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We construct an 80-period OLG model with aggregate shocks to study the
size of generational risk and its mitigation via Social Security under differ-
ent calibrations commonly considered in the literature. Our main findings
are that generational risk is small or modest if one calibrates shocks to the
volatility of macro aggregates and that Social Security exacerbates that risk.
Calibrations that overstate the variability of macro aggregates generate sub-
stantially more generational risk, which Social Security can meaningfully
mitigate. Finally, we find no support for the view that intergenerational pol-
icy can deliver Pareto improvements when safe interest rates run below the
average growth rate. In our model, such policies entail welfare losses from
crowding out that swamp oblique risk-mitigation schemes.
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ECONOMISTS HAVE LONG EXAMINED GENERATIONAL risk and
its potential mitigation via government policy (e.g., Diamond 1977, Merton 1983,
Bohn 1998, 1999, 2001, 2002, 2006, 2009, Shiller 1999, Rangel and Zeckhauser
2001, Smetters 2003, Krueger and Kubler 2006, Ball and Mankiw 2007, Camp-
bell and Nosbusch 2007, Storesletten, Telmer, and Yaron 2007, Bovenberg and
Uhlig 2008, and Miyazaki, Saito, and Yamada 2010). However, these papers do
not directly measure the size of generational risk per se. Instead, they presume
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generational risk is large enough to merit study and show that pay-as-you-go
Social Security and other generational redistribution policies can potentially share
it. This paper adds to this literature by directly measuring the size of generational
risk, with and without Social Security. It does so in a large scale and, thus, more
realistic OLG model based on four different calibrations considered in the literature.

Generational risk, as referenced here, encompasses two concerns. The first is being
born in a worse than average state of nature. The second is experiencing worse than
average shocks over one’s lifetime. Our base measure of generational risk incorpo-
rates both of these concerns. It is the absolute percentage adjustment in annual con-
sumption that agents would, on average, need to attain the average, cross-generational
level of welfare.! Thus, generational risk references doing worse or better than other
generations fare, on average, due to being born in a bad state or being exposed to a
bad set of shocks over one’s lifetime. As we exacerbate these shocks, our measure of
generational risk increases, that is, it behaves as expected.

Our framework is an 80-period, life-cycle model with macro shocks. Our model
features isoelastic preferences, moderate risk aversion, Cobb—Douglas production,
increasing costs of borrowing, shocks to total factor productivity (TFP), and, in two
of four calibrations, shocks to capital’s depreciation. Our log TFP process is trend
stationary with normal innovations in line with standard macro growth models (see,
e.g., Hansen 1985, Prescott 1986, Cooley and Prescott 1995, Gomme et al. 2004,
Rios-Rull and Santaeulalia-Llopis 2010, and Judd, Maliar, and Maliar 2011). Pol-
icy is limited to pay-go Social Security run with a fixed payroll tax rate. We follow
Hasanhodzic (2014) in positing a borrowing cost function that delivers both a realis-
tic risk premium—the average difference between risky and safe rate—and a realistic
growth premium—the average difference between annual growth and safe rates.

Incorporating a realistic number of periods by having each period represent 1 year
permits our agents to better pool risk over the shocks they experience over their life-
times as well to better self-insure by adjusting their saving annually as shocks materi-
alize. In a two-period model, in which agents work only when young, a single negative
TFP shock lowers a worker’s entire lifetime earnings. It also lowers a retiree’s entire
old-age investment return. But in our model, agent experiences 45 annual shocks to
their wages and 79 shocks to their investment returns—shocks that average out to a
significant degree. This said, our TFP shocks are autocorrelated, making them last
longer than 1 year. In principal, facing multiple TFP shocks that amplify, on average,
prior shocks, can produce more, not less risk in a multiperiod model compared to a
two-period model.

We consider four main calibrations. Our baseline calibration incorporates only
a TFP shock, but one that suffices, as in Hansen (1985) and Prescott (1986), to
match the variability of macro aggregates. Our larger shocks calibration adds a

1. More precisely, generational risk is the average value of the absolute percentage compensating
consumption differential needed to equate realized lifetime utility of particular agents born in the long
run with realized lifetime utility averaged across all agents born in the long run, that is, with the model’s
long-run expected utility.
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depreciation shock that breaks the perfect correlation between capital returns and
wages.” Our depreciation shock reproduces the variability of the economy’s return
to national wealth. Our extra-large shocks calibration increases the depreciation
shock, a la Krueger and Kubler (2006), to calibrate asset-return variability to that
of the U.S. equity market. Our fourth calibration is our baseline calibration, but
with borrowing costs that generate a significant negative interest rate. We also
modify our fourth calibration to produce a very low average return to capital. This
modified version features the two key safe and risky rate conditions underlying
Blanchard (2019) suggestion that deficits may have no cost. But rather than achiev-
ing a Pareto improvement, this calibration visits, a la Krueger and Kubler (2006),
major welfare losses on future generations from running pay-go Social Security at
scale.

In all but the third calibration, we posit increasing borrowing costs to shut down
private risk sharing among concomitant generations. Unlike Rios-Rull (1994, 1996),
this helps us understand generational risk in its purest form—with no mitigation
via private financial markets or public policies. Constantinides, Donaldson, and
Mehra (2002) were the first to show that borrowing constraints, albeit, hard ones,
could produce realistic risk premiums. Our “soft” borrowing constraints deliver this
desideratum without imposing a hard limit (i.e., zero) on borrowing. Soft borrow-
ing constraints have a long pedigree, including Altonji and Siow (1987), Milde and
Riley (1988), Wirjanto (1995), Fernandez-Corugedo (2002), and Chatterjee et al.
(2007). Interestingly, the inclusion of borrowing constraints has little impact on the
economy’s key macro variables. We exclude borrowing constraints in our extra-
large shocks calibration since its major depreciation shock suffices to generate a
realistic risk premium. This also facilitates comparison with Krueger and Kubler
(2006).

Each calibration hits particular targets and misses other. The baseline calibration
matches output and per capita consumption variability. But its return variabil-
ity and covariance between wages and risky returns undershoot and overshoot
the data, respectively. The larger shocks calibration entails too much variability
in macro aggregates, but features a realistic wage risky-return covariance and
matches the observed variability in the return to national wealth. Finally, the
extra-large shocks calibration’s return variability accords with that of the stock
market. But it dramatically overstates the variability of macro aggregates, albeit
with a realistic covariance between wages and risky returns. As for our last two
calibrations, their goal is to give Blanchard’s conjecture its best day in our model’s
court. Our preferred calibration is the baseline. As between the larger shocks and
extra-large shocks calibrations, we prefer the former. The latter’s variability of
aggregates is unrealistic and the calibration focuses on equity returns, which are not

2. This references the point-in-time impact of a TFP shock.
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necessarily well-defined.? This said, our preference over calibrations may not be the
reader’s.

Each calibration implies different degrees of generational risk. Under the baseline
calibration, generational risk is 1.396%. Thus, on average, a baseline-economy agent
born in the long run would either need to receive or surrender 1.396% more or less
in annual consumption to enjoy the lifetime utility enjoyed, on average, by agents
born in the long run. This figure increases to 2.128% in the larger shocks model and
15.303% in the extra-large shocks model. We view 1.396% as relatively small. It is
on the order of a good-sized economic distortion. Of course, this is simply our sub-
jective assessment. Readers should draw their own conclusions. The 15.303 measure
is, clearly, significant and would certainly merit government mitigation were this a
realistic characterization of the actual U.S. economy’s volatility.

Our second measure of generational risk examines contemporaneous risk—
differential risk exposures among contemporaneous generations. Given our assumed
CRRA preferences, perfect risk sharing among generations alive at a point in time en-
tails equal percentage changes in their consumption (see Abel and Kotlikoff, 1988).
In the baseline model, the average absolute compensating consumption differential
needed to achieve full risk sharing in a given year among contemporaneous gen-
erations is 0.206%. Under the larger shocks calibration, contemporaneous risk is
0.933%. In the extra-large shocks model, it is 0.437%. Clearly, under all three cali-
brations, concomitant generations experience, on average, quite similar shocks. Oth-
erwise, it would take much greater absolute redistribution to produce a uniform per-
centage consumption change. But, as we describe below, particular generations can
experience very different consumption changes than the average in a given year.

