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Abstract

We study interactions between progressive labor taxation and social security reform. Increasing
longevity puts fiscal strain that necessitates social security reform. The current social security is
redistributive, thus providing (at least partial) insurance against idiosyncratic income shocks, but at
the expense of labor supply distortions. A reform that links pensions to individual incomes reduces
distortions associated with social security contributions but incurs insurance loss. We show that the
progressive labor tax can partially substitute for the redistribution in social security, thus reducing
the insurance loss.
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1 Introduction and motivation

In this paper, we study the progressive labor tax in the context of reforming social security. The social
security system in the US is, to some extent, redistributive, providing partial insurance against income
shocks. With rising longevity, however, the current system is bound to come under unprecedented
fiscal strain (Fehr/2000, Diamond|[2004, Braun and Joines 2015, |[Diamond et al./[2016, McGrattan and
Prescott |2017). Therefore, some changes appear imperative. Reforms proposed in the literature, usually
involve linking pensions to individual contributions, thus improving efficiency at the expense of the
insurance loss (Davidoff et al.[[2005, Nishiyama and Smetters|[2007, |[Fehr et al. 2008).E] Welfare gains
arise predominantly through a reduction in distortions generated by social security contributions because,
with privatized social security, there is a direct link between contemporaneous labor supply and future
pension benefits. The origins of the welfare loss stem from the loss of insurance from redistribution
inherent in the design of the current US social security (see also Heer|[2015)).

We propose a novel social security reform consisting of two elements. First, we replace the current
defined benefit payout scheme characterized by within-cohort redistribution with a defined contribution
payout scheme, which links individual contributions to individual benefits. By reducing labor market
distortions associated with contribution rates, the first element of our proposed reform raises efficiency.
Second, we adjust redistribution within labor taxation. Specifically, we propose to increase the progression
in income taxes. Thus, we partially replace the redistribution otherwise provided by social security with
the one provided within the tax system. We show that more redistribution during the working periods
can fully or partially compensate for the redistribution during retirement. Given the efficiency gains, the
privatization of social security accompanied by increased labor tax progression can improve welfare. We
show that the scope for this improvement crucially depends on the response of labor supply to social
security reform. Our results extend the findings of imrohoro‘g’;lu and Kitao (2009)) and Heathcote et al.
(2008), who studied the response of labor supply to social security and tax progressiveness.

In a stylized theoretical model, we provide basic intuitions behind our results. Agents participate in
fully redistributive social security, i.e., they all receive the same benefits, regardless of the income het-
erogeneity during the working period and regardless of individual labor supply. They also pay progressive
labor income tax. In this setup, both social security and progressive labor taxation provide insurance
against income uncertainty. Then, we replace equal pension benefits with ones proportional to individual
contributions. In this setup, income shocks from the working period carry over to retirement benefits.
We complement this reform with an increase in the progressiveness of the labor tax. Effectively, we
replace redistributive social security with an arrangement where the individual pension benefit depends
solely on individual contributions but earned income is partially insurable through redistributive labor tax
during the working period. We characterize the conditions under which disincentives from redistributive
social security may be reduced without loss of welfare and show these conditions depend on the Frisch
elasticity. Overall, we show that for sufficiently high labor response, welfare is raised through our reform
in a fiscally neutral way.

We take the intuitions derived from this stylized setup to a calibrated computational general equi-

1 Throughout the paper we follow the literature and use welfare under the veil of ignorance as our normative metric. In
contrast, [Hosseini and Shourideh| (2019) work with Pareto efficiency.



librium model, replicating the features of the USE] In this setup, Nishiyama and Smetters| (2007)) and
others have shown that pooling of pension benefits across different histories of wage shocks is key to
the welfare effects of social security reform. In line with the earlier literature, we eliminate redistribution
in social security.EI In contrast to these studies, however, we raise labor tax progression (in the spirit of
Benabou [2002, (Guner et al.[[2014). We thus partially compensate the insurance loss from privatizing
social security through greater progression in instantaneous labor taxation. We study the extent of dis-
tortions in labor supply decisions, which allows tentative welfare inference (in the spirit of Huggett and
Parra|[2010| Heathcote et al.|2008, Berger et al. 2019, Boar and Midrigan|2020). We provide measures
of changes in distortion related to the shift in redistribution from social security to labor taxation for one
specific variant of such reform. We find that, for plausible calibrations of the Frisch elasticity, privatizing
social security coupled with labor tax progression delivers welfare gains.

To the best of our knowledge, our paper is the first to study the substitution between labor income
tax progression and privatizing social securityE] Our study links several strands of the literature. First,
we build on earlier work on income uncertainty, insurance, and redistribution (Heathcote et al./[2008,
Huggett and Parra 2010, (Golosov et al./[2013| |2016, Heathcote et al.[|2017). Second, our work relates to
the rich literature on the social security reform in the US |Nishiyama and Smetters| (2007)), McGrattan
and Prescott (2017, Hosseini and Shourideh| (2019). We model a plausible and feasible policy of
maintaining mandatory social security, which continues to be on a pay-as-you-go basis. Third, we
expand the government toolkit. Generally, most of the prior literature in this strand worked with linear
labor taxation (see e.g. /Andolfatto and Gervais 2008, Imrohoroglu and Kitao [2009, Kitao| 2014, Vogel
et al. 2017) Our result differs from the earlier literature because the fiscal closures considered earlier
attenuate the original effects of the reform, whereas labor income tax progression complements them.

The paper is structured as follows. We discuss the intuitions concerning the role of tax progressivity
in a stylized framework in section 2] The model used for simulations is presented in section [3| while
section [4] describes calibration. We present the results of policy experiments in section [5| and extensions
in section [l The final section concludes, emphasizing the contribution to the literature and the policy

recommendations emerging from this study.

2The replacement rates are a progressive function of the contribution base following Old-Age, Survivors, and Disability
Insurance (OASDI) with a replacement rate formula based on Average Indexed Monthly Earnings formula (AIME).

3We refer to this reform as social security privatization, because pension benefits become fully individualized in our
setup, taking the contribution rate as given. Indeed there are two conventions of studying social security privatization in the
literature. The first convention is to remove the pension system altogether and have agents finance old-age consumption
from the private voluntary savings (e.g.|Nishiyama and Smetters|2007, [McGrattan and Prescott|2017} |Hosseini and Shourideh
2019)). The second convention is to introduce a defined contribution pension system, i.e. maintain contributions to social
security, but in a setup where the accumulated contributions accrue interest and are converted to pension payments (e.g.
Biitler| 2000, [Poterba et al.|2007, |Attanasio et al.|[2007, |[Borsch-Supan et al.|[2014). We follow the second strand of the
literature: we replace the current redistributive system closely resembling public social security in the US, with a defined
contribution system holding the contribution rate constant.

“Some earlier studies of social security reform implement progressive income taxation (e.g. Nishiyama and Smetters
2007} [McGrattan and Prescott||2017, |Chen et al.[2016) but to the best of our knowledge none of them uses the changes in
the progressivity as a complementary policy tool to the social security reform. Progressive income taxation has long been
demonstrated to provide insurance against idiosyncratic income shocks (Varian|{1980, |Golosov et al.|2013| |[Heathcote et al.
2017)). Indeed, it appears that, in a life-cycle model with idiosyncratic income shocks, labor taxation should not be linear
(Findeisen and Sachs [2017]).

>There is a large body of literature that analyzes the effects of systemic reforms of social security in the overlapping
generations (OLG) framework (see the reviews by |Lindbeck and Persson|[2003} |Fehr|[2009)} |2016).



2 Stylized model

The aim of this section is to build basic intuitions and isolate key trade-offs associated with social security
reform. The results presented here are later on verified in a large scale computable general equilibrium
setup.

We consider an OLG economy with social security and progressive income taxes. We feature two
types of social security systems. In the first system, pension benefits are the same for all households,
which implies that at the individual level they do not depend on contributions. We call such a system
Beveridgean. In the second system, pension benefits at the individual level depend on individual contri-

butions, which propagates income differences to pension differences. We call such a system Bismarckian.

2.1 Environment

For argumentative clarity, we consider a partial equilibrium setup, i.e., we assume that the interest rate
r is given and the real wage w; grows at the exogenous rate v = r. Furthermore, we assume that
population is constant i.e. the size of the generation born in period ¢ is normalized to two.

Households live for two periods. In each generation, there are two types of households, each of
measure one, high-productivity and low-productivity, 6 € {0r,0x} with type specific productivity wy €
{wp,wr}, wr < wg. Our economy features pay-as-you-go (PAYG) social security with contributions
7 < 1. We assume that households pay progressive labor income tax 7py:(0) — s, where y:(6) denotes
income of a household of type € net of social security contributions, 7, denotes the marginal tax rate

and p; is the lump sum transfer.

2.2 Government

We assume that the government needs to collect enough revenue to finance exogenously given level of
government expenditure g;, growing at a constant rate 7. The government tax revenue is generated
by a tax on labor income. The revenue which is not spent on government expenditure is spent on a

lump-sum transfer p;. Hence, the government budget constraint is expressed as:

g +2- =1, = Z ey (0). (1)
0e{0m,0L}

Without loss of generality, we assume that the government budget is balanced. Relaxing this assumption

to account for public debt would not change our results.

2.3 Households

In the first period of their lives, households work /1 ; and either spend their income on consumption ¢
or purchase assets a1 ;41 that yield an exogenously given interest rate 7. Household of type ¢ earns labor
income of y(0) = (1 — 7)wwel1(6). In the second period of their lives, households retire, that is they

do not work and receive old-age pensions denoted by by ;.1 and consume c3,1. Households have no



bequest motive. Summarizing, households face the following budget constraints:

first period: ¢14(0) + a14+1(0) = ye(0) — Teye(0) + 11 (2)
second period: c241(0) = (1 +7)a1,41(0) + ba1(0) (3)

Eliminating assets aj¢+1 from budget constraints and yields the following lifetime budget
constraint
62,t+1(9)

c14(0) + Ty = (1 — Nwgwily 1(0) — 1e(1 — T)wiwpl 1(0) + e +

ba,t41(0)
1+r

(4)

With this formulation, we can see the social security trade-off for individual households. On the one
hand, different social security systems may — to a varying degree — redistribute through pension benefits
b from high-productivity type individuals to low-productivity type individuals. On the other hand, the
scope of the redistribution affects an extent to which the social security contribution rate 7 introduces
a wedge into a consumption-labor choice.

For clarity of the trade-offs exposition, we assume GHH preferences in the stylized model (Green-
wood et al.[{1988)). This functional form allows a clear analytical link between labor elasticity and tax

wedges. The utility function of the household of type 8 has the following form:

U:(0) = ﬁ(cl,t(e) - 1_?1(1 + V)tel,t(Q)H%)lﬂ +9
1

1 1
T o (cau41(0)) 7, (5)
where o captures risk aversion, ¢ denotes disutility of labor, and 7 denotes the Frisch elasticity of labor

supply. In this notation, § denotes the discount factor. We assume § ! = (1 + 7).

