurs observations. Premiérement, la formation du capital,
c’est-a-dire I’investissement, est un important outil qui permet aux agents économiques de répartir
plus également leur consommation sur I’ensemble de leur vie. Deuxiémement, les gains en capital ne
sont imposés qu’une fois réalisés. Troisiémement, I’inflation entraine un gonflement de I’assiette
fiscale. L imposition des gains en capital en période inflationniste peut donc avoir une incidence

considérable sur le bien-étre méme si sa contribution aux recettes de 1’Etat demeure relativement
mineure.

Les auteurs de I’étude font intervenir la monnaie dans un modéle i générations imbriquées.
Dans un monde ol les marchés des capitaux sont imparfaits et ol les agents doivent payer comptant
les biens qu’ils consomment, I’inflation engendre un transfert de pouvoir d’achat des générations
disposant de sommes d’argent importantes vers celles qui subissent des contraintes de liquidité. La

prise en compte de ce phénoméne aboutit 4 une analyse plus riche des effets de I’inflation sur le
bien-étre.



1. Introduction

Recently, there has been some debate about whether the capital gains tax should
be indexed (i.e, adjusted for inflation) or eliminated. Since both capital gains tax
revenue and seigniorage constitute a small amount of federal government revenue,
the major concern is whether such a policy change will have a significant impact on
social welfare.! Since capital gains are measured in nominal terms, inflation will in-
troduce an upward bias in the calculation of capital gains.2 The consequences of
such a distortion on individual behaviour is complicated. On the one hand, inflation
will discourage investors to re-allocate their portfolio towards capital.3 On the other
hand, capital gains tax will decrease the total amount of investment. This paper at-
tempts to quantify the joint welfare loss due to inflation and capital gains taxes. The
model developed here differs from the previous literature by incorporating life-cy-

cle effects.

Life-cycle considerations are important along several dimensions. First,
life-cycle models accept the challenge to reproduce the age-dependent portfolio
choice observed in the data. As shown in Table 1, which is reproduced from Ken-
nickell and Starr-McCluer (1996), a household’s portfolio composition changes

over its life-cycle.

Second, life-cycle models provide a natural environment for the study of the
effects of tax policies on portfolio choice as well as the extent of consumption

smoothing over the life cycle. In this type of models, an agent’s labor productivity

1. Champ and Freeman (1994, p.66-67) observed that for most developed countries during
normal times, seigniorage contributes very little to government revenue. In the United
States, during the period 1948-89, seigniorage accounted on average for less than 2% of
total federal government revenues and for around 0.3% of GNP. According to Auerbach
(1988), the total capital gains tax revenue seldom constitutes more than 3% of the total
Federal government revenue in the post war years.

2. For instance, Feldstein and Slemrod (1978) argue that in the U.S. “...in 1973 individuals
paid nearly $500 million of extra tax on corporate stock capital gains because of the dis-
torting effect of inflation.”

3. See Champ and Freeman (1994) for a discussion.
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(and thus the stream of his wage income) is a hump-shaped function of his age.

Table 1: The distribution of financial assets of all families (1989)

Age Liquid Retirement St Other
assets accounts assets
<35 243 389 3.1 231
35-44 19.8 36.0 19.5 24.7
45-54 14.9 30.5 373 173
55-64 17.0 17.8 50.4 14.8
65-74 19.1 79 5.1 179
>75 292 ULl 503 244

To have a smooth consumption profile, agents make their investment at an earlier
age and cash in gradually in later years. Agents might trade less frequently in the
presence of capital gains tax because it is a tax on capital trading rather than capital
ownership. In fact, a decrease in the trading volumes due to a change in taxes prob-

ably reflects a decrease in the consumption smoothing incentives over the life cycle.

Third, life-cycle models also assign to the inflation tax the role of wealth re-
distribution. Recently, macroeconomists have emphasized that money improves so-
cial welfare due to its role as a medium of exchange. As demonstrated by Marshall
et al. (1987), money can also improve social welfare by allowing a government to
redistribute wealth among households. More precisely, in a world with imperfect
capital markets where all agents consume cash-goods, inflation becomes a vehicle
to transfer purchasing power from cash-rich agents to cash-poor agents, who suffer
more from liquidity constraints. This observation makes the welfare analysis here

more interesting.

Forth, the unique feature of capital gains tax provides an additional justifi-

cation for using a multi-period overlapping generations model rather an infinite ho-
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rizon model. Under persistent inflation, capital purchased earlier will carry a
heavier tax obligation. Therefore, investors tend to sell newly bought capital first
(“last-in-first-out”). In this case, the stationary distribution of capital, if it exists,
may have an infinite support in an infinite horizon economy. Fortunately, multi-pe-

riod overlapping generations models put an upper bound on the tax-induced vintage

of capital and ease the computation significantly. 4

Although the burden of the computation of general equilibrium is eased by
selecting the overlapping generation framework, the choice of the algorithm is lim-
ited by the very nature of capital gains tax. As emphasized by Stiglitz (1983), capital
gains are taxed only upon the realization of sale, it introduces an “option feature”
or “lock-in” effect in the consumers’ decisions. The fact that inaction can be an op-

timal strategy over some range of state variables invalidates all Euler-equation type

approaches in general equilibrium computation.5 Following Imrohoroglu, Imro-
horoglu and Joines (1993, 1994), our model discretizes the state space and obtains

the decision rules by searching over the space.