Regardless of the size of generational risk, can Social Security meaningfully miti-
gate it? Krueger and Kubler (2006), who, to repeat, consider an economy, which, like
our third calibration, has exceptionally large shocks, answer yes. So do Harenberg
and Ludwig (2016) who consider smaller macro shocks, but incorporate correlated
idiosyncratic shocks. For our part, we find that Social Security slightly worsens gen-
erational risk in the baseline calibration, but materially reduces it by 8% in our larger
shocks and by 19% in our extra-large shocks calibrations. Hence, one’s view of the
role of Social Security in pooling generational risk depends, from this study’s per-
spective, on the calibration one considers most reasonable. The paradoxical outcome,
observed in our baseline simulation, that risk pooling, be it public policy or financial
markets, can make individual and, thus, aggregate consumption more variable was

3. According to the Modigliani-Miller Theorem (Modigliani and Miller, 1958), the financial equilib-
rium, that is, the set of state-specific financial payoffs to particular agents, is independent of firms’ leverage
ratios. But the measured return to equity is not. Consequently, two observers can describe the same equilib-
rium as entailing less or more leverage, now and in the past, on the part of each and every listed firm. Each
alternative description of a given firm’s leverage entails an alternative description of private risk-sharing
arrangements such that all state- and agent-specific payoffs remain unchanged. Describing (labeling) firm-
specific leverage ratios differently from those reported and generating (relabeling) private contracts that
preserve the equilibrium delivers different, indeed as different as desired, firm-specific and aggregate eq-
uity return series and, thus, different reported degrees of stock market volatility. Note, corporate debt’s
lack of definition mirrors that of national debt discussed in Green and Kotikoff (2008).
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first noted in Rios-Rull’s (1994) seminal study of the role of market completeness in
stochastic OLG models.

Apart from its risk-mitigating properties, Krueger and Kubler (2006) and Haren-
berg and Ludwig (2015, 2019) differ on Social Security’s ability to improve long-run
welfare. The former authors argue that Social Security reduces it with the long-run
loss in welfare from the program’s crowding out outweighing the welfare gains from
generational risk sharing. The later authors stress that Social Security can also miti-
gate idiosyncratic risk, particularly idiosyncratic risk that is correlated with aggregate
risk and worsens in downturns, leaving future generations, on balance, better off. We
plan to incorporate their important insight in future work.

Like Krueger and Kubler (2006), we find a negative net impact on long-run ex-
pected welfare of pay-go Social Security. Pay-go Social Security visits significant
welfare losses on future generations under our alternative calibrations. Measured as
a compensating consumption differential, running pay-go Social Security character-
ized by a 15% payroll tax reduces expected utility by 18% in our baseline and larger
shocks calibrations and by 56% in our extra-large shocks calibration.

Importantly, there is also an 18% long-run welfare loss under our negative safe rate
calibration. In this and all our other simulations, the average growth rate is zero. This
result complements those found in the quantitative model of Hasanhodzic (2020) and
the stylized model of Brumm et al. (2021b), which show that Blanchard’s (2019)
Pareto gains, when they arise, reflect improved generational risk sharing, but that
crowding out dominates such risk sharing for realistic calibrations.

‘We also find that macro shocks, at least in our baseline simulation, are second or-
der when it comes to the impact of major intergenerational redistribution policies.
Indeed, the economy’s transition path from Social Security conducted at scale looks,
apart from modest fluctuations, very similar to that arising in the absence of macro
shocks. This finding, foreshadowed in Rios-Rull (1994), holds regardless of calibra-
tion. Thus, deterministic models, for example, Auerbach and Kotlikoff (1987), suf-
fice to expose the basic long-run impact of intergenerational redistribution on macro
aggregates even in the presence of aggregate shocks, provided these shocks generate
realistic fluctuations in macro aggregates.* With larger macro shocks, the risk pooling
arising from intergenerational redistribution produces an important additional source
of crowding out. It reduces precautionary saving. This helps explain why the long-run
welfare loss is so large in the extra-large shocks case. Social Security’s introduction
reduces the long-run average capital stock by 56% under this calibration, but by only
28% in our baseline calibration.’

We build on as well as deviate from Krueger and Kubler’s (2006) (henceforth
KK) seminal study of Social Security’s generational risk sharing in several ways.
First, positing many more periods permits far better averaging of shocks over the life

4. This statement does not necessarily apply to models with correlated idiosyncratic shocks.

5. Ttis reduced by 28 in our larger shocks model.
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cycle while incorporating more precise treatment of autocorrelation. Having more
periods also provides agents with far more opportunities to adjust their spending
in response to adverse shocks and, thereby, better self-insure against yet more bad
times in the future. Second, we consider two calibrations that we view as more re-
alistic than KK, who appear to have chosen theirs, in part, to give Social Security
its best chance of effecting a Pareto improvement. In our non-KK calibrations, we
incorporate borrowing costs to achieve a realistic risk premium rather than assume
excessively large depreciation shocks. Third, we consider ex ante rather than ex in-
terim expected utility. The difference between the two is discussed in Brumm et al.
(2021b). Fourth, we explicitly measure the extent of generational risk with and with-
out Social Security. This difference is particularly important. Finding that Social Se-
curity cannot Pareto improve does not clarify the size of generational risk, per se,
either in the presence or absence of Social Security. Fifth, we consider whether a
large growth premium suffices to run a successful intergenerational Ponzi scheme at
scale.

We proceed by detailing our model, specifying its calibration, presenting results,
and concluding. We solve our model to high precision by building on Marcet (1988)’s
projection method and related research by Judd, Maliar, and Maliar’s (2011), in-
corporating the full state space. The state space’s 81 variables consist of 79 values
of generation-specific levels of cash-on-hand, the TFP shock, and the depreciation
shock. Our computation methods are detailed in the Online Appendix.

1. THE MODEL

Our model is intentionally bare bones to maximize the potential for generational
risk. Thus, we omit variable labor supply, which would otherwise help cohorts self-
insure against macro shocks. We also omit progressive income taxation, which redis-
tributes, in part, from winning to losing generations. And we ignore all social insur-
ance programs other than Social Security.

Each agent works through retirement age R, dies at age G, and maximizes expected
lifetime utility. There are no adjustment costs, so firms maximize static profits. In-
cluding adjustment costs, as in infinite-horizon real business cycle models of Jerrman
(1998) and Croce (2014), would be attractive in increasing asset-return volatility in
our baseline calibration, which evinces too little such variation. There is, unfortu-
nately, no theoretical guide for doing so in our model. When financial markets are
incomplete, differently aged shareholders will disagree on every jointly owned com-
pany’s investment strategy—its timing and scale. The reason is that any given invest-
ment decision will, in the presence of adjustment costs, pay off differently in particu-
lar states for different investors. Hence, firm owners of different cohorts will differ on
decisions about investing the firm’s capital, and, in general, whether to maximize the
PV of profits. Resolving this long-standing question of what firms maximize when
their shareholders have different risk exposures, that is, when financial markets are
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incomplete, is, unfortunately, beyond this paper’s scope. One might, as does Abel
(2003), limit one’s model to two periods. In this case, all shareholders are elderly,
leaving no disagreement about firm investment policy. But this severe departure from
reality would dramatically limit the lessons our model can teach. Our assumption of
capital depreciation shocks is meant, however crudely, to proxy for shocks to asset
returns arising from the reverberations of adjustment costs. Such shocks can help cap-
ture asset-return volatility, but, unfortunately, not the dynamics that adjustment costs
generate. In short, we leave this as an important issue for future research.

1.1 Endowments and Preferences

The economy is populated by G overlapping generations that live from age 1 to
age G. All agents within a generation are identical and are referenced by their age
g at time ¢. Each cohort supplies £, units of labor per period, which equals 1 before
and O after retirement. Hence, total labor supply equals R. Utility in a given year is
time-separable and isoelastic, with risk-aversion coefficient y. Thus,

-y _
u(c) = Cly—l @)
-y

1.2 Technology
Production is Cobb—Douglas with output, Y;, given by
Y, = 2KIL ", )

where z is TFP, « is capital’s share, K; is capital, and L, is labor demand. Equilibrium
factor prices satisfy

=z(l K\ A3
w; =z(1 —a) =) )
Kr a—1
rt = 70 E — 8[, (4)
with depreciation shock, 8, ~ N (0, ¥2).
TFP, z, obeys
In(z:41) = pIn(z;) + €41, Q)

where €, ~ N(0, o2).

