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ABSTRACT OF DISSERTATION 

IMPULSIVE CONSUMERS AND OPTIMAL SOCIAL SECURITY

Unfunded social security programs are primarily justified on grounds that 

individuals have specific behavioral tendencies that lead to inadequate saving for 

retirement. To date, very little has been pursued in the way o f theory to analyze this 

justification. I design a new model o f  consumer behavior that is consistent with many o f  

the salient features o f  evidence on impulsive consumption behavior. In my model, 

“impulsive consumers” optimally formulate long-term plans, but often deviate from these 

consumption programs upon experiencing a psychological impulse to uncontrollably 

consume above and beyond. In order to examine how impulsive consumers fare in an 

unfunded social security program, I calibrate my model to match specific empirical 

features o f  aggregate life-cycle consumption. After calibrating the model, I employ 

dynamic welfare measures and find: i.) a significant welfare cost to consuming

impulsively; ii.) a social security program (calibrated to the current U.S. program) does 

not generally improve the welfare o f  impulsive consumers; iii.) social security almost 

never improves the welfare o f  impulsive consumers under future demographics; and, iv.) 

the optimal social security tax rate is drastically smaller than the current U.S. rate.

Thomas Scott Findley 
Department o f  Economics 
Colorado State University 

Fort Collins, CO 80523 
Summer 2007
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C h ap ter One: In trod u ction

1.1 M otivation  and R esearch Q uestion

Upon signing the Social Security Act into law in 1935, President Franklin D. Roo­

sevelt stated, “We have tried to frame a law which will give some measure of pro­

tection to the average citizen and to his family against the loss of a job and against 

poverty-ridden old age .” 1 This statement begs the question: Why might individu­

als be poverty-ridden during old age? Several non-exhaustive reasons could qualify, 

such as wage income uncertainty during the working years, disability and premature 

exit from the labor force, and outliving privately accumulated savings. Aside from 

these possibilities, George Akerlof (2 0 0 2 ) stated in his 2001 acceptance lecture for 

receiving the Bank of Sweden Prize in Economic Sciences in Memory of Alfred Nobel, 

“It is common wisdom that people save too little. To compensate for this failure, 

most developed country governments heavily support the elderly during retirement.” 

Similarly, Kotlikoff et al (1982) assert

The essential premise underlying the Social Security system...is that 
left to their own devices, large numbers of people would fail to save ade­
quately and find themselves destitute in their old age. While our Social 
Security and private pensions systems perform a number of functions in 
the area of income redistribution and insurance, their primary function is 
to force individuals to save for their old age. This, potentially prevents 
personal suffering and reduces the demand for general welfare.

So individuals are forced to save via a public pension program in order to prevent 

old-age destitution and the demand for state welfare on account of insufficient private 

saving.2 But why might individuals fail to save adequately for retirement in the first 

place, and therefore need to be compelled? Kotlikoff et al (1982) cite myopia as 

one cause for inadequate private saving. In addition, Martin Feldstein (1985) states,

^ e e  Social Security: A Prim er by the Congressional Budget Office (2001).
2 Diamond (1977) states, “A forced savings program would be a way of making those w ith large 

lifetime incomes but small retirem ent incomes pay for their own welfare payments when old.”

1
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“The principal rationale for such mandatory [social security] programs is tha t some 

individuals lack the foresight to save for their retirement years.” So a social security 

program is primarily justified on grounds that people do not privately save appropriate 

amounts because they are myopic and they lack the ability to foresee (or fully foresee) 

their consumption needs during retirement.

Several research questions logically follow in response to justifications tha t indi­

viduals are shortsighted and myopic. To what extent do individuals have to possess 

shortsightedness in order to benefit from a social security program? Furthermore, 

what is the optimal level of social security benefits provided by a pay-as-you-go sys­

tem, and can the current size of the U.S. program be theoretically justified? Despite 

the fact that social security benefits represent the largest public program in most 

developed countries, and despite the fact that the principal justification for such pro­

grams relies on a foundation that individuals lack the foresight to adequately save for 

retirement, surprisingly little has been pursued in the way of theory that appropriately 

addresses these questions.

Among the few notable efforts, Feldstein (1985) designs a two-period overlap­

ping generations model with shortsightedness, wherein the agent discounts the future 

and underestimates the level of social security benefits tha t he will receive during 

retirement. Feldstein’s principal finding is that “a social security pension may be 

inappropriate even if economic myopia is universal and very substantial” . Docquier

(2002) examines the sensitivity of Feldstein’s conclusions by using a different social 

welfare function. In a working paper, Findley and Caliendo (2007) address how 

agents who have short (fixed) planning horizons fare in a pay-as-you-go social secu­

rity program, and they generally find that social security is welfare-improving under 

this particular notion of shortsightedness within a partial-equilibrium framework.

Some parallel research questions also exist in regards to farsighted, non-myopic 

agents who optimally plan over lifetime horizons but who lack the self-control or com-

2
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mitment to stick to such optimally-formulated plans. To what extent do farsighted 

individuals need to stray from optimal plans in order to justify an unfunded social 

security program? W hat is the optimal level of social security benefits, and can the 

size of the U.S. program be justified on behalf of such agents? Imrohoroglu et al

(2003) address such welfare questions by engineering a 65-period overlapping gener­

ations model with agents who have hyperbolic discount functions (time-dependent 

and declining discount rates). Individuals with hyperbolic discount functions plan 

for the long term, but fail to actually implement and follow an optimally-formulated 

plan as time progresses. This is due to the agent’s continual revision of formulated 

plans due to a time-dependent discount rate. The behavioral result is tha t agents 

consistently procrastinate saving to the later years of the work life. Such hyper­

bolic discounting behavior is supported by experimental evidence.3 imrohoroglu et 

al (2003) conclude that social security is generally not welfare-improving, but they 

also provide extensive sensitivity analysis and discuss under what conditions social 

security can be welfare-improving within their setup .4

My dissertation also addresses the welfare implications of social security when 

agents are farsighted and plan optimally, but fail to stick to formulated plans. Yet this 

study is distinctly different in that agents don’t always deviate from optimal plans, 

but can sometimes implement and actually follow through on plans. I introduce 

“impulsive consumers” in this dissertation, and I study how they fare in an unfunded 

social security program. An impulsive consumer is someone who sets optimal plans, 

sticks to these optimal plans for various periods of time, but is prone to impulsive 

spending fits. Such behavior is widely documented in the psychology, psychiatry, 

and consumer research literature, but has yet to be rigorously studied in economics.

3See Laibson (1997), Laibson et al (1998), and Angeletos et al (2001) for more on the hyperbolic 
discounting setup and motivating evidence.

4 See Gul and Pesendorfer (2001, 2002a, and 2002b) for an axiomatic approach to  tem ptation, self- 
control, and commitment devices. Gul and Pesendorfer (2002b) theoretically address the sensitivity 
of the results of Imrohoroglu et al (2003) from a time-consistent perspective.

3
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1.2 T he O bjectives o f th e Study

The value of social security participation has already been addressed from the perspec­

tives of underestimating benefits, hyperbolic discounting, and short planning horizons. 

Therefore, the purpose of my dissertation is to add to the literature by examining 

and assessing the normative implications of participation in a pay-as-you-go social 

security system when individuals are impulsive consumers. Several objectives are 

specifically pursued in studying this question.

The first objective is to construct and solve a model of the impulsive consumer. 

Such a model is a departure from the strict Neoclassical framework because impulsive 

consumers can undersave for retirement and because they display time-inconsistent 

behavior as they rationally revise previously-formulated consumption/saving plans 

after spells of impulsiveness. Although my model of impulsive consumers is a unique 

contribution to the consumption literature, it is conceptually similar to an early piece 

by Thaler and Shefrin (1981), who outline several features that a model of self-control 

(or lack of) would need to represent.5 They imagine that an individual is composed of 

two distinct “selves” .6 One self is a “planner” , and the other is a “doer” . Thaler and 

Shefrin (1981) indicate that the planner-self would be concerned with lifetime utility, 

while the doer-self would only be concerned with present circumstances. Moreover, 

the individual’s actual level of consumption and saving in each period of the life cycle 

would depend on which self wins this internal battle. Thaler and Shefrin (1981) 

stop short of actually providing a formal model that embodies these ideas. I devise 

a quantitative-theoretic framework tha t embeds the interplay between a long-term 

planner-self and a myopic doer-self. Specifically, my framework allows the agent 

to sometimes follow the life-cycle permanent-income consumption rule (long-term

5 A model of impulsive consumption can be viewed as a particular case of self-control failure 
wherein the agent has difficulty refraining from spontaneous consumption desires.

®Thaler and Shefrin (1981) assert th a t models of two “selves” are distinctly different from models 
of the changing-tastes literature (such as hyperbolic discounting).

4
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planner-self) and to sometimes impulsively consume an unplanned amount that is 

above and beyond the amount from optimally-formulated plans (doer-self) . 7 My 

model is general enough to allow for different frequencies and magnitudes of impul­

siveness.

The second objective of this study is to calibrate the theoretical model for pur­

poses of simulation and welfare analysis. Specific numerical values are selected for 

economic parameters based on well-known and widely-accepted empirical evidence in 

the macroeconomics literature. In addition, I am able to calibrate the behavioral im­

pulsiveness parameters to specific simulation targets corresponding to the empirical 

data on aggregate life-cycle consumption. Alternatively stated, the model is cali­

brated to theoretically match the empirical data on aggregate life-cycle consumption 

with the consumption impulse parameters being the degrees of freedom in adjustment.

The last objective is to pursue the principal question motivating this study, namely 

whether impulsive consumers can benefit from participation in an unfunded social se­

curity program. In order to address this question, two states of the world are consid­

ered for an agent who impulsively consumes: A state of the world with participation 

in social security, and a state of the world without participation. “Critical values” of 

the consumption impulse parameters are determined, wherein a social planner (acting 

on the agent’s behalf from a lifetime utility perspective) is indifferent between these 

two states of the world. Dynamic welfare measures are used to quantify the lifetime 

utility differences across these states. Moreover, the optimal level of social secu­

rity benefits (the optimal size of an unfunded program) is computed by maximizing 

the representative agent’s lifetime utility with respect to the social security tax rate. 

I study how wage heterogeneity affects the optimal tax rate. Sensitivity of these 

welfare results is also performed.

7The idea of impulsive consumption is related to  Milton Friedman’s (1957) idea of transitory 
consumption. See Speight (1989) and Deaton (1992) for more on transitory consumption.

5
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1.3 T he O rganization o f th e S tudy

I have organized the remainder of this study as follows. In Chapter Two, I review 

the relevant background literature on consumption, social security participation, ag­

gregate consumption data, and bounded rationality. I introduce the representative- 

agent model of impulsive consumption in Chapter Three, and I derive solutions to 

the impulsive agent’s intended and actual consumption programs. The theoretical 

framework represents an agent who can optimally plan and consume/save according 

to the life-cycle/permanent-income rule but who can also become impulsive in his 

consumption spending. In Chapter Four, I calibrate the model by finding values for 

the impulsive consumption parameters that generate simulated outcomes matching 

the empirical data on aggregate life-cycle consumption. I address the main research 

question of my dissertation in Chapter Five, namely whether impulsive consumption 

behavior (in isolation from other behavioral characteristics) can justify participation 

in a pay-as-you-go social security program from a lifetime welfare perspective. I 

outline and use dynamic welfare measures to meaningfully address this question. In 

addition, I explore the optimal size of a pay-as-you-go program for impulsive con­

sumers. I conclude in Chapter Six by summarizing the primary findings of my 

dissertation, and I also critically assess the implications of my study with potential 

extensions for future work.

6
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C hap ter Two: R ev iew  o f  th e  L iterature

2.1 Sem inal M odels o f C onsum ption  and Saving

2.1.1 Rule-of-Thum b C onsum ption and Saving

Keynes (1936/1964) outlined rule-of-thumb behavior that is able to explain some 

features of short-run aggregate consumption data fairly well.8 He hypothesized that 

agents consume a constant, fixed fraction of each additional dollar earned .9 This 

fixed fraction is known as the Marginal Propensity to Consume. In applying the 

rule-of-thumb idea to the lifetime of a representative agent, the work-life consumption 

program (for an agent who participates in a pay-as-you-go social security program) 

is denoted as

c(t) = (1 — s)(l — 0)w{t) V te [0 ,T ] (1)

within a continuous-time setup . 10 t represents time, wherein the agent enters the 

labor force at t =  0 and retires at t =  T. Furthermore, w(t) is the economy-wide wage 

earned at any instant, s is the constant (fixed) saving rate, and 0 is the social security 

tax ra te . 11 Wages grow at a constant rate 5 such that w{t) = w(0)est. It is evident 

from (1) that the Marginal Propensity to Consume is dc(t)/ dw(t) =  (1 — s)(l — 9) for 

t € [0 ,T], meaning that a one unit increase in labor income generates an increase in 

period consumption equal to (1  — s)(l — 6). A special case of rule-of-thumb behavior 

is that of “hand-to-mouth” consumers who don’t save any of their wage income (i.e., 

s = 0). For hand-to-mouth consumers the Marginal Propensity to Consume is equal 

to 1 — 0 , meaning that period consumption is simply equal to disposable (after-tax)

8See Branson (1989), Dornbusch et al (1998), and Romer (2001).
9The constant fraction of each additional dollar saved is the agent’s time-independent saving rate.

10See Findley and Caliendo (Forthcoming) for a similar setup in a different application.
111 abstract from all other forms of taxation (including capital taxation) throughout this disserta­

tion. On a different note, (1) denotes th a t the rule-of-thumb agent saves from disposable (after-tax) 
wage income. Alternatively, (1) could be replaced with c(t) = (1 — s — 0)w(t) which would denote 
th a t the  agent is following a rule-of-thumb applicable to  pre-tax wage income.

7
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wage income.

W ith the rule-of-thumb agent passing away at t = T. consumption during the 

retirement phase of the life cycle is given as

c{t) = A  + b{t) Vi G [T, f ]  (2)

where A  is a constant annuity paid out during retirement (from accumulated savings), 

and b(t) is the social security benefit received at each instant. In a pay-as-you-go 

program, social security benefits are

b(t) = R6w(t) Vi G [T, T] (3)

where R  is the ratio of workers being taxed to retirees receiving benefits in the econ­

omy. 12 Consistent with this rule-of-thumb consumption/saving behavior, the agent’s

savings account, k(t), earns interest at a constant rate, r, and evolves according to

the following differential equations and boundary conditions

=  rk(t) + s ( l  — 9)w(t) V fe[0 ,T ] (4)

^  =  r k { t ) - A  Vt G [T, T] (5)

Jfe(O) =  0 k(T) = 0 (6 )

In order to pin down the rule-of-thumb agent’s constant retirement annuity in (2), it 

can be shown from (4)-(6) that

12Equation (3) implies a balanced social security budget. The U.S. system has been collecting 
surpluses of tax  revenues a t least since 1983 (Smetters 2004). These surpluses have been lent to  the 
U.S. Treasury at interest (the to tal sum of which has been labeled the “Social Security Trust Fund” ). 
There is an ongoing debate about whether the Trust Fund can be considered a real asset reflecting 
increases to  national saving. For more on this discussion see Elmendorf and Liebman (2000), 
Smetters (2003), Diamond and Orszag (2004), Smetters (2004), Diamond and Orszag (2005), and 
Diamond (2006). Equation (3), combined with (1), implies th a t the agent bears the full burden of 
the tax.

8
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T

J  s ( l  — 9)w(t)er T̂^ d t

A  = -2— ^ ---------------------- Vt e [T,T\ (7)

j ' er(T-t)dt
T

The rule-of-thumb agent’s consumption path over the life cycle is piece-wise contin­

uous and exhibits a jump at retirement that depends on the amount of saving during 

the working years. The simulated life-cycle consumption paths of a rule-of-thumb 

agent who saves 5 percent of wage income (the solid line) and of a hand-to-mouth 

agent (the dashed line) are given in Figure 1 below . 13 Both the rule-of-thumb agent 

and the hand-to-mouth agent participate in social security.

Figure 1. Rule-of-Thum b and H and-to-M outh C onsum ption

60,000

50,000

~  40,000 
o
|-  30,000
3(A
C 20,000oo

10,000

25 30 35 40 45 50 55 60 65 70 75 80

Age

Note. The solid line denotes rule-of-thumb consumption at s = 0.05, 
and the dashed line is hand-to-m,outh consumption (i.e., s = 0).

13The param eter values for these simulated consumption profiles are the relevant param eter values 
taken from the baseline calibration discussed in Chapter Four (with the addition of 5 = 0.01, and 
also s = 0.05 and s =  0 for the rule-of-thumb and hand-to-m outh agents respectively).

9
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The hand-to-mouth agent enjoys a higher level of work life consumption compared 

to the agent who has a M P C  = 0.95, yet during retirement the agent with s =  0.05 

lives off of both private savings and social security benefits. In contrast, the hand- 

to-mouth agent subsists solely from social security benefits during retirement. 14

2.1.2 Life-Cycle C onsum ption and th e Perm anent-Incom e Rule

The rule-of-thumb framework has not been able to account for several features of 

aggregate consumption data. In response, the Life-Cycle Hypothesis (Ando and 

Modigliani 1963) and the Permanent-Income Hypothesis (Friedman 1957, 1963) were 

separately offered as models of consumer behavior over the life cycle. The Life-Cycle 

Hypothesis essentially suggests that lifetime resources are taken into account when 

making consumption decisions, and the Permanent-Income Hypothesis suggests that 

consumption is primarily dependent on permanent (average) income over the planning 

horizon (and secondarily, on transitory deviations around permanent income) . 15 A 

life-cycle/permanent-income (LC/PI) agent optimally formulates a consumption pro­

gram that equates the marginal utility of consumption across periods. Both of these 

hypotheses are represented below within a continuous-time optimal control setup.

IN STA N TA N EO U S U T IL ITY  F U N C T IO N 16 A formulation of the preference 

structure of an optimizing agent will first be examined as background. It is often 

convenient to work with an instantaneous utility function, u[c(t)], that exhibits a 

constant elasticity of marginal utility of consumption. 17 The constant elasticity of 

marginal utility of consumption, can be expressed as

14 Campbell and Mankiw (1989, 1990) econometrically estimate th a t roughly one-half of the U.S. 
population is comprised of hand-to-m outh consumers.

15See Branson (1989), Speight (1989), Deaton (1992), Dornbusch et al (1998), and Romer (2001) 
for more on this.

16 This exposition follows Simon and Blume (1994).
17Following Romer (2001), De La Croix and Michel (2002), and Barro and Sala-i-M artin (2004), 

among others, this utility function will be of the CIES (constant intertem poral elasticity of substitu­
tion) variety. The usual name is the CRRA (constant relative risk aversion) utility function, but it 
will be referred to  as CIES on account th a t there is no uncertainty in the models within this study.
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u"(c) c _  f d[u'{c)\ c . ^
u'(c)  \  dc u' (c)

with the time arguments suppressed. It can be rewritten as

U" {C) =  - M f )  ( 9 )

This second-order differential equation can be converted to a first-order differential 

equation by letting v{c) =  u'{c) such that

d[u(c)l , 1 , .
H r  =  - V ' )

Algebraic separation of variables and integration of both sides of the equation gives

/ H>dHc)]=I ~cic (ll)
which is the same as

ln[n(c)] =  — 0 1 n[c] — <pm \ (1 2 )

where m i  is a constant of integration. Exponentiating both sides of the equation

yields

v(c) = m 2C~(t> (13)

where m 2 =  Given v(c) =  u'(c) from above

^  =  m 2r  (14)
dc

Separation of variables and integration of both sides of the equation gives

J  d[u(c)\ = m 2 J  c~<t>dc (15)
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The period utility function is therefore

. +  for 0 ^ 1
u(c) = { v (16)

m 2 ln[c] +  m 3 for 0  =  1

where m 3 is a constant of integration. W ith time arguments included, the utility 

function becomes
c ( t) 1 - 4 for 0  7  ̂ 1

«[c(t)] = • ! ' - *  1 ' (17)
ln[c(t)] for 0  =  1

for the particular constants of integration, m 2 =  1 and m 3 =  0. This utility func­

tion possesses a constant elasticity of marginal utility of consumption since it is a 

particular solution to the second-order differential equation, (9), above. 18 Because 

the agent’s choices are invariant to affine transformations of the utility function, it is 

often convenient to succinctly represent (17) as

u[c(t)} = U  (18)

wherein u[c(t)] =  ln[c(t)] is just a special case of (18) as 0  —» 1 in the limit. 19

A  L C /P I O PTIM AL CONTROL PR O BLEM  A continuous-time version of 

the life-cycle/permanent-income framework (that is consistent with Browning and 

Crossley 2001, Butler 2001, and Romer 2001, among others) is presented below using 

the variables introduced above. The agent enters the workforce at t =  0, retires 

at t =  T, and dies at t = T. The dates of retirement and death are exogenous. 

There is no uncertainty of any kind in the model. Wage income, u>(f), is earned 

for all t 6  [0, T], and grows at rate 5, again meaning that w(t) = w(0)e5t. All 

wage income that is not consumed flows into the asset account, k(t), which grows

18The constant value of 0  denotes how willingly the agent intertemporally shifts consumption 
across different periods of the life cycle.

19 This limiting result can be dem onstrated using L ’Hopital’s Rule.
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at a rate of interest, r. The social security tax rate is 9. The agent receives 

social security benefits, b(t), during the retirement phase of life, where b(t) = R9w(t). 

The life-cycle/permanent-income agent has perfect foresight over the entire life-cycle, 

passes away with no assets, and constructs a consumption program that maximizes 

discounted life-cycle utility.

Combining the above information, the life-cycle/permanent-income optimal con­

trol problem is

max f  e~pt° ^ 1 * ~  1dt (19)
J 1 - 0
0

where p is a constant rate of time preference. The life-cycle/permanent-income 

agent’s asset account evolves according to the following equations of motion and 

boundary conditions.

rk{t) +  (1 -  9) w(t) -  c{t) Vt <E [0, T] (20)

rk(t) + b(t) -  c(t) V t e [ T ,T ]  (21)

Jfe(0 ) =  0  k(T) =  0  (22)

The control variable is consumption, and application of the Maximum Principle for 

fixed-endpoint two-stage optimal control problems will yield a set of first-order con­

ditions .20 Although the full set is not enumerated here for the sake of brevity, (23) 

will result from mathematical manipulation of the first-order conditions

c(*)-* =  W e [0 ,T ]  (23)

where j \  is a constant of integration. For the case where the rate of time pref­

erence is equal to the interest rate, c{t)~^ is simply equal to j \  meaning that the

20Two-stage optimal control techniques are required due to  a switch in the state equation at t — T. 
One-stage techniques could otherwise be used if all wage-income flows and social security benefits 
flows are compressed into an initial endowment.