2.4 \Welfare

As a welfare metric, we use the expected welfare under the veil of ignorance. Thus, given that both

types are equally likely, welfare is given by

U= > U, (6)

0e{0r,0m}
In our stylized framework, income risk stems from being born as a high- or low-productivity type. Under

the veil of ignorance, partial insurance against this risk is optimal, therefore some degree of redistribution

is desirable.

2.5 Social security

In the baseline scenario, there is a Beveridgean social security system: contributions are pooled and every
household receives an equal pension benefit. With w;y; = (1 + v)w;, the pension benefit formula is
given by:
by 1 (0) = Twer % Z wol1,t+1(0). (7)
0e{0,0L}



Thus, in the Beveridgean (redistributive) social security, pension benefits for both types are the same
b5V (0n) = 057 (Om).-
In the reform scenario, social security is of Bismarckian type: pension benefits are related to individual
contributions:
BIS _
b3¥1(0) = (1 + y)wiwel1,(0). (8)

The reform from the Beveridgean system into the Bismarckian one involves two major changes. First,
it generates inequality in pensions, thus reducing income insurance implicit in social security. Second,
linking pension benefits to contributions reduces the distortions associated with labor choice (labor

wedge) and thus raises efficiency.

2.6 Model solution

In order to solve the model, first we substitute for pension b in equation the respective pension
formulas from and using the fact that w1 = (1 + y)w; and r = 7. This yields the following
right-hand side (RHS) of the budget constraint for the cases of the Beveridgean and Bismarckian

pension systems.

1
RHSPFY(0) = (1 = "wowil PPV (0) — 7e(1 — Nwwal PFV (0) + nfFV +7owe > wolPEY(0)
QE{QL,HH}
(9)
RHSP'5(0) = (1 — Nwpwi 7' (0) — 7o(1 = Nwiwpl T (0) + pf™™ + rwiwpl7'(6). (10)

The first term represents income in period ¢t net of social security contributions. The next two terms
represent taxes paid and lump sum transfers, respectively. The fourth term represents the period t value
of pensions received in period ¢t + 1. Note that since pensions in the Bismarckian system depend on
contributions and given that » = ~y, social security contributions cancel ouﬂ At the same time, pensions
in the Beveridgean system depend on future generation contributions, thus 7 cannot be canceled out.
Each household of type 8 maximizes its utility given by equation @ subject to budget constraint ({4))
with the right-hand side given by either ([9)) or depending on the pension system. Households take
prices and government policies as given. This problem vyields the following formulas determining labor

supply, which is constant in time

(FEV(9) = 27V (0) = [;(1—%)(1—7)%]” and ¢715(0) = ¢£°(0) = [;(1—Te(1—7))we]’7 (11)
In order to see the sources of efficiency gains associated with the pension reform that involves the change
from the Beveridgean to the Bismarckian one we look at how the labor wedge changes. We define it
as the discrepancy between a household’s marginal rate of substitution between labor and consumption
and the real wage. In the Beveridgean social security, the labor wedge equals 74 + 7 — 77 and includes
the social security contributions in the same way as taxes. In the Bismarckian one, contemporaneous

contributions raised from hours worked translate to future income. Under the assumption that v = r,

®The social security contribution rate shows up in the term 7¢(1 — T)w;wel1,; since, as it is the case in the US, social
security contributions are tax exempt. Taxing social security contributions would not change our results



the labor wedge equals 74 — 7p7, and the contributions no longer distort labor supply decisions.

In order to deliver these efficiency gains it is necessary to remove the redistribution from the social
security system. Thus, the reform that we discuss, from the point of individuals, has at least two effects.
First, there are efficiency gains due to realigning pensions with pensions system contributions which
boost the labor supply. Second, the same mechanism limits the scope of redistribution between high-
and low-ability workers. In particular, in the Bismarckian system discussed here, there is no redistribution.
This is a well-recognized mechanism, with a large body of literature arguing that the insurance provided
by redistributive social security is of key importance in evaluating the welfare effects of social security
reforms (Davidoff et al.[2005| Nishiyama and Smetters| 2007, [Fehr et al.[2008).

However, there is also the third effect generated by fiscal adjustment. The increased labor supply
increases revenue in the government sector. We propose to use this extra government revenue for
redistribution, to — at least partially — make up for the lowered redistribution in the social security
system. In particular, we ask to what extent the increased redistribution in the tax system can make up
for the redistribution lost in the social security system. In particular, we are going to spend all additional
government revenue on the increase of the universal lump sum transfers. Since increasing universal
lump sum transfer makes the tax system more progressive, it increases the scope of redistribution in
the tax system. Therefore, we study the effects of social security reform from the Beveridgean to the

Bismarckian one paired with increased progressiveness of the tax system.

2.7 Main results of the stylized model

Having taken a brief look at our setup, observe several important phenomena. First, regardless of the
social security, fp-type households work more than 6-type households. It follows from ([I1]). Second,
the ratio between the labor supply 0g-type and 6p-type households is constant and depends on the

Frisch elasticity and the productivity ratio:

BEV BIS N
" On) _ O 00) _ (wn T _n oy
(BEV(0)  £P15(0;) WL

(12)

Third, the percentage change in labor supply due to the change in social security arrangements is also

constant:

AUO) _ £P15(9) — PFV () _ ( (1—ml—7))
(

O R0 j) ~ree "

l—7—m(1—7

With these observations, we move to show the welfare effect of our pension reform combined with
increased tax system progressivity. To this end, we start by characterizing the three effects of our
reform: the efficiency effect, social security redistribution, and labor tax redistribution. Comparing
budget constraints under the Beveridgean and Bismarckian systems, @]) and respectively, reveals
three aforementioned effects: the efficiency effect, the decline in redistribution through the social security,
and the increase in redistribution through the tax system. The first two effects have been well identified

in the prior literature, we propose to consider the role of the third one. Below, we show the effects of



such a reform for low-ability workers. For high-ability workers it is analogous.

1
RHSP®(01) — RHSPPY(01) = wrw (¢77°(0,) — 77V (6,)) — 5mt(wHefFEV(eH) —wrtPEYV(01))
effici:ncy S g

~
redistribution through social security

+ (Ap — (1 = 7))wpwe (715(01) — €77V (01)) (14)

N

~
redistribution through labor taxes

where Apy = ,utBIS — uPEY_ The equation above presents the effect from the point of view of the

budget constraint. In the next subsection, we show how they relate to each other to be able to draw
welfare comparisons.

In order to show the welfare effect of the pension system reform paired with increased progressiveness
in the tax system, we are going to apply the following strategy. First, we switch off all the redistribution
effects and we show that the efficiency effect raises welfare, i.e. allocation implied by the labor supply
¢B15(0) given the budget constraint with RHS() = wywl1 4(6) provides higher welfare than the one
implied by 77V (6). It is established in Lemma L] Next, we are going to show how welfare is affected by
the redistribution in social security and the tax system, shown in Lemmas |2 and [3} respectively. Finally,
we are going to show what is the overall effect in Proposition Note, that to study the effects of
the redistribution it is enough to look at the right-hand side of the budget constraint. If it increases

exogenously, welfare goes up. If it decreases, it goes down.

Efficiency effect. It is the standard result in the literature on social security reform (Feldstein 1976,
Nishiyama and Smetters 2007, [Huggett and Parra|[2010)). Essentially, if in the consumer problem the
current social security contributions do not imply future pension benefits, the contributions have the
same distortionary effect as taxes. If, however, current contributions imply future benefits, at a fair
accrual rate, the contributions are (an admittedly forced) deferment of consumption. In our context,
replacing Beveridgean social security with a Bismarckian one reduces the labor wedge.

If we switch off all redistribution either through social security or the tax system, then the lifetime

budget constraint becomes
Cz,t+1(9)

cl’t(e) + 1+r

= (,UthELt(H) (15)

The efficiency effect of the pension reform results in an increased labor supply. Next, we are going to
show that the reduction of the labor wedge, increases labor supply and improves the welfare of an agent

maximizing utility @ subject to the above budget constraint ((15]).

Lemma 1 (Efficiency effect) Replacing Beveridgean with Bismarckian social security reduces the labor
wedge from 1, + T — 747 to Ty — T47. Thus, labor supply given by goes up for both 0-type and
01-type households. Furthermore, given the labor supply for both systems, it also improves the welfare

of both types of agents, which is defined as follows

0 0 0 )
(Cl,t(er){lczt,)til(G))Ut(cl’t( )s c2,41(0), £1,(0)) (16)
c21(9)

bject t 0
subject to ¢ 4(0) + s

= wgwt€17t(9) (17)



is higher under the Bismarckian labor wedge than the Beveridgean one for both O -type and 0p-type

households.

Proof of Lemma The results on labor wedge and labor supply follow from equations (11)). As far
as welfare is concerned, we need to show the effects of reducing distortions on welfare abstracting from
the other effects. Therefore, we are going to introduce distortion to labor supply 7 which is rebated to

a household in the form of a lump sum
,dt(ﬁ) = %Wthgl’t(H). (18)

Define the following indirect utility of (7, (7))

W7, 1(7);6) = U, 9), 0), 01 ,(0 19
(7, [1¢(7); 0) (Cl’t(9)762215?((9)%1’%9)) t(c1,6(0), c2,041(0),£1,4(0)) (19)

c2,6+1(0)

subject to 0) +
ubj c1,¢(0) e

= (1 — %)wgwtﬁlﬂg(@) + [Lt(e)
First note that for GHH preferences given by (0))
1 -
(6) = [5(1 — 7)we]” (20)

In order to show that reduction of labor distortion improves welfare it is enough to show that the total

derivative w < 0 for 7€ (0,1). Note

AWi(7, u(7):0) _ OWA(F, u(7):0) | OWA(F, fu(7): 0) djiu(7)
! - + . - (21)
dr oT Ofit dar

Using the envelope theorem we get

oW, (7, fuu(7);0) _ U
ot dc1,(0)

W7, ju(7):6) _ UL
Ofit ath(e)

wowil1,¢(0); and

Substituting it into and using formula obtained from (?7), d[ﬂjig) = wywily(0) + %wgwtd&d’iﬁg), we
get )

) dly +(0)
dr B 6617,5(9)

dar

Twowy <0 (22)

Nonnegativity follows from the fact that for equation ([18]) deld'i;(e) < 0. Since 7819 = 7, — 7 <

10+ 7 — 107 = 7BEV welfare given by is higher under the Bismarckian system than under the
Beveridgean one. u

Thus, the efficiency effect of the social security reform from the Beveridgean to the Bismarckian
system reduces the labor wedge, raises the labor supply, and improves the welfare of both types of

households.

Redistribution through social security. As equation shows, the social security reform affects
pensions through the efficiency and the redistribution effects. The pension efficiency effect is studied in

Lemma(l] In the next Lemma, we see how welfare is affected by the pension redistribution effect which



is shown in ([14)).

