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ABSTRACT: This paper calculates the socially optimal level of illiquidity in a

retirement savings system. We study an environment in which time-inconsistent

agents face a tradeoff between commitment and flexibility (cf. Amador, Werning

and Angeletos 2006). For this analysis, we assume that the agent has access to

two accounts: a perfectly liquid account and an illiquid retirement savings account

with an early withdrawal penalty (0% ≤  ≤ 100%)When agents have homogeneous
present-biased preferences (with short-run discount factor ), we find that the socially

optimal retirement savings account should have a penalty that is approximately equal

to the level of present bias, 1− In this case, the penalty roughly offsets the present

bias of the representative agent. For example, if  = 07, then the socially optimal

early withdrawal penalty rate is approximately 30%. However, when agents have

heterogeneous preferences, with a range of  values, we find that optimal policy

disproportionately addresses the needs of low  agents. In an illustrative calibration

with  values distributed uniformly between 0.1 and 1 (with a mean  value of 0.55),

we find that the optimal savings system is characterized by a retirement savings

account that is essentially perfectly illiquid (i.e., with an early withdrawal penalty rate

of  ' 100%) In other words, our analysis with heterogeneous preferences suggests
that savings should be divided between two accounts: one account that is completely

liquid and one account that is completely illiquid (like a defined benefit pension plan).
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1. Introduction

US defined contribution (DC) savings accounts are more liquid than DC accounts in

most (if not all) other developed countries. In the US, certain types of pre-retirement

withdrawals are allowed without penalty, and, for IRAs, withdrawals may be made

for any reason if a 10% penalty is paid. Liquidity allows significant pre-retirement

“leakage”: for every $1 contributed to the accounts of savers under age 55, $0.40

simultaneously flows out of the 401(k)/IRA system, not counting loans (Argento,

Bryant, and Sabelhaus 2014).

This leakage is sometimes desirable (when it funds legitimate spending needs, like

a medical emergency or investment in human capital) and sometimes self-defeating

(when it is caused by planning mistakes and/or self-control problems). If an outside

observor does not know the details of a household’s financial situation, it is not clear

whether leakage is occuring for socially optimal or sub-optimal reasons.

This paper evaluates the optimality of a stylized two-account retirement savings

system with one liquid savings account and one partially or fully illiquid savings

account. We study preferences that includes both legitimate spending shocks and

self-control problems. The self-control problems are modeled as the consequence of

present bias (Phelps and Pollak 1968, Laibson 1997): i.e., a discount function with

weights {1 2     } , where the degree of present bias is 1− .

Using a mechanism design framework (cf. Angeletos, Werning, and Amador 2006),

we computationally generate the socially optimal level of penalties on the illiquid

savings account. We study two special cases. In the first special case, we assume

that agents have homogeneous time preferences (i.e., all agents have the same  and

 parameters). In this case, our theoretical model implies that the optimal level of

illiquidity is an early withdrawal penalty that is approximately 1 −  (which is the

degree of present bias).

In the second case, we assume that agents have heterogeneous  values. In this

heterogeneous-preference case, we find that the socially optimal degree of illiquidity

caters to the households with the lowest  values. This asymmetric policy protects

the subpopulation with the most extreme self-control problems. Completely illiquid

retirement savings generates welfare gains for these low- agents that swamp (by

a ratio of 100 to 1) the welfare losses of the high- agents (who are made slightly
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worse off by the illiquidity). Hence, in a world of heterogeneous agents, socially

optimal policy caters disproportionately to the agents with the most severe self-

control problems (i.e., those with low  values).

Section 2 describes our model of household behavior. Section 3 describes the plan-

ner’s problem — i.e., account allocations and an early withdrawal penalty that jointly

maximize social welfare subject to information assymetries between the planner and

the households. Section 4 analyzes the solution to the planner’s problem in the case

of homogeneous preferences, including a description of household behavior in the re-

sulting (second best) equilibrium. Section 5 analyzes the solution to the planner’s

problem in the case of heterogeneous preferences in the present-bias parameter ,

including a description of household behavior in the resulting (second best) equilib-

rium. In section 6, we conclude and discuss the limitations of our existing analysis

and goals for future work.