1.3 Financial Markets

Households save and invest in either risky capital or one-period safe bonds. Absent
borrowing costs, investing 1 unit of consumption in bonds at time ¢ yields 1 + 7; units
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of the model’s single good in period ¢ + 1. The return, 7, is indexed by —the time
it is determined. The asset demand of a household age g at time ¢ is given by a,; and
its share of assets invested in bonds is given by v, ;. The supply of capital in period ¢,
K, satisfies

G

Ko=) ag . 6)

g=1
Bonds are in zero net supply, hence for all ¢,

G

> vgiag, =0. 7

g=1

As shown in Green and Kotlikoff (2008), fiscal policy can be labeled in an infi-
nite number of ways to produce whatever time path of explicit and implicit debts
the government wishes to report. Such relabeling makes no difference to this or any
other neoclassical model.® Hence, our model can be viewed as including government
debt or not depending on the reader’s linguistic preferences. With government debt
included in the policy’s labeling, the left-hand side of (7) would be larger by the
amount of debt. But the right-hand side would also be larger by exactly the same
amount, leaving the capital stock unchanged.’

How can a one-period bond market among the living impact generational risk?
It obviously cannot be used to share risk between the living and the unborn. But it
can help contemporaneous generations share risks. For example, workers can hedge
negative TFP shocks by buying bonds from retirees who can use the proceeds to
buy stock. Retirees are in a position to sell bonds to workers because part of their
resources, namely, the principal of their assets, is insulated from TFP shocks. This is
particularly the case for older retirees who have the fewest years left to live and whose
consumption is disproportionately determined by their asset holdings (principal) as
opposed to the return on their assets.

Depreciation shocks reverse this logic, but to a lesser degree than one might first
think. A large negative depreciation shock directly hurts retirees, who are the primary
owners of capital. But, thanks to the induced shortage of capital, it also helps them
by raising the rate of return over the short term. As for workers, reductions in capital
lead to reductions in wages.

6. That is, all relabeled models are isomorphisms.

7. The ability to relabel a neoclassical model, comprised of rational agents who see through labels,
with a given generational redistribution policy so that it has whatever time path of government debt one
wishes to report does not imply that changes in generational policy have no impact. It simply implies that
the reported size of government debt does not help measure generational policy.
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1.4 Borrowing Costs

We model borrowing costs following Hasanhodzic (2014), who uses the function
of Chen and Mangasarian (1996), as specified below. The cost function increases
smoothly in the amount borrowed and is essentially zero for positive bond holdings as
well as bond positions close to zero. Specifically, to borrow the amount va households
pay a cost f(v)a, where

fv) = 0.2<—bv — 1+ éln(l + e5bv+5)) ©

and b is a parameter governing the slope of f. Clearly, f is increasing in the share of
assets borrowed, v. And the marginal borrowing cost is increasing in the total amount
borrowed (va).?

1.5 Government

Social Security benefits are financed by a wage tax, 7, and provided to all retirees
on a per capita basis. Let Hy, denote taxes and benefits paid and received by agents
who are age g at time ¢. Then,

H,, =twd, ©)]
and

G
Zg:l I_Igvt

, 10
80 —R (10)

By =(1—14,)
where (10) enforces Social Security budget balance.

1.6 Households

At time ¢, the economy’s state is (s, z;), with s; = (X1, ..., xg—1,,) denoting the
set of age-specific holdings of cash-on-hand.’

V(s,2) = maxc.q, {u(c) + BE[ V11 (s', )]} for ¢ < G, and (11)

8. As explained in Hasanhodzic (2014), specifying the borrowing costs via f(v)a rather than f(va)
ensures that the model remains scalable. With 2a in assets and a given v, the marginal cost is the same as
with @ in assets and that same v since extra assets can be used as collateral. This is in line with Goodfriend
(2005) and Goodfriend and McCallum (2007).

9. Note that xg,, the cash-on-hand of the oldest generation is not included in the state vector. When
the depreciation shock, §, is zero, the value of xs, can be inferred from the other state variables. When §
is random, this is no longer the case. Now the initial value of xs, (or equivalently the initial value of §)
is needed to fully characterize the economy’s initial-period state vector. But we still exclude x¢, from the
state vector because it provides no addition information about the economy’s future evolution. Also, we
can directly calculate x;, and, thus, the consumption of the old for periods beyond the first.
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Vi (s, z) = u(c) (12)
subject to
¢y =bw —ay, —Hy;+ By, (13)

Cot = ngt + [ngl,tfl(l +r_)+ 0= ngl,tfl)(l + rt)]agfl,tfl — dg;
(14)

—1f(vg_1,-104-1,-1) — Hg; + By,
for 1 < g< G, and

e = Low; + [vo_1-1(L+ Foy) + (1 = o1, + r)]ag-1.-1 (15)
—If(vg_1,-1a6-1,-1) — Hg + Bg s,

where ¢, is the consumption of a g-year old at time ¢, / is an indicator variable that
equals 1 if there are borrowing costs and O otherwise, f is the borrowing cost function
described above, and (13)—(15) are budget constraints for age group 1, those between
1 and G, and for those age G.

1.7 Equilibrium
Given the initial state of the economy (x; o, . .., Xg—1.0, 20), the recursive compet-
itive equilibrium is defined as follows.

Definition. The recursive competitive equilibrium is governed by the consumption
functions, c,(s, z), the share of savings invested in bonds, v, (s, z), factor demands of
the representative firm, K (s, z) and L(s, z), government policy, H (s, z) and B(s, 2), as
well as the pricing functions, r(s, z), w(s, z), and 7(s, z), such that:

(i) Given the pricing functions, the value functions (11) and (12) solve the recur-
sive problem of the households subject to the budget constraints (13)—(15),
and ag, v,, and ¢, are the associated policy functions for all g and for all dates
and states.

(i) Wages and rates of return on capital satisfy (3) and (4).
(iii) The government budget constraint (10) is satisfied.
(iv) All markets clear.

(v) Finally, for all age groups g =1, ..., G — 1, optimal intertemporal consump-

tion and investment choice satisfies

U (Cgp1 (s, z’))]

16
U (cy(s,2)) (10

1= ﬁE|:(1 +r(s',2))

+ IﬂEz[(vgu, (s, 2) — 15 7)) — f(vls, Z)))M}

U (cy(s,2))
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JASMINA HASANHODZIC AND LAURENCE KOTLIKOFF © 11

TABLE 1
SUMMARY OF MODEL PARAMETERS UNDER DIFFERENT CALIBRATIONS

Calibration summary

Calibration Demographics, endowments, and TFP process Stochastic Borr. costs
preferences parameters depreciation slope
(Quarterly) S.D.
G R annual g 12 P og v B

Baseline 80 45 09606 2 095 0.01 - 28
Larger shocks 80 45 09606 2 095 0.01 0.011 25
Extra-large shocks 80 45 09606 5 0.95 0.01 0.034 -
Baseline with low negative 80 45 09606 2 095 0.01 - 45

risk-free rate
Baseline with low risky rate and 80 45 09990 2 095 0.01 - 45

even lower negative risk-free

rate
Baseline with low risky rate and 80 45 09990 2 095 0.01 - 31

low negative risk-free rate

and
0 = E.[/ (cg1(s', D))(F(s, 2) = r(s, 2) — If (vg(s, 2))) ], a7

where E; is the conditional expectation of 7' given z.

2. CALIBRATION

Our calibration is standard. We exclude demographic and secular technological
change since our focus is on risk, not long-run trends. We summarize our calibration
in Table 1 and provide more details below.

2.1 Endowments and Preferences

Agents work for 45 periods and live for 80. We set the quarterly subjective discount
factor, 8, to 0.99. This implies an annual value of 0.96 for 8. Under all calibrations
except extra-large shocks, risk aversion, y, equals 2. Under the extra-large shocks
calibration it equals 5.

