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1 Introduction

HOw DO TAXES ON CAPITAL INCOME affect risk—taking and economic growth ? Though
this question is hardly new it remains largely unanswered. This gap in the literature is
particularly unfortunate because the importance of taxes in influencing entrepreneurial risk—
taking, investment and growth has been conjectured since Schumpeter (1934).

There are two competing views on the relationship between taxation and risk-taking,.
The first view is that the taxation of risky assets discourages risk-taking. The second view is
that taxation of risky assets encourages risk-taking. The intuition behind the second, rather
surprising view, is that an increase in the tax rate decreases both the risk and the return to
the asset, thus increasing the demand for higher returns (by raising the marginal utility of
income) and reducing resistance to bearing more risk (by lowering the marginal disutility of
risk). The net result is an increased demand for assets with greater return and greater risk.!

If the second view is correct, greater risk-taking should lead to an increased demand for
risky assets which should lower the cost of risky capital. Therefore, in the long-run, one
would expect the lower cost of risky capital to lead to an increase in the economy’s capital
stock and growth rate. Despite the sharp predictions of this line of reasoning there has been
surprisingly little work on the relationship between risk-taking and economic growth.?

Understanding the interaction between taxation, risk-taking and growth is important
because it is central to one of the most challenging questions facing academics and pol-
icymakers — why some poor nations become rich while others remain poor. Numerous
empirical studies on the determinants of growth have demonstrated that the share of private
investment in GDP is the most important determinant of cross—country differences in growth
rates. However, private investment can only take place if entrepreneurs are willing to bear

risk. Factors that affect an entrepreneur’s willingness to bear risk are therefore important

!The second view has been dominant in the academic literature since the seminal work of Domar &
Musgrave (1944), Mossin (1968) and Stiglitz (1969) despite the fact that the result holds only under special
assumptions, Sandmo (1989).

®See Corsetti (1992) and Levine (1991) for some closely related work.



in understanding the relationship between private investment and growth. In this paper we
focus on one of these factors — capital income taxes. Many countries have attempted to
encourage private investment through tax incentives.> However, such tax incentives will be
of uncertain effectiveness in achieving the alleged (growth) goals because we know so little
about the relationship between the household’s asset choices that are influenced by tax policy
and the real factors underlying growth performance.

In this paper we use theory, new data and a powerful econometric method to exam-
ine the relationship between capital income taxes, household portfolio choices (risk—taking)
and economic growth. We start our analysis at the macroeconomic level by developing a
stochastic general equilibrium model of a small open economy in which taxes on domestic
capital (equity) income and foreign bonds affect household portfolio choice, welfare and the
growth rate of the economy. Production takes place by means of a linear technology in
which capital is the only factor of production. With the production function thus exhibiting
constant returns to scale in the input being accumulated, the equilibrium is one of ongoing,
endogenously—determined growth. The economy is subject to various stochastic disturbances
of both domestic and foreign origin, all of which are taken to be Brownian motion processes.
Accordingly, the model can be characterized as a “stochastic” endogenous growth model.?

An important feature of our analysis is a focus on open—economy aspects of taxation.
With recent reductions in barriers to capital mobility, economists have begun to pay more
attention to the international ramifications of tax policy. Most of this literature adopts the
neoclassical framework and analyzes the macrodynamic effects of various forms of taxation
on both the domestic economy and the world economy. For example, Sen and Turnovsky

(1990) analyze the effects of an investment tax credit on the accumulation of capital and

3See Lent (1967), Shah and Toye (1978) on tax incentives. See for instance Asea, Mendoza and Milesi
(1995) who demonstrate the adverse effect of factor income taxes on private investment in a cross—country
study of OECD countries using aggregate data on marginal effective taxes.

In this respect, the model can be viewed as an extension of the deterministic A~-K models developed
by Barro (1990), Jones and Manuelli (1990) and Rebelo (1991) to a small open economy. As a stochastic
model, it builds on previous contributions by Eaton (1981), Turnovsky (1993) for a closed economy and by
Stulz (1981), Grinols and Turnovsky (1994) for an open economy.



the dynamics of the current account of a small open economy. Nielsen and Sorensen (1991)
analyze the implications of various forms of capital taxation (dividend tax, capital gains tax,
and investment tax credit) in a similar type of economy, though using a somewhat different
model. Bovenberg (1986), Sibert (1990), Frenkel, Razin and Sadka (1991) and Turnovsky
and Bianconi (1992) address these types of issues within a two country world economy.
Much of this literature focuses on the distinction between residence-based and source-based
principles of taxation and the implication this has for the viability of the international tax
system, Giovannini (1990), Sinn (1990), Frenkel and Razin and Sadka (1991). However as
Slemrod (1988) has suggested, the stringent arbitrage conditions characterizing the viability
of alternative exchange rate regimes is essentially an artifact of the absence of risk and the
corner solutions this yields with respect to portfolio decisions. The viability issue ceases to
be important in the presence of risk and risk averse agents.

The main insight from the theoretical and numerical analysis is the important role risk
plays in determining growth rates, welfare and household portfolio choices. For instance,
among other results, we demonstrate how the share of domestic capital in the optimal port-
folio can raise or lower the mean growth rate of the economy depending on the predominant
sources of risk. We also demonstrate conditions under which a higher tax rate can be welfare
improving.

Having explored the theoretical macroeconomic interrelationships, we turn to the empiri-
cal micro-level relationship between taxation and portfolio choices. In our empirical analysis
we utilize previously unused household-level data from South Africa. We specify the house-
hold’s portfolio choice problem as multinomial probit (MNP). Estimation is implemented
using McFadden’s (1989) method of simulated moments (MSM).5 We use a MNP model
because risk—taking is best modeled as a discrete choice between a finite set of portfolios in

which certain portfolios may be closer substitutes than others. Studies that use (indepen-

See Uhler & Cragg (1971) for an early application of the multinomial probit model to analyze the
structure of asset portfolios of households.



dent) binomial probit models treat the decision to hold an asset as if it was independent
of the existence of alternatives other than holding a zero amount of the asset. However,
multinomial probit (MNP) models are difficult to estimate because they require the compu-
tation of high dimensional numerical integrals. The method of simulated moments utilizes
the orthogonality principle to construct unbiased estimates of complicated choice proba-
bilities without direct numerical integration. The MSM thus provides a computationally
inexpensive means of estimating choice probabilities when the choice set is large (more than
4 alternatives).5

The empirical results are striking — we demonstrate that a higher tax rate decreases
the probability of holding risky assets in our sample. This empirical result runs counter to
the conventional view (discussed above) that increasing the tax on a risky asset increases
holdings of the risky asset.

The rest of the paper proceeds as follows. In Section 2 we describe the basic structure of
the stochastic small open economy and derive the macroeconomic equilibrium. In Section 3
we demonstrate both analytically and numerically the effect of tax changes on equilibrium
portfolio shares, growth rates, the variance of the growth rate and welfare. Section 4 describes
the data, discusses the method of simulated moments and the empirical evidence. The

concluding section discusses the significance of our results. Detailed derivations are provided

in an Appendix.

2 A Stochastic Small Open—Economy

In this section we describe the basic structure of a small open economy that specializes in
the production of a single good. The economy is assumed to be sufficiently small in the

world production of this good, so as to have no impact on its market price.

6This is because it is possible to reduce a 4 alternative problem to one which requires integration of only
a bivariate normal density.



2.1 Prices and Asset Returns

The economy is inhabited by a representative household who consumes both the domestically
produced good, and a second good that is imported from abroad. Being small in the markets
for both goods, the relative price E of the imported good, in terms of the domestically
produced good taken as numeraire, is given exogenously and is assumed to be generated by

the geometric Brownian motion process
dE
— = edt + de, 1
5 € e (1)

where € is the instantaneous expected rate of change in the relative price and de is a tem-
porally independent, normally distributed, random variable with mean zero and variance

0.2_7

€

In addition, the representative household holds three assets in her portfolio: traded bonds
B*; domestic bonds B which are nontraded®; and equity claims (which may also be traded)
on physical capital K. There is no money, so the model is real. Traded bonds are assumed
to be denominated in terms of foreign output, so that their price in terms of the numeraire
also follows (1). Capital is measured in terms of the numeraire. The domestic bonds are
assumed to be consols paying one unit of output over the instant dt. The relative price
of these domestic bonds (in terms of the numeraire) is assumed to evolve according to the
stochastic process

dQ

g Mt +ds (2)

where 7 is the instantaneous expected rate of change and dgq is a temporally independent,

"The assumption of geometric Brownian motion is introduced, in part, to exclude the chance of negative
prices and quantities. This assumption is not entirely harmless. For example, (1) implies that there is a
tendency for continuous real depreciation in this economy.

