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A BSTRACT. This study incorporates a recent preference specification of expectations-based loss
aversion, which has been applied broadly in microeconomics, into a classic macro model to offer a
unified explanation for three empirical observations about life-cycle consumption. First, loss aversion explains excess smoothness or sensitivity, that is, the empirical observation that consumption
responds to income shocks with a lag. Intuitively, such lagged responses allow the agent to delay
painful losses in consumption until his expectations have adjusted. Second, the preferences generate a hump-shaped consumption profile. Early in life, consumption is low due to a first-order
precautionary-savings motive. However, as uncertainty resolves over time, this motive is dominated
by time-inconsistent overconsumption that eventually leads to declining consumption toward the
end of life. Third, consumption drops at retirement. Prior to retirement, the agent wants to overconsume his uncertain income before his expectations catch up. Post-retirement, however, income
is no longer uncertain, so that overconsumption is associated with a sure loss in future consumption.
As an empirical contribution, I structurally estimate the preference parameters using life-cycle consumption data. My estimates match those obtained in experiments and other micro studies and generate the degree of excess smoothness observed in macro consumption data.
JEL Codes: E03, D03, D91, D14.

1. I NTRODUCTION
In the last 30 years, authors of the consumption literature have debated numerous explanations
for the three major empirical observations about life-cycle consumption: excess smoothness and
sensitivity in consumption, a hump-shaped consumption profile, and a drop in consumption at retirement.1 This study offers a new, unified, and parsimonious explanation based on expectationsbased reference-dependent preferences, which have been developed by Koszegi and Rabin (2006,
2007, 2009) to discipline and broadly apply the insights of prospect theory. The preferences formalize the idea that changes in expectations about consumption generate instantaneous utility and
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that losses in expectations about consumption hurt more than gains please. While these preferences have been shown to explain evidence in various micro domains, this study validates the preferences in a classic macro domain. The intuition of my results reflect the micro evidence that the
preferences were developed to explain and may provide new foundations for key ideas in the macro
consumption literature. Moreover, I show that the preferences generate new behavior and welfare
predictions. These welfare predictions are important. For instance, whether consumption, which
represents two-thirds of GDP, should be excessively smooth matters for labor market reforms and
countercyclical policies.
First, I explain the preferences in greater detail. In each period, the agent’s instantaneous utility
has two components. “Consumption utility” is determined by his level of consumption and corresponds to the standard model of utility. “Gain-loss utility” is determined by his consumption relative to his reference point and corresponds to a prospect-theory model of utility. The agent’s reference point is determined by his previous expectations about both his present consumption and his
entire stream of future consumption. The agent experiences “contemporaneous” gain-loss utility
when he compares his actual present consumption with his probabilistic expectations about present
consumption. In this comparison, he encounters a sensation of gain or loss relative to each consumption outcome that he had previously expected. In addition, the agent experiences “prospective” gain-loss utility when he compares his updated expectations about future consumption with
his previous expectations, encountering gain-loss utility over what he has learned about future consumption. Thus, gain-loss utility can be interpreted as utility over good and bad news about consumption.
I analyze an agent with such news-utility preferences in a life-cycle consumption model. The
agent lives for a finite number of periods; at the beginning of each period, he observes the realization of a permanent and transitory income shock, and then, decides how much to consume and
save. First, I assume that the agent’s consumption utility is an exponential-utility function. This
assumption produces a closed-form solution, which provides a precise understanding of the intuition behind the preferences’ implications. Then, I show that all the implications hold if instead I
assume a power-utility function.2
As the key contribution, these preferences generate excess smoothness and sensitivity in consumption, which refer to the empirical observations that consumption initially underresponds to
income shocks and then adjusts with a delay. Empirical evidence for these inherently related consumption phenomena is provided by Deaton (1986) and Campbell and Deaton (1989), in response
to the seminal paper by Flavin (1981).3 Such consumption responses are puzzling from the per2

I assume a standard model environment, as proposed by Carroll (2001) and Gourinchas and Parker (2002), but my
results are robust to many alternative environmental assumptions such as borrowing constraints, different income profiles, different savings devices, portfolio choice, endogenous labor supply, mortality risk, an endogenous retirement
date, different pension designs, and income risk after retirement.
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The empirical evidence is surveyed in Jappelli and Pistaferri (2010). My model features only contemporaneous and
not future income shocks but a delayed response to past income shocks can be interpreted as a response to expectedly
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spective of the standard model, in which consumption fully adjusts immediately, but can be explained by expectations-based loss aversion. A simplified intuition is that, in the event of an adverse income shock, unexpected losses in present consumption are more painful than expected reductions in the future. Therefore, the agent delays unexpected losses in consumption until his expectations have adjusted in the future. Losses in present consumption are more painful than losses
in future consumption because the latter depend on future income shocks and are, thus, to some
extent still uncertain, as future expectations adjust.
Beyond resolving these puzzles, the preferences are consistent with a hump-shaped life-cycle
consumption profile that is characterized by increasing consumption at the beginning but decreasing consumption toward the end of life. Empirical evidence for a hump-shaped profile is provided by Fernandez-Villaverde and Krueger (2007) and Gourinchas and Parker (2002).4 In my
model, this hump results from the interaction of two features of the preferences: a first-order
precautionary-savings motive and a time inconsistency. First, the preferences motivate precautionary savings because loss aversion causes expected fluctuations in consumption to be painful. However, these fluctuations hurt relatively less higher on the concave utility curve, which brings about
an additional motive to save. This savings motive depends on concavity and is a first-order consideration, as opposed to the precautionary-savings motive under standard preferences. Second, the
preferences are subject to a time inconsistency. The agent behaves inconsistently because he takes
present expectations as given when increasing current consumption, but he takes future expectations into account when increasing future consumption. However, when the future arrives, he will
take future expectations as given and considers only the pleasure of increasing consumption above
expectations rather than increasing consumption and expectations. Thus, the agent overconsumes
in the future relative to the present optimal plan. To summarize, the precautionary-savings motive keeps consumption low at the beginning of life. However, the need for precautionary savings
decreases when uncertainty resolves over time and is dominated by the time inconsistency, causing overconsumption at some point. This overconsumption forces the agent to choose a decliningconsumption path by the end of his life.
Finally, the preferences predict a drop in consumption at retirement, an empirical observation
debated by Battistin et al. (2009) and Haider and Stephens (2007) among others.5 During retirement income uncertainty is absent in a standard life-cycle model, which eliminates both the
precautionary-savings motive and time-inconsistent overconsumption. The agent stops overconhigh income.
4
The hump-shaped life-cycle profile constitutes a puzzle as consumption must be monotonic if utility is an additively
separable function of consumption, discounting is geometric, and markets are complete.
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suming because he no longer allocates uncertain labor income but allocates certain income. Certainty implies that overconsumption today is associated with a sure loss in future consumption. Because the sure loss hurts more than overconsumption gives pleasure, the agent suddenly controls
his time-inconsistent desire to overconsume and his consumption drops at retirement. This result
is robust to assuming small uncertainty, such as inflation or pension risk, or discrete uncertainty,
such as health shocks.
The intuition for the excess-smoothness result is new and different from the result by Koszegi
and Rabin (2009) that the news-utility agent consumes windfall gains but delays windfall losses.
This result depends on unexpected windfall gains and losses and an initially certain consumption
path whereas my result is about a differential response of present and future consumption due to adjusting expectations.6 In contrast, my results for both the precautionary-savings and overconsumption motives were obtained by Koszegi and Rabin (2009) in a two-period, two-outcome model. Beyond these three implications, the preferences generate several new and testable predictions. For
instance, excess smoothness increases in the agent’s horizon and is prevalent for temporary shocks
only if the agent does not face additional permanent shocks. I argue that these new comparative
statics can help to empirically distinguish between news utility and other theoretical explanations.
By way of providing alternative explanations more formally, this study explores habit-formation,
hyperbolic-discounting, temptation-disutility, and standard preferences. However, only news utility provides a unified and robust explanation independent of the assumptions that other explanations rely on, for example, a power-utility function, hump-shaped income profiles, or borrowing
constraints. Nevertheless, this study’s main contribution is that the intuition of my results connects
robust micro evidence on reference-dependent preferences to several compelling concepts in the
macro consumption literature. For instance, loss aversion is an experimentally robust risk preference, which explains important behavioral phenomena, such as the endowment effect, as well as
macro phenomena, such as stock market non-participation and the equity-premium puzzle.7 The
explanation of the equity-premium puzzle relates well to the explanation of the excess-smoothness
puzzle, as loss aversion smoothes consumption relative to movements in either asset prices or permanent income. To explain the other life-cycle facts, the preferences intuitively unify precautionary savings, which have been studied extensively in the standard consumption literature, and timeinconsistent overconsumption, which is reminiscent of hyperbolic discounting. Moreover, I draw
potentially important welfare conclusions. While excess smoothness increases welfare, the humpshaped consumption profile and the drop in consumption at retirement decrease welfare.
To quantitatively evaluate the model, I structurally estimate the preference parameters. I follow
6

To elaborate on the result about windfall gains and losses, I explore an extension assuming that the agent receives
large income shocks every couple periods but receives merely small or discrete income shocks in the in-between periods. Small or discrete uncertainty allows the agent to make a credible plan to overconsume less and implies that he
will consume entire small gains and delay entire small losses.
7
The endowment effect refers to the phenomenon that people become less willing to give up items once they own
them. If somebody owns an item, foregoing it feels like a loss.
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the two-stage method-of-simulated-moments approach of Gourinchas and Parker (2002) and use
pseudo-panel data from the Consumer Expenditure Survey. I can identify all preference parameters because each parameter generates specific variation in consumption growth over the life cycle. Then, I compare my estimates to those found in the experimental literature eliciting attitudes
towards small and large wealth gambles and intertemporal consumption tradeoffs. In turn, I show
that my estimates are not only in line with the micro literature but also match the empirical evidence for excess smoothness and sensitivity in aggregate data.
The rest of the paper is organized as follows. After a literature review, I explain the model environment, preferences, and equilibrium in Section 2.1. Then, I derive the model’s predictions
in closed form under the assumption of exponential utility in Section 2.2. After introducing the
power-utility model, I structurally estimate the model’s parameters in Section 2.3 to assess whether
the quantitative predictions match the empirical evidence. Finally, Section 3 concludes.
L ITERATURE R EVIEW. Expectations-based reference-dependent preferences have been developed in the dynamic version by Koszegi and Rabin (2009) following the static version of Koszegi
and Rabin (2006, 2007), which has been used to explain experimental and other microeconomic
evidence in many contexts.8
Excess smoothness in consumption cannot be generated by a time-separable utility function as
made clear by Ludvigson and Michaelides (2001), among others. To obtain excess smoothness,
a predominant additional assumption is used, namely, borrowing constraints. However, the implied asymmetry in excess smoothness could not ultimately be confirmed empirically as surveyed
in Jappelli and Pistaferri (2010). For instance, while Krueger and Perri (2011) finds the opposite,
Shea (1995) finds that consumption is more excessively sensitive to expected income declines than
increases, which is inconsistent with borrowing constraints but consistent with a static model of
loss aversion, as considered in Bowman et al. (1999). Theoretically, in the standard model, the
agent expects borrowing constraints and ensures that they are not binding for most income paths,
as analyzed by Deaton (1991), among others. However, Deaton (1991) also notes that it is possible to construct a microeconomic model with impatient agents and particular income processes in
which borrowing constraints bind frequently. Moreover, borrowing constraints are binding more
often in a model that features a time-inconsistency problem, as analyzed by Angeletos et al. (2001)
and Laibson et al. (2012). In these models, sophisticated hyperbolic-discounting preferences im8

Heidhues and Koszegi (2008, 2014), Herweg and Mierendorff (2012), and Herweg et al. (2010) explore the implications for consumer pricing and principal-agent contracts. Among others, Sprenger (2010) provides direct evidence for
the implications of stochastic reference points, Abeler et al. (2012) for labor supply, Gill and Prowse (2012) for realeffort tournaments, Meng (2013) for the disposition effect, and Ericson and Fuster (2011) for the endowment effect
(not confirmed by Heffetz and List (2011)). Crawford and Meng (2011) provide suggestive evidence for labor supply, Pope and Schweitzer (2011) for golf players’ performance, and Sydnor (2010) for deductible choice. All of these
studies consider the static preferences but the notion that agents are loss averse with respect to news about future consumption is supported indirectly by all experiments, which use monetary payoffs because these concern future consumption.
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ply that the agent restricts his consumption opportunities with illiquid savings against which he can
borrow up to some constraint at a high interest rate. To the extent that the hyperbolic agent’s borrowing constraint binds or his liquid asset holdings bunch at zero, his consumption is excessively
smooth.9 Demand for commitment is also generated by temptation-disutility preferences, as specified in Gul and Pesendorfer (2004) and analyzed by Bucciol (2012) in a life-cycle context. Furthermore, Caballero (1995) assumes that agents consume near-rationally, and Fuhrer (2000) and
Michaelides (2002) assume internal multiplicative habit formation. However, I confirm the conclusion of Michaelides (2002) that habit formation generates unreasonably high wealth accumulation
when calibrated to match the empirical degree of excess smoothness. In addition, Flavin and Nakagawa (2008) define a utility function over two consumption goods, one representing non-durable
consumption and one representing housing, which is characterized by adjustment costs. As the
utility function depends non-separably on the two goods, non-durable consumption is excessively
smooth and sensitive. A similar utility function is assumed by Chetty and Szeidl (2010); however,
this function is separable in the two goods, which implies that consumption is excessively smooth
and sensitive with respect to the durable good only. Moreover, Reis (2006) assumes that agents
face costs when processing information, and thus, optimally decide to update their consumption
plans sporadically; such inattention has been shown to matter in the aggregate by Gabaix and Laibson (2002). Furthermore, Tutoni (2010) assumes that consumers are rationally inattentive, as in
Sims (2003), and Attanasio and Pavoni (2011) show that excessively smooth consumption results
from incomplete consumption insurance due to a moral hazard problem.
Several studies show that the standard and hyperbolic agents’ consumption profiles are hump
shaped under the assumption of power utility, sufficient impatience, and a hump-shaped income
profile, such as Carroll (1997), Gourinchas and Parker (2002), and Laibson et al. (2012). Other
studies that generate a hump-shaped consumption profile are Caliendo and Huang (2008) with
overconfidence, Attanasio (1999) with family size effects, Deaton (1991) with borrowing constraints, Feigenbaum (2008) and Hansen and Imrohoroglu (2008) with mortality risk, Bullard and
Feigenbaum (2007) and Heckman (1974) with consumption-leisure choice, and Fernandez-Villaverde
and Krueger (2007) with consumer durables. Caliendo and Huang (2007) and Park (2011) assume
that the agent has a shorter planning horizon than his true horizon. In addition, Park (2011) shows
that short-term planning can generate the hump in a well-calibrated general-equilibrium model.
Last, Caliendo and Huang (2011) show that a hump-shaped profile and an anticipated drop in consumption can be generated by assuming implementation costs of savings.
9

Laibson et al. (2012) put forward an interpretation of excess sensitivity that focuses on a high marginal propensity to
consume out of transitory income shocks, as the permanent income model predicts this propensity to consume would
be close to zero. A high marginal propensity to consume out of transitory income shocks is prevalent for all preference specifications that feature a time-inconsistency problem if the agent has access to an illiquid asset, as he tries to
make wealth inaccessible to his future selves.
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2. T HE L IFE -C YCLE C ONSUMPTION M ODEL
First, I define a generalized life-cycle model environment to formally introduce the preferences
and equilibrium concept.
2.1. Model environment, preferences, and equilibrium.
The model environment. The agent lives for a total of T discrete periods indexed by t ∈ {1, ..., T }.
At the beginning of each period, a vector of random shocks St , distributed according to FSt , is realized; the shocks are independent of each other and over time. The realization of the vector of random shocks St is denoted by st . The model’s exogenous state variables are represented by the vector Zt , which evolves according to the following law of motion
(1)

Zt = f Z (Zt−1 , St ).

After observing the realization of the vector of random shocks st and the vector of state variables
Zt , the agent decides how much to consume, Ct . The model’s endogenous state variable is cashon-hand Xt+1 and is determined by the following budget constraint
(2)

Xt+1 = f X (Xt −Ct , Zt , St+1 ).

All of the model’s variables that are indexed by t are realized in period t. Because the agent’s
preferences are defined over both consumption and expectations or “beliefs,” I explicitly define his
probabilistic beliefs about each of the model’s period t + τ variables from the perspective of any
prior period t as follows.
Definition 1. Let It = {Xt , Zt , st } denote the agent’s information set in some period t ≤ t + τ. Then,
the agent’s probabilistic beliefs about any model variable Vt+τ conditional on period t information
is denoted by FVtt+τ (v) = Pr(Vt+τ < v|It ), and FVt+τ
is degenerate.
t+τ
Throughout this study, I assume rational expectations, that is, the agent’s beliefs about any of
the model’s variables equal the objective probabilities determined by the economic environment.
Expectations-based reference-dependent preferences. Having outlined the model environment, I
now introduce the agent’s preferences. To facilitate the exposition, I first explain the static model
of expectations-based reference dependence, as specified in Koszegi and Rabin (2006, 2007), and
then, I introduce the dynamic model of Koszegi and Rabin (2009). The agent’s utility function
consists of two components. First, he experiences consumption utility u(c), which corresponds to
the standard model of utility and is determined solely by consumption c. Second, he experiences
gain-loss utility µ(u(c) − u(r)). The gain-loss function µ(·) corresponds to the prospect-theory
model of utility determined by consumption c relative to the reference point r. The gain-loss function µ(·) is piecewise linear with slope η and a coefficient of loss aversion λ , that is, µ(x) = ηx
for x > 0 and µ(x) = ηλ x for x ≤ 0. The slope η > 0 weights the gain-loss utility component rel7

ative to the consumption utility component and the coefficient of loss aversion λ > 1 implies that
losses are weighted more heavily than gains. Koszegi and Rabin (2006, 2007) allow for stochastic
consumption, distributed according to Fc , and a stochastic reference point, distributed according to
Fr . Then, the agent experiences gain-loss utility by evaluating each possible consumption outcome
relative to all other possible outcomes
ˆ ∞
ˆ ∞ ˆ c
(u(c) − u(r))dFr (r))dFc (c).
(u(c) − u(r))dFr (r) + ηλ
(η
(3)
−∞

−∞

c

In addition, the authors make the central assumption that the distribution of the reference point Fr
equals the agent’s fully probabilistic rational beliefs about consumption c.
In the dynamic model of Koszegi and Rabin (2009), the utility function consists of consumption utility, contemporaneous gain-loss utility about current consumption, and prospective gainloss utility about the entire stream of future consumption. Thus, lifetime utility in each period t is
T −t

(4)

Et [ ∑ β τ Ut+τ ] = u(Ct ) + n(Ct , FCt−1
)+γ
t
τ=0

T −t

T −t

τ=1

τ=1

) + Et [ ∑ β τ Ut+τ ],
∑ β τ n (FCt,t−1
t+τ

where β ∈ [0, 1) is an exponential discount factor. The first term on the right-hand side of equation (4), u(Ct ), corresponds to consumption utility in period t. The subsequent terms in equation
(4) consider consumption and beliefs. The second term in equation (4), n(Ct , FCt−1
), corresponds
t
to gain-loss utility over contemporaneous consumption; here, the agent compares his present consumption Ct with his beliefs FCt−1
. According to Definition 1, the agent’s beliefs FCt−1
correspond
t
t
to the conditional distribution of consumption in period t given the information available in period t − 1. Thus, the agent experiences gain-loss utility over “news” about contemporaneous consumption by evaluating his contemporaneous consumption Ct relative to his previous beliefs FCt−1
t
as follows
ˆ
(5)

n(Ct , FCt−1
)=η
t

Ct

−∞

ˆ
(u(Ct ) − u(c))dFCt−1
(c) + ηλ
t

∞

Ct

(u(Ct ) − u(c))dFCt−1
(c).
t

t,t−1
τ
The third term in equation (4), γ ∑∞
τ=1 β n (FCt+τ ), corresponds to gain-loss utility, experienced
in period t, over the entire stream of future consumption. Prospective gain-loss utility about period t + τ consumption depends on FCt−1
, the agent’s beliefs with which he entered the period,
t+τ
and on FCt t+τ , the agent’s updated beliefs about consumption in period t + τ. Importantly, the prior
and updated beliefs about consumption Ct+τ , namely FCt−1
and FCt t+τ , are not independent distrit+τ
bution functions because the realization of future shocks is contained in both distribution functions. Thus, there exists a joint distribution of prior and updated beliefs, which I denote by FCt,t−1
6=
t+τ
t−1 10
t
FCt+τ FCt+τ . Because the agent compares his newly formed beliefs with his prior beliefs, he ex10I calculate prospective gain-loss utility n (F t,t−1 ) by generalizing the “outcome-wise” comparison, specified in
Ct+τ
8

periences gain-loss utility over news about future consumption by evaluating his updated beliefs
about future consumption FCt t+τ relative to his previous beliefs FCt−1
as follows
t+τ
ˆ
(7)

n (FCt,t−1
)=
t+τ

ˆ

∞

(u(c) − u(r)) + ηλ

(η
−∞

ˆ

c

−∞

c

∞

(u(c) − u(r)))dFCt,t−1
(c, r).
t+τ

The agent exponentially discounts prospective gain-loss utility by β ∈ [0, 1]. Moreover, he discounts prospective gain-loss utility relative to contemporaneous gain-loss utility by a factor γ ∈
[0, 1]. Thus, he puts the weight γβ τ < 1 on prospective gain-loss utility regarding consumption in
period t + τ. Because both contemporaneous and prospective gain-loss utility are experienced over
news, the preferences can be referred to as news utility.
To describe explicitly the probabilistic structure of the agent’s beliefs about any of the model’s
variables at any future date, I now define an “admissible consumption function.” I consider a stationary consumption function that depends only on this period’s cash-on-hand Xt , the vector of exogenous state variables Zt , the realization of the vector of shocks st , and calendar time t because
the agent fully updates his beliefs in each period and because the shocks are independent over time,
Definition 2. The consumption function in any period t is admissible if it can be written as a function Ct = gt (Xt , Zt , st ) that is strictly increasing in the realization of each shock ∂ gt (X∂ts,Zt t ,st ) > 0. Repeated substitution of the law of motion, equation (1), and the budget constraint, equation (2), allows me to rewrite Ct+τ = gt+τ (Xt+τ , Zt+τ , St+τ ) = htt+τ (Xt , Zt , st , St+1 , ..., St+τ ).
Via the admissible consumption function, I can now explicitly describe the beliefs in the formulas describing contemporaneous and prospective gain-loss utility, that is, equations (5) and (7). For
contemporaneous gain-loss utility, contemporaneous consumption Ct and beliefs FCt−1
(c) are det
t−1
t−1
t−1
scribed by Ct = gt (Xt , Zt , st ) = ht (Xt−1 , Zt−1 , st−1 , st ) and FCt (c) = Pr(ht (Xt−1 , Zt−1 , st−1 , St ) < c).
Koszegi and Rabin (2006, 2007) and reported in equation (3), to account for the potential dependence of the distributions of the reference point Fr and consumption Fc , that is,
ˆ ∞ˆ ∞
(6)
n (Fc,r ) =
µ(u(c) − u(r))dFc,r (c, r).
−∞ −∞