Furthermore, the unique characteristic of capital gains tax demands that the
model keeps track of both the distribution of capital purchased in the past as well as
the distribution of the corresponding prices. As mentioned before, in a world with
persistent inflation and capital gains taxation, capital with different buying prices

will generate different after-tax revenues even though they face the same selling

price at sale and pay the same amount of dividend when they are held.® In order to
take up this challenge, this paper makes simplifying assumptions along other di-

mensions.

4, This framework has been used to study different issues recently. For instance, see Hug-

gett (1994) and Imrohoroglu, Imrohoroglu and Joines (1993, 1994)

See the monograph by Dixit and Pindyck (1994)

6. Thus, this model is a consumption-side analog of the (production-side) vintage capital
model, as will be discussed later.

LA



The focus of this paper is different from the previous literature with respect

to both the capital gains tax and the inflation tax. Previous theoretical work focuses

on the impact of the capital gains tax on portfolio composition.7 That work assumes
that both the interest rate and labor income are exogenous. Since this paper attempts

to calculate the welfare cost to the economy, both the interest rate and wage rate are
endogenous here.® The empirical literature on capital gains tax tends to focus on

whether capital gains tax significantly alters the capital gains realizations.” This pa-
per simply focuses on individual behaviour under the interaction of inflation tax and

capital gains tax.

The inflation tax literature, aside from Diaz-Gimenez et al.(1992), focuses

on the distortions related to the “real side” of the economy.10 Diaz-Gimenez et. al.
(1992) examine the distortion of inflation through the mortgage market. This paper
explores another inflation-tax distortion affecting the “financial side” of the econo-
my, in particular, the capital market for inter-generational trade. This paper is,
therefore, close to Altig and Carlstrom (1991) in spirit. They examine the distortion
of the income tax base introduced by inflation. The only role of money is to serve
as a unit of account in their model, while money is introduced into the portfolio via
cash-in-advance constraint here. Money growth (inflation) generates welfare effect
through its impact on consumption as well as stock holdings. Another important dif-

ference in this paper is the discrete choice of buying and selling (the “option ef-

7. For instance, see Auerbach (1992), Haliassos and Lyon (1993) and Hendershott, Toder
and Won (1990).

8. Also, the time horizon of this model is longer than the typical assumption, where the
economies generally considered do not last for more than 3 periods. In contrast, our
model considers an infinite-horizon economy in which agents live for a finite number of
periods.

9. Auerbach (1988) provides a review of earlier findings. The results seem to be inconclu-
sive. Using aggregate data, Poterba (1987) argues that sophisticated portfolio strategies
are able to permit investors to avoid capital-gains taxes. However, in a later study which
utilizes panel data between 1981 to 1988, Seyhun and Skinner (1994) find that relatively
few investors trade securities to reduce their taxes.

10. For instance, see Cooley and Hansen (1989, 1991).
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fect”). Postponement of the sale of capital is coupled with the deferral of capital

gains tax. To quantify such a discontinuity in the income stream as well as the tax
payment, this paper adopts a different algorithm, which generalizes the one used by

Imrohoroglu, Imrohoroglu and Joines (1993) to a multi-asset environment.

2. The Model

2.1 The economic environment

This section describes the baseline model. There is no uncertainty in this
model. It is assumed that there is only one kind of capital in the economy. Contin-
uous monetary growth drives the nominal price of the capital stock to increase over
time. Taking capital gains tax and inflation into consideration, utility-maximizing
agents treat stocks purchased at different dates as different assets. An economic
agent lives for J periods. In each time period ¢, there exits J different age cohorts in
the economy, each of equal size. Therefore, the size of the total population is con-
stant over time and is normalized to unity. It follows that the population size of each

age group is 1/J.

