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Abstract

Models of recursive utility are commonly associated with a preference for early reso-
lution of uncertainty, often regarded as an important economic channel in applications.
This paper provides a different understanding of recursive preferences based on atti-
tudes toward correlation, and in particular aversion to intertemporally correlated risks.
I formalize and investigate such a property. I show that an increase in correlation makes
a decision maker that prefers early resolution worse off even when increasing correla-
tion also provides non-instrumental information about future consumption. Relatedly, I
show that one can separate risk aversion from intertemporal substitution by considering
a domain of choice in which pure preferences for early resolution of uncertainty play no
role. Finally, I apply the insights of this paper to better understand the features pos-
sessed by existing models of recursive utility. I argue that attitudes toward correlation
are the key behavioral feature driving the results of consumption-based asset pricing
models.

Keywords: Intertemporal substitution, risk aversion, correlation aversion, recursive util-
ity, preference for early resolution of uncertainty.
JEL classification: C61, D81.

1 Introduction

Recursive preferences are of central importance in many economic settings. They play a
key role in models of consumption-based asset pricing (Epstein & Zin (1989), Epstein & Zin
(1991)), precautionary savings (Weil (1989), Hansen et al. (1999)), business cycles (Tallarini
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(2000)), optimal fiscal policy (Karantounias (2018)) and risk-sharing (Epstein (2001), An-
derson (2005)), among many. Part of their success is due to their ability to disentangle risk
aversion from intertemporal substitution. In the standard model of discounted expected
utility, which in its recursive form can be written as

Vi = u(ce) + BE (Vig1),

risk aversion and attitudes toward consumption smoothing are both reflected in the curva-
ture of u. Recursive preferences allow for a more general recursive formulation

‘/t =W (Cta I (VYtJrl)) 3

where the so-called time aggregator W reflects intertemporal substitution and the certainty
equivalent I reflects attitudes toward risk (or uncertainty), hence obtaining the desired sep-
aration between the two. Ever since the work of Kreps & Porteus (1978) it has been under-
stood that separating these two important features entails a preference for non-instrumental
information, also referred to as a preference for early resolution of uncertainty. For example,
consider a gamble in which consumption is fixed at 0 for every t = 1,...,7T — 1 and pays
either 1 or 0 at ¢ = T depending on the outcome of a coin toss. A strict preference for
tossing the coin at t = 1 over ¢t = 2 indicates a preference for non-instrumental information.
There is no planning advantage to tossing the coin early: in this sense choosing to toss the
coin at t = 1 reveals a pure preference for information, even if such information is useless.
The standard additive expected utility model is indifferent between tossing the coin at ¢t = 1
and t = 2, while models of recursive utility typically prefer early resolution of uncertainty.
A strict preference for information that is useless is seen as puzzling, and in this sense it is
seen as a cost of separating risk aversion from intertemporal substitution (see for example
Epstein et al. (2014), pp. 2687-2688).

This paper provides a different understanding of recursive preferences based on atti-
tudes toward correlation, and in particular aversion to intertemporally correlated risks. To
illustrate, consider two gambles: A and B.' In gamble A a fair coin is tossed at t = 1. If the
outcome is a head, then consumption is constant at the level 1 for every periodt =1,...,T.
Otherwise, it is constant at the level 0 at every period. In gamble B, consumption is de-
termined by tossing a fair coin at every time period ¢, giving a level of consumption equal
to 1 if heads and 0 otherwise. Introspection suggest that one should treat these gambles
differently.? A hedging motive suggests that B should be preferred to A. But at the same
time B resolves gradually while for A all uncertainty resolves at ¢ = 1. In other words, A
features early resolution of uncertainty, making the comparison between these two gambles
non-obvious: A has the advantage of resolving all uncertainty at ¢ = 1, while B is more
desirable because of its hedging value. The standard discounted expected utility model is
always indifferent between these two, while in general recursive preferences allow for non-
indifference between A and B. In this case, it is the standard discounted expected utility
model that presents an undesirable feature, not being able to distinguish between A and B.

!The example is a modified version of the example in Duffiec & Epstein (1992), p. 355.
2I review related concepts of correlation aversion and the experimental evidence in favor of it in Section
6.



I present a novel and general notion of increasing correlation when uncertainty resolves
gradually. I start from a general notion of an i.i.d. process and introduce positive correla-
tion between consumption at different time periods, and study the attitudes toward such an
increase in correlation for the major models of recursive utility. Notably, such a notion does
not require probabilistic sophistication allowing for the study of recursive models of ambigu-
ity aversion. As discussed when comparing gambles A and B, more correlation means also
having more predictive power about future consumption, i.e. non-instrumental information.
Therefore the total effect of increasing correlation is determined by the relative strength of
the hedging motive described earlier and preferences for non-instrumental information. I
show that the major models of recursive utility exhibit correlation aversion, even if they also
have a preference for early resolution of uncertainty. In this sense, aversion to correlation
is the more dominant property of recursive utility. At a technical level, correlation aver-
sion is identified by the time aggregator W being submodular (i.e., having negative cross
derivative), in contrast with convexity in its second argument that from Kreps & Porteus
(1978) is known to characterize preferences for early resolution of uncertainty. In words,
this means that the marginal value of continuation utility is lower the higher today’s con-
sumption value. While for well-known preferences such as Epstein-Zin the two properties
of the aggregator coincide, I show that this fact is not true for more general recursive pref-
erences. In particular, I show that the effect of correlation aversion is stronger than that of
preferences for early resolution of uncertainty under standard regularity assumptions. This
point is especially important in applications as asset pricing since it clarifies how certain
modelling assumptions influence the results.?