2. Model of Household Behavior

2.1. Introduction. To study the tradeoff between commitment and flexibility

Amador, Werning and Angeletos (2006; hereafter AWA) use a model with three

conceptual ingredients.1 We first summarize the key ingredients of this model and

then explain how we adapt it to our analysis.

First, AWA assume dynamically inconsistent preferences generated by the present-

biased discount function

() =

(
1 if  = 0

  if  ≥ 1

)


where 0   ≤ 1 and 0    1 (Phelps and Pollak 1968, Laibson 1997).2 This

discount function implies that, from the perspective of date 0, the agent is more

patient about tradeoffs between periods 1 and 2 than she will be when period 1

actually arrives:
(1)

(2)
=

 

 2


1

 
=

(0)

(1)


1Also see Ambrus and Egorov (forthcoming) for clarifications of some of the arguments in AWA.
2For some examples of related empirical work see Angeletos et al (2001), Ashraf et al (2006), and

Augenblick et al (2014).
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Dynamically inconsistent preferences generate a motivation for precommitment.

Second, AWA assume that agents experience transitory taste shocks that are

not observable in advance and are not contractable. Such taste shocks generate a

motivation to give future selves flexibility in choosing the consumption path.

Third, AWA assume that self 0 has a very general commitment technology. Specif-

ically, she can manipulate the choice sets of future selves, trading off the benefits of

commitment (preventing later selves from over-consuming) and the costs of commit-

ment (preventing later selves from responding flexibly to taste shocks that are not

contractable).

We make three key changes to the AWA model.

First, we restrict the savings/commitment technology to a two-account system:

one completely liquid account and one illiquid account with an early withdrawal

penalty,  (In ongoing work, which we discuss in the conclusion, we are studying

the case of three or more types of accounts, each with its own penalty for early

withdrawal.)

Second, we allow for interpersonal transfers. Specifically, we assume that early

withdrawal penalties paid by one household go into general government revenue and

can be transferred to other households. AWA rule out such transfers and instead

require money burning: if a household pays a penalty for an early withdrawal, this

penalty is destroyed and can’t be transferred to other households through the tax

system. Their money burning assumption was made for analytic tractability. It has

the undesirable consequences that it reduces the social efficiency of penalty-based

retirement accounts. Indeed, our analysis shows that the main theorem of AWA3 does

not generalize once one allows penalty payments to be transferred across households

through government transfers.

Third, we introduce heterogeneity in the  parameter. In contrast, AWA assume

that all agents have the same  value.

2.2. Timing and Preferences. We assume a continuum of households indexed

on the unit interval,  ∈ [0 1]
3AWA’s key theorem can be summarized as follows: In the socially optimal system, there are no

penalties paid in equilibrium, so that the illiquid account is essentially perfectly illiquid.
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To simplify notation, and without loss of generality, we assume that the interest

rate is deterministic and set the gross real interest to  = 1 (so the net real interst

rate is 0).

The simplest model that elicits a tradeoff between commitment and flexibility has

three periods: an initial period in which the planner/government establishes savings

accounts; a following period in which a consumption/savings choice is made by the

household with immediate utility consequences; and a final (retirement) period in

which residual wealth is consumed.

Period 0. On behalf of each household, the planner (i.e., the government) puts 

dollars of savings into a liquid account and  dollars of savings into an illiquid

account with early withdrawal penalty 4 We explain how the government sets

  and  in the next section of the paper. The early withdrawal penalty is

only paid if the household withdraws money from the illiquid account before

period 2 (i.e., withdrawals in period 1 are penalized). Any withdrawals made

in period 2 are not penalized.