8If domestic bonds were internationally traded, the risk parity conditions between the foreign and domestic
bond would become exogenously determined by risk conditions and preferences in the rest of the world, since
the domestic economy is small. Rather than impose such a condition arbitrarily, or attempt to model the
entire economy of the rest of the world, we assume that domestic bonds are nontraded, thereby determining
the risk parity condition between the two assets endogenously in the market of the small open economy
We should also add that the model does not belong to the conventional CAPM family because the menu of
assets is more limited by the absence of a riskless domestic asset.



normally distributed random variable with mean zero and variance ag. While the represen-
tative household perceives the stochastic process (2) as being parametrically given, it will
ultimately be determined as part of the macroeconomic equilibrium. In contrast to € which
by assumption is constant, n is time varying as will be shown below.

With domestic and foreign bonds paying deterministic coupons of (1/Q)dt, i*dt, respec-
tively, and with their respective prices following (2) and (1) , the real rates of return on

domestic and foreign bonds, expressed in terms of the domestic good as numeraire, are:

1
dRy = rpdt + duy; 15 = a +n;  dup = dg, (3)

dRf=rsdt +dus; ri=1"+¢€ dus=de. 4
f ! f f f

where the foreign interest rate. i* is exogenously given.
Production of domestic output Y using domestic capital K is given by the following

simple stochastic constant returns technology
dY = aKdt + aKdy, (5)

where « is the (constant) marginal physical product of capital and dy is a temporally in-
dependent, normally distributed random variable with zero mean and variance 03. Equity
investment is the real investment opportunity represented by this technology. Hence, in
the absence of adjustment costs to investment, the before-tax real rate of return on equity
(capital) is

dRk = ridt + dug; 1 = o; dup = ady. (6)

2.2 Household Optimization

The representative household’s asset holdings are subject to the wealth constraint

W = K + QB + EB", (7)



where W denotes real wealth, expressed in terms of the domestic good as numeraire. In
addition, over the instant dt she is assumed to purchase output of the two commodities at
the nonstochastic rates Cy(¢t)dt, Cy,(t)dt respectively.

The household’s objective is to select these rates of consumption, together with her

portfolio of assets, to maximize the expected value of discounted utility
e l 6 1-0yy ,—pt . .
E (C C ") Te P dt —oo<y<l]l; 0<6<1; (8)
o7

subject to the wealth constraint (7) and the stochastic wealth accumulation equation, ex-

pressed in real terms as

dW = W[ndek + npdRp + ndef] - (Cd + ECm)dt —dT, (9)

where ng = % is the share of portfolio held in the form of capital; n, = 9‘,73 is the share of

portfolio held in the form of domestic bonds; ny = %%—* is the share of portfolio held in the

form of traded bonds; dT is taxes paid (described below). With utility being represented by
the constant elasticity function, » = 1 — v measures the constant coefficient of relative risk
aversion. The value v = 0 corresponds to the logarithmic utility function.®

The government is assumed to tax the various sources of income in accordance with
dT = 7K (ridt + dug) + 76Q B(redt + dup) + 7 EB*(rpdt + duy), (10)

where 7, 73, 75 denote the rates at which the three sources of income are taxed.
Substituting for the portfolio shares n; into (7), and for ( 3), (4), (6) and (10) into (9),
the stochastic optimization problem can be expressed as choosing the consumption—-wealth

ratios Cq/W, C,,/W and portfolio shares n; to maximize (8) subject to

dW

9Strictly speaking, the logarithmic utility function emerges as

[(0303;79)1 - 1] |

lim
’Y—)O

This function differs from (8) by the subtraction of the term -1 in the numerator and the two forms of utility
function have identical implications.



ng+mny+ng=1, (12)

together with (1), where for convenience, we denote the deterministic and stochastic com-

ponents of the rate of asset accumulation dW/W by

'(p = nk(l — Tk)rk + nb(l — Tb)’r‘b -+ ’I”Lf(l — Tf)’l“f — % — —E%, (13)
dw = ng(l — 7x)dug + np(l — 7)dup + ng(1 — 7¢)duy. (14)

In performing the optimization, the representative household takes the rates of return
on the assets and the relevant variances and covariances as given. However, these will all
ultimately be determined in the equilibrium to be derived below.

The maximization of (8) subject to (11) — (14) and (1) is straightforward and derivations
of the solution are provided in the Appendix.'® Defining aggregate consumption expressed

in terms of domestic output by

C = Cd+ECm,

the first order optimality conditions are:
Cq=0C, (15)
EC,=(1-6)C, (16)

C 1 1 , 1
= = — 1—6) =8~ —y(y —1)o2 — Zy(1 -8
7 — {p +er(1=8) =v8 = 5(y = 1oy, — 57(1 - 6)

[y(1 = 8) + 1o +9*(1 = 8)oew } (17)

[(1—m)rs — (1 — 7)ri]dt = (1 —v)cov[dw, (1 — 7p)dup — (1 — 7%)dug]

+ (1 — 0)cov [de, (1 — 7)dup — (1 — 7x)dug], (18)

10Gee Merton (1971), Malliaris and Brock (1982) for a detailed discussion of the methods involved.



[(1=7p)ry — (1= m)re]dt = (1 —~y)cov[dw, (1 — 7p)duy — (1 — 7x)duy]

+ (1 — @)cov [de, (1 — 7f)duy — (1 — 7¢)dug], (19)

where
B = ni(l — 1e)ri + np(l — mp)ry +np(l — 7415

and the expressions for 02, 02, 0., which appear in (17) are calculated from equations (1)
and (13) above.

Equations (15) and (16) describe the consumption of the two goods as fixed fractions
of overall consumption expenditure, expressed in terms of domestic output. Equation (17)
is the solution for the aggregate consumption—wealth ratio. In the case of the logarithmic
utility function v = 0, (17) reduces to the familiar relationship C/W = p. Equation (18)
expresses the differential after-tax real rates of return on domestic bonds and capital in
terms of their relative risk differentials, as measured by the covariance of their returns with
the return on the overall portfolio. Equation (19) is an analogous relationship between the
differential after—tax real rates of return on traded bonds and capital. Solving (18) and
(19) in conjunction with the normalized wealth constraint ( 12), one can determine the

household’s portfolio demands n;.

2.3 Government Policy

Government policy is described by the choice of government expenditure, the issuing of debt,
and the collection of taxes, all of which must be specified subject to its budget constraint.

This may be expressed in real flow terms as

d(QB) = dG + (QB)dR,, — dT, (20)

where dG denotes the stochastic rate of real government expenditure.

10



Government expenditure policy is specified by
dG = gaKdt + aKdz, (21)

where dz is an intertemporally independent, normally distributed, random variable with zero
mean and variance o2. According to this specification, the mean level of public expenditure
is assumed to be a fraction g of the mean level of output, with a proportional stochastic
disturbance.!!

As is evident from the discussion of the household described in Section 2.2 above, gov-
ernment expenditure has no direct impact on the behavior of the private sector. It can be
interpreted as being either a real drain on the economy, or alternatively as some public good
that does not affect the marginal utility of private consumption or the productivity of private
capital. This is a standard assumption and enables us to isolate the effects of distortionary
taxation from government expenditure; see Rebelo (1991).

With expenditures specified in (20) and tax collection in (10) the government finances
any deficit by issuing long bonds (consols) paying a unit return over the instant d¢. Such
bonds have a market price @, which is endogenously determined in the market. Thus in
this economy, the government sets expenditure levels and tax rates independently, floating

as many bonds as needed to finance the budget. Substituting (21) and (10) into (20) and

dividing by W, the rate of accumulation of government bonds is given by

dQB 1
g—B N ,—{;{[(9—Tkomk+(1—Tb)’"b”b_7f7"f”f]dt

+angdz — Tengdug + (1 — 7p)npdup — Tynpduy} . (22)

IlFor the equilibrium to be one of ongoing endogenous growth, government expenditure must grow with
the economy. If that were not so, such an equilibrium would eventually become unsustainable. The notion
that the government seeks to claim a share of domestic output is a natural one, but other rules determining
G, including that it be determined by tax revenues are also possible.

11



2.4 The Goods Market and the Current Account

Net exports are determined by the excess of production over domestic uses, dY —dC — dK —
dG. Balance of payments equilibrium, in turn, requires the transfer of new foreign bonds (in
excess of interest on earlier issues) to finance net exports of the domestic economy. This is

expressed in real terms by the relationship

d(EB*) = [dY —dC — dK — dG| + (EB*)dRy. (23)
Dividing by W, this can be expressed as

d(EB*)Jr d [(1 ng + ¢ dt + ang(dy — dz) + ned 24
ng————=+ng—— = |la(l —g)ng +npry — — — :
T EB* “K G RITT T ATTY T 6L T Ry (24)

We should note, however, that the accumulation equations (11) (22) and (24) are not inde-

pendent; any two imply the third.