As a consequence of this analysis, I then argue that in order to identify a pure preference
for non-instrumental information one must observe choices over consumption processes in
which correlation plays no role. To illustrate, consider the first example I discussed. One is
comparing two gambles that feature deterministic consumption at every time period except
one in which consumption is random, differing only for the time at uncertainty is resolved.
This is not a mere chance, but rather a necessity: deterministic consumption is needed to
remove the effect of attitudes toward correlation and therefore identify pure preferences for
non-instrumental information. I suggest that consumption processes of this type are not
relevant for standard dynamic problems of consumption choice under uncertainty. For this
reason, I introduce a new domain of choice that does not contain such consumption processes
and study preferences over such a restricted domain, therefore weakening completeness of
preferences.* I show that, nevertheless, such a domain is rich enough to axiomatize a
general recursive representation of preferences and that can also allow for disentangling risk

3For example, recursive maxmin expected utility is indifferent to the timing of resolution of uncertainty
(Strzalecki (2013)), but non-indifferent to correlation.

4 As discussed by Aumann (1962, p. 446), Schmeidler (1989, p. 576) and Wakker (1989), completeness of
preferences is a questionable condition in decision theory. In particular, our point here is closely related to
Wakker (1989, p. 42):

Some people may object against completeness because they want the decision maker to have the
right, for a pair of alternatives, simply not to choose between them. This is not the objection
we have in mind. [...] Our objection against completeness is that many choice situations are
not actual, but hypothetical, and that it is unrealistic to suppose that the decision maker is
confronted with very many, some unrealistic, choice situations.



aversion from intertemporal substitution. As a consequence, one can separate risk aversion
from intertemporal substitution without implying a pure preference for early resolution of
uncertainty, while at the same time having a rich domain in terms of applications.

Together, these results provide a unified understanding of the applications of recursive
utility. The literature on consumption-based asset pricing has progressively considered con-
sumption processes that involve more persistence. For example, in the long-run risk model
of Bansal & Yaron (2004) consumption growth contains a small persistent predictable com-
ponent. Such persistence provides non-instrumental information: realizations of consump-
tion growth today provide non-instrumental information about consumption growth for the
long-run future. An investor with preferences for early resolution of uncertainty should en-
joy such a non-instrumental information, and hence demand a lower premium on equity if
the persistence of consumption growth increases. From this perspective one would reduce,
rather than help, the ability of consumption-based models to explain the observed premium
on equity. However, the persistent component also increases positive correlation between
consumption growth at different time periods. Therefore, the equity premium in this model
is higher relative to the discounted expected utility benchmark because of correlation aver-
sion being the more dominant feature of preferences, and not due to a preference for early
resolution.’

A strand of the literature (e.g., Hansen et al. (1999)) has motivated the use of models of
recursive utility with robustness concerns and in particular aversion to model uncertainty.
Correlation aversion has a straightforward connection with model uncertainty. Consider
again gamble A. An equivalent way of thinking about such a gamble is that a biased
coin is tossed at every period, but there is uncertainty about the bias: with equal chance
the coin always returns heads or always returns tails. In contrast, gamble B feature no
such uncertainty: the coin is known to be unbiased. In other words, a preference for B
over A indicates aversion to model uncertainty.® In optimal fiscal policy and risk sharing
problems, the key feature of recursive utility that plays a role is aversion to volatility in
future utility (see for example Karantounias (2018), p. 2284, or Anderson (2005), p. 94).
Correlation aversion has a strong connection with such a property: in gamble B, at t = 0
future utility is constant and equal to %, while for gamble A future utility is volatile,
being either 0 or 1. Thus a preferring B to A indicates aversion to volatility in future
utility. To sum up, thinking through the lenses of correlation aversion allows a variety
of important properties — aversion to long-run risk, aversion to model uncertainty and
aversion to volatility in continuation utility — to be related to observable consumption
choice behavior.” In contrast, as previously mentioned preferences for early resolution of
uncertainty play no role in any of these applications.

Finally, I examine consequences of using correlation aversion for the analysis of recursive
preferences. First, I study what parameters determine correlation aversion for the major
recursive preferences. 1 also study the implications of this analysis for dynamic ordinal
certainty equivalent (DOCE) preferences, an alternative approach to separating risk aver-

S At a practical level, correlation aversion is reflected in the stochastic discount factor.

5This connection is made formal by Al-Najjar & Shmaya (2019), who related recursive utility to model
(or parameter) uncertainty.

"Beyond macroeconomics, ? apply recursive preferences to repeated games. In their case, correlation
aversion plays a key role in expanding the set of feasible payoffs.



sion from intertemporal substitution. Further, I revisit Epstein, Farhi & Strzalecki’s result
which suggests that timing premia for the long-run risk model seem implausibly high based
on introspection. Based on the analysis based on aversion to correlation, I ask a different
question: “what fraction of your consumption stream would you give up to remove all per-
sistence in consumption growth?” Under standard parameter specifications, a preliminary
analysis suggests that an investor would be willing to give up a share of his wealth which
is not consistent with the experimental evidence. This result reinforces Epstein, Farhi &
Strzalecki point that the quantitative discipline of the long-run risks model has been lax in
modeling aspects of investors preferences.

The results are stated in a setting of uncertainty (unlike a setting of risk such as in
Kreps & Porteus (1978) or Epstein & Zin (1989)). The main reason why I consider such a
setting is that it allows us to consider recursive models of ambiguity aversion, which are well
known to be relevant in the asset pricing literature (e.g see Ju & Miao (2012) or Collard
et al. (2018)).