13

dkyt)
dt

dk(t)
dt

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



agent’s marginal utility of consumption is time-independent. This suggests that a 

life-cycle/permanent-income agent desires to smooth his marginal utility evenly across 

the life cycle.

How is marginal utility smoothing achieved? The first-order conditions can be 

solved to produce analytical solutions for the optimal state path and the optimal 

control. These solutions are respectively given as (24) for t £ [0, T], (25) for t £ 

[T, T ] , and (26) for t £ [0, T] where the agent’s growth rate of consumption is given 

as 9 = r^£-

k*(t)
w(0) [ert -  e9t} { ( 1 - 0 )  [ e ^ T -  l] +  R9 [ e ^ T -  e ^ T] }

(5 — r) — lj

w(0 ) (1  -  0 ) [est -  ert]
(24)

k*(t) =

(x  — r)
tn(0) [et»-r)f+rt -  egt] { ( 1 - 0 )  [e^~r T̂ -  l] +  R0 [ e ^ f  -  e^“ r)T] }

(5 — r) [e(9~rT  — l] 
w(G)RQ [est -  e(s- r)T+rt]

+ {5 ~^V ) (25)

_  w ( O ) { ( l - e ) [ e ^ T - l ] + R 0 [ e ^ f - e ^ T] } e rf+9t( g - r )  ^
C { )  ( 5 - r ) [ e 9 T - erT] (2bj

It should be noted that (26) results in a time-independent (flat and smooth) con­

sumption profile if r = p, meaning that g = 0 .21 Therefore, maximal life-cycle utility 

and marginal utility smoothing are achieved by smoothing consumption when the 

interest rate and discount rate are equal.

TH E A N N U IT Y  VALUE OF LIFETIM E W EALTH It is straightforward to 

show that a utility-maximizing agent’s period consumption, as denoted by (26), is 

exactly equal to the annuity value of lifetime wealth (or permanent income) when the

21Consumption monotonically increases over the planning horizon if r > p (i.e., the  agent is 
relatively patient), and consumption monotonically decreases if r < p (i.e., the agent is im patient).
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interest rate equals the rate of time preference. To demonstrate this, K ( t ) is defined 

as the agent’s “wealth account” for t G [0, T ] , and (27) is a differential equation that 

governs the evolution of this wealth account over the entire lifetime of the agent.

dK{t)
dt

= rK( t )  -  A  Vt G [0 , T] (27)

A  is a constant annuity tha t exactly exhausts the agent’s lifetime wealth at the date 

of death, meaning that K (T) =  0. The initial condition is

T  T T

r,—rt„„(j. \ J m I „—r t , i  I „—rtrK {0) =  J e  rtw(t)dt — J e  rt9w(t)dt + j e  rtb(t)dt (28)
o o T

meaning that the agent is endowed up-front with the present value of his total lifetime

wealth. The general solution to (27) is

=  | i 2  -  A J e rTdr > ert Vt e [o,T] (29)

where j 2 is a constant of integration. Using the initial condition, the constant becomes

j 2 = K(0) + A  e~rTdr (30)

Employing the Fundamental Theorem of Calculus, the particular solution to (27) is

K(t )  = ^
u

i f  (0) +  A f  e~VTdr >eH Vt G [0, T] (31)

And using K( T)  = 0,

i f (0) + A J  e dt =  0
T

(32)
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W ith some algebraic rearrangement,

A  =  f (0) (33)
e~ rtdt

where the denominator of (33) is the amount needed to sustain a one-dollar annuity 

over the entire lifetime of the agent. Therefore, (33) is the constant annuity value 

that (if consumed) exactly exhausts lifetime wealth at the date of death. Substituting 

in from (28) and integrating yields

rw(0) { ( 1 - 0 )  [e<*~r>T -  1 ] + R 0  [ e ^ T -  e^~r T̂] } ( ^
A  =  ( 5  _  r) [i _  e-*r ] (34)

(34) is exactly equal to (26) when r =  p. Therefore, if the interest rate is equal to 

the constant discount rate, then the period consumption of the agent is simply equal 

to the annuity value of his lifetime wealth. This additionally suggests that the agent 

smooths out lifetime wealth evenly across the life cycle in order to achieve marginal 

utility smoothing and maximal lifetime utility.

PARTICIPATIO N IN  PAY -A S-Y O U -G O  SOCIAL SE C U R IT Y  In order 

to appropriately address how a life-cycle/permanent-income agent fares in a pay-as- 

you-go social security system, it is useful to calculate the internal rate of return (IR R ) 

from participation even though social security taxes are not diverted into interest- 

earning accounts. By definition, the real (constant) internal rate of return, 7 , solves 

the following equation

T  T

J  eAT^ 0 w ( t ) d t  = J  e7 T̂_^ 6 (t)dt (35)
0 T
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(35) calculates the longitudinal IRR  for a representative agent in a life-cycle cohort.22 

The left-hand side of (35) is the value of all social security taxes paid by the represen­

tative individual during the working period (valued at the date of retirement), and 

the right-hand side is the amount needed at retirement to sustain benefit withdrawals 

equal to b(t) for t € [T, T], W ith parameter values outlined in the baseline calibration 

from Chapter Four (and with the addition of S = 0.01), 7  =  0.017 given 3.3 workers 

for every retiree receiving benefits (i.e., R = 3.3). In a future state of the world 

where the worker-to-retiree ratio is 2 (i.e., R  = 2), the IRR  drops slightly below zero 

to 7  =  —0.007.23 Furthermore, the worker-to-retiree ratio would need to be around

5.5 in order for a pay-as-you-go program to equal the return from the market (i.e., 

if R  =  5.5 then r =  7  =  0.035). This longitudinal measure of the internal rate 

of return implicitly assumes that the economy is in a steady-state equilibrium with 

stable population growth .24

The simulated consumption profiles for a life-cycle/permanent-income agent who 

participates in unfunded social security (the solid line) and for an otherwise identical 

agent who does not participate (the dashed line) are represented in Figure 2 below.25

22 A longitudinal IR R  is the rate of return  th a t equates the flow of tax  contributions from an 
individual to  the flow of benefits payments th a t the individual receives. Alternatively stated, the 
longitudinal IR R  is the rate th a t ensures th a t the net present value is equal to  zero. A different 
measure is the cross-section IR R  which is the  rate  of return th a t ensures th a t the  net present value 
of an unfunded social security system is zero over a period of arbitrary length. See Settergren and 
Mikula (Forthcoming) for an expanded discussion of the  cross-section IRR.

23The drop in the ratio of workers to  retirees from 3.3 to  2 reflects shifting U.S. demographics 
over the next several decades (Goss 2005/2006).

24Samuelson (1958, 1975) shows th a t the IR R  is a “biological interest ra te” th a t equals the  rate 
of population growth within a two-period overlapping generations framework. Feldstein (1985) also 
employs a two-period OLG model and shows th a t the IR R  on unfunded social security equals the 
rate of real wage growth plus the rate of population growth plus the product of the two rates. A rthur 
and McNicoll (1978) design a continuous-time OLG model w ith a continuum of life-cycle cohorts, 
and they analytically dem onstrate th a t life-cycle welfare can often decrease as the  ra te  of population 
growth increases even in the face of intergenerational transfers (i.e., unfunded social security). (35) 
gives the longitudinal IR R  for only a life-cycle cohort without any explicit assumption concerning 
population growth. However, b(t) in (35) is a function of R, the worker-to-retiree ratio. The 
constant value of R  implies th a t a time-independent ra te  of population growth exists to  ensure th a t 
R  remains constant across the life cycle. A change to  a different constant value of R  implies a 
uniquely different constant rate of population growth within a uniquely different steady state.

25 The param eter values for these simulated consumption profiles are also the relevant param eter 
values taken from the calibration th a t is presented in Chapter Four (with the addition of 8 = 0.01).
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F igure 2. L C /P I  C on su m p tion  w ith  and w ith o u t Socia l S ecu rity
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Note. The solid line is life-cycle consumption with 9 = 0.106, and 
the dashed line is life-cycle consumption with 9 = 0.

The consumption profile of the agent who participates in social security (at today’s 

demographics with 7  =  0.017) is everywhere lower than the consumption profile of the 

identical agent who does not participate. If du/dc > 0 (as is the case with the CIES 

utility function used above), then the agent who participates in social security has a 

strictly lower level of lifetime utility (compared to the agent who doesn’t participate) 

because his consumption profile is everywhere lower over the life cycle. This results 

because the agent participates in a pay-as-you-go system that has an internal rate of 

return tha t is less than the interest rate, r. His lifetime wealth is smaller because 

7  < r, and therefore he smooths out this loss to lifetime wealth evenly across the life 

cycle.

Consequently, the question of how a perfect-foresight life-cycle/permanent-income 

agent fares in a pay-as-you-go program degenerates into a simple comparison of the 

internal rate of return from social security participation with the market rate of

18
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return. If the internal rate of return is lower than the market interest rate (the 

case discussed above), then the life-cycle/permanent-income agent is strictly worse 

off from a lifetime utility perspective. If the IRR  is greater than the market rate, then 

the agent is strictly better off (the consumption profile from this scenario would be 

everywhere higher compared to the dashed profile in Figure 2 above). Lastly, if the 

IRR  is exactly equal to the market rate, then the agent is exactly indifferent between 

participating and not participating in a pay-as-you-go social security program (under 

this scenario the consumption profile would lie exactly on top of the dashed profile in 

Figure 2 above). When it comes to boundedly-rational impulsive consumers (who do 

not strictly behave according to the life-cycle/permanent-income rule over the entire 

life cycle), it is an incomplete exercise to simply compare the internal rate of return 

to the market rate of interest in order to determine lifetime welfare outcomes from 

social security participation. I revisit this topic in Chapter Five below.26

26I mention at this juncture some key details about my theoretical setup of unfunded social 
security. In the U.S., the  actual amount of social security benefits for any particular individual 
depends on one’s earnings history, age of retirement, and personal family demographics. More 
specifically, benefits are calculated from the average indexed monthly earnings (or AIME) which is 
an individual’s average wages from qualified employment during the working years. Moreover, an 
individual’s primary insurance amount (or PIA) is calculated from the AIME which is the basic 
social security benefit for a worker who retires w ith full eligibility (i.e., retires on or after age 67 
if born in 1960 or later) and who does not have a dependent spouse or dependent children during 
the working years. The PIA is a specified fraction of the AIME which increases a t a decreasing 
rate in the AIME (meaning th a t a worker w ith a lower AIME enjoys a relatively higher PIA than  
an otherwise identical worker with a higher AIME). An individual who retires early experiences 
a perm anent cut in benefits whereas an otherwise identical individual who retires after the date 
of full eligibility receives a perm anent increase in benefits. Lastly, family status also m atters in 
calculating an individual’s actual benefit, wherein a worker receives an additional fraction of the PIA 
if he has a dependent spouse or child. Throughout this dissertation, I abstract from retirem ent-date 
and household-size heterogeneity within my representative-agent framework. Otherwise, I would 
have one representative agent for each category of retirem ent-date and household-size possibilities 
within my model. Such heterogeneity would create accounting problems in my theoretical setup of 
an unfunded social security system (i.e., the social security budget within my framework would be 
extremely unmanageable to  balance), and would likely render my analysis of pay-as-you-go social 
security intractable. I therefore analyze the welfare effects of unfunded social security for a life-cycle 
cohort w ith household-size and retirem ent-date homogeneity. Nevertheless, in Chapter Five I do 
entertain wage heterogeneity across a life-cycle cohort with a benefit rule th a t roughly proxies the 
redistributive characteristic of the actual PIA calculation. See Diamond and Orszag (2004) for more 
on the real-world details of social security benefit calculation in the U.S. system.
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2.2 A ggregate L ife-C ycle C onsum ption

2.2.1 A ggregate W ork Life Consum ption

Aggregate life-cycle consumption profiles in the U.S. (and other countries) are hump­

shaped with a peak between 45-55 years of age (Thurow 1969; Browning and Crossley 

2001; and Feigenbaum 2007). Furthermore, Feigenbaum (2007) reports that aggre­

gate consumption profiles have a “peak size” between 1.1 to 1.5, meaning tha t peak 

aggregate consumption during the life cycle is 1.1 to 1.5 times that of initial consump­

tion. These characteristics of aggregate consumption data are based on empirical 

work tha t uses synthetic-cohort techniques to econometrically construct consump­

tion profiles that display the aforementioned features (Browning and Crossley 2001; 

Gourinchas and Parker 2002; Fernandez-Villaverde and Krueger 2004; Bullard and 

Feigenbaum Forthcoming) . 27

The outlined empirical findings (that aggregate consumption profiles are hump­

shaped with the aforementioned ranges of location and peak size) have presented 

a prominent macroeconomic puzzle since the standard life-cycle/permanent-income 

framework predicts that aggregate consumption should be flat if the discount and in­

terest rates are equal. Quoting Feigenbaum (2007), “The puzzle is not how the hump 

could possibly occur but rather which mechanism-or combination of mechanisms- 

can best account for the hump while also being consistent with other macroeconomic 

data.” A great deal of effort has been placed into solving this puzzle because macro­

economists care greatly about what is driving aggregate consumption which accounts 

for around 70 percent of Gross Domestic Product in the United States.

One possible explanation for the hump in aggregate consumption profiles is that 

current consumption is linked to labor earnings via a simple rule of thumb (Brown-

27Currently there is insufficient panel data  on consumption over the entire life cycle. Jianakoplos 
et al (1989), Deaton and Paxson (2000), among others, caution about using cross-sectional da ta  to 
synthetically proxy life-cycle profiles th a t would ideally be generated from panel da ta  sets. Nonethe­
less, the cited characteristics of aggregate life-cycle consumption data will be taken as given for the 
purposes of this study.
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ing and Crossley 2001). A rule-of-thumb agent who consumes a constant fraction 

of current labor earnings will follow a life-cycle consumption program that is hump­

shaped on account that labor-earnings profiles are hump-shaped .28 Caliendo and 

Gahramanov (2007) theoretically study a mixed-economy of rule-of-thumb and life- 

cycle/permanent-income consumers, and they find that at least 30 percent of the 

population would need to consume according to a rule-of-thumb in order to generate 

an empirically-reasonable aggregate consumption profile. Given that Campbell and 

Mankiw (1989, 1990) empirically estimate tha t around one-half of the U.S. popu­

lation lives hand-to-mouth (with the other one-half behaving according to the life- 

cycle/permanent-income rule), then aggregation of the consumption profiles of such 

rule-of-thumb agents (whose consumption profiles are essentially their wage-income 

profiles) would therefore produce an aggregate profile that is hump-shaped.

Several candidate solutions that augment the life-cycle/permanent-income frame­

work have been offered to the consumption-hump puzzle. Adding liquidity con­

straints and precautionary saving against wage-income uncertainty has theoretically 

generated aggregate consumption profiles tha t match the empirical features (Nagatani 

1972; Hubbard et al 1994; Carroll 1997; Gourinchas and Parker 2002). Accounting 

for differences in household size (Attanasio et al 1999), consumption-leisure tradeoffs 

(Heckman 1974; Bullard and Feigenbaum Forthcoming), mortality risk (Feigenbaum 

2007), and securing loans with consumer durables (Fernandez-Villaverde and Krueger 

2001) have also produced empirically-reasonable hump-shaped profiles. Moreover, 

time-dependent discounting (Laibson 1997), short-term planning (Caliendo and Aad- 

land 2007), and costs to implementing optimal saving plans (Caliendo and Huang 

2007) have generated simulated profiles matching the aforementioned empirical data.

28Competitively-determined real wages (per labor efficiency unit) grow exponentially at the ra te  of 
technology growth in a steady-state equilibrium, but age-productivity (labor efficiency unit) profiles 
are hump-shaped over the work life. Therefore, labor-earnings profiles are hump-shaped in growth- 
detrended data. See Browning and Crossley (2001), Gourinchas and Parker (2002), and Feigenbaum 
(2007) for more on this.
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2.2.2 A ggregate R etirem ent Consum ption

The standard life-cycle/permanent-income framework predicts that households will 

smooth consumption across the retirement threshold to the date of death. This 

is because period consumption is optimally set equal to the annuity value of life­

time wealth, and therefore, the exact timing of the receipt of income is irrelevant 

(assuming perfect capital markets). However, empirical work has documented that 

aggregate life-cycle consumption undergoes a discrete drop at the retirement thresh­

old. Among several studies, Banks et al (1998) use synthetic-cohort methods and find 

a significant fall in consumption growth at retirement (reflecting a discrete drop in 

consumption) even after controlling for increased mortality risk, labor market status, 

work-related expenses, and household demographics. They suggest that this discrete 

fall in consumption reflects the arrival of unanticipated information that accumulated 

wealth is insufficient for consumption needs over the duration of retirement. After 

controlling for wealth heterogeneity, retirement timing, tastes for leisure, home pro­

duction, work-related expenses, and bequest motives, Bernheim et al (2001) likewise 

find tha t consumption falls discretely at retirement with households experiencing a 

significantly larger drop in consumption if they arrive at retirement with lower levels 

of wealth. They conclude that the discrete drop reflects previous work fife behavior 

that is outside the standard life-cycle/permanent-income framework.29

As for the magnitude of the discrete fall in consumption at retirement, Ameriks 

et al (2007) report that households expect their consumption to fall discretely by 11 

percent, yet consumption at retirement only falls by around 4-5 percent in their sam­

ple.30 Hamermesh (1984) reports that consumption falls by approximately 9 percent

29 In addition, Hurst (2003) finds th a t if households experience a discrete drop in consumption 
at retirement, then such households were engaging in pre-retirement consumption behavior th a t is 
strictly inconsistent with the standard Neoclassical framework.

30Around three-quarters of households hold advanced degrees in the Ameriks et al (2007) sample. 
They report th a t their results imply a 20 percent expected fall at retirem ent in samples th a t are 
more representative of the population. Therefore, it is likely tha t their results also imply th a t 
actual consumption falls by more than  5 percent at retirem ent in the population at large.
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on average at retirement with over one-quarter of the sample reducing consumption 

by as much as 25 percent. Haider and Stephens (2007) document that consumption 

falls discretely by around 7-11 percent at retirement even after controlling for sub­

jective retirement date expectations among many other things. Robb and Burbidge

(1989) document that blue-collar workers experience a discrete drop of 15% at retire­

ment as compared to no statistically-significant drop for white-collar workers. Hurd 

and Rohwedder (2005) report a 15-20 percent decline, which is consistent with the 

10-20 percent estimated fall in Bernheim et al (2001). Banks et al (1998) estimate a 

discrete drop of 35 percent. Lastly, Mariger (1987) estimates that the drop is almost 

as high as 50 percent.31

Both Banks et al (1998) and Bernheim et al (2001) report tha t post-retirement 

consumption growth rates return to zero after the initial consumption correction at 

the retirement threshold. This implies tha t retirees smooth consumption over the 

remaining retirement years to the date of death. Browning and Crossley (2001) 

similarly state, “It appears that households at retirement recognize that they have 

made a mistake in consumption smoothing and that they need to scale back, but 

they do so fairly quickly and then smooth expenditures over the rest of life.” These 

empirical features will play a key role in the calibration of my theoretical model.

2.3 B oundedly-R ational Consum ers

Models incorporating assumptions that agents are boundedly-rational have been pro­

liferating in response to a large body of empirical/experimental work tha t has docu­

mented noticeable anomalies to standard Neoclassical economic theory. Thaler (2000) 

asserts that Neoclassical economic models consist of agents who are hyperrational in 

order to allow for analytical tractability, wherein “The IQ of Homo Economicus be­

31 Robb and Burbidge (1989) illustrate a m ajor methodological issue in M ariger’s functional spec­
ification of the Euler Equation th a t results in an overestimation of the magnitude of the discrete 
drop at retirement.
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came bounded only by the IQ of the smartest economic theorist” . There has been con­

siderable theoretical and empirical effort that has borrowed findings from other fields 

(especially psychology) in order to provide alternative quantitative-theoretic expla­

nations for behavioral anomalies. Thaler moreover asserts that bounded-rationality 

models will provide additional (more realistic) insight into economic behavior, espe­

cially as quantitative modeling techniques become increasingly sophisticated. Re­

search within this framework has been dubbed “Behavioral Economics” .32

2.3.1 Saving and Consum ption

Life-cycle consumption and saving behavior is no exception to behavioral anomalies, 

wherein it has been observed that agents often depart from consumption-smoothing 

behavior over the life cycle. In addition to the evidence discussed above, Thaler

(1990), Carroll (1994), and Shea (1995) show that consumption is improperly sensitive 

to wealth and income. Choi et al (2006a) find that many future retirees would 

like to increase saving because they consider themselves to be inadequate savers. 

However, they also find that few possess the willpower to actually follow through and 

increase their saving. Poterba (1988) moreover finds that many need outside help in 

order to increase saving although certain people may already optimally save. This 

evidence is fundamentally inconsistent with the standard life-cycle/permanent-income 

framework. Akerlof (2002) states

For New Classical Economics, saving too little or too much, like invol­
untary unemployment, is an impossibility, a straightforward contradiction 
of the assumptions of the model. Since saving is the result of individual 
utility maximization, it must, absent externalities, be just right.

32 See Conlisk (1996) for a survey of bounded-rationality modeling. McCaffery and Slemrod 
(2006) recently called for the use and application of bounded-rationality models to  resolve several 
puzzles and issues within the field of public finance. They labeled this sub-field “Behavioral Public 
Finance” . The present study fits nicely into this new area of research by addressing the question of 
how impulsive consumers fare in an unfunded social security program.
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The Save More Tomorrow™ (or SMarT) plan of Thaler and Benartzi (2004) has 

provided remarkable success in providing a vehicle to help increase saving, especially 

among low-income households.33 The SMarT plan simply has workers commit in the 

present to save a higher fraction of future wage increases. This is popular for several 

reasons. Workers gladly agree to procrastinate saving to the future (procrastina­

tion is a common symptom of present-biased preferences like hyperbolic discounting). 