Within a period, the timing of events is similar to that utilized in Greenwood
and Huffman (1987). At the beginning of each period, individuals collect transfers,
if any, from the government. Consumption in that period can be financed only by
cash carried over from the previous period and transfer. Then individuals supply
their capital and labor to firms. Labor supplied is exogenous and is normalized to

unity. Individuals receive labor income (which depends on both their age-depend-

ent productivity #;, and wage per efficiency unit w°), and dividends (which is the
marginal product of capital) from firms. Capital depreciates before trading occurs
in the capital market. Agents can receive revenue by selling capital. After paying
taxes, agents divide income into the part for investment and the part for consump-

tion, cash holdings, for the following period.
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2.2 Individual optimal portfolio choices under tax distortion

The maximization problem faced by the age j representative agent, 2< j< J,
at time 1, with portfolio K =(K, ; ,....%, ; ), individual j' s n-period stock holding at

time ?, ki »2=0,n=1,...j-1, real money balance m]t _1/p;20, and age-dependent labor

productivity index h{, is described as folloWs:“
V(X,) = max; o’m,{u(c])+BEV'+l(X,+l)} (1)
5.L.
d<ml_ /p,+TR, @
qtki,0+cf+m];+l/ptSm{_l/p,+TRt+wfhj+ rt2f1—=llkl;,n+St (3)
;Ii,n+1 = 5)k’ S’ wfor n=l,..j-1, 4)
OSs{’nS(l—B)kf’n,for n=1,...4-1, )
vt <o 6)
where
= (K Hym)_1/Pe_ 1385 Qo T1) @)
j-1 4
Se2 {qt-fg[q,—q,_nHZ;ll(l +}tt—d)]}y£n ®)
n=1
g =l g, ---’5{,1'—1) ®)

11. The non-negativity constraints in capital and money holdings reflect a form of imperfec-
tion in capital market and it motivates agents to hold assets to smooth out consumption.
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Qi = (g1 Qo2 - Ge-Js1) (10)

The first inequality is a form of cash-in-advance constraint. Transfers, 7R,

(in real terms) are distributed to all agents except the newly born, who are assumed
to have zero consumption. The second inequality is simply the budget constraint.

Total income, which is the sum of money carried over from last period,

(m{_ 1/ P;_ 1), revenue from selling capital stock, s‘]t 2> 1=1,...4-1, at the price, g,,

the transfer collected from the government if any, plus current period labor income

wfhj and dividend rtZJ,',;llkL .» should be able to cover total expenditure, which is
the sum of investment, g tk{, o> consumption, ci , and money holding for the next pe-
riod, (m{ gy p;) .12 Notice that the purchasing power of a real money balance car-

ried from a previous period, (mjt_ /P;_1), is discounted by inflation between

period (t-1) and ¢, (p,_,/p,) = -1——_:— , where 1, is the period ¢ inflation rate and
nt
Ht=(nt,nt_l,...,nt_j 1) is the history of inflation rates experienced by age-j agent.

Equation (4) says that the amount of (n+1) period old capital in period (r+1),

e , is the amount of n period old capital in period ¢, ki ,» after depreciation

t+1,n+

(with rate of 8) and net of sales, s, , .13 The next equation places restrictions on the

12. Let the nominal price of capital be cp;, s0 cp=p;*q;.

n-1

CPy_n+1 (Cpt-n+l) Ct-nﬂ) (pt—l) -1
Hence = - LAl N = 1l+m
pt P, qt-n+1 H( t-g)

Pi_n+1 t-n+2

e=1

p i
where —— = 1+m,_,.Itis then easy to see that the term
Pyj

n-1

-1 . 3 :

q,- tg[q,— grad H (1+m,_,) } is the after-tax revenue of selling one unit of cap-
g=1

ital purchased at price cp;.,, ; at price cp, (in nominal terms). This simplification is due

to Jeremy Greenwood.
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amount of sales. Sales can neither exceed the amount of capital after depreciation

nor short-sale. Equation (6) is a mathematical expression of the no- bequest as-

sumption. b

[Discussion of the tax distortion]: In an investor’s budget constraint, we
can rewrite the after-tax revenue of selling a unit of stock that has been held for n
periods as an average of selling price and buying price, weighted by the capital

gains tax rate. That is,

n-1
1
9 - T qt—qt_nn(m—d) 3 11
\ t-—
d=1
n-1
1
(1-%.)q,+ T4y H (1_+7t_-;)
Pl
d=1

Recall the assumption that capital produced at different dates is

homogeneous in terms of production. If g, ,< g, and since by assumption Tt , >0,

then the after-tax revenue is stﬁctly smaller than the selling pn'ce.15 The wedge
between the selling price and after-tax revenue is merely caused by the capital

gains tax. Notice that if the capital gains tax rate, T, is zero, inflation by itself

g,
cannot drive this wedge. Thus, this expression demonstrates the distortion caused

by the interaction of the inflation tax and capital gains tax.

[The last-in-first-out conjecture]: When an investor considers to sell as-

13. Notice that in this model, capital depreciates after production but before sale. Therefore,
“old capital” that is re-sold in the market or kept by the original owner will face the same
depreciation rate whereas newly produced capital will not depreciate.

14. In the case of bequests, agents do not have to sell all the stocks before they die but sim-
ply transfer some of their stocks purchased to their children. This case is not considered
here.