2.5 Macroeconomic Equilibrium

We now combine the elements introduced above to determine the overall stochastic equilib-
rium of the small open economy. The equilibrium determines the rates of consumption and
savings; the value and rates of return on all assets; the portfolio allocation; the economy’s
investment and growth rate together with its current account; and the risk characteristics
of each asset. The exogenous factors include: the initial stocks of assets K, B, B}, and the
initial real exchange rate E,; the stochastic process generating the real exchange rate (e,
de); the stochastic process describing government expenditure (g, dz); the tax rates (7, 7,
7¢) the stochastic process characterizing technology (c, dy); and the preference parameters
(v,p). The three exogenous stochastic processes (de, dy, dz) are assumed to be mutually
uncorrelated.!? The remaining stochastic disturbances for prices and wealth, namely dg, dw,

are determined endogenously and can be expressed as functions of the exogenous shocks. The

12This assumption is made for convenience only and nonzero patterns of correlation could be introduced
if desired.

12



endogenous variances and covariances can then be determined and an overall mean—variance
equilibrium derived.

Our objective is to reduce the model to a simple set of core relationships, which jointly
determine the deterministic and stochastic components of the macroeconomic equilibrium.
From the relationships in (15)-(19) it is reasonable to posit that if assets have the same
stochastic characteristics through time, they will generate the same allocation of portfolio
holdings, as well as the same consumption-wealth ratio.!3 Qur strategy, therefore, is to look
for an equilibrium in which portfolio shares, n;, and the consumption-wealth ratio C/W
are nonstochastic functions of the underlying parameters of the model and observe that the
restrictions thus implied are in fact consistent with this solution.

We derive the equilibrium in two interrelated steps. In step one we first solve for the
stochastic relations implied by the equilibrium. Using these, we then solve for the determin-
istic conditions that describe the economy. These relationships themselves imply relations
among the stochastic components. Thus, for the equilibrium to be consistent we must check
that the constraints implied by the deterministic dynamics are satisfied by the stochastic
relations and vice versa.

The intertemporal constancy of portfolio shares implies

dK d@B d(E B* dw
—_—= Q = ( ) = = dt + dw. (25)
K QB EB* W

Focusing on the stochastic components of equations (11), (22) and (24) and equating in

accordance with (25) (while recalling the definitions of dux, dup, dux appearing in (3), (4)

and (6), enables us to solve for dw, and dgq as follows

dw = aw(dy — dz) + (1 — w)de, (26)

13For a general utility function, the optimal portfolio shares and consumption-wealth ratio will be functions
of time. The constancy is a consequence of the constant elasticity utility function, the linear production
function, and the assumption that the means and variances of the underlying stochastic processes are constant
through time.

M A5 in all rational expectations equilibria, this procedure does not rule out other equilibria in which these
constancy properties do not prevail. But if such an equilibrium can be found it is certainly a legitimate one,
and one of genuine economic significance.

13



_o [w—nk(1l —71)]dy — awdz + [(1 — w) — np(l — 7¢)] de.

dq 27
np(l — ) (27)
where we define
Tk
W= ,
ng+ng

to be the share of capital in the traded portion of the household’s portfolio.
The solutions (26), (27) enable us to compute all the necessary variances and covariances.

In particular, we note the following expressions, which appear in the consumer optimality

conditions (17)-(19)

02 = a2w2(a§ +02) 4+ (1 — w)?0?; Tew = (1 —w)o? (28)

e’

cov[dw, (1 - my)dus — (1 — 74)dug] = {aZw [—(1 _w)+ (”” ki ”’“) Tk] o2

np
a?w?
.+.

o2+ (1 -w) [(1 —w) + ﬂrf] Uf} dt{29)
np np

cov(de, (1 — mp)dup — (1 — 7)dug] = [(1 - w)+ Z—’;Tf] oldt, (30)

cov[dw, (1 = 7¢)dus — (1 — 7)dug] = {—aQw(l — 'rk)ag +(1-w)(1- 'rf)af} dt, (31)

cov[de, (1 - Tf)de - (1 - Tk)duk] = (1 - Tf)O'gdt. (32)

Note that these expressions are not complete solutions, as they are expressed in terms of
the portfolio shares which are yet to be determined.

We may now collect the equations of the complete system. First, substituting (31) and
(32) into the optimality condition (19) (recalling the definitions of rx, r¢ given in (3), (4)
and (6)) leads to the following solution for w the share of capital in the traded portion of

the investor’s portfolio
a(l =) = (I + ) (1 = 7¢) + (1 = 78)(1 — 7)o
(1-17) [a2(1 — T}C)O'S +(1- Tf)O'g] .

(33)

w =

14



Choosing w in accordance with (33) ensures the equality of the risk-adjusted after-tax rates
of return on the two traded assets.

The above expression highlights two factors determining the optimal portfolio w. The
first is the speculative component which depends upon the differential after-tax real rate
of return, while the second reflects the hedging behavior on the part of the investor. This
depends upon the relative tax—adjusted variances associated with the returns on the two
traded assets.

Next, substituting (29) and (30) into the household’s optimality condition (18) implies

the following expression for the after-tax rate of return on domestic bonds

ro(l—7) = a(l—7)+(1- 7)wa2 ([—(1 —w)+ (nk;nb) Tk] 0’5

W n
+ n—baz) +[(1 =71 —w)+(1—8) [(1 —w)+ n—ZTf] ol (34)
Third, combining (25) with the deterministic component of (24), implies the following ex-
pression for the equilibrium growth rate ¢

v =w (a(l—g)— + (1 —w)(Z* +¢), (35)

)
Nk
Equation (35) expresses the equilibrium growth rate of the domestic economy as a weighted
average of the domestic and foreign sources of income.

Equations (33)—(35) together with the households equilibrium conditions (15)-(17) ex-

pressions for 02, o2, in (28), the portfolio shares “adding up” condition (12}, and consumer

accumulation equation (13) form a complete system determining the equilibrium values of

Ca Cnm C

w’ W’ W’
the portfolio shares ng np, ny; the real rate of return on domestic bonds ry; and the equi-
librium growth rate ¢. In addition, the instantaneous attainment of portfolio equilibrium

involves an initial price of domestic bonds @,, and corresponding initial wealth W, deter-

mined by

15



K,+ E,B} K,+ E,B}
Qo= —2 ( = ) W, = ot Dol (36)
g+ ny B, Nk + Ny

Finally, combining (34) with (3) enables one to determine n. With r, as given in (34)
being stationary through time, it follows that »n is time varying as the price ) evolves through
time; see (2).

Eliminating the real rate of return on domestic bonds, r, , and substituting, yields the

following closed form solution for the key economic variables:

_all=n) = (" + 9 = 7) + (1 = 10)(1 = 77)o
R FR [ P G P oy e P (37)

v = = {ell-m) = p=re1=0) + 30 - Daul2t — ) +uly - 2)
ol + %a2w2(7 — 1)y - 2)ol+ ([1 + 9w -0 |1 —w+ %’y(w —6)
+so(l-w)(r-2) e}, (38)
T = palel =)= ¥l - 390y — 1ad¥od + o
— sl = )1+ = 8)] +w(1 - W) (39)
Nk C/W

(40)

PR Al e e e | s ey

Equations (37)—(40) determine the equilibrium in a simple recursive manner. First, (33),

which simply repeats (20), expresses w in terms of the relevant tax rates, the relative risks

of the two traded assets, enabling us to write w = (Tk,rf,ag,ag . Given w, (20) then
determines the equilibrium growth rate ¢ in the form ¢ = w(Tk,w,az,af,ag). Having

determined both w and v, (39) determines the consumption-wealth ratio C/W as C/W =

C/W(w,, 02,02, 02). Finally, (40) implies the total share of traded assets, nx/w = ng +ny,

y) zZ? e

16



in the form ng/w = np/w(w,v,02,02,02). From these “core” solutions, other equilibrium
solutions can be obtained.!®

A number of observations can be made about the equilibrium. First, the equilibrium
is completely independent of the tax rates on domestic interest income 7,. Though the
government offers a unit return on its bonds, the after-tax real return to bond holders
depends upon the market equilibrium and adjusts as needed to produce the required after—
tax return regardless of the magnitude of the before tax return taxed by the government.

Second, the tax rate on capital (74) and on foreign bonds (74) influences the consumption-
wealth C/W ratio and the total portfolio share of traded assets (ny/w), only through their
effects on w and 9. The effect of tax rates on growth can be obtained from (38) and will be
discussed further below.

Third, the equilibrium growth rate % is independent of mean government expenditure
g. While an increase in g reduces the real growth rate directly (35), this is exactly offset
by the fact that it also increases ng, thereby increasing the consumption—capital ratio and
maintaining the overall rate of growth unchanged; see also Eaton (1981). By contrast, the
growth rate does depend (positively) upon the variance of government expenditure.