2 Preliminaries

2.1 Framework

Time is discrete and varies over a finite horizon ¢t € {0,1,...,7} = 7. The information
structure is described by a filtered space (€2, {G;}ier) where €2 is an arbitrary set of states
of the world and G = {G;},p is a sequence of g-algebras such that Go = {2, 0} that satisfy
G C Gyyq for t = 0,...,T — 1.8 For simplicity, assume that every algebra G;,t € T, is
generated by a finite partition, where G;(w) denotes the element of the partition containing
w € €.

Let X denote the set of outcomes, which is assumed to be a convex subset of R®. The
main cases we are interested in are X = Ry and X = [1,00). An act or process is an X-
valued, G-adapted process, that is, a sequence (f;),.; such that f; : @ — X is G; measurable
for every t € T. F is the set of all processes or acts. Elements of F should be thought of as
consumption processes. D is the set of deterministic processes, d = (dp,dy,...,dy,) € D if
and only if d; is measurable w.r.t. Gy for all t. Since each G; is finitely generated, then set
of all G;-measurable acts can be endowed with the product topology. It follows that we can
endow F with the product topology.” The assumptions of finiteness are not necessary but
avoid the need to formally establish the existence of each recursive utility model considered
in this paper.'?

Given a measurable space (S,%) and K C R, let By(X, K) denote the set of simple ¥
measurable function with range contained in K. A function I : By(X, K) — R (i) continuous
if it continuous in the sup-norm topology (ii) monotone if £(s) > &'(s) for every s € S implies
I(¢) > I(¢&') (iii) strictly monotone if it is monotone and £(s) > &’(s) for every s € S with

8See Stokey & Lucas (1989) for canonical interpretations of this setting in terms of shocks/observations.
9Denoting with |G¢| the number of elements of the partition that generates G, the set

{f:Q — X : fis measurable w.r.t. G},

can be identified with a subset of ngt‘, and therefore F can be endowed with the product topology.
10See Marinacci & Montrucchio (2010) for an thorough treatment of the topic.



one strict inequality implies I(§) > I(¢’) (iv) normalized if I(z) = x for every € R (where
x denotes the constant function x1q) (v) concave if I(aé+ (1—a)&") < al(&)+(1—a)I(¢)
for every &,&' € By(2, K) (vi) constant-additive if I(§ + k) = I(€) + k for every k € K (vii)
positive homogeneous if I(5§) = BI(§) for every 5 > 0. Given a probability measure P
defined on (5,%), an expected utility functional is given by Ep& = [£(s)dP(s).

The primitives of interest are a family of G-adapted weak orders (complete and transitive
relations) {>¢ .} (hw)eTxq 0 R where DC R C F A1 Unless otherwise stated, assume that
R = F. Let =¢ denote the preference at time zero. For brevity, I typically denote the
collection of preferences {>~¢,} (1) ETXQ with just > .

2.2 Recursive preferences
I provide a definition of a general recursive representation of preferences.

Definition 1. >, admits a general recursive representation if and only if there exist
(Vi(w,))tw that represent =y, satisfying the recursive relation Vy(w,h) = u(hr(w)) for
some continuous u : X — R that satisfies u(z) =0 for some z € X and fort <T,

Vilw, h) =W (hy(w), Iy (Vig1 (-, h))) for every h € R, (1)
where Vi(w,R) = Vi(w',R) = V;, each
Iiw :{€ € Bo(Gi11, Vig1) : £ = Vi (. f), f € R} = R,

is continuous, normalized and strictly monotone with Iy, = It ,+ when Gy(w) = G (w*) and
W X X Ursi41Ve — R is a time aggregator that is continuous and strictly increasing in
the second variable that satisfies W (x,u(z)) = u(z).

A general recursive representation of > ., can be identified by its parameters (W, w, (It o)t w)-
Below I describe the most common types of specifications for (W, u, (Itw)t’w).12 These can
be divided in two cases: risk models and ambiguity models.

o Recursive discounted expected utility (RDEU) preferences, where W (z,y) = u(z) +
By, B € (0,1) and I;,(§) = Ep, ,§ with each P, being a probability on (€2, G4 1).

o Recursive second-order expected utility preferences, where W (z,y) = u(z) + By, 5 €
(0,1) and I(§) = ¢~ (Ep,,¢(§)) for some strictly increasing and concave function
¢ : u(X) — Rand each P, is a probability on Q. Such a class of recursive preferences
offers a simple separation between risk aversion and intertemporal substitution. The
most important to instances of such preferences are given by:

(1) Epstein-Zin preferences (EZ) Epstein & Zin (1989), which are given by'?

u(x>:{x,f 0#p<1,
log(x) p=0,

"By G-adapted I mean that &=; ,=%¢ .+ whenever G (w) = Gt (w*).

12For simplicity in the examples I omit the conditions required for strict monotonicity of the certainty
equivalent.

3Epstein & Zin (1989) consider a more general class of certainty equivalents, but for simplicity I focus on
the case of expected utility.



and .
xe 0£a<1,0#£p<1,
expar 0F#a<lp=0.