Period 1. A taste shock 1 ∈ Θ =
£
  

¤
is realized. Self 1 observes 1 and makes

a consumption/savings decision, 1 If 1 ≤  no early withdrawal is made

from the illiquid account. If 1   then the household partially funds this

consumption with a withdrawal,  from the illiquid account such that

 (1− ) +  = 1

The government revenue obtained from withdrawals in period 1, is  where

 ∈ [0 ] is the withdrawal made by household  in period 1.

Period 2. A taste shock 2 ∈ Θ =
£
  

¤
is realized. Self 2 observes 2 and

consumes all remaining wealth, such that

2 =

(
− 1 +  if 1 ≤ 

 −  if 1  

4We discuss a generalization of the number of accounts in the conclusion.
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Household preferences defined at dates 1 and 2 follow, where  is the parameter that

reflects present-bias and  is the standard discount factor:

utility of self 1 = 1 (1) + 2   (2)

utility of self 2 = 2 (2)
(Households’ Objectives)

Here  is the instantaneous utility function. We will assume that  is in the class of

constant relative risk aversion so that

() =
1− − 1
1− 



Parameter  is the coefficient of relative risk aversion.

3. Planner’s Problem

So far, we’ve described the decision problem faced by households. Now we introduce

a planner/government that is not prone to present bias. The assumption on the

planner’s preferences is not an empirical/positive assumption, but instead made to

answer the normative question of what policy should be. (Actual governments may

be prone to present bias, reducing their ability to create socially optimal savings

mechanisms.)

In our analysis, the planner’s objective is to optimize average lifetime utility,

which includes only -discounting and excludes discounting driven by the present

bias parameter, .



Z


[1 (1) + 2  (2)]  (Planner’s Objective)

Here the expectation is taken over all of the stochastic variables, which the planner

does not directly control: {1 1 2 2}∈[01] 
The planner picks  (liquid savings)  (illiquid savings) and  (the early with-

drawal penalty) to maximize the Planner’s Objective subject to three sets of con-

straints:

(1) Self 1 picks 1 to maximize its own objective function, 1 (1)+2   (2)

which reflects present bias;
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(2) Self 2 consumes all residual wealth;

(3) The planner cannot violate its own budget constraint:

+  =  + 

Z


 

where  is per-capita resources. To simplify notation, we use the following

shorthand:  = 

Z


 

Note that the third constraint embodies an externality that arises from interper-

sonal transfers. When agents pay penalties in equilibrium, those penalties relax

the government’s budget constraint and enable the government to transfer resources

among agents in the economy. Specifically, if   0 then total account allocations,

+  can exceed society’s total per-capita endowment, Without loss of generality

we normalize  = 1

4. Solution to the planner’s problem in the case of homogeneous

time preferences (and heterogeneous taste shocks)

We begin our analysis by studying an economy comprised of a homogeneous popula-

tion of agents, in the sense that all agents have a common value of  and a common

value of  However, our agents remain heterogeneous in the sense that they receive

idiosyncratic taste shocks (which we model with a truncated normal distribution). In

Exhibit 1, we plot the socially optimal level of the penalty on the illiquid account as

a function of the homogeneous (population-wide) value of  For this analysis (and

all analysis that follows) we hold  fixed at unity. Exhibit 1 reports  values from

0.6 to 0.8, which represents the range that is most frequently estimated in empirical

analyses that assume a homogeneous population. We find that the optimal level

of penalty is approximately equal to 1−  so the penalty approximately offsets the

degree of present bias. For example, if all agents have  = 07 then the optimal

early withdrawal penalty is 0.32 when the coefficient of relative risk aversion is one.

This numerical result is not very sensitive to the coefficient of relative risk aversion.
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Exibit 1 also reports the same optimal penalty when the coefficient of relative risk

aversion is 2. The optimal penalty lines are nearly identical in the two cases.