Finally, the equilibrium must satisfy certain feasibility conditions. First is the transver-

sality condition, which for the constant elasticity utility function, is given by

lim IE [W7e~""] (41)

t—o0

Using (25), the condition (41) can be shown to reduce to the condition C/W > 0, as
originally shown by Merton (1969). With the equilibrium being one of balanced real growth,
in which all real assets grow at the same rate, (41) also implies that the intertemporal
government budget constraint is met, so that the equilibrium is intertemporally viable. Using
(37) — (39), the condition C/W > 0 can be shown to imply a constraint on the tax rates, and

other parameters, though this constraint is automatically met in the case of the logarithmic

5From (37)- (40) we observe that the equilibrium is indeed one having a constant consumption-wealth
ratio and constant portfolio shares, thereby validating the initial assumption.

17



utility function ( v = 0).

Second, economic viability requires that the initially determined price of domestic bonds
be positive @, > 0. Assuming that nonnegative stocks of domestic bonds are always held,
(36) implies that this condition will be met if and only if 0 < ng/w = ng +ny < 1; ie. the

share of traded assets in the household’s portfolio is positive.

3 Numerical Analysis of Tax Effects

In this section we investigate the effect of changes in capital income taxes on four key
variables: portfolio shares; the mean growth rate; the variance of the growth rate and
welfare. ® We are not able to solve the core equilibrium analytically so we consider some
simple analytical comparative statics and then we illustrate the effects with specific numerical
examples.

We carry out the numerical analysis for the following range of parameter values:

e Production parameters: the marginal product of capital @ = 0.06 —0.12. The variance

of output, o2 = 0.001 — 0.01.

e Government: the fraction of mean government spending g = 0.10 — 0.30. The variance

of government spending o2 = 0.001 — 0.1.

e External parameters: Foreign interest rates i* = 0.04 — 0.10. The rate of change of

relative prices € = 0.07 — 0.12. The volatility of relative prices. o2 = 0.0012 .

e Taste parameters: The rate of time preference p = 0.04—-0.07. The coeflicient of relative

risk aversion y = 1 — 4. The share of domestic goods in consumption § = 0.2 — 0.6.

We also impose the following constraints on the numerical solutions: « > ¢* and aioﬂ > o2

to guarantee non-trivial solutions. We use a range of parameter values for the exogenous

167t is clear that any residual change in government revenue resulting from these tax changes are financed
by an appropriate accommodating adjustment in the stock of bonds.
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variables rather than a single parameter because empirically plausible values of many of these
parameters are unknown for middle-income countries such as South Africa. The numerical
examples are therefore not to be construed as providing solid quantitative evidence as to the
effect of taxes on the endogenous variables but rather as a broad measure of the qualitative
response of the endogenous variables to taxes.

The base parameter values are the first figures in the range. For brevity only solutions
with the base parameter values are reported in the figures below. The figures are produced
from an output matrix that describes the values of an endogenous variable for a given set of
exogenous variables and for given 7; and 7x. The 7 increase by 1 per cent per column and

Tk increase by the same amount per row.

3.1 Portfolio Shares

Differentiating equation (37) implies the following

ow o
— = 1-a(l- 2
O a?(1 - Tk)O'S + (1 — 74)0? [ of 'y)way] <0 (42)

Ow o 1—17;
1— 7y

Gy ) [1-a(l—y)wog] > 0. (43)
The signs in (42) and (43) depend on whether 1 > (1 — v)wo?2 which in turn depends on
the variance of the productivity shocks. The interpretation of this condition is as follows.
On the one hand an increase in the tax on capital income 7 reduces the after-tax mean
return to capital, thereby inducing investors to shift away from capital in their portfolios.
At the same time, the tax reduces the associated risk which investors “price” at 1 — v and
this encourages the holding of capital. The restriction we have imposed assumes that the
former effect dominates and in this case an increase in the tax rate on capital will reduce
the share of capital in the traded portion of the households portfolio. An increase in the tax

on foreign bonds 7 has precisely the opposite effect.

Figure 1 illustrates the response of w, the share of capital in the traded portion of the
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portfolio for base parameter values. Increasing 7, increases the share of capital in the traded
portion of the portfolio w. Increasing 7, decreases the share of capital in the traded portion
of the portfolio. Interestingly, an increase in 7¢, ceterts paribus, has a greater effect on w
than an increase in 7, does. However, increasing both 7y and 75 by the same proportion
seems to change w by an amount too insignificant to be detected. Indeed if 7y = 7, the w is

independent of the common tax rate, see (33).

3.2 Growth Rate

The effect of increases in the tax rate on the mean equilibrium growth rate can be expressed

as:
oY oY 9 9 5| Ow
Y _|1ZE _ 1— it
o = |aw T (1 =)oy + (1 —75)o o (44)
oY 0y ow
o7y T Bw Ot (45)

An increase in either tax has two effects on the growth rate. First, given w, an increase
in 7, reduces the risk adjusted after-tax return to capital thereby reducing the growth
rate. Second, it reduces w thus causing a portfolio shift from domestic capital to traded
foreign bonds. To the extent that the shift towards foreign assets raises the growth rate
[i.e.09 /0w < 0] this tends to offset the reduction in the growth rate due to the first effect.
However, if ¢ /0w > 0 the reduction in the growth rate is accentuated. Whether an increase
in the share of domestic capital in the traded portion of the portfolio raises or lowers the mean
growth rate depends upon the predominant sources of risk. For example, if the only source
of risk is domestic, domestic assets will tend to have higher rates of return than foreign assets
to compensate. In that case an increase in the portfolio share of domestic capital will tend to
raise the growth rate. Indeed it is possible for the portfolio shift to be of sufficient magnitude
for this second effect to dominate so that a higher tax on domestic capital income is actually
growth—enhancing, in contrast to its known adverse effect on growth under certainty.

The effect of an increase in the tax rate on foreign assets, 7¢, depends on the response
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of w. Accepting the sign of (43) we see that sgn 0v/d7y = sgn 8¢ /Ow. If sgn d¢/Ow an
increase in the foreign tax rate will reduce the growth rate. An example where this is so is
provided in our numerical illustrations. Finally, it is immediately apparent that a uniform
tax increase (drx = dry > 0) leaves the optimal portfolio share w unchanged, so that the net
effect on the growth rate depends only upon —1 + (1 — 'y)awag, and provided (42) applies
will be unambiguously growth reducing.

Figure 2 illustrates the response of the mean growth rate (¢) to changes in both taxes.
In the scenario depicted in this figure increasing the tax on foreign bonds (7y) decreases the
equilibrium growth rate (¢¢). However increasing the tax on domestic capital (7f) decreases
the equilibrium growth rate (¢). Finally, 7 does not exert a greater effect on growth than

75 does.

3.3 Variance of Growth Rate

The effects of a higher tax rate on the variance of the growth rate are given by

Ow
87'1-

503,
87‘i

=2([a2(03+0§)+03]w—03) i=k,f (46)

Thus assuming the signs of (42) and (43), an increase in the tax rate on domestic capital
income 74 will stabilize the growth rate (i.e. reduce 02) if w > & = (62/[0?(02 + 02) + 02)
and destabilize it otherwise. An increase in 7¢ will have precisely the opposite effect. This is
because @ is the variance minimizing portfolio and any tax changes that shifts the portfolio
towards @ is stabilizing.

Figure 3 illustrates the effect of various values of 75 and 7; on the variance of growth.

3.4 Welfare

To assess the consequences of tax policy on economic welfare, a welfare criterion must be
introduced. For this purpose, we consider the welfare of the representative household, as

specified by the intertemporal utility function (8) evaluated along the optimal path. By def-

21



inition, this equals the value function used to solve the intertemporal optimization problem.
As shown in the Appendix, for the constant elasticity utility function, the optimized level

of utility starting from an initial stock of wealth W (o) is
X (W (0)) = 6W (o) E;"7), (47)

where

~ .\ v-1
5 = 1670(1 _ 9)-‘7(1*9) 1%
v w)

where C/W 1is the equilibrium value given in (39). Using (36), the welfare criterion can be

expressed as
1 S\ rwy
X (Ko, BY,E,) = —67%(1 — )70 (-) (i) (Ko + E,BX)E; 7179, (48)
¥ w Nk
Assuming that the consumption—wealth ratio C/W, and portfolio share w/ny are positive
insures that v X (K, + E,B}) > 0, as well.
Taking the differential of (48) yields
dC/W) __dlw/m)
C/W T /ng

S =G-1) (49)

The key point to observe is that tax policy affects welfare only through the growth rate
1 and the portfolio share w. Recalling (39), (40) and (49), the response of welfare can be

conveniently expressed as

8)§§?Ti _ C/LW {nbgfi +(1-7) [a2(0§ +02) + 03] (- w)g:}
1 * aw —
oW {[(1 +¢) —a(l-g)] nban} i=k,f (50)

where
a(l—g)—(*+¢€)+(1— v8)o?