15.Indeed, they will be equal in the steady state, 4,=q, ,, V £,V n.
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sets, he/she will first sell those bought last. That is, if ki: } —— (1-) ki ,» >0, then

GiL st =0-9K, ¥ 2

The intuition of this conjecture is clear. Selling a unit of capital that has been

n-1

held for n periods can generate 4 (1 —T,)g,+ T,q;_, H ( ) units of con-

I 2
d=1

sumption goods, and selling a unit of capital that has been held for n' (n < n') peni-

n-1 n-1
ods, can generate (1—’l:g)q,+’l:gq,_n1_[(H_:t d)H(“_:t d) units of
e T
d=1 d=n

consumption goods, where , ;>0. It is easy to see that the after-tax revenue of sell-

ing the former will be higher. Now consider their opportunity cost. Recall that cap-

ital purchased at different dates receives the same amount of dividend per unit. And

L )if
nt+1

their sales are both postponed one period. The difference in after-tax revenue per-

notice that nominal capital gains will be inflated by the same factor (1 e

sists as long as both inflation and capital gains tax rates are positive. Hence, itis op-
timal to sell the capital purchased later. While this conjecture is not verified

formally, it is confirmed in the numerical experiments considered.

This feature can be compared with situations in labor economics and invest-

ment theory. Consider the layoff decisions in an environment with specific human

capital investment. While workers might have the same “shadow wages”, the work-
ers who joined the firm later will always be laid off first because they have accumu-
lated less specific human capital. Here, capital purchased later are taxed less but can

be sold at the same market price as those purchased earlier, and therefore they will
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be sold first. Now consider the vintage capital model such as Cooley, Greenwood
and Yorukoglu (1994). Newly purchased capital is more productive and hence cap-
ital bought earlier is discarded first. Here, the marginal returns of an asset sale de-
cline as the capital ages. Therefore, newly purchased capital is always sold first. In
this model, the potential size (in terms of number of different éssets) of the portfolio

is bounded by the maximum periods of lives.

2.3 The equilibrium

The rest of the model is similar to the standard neoclassical growth model.
The utility function is CRRA,

(C]t')l—c
-0

u(c) = (12)

The production function exhibits constant returns to scale in aggregate
capital and labor. Hence factor returns are equal to the corresponding marginal
products.

E(R LY = A KDL % (13)
w; = F,(K, L) (14)
r.@ F(By B (15)
where
> i

1

Kim 5 e Bk (16)

i=in=1

and L, is simply the sum of exogenous labor supply i

L = Gj 2 K 17)
i=1

16. This model abstracts from labor supply decisions because the focus of the paper is the
inflation tax effect under an anticipated monetary expansion. According to Lucas (1996),
anticipated monetary expansions are not associated with stimulus to employment and
production. As well, the abstraction simplifies the problem considered here.
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The equilibrium conditions for the capital market and money market are de-

scribed by the following equations respectively:

(1) capital market:

F(Kt, Lt)_ct = qt(It_St) (18)

(2) money market:

0i()e
where 6
¢, =(3)34 (20)
i=1
I = G) i Bs 1)
and 2

5= (5) Z E m @)

imln=1

The value of the net investment, g,(/,-S,), is equal to the total output net of
aggregate consumption, F(K,, Lt)-Ct.17 The total amount of capital in the next peri-

od is simply the sum of existing capital after depreciation and new investment,

K, =(1-8)K-5+] 23)

17. Notice that without depreciation, Ir=St holds for any ¢ in the steady state. The intuition is
that now economic agents have only finite periods of life, and therefore all capital pur-
chased will be sold eventually. In addition, the cash-in-advance constraint implies that
consumption out of capital directly is impossible without a market transaction. In other
words, a “sale” is necessary. Numerical experiments confirm this intuition.
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The government collects taxes and makes transfer payments to the non-
working generations. The amount of transfer payments must be financed by money

creation and capital gains tax revenue. '8
J -1 n-1|
J-R+1 M-M,_;, T, 1 '
O S Ak =SS - _— 24
|: J ] TR! P, ‘]Zl 21 4q; Qt—ndH11+nt_d ‘Yi,n ( )
]=1ln= =

where M = t_1.19 Notice that the total population is unity. However, not all agents
receive transfers. This is reflected by the fact that 7R, is attached to a scaling factor

(J-R+1)/J.

[Discussion]: Money creation, (MM, ;), is an exogenous process in the
model. (M,-M,_,)/p, is real seigniorage to the government. An alternative way to
model real seigniorage is to write it as r,M/p, in the government budget constraint:
In fact, seigniorage consists of a very small fraction of total government revenue.

In addition, major investors, those who are working, do not receive the transfer pay-
ment, TR,, from the government. As a consequence, any moderate change in sei-
gniorage has a small impact on an investor’s consumption and investment

decisions. Therefore, how to model seigniorage should not affect the principal con-

clusions of the model.

