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1 Introduction

In 1789, Benjamin Franklin stated in a letter to Jean-Bap#soy that ‘in this
world nothing can be said to be certain, except death andstakiouseholds are
in fact (and still) exposed to multiple risks in their liveand among these, apart
from the risk of falling seriously ill, wage and capital imoe risks probably are
the most important risk factors for well-being.

Another feature affecting well-being is education (respety human capital).
Whilst the importance of education is emphasized by mangdbras in the eco-
nomic literature — very prominent is the one on human capital growth (e.g.,
Bils and Klenow, 2000), — it has ambiguous and interdepeneféects on income
risk: studies show that human capital on the one hand aatsasaince against un-
employment (Chapman, 1993), while on the other hand it draplother income
risks (Mincer, 1974). However, all these risks are not onlg tb human capital
investment, but simultaneously have feedback effects wesiment behavior of
households.

Levhari and Weiss (1974) are first to analyze the effect ofreetyaof wage
risks onto human capital investment, while Williams (19@8)ends the analysis
onto multiple wage and capital income risk. Both papers stiat these risks
have a major impact on household behavior. Furthermordattes points out that
investment in human capital and portfolio choice in realtzpssets are strongly
linked, if returns to both investments are risky. These pmde, however, neither
deal with public policy nor with insurance possibilitieshds, what can be done
in order to make life safer?

Almost 200 years after Franklin, it turned out in economierkture that the
certainty of taxes can also have a welfare improving effeetause taxation and
its revenue can provide risk insurance (i.e., Eaton and iRak@80a,b). How-
ever, the literature — to the best of our knowledge — resttictonly one aspect
of risk per model and to a limited set of governmental inseats. Thus, it ne-
glects combined effects of multiple income risk, faced byseholds and the fact
that the government can use a wider set of instruments fdigyodilicy, such as
progressive taxation and educational policy.

If then the scope of such optimal taxation models is wideoneuliltiple income



risk and a full set of governmental instruments, the quastiberefore emerging
and being tackled in this paper, are: (i) What is the optigabtructure in order to
cope with multiple income risk, and in which way is public gylchallenged by

multiple risk? (ii) Which effects on the optimal trade-oftween efficiency and
insurance will emerge? (iii) Are direct or indirect instrants better to counter
inefficiencies caused by the insurance effects of taxahience, is it better to use
education fees or capital taxation?

Eaton and Rosen (1980a,b) are first, showing that incomédaxzan have an
insurance effect on household’s util@ydthat this insurance effect can overcom-
pensate induced distortions in labor supply or human ddpitanation.

Meanwhile, there is a broader literature on optimal taxatio case of risky
income, but this literature focuses either on risk in humegital formation (i.e.,
Eaton and Rosen, 1980b, Hamilton, 1987, Anderberg and Asder 2003), or
on risk in capital income (i.e., Varian, 1980, Christians&f893), or on some
unspecified income risk in general (Eaton and Rosen, 198@ajeover, the lit-
erature is focused mostly on standard income taxes at gioparrate$ and on
idiosyncratic risk, which can be eliminated by poolthgrhus, the government
can bear risk at no costs, and households can be modele&-aetigal in public
consumption.

Therefore, the literature on optimal taxation in case dyrimx bases neglects
both the occurrence of multiple risks in several income $ygo@d — in most papers
— the fact that the government has control over a broad setstfuments: It
can apply both progressive taxation in wage taxation andatapxes, which are
tailored to specific parts of return —i.e., the excess rethich can be seen as the
market price of aggregate capital risk. Moreover, it canitsseducational policy,
as there are tuition fees or education subsidies, as dimstuiment in order to
correct for induced distortions in human capital investhagrd in order to control
private educational investment indirectly, instead ofihgumandatory levels of
enroliment.

1Anderberg and Andersson (2003) combine this taxation withlip education policy, but
focus on mandatory enroliment levels, set by the governmeatian (1980) incorporates non-
linear income taxation in a model of unspecified capital meaisk, whereas Garcia-Pefalosa
and Walde (2000) examine the effects of a highly stylizextigate taxation.

2An exception is Christiansen (1993), who derives optimartdes in case of aggregate risk.



In order to incorporate the effects of multiple income risksl the optimal
response of a benevolent government, which has access teaavige of instru-
ments, we set up an OLG-model, where households live for aviogs.

In their first period of life, they decide on educational istraent, on overall
savings and on portfolio choice between a risky and a riskésset. Further-
more, they supply unskilled labor. In their second periaideholds are faced by
risk in both return to real capital and wage income, theyivecas skilled work-
ers. The risks are due to stochastic technological shodkishvecan increase the
productivity of real capital, but can also cause depremntin the capital stock.
Labor productivity is affected indirectly by the change aptal productivity and
directly by the fact that technological progress can eitbeeicomplementary to
households skills or depreciate their stock of human clpisehouseholds cannot
handle the new technology.

The government is supposed to provide funding for the etutatsector and
to supply a public consumption good. It turns out that theagoment can provide
efficient diversification of both types of risk onto privatedgpublic consumption,
if leisure demand is inelastic, and if the government hagsgto differentiated
wage taxation, tuition fees/education subsidies and aalapix, which is only
levied on the excess return in the risky asset.

Whilst the exact tax structure depends on risk aversion vegipect to wage
risks, riskless interest income should not be taxed in asg.caEndogenizing
leisure demand will complicate the analysis very much, amqdi@t solutions can
hardly be derived. Instead, we provide some intuitive cotojees, based on results
in simplified models.

The paper is organized as follows: In section 2 we providea stiscussion on
income risks and on the possibilities of the government $atie them. Section 3
then presents the model and is followed by the descriptidmoatehold behavior.
In section 5 we derive the optimal public policy in case ofaséic leisure demand,
whereas extensions and omissions are discussed in sectaciton 7 closes with
some conclusions.



2 Income Risks and Public Insurance by Taxation

Sources of capital risk are manifold: it can be caused bynassifluctuations and
therefore by an uncertain profitability of the firm, by teclogical change, which
can increase capital productivity, but also may cause esdmaary depreciations
in the capital stock, and, for financial assets, risk can leetdspeculative shocks
within financial capital markets. However, capital risk il be traded in these
capital markets, and each household can adjust its exptsuigk. Moreover,
unsystematic capital risk can be entirely diversified.