=702 + o?) + 2] (51

is the portfolio share in the first best equilibrium where the government acting as the central

planner controls resources directly.
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The effect of a higher tax rate on welfare thus has two effects, a growth effect and a
portfolio effect. To the extent that an increase in a particular tax rate reduces the growth
rate it will be welfare reducing. However, the portfolio effect may either decrease or improve
welfare, depending upon the size of the existing portfolio share w, relative to the first-best
optimum &. In the absence of risk, and starting from a second-best optimum it is possible
for a further increase in the tax rate to be actually welfare improving. This may be the case
if the higher tax shifts the portfolio in the direction of .

How sensitive are the numerical results to changes in parameter values 7 To answer this
question we plot the numerical results obtained for each of the parameter values in a given
range to determine if there are any departures from the basic pattern depicted in Figures (1)
(2) and (3). Next we increase the exogenous variables by an arbitrary amount and observe
the response of the endogenous variables. To summarize the results of this exercise, raising
the marginal productivity of capital by a percentage point tended to raise w by less than
a percentage point but had little qualitative effect on the other variables and the direction
of change remained the same. Doubling the value of the variance of output raises w by a
trivial amount (i.e. not noticeable at less than 4 significant digits) and decreases the growth
rate ¢ by about a percentage and a half but again does not change the general direction of
change. Raising the variance of government spending from 1 % to 10 % raises the growth
rate by about half a percent. but again does not change any of the conclusions. We therefore
concluded that the numerical results described above are qualitatively robust to changes in

parameter values.

4 Empirical Analysis

It is well known that household portfolio choice is best modeled as involving two related
decisions. The decision of what fraction of net worth to invest in different assets — the

continuous or intensive choice—and the decision of which asset to hold — the discrete or
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extensive choice. Ignoring the simultaneity between the discrete and continuous portfolio
decisions may seriously bias estimates of asset demands. However, instead of trying to specify
and estimate complicated asset demand equations that are not subject to this particular
form of simultaneity, we focus on the household’s discrete choice problem—how do taxes

affect a household’s decision of which assets to hold ?17

To do so, we characterize the
household’s choice problem as a reduced—form multinomial probit model (MNP). ¥ A major
practical limitation of the MNP model is the complex computations required to estimate
choice probabilities when similarities across alternatives are taken into account. We overcome
the computational drawback of the MNP model by using the method of simulated moments

(MSM) which avoids direct evaluation of the likelihood function thus facilitating estimation

of a large number of alternatives.

4.1 Econometric Specification

In this subsection we briefly describe the empirical specification and methodology that we
use to estimate the parameters of our multinomial probit model of portfolio choice.!® The
multinomial probit model has the following form. Let the number of discrete choices in each
time period be K (j = 1,..., K). Suppose in each period the choices (henceforth portfolios)
of N individuals (n = 1,...,N) among K mutually exclusive alternative portfolios are
observed together with a set of explanatory variables believed to be relevant to their choices.
The latent “benefit” of portfolio j is the sum of a deterministic component — a vector of

observable variables X and a parameter vector to be estimated 5 — and a random component

17Despite its drawbacks several authors have estimated separate models for the discrete and continuous
portfolio choices, Hubbard (1985).

18We utilize the MNP model because it does not suffer from the independence of irrelevant alternatives
(IIA) property, McFadden (1973) The IIA property implies that all alternatives in an individuals choice set
are equally different from one another or that there is no subset of alternatives that is more similar to each
other than to the remaining alternatives.

19For a more formal treatment of this class of simulation estimators see Hajivassiliou & McFadden (1990),
McFadden & Ruud (1987) and Keane (1994).
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given by e. Formally,

UjZXjﬂ-*-Ej ]=1,,K (52)

where X; is a 1 x S row vector of exogenous regressors, B is a S x 1 column vector of
parameters possibly specific to choice j, ¢; is a K—variate random disturbance term that is
independent across individuals but has a multivariate normal distribution with covariance
matrix A.20 Henceforth the suppression of subscripts indicates that a variable is a vector.
We do not observe u; directly, but instead only observe an indicator variable d; where

d; = 1 if individual n chooses alternative j at time ¢ and 0 otherwise.

Let uq,...,ux denote the unobserved (latent) benefits of alternatives 1,2,..., K. Then
u1 = X168 + €,
ug = XgfB + €k (53)

Since the optimal portfolio choice delivers maximum benefit, the differences in benefit
levels between the best choice and any other choice, not the benefit level of the maximal
choices, are relevant for the household’s decision. Suppose that a household chooses portfolio
1. The differences in the benefit from portfolio 2,..., K from that of portfolio 1 are given
by

ug — ur = Z18 +m,
ug —u1 = Zg_18 + Mk-1, (54)

The problem is to determine the probability of choosing a given portfolio. For a given
portfolio to be chosen, the error differences can be at most as large as the differences in the

deterministic component. For instance, the probability that portfolio 1 is chosen is

Pr[ Portfolio 1 is chosen] = Pr(u; —u1 <0, Vj=2,..., K),

= PI‘(T]J'S—Zjﬂ ijl,...,K—l),

20A limitation of our approach is that we are implicitly assuming independence of choice behavior over
time as well as over individuals. Due to the independence assumption over time, our analysis does not exploit
the temporal dependence pattern in the data.
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= T(-Z8,Ak-1). (55)

where Y () represents the cumulative distribution function (CDF) of the K —1 variate normal
random variable n with mean vector zero and covariance matrix Ag_; and Z is the matrix
of vectors Z; j = 1,2,..., K — 1 while Ag_; is the covariance matrix of ny,...,nx_1 where
eta; = €41 — €;.

The CDF in (55) can be written as

T(-25,8k1) = [

AP /{ms_m] 9(n,. .. nx—1)dn .. dnx—1,  (56)
where ¥ is the density of the K — 1 variate normal random variable. Obtaining T(-) directly
requires expensive numerical integration of the above K ~ 1 variate normal density function.
The advantage of MSM is that it only requires inexpensive evaluation of the K — 1 variate
normal density function. The MSM replaces T(—Zy8, Ax—1) in (56) by an unbiased simu-
lation estimator. Furthermore the MSM does not require consistent estimates of T(-) when
there are a large number of observations in the data set. This is because simulation error
is averaged out across observations due to the fact that Y(-) enters the moment equation
linearly.

Next we describe how to construct the moment equations. Constructing the moment

equations is an important step in method of moments estimation. 21 Consider the conditional

expectation

E(dx|Zx) = T(=ZkB, Ak-1), (57)

which can also be written as
E[(dy — T(—Zk8, Ax-1))|Zk]) = 0. (58)
Substituting and manipulating the above equation yields

E(Z(dx — T(=2ZxB, Ak-1)] = 0. (59)

21Gee Hansen’s (1982) generalized method of moments estimator, another member of the class of method
of moments estimators that exploits the orthogonality principle.
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Equation (59) consists of S moment equations, one for each of the S explanatory variables.
Given a sample of N independent individuals, equation (59) can be replaced by the empirical
moments equation

N K

le dig. — T(=ZiB, Ax-1)) = 0, (60)
where d;;, is the observed choice of individual ¢ for alternative K, Z;x is the 1 x S row vector of
explanatory variables corresponding to the i’th individual and T(—Z3, Ag—1) is the probit
choice probability for alternative k for the i’th individual in the sample. If the number of
parameters exceeds S, Zi is replaced by the 1 x M vector of instruments Wi

1 N K

WZZW,;C ik — T(=ZiB, Ax-1)) =0, (61)
=1 k=1

where W; is the 1 x M vector of instruments associated with choice K and individual 7
stacked as in d.

With K alternatives in the choice set, the parameters to be estimated are g and the
parameters of the covariance matrix Ag_;. Let the parameter vector 6 contain the elements
of 8 and Ag_;. Then the MSM estimates are obtained by minimizing the left hand side of

the empirical moment equation (61) expressed in quadratic form as
85 = argming = (d — f(8))WW'(d — f(9)), (62)

where 8, denotes the parameter estimates obtained by minimizing the quadratic function,
d is a NK x 1 vector of observed choices stacked by individual and by alternative within
observation, f(6) is a NK x 1 vector of choice probabilities obtained from the K — 1-variate
normal distribution via simulation and W is the NK x M matrix of instruments, where

M>S8-14+(K(K-1)/2).

22The S x 1 vector of covariates X, associated with alternative k and individual ¢ and its higher order
powers can be used as the instrument vector Wi.
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4.2 Data, Sample Characteristics and Estimation Results

We use data compiled from individual income tax and investment portfolio files from the
Republic of South Africa.Z3 Before describing the data it is useful to provide a brief de-
scription of some features of taxation in South Africa. Tax revenues in South Africa derive
from four main sources: the individual income tax, a general sales tax, the direct taxation of
companies other than mines and taxation of mines. Between 1980 and 1985 the contribution
of individual income taxes to total tax revenues increased from 22 to 33 percent.?* Virtually
all of South Africa’s income tax is paid by a quarter of the population and 70 % by the
wealthiest 5%. The individual income tax on married persons was levied progressively on 15
(pre-1986) and 18 income brackets (post-1986). The income brackets start at a 15 percent
marginal rate for taxable income less than 5,000 rand and end at 43 percent for incomes
higher than 80,000 rand.