Exhibit 2 explores the  = 07 case more thoroughly (i.e., the case in which all

consumers have a  value of 0.7). Now we illustrate how variation in the penalty

affects welfare (assuming that the amount of money in the liquid and illiquid accounts

is optimized for the given penalty level). Welfare is optimized at a penalty of 0.32

(as noted before) and welfare does not vary symmetrically around optimum. Instead,

there is a pronounced asymmetry, with the welfare function concave everywhere to the

left of the optimum and convex sufficiently far to the right of the optimum. This con-

vex region arises because sufficiently high penalties eliminate almost all withdrawals

from the illiquid account and further increases in the penalty make little (and ulti-

mately no) difference. This asymmetry implies that penalties far above the optimum

do far less damage to welfare than penalties far below the optimum, an observation

that we will come back to later. Exhibit 2 can also be used to measure the wel-

fare consequences of setting the penalty rate suboptimally. When the penalty rate

is set suboptimally, the agent loses less than 0.01 utils, which, from a money metric

perspective represents only 1% of the agent’s lifetime resources. In other words, sub-

optimal penalties have only modest welfare consequences in an economy with  = 07

agents.

Exhibit 3 is closely related to Exhibit 2. In Exhibit 3, as in Exhibit 2, we plot the

penalty,  on the horizontal axis. But now we plot the planner’s optimal allocation

to the liquid () and illiquid accounts () on the vertical axis. We also plot the

equilibrium value of expected (paid) penalties:  × Note that the government’s

budget constraint implies that +  =  + 1 Exhibit 3 shows that higher values

of  lead the planner to put fewer resources in the illiquid account. Exhibit 3 also

shows that the amount of expected penalties is non-monotonic. This hump-shaped

pattern for expected penalties arises because there are two offsetting effects.

 []


=  + 

 []




The first effect is positive, since  ≥ 0 by definition. The second effect is negative,
since

[]


≤ 0 The first effect dominates when  is in a neighborhood of 0 The
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second effect dominates when  is small (and  is large) This generates the hump-

shaped pattern for expected penalty payments. Note too that penalty payments are

always a very small fraction of economic activity in this calibrated example, even for

calibrations that maximize the amount of paid penalties (i.e.,  = 02)

Exhibit 4 explores an extreme case  = 01 (for illustrative purposes). Here too

we assume homogeneous preferences, so we assume that all agents have this extreme

parameter value. Again we illustrate how variation in the penalty affects welfare.

Welfare is optimized at a penalty of essentially 100%. Exhibit 4 can also be used

to measure the welfare consequences of setting the penalty rate suboptimally. When

the penalty rate is set suboptimally, the agent loses 0.8 utils, which, from a money

metric perspective represents 80% of the agent’s lifetime resources. Hence, for agents

with extreme impatience (e.g.,  = 01) the wrong early withdrawal penalty has dire

consequences.

In Exhibit 5 we continue to study the extreme case  = 01 As in Exhibit 3, we

plot the planner’s optimal allocation to the liquid () and illiquid accounts () on the

vertical axis (the jagged parts of the curve are generated by computational distortions

resulting from inadequately fine partition sizes). We also plot the equilibrium value

of expected (paid) penalties:  ×  Exhibit 5 shows that higher values of  lead

the planner to put fewer resources in the illiquid account. Exhibit 5 also shows that

the amount of expected penalties is non-monotonic (for the same reasons discussed

with respect to Exhibit 3). Finally, note that penalty payments are now a more

substantial fraction of economic activity. For calibrations that maximize the amount

of paid penalties (i.e.,  = 06) penalty payments represent approximately 20% of

total lifetime economic resources.

In Exhibit 6, we study a wide range of homogeneous preference cases. Each line

represents a separate case, with  varying from 0.1 to 1, in steps of 0.1. The bottom

line reproduces the  = 01 case that we have already discussed. The fourth line

from the top represents the  = 07 case, which we have also already discussed. The

top line represents the case of dynamically consistent preferences ( = 1). This

figure illustrates that the welfare gains for low  agents swamp the welfare gains for

high  agents. From a welfare perspective, it barely matters where the penalty is

set for agents with  ≥ 07 But it is enormously costly to set the penalty incorrectly
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for agents with  ≤ 04We’ll return to these issues when we consider heterogeneous
economies next.