In the case of §-type households, the pension redistribution effect (associated with making pensions
more uneven) is positive. In the case of §1-type households, the pension redistribution effect is negative.
As a measure of redistribution in the pension system, we use the net present value of pension measured

as the present value of benefits less present value of social security contributions defined below

_ b2i41(0)

P‘/tPen (9) o

- thWQELt(G). (23)
The change in the scope of redistribution through social security due to the reform for both types of

agents is measured as a change in the net present value of pensions and is given by
APV}PGH(G) _ P‘/tPen,BIS(e) . P‘/tPen,BEV(g). (24)

It is convenient to express the change in scope of redistribution as a percentage of the low type income

under the Beveridgean system, which we do in the following Lemma.

Lemma 2 (Redistribution through social security) Consider the following reform bundle: social se-
curity is changed from the Beveridgean to the Bismarckian formula paired with fiscally neutral redis-
tribution through lump-sum transfers in the tax system. Such a reform bundle lowers the scope of
redistribution from O-type to the 01 -type households through social security. This change in the scope
of redistribution through social security expressed as a percentage of the low type income under the
Beveridgean system is given by
APVPe(0) 1

il T 7 S 1y =
wLthlBEV(HL) ZT(W )

APVE (0y)

———— <0 25
wLwtK?EV(OL) (25)

Proof of Lemma 2] First, we can compute the scope of redistribution in the Beveridgean social security.
Substituting into equation (21]) from equation we get

1 BEV
TWii15 wyl 0
PVtPen,BEV(e) _ [ TtHla Zee{ff? (o) — rwwglBEY (0).

Using wir1 = (1 +y)wy, 7 =7, and £BEV(0) > ¢BEV(6;), which follows from equation (11)):

en 1
PV 0) = rwig [wrtPPY (0n) — wi PPV (00)] > 0 (26)

PV;P@TL,BEV(GH) _ _P‘/tPen,BEV(eL) <0

which implies that the Beverigean system redistributes from high- to low-ability workers. Next, notice

that in the Bismarckian social security

Finally, substituting from equations and into and dividing by wrw /PFV (0) we get the



change in the scope of redistribution:

APVFPen(p 1 (BEV (9..) — ¢BEV (p 1
tBEV( L) — _TU)t2[WH 1 ( gE)‘V wrty ( L)] _ —*T(lern _ 1) <0 (28)
wrwl7 ™V (0r) wrwly ™V (0r) 2
APV (6 APV (6 1
VtBEXE LN VtBEvg L) _ ST(@!'—1) >0
wrwly ™V (0r) wrw PPV (0r) 2

where the second equality follows from (12)) and inequality from w = wp/wr, > 1. Note that the term
in the numerator corresponds to the pension redistribution effect from equation (14)). ]
Thus, the social security reform from Beveridgean to Bismarckian formula lowers the scope of redis-

tribution from @g-type households to 67 -type households.

Redistribution through progressive tax system Observe that from equation (11)), with 7 > 0, the
distortions to labor supply are lower in Bismarckian than in Beveridgean social security. Equation ([13)
displays the change in labor supply if a reform implements the Bismarckian rather than the Beveridgean
pension benefit formula. Labor supply increase depends on the Frisch elasticity, and is of the same
magnitude (in percentage terms) for both types of households: ("7 — 1. With the constant marginal tax
rate, government revenue increases due to the labor supply increase. This increase occurs by the same
percentage as the labor supply.
TPIS — TBEV Te(1 — T)wpwp (AL(Of)) + (1 — T)wiwr, (AL(6L))

BEV = BEV BEV =¢{"-1 (29)
T; Te(1 — T)wewg b7 (0m) + 7(1 — T)wiwp b7V (01)

Note that since £ > 1, then the derivative of equation (27]) with respect to 7 is given by {7In& > 0 and

it is easy to see that

BIS BEV BIS BEV
Tt — Tt Tt — Tt

lim

=limé"—-1=0,
n—0 77152)5

m =lim&"-1=w

lim ———
TBEV now  TBEV s

Since £" —1 is continuous in 7, for n — 0 it converges to 0, and for  — oo it converges to c0. Thus the
change in government revenue, depending on the value of the Frisch elasticity 7, can attain any value
from 0 to 0.

Next, we show that if we spend extra government revenue on lump-sum transfers, then this transfer
may compensate the losses of the 0 -type households. The increase in government revenue stems from
increased labor supply by both 6;-type and 6g-type households. Given the percentage labor supply
increase, in absolute terms the rise is larger for 6y-type households, thus these households pay, in total,
more taxes in absolute terms. If this tax revenue is distributed as a lump-sum transfer among both types
of households, the tax system redistributes from 6g-type to 6 -type households.

As a measure of redistribution in the tax system, we use the difference between the lump sum transfer

received and taxes paid by agent 6 defined below
PV (0) = py — 7o(1 — 7)wowily (6). (30)

The change in the scope of redistribution in the tax system induced by the reform for both types of
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individuals is given by
APV (0) = Ay — me(1 = T)wgwy (775(8) — 77V (6)). (31)

BIS _

where Apy = py It is convenient to express the change in scope of redistribution as a

I
percentage of the low type income under the Beveridgean system, which we do in the following Lemma.

BEV
t .

Lemma 3 (Redistribution through progressive tax system) Consider the following reform bundle:
social security is changed from the Beveridgean to the Bismarckian formula paired with fiscally neutral
redistribution through lump-sum transfers in the tax system. Such a reform bundle increases the scope of
redistribution from g -type households to the 01 -type households through the tax system. This change
in the scope of redistribution through the tax system expressed as a percentage of the low type income
under the Beveridgean system is given by
APVIw(@9) 1

— 5l =T)(E" = (="~ 1) =

B APVtTa:r (OH)
wLthlBEV(GL) 2

——=>0 32
wLthfEV(QL) ( )

Furthermore, the larger the Frisch elasticity ), the larger is this change.

Proof of Lemma (3] Expressing the change in scope of redistribution in for O, as a percentage of
the low type income under the Beveridgean system wyw #PEV (6;) we get

APVI(0r)  Ap —7o(1 — wpw (815 (0,) — (PEV (6,))

wLwtftBEV(GL) wLwtK?EV(OL)

Note that the term in the numerator corresponds to the tax redistribution effect from equation ([14]).
Using Apy = 1/27(1 — T)(20€{0L7QL}w0wt(ngIS(9) — (BEV(6))) and substituting for 1 from (L1]) we
get the following formula that gives the value of net change in taxation for 67 -type households

APVTer(g 1
wLth%EV((gL)) = 57@(1 — )& — 1)(w1+77 -1)>0 (33)

The sign of inequality follows from the fact that @w = wp/wr, > 1. Note, that the net change in taxation
for O-type households is the same but with the opposite sign.

Furthermore, as we shown discussing formula as 1 goes up &7 — 1 goes up, as well as w! 7.
Hence, the larger the Frisch elasticity the larger redistribution through the tax system. ]

Finally, we show that the reform bundle entailing a change from a Beveridgean to a Bismarckian
formula and redistribution of increased labor income tax revenue through a lump-sum transfer may
improve aggregate welfare (raise the total welfare in the society). In fact, there can be an improvement
in welfare in the Pareto sense, i.e., the welfare of both household types can be raised directly. While
doing so, we rely on our findings on the consequences of the three effects of such a reform. In Lemma
we show that the efficiency effect improves the welfare of both types of households. In Lemma [2] we
establish that the pension redistribution effect reduces the welfare of 67 -type household and improves
the welfare of f-type household. Finally, in Lemma [3 we show that the tax redistribution effect has the

opposite effect. In other words, these results establish that the redistribution lost in social security may
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be at least partially replaced by the redistribution in the tax system when social security reform creates
efficiency gains. The Proposition demonstrates when tax system redistribution can fully substitute for

the pension system redistribution.

Proposition 1 (Hicks and Pareto welfare improvement) Consider the following reform bundle: so-
cial security is changed from the Beveridgean to the Bismarckian formula with fiscally neutral redistribu-
tion through lump-sum transfers in the tax system. For such a policy change there existsn > 0, such that
for n = n, such a reform bundle improves an utilitarian social welfare function W = 3 4c(y, 9,1 U(0).

Furthermore, there exists fj > 1, such that for n) > 1), the welfare of both types of households goes up.

Proof of Proposition [I} First, from Lemma [I] we know that the welfare of both types goes up due to
the efficiency effect. Second, the redistribution effect of the reform in the social security formula reduces
the welfare of 07-type households and improves the welfare of p-type households. This follows from
Lemma Third, the tax system redistribution effect improves the welfare of 6;-type households and
impairs the welfare of @p-type households, which follows from Lemma [3] Note, it is easy to see that
Or-type households always gain. It follows from the fact that for them efficiency effect is larger than
the tax redistribution effect in equation ([14)) and the pension redistribution effect is positive for them.
It is not necessarily the case for f-type households.

First, we show when Pareto improvement is possible. For that, given that the efficiency effect is
always positive, it is enough for the two redistribution effects to cancel each other out. Define 7} such
that the net redistribution effect for 81 -type households equals zero, i.e. the sum of the pension and the

tax redistribution effects is zero

APVTe(9)  APVFPer(gy)
wrLwlBEV(Or)  wpwl PEV (1)

_0 - %nu S )E — D)= — 1) = %T(wlﬂ _1) (34)

which follows from and . Notice that 77 > 0 satisfying equation exists. To see it cancel
out 1(w!*” — 1) in this equation. Then the left-hand side of it becomes increasing with 7, while the
right-hand side is constant. Furthermore, for 1 between zero and infinity, the left-hand side also assumes
values between zero and infinity.

Since for n = 7} the tax and the social security redistribution effects cancel out, then for 6 -type
households the welfare rises due to the efficiency effect. By continuity of the left-hand side of equation
there exists 77 < 7 such that, for this case, the welfare of §;-type households remains unchanged
after the reform. Thus for all n > 7 the reform is Pareto improving.

For utilitarian social welfare, by continuity of the left-hand side of equation (32) and of the utility
function, for all #'s in the small enough neighborhood of 7, the decline of U(f1) is small enough to be
offset by an increase of U(fy), hence 3n < 7, such that Vi > 7 the reform improves the utilitarian
social welfare function W' = > oy, 9,1 U(6). |

Intuitively, for higher values of the Frisch elasticity the response of labor is stronger. It generates
more tax revenue and results in higher lump-sum transfers. If the response of labor is strong enough,
the increase in lump sum transfers can make up for the lower pensions of §;-type households.

Observe also that since 7, satisfying equation does not depend on w, the scope of inequality

in a society does not affect the ability to achieve Pareto improvement. By contrast, whether or not a
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given society has the Frisch elasticity above or below 77 — i.e. whether or not a reform bundle can yield
Pareto improvement — depends on the size of the labor tax wedge before the reform and the size of

social security. Indeed, the larger the tax rate 74, the smaller 7.

2.8 Implications for a large computational model

In the stylized setup, we portray the key trade-offs. We show that it is possible to improve welfare in the
Pareto sense even if social security reform completely removes insurance against income shocks. This is
possible if reduced labor market distortions boost labor supply enough for labor tax revenues to allow
sufficient redistribution in the tax system. We show that the ability to introduce such reform bundle
depends crucially on the Frisch elasticity.