This differs from wage risk, and the sources of the latteleasn more various:
wage risk can also be caused by business cycles and teciuablpgpgress may
both increase or decrease the productivity of (skilledptabs well as depreciate
the stock of skills. However, wage risk can neither be (fuigured nor traded in
private markets because of moral hazard and the fact thgtomaar cannot serve
as collateral — at least as long as slavery is preclddedan therefore also hardly
be diversified.

This implies that households must additionally bear idnasgtic (success) risk
in human capital formation and firm-specific risk at their éogprs. The latter
implies that an employee additionally has to bear the idiosstic risk that its
employer either goes bankrupt or cuts wages in order to amaik layoffs. These
ex-post wage cuts have been very popular, e.g., in Germariiiddast decade.
Taken together, there is large variety in wage risk, ran@iom unemployment
risk to productivity risk — and even wages, which are fixed Bteacan be risky
due to the mentioned wage renegotiations.

Higher education is often recommended as substitute forewagurance.
However, it cuts both ways: On the one hand human capitalfaciran insurance
against the risk of getting unemployed and empirical datavshthat unemploy-
ment is significantly higher among unskilled workers. Onabiger hand human
capital investment is accompanied by the risk to fail in giegttbn as well as it

3See e.g., Eaton and Rosen (1980b), pp. 707. Even public uogment insurance does not
offer full coverage.

4Wage cuts have been mostly implemented by reducing graiificalike Christmas or va-
cation bonus. Wage reduction options are meanwhile a contawiin contracts between trade
unions and employers in Germany.



promotes, i.e., occupational risk and the risk of havindghhigpecialized knowl-
edge, which can only be used in few sectors — consequenfgsexg its owner
to sector-specific risk3.

Another possibility for improving the allocation of risk @for providing some
insurance even in those cases, where the private sectanatiupply insurance
against income risk (due, i.e., to moral hazard and markketr€d is to rely on
public policy: By reducing the variance in ex-post incomed ay redistributing
tax revenue as deterministic transfers in case of idiogtincrisk respectively by
diversifying aggregate risk onto private and public conptiom, taxation can in-
sure these risks. In the former case, the government camali@risk by pooling,
thus it bears the risk at no costs — as long as we abstain froncéu distortions.
The latter case is somewhat more complicated.

It appears somehow odd that the government should be abéatddtter with
aggregate risk than the private market, as long as oneatsstwi public projects,
which could (in principle) also be realized by the privateked There has been a
lively debate on that issue, and meanwhile it seems widalg@ted that for such
projects, it is reasonable to assume that private and saaizdtion and discount
factors should be equal.

Nevertheless, the government can improve the allocati@ygfegate risk, by
supplying a public good, which is not provided by the mafkehd therefore im-
plements a public project, which is not contained in theatg\sectof. This holds
true even when households are entirely diversified ipraliateassets, because the
public good augments the numbersafcialassets and therefore allows to spread
risk onto more securities.

Optimal risk diversification then implies that aggregasi is balanced on pri-
vate and public consumption. In a first-best optimum, pubkcrance guarantees

5See Chapman (1993) vs. Mincer (1974) and Wildasin (2000hdktoverview on the inter-
dependency of human capital and various kinds of risk is tmbed in Anderberg and Andersson
(2003).

6See Varian (1980) for a detailed discussion.

’See, e.g., Arrow and Lind (1970) vs. Hirshleifer (1966), &ap (1972) or Bailey and Jensen
(1972), whereby the latter denote the assumption of riskrakity in this case as ‘nirvana ap-
proach, because of comparing apples and oranges due ¢odfiffinstitutional settings.

8See Kaplow (1994), p. 795

9See Myles (1995), pp. 210.



that the ex-post realized marginal utilities of private gndblic consumption are
identical in each state of the world, what can be ensured ing ssate-dependent
lump-sum taxed?®

If state-dependent lump-sum taxes are not available, &-éds emerging
between risk diversification and potential distortions.efiéhare several studies,
characterizing second-best optima for different kinddsk and for a limited set
of public policies:

As Eaton and Rosen (1980a,b) as well as Hamilton (1987) meintn case
of idiosyncratic wage risk, proportional income taxatiorddump-sum transfers
show the mentioned welfare-enhancing insurance efféctis.a second-best op-
timum, these insurance effects are balanced against iddiistortions in labor
supply and human capital formation. In Hamilton (1987), eawer, capital taxa-
tion can also serve as indirect instrument to correct fdodi®ns in human capital
investment.

In case of business risk, Kanbur (1980) models the occupedltichoice de-
cision between working as an employee for a deterministigeyar becoming
entrepreneur and being faced by risk. In the second-beshopt, partial public
income insurance by differentiated taxation of both tydesarkforce is balanced
against distortions in occupational choice.

For (idiosyncratic) risky human capital formation, Gar€&efalosa and Walde
(2000) examine a broader range of instruments. Basichlty, show that a grad-
uate tax, accompanied by some direct education subsidieptimal in order to
insure individuals. However, they restrict to a binary nskdel, where students
are either successful in investing or not and model the gri@diax as a lump-sum
payment of all graduated households.

A more detailed linkage between wage risk, distortionarati@n, and edu-
cation policy provide Anderberg and Andersson (2003), erang the effect of
several types of wage risk onto tax revenue and welfare. Stag that it is op-
timal to overprovide education, if human capital has anrasce function. How-
ever, in their model the government can control all humarntabipvestment by

10see, e.g., Christiansen (1995) or Gollier (2001), who esl#te sensitivity of consumption to
absolute risk tolerance (pp. 313 and Proposition 80).

Hvarian (1980) shows similar results in a model with riskyuratto capital investment and
generalizes the result to non-linear income taxation.

6



mandatory education, and there is no private investmeimsidec

Turning to capital risk, a methodologically correspondiragnework to Kan-
bur (1980) can be applied in case of portfolio choice. As showChristiansen
(1993), there is an optimal trade-off between distortingegtment in risky and
riskless assets and the diversification of aggregate rigkigate and public con-
sumption by implementing differentiated asset-specifia#tes.

However, it is neglected to the best of our knowledge thaskbalds face si-
multaneously capital and wage risks for different reas@he. only study focusing
on this issue seems to be the work by Williams (1978). Thenwgdtpublic policy
in such a case has never been examined. Additionally, tbd studies restrict to
a limited set of public instruments. This must have effecthton the ability to
diversify risk and on the efficiency costs.

Modeling the effect of multiple risk and enlarging publistruments for pro-
gressive wage taxation and tuition fees as well as capitaistéocusing on the
excess return is the challenge to be tackled in the sectioortee.