-

(2) Recursive multiplier preferences (RM), see Hansen & Sargent (2001), where

Q=2

It,w(g) = pénAl(I})) Epg + HR(pHPt,w)’

where R(p||P; ) is the relative entropy of p with respect to some fixed countably
additive and nonatomic measure P, on (€2, G;11), and 6 € (0, 00| is a parameter.
It is well-known (e.g., see Strzalecki (2011)) that such preferences admit the
equivalent representation in terms of recursive second-order expected utility with
¢(+) given by
) —exp (%) for 6 < oo,
¢($)_{ T ’ for 6 = oo.

o Recursive Epstein-Uzawa (REU) preferences see (Uzawa (1968) and Epstein (1983)),
where u is strictly increasing and W (z,y) = u(x)+b(z)y for some continuous function
b: X — R with b(X) C (0,1) and I(§) = Ep, (&) for some P ,.

o Recursive discounted ambiguity averse preferences (RDAA), see Strzalecki (2013),
where u(X) = R4 or u(X) =R and

Viw, h) = u (hi(w)) + Bt (Vigr (5 b)),

where 3 € (0,1) and I;,, is a concave functional that is constant-additive or positive
homogeneous. Two notable cases of such preferences are:

(1) Recursive maxmin expected utility (RMEU) preferences, see Epstein & Wang
(1994), Epstein & Schneider (2003b) where I(§) = min,ec, , Ep§, with each set
C} . being convex and weak * -closed set of probabilities on (€2, G41).

(2) Recursive smooth ambiguity preferences (RSA), (see Klibanoff et al. (2005),
Klibanoff et al. (2009)), where €2 is finite and

I(€) = 67" (Ep, ¢ (EpPS))

for some strictly increasing and concave function ¢ : u(X) — R and with each
ftt being a Borel probability measure on A(€2). In particular, I assume ¢ is

¢(z) = —exp(—3) or

B % 0#a<l,
o) = {log(aﬁ) a=0.

2.3 IID Ambiguity and attitudes toward temporal resolution

As discussed by Strzalecki (2013), to study attitudes toward timing of resolution of un-
certainty it is helpful to make an assumption of “constant beliefs”, typically referred to
in the literature as IID (Independently and Indistinguishably Distributed) ambiguity (see



Epstein & Schneider (2003a)). Specifically, such an assumption requires that that Q =
ST with T > 2, where (S,%) is a finite measurable space. Moreover, ¥ = 25 and let
G = Xt x {0,S}T~t. In words, this means that at time ¢ one knows the realization of
(s1,-..,5t), but is ignorant about the future. More precisely, observe that in this case we
have G;((s1,...,s7)) = {s1} x ... x {8} x {0, S}~

For every act f = (fo,..., fr) each element f;, t > 1 can be written as a function of
the first ¢ elements, (s1,...,s;) = s'. Hence we can write each node (t,w) equivalently as
s, =1w=rg and Iy, = Ig. I assume that Iy = Is = I for every s',5". This assumption
is required to avoid that attitudes toward timing of resolution are influenced by changing
beliefs. To illustrate, in the case of risk models with beliefs given by (P(-|s1,...,5¢)) it
implies that for some probability P over S it holds that P(siy1|s1,...,8:) = P(si41) for
every sit1.

In such a setting, a preference for early resolution of uncertainty can be defined as
follows.

Definition 2. Fiz t < T — 2. Say that h € F resolves earlier than h' € F whenever
there exist fiyo,...,fr € X° and Zo,---,Ti+1 € X such that hj = h;- = x; for all j <
t+1,hi(s1,...,85) = fij(st41) for j >t+2, and h}(sl, ooy 85) = fi(st42).
=tw exhibits a preference for earlier resolution of uncertainty if and only if for all
hh' € Fandt <T —2,
h tt’,w h/

for allt’ <t and w € Q. The notion of indifference is defined analogously.™*

Figure 1 contains an example of acts that resolve early (bottom) and late (on top).'?
The next result summarizes what we know from the literature about attitudes toward timing
of resolution for the most used recursive models in the literature.

Theorem 0 (Chew & Epstein (1991), Strzalecki (2013)). Suppose that =, admits a re-
cursive representation that is either EZ with o < p, RM with 0 > 0 or RSA. Then =,
exhibits a preference for early resolution of uncertainty.

Suppose that =, admits an RDEU, MEU or REU representation. Then =y, is indif-
ferent to the timing of resolution of uncertainty.

3 Attitudes toward correlation

3.1 Increasing correlation

As discussed in the introduction, I introduce a general notion of an increase in positive
correlation when uncertainty resolves gradually, and study the implications of such an in-
crease in correlation for the major models of recursive utility. In applications, uncertainty
typically resolves gradually: the value of consumption at time ¢ is never fully known until

1 Our definition is slightly more general than the one in Strzalecki (2013). Tt is needed later for Proposition
4. However, it is equivalent for RDAA preferences defined on F.

'5Tn particular, the act f that resolves early is defined by f; = z for t = 0,1 and fa(s1,s) = z, f3(s2,8) =y
for s = s1, 82 while the act f’ that resolves late is defined by f{ = z for t = 0,1 and f3(s,s1) =z, f5(s,82) = y
for s = s1, s2.



Figure 1: Early resolution vs late resolution.

time t itself is reached. Because of this reason, understanding the implications of an in-
crease in correlation in such a setting is of fundamental importance. Notably, such a notion
is “belief-free”, which allows me to study preferences that are not necessarily probabilisti-
cally sophisticated. I do so by taking the equivalent in our setting of an i.i.d. process and
introducing correlation.

A generalized i.i.d. process f¥¢ is defined by taking f : S — X and letting f}¢(s!) =
f(sy) for every t > 1 and fo = = for some z € X. The maintained IID assumption
says that states are independently distributed. If f;+1 depended on the entire history
(s1,-..,5t), the consumption process would not be independently distributed. The function
f removes any dependence of fi11 on past realizations of the states. Now to introduce
correlation one could for example change %% to f°" so that for fixed s,s' € S it holds
that ffo"((s1,...,8t-2,5,8")) = f(s). In words, this means that if s is realized at time ¢t —1
then f(s) will be paid when s’ is realized at time t. A specific example is represented in
Figure 2 in the case of S = {s1, 89,53}, ¥ = 2% T =2 and X = R,. It is immediate to
see that such an increase in (positive) correlation will make f¢" strictly better than f#¢
(see Figure 2). For this reason, I focus on increases in correlation that are “symmetric” in a
precise sense: if f(s1...,s,s") = f(s) then also f(s1...,5,s) = f(s), as depicted in Figure
3.