Nevertheless our use of a partial equilibrium setup leads to some simplifications. First, wages are
not affected by changes in the labor supply due to reform. Second, all risk is realized at the beginning
of life, thus agents do not face any risk during their lifetime. Third, with GHH preferences there is no
income effect associated with change in disposable income, which may lead to lower response of labor
supply to reform. Finally, US social security is more complicated than the one employed in this section.
In a full, calibrated model part of the adjustment occurs via changes in the inter-temporal choices by
the households with wages responding to changes in labor supply. Computational modeling permits the
identification of the extent to which presented intuitions carry through to a general equilibrium setup.

In the next sections, we ask if appropriate tax reform accompanying a replacement of the current,
unsustainable defined benefit pension system in the United States, replicates the above stylized findings
for a broad range of assumptions concerning the deep parameters of the model in a fully calibrated

setup.

3 General equilibrium model

We build a general equilibrium overlapping generations (OLG) model with idiosyncratic income shocks
and thus ex post within cohort heterogeneity. In the baseline scenario, an economy features the current
US social security. In the reform scenario, this social security is replaced with a defined contribution

system, which links pensions to social security contributions.

Population dynamics Households live for j = 1,2..., J periods and are heterogeneous with respect to
age j; one period corresponds to 5 years. Households are born at the age of 20, which we denote j =1
to abstract from the problem of the labor market entry timing as well as an educational choice. The
size of the cohort of age j in period ¢ is denoted as N;;. Consumers face age and time-specific survival
rates 7, which denotes conditional probability of surviving one year for individual of age j in period t.
Individuals can work up to the retirement age J. Consumers who survive until the age of J = 16 die

with certitude.
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Productivity heterogeneity Let ¢;; be a deterministic age-efficiency profile. Let €;; be a persistent

earnings shock that follows AR(1) procesﬂ with persistence parameter g and ¢;¢ ~ N(0,0?);
In(ejt) = oln(ej—1,4-1) + €54 (35)

Individual productivity evolves over the lifetimes according to the following formula, w;; = e;€;:.
Individuals may differ in their initial wage shock, and the variance of the initial shock realization is given

by o3.

Budget constraint Households aged below j < .J the retirement age earn gross labor income wjtwiljy,
where w; is the marginal productivity of aggregate labor and /;; denotes individual labor supply. Labor
income is subject to social security contribution at the rate 7 and progressive labor income tax denoted
by T(y;,t) where g, = (1 —7)ww; s, Wy = wy/2 and z; denotes technological progress defined later.

Following |Benabou| (2002), we use the following schedule
T(F1) = G0 — (L= 70757,

where the elasticity of post-tax to pre-tax income is denoted to 1 — A, and the tax rate is determined by
7¢. Note that social security contributions are exempt from labor taxation.

In addition to salary, the income also consists of post-tax capital gain (1 —73)r:a;+ (with 7, denoting
capital income tax, r; the interest rate and a;; assets holdings at age j) as well as pension benefits b, ¢,
which households receive once they reach retirement age. There is no income tax on pension benefits.
Moreover, since survival rates are smaller than one, in each period ¢ there are unintended bequests, I';;,
which are evenly distributed within a cohort. Households purchase consumption goods c;;, which are
subject to consumption tax 7.; and accumulate assets a;;1,41. Assets markets are incomplete; only
assets with the risk free interest rate r; are available. In summary, the households face the following

instantaneous budget constraint:
ajitert + (U +Ter)cie = 20050 — 26T (G0) +bje + (L + (1= 7)re) ajy +p +Tje, (36)

with positive assets holdings (a;+1:+1 = 0), and where y; denotes lump sum transfer that will be

discussed later.

Baseline social security In the baseline scenario, we replicate the features of current social security
in the US. It is a pay-as-you-go defined benefit system, with average indexed monthly earnings (AIME)
defining the benefit drawing rights and the effective replacement rate, which determine the value of
pensions. Social security features contribution rate 7. AIME is redistributive: for low earnings the
replacement rate is high (p = 90%) and for high earnings the replacement rate is low (p = 15%).

The value of the old-age pension benefits bJE{t in the baseline social security in period t at retirement

age J is determined by the replacement rate P the benefit drawing rights (defined as the average

"As is standard in the literature (Nishiyama and Smetters|[2007, |Heathcote et al.[[2008, [Huggett and Parra|2010, |Golosov.
et al.|2016, |Heathcote et al.[2017)), we approximate the process above by a first order Markov chain with a transition matrix
I(In(€;.e)[ In(€j-1,6-1)).
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lifetime earnings relative to the average earnings in the economy) fﬁt, and the average earnings in the
economy wwl;. Furthermore, we scale it by p,,, to match steady state pension benefit to GDP rati.
After retirement age pensions are indexed with the payroll growth rate (r,; = #ﬁ;l — 1, with L;
denoting aggregate labor supply). Summarizing, old-age pension benefits are given by the following
formulas:

b]}:t = Pm " PJt" f}—%t ~wwily  and bft =(1+ W,t)b?q,tfl Vi > J, (37)

Next, we specify how we compute the drawing rights and the replacement rates. The drawing rights

in status quo social security fff ++1 evolve according to the following formula:

min{w; ¢wil; ¢, wwily} (38)

1

B B/ ¢B _ . B

[ = F2(fjpwjpwdie) =~ | (G—1) - fi; +
J wwily

where ww;l; denotes the old-age, survivor and disability insurance (OASDI) capﬂ. It means that each
period earnings are expressed relative to the average earnings in the economy and this ratio is averaged

over the entire lifetime. The replacement rate py, is computed according to the following formula

0.9 for f2 < F1;
0.9F1,1+0.32(f 2 —F1,1) B

Pit= ?t : for Fl,t < fj,t < F2,t . (39)
0.9F1,4+0.32(Fa,t— F1,4)+0.15-(f 7 — Fa )

B
77 for I < fj,t
where (F ¢, I ;) denote bend points replicating the progressive nature of the replacement rate, and are

expressed as a fraction of average earnings (McGrattan and Prescott|2017)).

Reformed social security In the reform scenario, this social security is replaced with a defined contri-
bution system, financed on a pay-as-you-go basis. At retirement pensions b%t depend on the entitlements
ff;tt which individuals accumulate over lifetime by paying social security contributions. Annuitized pen-
sions are computed by dividing the value of entitlements at the retirement age by the conditional life
expectancy at this age LE, ;. After retirmenent age pensions are indexed with the payroll growth rate
Tt

bf]i;’t = fjj,t/LEt,J and vj>.7 bﬁt = (1 + Wﬂf)bf—l,t—b (40)

where LE, 7 =1+ Z;];(;] (Hf=1ﬂ'j+i7t+i) denotes the conditional life expectancy at retirement age.
Next, we specify how individuals accumulate entitlements th. In each period social security contri-
butions are transformed into entitlements and in each period previous period entitlements are indexed

with the payroll growth rate ry;. Thus the following formula specifies the evolution of entitlements

fjl,%t =1+ Tf,t)ij—l,tfl + Twjrwilt, (41)

8The adjustment through p,, stems from the fact that AIME is computed based on the best 35 years of career in the
actual system, while in our setup it is computed based on the whole working period. With 5 year periods, selecting the best
35 years is redundant.

°In our model the cap on contributions means that for contributions above this cap there are no drawing rights computed,
i.e. the replacement rate on them equals zero. In the data, 6% of workers hit the cap, it is 3% of individuals and 2% of
income in our model. https://www.ssa.gov/policy/docs/population-profiles/tax-max-earners.html.
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The link between benefits and contributions is thus direct, which gives rise to linking contemporaneous

labor supply with retirement benefits (see Appendix [A| for formal derivation, Butler[2002).

Consumer problem An individual state of each household at age j at time ¢ s;; can be summarized
by the level of private assets a; ¢, the pension entitlements f;; and individual productivity determined
by €+, Sjt = (aj, fit,wjt) € . A newborn household enters the economy with no assets (a;; = 0)
and at the state, s;; the household maximizes the expected value of the lifetime utility. The households
discounts future with the discount factor 6 and the conditional survival probability 7;;. We define the

optimization problem of the household in a recursive form:

Vit(sjt) = max w(cj lje) + 6mi E(Ver1(sjsre1) | 850, (42)

(¢h s ts@541,041
subject to the budget constraint given by equation ([34]), formulas for pensions given by ([35]) or ,
depending on the pension system, and the productivity process given by equation ([33)). The total time

endowment is normalized to one. The instantaneous utility from consumption and leisure is given by:

1
1 clfo ¢ 1+

:1_0-j7t 1+ljvt
n

u(cje ) (43)
Production Using capital K; and labor L;, the economy produces the final output. Production function
takes the standard Cobb-Douglas form Y; = K (2 L)'~ with labor augmenting exogenous technolog-
ical progress, zi+1/2t = Yi+1. Capital depreciates at the rate d. The standard maximization problem of

the firm yields the interest rate and the real wage
ry = aKf‘_l(tht)l_o‘ —d and w=(1- oc)Kf‘ztl_o‘Lt_o‘. (44)

Government The tax revenue T; is used to finance spending on public goods and services G, subsidize
(if necessary) the social security (subsidy; denotes the social security deficit that needs to be financed

with taxes), service debt r;D; with AD;,1 = D41 — D, and finance lump sum transfers ;.

J
G + subsidy; + 4Dy + Z N',tut = T+ ADyiq, (45)
j—1

1
where T, = Z Nj,tf 2T (Y)e(s0) )Pt + Tiure A + e Cr,  (46)
i=1 @

C; and A; denote aggregate consumption and aggregate assets, respectively. We assume that Gy is the
same both in status quo and in reform. Furthermore, as we described earlier, the state of an agent at
age j at time t is fully characterized by s;; = (a4, fj+,€t) € . The probability measure describing
the distribution of agents of age j in period ¢ over the state space €} is denoted as PP ;.

The deficit in social security, subsidy;, is given by the difference between the total pension benefit
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payments and the total contributions:

subsidy; = 2 J .t(85.4)dP; ¢ — thz

JQ Wj,t(Sj,t)gj,t(sj,t)dpj,t- (47)
j=1

where b;; = bft in the status quo and b; ; = bft in the reform. In the status quo, the social security deficit

is financed by the government. In the reformed system, its budget becomes balanced by construction.
In the status quo, lump-sum transfers u” are set to zero. In the reform scenario, we introduce

additional progressiveness with positive /. The size of the transfer is fiscally neutral, that is, it is set

such that the government budget constraint is satisfied with the level of debt from the status quo:

Gy + subsidyf + rﬁDt —ADyyq — ( ‘] ! 1 N; tSQ (y]t Sjt )dIP’ft + TkrfAﬁ + TCCtR)

R
/JJt =
31 N

where R denotes the reformed scenario.

3.1 Equilibrium and model solving

Next, we define equilibrium for our economy. To do so we employ the notion of a competitive equilibrium.