If the distributions of the reference point Fr and consumption Fc are independent, equation (6) reduces to equation (3).
However, if Fr and Fc are non-independent, equations (6) and (3) yield different values. Suppose that the distributions of the reference point Fr and consumption Fc are perfectly correlated, as though no updates of information occur. The outcome-wise comparison, Equation (3), would yield a negative value because the agent experiences gainloss disutility over his previously expected uncertainty, which seems unrealistic. In contrast, my generalized comparison, Equation (6), would yield zero value because the agent considers the dependence of prior and updated beliefs,
which captures future uncertainty, thereby separating uncertainty that has been realized from uncertainty that has not
been realized. Thus, I call this gain-loss formulation the “separated comparison.” Koszegi and Rabin (2009) generalize the outcome-wise comparison to a “percentile-wise” ordered comparison. The separated and ordered comparisons
are equivalent for contemporaneous gain-loss utility. However, for prospective gain-loss utility, they are qualitatively
similar but are quantitatively slightly different. As a linear operator, the separated comparison is more tractable and
simplifies the equilibrium-finding process because it preserves the outcome-wise nature of contemporaneous gain-loss
utility. As the psychological intuition of the separated comparison is also reasonable, I see this modification as a minor contribution to exploring the preferences.
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For prospective gain-loss utility, the probabilistic structure of the beliefs about prospective consumption Ct+τ can be described by Ct+τ = htt+τ (Xt , Zt , st , St+1 , ..., St+τ ) with the joint distribution
of the agent’s prior and updated beliefs FCt,t−1
(c, r) determined by
t+.τ
t−1
FCt,t−1
(c, r) = Pr(htt+τ (Xt−1 , Zt−1 , st−1 , st , St+1 , ..., St+τ ) < c, ht+τ
(Xt−1 , Zt−1 , st−1 , St , St+1 , ..., St+τ ) < r).
t+τ
In addition, I consider hyperbolic-discounting preferences, as developed by Laibson (1997); the
−t τ
b )] where b ∈ [0, 1] is the
β u(Ct+τ
hyperbolic agent’s lifetime utility is given by u(Ctb ) + bEt [∑Tτ=1
hyperbolic-discount factor. Needless to say, standard preferences, as analyzed by Carroll (2001),
Gourinchas and Parker (2002), and Deaton (1991), are a special case of the described models for
either the weight of gain-loss versus consumption utility η = 0 or the hyperbolic-discount factor
b = 1, and I restrict my focus to u(·) being a hyperbolic absolute risk aversion (HARA) function.11

Model equilibrium. I define the model’s “monotone-personal” equilibrium in the spirit of the preferredpersonal equilibrium solution concept, as defined by Koszegi and Rabin (2009), but within the outlined environment and admissible consumption function as follows.
Definition 3. The family of admissible consumption functions Ct = gt (Xt , Zt , st ) is a monotonepersonal equilibrium for the news-utility agent if, in any contingency, Ct = gt (Xt , Zt , st ) maximizes
(4) subject to (2) and (1) under the assumption that all future consumption corresponds to Ct+τ =
gt+τ (Xt+τ , Zt+τ , st+τ ). In each period t, the agent takes his beliefs about consumption {FCt−1
}T −t
t+τ τ=0
as given in the maximization problem.
The monotone-personal equilibrium can be obtained by simple backward induction; thus, it is
time consistent in the sense that beliefs map into correct behavior and vice versa. In other words, I
derive the equilibrium consumption function under the premise that the agent enters period t, takes
his beliefs as given, optimizes over consumption, and rationally expects to behave in this manner
in the future. If I obtain a consumption function by backward induction that is admissible, then the
monotone-personal equilibrium corresponds to the preferred-personal equilibrium as defined by
Koszegi and Rabin (2009). For the hyperbolic-discounting agent, the monotone-personal equilibrium corresponds to the solution of Laibson (1997). The consistency requirement of the monotonepersonal equilibrium concept rules out that the agent may decline first-order stochastically dominated gambles, among other things. As an example, suppose the agent believes he will consume
c̄ for certain tomorrow and is then offered the lottery (c̄, 1 − p; c̄ + ε, p) today, which will resolve
tomorrow and first-order stochastically dominates consuming c̄. Then, he would compare the expected utility of learning about the gamble today and taking the gamble tomorrow to his expected
utility of declining the gamble. Even if the agent would like to decline the gamble, he could not do
so because he knows that he would deviate and take the gamble tomorrow as it dominates consuming c̄ once the agent takes his beliefs as given. Thus, declining a dominated gamble is not a feasi11u(c) is a HARA function if its risk tolerance − u00 (c) function is linear in consumption c.
u0 (c)
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ble option under the monotone-personal equilibrium solution concept.12
I prove the existence and uniqueness of the monotone-personal equilibrium for an environment
assuming exponential utility and permanent and transitory normal shocks under one parameter
condition. According to this condition, the joint distribution of the vector of shocks FSt must be
dispersed sufficiently such that the equilibrium consumption functions fall into the class of admissible consumption functions.13 For other environments, such as power utility and permanent
and transitory log-normal shocks, simulations using numerical backward induction suggest that
the monotone-personal equilibrium exists and is unique for most reasonable calibrations.14
2.2. Theoretical predictions about consumption. In the following subsections, I explain the
closed-form solution of the exponential-utility model in detail to illustrate the model’s predictions
formally and intuitively. After briefly outlining the model’s monotone-personal equilibrium, I analyze the second-to-last period’s decision problem to explain the model’s theoretical predictions. In
Section 2.2.1, I examine excess smoothness and sensitivity in consumption. In Section 2.2.2, I discuss the hump-shaped consumption profile and in Section 2.2.3, I analyze the consumption drop
at retirement. Then, I discuss several more subtle consumption implications and new comparative
statics in Section 2.2.4.
I begin by briefly explaining the model’s environment and stating the equilibrium consumption
function to convey a general impression of the model’s solution. The agent’s utility function is exponential u(C) = − θ1 e−θC , where the coefficient of risk aversion is θ ∈ (0, ∞). His additive in2 ) with recome process Yt = Pt−1 + StP + StT is characterized by a permanent shock StP ∼ N(µPt , σPt
alization stP and a transitory shock StT ∼ N(µT t , σT2t ) with realization stT , and his permanent income
is Pt = Pt−1 + StP . As before, I denote the agent’s cash-on-hand by Xt , consumption by Ct , and endof-period asset holdings by At = Xt −Ct , such that his budget constraint is given by
(8)

Xt+1 = (Xt −Ct )(1 + r) +Yt+1 ⇒ At+1 = At (1 + r) +Yt+1 −Ct+1

where 1 + r denotes risk-free interest.
Proposition 1. q
A unique monotone-personal equilibrium exists in the finite-horizon exponential-

utility model if
function is
(9)

2 + (1 − a(T − t))2 σ 2 ≥ σ ∗ for all t ∈ {1, ..., T }. The admissible consumption
σPt
t
Tt

Ct = (1 − a(T − t))(1 + r)At−1 + Pt−1 + s̄t − a(T − t)Λt

12Koszegi and Rabin (2007) prove that agents never take first-order stochastically dominated options in an unaccli-

mating personal equilibrium.
13Moreover, in Section 2.2.4 and Appendix B.5.1, I argue that the model’s equilibrium is not affected qualitatively or
quantitatively, if this condition does not hold.
14Carroll (2011) and Harris and Laibson (2002) demonstrate the existence and uniqueness of equilibria for the standard and sophisticated hyperbolic-discounting agents in similar environments. In these models, the equilibrium consumption functions fall in the class of admissible consumption functions.
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with s̄t denoting the realization of the income shocks s̄t = stP + (1 − a(T − t))stT , a(·) denoting the
annuitization function a(T − t) =
Λt =

(10)

−t−1
(1+r) j
∑Tj=0
,
−t
(1+r) j
∑Tj=0

and the function Λt given by

1
1 − a(T − t) ψt + γQt η(λ − (λ − 1)FS̄ (s̄t ))
log(
),
θ
a(T − t)
1 + η(λ − (λ − 1)FS̄ (s̄t ))

where the distribution function of the realization of the income shocks s̄t is denoted by FS̄ (s̄t ) =
Pr(StP + (1 − a(T − t))StT < s̄t ) and ψt and Qt are constants.
The proof of this proposition and all the following ones are found in Appendix B.5 and the optimal consumption function is derived in Appendix B.2.1. All of the following propositions are derived within this model environment and hold in any monotone-personal equilibrium, if one exists. The agent’s consumption function, equation (9), depends on his income, assets, horizon, and
interest rate, with the latter two captured by the annuitization function. The function Λt , equation
(10), varies with the income shock realization s̄t but is independent of permanent income Pt or assets At . The standard and hyperbolic-discounting agents’ monotone-personal equilibria have the
same structure except that the corresponding functions Λts and Λtb determining consumption vary
only with the agents’ horizons.
2.2.1. Excess smoothness and sensitivity in consumption. Excess smoothness and sensitivity in
consumption are two robust empirical observations, which emerged from tests of the permanent
income hypothesis. This hypothesis postulates that the marginal propensity to consume out of permanent income shocks is one and that future consumption growth is not predictable using past income. However, numerous studies find that the marginal propensity to consume is less than one because consumption underresponds to permanent income shocks; thus, according to Deaton (1986),
consumption is excessively smooth. Moreover, numerous studies find that past changes in income
have predictive power for future consumption growth because consumption adjusts with a delay;
thus, according to Flavin (1985), consumption is excessively sensitive. Campbell and Deaton
(1989) explain how these observations are intrinsically related; consumption underresponds to permanent income shocks, and thus, adjusts with a delay. In this spirit, I define excess smoothness
and sensitivity for the exponential-utility model as follows.
Definition 4. Consumption is excessively smooth if
tive if

∂ ∆Ct+1
∂ stP

∂Ct
∂ stP

< 1 everywhere and is excessively sensi-

> 0 everywhere.

This definition has an empirical analogue given by an ordinary least squares (OLS) regression
of period t + 1 consumption growth on the realization of the permanent shock sP in periods t +
1 and t. For the two OLS coefficients β1 and β2 , Definition 4 implies that consumption is excest+1
t+1
sively smooth if β1 = ∂C
|P
< 1 and excessively sensitive if β2 = ∂ ∆C
|P
> 0.
∂ sP s =µPt+1
∂ sP st =µPt
t+1

t+1

t

Proposition 2. The news-utility agent’s consumption is excessively smooth and sensitive.
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First, I verbally explain the intuition for this result and then describe the agent’s first-order condition in greater detail to explain the intuition more formally.15 In simplified terms, the intuition is
that in the event of an adverse income shock, unexpected losses in present consumption are more
painful than expected reductions in the future. Accordingly, the agent delays unexpected losses in
consumption until his expectations have adjusted in the future. The agent prefers to delay losses in
present consumption because they are more painful than losses in future consumption that depend
on future income shocks and, are thus, somewhat uncertain as future expectations adjust. Because
the agent always likes unexpected gains in present consumption, he is subject to a baseline overconsumption problem that is explained in more detail in Section 2.2.2.16 However, the agent overconsumes less in the event of a favorable income shock because he has a larger utility gain from
delaying losses than overconsuming gains. Thus, relative to his baseline consumption, the agent
overconsumes in the event of adverse income shocks but underconsumes in the event of favorable
income shocks.
To explain this result in greater detail, I flesh out the agent’s decision-making problem in the
second-to-last period assuming that transitory shocks are absent, that end-of-period asset holdings
and permanent income in period T − 2 are zero AT −2 = PT −2 = 0, and that the permanent income
shock is independent and identically distributed (i.i.d.) normal STP −1 , STP ∼ FP = N(µP , σP2 ) with
realizations sPT −1 and sPT . In period T − 1, the agent chooses how much to consume CT −1 and save
sPT −1 −CT −1 according to his first-order condition
(11)

u0 (CT −1 )(1 + η(λ − (λ − 1)FP (sPT −1 )))
= (1 + r)u0 ((sPT −1 −CT −1 )(1 + r) + sPT −1 )(ψT −1 + γQT −1 η(λ − (λ − 1)FP (sPT −1 ))).

I explain each component in detail. The left-hand side of the first-order condition stems from marginal consumption and contemporaneous gain-loss utility in period T − 1. While marginal consumption utility u0 (CT −1 ) is self-explanatory, I now derive marginal gain-loss utility. When experiencing a utility gain, the agent compares his actual consumption to all consumption outcomes
that would have been less favorable and multiplies the differences by the weight of gain-loss ver´C
sus consumption utility η, that is, η −∞T −1 (u(CT −1 ) − u(c))FCTT−2
(c). When experiencing a util−1
ity loss, the agent compares his actual consumption to all outcomes that would have been more fa15Proposition 2 can be generalized to a HARA utility function, arbitrary horizons, and arbitrary income uncertainty.
16Koszegi and Rabin (2009) find that the news-utility agent delays surprise losses in consumption but overconsumes

surprise gains in a model without previously expected uncertainty. In this no-uncertainty environment, the news-utility
agent makes an initial plan that corresponds to a standard agent’s plan as the former does not expect to experience any
news utility. In turn, the authors find that the news-utility agent overconsumes surprise gains relative to the standard
agent’s consumption plan. In the same setup, the agent’s consumption would also be excessively smooth and sensitive, according to Definition 4, for gains if they are sufficiently large, and thus, are not consumed entirely or if they are
expected. In a model in which the news-utility agent expects to receive either good or bad news, the standard agent’s
consumption plan would not be a feasible equilibrium and the news-utility agent would plan to overconsume in the
event of both good and bad news. In such a situation, he plans to overconsume more in the event of bad news and less
in the event of good news, and thus, effectively underconsumes the gain, as in my model.
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vorable and multiplies the differences by the weight of gain-loss versus consumption utility times
´∞
the coefficient of loss aversion ηλ , that is, ηλ CT −1 (u(CT −1 ) − u(c))FCTT−2
(c). Because the agent
−1
takes his beliefs as given in the monotone-personal equilibrium, his marginal consumption and
marginal contemporaneous gain-loss utility equals ηFCTT−2
(CT −1 ) + ηλ (1 − FCTT−2
(CT −1 )), which
−1
−1
T −2
can be rewritten as the expression in Equation (11), η(λ − (λ − 1)FCT −1 (CT −1 )). This expression
can be simplified by replacing the agent’s beliefs about consumption FCTT−2
(CT −1 ) with his beliefs
−1
P
about the income shock FP (sT −1 ) because any admissible consumption function is increasing in
the shock realization.
The first term on the left-hand side of equation (11) is marginal expected consumption and gainloss utility over future consumption CT = (sPT −1 −CT −1 )(1 + r) + sPT −1 + STP . I denote the expected
marginal consumption and gain-loss utility of the income shock by ψT −1 , which equals the expected marginal utility of the income shock β ET −1 [u0 (STP )] plus the expected marginal gain-loss
´∞
utility of the income shock β ET −1 [η(λ −1) SP (u0 (STP )−u0 (s))dFP (s)].17 Note that expected gains
T
and losses partly cancel each other out; so that only the overweighted part of the coefficient of loss
aversion λ − 1 times the loss utility remains. Consequently, marginal expected consumption and
gain-loss utility is (1 + r)u0 ((sPT −1 −CT −1 )(1 + r) + sPT −1 )ψT −1 .
The second term on the left-hand side of equation (11) is marginal prospective gain-loss utility
over future consumption. I denote the expected marginal utility of the income shock by QT −1 =
β ET −1 [u0 (STP )]. As the agent’s admissible consumption is increasing in the shock realization and
he takes his beliefs as given, his marginal prospective gain-loss utility corresponds to the same
weighted sum of his beliefs about the income shock FP (sPT −1 ). Then, the agent’s optimal consumption is given by
(12)

CT −1 = sPT −1 −

ψT −1 + γQT −1 η(λ − (λ − 1)FP (sPT −1 ))
1 1
log((1 + r)
).
2+r θ
(1 + η(λ − (λ − 1)FP (sPT −1 )))

The fraction in equation (12) that is subtracted from the agent’s period T − 1 permanent income,
sPT −1 , is increasing in the income shock sPT −1 iff the expected marginal gain-loss utility of the income shock is positive, that is, ψT −1 > QT −1 . The expected marginal gain-loss utility ψT −1 −
QT −1 is constant because the future reference point adjusts to the current savings plan. In contrast,
marginal contemporaneous and prospective gain-loss utility varies with the weighted beliefs about
income η(λ − (λ − 1)FP (sPT −1 )). Thus, a positive share of future marginal utility is inelastic to the
present income shock, which implies that future marginal utility is less sensitive to changes in savings than present marginal utility. Present marginal gain-loss utility is relatively high or low in the
event of an adverse or positive shock. In contrast, expected marginal gain-loss utility is constant
because the future reference point will have adjusted to the current plan. Thus, the agent consumes
relatively more in the event of an adverse shock and relatively less in the event of a positive shock.
After all, gain-loss utility is concave as it is proportional to consumption utility and thus requires
17Exponential utility implies that u0 (x + y) = u0 (x)u0 (y) and thus works well with additive risk.
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∂CT −1
< 1 and
∂ sPT −1
In contrast, the standard agent’s consumption is CTs −1 = sPT −1 −
1 1
hyperbolic agent’s consumption is CTb −1 = sPT −1 − 2+r
θ log((1 +

to be smoothed out. According to Definition 4, consumption is excessively smooth
excessively sensitive

∂ ∆CT
∂ sPT −1

1 1
2+r θ log((1 + r)QT −1 ),

> 0.

and the
r)bQT −1 ). Thus, the consumption of these agents is neither excessively smooth nor excessively
sensitive.
To illustrate excess smoothness and sensitivity in greater detail, I now describe the infinitehorizon equilibrium of the exponential-utility model with T → ∞, which is derived in Appendix
B.2.2. The infinite-horizon first-order condition normalized by Pt is given by
(13)

u0 (Ct )(1 + η(λ − (λ − 1)FS̄ (s̄t ))) = ru0 (rAt + Pt )(ψ + γQη(λ − (λ − 1)FS̄ (s̄t ))).

