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Abstract

This paper incorporates the phenomenon of time inconsistency into the problem of designing
an optimal transfer schedule under income shocks and asymmetric information. The optimal
solution reflects the dilemma that a principal has to face when playing the roles of
self-control enforcer and consumption smoother simultaneously.
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1. Introduction

Economic theories of intertemporal choice generally assume that individuals dis-
count the future exponentially. In other words, the choices made between today and
tomorrow should be no different from the choices made between the days 200 and 201
from now, all else equal. Mainstream public economics is not the exception. Partic-
ularly, in the context of designing optimal transfer schemes, exponential discounting
is usually assumed(Shavell and Weiss, 1979; Thomas and Worrall, 1990; Brito et al.,
1991; Hopenhayn and Nicolini, 1997).

However, experimental evidence suggests that many individuals have preferences
that reverse as the date of decision making nears (Lowenstein and Thaler, 1989;
Ainslie, 1992). Moreover, there exists field evidence of present-biased preferences and
time inconsistent behavior (Angeletos et al., 2001; DellaVigna and Malmendier, 2003;
Fang and Silverman, 2007). Some empirical studies present evidence of how consump-
tion is often very sensitive to an income transfer in the very short-run (Stephens, 2002,
2003), and even indicate a declining caloric intake over the 30-day period following
the receipt of food stamps in the US (Shapiro, 2005) with the policy implication of
increasing the frequency of payments to improve welfare. Similar results have been
found in developing countries, where commitment devices are used to face the over-
consumption problem (Rutheford, 1999; Ashraf et al., 2003, 2006).

If individuals tend to overconsume and are subject to economic shocks that are
not publicly observed, how should a transfer schedule be allocated over time? Is it
optimal to commit to a transfer schedule before income shocks are realized? Is it
preferable to give individuals full control over the budget to be distributed? Fully
committing to a transfer schedule is unlikely to be a good idea when income shocks
are yet to be realized. In fact, if individuals do not show present-bias, it is in the
individual’s best interest to access a contingent transfer scheme. On the other hand,
if individuals face an over-consumption problem, it might not be optimal to give them
total discretionality over the intertemporal budget allocation.

We formally approach these questions within a dynamic principal-agent frame-
work under one-sided asymmetric information, hyperbolic discounting, and income
shocks. The agent takes consumption decisions over time and suffers from present-
biased preferences. The principal’s goal is to allocate an exogenous budget in order to
maximize the agent’s “long-run”welfare. Since the income shocks are assumed to be
not publicly observed, the agent has an incentive to underreport income realizations
because of his bias for present consumption. Therefore, not only the principal should
consider his role as a consumption smoother, but also as a self-control enforcer who
helps the agent face his overconsumption problem. The solution we found represents
the existent tradeoff between these two roles.



2. The model

Consider the following economy. Time is discrete and indexed by t = 1,2,...,T.
There is one agent and one principal. There is one consumption good x. The agent’s
preferences belong to the class of constant absolute risk aversion (CARA), and are
represented by the following instantaneous utility function

u(zy) = — exp(—axy) (1)

where o > 0 denotes the coeflicient of absolute risk aversion.
In period t, preferences over consumption streams x = (x1,...,27) € I&Tr are
representable by the utility function

Un(w) = Ejlu(z) + 5 ) 6 "ulay)] (2)

T=t+1

where (3,d) € (0,1] x (0,1]. The principal has access to a riskless asset with gross
return normalized to one. The agent has no access to capital markets. In other words,
the agent cannot save nor borrow.

The type of preferences represented by this model incorporates the so-called quasi-
geometric discounting. The parameter ¢ is called the standard discount factor and it
represents the long-run, time consistent discounting; the parameter [ represents a
preference for immediate gratification and is known as the present-biased factor. For
B = 1 these preferences reduce to exponential discounting. For 5 < 1, the (5, 0)
formulation implies discount rates that decline as the discounted event is moved
further away in time.!