Definition 3. Given f: S — X, denote with Gy the set of functions gy : S x S — X that
satisfy

f(s;) or

9se.50) = {f(sj)ygf(shsj) = f(si),



Figure 2: Asymmetric increase in correlation
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Figure 3: Symmetric increase in correlation.
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Figure 4: Non-correlated (on the left) and correlated (on the right) processes

for every (s;,s;). For any f : S — X define the class of correlated acts as'o

Ffom = {f" € F 1 ff"(s15- -+ 8t) = gg(st-1,5t) for somet > 2,95 € Gy,
and f{”"(s1,...,s5) = [f(sj) for j # t}.

The set of all correlated acts is given by

CORR= |J F{o.
fexs

Remark 1. To study the effect on preferences of increasing positive correlation, it is enough
to consider an increase in correlation between consumption at some time ¢ and the sub-
sequent period ¢t + 1. However, it is straightforward to extend the definition for allow
correlation over multiple period. Section 6.2 presents a more detailed discussion.

Going back to the interpretation discussed in the introduction, the function g; can be
thought of as introducing model (or parameter) uncertainty in the consumption process:
the law that determines consumption at time ¢ is uncertain and depends on a state realized
at time t — 1. A symmetric increase in correlation is represented in Figure 3. This figure
illustrates the interpretation mentioned in the introduction that increasing correlation also
increases the volatility of future utility: if at time ¢ = 1 the state s is realized consumption
is more likely to be high also at ¢ = 2, but the opposite is true in case s3 is realized.
It is important to contrast such a notion of an increase in positive correlation with the
standard way of comparing a non-correlated process with a correlated one described in
Figure 4. Such a comparison involves two processes that differ only for their pattern of
correlation, but that have the same timing of resolution of uncertainty. On the contrary,
when uncertainty resolves gradually increasing correlation has a twofold effect: (i) not only
does it increase the likelihood that consumption at time ¢ matches consumption at time
t + 1 of future utility, but (ii) it also provides non-instrumental information about future
consumption. Preferences exhibit correlation aversion when the aversion to (i) is stronger
than the positive value provided by (ii).

161 write fE (s, ..., 8t) = gf(se—1, s¢) as short for ff"(s1,...,8t) = gf(st—1, s¢) for every (st—1,8:) €

S x S.

11



Definition 4. =, exhibit correlation aversion if and only if
fiid i() fcorr
for every f € X° and f¢" € F}?"”,

Intuitively, recursive discounted expected utility should be indifferent to both effects,
and indeed such preferences are always indifferent between f? and f¢" (see Lemma 2
in the appendix). From Theorem 0 we know that for RMEU and REU preferences are
indifferent to the timing of resolution, therefore (ii) should be irrelevant and only (i) should
have an effect on such preferences. For other types of recursive preferences, it is not obvious
what effect should prevail. In general, one would expect EZ, RM and RSA preferences
with standard parameter specifications to be averse to correlation. On the other hand, by
Theorem 0 we also know that such recursive models prefer early resolution of uncertainty.
The final effect on utility will depend on the relative strength of these two effects. Studying
which effect prevails is a standard practice in economics, such as when one tries to asses
the the relative strength of income and substitution effects. The next two sections study
attitudes toward correlation for the most common types of recursive preferences.

3.2 Attitudes toward correlation: risk

When a unique probability P defined on S is given, each correlated process f°'" can be
equivalently described by means of probabilistic transformations of the process (st); of
states, in the spirit of Epstein & Tanny (1980). For simplicity, I illustrate this point for the
case in which every state is equally like.

Definition 5. Write S = {s1,...,s,}. Consider P € A(S) such that P(s1) = ... =
P(sy) = % An elementary correlation-increasing transformation of P is given by taking
0<e< %, i,7 € {1,...,n}, and defining the conditional probabilities (P°(-|s))scs on S as
follows: P=(:|sx) = P(-) for every k # i,j, P(si|si) = P(sk|si) = P(s) for every k #i,j
Pe(sj|sj) = P(sj)+e, P°(si|si) = P(si)+e, P*(si|s;) = P(sj)—¢, and P*(sj|s;) = P(s;)—¢.

Such correlation-increasing transformations add memory to the stochastic process of
states. It is then easy to see that any f°’ can be obtained equivalently by performing
finitely many of such correlation-increasing transformations of the process of states. The
following example illustrates this point. Moreover, it suggests that in the case of RM
preferences, aversion to correlation is the more dominant effect.