Workers are not required to take a present reduction in their level of consumption 

which is appealing for reasons relating to loss aversion. Lastly, inertia causes savers 

to stick with the plan rather than expelling the effort to opt out. The SMarT plan 

has already made an impressive impact with potential enrollees.34 Furthermore, the 

SMarT plan has been popular with the U.S. Congress, evidenced by recent legisla­

tion that encourages SMarT default rates in 401 (k) saving plans (Moore 2006; U.S. 

Congress 2006).35

Why is it that many consumers experience difficulty in following or sticking to 

the life-cycle/permanent-income program? Thaler (1994), Lusardi (1999), and Ra­

bin (1999) assert that the permanent-income rule is an extremely difficult problem 

to solve/deduce, and furthermore, there aren’t many opportunities for learning from 

one’s mistakes when it comes to saving for retirement. Specific behavioral character­

istics might also account for why consumption smoothing is often violated. Rule-of- 

thumb consumption and hyperbolic discounting behavior are possibilities. Another 

possibility is that of short planning horizons.36 There has been considerable empiri­

cal evidence, such as the Health and Retirement Study and the Survey of Consumer

33 Save More Tomorrow is a registered tradem ark of Richard Thaler and Shlomo Benartzi.
34 Approximately 65 percent of workers in the Retirement Confidence Survey say they would like 

to  participate in a SMarT plan (Helman et al 2006).
35 Another device th a t has helped increase saving is autom atic enrollment (M adrian and Shea 2001; 

Choi et al 2006a; Choi et al 2006b). The Pension Protection Act of 2006 also includes autom atic 
enrollment default rules (U S. Congress 2006).

36 Caliendo and Aadland (2007) offer a formal bounded-rationality model by incorporating a short 
planning horizon into the life-cycle framework, and they analyze aggregate life-cycle consumption 
implications under such behavior.
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Finances, wherein individuals possess planning horizons tha t are much shorter than 

the lifetime planning horizons tha t are assumed in the standard framework. Carroll 

and Summers (1991) and Carroll (2001) report that Milton Friedman (1963) origi­

nally asserted and cited empirical evidence that the MPC  out of transitory income is 

one-third (implying a short 3-year planning horizon). Furthermore, Lusardi (1999, 

2003) finds a statistically significant link between planning horizon length and wealth 

accumulation. Munnell et al (2001/2002) also find that the length of the planning 

horizon is the single-most important factor determining 401 (k) participation. In 

addition to rule-of-thumb behavior, time-dependent discounting, and short planning 

horizons, I propose the new possibility that consumers often have difficulty follow­

ing (or sticking to) the life-cycle/permanent-income rule because they experience and 

succumb to consumption impulses. Before proceeding with theoretical analysis, I 

review a large literature and much evidence on impulsive consumer behavior from 

other academic fields.

2.3.2 Im pulsive Consum ers and Em pirical Evidence

IM PU LSIV E C O N SU M PT IO N  BEH AV IO R  Impulsive consumption behav­

ior is well documented in the psychology, psychiatry, and consumer research litera­

ture, but it has yet to be rigorously examined in the economics discipline. So what 

exactly is impulsive behavior with respect to consumption spending? Baumeister 

(2 0 0 2 ) states,

Impulsive behavior is understood as behavior that is not regulated 
and that results from an unplanned, spontaneous impulse. In particular, 
impulsive purchasing involves getting a sudden urge to buy something, 
without advance intention or plan, and then acting on that impulse with­
out carefully or thoroughly considering whether the purchase is consistent 
with one’s long-range goals, ideals, resolves, and plans. Impulsive be­
havior is most interesting and relevant when it contradicts some of those 
long-term goals (such as saving money) because the person may regret 
having yielded to the impulse.
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Moreover, Rook (1987) outlines several related sentiments that consumers often 

encounter upon experiencing a consumption impulse: Feeling an overwhelming force 

from a particular good or service; an intense feeling of immediacy; indifference toward 

any possible negative consequences of impulsively purchasing; feelings of euphoria; 

and, an inner tension between indulgence and self-control.

The idea of impulsive behavior dates back to Sigmund Freud (1911/1956) who 

describes impulses as being the products of a pleasure principle and a reality prin­

ciple. The pleasure principle encourages immediate gratification but it is tempered 

by the reality principle (or rational deliberation) . 37 These two forces counter each 

other, but at times the pleasure principle will beat out the reality principle, meaning 

that the individual will periodically, but temporarily, indulge impulses. In addition, 

an individual might lack sufficient physiological or psychological capability to consis­

tently counter the pleasure principle with rational deliberation, and severe, chronic 

psychological problems can result in such acute cases (Kipnis 1971; Winshie 1977).

Wood (1998) delineates between two different types of consumption impulses that 

consumers face: Compulsive impulses, and akratic impulses with a strong and weak 

form. Consistent with the notion of one lacking sufficient capacity to regularly 

counter the pleasure principle, compulsive-consumption impulses tend to stem from 

an underlying physiological or psychological mechanism that generates unbearable 

urges to spend. Consumers experiencing compulsive impulses often feel as if they 

have been uncontrollably compelled by an outside force to purchase, or they feel as if 

they have an unendurable addiction to consume. In contrast, an akratic-consumption 

impulse is a “weakness of will” to abstain from unplanned purchases that are contrary 

to the consumer’s better judgement.38 More specifically, an individual experiences a

3TFreud’s outline is conceptually similar to  Thaler and Shefrin’s (1981) notion of a doer-self who 
is m itigated by a rational planner-self.

38The idea of an akratic impulse being a “weakness of will” does not mean th a t the consumer 
is enslaved to  the impulse without escape (as in the case of compulsive impulses). Succumbing to 
akratic impulses is similar to  the idea of periodically, but temporarily, indulging impulses by giving 
in to  the pleasure principle.
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strong akratic impulse for consumption when he has the sudden, unplanned urge to 

buy something that is contemporaneously realized with regret to be contrary to his 

better judgement at the time of purchase. Alternatively, unplanned consumption is 

viewed as being the result of a weak akratic impulse when the unplanned purchase 

is only retrospectively judged with regret, such as an ex post realization that an 

item purchased on sale was not quite the bargain that it was made out to be at 

the time of the unplanned purchase. DeSarbo and Edwards (1996) reinforce the 

dichotomy between compulsive- and akratic-consumption impulses by asserting that 

compulsive impulses result from an “internal trigger” or psychological disorder from 

which impulsive spending becomes an escape, and that an akratic impulse is the result 

of an “external trigger” that stimulates the consumer to impulsively buy.

Impulsive consumers engage in time-inconsistent behavior. Hoch and Loewenstein

(1991) offer a working definition of time inconsistency, wherein “A time-inconsistent 

choice is one that would not have been made if it had been contemplated from 

a removed, dispassionate perspective.” The notion of time-inconsistency or time- 

inconsistent preferences is closely related to the phenomenon of regret tha t impulsive 

consumers often experience. In highlighting tha t time-inconsistent behavior conflicts 

with Neoclassical economic theory, Bayley and Nancarrow (1998) state, “Economists 

argue tha t at the time of purchase the value of the impulse buy outweighs its perceived 

cost, but this switches post-purchase with consequent feelings of regret.” It therefore 

appears tha t if a consumer regrets a decision, then it is likely that the decision in 

question would not have been made as judged from a different frame of reference. 

In relating the two ideas of time-inconsistency and regret, Wood (1998) specifically 

states, “Consumer dissatisfaction and regret are the cognitive and experiential side of 

what economists behavioristically term time-inconsistent preferences.” A model of 

impulsive consumption behavior (that is consistent with the statements above) will 

need to incorporate intertemporal time inconsistency. An impulsive consumer could
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sometimes follow an optimal program for an interval of time, and then impulsively con­

sume an amount that is above the optimal program. The time-inconsistent behavior 

of such a consumer could be represented with a process of continual re-optimization 

(optimizing corrections) following periods of impulsiveness.

C O M PU LSIVE-IM PU LSIV E C O N SU M ER S Underlying psychological prob­

lems can be manifest by compulsive-consumption impulses wherein individuals chron­

ically and uncontrollably spend. O’Guinn and Faber (1989) state, “[Compulsions] 

are often excessive and ritualistic behaviors designed to alleviate tension, anxiety, or 

discomfort aroused by an obtrusive thought or obsession.” This suggests tha t con­

sumption behavior is a vehicle through which compulsive impulses are repetitively 

alleviated. In fact, Black et al (1998) report that compulsive-buying behavior is 

officially classified as an Axis I Impulse Control Disorder Not Otherwise Specified 

in DSM-IV by the American Psychiatric Association. Furthermore, Christenson et 

al (1994) and Black et al (1998) find strong evidence indicating that compulsive- 

impulsive consumers are much more likely to have clinical lifetime psychiatric comor­

bidity with other Axis I mood disorders such as abnormally high levels of clinical 

depression, substance abuse, eating disorders, and clinical anxiety. In addition to 

Axis I disorders, Schlosser et al (1994) find that nearly 60 percent of subjects who 

experience compulsive-consumption impulses also meet the criteria for at least one 

Axis II personality disorder with obsessive-compulsive, avoidant, and borderline per­

sonality disorders being the most frequently associated types. This is supported by 

Frost et al (1998) who report a statistically-significant relationship between actual 

compulsive-impulsive consumption behavior and Obsessive-Compulsive Disorder or 

OCD. Their finding suggests that impulsive consumption is a compulsion (mecha­

nism) through which psychological obsessions get alleviated .39

39 Chamberlain and Sahakian (2007) assert th a t impulsive behavior is also linked to  Attention  
Deficit Hyperactivity Disorder or ADHD , wherein they specifically state, “ADHD is regarded by
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W ith respect to the genetic underpinnings of impulse control disorders (such as 

compulsive-impulsive consumption), Comings (1998) reports a significant genetic as­

sociation between impulsive disorders and the dopamine D1 gene (or DRD1), dopamine 

D2 gene (or DRD2), dopamine D3 gene (or DRD3) and dopamine D4 gene (or DRD4). 

He concludes that this relationship indicates an inherited susceptibility to genetic 

abnormalities of the dopamine reward pathways, which abnormalities give rise to im­

pulse control disorders.40 This is supported by Chamberlain and Sahakian (2007) 

who report that neuroimaging techniques have isolated the Right Pre-Frontal Cortex 

area of the brain, specifically the Right Inferior Frontal Gyrus, as being the part of 

the brain that inhibits compulsive-impulsive behaviors. Individuals with damage 

to or lesions on the Right Inferior Frontal Gyrus of the Right Pre-Frontal Cortex 

of the brain display a diminished ability to control compulsive-impulsive behaviors 

compared with control groups. Furthermore, a negative relationship is also reported 

between the amount of damage to or lesions on the Right Inferior Frontal Gyrus and 

the ability to inhibit impulsive behavior.41

Estimates of the population-wide prevalence of compulsive-impulsive consumers 

range anywhere from 2-8 percent (Faber and O’Guinn 1992), to 5-8 percent (Black 

et al 1998), and to even as high as 16 percent of the adult U.S. population (Magee 

1994). Koran et al (2006) use a large general population sample and find that 5.8 

percent of the sample is clinically affected. Given such prevalence, can anything 

be done to help these compulsive-impulsive consumers who suffer from this clinical 

disorder? McElroy et al (1991), Black et al (1997), Bullock and Koran (2003), Abou- 

jaoude et al (2003), Grant (2003), and Koran et al (2003) report clinical work that 

shows some promise in treating compulsive-impulsive consumers via professional psy-

many as an archetypal disorder of impulsivity...Into adulthood, ADHD is associated with impulsive 
phenomena...”

40 But on the other hand, Devor et al (1999) fail to  find an underlying genetic association for 
compulsive spending impulses in their study.

41 As an additional insight, transcranial magnetic stim ulation of the Right Pre-Frontal Cortex 
temporarily impairs the inhibition of impulsive behavior in healthy subjects (Chambers et al 2006).
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chiatric and pharmacological drug treatm ent.42 Black (2007) alternatively reports 

that the body of results to date have been mixed depending on the specific treat­

ment regimen. This is supported by Chamberlain and Sahakian (2007) who report 

that serotonin-based medications have little effect on inhibiting impulsive behavior, 

but that certain psychostimulants have effectively inhibited impulsive behaviors by 

increasing noradrenaline and dopamine levels in the Pre-Frontal Cortex areas of the 

brain. In addition to psychotropic medication, cognitive-behavioral group therapy 

also appears helpful in treating compulsive-impulsive consumers (Black 2007).

A K R A TIC -IM PU LSIV E C O N SU M ER S It has been estimated that between 

30 percent to 60 percent of all purchases are unplanned (Kollat and Willett 1967; 

Bellinger et al 1978; Cobb and Hoyer 1986; Han et al 1991; Wood 1998), wherein a 

sizable portion of these unplanned purchases possibly result from akratic-consumption 

impulses. Welles (1986) reports that most shoppers at least occasionally purchase on 

impulse, and Cobb and Hoyer (1986) report an upward trend in unplanned akratic- 

impulse purchases. Furthermore, 38 percent of adults in a national survey between 

1975 and 1992 responded affirmatively to the question, “I am an impulse buyer” 

(Rook and Fisher 1995).43 For expositional purposes, several anecdotal statements 

(as reported in Rook 1987) by consumers who experienced the akratic-consumption 

impulse are listed below.

• I t ’s the feeling of “I want that, and by God I’m gonna get it!” (Female-48- 
describing a dress)

• For me it was a total mind filling experience. I could only think of one thing, 
and that was where I was going to put it when I got home, (male-6 8 -describing 
a painting)

• The item you are sucked into stands out from the rest. As soon as you see it

12Lorrin Koran reports th a t one particular subject in the Koran et al (2003) study had purchased 
over 55 cameras, while a separate subject had bought over 2,000 wrenches (Science Daily 2003).

43 On account of the usual problems with self-reported data, it is very possible th a t the actual 
percentage of adults who are impulse buyers is actually higher.
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you stop walking and stare at it for a few minutes, then it suddenly strikes your 
head and gives you goosebumps. (male-27)

•  It felt like something that you had been looking for a long time had appeared 
before your eyes, and if you don’t buy it now you won’t have another chance. 
It is just the right place and time, (female-37-describing a pair of shoes)

• I was standing in the grocery store checkout line, and the candy bar was staring 
there at me. (male-26)

• The pants were shrieking “buy me” , so I knew right then that I better walk 
away and get something else done, (female-35)

• I had gone on to a different department, but the sweater was following me. I 
felt like it was pulling me back to the men’s department, where I finally bought 
it. (male-38)

• There is no stopping me. The urge just comes over me all at once and seems 
to take control. It is such an overwhelming feeling that I just have to go along 
with it. (male-52)

• The feeling I get when I suddenly have the urge to buy something is PANIC— 
rushing to get to a checkout stand before I change my mind, (female-30)

• Sometimes I get sick to my stomach, (male-29)

• It feels like a disease when you get it, because you can’t stop or control it. 
(female-24)

• I feel like I ’m doing something I’m not supposed to be doing, but am doing it 
anyway. W hat the heck! (male-54)

• To hell with everything else. I want it and I ’m going to get it. (male-34)

• You know you shouldn’t  buy it, but it doesn’t matter, (female-27)

Given the reported prevalence of akratic impulsiveness in consumption behavior, 

what are the demographic characteristics of such consumers? Income and wealth 

do not explain variation in this consumption behavior (O’Guinn and Faber 1989; 

Scherhorn et al 1990). Inexpensive goods/services are not the only goods impulsively 

purchased. Hausman (2000) observes that recent studies have reported tha t akratic- 

impulse purchases are frequently observed across a broad range of goods/services 

categories and across a wide variety of price ranges.44 Hausman (2000) specifically

44See Cobb and Hoyer (1986), Rook (1987), and Rook and Fisher (1995) for more on this.
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states, “The pervasiveness of impulse buying, even for relatively expensive products, is 

counter-intuitive and has led to a few preliminary studies looking at impulse buying as 

an inherent individual trait, rather than a response to inexpensive product offerings.” 

In reference to consumer debt, Livingstone and Lunt (1992) denote tha t people blame 

their debt on loss of personal self-control. They also state, “Those in debt...feel less 

in control of their finances, make more impulse purchases, and hence say they find it 

easier to get into debt.” To no surprise, the frequency of shopping has been shown to 

increase impulsive buying (Herbig et al 1993). O’Guinn and Faber (1989), d ’Astous 

(1990), Roberts (1998), and Wood (1998) find a negative relationship between age and 

akratic-impulsive consumption. But Wood (1998) specifically finds a non-monotonic 

relationship wherein akratic-impulsive consumption increases until around age 40 

and then decreases thereafter. However, Scherhorn et al (1990) find no evidence of 

a relationship between age and impulsive consumption behavior.

W hat are the factors that contribute to an individual’s propensity to succumb 

to an akratic impulse (and not just to compulsive-consumption impulses)? Some 

underlying psychological factors might contribute. Although impulse buying occurs 

under both negative and positive moods, Donovan et al (1994) and Beatty and Ferrell 

(1998) find that consumers’ positive moods are more conducive to akratic-impulsive 

spending than negative moods. Separate from this, Tice et al (2001) find that 

an individual’s psychological impulse controls break down during emotional distress, 

and that they indulge immediate impulses to make themselves feel better when they 

are emotionally upset. Baumeister (2002) extends this by asserting that individuals 

impulsively purchase when emotionally distressed. This idea is related to the findings 

of Mick and DeMoss (1990) wherein people often buy themselves gifts in order to 

improve their emotional outlook. This is also supported by Livingstone and Lunt

(1992) who report that those in debt are more likely to be akratic-impulsive consumers 

and tha t they often express their social value by buying themselves presents. Hanley
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and Wilhelm (1992) report that akratic-impulsive spenders are more likely to perceive 

money as possessing an intrinsic ability to enhance self-esteem; D ittm ar et al (1995) 

assert tha t consumers engage in akratic-impulsive buying behavior in attem pts to 

achieve an idealized self-image; and furthermore, Hirschmann (1992) finds individuals 

become impulsive consumers in order to fill an emotional void.

Rook and Fisher (1995) report tha t even highly impulsive consumers don’t  give 

in to every akratic-consumption impulse. So why do consumers sometimes give in to 

such impulses, and why do consumers sometimes abstain from these impulses? Rook 

and Fisher (1995) attribute this to normative influences and social norms tha t serve to 

moderate impulsive behavior. But these are not perfect filters for impulsive behavior, 

because individuals still engage in such behavior despite knowing tha t such behavior 

can be financially harmful. Rook and Fisher (1995) feel that some consumers get 

pleasure from the impulse itself, wherein they state, “Who has not heard someone 

characterize a shopping episode with the confession: ‘I was bad today?’ Sometimes 

consumers want to be bad.”

The control of akratic-impulsive behavior is considered by some psychologists 

to be related to some type of cognitive resource stock. Baumeister et al (1998) 

and Muraven et al (1998) find that the exercise of self-control over akratic-impulsive 

behavior appears to deplete this resource stock such that the resource is diminished 

in its availability to provide assistance with successive tasks of exercising self-control. 

This is manifest in their empirical findings wherein the exercise of self-control is 

poorest among individuals who have already exercised a great deal of self-control.45 

They label this diminished capability for self-regulation as “ego depletion” . Vohs 

et al (2007) moreover find that everyday decision-making also appears to cause ego 

depletion. Baumeister (2002) suggests that an individual’s cognitive resource stock

* ' Ozdenoren et al (2006) design a continuous-time optimal control model wherein the agent is 
endowed w ith a given resource stock of willpower to  restrain excessive behavior. The law of motion 
denotes th a t the stock of willpower is depleted as self-control is exercised, and they analyze the 
implications of their model for explaining negative rates of time preference, among other things.
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appears to be replenished on a daily basis during the normal sleep-cycle. Therefore, 

individuals making successive everyday decisions tend to experience ego depletion as 

the day wears on, and are therefore more susceptible to consumption impulses as 

the day advances. Baumeister (2002) specifically states, “Hardly anyone gets up 

and breaks a diet first thing in the morning...It is late at night that one yields to 

temptation. Similar patterns are found for addictive relapse, alcohol indulgence, 

impulsive crimes, regrettable sexual indiscretions, and the like.” Such a process of 

ego depletion (and restoration) implies that individuals are more and more likely to 

become impulsive consumers as time advances through any given day and as they 

become more and more tired (such as at the end of a prolonged period of planned 

shopping) . 46

The concept of ego depletion resulting from the exercise of self-control and every­

day decision-making can be compounded by what Shiv and Fedorikhin (1999) observe. 

They find that excessive external stimuli can inhibit or constrain cognitive thought 

processes, and therefore, consumption choices will be based primarily on what they 

call affective (impulsive) reactions to goods/services. Indeed, they explicitly state,

The core finding related to the effects of constrained processing re­
sources on the choice of affect-laden alternatives suggests tha t any factor 
that reduces the availability of processing resources in the shopping en­
vironment is likely to increase impulse buying by consumers. Marketers 
of affect-laden products could therefore benefit from actions designed to 
constrain processing resources such as having distracting music or displays 
in the shopping environment. Another tactic that derives from anecdotal 
evidence that we obtained from a local grocery-store manager is to reduce 
the checkout time so that consumers deliberate less about what is in their 
shopping carts and end up leaving the store with products they chose on 
impulse.

W hat are some of the primary consequences of being an akratic-impulsive con­

sumer? It has been shown to cause financial hardship, product disappointment,

46 This might be a possible reason why stores target (or tem pt) consumers w ith potential impulse 
purchases at the point-of-purchase.
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psychological guilt, emotional trauma, and social disapproval (Rook 1987). W ith 

regards to mental consequences, akratic-impulsive consumers attem pt to rationalize 

away feelings of guilt and regret in order to feel that an impulse purchase is ap­

propriate. Nevertheless, guilt and regret often persist (Shiv and Fedorikhin 1999). 

DeSarbo and Edwards (1996) report on a severe psychological consequence of casu­

ally giving in to consumption impulses, wherein they assert that akratic-impulsive 

consumers can develop into compulsive-impulsive consumers given underlying pre- 

dispositional factors. Akratic-impulsive consumers usually experience a gratifying 

sensation when making impulse purchases, but an anxiety overload can internally 

trigger an akratic-impulsive consumer to start purchasing compulsively as the pri­

mary method of coping with anxiety and maintaining euphoric emotions. DeSarbo 

and Edwards (1996) specifically state,

Many consumers have intermittent bouts of binge buying character­
ized by impulse buying, but they are not generally pathological in their 
spending. However, stressful fife events or circumstances may cause such 
individuals to use shopping and spending as a release...as an escape from 
high levels of anxiety resulting from deep psychological problems. Hence, 
a behavior that originates as a response to specific circumstances, and is 
temporal in its manifestation, can eventually become addictive and pre- 
dispositional in nature.