Definition 1 (Competitive equilibrium) A competitive equilibrium is a sequence of value functions

{(Vit(55,6))]1}20, policy functions {(cjt(sjt), £jt(550)s @jr1,041(85)) 711220, prices {re, we} o, gov-
ernment policies {7, Tk, T, A, fit, De 1}, social security parameters {1, subsidy;, pm}i-,, aggregate

quantities {L;, Ay, Ky, Cy, V11§, and a measure of households {P;+}2, such that:

e consumer problem: for each j and t the value function V;(s;;) and the policy functions

(cji(85.), e (8j1)s ajg14+1(8j1)s fit1,4+1(8j)) solve the Bellman equation given prices and

government policies;
e firm problem: for each t, prices (r;,w;) are given by equations (|42));

e government sector: the government budget and the PAYG pension system constraints are satis-
fied, i.e., equations (43)) - (44)) are satisfied;

e markets clear

labor market: L; = t(85,6)054(s5.6)dPj+;

capital market: Aiy1 =
Ki = At+1 +

J aji1,6+1(85,6)dP; s,
D

J
goods market: C; = Z Nji | ci(sie)dPje,
1 Q

) =Ci+ K1 —(1-d)K + Gy
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e probability measure: for all t and for all j, IP;; is consistent with productivity processes and

policy functions.

We solve the consumer problem with value function iterations. In order to reduce the dimensionality
of the state space, we use the implicit tax approach (Butler|2002). We discretize the reduced state space
Q=AXFXHwith A= {a',...,a"}, F = {f',...,f""}, and H = {¢',...,e"#}, where n = 300,
nr = 15, and ng = 5. We interpolate policy and value functions with piece-wise linear functions (using
recursive Powell's algorithm). For each discrete §;; € Q) we find the optimal consumption and labor
supply of the agent using Newton-Raphson method.@

For a given initial distribution Pu at age j = 1, time ¢, transition matrix II(e;|ej—1+—1), and the
policy functions {a;;1¢+1(5;4), fj+17t+1(§j’t))jj]:1}§x;1 we can compute the distribution in any successive
age j and period t. It can be interpreted as a fraction of cohort of age j at time t residing at each state
of the state space Q.

Once we compute distributions and policy functions for each state, we compute aggregate quantities
of consumption, labor and savings. To this end we use the Gaussian quadrature method. Once the
consumer problem is solved for a given set of prices and taxes, we apply the Gauss-Seidel algorithm to
obtain the general equilibrium. Using the outcome of the consumer problem, the value of aggregate
capital is updated. The procedure is repeated until the difference between the aggregate capital from
subsequent iterations is negligible, i.e. [;-norm of the difference between capital vector in subsequent

iterations falls below 10712,

3.2 Measuring welfare effects

The cohort-specific welfare effects of the reform are defined as a consumption equivalent, expressed as a
percent of lifetime consumption. The consumption equivalent for each agent is a percent of post-reform
consumption that they would be willing to give up or receive in order to be indifferent between status
quo and reform scenario steady states.

Our main results use aggregate welfare effects under the veil of ignorance, that is before the shocks
are realized. The details of the derivation are reported in Appendix[B] In some analyses, we obtain results

for all possible realizations of shocks, we refer to these results as ex post welfare.

4 Calibration

The model is calibrated to match features of the US economy. Using microeconomic evidence and the
general characteristics of the US economy, we established the reference values for preferences, life-cycle
productivity patterns, taxes, technology growth rates, etc. We calibrate the population using survival
probabilities 7;; and population growth data based on the CDS data.H The calibration of the model

parameters is summarized in Table[l]

Dye to the nonlinear labor income tax, the consumption-leisure choice has to be solved numerically.
"United Nations Population Database conveniently provides five-year age groups aggregations.
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Productivity heterogeneity. The idiosyncratic component is specified as a first-order autoregressive
process with autoregression g. = 0.97 and variance 6. = 0.021 which are based on estimates from
Borella et al.| (2018). In our model, each period corresponds to five years. Hence we need to recalculate
. . : _ _ 1-g.b C g : .
input variables according 0. = 0.° and o, = &, 11_956 . Deterministic age-specific profiles of productivity
e;t and the variance of the initial shock oq realization are based on Borella et al.| (2018) as well.

Preferences. The inverse of intertemporal elasticity of substitution ¢ = 2, following the standard in
the macroeconomic literature. The discount factor ¢ is set at 0.996 to match the capital to GDP ratio
2.9. Since households face mortality risk, the effective discount rate is below 1 even if § is slightly larger
than 1, as it might be the case while calibrating the economy for some Frisch elasticities.

We provide a broad range of calibrations for the Frisch elasticity, to explore quantitatively the intu-
itions from the stylized model. Then we set ¢ to match the average labor supply equal to 0.33 for each
value of the Frisch elasticity. We consider n € {0.2,0.4,0.6, ...,2.8,3} In our main specification, we set

the Frisch elasticity 17 to 0.8. We present calibrations for all alternative values of the Frisch elasticity in

Table [A2] in Appendix.

Social security We set the replacement rate p to match the 5.0% ratio of pensions to GDP. The
effective rate of contribution 7 is set such that the social security system replicates balance, as observed

in the data. Retirement age eligibility in the US occurs at 66, which is equivalent to J = 10.

Table 1: Calibrated parameters for the initial steady state

Macroeconomic parameters [ Calibration  Target Value (source) Model outcome
Preferences
¢  disutility from work 8.44 average hours 33% BEA(NIPA) 33%
o risk preference 2 literature
n  Frisch elasticity 0.8 literature(®)
6  discounting rate 0.996 K.Y, ® 2.9 OECD 2.9
Firm
«  capital share 0.33
d  1-year depreciation 0.06 Kehoe and Ruhl| (2010)
Government
T.  consumption tax 0.044 7.Ct /Yy 2.8% OECD 2.8%
T, capital tax 0.243 Kt /Y: 5.4% OECD 5.4%
pm  benefits scaling factor 0.51 ijj N; b /Ys 5.0% BEA(NIPA) 5.0%
T social security contr. 0.075 soc. sec. deficit as % GDP 0.00% 0.00%
7 labor tax(® 0.037 Z;-];ll Nji§oq T (y5.(s5.0))dP;se/Y:  9.2% OECD 9.2%
A labor tax progression 0.137 earnings distribution Holter et al.| (2019)
Wage process
e;+ age-specific profile Borella et al(2018)
og  initial variance Borella et al.| (2018)
o  shock persistence Borella et al.| (2018)
0% shock variance Borella et al.[ (2018)
Notes:

We use NIPA for 2011-2015 to obtain macroeconomic aggregates. We use OECD data for 2011-2015 to obtain five-year
average share of tax revenues in GDP. We follow [Mendoza et al.| (1994) in classifying categories of tax revenues to tax
types, see Table in the Appendix for details.

(@) Calibration for alternative values of the Frisch elasticity are provided in TabIeIE' in the Appendix

() This implies an interest rate 5.3%. For reference, [Nishiyama and Smetters| (2007)) calibrate to an interest rate of 6.3%
for mid 2000s.

(©) Effective tax rate for average income is equal to 13.4%, in line with 11.3% reported by [Holter et al. (2019).
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Government Taxes are calibrated using Mendoza et al. (1994) approach. The capital income tax is
set to 24.3%, to match 5.4% ratio of the capital income tax revenues to GDP. The marginal tax rate
consumption is set to 4.4% to match 2.8% ratio of consumption income tax revenues to GDP. The data
on ratios between tax revenues and GPD come from the OECD data, see Table[AIl The labor income
tax function parameters A = 0.137 and 7; = 0.037 are set to match elasticity of post-tax to pre-tax
income following Holter et al|(2019) and 9.2% ratio of the labor income tax revenues to GDP. In the
initial steady state, the debt/GDP ratio is equal to 110%.@ In the status quo and in the reform scenario,
we keep debt as a constant share of GDP. The fiscal balance is closed by the government consumption
G. It equals 14% of GDP, which is in the ballpark of values implied by NIPA.

Firms We set the output elasticity to capital equal to 0.33. The depreciation rate is set to 6% per
year following |[Kehoe and Ruhl| (2010). The investment rate implied by the model is equal to 22.1% of
GDP, which is consistent with NIPA for the period 2011-2015.

Productivity growth (y;) The model specifies the labor augmenting growth rate of technological
progress V¢11 = z¢+1/2. The debate about the future of US growth is ongoing (e.g. |[Fernald and Jones
2014, Gordon|2016)). We assume technological progress at the current rate of 2% per annum. Note that
the growth rates of technological progress are the same in status quo and in the reform scenarios, and

both systems are of the pay-as-you-go nature.

5 Results

The reform does not change the overall contribution rate relative to the baseline scenario. The major
difference between the baseline and the reform system is that in the new system, the pensions are
directly linked to the contributions which depend on income subject to idiosyncratic shocks. Thus, the
income risk carries over to the retirement periods, eliminating the insurance against income risk implicit
in the status quo social security. We discuss the results in three substantive parts. First, we portray
basic intuitions in terms of changes to the budget constraints of the agents. These intuitions are then
reflected in simulation results. Finally, we show welfare, macroeconomic and fiscal consequences of our

reform as well as the role played by the strength of the labor response.

5.1 Intuitions

Note that in the reformed social security, equations (39)-(38)) link the contributions during the working
periods to pension benefits at retirement. Hence, the contemporaneous intra-temporal choice of the
agents is less distorted, i.e. they fully internalize the effects of labor supply choice throughout the
lifetime. We portray it by rewriting the budget constraint for the respective social security systems.
Recall equations ([36])-(35]) and (39)-(38)), describing the relationship between contributions and benefits

in the status quo and the reform, respectively. In the accumulation period (3 < J), in the reform, the

2Dye to fiscal developments in the U.S., debt/GDP ratio is higher in our study than in the earlier literature.

20



following holds:

i e+ L+ 7e)ee =0+ 0 —m)rdaje + yie — T (W) + e

+(1+(1- Tk)’f't)fﬁ + Uft cTwew; il + [, (48)

where f]ﬁl,tﬂ denotes the anticipated (virtual) pension wealth, Uﬁt denotes the properties of (virtual)

pension wealth accumulation, and pension wealth accumulates according to equation 1’ Analo-

gously, we can rewrite the budget constraint in the accumulation period under the status quo as:

P +ajeree + L+ 7e)ce =0+ (1 —m)rdaje + yje — T(yse) + Dj

+FB(fJ%, wj,twtlj,t) +0- thwj,tﬁj,t + U, (49)

~

where fﬁl,tﬂ = FB(fft,wj,twtéj’t) according to equation (36)).

Equations and portray the key trade-offs in our reform. First, the extent of labor distortion
varies between the status quo and our reform: there is “additional” income coming from v, ; # 0, with
vj+ = 0 in status quo. This generates the substitution effect and raises the labor supply. The second
effect is associated with the lump-sum transfer ;. It generates the income effect and reduces the labor
supply in the reform relative to the status quo. Third, the formulas for f]Bt and fﬁ are different from
one another, as evidenced by equations ([36) and (39). Relative to the status quo, the pension formula
for the reform scenario implies lower redistribution in social security, which lowers the labor supply of

high income individuals and raises the labor supply of low income individuals.