The basic principles of taxation for capital income passing to a South African resident
are relatively simple. Investment income reaching the hands of the individual is charged to
income tax in the same way as employment income. South Africa is one of the few countries
in the world which does not tax capital gains. This is important because the tax treatment
of different assets depends on the way in which the yield occurs, that is whether it occurs
as dividend yield or capital gains. Like many countries, the tax code is based on nominal
income so the effective tax rates are sensitive to the rate of inflation. Inflation affects the real
value of debts stated in nominal terms, erodes depreciation allowances and understates stock
valuations. In South Africa the (20%, 20%, 20%, 20%, 20%) depreciation allowance method
in the hotel and manufacturing sectors reduces the effects of inflation. We are therefore
careful to distinguish between real and nominal capital income in our estimation.

The dataset is unique because data on household asset/wealth holdings are rarely avail-

able. This is often attributed to the proprietary nature of the information. However, almost

23Gouth Africa has a GDP of $ 120 billion with a per capita GDP of $ 2,900 in 1993 (if converted at PPP
$ 4,455) making it a middle-income country in the same category as South Korea, Brazil and Argentina.
24Gouth African Department of Finance, Inland Revenue Statistical Bulletin No. 6 (1988).
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all countries have investment brokers and/or accounting firms that prepare tax returns and
investment portfolios for clients — often the same clients year after year. The data we use
in the present analysis were obtained from such a source— based in South Africa.?

The data provide detailed information on the sources of taxable income and deductible
expenses of households and the value of several categories of assets included in household
investment portfolios. The raw sample consists of 875 individuals. In selecting members for
inclusion in the sample we chose to restrict the sample to a relatively homogeneous group of
households so that attention can be focused on the tax variable.

We apply the following criteria in choosing members to include in the empirical analysis.
First, the household must have filed tax/investment forms and have reliable and complete
data on each of the covariates for each of the five years. Second, we restrict our analysis to
White residents of South Africa. This is to provide some control on the educational and oc-
cupational backgrounds to account for possible human capital effects. The Apartheid system
resulted in Blacks being discriminated against in higher education and severely constrained
their occupational opportunities. The final cross-section comprises 349 individuals.

Table 1 provides descriptive statistics on the five groups of financial assets in the sample.
We are interested in the financial assets of households and therefore exclude real assets (such
as houses) from our analysis. By only focusing on financial assets we are implicitly assuming
separability between services rendered by financial and real assets. In other words the effect
that real assets have on choice of financial assets is assumed to be random, Uhler & Cragg
(1971).

The econometric specification requires that the individual choose between mutually ex-
clusive portfolios of assets in terms of the relative riskiness of the portfolio. We must therefore
decide on a rule for ranking the portfolios in terms of which is “more” or “less” risky. This

is important if we are to make meaningful conclusions about how changes in taxes influence

25We are grateful to Pater Salazar for making it possible for us to collect the data. It took almost one year
for a team of research assistants to compile the data under the onerous confidentiality restrictions imposed
by the investment firm.
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risk-taking. However, such a ranking is difficult to make precise unless some restrictions are
placed on the probability distribution of returns.

To rank the portfolios, we start with the assumption used in the theoretical model that
returns on risky financial assets evolve as Brownian motion. This assumption implies that
asset returns are normally distributed, such that the (unconditional) mean and variance
fully characterize the distribution of returns.?® Next, we compute the mean and variance-
covariance matrix of annual returns from April 1970-April 1985.27 Then given the historical
distribution of returns we use a hill-climbing algorithm to identify the portfolio that achieves
the lowest variance for each given mean return. We repeat this process for a range of mean
returns. The procedure yields a set of asset allocations that correspond to points on the
mean-variance efficient frontier.?8

Having computed the universe of mean-variance efficient portfolios we then rank the
portfolios such that portfolio 1 (denoted P1) is the least risky portfolio and portfolio 7 (de-
noted P7) is the most risky.?? Next, we compute actual portfolio returns for each household
for each year of the sample period. Then we allocate actual household portfolios to optimal
portfolios (P1-P7) according to the following simple rule. A household’s actual portfolio is
allocated to one of the seven portfolios if it is within +50 basis points of a mean—variance
efficient portfolio. This rule enables actual household portfolios to deviate from the mean-
variance efficient frontier.

The mean—variance efficiency criterion is only valid if returns are Gaussian or utility is

quadratic. However, as mentioned above it is likely that returns are not Gaussian. Further-

26This assumption should be considered an approximation as actual return data for most assets have been
found to be leptokurtic i.e. peaks are higher than the normal distribution and the tails fatter.

2"When calculating the return to equities we ignore dividends and therefore understate the pre-tax returns
that an investor would have received. However, most risk in equity investment comes from capital gains and
losses (which are not taxed in South Africa) so the omission of the dividend component of returns will not
produce much bias in the measurement of risk.

28The relative proportion of risky assets in the optimal portfolios is not identical because we retain the
assumption (used in the theoretical model) that there is no riskless asset. It is well known that without a
riskless asset, optimal portfolios will not necessarily contain the same relative proportions of risky assets.

290ur choice of the number of portfolios (seven) is arbitrary. However, the empirical results are robust to
the choice of five, six and eight portfolios.
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more, in our theoretical analysis we assumed a constant elasticity utility function. Therefore,
a valid concern is how robust our portfolio rankings are to the mean—variance criterion. To
address this concern we computed optimal portfolios using a hill-climbing algorithm that
chooses the portfolio that maximizes expected utility for various values of the risk—aversion
parameter. Expected utility was computed based on the historical distribution of returns.°
Little difference was found between the set of optimal portfolios generated according to the
expected utility criterion and the mean-variance eflicient portfolios.

Next, we construct an instrument for each individuals marginal tax rate. This is nec-
essary because there is a potential problem with using actual marginal tax rates in our
specification since returns to different assets have different tax treatments. This implies that
an individual’s marginal tax rate depends on the portfolio of assets the individual chooses to
hold, Feldstein (1976). To avoid this potential simultaneity problem we use an instrumental
variable in place of the actual marginal tax rate.

We construct the instrument for the household’s marginal capital income tax rate in the
following way. First, we calculate the mean annual return to all portfolios (1-7). Then we
assume that all households hold all their wealth in a hypothetical portfolio that is an average
of the portfolio returns calculated above. Finally, using this imputed figure for capital income
we arrive at an estimate of the household’s marginal tax rate on capital income by applying
the appropriate personal income tax rate structure in each year after deducting the labor
income of the household head.®!

Columns 1 and 2 of Table 2 provide the parameter estimates and standard errors obtained
from estimating the multinomial probit model with an instrument for marginal tax rates.
The dependent variables are the households portfolio choice (P1-P7). The explanatory

variables are TAX, AGE INCOME and macroeconomic controls. It is important to include

30This method of computing expected utility requires the strong assumption that all the moments of the
subjective distribution are exactly equal to the historical distribution.

31Agell & Edin (1989) use a similar method of constructing an instrument for marginal tax rates in their
cross-sectional study of Swedish households.
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the macroeconomic controls because over the sample period the price of gold tumbled, the
exchange rate fell from 3.28 to 1.52 and the CPI almost doubled in South Africa. Estimated
coefficients for the macroeconomic controls are not reported here to conserve on space but
are available on request from the corresponding author.

For each explanatory variable, the estimated coeflicient measures the relative influence of
that variable on the likelihood of the household choosing each portfolio relative to the base
(least risky) portfolio. For example, TAX-P2 refers to the likelihood that the household’s
marginal capital income tax influences (positively or negatively) the choice of portfolio 2
relative to the choice of portfolio 1, holding all other variables constant. Recall that portfolio
1 is the relatively safe portfolio.

We restrict our comments to the influence of taxes on portfolio choice. From Table 2 it is
evident that increased taxes decrease the probability of holding any of the “riskier” portfolios
relative to the probability of holding the “safe” portfolio, holding all other variables constant.
However, the overall effect is unclear because relative values of the tax coefficients among
risky assets matter. To see this note that the tax coeficients increase as you move from
portfolio 2 to portfolio 7. This pattern implies that as the marginal tax rate increases,
agents hold more risky assets within relatively risky asset groups. Considering these two
effects together (i) P1 vs P2-P7 comparison; (ii) P2 vs P3 ... vs P7, it is not immediately
clear whether increased taxes discourages holdings of P7 overall.