3 The Model

We assume a small open economy with overlapping generatloresach gener-
ation there is a continuum of homogenous households. Eactehold lives for
two periods, supplies unskilled labor in its first period iéd land invests in real
and human capital. Real capital is internationally pelyattobile, whereas labor
force is entirely immobile.

As each individual lives for two periods, overall populatia periodt is equal
toNf 1+ N{. Superscript — 1 indicates the old generation, born in pertod1,
whereas superscriptrepresents the actual young generation in peridéurther-
more, we assume constant and exogenous population growdteaf, which is
equal to the riskless interest rate n = r guarantees the ‘golden rule’ of real
capital accumulation and avoids — without loss of genegraliany intertemporal
fiscal externality stemming from dynamical inefficiencydgse.g, Atkinson and
Sandmo, 1980, or Sandmo, 1985, p. 292).



Production Sector The domestic industry produces a homogenous consump-
tion goody, whose price is normalized to unity. Production can takeela
two sectors: sector 0, exhibiting both deterministic otignd costs, and sector 1,
which uses a risky production technolotfy.

In the deterministic sector 0, the representative firm isgiskless bonds®,
which pay out returrr in order to attract real capitak®, and the firm de-
mands unskilled laboL°. It uses a constant-returns-to-scale production function
Y0 = FO(KO LY. The riskless interest rate is then determined by perfeuitala
mobility and the production function aﬁ{’ =, WhereFlgJ is the marginal produc-
tivity of real capital in sector 0. Moreover, internatiortapital flows enforce a
wage rate for unskilled labor &° = WP,

The risky sector 1 utilizes always the latest productiombedogy, which de-
pends on a stochastic technology parametdn each period, there is a capital-
augmenting technological shock, which can on the one haimrdase the produc-
tivity of capital, but on the other hand also affects de@gonsd either positive
or negative. Moreover, this technology requires skilldableH to be used. The
production function then takes the foyh= F(K! H,8).

The representative firm issues stodks which deliver a stochastic retusn ~
in order to attract venture capital for production. Empl&nmnhof capital fol-
lows from marginal productivity equal to capital costs. §hban be rearranged
to F¢(K1,H,0) — 8(8) = X. In the good states of the world, capital productivity is
increased by the technological shock and depreciationsareesulting in a high
return to venture capital. In the bad states of the world,dwas capital produc-
tivity is unaffected or even lowered by the shock, and it suont that the capital
stock has fully depreciated at the end of the productiongseclf this happens,
the return to capital turns out to be negative or capital endwest entirely. Taken
together, the return to venture capital has in principlepsuX € [—1;].

Accordingly, we get the optimal demand for human capital nfro
F1(KL,H,8) =W The marginal productivity of human capital depends twafol
on the technological shock: First, there is an indirectafiga the productivity of
capital. If the utilization of real capital changes, thissl also affect the produc-

12The basic set-up equals Stiglitz (1972), and extends hisehfodboth skilled and unskilled
labor as well as endogenous, but risky human capital foomati



tivity of and the demand for human capital. Second, therésis a direct effect,
which is independent of the productivity change in real tdpiThe productivity
of human capital is directly affected by the capability tdizg the new technol-
ogy. It may turn out that the qualifications of skilled workerre not sufficient
in order to handle the new technology properly, or it mighppen that the new
technology is easier to cope with given a certain type ofi§joation. Thus, even
if the shock increases (decreases) real capital prodtyctimridwide, it may oc-
cur in some countries that human capital productivity deses (increases). This
direct effect is a country-specific shock and is driven byedéntiated education
systems, where different skills might be acquired acrosstes. If marginal
productivity of skilled workers gets too low, however, thegn supply their labor
force in the riskless sector. In the riskless sector, hunagital is useless, and the
skilled just imitate the unskilled. Taken together, the eagte of skilled labor
has suppoV! e [%;w].
Households The risk averse households are provided with one unit of pare
period. In their first period of life, they decide to spenddimat university in
order to accumulate human capital. Time-&_1 is supplied at wage raté/°
as unskilled labor. Hence, pre-tax income in that perio¥¥s (1 — & _1). First-
period income is split on consumptioG,_1, and savingsy_1. Hereby, savings
can be allocated in two assets: the amott, is invested in riskless bonds,
which deliver a returm before capital taxation; the amou#t , is invested in a
risky asset, which supplies the risky production sectohwaal capital. It pays
out a stochastic pre-tax retuxnbbeing due to aggregate risk. Overall savings can
be written as§_1 = A ; +AL |13

In their second period of life, labor supply of householdm@&astic and they
supply one unit of time. If they are employed in the risky sectheir effective
labor supply in units of skilled labor depends on the amodrtitonan capital
acquired. Human capital is accumulated according to a eenmaduction func-
tion g(e) and increases in the time spent at university, thet(is) > 0,9"(e) < 0
andd(0) = 1. Thus, effective human capital supplyge), labor market equilib-

13Usingm as a country index, world capital market equilibrium therpii@s 5, A% = 5,13
andy AL = 5,1} in each period of time.



rium impliesH; = g(e_1), and pre-tax labor income in the second period equals
WI.g(e). The latter is risky in aggregate, due to a stochastic waiga/Va. The
lower bound of labor income is the unskilled wage incowi® because if the
marginal productivity in human capital and skilled labocame gets too low,
g(e) -W' < WO, the skilled households decide to work in the riskless se@to
Here they cannot utilize their human capital and supply ameaf labor at the
unskilled wage ratgV°.

In any case, consumption when ol@, has to be financed from two risky
earnings bases, namely stochastic labor income and righktatancome.

Government The government on the one hand provides a pure public consump
tion goodR,. On the other hand, the government also has to provide aghigher
education system, which causes real resource &pts student. This expendi-
ture is assumed to be fixed per student and independent freenitivestmene.

The government charges, however, a pipgeper semester and can exclude stu-
dents, who are not willing to pagg per unit of time spent at universitg, This
price for education can be seen as tuition fees per semdsger,> 0, or it will

turn into education subsidies, jflg < 0. The overall net public expenditure for
education in periodlis then given by

BI*'=N{-(B—ps-a). (1)
Taken together, overall public expenditure in pettiosl
R=R+B"=R+N-(B—ps-a). (2)

In order to finance its expenditure, the government can ust af $abor and
capital income taxes. For labor taxation, we use a two-latatskk schedule as
in Nielsen and Sgrensen (1997): All labor income until aghodd X = WO is
liable to the labor tax rate'l-. The part of labor income, exceeding this thresh-
old, consequently the skill premiuvi® - g(e) —W0, is liable to the labor tax rate
t5. Therefore, unskilled workers are only faced by the tax tatavhereas the
marginal tax rate of the skilled ones is equal to the surteetka

Capital taxation is also differentiated: Riskless capitabme inbothassets is
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taxed at rateg. The excess return in the risky asset; r;, thus the price received
for incurring risk, is taxed instead at rate In the latter tax base, full loss offset is
guaranteed. Thisimplies a refundtﬁf- (X—r) per unit of risky capital investment,
Al if X—r turns ex-post out to be negative.