Institutional factors may be related to the prevalence of akratic-impulsive con­

sumption. Rook (1987) and Kaeen and Lee (2002) report that akratic consumption 

impulses are universal across cultures, but that local market structure and cultural 

norms affect (moderate) how consumers respond to specific consumption impulses. 

Rook and Fisher (1995) report tha t a culture of consumerism is breaking down and re­

moving many of the normative influences and unwanted stigmas that deter impulsive 

consumption. The mechanisms through which this is accomplished is the increased 

prevalence of credit availability, 24-hour retailing, etc. McElroy et al (1994) similarly 

find a significant relationship between credit card usage and the degree of akratic-
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impulsive consumption. Moreover, Roberts (1998) asserts that credit card usage 

might be the single most important factor that generates impulsive consumption be­

havior. Sellers decrease the perceived risk of impulse purchasing through convenient 

return policies, increased store hours, and credit availability (Rook and Fisher 1995). 

Furthermore, such a rise in consumer culture has served to reduce transaction costs 

which has resulted in more impulsive purchasing. Along these lines, Bayley and Nan- 

carrow (1998) and Kacen and Lee (2002) assert that new avenues for purchasing (such 

as television shopping channels, telemarketing, and internet) are very conducive to 

and increasing the incidence of impulse buying. Indeed, Faber and O’Guinn (1989) 

find that the number of hours watching television increases impulsive consumption be­

havior. Moreover, Mogelonsky (1998) reports that stores consider the checkout lane 

as a “last chance” area to entice consumers to purchase small unplanned items such 

as candy, magazines, etc., because such impulse purchases account for approximately 

1 percent of total annual store revenues. Around 46 percent of all shoppers make 

checkout-line impulse purchases at least once a week, but over two-thirds of these 

buyers think that these purchases are unnecessary. Lastly, based on psychological 

insights tha t individuals have difficult times making well-thought decisions in environ­

ments that contain massive external stimuli, Hausman (2000) states, “If retailers wish 

to promote impulse buying...retailers can make the environment more complex, fur­

ther straining consumers’ abilities to process information accurately. Such techniques 

as stocking more merchandise, creating stimulating atmospherics, and increasing in­

formation may be useful to stimulate impulse buying.”
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C h ap ter Three: M o d el o f  Im pu lsive  C onsum ers

I now present the theoretical model of an impulsive consumer. I model an agent who 

intends to follow the life-cycle/permanent-income rule by setting period consumption 

equal to the annuity-value of lifetime wealth. But periodically, the agent impulsively 

consumes above his optimally-planned program .47 A defining feature of the model is 

that the agent is free to re-optimize at every instant in time over the life cycle. Such 

time-inconsistent dynamic optimization is a response to his unplanned consumption 

behavior that lowers the value of his remaining lifetime wealth. In what follows, I 

outline starting assumptions, present the control problem, and solve for the impulsive 

agent’s intended and actual consumption programs.

The representative agent begins working, retires, and dies at t —  0, t =  T, and 

t = T , respectively. The dates of retirement and death are exogenous. Labor is 

supplied inelastically, and wage income is earned at rate w  for all t E [0,T]. All 

wage income that is not consumed flows into the agent’s saving account, k (t), which 

grows at the rate of interest, r. The agent pays social security taxes at rate 9 for 

all t E [0,T], and he receives benefits, b = R9w , for all t E [T ,T ] from an unfunded 

social security program. Preferences are represented by the CIES utility function.

3.1 C onsum ption  during th e W ork Life

3.1.1 L ife-C ycle/Perm anent-Incom e Behavior

At any particular instant to £ [0, T], the agent solves the following two-stage optimal 

control problem

max [ e-d*-*o)Ĉ  ° — ill (36)
J  1 - 9
to

47 The idea of impulsive consumption (interpreted as deviations from planned consumption) is 
closely related to  Friedman’s (1957) concept of transitory consumption. Modern interpretations of 
the Permanent-Income Hypothesis often omit this im portant feature of real-world behavior.
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subject to the following laws of motion and boundary conditions

dk(t)
dt

dk{t)
dt

rk(t) +  (1 — 9) w — c{t) Vt E [to,T] (37)

rk{t) + b - c ( t )  Vi e  [T, f ]  (38)

k(t0) given k(T)  =  0 (39)

where p is the rate of time preference. Application of the Maximum Principle for 

two-stage optimal control problems with a fixed-endpoint constraint yields a set of

necessary conditions.48 W ith the state equations and boundary conditions given

above, the optimal control must obey

e-rft-to )c (ty<t> =  Al(t) v t e [ t 0, T \  (4 0 )

*)c{t)-+ = \ 2{t) V t e [ T , T )  (41)

Furthermore, the costate variables obey

d \i( t)
dt

d \ 2{t)

rX.it)  Vt 6  [t0,T] (42)

rX2(t) V t e [ T , f ]  (43)
dt

X.(T)  -  A2 (T) (44)

where (44) is a switch-point (continuity) requirement for the costate variable.

The costate equations, (42) and (43), can be solved to obtain

A .{t) = a.e~H V t e [ t 0 , r ]  (45)

A 2(t) -  a2e~rt V t e [ T , f ]  (46)

48Two-stage optimal control techniques are required due to  a switch in the laws of motion at t = T. 
For details about two-stage control techniques, see Kemp and Long (1977), Tomiyama (1985), Amit 
(1986), and Kamien and Schwartz (1991). My manipulations of the two-stage maximum conditions 
and adjoint conditions in (40)-(50) below parallel an outline in Caliendo and Aadland (2007).
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where a* and o2 are constants of integration. (45) and (46) can be evaluated at 

t = T.

A 1(T) =  aie- rT (47)

A 2 (T) =  a2e - rr  (48)

Using (44), (47) and (48) can be set equal which results in a-\ =  o2. Therefore, the 

subscripts can be discarded and the costate variable can be concisely written as

A(t) = ae-rt V ie  [t0 , f ]  (49)

Therefore, (40) and (41) can also be written as

e -p{t~to)c{t)-* = A(t) V t € [ t 0 , f ]  (50)

Substituting (49) into (50) yields

e-p(i-to)c (t )-^  =  a e ~ r t  (51)

(51) can be solved for c(t) which results in

c(t) =  a~$e9t+$to (52)

where g = is the agent’s planned growth rate of consumption.

The constant of integration, a, has to be determined in order to find a closed-form 

solution for c(t). This will be achieved by first substituting (52) into (37).

=  rk(t) + (1 — 6) w — aT*e3t+*to 'it £ [to, T] (53)
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The general solution to (53) is

k(t ) <?i + 01 - 9 ) w — a e~rTdT > ert (54)

for t G [to, T] where q\ is a constant and r  is a dummy variable of integration. Using 

the initial condition in (39),

to

qi = k(to)e rt° — /  ( 1  — 9) w — a ■t>e9T+*to e~rTdr (55)

Employing the Fundamental Theorem of Calculus, the particular solution is therefore

k (t) =  < k{t{f)e~rt° +  [  [ ( 1  - d ) w -  ar^>e9T+*t0 e~rT dr
to

> e,rt

(56) can be evaluated at t — T  which yields

k(T) =  ̂ k{tf)e~rt° +  J  (1  — 6) w — a~^e9t+*to
to

e~rtdt \  erT

In addition, (52) has to be substituted into (38). This gives 

=  rk{t) + b -  a~^e9t+*t0 Vi G [T, T] 

with the general solution to this differential equation being

e~rTdr \  ert
< t

II•so 92+i b — a •t>e9T+$t°
<

(56)

(57)

(58)

(59)

for t G [T, T] where r/ 2 is a constant and r  is a dummy variable of integration. Using 

the endpoint-condition in (39),
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92 b -  a~~^e9T+*to e ~ r r d T (60)

Once again employing the Fundamental Theorem of Calculus, the particular solution 

to (58) is therefore
t
^  " 1 e~rTdr (61)k(t) — ertJ  p  — a <t>e9T+$to 

T

for t G [T, f ] . (61) can be evaluated at t =  T  which yields

k(T) = „rT b — a •i>egt+t to e~Hdt (62)

In order to explicitly solve for a in closed-form, (57) can be set equal to (62). This 

is given below as the following

k(t0)er(T-to) _|_ e r T (1  - 0 ) w -  a~^e9t+4’t0 e~rtdt

to

T

j r T 7 —  T  gt+trtob — a t e * ~rtdt

W ith some algebra (63) can rearranged as

(63)

fc(<o)e’ <r_,o) +  (1  -  «)werT I e - r‘dt -  a~ ierT+i ‘° I
to to

T  T
.1  - r T j-S - t=  berTj  e~rtdt -  a~*erT+*to J  e^~r)tdt (64)

f  T

Using some additional algebra and the Fundamental Theorem of Calculus produces
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Integrating (65) yields

_i (g — r ) |/c(to)e rto +  (1 — 9) w \e rto — e rT1 / r \Q <t> — ---------- -------------------------------  1---- —
e i to — e(s-r)t0]

(g — r)b \e~~rT — e~ r ^1  j r
— - — - — =------------------------ —  ( 66)

e <t>to [e(s_r)r  — e(s~r)to]

Substituting (6 6 ) back into (52) gives a closed-form solution for the optimal control.

JfU +  ̂ e9t(g — r) {fc(t0)e_rto +  { ( 1  — 0 )u> [e_rf° — e-rT] +  b [e~rT — e-r:f] } /r}

(67)

This is the optimal consumption program that the agent intends or plans to follow 

for all t £ [t0, T ] , from the perspective of t0 £ [0 , T } during the working period.

The agent’s intended asset path for t £ [to,^1 can be derived from (56). This 

gives

k(t) =  fc(f0 )er(t- to) +  (1  -  9) wertJ  e - rTdr -  a ~ h rt+>  j  e{9~r)TdT (6 8 )
to to

Integrating (6 8 ) yields

k{t) = k{t0)er^  ^  ~  ^  ^  [e-rt0 -  e~rt]
vt-\- ̂~t()

[e(9~r)t -  e{9~r>*°] (69)
a* (g -  r)

Lastly, k*(t',to) for t £ [to,T] is found by substituting (6 6 ) into (69). This produces
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k*(t;t0) =  k(t0) e ^ - ^  +
(1  — 9) w

{k(to)e-rt° +  (1  -  0) w [e~rt0 -  e -rT] / r )  [egt -  e^o+r(t-to)j

{b[e
[e(g~r')T — e(®_r)to]

-rT  _  g - r f j  j r |  |~e gt _  e gt0+ r ( t - t0)j
(70)

The intended asset path for t £ [T, f ]  can be derived from (61). This produces

k(t) = bert f e rTdr — a ^ert+*to f e^9 r T̂dr (71)

T

Integrating (71) yields 

k(t) =
bert

e~r t  -  e~rt 1 e ( g - r ) t  _  e ( g - r ) T

r ■ a* (g -  r) ■
(72)

And again, k*(t\ t0) for t G [T, T] is found by substituting (6 6 ) into (72). This results

m

k*(t-,t0) = e r { t - f )  _  j .

{k(tQ)e~rt° +  (1  — 6) w [e~rto — e~rT] /r} ,g t _  e g T + r ( t - T )

h i e rT — e

[e(g~r)T — e(s_r)to] 

] / r } U  _  e^+r(*-r)

|^e(s-r)r — e^ _r)to] 

3.1.2 The Consum ption Im pulse

(73)

c*(t; to), as given in (67), is the consumption program that the agent perceives to be 

optimal and intends to follow for all t £ [t0, f  ] while standing from the perspective of 

any instant t0 £ [0,T]. Under this optimally-formulated program, the agent intends
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to consume the annuity value of his remaining lifetime income that is discounted 

back to his respective vantage point, to £ [0,T]. Nevertheless, a defining feature of 

my setup is that at the same instant to £ [0, T], the agent might also experience a 

consumption impulse wherein he consumes an additional unplanned impulse amount, 

I ( t0). Therefore, his actual consumption at each instant to £ [0, X1] is

Ci(t0) =  c*(t0; t0) + H ( t0) (74)

for i £ {0 , 1 } where i — I denotes that the agent experiences a consumption impulse 

(i =  0  means that the agent is not impulsive), and where c, denotes the actual 

consumption of the “impulsive consumer” .49 The unplanned impulse amount is 

defined as

7(t0) = ^ [ ( l  -  9)w -  c*(t0-,t0)} (75)
v--------------------v--------------------/

=r

where T is the agent’s transitory income, and ip is the fraction of transitory income 

that is consumed when he experiences the consumption impulse. 50 Therefore, the 

agent’s actual consumption at any to £ [0, T] is the sum of his permanent income and 

some fraction of his transitory income at that instant.51

It should be mentioned again that to was arbitrarily chosen to represent any point 

in time on [0,T]. This suggests that actual consumption can be found by replacing 

all to in (74) with t.

Ci(t) = c*(t\t) + il( t)  (76)

49 The model is silent as to  the specific source of the impulse, meaning th a t it could be a compulsive 
or an akratic impulse.

501 define transitory income as the difference between current disposable labor income and per­
manent income. An alternative specification of transitory income could be the difference between 
all current income (including interest income from assets) and permanent income.

51 Although the model is general enough to  allow for alternative specifications of the impulse 
amount, the formulation in (75) provides a straightforward, intuitive specification wherein the agent 
can impulsively consume some fraction of the optimal saving flow.
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for all t £ [0, T] where c*(t; t ) is just (67) with all t0 replaced with t. (76) denotes that 

the actual consumption of an impulsive consumer is the sum of an optimally-planned 

amount and an unplanned impulse amount. (76) can be rewritten as

u\ e3t( g - r ) { k ( t ) e - rt + { ( l - d ) w [ e - r t - e - rT] + b [ e - rT - e ~ rT] } / r }  i
Ci{ ) ~  [ e ( 9 - r ) f  -  e ( 9 - r ) t j

(77)

for all t £ [0,T],

(77) is dependent on k(t), and therefore, />:(/:) has to be pinned down in closed-form 

in order to determine actual consumption. However, since k(t) is not an integrable 

function (due to periodic impulsiveness), I find k(t) by using a discretized differential- 

approximation method. W ith Cj(f) given in (77), the law of motion for t £ [0,T] is 

discretized

dk(t) =. {rk(t) + (1 — 6) w — Ci(t)} dt VtG[0,T] (78)

Using fc(0) =  0 and with the approximation becoming more precise as dt 0,

k(t) = k(t — dt) +  {rk(t — dt) + (1 — 0) w — Ci(t — dt)} dt Vt £ [0, T] (79)

3.2 C onsum ption  during R etirem ent

At any particular instant t0 £ [T, T ] , the agent solves the following control problem

max f  e p^ 4° ) - ^ ------—^-dt (80)
J 1 -  9to

subject to

=  r k ( t )+ b  — c(t) Vt £ [to,?1] (81)

k(to) given k(T) =  0 (82)
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Application of the Maximum Principle for finite-horizon control problems with a 

fixed-endpoint constraint yields a set of necessary conditions. The maximum condi­

tion, the adjoint condition, and the law of motion are given as (83), (84), and (81) 

respectively.

e-p<*-*o)c(t)-* =  x(t) V i G [ i 0 , f ]  (83)

Q j Q  =  - r \ ( t )  V t e [ i 0 , f ]  (84)

The costate equation can be solved to obtain

A (t) = ve~rt V te [ t o ,T ]  (85)

where v is a constant of integration. Substituting (85) into (83) yields

e-p(t-to)c (£)-^ =  v e - r t  v t e [ t o , f ]  (86)

(8 6 ) can be solved for c(t) which results in

c(t) =  v~^e9t+^to (87)

The constant of integration, v, has to be determined in order to derive a closed- 

form solution for c(t). This will be achieved by first substituting (87) into (81).

dk(t)
dt rk(t) + b — v •t>eatJri t° Vt € [to >2""] (88)

The general solution to (8 8 ) is

k{t) =  < <74 b — v </>eST+̂ ° rdT (89)
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for t G [ l0, T J where <y4 is a constant and r  is a dummy variable of integration. Using 

the initial condition from (82),

to

^4  =  k(t0)e~rt° — J  b — v~$e9T+*ta e~rrdT (90)

Employing the Fundamental Theorem of Calculus, the particular solution is therefore

k(t) = { k(t0)e -Ho + b - v ~ ^ e 9T+̂ to e~rTdr
to

> er t (91)

Using the endpoint-condition from (82), (91) becomes

f  T
k{t0)e~rto + b j e ~ rtdt -  V-^ e * to J e {9~r)tdt = 0

to to

Rearranging (92) and integrating yields

_ i  (g — i") {k(to)e~~rt° +  b \e~rt° — e_ rf] /r}

(92)

V * =
[e(s~r)T —

(93)

Substituting (93) back into (87) generates a closed-form, analytical solution for the 

agent’s planned consumption program for all t G [fo,U] from the perspective of any 

t o e  [T,T].

c*(f;f0) =
°9t (9 ~  r ) {k{t0)e rto +  b [e rto — e rT] / r }

(94)

From the perspective of any to e  [T ,T], the intended state path for t G [to,T] 

can be derived from (91).

k{t) =  k(t0)er{t~to) +  bert [ e~rTdr -  u~iert+^° [ e^~r)rdT (95)
to to
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Substituting (93) into (95) and integrating yields

fc*(t;t0) =  k(t0)er{t- to) + b [e^-*°) -  l] j r

{k(t0)e~rto + b [e”rt° -  e~r f] / r )  [egt -  
[e(s-r)r — e(s_,')to]

(96)

for t G [to, T]

The model is general enough to allow for consumption impulses at any instant 

during retirement.52 But the objective of my dissertation is to examine the effects 

of impulsive consumption on wealth accumulation for retirement (and the welfare 

effects of social security participation given such wealth accumulation patterns), so 

I assume that the agent never faces a consumption impulse during the retirement 

years. Therefore, the agent simply follows the life-cycle/permanent-income rule by 

consuming the annuity-value of remaining lifetime wealth discounted back to t = T. 

This assumption is consistent with empirical evidence wherein consumers appear to 

smooth consumption during retirement after an initial downward correction at retire­

ment (Banks et al 1998; Bernheim et al 2001; Browning and Crossley 2001). Given 

this assumption, the impulsive consumer’s actual consumption during retirement is 

time-consistent for all t G [T, T ] , and can be found by setting t0 = T  in (94). This 

yields
^  e9t (g -  r ) {k (T )e -rT +  b [.?rrT -  e~rT] / r }

° i {  ) ~  [ e ( f l - r ) f  _  e ( f l- r ) r ]

where the asset path is also found by setting t0 = T  in (96). This gives

k(t) = fc(T)er(t" T) +  b [er{t~T) -  l] /r
\k (T )e~rT + b [e_rT — /r}  \egt — eflr+r6 ~T)]

[ g ( g - r ) ?  _  g ( s - r ) T ]

for t G [T,T\.

(98)

52Such impulses would have to  be defined w ith an alternative setup other than  th a t of (75) since 
the agent does not earn any labor income during retirem ent by definition.
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C hap ter Four: C alib ration  o f  th e  M o d el

My baseline model of impulsive consumers has two key impulsiveness parameters 

that can be adjusted to analyze the welfare effects of unfunded social security: The 

frequency at which the agent experiences the consumption impulse (i.e., the fre­

quency of i =  1), which I label F E [0,1]; and the fraction of transitory income that 

is impulsively consumed, ip. In order to simulate the behavior of impulsive con­

sumers, I must first select reasonable values for these impulsiveness parameters (and 

for the economic parameters in the model). The calibration of my model and these 

consumption-impulse parameters is the topic of this chapter in my dissertation.

I first select baseline values for the economic parameters of the model. These 

numerical values are based on widely-accepted empirical evidence in the macroeco­

nomics literature. Secondly, I simulate multiple micro-level consumption profiles of 

impulsive consumers to generate an aggregate consumption profile. Thirdly, I adjust 

the consumption-impulse parameters in order to match specific simulation targets 

that correspond to empirical evidence on aggregate life-cycle consumption. Specif­

ically, I locate the joint parameter space of F  and ip that generates a discrete drop 

in aggregate consumption at retirement that matches the drop in the data. Lastly, 

I examine the sensitivity of this consumption-impulse parameter space.

4.1 B aseline Param eter Values

Baseline values of the economic parameters are outlined in this section. These para­

meter values are summarized in Table 1 below. T  is set to 40 and T  is set to 55 in 

order to simulate a consumer who starts work at age 25, retires at 65, and passes 

away at 80. Much of the recent macroeconomic literature on life-cycle consumption 

suggests a value of 3.5 percent for the real interest rate (Campbell 2001; Gourinchas 

and Parker 2002; Feigenbaum 2007; Bullard and Feigenbaum Forthcoming). Never­
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theless, I intentionally select a lower baseline value of 2.5 percent for r in order to 

adjust for potential bias in my welfare analysis. The internal rate of return, 7 , from 

an unfunded social security system is dependent on the rate of real wage growth, 

<5, among other things. For example, the Implicit Function Theorem can be ap­

plied to (35) to show that d'y/dS =  1, denoting the unitary co-movement of the IRR  

with the rate of real wage growth. The Bureau of Labor Statistics reports that real 

wages have grown at about 1 percent per year in the U.S. over the ten-year period 

ending in December 2004, but I have modeled an economy without growth in real 

wages. Therefore, I am effectively biasing the IRR  from social security downward 

by 1 percentage-point. In order to adjust for this bias (i.e., correct for “stacking 

the cards against” social security), I use a baseline value of 2.5 percent (instead of 

3.5 percent) for the real interest rate. Following convention, p is set equal to r .53 

The ratio of workers to retirees, R, has hovered around 3.3 in the U.S. economy since 

1975 (Goss 2005/2006). In Chapter Five, I also consider an alternative steady state 

with R  =  2 since the worker-to-retiree ratio is projected to fall to around 2 within 

the next few decades in the U.S. (Goss 2005/2006). The social security tax rate, 9, 

is set to 10.6 percent because the retirement part of the U.S. Social Security program 

(excluding disability components) is funded by payroll taxes equal to 1 0 .6  percent of 

earnings. Employers and employees each legally pay 5.3 percent, but the agent pays 

the full tax in the model.54 Attanasio (1999) reports that the body of microeconomic 

evidence on intertemporal consumption suggests that the curvature parameter, <f>, is 

very close to 1. This means that the period utility function collapses to the nat­

ural logarithm as 0 —» 1. Lastly, the wage, w, is set to $40,000 but my principal 

welfare results concerning social security participation are invariant to this particular 

simulation value.