This section will be closed by a formal description of the stationary compet-

itive equilibrium.

18. The assumption about the inter-generational transfer here can be justified by the empiri-
cal findings in Gokhale, Kotlikoff, and Sabelhaus (1996) that for the U.S. the elderly
now hold a much bigger share of total wealth than they did a generation ago. The biggest
contributors to this increase are government entitlement programs which take more in
taxes from the young, and pay more in benefits to the old.

M,—M,

M
19. The real inflation tax revenue is ool (z-1)- %1 .Itis assumed that monetary

p t H
expansions are anticipated in the model.
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A competitive equilibrium is a collection of a sequence of prices

j Ji=
e = . .« My
{w,,r»q,},-o and real allocations k’, A s],,,, , such
Py n=1,....J=-1;t=0, ..., 0
that:
j =T - |
. . m[ . .
*Real allocations, < &, ,, —, 5, , » solve investors’
TP U nen, L do 1m0, e

optimal portfolio choice problems subject to the constraints (2)-(3),

taking the sequence of prices {wf, T gt =0 @S given;

*The sequence of prices, {w;, ,, 4,}, - o, is consistent with all market

clearing conditions (18)-(19); and

*The government balances its budget (24).

From this point on, this paper will focus on the steady state of the life-cycle
economy. A steady state is a competitive equilibrium with the following conditions
satisfied:

*A typical agent’s lifetime asset holding profile coincides with the whole
population asset holding profile at a given time period, e.g.

¥o= i

145, n+s- 10 general, all time subscripts will be suppressed;
*The interest rate is constant over time, r,=r, (hence, the wage rate must

,n

also be constant);

]
) : 2 R
*Real money holdings for each generation, m’ = — isconstant over
Py

time;
*The relative price of capital is constant over time, g, = q; and

*The inflation rate x, is constant and equal to the money growth rate, z-1.

Therefore, the real value of money creation in steady state, (M-M, ;)/p,, is
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J

equalto (1 - z°1) : 2 "—Jl . It should be noticed that although the technology allows
5 i=1

perfect reversibility between consumption and capital goods, the introduction of a

capital gains tax leads to an apparent depreciation when capital goods are converted

back to consumption goods. Therefore, even in a deterministic steady state, g is not

necessarily equal to unity.

The details of the algorithm used to solve for the stationary equilibrium are
given in the appendix. The next section presents the parameter values used in the

computation and the results obtained.

3. Calibration

The calibration procedures are standard and the parameter values, drawn

from U.S.-based research, are summarized in the following table.

Table 2: Calibrated Parameter Values

Parameter Numerical Value

z 1.00, 1.10, 1.15, 1.20
£ 10%

3 30%

A 2

o 0.36

B 0.86

G 1.3

This paper focuses on the steady state in which the inflation rate will coin-
cide with and around the actual inflation rate. This implies a steady state annual in-
flation of 2%. There is no consensus about the precise values of marginal capital
gains tax rates over the years. Nevertheless, the empirical work of Auerbach (1988),

Gouveia and Strauss (1994) and Protopapadakis (1983) gives similar estimates and



15
10% is within their range. Stokey and Rebelo (1995) find that the usually assumed

10% depreciation rate per year is overstated and provide evidence that it should be
6% per annual instead. The latter implies approximately 30% depreciation every
five years, which is the length of time period in the model. Values assigned to the
parameters of the production function and preferences are adopted from the real
business cycle literature, except for the adjustment that the duration of one period
in this model is 5 years while in the real business cycle literature it is typically a
quarter. This setup is consistent with the buy-and-hold long term investment strat-
egy. The labor productivity index is constructed by Rios-Rull (1994), based on

CPS. [See Table 3.]
Table 3: Labour Productivity Index

Parameter | Numerical Value
h 0.2822
hy 0.8332
h3 1.2736
h4 1.4540
hs 1.6200
he 1.7100
hy 1.6208
hg 1.4090
hg 0
hio 0
h11 0

Furthermore, given the computing constraints, capital is exogenously limit-
ed not to held for more than 4 periods. This assumption is equivalent to assume that
an investor adapts a complete new portfolio in every five years. This is merely a

technical condition and can be readily relaxed.
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4. The Findings

A certain number of policy experiments are designed and conducted. The
policy parameters, money growth rate (or the inflation tax rate), z, and capital gains
tax rate T, are calibrated so that the model can predict how the capital gains tax in-
teracts with the inflationary monetary policy to determine total investment, aggre-
gate real cash balances, total consumption, and government transfers. The model
also quantifies the impact of these taxes on social welfare. Here the variation in so-

cial welfare is measured in terms of the percentage change in average consumption.

The quantitative results are given below.?