I now explain each component of equation (13). The left-hand side represents normalized marginal
contemporaneous consumption and gain-loss utility. The first part of the right-hand side represents
marginal continuation utility ru0 (rAt + Pt )ψ and marginal prospective gain-loss utility ru0 (rAt +
Pt )γQη(λ − (λ − 1)FS̄ (s̄t )). In turn, the first-order condition can be solved for optimal consumption using the budget constraint to substitute end-of-period asset holdings. Now suppose u0 (Ct ) ≈
ru0 (rAt + Pt )Q; then, it can be seen easily that the realization of the income shock s̄t introduces
variation in the agent’s first-order condition iff ψ > Q, which, in turn, introduces excess smoothness and sensitivity. The intuition is that expected marginal gain-loss utility contained in ψ − Q is
constant as future expectations adjust. In contrast, present marginal gain-loss utility is either high
or low in the event of an adverse or favorable income realization and the news-utility agent consumes relatively more or less because he wants to smooth out gain-loss utility that is concave as
consumption utility.
To illustrate the quantitative implications of excess smoothness and sensitivity, I run the linear
regression of consumption growth on income growth ∆Ct+1 = α + β1 ∆Yt+1 + β2 ∆Yt + εt+1 . For the
news-utility model, I obtain an OLS coefficient on lagged income growth of β2 ≈ 0.18 and a marginal propensity to consume out of permanent shocks of approximately 71%.18 By contrast, for
the standard model, this marginal propensity is one.19
For illustration, Figure 1 displays the news-utility and standard agents’ consumption functions
for realizations within 2 standard deviations of each shock, while the other is held constant. The
flatter part of the news-utility consumption function generates excess smoothness and sensitivity.
2.2.2. The hump-shaped consumption profile. Fernandez-Villaverde and Krueger (2007), among
18I retain the normal income process outlined in Section 2.2 assuming that permanent and transitory shocks are i.i.d.

such that income equals Yt = Pt−1 + stP + stT ∼ N(Pt−1 + µP + µT , σP2 + σT2 ). The calibration is found in the caption of
Figure 1.
19
P − µ ) + β ∆(sP − µ ) + ε
s
s
Running the regression ∆Ct+1 = α + β1 (st+1
P
P
2
t+1 yields β1 ≈ 1 and β2 ≈ 0 in the standard
t
model and β1 ≈ 0.71 and β2 ≈ 0.31 in the news-utility model. The transitory shock introduces a spurious negative
P + sT − sT and ∆Y =
correlation between consumption growth ∆Ct+1 and income growth ∆Yt because ∆Yt+1 = st+1
t
t
t+1
T .
stP + stT − st−1
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F IGURE 1. E XPONENTIAL - UTILITY CONSUMPTION FUNCTIONS

In this figure, I display the news-utility and standard agents’ consumption functions for realizations within
2 standard deviations of each shock, while the other is held constant. I choose the agent’s horizon T , his
retirement period R, the interest rate r, and the volatility of the income process (to roughly generate the
volatility of the log-normal income process that is typically used) in accordance with the life-cycle
literature; µP = µT = 0, σP = 5%, σT = 7%, r = 2%, , A0 = 0, and P0 = 0.1. Additionally, I choose the
preference parameters in line with the microeconomic literature and experimental evidence, which is
explained in detail in Section 2.3.2, β = 0.978, θ = 2, η = 1, λ = 2, and γ = 0.75.

others, show that lifetime consumption profiles are hump-shaped, even when controlling for cohort, family size, number of earners, and time effects.20 In the following subsection, I demonstrate
that the preferences generate a hump-shaped consumption profile as the net result of two competing features–an additional first-order precautionary-savings motive and an overconsumption problem exacerbated by the agent’s prospective gain-loss discount factor γ. I explain both of these
within the second-to-last period setting in Section 2.2.1.
Precautionary savings and prospective news discounting. Income uncertainty has a first-order effect on savings in the news-utility model. This “first-order precautionary-savings motive” is added
to the precautionary savings motive of the standard agent, which is a second-order motive.21
Definition 5. A first-order precautionary-savings motive exists iff

∂ (sPT −1 −CT −1 )
|σP =0
∂ σP

> 0.

At the same time, the agent wishes to increase his consumption and decrease his savings because he has an overconsumption problem and discounts prospective gain-loss utility relative to
contemporaneous gain-loss utility if γ < 1. Lemma 1 formalizes these conflicting effects.
Lemma 1.
1. Precautionary savings: news utility introduces a first-order precautionary-savings motive.
20

Moreover, Fernandez-Villaverde and Krueger (2007) find suggestive evidence that non-separability between consumption and leisure, which was promoted by Attanasio (1999) and previous studies, cannot explain more than 20%
of the hump in consumption.
21This result is highlighted by Koszegi and Rabin (2009) in a two-period, two-outcome model but can be generalized
to any HARA utility function, arbitrary horizons, and labor income uncertainty.
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2. Implications for consumption growth: there exists an upper bound for the discount factor on
prospective versus contemporaneous gain-loss utility γ̄ s < 1, implicitly determined by equalizing
news-utility and standard consumption growth ∆CT = ∆CTs , such that, iff γ̄ s < γ, the news-utility
agent’s consumption growth in period T is higher than the standard agent’s consumption growth
s
for any realization of the permanent and transitory income shocks sPT −1 and sPT , and ∂∂σγ̄ P < 0.
The intuition for the first part of Lemma 1 is as follows. The agent anticipates being exposed to
gain-loss fluctuations in period T , which are painful in expectation because losses hurt more than
gains give pleasure. In addition, the painfulness of these fluctuations is proportional to marginal
consumption utility, which is reduced higher up the concave utility curve. Thus, the agent has an
additional incentive to increase savings. I now develop a more formal intuition for the standard and
additional precautionary-savings motive and demonstrate that expected marginal gain-loss utility
is positive, that is, ψT −1 > QT −1 . As shown in Section 2.2.1, the marginal value of savings is (1 +
r)u0 ((sPT −1 − CT −1 )(1 + r) + sPT −1 )ψT −1 , where ψT −1 equals the expected marginal consumption
plus expected marginal gain-loss utility of the income shock
ˆ ∞
0 P
(14)
β ET −1 [u (ST )] + β ET −1 [η(λ − 1)
(u0 (STP ) − u0 (s))dFP (s)].
STP

The integral in equation (14) reflects the expected marginal utility of all gains and losses, which
partly cancel each other out, such that only the overweighted component of the losses remains, that
is, the weight of gain-loss versus consumption utility times the overweighted coefficient of loss
aversion η(λ − 1)(·). The key point is that this integral is always positive if utility is concave, u00 <
0. Thus, it captures the additional precautionary-savings motive, which implies that the expected
marginal gain-loss utility is positive ψT −1 − QT −1 > 0 and is increasing in the weight of gain-loss
versus consumption utility η, the coefficient of loss aversion λ , and income uncertainty σP . This
∂ (sP

−C

)

precautionary-savings motive is first order, that is, T −1∂ σP T −1 |σP =0 > 0, because the news-utility
agent is first-order risk averse. In contrast, the standard precautionary-savings motive is captured
by the expected marginal utility of the income shock QT −1 = β ET −1 [u0 (STP )], which is larger than
the marginal utility of the expected income shock β u0 (ET −1 [ST ]) if the utility function is prudent
u000 > 0, according to Jensen’s inequality. This standard precautionary-savings motive is second or∂ (sP

−C

)

der, that is, T −1∂ σP T −1 |σP =0 = 0, as the standard agent is second-order risk averse.22
The intuition for the second part of Lemma 1 is as follows. The agent is subject to time-inconsistent
overconsumption because the monotone-personal equilibrium assumes that the agent wakes up
22As shown by Benartzi and Thaler (1995) and Barberis et al. (2001), first-order risk aversion resolves the equity pre-

mium puzzle highlighting that agents must have implausibly high second-order risk aversion to reconcile the historical
equity premium because aggregate consumption is smooth compared with asset prices. The excess-smoothness puzzle highlights that aggregate consumption is overly smooth compared to labor income, and again, first-order instead of
second-order risk aversion is a necessary ingredient for resolving the puzzle. In a canonical asset-pricing model, Pagel
(fthc) demonstrates that news-utility preferences constitute an additional step towards resolving the equity-premium
puzzle as they match the historical level and the variation of the equity premium while simultaneously implying plausible attitudes towards small and large wealth gambles.
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in any period, takes his expectations as given, and optimizes over consumption. Thus, the agent
prefers to enjoy the pleasant surprise of increasing present consumption above expectations instead
of increasing both his future consumption and expectations. However, when the future arrives, he
takes his expectations as given, and thus, puts a different weight on marginal consumption utility than at present. This problem is exacerbated if the discount factor on prospective versus contemporaneous gain-loss utility is smaller than 1, γ < 1, which implies that the agent is more concerned about contemporaneous than prospective gain-loss utility. Thus, he wishes to increase his
consumption and decrease his savings. Consequently, the presence of news utility might increase
or decrease consumption relative to the standard model depending on the net effect of two parameters, the uncertainty about permanent income σP > 0 and the prospective gain-loss discount factor γ < 1.
The resulting hump-shaped consumption profile. The two competing news-utility features–the additional precautionary-savings motive and the overconsumption problem–make it likely that the
life-cycle consumption profile is hump shaped because the precautionary-savings motive accumulates with income uncertainty as the agent’s horizon increases.
Definition 6. The agent’s consumption profile is hump shaped if consumption is increasing at the
beginning of life ∆C1 > 0 and decreasing ∆CT < 0 at the end of life.
Proposition 3. Suppose permanent income uncertainty σPt = σP for all t and T is large; then, a
σP in [σP , σP ] exists such that, if γ < 1, log((1 + r)β ) ∈ [− M, M], and M is small, the news-utility
agent’s lifetime consumption path is hump shaped.
The basic intuition is illustrated in Lemma 1. The relative strengths of the additional precautionarysavings motive and the overconsumption problem exacerbated by the discount factor on prospective versus contemporaneous news utility γ < 1 determine whether the presence of gain-loss utility
increases or decreases the news-utility agent’s consumption relative to the standard model. Toward
the end of life, the additional precautionary-savings motive is relatively small and the discount factor on prospective versus contemporaneous news utility γ < 1 is likely to decrease consumption
growth. However, when the agent’s horizon increases the precautionary-savings motive accumulates because uncertainty accumulates; hence, at the beginning of life, the presence of gain-loss
utility is likely to reduce consumption and increase consumption growth unless γ is very small.
More formally, the two conditions on consumption growth, ∆Ct+1 ≶ 0, reduce to the function that
adds on to consumption, Λt ≶ 0, as the agent’s horizon T − t becomes small or large. The sign of
ψt
> 1, and the
Λt is determined by the relative values of the expected marginal gain-loss utility, Q
t
discount factor on prospective versus contemporaneous news utility γ < 1. If the agent’s horizon
ψt
is small, such that γ < 1 is likely to cause the function that adds on to consumpT − t is small, Q
t
ψt
tion Λt to be negative. However, as T − t increases, Q
increases, such that γ < 1 loses relative imt
portance and Λt is more likely to be positive as ψt increases at a first-order rate and faster than Qt .
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F IGURE 2. E XPONENTIAL - UTILITY LIFE - CYCLE PROFILES

This figure displays the news-utility and standard agents’ life-cycle consumption profiles; both the average
consumption profiles of a sample of 300 identical agents, who encounter different realizations of the
permanent and transitory income shocks stP and stT , and the consumption profiles if stP = 0 and stT = 0 for
all t. I use the same calibration as in Section 2.2.1 explained in the caption of Figure 1.

Figure 2 displays the news-utility and standard agents’ life-cycle consumption profiles. The figure displays the average consumption profile of a sample of 300 identical agents who encounter
different realizations of the permanent and transitory income shocks stP and stT , and the consumption profile of one agent for whom stP = 0 and stT = 0 for all t. As can be observed from Figure
2, the news-utility agent’s consumption profile is hump shaped, that is, consumption increases in
the beginning but decreases toward the end of life. This hump is very robust for different parameter choices, which I discuss in Section 2.3.2. In contrast, the standard agent’s profile is V-shaped,
which demonstrates that exponential utility and a random-walk income process do not promote the
desired hump. Moreover, Figure 2 displays the hump in the presence of a retirement period that
induces a fairly different-looking consumption profile toward the end of life, which I explain next.
2.2.3. Consumption during and at the start of retirement.
Consumption during retirement. I now add a retirement period at the end of life. More specifically, I assume that in periods t ∈ {T − R, ..., T }, the agent earns his permanent income without
uncertainty. First, I formalize a general prediction of the news-utility agent’s consumption during
retirement, i.e., CT −R+0,1,2,... .23
Proposition 4. If uncertainty is absent, the monotone-personal equilibrium of the news-utility
agent correspond to the standard agent’s equilibrium iff the discount factor on prospective versus contemporaneous gain-loss utility is weakly larger than the inverse of the coefficient of loss
aversion γ ≥ λ1 . Iff γ < λ1 then the monotone-personal equilibrium of the news-utility agent corresponds to a hyperbolic-discounting agent’s monotone-personal equilibrium with the hyperbolic23This generalizes a result obtained by Koszegi and Rabin (2009) in a two-period model and can be further general-

ized to any HARA utility function.
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discount factor given by b =

1+γηλ
1+η .

The news-utility agent is likely to follow the standard agent’s path if uncertainty is absent and if
the agent’s prospective gain-loss discount factor is high enough. The basic intuition is that when
the agent decides to increase present consumption, he also considers a certain loss in future consumption, which is very painful. Thus, unless the agent discounts prospective gain-loss utility significantly, he decides to not increase present consumption. More formally, suppose that the agent
allocates his deterministic cash-on-hand between present consumption CT −1 and future consumption CT . Under rational expectations, he cannot fool himself; hence, he cannot experience actual
gain-loss utility in equilibrium in a deterministic model. Accordingly, his expected utility maximization problem corresponds to the standard agent’s maximization problem determined by equalizing marginal consumption utilities in the present and future with the discount factor and interest rate u0 (CT −1 ) = β (1 + r)u0 (CT ). Suppose that the agent’s beliefs about consumption in both
periods correspond to this equilibrium path. Taking his beliefs as given, the agent deviates if the
gain from consuming more currently exceeds the discounted loss from consuming less in the future, that is,
u0 (CT −1 )(1 + η) > β (1 + r)u0 (CT )(1 + γηλ ).
Thus, he follows the standard agent’s path iff the discount factor on prospective versus contemporaneous gain-loss utility is weakly larger than the inverse of the coefficient of loss aversion, γ ≥ λ1 ,
because the pain of the certain loss in future consumption is greater than the pleasure gained from
present consumption. However, if γ < λ1 , the agent deviates and has to choose a consumption path
that just meets the consistency constraint, thereby behaving as a hyperbolic-discounting agent with
hyperbolic discount factor b = 1+γηλ
1+η < 1. Thus, during retirement, the implications of the agent’s
prospective gain-loss discount factor γ are simple: it needs to be sufficiently high to keep the agent
on the standard agent’s track.
The drop in consumption at retirement. The empirical evidence on the prevalence of a drop in consumption at retirement is a topic of debate in the literature. While a series of studies, summarized
in Attanasio and Weber (2010), have found that consumption drops at retirement, Aguiar and Hurst
(2005) cannot confirm this finding when controlling for the sudden reduction of work-related expenses, the substitution of home production for market-purchased goods and services, and health
shocks. In my data, I find such a drop in consumption at retirement even for non-work-related
spending. Moreover, I think that the evidence provided by Schwerdt (2005) is compelling because
the author explicitly controls for home production and focuses on German retirees, who receive
large state-provided pensions, which require little self organization, and for whom health is a complement to consumption owing to proper health insurance. Moreover, Ameriks et al. (2007) and
Hurd and Rohwedder (2003) provide evidence that the drop in consumption is anticipated. First, I
define a drop in consumption as follows.
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Definition 7. A drop in consumption at retirement occurs if consumption growth at retirement
∆CT −R is negative and smaller than consumption growth after retirement ∆CT −R+1 .
For example, suppose the prospective gain-loss discount factor is weakly larger than the inverse
of the coefficient of loss aversion γ ≥ λ1 , in which case the news-utility agent’s post-retirement
consumption growth is close to zero equaling that of the standard agent, that is, θ1 log(β (1 + r)) ≈
0. By contrast, consumption growth at the start of retirement is negative for the news-utility agent
1+γη
but not the standard agent, that is, θ1 log(β (1 + r)) + θ1 gs < 0 as gs ∈ {log( 1+γηλ
1+ηλ ), log( 1+η )} <
0.24
Proposition 5. If the prospective gain-loss discount factor is less than 1, γ < 1, log((1 + r)β ) ∈
[− M, M], and M is small, the news-utility agent’s monotone-personal consumption path is characterized by a drop at retirement.
After the start of retirement, the agent is less inclined to overconsume than before. The basic intuition for overconsumption in the pre-retirement period is that the agent allocates house money,
that is, labor income that he was not certain that he would receive, and thus, wants to consume before his expectations catch up, iff the prospective gain-loss discount factor is less than one, γ <
1. During retirement, the agent associates a certain loss in future consumption with an increase in
present consumption. In contrast, in the pre-retirement period, the agent finds the loss in future
consumption merely as painful as a slightly less favorable realization of his labor income, that is,
the agent trades off being somewhere in the gain domain currently versus being somewhere in the
gain domain in the future instead of a sure gain currently with a sure loss in the future. The agent’s
first-order condition in period T − 1 in the absence of uncertainty in period T is given by
(15) u0 (CT −1 )(1 + η(λ − (λ − 1)FP (sPT −1 ))) = β (1 + r)u0 (CT )(1 + γη(λ − (λ − 1)FP (sPT −1 ))).
In equation (15), it can be seen immediately that iff the prospective gain-loss discount factor equals
1, γ = 1, contemporaneous and prospective marginal gain-loss utility cancel each other out. However, iff γ < 1, the agent reduces the weight on future utility relative to present utility by a factor
1+γη
between 1+γηλ
1+ηλ < 1+η < 1. During retirement, the news-utility agent follows the standard agent’s
consumption path if the prospective gain-loss discount factor γ is sufficiently high and otherwise
follows a hyperbolic-discounting agent’s consumption path with discount factor b = 1+γηλ
1+η . Be1+γη
cause min{ 1+γηλ
1+η , 1} > 1+η iff γ < 1, the agent’s factor that reduces the weight on future utility
is necessarily lower in the pre-retirement period than during retirement, which implies that consumption drops at the start of retirement.25 The other agents’ consumption paths do not exhibit
such a drop. Quantitatively, Figure 2 displays a noticeable drop in news-utility consumption at re24This and the following results can be generalized to a HARA utility function, arbitrary horizons, and arbitrary in-

come uncertainty.
25The drop in consumption is robust to uncertainty becoming small in the pre-retirement period even if the agent
chooses a flat consumption profile as described in Section 2.2.4.
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tirement.
The assumption of no uncertainty during retirement is made in all standard life-cycle consumption models, as these are abstracted from portfolio choice; thus, the drop in consumption at retirement is a necessary artifact of news-utility preferences in the standard environment. However, the
drop is robust to three alternative assumptions: small income uncertainty during retirement due
to, for instance, inflation risk; potentially large discrete income uncertainty, due to, for instance,
health shocks; or mortality risk.26 Furthermore, if I were to observe a consumption path that is
much flatter during retirement than before retirement and interpret this observation from the perspective of the standard model, I may conclude that the agent does not decumulate assets sufficiently rapidly after retirement compared to his pre-retirement asset decumulation. Such a lack of
asset decumulation during retirement constitutes another life-cycle consumption puzzle that is observed by Hurd (1989), Disney (1996), and Bucciol (2012) and explained by the model.27
Excess smoothness and sensitivity of consumption in the pre-retirement period. I now outline an
additional result about excess smoothness and sensitivity of consumption in the pre-retirement period.28 I refer to excess smoothness and sensitivity again because the intuition explained in Section 2.2.1 is based on no uncertainty being associated with the bad news in present consumption
but uncertainty being associated with the bad news in future consumption as future expectations
adjust. Because uncertainty is absent after the start of retirement, this intuition is not applicable
in the pre-retirement period. Nevertheless, consumption is excessively smooth and sensitive in the
pre-retirement period iff the prospective gain-loss discount factor is smaller than 1, that is, γ < 1.
Quantitatively, the first intuition about the adjustability of expectations brings about the bulk of excess smoothness and sensitivity in consumption.
Corollary 1. Iff the prospective gain-loss discount factor is less than 1, γ < 1, the news-utility
agent’s monotone-personal equilibrium consumption is excessively smooth and sensitive in the
pre-retirement period.
26The drop in consumption is due to the fact that the agent overconsumes before retirement but consumes efficiently