Example 1. S = {s1,59,53}, ¥ =2% T =2 and X = R,. Assume multiplier preferences,
ie. W(z,y) = u(z) + By and I1(§) = —log(Epe~¢) with P(s1) = P(sy) = P(s3) = % Let
f 8 — X be defined by f(s1) = 2, f(s1) = 5, f(s3) = 0. Let g(s2,53) = f(s2) = 3,
g(s3,82) = f(s3) = 0 and g(sj,s;) = f(s;) otherwise. Equivalently, such an increase in
CO{relation can be expressec} by means of the followinlg correlation increasing transfl'ormation:
Pi(sy|so) = 2+ 3 = 2, P3(s3ls9) = 2 — 1 =0, P3(s3]s2) = T+ 1 =2 and P3(sys3) =
- % = 0. Figure 5 and 6 represent the two acts f%¢ and f". It is easy to check that

3.
fud 0 fcorr for any ﬂ c (0, 1) =

I prove that such a result holds in general: preferences for early resolution of uncertainty
are dominated by correlation aversion.
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Figure 6: Introducing positive correlation may eliminate ambiguity

Figure 7: Introducing positive correlation creates ambiguity.
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Theorem 1. Suppose that =, has a recursive representation that is either
(i) EZ with o < p,
(ii) RM with 6 > 0,
(iii) REU with b(-) decreasing,'”
then it exhibits aversion to correlation.
Proof. See the appendix. O

In particular, as show in the appendix one will have % =g f¢" whenever f#d £ feorr
and (i) a < p (ii) @ > 0 (iii) b(-) is strictly decreasing. In other words, for EZ and
RM preferences attitudes toward are dominated by aversion to correlation. Only the latter
matters. As for REU, the result confirms the intuition that only attitudes toward correlation
should matter.

To gain a better understanding of this result, observe that both EZ and RM preferences
belong to the class of recursive second-order expected utility preferences. Such preferences
can be equivalently written with a time aggregator

W(z,y) = ¢(u(z) + B (y)),

and an expected utility certainty equivalent. Whenever ¢ is concave and twice differentiable,
as is the case of EZ and RM preferences, such an aggregator is submodular: an increase
in today’s utility lowers the marginal value of continuation utility. Correlation aversion is
implied by such a property of the time aggregator. It is important to contrast this result
with what we know from Kreps & Porteus (1978): a preference for early resolution of
uncertainty coincides with convexity of the aggregator in y. As shown by Strzalecki (2013)
(Lemma 3), when ¢ is twice differentiable such a condition is equivalent to

Sl =l

for every y,z € u(X). Hence, in general attitudes toward correlation differ from attitudes
toward temporal resolution.'® The proof shows that when ¢ satisfies (2) for every 3 € (0, 1),
if it also exhibits IRRA (increasing relative risk aversion) the effect of correlation aversion
will be stronger than that of preference for early resolution of uncertainty. IRRA is one of

(2)

"Bommier et al. (2019) provide a result for REU preferences related to Kochov’s 2015 notion of intertem-
poral hedging. Such a notion involves comparing stochastic processes that differ in terms of correlation but
not in terms of temporal resolution, such as those in Figure 4.

18For example, when ¢ is given by
B(x) = / et
0

for every x € Ry, it will in general fail to satisfy condition (2). In such cases the effect of correlation aversion
will be even stronger. More in general, the Koopmans, Diamond & Williamson’s aggregator

W(z,y) = (1/0)log (14 B2" +dy), 0<z<1,0<y<1,

is concave in y and at the same time submodular under standard parameter specifications.
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the most important classes of utility functions (e.g., see 7, p. 96), which in turn contains
as a special case the CRRA and CARA cases represented by EZ and RM preferences.
Therefore, such a result holds for a very important class of aggregators. More in general,
I show that correlation aversion dominates preferences for early resolution of uncertainty
under the condition that the Arrow-Pratt index of risk aversion ‘f’—l,, be convex. As for REU
preferences, they posses a similar submodularity property, which can be seen immediately
whenever b(+) is differentiable and decreasing. Indeed, the cross derivative of the aggregator
will take the form
Way = V() <0,

while such an aggregator is linear in y, and therefore indifferent to timing of resolution.

3.3 Attitudes toward correlation: ambiguity

Recursive ambiguity averse preferences have more complex attitudes toward correlation.
The next example shows that this fact need not be true for recursive ambiguity averse
preferences.

Example 2. Assume the same setting of the previous example, i.e. S = {s1, 59,53}, & = 29,
T =2 and X = Ry and same acts. Suppose this setting models the following situation:
there is one urn containing 90 balls: 30 balls are red, while the remaining 60 balls are
either black or yellow in unknown proportions. The state s; represents the event that a

black ball is drawn, s2 a yellow ball and s3 a red one. Consider recursive smooth ambiguity
preferences, with p'(s1) = 1 —p'(s2) = 2, p(s1) = 1 — p'(s2) = 5, p'(s3) = p*(s3) = 3
and p(p') = p(p?) = . Assume ¢(z) = log(z), u(z) =z and 8 = ﬁ ~ 0.6. Under

these assumptions,

%(fcorr) — ¢—1Eu¢(Ep‘/l(,7fcarr)) — Eﬁ‘/l(.’fcorr)’

where p = %pl + %pz. Introducing positive correlation removes ambiguity from the perspec-
tive of time 0, in the sense that Vi (-, f°”'") is unambiguous while V; (-, f?) is ambiguous.
We have

Vo(f€orm) &~ 0.584 > 0.537 ~ V().

A

In other words, for recursive ambiguity preferences an increase in correlation might
reduce the ambiguity about of future utility, thus making an increase in correlation desirable.
The key is that we added correlation to an “ambiguous” consumption process. The next
example suggests that if we add correlation to an “unambiguous” consumption process then
this will produce (weakly) more volatility of future utility.