To investigate the overall effect of increased taxes on portfolio choice we grouped the
assets into “more risky” assets (equity and foreign asset) and “less risky” (bank savings
and bonds). Then, we estimated a regression of the ratio of amounts invested in the two
groups on the marginal tax rate. The coefficient estimate from this regression is negative
and precisely measured at the 5 percent level which suggests that increased taxes discourages
holdings of riskier portfolios. As an additional check on the net effect of taxes on portfolio
choice we allowed the base portfolio to change for each regression. That is we estimated the

MNP specification with a different base portfolio (P2-P7). The pattern that emerges from
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these 7 MNP estimates (with different base portfolios) confirm the results from Table 2.32

The empirical results are striking and differ from the conventional view that increasing
the tax on a risky asset increases holdings of the risky asset. The conventional view was
based on a situation in which loss—offsets are fully allowed such that taxation gives rise only
to an income effect resulting in an increase in risk-taking. The estimates reported in Table
2 are consistent with a situation in which households discount very heavily the possibility
of loss. If losses are not fully deductible against other income, such that the tax lessens the
advantage of holding risky portfolios there will likely be a switch from more risky to less
risky investments. A progressive personal income tax such as that in South Africa with no
loss—offsets provision will almost certainly have a net disadvantageous effect on investment
in risky ventures.

The estimates reported in Table 2 provide a broader test of the central proposition in
the theory of taxation and risk-taking because we have several assets and not a single risky
asset and single risk—free asset as in classic treatments, Domar & Musgrave (1944). However,
Sandmo (1989) has shown that the central proposition generalizes directly to the case of many
risky assets with substitution away from the safe asset reflected in equal percentage increases
in holdings of all risky assets—providing the composition of the risky asset portfolio stays
the same. Interestingly, this theoretical result goes through even in the absence of a safe
return on one of the assets.

Several shortcomings in the econometric analysis deserve comment. First, why do we
use a reduced form specification? The main advantage of the reduced form approach is it
enables us to study and predict the complex dynamic interrelationships illustrated in the
theoretical analysis through estimation of a relatively small number of unknown parameters.
The obvious alternative to the reduced form is a structural model. However, we are un-
able to obtain a closed form expression for the underlying stochastic optimization problem.

When closed forms do exist for such problems they are often derived from highly simplified

32The estimates with different base values are available on request from the corresponding author.
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parsimoniously parameterized optimization problems which place severe restrictions on the
ability of the structural models to represent the data.

Second, the instrument vector we use provides parameter estimates that are consistent but
not asymptotically efficient. In principle such estimates can be obtained—McFadden (1989)
provides a derivation of the efficient instrument vector which would provide asymptotically
efficient parameter estimates. Third, conventional measures of goodness—of—fit — such as
the U? statistic— are not applicable to the simulation estimator used here. Despite these
shortcomings we believe the benefits of being able to estimate multi-period probit models
with a large number of alternatives open up a number of promising research avenues in

diverse areas of economics.

5 Concluding Remarks

The share of private investment in GDP is arguably the single most important determinant of
differences in cross—country growth performance. Private investment requires entrepreneurs
to bear risk. Taxes affect the propensity of individuals to take risks and thus to accumulate
capital through investment. However, the relationship between taxation and risk-taking (at
the micro-level) and growth (at the macro-level) is not well understood. This paper provides
a first attempt at addressing this intellectually challenging problem.

What lessons can we draw from the present analysis ? First, the theoretical analysis
emphasizes the importance of studying the effects of risk-taking and taxes in a stochas-
tic general equilibrium setting. Our analysis highlights two factors that are important in
determining the optimal portfolio: (i) a speculative component which depends upon the
differential after-tax real rate of return; (i) a hedging component which depends on the
relative tax-adjusted variances associated with the returns on the two traded assets.

Second, the empirical analysis demonstrates that taxation of income from risky assets

discourages risk-taking in our sample. Given the casual evidence on the importance of
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entrepreneurship and risk-taking in recent growth “miracles” the evidence that increases
taxation of risky assets discourages risk-taking is important news for scholars and policy-
makers seeking answers to pressing questions on growth.

In future work we intend to incorporate the household’s labor-leisure choice in the anal-
ysis. Accounting for labor income would introduce a role for nontradable human capital in
consumption and investment decisions. Such an analysis has the potential to provide empir-
ically testable predictions that we can confront with data on household portfolio choice to

shed more light on the relationship between taxes, risk-taking and growth.

Appendix A

The consumer’s stochastic optimization problem is to choose the consumption-wealth ratio and

portfolio shares to
1
max]Eo/ —(Cclcl-9y0c—rtys —co<y<]l 0<6<1
o 7
subject to the stochastic wealth accumulation and the evolution of the real exchange rate
daw
— = ¢dt + dw,
w T vdtdw

dFE
— = edt + de,
I edt + de

and portfolio adding up condition

ng+np+ny=1

where for notational convenience

FE
P = nk(l - Tk)‘rk + nb(l — 'rb)rb + nf(]. — Tf)rf - % - —quﬂ,

dw = ng(l — mx)dug + np(l — 7)dup + ns(1 — 7)duy,

We define the differential generator of the value function V (W, E, t) by

ov oV ov 1 v




Given the exponential time discounting, V can be assumed to be of the time separable form
V(W,E,t) = e "X (W, E).

The formal optimization problem is now to choose Cy, Cm, ng, np, ny to maximize the La-

grangean expression
e_pt%(CgC'}{o)'y +® [PX (W, E)] + A [L = ng — np — ]
Taking partial derivatives of this expression and canceling et yields
6 (030,1,;9)7_1 ci-lol-f = x,, (A. 1)

-1
1-0(ciek®)" c4loy? = Exy, (A. 2)

(1 = me)reW Xow + cov(dw, (1 — 7)dug) XwwW? + W E X wrcov(de, (1 — mp)duy) =

(1 = 75)rsW X + cov(dw, (1 — 7)dup) Xww W2 + W E X zcov(de, (1 — 7p)dup) =

VRN NN

(1= 75)rfW X + cov(dw, (1 — 7¢)duf) XwwW 2 + W EX ypcov(de, (1 — Tf)dug) = = (A.5)
o
ng+npt+ng=1 (A 6)

These equations determine the optimal values for Cy, Cp,, ni, np, n f, as functions of Xy, Xww,
X gw of the value function. In addition, the value function must satisfy the Bellman equation
1
max {—(0303;‘9)%‘” + ¢ [e_”tX (W, E)}} = 0.
{edsemme,np,ns} Ly
This involves substituting for the optimized values obtained from (A.4) and solving the resulting

differential equation for X (W, E), namely

1 ~p~ -~ 1 1
;(030},;9)7 — pX(W,E) + ¢y WXy = eEXp + EJ?UWQXWW + 5a§E2XEE + oweWEX s =0,
(A.7)
where~denotes optimized value.

The solution is by the method of undetermined coefficients. This is a standard procedure

for solving partial differential equations. That is we postulate a functional form for X (W, E) and
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determine the conditions under which the proposed solution satisfies both the optimality conditions

and the Bellman equation. The solution postulated is of the form
X(W,E)=6W"E" (A. 8)

where the coefficients § and z are to be determined. For the present problem this solution turns

out to be fully general and unique. This equation immediately implies

Xw=86yWYIE®,  Xp=6zWYE™Y,  Xyw =éy(y — )W 2E®, (A.9)

Xpp=6z(z — VWIE*2  Xyp=6yaWV g1 (A. 10)
To solve we begin by dividing (A. 1) by (A. 2). Combining the resulting expression with the
definition of expenditure C = C4 + EC,,, yields the expenditure shares
Ca=0C  ECpn=(1-86)C,
so that
cicl=? =61 - )1 PcE-(-9), (A. 11)

Substituting the expressions for C4, Cp, and X, back into (A. 1) yields
1
c= (579—79(1 - 0)"7(1_9)E°’+7(1—0)) Ty, (A. 12)

Next substituting from (A. 9), (A. 10}, (A. 11) and (A. 12) into the Bellman equation (A. 7) we
obtain

—8
1

e _x0-0) - -~
6771 (1—8) " v (57)TIW BRI _ s g 4 G5y wES

2| =

1 1
+ebzWTE” + 5012”67(7 - 1)WYE® + 50361(1‘ - 1)W'E*

+ 6yzowe WYET = (. (A. 13)

This equation consists of terms involving W and E raised to constant powers.

The function (A. 8) will be a viable solution if and only if
z=-—v(1-89),
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in which case (A. 12) reduces to
1
C = (87671 - o)—‘f(l—“’)) T,

Canceling the terms W7E? (recalling that z = —y(1 — ¢) in (A. 13), and noting the definition of

zZ , we find that the optimal solution for C'/W and the undetermined coefficient § are given by

¢ 7T
w = (sv6=70(1 - 0)71=0)7
1 1 1
= 1 {p +ey(l-6) -8 - 37 (7 = 1o — 71— k(1 -0)+ 1)o2
+72(1 - g)aew} ) (A. 14)

The solution for the value function is therefore
X (W,E) = swYE1-0)

where 6, obtained from the first equation in (A. 14), can be written as

~\ -1
5§ = l979(1 — 9)70-9) <
v W ’

and the optimal consumption-wealth ratio is obtained from the second equation in (A. 14). This is
equation (17) in the text. Note the fact that the equilibrium C/W > 0 implies 8y > 0. Equation

(47) in the text corresponds to welfare starting from initial values. Finally, substituting for X,

Xww Xwg into (A. 3)-(A. 5) and subtracting yields the optimality conditions (18) and (19). n

38



References

Agell, J. and P. Edin, 1990, Marginal Taxes and the Asset Portfolios of Swedish Households,

Scandinavian Journal of Economics, 92 (1), 47-64.