We introduce uncertainty into the model by assuming that income, ¥, is indepen-
dently and identically distributed over time with probability distribution

_ y; with probability v
Yo = yn with probability 1 — v

where y, > y;. We say that the beneficiary receives a negative income shock at time
t if y, = y;. Analogously, we say the beneficiary receives a positive income shock at
time t if y; = y;,. Let E; be the expectation operator conditional on all information
available at ¢, and let F(—u(y,)) = p < o0.

In contrast to a naive or partially naive person who believes he will behave like
a time-consistent individual in the future, we assume that the agent is sophisticated
in the sense that he is fully aware of his time inconsistency problem. We formally
model the agent as a sequence of T" autonomous selves making choices in a dynamic
game (Strotz, 1956; Phelps and Pollak, 1968; Peleg and Yaari, 1973; Goldman, 1980;

1See Frederick et al. (2002), for review of the (3,d) formulation and its relation to hyperbolic
discounting.



Laibson, 1997, 1998; O’Donoghue and Rabin, 1993, 2001). The principal allocates an
exogenous budget B € R through a transfer schedule {7;}~ ;.2 Transfers are allocated
over time in order to maximize the “long-run”welfare of the agent represented by the
function

T
Wi(x) = Efu(z) + > 6 u(a,)] (3)
T=t+1
O’Donoghue and Rabin (1999) argue that this approach involves the existence of
a “..(fictitious) period 0 where the person has no decision to make and weights
all future periods equally.” This approach incorporates the fact that most models of
present-biased preferences try to capture situations in which people pursue immediate
gratification. This type of analysis, where the principal has an objective function that
is different from that of the agent, is not new in public economics. There is a long
tradition of non-welfarist welfare economics where the outcomes of individual behavior
are evaluated using a preference function different from the one that generate the
outcomes (Kanbur et al., 2006).

It is assumed that income realizations are not public information. Therefore, the
first-best allocation of resources is impeded by the problem of incentive compatibility,
since an agent with income realization y; = y; and relatively strong degree of present-
biased preferences might have an incentive to claim a negative income shock in order
to receive a higher transfer at period ¢.

3. Optimal transfer schedule

Based on the revelation principle, the principal can restrict attention to direct
revelation mechanisms with the property that the agent truthfully reports his true
income ;.

For any period ¢, let 7/* represent the transfer when the agent reports a positive
income shock, and 7} represent the transfer when he reports a negative income shock.
In period T'— 1, the policymaker solves the problem

max y[u(rp_y +y) + 0Br—yu(By + yr)] + (1 = 9)[ulrr_y +yn) + Br_yu(Br + yr)]

t
Tt

subject to the following incentive-compatibility and resource constraints

u(th |+ y) + BOEr_yu(BL- 4+ yr) > u(th , +wy) + BOEp_yu(By + yr)
w(Ti_y +yn) + BOEr_1u(BY +yr) > u(te_y +yn) + BEr_1u(Bh + yr)
T+ By < Br
7’%71 + B% < Br.

2Following a tradition in the public economics literature, we set aside the revenue-raising impli-
cations to finance this budget.



Define by vr_1(Br—_1) the value function of this problem. By standard arguments,
vp_1(Br_1) is strictly concave and differentiable.

Next, take any period t and suppose vy (-) is strictly concave and differentiable.
Although the principal and the agent disagree on the amount of discounting applied
between t and t+ 1, they both agree on the utility obtained from ¢+ 1 on. Therefore,
by applying a standard induction argument, we have that for all ¢ the principal solves
the problem:

max y[u(ry + y1) + 0ver (Byyy)] + (L= N)[ul(r’ + ) + 6viea (B

T15Th

subject to the following incentive compatible and budget constraints:

u(r) +y) + Bovia(Biy) > ul(rf +y) + Bovia(Bry)
U<Tth +yn) + ﬂ‘svt-&-l(Bﬁs—l) > U(Ttl + Yn) + ﬁéth(BéH)
Ttl + Bi+1 < B
Tth + le+1 < B

The following proposition characterizes the optimal transfer scheme:

Proposition 1 Let §* = exp(—a(yn, — y1)). The optimal transfer scheme is charac-
terized as follows

1. Th — T Zfﬁéﬂ*
2. T, < T Zfﬁ>ﬁ*
3. 7, — T, 1s not decreasing in 3

Proof: See Appendix.