2.2 Technology

Baseline calibration. Hansen estimates a quarterly value for the autocorrelation co-
efficient, p, in the TFP process of 0.95 and a standard deviation, o, of the innovation €
ranging from 0.007 to 0.01. Prescott’s (1986) estimates are 0.9 for p and 0.00763 for
o. Our assumed quarterly values for p and o are 0.95 and 0.01, respectively. On an
annual basis, they are 0.814 and 0.019, respectively, generating a mean TFP value of
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12 I MONEY, CREDIT AND BANKING

0.997 with a standard deviation of 0.033 and a coefficient of variation of 3.29%. The
resulting correlation coefficient between the wage and the rate of return on capital is
0.544.

Larger shocks calibration. The larger shocks calibration features both TFP and de-
preciation shocks. The TFP process is our baseline’s. The quarterly value of the stan-
dard deviation, v, of the depreciation shock, 8, is set at 0.011, implying an annual
value of 0.045.'° This is far higher than the 0.0052 quarterly estimate of Ambler and
Paquet (1994). Recall that v is set to reproduce the standard deviation of the return
to national wealth.

_ Wi —W 4G —E

W, (18)

t

where W;, E,, C;, and r; stand for time-r wealth, labor income, economy-wide con-
sumption, and the rate of return on economy-wide wealth.'!

With the larger shocks calibration, the wage has a standard deviation of 0.117
around a mean of 1.934, for a coefficient of variation of 6.047%. The correlation
coefficient between the wage and the rate of return on capital is —0.054, well within
Davis and Willen’s (2000) empirical estimates.

Extra-large shocks calibration. Under this calibration, the baseline TFP process is,
again, retained, but the quarterly standard deviation of the depreciation shock is in-
creased to 0.034, implying an annual value of 0.137. This brings our model’s Sharpe
ratio in line with that of the stock market. Empirical estimates of the historic equity
premium and the standard deviation of the return on stocks and, therefore, the Sharpe
ratio vary greatly depending on the time period used and the security chosen to proxy
for the safe asset. This said, the equity premium generally targeted is 4% (see, e.g.,
Jagannathan, McGrattan, and Scherbina, 2001). This accords with Siegel’s (1998) es-
timate based on data for the last two centuries. Mehra (2008) suggests that the historic
equity premium ranges from 2% to 4% percent if an inflation-indexed, default-free
bond portfolio is used as a proxy for the risk-free rate. As for the standard deviation of
stock returns, Constantinides, Donaldson, and Mehra (2002) report a range of 13.9—
15.8%.'> Combining a 4% equity premium and a 14% standard deviation of the real
equity return implies a Sharpe ratio of 0.286.

10. We treat Y (equation (2)) as the net production function and set the mean value of depreciation
at zero.

11. We measure total labor income assuming labor’s share of proprietorship and partnership income
is the same as its share of national income. Note, some components of the Federal Reserve wealth series
are carried at book, which biases downward our estimate of the variability of the national wealth return.

12. This is in line with the standard deviation of the annualized return on the S&P500 Total Return
Index over the last 22 years.
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JASMINA HASANHODZIC AND LAURENCE KOTLIKOFF © 13

Our model’s extra-large shocks calibration generates a risk premium of 4.63% and
a standard deviation of the return to capital of 13.92%, producing a Sharpe ratio of
0.333. These values are in line with the historical record of measured equity returns.
They also accord with the practitioner literature (see, e.g., Hasanhodzic, Lo, and Patel,
2009). The correlation coefficient between the wage and the rate of return on capital
is —0.120, which, again, is empirically realistic.

2.3 Borrowing Costs

The borrowing costs function is calibrated such that the ratio of the marginal bor-
rowing cost to the risk-free rate ranges from 15 to 20. Many credit card companies
now charge interest rates between 15% and 25%. Given short-term yields on Trea-
suries, this borrowing cost ratio seems reasonable. Moreover, even borrowers with
high incomes, excellent credit, and considerable home equity face home equity rates
that can be 10 or more times higher than the one-month T-Bill rate. To produce this
ratio, we set the borrowing cost parameter b at 28 and 25 in the baseline and larger
shocks calibrations, respectively. An even steeper borrowing costs function is needed
with b set to 45 to generate a negative risk-free rate under the two calibrations with
this feature.

2.4 Government

We set the payroll tax rate, 7, at 15%. This is reasonable value for the United
States given that its Social Security and Medicare employee plus employer FICA tax
is 15.3%. Both benefits are primarily paid to retirees. In our sensitivity analysis, we
also consider payroll tax rates of 1%.

2.5 Returns to U.S. Wealth and Safe Assets

Our data on the return to national wealth cover 1947-2015 and is plotted in
Figure 1. The model’s safe rate of return is calculated as the annualized real return
on one-month Treasuries from 1947 to 2015. The mean and standard deviation of the
two series are reported in the bottom panel of Table 2.

3. RESULTS

Turning to the results, for each calibration (baseline, larger shocks, extra-large
shocks, and the negative risk-free rate), we first compare asset returns and aggre-
gate variables with their empirical counterparts. We then assess the effect of Social
Security and, for the third calibration, the bond market on generational risk. In each
case, our generational risk measures are based on the economy’s performance 300
years into its transition.
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14 I MONEY, CREDIT AND BANKING

Annual Percent Real Returns to U.S. Wealth and 3-Mon T-Bill Index

e Return to 3-Month T-Bill Index e Return to U.S. Wealth

Fig. 1. Annual Real Return to U.S. Wealth and Annual Real Return to 3-Month T-Bills, in Percent, from December 1948
to December 2015.

TABLE 2
SUMMARY STATISTICS OF RATES OF RETURN IN THE MODEL AND IN THE DATA

Summary statistics of rates of return

Mean return to Mean safe rate of S.D. of return to
capital (%) return (%) capital (%) Risk premium (%) Sharpe ratio

Baseline calibration

No Social Security 3.890 0.140 0.138 3.750 27.229
Social Security 4.859 1.108 0.176 3.750 21.264
Larger shocks calibration
No Social Security 3.925 0.307 4.610 3.618 0.785
Social Security 4.931 1.375 4.625 3.556 0.769
Extra-large shocks calibration

No Social Security 2.566 —1.412 13.997 3.977 0.284

Social Security 4.593 1.040 14.129 3.553 0.251
Negative risk-free rate calibration

No Social Security 3.900 —2.125 0.138 6.025 43.648

Social Security 4.859 —1.167 0.176 6.026 34.166
Data based on return to U.S. wealth

6.512 1.083 4.886 5.429 1.111

3.1 Summary Statistics of Asset Returns, Aggregate Variables, and Asset Demands
Table 2 compares returns to capital and the safe bond in our model and in the data.
Our data on the return to national wealth cover 1947-2015. Our safe rate of return
is calculated as the annualized real return on one-month Treasuries from 1947 to
2015. The risk premium in the model ranges from 3.55% to 6.03% depending on the
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TABLE 3

STANDARD DEVIATION OF PERCENT DEVIATIONS FROM TREND OF U.S. REAL NET NATIONAL PRODUCT AND
REAL PERSONAL CONSUMPTION EXPENDITURES, 1929-2020 AND STANDARD DEVIATION OF PERCENT DEVI-
ATIONS OF OUTPUT AND AGGREGATE CONSUMPTION FROM THEIR MEANS IN THE MODEL UNDER DIFFERENT
CALIBRATIONS

Standard deviation of percent deviations of output and consumption from trend: Models vs. data

Output Consumption
Model/Data S.D. (%) S.D. (%)

Baseline calibration

No Social Security 3.725 2.097
Social Security 3.813 2.314
Larger shocks calibration
No Social Security 5.671 9.070
Social Security 5.663 8.165
Extra-large shocks calibration
No Social Security 18.200 27.852
Social Security 17.640 23.219
Negative risk-free rate calibration
No Social Security 3.726 2.100
Social Security 3.813 2.314
Data (Real NNP or real consumption expenditures)
Aggregate data, 1929-2020 3.334 1.751
Per capita data, 1929-2020 3.323 1.776

calibration compared to 5.43% in our data. The larger shocks calibration, regardless
of whether it includes Social Security, reproduces the variability of the real return to
U.S. wealth. Specifically, the standard deviation of the return to capital ranges from
4.61% to 4.62% in the model compared to 4.89% in the data. Thus, this calibration
also comes close to matching the observed Sharpe ratio—0.78 in the model versus
1.11 in the data.