after retirement. If income uncertainty is very small, the agent is credibly able to plan a flat consumption level independent of the realization of his income shock because the benefits of smoothing consumption perfectly do not warrant the decrease in expected utility from experiencing gain-loss utility. In such a small-uncertainty situation, the agent
is able to stick to a flat consumption level that induces less overconsumption after retirement than before retirement,
such that consumption drops. I formally explain this result about overconsumption in Section 2.2.4. Moreover, discrete uncertainty after retirement induces less overconsumption than before retirement for the same reason that no uncertainty causes less overconsumption. If uncertainty is discrete, overconsumption is associated with a discrete gain in
present consumption and a discrete loss in future consumption. Because the discrete loss hurts more than the discrete
gain, the agent may credibly plan a consumption level that induces less overconsumption than the baseline continuousoutcome equilibrium. Finally, mortality risk does not affect the result because the agent would not experience gainloss utility relative to being dead.
27In addition this can be explained by bequest motives (Hurd (1989)) and medical expenditures shocks (Nardi et al.
(2011)).
28This result can be generalized to a HARA utility function, arbitrary horizons, and arbitrary income uncertainty.
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Iff the prospective gain-loss discount factor is less than 1, γ < 1, the agent cares more about
contemporaneous than prospective gain-loss utility, and thus, overconsumes in the presence of uncertainty, as explained in the beginning of Section 2.2.2. Moreover, the agent overconsumes more
when experiencing a relatively bad realization because losses are overweighted and he can effectively reduce his sense of loss by delaying the cut in consumption. Because the agent overconsumes relatively more in the event of a bad shock and relatively less in the event of a good
shock, consumption is excessively smooth and sensitive. Mathematically, the agent behaves like a
1+γη
hyperbolic-discounting agent, weighting future consumption by a factor b ∈ { 1+γηλ
1+ηλ , 1+η } < 1.
Thus, the agent’s weight on future consumption is particularly low when the income realization is
relatively bad, that is, FP (sPT −1 ) ≈ 0. In turn, variation in FP (sPT −1 ) leads to variation in consumption growth as in Section 2.2.1. Moreover, for any weight of gain-loss versus consumption utility
η and coefficient of loss aversion λ , consumption is more excessively smooth and sensitive if the
prospective gain-loss discount factor γ is low.
2.2.4. Discussion and new predictions about consumption. Many different explanations exist for
excess smoothness and sensitivity, the hump-shaped consumption profile, and the drop in consumption at retirement as reviewed in Section 1. One of the contributions of this study is that it
uses a single calibration to provide a parsimonious and unified explanation, which appears very robust toward different choices of parameter values and different assumptions about the model environment. Loss aversion and present bias have been documented empirically for poor, rich, as
well as professional individuals (see Angner and Loewenstein (fthc), DellaVigna (2009), and Barberis (2013)). If a rich household is somewhat less loss averse or present biased than the average
household, the consumption profile predicted by the model would still feature excess smoothness,
a hump shape, and a drop at retirement, although all of these features would be somewhat smaller
in magnitude. This is quite consistent with the empirical evidence. Although the evidence seems
to be less strong for rich households, the literature does not find that rich households’ consumption does not feature excess smoothness, a hump, or a drop at retirement. As discussed in Jappelli
and Pistaferri (2010), the evidence is very mixed for whether households not constrained in their
borrowing have excessively smooth consumption and whether excess smoothness is asymmetric.
Gourinchas and Parker (2002) and Fernandez-Villaverde and Krueger (2007) document a humpshaped consumption profile throughout all income and occupation classes controlling for time, cohort, and family size effects, but find that consumption peaks later for rich households. Bernheim
et al. (2001) find that the drop in consumption for the top wealth quartile is only half of the drop
in consumption for the bottom wealth quartile but both drops are individually significant at high
levels of confidence. Nevertheless, at least the variation in the hump shape could be explained by
other theoretical explanations, such as hyperbolic discounting and illiquid savings, as proposed by
Laibson et al. (2012), an incomplete planning horizon, as proposed by Park (2011), and overconfidence, as proposed by Caliendo and Huang (2008). Given this wealth of explanations, I will now
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highlight several additional news-utility predictions for consumption, which are new and testable
comparative statics.
First, I explain the agent’s consumption function, equation (9), in detail to highlight some subtle predictions about how the marginal propensity to consume varies with the realization of the
permanent and transitory shocks and the agent’s horizon. To explain the consumption function, I
1
assume that the agent’s horizon T − t is large, such that the annuitization factor a(T − t) ≈ 1+r
.
Then, in each period t, the agent consumes the interest payments of his last period’s asset holdings rAt−1 , his entire permanent income Pt−1 + stP , and the per-period value of his temporary shock
r T
1+r st . In addition, optimal consumption depends on the function Λt , which captures the agent’s
patience compared to the market, his precautionary savings, and his marginal gain-loss utility. In
the event of a negative shock, Λt is low and the agent consumes more out of his end-of-period asset holdings, and thus, spreads the consumption adjustment to his entire future. The function Λt
varies more with the permanent shock than with the transitory shock because marginal gain-loss
utility varies with the distribution function of consumption FCt−1
(Ct ), which varies little with the
t
r T
transitory shock as the agent consumes only the per-period value of the transitory shock 1+r
st and
r
1+r is small. This observation constitutes the first novel prediction of the news-utility model: consumption is more excessively sensitive for permanent shocks than for transitory shocks in an environment with permanent shocks. This prediction is seen in Figure 1. However, in an environment with transitory shocks alone, news-utility consumption is excessively sensitive with respect
to transitory shocks. This prediction could be tested empirically by comparing the consumption
responses of individuals who are exposed mainly to transitory shocks, such as cab drivers or waiters, and those who are exposed to transitory and permanent shocks, such as white-collar workers.
News utility would predict that cab drivers exhibit excessively smooth consumption in response
to transitory income shocks, as shown by Crawford and Meng (2011), while white-collar workers do not. This prediction is different from the prediction of borrowing constraints, which does
not differentiate between permanent or transitory shocks. Moreover, it is not necessarily predicted
by inattention, as proposed by Reis (2006), adjustment costs, as proposed by Chetty and Szeidl
(2010), or incomplete consumption insurance, as proposed by Attanasio and Pavoni (2011).
A second prediction is that any bell-shaped shock distribution induces bounded variation in the
function determining optimal consumption Λt , and thus, the agent’s excess sensitivity. If the agent
is affected by a tail realization, the actual value of the low-probability shock matters less because
neighboring states have very low probability; thus, the variation in Λt is bounded. A third prediction is that consumption is more excessively smooth when the agent’s horizon increases for
two reasons: first, the marginal propensity to consume out of permanent shocks declines when
the precautionary-savings motive accumulates, and second, the annuitization factor a(T − t) is increasing in the agent’s horizon T − t. In contrast, excess sensitivity is not proportional to a(T − t),
such that consumption is relatively less excessively sensitive when the agent’s horizon increases.
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The last prediction can be tested empirically by comparing the excess smoothness and sensitivity
in consumption of young and old households, which is done in Section 2.3.2. A young household’s
consumption should be excessively smooth but not too excessively sensitive. An old household’s
consumption should be somewhat excessively smooth and excessively sensitive. If young households are more borrowing constrained, then, such empirical evidence can distinguish between news
utility, borrowing constraints, inattention, adjustment costs, and consumption insurance.
Another easily testable prediction is that the degree of excess smoothness and sensitivity is decreasing in permanent income uncertainty, σP . If σP is small, the agent’s beliefs change more
rapidly relative to the change in the realization of the shock; hence, the consumption function is
flatter for realizations around the expected value of the permanent income shock, µP . This prediction could actually result in the consumption function being flat over some range if permanent
income uncertainty σ p is small.29 To formally describe this result about flat consumption, I return to the two-period, one-shock model of Section 2.2.1. Suppose that the realization of the income shock, sPT −1 , increases; then, holding consumption CT −1 constant, the marginal value of
savings declines and the agent’s first-order condition implies that present consumption should increase. However, the value of the cumulative distribution of the income shock FP (sPT −1 ) also increases, and marginal gain-loss utility is lower, such that current optimal consumption should decrease. Suppose that the realization of the income shock, sPT −1 , increases marginally but FP (sPT −1 )
increases sharply, which could occur if FP is a very narrow distribution. In this case, the lower marginal gain-loss utility that decreases consumption dominates the increase in savings that increases
consumption, such that the first-order condition predicts decreasing consumption over some range
in the neighborhood of the expected value µP , where the distribution function FP increases most
sharply if FP is bell shaped. However, a decreasing consumption function cannot be an equilibrium because the agent would unnecessarily experience gain-loss utility over the decreasing part
of consumption, which, in turn, decreases expected utility as losses are overweighted. Thus, the
agent could increase expected utility by choosing a flat consumption function instead of a decreasing consumption function to not experience any gain-loss utility in that region. In such a situation,
he does not respond to shocks at all, that is, his consumption is perfectly excessively smooth and
sensitive, which resembles borrowing constraints or adjustment costs to consumption. Moreover,
the agent may choose a credible consumption plan with a flat section, which induces less overconsumption than the original plan. Suppose the agent chooses a flat consumption level for realizations of the income shock sPT −1 in some range s and s. Then, s is chosen where the original consumption function just stops decreasing, which corresponds to the lowest possible level of the flat
section of consumption CT −1 , which I explicitly describe in Appendix B.5.1. Moreover, in Appendix B.5.1, I show that the agent’s consistency constraint for not increasing consumption beyond CT −1 for any realization of the income shock sPT −1 ∈ [s, s] always holds. Thus, I can conclude
29This prediction about flat consumption is also highlighted by Heidhues and Koszegi (2008).
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that flat consumption results in less overconsumption than the baseline equilibrium. To empirically
distinguish this prediction from borrowing constraints, inattention, or adjustment costs, one could
check whether households with little income uncertainty, such as tenure-track academics, seem to
have flat consumption and suffer less from overconsumption problems despite a lack of borrowing
constraints.
Empirically, there is abundant laboratory and field evidence for time-inconsistent overconsumption, preference reversals, and demand for commitment devices.30 In addition, theoretically, the
hyperbolic-discounting model of Laibson et al. (2012) is very successful in explaining life-cycle
consumption. While hyperbolic-discounting preferences do not generate excess smoothness and
sensitivity in consumption per se, they induce borrowing constraints to bind much more often.
However, the news-utility time inconsistency is observationally distinguishable from hyperbolicdiscounting preferences. First, news utility introduces an additional precautionary-savings motive that is absent in the hyperbolic-discounting model. Second, because of this precautionarysavings motive, the news-utility agent does not have a universal desire to pre-commit himself to
the standard agent’s consumption path, in contrast to hyperbolic-discounting preferences. Third,
news utility predicts that the agent’s degree of present bias is reference dependent and lower in bad
times. Intuitively, increasing consumption in bad times is a best response. Fourth, the news-utility
agent’s degree of present bias depends on the uncertainty he faces. In the absence of uncertainty,
the agent’s present bias is absent so long as the prospective gain-loss discount factor is weakly
larger than the inverse of the coefficient of loss aversion γ ≥ λ1 , as explained in Section 2.2.3. In
the presence of small or discrete uncertainty, the agent’s degree of present bias is less than in the
presence of large and dispersed uncertainty. The third and fourth prediction could be tested empirically or in the laboratory with on-the-spot consumption as in Pagel and Zeppenfeld (2014).
2.3. Quantitative predictions about consumption. In the following subsection, I assess whether
the model’s quantitative predictions match the empirical evidence. To demonstrate that all of the
predictions hold in model environments that are commonly assumed in the life-cycle consump1−θ
tion literature, I present the numerical implications of a power-utility model, that is, u(C) = C1−θ
with θ being the coefficient of constant relative risk aversion.31 In Section 2.3.1, I first outline the
power-utility model. In Section 2.3.2, I then structurally estimate the power-utility model’s parameters, compare my estimates with those in the microeconomic literature, and show that my estimates generate the degree of excess sensitivity and smoothness found in aggregate data.
2.3.1. The power-utility model.
30See, for example, DellaVigna (2009), Frederick et al. (2002), or Angeletos et al. (2001) for a survey of the theory

and empirical evidence.
31The power-utility model cannot be solved analytically, but it can be solved by numerical backward induction, as
shown by Gourinchas and Parker (2002) or Carroll (2001), among others. The numerical solution is illustrated in
greater depth in Appendix B.6.4.
26

The income processes and model environment. I follow Carroll (1997) and Gourinchas and Parker
(2002), who specify income Yt to be log-normal and characterized by deterministic permanent income growth Gt , permanent shocks NtP , and transitory shocks NtT , which allow for a low probability p of unemployment or illness
Yt = Pt NtT = Pt−1 Gt NtP NtT
(
NtT =

T

est
0

with probability 1 − p and stT ∼ N(µT , σT2 )
with probability p

)
P

NtP = est stP ∼ N(µP , σP2 ).

The life-cycle literature suggests fairly tight ranges for the parameters of the log-normal income
process, which are approximately µT = µP = 0, σT = σP = 0.1, and p = 0.01. Gt typically implies a hump-shaped income profile. Nevertheless, I initially assume that income is flat, that is,
Gt = 1 for all t, to highlight the model’s predictions in an environment that does not simply generate a hump-shaped consumption profile via a hump-shaped income profile. In addition to the
standard and hyperbolic agents, I display results for internal, multiplicative habit-formation preferences, as assumed in Michaelides (2002), and temptation-disutility preferences, as developed by
Gul and Pesendorfer (2004), following the specification of Bucciol (2012). The utility specifications can be found in Appendix B.1. For the habit-formation agent, I roughly follow Michaelides
(2002) and choose a habit-forming parameter h = 0.45, which matches the excess-smoothness evλ td
idence. The tempted agent’s additional preference parameter τ = 1+λ
td = 0.1 is chosen according
32
to the estimates of Bucciol (2012).
Comparison of life-cycle consumption profiles. Figure 3 contrasts the five agents’ consumption
paths with the empirical consumption and income profiles, which I explain in Section 2.3.2. The
habit-formation agent’s consumption profile is shown only in part because he engages in extremely
high wealth accumulation owing to his high effective risk aversion, even if I choose a lower value
for the habit-forming parameter h than the one that fits the excess-sensitivity evidence.33 Hyperbolicdiscounting preferences tilt the consumption profile upward at the beginning and downward at the
end of life. Temptation disutility causes severe overconsumption at the beginning of life, which
then reduces when consumption opportunities become depleted. Standard, hyperbolic-discounting,
and news-utility preferences all generate a hump-shaped consumption profile. The consumption
path of the standard and hyperbolic agents is increasing at the beginning of life because power utility renders them unwilling to borrow; however, the agents are also sufficiently impatient, such that
32For the news-utility parameters, I use the same calibration as in Section 2.2.1.
33This result about wealth accumulation confirms a finding by Michaelides (2002).
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F IGURE 3. L IFE - CYCLE PROFILES AND CEX CONSUMPTION AND INCOME DATA

This figure contrasts the five agents’ consumption paths with the average CEX consumption and income
data. The parameter values are µT = µP = 0, σT = σP = 0.1, p = 0.01, and Gt = 1 for all t. The preference
parameters are β = 0.97, r = 1%, θ = 2, η = 1, λ = 3, γ = 0.8, the hyperbolic discounting parameter is
0.8, the habit-forming parameter is h = 0.45, and the temptation-disutility parameter is τ = 0.1. The unit of
consumption and income is the log of 1984 dollars controlling for cohort, family size, and time effects.

consumption eventually decreases.34 Nevertheless, at first glance, the news-utility agent’s hump
looks more similar than the other agents’ humps to the empirical consumption profile with slowly
increasing consumption at the beginning of life and decreasing consumption shortly before retirement. Moreover, the news-utility hump is a more robust result than the standard and hyperbolic
humps to alternative assumptions about the discount factor, interest rate, and income profile. For
instance, in a model with only transitory shocks and no unemployment, the standard agent’s consumption is basically flat and the hyperbolic agent’s consumption is decreasing throughout because the precautionary-savings motive is very weak; in contrast, the news-utility model generates
a hump-shaped consumption profile. Obviously, in partial equilibrium, it is trivial to match the
hump shape as preference and environmental parameters are jointly calibrated; thus, I confirm in
a simple real-business-cycle model that news-utility generates realistic moments with the preference parameters that I assume in this study.
Moreover, Figure 3 shows a substantial drop in consumption at retirement for both the newsutility consumption profile and the Consumer Expenditure Survey (CEX) consumption data. Thus,
I conclude that the news-utility agent’s lifetime consumption profile looks very similar to the average consumption profile from the CEX data, which I explain in greater detail in the next subsection.
2.3.2. Structural estimation.
34Because power utility eliminates the possibility of negative or zero consumption and because of the small possibil-

ity of zero income in all future periods, the agents will never find it optimal to borrow. Moreover, power utility implies prudence such that all agents have a standard precautionary-savings motive. However, this motive is rather weak
because the standard agent’s consumption begins to decrease rather early in life, which has been criticized by Attanasio (1999) among others.
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Data, estimation procedure, identification, and results. I use data from the CEX for 1980 to 2002.
Because the CEX does not survey households consecutively, I generate a pseudo panel that averages each household’s consumption and income at each age. To control for cohort, family size,
and time effects, I employ average cohort techniques, which are explained in detail in Appendix
2.3.2. Figure 3 displays the average empirical income and average empirical consumption profiles.
Then, I structurally estimate the news-utility parameters using a methods-of-simulated-moments
procedure following Gourinchas and Parker (2002) among others. The procedure has two stages.
In the first stage, I estimate the structural parameters governing the environment using standard
techniques and obtain results perfectly in line with the literature. Given the first-stage estimates,
I estimate the preference parameters by matching the simulated and empirical average life-cycle
consumption profiles in the second stage. The estimation procedure is explained in greater detail
in Appendix 2.3.2. Moreover, I describe the identification of all preference parameters in Appendix 2.3.2.
I employ a two-stage method-of-simulated-moments procedure. In the first stage, I estimate all
of the structural parameters governing the environment µ̂P , σ̂P , µ̂T , σ̂T , p̂, Ĝ, r̂, â0 , R̂, and T̂ . The
parameters µ̂P = −0.002, µ̂T = −0.0031, σ̂P = 0.18, σ̂T = 0.16, and p̂ = 0.0031 turn out in accordance with the literature. The mean of Moody’s municipal bond index is r̂ = 3.1%. Moreover, because 25 years is chosen as the beginning of life by Gourinchas and Parker (2002), I choose the retirement period R̂ = 11 years and the working life span T̂ = 54 years in accordance with the average retirement age in the US according to the OECD and the average life expectancy in the US according to the UN. At age 25 years, I estimate the mean ratio of liquid wealth to income as 0.0096
under the assumption that initial permanent income equals one P0 = 1.
I estimate the preference parameters β , θ , η, λ , and γ and obtain θ̂ = 0.79, β̂ = 0.97, η̂ = 1.1,
λ̂ = 2.4, and γ̂ = 0.53. I display all first- and second-stage structural parameter estimates, as well
as their standard errors, in Table 1.35 The second-stage standard errors are adjusted for first-stage
uncertainty and the sampling correction; while the former increases the standard errors considerably, the latter has very little effect, as noted by Laibson et al. (2012). The preference parameters are estimated very tightly, and I cannot reject the overidentification test, which is a surprisingly positive result given the number of moments T and the number of parameters, which is only
five. In contrast, for the standard model, the standard errors are considerably larger and I reject the
overidentification test, as do Gourinchas and Parker (2002). Finally, I obtain suggestive evidence
for one of the new comparative statics generated by news utility; the excess-smoothness ratio in
the CEX data increases from 0.68 at age 25 years to 0.82 at the start of retirement.
35Alternatively, I use a more complex set of moments to estimate the preference parameters, namely the degree of ex-

cess smoothness in consumption, the extent of the drop in consumption at retirement, and four other points of the lifecycle consumption profile. The resulting estimates and their standard errors are quantitatively very similar to the original ones.
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TABLE 1. F IRST-S TAGE PARAMETER E STIMATION R ESULTS
Â0
µ̂P
σ̂P
µ̂T
σ̂T
p̂
Ĝt
r̂
P0
R̂ T̂
P̂0
Y
−Y
t
t+1
estimate 0
0.19
0
0.15 0.0031 e
3.1% 1 0.0096 11 54
st. error
(0.004)
(0.006) (0.001) (Ω̂Ĝ ) (0.003)
(0.005)
S ECOND -S TAGE PARAMETER E STIMATION R ESULTS
news-utility model
standard model
β̂
θ̂
η̂
λ̂
γ̂
β̂
θ̂
estimate
0.97
0.77
0.97
2.33
0.59
0.9
2.01
standard error (0.001) (0.011) (0.068) (0.018) (0.021) (0.029) (0.091)
χ(·)
43.3
101.2

This table displays all first- and second-stage structural parameter estimates as well as their standard errors.
The overidentification test’s critical value at 5% is 67.5.

Discussion of the estimated preference parameters. I now show that my estimates are perfectly in
line with the micro literature, generate reasonable attitudes towards small and large wealth gambles, and match the empirical evidence for excess smoothness and sensitivity in aggregate data. I
refer to the literature for the standard preference parameter estimates of the exponential discount
factor β ≈ 1 and the coefficient of risk aversion θ ≈ 1 but discuss the news-utility parameter estimates, that is, η, λ , and γ, in greater detail. In particular, I demonstrate that my estimates are
consistent with existing micro evidence on risk and time preferences. In Table 3 in Appendix A,
I illustrate the risk preferences over gambles with various stakes of the news-utility, standard, and
habit-formation agents. In particular, I calculate the required gain G for a range of losses L to make
each agent indifferent between accepting or rejecting a 50-50 win G or lose L gamble at a wealth
level of $300,000, in accordance with Rabin (2001) and Chetty and Szeidl (2007).
First, I aim to demonstrate that my estimates match risk attitudes towards gambles about immediate consumption, which are determined solely by the weight of gain-loss versus consumption
utility η and the coefficient of loss aversion λ because it can be reasonably assumed that utility
over immediate consumption is linear. η(λ − 1) ≈ 2 implies that the equivalent Kahneman and
Tversky (1979) coefficient of loss aversion is around 2, because the news-utility agent experiences
consumption and news utility, whereas classical prospect theory effectively consists of news utility only, and consumption utility works in favor of any small-scale gamble. In Table 3, it can be
seen that the news-utility agent’s contemporaneous gain-loss utility generates reasonable attitudes
towards small and large gambles over immediate consumption. Moreover, the parameters are consistent with the laboratory evidence on loss aversion over immediate consumption, that is, the endowment effect literature.36 In contrast, since I assume linear utility over immediate consump36For illustration, I take a concrete example from Kahneman et al. (1990), in which the authors distribute a good

(mugs or pens) to half of their subjects and ask those who received the good about their willingness to accept (WTA)
and those who did not receive it about their willingness to pay (WTP) if they traded the good. The median WTA is
$5.25, whereas the median WTP is $2.75. Accordingly, I infer (1 + η)u(mug) = (1 + ηλ )2.25 and (1 + ηλ )u(mug) =
(1 + η)5.25, which implies that λ ≈ 3 when η ≈ 1. I obtain a similar result for the pen experiment.
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TABLE 2. E XCESS -S MOOTHNESS AND S ENSITIVITY R EGRESSION R ESULTS
Model

news-utility
habit
standard hyperbolic
tempted
β1
β2
β1h
β2h
β1s
β2s
β1b
β2b β1td β2td
coefficient 0.67 0.27 0.69 0.38 0.93 0.01 0.94 0.01 1.01 -0.01
t-statistic 86.7 34.2 141 76.3 187 1.32 205 1.33 135 -1.76
e-s ratio
0.74
0.80
0.95
0.96
1.04
This table displays the aggregate regression results of 1,000 individuals with N = 200 simulated data
points.