Proposition 1 establishes that if the agent’s self-control problem, parameterized
by (3, is relatively more serious than his risk problem, parameterized by « and the
income shock range y, — y;, then the principal optimally opts for an equilibrium
where the transfer is independent of the value taken by the income shock.
Intuitively, if the degree of present-bias is too high, the principal’s optimal response
is to offer a non-contingent transfer schedule. This is equivalent to committing to a
transfer schedule before the realizations of income shocks, implying that the value of
information is zero when the agent shows a strong bias for present consumption.



4. Conclusions

Our analysis has several implications and possible extensions. Firstly, since we are
assuming a sophisticated agent, we could use other types of commitment devices. For
instance, the agent could be provided with an illiquid instrument a la Laibson (1997)
or he could choose a contingent transfer schedule from a menu. If he is aware of his
self-control problem, the final consumption allocation would be the best from a current
perspective; secondly, the paper could be extended to incorporate preferences outside
the neighborhood of constant absolute risk aversion; thirdly, it could be assumed
that income shocks are not i.i.d., following instead another type of random process;
finally, one could introduce naivete into the model and design an optimal mechanism
that takes into account the possibility of facing a mixture of sophisticated and naive
individuals within the population.

Ultimately, the most important message from this paper is that an optimal trans-
fer scheme should consider the existent tradeoff between facing the beneficiary’s bias
for present consumption and his exposure to income shocks. In other words, the prin-
cipal should offer a package flexibly enough to balance both consumption smoothing
and commitment motives.

5. Appendix

Proof of Proposition 1 Let ¢, = —u(y,) and ¢, = —u(yy). We make the
following change of variables: instead of having 7, and 7, as our decision variables,
let the decision variables be u;, = u(1,), v}, = v(B"), w; = u(r;) and u, = v(B'). The
program becomes

max y[piu; + 0wy + (1 — ) [pnun + dup)
s.t.

erup + Bouy — prup, — Bouj,
nun + Bouy, — pnu — Bou
B = Vi(w) — Va(w)

B = Vi(up) — Va(uy,)

(VAR AVARAVARLVS
o o o o

where V; and V, are the inverse functions of u(-) and v(-), respectively. Because
u(+) and v(-) are concave functions, V; and V; are convex and, in consequence, the
incentive compatible and borrowing constraints are concave. Since the objective
function is linear, u* = (up, u},, u;, uy) is a solution to the program if and only if there
is A" = (A7, A5, M5, \;) € RY, such that the Kuhn-Tucker conditions are satisfied. In



particular, the Kuhn-Tucker first order conditions are

Yer+ Ao — Aepn = 8‘2551) A3 (4)
ven-ng = o, )
(L =Y)en — Mpr + dapop,. = 3‘25?))\4 (6)
(1—7v)=MB+Xf = 518‘/82—1(;:;‘))\4 (7)

In a pooling equilibrium, the first order conditions imply
N = M) mB ey (8)

B —en B —en
From where it can be concluded that the necessary and sufficient condition for having

a positive Ay for any \; > 0 is § < ¢p,/p. Moreover, positive A3 and A4 are obtained
if and only if the following condition holds

Pl AL, v

(1 ’Y)—i‘(ph)\l S)\Q Smln{wh + (ph)\l,ﬁ—i‘/\l} (9)
It is not difficult to show that conditions (8) and (9) are satisfied for positive A\; and
Ay if and only if 3 < ¢, '¢r. Therefore, a separating equilibrium exists if 8 > ¢; 'op.
From the incentive compatible constraints it follows that 7, > 75,. Finally, in a
separating equilibrium the incentive compatible constraint holds with strict inequality
when y; = y;, hence Ay > \. That 7, — 73, is weakly increasing in (3 follows from (5),
(7), and the convexity of V5. O
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