Risk in the Economy and Timing Structure There are two different income
risks in the economy, which depend both on the technologglshé&irst, this
shock can be seen as capital-augmenting technologicatgg®gHowever, it is
ex-ante uncertain, whether production is really enhanoeldnahat the effects on
depreciation costs are. We assume that this shock strikéisnas in the risky
sector in all countries at the same time and in the same maAeace, the shock
cannot be insured and it translates into aggregate incakéa stock holders.

Second, the technological shock affects human capital enrisky sector
twofold: (i) There is an indirect effect via the productividbf venture capital. It
seems reasonable to assume that the productivity of skilbet is ceteris paribus
increased (decreased), if the productivity of real cajitetleases (decreases). (ii)
There is also a direct impact of the technological shock. Waume that the
capability of skilled labor to utilize the new technologyp@éads on the skills ac-
quired at university and differs across the countries. Hasoning behind this
is the implicit assumption that there are internationaledénces in the educa-
tional systems. Accordingly, this corresponds to an asymmghock. In some
countries human capital productivity may be enhanced, edgrin extremum,
in some other, few, countries, the skilled workers cannetthe new technology
at all. In the latter case, there will be no production in tisi&y sector and all
skilled workers will supply one unit of unskilled labor indlileterministic sector.
As labor force is internationally immobile, and, followisgandard assumptions,
human capital risk cannot be insured because of moral hattea@ffects of the
technological shock translate into aggregate labor incaskdor skilled workers
as well.

From the government point of view, both the labor income tageband the
capital income tax base are partly risky, and, thus, overallevenue is stochastic,
too.

The timing structure and the realization of risk is as fobowirst, the benev-

11



olent government sets welfare-maximizing tax rates artitufees. Second, the
young generation decides for its human capital investmeptsmal savings and
portfolio allocation. Next, the impact of the technolodishock8 on venture and
human capital realizes, real capital is allocated worleyahd the skilled workers
decide to work either in the risky sector or in the deterntiaisne. Then, produc-
tion takes place, and the real value of depreciation in verdapital () realizes.
Finally, all incomes and taxes are paid, and private as vggbudlic consumption
take place.

4 Household Choice

An individual, born in period — 1, maximizes its von-Neumann-Morgenstern
expected utility function

Z=E[U(c-1,¢)] +EN(R)] 3)

by choosing its optimal educational investment;, its consumptiort;_1 and its
investments in the riskless respective the risky financiaégA> | andAR ;.

We assume the utility function to be additively separablprimate and public
consumption. Moreover, the individual does not anticipatg effects of its be-
havior on the level or the riskiness of the public good, beeaeach household is
arbitrary small.

The budget constraint of the household under consideraionperiodt — 1
given by

(1-th) W2, (1-a-1)=c-1+ps-a_1+A>  +AR |, (4)

and human capital formation and savings translate intorskperiod-of-life con-
sumptiort*
& = (1-t3) W' gla-1) ~WO] —tr- WO (1-tf)(X—1)- AT,
FLr(1- 1)) [AS+ AR (5)

14All variables indicated with a tilde depend on the realizatbf 6 and are stochastic.
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Consolidating these expressions leads to the interterhipodget constraint

& = (1-t5)- Whg(a 1) WO —tr - WO+ (1-t{)(R—1)-A% 3
+A+rd—t)]- [(1-tp) W2y (1-a-1) —G-1+ps-&-1], (6)

whereby(1—t})- W2 ;- (1—e_1) —C_1+ ps-a_1=A; + A7 ; =S_1are overall
savings.
Thus, the household solves

max E[U(c-1,&)]+EV(R)] s.t. (6) (7)
C-1,A" 81

First order conditions are

ElUe . ]—p-ElUg] = 0  (8)
(1-t) EUg-(X=1)] = 0  (9)
E[Uq-{(1-t5) - W!-g(a_1)—p- (1-tf) - W°+pg)}] = 0O, (10)

wherep = 1+r(1—t§).

From (8) we infer the usual condition that the marginal rdt¢irae prefer-
encesp = E[U,_,]/E[Ug] — 1, must be equal to the riskless after-tax interest rate,
accordinglyp = r(1—t§).

First order condition (9) implies that the risk tdi& on the excess return in the
risky financial asset only has a Musgrave-substitutiorcéffe

oAt A,
otk 1t

(11)

and does not affect welfare from private consumption andetbee has neither
effect on consumptio;_; nor on educational investmeat ;. Thus, we have

ag;gl = 6;71 = 0. All of this can easily be understood by using the optimedst-
1 1

ment functlonA[R (tl) At + in the household budget constraint (6).
1
Last, but not least, we draw from (10) that the effective-askusted marginal

5This effect is well-known in the literature on risk takingdataxation. See, e.g., Mossin
(1968), Sandmo (1969, 1977).
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return to human capital will be equalized to the after-taxgmaal return in riskless
real capital and

(1-t5)- WL —RR(WY)] - g/(a-1)
(1—t'1-) “WO + pg

—1=r(1—t§), (12)

whereby we have been using the certainty equivalent

E[Ug, - W1] ~ 1. Cov(Ug,W1)
Wl — Ct — 1 t 7 , 13
G = T I = 1A )
~ Covug Wt

andW! = E\W1], as well asRR;(W?) = N ). RRy(W1) > 0 is the risk
premium demanded in private consumption in order to beawtmge risk of an
high-skilled worker.

From (13) and the first order condition (9) we can also infeetiact of the
fact that human capital risk cannot be traded, whilst riskead capital can be sold
and bought via the risky asset. Equation (9) implies thahthesehold is perfectly
diversified in all real capital assets, because in the optirtine risk adjusted return
of another marginal unit in the risky asset equals exactyréturn in the riskless
asset. By rearranging the optimality condition, we receive

~ Cov(Ug,X)

EX—r] = E[Uq ]

= RR:(X). (14)
The certainty equivalent is given by the riskless markairret The household’s
risk premium in real capital can therefore be inferred fromrket data, &K —r|,
and taxing the excess retuxa-T allows to tax the risk premium itself.
Transforming (13), the risk premium in human capital is éqoia

1
RR(W) = ——Covél[ﬁ:]w )

=W Wy (15)
but market data does not give any information about theimytaquivalenwaldc.