Asea, PK., E. Mendoza, E. and G.M. Milesi-Ferretti, On the Ineffectiveness of Tax Policy in
altering Long-run Growth? Harberger’s Superneutrality Conjecture,” forthcoming, Journal

of Public Economics.

Barro, R. 1990, Government Spending in a Simple Model of Endogenous Growth, Journal of

Political Economy 98, 5103-S125.

Bovenberg, L.A. 1986, Capital Income Taxation in Growing Open Economies, Journal of Public

Economics 31, 347-376.

Corsetti, G. 1992, Taxation, Risk-taking and Optimal Savings: The Role of the Budget Process,

Yale University, Economic Growth Center Discussion Paper No.678.

Domar, E.D. and R. A. Musgrave, 1944, Proportional Income Taxation and Risk—taking, Quarterly

Journal of Economics 58, 388—422.

Eaton, J. 1981, Fiscal Policy, Inflation, and the Accumulation of Risky Capital, Review of Eco-

nomic Studies 48, 435-445.

Feldstein, M. 1976, Personal Taxation and Portfolio Composition: An Econometric Analysis,

Econometrica 44, 631-650.

Frenkel, J.A., A. Razin and E. Sadka, 1991 International Taxation in an Integrated World, (MIT
Press, Cambridge, MA).

Giovannini, A. 1990, International Capital Mobility and Capital Income Taxation: Theory and

Policy, European Economic Review 34, 480-488.

Grinols, E.L., and S.J. Turnovsky, 1994, Exchange Rate Determination and Asset Prices in a

Stochastic Small Open Economy, Journal of International Economics 36, 75-97.

39



Hajivassiliou, V. and D. McFadden, 1990, The Method of Simulated Scores for the Estimation of
LDV Models with an Application to the External Debt Crisis, Cowles Foundation Discussion

Paper 967.

Hansen, L.P. 1982, Large Sample Properties of the Generalized Method of Moments Estimator,

Econometrica 50, 4, 1029-1054.

Hubbard, G. 1985, Personal Taxation, Pension Wealth and Portfolio Composition, Review of

Economics and Statistics 67, 53-60.

Jones, L.E. and R.E. Manuelli, 1990, A Convex Model of Equilibrium Growth: Theory and Policy

Implications, Journal of Political Economy 98, 1008-1038.

Keane, M. 1994, A Computationally Practical Simulation Estimator for Panel Data, Econometrica

62 (1) 95-116.

Lent, G. E. 1967, Tax Incentives for Investment in Developing Countries, International Monetary

Fund Staff Papers 14, 249-323.
Levine, R. 1991 Stock Markets, Growth and Tax Policy, Journal of Finance 56 (4) 1445-1465.

Malliaris, A.G. and W.A. Brock, 1982, Stochastic Methods in Economics and Finance (North-

Holland, Amsterdam).

McFadden, D. 1973, Conditional Logit Analysis of Qualitative Choice Behavior, in: P. Zarembka

ed., Frontiers of Econometrics, New York, Academic Press.

McFadden, D. 1989, A Method of Simulated Moments for the Estimation of Discrete Response

Models Without Numerical Integration, Econometrica 57, 5, 995-1026.

McFadden, D. and P. Ruud, 1987, Estimation of Limited Dependent Variable Models from the
Regular Exponential Family by the Method of Simulated Moments, Working Paper University

of California, Berkeley.

Merton, R.C. 1969, Lifetime Portfolio Selection under Uncertainty: The Continuous-time Case,

Review of Economics and Statistics 51, 247-257.

40



Merton, R.C. 1971, Optimum Consumption and Portfolio Rules in a Continuous-time Model,

Journal of Economic Theory 3, 373-413.

Mossin, J. 1968, Taxation and Risk—Taking: An Expected Utility Approach, Economica, 35,

74-82.

Nielsen, S.B. and P.B. Sorensen 1991, Capital Income Taxation in a Growing Open Economy,

European Economic Review 34, 179-197.

Rebelo, S. 1991, Long-run Policy Analysis and Long-run Growth, Journal of Political Economy
99, 500-521.

Sandmo, A. 1989, Differential Taxation and the Encouraging of Risk—Taking, Economics Letters

31, 55-59.
Schumpeter, J. 1934, The Theory of Economic Growth, Harvard University Press.

Sen, P. and S. J. Turnovsky, 1990, Investment Tax Credit in an Open Economy, Journal of Public

Economics 42, 277-299.

Shah, S. and J. Toye, 1978, Fiscal Incentives for Firms in some Developing Countries: Survey and

Critique, in: J.F.J. Toye ed; Taxation and Economic Development, London, Frank Cass.

Sibert, A. 1990 Taxing Capital in a Large, Open Economy, Journal of Public Economics 41,
277-309.

Sinn, H. 1990, Tax Harmonization and Tax Competition in Europe, European Economic Review

34, 489-504.

Slemrod, J. 1988 Effects of Taxation with International Capital Mobility, in: H. Aaron, H. Galper,
and J.A. Pechman eds., Uneasy Compromise: Problems of a Hybrid Income-Consumption

Tax, Brookings Institution, Washington D.C..

Stiglitz, J. 1969, The Effects of Income Wealth and Capital Gains Taxation on Risk-Taking,

Quarterly Journal of Economics 83, 262-283
Stulz, R. 1981, A Model of International Asset Pricing, Journal of Financial Economics 9, 383-406

41



Turnovsky, S. J. and M. Bianconi, 1992, The International Transmission of Tax Policies in a

Dynamic World Economy, Review of International Economics 1, 49-72.

Turnovsky, S.J. 1993, Macroeconomic Policies, Growth, and Welfare in a Stochastic Economy,

International Economic Review 34, 953—-981.

Uhler, R. and J.G. Cragg, 1971 The Structure of the Asset Portfolios of Households, Review of

Economic Studies 38(115) 341-57.

42



Figure 1: Share of Capital in the Portfolio




Figure 2: Equilibrium Growth Rate
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Figure 3: Variance of Growth




Table 1
SAMPLE STATISTICS

Financial Assets

Percentage holding the asset

Asset 1981 1982 1983 1984 1985

Bank Savings® .79 75 .67 .64 .72
Government bonds .33 .39 .26 29 .35
Domestic Equities .53 51 37 .32 .35
Foreign Assets® 12 .19 .36 .52 .54
Liabilities® .66 .55 .54 .66 .53

“Includes Bank checking and savings accounts.
bIncludes foreign currency holdings.
°Excludes mortgage debt.



Table 2
MULTINOMIAL PROBIT ESTIMATES
OF THE INFLUENCE OF TAXES ON PORTFoLIO CHOICE®

Variable MSM Estimate® Standard Error
AGE-P2 0.161* [1.217]
AGE-P3 0.719 [0.108]
AGE-P4 0.432 [0.160]
AGE-P5 0.547* [1.118]
AGE-P6 -0.214 [0.105]
AGE-P7 -0.114 [0.044]
TAX.-P2 -0.828 (0.141]
TAX-P3 -0.764 [0.101]
TAX-P4 -0.656 [0.276]
TAX-P5 -0.640 [0.118]
TAX-P6 -0.586 [0.169]
TAX-P7 -0.214 [0.060]
INCOME-P2 0.214 [0.060]
INCOME-P3 0.247 [0.118]
INCOME- P4 0.314* [1.160]
INCOME-P5 0.547 [0.118]
INCOME-P6 0.674 [0.160]
INCOME-P7 0.694* [1.260]
No. of observations 1745

2The data is for 349 individuals over the period 1981-1985. The choice variables are
the seven mutually exclusive portfolios: P1-P7. Portfolio 1 is the least risky and portfolio
7 the most risky. Each explanatory variable is interacted with each portfolio choice except
portfolio 1 which is the base portfolio. The specification includes a constant and macore-
conomic controls that are not reported. AGE is the age of the head of household. TAX is
an instrumental variable for household’s marginal tax rate on capital income. INCOME is
real annual disposable income in 1981 South African Rand. The instrument vector is the
S % 1 vector of covariates associated with each choice and individual and its higher order
powers.

bMSM denotes the method of simulated moments. As the MSM is not a maximum like-
lihood procedure so no log likelihood value is provided. A star, *, indicates not measured
accurately at the 5 per cent level.