Table 2 also shows that the extra-large shocks calibration overstates the standard
deviation of the returns to capital by a factor of almost three (14.00% in the model ver-
sus 4.89% in the data). However, this model’s risk premium and Sharpe ratio (3.98%
and 0.284, respectively) accord with returns on Treasuries and the stock market.

Finally, the baseline calibration understates the standard deviation of the returns
to national wealth by an order of magnitude—0.14% in the model versus 4.89% in
the data. However, as Table 3 shows, the variability of output and consumption in
the model closely match the data—?2.10% in the model versus 1.75% in the data for
consumption and 3.72% in the model versus 3.33% in the data for output).'* For the
larger shocks and extra-large shocks calibrations, the model’s consumption variability
is overstated threefold and 16-fold. The output variability under these calibrations is
overstated somewhat less, by factors of 1.7 and 5.5, respectively.

13. Following Prescott (1986), we detrend real net national product and real personal consumption
expenditures for the years 1929 to 2020 and form the standard deviation of the percent deviations from
trend. Our model abstracts from growth, so we simply form the standard deviation of our model’s percent-
age deviation of annual output or consumption from their means.
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Stock demands over the life cycle
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Fig. 2. Average Stock Demands over the Life Cycle under Different Calibrations, with and without Social Security.

Our models’ mean return to capital ranges from 2.57% to 4.93%, depending, cru-
cially on the presence of Social Security. This falls short of the 6.51% mean return
to U.S. wealth. But we could easily introduce additional government policies, such
as government consumption financed by an income tax, that would crowd out capital
and raise capital’s return to match that of the data.'*

Figures 2 and 3 plot average stock and bond demands over the life cycle. Stock
holdings are shown for all three calibrations, whereas bond holdings are shown only
for the extra-large shocks calibration. Recall that borrowing costs close down the
bond market in the first two calibrations.

Figure 2 shows what one would expect: Social Security reduces private asset ac-
cumulation and, thus, stock holdings across all age groups. When their net wage is
lower due to the Social Security tax, the young have less income out of which to

14. We chose not to include other sources of crowding out to isolate the impact of Social Security
on generational risk and to improve the chances that pay-go Social Security could effect a net long-run
welfare gain.
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Bond demands over the life cycle under the extra-large shocks calibration
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Age Age

Fig. 3. Average Bond Demands over the Life Cycle under the Extra-Large Shocks Calibration, with and without Social
Security.

invest, and with Social Security benefits providing old-age insurance, the old have less
incentive to save. Also, note that while under the first two calibrations the youngest
age groups save very little, in the third one they do. The reason for this is that under
the third calibration, the young can borrow to invest in stocks.

As Figure 3 shows, the young borrow (supply bonds) and the old lend (demand
bonds). This is expected since most of the resources of the young comprise their
human capital, which is less risky than and, indeed, negatively correlated with the
return on stocks. That is, the young use the bond market to insure the old.

As Figure 3 indicates, the young in our model short bonds to buy stock. This may
seem unrealistic. On the other hand, a typical, say, 35-year old could well have sig-
nificant student loans, major credit card bills, and a mortgage while simultaneously
investing their 401(k) in equity."

15. A more subtle mechanism by which young workers may be borrowing from the old to purchase
stocks is via their company’s borrowing on their behalf and paying them, under implicit long-term con-
tracts, more when the company, in which they implicitly own stock, does well. These payments may be
contemporaneous with company’s performance or made through time. This effectively lets workers borrow
to invest in stocks.
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Pay go soclal security with and without macro shocks
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Fig. 4. Evolution of Capital Stock, with and without Social Security, with and without Macro Shocks.

NotE: The models with macro shocks correspond to larger shocks calibration. The two lines featuring macro shocks are
averages, across 500 simulations, each with a different path of shocks from a larger shocks calibration. Each of the four
cases start from the same initial state, which was chosen to correspond to a state with median long-run capital stock and
aggregate risk.

3.2 Pay-Go Social Security with and without Macro Shocks

In Figure 4, we plot the capital stock through time with and without macro shocks
and with and without Social Security. The two plots featuring macro shocks are av-
erages across 500 simulations, each corresponding to a different path of shocks from
our larger shocks calibration. Each of the four cases start from the same initial state—
a state with the larger shocks economy’s long-run median capital stock. We plot the
transition of the capital stock over 300 years. Under uncertainty, “the” capital stock
references its average value across the 500 trajectories we consider. The figure shows
what we expect—a major decline in the average stock of capital resulting from So-
cial Security’s crowding out. The drop happens quickly, with a half-life of roughly
25 years. As is clear, the economy’s capital stock in a given year is, on average,
essentially unchanged by including uncertainty. This holds despite our considering
the larger shocks calibration, which overstates the variability of output almost six-
fold. This irrelevancy of uncertainty to policy reprieves, in a different manner, Lucas’
(1987) finding that the economic impact of macro-economic risk is remarkably small.
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Pay-go social security with macro shocks
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Fig. 5. Evolution of Capital Stock, with and without Social Security, with Macro Shocks from a Larger-Shocks
Calibration.

Norte: The thicker lines depict the average capital stock, where the average is taken across 500 simulations (each corre-
sponding to a different draw of a path of shocks). The thinner lines depict paths of capital stock from six randomly chosen
individual runs. Each case starts from the same initial state, which was chosen to correspond to a state with median
long-run capital stock and aggregate risk.

Figure 5 repeats Figure 4, but overlays three randomly chosen capital-stock transi-
tion paths when pay-go Social Security is and is not activated. The figure shows what
we would expect—annual fluctuations in the capital stock are much larger when they
are not averaged out. Nevertheless, the trajectories span their respective average cap-
ital paths. In short, pay-go policy’s impact is too strong for future generations to rely
on a good sequence of shocks.

3.3 Generational Risk Measures
We next report our generational risk measures for each calibration.

Generational risk—cohort-differences in realized lifetime utility. Table 4 reports
cross-cohort average absolute compensating consumption differentials needed to
achieve our model’s long-run expected utility. The model-generated data used in
this analysis are derived by running our model for 750 years from a common initial
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TABLE 4

MEANS, STANDARD DEVIATIONS, MINIMUMS, AND MAXIMUMS OF ABSOLUTE PERCENT ADJUSTMENTS IN
EACH COHORT’S ANNUAL CONSUMPTION NEEDED TO ACHIEVE THE POSTTRANSITION AVERAGE REALIZED
LIFETIME UTILITY OF NEWBORNS

Absolute percentage adjustments to achieve average realized utility of newborns

Min Mean Max S.D.

Baseline calibration

No Social Security 0.001 1.396 4.949 1.293
Social Security 0.006 1.462 5.221 1.348
Larger shocks calibration
No Social Security 0.005 2.128 9.143 1.960
Social Security 0.007 1.958 9.640 2.062
Extra-large shocks calibration
No Social Security 0.045 15.303 66.144 12.875
Social Security 0.012 12.388 55.677 11.158

position and using realized lifetime utility values of cohorts born after year 300. To
repeat, we calculate, for each generation, the factor, A, by which we need to multiply
each year’s realized consumption to produce the same realized lifetime utility as all
post year-300 generations experience on average. Specifically, for generation born in
period ¢, their A, is computed as A, = U/U,, where

750

o - B )

U = E (c}.ty + ,BC;[I] 4.4 /379C51;0}/+79)1 and (19)
=301

=77 1=y 79 1-y 20

U=c " +Bey 4+ B cy im0 20)

Next, we compute the average absolute value of this factor’s deviation from 1. The
closer is this average to 0, the smaller is generational risk, that is, the less a cohort’s
date of birth matters to its realized lifetime utility.

As the table shows, generational risk averages 1.40% under the baseline calibration
with a standard deviation of 1.29% and the maximum value of 4.95%. These values
seem small, although perspectives may differ. Adding Social Security makes all three
values slightly larger—1.46%, 1.35%, and 5.22%.