tion, the standard and habit-formation agents are risk neutral. Second, I elicit the agents’ risk attitudes by assuming that each of them is presented with the gamble after all consumption in the
current period has taken place. The news-utility agent will experience only prospective gain-loss
utility over the gamble’s outcome, which is determined by the prospective gain-loss discount factor γ. γ < 1 implies similar attitudes towards intertemporal consumption tradeoffs as a hyperbolicdiscounting parameter of the same value. Empirical estimates for the hyperbolic-discounting parameter model typically range between 0.7 and 0.8 (e.g., Laibson et al. (2012)) such that the experimental and field evidence on peoples’ attitudes towards intertemporal consumption trade-offs
dictates a choice of the prospective gain-loss discount factor around 0.7, γ ≈ 0.7, when the exponential discount factor is around one, β ≈ 1, which is roughly in line with my estimate. Table 3
shows that the news-utility agent’s risk attitudes take reasonable values for small, medium, and
large stakes. The habit-formation agent is risk neutral for small and medium stakes and somewhat
more risk averse for large stakes than the standard agent, who exhibits reasonable risk attitudes for
very large stakes only.
Excess smoothness and excess sensitivity in aggregate data. Finally, I now demonstrate that my
estimates are not only consistent with those found in the micro literature but generate the degree
of excess smoothness found in macro data. I simulate 200 consumption and income data points of
1,000 individuals, and then, aggregate their consumption and income and run the regression
∆log(C̄t+1 ) = α + β1 ∆log(Ȳt+1 ) + β2 ∆log(Ȳt ) + εt+1
following Campbell and Deaton (1989).37 The results are displayed in Table 2. In the newsutility model, I obtain a regression coefficient β2 ≈ 0.27 and the excess smoothness ratio, that is,
σ (∆log(C̄t ))
as defined in Deaton (1986), is 0.74, whereas in the standard model, I obtain β2s ≈ 0.01
σ (∆log(Ȳ ))
t

and 0.95.38 Regressing consumption growth on lagged labor income growth in aggregate data, I
37The regression results are similar for different assumptions about the number of data points, the number of citizens,

their wealth levels, and their time horizons. I simulate data for each individual at normalized wealth level AP00 = 1 and
age 40.
38All consumption adjustment takes place after a single period because the agent’s preferences are characterized by
full belief updating. However, the variation in consumption adjusts via end-of-period asset holdings and is thereby
spread out over the entire future. Empirically, Fuhrer (2000) and Reis (2006) find that consumption peaks one year af31

obtain a regression estimate for β2 of approximately 0.23 and an excess-smoothness ratio of approximately 0.68.39 Unsurprisingly, temptation disutility does not generate excess smoothness and
sensitivity, while habit formation does. However, habit formation appears to generate too little excess smoothness and too much excess sensitivity and has unrealistic implications for the life-cycle
consumption profile, which I explored in Section 2.3.1. I conclude that the estimates obtained
from CEX consumption data simultaneously match the degree of excess smoothness and sensitivity found in aggregate data.
3. C ONCLUSION
This study demonstrates that expectations-based reference-dependent preferences cannot only
explain micro evidence, such as the endowment effect or cab-driver labor supply, but also offer a
unified explanation for major life-cycle consumption facts. Excess smoothness and sensitivity in
consumption, two widely analyzed macro consumption puzzles, are explained by loss aversion, a
robust risk preference analyzed in experimental research and a popular explanation for the equity
premium puzzle. Intuitively, the agent wants to allow his expectations-based reference point to decrease or increase prior to adjusting consumption. Moreover, a hump-shaped consumption profile
and a drop in consumption at retirement are explained by the interplay of news-utility risk and time
preferences. A hump-shaped consumption profile results from the net effect of two preference features. The news-utility agent’s consumption path is steeper at the beginning of life because loss
aversion generates an additional precautionary-savings motive, which accumulates more rapidly
than the standard precautionary-savings motive in the agent’s horizon. However, the news-utility
agent’s consumption path declines toward the end of life because the expectations-based reference
point introduces time-inconsistent overconsumption. However, once the agent retires, overconsumption is associated with a certain loss in future consumption. Thus, the agent is suddenly able
to behave himself, and his consumption drops at retirement. I explore the intuition for the model’s
results in depth by solving an exponential-utility model in closed form. Moreover, assuming power
utility as standard in the literature, I structurally estimate the preference parameters, obtain estimates that are in line with the existing micro evidence, and generate the degree of excess smoothness found in aggregate data.
Finally, I draw potentially important welfare conclusions that can be derived from the analysis of the monotone-pre-committed equilibrium that maximizes expected utility and is described
in Appendix B.3. The result that excess smoothness is an optimal response is in contrast to the
welfare implications of borrowing constraints, the potentially most popular alternative explanation
for excess smoothness. Instead, the hump-shaped life-cycle consumption profile and consumption
drop at retirement is welfare decreasing, which is more in line with alternative explanations.
ter the shock and that the consumption response dies out briefly after the first year.
39I follow Ludvigson and Michaelides (2001) and use NIPA deflated total, nondurable, or services consumption and
total disposable labor income for the years 1947 to 2011.
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A PPENDIX A. M ORE F IGURES AND TABLES

TABLE 3.
R ISK ATTITUDES OVER S MALL AND L ARGE W EALTH G AMBLES
standard
news-utility
habit-formation
Loss (L)
contemp. prospective
10
10
15
22
10
200
200
300
435
200
1000
1000
1500
2166
1000
5000
5000
7500
10719
5000
50000
50291
75000
105487
52502
100000 100406 150000
2066770
112040
For each loss L, the table’s entries show the required gain G to make each agent indifferent
between accepting and rejecting a 50-50 gamble win G or lose L at a wealth level of 300,000 and
a permanent income of 100,000 (power-utility model).
A PPENDIX B. D ERIVATIONS AND P ROOFS
B.1. Summary of utility functions under consideration. I briefly summarize the lifetime utility of all preference specifications that I consider. I define the “news-utility” agent’s lifetime utility in each period t = {0, ..., T } as
u(Ct ) + n(Ct , FCt−1
)+γ
t

T −t

T −t

τ=1

τ=1

) + Et [ ∑ β τ Ut+τ ]
∑ β τ n (FCt,t−1
t+τ

with β ∈ [0, 1], u(·) a HARA40 utility function, η ∈ (0, ∞), λ ∈ (1, ∞), and γ ∈ [0, 1]. Additionally,
I first consider standard preferences as analyzed by Carroll (2001), Gourinchas and Parker (2002),
and Deaton (1991), among many others. The “standard” agent’s lifetime utility is given by
T −t
s
s
u(Ct ) + Et [ β τ u(Ct+τ
)].
τ=1

∑

Second, I consider internal, multiplicative habit-formation preferences as assumed in Michaelides
(2002). The “habit-forming” agent’s lifetime utility is given by
T −t
h
h
h
) − hu(Ct+τ−1
))]
u(Cth ) − hu(Ct−1
) + Et [ ∑ β τ (u(Ct+τ
τ=1

with h ∈ [0, 1].
Third, I consider β δ − or hyperbolic-discounting preferences as developed by Laibson (1997).
The “β δ −” or “hyperbolic-discounting” agent’s lifetime utility is given by
T −t
b
b
u(Ct ) + bEt [ β τ u(Ct+τ
)]
τ=1

∑

40A utility function u(c) is said to exhibit hyperbolic absolute risk aversion (HARA) if the level of risk tolerance,
00

(c)
− uu0 (c)
is a linear function of c.
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with b ∈ [0, 1] corresponding to the β δ −agent’s β .
Fourth, I consider temptation-disutility preferences as developed by Gul and Pesendorfer (2004)
following the specification of Bucciol (2012). The “tempted” agent’s lifetime utility is given by
T −t
td
td
td
u(Cttd ) − λ td (u(C̃ttd ) − u(Cttd )) + Et [ ∑ β τ (u(Ct+τ
) − λ td (u(C̃t+τ
) − u(Ct+τ
)))]
τ=1

with C̃ttd

being the most tempting alternative consumption level and λ td ∈ [0, ∞).

B.2. Derivation of the exponential-utility model.
B.2.1. The finite-horizon model. A simple derivation of the second-to-last period can be found in
the text. The exponential-utility model can be solved through backward induction. In the following, I outline the model’s solution for period T − i in which the agent chooses how much to consume CT −i and how much to invest in the risk-free asset AT −i . I guess and verify the model’s consumption function
CT −i =
with s̄T −i = sPT −i + (1 −
fined a(i) =

f (i − 1)
(1 + r)i
(1 + r)AT −i−1 + PT −i−1 + s̄T −i −
ΛT −i
f (i)
f (i)

f (i−1) T
f (i) )sT −i

and f (i) = ∑ij=0 (1 + r) j = (1 + r)i

1 i
)
1+r−( 1+r
r

(in the text I de-

f (i−1)
f (i) )

ΛT −i =

(1 + r)i ψT −i + γQT −i η(λ − (λ − 1)FS̄ (s̄t ))
1
log(
).
θ
f (i − 1)
1 + η(λ − (λ − 1)FS̄ (s̄t ))

T
with FS̄ (s̄t ) = Pr(StP + (1 − f (i−1)
f (i) )St < s̄t ). Then, the budget constraint AT −i = (1 + r)AT −i−1 +
YT −i −CT −i determining end-of-period asset holdings
f (i − 1) T
f (i − 1)
f (i − 1)
(1 + r)AT −i−1 +
sT −i +
ΛT −i .
AT −i =
f (i)
f (i)
f (i)

ΛT −i is a function independent of AT −i−1 and PT −i−1 but dependent on sPT −i and sTT −i . In the last
period the agent consumes everything such that ΛT = 0. As a first step to verify the solution guess,
I sum up the expectation of the discounted consumption function utilities from period T − i to T
i

β ET −i−1 [ ∑ β τ u(CT −i+τ )] = u(PT −i−1 +
τ=0

(1 + r)i
(1 + r)AT −i−1 )QT −i−1
f (i)

1
(1 + r)i
= − exp{−θ (PT −i−1 +
(1 + r)AT −i−1 )}QT −i−1 ,
θ
f (i)
with QT −i−1 given by
QT −i−1 = β ET −i−1 [exp{−θ (s̄T −i −

f (i − 1)
(1 + r)i
ΛT −i )} + exp{−θ (s̄T −i +
ΛT −i )}QT −i ]
f (i)
f (i)

QT −i−1 is a constant if ΛT −i depends only on sPT −i and sTT −i . To derive the above sum, I simply
plug in the asset-holding function into each future consumption function. For instance, CT −i+1 is
given by
(1 + r)i−1
f (i − 2)
CT −i+1 =
(1 + r)AT −i + PT −i + s̄T −i+1 −
ΛT −i+1
f (i − 1)
f (i − 1)
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(1 + r)i
(1 + r)i
f (i − 2)
(1 + r)AT −i−1 + s̄T −i +
ΛT −i + PT −i−1 + s̄T −i+1 −
ΛT −i+1 .
f (i)
f (i)
f (i − 1)
The consumption function and it’s sum allows me to write down the agent’s continuation utility in
period T − i − 1 as follows
=

1
(1 + r)i
(1 + r)i
(1+r)AT −i−1 )ψT −i−1 = − exp{−θ (PT −i−1 +
(1+r)AT −i−1 )}ψT −i−1
f (i)
θ
f (i)
with ψT −i−1 given by
f (i − 1)
f (i − 1)
ψT −i−1 = β ET −i−1 [exp{−θ (s̄T −i −
ΛT −i )} + ω(exp{−θ (s̄T −i −
ΛT −i )})
f (i)
f (i)

u(PT −i−1 +

(1 + r)i
(1 + r)i
ΛT −i )}) + exp{−θ (s̄T −i +
ΛT −i )}]ψT −i
f (i)
f (i)
and ω(x) for any random variable X ∼ FX , where the realization is denoted by x, is
ˆ x
ˆ ∞
ω(x) = η
(x − y)dFX (y) + ηλ
(x − y)dFX (y).
+γQT −i ω(exp{−θ (s̄T −i +

−∞

x

The above expression for ψT −i−1 can be easily inferred from the agent’s utility function. The first
component in ψT −i−1 corresponds to the expectation of consumption utility in period T − i, the
second to contemporaneous gain-loss in period T − i, the third to prospective gain-loss in period
T − i that depends on the sum of future consumption utilities QT −i , and the last to the agent’s continuation value. Moreover, for any random variable Y ∼ FY = FX note that
ˆ ∞
ˆ ∞
ˆ ∞ ˆ x
ω(g(x))dFX (x) =
{η
(g(x) − g(y)) dFY (y)+ηλ
(g(x) − g(y)) dFY (y)}dFX (x) > 0
{z
}
{z
}
x |
−∞
−∞
−∞ |
ˆ

ˆ

∞

{η
−∞

ˆ

x

(g(x) − g(y)) dFY (y)+η
{z
}

−∞ |

<0 if g0 (·)<0

ˆ

<0 if g0 (·)<0
∞

x

(g(x) − g(y)) dFY (y)+η(λ −1)
|
{z
}
>0 if g0 (·)<0
∞

ˆ

∞

{η(λ − 1)

=

>0 if g0 (·)<0
ˆ ∞

−∞

x

x

(g(x) − g(y)) dFY (y)}dFX (x) > 0
|
{z
}
>0 if g0 (·)<0

(g(x) − g(y)) dFY (y)}dFX (x) > 0
|
{z
}
>0 if g0 (·)<0

if λ > 1, η > 0, and g0 (·) < 0. The above consideration implies that ψT −i−1 > QT −i−1 necessarily
if θ > 0 such that u(·) is concave. Now, I turn to the agent’s maximization problem in period T −
i, which is given by
u(CT −i ) + n(CT −i , FCTT−i−1
)+γ
−i

i

−i−1
) + u(PT −i +
∑ β τ n (FCTT−i,T
−i+τ
τ=1

(1 + r)i−1
AT −i )ψT −i .
f (i − 1)

I want to find the agent’s first-order condition. I begin by explaining the first derivative of contemporaneous gain-loss utility n(CT −i , FCTT−i−1
). The agent takes his beliefs about period T − i con−i
T −i−1
sumption FCT −i as given such that
´C
´∞
(c)) + ηλ CT −i (u(CT −i ) − u(c))dFCTT−i−1
(c))
∂ n(CT −i , FCTT−i−1
) ∂ (η −∞T −i (u(CT −i ) − u(c))dFCTT−i−1
−i
−i
−i
=
∂CT −i
∂CT −i
= u0 (CT −i )(ηFCTT−i−1
(CT −i )+ηλ (1−FCTT−i−1
(CT −i ))) = u0 (CT −i )(ηFS̄ (s̄T −i )+ηλ (1−FS̄ (s̄T −i )))
−i
−i
= u0 (CT −i )η(λ − (λ − 1)FS̄ (s̄T −i ))
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the last step results from the guessed consumption function and the assumption that admissible
consumption functions are increasing in both shocks. The first derivative of the agent’s prospec−i−1
tive gain-loss utility ∑iτ=1 β τ n (FCTT−i,T
) over the entire stream of future consumption utilities
−i+τ
i

u(PT −i + (1+r)
f (i−1) AT −i )QT −i can be inferred in a similar manner. Recall that QT −i is a constant under the guessed consumption function; thus, the agent only experiences gain-loss utility over the
realized uncertainty in period T − i, i.e.,
T −i−1,T −i
ˆ ∞ˆ ∞
τ
∞
∂ ∑∞
)
∂
τ=1 β n (FCT −i+τ
−i
τ
µ(u(c) − u(r))dFCTT−i−1,T
(c, r)
= ∑β
−i+τ
∂ AT −i
∂ AT −i −∞ −∞
τ=1
ˆ ∞
∂
(1 + r)i
=
µ(u(PT −i +
(x)
AT −i )QT −i − u(x)QT −i )dF T −i−1(1+r)i
∂ AT −i −∞
f (i − 1)
PT −i + f (i−1) AT −i
=

(1 + r)i
(1 + r)i
exp{−θ (PT −i +
AT −i )}QT −i η(λ − (λ − 1)FS̄ (s̄T −i ))
f (i − 1)
f (i − 1)
i

T
and again, FS̄ (s̄T −i ) = Pr(STP −i + (1+r)
f (i) ST −i < s̄T −i ) results from the solution guess for AT −i times
(1+r)i
f (i−1)

and the fact that future consumption is increasing in both shocks. The derivative of the
agent’s continuation utility with respect to AT −i is simply given by
(1 + r)i
(1 + r)i
exp{−θ
AT −i }ψT −i .
f (i − 1)
f (i − 1)
In turn, in any period T − i the news-utility agent’s first-order condition (normalized by PT −i ) is
given by
exp{−θ ((1 + r)AT −i−1 + sTT −i − AT −i )}(1 + η(λ − (λ − 1)FS̄ (s̄T −i )))
|
{z
}
=−θ (CT −i −PT −i ) budget constraint
(1 + r)i
(1 + r)i

exp{−θ
AT −i }(ψT −i + γQT −i η(λ − (λ − 1)FS̄ (s̄T −i )).
f (i − 1)
f (i − 1)
The first-order condition can be rewritten to obtain the optimal consumption and end-of-period asset holdings functions and the function ΛT −i
=

1
(1 + r)i ψT −i + γQT −i η(λ − (λ − 1)FS̄ (s̄T −i ))
ΛT −i = log(
)
θ
f (i − 1)
1 + η(λ − (λ − 1)FS̄ (s̄T −i ))
and the guessed consumption function can be verified.
B.2.2. The infinite-horizon model. Suppose σPt = σP and σT t = σT for all t and T, i → ∞. I use a
simple guess and verify procedure to find the infinite-horizon recursive equilibrium; alternatively,
the solution can be obtained by simple backward induction taking T and i to infinity. I guess and
verify that the infinite-horizon model consumption and asset-holding functions are given by
1 T
1
1
st −
Λt = Pt−1 + s̄t + rAt−1 −
Λt
Ct = Yt + rAt−1 −
1+r
1+r
1+r
r T
where s̄t = stP + 1+r
st and with the budget constraint At = (1 + r)At−1 +Yt −Ct determining endof-period asset holdings
1 T
1
At = At−1 +
st +
Λt
1+r
1+r
and the function Λt being i.i.d. in the infinite-horizon model and given by
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ψ + γQη(λ − (λ − 1)FS̄ (s̄t ))
1
).
log(r
θ
1 + η(λ − (λ − 1)FS̄ (s̄t ))
The function Λt results from the first-order condition that is derived analogously to the finite horizon model and normalized by Pt . First, marginal consumption and contemporaneous gain-loss utility, i.e.,
Λt =

exp{−θ (1 + r)At−1 − θ stT + θ At }(1 + η(λ − (λ − 1)FS̄ (s̄t ))),
|
{z
}
=−θ (Ct −Pt ) (budget constraint)

is equalized with the agent’s marginal continuation utility captured by ψ (the infinite sum of future consumption and gain-loss utility) and Q (the infinite sum of future consumption utility) with
the latter multiplied by marginal prospective gain-loss utility
= rexp{−θ rAt }(ψ + γQη(λ − (λ − 1)FS̄ (s̄t ))).
To understand the first-order condition, take the guessed consumption function and note that con1
sumption in period t + 1 is Ct+1 = Pt + s̄t+1 + rAt − 1+r
Λt+1 and thus depends on the end-of-period
asset holdings At . Similarly, consumption in period t + 2 can be iterated back to At and Pt , i.e.,
1 T
1
1
r
1
Ct+2 = Pt+1 + s̄t+2 +r(At +
st+1 +
Λt+1 )−
Λt+2 = Pt + s̄t+1 +rAt +
Λt+1 + s̄t+2 −
Λt+2 .
1+r
1+r
1+r
1+r
1+r
These two equations for Ct+1 and Ct+2 help to understand the continuation utility terms in the firstorder condition. Let Q be the infinite discounted sum of marginal consumption utility excluding
rAt and Pt , which is determined by Ct+1 , Ct+2 , and so forth using the following recursion
1
r
Q = β Et [exp{−θ (s̄t+1 −
Λt+1 )} + exp{−θ (s̄t+1 +
Λt+1 )}Q].
1+r
1+r
More specifically the agent’s infinite discounted sum of marginal future consumption utilities normalized by Pt is (as in the first-order condition)
1
β Et [exp{−θ (s̄t+1 − 1+r
Λt+1 )}]
rexp{−θ rAt }Q with Q =
r
1 − β Et [exp{−θ (s̄t+1 + 1+r Λt+1 )}]

in turn, this term gets multiplied by marginal prospective gain-loss utility γη(λ − (λ − 1)FS̄ (s̄t )).
Now, I move on to the second continuation utility term that is the infinite discounted sum of marginal consumption and gain-loss utility ψ, which is determined analogously to Q, but simply includes gain-loss in addition to consumption utility
ψ=

1
1
r
β Et [exp{−θ (s̄t+1 − 1+r
Λt+1 )} + ω(exp{−θ (s̄t+1 − 1+r
Λt+1 )}) + γQω(exp{−θ (s̄t+1 + 1+r
Λt+1 )})]
.
r
1 − β Et [exp{−θ (s̄t+1 + 1+r Λt+1 )}]

Thus, the agent’s marginal continuation value of end-of-period asset holdings (normalized by Pt )
is determined by rexp{−θ rAt }ψ.
Solving the first-order condition for optimal end-of-period asset holdings At yields
At = At−1 +

1 T
1 1
ψ + γQη(λ − (λ − 1)FS̄ (s̄t ))
st +
log(r
)
1+r
1+r θ
1 + η(λ − (λ − 1)FS̄ (s̄t ))
|
{z
}
=Λt

which verifies the expression for At and Λt above. In turn, consumption can be verified by the budget constraint
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1 T
1
1
st −
Λt = Pt−1 + s̄t + rAt−1 −
Λt .
1+r
1+r
1+r
B.3. Comparison to the agent’s pre-committed equilibrium. In order to assess the preferences’
welfare implications, I briefly explain the consumption implications of the monotone-pre-committed
equilibrium. The monotone-personal equilibrium maximizes the agent’s utility in each period t
when he takes his beliefs as given. However, if the agent could pre-commit to his consumption
in each possible contingency, he would choose a different consumption path. I define this path as
the model’s “monotone-pre-committed” equilibrium in the spirit of the choice-acclimating equilibrium concept, as defined by Koszegi and Rabin (2007), but within the outlined environment and
admissible consumption function as follows.
Ct = Yt + rAt−1 −

Definition 8. The family of admissible consumption functions, Ct = gt (Xt , Zt , st ) for each period
t, is a monotone-pre-committed equilibrium for the news-utility agent, if, in any contingency, Ct =
gt (Xt , Zt , st ) maximizes (4) subject to (2) and (1) under the assumption that all future consumption
corresponds to Ct+τ = gt+τ (Xt+τ , Zt+τ , st+τ ). In each period t, the agent’s maximization problem
−t
.
determines both his beliefs {FCt−1
}T −t and consumption {Ct+τ }Tτ=0
t+τ τ=0
I derive the equilibrium consumption function under the premise that the agent can pre-commit
to an optimal, history-dependent consumption path for each possible future contingency and thus
jointly optimizes over consumption and beliefs. This equilibrium is not time consistent because the
agent would deviate if he were to take his beliefs as given and optimize over consumption alone.
In the next proposition, I formalize how the consumption implications differ in the monotone-precommitted equilibrium if one exists. Then, I explain beliefs-based present bias in detail and show
how it differs from hyperbolic discounting.
Proposition 6. Comparison to the monotone-pre-committed equilibrium.
1. If income uncertainty σPt > 0 for any period t, then the monotone-pre-committed consumption
path does not correspond to the monotone-personal equilibrium consumption path.
2. The news-utility agent’s monotone-pre-committed consumption is excessively smooth and sensitive.
3. News-utility preferences introduce a first-order precautionary-savings motive in the monotonepre-committed equilibrium, monotone-pre-committed consumption is lower CTc −1 < CT −1 , and the
gap increases in the event of good income realizations

∂ (CTc −1 −CT −1 )
∂ sPT −1

> 0.