Example 3. Suppose now there is one urn containing 100 balls: 50 balls are red or blue with
at least 20 of each color, while the remaining 50 balls are either black or yellow again with
at least 20 of each color. We can represent this as follows S = {s1, 9, 53,54}, & =25, T =2
and X = Ry. Let f(s1) = f(s2) =1, f(s3) = f(s4) =0, g(s2,53) = 1 and g(s3,s2) = 0.
The acts % and £ are represented in Figure 7. Preferences are given by RMEU, with
I(§) = minpec Epé, that satisfies P(s1,s2) = %, P(s3,54) = 3, P(s;) > & for P € C and
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i=1,2,3,4. It is easy to check that f¥¢ =g f¢" for any § € (0,1). In this case f : S — R
was chosen to be unambiguous (I make this notion more precise later). Positive correlation

creates ambiguity, in the sense that at time 0 the future utility Vi (-, f%?) is unambiguous
while Vi (-, f¢°") is ambiguous. A

I generalize this idea in the next theorem. First I define formally an ambiguous act in
this setting.

Definition 6. A certainty equivalent I : By(3,u(X)) — R admits a global benchmark if
the set
Er={P e A:Ep&>1(&) forall £ € By(3,u(X))},

is non-empty. Call f : S — X unambiguous if for some P € Er it holds I(u(f)) =
Epu(f) = Equ(f) for every P,Q € Er. Let Uy C X® denote the class of unambiguous
acts.'?

Remark 2. We identified ambiguity neutrality with expected utility. Such an assumption
may be too restrictive in some cases. In the appendix (see subsection 7) I generalize the
above definition by identifying ambiguity neutrality with probabilistic sophistication.

The next result shows extends Theorem 1 to recursive ambiguity averse preferences.

Theorem 2. Assume that =, has an RDAA representation where I has a global bench-
mark. Then fid =q fr" for every f € Uy.

Proof. See the appendix. O

Remark 3. RMEU and RSA preferences with ¢ CARA or CRRA satisfy the assumption
of the theorem. The global benchmark for RMEU is given by any P* € C, and for RSA by
pP*=E,P.

In the appendix I discuss in detail when the inequality will be strict, the main condition
being that f°’" is not unambiguous in a precise sense (i.e increasing correlation effectively
leads to ambiguity in future utility). I also discuss how (see subsection 7.4.4) Theorem 1
and 2 can be extended to an even more general class of recursive preferences.

3.4 When do attitudes toward timing of resolution matter?

As a consequence of Theorem 1 and 2, for the major models of recursive utility pure pref-
erences the more dominant feature of preferences is correlation aversion. Hence, to identify
the pure effect of preferences for non-instrumental information one needs to remove corre-
lation in the consumption process. This can be achieved by fixing consumption to a certain
level independently of what state is realized before the resolution of uncertainty as in Figure
8. Indeed Definition 2 consider processes in which consumption is fixed to a constant before
uncertainty resolves.

A different setting in which attitudes toward non-instrumental information matter is
the following. Consider enlarging the state space so as to consider processes that share the

"This notion is derived from Ghirardato & Marinacci (2002).
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Figure 8: Early resolution vs late resolution

same pattern of correlation but whose uncertainty resolves at different times. For example,
suppose that § = A x A for a finite set A and assume T'= 2. Let f = A — X and define
hoh' 2 Q — X by hi((ar,a2)) = f(a1), ha((a1,a2)(al,a3)) = f(ay), hi((a1,az), (a1, a2)) =
f(a1) and 1) ((a1,a2), (a1,a2)) = f(az2). Figure 9 gives an example for the case A = {a1,as}.
Observe that both h and h are “i.i.d.” but A’ resolves gradually while h resolves immediately.
A preference for h’' over h indicates a preference for one-shot resolution of uncertainty over
gradual resolution.

However, in the standard dynamic consumption problem under uncertainty, consump-
tion processes of the type described above do not play a role. First, consumption at every
time t is never fully deterministic. Indeed, the consumption processes I described in the
introduction do not allow for consumption to be constant at any time ¢ > 1. Second, uncer-
tainty resolves always gradually and therefore processes that feature one-shot resolution of
uncertainty such as h are excluded. To illustrate, in the consumption-savings applications,
consumption ¢; at every period t is a non-trivial function of income y;, and uncertainty about
income resolves gradually. In consumption-based asset pricing models, in equilibrium one
has ¢; = d; where (d;); is the dividend process, whose uncertainty resolves gradually and
which is usually assumed to be non-deterministic at every period ¢.

In other words, processes such as those in Figure 2 or h in Figure 9 that are used
to identify pure preferences for non-instrumental information are not relevant in standard
applications. For this reason, I suggest one should not take F as a domain of choice, but
rather a strict subset of it, a relevant domain. Consider general information structures from
section 2.1. Say that f € F involves early resolution if for some ¢t > 1, f; is measurable
w.r.t. G, for some 7 < t. In words, this means that time ¢ consumption is known at the
earlier period 7.

Definition 7 (Relevant Domain). For everyt € T, let F; denote the set given by

Fi={f € F: f is Gr-measurable for some T <t = f € D}.
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Figure 9: h and I/

Define the relevant domain to be F" = NL_F;, which I endow with the relative topology.

In words, this means that an element of F" either involves no early resolution or it is
deterministic. Notably, it excludes processes as in Figure 8 and 9. At the same time, observe
that F" is rich enough to contain the consumption processes used in applications such as
those I described in the introduction. In such a domain pure attitudes toward timing of
resolution do not play a role, in the sense that the ranking of f,g € F" will be determined
by the interaction of attitudes toward correlation and attitudes toward non-instrumental
information. For example, the ranking of the processes in Figure 10 will depend on how the
values of z1, zo affect the correlation between consumption at ¢t =1 and ¢t = 2.

In the next section I assume one can only observe choices over a subset R of F". I show
that one can axiomatize a general recursive representation and disentangle a general notion
of risk aversion from intertemporal substitution on a choice domain in which preferences
for non-instrumental information play no role.