53 This assumption also allows me to  confine my analysis to  empirically-reasonable consumption 
behavior, especially during the retirem ent phase.

54This is a standard assumption (Kotlikoff 1979; Feldstein 1985; Jianakoplos and Bajtelsm it 2002).
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T ab le  1. B a se lin e  P a r a m e te r  V a lu es
Parameter Name Symbol Value
date of retirement T 40
date of death T 55
real rate of return r 0.025
rate of time preference P 0.025
worker-to-retiree ratio R 3.3
social security tax rate 9 0.106
curvature parameter 0 1

wage w $40,000

Throughout my calibration and welfare analysis, I simulate the consumption pro­

files of impulsive consumers at the time step-size of dt =  0 .1 , which roughly corre­

sponds to monthly increments of time. I mention at this juncture a key assumption 

that I impose in order to drastically improve the tractability of the simulations of 

my model. Although it is possible that the exact timing of consumption impulses is 

irregular (and might even follow a random walk), I assume that the impulsive con­

sumer experiences the consumption impulse in periodic intervals or sequences since 

otherwise there are a massive number of permutations of the timing sequences at 

which the individual might experience the consumption impulse over the working pe­

riod .55 For example, if the consumer is impulsive 10 percent of the time over his 

working period (i.e., F — 0.1), then he will experience the consumption impulse once 

out of every ten time-intervals. My welfare results in Chapter Five are very slightly, 

yet insignificantly, affected by whether the impulse is experienced at the first of ten 

time-intervals, the last of ten time-intervals, or anywhere in the middle. This holds 

true for F  € [0.1,1] at the step-size of dt =  0.1. The normative welfare calculations 

below are very sensitive to the frequency of impulsiveness, but not to the pattern of 

the sequence, so it is therefore reasonable to limit our attention to periodic impulse 

shocks rather than randomly-drawn shocks.

55 This assumption is plausible given th a t consumers often make impulsive purchases a t the same 
tim e th a t regular, planned purchases are periodically made.
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4.2 A  M icro-Level Sim ulated Profile

Before proceeding with the calibration of the behavioral impulse parameters, I show in 

Figure 3 the consumption profile (the thick solid line) of an individual who impulsively 

consumes one-fifth of the time during the working period of the life cycle (i.e., F  =  

0.2). I also assume that '0 — 2, which means that the agent impulsively consumes 

about twice his optimal saving flow on top of his permanent income. The dashed 

lines are the real wage and social security benefits profiles. All other parameters are 

fixed at their baseline values, and this representation is at the dt — 1 time step-size 

for visual purposes only. The thin solid line is the consumption profile of a life­

cycle / permanent-income consumer who never experiences the consumption impulse. 

I show this consumption profile at the same parameterization as a basis for visual 

comparison with impulsive consumption behavior.

F ig u re  3. A n  Im p u ls iv e  C o n su m er

60,000 n

50,000 -

~  40,000 - 

1  30,000 -
3
V)§ 20,000 
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25 30 35 40 45 50 55 60 65 70 75 80
Age

Note. The thick solid line corresponds to an impulsive consumer at 
-0 =  2; F  =  0.2; dt — 1. The thin solid line is the profile of a L C /P I  
consumer. The dashed lines are the wage and benefits profiles.
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I highlight several noticeable features in Figure 3. When the consumer experiences 

the consumption impulse, the spikes in his consumption exceed his disposable wage 

income because of the assumption ip = 2. Moreover, the level or flat portions of the 

agent’s consumption profile during the working period reflect consumption-smoothing 

behavior following re-optimization in response to impulsive consumption during the 

previous period. It is during such periods that the agent intends to follow the life­

cycle /permanent-income rule over the remaining periods of his life cycle in order to 

maximize his utility. But such consumption-smoothing behavior abruptly ends when 

the agent again experiences the consumption impulse and consumes accordingly. It 

should be mentioned that each time the agent re-optimizes immediately after a period 

of impulsiveness (and returns to life-cycle/permanent-income smoothing behavior), 

the value of his remaining lifetime wealth is now lower as compared to the last time 

that he followed the life-cycle/permanent-income rule prior to becoming impulsive. 

Therefore, the agent must revise down his consumption program to smooth out the 

loss to wealth (in the form of forgone interest earnings) that was caused by the 

consumption impulse. This process is reflected by the observation in Figure 3 that 

any particular smoothed section of the consumption profile is consecutively lower than 

any previously smoothed portion of the agent’s consumption profile.

4.3 C alibration o f th e Im pulse Param eters

As depicted in Figure 3 above, I assumed for simple expositional purposes that the 

representative consumer experiences the consumption impulse 2 0  percent of the time 

over his working period. I also assumed that he consumes twice his optimal saving 

flow when he faces the consumption impulse. But are these assumptions reasonable? 

In addition, what is the parameter space for F  and ip that captures real-world im­

pulsiveness? In this section, I take up the issue of how to appropriately simulate 

impulsive consumption behavior that is empirically plausible, meaning tha t I cali-
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brate F  and y> to ensure tha t the model’s output is consistent with key empirical 

features of real-world consumption data.

Several features of aggregate life-cycle consumption data have been thoroughly re­

ported in the literature (see Chapter Two). I therefore aggregate the micro-level con­

sumption profiles of representative impulsive consumers in order to get an aggregate- 

level consumption profile. In aggregating, I assume that all consumers share the same 

degree and frequency of impulsiveness, but the timing is random across consumers. 

For example, I aggregate across 5 types of representative agents (although there are 

Q consumers in the economy) who all share the same magnitude of impulsiveness, 'tp, 

when F  =  0.2. This suggests that 20 percent of the population of Q consumers is 

impulsive in any particular period.

I show in Figure 4 the aggregate life-cycle consumption profile for an economy 

populated with people who consume twice their optimal saving flow when periodi­

cally experiencing the consumption impulse about 2 0  percent of the time over their 

work years. This means that people spend an unplanned amount of $1000 on average 

around twice a year. All other parameters are fixed at the baseline. I mention three 

prominent characteristics of this aggregate profile. First, the aggregate consump­

tion profile is not hump-shaped, and in fact, the lack of a hump is robust across a 

wide range of economic and impulsiveness parameter values. It thus appears that 

impulsive consumption (in isolation) is not powerful enough to theoretically gener­

ate an aggregate life-cycle consumption profile that is hump-shaped and matches the 

empirical findings outlined in Chapter Two. Second, aggregate consumption falls 

discretely by 9 percent at the retirement threshold. This discrete drop results from 

my assumption that at least some fraction of the life-cycle population is impulsively 

consuming immediately prior to retirement. The magnitude of this discrete drop 

lies well within the range that is empirically reported in the literature. Third, the 

aggregate retirement profile is flat and smooth due to the modeling assumption that
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individuals do not experience a consumption impulse during the retirement years.56 

Although it is possible that retirees are occasionally impulsive in reality, an aggregate 

consumption profile (with impulsive consumption during retirement) would monoton- 

ically decrease with the steepness of the profile being related to the degree and/or 

frequency of impulsiveness. Such an aggregate profile directly contradicts empirical 

evidence on retirement consumption smoothing (Banks et al 1998; Bernheim et al 

2001; Browning and Crossley 2001), so I will avoid impulsiveness during retirement 

in order to keep the model’s predictions consistent with the real world.57

F igure 4. A ggregate  Im pu lsive C onsum ption
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Note. F  =  0.2; ip =  2. This roughly corresponds to agents impulsively 
consuming about $1000 every six months. The magnitude of the 
discrete drop at retirement is 9 percent.

56 Assuming th a t individuals never experience a consumption impulse during retirem ent means 
tha t they will simply consume the annuity value of their remaining lifetime wealth for all t  6 [T , T ]. 
This is consistent with the conventional strategy of purchasing an annuity at retirement.

57The discrete drop in aggregate consumption at the retirement threshold could theoretically be 
removed by allowing for impulsive consumption behavior during retirement. Yet, the degree and 
frequency of impulsiveness would have to  be so high such th a t the retirem ent consumption growth 
rate is very negative. Moreover, under a wide range of parameterizations aggregate consumption 
itself would become negative shortly thereafter (which is not empirically reasonable at all).
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If I assume that impulsive consumption produced the discrete drop in aggregate 

consumption that is cited empirically, then I can isolate the range of numerical values 

for F  and ip that produce a simulated drop in aggregate consumption at retirement 

that matches empirical targets cited in the literature. I therefore calibrate my model 

of impulsive consumers by selecting only those values of F  and ip that produce a 

discrete drop in aggregate consumption at retirement between (and including) 4 per­

cent to 35 percent.58 Just for purposes of calibrating F and ip to the empirical data 

on the discrete drop, I set 9 =  0.09 because this was the average tax rate over the 

timeframe of the cited data on the discrete drop .59 I hold all other parameters fixed 

at the baseline, and I report the parameter space that is consistent with this empirical 

range in Table 2a.60 The number reported in each cell is the simulated percentage 

drop in aggregate consumption at the retirement threshold. I also perform sensitiv­

ity analysis on this impulsiveness parameter space by adjusting the rate of return, 

r, by two percentage points in either direction away from its baseline value of 2.5 

percent. This sensitivity is listed in Tables 2b and 2c. Lastly, I report in Table 3 the 

intersection and union of this parameter space, wherein ♦ denotes the intersection of 

F ; ip parameter space that generates a discrete drop in aggregate consumption that 

is within the target range for r  G [0.005,0.045]. Likewise, •  denotes the union of this 

parameter space for r G [0.005,0.045]. Alternatively stated, ♦  denotes the combina­

tions of F  and ip that appear to robustly simulate impulsive consumption behavior, 

yet the combinations of F  and ip denoted by • are also considered for sensitivity. 

Therefore, the range of F ; ip parameter space denoted by ♦ (and • for sensitivity) 

is what I consider to be relevant in my assessment of unfunded social security in 

Chapter Five.

58 This appears to  be the range of possibilities for the discrete drop in aggregate consumption as 
cited in the  literature. See Chapter Two for an overview of this empirical characteristic of aggregate 
life-cycle consumption.

59As outlined above, I use the baseline value 9 =  0.106 for welfare analysis in Chapter Five.
eoThe worker-to-retiree ratio hovered around 3.3 (my baseline value) in the U.S. over the timeframe 

of this cited da ta  on the discrete drop.
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Table 2a. D rop  (%) in  A ggrega te  C onsu m p tion  (r =  0.025)

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 0 0 0 1 1 1 1 1 1 1
0.2 0 1 1 1 1 2 2 3 3 3
0.3 0 1 1 2 2 3 4 4 5 6

0.4 1 1 2 3 3 4 6 7 8 1 0

0.5 1 1 2 3 5 6 8 1 0 13 15
0.6 1 2 3 4 6 8 11 14 18 2 2

0.7 1 2 4 6 8 1 1 15 19 24 31
0.8 1 3 4 7 1 0 14 19 25 32 41
0.9 1 3 5 8 13 18 24 32 42 53
1.0 1 3 6 1 0 15 2 2 30 41 53 67
1.1 2 4 7 1 2 18 27 38 51 6 6 83
1.2 2 4 8 14 2 2 32 46 61 79 98
1.3 2 5 1 0 16 26 39 55 73 93 —

1.4 2 6 11 19 30 45 64 8 6 — —

1.5 2 6 1 2 2 2 35 53 75 98 — —

1.6 3 7 14 25 41 61 85 — — —

1.7 3 8 16 28 47 70 96 — — —

1.8 3 8 18 32 53 79 — — — —

1.9 3 9 2 0 36 60 8 8 — — — —

2.0 3 1 0 2 2 41 67 98 — — — —

2.1 4 11 24 45 74
2.2 4 1 2 27 50 82 — — — — —

2.3 4 13 29 55 90 — — — — —

2.4 4 14 32 61 98 — — — — —

2.5 5 15 35 67
2.6 5 16 38 73 — — — — — —

2.7 5 18 42 79
2.8 6 19 45 85 — — — — — —

2.9 6 2 0 49 91
3.0 6 2 2 53 97
3.1 7 23 57 — —

3.2 7 25 61 — —

3.3 7 26 65 — — — — — — —

3.4 8 28 69 — :—
3.5 8 30 74
3.6 8 32 78
3.7 9 34 83 — — — — — — —

3.8 9 36 8 8

Note. 0 =  0.09 with all other parameters at the baseline. For the 
target range, tp of 7.6 is the upperbound at F of 0.1.
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T able 2b. D rop  (%) in  A ggregate  C onsu m p tion  (r =  0.045)

if 0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 0 0 0 0 0 0 1 1 1 1

0.2 0 0 0 1 1 1 1 2 2 2

0.3 0 0 1 1 1 2 2 3 3 4
0.4 0 1 1 2 2 3 4 5 6 7
0.5 0 1 1 2 3 4 5 7 9 1 1

0.6 0 1 2 3 4 6 8 1 0 13 17
0.7 1 1 2 4 5 8 1 1 15 19 25
0.8 1 2 3 5 7 1 0 15 2 0 27 36
0.9 1 2 3 6 9 13 19 27 38 50
1.0 1 2 4 7 1 1 17 25 36 50 67
1.1 1 2 5 9 14 2 2 33 47 65 87
1.2 1 3 6 1 0 17 27 41 60 83 —
1.3 1 3 7 1 2 2 1 34 52 75 — —
1.4 1 4 8 14 25 41 63 91 — —
1.5 1 4 9 17 30 50 77 — — —
1.6 2 5 1 0 2 0 36 60 91 — — —
1.7 2 5 1 2 23 43 71 — — — —
1.8 2 6 13 27 50 82 — — — —
1.9 2 6 15 31 58 94 — — — —
2.0 2 7 17 36 67
2.1 2 8 19 41 76 — — — — —
2.2 2 8 2 2 46 87 — — — — —
2.3 3 9 24 53 96 — — — — —
2.4 3 1 0 27 59
2.5 3 1 1 30 6 6

2.6 3 1 2 33 74
2.7 3 13 37 82 — — — — — —
2.8 4 14 41 90 — — — — — —
2.9 4 16 45 98 — — — — — —
3.0 4 17 49
3.1 4 18 54 —
3.2 5 2 0 59
3.3 5 2 1 64
3.4 5 23 69
3.5 5 25 75 —
3.6 6 27 81 — — — — — — —
3.7 6 29 87 — — — — — — —
3.8 6 31 93

Note. 6 = 0.09; r =  0.045 with all other parameters set to the baseline. 
For the target range, ip of 8.1 is the upperbound at F of 0.1.
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T able 2c. D rop  (%) in A ggregate  C onsu m p tion  (r =  0.005)

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 0 0 1 1 1 1 2 2 2 2

0.2 0 1 1 2 2 3 3 4 5 5
0.3 1 1 2 3 4 5 6 7 8 9
0.4 1 2 3 4 5 7 8 1 0 1 2 14
0.5 1 2 4 5 7 9 1 2 14 17 2 0

0.6 1 3 5 7 9 1 2 15 19 23 27
0.7 2 3 6 8 1 2 15 19 24 30 36
0.8 2 4 7 1 0 14 19 24 31 38 45
0.9 2 5 8 1 2 17 23 30 38 46 56
1.0 2 5 9 14 2 0 27 36 45 56 67
1.1 3 6 1 1 16 24 32 42 54 6 6 79
1.2 3 7 1 2 19 27 38 49 62 77 91
1.3 3 8 14 2 1 31 43 57 72 87 —

1.4 3 8 15 24 36 49 65 81 97 —

1.5 4 9 17 27 40 56 73 91 — —

1.6 4 1 0 19 30 45 63 81 — — —

1.7 4 1 1 2 1 34 50 69 89 — — —

1.8 5 1 2 23 37 56 77 97 — — —

1.9 5 13 25 41 61 84 — — — —

2.0 5 14 27 45 67 91 — — — —

2.1 6 15 30 49 73 97 — — — —

2.2 6 16 32 53 79 — — — — —

2.3 6 17 35 58 85 — — — — —

2.4 7 19 37 62 90
2.5 7 2 0 40 67 96
2.6 7 2 1 43 72
2.7 8 23 46 76
2.8 8 24 49 81
2.9 9 25 52 8 6

3.0 9 27 55 90 — — — — — —

3.1 1 0 29 59 95 —

3.2 1 0 30 63 99
3.3 1 0 32 6 6 — — — — — — —

3.4 11 34 69 — — — — — — —

3.5 11 35 72 — — — — — — —

3.6 1 2 37 76 — — — — — — —

3.7 1 2 39 80
3.8 13 41 83 —

Note. 9 = 0.09; r  =  0.005 with all other parameters set to the baseline. 
For the target range, if of 7.0 is the upperbound at F of 0.1.
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Table 3. R elevant F] P' Param eter Space w ith  Sensitiv ity

ip 0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 — — — — —
0.2 — — — — — — — • • •
0.3 — — — — • • • • •
0.4 — — — • • •
0.5 — — • • •
0.6 — — • •
0.7 — — • •
0.8 — • • • —
0.9 — • • • — —
1.0 — • • — — —
1.1 — • • — — —
1.2 — • • — — — —
1.3 — • • — — — —
1.4 — • — — — — —
1.5 • • — — — — —
1.6 • — — — — — —
1.7 • — — — — — —
1.8 • • — — — — — —
1.9 • • — — — — — —
2.0 • — — — — — — —
2.1 • — — — — — — —
2.2 • — — — — — — —
2.3 • — — — — — — —
2.4 • • — — — — — — —
2.5 • •
2.6 • • — — — — — — —
2.7 • —
2.8 — —
2.9 —
3.0 — — — — — — — —
3.1 —
3.2 — — — — — — — —
3.3
3.4
3.5 — —  — — — — — —
3.6 •
3.7 •
3.8 • — — — — — — — —

Note. ♦  denotes the n  of F', ip space that produces a discrete
drop within the target range for r G [0.005.0.045]. •  denotes 
the U of this space, ip =  7.0 is the upperbound of ♦ at F  =  0.1.
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C hap ter Five: W elfare A n alysis

5.1 T he W elfare C ost o f B eing an Im pulsive C onsum er

At baseline parameter values, the present discounted value of lifetime wealth (from

consumer and the impulsive consumer is approximately $958,213. The LC /PI agent

count rates are equal) in order to smooth marginal utility evenly across the planning 

horizon. Alternatively, the impulsive consumer intends to consume the annuity value 

of his lifetime wealth, but often gives in to unplanned urges to spend. Consequently, 

the impulsive consumer forgoes interest earnings on any impulse amount from thereon 

into the future. Therefore, he can never achieve the consumption program that the 

life-cycle/permanent-income consumer follows, even if he is impulsive only once!

So by how much is the impulsive consumer worse off in terms of lifetime welfare? 

Using a dynamic welfare metric, I examine the cost to agents who impulsively consume 

(as opposed to always being a life-cycle/permanent-income agent who never consumes 

impulsively) measured in terms of an annual (and lifetime) willingness to pay. To 

accomplish this, I augment the LC /PI setup outlined in Chapter Two for dynamic 

welfare analysis.61 W ith cp(t) denoting the consumption of a life-cycle/permanent- 

income agent, this augmented framework is given as

labor earnings and social security benefits) of both the life-cycle/permanent-income

optimally expends the annuity value of his lifetime wealth (when the interest and dis-

T

max / e (99)
o

subject to

( 100)

611 present this augmented L C /P I framework within a one-stage optimal control setup simply for 
convenience. It could also be presented within a two-stage setup.
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T

K {0) =  f e - rt (1 -  6) wdt +  J e ~ rtbdt -  ft (101)
T

K (T )  =  0 (102)

where
T

-r tn = n e~~rtdt (103)
o

W ith g = the solution to (99)-(102) is

As can be seen from (101) and (103), it is an annual amount that can be deducted from 

the life-cycle/permanent-income agent (while allowing him to re-optimize according 

to this lower level of income).

W ith Ci(t) outlined in Chapter Three, I define (105) as the lifetime utility of an 

impulsive consumer from the perspective of a social planner, where 77 is the social 

discount rate that the social planner uses.62

Vi = V  <!e- * ^ 1 f/>" H a/. (105)
T - A t  f  

t= 0

Consistent with this specification of lifetime utility by the social planner, I use 7r to 

solve the following equation

e  { ^ T - ^ " 1 } A t  =  S  A t  (106)

621 discretely approximate the lifetime utility of an impulsive consumer since the actual consump­
tion program is not integrable. In addition, I use a baseline value of rj =  0.025 throughout my 
welfare analysis suggesting th a t the  social planner discounts at the private rate of tim e preference. 
Nevertheless, in several cases I analyze the sensitivity of my welfare results by setting rj — 0 which 
is consistent with Feldstein (1985).
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7r now represents an annual amount of income that a social planner can deduct from 

the life-cycle/permanent-income consumer to force his lifetime utility to equal the 

lifetime utility of an otherwise identical impulsive consumer, n  can therefore be 

interpreted as an annual willingness to pay to avoid consuming impulsively. 7r is 

labeled the “income equivalent” . Given (103), Q, is consequently the amount of 

lifetime wealth that must be taken from the life-cycle/permanent-income consumer 

in order to force his lifetime utility (after he has re-optimized according to the lower 

level of lifetime wealth) to be the same as that of an impulsive consumer. This 

“wealth equivalent” , O, can be interpreted as a lifetime willingness to pay to avoid 

being impulsive. I approximate the income equivalent with numerical techniques, 

wherein I specifically use a grid search to find the particular value of 7r (and the 

corresponding value of Q) that equates the left-hand side of (106) with the right- 

hand side of (106).

In Table 4a, I report the income equivalent for the relevant values of F  and ip 

where all other economic parameters are held at the baseline (including r/ =  0.025). 

Table 4b gives the income equivalent corresponding to an alternative state of the 

world without participation in a pay-as-you-go social security program (i.e., 0 =  0). 