How can Social Security increase generational risk in our single TFP-shock base-
line? Both micro and macro factors are at play. On the micro side, with Social Se-
curity, the autocorrelated TFP shocks that retirees experience now impact not just
their returns to capital, but also their Social Security benefits given that these benefits
depend on the prevailing wage. Thus, if one considers the realized lifetime budget
constraint agents face, the entire path of TFP-generated, autocorrelated wage shocks
interacts with the concomitant path of autocorrelated risky return shocks.'® This

16. Agents’ realized present values of lifetime resources do not involve the realization of safe bond
returns over their lifetimes in three of our four calibrations. Hence, this statement refers to just three
calibrations.
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interaction, occurring in our model, is highly complex. Absent Social Security, the
discounting of realized lifetime resources would end at retirement. Now it continues
through the end of life through the discounting of benefits. Hence, the nonlinear im-
pact of TFP return shocks on realized lifetime resources has more scope to impact
consumption choice.'”

Second, due to Social Security’s crowding out, agents face lower wages and
higher risky returns, on average. Hence, the same percentage sized TFP-induced
shocks to the return on capital will be larger in absolute terms. Since interest rates
have nonlinear impacts on realized present values of resources, this can make real-
ized resources more variable which necessarily entails more variability in realized
lifetime consumption. Third, Social Security represents a random floor on retirees’
old-age living standards. This assurance that consumption in old age is no longer
entirely tied to one’s accumulated savings and returns earned prior to retirement
can lead agents to consume in a less risk-averse fashion, raising individual agents’
and the economy’s overall average propensities to consume.'® Fourth, the positive
autocorrelation of the TFP shock will also raise agents’ propensities to consume. The
reason is simple. High benefits today likely spell high benefits tomorrow. Fifth, the
age distribution of wealth and, thus, the 79 age-specific, cash-on-hand state variables
is altered by Social Security. Since, apart from shocks, the distribution of these
79 variables impacts each age group’s consumption at each date, Social Security’s
induced changes in the stochastic distribution of these 79 variables can produce
complex consumption changes. This is where having a precise solution method
matters. Were the method imprecise, one could not distinguish either generational
risk or contemporaneous risk sharing from computation error.

Table 4 results for the larger and extra-large shocks calibrations are quite differ-
ent. Now the elderly face a significant shock—the depreciation shock—that does not
concomitantly impact the young. And Social Security now plays a more important
risk-mitigating role. Being able to rely on transfers from the young limits both the
downside and upside from depreciation shocks. Hence, it is no wonder that Social Se-
curity reduces generational risk in the second and third calibrations. As the Table 4’s
larger shocks calibration shows, absent Social Security the average absolute genera-
tional risk is 2.13%. This figure exceeds that of the baseline, but still seems modest.
The standard deviation of the adjustment is 1.96% and the minimum and maximum
adjustments are 0.005% and 9.143%, respectively. Since generational risk is now
somewhat larger, Social Security has more scope to share risk. For example, it re-
duces the average adjustment to 1.96%, although it increases the standard deviation
and the minimum and maximum values to 2.06%, 0.007%, and 9.640%, respectively.

17. Of course, with risk-averse agents, ex post realized lifetime resources does not determine ex ante
consumption choice. But thinking about realized resources helps illuminate how the TFP shock process
impacts agents’ budgets with and without Social Security.

18. Again, this echos Rios-Rull’s (1994) paradoxical finding that better microlevel insurance can mag-
nify macro-economic fluctuations.
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TABLE 5

MEANS, STANDARD DEVIATIONS, MINIMUMS, AND MAXIMUMS OF PERCENT ADJUSTMENTS IN EACH COHORT’S
ANNUAL CONSUMPTION NEEDED TO ACHIEVE THE POSTTRANSITION AVERAGE REALIZED LIFETIME UTILITY
OF NEWBORNS, WHEN THOSE ADJUSTMENTS ARE POSITIVE

Percentage adjustments to achieve average realized utility of newborns when adjustments are positive

Min Mean Max S.D.

Baseline calibration

No Social Security 0.002 1.543 4.949 1.355
Social Security 0.006 1.600 5.221 1.403
Larger shocks calibration
No Social Security 0.009 2.123 9.143 2.183
Social Security 0.007 1.971 9.640 2.338
Extra-large shocks calibration
No Social Security 0.172 18.496 66.144 16.454
Social Security 0.012 14.963 55.677 14.307

TABLE 6

MEANS, STANDARD DEVIATIONS, MINIMUMS, AND MAXIMUMS OF PERCENT ADJUSTMENTS IN EACH COHORT’S
ANNUAL CONSUMPTION NEEDED TO ACHIEVE THE POSTTRANSITION AVERAGE REALIZED LIFETIME UTILITY
OF NEWBORNS, WHEN THOSE ADJUSTMENTS ARE NEGATIVE

Percentage adjustments to achieve average realized utility of newborns when adjustments are negative

Min Mean Max S.D.

Baseline calibration

No Social Security —4.855 —1.274 —0.001 1.230
Social Security —5.151 —1.345 —0.007 1.292
Larger shocks calibration
No Social Security —6.726 —2.133 —0.005 1.712
Social Security —6.226 —1.945 —0.014 1.753
Extra-large shocks calibration
No Social Security —44.100 —14.236 —0.045 11.262
Social Security —36.427 —11.423 —0.180 9.567

Consider next Table 4’s extra-large shocks results. Now the model generates sub-
stantial generational risk through time and Social Security is fairly effective in miti-
gating that risk. The average (maximum) value of the absolute adjustment is 15.30%
(66.14%) without Social Security and 12.39% (55.68%) with it.

Tables 5 and 6 decompose our absolute average generational risk measure into its
positive and negative components. In our baseline, the average positive adjustment
needed to compensate generations for having lower than average realized lifetime
utility is 1.53% of annual consumption absent Social Security. With Social Security,
it is 1.60%. For those who fare better than average, their annual consumption needs
to be reduced by, on average, 1.27% when Social Security is not in place. With Social
Security, the average reduction is 1.35%. These adjustments are what is needed, on
average, to keep otherwise winning generations from realizing higher than average
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TABLE 7

ABSOLUTE PERCENT ADJUSTMENTS TO ACHIEVE PERFECT RISK SHARING AMONG CONTEMPORANEOUS GEN-
ERATIONS

Absolute percentage adjustments to achieve perfect risk sharing among contemporaneous generations

Min Mean Max S.D.

Baseline calibration

No Social Security 0.000 0.206 1.137 0.147
Social Security 0.000 0.310 0.968 0.119
Larger shocks calibration
No Social Security 0.000 0.933 5.904 0.699
Social Security 0.000 0.713 3.811 0.534
Extra-large shocks calibration
No Social Security 0.000 0.437 4.557 0.341
Social Security 0.000 0.296 4.179 0.289

NoOTE: Minimum, mean, and maximum are taken across all cohorts and all time. The standard deviation value is the mean across cohorts of
cohort-specific standard deviations.

lifetime utility. For generations hit with the worst (best) luck, the positive (negative)
adjustment is roughly 5.0% (5.1%).

The upshot of these baseline findings as well as the other Tables 5 and 6 results is,
again, that risk is modest in the baseline, moderate in the larger shocks calibration, and
major in the extra-large shocks calibration. The biggest positive (negative) adjustment
in the extra-large shocks calibration is 66.14% (44.10%).