0

Table 4: How capital gains tax affects aggregate stock holdings (K/Y)

1=5%

1=10%

T=15%

T =20%

2=2%
(annual)

0.2803

0.2712

0.2678

0.2432

Table 5: How inflation affects aggregate stock holdings (K/Y)

r=1% L & ™
(@ngal) p=2% r=3% p=4%
17=10% 0.3018 0.2712 0.2644 0.25751

It is clear from Tables 4 and 5 that for a given inflation rate, on one hand, an
increase in capital gains tax rate leads to a decrease in the ratio of capital stock to
output. On the other hand, for any given capital gains tax rate, the ratio of capital
stock to output decreases as the inflation rate increases. This finding is consistent

with thatin Stockman (1981) in which agents also face cash-in-advance constraints.

Both taxes discourage capital accumulation.

20. This model predicts that the output level decreases either with an increase in the rate of
capital gains tax or inflation tax.
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Notice that the capital-output ratio (5 year frequency) is 0.48 in the data,

which is larger than the numbers in Tables 4 and 5. This implies that capital is un-
der-accumulated in our model. This is because agents can live only finite periods
and there is no inter-generational bequests in our model. As shown in Jones and
Manuelli (1992), capital under-accumulation is a standard feature existing in any
life-cycle model. It is clear that the analytical results reported here will be strength-
ened when capital is not under-accumulated in the model because a larger invest-

ment is more sensitive to the changes in two tax rates.

Table 6: How capital gains tax affects real cash holdings (RM/Y)

=% 7=10% 1=15% 1=20%

p=2% 0.3284 0.3328 0.3371 0.3549
(annual)

Table 7: How inflation affects aggregate real cash holdings (RM/Y)

p=1% p=2% p=3% »=4%

1=10% 0.3509 0.3328 0.3168 0.2811

The results in the above tables show clearly that there are two offsetting ef-
fects of the taxes on real cash holdings, a portfolio effect (i.e., capital gains tax low-
ers the real return to stock holdings) and a wealth effect (i.e., inflation tax makes
money less valuable). At low inflation rates, the portfolio effect dominates so that
an increase in the capital gains tax rate encourages people to hold more cash and
less capital. In contrast, at high inflation rates, the wealth effect dominates so that a
further increase in capital gains tax rate discourages people to save in the form of

money (and capital).

In this model, real cash holding represents an investor’s real purchasing

power. Therefore, RM/Y is not necessarily close to the ratio of monetary aggregate
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to GDP.

In addition, the current setup assumes that a transfer payment is financed

partially by increased money growth, (MM, ,)/p,. This can be replaced by a more

realistic modelling of Seigniorage term in the government budget constraint, r,M,.
Will this modification change the dynamics of the real effects caused by inflation
and capital gains tax? No, the modification will reduce the magnitude of transfers
financed by increased money growth, and so would reduce the possible social wel-
fare benefit of increased inflation. As a result, the change will strengthen our mod-

el’s principal conclusions.

Table 8: How capital gains tax affects government transfer (TR/Y)

1=5% 7=10% =15% 1=20%

»=2% 0.0309 0.0312 0.0320 0.0333
(annual)

Table 9: How inflation affects government transfer (TR/Y)

r=1% p=2% »=3% »=4%

7=10% 0.0146 0.0312 0.0439 0.0608

Given that a capital gains tax and inflation tax are the only two taxes in this
model, the government transfer that is financed by taxes increases in both taxes. The
numerical results show that the transfer is more responsive to inflation tax than cap-
ital gains tax. In the benchmark case, inter-generational redistribution is implicitly
built into the transfer. Hence, in a world with a cash-in-advance constraint and im-
perfect capital markets, an increase in transfers, due to an increase in some tax rate,
could increase social welfare. Government transfers essentially redistribute wealth

from old generations to young generations through a tax system which distorts the




incentives. Numerical results in Tables 8 and 9 confirm this proposition.

Table 10: How capital gains tax affects consumption (C/Y)

1=5% 1=10% 1=15% 1=20%
2=2% 0.3421 0.3452 0.3497 0.3554
(annual)
Table 11: How inflation affects consumption (C/Y)
p=1% p=2% p=3% »=4%
1=10% 0.3761 0.3452 0.3238 0.2992

For a given inflation rate, a higher capital gains tax rate induces people to
invest less but to consume more. The cash-in-advance constraint tells us why aggre-
gate consumption increases in capital gains tax. That is because consumption is fi-
nanced partially by government transfers, which increase in the capital gains tax
revenue. In contrast, the inflation tax has an opposite effect on aggregate consump-
tion. That is because a consumer’s real purchasing power decreases in inflation.
Specifically, if an agent saved m/p amount of cash last period, due to inflation, this
agent encounters the loss, (m/p)(1-1/z) in real purchasing power. Therefore, higher
inflation means more purchasing power for government which comes from con-
sumers who hold money. Inflation makes both liquid and illiquid assets (money and
other assets) less valuable. Hence a higher inflation rate implies less investment and

a lower level of consumption.