5. Solution to the planner’s problem in the case of heterogeneous

preferences in the present-bias parameter  (and heterogeneous

taste shocks).

We now study the case of a heterogeneous economy. We use a crude benchmark,

which gives uniform weight to each of the 10 types that we studied in the previous

section:  ∈ {01 02 ... , 1.0}. We assume that the government doesn’t know who
is who, or, even if it can discriminate in principle, won’t discriminate in practice.

Such uniformity is the norm in modern savings systems: in other words, people who

are deemed to have the worst self-control problems are not singled out for different

treatment.

For the aggregate (heterogeneous) population, the government will pick a single

triple {  } where, as before  is the amount allocated to the liquid account, 
is the amount allocated to the illiquid account, and  is the penalty rate for early

withdrawals from the illiquid account.

Exhibit 7 plots the welfare level for each agent as the penalty rate,  is varied

from 0 to 1. For each level of  the socially optimal levels of () and () are chosen.

These are plotted in Exhibit 8, which is analogous to Exhibits 3 and 5. Exhibit 8 also

plots the equilibrium expected penalty payment (for each level of ) Exhibit 7, which

plots the heterogeneous consumer case, is subtly different from Exhibit 6, which plots

the homogeneous consumer case. For example, in Exhibit 7, high- households are

made significantly better off as the penalty rate,  is raised from 0 to 0.5. This effect

is due to the fact they are being cross-subsidized by the low- households, who are

paying substantial penalties, as shown in Exhibit 9. Those penalty payments relax

the government’s budget constraint, enabling the government to give more resources

to all households. The substantial cross-subsidies also explain why the welfare gains

for low- households are so muted for low levels of  in Exhibit 7. As  rises, the low-

 households have access to a better commitment technology, but they are funneling

money (on net) to the high- members of society.

These cross-subsidies begin to wain as the penalty rate gets high enough to even
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discourage the low- households from using the illiquid account in period 1. Exhibit

9 illustrates the low- households essentially stop making early withdrawals when the

penalty rate,  rises about 0.9.

Exhibit 10 puts everything together by calculating total welfare (with population

weights) as a function of the penalty rate  Social welfare is maximized at a very high

penalty rate: essentially  = 1 In other words, social welfare is maximized when the

system is tuned to serve the interests of the households with the most severe present

bias. Of course, high penalty rates reduce the welfare of the high- households, but

this effect is small. For example, moving a  = 10 household from a  = 0 economy

to a  = 10 economy, reduces the welfare of the  = 10 agent by approximately 1%

(on a money metric basis). But the welfare of the  = 01 rises by over 80% (on a

money metric basis). Hence, the welfare gains of the low- types swamp the welfare

loses of the high- types.

6. Conclusions

This paper studies the socially optimal level of illiquid financial accounts in a retire-

ment savings system. We study an environment in which time-inconsistent agents

face a tradeoff between commitment and flexibility (cf. Amador, Werning and An-

geletos 2006). For this analysis, we assume that the agent has access to two accounts:

a perfectly liquid account and an illiquid retirement savings account with an early

withdrawal penalty ()

When agents have homogeneous present-biased preferences, we find that the so-

cially optimal retirement savings account should be relatively liquid, with a penalty

that is approximately equal to the level of present bias, 1 −  In this case, the

penalty is set to offset the present bias of the representative agent. For example,

if  = 07, then the socially optimal early withdrawal penalty rate is approximately

30%. Likewise, if  = 055, then the socially optimal early withdrawal penalty rate

is approximately 45%.