Contemporaneous risk. We next ask whether contemporaneous generations are
experiencing materially different shocks as measured by differences in their annual
percentage consumption changes. If so, such changes could be pooled either via
private arrangements or government policy. Recall that full risk sharing among
contemporaneous generations, indeed all agents, with the homothetic preferences
considered here, requires equal percentage changes in the consumption from one
period to the next. Hence, one can measure the extent of generational risk by
considering the comovement of consumption across age groups as well as the extent
of consumption adjustments that would be needed to achieve perfect consumption
comovement. Specifically, let adj,; denote the adjustment of generation g at time
t. Then, adj,; is defined as the distance between the percent change in aggregate

. : Caggregare,t —Caggregare.1— : :
consumption at time ¢, ““C"—“l"”, and the percent change in consumption of
aggregate,t—
Cg./ _Cg—l‘l—l

generation g at time ¢, o

Table 7 summarizes the agent- and year-specific absolute percentage consumption
adjustment needed to achieve perfect risk sharing, that is, to ensure that all agents
experience the same percentage change in the year in question.!® It shows that the
average (across agents) absolute percentage adjustment needed to achieve full risk

sharing is 0.206% under the baseline calibration without Social Security. Again, if

19. Values of 0.000 and 1.000 reflect rounding.
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TABLE 8

ABSOLUTE PERCENT ADJUSTMENTS NEEDED TO EQUATE THE EXPECTED UTILITY OF A NEWBORN BORN UN-
DER OUR BASELINE CALIBRATION INTO A PARTICULAR STATE OF THE WORLD TO THE UTILITY OF A NEWBORN
BORN UNDER CERTAINTY IN THE SAME INITIAL STATE

Percentage adjustments to equate the expected utility of a newborn in the baseline calibraton to the utility of a newborn in the world of
certainty starting from different initial states

Initial state Percentage adjustment
Low capital, Low TFP —1.482
Median capital, Median TFP 0.502
High capital, High TFP 2.374
High capital, Low TFP —1.318
Low capital, High TFP 2.593

Notk: In the model with certainty, wage and interest rate equal those in the initial state of the baseline calibration model and do not change
through time. Different initial states are characterized by different combinations of high (75th percentile), low (25th percentile), or median
initial capital stock and TFP shock.

all contemporaneous generations fully pooled risk, everyone’s annual consumption
would, on a percentage basis, rise or fall in unison between 1 year and the next.
Table 4 indicates that very little redistribution among contemporaneous generations
is needed to assure that outcome. The standard deviation is only 0.147%. Hence,
contemporaneous risk among contemporary cohorts is quite small even absent any
government risk sharing. Indeed, the maximum absolute adjustment is only 1.14%.

Adding Social Security to the risk-sharing mix slightly exacerbates contempora-
neous risk, raising the average adjustment needed to achieve perfect risk sharing to
0.310%. Recall that we are simulating pay-go Social Security with a fixed tax rate.
Clearly, if the share of elderly were very small, TFP shocks could produce major
changes in tax revenues, which would then be spread, in terms of benefits, over a
small number of beneficiaries. In this case, Social Security could produce more risk
across contemporaneous generations. Hence, there is no ex ante reason to expect pay-
go Social Security to always share risk appropriately among those alive at a point in
time. This is particularly the case since the system was never designed to share con-
temporaneously risk among existing generations. Under the larger shocks calibration,
the absolute adjustments are larger, but still quite small—0.933%—on average. The
maximum adjustment in this case is 5.90%. In this case, adding Social Security im-
proves risk sharing. It reduces the average absolute adjustment needed for full risk
sharing by one quarter. It also lowers the standard deviation of the adjustment and its
maximum value. Social Security has a similar effect under the extra-large shocks cal-
ibration where the average absolute adjustment needed for full risk sharing is reduced
by 40%.

Another way to assess generation risk. Above, we asked what agents born in differ-
ent states would, on average, pay, in absolute terms, to have the average utility they
would have expected before being born. Table 8 asks a related question—how much
would agents born into a particular state pay to experience no further uncertainty
over their life cycles. The table presents the absolute percent adjustments needed to
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equate the expected utility of a newborn born under a baseline calibration in a particu-
lar state of the world to the utility of a newborn born under certainty in the same initial
state. In the model with certainty, the wage and interest rate equal those in the initial
state of the baseline calibration model and do not change through time. Different ini-
tial states are characterized by different combinations of high (75th percentile), low
(25th percentile), or median initial capital stock and TFP shock.?’ The adjustments
are computed as compensating consumption differentials, that is, the factor by which
we need to multiply the newborn’s consumption in each year and state of life to pro-
duce the same expected lifetime utility as would be achieved in the world of certainty
starting from the same initial condition.

Clearly, living with uncertainty has a positive or negative cost depending on the
state in which you are born. Those born in states with low capital would prefer to
live with uncertainty because, on average, the capital stock and their wages will rise,
which matters more to them than the associated average decline in the return to cap-
ital. This, of course, is due to the model’s mean reversion. Contrariwise, those born
in states with high capital would prefer to experience the high wages, even if lower
return to capital than fixed future factor prices would entail.

Fortunately for some and unfortunately for others in this economy, there is no way
to eliminate aggregate risk. Hence, the figures in Table 8 do not directly speak to
generational risk—having a better or worse outcome than other generations. But the
differences in Table 8’s values do shed light on generational risk. Take the values in
the first and third rows. They tell us that the generation born in good times is willing
to sacrifice 1.482% of their annual consumption to remain in the state in which they
were born. And for those born in bad times, they would pay 2.374%. The difference
between these values is in the same ball park as our baseline, no-Social Security
generational risk measure reported in Table 4.°!

Generational risk under the negative risk-free rate calibration. Tables 9 and 10 re-
visit, for our baseline calibration, Tables 4 and 7, but set the borrowing cost function
to generate a negative 2% safe return. As a comparison of these tables shows, positing
alower risk-free rate and, thus, a larger growth premium makes no difference to either
our measure of generational risk or contemporaneous risk sharing. The same holds
whether or not Social Security is in the picture. This finding reinforces Hasanhodzic’s
(2020) and Brumm et al. (2021b)’s demonstration that Blanchard’s conjectured gains
from intergenerational redistribution policy (i) reflect generational risk sharing, but

20. We chose the vector of state variables that produce the closest values of these targeted levels of
capital and TFP. Other vectors generating similar values produce similar results. Hence, the fact that the
absolute compensating difference in the low capital, high TFP case is somewhat larger than in the high
capital, low TFP case reflects the particular state vector used.

21. Of course, the two measures should not be the same. The Table 4 measure takes, as given, macro
uncertainty and considers what generations would need to receive or sacrifice to enjoy the welfare agents
experience, on average, from landing in their birth state and experiencing a lifetime of macro shocks. Here,
we are not comparing realized utility under macro uncertainty against average realized utility under macro
uncertainty. Instead, we are comparing realized utility with no uncertainty against average realized utility
under macro uncertainty.
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TABLE 9

MEANS, STANDARD DEVIATIONS, MINIMUMS, AND MAXIMUMS OF ABSOLUTE PERCENT ADJUSTMENTS IN
EACH COHORT’S ANNUAL CONSUMPTION NEEDED TO ACHIEVE POSTTRANSITION AVERAGE REALIZED LIFE-
TIME UTILITY OF NEWBORNS UNDER THE NEGATIVE RISK-FREE RATE CALIBRATION.

Absolute percentage adjustments to achieve average realized utility of newborns

Min Mean Max S.D.

Negative risk-free rate calibration

No Social Security 0.001 1.398 4.956 1.295
Social Security 0.006 1.462 5.221 1.348
TABLE 10

ABSOLUTE PERCENT ADJUSTMENTS TO ACHIEVE PERFECT RISK SHARING AMONG CONTEMPORANEOUS GEN-
ERATIONS UNDER THE NEGATIVE RISK-FREE RATE CALIBRATION

Absolute percentage adjustments to achieve perfect risk sharing among contemporaneous generations

Min Mean Max S.D.

Negative risk-free rate calibration
No Social Security 0.000 0.205 1.135 0.147
Social Security 0.000 0.314 0.968 0.119

NoTE: Minimum, mean, and maximum are taken across all cohorts and all time. The standard deviation value is the mean across cohorts of
cohort-specific standard deviations.

(ii) necessitate his strong assumption, absent here, that half of workers’ wages are
certain, leaving workers in an ideal position to share risk with the elderly via Social
Security.??

Examining the Blanchard conjecture. In his famous paper, Blanchard (2019) posited
a two-period life-cycle model in which pay-go Social Security, financed by a fixed
payroll tax—the Social Security policy considered here—can raise all generations’
ex ante expected remaining or entire lifetime utility levels.>* As Blanchard (2019)’s
paper indicates, such Pareto improvements arise only for what are, arguably, unre-
alistic large growth and small risk premiums. Brumm et al. (2021b) also show, as
mentioned, that Pareto gains, when they arise, reflect improved intergenerational risk
sharing, not intergenerational redistribution per se. This explains why Blanchard’s
assumption that half of wages are fixed, independent of macro shocks, is crucial to
his Pareto gains when they arise.

22. Private markets cannot achieve this risk pooling because of Blanchard’s assumption of two periods,
which leave the contemporaneous young unable to contract with the contemporaneous old.