5. The news-utility agent’s monotone-pre-committed consumption path is not necessarily characterized by a hump-shaped consumption profile and consumption does not drop at retirement.
The proof can be found in Appendix B.5.9. Suppose that the agent can pre-commit to an optimal, history-dependent consumption path for each possible future contingency. Then, the agent’s
marginal gain-loss utility is no longer solely composed of the sensation of increasing consumption
in one particular contingency; additionally, the agent considers that he will experience fewer sen42

sations of gains and more feelings of loss in all other contingencies. Thus, marginal gain-loss utility has a second component, −u0 (CT −1 )(η(1 − FCt−1
(Ct )) + ηλ FCt−1
(Ct )), which is negative such
t
t
that the pre-committed agent consumes less. Moreover, this negative component dominates if the
realization is above the median, i.e., FCt−1
(Ct ) > 0.5. Thus, in the event of good income realizat
tions, pre-committed marginal gain-loss utility is negative. In contrast, non-pre-committed marginal gain-loss utility is always positive because the agent enjoys the sensation of increasing consumption in any contingency. Therefore, the degree of present bias is reference dependent and
less strong in the event of bad income realizations, when increasing consumption is the optimal
response even on the pre-committed path. Moreover, this negative component implies additional
variation in marginal gain-loss utility such that pre-committed consumption is more excessively
smooth and sensitive. From the above consideration it can be easily inferred that the optimal precommitted consumption function in the exponential-utility model is thus given by
ΛcT −i =

(1 + r)i ψTc −i + γQcT −i η(λ − 1)(1 − 2FS̄ (s̄T −i ))
1
log(
)
θ
f (i − 1)
1 + η(λ − 1)(1 − 2FS̄ (s̄T −i ))

with
QcT −i−1 = ET −i−1 [β exp{−θ (s̄T −i −

f (i − 1) c
(1 + r)i c
ΛT −i )} + β exp{−θ (s̄T −i +
ΛT −i )}QcT −i ]
f (i)
f (i)

and
ψTc −i−1 = β ET −i−1 [exp{−θ (s̄T −i −
+γQcT −i ω(exp{−θ (s̄T −i +

f (i − 1) c
f (i − 1) c
ΛT −i )} + ω(exp(−θ (s̄T −i −
ΛT −i )})
f (i)
f (i)

(1 + r)i c
1
(1 + r)i c
ΛT −i )}) + exp{−θ (s̄T −i +
ΛT −i )}ψTc −i .
f (i)
θ
f (i)

B.4. The other agent’s exponential-utility consumption functions. By the same arguments as
for the derivation of the news-utility model, the “standard” agent’s consumption function in period
T − i is
f (i − 1)
f (i − 1) T
f (i − 1) s
AsT −i =
(1 + r)AsT −i−1 +
sT −i +
ΛT −i
f (i)
f (i)
f (i)
(1 + r)i
f (i − 1) s
CTs −i =
(1 + r)AsT −i−1 + PT −i−1 + s̄T −i −
ΛT −i
f (i)
f (i)
1
(1 + r)i s
ΛsT −i = log(
Q )
θ
f (i − 1) T −i
f (i − 1) s
(1 + r)i s
QsT −i−1 = β ET −i−1 [exp{−θ (s̄T −i −
ΛT −i )} + β exp{−θ (s̄T −i +
ΛT −i )}QsT −i ].
f (i)
f (i)
The “hyperbolic-discounting” agent’s consumption in period T − i is
f (i − 1)
f (i − 1) T
f (i − 1) b
AbT −i =
(1 + r)AbT −i−1 +
sT −i +
ΛT −i
f (i)
f (i)
f (i)
CTb −i

(1 + r)i
f (i − 1) b
=
(1 + r)AbT −i−1 + PT −i−1 + s̄T −i −
ΛT −i
f (i)
f (i)
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1
(1 + r)i b
log(
bQ )
θ
f (i − 1) T −i
f (i − 1) b
(1 + r)i b
QbT −i−1 = β ET −i−1 [exp{−θ (s̄T −i −
ΛT −i )} + β exp{−θ (s̄T −i +
Λ )}QbT −i ].
f (i)
f (i) T −i
The “tempted” agent’s maximization problem is given by
ΛbT −i =

T −t
td
td
td
maxCtd {u(Cttd ) − λ td (u(C̃ttd ) − u(Cttd )) + Et [ ∑ β τ (u(Ct+τ
) − λ td (u(C̃t+τ
) − u(Ct+τ
)))]}
t

τ=1
td
C̃t+τ

with
being the most tempting alternative. To explain temptation disutility in greater detail, I
also outline the agent’s optimization in periods T , T − 1, and T − 2. I In period T as the agent cannot die in debt the most tempting alternative is C̃Ttd = XTtd but the agent will consume XT anyway
s
thus temptation disutility is zero and Qtd
T −1 = QT −1 . In period T − 1 the agent’s consumption is
then given by
1 T
1
1 + r td
AT −2 +
sT −1 +
Λtd
Atd
T −1 =
2+r
2+r
2 + r T −1
1+r
1
CTtd−1 =
(1 + r)Atd
Λtd
T −2 + PT −2 + s̄T −1 −
2+r
2 + r T −1
1
1
with Λtd
Qtd ) and Qtd
T −1 = log((1 + r)
T −1 = β ET −1 [exp{−θ (s̄T )}].
θ
1 + λ td T −1
What’s the agent’s most tempting alternative in period T − 1? The value of cash-on-hand is XTtd−1
but the most tempting alternative is C̃Ttd → ∞ as consumption could be negative in the last petd
riod CT → −∞, which would yield limCtd →−∞ u(CTtd ) = limCtd →−∞ − θ1 e−θCT → −∞. Accordingly,
T

Qtd
T −2

enters

td
limC̃td →−∞ u0 (C̃Ttd ) = limC̃td →−∞ e−θ C̃T
T
T

T

→0

1
1
td
Λtd
Λtd )}
T −1 )} − λ (exp{−θ (s̄T −1 −
2+r
2 + r T −1
1 + r td
1+r
td
− exp{θ
(1 + r)Atd
ΛT −1 )}Qtd
T −2 − θ C̃T }) + exp{−θ (s̄T −1 +
T −1 ]
2
+
r
2
+
r
|
{z
}

Qtd
T −2 = β ET −2 [exp{−θ (s̄T −1 −

→0

Qtd
T −2 = ET −2 [β exp{−θ (s̄T −1 −

1
1 + r td
td
Λtd
Λ
)}Qtd
T −1 )}(1 − λ ) + β exp{−θ (s̄T −1 +
T −1 ].
2+r
2 + r T −1

And in period T − i
Atd
T −i =

f (i − 1) T
f (i − 1) td
f (i − 1)
(1 + r)Atd
sT −i +
ΛT −i
T −i−1 +
f (i)
f (i)
f (i)

(1 + r)i
f (i − 1) td
=
(1 + r)Atd
ΛT −i
T −i−1 + PT −i−1 + s̄T −i −
f (i)
f (i)
1
(1 + r)i
1
Λtd
Qtd
T −i = log(
T −i )
td
θ
f (i − 1) 1 + λ
f (i − 1) td
(1 + r)i td
td
Qtd
=
β
E
[exp{−θ
(
s̄
−
Λ
)}(1−λ
)+β
exp{−θ
(
s̄
+
Λ )}Qtd
T
−i
T
−i
T
−i−1
T −i
T −i ].
T −i−1
f (i)
f (i) T −i
CTtd−i

B.5. Proofs of Section 2.2:
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B.5.1. Proof of Proposition 1. If the consumption function derived in Section B.2.1 belongs to the
class of admissible consumption functions then the equilibrium exists and is unique as the equilibrium solution is obtained by maximizing the agent’s objective function, which is globally concave,
and there is a finite period that uniquely determines the equilibrium. Please refer to Section B.2.1
for the derivation of the consumption function. σt∗ is implicitly defined by the two admissible conT −i
T −i
> 0 and ∂C
> 0 as
sumption function restrictions ∂C
∂ sP
∂ sT
T −i

CT −i =

(1 + r)i
f (i)

T −i

(1 + r)AT −i−1 + PT −i−1 + s̄T −i − a(i)ΛT −i

T −i
T −i
the restrictions are equivalent to ∂ a(i)Λ
< 1 and ∂ a(i)Λ
< 1 − a(i) as ∂∂ΛsPT −i , ∂∂ΛsTT −i > 0 (since
∂ sPT −i
∂ sTT −i
T −i
T −i
ψT −i > γQT −i (for any concave utility function which I have shown in Section B.2)). Recall that
i
f (i−1)
∗
a(i) = 1 − (1+r)
f (i) = f (i) . Then, σT −i is implicitly defined by the two restrictions

(ψT −i −γQT −i )η fS̄ (s̄T −i )(λ −1)

a(i)
∂ a(i)ΛT −i
1+η(λ −(λ −1)FS̄ (s̄T −i ))
= 1−a(i)
<1
P
∂ sT −i
θ ( a(i) ) ψT −i + γQT −i η(λ − (λ − 1)FS̄ (s̄T −i ))
and

(ψT −i −γQT −i )η fS̄ (s̄T −i )(λ −1)

∂ a(i)ΛT −i
a(i)
1+η(λ −(λ −1)FS̄ (s̄T −i ))
< 1 − a(i).
=
T
1−a(i)
∂ sT −i
θ ( a(i) ) ψT −i + γQT −i η(λ − (λ − 1)FS̄ (s̄T −i ))
Here, the normal pdf of any random variably X is denoted by fX . Increasing σPt and σT t unamT −i
T −i
biguously decreases fS̄ (s̄T −i ) and thereby ∂ a(i)Λ
and ∂ a(i)Λ
. Thus, there exists a condition
∂ sP
∂ sT
T −i

i

2 + ( (1+r) )2 σ 2
σPt
Tt
f (i)

T −i

≥ σt∗

for all t which ensures that an admissible consumption function exists that
uniquely determines the equilibrium (given the admissible consumption functions in each future
period until the final period) because the optimization problem is globally concave.
If uncertainty is small then the consumption function may be decreasing over some range, i.e.,
∂CT −i
T −i
< 0 or ∂C
< 0. I now show that the agent would pick a consumption function that is in∂ sP
∂ sT
T −i

T −i

stead of decreasing flat and thus weakly increasing in the shock realizations, i.e.,
∂CT −i
∂ sTT −i

∂CT −i
∂ sPT −i

≥ 0 or

≥ 0. To discuss this result in a simple framework, I return to the two-period, one-shock
model. Suppose that the absolute level of the shock increases; then, holding CT −1 constant, the
marginal value of savings declines and the agent’s first-order condition implies that consumption
should increase. However, FP (sPT −1 ) also increases, and marginal gain-loss utility is lower, such
that the agent’s optimal consumption should decrease. Suppose that sPT −1 increases marginally but
FP (sPT −1 ) increases sharply, which could occur if FP is a very narrow distribution. In this case,
the lower marginal gain-loss utility that decreases consumption dominates such that the first-order
condition predicts decreasing consumption over some range in the neighborhood of the expected
value µP where FP increases most sharply if FP is bell shaped. However, a decreasing consumption function cannot be an equilibrium because the agent would unnecessarily experience gain-loss
utility over the decreasing part of consumption, which decreases expected utility unnecessarily. In
the decreasing-consumption function region, the agent could choose a flat consumption function
instead. In the following I show that the agent may choose a credible consumption plan with a
flat section. Suppose the agent chooses a flat consumption level for realizations of sPT −1 in sP and
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sP . Then, sP is chosen where the original consumption function just stops decreasing, which corresponds to the lowest possible level of the flat section of consumption CT −1 . In that is then determined by
u0 (CT −1 ) = (1 + r)u0 ((sP −CT −1 )(1 + r) + sP )

ψT −1 + γQT −1 η(λ − (λ − 1)FP (sP ))
1 + η(λ − (λ − 1)FP (sP ))

in which case s is determined by
u0 (CT −1 ) = (1 + r)u0 ((sP −CT −1 )(1 + r) + sP )

ψT −1 + γQT −1 η(λ − (λ − 1)FP (sP ))
.
1 + η(λ − (λ − 1)FP (sP ))

The agent’s consistency constraint for not increasing consumption beyond CT −1 for any sPT −1 ∈
[sP , sP ] is given by
− (λ − 1)FP (sPT −1 ))
u (CT −1 ) < (1 + r)u
1 + η(λ − (λ − 1)FP (sP ))
and always holds as can be easily inferred. This result can be easily generalized to any horizon,
thus, if the consumption function is decreasing over some range, the agent can credibly replace the
decreasing part with a flat section as described above.
0

0

ψT −1 + γQT −1 η(λ
((sPT −1 −CT −1 )(1 + r) + sPT −1 )

B.5.2. Proof of Proposition 2. Please refer to the derivation of the exponential-utility model Section B.2 for a detailed derivation of ΛT −i . According to Definition 4 consumption is excessively
t+1
smooth if ∂∂CsPt < 1 and excessively sensitive if ∂ ∆C
> 0. Consumption growth is
∂ sP
t

t

∆CT −i = s̄T −i − a(i)ΛT −i + ΛT −i−1
so that

∂CT −i
∂ sPT −i

< 1 iff

∂ ΛT −i
∂ sPT −i

> 0 and

∂ ∆CT −i
∂ sPT −i−1

> 0 iff

∂ ΛT −i−1
∂ sPT −i−1

> 0. Since ψT −i > γQT −i (for any con-

cave utility function which I have shown in Section B.2) it can be easily seen that

∂ ΛT −i
∂ sPT −i

> 0, i.e.

(ψT −i −γQT −i )η fS̄ (s̄T −i )(λ −1)

1
∂ ΛT −i
1+η(λ −(λ −1)FS̄ (s̄T −i ))
= 1−a(i)
> 0.
P
∂ sT −i
θ ( a(i) ) ψT −i + γQT −i η(λ − (λ − 1)FS̄ (s̄T −i ))
The same holds true for the infinite-horizon model
∆Ct = s̄t − Λt + (1 + r)Λt−1
as Λt is increasing in the permanent shock
(ψ−γQ)η fS̄ (s̄t )(λ −1)

1
∂ Λt
1+η(λ −(λ −1)FS̄ (s̄t ))
=
> 0.
P
θ (1 + r)r ψ + γQη(λ − (λ − 1)FS̄ (s̄t ))
∂ st
Accordingly, ∂∂ ΛsPt > 0 as ψ > γQ. Thus, if stP ↑ then Λt ↑ and the shock induced change in cont
sumption is less than one and the period t shock induced change in one-period ahead consumption
∆Ct+1 is larger than zero.
The difference to the standard, tempted, and quasi-hyperbolic discounting agents is that
0 for all t such that consumption is neither excessively sensitive nor excessively smooth.

∂ Λts,t,b
∂ stP

=

B.5.3. Proof of Lemma 1. I start with the first part of the lemma, the precautionary-savings motive. In the second-to-last period of the simple model outlined in the text, the first-order condition
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is given by
u0 (CT −1 ) + u0 (CT −1 )η(λ − (λ − 1)FP (sPT −1 ))
= (1 + r)u0 ((sPT −1 −CT −1 )(1 + r) + sPT −1 )γ β ET −1 [u0 (STP )] η(λ − (λ − 1)FP (sPT −1 ))
{z
}
|
QT −1

+(1 + r)u

0

((sPT −1 −CT −1 )(1 + r) + sPT −1 ) β ET −1 [u0 (STP ) + η(λ

ˆ

∞

− 1)

|

STP

(u0 (STP ) − u0 (y))dFP (y)] .

{z

}

ψT −1

From Section B.2 I know that ψT −1 > QT −1 because for any two random variables X ∼ FX and
Y ∼ FY with FX = FY in equilibrium
ˆ ∞ ˆ x
ˆ ∞
(g(x) − g(y)) dFY (y) + ηλ
{η
(g(x) − g(y)) dFY (y)}dFX (x) > 0
{z
}
{z
}
−∞ |
−∞
x |
<0 if g0 (·)<0

>0 if g0 (·)<0

if λ > 1, η > 0, and g0 (·) < 0. Thus, β ET −1 [η(λ − 1)

´∞

STP (u

0 (SP ) − u0 (y))dF (y)] > 0 if u00 (·) > 0
P
T
´∞
∂ β ET −1 [η(λ −1) SP (u0 (STP )−u0 (y))dFP (y)]
T

the agent is risk averse or u(·) is concave. Moreover, it can be seen that
∂ β ET −1 [η(λ −1)

´∞

∂η

0 P
0
P (u (ST )−u (y))dFP (y)]
ST

>0

and
> 0. Then, for any value of savings AT −1 = sPT −1 −CT −1 the
∂λ
right hand side of the first-order condition is increased by the presence of expected gain-loss disutility if σP > 0 whereas if σP = 0 then ψT −1 = QT −1 . The increase of the agent’s marginal value of
savings by the presence of expected gain-loss disutility depends on σP > 0, but does not go to zero
∂ (sP

−C

)

as σP → 0 so that the additional precautionary savings motive is first-order T −1∂ σP T −1 |σP =0 > 0
as can be easily shown for any normally distribution random variable X ∼ FX = N(µ, σ 2 )
ˆ ∞
ET −1 [η(λ − 1)
(u0 (X) − u0 (y))dFX (y)]
X
ˆ ∞ ˆ z
ˆ ∞
−θ µ
−θ σ z
−θ σ ε
=e
(η
(e
−e
)dF01 (ε)+ηλ
(e−θ σ z −e−θ σ ε )dF01 (ε))dF01 (z) with z, ε ∼ F01 = N(0, 1)
−∞
−∞
z
ˆ ∞
−θ µ
−θ σ z
=e
η(λ − 1)
(e
− e−θ σ ε )dF01 (ε))dF01 (z)
z
ˆ ∞
1 2 2
= e−θ µ η(λ − 1)
{(1 − F01 (z))e−θ σ z − e 2 θ σ F01 (−θ σ − z)}dF01 (z)
−∞
ˆ ∞
1 2 2
1 2 2
∂ (·)
|σ =0 = e−θ µ η(λ −1)
{−θ z(1−F01 (z))e−θ σ z −θ σ e 2 θ σ F01 (−θ σ −z)+θ e 2 θ σ F01 (−θ σ −z)}dF01 (z)|σ =0
∂σ
−∞ ˆ
∞
= e−θ µ θ η(λ − 1)
{−z + zF01 (z) + F01 (−z)}dF01 (z) ≈ e−θ µ θ η(λ − 1)0.7832 > 0.
−∞

Thus, news-utility introduces a first-order precautionary-savings motive.
In the second part of the lemma the implications for consumption can be immediately seen by
comparing the agents’ first-order conditions. The standard agent’s first-order condition in period
T − 1 is given by
u0 (CT −1 ) = Ru0 ((sPT −1 −CT −1 )R + sPT −1 )QT −1 .
ψT −1
The difference to the news-utility model can be seen easily: First, Q
> 1 implies that
T −1
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ψT −1
QT −1

+ γη(λ − (λ − 1)FP (sPT −1 ))

1 + η(λ − (λ − 1)FP (sPT −1 ))