Table 12: How capital gains tax affects social welfare ((A{ YY)

7=5% 7=10% 7=15% 7=20%

p=2% 0% 0.1% -0.3% -0.8%
(annual)
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Table 13: How inflation affects social welfare ((A?C YY)

p=1%

1=2%

p=3%

p=4%

1=10%

0%

-1.6%

-2.4%

-3.9%
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Note that in Tables 12 and 13 the numbers represent the welfare changes
(from the lowest tax rate case) in terms of the percentage changes in the average
consumption of all generations. The experimental results show that higher inflation
implies lower social welfare given a fixed capital gains tax rate. In this case, the
welfare loss due to the inflation distortion is larger than the welfare gain from the
inter-generational transfer. However, the quantitative results also show that social
welfare is not strictly decreasing while capital gains tax rate increases. When the in-
itial inflation and capital gains tax rates are low, the welfare gains due to govern-
ment transfer payment dominate the welfare loss due to the distortion tax.
Therefore, this exercise suggests that the distributive effect of taxes can not be ig-
nored in the welfare analysis. This result is consistent with the empirical evidence

found by Groshen and Schweitzer (1997).

Relative to the 0.5% consumption equivalent welfare cost found by Imro-
horoglu and Prescott (1992), the result here is more significant. With a 10% capital
gains tax rate, even when the annual inflation rate increases slightly, say from 1%
to 4%, the welfare loss experienced by the consumers is large. Average consump-
tion of each consumer needs to be increased by 3.9% to restore the social welfare
level to that at the lower 1% inflation rate. Also, it is worth noting that the welfare
cost due to capital gains tax is much smaller than that due to inflation. In summary,
the analysis conducted in this paper identifies a channel from which inflation gen-
erates a large welfare cost, namely the interaction with capital gains taxation. This
paper also supplements the literature on the overlapping generation model with
money. It demonstrates that money transfer as wealth transfer can still play some

role in social welfare.

5. Concluding Remarks

For decades, economists have tried to identify channels through which in-
flation distorts the economy. Inter alia, Lucas (1972) focuses on the confusion be-

tween aggregate and relative price movement, Cooley and Hansen (1989) on the
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transaction role of money, Cooley and Hansen (1991) on the substitution between
cash goods and credit goods, Imrohoroglu and Prescott (1991) on the self-insurance
purpose of money, Diaz-Gimenez et al. (1992) on the distortion through mortgage
market, and Cho, Cooley and Phaneuf (1994) on the distortion through nominal

wage contracting.

This paper highlights the interaction between inflation and a distorting tax
in the financial market. It demonstrates that asset holdings over the life cycle as well
as aggregate capital accumulation are significantly affected by a change in inflation
and capital gains tax rate. Given a 10% capital gains tax, an annual increase in the
inflation rate from 1% to 2% can result in a 1.6% consumption- equivalent social
welfare cost in five years. In summary, this paper finds a channel through which in-
flation generates a relatively large welfare cost. In addition, this paper supplements
the literature of overlapping generations model with money. It shows that the mon-
ey transfer as wealth transfer can still play some role in the determination of social

welfare. An ongoing extension of this research includes idiosyncratic shocks in the

model and an examination of the welfare cost of the joint distortions.?!

This research also provides an algorithm to solve a life-cycle portfolio prob-

lem when there are some thresholds in asset trading.22 The thresholds studied in this
paper are totally artificial and created by a distorting government policy, namely, a
capital gains tax.23 The algorithm developed here can be modified to study other

thresholds in financial markets such as the artificially large denomination of assets

such as government bonds and indivisible household capital investment.

21. There is one hypothesis we need to test in this model: a higher variance of inflation
might lead to even higher welfare cost. Intuitively, in a stochastic inflation model, peo-
ple might want to wait for lower inflation to sell their stock to realize the gains. We plan
to use a simulation technique to test if our model can generate such results.

22.For instance, Alyagari and Gertler (1991) study the thresholds in asset trading created by
transaction costs.

23. An example of this as such includes asset-based social insurance studied by Hubbard,
Skinner and Zeldes (1995).
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Appendix: The algorithm

For the representative agent of generation j, his state variables are:

ki = (kyp oo kjyp) a historical summary of his asset holdings;

' money holdings at the beginning of period; and

K : labor productivity index.

The economy-wide state variables are:

(1).

(2).

g : relative price of capital goods; and
z: inflation rate.

The basic algorithm for computing the stationary equilibrium consists of the
following steps:

Given a triple of the policy parameters,{z, T,,, T, }, and an initial aggregate
capital stock, ko; select the grids for each vanable in the state space,
k’eK (K1, oo B, 1, B21.2,0 01, and 7 € M = [, ..o P, 1.