The skill premium?!- g(e) —WPO can be seen as a possible approximation for
tax purposes, but it still mixes up the expected return to dapital and its
risk premium. Thus, it seems not to be possible to tax themisknium in wage
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income aloné® Moreover, it indicates that the household is not able torgife
the wage risk entirely.
Optimal household behavior determines the indirect ytitinction

Q(tr, 15,1541, pe) = EU (G 1,¢)] +EIV(G)], (16)

and applying the Envelope-theorem leads to

0Q

o~ W14+ p-(1-¢ )] E] a7)
1

a ~ ~

3 = Elar (WO gle ) = (W -0leiy) ~WO)-EUG) (19)
0Q «

ﬂ = —r-5_1 E[Uqg] (19)
= AR ElUe (k-] =0 (20)
1

0Q .

m = _p‘etfl'E[UCt]v (21)

where the second equality in equation (20) stems from thedtmld first order
condition (9) and confirms our arguments given above for ffects oftf in
comparative statics.

5 Optimal Public Policy

The government provides a pure public goBd= N{~*- G;, and also has to pro-
vide a higher education system, publicly financed, whiclseadixed costB_per
student. Whilst the level of the public good can vary, degemadn tax revenue,
the education system must be fully funded in each state af@at

Subtracting revenue from tuition fees, the overall (net)ljfguexpenditure for
education in periodlis given by

Bl =N - (B—ps-¢). (22)

160f course, it is possible to solve equation (12) for the risdnpiumRR:(W1), but this will
not deliver a suitable tax base.

15



Summed up, overall public net expenditure in petiasi
R=N""G+N-(B-ps-e), (23)

wherebyG; are the units of the public good per member of the old germrati

In order to finance its expenditure, the government can wessdhof wage and
capital income taxes stated in section 3. Labor income upttwesholdW? is
liable to the wage tax ratté. The part of labor income, exceeding this threshold,
is liable to the wage tax ratg. Riskless capital income in both assets is taxed at
ratet, whereas the excess return in the risky assetr,’is taxed at raté. In
the latter tax base, full loss offset is guaranteed.

All together, the government receives in each petioedhge tax revenudlf -
th-WO. (1— &) from the young generation. The old generation pays wagestaxe
N~ th-WO at the standard rate and, additionally, has to péy" - t5 - [W?-
g(e"_1) —Wo] under the surcharge tax rate. The latter tax base is riskygregate,
but as the income of a skilled worker cannot be lower than thgeapaid in the
riskless and unskilled sectdn®, this tax base cannot be negative, tHVg -
o(ef ;) —WO| > 0.

The governmental budget restriction for pertad therefore given by

N {t5 - W g(elg) —WO) -t - WO + Nt - WO (1—€)+ (24)

N (R—r) - ARt (1)) WO (1) — peeg —Gy) }
:ﬁt - l\ltt_l'ét+|\ltt : (B— pB-et*_l).

Rearranging and transforming into a per-capita constrasults in

ty- W o 1) — WO+t - WO+ (141)- [ty - WO (1—¢) + ps- ]
H&=r) A s - (141) B=G, (25)

where we usetlf /NNt =1+n=1+rands ;= (1—t})-Wo-(1—¢& ,)—pg-
€ 1 —C_4- As the education system is always fully funded, the congiammf
the public good5; turns risky, as it is financed by risky tax revenue.

The government maximizes expected utility of a represaetatteady-state
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generation, born dt— 1.17 Using the indirect utility function (16), the optimiza-
tion problem can be stated as

max Nt Q(tr, t5, t,tf, ps, )+E[V(Nttfl‘ét)}, (26)
th th tX tK pg
whereG; is subject to the budget restriction (25). Given the stestdge assump-
tion, we are going to drop the superscripts for generatiadgiane indices, when-

ever possible without causing confusion, in order to sifgphe notation.
The first order conditions are

~WO.[14p-(1-€)]-Elg] + (27)

de 0AR 0c_1]
0 * ~ S 1
~ (Wi -9(e") ~WO)-E[Ug] +  (28)
e 0AR 0c_1]
E{ Ve |W! WO At (Rer) e ke 2 L

de - 0AR aC,]__
E{VG[rera atKHl'(X_r)'atO —tfr- atg_} = 0,
de ~ aAR aC,]__
E{VG [( —r)At 1+a- atK thl.(x—r)-atl tor atf_} = 0(30)
-p-e-EUs] + (31)
E<{Vg:|p€+a - —+1t7 - (X—r1)  — —t1r- —— = 0,
{G [p T R Fow 9ps |

wherebyd = t5 -W2. g/(e) — (1+7) [tf WO — pg] —t&r - [(1—t}) - WO+ pg]
andc_1 indicates consumption in the first period of life and whereharee already
inserted the envelope-effects (17) — (21) for the derieatiof the indirect utility
function.
ac xa 9AR AR . .
As we havea—tK =0 andw =1 from (11) and comparative-statics,
1 1 1

This approach is compatible with a Pareto-improving tapmefas in Nielsen and Sgrensen
(1997), if we redefine expendituBzand add debt payments necessary in order to keep the utility
of the transition generation constant.
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first order condition (30) simplifies to

Aq

E[VG‘(X—V)]'l_—ti(

=0 < EMs (X—r)]=0. (32)
Consequently, a marginal increase in the tax tﬁtwill create additional tax
revenue ofx= r, however, in the optimum the risk adjusted value of this {add
tional) marginal tax revenue must be zero.

i 1
Next, we define analogous Vi,

E[Ve WY _ENg]-EWY | Cov(Ve,G(E) _ 1

_ 1
ENe]  ENG] E[Vg] RR(W). (33)

Wage =

W hde is the risk adjusted skilled wage, whereby the adjustmentvg based on
public consumption. It is equal to the expected skilled wagé/] = g, minus
the risk premium measured jrublic consumptionRRs(W?1).