>1

for γ high enough such that the news-utility agent consumes less than the standard agent if he does
ψT −1
is increasing in σP the
not discount prospective gain-loss utility very highly. Moreover, as Q
T −1
threshold value for γ, i.e., γ̄, in each comparison is decreasing in σP .
B.5.4. Proof of Proposition 3. The agent optimally chooses consumption and asset holdings in
periods T − i = 1, ..., T for any horizon T . I defined a hump-shaped consumption profile as characterized by increasing consumption and asset holdings in the beginning of life C1 < C2 and decreasing consumption in the end of life CT < CT −1 (note that, I derive the thresholds σP and σP
for stP = 0 and stT = 0 in all periods, since ΛT −i is skewed this is not exactly the average consumption path but the difference is minor). The first characteristic requires C1 < C2 which implies that
f (T − 2)
(1 + r)T −2
f (T − 3)
(1 + r)T −1
(1 + r)A0 + P0 −
Λ1 <
(1 + r)A1 + P0 −
Λ2
f (T − 1)
f (T − 1)
f (T − 2)
f (T − 2)
−3)
f (T −3)
so that Λ1 > ff (T
(T −2) Λ2 and since f (T −2) < 1 this holds always if Λ1 > 0 as T becomes large since
in the limit Λ1 = Λ2 . Recall that if λ > 1 and η > 0 then ψT −i > QT −i , ψT −i > ψT −i+1 and QT −i >
ψT −i
QT −i+1 and ψT −i − QT −i > ψT −i+1 − QT −i+1 for all i and Q
approaches it’s limit ψQ as i and T
T −i
become large. σP is then implicitly defined by the requirement Λ1 > 0 which is equivalent to

ψ1 + γQ1 η 12 (1 + λ )
(1 + r)T −1 ψ1 + γQ1 η 12 (1 + λ )
r
=
> 1.
1 T −1
f (T − 2)
)
1 + η 12 (1 + λ )
1 − ( 1+r
1 + η 12 (1 + λ )
ψ1
Accordingly, if Q
(which is determined by expected marginal gain-loss utility) is large enough
1
relative to γ the agent chooses an increasing consumption path. For T → ∞ the condition boils
down to
ψ + γQη 12 (1 + λ )
1
1
> 1 ⇒ r(ψ + γQη (1 + λ )) > 1 + η (1 + λ )
r
1
2
2
1 + η 2 (1 + λ )

for which a sufficient condition is γQ > 1r .
The second characteristic requires CT < CT −1 which implies that
1+r
1
(1 + r)AT −1 <
(1 + r)AT −2 −
ΛT −1
2+r
2+r
and is equivalent to ΛT −1 < 0. Thus, σP is implicitly defined by ΛT −1 < 0
ψT −1 + γQT −1 η 21 (1 + λ )
ψT −1 + γQT −1 η 12 (1 + λ )
1
log((1 + r)
)
<
0
⇒
(1
+
r)
< 1.
θ
1 + η 12 (1 + λ )
1 + η 12 (1 + λ )
Note that, because β (1 + r) ≈ 1 the standard agent will choose an almost flat consumption path
such that (1 + r)QT −1 ≈ 1. Thus, the news-utility agent chooses a mean falling consumption path
ψT −1
in the end of life as long as Q
is not too large or γ is not too close to one.
T −1
B.5.5. Proof of Proposition 4. In the deterministic setting, stP = stT = 0 for all t such that the newsutility agent will not experience actual news utility in a subgame-perfect equilibrium because he
cannot fool himself and thus ψt = Qt for all t. Thus, the expected-utility maximizing path corresponds to the standard agent’s one which is determined in any period T − i by the following firstorder condition
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(1 + r)i
(1 + r)i
exp{−θ
AT −i }QsT −i .
f (i − 1)
f (i − 1)
If the agent believes he follows the above path then the consistency constraint (increasing consumption is not preferred) has to hold
exp{−θ (1 + r)AT −i−1 + θ AT −i } =

(1 + r)i
(1 + r)i
exp{−θ
AT −i }QsT −i (1 + γηλ ).
exp{−θ (1 + r)AT −i−1 + θ AT −i }(1 + η) <
f (i − 1)
f (i − 1)
Thus, if η < γηλ ⇒ γ > λ1 the agent follows the expected-utility maximizing path. Whereas for
γ ≤ λ1 news-utility consumption is characterized by equality of the consistency constraint, because
the agent will choose the lowest consumption level that just satisfies it. Then, the first-order condition becomes equivalent to a β δ −agent’s first-order condition with b = 1+γηλ
1+η < 1.
In the infinite-horizon model, a simple perturbation argument gives the following consistency
constraint
exp(−θ (1 + r)At−1 + θ At )(1 + η) < rexp(−θ rAt )Q(1 + γηλ ),
because ψ = Q. However, if γ > λ1 the news-utility agent finds it optimal to follow the expectedutility-maximizing standard agent’s path
exp(−θ (1 + r)At−1 + θ At ) = rexp(−θ rAt )Qs ⇒ At = At−1 + Λs ⇒ Ct = rAt−1 +Yt − Λs
1
β exp(−θ (−Λs ))
Λs =
log(rQs ) with Qs =
.
θ (1 + r)
1 − β exp(−θ rΛs )
Whereas for γ ≤ λ1 news-utility consumption will choose the lowest consumption level that just satisfies his consistency constraint. Then, the first-order condition becomes equivalent to a β δ −agent’s
first-order condition with b = 1+γηλ
1+η < 1.
B.5.6. Proof of Proposition 5. I say that the news-utility agent’s consumption path features a drop
in consumption at retirement, if consumption growth after the start of retirement is negative and
smaller than it is at the start of retirement, i.e., ∆CT −R is negative and smaller than ∆CT −R+1 . In
general, after the start of retirement the news-utility agent’s consumption growth follows the standard model or the hyperbolic-discounting model. Thus, the news-utility agent’s implied hyperbolicdiscount factor after retirement is bR ∈ { 1+γηλ
1+η , 1}, which is larger than the news-utility agent’s
implied hyperbolic-discount factor before retirement. In period T − R − 1 the weight on future
1+γη
1+γηλ
marginal value versus current marginal consumption is between { 1+γηλ
1+ηλ , 1+η } and since 1+ηλ <
1+γη
1+γηλ
1+η < 1+η < 1 the hyperbolic-discount factor implied by at-retirement
∆CT −R is necessarily lower than the hyperbolic-discount factor implied by

consumption growth
post-retirement consumption growth ∆CT −R+1 . Thus, consumption growth at retirement will necessarily be less than
consumption growth after retirement. Moreover, if consumption growth after retirement is approximately zero, because log((1 + r)β ) ∈ [− M, M] with M small then consumption growth at retirement will be negative.
Let me formalize the agent’s consumption growth at and after retirement. After retirement the
news-utility agent’s consumption growth is ∆CT −R+1 = CT −R+1 − CT −R = −a(R − 1)ΛT −R+1 +
ΛT −R and will correspond to a hyperbolic-discounting agent’s consumption with b ∈ { 1+ηγλ
1+η , 1}
such that the agent’s continuation utilities in period T − R and T − R + 1 (which determine ΛT −R
and ΛT −R+1 ) correspond to
QT −R = ψT −R = QbT −R and QT −R+1 = ψT −R+1 = QbT −R+1
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such that
1
(1 + r)R
1
(1 + r)R−1 b
log(
bQbT −R ) and ΛT −R+1 = log(
bQT −R+1 )
θ
f (R − 1)
θ
f (R − 2)
thus if log((1 + r)β ) ∈ [− M, M] with M small then consumption growth after retirement will be approximately zero (if b = 1 and the news-utility agent follows the standard agent’s path) or negative if b < 1 (if the news-utility agent follows a hyperbolic-discounting path but log((1 + r)β ) ≈
0)). Consumption growth at retirement is ∆CT −R = CT −R − CT −R−1 = −a(R)ΛT −R + ΛT −R−1 .
ΛT −R will correspond to a hyperbolic-discounting agent’s value with b ∈ { 1+ηγλ
1+η , 1} as above.
ΛT −R =

1+γη
But, ΛT −R−1 will correspond to a hyperbolic-discounting agent’s value with b ∈ { 1+γηλ
1+ηλ , 1+η }

and it can be easily seen that

1+γηλ
1+ηλ

<

1+γη
1+η

<

1+γηλ
1+η

< 1. Thus, from above

1
(1 + r)R
ΛT −R = log(
bQbT −R )
θ
f (R − 1)
and if the news-utility agent would continue this hyperbolic path implied by the past retirement
b ∈ { 1+ηγλ
1+η , 1} then
1
(1 + r)R+1 b
ΛbT −R−1 = log(
bQT −R−1 )
θ
f (R)
whereas in fact his ΛT −R−1 is given by
1
(1 + r)R+1 ψT −R−1 + γQT −R−1 η(λ − (λ − 1)FS̄ (s̄T −R−1 ))
ΛT −R−1 = log(
)
θ
f (R)
1 + η(λ − (λ − 1)FS̄ (s̄T −R−1 ))
with ψT −R−1 = QT −R−1 = QbT −R−1 because there is no uncertainty from period T − R on. As can
be easily seen iff γ < 1 then ΛT −R−1 < ΛbT −R−1 because
QbT −R−1 + γQbT −R−1 η(λ − (λ − 1)FS̄ (s̄T −R−1 ))
< QbT −R−1
1 + η(λ − (λ − 1)FS̄ (s̄T −R−1 ))
for instance, if F(·) = 0.5 then

1+γ 21 η(1+λ )
1+ 21 η(1+λ )

< 1 iff γ < 1. Thus, news-utility consumption growth

is smaller at retirement than after retirement. Moreover, it is negative because it is either approximately zero after retirement (if bR = 1) or negative after retirement (if bR = 1+γηλ
1+η < 1).
B.5.7. Proof of Corollary 1. After retirement the news-utility agent’s consumption from period
T − R on will correspond to a hyperbolic-discounting agent’s consumption with b ∈ { 1+ηγλ
1+η , 1}
such that the agent’s continuation utilities correspond to
QT −R−1 = ψT −R−1 = QbT −R−1
thus ΛT −R−1 is given by
ΛT −R−1 =

1
(1 + r)R+1 ψT −R−1 + γQT −R−1 η(λ − (λ − 1)FS̄ (s̄T −R−1 ))
log(
)
θ
f (R)
1 + η(λ − (λ − 1)FS̄ (s̄T −R−1 ))

as can be easily seen iff γ < 1 then

∂ ΛT −R−1
∂ sPT −R−1

> 0 and consumption is excessively smooth and sensi-

tive in the pre-retirement period.
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B.5.8. Proofs of the new predictions about consumption (Section 2.2.4). The new predictions can
be easily inferred from the above considerations.
(1) Consumption is more excessively sensitive for permanent than for transitory shocks in an
environment with permanent shocks. In an environment with transitory shocks only, however, news-utility consumption is excessively sensitive with respect to transitory shocks.
Λt varies more with the permanent shock than with the transitory shock, because the agent
r T
is consuming only the per-period value 1+r
st of the period t transitory shock, such that
t−1
T
FCt (Ct ) varies little with st . However, in the absence of permanent shocks Λt would vary
with FST (sTT −i ) which fully determines FCt−1
(Ct ) even though consumption itself will int
T −i

r T
st of the transitory shock. Thus, consumption is
crease only by the per-period value 1+r
excessively sensitive for transitory shocks when permanent shocks are absent. With permanent shocks, however, consumption is excessively sensitive for transitory shocks only
when the horizon is very short or the permanent shock has very little variance such that the
i
transitory shock actually moves FS̄ (s̄T −i ) despite the fact that it is discounted by (1+r)
f (i) .
(2) The degree of excess smoothness and sensitivity is decreasing in the amount of economic
uncertainty σP . If σP is small, the agent’s beliefs change more quickly relative to the
change in the realization of the shock; hence, the consumption function is more flat for realizations around µP . The consumption function CT −i is less increasing in the realizations
of the shocks sPT −i if ∂∂ΛsPT −i is relatively high. As can be seen easily, ∂∂ΛsPT −i is increasing in
T −i

T −i

fP (sPT −i ) which is high if fP (sPT −i ) is very high at sPT −i = µP which happens if fP (sPT −i ) is a
very narrow distribution, i.e., σP is small.
(3) Any bell-shaped shock distribution induces the variation in ΛT −i and thereby the amount
of excess sensitivity to be bounded. If the agent is hit by an extreme shock, the actual value
of the low probability realization matters less because neighboring states have very low
probability. The expression η(λ − (λ − 1)FS̄ (s̄T −i )) is bounded if the two shocks’ distributions are bell shaped. Thus, the variation in ΛT −i is bounded.
(4) Consumption is more excessively sensitive and excessively smooth when the agent’s horizon increases, because the marginal propensity to consume out of permanent shocks deψT −i
clines when the additional precautionary-savings motive accumulates. Q
is increasing
T −i
ψ
in i and approaches a constant Q when T → ∞ and i → ∞. Then, the variation in ΛT −i is increasing in i. And since consumption growth ∆CT −i is determined by −a(i)ΛT −i + ΛT −i−1
on average the larger variation in ΛT −i translates into a higher coefficient in the OLS regression. This can be seen by looking at ∂∂ΛsPT −i , i.e.,
T −i

(ψT −i −QT −i )η fS̄ (s̄T −i )(λ −1)

∂ a(i)ΛT −i
a(i)
1+η(λ −(λ −1)FS̄ (s̄T −i ))
= 1−a(i)
> 0.
P
∂ sT −i
θ ( a(i) ) ψT −i + QT −i η(λ − (λ − 1)FS̄ (s̄T −i ))
2

(a(i))
i
j
As a(i) = f (i−1)
f (i) is increasing in i because f (i) = ∑ j=0 (1 + r) and thus 1−a(i) is increasψT −i
ing in i and approaching a constant and Q
is increasing in i and approaching a constant it
T −i

can be easily seen that

∂ a(i)ΛT −i
∂ sPT −i

is increasing in i which means that consumption becomes

more excessively smooth as the agent’s horizon increases. Moreover, as
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a(i)
1−a(i)

is increas-

ing in i too ∂∂ΛsPT −i is increasing in i which means that consumption becomes more excesT −i
sively sensitive as the agent’s horizon increases.
B.5.9. Proof of Proposition 6. In the following, I assume that the following parameter condition
(which ensures that the agent’s maximization problem is globally concave) holds η(λ − 1) < 1.
All of the following proofs are direct applications of the prior proofs for the monotone-personal
equilibrium just using ΛcT −i instead of ΛT −i . Thus, I make the exposition somewhat shorter.
(1) The personal and pre-committed consumption functions are different in each period as can
be seen in Section B.2. But, if there’s no uncertainty and γ > λ1 then the personal and
pre-committed consumption functions both correspond to the standard agent’s consumption function as shown in the proof of Proposition 4.
(2) Please refer to the derivation of the exponential-utility pre-committed model in Section B.2
for a detailed derivation of ΛcT −i . According to Definition 4 consumption is excessively
smooth if

c
∂Ct+1
P
∂ st+1

< 1 and excessively sensitive if

c
∂ ∆Ct+1
P
∂ st

> 0. Consumption growth is

∆CTc −i = sPT −i + (1 − a(i))sTT −i − a(i)ΛcT −i + ΛcT −i−1
so that

∂CTc −i
∂ sPT −i

∂ ΛcT −i
∂ ∆CTc −i
>
0
and
P
∂ sT −i
∂ sPT −i−1
c
∂ ΛT −i
> 0, i.e.
∂ sPT −i

< 1 iff

be easily seen that

> 0 iff

∂ ΛcT −i−1
∂ sPT −i−1

> 0. Since ψTc −i > γQcT −i it can

(ψT −i −γQT −i )η(λ −1)2 fS̄ (s̄T −i )

∂ ΛcT −i
1
1+η(λ −1)(1−2FS̄ (s̄T −i ))
=
> 0.
c
c
P
1−a(i)
∂ sT −i
θ ( a(i) ) ψT −i + γQT −i η(λ − 1)(1 − 2FS̄ (s̄T −i ))
Thus, optimal pre-committed consumption is excessively smooth and sensitive.
(3) The first-order condition of the second-to-last period in the exemplified model of the text
is
ψT −1 + γQT −1 η(λ − 1)(1 − 2FP (sPT −1 ))
0 c
0
P
c
P
u (CT −1 ) = (1 + r)u ((sT −1 −CT −1 )(1 + r) + sT −1 )
.
1 + η(λ − 1)(1 − 2FP (sPT −1 )))
By the exact same argument as above ψT −1 > QT −1 such that news utility introduces a
first-order precautionary-savings motive in the pre-committed equilibrium. Compare the
above first-order condition with the one for personal-monotone consumption CT −1 , i.e.,
u0 (CT −1 ) = (1 + r)u0 ((sPT −1 −CT −1 )(1 + r) + sPT −1 )

ψT −1 + γQT −1 η(λ − (λ − 1)FP (sPT −1 ))
.
1 + η(λ − (λ − 1)FP (sPT −1 ))

Because η(λ − (λ − 1)FP (sPT −1 )) > η(λ − 1)(1 − 2FP (sPT −1 )) for all sPT −1 and ψT −1 >
γQT −1 monotone personal consumption is higher CT −1 > CTc −1 than pre-committed consumption. Moreover, the difference η(λ − (λ − 1)FP (sPT −1 )) − η(λ − 1)(1 − 2FP (sPT −1 )) =
η(1 − FP (sPT −1 )) + ηλ FP (sPT −1 ) is increasing in sPT −1 such that the difference in consumption CT −1 −CTc −1 is increasing in sPT −1 .
(4) Consider the pre-committed first-order conditions before and after retirement. After retirement the news-utility agent’s consumption from period T − R on will correspond to the
standard agent’s one, i.e.,
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QT −R−1 = ψT −R−1 = QsT −R−1
thus ΛT −R−1 is given by
1
(1 + r)R+1 ψT −R−1 + γQT −R−1 η(λ − 1)(1 − 2FS̄ (s̄T −R−1 ))
log(
)
θ
f (R)
1 + η(λ − 1)(1 − 2FS̄ (s̄T −R−1 ))
it can be easily seen that
∂ ΛT −R−1
< 0 only if FS̄ (s̄T −R−1 ) < 0.5.
∂γ
Thus, γ < 1 does not necessarily increase or decrease ΛT −R−1 and thereby consumption
growth at retirement is not necessarily negative and smaller than consumption growth after retirement. There is no systematic underweighting of marginal utility before or after retirement and there does not occur a drop in consumption at retirement for γ < 1. The same
argument that γ < 1 does not necessarily lead to a reduction in consumption growth even
in the end of life when ψT −i and QT −i are small implies that the pre-committed consumption path is not necessarily hump shaped.
ΛT −R−1 =

B.6. Derivation and estimation of the power-utility model. In the following, I outline the numerical derivation of the model with a power-utility specification u(Ct ) =
standard model to then explain the news-utility model in detail.

Ct1−θ
1−θ .

I start with the

B.6.1. The standard model. The standard agent’s maximization problem in any period T − i is
i

max{u(CT −i ) + ∑ β τ ET −i [u(CT −i+τ )]}
τ=1
P

T

T

subject to Xt = (Xt−1 −Ct−1 )R +Yt and Yt = Pt−1 Gt est est = Pt est .
The maximization problem can be normalized by PT1−θ
−i and then becomes in normalized terms
(Xt = Pt xt for instance)
i

τ

τ=1

j=1

P

max{u(cT −i ) + ∑ β τ ET −i [ ∏ (GT −i+ j esT −i+ j )1−θ u(cT −i+τ )]}
R
stT
P + yt and yt = e .
s
Gt e t
The model can be solved by numerical backward induction as done by Gourinchas and Parker
(2002) and Carroll (2001). The standard agent’s first-order condition is
0
P
P
0
∂ cT −i+τ
∂ cT −i+1
u0 (cT −i ) = ΦT −i = β RET −i [
(GT −i+1 esT −i+1 )−θ u0 (cT −i+τ )+(1−
)(GT −i+1 esT −i+1 )−θ ΦT −i−1 ]
∂ xT −i+1
∂ xT −i+1
with his continuation value
0
P
P
0
∂ cT −i
∂ cT −i
ΦT −i−1 = β RET −i−1 [
(GT −i eST −i )−θ u0 (cT −i ) + (1 −
)(GT −i eST −i )−θ ΦT −i ]
∂ xT −i
∂ xT −i
where it can be easily noted that
subject to xt = (xt−1 − ct−1 )

0

PT −i ΦT −i = ET −i [

∂ XT −i+1 ∂ ∑iτ=1 β τ u(CT −i+τ )
∂ XT −i+1 ∂ β u(CT −i+τ ) ∂ ∑iτ=1 β τ+1 u(CT −i+1+τ )
] = ET −i [
(
+
)]
∂ AT −i
∂ XT −i+1
∂ AT −i
∂ XT −i+1
∂ XT −i+1
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∂ XT −i+1 ∂ β u(CT −i+τ ) ∂ XT −i+1 ∂ XT −i+2 ∂ XT −i+1 ∂ ∑iτ=1 β τ+1 u(CT −i+1+τ )
+
]
∂ AT −i
∂ XT −i+1
∂ AT −i ∂ XT −i+1 ∂ XT −i+2
∂ XT −i+1
∂ XT −i+1 ∂ β u(CT −i+τ ) ∂ XT −i+1 ∂ XT −i+2 ∂ ∑iτ=1 β τ+1 u(CT −i+1+τ )
= ET −i [
+
]
∂ AT −i
∂ XT −i+1
∂ AT −i ∂ XT −i+1
∂ XT −i+2
∂ u(CT −i+τ ) ∂ XT −i+2 ∂ ∑iτ=1 β τ u(CT −i+1+τ )
= β RET −i [
+
]
∂ XT −i+1
∂ XT −i+1
∂ XT −i+2
∂ u(CT −i+τ ) ∂ AT −i+1
∂ XT −i+2 ∂ ∑iτ=1 β τ u(CT −i+1+τ )
= β RET −i [
+
ET −i+1 [
]]
∂ XT −i+1
∂ XT −i+1
∂ AT −i+1
∂ XT −i+2
{z
}
|