Given a guess on the lump-sum transfer, TR, and asset price, q,solve a

typical agent’s finite-period dynamic programming problem by backwa{gl

)j=1,. 2
startmg from the generation J, for each point in the discrete state space
KxM.

recursion approach to get the policy function on (c’ k' y’ m]

*For the generation J, given each point, 7’ e # 2% the representative agent in
this generation has a trivial decision rule: he will consume the sum of his
money holdings and transfer,

V') = max{u(c)} (25)

S.L.

24. We do not need to consider the grids for asset holdings here since the last generation will sell
all their assets before last period. Since J-1<R (the retired age), there is no wage income for the
retired agents.
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i
¢ =2 +71R (26)
z

*For the generation J-1, given each point, (k{_l, ik s, m )(J_ 55

the representative agent will sell all his stocks, ki' for n=1,....J-1, and

solve the problem:

H+p Vi @

-1,,J- 1 *J- 9
VJ (k) kJ 2’ 1) = max, ;- ’;l,}{u(c

{c
S.t.
~J-1
cj_l = ’n——+TR (28)
iz
w=r Y BT 4g Y -1,(1-21-(1-8) &, 29)
n=1 n=1

Since the cash-in-advance constraint (CIA) and the budget constraint hold
in equality at optimum, ¢’ is determined by the CIA constraint and it’s a
nyX 1 vector. For each point in state space, we use the agent’s budget

constraint to compute the solution matrix for money holdings, which is a
J-1
(n1

not be one of the grids for m. Since the value function is monotonic on m's,

aly 3 4 . :
" n,) X 1 vector. m” is determined by the budget constraint so it may

we can use the linear interpolation to get the value of the value function if

this case happe:ns.25

RS
wkj_3,m "), the
representative agent solves the following problem; this problem is valid for

*For the generation J-2, given each point, (k{ ¥ 2,

all agents with ages falling between R and J-2.
& 27<'7 J=2 ~J-2
V2 L2 Y = max ,2,2,2A,1{u(c i )
ik~ 585 e

BV K )

S.1.

(4 “TR 31)

25. This method is widely used in the literature. For instance, see Gomme and Greenwood
(1995) and Imrohoroglu, Imrohoroglu and Joines (1993). For more details, see Press et.
al. (1992).
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J -0 J=D

gk e’ = S T4 Y -1,0-2N]570 (2)
n=1 n=1

0%s 2 2(1=8)-& (33)

with the laws of motion for asset holdings,

K=k (34)
and
J- J-2 J=-2
A BT (35)

for n=1,....J-3. According to the feature that agents sell their newly
purchased assets first, when we search across the grids for optimal si_ & , We
start from si_ ? = 0.If thetotal sales are larger than kﬁ =% then select sjzg
to be the smallest grid of K . The same logic is applied for the choices of
other sales variables.

*For the agents of generation je {2,..., R-1}, they solve the following

problem,
it il e j
il (kll ; ...,kj-_z,m Y= max{%_,,sj._ltc,-,ﬁl,}{.u(c)-.I- (36)
BV, .. K n0)
St
X i
=2 +TR (37)
z
J—2 J=2
gk enl = ST S 1-1,(1-2] - WK (38)
n=1 n=1

0<s <(1-8)- K (39)
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where
K= 1! (40)
= a-8 K- (1)
*For the first generation,
Vie) = max oo (B V(KD O) (42)
s.t.
g-ky+m’ = wh' : 43)
and
K=k (44)

. : . .. R )
(3). Once we determine the first generation optimal decision rules, (kg, ¢, m™),

we can use them and combine them with the decision rules for other

generations to get the optimal route, (kcl), S m hia 1 -

The aggregate capital stock is updated by the following formula
K* = (1-98) - K*-S*+1I*,

and it will determine the marginal product of capital in the next iteration
which is equal to the interest rate.

In equilibrium, all markets will be clear and the government budget will be
in balance. Notice that money is assumed to be in equilibrium in all
iterations and the commodity price plays no role here. Therefore it suffices
to check only if the distribution of real money balance converges, which is
part of the task of the next step.

(4). Relative price of capital ¢' is adjusted to clear the capital market,

~ - LR k)~ CF] 45
q TR 45)
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(5). Update the lump-sum transfer, TR , by equating the government budget
constraint, that is,

1IN

g ) - A J j-1
R .| i | B, Jo i
TR S Pt B
e ST

2 .* L3 . 3 . .
where m’ is the real cash balance for generation j from the last iteration.

6).1f |g' — gl < g, and |1:R' - Y:Rl <¢,,, goto next step. Otherwise, ¢ = ¢' and

JoJ=1

Y:R = Y:R', and K* = 2 Z k;* , and repeat the process from the
beginning.

i=ln=1

Steady state means that the following distributions are stabilized, the
distribution of real money holdings and the distribution of asset holdings.
(Recall that the last generation agent will not buy new capital stock). If the
two distributions have converged, stop. Otherwise, update the aggregate
capital stock, and go to step (2).
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