5.2 Labor wedge

We operationalize distortions to labor supply decisions as labor wedges (Chari et al. [2007, Berger et al.
2019, Boar and Midrigan|[2020)). Consider the labor supply choice of households. With marginal labor
income tax denoted as 7" (y;+(s;¢)), we obtain:

L ca(sie) ™

ol i(sje)n = e (1= (1 =) T (ye(s5.0)) = T(1 = vj.0) ] wiw;e(s5.0), (50)

with v; ¢ introduced earlier and determining implicit marginal tax stemming from social security. Notice
that the implicit marginal tax due to social security may be negative in the case of the reform scenario
due to the annuitetization offered by social security. Indeed, with reformed social security, vj; may be
higher than 1; details are provided in the Appendix . Following (Cociuba and Ueberfeldt| 2010), we
measure it as the discrepancy between the household’s marginal rate of substitution between labor and
consumption and the wage. The labor wedge faced by household at age j at time ¢ and characterized

by the state s;; is defined by:

(1= 7)T (yje(s50) + 7(1 —vje) — 1
147

Vja(sje) = +1. (51)

13The full derivation of the formula for the implicit share of contributions that enter the intertemporal budget constraint
vft is relegated to Appendix It is based on the notion of implicit tax (see |Butler|2002)

21



Figure 1: The decline of the labor wedge
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Notes: the figure portrays the values of ¥;(s;,+) obtained for all possible combinations of states (in total: 2.2 mIn potential
outcomes) for both status quo and the reform. The values of 1; +(s;.+) are obtained using equation (49)). Figure[A2]depicting
the same relationship but accounting for the probability measure P; ; is available in Appendix

Figure [1| scatters age- and state-specific labor wedges ¥, .(s;), given by equation , before and
after the reform. The results are below the 45-degree line, which implies that along the entire state
space, the labor wedge is lower in the reform. Note that nominally neither parameters of the tax system,
nor social security are changed relative to the status quo — yet, the decline in the wedge is substantial
and comprehensive. This is the efficiency gain from the social security reform. The agents view the
social security contributions as a tax in the status quo and they view them as a stream of future income

once the social security reform is implemented.

5.3 Taxes and replacement rates

Next, we look at how average tax rates and replacement rates change due to reform. In other words,
we study the extent to which we shift insurance from the social security to the tax system. In Figure 2
we report changes in labor taxation along the distribution of lifetime labor income (left panel) and its
analog for social security contributions (right panel). Increased insurance is portrayed in the left panel
by larger declines in the average tax rates for low incomes, which become smaller as income goes up.
Furthermore, overall laor taxation changes.

The left panel of this figure shows that the social security privatization accompanied by an increase in

lump sum transfers results in more progressive tax system. Therefore, it provides more implicit insurance.
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Figure 2: The change in average tax rates and replacement rates

paints )

3!
,

[S]

ation

B
S
S
55

50C

privat
privati

=]

0 1 2 3 4 0 1 2 3 4
labor income as a fraction of average lifetime labor income at retirement age
average lzbor income in status quo as fraction of average labor income in status quo

Notes: the left panel displays the difference in the average tax rate between the privatization reform with transfers and
status quo at each percentile of instantaneous status quo income. The difference is negative, which is consistent with
decline in taxation along the income distribution. Analogously, the right panel displays a difference in percentage points
in the ratios of pension benefits income and lifetime earned income in the reform and status quo. For both status quo
and reform we obtain a total stream of pension benefits income and a total stream of earned income. For each state we
obtain the ratio between the two streams, to measure replacement rates. We then obtain a difference between reform and
status quo at each percentile of lifetime income in status quo (as in the left panel). Negative values reflect a decline in
replacement rates, positive values signify an increase in replacement rates, in percentage points. Levels of the tax rates and
replacement rates are reported in Figure[A3]in Appendix [D]

In the reform scenario, the average tax rates for low income individuals are lower than in status quo by as
much as 3 precentage points. For income individuals, the gain is smaller, but still positive (0.3 percentage
points). At the same time pensions for low incomes decline and those of high incomes increase (see the
right panel). For the sake of comparison, we compute the replacement rate as a ratio of total pension
benefits relative to total earned income (adjusted for survival and time), and portray them along the
distribution of status quo lifetime earned income (that is the social security contribution base). The
privatization of social security lowers replacement rates for low income individuals (by approximately 20
percentage points), but raises it for individuals with above average lifetime income (by approximately 10

percentage points).

5.4 Labor supply

The decline in the labor wedge leads to substantial changes in labor supply. The results are reported
in Figure [3] where we portray the change of labor supply across realizations of productivity shocks as
a function of labor supply in status quo. We see that labor supply increases for almost all individuals.
The increase is larger on average among individuals with below median realizations in a given period.
Additionally, labor supply reacts more strongly among individuals with level higher labor supply. The
labor supply reaction is more differentiated among individuals with unfavorable shocks realizations.
These results are entirely consistent with our intuitions discussed earlier. First, the reduction in labor
wedge generates the substitution effect and increases labor supply. Second, the decline in pensions, for
low productive agents, has a negative income effect which makes them work more, and the increase

in pensions, for high productive agents, has a positive income effect i.e., their labor supply goes down.
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Figure 3: Change in labor supply: scatter plot of labor supply in status quo and under reform
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given shock realization. Figure@ depicts the same relationship accounting for the probability measure P;; is available in

Appendix

Third, a universal lump sum transfer creates a positive income effect and leads to a lower labor supply.
Given that labor supply increases almost universally, it appears that the substitution effect of lower
distortions dominates the remaining effects. Additionally, the income effect of pensions is negative for
low-productivity agents and positive for high-productivity agents. The relative response for labor supply
for different income groups depends on the relative strength of these effects.

To quantify these intuitions we obtain mean change in labor supply for productivity shocks realizations
below, at, and above the median (w = 1). We use probability measure P;; to reweight the observed
distribution of labor supply changes. We show that at the median realization of productivity shocks
(w = 1), on average, labor supply increases by 3.5 percentage points due to our reform bundle. We
confirm that on average, change in labor supply is larger for realizations at the high end of the distribution
than at the low end of the distribution. Specifically, we obtain 2.59% and 2.97%, respectively. Thus, the
results reveal a hump shape in relation to the status quo labor suppIyE We further find at the median
shock realization, the standard deviation of labor supply reaction amounts to 1.42 percentage points.
Relative to this group, the dispersion is 1.29 percentage points higher for individuals with shocks below
the median and 0.32 percentage points lower for individuals with shocks above the median.

Our results are consistent with the existing literature, but also provide extensions. For example,

\Heathcote et al.| (2008) argue that greater income dispersion can be preferred by the social planner

if high-productivity workers increase labor supply and low-productivity workers reduce it. Our reform

partially achieves this objective by realigning incentives in social security and bundling it with a fiscally

neutral lump-sum transfer. |Heathcote et al| (2008) argue that their result hinges on flexible labor and

“The differences between these means are highly statistically significant. Once labor supply is adjusted for age profile,
the results become -0.33% below, 0.57% at, and 0.05% above the median.
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we show that for the Frisch elasticity below 0.6 our reform actually becomes detrimental to welfare.

5.5 Welfare

Our results confirm that social security reform and labor tax progression can be complementary. In the
proceeding sections, we argue that our reform has three main effects. First, the efficiency effect that
benefits all agents. Second, the pension redistribution effect that benefits high income individuals and
is disadvantageous to the low income ones. Third, the tax system redistribution effect that works in
the opposite direction. Overall, the net effect is of quantitative nature. We find that for the preferred
Frisch elasticity of 0.8 the welfare gain under the veil of ignorance expressed in consumption equivalent
amounts to 0.32% of lifetime consumption. With the efficiency gain, raised tax revenues generate room
for increased labor tax progression to substitute (even if only partially) for the insurance loss from reduced

redistribution in social security.

Figure 4: Distribution of consumption equivalents: ex post evaluation
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Notes: The figures portray the outcomes of 2.2 million simulations. For each potential realization of the lifetime path of
shocks, we use the policy functions to obtain the path of consumption and labor supply, in both the status quo and the
reformed system. We then obtain the lifetime welfare measure, following equation (??). We obtain the distribution of

consumption equivalents across each of the simulated paths, weighted by the probability measure.

In Figure [4| we portray the distribution of welfare effects across ex post differentiated shocks realiza-
tions. It shows that from the ex post perspective approximately 90% of agents experience welfare gain.
There are some individuals, for whom welfare losses are negative despite the lump-sum transfers. For
them, the loss of income due to the less redistributive pension system is too large to be compensated
with the lump-sum transfers and the efficiency gain. We interpret this finding to signify that the optimal
bundle of social security reform and labor tax progression should be targeted in order to shield specific
groups of individuals from welfare losses.

The intuitions from the theoretical model in Section [2] suggest that the labor supply elasticity plays
a paramount role in determining the sign and the size of the response to the reform. To quantify this
intuition, we demonstrate the results for alternative calibrations of the Frisch elasticity. Figure 5] displays

welfare effects across alternative calibrations of the Frisch elasticity. We use the calibration parameters
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as reported in Table in the Appendix. The vertical dashed line signifies our preferred calibration,
following the consensus in the literature about plausible values of the Frisch eIasticityE] Our results
indicate that for this value the reform delivers positive welfare gains. In line with the theoretical model,
we show two main results: the magnitude of the welfare effect, and the origins of the fiscal adjustment.

The results show that for higher values of the Frisch elasticity the welfare effects become larger.

Figure 5: Welfare effects across alternative calibrations of Frisch elasticity
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Notes: Each dot represents the welfare effects under the veil of ignorance for a given Frisch elasticity value; see equation
(??). The calibration parameters are as reported in Tablein the Appendix. The vertical dashed line signifies our preferred

calibration, following the consensus in the literature about plausible values of the Frisch elasticity.

Note that we find positive welfare effects for the Frisch elasticity above this threshold. Specifically,
Huggett and Parra (2010) argue that high-productivity individuals work too little and low-productivity
individuals work too much relative to optimum in the current US systemE] Our reform raises labor
supply more for the high-productivity individuals and less so for the low-productivity individuals, thus
moving the economy towards an optimum proposed by |[Huggett and Parra| (2010). Notwithstanding, the
rise in labor tax revenues due to labor supply response is sufficient to compensate for the insurance loss

in our reform.

5.6 Macroeconomic and fiscal consequences

Figure [f] reports the macroeconomic adjustments across different Frisch calibrations, quantifying the
macroeconomic intuitions. Labor supply increases by approximately 2% at plausible values of the Frisch
elasticity in the range of 0.6-0.8. For the highest values, it exceeds 4%. At the same time, the reduction
of the labor wedge combined with lump-sum transfers increases savings and thus capital. Additionally,
a higher labor supply increases the return to capital, which further encourages capital accumulation.
Nevertheless, capital increases by less than labor supply, so the capital-labor ratio declines. Higher capital
and labor lead to higher output. These macroeconomic adjustments give way to fiscal adjustments, which
are portrayed in Figure[7l The rise in labor supply leads to increased revenue from labor tax. It turns

out to be the main source of additional tax revenue. The rise in revenue is substantial: in excess of

1See [Chetty, Guren, Manoli and Weber| (2011)), [Chetty, Friedman, Olsen and Pistaferri (2011), [Chetty| (2012).
®\While Huggett and Parra| (2010) work in an open economy, in our environment there are implications from social
security and labor supply to capital accumulation and interest rates.
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0.5% of the baseline output for our preferred Frisch elasticity of 0.8. To put this rise in revenues in
perspective, recall that total labor tax revenues amount to roughly 9.2% of GDP. Labor tax revenues
are not the only ones to rise: greater capital accumulation and increased consumption raise the tax base
for the other taxes as well, creating fiscal space for higher lump-sum transfers. Indeed, debt is the only
fiscal adjustment that reduces fiscal space for lump-sum transfers. The debt adjustment is negative due

to the higher costs of debt servicing (the interest rate rises as the capital-to-labor ratio declines).