However, when agents have heterogeneous preferences, with a range of  values,

we find that optimal policy disproportionately addresses the needs of low  agents. In

an illustrative simulation with ln utility and  values distributed uniformly between

0.1 and 1 (with a mean  value of 0.55), we find that the optimal system is charac-
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terized by a retirement savings account that is essentially perfectly illiquid (i.e., with

a penalty rate of  ' 100%) In other words, our analysis with heterogeneous pref-
erences suggests that savings should be divided between two accounts: one account

that is completely liquid and one account that is completely illiquid (like a defined

benefit pension plan).

If our theoretical results prove to be robust, it might be beneficial to create a

new type of completely illiquid (defined contribution) savings account that is used in

parallel with the existing low-or-no-penalty retirement savings account. On the other

hand, Social Security might already provide a socially optimal level of such completely

illiquid savings. More work is needed to quantitatively evaluate the adequacy of highly

illiquid savings in the current U.S. retirement savings system.

For many reasons, it is premature to apply our findings to the design of a prac-

tical retirement savings system. Various aspects of our theoretical analysis may not

generalize to practical retirement savings decisions. Future work should (i) extend

our 3-period model to a general -period model, (ii) add additional accounts (so that

an agent could have a liquid account, a partially illiquid account, and a fully illiquid

account, much like the current U.S. retirement savings system)5; (iii) consider the

possibility that present-bias, 1−  is correlated with observable characteristics, like

income; and (iv) add other kinds of intertemporal taste shifters (e.g., rather than

assuming that period-by-period utility is given by (), we could instead assume

that the taste shock is ‘inside’ the utility function, so that ( − )) Most impor-

tantly, future work should also consider other kinds of self-control problems and/or

cognitive errors.6

We hope that this paper encourages further research on the question of how the

retirement savings system should be designed to maximize social welfare.

5In preliminary analysis on this issue, we have found that adding a partially illiquid account

generates no additional welfare benefit (in the heterogeneous  case). In other words, it is not

socially optimal to introduce the partially illiquid account.
6E.g., Bernheim and Rangel (2004), Fudenburg and Levine (2006), and Gul and Pesendorfer

(2001).
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Exhibit 2: Expected utility as a function of the early withdrawal penalty (ߨ) on the illiquid account.

Simulation with ln utility and β=0.7

Penalty for Early Withdrawal (ߨ)



Exhibit 3: Allocations to the liquid account (blue) and the illiquid account (green) as a function of the 
early withdrawal penalty (ߨ) on the illiquid account. Expected penalties paid are reported in the bottom 
line (red).
(Simulation with ln utility and β=0.7)

Penalty for Early Withdrawal (ߨ)



Exhibit 4: Expected utility as a function of the early withdrawal penalty (ߨ) on the illiquid account.

(Simulation with ln utility and β=0.1)

Penalty for Early Withdrawal (ߨ)



Exhibit 5: Allocations to the liquid account (blue) and the illiquid account (green) as a function of the 
early withdrawal penalty (ߨ) on the illiquid account. Expected penalties paid are reported in the bottom 
line (red).
(Simulation with ln utility and β=0.1)

Penalty for Early Withdrawal (ߨ)



Exhibit 6: Expected utility as a function of the early withdrawal penalty (ߨ) on the illiquid account.

(Simulation with ln utility and a homogeneous population of agents: β values ordered on right column)
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Exhibit 7: Expected utility as a function of the early withdrawal penalty (ߨ) on the illiquid account.

(Simulation with ln utility and a heterogeneous population of agents: β values ordered on right column)
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Penalty for Early Withdrawal (ߨ)

Exhibit 8: Allocations to the liquid account (blue) and the illiquid account (green) as a function of the 
early withdrawal penalty (ߨ) on the illiquid account. Expected penalties paid are reported in the bottom 
line (red).
(Simulation with ln utility and heterogeneous population with respect to present bias parameter )



Penalty for Early Withdrawal (ߨ)

Exhibit 9: Expected penalties paid by each ߚ type (ordered in label).

(Simulation with ln utility and heterogeneous population with respect to present bias parameter )



Exhibit 10: Expected Utility For Total Population

(Simulation with ln utility and heterogeneous population with respect to present bias parameter )
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