Using equations (32) and (33) in the other first order coodgj we obtain

WO.[1+p.(1—e*)].E[LI’EC[t7\;3]VG] _ B.;‘fﬂo aac:’ (34)

Wi -0(e) ~ W] R~ Wy ole) W) = B2 ifr Tt @)
r's*-iE[LIJEC[‘V;]VG] = B'aati +tgr aa(;:’ (36)

p-e*-iE[UECEV;]VG] = B-aa—peBthéfr-%C—pBl, (37)

wheref = t5 - W — RRs(W1)] - g/(€") — p- (t} -WO — pg) —tir.
Dividing equation (37) byp- €, inserting the new expression in (36), respec-
tively (34), and rearranging them, reveals

oe " de . Jc_ 1 " 0c_1
(p-e a—r S apB> B = tor (pe —ato r-s*- I >(38)

aC]_

oe 0 oe _ 4K ¢ 0C-1
(pe atl W° 1+ p(1—€)] apB>-B = for (pe atlL
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We can now state a first result:

Proposition 1. It is not optimal to tax the riskless rate of return in finari@asets.
t('f = 0 also implies that capital taxation is not used as indirecitrmment to
correct for labor-tax induced distortions in education damd.

Proof. We start by restating the household budget constraint as

p-ci+&+pe'T-e = (1-t5)- W' -g(e) —WO] —tf-WO
+(1-t)E—r1)-AF +p-(1-t7)- WO, (40)
whereps'" = p-pe = p- [(1—t5)-WO+ pg] is the effective (inflated) price of
education and where the RHS of (40) mirrors total incomectvihias to be con-
sidered for the endowment effects, when the Slutsky decsitipo is applied.
The required Slutsky decompositions are therefore

aC,;L . « OC,1
m = {Scle—e al ] p, (41)
odc_ oc_
—T = (W) Sep-WO[l+p (1-€) =,  (42)
dcy _ dcy dp  dcg dps'
o ap oty gpe't ot
oc_

- |is::|_01 + pe‘ Sc,le‘f’ S* : Tl:| : (_r)7 (43)
de de
m = {See_e‘a}'pa (44)
oe oe
o1 = (W) Seep-WO [1+p-(1-€)] o7, (45)
otk ol
de _ de op  de opc"
o ap otk gpft atf

oc_
= {Scle—f— Pe- Seet+S" - Tl] -(=r). (46)

Thereby,S; represents the substitution effect in demand for gaél price |
changes, and the partial derivative with respedt tadicates the corresponding
income/endowment effect.
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By replacing all derivatives in equations (38) and (39) bg #xpressions
above, all income effects cancel out, and further simplificaleaves us in (39)
with

S e B= S ¢,y ‘t(})< r. (47)

Using (47) in order to simplify (38) even more, we end up witjuation (48)
as

Se' B= S:,le'tg r. (48)
Combining (47) and (48) by substituting fBr results in

(SEe' SC,]_C,]_ - S:,le . SE(L]_) ) té)( r=_0. (49)

The first term in (49) is a principal minor of the substitutioratrix, which is
known to be negative (semi-)definite. As long as we rule oatiskefiniteness,
this expression cannot be equal to zero, and consequem'ltycw'evet(*)< =0 from
the second term in (49). O

As it will turn out later, insurance and risk diversificatimncarried out by dif-
ferentiated wage taxation and the risk tax on the excessrtuisky assets. Fur-
thermore, educational investment can be controlled bygusiition fees / educa-
tion subsidies. Hence, there is no reason for distortirgyti@emporal consumption
choice and no need for (riskless) capital taxation. Acaagiyi, we havep =r.

That the optimal tax system on the one hand actually doesreatecdistor-
tions, but on the other hand is still able to ensure the difieation of wage
risk on private and public consumption in a very efficient mem can be seen
in Proposition 2:

Proposition 2. Optimal public policy ensures (i) ex-ante efficiency in edltion
and (ii) an ex-post wage-risk sharing rule, which equates(ilmage) risk premia
in private and public consumption, BRV!) = RR;(W?).

Proof. Fortg = 0 follows from equation (47) thg = 0, becaus&; ¢ ,, & ;e <
0. Applying thert(*)< =B =0, ande* < 1 in any of the equations (34), (36) or (37),
results in

E[Uq] = EVg), (50)

20



being exactly the definition of ex-ante efficiency.
Part (ii) can be proven by substitutimé = [ =0 in equation (35), where we
obtain E (U
1 « 0 C 1 * 0
[Wadc‘g<e)_w}'m_[wade'g(e)_w}:0- (51)
Applying E[Ug] = E]Vg] as well as the definition V2, =W — RR(W?), a=

C, G and collecting terms then leads to
RR(Wh) — RR;(WH) = 0. (52)

Thus, the wage risk premia in private and public consumpgi@nequalized for
an optimal public policy. O

Accordingly, marginal utilities in private and public camaption are linked by
a risk sharing rule, which guarantees that marginal w@sgifiuctuate in a similar
way, but which does not cause efficiency costs. Althoughdptsmal policy is
better than in standard optimal taxation models, featuwwage risk (i.e., Eaton
and Rosen, (1980b, Kanbur, 1980), the risk sharing ruleatagurarantee a first-
best solution, because the risk is diversified in a linearmegrdue to a constant
surtax ratey.

However, it allows to transfer risk from the household to gloeeernment and
attains therefore a twofold improvement. First, the hootelgets enabled to
“trade” a part of its wage risk. Second, the government the number
of (social) assets, onto which aggregate risk can be dhiedtsiby providing a
public good. The public good can be seen as an additional, agsieh cannot be
provided by the private market8.This result does neither imply any assumption,
whether the government can deal better with risk than minerkets, nor does it
require a statement, what the correct social discount hateld be.

FromB =t = 0 andRR;(W?) = RR;(W?!) = RP(W*), we can then derive the
optimal wage tax structure and the optimal tuition fees,clwhare necessary to
ensure Proposition 2.

185ee Kaplow (1994), p. 795.

21



In the social optimum, we have
B*=t7- W' —RPWY] - g(e) — (1+1)- (t; W'~ ps) =0,  (53)

and can add the first order condition (10) from the housebalptimization prob-
lem in order to receive

g(e") - W —RP(Wh)] = (1+1)WPO. (54)

The LHS of equation (54) gives (social) marginal revenuepiimal educational
investment, whereas the RHS shows its (social) marginascadich are equal
to the wage forgone by attending university and bringingveod these costs into
the second period of life.

Note that there is no direct tax term, distorting margingereie and marginal
costs, and that in case of aggregate risk society is not esitral, because risk
cannot be eliminated by pooling. As the teRFP(W?) mirrors optimal wage risk
diversification on private and public consumption, equa(®4) can be seen as
stating production efficiency under uncertainty, becaysemal human capital
production is not distortetf

Substituting (54) into (53) leaves us with

L 4L Ps
Proposition 3. The differentiated wage tax and tuition fees are used inroiole
guarantee the optimal risk diversification without distog educational invest-

ment. Consequently,

(i) optimal wage taxation impliesitherprogressive wage taxation and educa-
tion subsidie®r regressive wage taxation and tuition fees.