= ET −i [

0

PT −i+1 ΦT −i−1
0
∂ u(CT −i+τ ) ∂ (XT −i+1 −CT −i+1 )
∂ u(CT −i+τ )
∂CT −i+1
+
PT −i+1 Φ0T −i−1 ] = β RET −i [
+(1−
)PT −i+1 ΦT −i−1 ].
∂ XT −i+1
∂ XT −i+1
∂ XT −i+1
∂ XT −i+1
0
Φ T −i is a function of savings aT −i thus I can solve for each optimal consumption level c∗T −i on

= β RET −i [

0

0

1

1

a grid of savings aT −i as c∗T −i = (ΦT −i−1 )− θ = ( f Φ (aT −i ))− θ to then find each optimal level
of consumption for each value of the normalized cash-on-hand grid xT −i by interpolation. This
endogenous-grid method has been developed by Carroll (2001). Alternatively, I could use the Euler equation instead of the agent’s continuation value but this solution illustrates the upcoming solution of the news-utility model of which it is a simple case.
B.6.2. Habit formation. Consider an agent with internal, multiplicative habit formation prefer( Cth )1−θ
H

t
ences u(Ct , Ht ) = 1−θ
with Ht = Ht−1 + ϑ (Ct−1 − Ht−1 ) and ϑ ∈ [0, 1] (Michaelides (2002)).
Assume ϑ = 1 such that Ht = Ct−1 . For illustration, in the second-to-last period his maximization
problem is
u(CT −1 , HT −1 ) + β ET −1 [u(R(XT −1 −CT −1 ) +YT , HT )]

=

CT −1 1−θ
(H
)
h
T −1

1−θ

+ β ET −1 [

(1−θ )(1−h)

which can be normalized by PT
lem becomes
(1−θ )(1−h) cT −1 1−θ
( hh )
T −1

PT −1

1−θ

1 R(XT −1 −CT −1 ) +YT 1−θ
(
) ]
1−θ
HTh

(then CT = PT cT for instance) and the maximization prob-

P
1
(1−θ )(1−h)
+β PT −1
ET −1 [
(GT esT )(1−θ )(1−h) (
1−θ

(xT −1 − cT −1 )

R
P

GT esT

hhT

+ yT
)1−θ ]

which results in the following first-order condition
P

−θ h+h
sT −θ (1−h)
c−θ
(
T −1 = hT −1 β ET −1 [(GT e )

0
cT −θ
cT
)
(R
+
h)]
=
Φ
T −1
hT
hhT

0

with ΦT −1 being a function of savings xT −1 − cT −1 and habit hT . The first-order condition can
0

1

be solved very robustly by iterating on a grid of savings aT −1 assuming c∗T −1 = (ΦT −1 )− θ =
0

1

( f Φ (aT −1 , hT ))− θ and hT = c∗T −1

1
P

GT esT

until a fixed point of consumption and habit has been

found. The normalized habit-forming agent’s first-order condition in any period T − i is given by
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0

P

−θ h+h
h+h
c−θ
ΦT −i = h−θ
β ET −i [(GT −i+1 eST −i+1 )−θ (1−h) (
T −i = hT −i
T −i

+(1 −

cT −i+1 −θ dcT −i+1 cT −i+1
+
h)
) (R
dxT −i+1 hT −i+1
hhT −i+1

P
0
dcT −i+1
)(GT −i+1 eST −i+1 )−θ (1−h) ΦT −1 ].
dxT −i+1

B.6.3. The monotone-personal equilibrium in the second-to-last period. Before starting with the
fully-fledged problem, I outline the second-to-last period for the case of power utility. In the
second-to-last period the agent allocates his cash-on-hand XT −1 between contemporaneous consumption CT −1 and future consumption CT , knowing that in the last period he will consume whatever he saved in addition to last period’s income shock CT = XT = (XT −1 −CT −1 )R +YT . According to the monotone-personal equilibrium solution concept, in period T − 1 the agent takes the beliefs about contemporaneous and future consumption he entered the period with {FCTT−2
, FCTT−2 } as
−1
given and maximizes
u(CT −1 ) + n(CT −1 , FCTT−2
) + γβnn(FCTT−1,T −2 ) + β ET −1 [u(CT ) + n(CT , FCTT−1 )]
−1
which can be rewritten as
ˆ CT −1
ˆ
T −2
u(CT −1 ) + η
(u(CT −1 ) − u(c))FCT −1 (c) + ηλ
ˆ

∞

ˆ

−∞

∞

+γβ
−∞ −∞

∞

CT −1

(u(CT −1 ) − u(c))FCTT−2
(c)
−1

(u(c)−u(r))FCTT−1,T −2 (c, r)+β ET −1 [u(CT )+η(λ −1)

ˆ

∞

CT

(u(CT )−u(c))FCTT−1 (c)].

To gain intuition for the model’s predictions, I explain the derivation of the first-order condition
u0 (CT −1 )(1+ηFCTT−2
(CT −1 )+ηλ (1−FCTT−2
(CT −1 ))) = γβ RET −1 [u0 (CT )]η(λ −(λ −1)FATT−2
(AT −1 ))
−1
−1
−1
ˆ ∞
(u0 (CT ) − u0 (c))FCTT−1 (c)].
+β RET −1 [u0 (CT ) + η(λ − 1)
CT

The first two terms in the first-order condition represent marginal consumption utility and gainloss utility over contemporaneous consumption in period T − 1. As the agent takes his beliefs
{FCTT−2
, FCTT−2 } as given in the optimization, I apply Leibniz’s rule for differentiation under the
−1
integral sign. This results in marginal gain-loss utility being the sum of states that would have
promised less consumption FCTT−2
(CT −1 ), weighted by η, or more consumption 1 − FCTT−2
(CT −1 ),
−1
−1
weighted by ηλ ,
)
∂ n(CT −1 , FCTT−2
−1

= u0 (CT −1 )η(λ − (λ − 1)FCTT−2
(CT −1 )).
−1
∂CT −1
Note that, if contemporaneous consumption is increasing in the realization of cash-on-hand then
(CT −1 ) = FXTT−2
(XT −1 ). Returning to the maximization problem the third
I can simplify FCTT−2
−1
−1
term represents prospective gain-loss utility over future consumption CT experienced in T − 1.
As before, marginal gain-loss utility is given by the weighted sum of states u0 (CT )η(λ − (λ −
1)FATT−2
(AT −1 )). Note that FCTT−2 (c) is defined as the probability Pr(CT < c|IT −2 ). Applying a
−1
logic similar to the law of iterated expectation
c −YT
Pr(CT < c|IT −2 ) = Pr(AT −1 R +YT < c|IT −2 ) = Pr(AT −1 <
|IT −2 )
R
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thus if savings are increasing in the realization of cash-on-hand then I can simplify FATT−2
(AT −1 ) =
−1
T −2
FXT −1 (XT −1 ).
The last term in the maximization problem represents consumption and gain-loss utility over future consumption CT in the last period T , i.e., the first derivative of the agent’s continuation value
with respect
or the marginal value of savings. Expected marginal gain-loss utility
´ ∞ to 0consumption
0
η(λ − 1) CT (u (CT ) − u (c))FCTT−1 (c) is positive for any concave utility function such that
ˆ ∞
0
0
0
ΨT −1 = β RET −1 [u (CT )+η(λ −1)
(u0 (CT )−u0 (c))FCTT−1 (c)] > β RET −1 [u0 (CT )] = ΦT −1 .
CT

As expected marginal gain-loss disutility is positive, increasing in σY , absent if σY = 0, and increases the marginal value of savings, I say that news-utility introduces an “additional precautionarysavings motive”. The first-order condition can now be rewritten as
0

0

u0 (CT −1 ) =

(XT −1 ))
ΨT −1 + γΦT −1 η(λ − (λ − 1)FXTT−2
−1
1 + η(λ − (λ − 1)FXTT−2
(XT −1 ))
−1
0

.

0

Beyond the additional precautionary-savings motive ΨT −1 > ΦT −1 implies that an increase in
FXTT−2
(XT −1 ) decreases
−1
0

ΨT −1
0
ΦT −1

+ γη(λ − (λ − 1)FXTT−2
(XT −1 ))
−1

,
1 + η(λ − (λ − 1)FXTT−2
(XT −1 ))
−1
i.e., the terms in the first-order condition vary with the income realization XT −1 so that consumption is excessively smooth and sensitive.
B.6.4. The monotone-personal equilibrium path in all prior periods. The news-utility agent’s maximization problem in any period T − i is given by
u(CT −i ) + n(CT −i , FCTT−i−1
)+γ
−i

i

i

−i−1
) + ∑ β τ ET −i [U(CT −i+τ )]
∑ β τ n (FCTT−i,T
−i+τ
τ=1

τ=1

PT1−θ
−i

again, the maximization problem can be normalized by
as all terms are proportional to consumption utility u(·). In normalized terms, the news-utility agent’s first-order condition in any period T − i is given by
0

0

u (cT −i ) =

0

ΨT −i + γΦT −i η(λ − (λ − 1)FcTT −i−1
(cT −i ))
−i
1 + η(λ − (λ − 1)FaTT−i−1
(aT −i ))
−i
0

0

I solve for each optimal value of c∗T −i for a grid of savings aT −i , as ΨT −i and ΦT −i are functions of
aT −i until I find a fixed point of c∗T −i , aT −i , FaTT−i−1
(aT −i ), and FcTT −i−1
(cT −i ). The latter two can
−i
−i
be inferred from the observation that each cT −i + aT −i = xT −i has a certain probability given the
value of savings aT −i−1 I am currently iterating on. However, this probability varies with the reP
alization of permanent income esT −i thus I cannot fully normalize the problem but have to find the
P
right consumption grid for each value of esT −i rather than just one. The first-order condition can be
slightly modified as follows
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P

sPT −i

0

u (e

cT −i ) =

0

0

P

esT −i ΨT −i + γesT −i ΦT −i η(λ − (λ − 1)FcTT −i−1
(cT −i ))
−i

1 + η(λ − (λ − 1)FaTT−i−1
(aT −i ))
−i
to find each corresponding grid value. Note that, the resulting two-dimensional grid for cT −i will
be the normalized grid for each realization of stT and stP , because I multiply both sides of the firstP
order conditions with esT −i . Thus, the agent’s consumption utility continuation value is
P
P
0
0
∂ cT −i
∂ cT −i
(GT −i eST −i )−θ u0 (cT −i ) + (1 −
)(GT −i eST −i )−θ ΦT −i ].
ΦT −i−1 = β RET −i−1 [
∂ xT −i
∂ xT −i
The agent’s news-utility continuation value is given by
ˆ
0
dCT −i 0
dCT −i 0
−θ
T −i−1
PT −i−1 ΨT −i−1 = β RET −i−1 [
u (CT −i )+η(λ −1)
(
u (CT −i )−x)dFdC
(x)
T −i 0
dXT −i
dXT −i
dXT −i u (CT −i )
T −i−1
CT −i <CT
−i

ˆ
+γη(λ − 1)
´

(here,

(

T −i−1
CT −i <CT
−i

dAT −i −θ 0
dCT −i −θ 0
T −i−1
PT −i ΦT −i − x)dFdA
(x)
+
(1
−
)P Ψ ]
0
T −i −θ
dXT −i
dXT −i T −i T −i
dXT −i PT −i ΦT −i

means the integral over the loss domain) or in normalized terms

T −i−1
CT −i <CT
−i
0

ΨT −i−1 = β RET −i−1 [
ˆ
+η(λ − 1)
ˆ
+γη(λ −1)
T −i−1
CT −i <CT
−i

(

T −i−1
CT −i <CT
−i

(

P
dcT −i 0
u (cT −i )(GT −i esT −i )−θ
dxT −i

P
dcT −i 0
u (cT −i )(GT −i eST −i )−θ − x)dFdcT −i−1
(x)
SP
T −i u0 (c
−θ
dxT −i
T −i )(GT −i e T −i )
dx
T −i

P
P
0
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daT −i 0
T −i−1
ΦT −i (GT −i eST −i )−θ −x)dFda
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0
S
T −i Φ
T −i )−θ
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B.6.5. Details of the estimation procedure. I use data from the Consumer Expenditure Survey
(CEX) for the years 1980 to 2002 as provided by the NBER.41 The CEX is conducted by the Bureau of Labor Statistics and surveys a large sample of the US population to collect data on consumption expenditures, demographics, income, and assets. As suggested by Harris and Sabelhaus (2001), consumption expenditures consists of food, tobacco, alcohol, amusement, clothing,
personal care, housing, house operations such as furniture and housesupplies, personal business,
transportation such as autos and gas, recreational activities such as books and recreational sports,
and charity expenditures; alternatively, I could consider non-durable consumption only. Income
consists of wages, business income, farm income, rents, dividends, interest, pension, social security, supplemental security, unemployment benefits, worker’s compensation, public assistance,
foodstamps, and scholarships. The data is deflated to 1984 dollars.
Because the CEX does not survey households consecutively, I generate a pseudo panel that av41This data set extraction effort is initiated by John Sabelhaus and continued by Ed Harris, both of the Congressional

Budget Office. The data set links the four quarterly interviews for each respondent household and collapses all the
spending, income, and wealth categories into a consistent set of categories across all years under consideration.
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erages each household’s consumption and income at each age. I only consider non-student households that meet the BLS complete income reporter requirement and complete all four quarterly interviews. Furthermore, I only consider households that are older than 25 years; that are retired after age 68, the average retirement age in the US according to the OECD; and that are younger than
78, the average life expectancy in the US according to the UN list.
To control for cohort, family size, and time effects, I employ average cohort techniques (see,
e.g., Verbeek (2007), Attanasio (1998), and Deaton (1985)). More precisely, as I lack access to
the micro consumption data for each household i at each age a, I pool all observations and esti0
mate log(Ci,a ) = ξ0 + αa + γc + fs + Xi,a β ia + εi,a . Here, ξ0 is a constant, αa is a full set of age
dummies, γc is a full set of cohort dummies, and fs is a full set of family size and number of earners dummies. Essentially, these sets of dummies allow me to consider the sample means of my re∗ = E[log(C )|c, a] and X ∗ = E[X ∗ |c, a] for each cohort c at age a. Uspeated cross-section Cc,a
i,a
c,a
i,a
ing the sample means brings about an errors-in-variables problem, which, however, does not appear to make a difference in practice as the sample size of each cohort-age cell is large. Because
age αa and cohort γc effects are not separately identifiable from time effects, I proxy time effects
∗ beyond a dummy for
by including the regional unemployment rate as an additional variable in Xi,a
retirement following Gourinchas and Parker (2002). As an alternative to a full set of dummies,
I use fifth-order polynomials in order to obtain a smooth consumption profile. After running the
pooled regression, I back out the consumption data uncontaminated by cohort, time, family size,
and number of earners effects and construct the average empirical life-cycle profile by averaging
the data across households at each age. The same exercise is done for income. Figure 3 displays
the average empirical income and average empirical consumption profiles.
I structurally estimate the news-utility parameters using a methods-of-simulated-moments procedure following Gourinchas and Parker (2002), Laibson et al. (2012), and Bucciol (2012). The
procedure has two stages. In the first stage, I estimate the structural parameters governing the environment Ξ = (µP , σP , µT , σT , p, G, r, a0 , R, T ) using standard techniques and obtain results perfectly in line with the literature. Given the first-stage estimates Ξ̂ and their associated variances
Ω̂Ξ , in the second stage, I estimate the preference parameters θ = (η, λ , γ, β , θ ) by matching the
simulated and empirical average life-cycle consumption profiles. The empirical life-cycle consumption profile is the average consumption at each age a ∈ [1, T ] across all household observaa
tions i. More precisely, it is lnC̄a = n1a ∑ni=1
ln(C̄i,a ) with ln(C̄i,a ) being the household i’s log consumption at age a of which na are observed. The theoretical population analogue to lnC̄a is denoted by lnCa (θ , Ξ) and the simulated approximation is denoted by lnĈa (θθ , Ξ). Moreover, I define g(θθ , Ξ) = lnCa (θθ , Ξ) − lnC̄a and
ĝ(θθ , Ξ) = lnĈa (θθ , Ξ) − lnC̄a .
In turn, if the estimated preference and environment parameter vectors θ 0 and Ξ0 are the true vec58

tors, the procedure’s moment conditions imply that E[g(θ0 , Ξ0 )] = E[lnCa (θ , Ξ) − lnC̄a ] = 0. In
turn, let W denote a positive definite weighting matrix then
q(θθ , Ξ) = ĝ(θθ , Ξ)W −1 ĝ(θθ , Ξ)0
is the weighted sum of squared deviations of the simulated from their corresponding empirical
moments. I assume that W is a robust weighting matrix rather than the optimal weighting matrix to avoid small-sample bias. More precisely, I assume that W corresponds to the inverse of the
variance-covariance matrix of each point of the average log consumption at age a lnC̄a , which I denote by Ω−1
g and consistently estimate from the sample data. Taking the first-stage estimates Ξ̂ as
given, I minimize the weighted sum of squared deviations of the simulated from their corresponding empirical moments q(θθ , Ξ̂) with respect to the vector of preference parameters θ to obtain θ̂θ
the consistent estimator of θ that is asymptotically normally distributed with standard errors
0

0

0

0

Ωθ = (Gθ W Gθ )−1 Gθ W [Ωg + Ωsg + GΞ ΩΞ GΞ ]W Gθ (Gθ W Gθ )−1 .
Here, Gθ and GΞ denote the derivatives of the moment functions ∂ g(θθ∂θθ0 ,Ξ0 ) and ∂ g(θθ∂ 0Ξ,Ξ0 ) , Ωg denotes the variance-covariance matrix of the second-stage moments as above that corresponds to
E[g(θθ 0 , Ξ0 )g(θθ 0 , Ξ0 )0 ], and Ωsg = nnas Ωg denotes the sample correction with ns being the number
of simulated observations at each age a. As Ωg , I can estimate ΩΞ directly and consistently from
sample data. For the minimization, I employ a Nelder-Mead algorithm. For the standard errors, I
numerically estimate the gradient of the moment function at its optimum. If I omit the first-stage
0
−1
correction and simulation correction the expression becomes Ωθ = (Gθ Ω−1
g Gθ ) . Finally, I can
test for overidentification by comparing the minimized weighted sum of squared deviations of the
simulated from their corresponding empirical moments ĝ(θ̂ , Ξ̂) to a chi-squared distribution with
T − 5 degrees of freedom.
Theoretically, the functional form of the function determining optimal consumption Λt , or the
agent’s first-order condition in the power-utility model, imply that news utility introduces such
specific variation in consumption growth that all preference parameters are identified in the finitehorizon model because the Jacobian has full rank.42 Roughly speaking, the shape of the consumption profile identifies the exponential discounting parameter β and the coefficient of risk aversion
θ . Because consumption tracks income too closely and peaks too early in the standard model, the
weight of gain-loss versus consumption utility being larger than zero η > 0 and the coefficient of
loss aversion being larger than one λ > 1 can be identified. Finally, the drop in consumption at
retirement identifies the prospective gain-loss discount factor γ < 1. More precisely, as explained
in Appendix B.6.4, the agent’s consumption is determined by the following first-order condition
θ

θ

42Numerically, I confirm this result in a Monte Carlo simulation and estimation exercise. Moreover, because previous

studies cannot separately identify the weight of gain-loss versus consumption utility η and the coefficient of loss aversion λ , I confirm that I obtain similar estimates when I assume η = 1 and only estimate the other parameters.
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0

u0 (cT −i )

=

0

ΨT −i +γΦT −i (ηFcTT−i−1
(cT −i )+ηλ (1−FcTT−i−1
(cT −i )))
−i
−i
1+ηFaTT−i−1
(aT −i )+ηλ (1−FaTT−i−1
(aT −i ))
−i
−i

of which I observe the inverse and log av-

0

erage of all households. ΦT −i represents future marginal consumption utility, as in the standard
model, and is determined by the exponential discounting parameter β and the coefficient of risk
0
aversion θ , which can be separately identified in a finite-horizon model. ΨT −i represents future
marginal consumption and news utility and is thus determined by something akin of weight of gainloss versus consumption utility times the coefficient of loss aversion η(λ − 1). ηFaTT−i−1
(aT −i ) +
−i
T
−i−1
T
−i−1
T
−i−1
ηλ (1 − FaT −i (aT −i )) and ηFcT −i (cT −i ) + ηλ (1 − FcT −i (cT −i )) represents the weighted sum
of the cumulative distribution function of savings, aT −i , and consumption, cT −i , of which merely
the average determined by η0.5(1 + λ ) is observed. Thus, I have two equations in two unknowns
and can separately identify weight of gain-loss versus consumption utility η and the coefficient of
loss aversion λ . Finally, the prospective gain-loss discount factor γ enters the first-order condition
distinctly from all other parameters.
B.6.6. Risk attitudes over small and large stakes. First, I suppose the agent is offered a gamble
about immediate consumption in period t after that period’s uncertainty has resolved and that period’s original consumption has taken place. I assume that utility over immediate consumption is
linear. Then, the agent is indifferent between accepting or rejecting a 50-50 win G or lose L gamble if0.5G − 0.5L + 0.5ηG − 0.5ηλ L = 0. Second, I suppose the agent is offered a monetary gamble or wealth bet that concerns future consumption. Suppose T → ∞. I assume that his initial
wealth level is At = 100, 000 and Pt = 300, 000. Let f Ψ (A) and f Φ (A) be the agent’s continuation
value as a function of the agent’s savings At . Then, the agent is indifferent between accepting or
rejecting a 50-50 win G or lose L gamble if
0.5η( f Φ (At +G)− f Φ (At ))+0.5ηλ ( f Φ (At −L)− f Φ (At ))+0.5 f Ψ (At +G)+0.5 f Ψ (At −L) = f Ψ (At −L).
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