It is obvious to see from Table 4a and Table 4b that as the magnitude and/or the 

frequency of impulsiveness increases, the impulsive consumer becomes worse off from 

a perspective of annual income evaluation. So what exactly do these calculated values 

for the income equivalent suggest? For example, if the agent impulsively consumes at 

F = 0.5 and =  1.4 with all other parameters held at baseline values, then tx — $504 

as shown in Table 4a. This means tha t a life-cycle/permanent-income agent would 

be willing to annually pay $504 in order to avoid succumbing to the consumption 

impulse every other month and consuming around 1.4 times his optimal saving flow 

(which roughly corresponds to impulsively spending an average of about $1000 every 

two months during his working years). Alternatively, fI =  $15,063 wherein the life-
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cycle/permanent-income agent would be willing to pay a lifetime amount of $15,063 

(which is 1.5 percent of his lifetime wealth) to avoid consuming impulsively per this 

specific example.

One interesting quantitative feature in both Table 4a and Table 4b is that the 

value of the income equivalent for this relevant behavioral parameter space is much 

higher as the frequency of impulsiveness decreases yet the magnitude of impulsiveness 

increases. For example, it = $1147 (or Q — $34280) corresponding to an individual 

who impulsively spends about $3000 roughly once every 6 months (F  =  0.2 and 

ip =  3.7 in Table 4a). This impulsive consumer is much worse off compared to an 

otherwise identical agent who impulsively spends a little over $500 every month for 

6 consecutive months (i.e., F — 1 and ip =  0.7 generating tt =  $284 or' ft =  $8488). 

Lifetime willingness to pay to avoid impulsiveness in the former case is 3.5 percent 

of lifetime wealth compared to only being 0.9 percent in the latter. It thus appears 

that being an impulsive consumer is more costly if one is infrequently impulsive, yet 

binges in relative terms. I believe that the intuition for this depends on the concavity 

of the period utility function. If the agent is impulsive more frequently, then he 

experiences a series of small gains in utility which collectively outweigh the utility 

gain from just one impulsive spending fit (holding the total dollar value of impulsive 

spending constant over a fixed period of time). Conversely, the frequently impulsive 

agent experiences a series of small utility losses (from a series of optimal downward 

revisions following impulsive spending episodes) which are collectively outweighed by 

the utility loss from just one optimal downward revision following a single impulsive 

spending episode over a fixed period of time (again holding the total dollar value of 

impulsive spending constant). Therefore, it appears that the curvature of the period 

utility function drives the outcome that it is less costly (in lifetime utility terms) to 

impulsively consume relatively smaller amounts more frequently as opposed to an 

identical total dollar amount less frequently.
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In looking at economy-wide increases in the frequency of impulsiveness, F , or the 

magnitude of impulsiveness, ip, the welfare cost of being impulsive increases at an 

increasing rate .63 This convexity of the income equivalent is shown in Figure 5 and 

Figure 6  below, and might be of unique interest given the possibility of upward trends 

in economy-wide levels of impulsive consumption behavior.64 For the particular 

frequency of impulsiveness, F  =  0.5, both the solid and dashed lines in Figure 5 

show that the income equivalent increases at an increasing rate with economy-wide 

increases in the magnitude of impulsiveness, ip. The solid line corresponds to the 

income equivalent in a state of the world with participation in a pay-as-you-go social 

security program, and the dashed line corresponds to a state of the world without 

participation. For the specific impulse magnitude, ip =  0.8, Figure 6  likewise depicts 

that the income equivalent increases at an increasing rate with economy-wide increases 

in the frequency of impulsiveness, F, where the solid and dashed fines again denote the 

income equivalent with social security participation and without. The convexity of 

the income equivalent in ip or F  is the result of concave utility, wherein high degrees of 

impulsiveness (either through a large F  or ip) generate periodic consumption booms 

that do not add much to lifetime utility in comparison to the subsequent loss in 

lifetime utility following a downward correction. Alternatively stated, the curvature 

of the period utility function dictates the curvature of the income equivalent across 

F  or ip. As the value of (p increases, the convexity of the income equivalent, 7r, (or 

the wealth equivalent, 17) in either F  or ip increases. Likewise, as the value of <p 

decreases, the convexity of n  (or 17) in either F  or ip decreases. Indeed, the income 

equivalent is linear in either ip or F  as cp —> 0 .

Lastly, I highlight the quantitative insight that the lifetime utility of impulsive 

consumers is considerably closer to the lifetime utility of otherwise identical life-

63 An alternative interpretation to  economy-wide changes in either F  or ip is th a t of looking across 
otherwise identical economies th a t are heterogenous with respect to  these param eters only.

64 See the motivating evidence on impulsive consumers in Chapter Two for more on this possibility.
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cycle/permanent-income consumers in a state of the world with participation in a 

pay-as-you-go social security program. This assertion is manifest by the value of the 

income equivalent across Table 4a and Table 4b for any same F ; F combination. This 

idea is also exhibited in both Figure 5 and Figure 6 for the represented F ; F  combi­

nations, wherein the dashed line representing the income equivalent (as a function of 

either F  or F) in a state of the world without pay-as-you-go social security partic­

ipation is strictly higher than the solid line representing the income equivalent in a 

state of the world with participation. Remember that the lifetime wealth of the life­

cycle /perrxxanent-income consumer is strictly lower from forced participation in social 

security that has an internal rate of return that is lower than the private interest rate 

(as is the case with the calibration in this study). He smooths out this loss to his life­

time wealth evenly across his planning horizon (which is the entire life cycle). Given 

that preferences are represented by the CIES utility function that exhibits d u /d c >  0, 

the life-cycle/permanent-income agent has a strictly lower level of lifetime utility since 

his consumption program is everywhere lower over the life cycle from social security 

participation. Therefore, the fact tha t the income equivalent (or the correspond­

ing wealth equivalent) decreases for any particular F ; F combination in moving to 

a state of the world with an unfunded program denotes the quantitative result that 

even though impulsive consumers might be helped out in terms of an improvement 

to their own lifetime utility from social security participation, they are at least not 

hurt as much as otherwise identical life-cycle/permanent-income consumers get hurt 

by being forced to participate. So although life-cycle/permanent-income consumers 

are strictly worse off from participation (and the impulsive consumer might or might 

not be better off from a lifetime utility perspective), it appears tha t a social security 

program narrows the gap in well-being between the two types of consumers. Such an 

outcome could be loosely consistent with egalitarian ideals of equity if participation 

in social security does improve the lifetime utility of at least the impulsive consumer.
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F igure 5. Incom e E quivalent across th e  Im pu lse M agn itu d e
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Figure 6. Incom e Equivalent across the Im pulse Frequency
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5.2 Can Social Security Increase R etirem ent C onsum ption?

While the primary goal of a public pension system is to transfer an individual’s 

resources from the working years to the retirement years, it is not clear whether 

social security really succeeds at this objective. Diamond (1977) concludes that 

social security does succeed at redistributing one’s resources and mitigating retirement 

poverty. Kotlikoff et al (1982) also report evidence that social security is successful, 

wherein few individuals experience a drastic reduction in their standard of living that 

they otherwise would experience in the absence of social security. They specifically 

state,

To a large extent, Social Security contributed to the sound financial 
position of the aged population. If Social Security were removed, and not 
replaced by private accumulation, a large fraction of the aged population 
would face very sharp declines in living standards. Our econometric 
evidence indicates that persons receiving more social security benefits have 
relatively higher levels of sustainable consumption at retirement.

This evidence that social security successfully transfers one’s resources to the re­

tirement years directly contradicts the basic life-cycle/permanent-income framework 

if the IR R  from social security is less than the private interest rate. Under this 

scenario, the LC /PI agent smooths out the loss to lifetime wealth over his lifetime 

horizon by an amount equal to the annuity value of the net present value of social 

security, wherein his consumption program is everywhere lower including during re­

tirement (as depicted in Figure 2 above). However, my model is more consistent 

with the above empirical findings because social security can often succeed at trans­

ferring the agent’s resources to retirement when consumers are impulsive and engage 

in time-inconsistent dynamic optimization. This is depicted in Figure 7 (at a step- 

size of dt — 1 for visual purposes). The thick fine in Figure 7 is the consumption 

profile of an impulsive consumer who participates in social security calibrated to the 

current U.S. system, and the thin fine represents an otherwise identical consumer in
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a steady state without participation. For the corresponding step-size of dt = 0.1, 

the consumer who is participating in social security consumes an impulse amount of 

around $1000 on average about once every three months (at F  =  0.4; ip =  1.5 in 

Figure 7), and the otherwise identical consumer who does not participate impulsively 

consumes an amount of about $1800 on average about once every three months (at 

the same F ; U combination).

Figure 7. Life-Cycle C onsum ption and Social Security
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Note. F — 0.4; 'ip = 1.5; dt =  1. The thick line is consumption at
6 — 0.106, and the thin line is life-cycle consumption at 8 =  0.

Figure 7 demonstrates that participation in a pay-as-you-go program (calibrated 

to the current U.S. system) forces the impulsive consumer to save for the retirement 

phase of his life cycle. This is manifest by the fact that his consumption profile during 

the work years is lower (especially when he experiences the consumption impulse) as 

compared to the state of the world without participation in social security. In the 

context of my theoretical model, a forced saving program successfully mitigates his 

consumption impulse amount, and therefore, the impulsive consumer’s retirement
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consumption program is everywhere higher as compared to the otherwise identical 

impulsive consumer who does not participate in social security. The percentage 

change in retirement consumption from participating in social security (calibrated to 

the current U.S. system) is reported in Table 5a for the relevant behavioral parameter 

space. For a broad range of impulsive behavior, social security can successfully 

transfer resources to the retirement years within my model. This is despite the 

fact that the system generates a below-market internal rate of return at the baseline 

calibration (i.e., 7  =  0.007 for R  = 3.3).65 Under future population demographics 

of only two workers being taxed per each retiree receiving benefits (i.e., R  =  2), the 

IRR  is 7  =  —0.01. Yet, social security can still successfully transfer resources to 

retirement in my model for a decent range of relevant parameter space despite this 

negative IRR. Life-cycle consumption under this alternative steady state is depicted 

in Figure 8 below with the full percentage-change results listed in Table 5b.

Figure 8. Life-Cycle C onsum ption and Social Security (R  — 2)
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Note. F  =  0.4; -0 =  1.5; dt =  1. The thick line is consumption at
9 = 0.106; R  = 2, and the thin line is consumption at 6 — 0.

657 =  0.007 results from my baseline calibration where <5 =  0 implicitly.
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5.3 Is Social Security U tility-Im proving?

The consumption profile of a L C /PI agent who participates in social security (at 

today’s demographics with 7  =  0.007) is everywhere lower as compared to the con­

sumption profile of one who does not participate. This lower consumption program 

results since the agent participates in a system with an IR R  that is less than the pri­

vate interest rate (i.e., 7  =  0.007 < 0.025 =  r  at my baseline calibration). Because 

7  < r, the life-cycle/permanent-income agent’s lifetime wealth is strictly smaller from 

participation, and therefore, he smooths out this loss to lifetime wealth evenly across 

the fife cycle. Since d u j d o  0 with the CIES utility function, the LC /PI agent who 

participates in social security has a strictly lower level of lifetime utility because his 

consumption profile is everywhere lower over the life cycle.

The question of whether unfunded social security improves lifetime utility is not 

quite straightforward for impulsive consumers who do not consistently consume the 

annuity value of remaining lifetime wealth. Since (105) denotes that du/dc > 0, both 

Figure 7 and Figure 8  above (and Tables 5a and 5b below) illustrate the potential 

tradeoff from participation in social security. The consumption program of an im­

pulsive consumer in social security is generally lower over the work years as compared 

to an otherwise identical impulsive consumer who does not participate. Therefore, 

there is a flow of utility losses. However, retirement consumption can be higher from 

participation in social security with a resulting flow of utility gains. Do the utility 

gains from social security participation where retirement consumption is higher offset 

the utility losses from forced saving? I now focus on answering this question.

5.3.1 Critical Im pulse M agnitudes

If a consumer is never impulsive, then unfunded social security is never welfare- 

improving at a below-market IRR. But as individuals become more impulsive (either 

in F  and/or ip), then the prospect that social security can improve lifetime welfare
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increases. W hat are the specific “critical” values of F  or -0 at which social security 

becomes welfare-improving? For illustrative purposes, I define ipc as the particular 

value of the impulse magnitude (for a given frequency of consumption impulsiveness) 

such tha t a social planner is indifferent (on behalf of an impulsive consumer) between 

participation and no participation in pay-as-you-go social security calibrated to the 

U.S. program. Using (105) above, ipc (which I label the “critical impulse magnitude”) 

is the solution to

e* [Q(t; ̂  ~11At=Tf̂  iê [ct{t; iAt (ior)
wherein lifetime welfare is equated by the social planner across the two states of 

the world regarding social security participation for otherwise identical impulsive 

consumers.

For expositional purposes only, I depict in Figure 9 below lifetime utility as a 

function of economy-wide changes in xfj (i.e., the fraction of optimal saving tha t is 

impulsively consumed) for an impulsive consumer across three different steady states 

of social security participation (where all other parameters are held at the baseline 

calibration). F  =  0.5 across all of these steady states. The thick solid line is 

the lifetime utility of an impulsive consumer in a present state of the world with 

participation in social security at R  = 3.3. The thin solid line is the lifetime utility 

of an otherwise identical agent in a future state of the world with participation in 

social security at R  — 2. Lastly, the dashed line is the lifetime welfare of an impulsive 

consumer in a state of the world without participation in social security (i.e., 0  =  0 ). 

As can be seen in Figure 9, the thick solid line and the dashed line intersect at 

around an impulse magnitude of 1.5, meaning that the social planner acting on the 

agent’s behalf is indifferent between participation and no participation at tha t impulse 

magnitude. Therefore, V,c|r=o.5 ^  1-5 under R  = 3.3, and 'ipc\r=0 5 ~  1.7 under R  = 2.
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Moreover, social security does not improve lifetime utility if the agent impulsively 

consumes at an impulse magnitude that is less than 1.5 at R  = 3.3, yet social security 

is welfare-improving if he is impulsive at a magnitude greater than 1.5 at R  = 3.3. 

In this example, it appears that this is a very high threshold of impulsiveness that 

the consumer has to experience in order to be able to benefit from social security, 

meaning that he has to spend 50 to 70 percent more than he planned to save every 

other paycheck in order to benefit. If he is even marginally less impulsive, then 

he would be better off without a social security program. Furthermore, fjc\F=05 ~  

1.5 under R  =  3.3 borders on the fringe of impulsive behavior deemed relevant in 

Chapter Four. Indeed, ,i/,c|r=o .5 — 1-7 under R — 2 falls outside the range of relevant 

behavior, so therefore, social security does not appear to be utility-improving meaning 

that participation in a pay-as-you-go social security program (calibrated to the U.S. 

system) strictly hurts an impulsive consumer in this specific example.

Figure 9. Lifetim e U tility  w ith  and w ithout Social Security

313

311

309

307

305

303

301

299

297

295
0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9

(// (for F = 0.5)

Note. F  =  0.5 The thick solid line is Vi for 6 =  0.106; R  =  3.3. The 
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5 .3 .2  C onsum ption -E quiva len t A nalysis

Of notable mention in Figure 9 is the difference in the curvature of lifetime utility 

as a function of economy-wide changes in i p  across the three steady states. Indeed, 

lifetime utility from the state of the world without participation in social security 

drops steeply for values of i p  that are greater than both i p c \ r = o . 5 , R = 3 . 3  ^  1-5 and 

iPc\f=o.5,r=2 ^  1-7. This suggests that the relative value from participating in so­

cial security can be drastically understated if individuals in the economy impulsively 

consume at magnitudes higher than any given i p c as compared to the loss to lifetime 

utility from impulsively consuming at magnitudes less than any particular t p c . m  In 

order to meaningfully (and appropriately) quantify the difference in the curvature of 

these lifetime utility functions, I again employ a dynamic welfare measure labeled the 

“consumption equivalent” . This is an amount (measured in dollars) that is hypothet­

ically subtracted by the social planner from the annual consumption of an impulsive 

consumer who participates in social security in order to force his lifetime welfare to 

equal tha t of an otherwise identical impulsive consumer who does not participate.

Formally, the consumption-equivalent is the specific value of y  that solves

E* { e ~ " ‘ * | W  ~  1 1 A t  =  yj j e - " ‘ ~  1} A i  (1 0 8 )

As can be seen from (108), the value of x  can he interpreted as the benefit or cost 

from participation in an unfunded social security program measured in dollar terms 

of real annual consumption. Social security is utility-improving if x  > 0, social 

security hurts lifetime welfare if y  < 0 (i.e., the cost to the impulsive consumer of 

being forced to participate in social security), and it has no effect on welfare if y  =  0. 

Of interest is quantifying the non-linearities in lifetime utility representatively shown 

in Figure 9 above. I employ numerical techniques (specifically a grid search) that
66Although I cast this discussion in term s of ipc, the same concept applies for any particular F
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finds the particular value of the consumption equivalent, y, that equates the left- 

hand side of (108) with the right-hand side of (108). I report the computed values 

of x  f°r the relevant F, F combinations in Table 6 a, Table 6 b, Table 6 c, and Table 

6 d. The values of x  in Table 6 a correspond to the baseline calibration. Table 6 b 

corresponds to a future steady state of R  =  2. Table 6 c corresponds to present 

demographics, but where the social planner does not give preferential treatm ent to 

any period of the impulsive consumer’s life cycle over another (i.e., 77 =  0). Lastly, 

Table 6 d corresponds to the steady state of R  = 2 with 77 =  0.

I want to point out in Tables 6 a - 6 d the different possible critical impulse mag­

nitudes, Fc, or alternatively, the different possible “critical impulse frequencies” , F c. 

The critical values for -0 are denoted by where the consumption equivalent switches 

over from being negative to being positive in moving down any given column. Like­

wise, the critical values for F  are denoted by where the value of x  switches over from 

being negative to being positive in moving across any given row. Again, it is at 

these values tha t the social planner (acting on the impulsive consumer’s behalf) is 

indifferent about participation in unfunded social security.

For the relevant F\ F parameter space, it is apparent from Table 6 a that social 

security (calibrated to the current U.S. system) is not generally welfare-improving at 

the baseline calibration of 77 =  0.025 =  p. This is manifest by the predominantly 

negative sign for x  denoting the annual cost from social security participation mea­

sured in terms of real annual consumption. However, it appears tha t social security 

can improve an impulsive consumer’s lifetime utility for a small subset of the relevant 

impulsiveness parameter space (where y  > 0). Under future demographics when the 

ratio of workers to retirees in lower, it appears that social security will never improve 

the welfare of impulsive consumers given that the social planner discounts period 

utility at rate 77 — 0.025 (see Table 6 b). If the social planner is patient and does 

not give preferential treatment to any period of the life cycle (i.e., 77 =  0 ) following
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Feldstein (1985) among others, then social security can have a welfare-improving role 

for a much larger subset of relevant F ; V' parameter space as denoted in Table 6c. 

Yet again, under the future steady state with R  =  2 (i.e., after the so-called “social 

security crisis” has arrived), it appears that social security (calibrated to the U.S. 

system) cannot generally improve the lifetime welfare of impulsive consumers, even if 

the social planner is using a social discount rate of r\ =  0 (see Table 6d).

However, I want to highlight that economy-wide welfare gains from social security 

participation can exceed potential economy-wide welfare costs. This is manifest 

especially in Table 6c by moving across any given row or down any given column, 

wherein % is increasing at an increasing rate for economy-wide increases in either F 

or i p .  For expositional purposes, I depict in Figure 10 the consumption equivalent 

as a function of economy-wide changes in i p  (for the case of F =  0.2 from Tables 

6a-6d) across the two steady states of R  = 3.3 and R  — 2 when the social planner 

both discounts at r] = 0.025 and rj = 0. i p c is denoted in each respective case 

by where x(V0 intersects the horizontal axis. Of particular import is that mean- 

preserving economy-wide increases in the dispersion of i p  away from i p c generates 

larger welfare gains to an economy of impulsive consumers with i p  >  i p c as compared 

to the losses to lifetime utility experienced by an otherwise identical economy of 

impulsive consumers with i p  <  i p c . For example, from Figure 10 it appears that 

for F  =  0.2 and ip =  3.7 (corresponding to an economy of agents who impulsively 

consume around $3000 roughly once every six months) % =  $2446 at R  = 3.3; rj = 0. 

Alternatively, under the same scenario with an identical absolute-value decrease in 

the impulse magnitude away from i p c (i.e., i p  =  1.2 for F =  0.2 corresponding to an 

economy of individuals who impulsively consume around $520 roughly once every six 

months), then x  — —$1015. Therefore, there is a net gain to lifetime welfare for 

economy-wide increases in i p  as compared to identical economy-wide decreases. In 

Figure 11, I depict the same exercise for economy-wide changes in F  for i p  =  0.7.

77

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



F igure 10. C onsu m p tion  E quivalent across ip for F  =  0.2
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Note, F  =  0.2 The thick solid line is for R  =  3.3. The thin 
solid line is for R  = 2. The dotted line is for R  =  3.3; rj = 0. 
The dashed line is for R  =  2; rj = 0.

F ig u re  11. C o n su m p tio n  E qu ivalen t across F  for ip = 0.7
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The dashed line is for R  =  2; r/ ~  0.
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5.4 O ptim al Social Security

Given that participation in pay-as-you-go social security (calibrated to the current 

U.S. system with 9 =  0.106) is generally not welfare-improving under present demo­

graphics (and not at all under future demographics) for the relevant range of impulsive 

behavior, I now proceed to study the optimal size of an unfunded system for the same 

F ; V’ parameter space. I therefore define the optimal social security tax rate (from 

the perspective of a social planner) as the value of 9 that maximizes the lifetime 

welfare of a representative impulsive consumer. This is formally given as

9* can alternatively be interpreted as the optimal size of a pay-as-you-go program. I 

again use numerical techniques to find 9*, wherein I employ a grid search that finds 

the particular value of 9 that maximizes the representative impulsive consumer’s 

(socially-discounted) lifetime utility. I report these results in Table 7a, Table 7b, 

Table 7c, and Table 7d for the range of relevant impulsive consumption behavior. 

Specifically, Table 7a denotes the values of 9* under current demographics where 

the social planner discounts at the private discount rate. In Table 7b, I report the 

corresponding values of 9* under R ~  2 where again, rj — 0.025. In Table 7c, I report 

9* for R  = 3.3; rj =  0, and in Table 7d I report the optimal tax rate for R  =  2; r) =  0.