Figure 6: Macroeconomic adjustment across alternative calibrations of Frisch elasticity
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Notes: The graph presents the relation of given macroeconomic variables: Y aggregate output, k capital per effective
unit of labor, K aggregate capital, and L the effective aggregate labor; level in the pension privatization and status quo

scenario.

Figure 7: Budget revenue changes across alternative calibrations of Frisch elasticity
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Notes: The graph presents the changes in the government budget between pension privatization and the status quo scenario.

The differences in fiscal revenue/expenditures are expressed in the % of status quo aggregate output Y.

The analysis above shows two major points. First, the redistribution in the tax system can effectively
compensate for the redistribution inherent in the current US social security. Second, whether or not
that actually happens depends largely on the response in labor supply. For plausible levels of the Frisch
elasticity, welfare implications of privatizing social security in the US are positive so long as increased tax
revenue is directed towards greater redistribution through labor taxation. Next, we study the sensitivity

of this conclusion to assumptions in our setup.
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6 Sensitivity analyses

Population aging The rising longevity of subsequent birth cohorts is the underlying cause of the social
security reforms. The current social security system in the US is both redistributive and of a defined
benefit nature. Studies show that the necessary fiscal adjustment to provide for pension system imbalance
in the US will require an increase in contributions by roughly 40% (Braun and Joines| 2015, Vogel et al.
2017) or-else a rise in the deficit of roughly 2% of GDP by 2080 (Feldstein|[2016]). It was established
that such adjustments would cause significant welfare effects (e.g. Kotlikoff et al.|[1999, Huggett and
Ventura|[1999, |Genakoplos et al.[2000, Kitao 2014). Instead, the introduction of a defined contribution
system makes social security fiscally neutraIE] This is why, with our proposed reform, welfare gains are
higher with longevity. Figure [8] reports results analogous to Figure [5] with the difference that survival

probabilities 7;; are taken from the forecast for 2080 in addition to the contemporaneous vaIuesF_gI

Figure 8: Welfare gains are larger with population aging
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Notes: Welfare effects for given Frisch elasticity values for contemporaneous probabilities of survival and values taken from
2080 UN forecast. Note that the calibrated parameters are in line with Table in the Appendix. Both status quo and
reform scenarios share the same probabilities of surviving.

This result is driven by the fact that rising longevity encourages greater capital accumulation, which
reduces the decline in k relative to the results presented in Figure[6] see Figure[A@] Indeed, welfare gains
arise already for the Frisch elasticity as low as 0.4. Note also that welfare losses are lower than in the
baseline simulations — and welfare gains are twice as large. Larger welfare gains are related to greater
efficiency gains. With the current longevity levels, capital declines due to the reform, which lowers wages
and thus dampens the rise in labor supply. By contrast, with raised longevity, capital accumulation is
higher and thus the reaction of capital to the reform is lower. With smaller effect on wages, there is
higher rise in labor supply, in relative terms. Overall, rising longevity amplifies the increase in labor
supply and thus gives rise to greater efficiency gains and more redistribution through progressive labor

taxation.

17 ongevity translates to lowering per period pension benefit receipts for subsequent cohorts. This type of reform is
under consideration in the US economy (Feldstein|[2005)). It was also recommended as a mean to address fiscal instability
resulting from longevity by the World Bank and the IMF; it has eventually been implemented as of the 1990s in many
countries around the world (e.g. Central Europe, Mexico, Sweden, and Chile, among others, see |[Holzmann|[2013)).

BFor both status quo and reform, with rising longevity, we also raise the retirement age J.
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Drivers of labor supply response Given that our results depend largely on the labor supply response
by households to better aligned incentives, we check how sensitive are our results to this response.
Admittedly, the reform reduces labor wedge by virtually the entire social security contribution: individuals
used to treat the contributions as a tax and suddenly treat them as postponed stream of revenue. Given
the magnitude of the contribution rate, the sizable increase in labor supply — roughly 2% to 4% — is
internally consistent within the model.

Numerous studies review evidence from labor taxation reforms to provide the bounds for plausible
labor supply response. Using evidence from Denmark, |Chetty, Friedman, Olsen and Pistaferri (2011)
show that people tend to respond to explicit changes in taxation and are relatively inattentive to implicit
changes in taxation. Exploiting evidence for Germany Tazhitdinova| (2020) finds similar results. Ad-
mittedly, most of these studies concern labor taxation per se, rather than lifetime labor wedge, as such
reforms are rare. One such example is a study by Lachowska and Myck| (2018), who show substantial

response in behavior to changes as subtle as formula for computing pension benefits.

Figure 9: Half-internalizing social security reform is sufficient to deliver welfare gains
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Notes: Welfare effects across the extent to which individuals internalize reform in social security. The last observation to
the right reflects welfare reported in the previous section, whereas all observations to the left show results as if individuals

internalize only a given fraction of the reduction in implicit taxation caused by the reform.

We perform the following exercise. For each working age group, a certain fraction of contributions is
subjected to equation and the rest to equation . Specifically, given the preferred Frisch elasticity
of 0.8, we vary the share of income subjected to equation between 0% and 100%, the complement
is subjected to equation . This modeling strategy reflects the share of individuals who internalize
the changes in the social security; recall the intuitions from section The results are portrayed in
Figure [0l With population aging, roughly half-internalization of the changes in the nature of the social
security are sufficient to deliver aggregate welfare gains. In other words, efficiency gains from individuals
internalizing the reduced wedge outweigh insurance loss if, for each dollar earned, incentives are fully
internalized for 55 cents on labor income. We conclude that in order to capture the potential in social

security reform, moderate levels of economic literacy are sufficient.
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7 Conclusions

In this paper, we conjecture that privatizing social security can improve welfare even in a setup with
idiosyncratic income shocks. The existing social security system in the US is to some extent redistributive,
providing partial insurance against idiosyncratic income shocks. It was a long standing consensus that
privatizing social security raises efficiency due to reduced labor wedge but necessitates an insurance
loss (Nishiyama and Smetters 2007)). We propose a reform bundle that addresses both efficiency and
insurance channels directly: couple privatizing social security with increasing labor tax progression. We
provide a motivating theoretical stylized set up to lay out the basic intuitions and then take our model to
the data in a computational general equilibrium setup calibrated to the US. We show that the increase
in labor tax progression can be achieved in a fiscally neutral way.

The lifetime consumption equivalent of such a bundle of reforms amounts to 0.32% for plausible
calibrations of the Frisch elasticity. Moreover, this value increases to approximately 0.73% if the reform
is implemented for higher values of longevity in retirement and individuals fully internalize the decline
in labor wedge. For positive welfare effects to emerge, it is enough if roughly half of the individuals do.
Our result extends the earlier literature by Imrohoroglu and Kitao| (2009) and |Heathcote et al. (2008),

who studied the response of labor supply to social security and tax progressiveness.

30



References

Andolfatto, D. and Gervais, M.: 2008, Endogenous debt constraints in a life-cycle model with an
application to social security, Journal of Economic Dynamics and Control 32(12), 3745-3759.

Attanasio, O., Kitao, S. and Violante, G. L.: 2007, Global demographic trends and social security reform,
Journal of Monetary Economics 54(1), 144-198.

Benabou, R.: 2002, Tax and education policy in a heterogeneous-agent economy: What levels of redis-

tribution maximize growth and efficiency?, Econometrica 70(2), 481-517.

Berger, D. W., Bocola, L. and Dovis, A.: 2019, Imperfect risk-sharing and the business cycle, NBER
WP 26032, National Bureau of Economic Research.

Boar, C. and Midrigan, V.: 2020, Efficient redistribution, NBER WP 27622, National Bureau of Economic

Research.

Borella, M., De Nardi, M. and Yang, F.: 2018, The aggregate implications of gender and marriage,

Journal of the Economics of Ageing 11, 6-26. Macroeconomics of Aging.

Borsch-Supan, A., Hartl, K. and Ludwig, A.: 2014, Aging in Europe: Reforms, international diversifica-

tion, and behavioral reactions, American Economic Review 104(5), 224-229.

Braun, A. and Joines, D. H.: 2015, The implications of a graying Japan for government policy, Journal
of Economic Dynamics and Control 57, 1 — 23.

Biitler, M.: 2000, The political feasibility of pension reform options: the case of Switzerland, Journal of
Public Economics 75(3), 389-416.

Butler, M.: 2002, Tax-benefit linkages in pension systems: A note, Journal of Public Economic Theory
4(3), 405-415.

Chari, V. V., Kehoe, P. J. and McGrattan, E. R.: 2007, Business cycle accounting, Econometrica
75(3), 781-836.

Chen, D. H., Beetsma, R. M., Ponds, E. H. and Romp, W. E.: 2016, Intergenerational risk-sharing
through funded pensions and public debt, Journal of Pension Economics and Finance 15(02), 127-
159.

Chetty, R.: 2012, Bounds on elasticities with optimization frictions: A synthesis of micro and macro

evidence on labor supply, Econometrica 80(3), 969-1018.

Chetty, R., Friedman, J. N., Olsen, T. and Pistaferri, L.: 2011, Adjustment costs, firm responses, and
micro vs. macro labor supply elasticities: Evidence from Danish tax records, Quarterly Journal of
Economics 126(2), 749-804.

Chetty, R., Guren, A., Manoli, D. and Weber, A.: 2011, Are micro and macro labor supply elasticities
consistent? a review of evidence on the intensive and extensive margins, American Economic Review
101(3), 471-475.

31



Cociuba, S. E. and Ueberfeldt, A.: 2010, Trends in U.S. hours and the labor wedge, Globalization
Institute Working Papers 53, Federal Reserve Bank of Dallas.

Davidoff, T., Brown, J. R. and Diamond, P. A.: 2005, Annuities and individual welfare, American
Economic Review 95(5), 1573-1590.

Diamond, P.: 2004, Social security, American Economic Review 94(1), 1.

Diamond, P., Kashin, K., King, G. and Soneji, S.: 2016, Correspondence: Scoring social security pro-
posals, Journal of Economic Perspectives 30(2), 245-247.

Fehr, H.: 2000, Pension reform during the demographic transition, Scandinavian Journal of Economics

102(3), 419-443

Fehr, H.: 2009, Computable stochastic equilibrium models and their use in pension-and ageing research,
De Economist 157(4), 359-416.

Fehr, H.: 2016, CGE modeling social security reforms, Journal of Policy Modeling 38(3), 475 — 494.