23. Ex ante references the time of policy implementation, not the time of cohort birth. This distinction
is relevant for unborn generations.
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TABLE 11

PERCENT REDUCTION IN THE LONG-RUN EXPECTED UTILITY FROM THE INTRODUCTION OF SOCIAL SECU-
RITY WITH A 15% AND A 1% TAX RATE UNDER THREE DIFFERENT BASELINE CALIBRATIONS

Percent reduction in long-run expected utility from introduction of social security

Baseline calibrations with negative risk-free rates

Mean return to capital Mean risk-free rate (%) Percent reduction in long-run expected
(%) utility from introduction of SS

Baseline calibration with low negative risk-free rate

No Social Security 3.900 —2.125
Social Security with 15% tax rate 4.859 —1.167 17.830
Social Security with 1% tax rate 3.953 —2.072 1.170

- Baseline calibration with low risky rate and even lower negative
risk-free rate

No Social Security 2.158 —3.866
Social Security with 15% tax rate 2.670 —3.354 12.510
Social Security with 1% tax rate 2.187 —3.838 0.800

Baseline calibration with low risky rate and low negative
risk-free rate

No Social Security 2.147 —2.003
Social Security with 15% tax rate 2.670 —1.481 12.582
Social Security with 1% tax rate 2.184 —1.967 0.869

Norte: All three calibrations feature a negative risk-free rate, but differ in the magnitude of the mean return to capital and the magnitude of
the mean risk-free rate. The top panel features the risky rate of roughly 4% on average, as in the baseline calibration, and the growth rate of
about 2%. This is the standard risk premium/high growth premium case. In the middle panel, we lower the mean risky rate to roughly 2% and
increase the growth premium to roughly 4%. This is the standard risk premium/even higher growth premium case. In the bottom panel, we
consider the average risky rate of roughly 2% coupled with an average risk-free rate of roughly negative 2%, for a lower risk premium/large
growth premium case.

As mentioned, Krueger and Kubler (2006) explored pay-go Social Security’s abil-
ity to achieve Pareto gains. Their answer is no. But, recall, they use an ex interim ex-
pected utility criterion, assume Epstein—Zin preferences, and consider a nine-period
model. Our Pareto criterion is the same as Blanchard’s, although we assume a more
realistic degree of risk aversion. Our model features 80, rather than two periods. And
we drop Blanchard’s assumption that half of wages are perfectly safe.

Table 11 considers Blanchard’s conjecture for our negative risk-free rate calibration
as well as a calibration that features a very large growth premium and a low average
return to capital. This final calibration is designed to give Blanchard’s conjecture
the greatest benefit of the doubt. As the table shows, introducing Social Security,
either at a realistic scale—a 15% payroll tax rate—or at a small scale—a 1% payroll
tax rate—reduces the expected utility of those born in the long run. As expected,
the reductions are larger when the growth premium is smaller and the risky rate is
higher, namely, 17.83% for the 15% tax and 1.17% for the 1% tax. With an even
larger growth premium and an even lower risky rate, long-run expected utility falls
by less—12.51% and 0.80%—for the 15% and 1% tax rates. But it still falls. Hence,
we find no support for Blanchard’s conjecture.

Decomposing the impacts of generational risk. This section decomposes the total
long-run welfare effect of uncertainty, with our larger shocks, into various com-
ponents. We start by calculating the expected lifetime utility of newborns in the
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stochastic steady state. Next, we calculate the same measure, but in the absence of
shocks.?* The compensating variation between these values is 1.12%. Thus, newborns
in the stochastic steady state would need to consume 1.12% more in each future year,
no matter the state of the world they experience, to be as well off as if they were born
in a long run that had never experienced macro shocks.?’

Recall, from Table 3, that our assumed larger shocks engender substantially more
macro variability than that observed. Hence, finding only a 1.12% overall long-run
economic loss provides more confirmation that macro risk presents a very small cost
to those born in the distant future. This largely reflects the general equilibrium re-
sponse to greater risk arising from precautionary saving. The model’s risk-averse
agents save more, all else equal, when macro shocks are present. Over time, this
raises the economy’s capital stock, no matter what central tendency one considers.
Indeed, the stochastic economy’s average capital stock is 18.4% higher than in the
no-shocks steady state. In short, the uncertain long run is riskier, but richer. Were the
economy’s precautionary saving response even greater, future agents would prefer to
be born in a world of uncertainty than one that had never experienced macro shocks.

Next we measure, at each age, the average percentage difference in consumption in
the stochastic steady state with the level of consumption absent shocks. The average,
across all 80 age-specific average percentage differences, is 0.77%. Stated differently,
with certainty, age-specific consumption is, on average and in the long run, 0.77%
higher than under uncertainty. Suppose we lower consumption at each age in the cer-
tainty case by 0.77% and then recompute our certainty equivalent value—uncertainty
versus certainty—measure. The resulting value of 0.34% is roughly one quarter the
size of the initial 1.12%. This residual deviation from zero reflects variation in the age
pattern of average consumption in the two long runs as well as age-specific heteroge-
neous realized levels of utility arising from different cohorts experiencing different
sequences of macro shocks as they age.

4. CONCLUSION

Our study contributes to the analysis of generational risk and its potential mitiga-
tion via Social Security and other government policies. Our 80-period OLG model
features different degrees of aggregate risk. Our baseline calibration features only
TFP shocks, which are calibrated to match the variability of output and aggregate
consumption. Our larger shocks and extra-large shocks calibrations set depreciation

24. We give the economy 700 years to reach its stochastic steady state. Hence, in the no-shocks sim-
ulation, we run the model for 700 years before calculating, in this case, certain lifetime utility.

25. Note that this value is much larger than Table 8’s similar compensating differential that compared
expected utility, in the stochastic steady state, with that under uncertainty, but assuming median long-run
values of the capital stock and TFP. The difference stems primarily from assuming, here, our larger, indeed,
considerably larger, than baseline shocks.
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shocks to replicate the variability of returns to total U.S. wealth and U.S. equities,
respectively. All three calibrations appear in the literature.

Our main finding is that generational risk is small or modest if one calibrates shocks
to the volatility of macro aggregates. We also find that Social Security’s ability to mit-
igate generational risk depends on the initial size of that risk. Under the baseline cali-
bration, Social Security slightly exacerbates generational risk. Our larger shocks and
extra-large shocks calibrations, which overstates the variability of macro aggregates,
generate substantially more generational risk. In these cases, Social Security can play
a meaningful risk-mitigation role. Yet even with far larger shocks, generational risk
is modest. This, of course, limits Social Security’s potential to pool generational risk.

The economy’s general equilibrium response to uncertainty explains why the ex-
pected utility levels of those born in riskier stochastic steady states are not substan-
tially smaller. Agents respond to risk by raising their precautionary saving. Over time,
this increases, on average, the economy’s capital intensivity and changes average fac-
tor prices. Wages are, on average, higher while interest rates are, on average, lower.
Indeed, in our larger shocks model, the dynamic ameliorating macro-economic im-
pact of precautionary saving makes unborn agents close to indifferent between born,
at a distant date, in their predestined economy and one that had never experienced
macro shocks.

Our framework also invites analysis of Blanchard (2019)’s conjecture that deficits
may be free—as in achieving a Pareto improvement in all current and future cohorts’
remaining lifetime or entire lifetime levels of expected utility—in OLG models with
a high growth rate, a low safe rate, and a small risk premium. We examine such
policy in our baseline calibration. Unfortunately, we find no support for Blanchard’s
supposition. On the contrary, running deficits (redistributing across generations) in
the form of pay-go Social Security and doing so at scale visits major expected utility
losses on future generations even under Blanchard-favorable conditions. In fact, with
our baseline calibration, the average path of capital associated with introducing pay-
go Social Security closely resembles that under certainty.

Beyond these points, the paper demonstrates the feasibility of simulating realistic,
large-scale OLG models with aggregate shocks in which generational policy matters
as appears evident in real economies.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the Supporting Infor-
mation section at the end of the article.

Table 1: Minimum, mean, and maximum across generations of the average, across
time, of the absolute value of the generation-specific, out-of-sample deviations from
the perfect satisfaction of Euler equations.

Table 2: The minimum, mean, and maximum values across generations of the Den
Haan-Marcet statistic in the base and alternative models.
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