I mention three noticeable features of importance from Tables 7a-7d. First, the 

optimal tax rate is generally zero but increases fairly quickly as individuals become 

more impulsive in their consumption behavior (with respect to either F  or x j i ) . Sec­

ond, the optimal size of a social security program is larger than the current U.S. 

program of 9 = 0.106 for only a small subset of the relevant F parameter space 

under present demographics with a social planner who discounts at rj =  0.025. How­

ever, 9* is over twice as large as the current U.S. tax rate for a notable subset of

9* = arg max
0€[O,1]

(109)
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the relevant F \A parameter space under R  =  3.3; 77 =  0. Lastly, it appears that 

the optimal size of an unfunded social security program is to generally not have any 

program at all (and leave impulsive consumers to fend for themselves) under future 

demographics where R  =  2 (see Tables 7b and 7d).

5.5 O ptim al Social Security under H eterogenous W ages

In this section, I entertain the idea of optimal social security for an economy populated 

with impulsive consumers who are heterogeneous with respect to their wage. I 

therefore extend the baseline model by building in a wage distribution across a life­

cycle cohort.67 The economy has a constant population that is comprised of a 

continuum of identical life-cycle cohorts, wherein a cohort enters (is born) and exits 

the population (dies) at each instant. W ith “n” denoting agent heterogeneity with 

respect to wages across any particular cohort, agent n  enters the workforce at t = 0, 

retires at t — T , and dies at time t = T. The dates of retirement and death are 

exogenous and fixed. As such, there are T  working cohorts, (T — T ) retired cohorts, 

and T  total cohorts in the population at any instant. Agent n earns a constant 

wage, wn, for all t € [0,T], and all wage income that is not consumed flows into 

the asset account, kn(t), which grows at rate r. The social security tax rate is 6, 

wherein social security benefits, b, are received during the retirement phase of the life 

cycle. Labor is supplied inelastically, and workers therefore bear the full burden of 

the social security tax. wn is distributed uniformly across each respective life-cycle 

cohort with a mean of w) and support [w — e, w +  e]. As such, wn = w — e + n for 

n  € [0,2e] with total wages across the cohort therefore given as W  =  ‘lew. The 

social security budget balances at each instant in time such that b = ^ p - ,  where 

/3 = (T — T)2e is the total number of retirees in the population. This benefit rule

67My setup of wage heterogeneity for boundedly-rational, impulsive consumers follows Caliendo 
and Findley (2007) who model wage heterogeneity within the standard life-cycle/permanent-income 
framework when all consumers are fully rational.
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has a redistributional component to it. Namely, all agents receive the same amount 

of social security benefits, but agents with wages higher than w pay more in taxes, 

as opposed to agents on the lower end of the wage support who end up paying less in 

social security taxes. All cohorts are alike since e and w are autonomous.

Formally, the optimal control problem of agent n  is

max \ 1 dt (110)
J 1 - 0
to

where the control variable is consumption, cn(t). Agent n  is constrained by 

dkn(t)
dt

dkn(t)

=  rkn(t) +  (1 -  e)wn -  cn{t) \/t e [to, T\ (111)

=  rkn(t) + b - c n(t) V t e [ r , f ]  (112)

kn(t0) given kn(T) =  0 (H3)

Application of the Maximum Principle for two-stage fixed-endpoint control problems 

yields the optimal control for agent n

nJfU +  ̂ e9t{g ~  r ){kn(to)e~rt° +  {(1 — 0)wn[e~~rto — e~rT} +  b[e~rT — e~r^]} /r }
C j' e ( 9 ~ r ) T  _  e (s-r ) i0j

(114)

where g = -r-~- is the planned growth rate in consumption. This is the program 

that agent n intends to follow for t G [to, T] from the perspective of t0 € [0,T].

Similar to the baseline model in Chapter Three, agent n periodically experiences 

the consumption impulse. His actual impulsive consumption program is therefore

_  egt(g -  r){kn{t)e-Tt +  {(1 -  Q)wn\e~rt -  e”rT] +  b[e- rT -  e -rT)} /r }
C% — efi,-rk] %

(115)
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for t G [0, T\, where

r ( t )  = ' i p [ ( i - e ) w n - cn*{t;t)\ (116)

k"(t) = k " ( t~ d t )  + {rkn( t ~ i t )  + (1 -  V)w" -  c?(t -  V t e | 0 , T )  (117)

Consistent with the setup in Chapter Three, the actual retirement consumption pro­

gram of impulsive consumer n  is time-consistent and given as

eQt (9 ~  r ) {k n(T)e~rT +  b \e~rT — e_r^l /r}  r
w  =  1 \ J - r v  _ J - r)T] —  w  e  iT • d  <118)

with

kn(t) = fcn( r )e r(t_T) +  b [er{t- T) -  1] jr
{ k n(T )e -rT + b \e -rT -  e~rT} /r }  [egt -  esr+r(t-r)j 

[e{9-r)T _  e(ff-r)r] (119)

for t G [T, T ] .

Because all cohorts are identical, the social planner focuses on the welfare of a

single cohort of impulsive consumers and optimally selects the social security tax rate

such that
( 2e—A n  \

{v? } A n ) (12°)
7 1 = 0  /

where

£  (e - ' ,‘ ‘:?(t1)1̂ ~ 1 j A t  (121)

Since the worker-to-retiree ratio is implicitly equal to T /( T  — T) as denoted in the 

benefits formula above, I drop T  down from 55 (as in the baseline calibration) to 52 

in order to produce a ratio that is equal to the current worker-to-retiree ratio of 3.3 in 

the U.S. I set w to $40,000 for consistency with my earlier results, and I hold all other 

variables fixed at their baseline values including rj — 0.025. I use numerical methods 

to calculate 9*. For the sake of comparison, I first consider the case of e =  0.5 which

82

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



roughly corresponds to my baseline setup of no wage heterogeneity. The results are 

given in Table 8a below. I also consider the case of e =  20,000 in Table 8b which 

means that the population is uniformly distributed from $20,000 at the low wage end 

all the way up to $60,000 at the high end. I am computationally unable to examine 

cases for e > 20,000 (with ui =  40,000 for comparison) on account that social welfare 

is undefined since low-end wage earners experience negative consumption for even low 

degrees of impulsive consumption behavior. Therefore, e =  20,000 can be considered 

a bound on my results.

For the relevant range of F', ip parameter space considered, an increase in the 

dispersion of wages away from an economy-wide wage of $40,000 has the (expected) 

quantitative effect of increasing the optimal social security tax rate for this economy. 

This result is manifest by comparing the results from the same cells along the lower 

border of relevant ordered pairs in moving from Table 8a to Table 8b. For 

example, the optimal social security tax rate is only 3.3 percent for F  =  0.4 and 

ij> = 1.9 with an economy-wide wage of $40,000 (i.e., w =  40,000 and e =  0.5). 

But with the introduction of a uniformly-distributed wage support of $40,000 to an 

economy of impulsive consumers with a mean wage of $40,000 (i.e., w =  40,000 and 

e =  20,000), then the social security tax rate tha t maximizes social welfare across 

the economy increases by two percentage-points from 3.3 percent up to 5.3 percent. 

Indeed, it appears tha t the optimal tax rate generally increases by 2 to 3 percentage 

points with the introduction of this range of wage heterogeneity. W hat is surprising, 

however, is that all of these optimal tax rates are much lower than the current U.S. 

system of 10.6 percent (at least for the range of F',i> parameter space deemed relevant 

by the calibration in Chapter Four).
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Table 4a. Incom e E quivalent ($) w ith  Social S ecu rity

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 — — — — — — — — — —
0.2 — — — — — — — 12 13 13
0.3 — — — — 13 16 18 20 23 26
0.4 — — — 17 21 25 30 36 43 51
0.5 — — 19 25 32 40 50 62 76 93
0.6 — — 25 35 46 61 78 101 129 164
0.7 — — 34 48 66 90 120 160 213 284
0.8 — 28 44 65 93 130 180 249 347 —
0.9 — 35 57 85 127 184 265 382 — —
1.0 — 42 72 112 171 256 385 — — —
1.1 — 51 90 145 227 354 554 — — —
1.2 — 62 110 184 298 483 — — — —
1.3 — 73 135 232 389 657 — — — —
1.4 — 86 163 289 504 — — — — —
1.5 43 101 196 358 649
1.6 47 117 234 441
1.7 54 135 277 541 — — — — — —
1.8 60 155 327 660
1.9 67 176 384 802
2.0 74 200 449 — — — — — — —
2.1 82 227 522 — —
2.2 91 256 606
2.3 99 287 701
2.4 108 322 809
2.5 118 359 932
2.6 129 400 1071
2.7 139 444
2.8 151 493 — —
2.9 163 545 — — — — — — — —
3.0 176 601 —
3.1 189 662
3.2 203 728 — — —
3.3 217 800
3.4 232 877 —
3.5 248 960 — — — — — — — —
3.6 265 1050
3.7 282 1147 — — — — — — — —
3.8 300 1252 — —

Note. All parameters are set to baseline values. 7r|p=o.i,y>=7.o =  1396.
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T able 4b. Incom e E quivalent ($) w ith o u t Social S ecu rity

V’ 0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 — —
0.2 29 32 36
0.3 — — — — 36 44 51 60 70 81
0.4 — — — 48 61 76 93 113 137 165
0.5 — — 53 73 96 124 159 201 253 318
0.6 — — 74 106 145 194 257 339 446 590
0.7 — — 101 149 211 293 404 556 771 1086
0.8 — 82 134 204 299 431 619 897 1329 —

0.9 — 102 174 274 414 621 937 1443 — —
1.0 — 127 222 360 564 883 1411 — — —
1.1 — 154 279 466 759 1247 2133 — — —

1.2 — 186 345 596 1011 1755 — — — —
1.3 — 222 423 754 1338 2482 — — — —
1.4 — 262 513 948 1765
1.5 124 306 617 1183 2330
1.6 140 355 738 1470 — — — — — —

1.7 158 410 877 1821
1.8 177 470 1036 2250
1.9 196 536 1219 2784
2.0 218 609 1429
2.1 240 688 1670
2.2 264 775 1947 — — — — — — —
2.3 289 870 2266 — — — — — — —
2.4 316 973 2635 —
2.5 344 1086 3063 — — — — — — —
2.6 373 1208 3561 — — — — — — —

2.7 404 1341 —
2.8 436 1486 —
2.9 470 1642 —
3.0 505 1813 — — — — — — — —
3.1 542 1998 —
3.2 581 2199
3.3 621 2417 —
3.4 663 2655 — — — — — — — —
3.5 707 2915 — — — — — — — —

3.6 752 3196
3.7 799 3506 — —
3.8 848 3845 — — — — — — — —

Note. 9 = 0  with all other parameters at the baseline. 7r|r=o.i,V'=7.o =  3782.
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Table 5a. C hange (%) in  R etirem en t C on su m p tion

tl> 0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1
0.2 — — — — — — — -1 -1 0
0.3 — — — — -2 -1 0 1 1 2
0.4 — — — -1 0 1 2 3 5 6
0.5 — — -2 0 1 2 4 6 9 12
0.6 — — -1 1 2 5 7 11 15 21
0.7 — — 0 2 4 7 11 17 25 36
0.8 — -1 1 3 6 11 17 26 41 —
0.9 — -1 1 5 9 15 25 40 — —
1.0 — 0 2 6 12 21 36 — — —
1.1 — 0 3 8 16 29 55 — — —
1.2 — 1 5 11 21 40 — — — —
1.3 — 1 6 13 27 58 — — — —
1.4 — 2 7 17 36 — — — — —
1.5 -2 2 9 21 48
1.6 -1 3 11 26 — — — — — —
1.7 -1 4 13 32
1.8 -1 5 15 40 — — — — — —
1.9 -1 5 18 51
2.0 0 6 21
2.1 0 7 24 — — — — — — —
2.2 0 8 29 — — — — — — —
2.3 0 10 34
2.4 1 11 40
2.5 1 12 48
2.6 1 14 57 — — — — — — —
2.7 1 15 —
2.8 2 17 — —
2.9 2 19
3.0 2 21
3.1 3 23 — —
3.2 3 26 — — — — — — — —
3.3 3 29
3.4 4 32
3.5 4 36
3.6 4 40
3.7 5 45
3.8 5 51

Note. All parameters are set to baseline values. Retirement
consumption increases by 34 percent at F — 0.1; ip = 7.0.
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Table 5b. C hange (%) in  R etirem en t C onsu m p tion  ( R  =  2)

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 —
0.2 — — — — — — — -5 -5 -4
0.3 — — — — -5 -5 -4 -4 -3 -3
0.4 — — — -5 -4 -4 -3 -2 -1 0
0.5 — — -5 -4 -4 -3 -2 0 1 3
0.6 — — -5 -4 -3 -1 0 2 5 9
0.7 — — -4 -3 -2 0 3 6 11 18
0.8 — -5 -4 -2 0 2 6 12 20 —
0.9 — -5 -3 -1 1 5 11 20 — —
1.0 — -4 -3 0 3 8 18 — — —
1.1 — -4 -2 1 6 13 29 — — —
1.2 — -4 -1 2 9 20 — — — —
1.3 — -3 -1 4 12 31 — — — —
1.4 — -3 0 6 18 — — — — —
1.5 -5 -3 1 8 25
1.6 -5 -2 2 11 — — — — — —
1.7 -5 -2 4 15
1.8 -5 -1 5 20 — — — — — —
1.9 -5 -1 7 27
2.0 -4 0 8
2.1 -4 0 11
2.2 -4 1 13
2.3 -4 2 16
2.4 -4 2 20 —
2.5 -4 3 25
2.6 -4 4 31
2.7 -3 5
2.8 -3 6
2.9 -3 7 — — — — — — — —
3.0 -3 8 — — — — — — — —
3.1 -3 10 — — — — — — — —
3.2 -2 11 — — — — — — — —
3.3 -2 13 — — — — — — — —
3.4 -2 15 — — — — — — — —
3.5 -2 18
3.6 -1 20 — — — — — — — —
3.7 -1 23 — — — — — — — —
3.8 -1 27 — —

Note. R  = 2 with all other parameters at the baseline. Retirement 
consumption increases by 16 percent at F = 0.1; ip — 7.0.
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Table 6a. C on su m p tion  E quivalent ($) a t P resen t D em ograp h ics

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 — —
0.2 -1415 -1412 -1410
0.3 — — — — -1410 -1405 -1399 -1393 -1385 -1377
0.4 — — — -1402 -1392 -1381 -1369 -1354 -1337 -1316
0.5 — — -1398 -1384 -1367 -1347 -1322 -1291 -1253 -1204
0.6 — — -1384 -1361 -1333 -1297 -1251 -1191 -1111 -1002
0.7 — — -1364 -1330 -1286 -1226 -1145 -1032 -868 -625
0.8 — -1378 -1341 -1291 -1223 -1127 -988 -779 -444 —
0.9 — -1365 -1313 -1243 -1141 -990 -754 -366 — —
1.0 — -1347 -1280 -1182 -1034 -799 -402 — — —
1.1 — -1328 -1240 -1107 -895 -534 143 — — —
1.2 — -1306 -1194 -1016 -714 -159 — — — —
1.3 — -1282 -1140 -904 -478 383 — — — —
1.4 — -1255 -1078 -768 -168 — — — — —
1.5 -1350 -1224 -1006 -602 243 — — — — —
1.6 -1339 -1191 -922 -399 — — — — — —
1.7 -1327 -1154 -827 -151 —
1.8 -1314 -1113 -717 155 — — — — — —
1.9 -1301 -1068 -592 535 — — — — — —
2.0 -1288 -1019 -447 — — — — — — —
2.1 -1272 -965 -282 — — — — — — —
2.2 -1256 -907 -92 — — — — ■— — —
2.3 -1240 -844 126 — — — — — — —
2.4 -1222 -775 379 — — — — — — —
2.5 -1204 -700 672 — — — — — — —
2.6 -1184 -618 1016 — — — — — — —
2.7 -1164 -530 — — — — — — —- —
2.8 -1143 -434 — — —
2.9 -1121 -331 —
3.0 -1098 -218
3.1 -1074 -96 — —
3.2 -1049 35 — — — — — — — —
3.3 -1023 180 — — — — — — — —
3.4 -996 337 _ — — — — — — —
3.5 -968 507 — — — — — — — —
3.6 -939 693 — — ' — — — — — —
3.7 -909 898 — — — — — — — —
3.8 -878 1121 —- — — — — — — —

Note. All parameters are set to baseline values. xlr=o.i,-0 =7.0 =  923.
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Table 6b. C on su m p tion  E quivalent ($) at Future D em ograp h ics

Ip 0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1
0.2 — — — — — — — -2268 -2266 -2264
0.3 — — — — -2264 -2260 -2256 -2251 -2246 -2239
0.4 — — — -2258 -2251 -2242 -2233 -2222 -2208 -2192
0.5 — — -2255 -2245 -2232 -2216 -2197 -2174 -2144 -2106
0.6 — — -2244 -2227 -2206 -2178 -2143 -2096 -2033 -1948
0.7 — — -2230 -2205 -2170 -2124 -2061 -1973 -1844 -1650
0.8 — -2241 -2212 -2174 -2122 -2048 -1940 -1775 -1510 —
0.9 — -2230 -2190 -2137 -2059 -1942 -1758 -1452 — —
1.0 — -2217 -2166 -2091 -1977 -1795 -1484 — — —
1.1 — -2203 -2136 -2035 -1871 -1590 -1056 — — —
1.2 — -2186 -2101 -1965 -1732 -1299 — — — —
1.3 — -2168 -2061 -1880 -1551 -875 — — — —
1.4 — -2147 -2013 -1776 -1312 — — — — —
1.5 -2220 -2125 -1959 -1650 -994 — — — — —
1.6 -2211 -2099 -1896 -1495 — — — — — —
1.7 -2203 -2072 -1824 -1306 —
1.8 -2193 -2041 -1741 -1072
1.9 -2183 -2008 -1647 -781
2.0 -2173 -1971 -1538 —
2.1 -2162 -1931 -1413
2.2 -2150 -1888 -1270 —
2.3 -2137 -1840 -1105 — — — — — — —
2.4 -2124 -1789 -914 — —
2.5 -2111 -1733 -691
2.6 -2097 -1672 -431 — — — — — — —
2.7 -2082 -1607
2.8 -2066 -1535 — — —
2.9 -2050 -1458 — — — — — — — —
3.0 -2033 -1375 — —
3.1 -2015 -1284 — — — — — — — —
3.2 -1997 -1185 — ■— — — — — — —
3.3 -1977 -1078 — —
3.4 -1957 -961 — ' —
3.5 -1938 -835 — — — — — — — —
3.6 -1916 -696 — — — — — — — —
3.7 -1894 -543 — — — — — — — —
3.8 -1871 -376 — — — — — — — —

Note. R  = 2 with all other parameters at the baseline. x|r=o.i,^=7.o =  —556.
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Table 6c. C on su m p tion  E quivalent ($) at P resen t D em ograp h ics (r/ =  0)

Ip 0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 — — — — — — — — — —
0.2 — — -1226 -1197 -1166
0.3 — — — — -1235 -1190 -1143 -1092 -1039 -980
0.4 — — — -1215 -1151 -1082 -1008 -925 -834 -733
0.5 — — -1225 -1144 -1054 -953 -840 -711 -564 -392
0.6 — — -1171 -1063 -940 -797 -630 -431 -192 105
0.7 — — -1112 -971 -806 -606 -363 -55 341 874
0.8 — -1195 -1046 -866 -647 -371 -14 467 1145 —
0.9 — -1155 -973 -747 -458 -76 451 1221 — —
1.0 — -1112 -892 -609 -231 298 1087 — — —
1.1 — -1065 -802 -450 43 780 1989 — — —
1.2 — -1015 -703 -267 378 1414 — — — —
1.3 — -962 -592 -55 789 2296 — — — —
1.4 — -904 -469 193 1300 — — — — —
1.5 -1182 -842 -333 481 1946 — — — — —
1.6 -1159 -776 -181 819
1.7 -1135 -705 -12 1218
1.8 -1110 -629 176 1693
1.9 -1084 -548 387 2262 — — — — — —
2.0 -1057 -461 622
2.1 -1030 -368 886 — — — — — — —
2.2 -1001 -268 1182
2.3 -970 -161 1516
2.4 -939 -47 1893 — — — — — — —
2.5 -907 75 2322 — — — — — — —
2.6 -874 205 2813
2.7 -839 345
2.8 -804 495
2.9 -767 655
3.0 -729 827 — —
3.1 -690 1011 —
3.2 -649 1208
3.3 -608 1420 — — — — — — — —
3.4 -565 1648
3.5 -520 1894 — — — — — — — —
3.6 -475 2159 — — — — — — — —
3.7 -428 2446 — — —
3.8 -379 2757 — — — — — — — —

Note, rj =  0 with all other parameters at the baseline. xlr=o.i,^=7.o — 2206.
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Table 6d. C on su m p tion  E quivalent ($) a t Future D em ograp h ics ( rj — 0)

Vv 0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1 — — — — — — — — — —
0.2 -2136 -2116 -2094
0.3 — — — — -2142 -2110 -2077 -2041 -2003 -1962
0.4 — — — -2127 -2083 -2033 -1980 -1921 -1856 -1783
0.5 — — -2135 -2077 -2013 -1941 -1860 -1766 -1659 -1534
0.6 — — -2096 -2019 -1931 -1828 -1707 -1562 -1386 -1167
0.7 — — -2054 -1953 -1834 -1689 -1511 -1285 -990 -590
0.8 . — -2113 -2006 -1877 -1718 -1517 -1254 -897 -386 —
0.9 — -2084 -1953 -1790 -1580 -1300 -909 -331 — —
1.0 — -2053 -1895 -1690 -1414 -1023 -433 — — —
1.1 — -2019 -1830 -1574 -1212 -665 246 — — —
1.2 — -1983 -1758 -1440 -965 -191 — — — —
1.3 — -1945 -1677 -1284 -660 449 — — — —
1.4 — -1903 -1588 -1103 -280 — — — — —
1.5 -2103 -1848 -1488 -890 201
1.6 -2086 -1810 -1377 -641 — — — — — —
1.7 -2069 -1759 -1254 -345 — — — — — —
1.8 -2051 -1704 -1116 5
1.9 -2032 -1645 -962 427 — — — — — —
2.0 -2013 -1581 -789
2.1 -1993 -1514 -595 — — — — — — —
2.2 -1972 -1441 -378 — — — — — — —
2.3 -1950 -1364 -133 — — — — — — —
2.4 -1928 -1281 144
2.5 -1905 -1192 460 —
2.6 -1881 -1097 821 — — — — — — —
2.7 -1856 -995
2.8 -1830 -887
2.9 -1804 -770
3.0 -1776 -645 '— — — — — — — —
3.1 -1748 -511
3.2 -1719 -368 — — — — — — — —
3.3 -1689 -213 — — — — — — — —
3.4 -1658 -47 — — — — — — — —
3.5 -1626 132 — — — — — — — —
3.6 -1593 325 — — — — — — — —
3.7 -1559 534 — — — — — — — —
3.8 -1524 761 ■ — — — — — — — —