Fehr, H., Habermann, C. and Kindermann, F.: 2008, Social security with rational and hyperbolic con-

sumers, Review of Economic Dynamics 11(4), 884-903.
Feldstein, M.: 1976, On the theory of tax reform, Journal of Public Economics 6(1-2), 77-104.
Feldstein, M.: 2005, Structural reform of social security, Journal of Economic Perspectives 19(2), 33-55.
Feldstein, M.: 2016, Dealing with long-term deficits, American Economic Review 106(5), 35-38.

Fernald, J. G. and Jones, C. |.: 2014, The future of US economic growth, American Economic Review

104(5), 44-49.

Findeisen, S. and Sachs, D.: 2017, Redistribution and insurance with simple tax instruments, Journal of

Public Economics 146(Supplement C), 58 — 78.

Genakoplos, J., Mitchell, O. S. and Zeldes, S. P.: 2000, Would a privatized social security system really
pay a higher rate of return, NBER Working Paper 6713, NBER.

Golosov, M., Maziero, P. and Menzio, G.: 2013, Taxation and redistribution of residual income inequality,

Journal of Political Economy 121(6), 1160-1204.

Golosov, M., Troshkin, M. and Tsyvinski, A.: 2016, Redistribution and social insurance, American
Economic Review 106(2), 359-86.

Gordon, R. J.: 2016, The Rise and Fall of American Growth, Princeton University Press.

Greenwood, J., Hercowitz, Z. and Huffman, G. W.: 1988, Investment, capacity utilization, and the real

business cycle, American Economic Review pp. 402-417.

Guner, N., Kaygusuz, R. and Ventura, G.: 2014, Income taxation of us households: Facts and parametric

estimates, Review of Economic Dynamics 17(4), 559-581.

32



Heathcote, J., Storesletten, K. and Violante, G. L.: 2008, Insurance and opportunities: A welfare analysis
of labor market risk, Journal of Monetary Economics 55(3), 501-525.

Heathcote, J., Storesletten, K. and Violante, G. L.: 2017, Optimal tax progressivity: An analytical
framework, Quarterly Journal of Economics 132(4), 1693-1754.

Heer, B.: 2015, Optimal pensions in aging economies, The BE Journal of Macroeconomics 18(1), 1935-
1690.

Holter, H. A., Krueger, D. and Stepanchuk, S.: 2019, How do tax progressivity and household hetero-
geneity affect Laffer curves?, Quantitative Economics 10(4), 1317-1356.

Holzmann, R.: 2013, Global pension systems and their reform: Worldwide drivers, trends and challenges,

International Social Security Review 66(2), 1-29.

Hosseini, R. and Shourideh, A.: 2019, Retirement financing: An optimal reform approach, Econometrica
87(4), 1205-1265.

Huggett, M. and Parra, J. C.: 2010, How well does the US social insurance system provide social
insurance?, Journal of Political Economy 118(1), 76-112.

Huggett, M. and Ventura, G.: 1999, On the distributional effects of social security reform, Review of
Economic Dynamics 2(3), 498-531.

imrohoroélu, S. and Kitao, S.: 2009, Labor supply elasticity and social security reform, Journal of Public
Economics 93(7-8), 867-878.

Kehoe, T. J. and Ruhl, K. J.: 2010, Why have economic reforms in Mexico not generated growth?,
Journal of Economic Literature 48(4), 1005-27.

Kitao, S.: 2014, Sustainable social security: Four options, Review of Economic Dynamics 17(4), 756—
779.

Kotlikoff, L. J., Smetters, K. and Walliser, J.: 1999, Privatizing Social Security in the U.S. — Comparing
the Options, Review of Economic Dynamics 2(3), 532-574.

Lachowska, M. and Myck, M.: 2018, The effect of public pension wealth on saving and expenditure,
American Economic Journal: Economic Policy 10(3), 284-308.

Lindbeck, A. and Persson, M.: 2003, The gains from pension reform, Journal of Economic Literature
41(1), 74-112.

McGrattan, E. and Prescott, E.: 2017, On financing retirement with an aging population, Quantitative
Economics 8, 75-115.

Mendoza, E. G., Razin, A. and Tesar, L. L.: 1994, Effective tax rates in macroeconomics: Cross-
country estimates of tax rates on factor incomes and consumption, Journal of Monetary Economics
34(3), 297-323.

33



Nishiyama, S. and Smetters, K.: 2007, Does social security privatization produce efficiency gains?,
Quarterly Journal of Economics 122, 1677-1719.

Poterba, J., Rauh, J., Venti, S. and Wise, D.: 2007, Defined contribution plans, defined benefit plans,
and the accumulation of retirement wealth, Journal of Public Economics 91(10), 2062-2086.

Tazhitdinova, A.: 2020, Do only tax incentives matter? Labor supply and demand responses to an

unusually large and salient tax break, Journal of Public Economics 184, 104162.

Varian, H. R.: 1980, Redistributive taxation as social insurance, Journal of Public Economics 14(1), 49—

68.

Vogel, E., Ludwig, A. and Borsch-Supan, A.: 2017, Aging and pension reform: extending the retirement

age and human capital formation, Journal of Pension Economics & Finance 16(1), 81-107.

34



For online publication

35



A Pension benefits link to contributions and labor distortion

The accumulation of entitlements in the reformed, defined contribution social security occurs according

to:
= e ffie ) + mww;ils, (A1)

Let virtual assets fR represent the f  as if the entitlements were actual assets, that is as if they accu-
mulated at market interest rate and were subject to survivor premium. In the accumulation period (for
j < j) the virtual assets from the reformed, defined contribution, social security accumulate according

to:

~

i = U+ 0= me))reffy + meww; by - vl (A2)

where U , denotes the implicit tax or subsidy, that is a fraction of the contributions that does not
convert to annuity at retirement or, alternatively, additional return on the contribution that would not
be obtained in the capital market. There are several mechanisms behind Uft. First, contributions are
exempt from capital income tax. Second, contributions receive an annuity premium, which is unavailable
in the capital market. Third, the contributions accrue at 7,; rather than at 7;.

Consider the present value of forgoing contributions to the funded pillar. The worker who is j years
old at the time ¢ would reach retirement age at time i = ¢t + J — j. Future pension benefits, received as
of age J, have to be discounted to age j at interest rate 7; and adjusted capital income tax that would
have been due if the contributions were private savings 75 ; and accounting for the probability of survival
until retirement age H;Foj T

To calculate the v, we combine two elements: (i) present value of the stream of the benefits

J;
evaluated at retirement, and (ii) the present value of the stream of future pension benefits.

Z [Tomy (X +7044s) Z _
Hs 1 1 + (1 = Tk,i+s T’LJrS 5—=0 J7Z7Z+S

After some rearrangements, we obtain:

o -1

J=j
R R H L+ (1= Ths)Tess
Vi =0V, 7| Ti¢4
7t j,t,J J5ts
s=1 Tet+s
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B Measuring welfare effects

To measure the welfare effects of the reform we want to separate the effects attributable to the utility

of consumption and the disutility of labor. Let
) Z 57 \Sitei—1)" c(sj005-1)"°
! 1-0

denote lifetime utility from consumption (under the veil of ignorance), where c¢(s;;) is the optimal

consumption. Analogously, let

1
[2 67— U(sje+j- 1)1+”]

denote lifetime disutility from working, where £(s;;) denotes optimal labor supply.

It is convenient to define W¢(A) as:

o] 1—0

Note that the following expression holds W¢(A;) = (1 + A)L7W¢.
Denote the status quo and the reform as B and R, respectively. The consumption equivalent in

percent of lifetime consumption A solves the following equation:

Wtc,B(At) _ WtE,B _ Wtc,R N WtZ,R

Thus, we obtain the formula for A

1
¢, R l,R {,B I—0o
PV i SUGUAY 1 (A3)
t = c.B — 1.
Wt

In this expression, WtC’B - Wf’B and WtC’R - Wf’R refer to lifetime utility under the veil of ignorance
(before the shocks are realized) of an individual living her entire life in the status quo and reformed social

security and tax system, respectively.
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C Model calibration

deterministic productivity component
J

Figure Al: Labor productivity

Productivity Shock
B = =028, lowest realization
M =-052
B == 1.00, median realization
e=191
B = = 3.63, highest realization
WWopm oo = P == mm mm Em
8
6
A
20 30 40 50 &0 0
Age 20 25 30 35 40 45 50 55
(a) deterministic productivity component (b) shock realization

Table Al: Calibration of taxes

]

60

Macroeconomic parameters [ Calibration OECD code revenue as % of GDP
71 labor tax 0.150 1110 9.2%
T. consumption tax 0.065 5100, 5121 2.8%
T~ capital tax 0.130 1120, 1200, 4100, 4400 5.4%
Notes: Tax rates calibrations following [Mendoza et al. (1994), using 5 year averages of tax shares in GDP from (2011-
2015).
Table A2: Calibrated parameters for the initial steady state across Frisch elasticities
Macroeconomic parameters values of n
02 04 06 08 1 1.2 14 16 1.8 2 22 24 26 28
10} disutility from work 697 37 1390 844 6.25 510 4.40 4.00 3.67 342 321 3.09 294 287
) discounting rate 1.02 1.01 1.00 1.00 099 098 098 098 098 097 097 0.97 097 0.97
T labor income tax 0.03 0.04 0.04 0.04 004 0.04 0.04 004 0.04 0.04 0.04 0.04 0.04 0.04
Te consumption tax 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Tk capital income tax 0.24 024 024 024 024 024 024 024 024 024 024 024 024 0.24

Notes: Targets remain unchanged across the alternative calibrations of the Frisch elasticity. For all displayed values, the
risk preference parameter is kept at 0 = 2, the annual depreciation rate is kept at d = 0.06. We also keep constant the
degree of labor tax progression A = 0.137 and social security contributions are kept at 7 = 0.075 and the pension scaling
factor pp, = 0.55 .
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D Additional results

Figure A2: The decline of the labor wedge (¥;:(s;,¢) decreases)
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Notes: the figure portrays the values of 9;(s;:) obtained for every possible combination of states (in total: 2.2 mln
potential outcomes) for both status quo and the reform. The values of ¥, (s,:) are obtained using equation (49). The
size of the circle signifies the probability measure P; ;.
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Figure A3: Average tax rate (left) and average replacement rate (right)
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Notes: Level of the average tax rates along the income distribution in status quo in the left panel. Lifetime income at
retirement is the total stream of pension benefits (adjusted for survival). Lifetime earned income is the total stream of
earned income (the social security contribution base, likewise adjusted for survival). The ratio between the two streams

signifies the replacement rate, here displayed along the income distribution in the status quo.

Figure A4: Scatter plot of labor supply in status quo against the change in labor supply due to reform
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Notes: The figure scatters labor supply in the status quo and the change in labor supply due to the reform. Each dot
corresponds to an individual with a given shock realization. The size of the square is proportional to the probability of a

particular shock realization.
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E Macroeconomic adjustments adjusted for longevity

Figure A5: Sensitivity of results in Figure |§|— adjusted for longevity
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Figure A6: Sensitivity of results in Figure— adjusted for longevity
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