(ii) ceteris paribus, the surtax rate is increasing in the risk aversion in private
consumption and decreasing in the risk aversion in publitsconption.

production efficiency to be desirable in second-best modiates back to the analysis of
Diamond and Mirrlees (1971). However, they restrict to thsecof certainty.
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Proof. The first part of Proposition 3 is directly taken from (55) d@hd fact that
any distortive wage taxation is fully compensated by eithition fees,pg > 0, or

education subsidiefs < 0. Remind that production efficiency thereby implies

o ()W -RP\)
[ BT | — WO from (54).

For part (i), we can apply th&®R-(W') = RR;(W1) requires

Cov(Ug,W1) = Cov(Vg,W1). (56)

These covariances indeed measure the ex-post sensifivitgrginal utility with
respect to fluctuations in the skilled wage rate, which makesargumentation
simpler.

Taking the derivative of marginal utilities with respectéan ex-post variation
of the wage rat&V!, we get

Uq,

i = (1-12)-9(€) Use, (57)
oV, .
Wﬁl = th-g(€") Vs (58)

Requiring that the sensitivities in equations (57) and (&8st be equal, we
end up with

ty Uge,
=1 59
1- t|2‘ \V/ele (59)

The optimal tax rate'z- Is increasing in the curvature of the (sub-)utility functio
Ue and decreasing iWige. We now obtain part (ii) in Proposition 3 by recog-
nizing that higher risk aversion implies tHa¢ ., , respectivelygg, increase. Ob-
viously, t'2- =1, if Vg = 0, thus if there is risk neutrality in public consumption,
andt; — 0, if Ugq — 0, thus if the household is nearly risk neutral in private
consumption. O

The diversification depends on the strength of the risk awelis private con-
sumption relative to that in public consumption. Thereftine tax rateezL depends
on this relative strength: The higher the risk aversion iagte consumption rel-
ative to that in public consumption, the higher the tax rateéhe skill premium.
The intuition is as follows: The more disutility in privatermsumption is caused
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by risk, relative to disutility in public consumption, theome risk should be trans-
ferred to public consumption.

If the risk aversion in private (public) consumption is sti#fntly high (low),
only a progressive taxatidé > t'l- ensures optimal risk diversification. However,
this must be complemented by an education subgigly: O in order to avoid
disincentive effects on human capital investment. Therttgytax differential in
percent should equal the ratio between the subsidy per semps and wage
earnings per unit of tima\/°.

If the household is little risk averse in private consumptior the optimal
tax ratet'l- is very high because of the need to finance large public spgnthie
optimal wage tax structure can turn out to be regressivehigndase tuition fees
ps > 0 are required to secure efficiency in allocation.

Proposition 3 fits to the results of optimal wage taxatiorasecof idiosyncratic
risky human capital formation. If the risk is idiosyncrdyidistributed, the society
itself is risk neutral in public consumption. Thus, the ami surtax rate would
be equal to one, if skilled labor was inelastic, and all dismtive effects could be
controlled by education subsidies (see Schindler and Y201@j7).

In a nutshell, a strong linkage between wage taxation andiomui
fees/educations subsidies is once more needed in ordeptowaor even restore
efficiency, while the differentiated wage tax allows to éoll another aim. This
principle is well-known as ‘Siamese Twins’- concept by Bolerg and Jacobs
(2005)2°

Turning to risk in real capital investment, we conclude thatequivalent risk
diversification rule applies as implied by Propositions @ &nlt is not necessary,
however, to amend the diversification of capital risk by &eopolicy instrument.

Proposition 4. The optimal capital-risk sharing rule ensures that the (talprisk
premia in private and public consumption are equalized inigrium, RR:(X) =
RR5(X).

20In Bovenberg and Jacobs (2005) this second aim is incomstritadition, whilst in our paper

the differentiation is required in order to secure an oplidieersification of risk onto all social
assets.
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Proof. We infer from equations (9) and (32) that
E[Ug - (X—r)]=0=E[Vg- (X—Tr)]. (60)

Applying Steiner’s Rule for covariances anflLk, | = E[Vg] from (50), as well as
rearranging, we come to

~ Cov(Ug,x) — Cov(Ve,X)

R =" "EU] ~ ENl

= RR;(X) (61)

O

The risk in capital income is also diversified on private antlic consump-
tion in order to ensure that utility in private and public samption are ex-post
fluctuating in a desirable way — this time dependent on thiezegen of the risky
returnX. This diversification is achieved by the tax r&feonto the excess return,
and the level of the tax rate depends — analogous to the riegsgien for the
level of tax rata'z- — on the strength of the risk aversion in private consumption
relative to that in public consumption.

However, there are two differences between diversifyingevask and capital
risk. First, optimal capital risk sharing can be implemem&thout any distor-
tions in the household’s behavior and in private consumpfide reason for it is
that it is possible to tax the risk premium directly, whiclusas only a Musgrave-
substitution effect and leaves utility in private consuimptunaffected (see, i.e.,
equation (20)). Second, the households are already gntinedrsified in capital
risk, therefore, the government cannot improve private alfocation. However,
it can again provide an increased diversification of rislcause the provision of
the public good, which is not provided by the capital marketreases the number
of socially available assets. Again, the diversification result dogsmply any
assumption concerning the social discount rate. As theeeanue is not redis-
tributed as income, Gordon’s (1985) neutrality result doatsapply as welf!

Combining our results, optimal risk-sharing in wage anditeajncome im-

21see also the intuition given for Proposition 2 and section 2.
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plies
RROWY) | RR(Y)
RR;(W1) RR;(%)’
and we end up with equal proportions of risk premia in humashraal capital.
Accordingly:

(62)

Corollary 1. There is an indirect risk diversification effect, equatihg telative

risk premiasgggg, b=W? % between human and real capital investment.

Thus, as long as leisure demand is inelastic, a tax syst@wrdarating a dif-
ferentiated wage tax combined with either tuition fees arcadion subsidies and
a risk tax on excess returns in real capital assets, caneeafigient risk diversi-
fication of aggregate income risk onto private and publicscomption, whereby
all risk premia are equated. Moreover, such a tax systemmutesause any inef-
ficiencies or distortions.