Note. R  =  2;?y =  0 with all other parameters at the baseline. xlr=o.i,i/>=7.o =  334.
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Table 7a. O ptim al T ax R a te  (%) at P resen t D em ograp h ics

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1
0.2 0.0 0.0 0.0
0.3 — — — — 0.0 0.0 0.0 0.0 0.0 0.0
0.4 — — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.7 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.8 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 —
0.9 — 0.0 0.0 0.0 0.0 0.0 0.0 0.8 — —
1.0 — 0.0 0.0 0.0 0.0 0.0 0.0 — — —
1.1 — 0.0 0.0 0.0 0.0 0.0 6.2 — — —
1.2 — 0.0 0.0 0.0 0.0 3.3 — — — —
1.3 — 0.0 0.0 0.0 0.0 8.1 — — — —
1.4 — 0.0 0.0 0.0 3.1
1.5 0.0 0.0 0.0 0.0 7.4
1.6 0.0 0.0 0.0 0.0 — — — — — —
1.7 0.0 0.0 0.0 3.2
1.8 0.0 0.0 0.0 6.9 — — — — — —
1.9 0.0 0.0 0.0 9.8 — — — — — —
2.0 0.0 0.0 0.0 — — — — — — —
2.1 0.0 0.0 0.4
2.2 0.0 0.0 3.9 — — — — — — —
2.3 0.0 0.0 6.8 — — — — — — —
2.4 0.0 0.0 9.2 — — — — — — —
2.5 0.0 0.0 11.2
2.6 0.0 0.0 12.9
2.7 0.0 0.0
2.8 0.0 0.0 — — — — — — — —

2.9 0.0 0.0
3.0 0.0 1.0 — — — — — — — —

3.1 0.0 3.6
3.2 0.0 5.9
3.3 0.0 7.8 — —

3.4 0.0 9.5 — — — — — — — —

3.5 0.0 11.0 — — — — — — — —

3.6 0.0 12.3 — — — — — — — —

3.7 0.0 13.4 — — — — —

3.8 0.0 14.4 — — — — — — — —
Note. All parameters are set to the baseline. #*|f=o.i,-0 =7.0 =  15.5,
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Table 7b. O ptim al Tax R a te  (%) at Future D em ograp h ics

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1
0.2 — — — — — — — 0.0 0.0 0.0
0.3 — — — — 0.0 0.0 0.0 0.0 0.0 0.0
0.4 — — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.7 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.8 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 —

0.9 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 — —

1.0 — 0.0 0.0 0.0 0.0 0.0 0.0 — — —

1.1 — 0.0 0.0 0.0 0.0 0.0 0.0 — — —
1.2 — 0.0 0.0 0.0 0.0 0.0 — — — —
1.3 — 0.0 0.0 0.0 0.0 0.0 — — — —
1.4 — 0.0 0.0 0.0 0.0 — — — — —
1.5 0.0 0.0 0.0 0.0 0.0
1.6 0.0 0.0 0.0 0.0 — — — — — —
1.7 0.0 0.0 0.0 0.0 — — — — — —

1.8 0.0 0.0 0.0 0.0 — — — — — —
1.9 0.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0 — — — — — — —

2.1 0.0 0.0 0.0
2.2 0.0 0.0 0.0
2.3 0.0 0.0 0.0 — — — — — — —

2.4 0.0 0.0 0.0
2.5 0.0 0.0 0.0
2.6 0.0 0.0 0.0 — — — — — — —

2.7 0.0 0.0
2.8 0.0 0.0
2.9 0.0 0.0 — — — — — — — —

3.0 0.0 0.0 —
3.1 0.0 0.0 —
3.2 0.0 0.0
3.3 0.0 0.0 — — — — — — — —
3.4 0.0 0.0 — — — — — — — —
3.5 0.0 0.0
3.6 0.0 0.0
3.7 0.0 0.0 — — — — — — — —

3.8 0.0 0.0
Note. R  =  2 with all other parameters at the baseline.

0*|f=o.i ,v>=7.o — 0-0-
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Table 7c. O ptim al T ax R a te  (%) a t P resen t D em ograp h ics (rj

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1
0.2 — — — — — — — 0.0 0.0 0.0
0.3 — — — — 0.0 0.0 0.0 0.0 0.0 0.0
0.4 — — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.1 8.0
0.7 — — 0.0 0.0 0.0 0.0 0.0 3.5 12.6 18.4
0.8 — 0.0 0.0 0.0 0.0 0.0 4.9 14.3 20.0 —
0.9 — 0.0 0.0 0.0 0.0 2.8 14.1 20.2 — —
1.0 — 0.0 0.0 0.0 0.0 11.8 19.5 — — —
1.1 — 0.0 0.0 0.0 6.5 17.3 22.7 — — —
1.2 — 0.0 0.0 0.0 13.0 20.8 — — — —
1.3 — 0.0 0.0 3.6 17.3 23.0 — — — —
1.4 — 0.0 0.0 10.0 20.2 — — — — —
1.5 0.0 0.0 0.0 14.4 22.2 — — — — —
1.6 0.0 0.0 0.0 17.6 — — — — — —
1.7 0.0 0.0 5.0 19.8 — — — — — —
1.8 0.0 0.0 9.8 21.5 — — — — — —
1.9 0.0 0.0 13.4 22.6 — — — — — —
2.0 0.0 0.0 16.1 —
2.1 0.0 0.0 18.1 — —
2.2 0.0 0.0 19.7 — — — — — — —
2.3 0.0 0.0 20.9 —
2.4 0.0 3.8 21.8 — — — — — — —
2.5 0.0 7.6 22.5 — — — — — — —
2.6 0.0 10.6 23.1
2.7 0.0 13.0 —
2.8 0.0 15.0
2.9 0.0 16.6 — — — — — — — —
3.0 0.0 17.9 — — — — — — — —
3.1 0.0 19.0
3.2 0.0 19.9 —
3.3 0.0 20.6 — — — — — — — —
3.4 0.0 21.3 — — — — — — — —
3.5 0.0 21.8 —
3.6 0.0 22.2 — — — — — — — —
3.7 0.0 22.6 — — — — — — — —
3.8 0.0 22.9

Note, rj = 0 with all other parameters at the baseline.
0*|F=o lj^=7O is undefined.
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Table Td. O ptim al Tax R a te  (%) at Future D em ograp h ics (rj

i ’ 0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1
0.2 — — 0.0 0.0 0.0
0.3 — — — — 0.0 0.0 0.0 0.0 0.0 0.0
0.4 — — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.7 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.8 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 —
0.9 — 0.0 0.0 0.0 0.0 0.0 0.0 1.4 — —
1.0 — 0.0 0.0 0.0 0.0 0.0 0.0 — — —
1.1 — 0.0 0.0 0.0 0.0 0.0 9.0 — — —
1.2 — 0.0 0.0 0.0 0.0 1.0 — — — —
1.3 — 0.0 0.0 0.0 0.0 11.8 — — — —
1.4 — 0.0 0.0 0.0 0.0 — — — — —
1.5 0.0 0.0 0.0 0.0 8.8
1.6 0.0 0.0 0.0 0.0 — — — — — —
1.7 0.0 0.0 0.0 0.0
1.8 0.0 0.0 0.0 5.4 — — — — — —
1.9 0.0 0.0 0.0 12.5
2.0 0.0 0.0 0.0 — —

2.1 0.0 0.0 0.0
2.2 0.0 0.0 0.0
2.3 0.0 0.0 1.8 —
2.4 0.0 0.0 8.4
2.5 0.0 0.0 13.6
2.6 0.0 0.0 17.6
2.7 0.0 0.0
2.8 0.0 0.0
2.9 0.0 0.0 — — — — — — — —
3.0 0.0 0.0 — — — — — — — —
3.1 0.0 0.0
3.2 0.0 0.0 —
3.3 0.0 0.0 — — — — — — — —
3.4 0.0 3.7 — —
3.5 0.0 8.5 — — — — — — — —
3.6 0.0 12.4
3.7 0.0 15.6 — — — — — — — —
3.8 0.0 18.3 — — — — — — — —

Note. R  — 2;r] = 0 with all other parameters at the baseline.
0*|f =o.i ,#=7.o — 14.8.

95

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 8a. O ptim al T ax R a te  (%) w ith  no W age D isp ersion

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1
0.2 0.0 0.0 0.0
0.3 — — — — 0.0 0.0 0.0 0.0 0.0 0.0
0.4 — — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.7 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.8 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 —
0.9 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 — —
1.0 — 0.0 0.0 0.0 0.0 0.0 0.0 — — —
1.1 — 0.0 0.0 0.0 0.0 0.0 0.2 — — —
1.2 — 0.0 0.0 0.0 0.0 0.0 — — — —
1.3 — 0.0 0.0 0.0 0.0 2.2 — — — —
1.4 — 0.0 0.0 0.0 0.0 — — — — —
1.5 0.0 0.0 0.0 0.0 0.5
1.6 0.0 0.0 0.0 0.0 — — — — — —
1.7 0.0 0.0 0.0 0.0
1.8 0.0 0.0 0.0 0.0
1.9 0.0 0.0 0.0 3.3
2.0 0.0 0.0 0.0
2.1 0.0 0.0 0.0
2.2 0.0 0.0 0.0 — — — — — — —
2.3 0.0 0.0 0.0 — — — — — — —
2.4 0.0 0.0 1.3
2.5 0.0 0.0 4.5
2.6 0.0 0.0 7.2 — — — — — — —
2.7 0.0 0.0
2.8 0.0 0.0 — — — — — — — —
2.9 0.0 0.0
3.0 0.0 0.0
3.1 0.0 0.0
3.2 0.0 0.0
3.3 0.0 0.0
3.4 0.0 0.0 — —
3.5 0.0 2.5 — — — — — — — —
3.6 0.0 4.7 — — — — — — — —
3.7 0.0 6.7 — — — — — — — —
3.8 0.0 8.4

Note, e =  0.5; T  =  52 with all other parameters at the baseline.
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Table 8b. O ptim al Tax R a te  (%) w ith  W age D isp ersion

0.1 0.2 0.3 0.4
F

0.5 0.6 0.7 0.8 0.9 1
0.1
0.2 0.0 0.0 0.0
0.3 — — — — 0.0 0.0 0.0 0.0 0.0 0.0
0.4 — — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.6 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.7 — — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.8 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 —
0.9 — 0.0 0.0 0.0 0.0 0.0 0.0 0.0 — —
1.0 — 0.0 0.0 0.0 0.0 0.0 0.0 — — —
1.1 — 0.0 0.0 0.0 0.0 0.0 2.5 — — —
1.2 — 0.0 0.0 0.0 0.0 0.0 — — — —
1.3 — 0.0 0.0 0.0 0.0 4.2 — — — —
1.4 — 0.0 0.0 0.0 0.0 — — — — —
1.5 0.0 0.0 0.0 0.0 3.1
1.6 0.0 0.0 0.0 0.0 — — — — — —
1.7 0.0 0.0 0.0 0.0 — — — — — —
1.8 0.0 0.0 0.0 2.2 — — — — — —
1.9 0.0 0.0 0.0 5.3
2.0 0.0 0.0 0.0 — — — — — — —
2.1 0.0 0.0 0.0 — — — — — — —
2.2 0.0 0.0 0.0
2.3 0.0 0.0 1.8 — —
2.4 0.0 0.0 4.3
2.5 0.0 0.0 6.5 — —
2.6 0.0 0.0 8.4
2.7 0.0 0.0 —
2.8 0.0 0.0 — — — — — — — —
2.9 0.0 0.0
3.0 0.0 0.0 — — — — — — — —
3.1 0.0 0.0 —
3.2 0.0 0.0 —
3.3 0.0 2.1 — — — — — — — —
3.4 0.0 3.9 —
3.5 0.0 5.6
3.6 0.0 7.1 —
3.7 0.0 8.4 —
3.8 0.0 9.6 — — — — — — — —

Note, e — 20,000; T  =  52 with all other parameters at the baseline.
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C hap ter Six: C onclu d in g  R em arks

Modern Neoclassical interpretations of the Life-Cycle/Permanent-Income Hypothesis 

suggest that individuals look forward across their lifetimes with perfect foresight and 

perfect information, and furthermore select consumption programs tha t maximize the 

present-discounted value of their respective lifetime utility. On the other hand, there 

is no shortage of literature and evidence that suggests that people have difficulty 

saving adequately (much less optimally) for retirement. Indeed, the existence of 

public pension programs, such as pay-as-you-go social security, is primarily justified 

on grounds that individuals have characteristic, behavioral tendencies that lead to 

inadequate saving for the retirement years of the life cycle. Despite this justification 

and despite the fact that public pension systems tend to be the largest government 

programs in most developed countries, very little has been pursued in the way of 

theory to examine this justification.

In the first study to theoretically analyze this broad justification for a social secu­

rity program, Feldstein (1985) studies whether agents who underestimate their future 

social security benefits can have improved lifetime utility from unfunded social se­

curity participation. He addresses this question within the context of a two-period 

overlapping-generations model, and he concludes that agents do not generally benefit 

under this particular modeling definition of shortsightedness. Docquier (2002) revis­

its and studies the sensitivity of Feldstein’s results by using a different social welfare 

function. Imrohoroglu et al (2003) design a 65-period overlapping-generations model, 

and also address this question from the perspective of agents who have hyperbolic 

discount functions (time-inconsistent preferences) that lead to inadequate retirement 

saving. They also conclude tha t social security is generally not welfare-improving. 

Lastly, Findley and Caliendo (2007) examine the question of whether agents who 

have short, fixed planning horizons can benefit from an unfunded program, and they 

find that social security does improve welfare within a partial-equilibrium framework
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when comparing their results to outside evidence. Other than these four studies, 

little else has been undertaken theoretically to address this justification.

In this dissertation, I also contribute to this research area by studying the ques­

tion of whether impulsive consumption behavior (in isolation from other behavioral 

characteristics) can justify participation in a pay-as-you-go social security program. 

I accomplish this by designing a distinctly new model of consumer behavior that is 

consistent with many of the salient features of outside evidence on impulsive consump­

tion, as documented in the psychology, psychiatry, and consumer research literature 

(but which has not yet been rigorously studied in the field of economics). In my 

model, “impulsive consumers” formulate plans for the long-term and attem pt to set 

period consumption equal to the annuity value of remaining lifetime wealth. But 

they often deviate from these plans upon experiencing a psychological impulse to 

uncontrollably consume above and beyond their optimally-calculated consumption 

programs. Alternatively stated, an impulsive consumer is someone who sets optimal 

plans, sticks to these optimal plans for various periods of time, but is periodically 

prone to impulsive spending fits.

To examine impulsive consumers and optimal social security, I calibrate my model 

for simulation purposes. I first select numerical values for the economic parameters in 

my model based on well-documented macroeconomic evidence. I then calibrate the 

behavioral impulsiveness parameters such that simulated consumption outcomes are 

consistent with empirical evidence on aggregate life-cycle consumption. Specifically, I 

find the parameter space for the frequency and magnitude of impulsive consumption 

that generates a simulated discrete drop in aggregate life-cycle consumption that 

matches the magnitude of the drop observed in the data. After having fully calibrated 

my model, I employ dynamic welfare measures in order to examine the welfare effects 

of unfunded social security on impulsive consumers.

I now summarize my primary quantitative-theoretic findings. First, I find that
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there is a significant welfare cost to being an impulsive consumer (as opposed to never 

succumbing to the consumption impulse). I use an “income equivalent” (willingness 

to pay measured in terms of annual income) to find that a life-cycle/permanent- 

income consumer would be willing to pay a significant fraction of his annual income 

(and corresponding lifetime wealth) in order to avoid being an impulsive consumer. 

I also find that participation in a pay-as-you-go social security program narrows the 

discrepancy in well-being between an impulsive consumer and a life-cycle/permanent- 

income consumer. This outcome can be generally consistent with egalitarian notions 

of fairness conditioned on the requirement that social security also succeeds at im­

proving the welfare of at least the impulsive consumer. Second, I use a dynamic 

welfare measure labeled the “consumption equivalent” (willingness to pay measured 

in terms of real annual consumption), and I find tha t an unfunded social security 

program (calibrated to the U.S. program) does not generally improve the welfare of 

impulsive consumers for the types of impulsive consumer behavior deemed relevant 

by my calibration of the model. I also find that under a worker-to-retiree ratio of 2 in 

the economy (reflecting future population demographics in the U.S.), social security 

almost never improves the welfare of impulsive consumers even when the social plan­

ner does not give preferential treatment to any period of the impulsive consumer’s life 

cycle over another (i.e., the social discount rate is zero)! Lastly, I analyze the optimal 

tax rate of a pay-as-you-go social security program. For the most part, I find that the 

current size of the U.S. program is drastically larger than what would be warranted 

from the quantitative results of my model. This implication generally continues to 

hold even if the social planner does not discount, and even in the presence of wage 

heterogeneity (although the introduction of wage heterogeneity does appear to have 

the effect of increasing the optimal value for the tax rate as compared to a steady 

state with just an economy-wide wage).

I believe that it is prudent at this juncture that I address some specific features
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of my theoretical setup that likely generate the aforementioned quantitative out­

comes. Moreover, I also enumerate some possible extensions for future work that 

might alter my results. First, I believe that the major mechanism driving the fact 

that an unfunded social security program (calibrated to the U.S. program) is not 

welfare-improving within my model is tha t my impulsive consumer can engage in 

time-inconsistent dynamic optimization. This means that impulsive consumers can 

re-optimize immediately following a spell of impulsive consumption. As such, impul­

sive consumers can somewhat (but not fully) correct for their prior “bad” behavior. 

Therefore, it appears that my dynamically-inconsistent impulsive consumers do not 

generally benefit from unfunded social security (calibrated to the U.S. program) be­

cause they partially mitigate or partially correct their own impulsive behavior via 

re-optimization (recalculation of the life-cycle/permanent-income rule resulting in an 

upward revision in their optimal saving programs). It is highly possible tha t pay-as- 

you-go social security could improve the lifetime utility of impulsive consumers under 

an alternative setup wherein impulsive consumers do not re-optimize following binges 

of impulsive consumption.

Secondly, my impulsive agent consumes a constant, fixed fraction of his optimal 

saving flow upon experiencing (and succumbing to) the consumption impulse. Follow­

ing periods of impulsive consumption, my agent re-optimizes and continually revises 

downward his consumption program meaning that he continually revises upward his 

optimal saving program. Therefore, the amount that my agent impulsively consumes 

grows over time because he consumes a constant fixed fraction of a growing optimal 

saving flow. This is a form of “anti-learning” behavior since my agent is impulsively 

consuming larger amounts as he ages. Therefore, this particular modeling specifica­

tion behaviorally “stacks the cards” in favor of an unfunded social security program, 

yet I find (as outlined above) that my impulsive consumer does not generally benefit 

from such a program despite such anti-learning behavior. It is likely that the incor-
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poration of learning to be less impulsive (with respect to the impulse amount) will 

erase any margin of possibility that impulsive consumption behavior (in isolation from 

other behavioral characteristics) can justify a pay-as-you-go social security program.

Thirdly, at any arbitrary instant during the working years, the agent impulsively 

consumes a fixed fraction of his optimal saving flow, which I have defined as the 

difference between current labor income and permanent income. The difference 

between current labor income and permanent income is one particular variation of 

what might be termed “transitory income” . Another modeling possibility is that 

the agent consumes a fixed fraction of the difference between his total current income 

(including both labor and interest income) and permanent income upon succumb­

ing to the consumption impulse. This particular specification of transitory income 

would effectively increase the amount that the agent consumes upon experiencing the 

consumption impulse (compared to the current specification) when he has a positive 

asset account balance, yet this specification would also conversely mitigate the im­

pulse amount (compared to the current specification) when the agent has a negative 

asset balance. It is a priori unclear how this alternative specification of transitory 

income might affect the principal welfare results in my dissertation.

Fourthly, the date of retirement is exogenous and fixed within my model of impul­

sive consumers. It is likely that augmenting my baseline model with a labor-leisure 

choice would affect the date at which my impulsive consumers would select to retire 

from working. It is possible (maybe even likely given certain assumptions as to how 

leisure enters the period utility function) that consumers would endogenously select to 

delay retirement as the degree of impulsive consumption behavior increases. A delay 

in retirement would decrease the prospect that social security is welfare-improving 

(all else equal) since individuals would be paying social security taxes for a longer 

period, while receiving benefits over a shorter period of time.

Fifthly, the quantitative-theoretic results of my dissertation tend to support the
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theoretical conclusion of both Feldstein (1985) and Imrohoroglu et al (2003) that 

unfunded social security is generally not welfare-improving despite a universal preva­

lence of “shortsightedness” throughout an economy. This highlights the apparent 

difficulty in finding whether a single behavioral mechanism (in isolation from other 

behavioral mechanisms) can theoretically justify a pay-as-you-go social security pro­

gram (although Findley and Caliendo (2007) find that short planning horizons in 

isolation can justify social security within a partial-equilibrium framework). An in­

teresting parallel research question is whether an unfunded social security program 

can improve the lifetime welfare of individuals who are plagued with several behavioral 

characteristics in tandem (such as consumption impulses coupled with hyperbolic dis­

count functions, etc.). Furthermore, how might multiple behavioral characteristics 

interact with one another in affecting lifetime welfare?

Lastly, I have designed a model of impulsive consumers that appears to be con­

sistent with the salient features of empirical evidence on impulsive consumption (as 

outlined in the psychology, psychiatry, and consumer research literature). I model an 

individual who attem pts to optimally consume according to the life-cycle/permanent- 

income rule, yet who periodically succumbs to an exogenous consumption impulse. 

W hat if impulsive consumption behavior is an endogenous rational outcome from 

some larger optimization problem that has yet to be discovered? W hat are the 

macroeconomic consumption implications from such behavior, and is there a role for 

pay-as-you-go social security in an economy populated with such consumers? I leave 

this (along with the other aforementioned possibilities above) to future work.
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