Hence, although human capital and real capital investmadewurisk are
strongly linked, as shown by Williams (1978), and the riskrmpium in wage
income cannot be taxed separately, the presence of mudifigeegate risk does
not cause major problems for an optimal tax and public pcli@s long as the
government has access to sufficient and suitable instriament

However, this might change, if one introduces endogendags lsupply. In this
case it is of importance that only the entire skill premiumnit, tot the compensa-
tion for risk alone can be taxed.

6 Extensions and Omissions

To assume that leisure demand is exogenously given, is ase@uvery restric-
tive assumption. It is helpful to derive explicit solutigrsecause this is hardly
possible, if there are multiple income risks and endoget&isare demand, but
we must be aware that we neglect substantial costs of taxafitberefore, we
are going to provide some intuition on which effects showdakpected in an ex-
tended setting, and we will thereby refer to results in offagrers, using simplified
models.
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It is well-known from Atkinson and Sandmo (1980) that it igiopal to balance
overall excess-burden on distortions in labor supply anthga — except for spe-
cial cases, where there is weak separability in leisureokla2005) shows that
endogenous educational investment increases the eiastidabor supply, and
therefore efficiency costs of labor taxation. Thus, implatimg this in Atkinson
and Sandmo (1980) should decrease the tax burden on labor.

Next, Jacobs and Bovenberg (2005) state that, even in tleeafageak sepa-
rability in leisure, capital taxation can be useful as iadtrinstrument in order to
mitigate distortions in human capital taxation.

However, all these papers focus on deterministic incomdse rmodel, most
similar to the present one, is Schindler (2006). He exantimesptimal tax struc-
ture, using a proportional labor tax and the same capitadyatem as we do, but
focuses on a model, where only capital returns are risky gnesgate. While using
endogenous labor supply, he neglects human capital ineestamd labor supply
in the second period of life.

Schindler (2006) shows that the risk tax on the excess retilows to sepa-
rate the risk issue and that in this case a twofold tradesafimerging. First, the
equivalent optimal taxation rule for deterministic labadacapital income like in
Atkinson and Sandmo (1980) applies. This will most likelgdego underprovision
of the public good. The latter determines the second trdidetimderprovision
can be countered by increasing the tax rate onto the exdesa ebove the rate,
which equates the risk premia in private and public consionpfThis will gen-
erate more tax revenue in expected value and mitigate eegbeectderprovision.
However, this has to be paid with increased risk in publicstonption. Thus, the
second trade-off is optimal risk diversification versusenpdovision; there are no
additional effects on private consumption.

Embedding all these results above into the results of thpepallows to state
a conjecture, how endogenous leisure demand will influenceanclusions:

Conjecture 1. If leisure demand is endogenous in both periods of life, mast
likely that, compared to the results in section 5,

(i) deterministic interest income will be taxed at a postiate.
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(ii) the tax rate § on the skill premium will be decreased, and there is only
suboptimal risk shifting to public consumption.

(i) progressivity of the wage tax will be increased (deased), if unskilled la-
bor supply is more (less) elastic than skilled labor supplihe opposite
holds true in case of regressive taxation. Moreover, in cdg@ogressivity,
capital taxation acts as indirect subsidy to education, aadication sub-
sidies  should be expected to decrease. If labor taxation is regress
instead, positive capital taxation should increase tuitiees.

(iv) the tax ratef on the excess return should be increased, in order to gener-
ate more expected tax revenue and to mitigate the undegioovwith the
public good. This will be repaid by increased risk in publeamsumption,
thus there will be too much social risk than compared to Psijpan 4.

The intuition for that conjecture is as follows: If distantis in labor supply
cannot be avoided, it is optimal to balance the distortiores tabor supply, sav-
ings and human capital investment. As taxation gets now reppensive, this
will shift the trade-off away from risk diversification anovtards efficiency. The
major problem here is that there is no equivalent to the aghkin capital, which
only targets the risk premium. Any wage tax will not only $higk, but also cause
disincentives, which cannot be fully controlled by edugatil policy.

Moreover, the more elastic a tax base is, the less should kexiburden, then.
This explains the first set of effects in part (iii). As capitaxation subsidizes
human capital investment, direct subsidies can decreasensare, as they would
anyway. However, if the wage tax is regressive and tuities f&re used, the latter
should be increased, in case there is positive capitalitaxat

The result in (iv) follows directly from the shift in the traebff between ef-
ficiency and risk diversification in capital risk and the dission of Schindler
(2006).

Whereas introducing endogenous leisure demand seemsdastiang effects
on the results, it is straightforward to introduce seveisiyr assets. This can be
done by assuming several sectors employing both a riskyntdayy and skilled
labor. As long as the Markowitz-case can be applied, eackdimid will then
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hold a fully diversified, identical market portfolio of rigkassets. Taxing the ex-
cess return in each risky asset with the risk tax tteill have the same effects
as in the present model, where the risky asset can be intedpas the market
portfolio of all risky assets (see also Schindler, 2006ying on Sandmo, 1977).
In a nutshell, several risky assets should not change ofypiatdic policy.

Another neglected item is unemployment risk. In fact, hbosds are faced ei-
ther with substantial unemployment risk or with risky ino@as unskilled worker.
Due to competitive labor markets, our model cannot give afiyrmation about
unemployment and education as insurance device. Of coiirsepossible to
model the flip side of the coin, stochastic unskilled laba@ome, but in our set-
ting this is also of limited use, as households are unskifidte first period only
— before acquiring education. Although the absence of wisgearn the unskilled
sector is on the one hand a deficiency of the model, it allontbemther hand for
clear-cut results on optimal tax systems for skilled hootah

7 Conclusions

We have shown that the government can provide efficient ridrsification on
private and public consumption and that it can create aitutish to ‘trade’ a
part of uninsurable wage risk by using differentiated wage eapital taxes and
relying on adjusted educational policies.

The simultaneous presence of wage and income risk does altdratpe public
policy very much, if it has access to a full set of instrumemtd leisure demand is
inelastic. This is in contrast to the challenge in the prasttor, where the effects
of wage and capital risk differ substantially.

Our results fit into a growing literature, which emphasizetrang linkage be-
tween optimal tax systems and educational policies. Itstout that in the pres-
ence of risk and sufficient risk aversion in private consuamptit is better to have
ex-post tuition fees, thus, progressive wage taxationghvhas to be accompanied
by educational subsidies in order to stabilize human chipiastment. This can
be seen as a potential justification for most European eiducaystems, tradi-
tionally not (very much) relying on tuition fees, but on pregsive taxation —and
sometimes even tending to offer public scholarships ¢he.Nordic countries).
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