4 Recursive preferences on the relevant domain F"

4.1 Representation theorem

Consider again the general information structures from section 2.1. Assume one observes
choices only over a subset R of the relevant domain with D C R C F". I therefore take >,
on R to be the primitive. As discussed in the introduction, such an assumption amounts
to a weakening of the axiom of completeness of preferences.
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Figure 10

I show that four standard axioms restricted to R are enough to characterize a general
recursive representation. The first axiom is a standard continuity requirement.

Axiom 1 (Continuity). For every h € R the sets

{fGR:ftt,wh})

and
{fER:hit,wf}7

are closed?V.

Given 7 € T, z,y,z € X and d € D, (d—¢_1,y,x7_¢, 2y ) denotes the deterministic
consumption stream that pays d, at times 7 = 0,...,¢t — 1, y at time ¢, x at times 7 =
t+1,...,T+t—t and z at times 7 =T+t —t'+1,...,T. The next axiom, stationarity,
requires preference over deterministic acts to be independent of a time delay.

Axiom 2 (Stationarity). There exist z € X such that for every ¢t < t/,w,w’ € Q, d € D,
vy, v, € X

(d—t—17 Y, TT—¢, Zt—t’) it,w (d—t—17 g) fT—tU zt—t’) —
(dev-1,y,27—¢) =0 o (d—v—1, Y, TT—1')-
The next axiom, which I refer to as consequentialism, requires that the decision maker

at a note (t,w) does not care about (i) what an act pays on unrealized events nor (ii) what
it pays at earlier time periods.

29Recall that F is endowed by the product topology, and that therefore R can be endowed with the
relative topology
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Axiom 3 (Consequentialism). For all t € T and w € Q, and all acts f,g € R, if fi (') =
gr (W) for all k >t and all W’ € Gy(w), then f ~ 4, g.

Observe that the above axiom implies that the ranking of an act f € R by =, only
depends on (fi(w), fet1,-- -, fr).

Finally, our last axiom excludes preference reversals as new information arrives.

Axiom 4 (Dynamic Consistency). For all t € T, and w € Q, and acts f,g € R that yield
identical outcomes up to and including period ¢, if f =411, ¢ for all W’ € Gi(w), then
f =twgandif f =11, g for some ' € Gi(w), then f =, 9.2

Our representation theorem characterizes recursive utility under very general conditions
(cf. Kreps & Porteus (1978), Johnsen & Donaldson (1985), Chew & Epstein (1991), Skiadas
(1998), Wang (2003), Hayashi (2005), Bommier et al. (2017)), allowing for both changing
beliefs and ambiguity sensitive preferences. The only loss of generality is constituted by the
exclusion of an infinite horizon, which however can be overcome by means of appropriate
technical conditions.

Theorem 3 (Recursive representation). Assume that R is connected. >, satisfy azioms
1-4 if and only if admits a general recursive representation.

Proof. See the appendix. O

Remark 4. One could wonder whether given a recursive representation (W, u, (ftw)tw)
on R the only “reasonable” extension to J is given by the straightforward extension of
(W, u, (Itw)tw) to F. In Section 7.2, I show that one can extend preferences in a different
fashion. Specifically, I introduce preferences that have an Epstein-Zin representation on R
but on F \ R admit the representation introduced by Selden & Stux (1978) and Selden
(1978). Notably, such a “hybrid” model features indifference to timing of resolution of
uncertainty.

Remark 5. The theorem makes no reference to uniqueness of the representation. Unique-
ness can be achieved by adding further conditions that imply uniqueness of u : X — R.
For example, one can assume that X is the set of lotteries over a finite set Z and obtain
uniqueness of u by means of specific axioms such as independence.

At a technical level, the main difficulty introduced by weakening the completeness axiom
is related to showing that R C F" is rich enough to construct a representation (more
precisely, showing that R is connected). In the appendix (see Lemma and 1 and Remark
7) I show that F" is connected. An example of great interest of a subset of F" that is
connected is given by

IND = {h € F: there exist (f;); with f; € X such that hy(s1,...,si_1,-) = fi(),
and if for some ', f is constant = h € D}.

211t is possible to consider a weaker axiom notion of dynamic incosistency, which would result in a certainty
equivalent that I; ., need not be strictly monotone. This could be done by defining appropriately the notion
of a =4 -nonnull event. Then one can require that if f =;1 . g for every ' in a =, -nonnull event, then
f >+w g. I chose to present the stronger representation as DC is easier to state.
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In words, this set contains processes that are “independent” (h; does not depend on (s1,...,8;-1))
but not necessarily “identically distributed” (h; depends on a function f; : S — X which is

not identical over time). Hence, in such a domain attitudes toward temporal resolution or
correlation play no role.

4.2 Separating intertemporal substitution from attitudes toward uncer-
tainty

A simple yet important implication of Theorem 3 is that to separate risk aversion from the
intertemporal rate substitution it is enough to only observe choices over a subset D C R C
F7', and therefore no implications for attitudes toward timing of resolution.

Consider preferences =}, i = 1,2 that admit the representation in (1). Comparative
risk aversion can be defined in a similar fashion as in Epstein & Zin (1989) (pp. 949-
950) and Chew & Epstein (1991) (Theorem 3.2). For any f € R, (t,w) and d € D,
denote with (f;(w),dr—¢) the consumption stream that pays fi(w) at time ¢ and d; at times

T=t+1,...,T.

Definition 8. = , is more risk averse than =37, if for every f € R, d € D and (t,w) with
t<T

(ft(w)’dT*t) t?,w (ft(w)vft-i-l)' . 'afT) = (ft(w)7dT*t) t%,w (ft(w)aft-i-h .. ')fT)v

and

(ft(w)7 dT*t) >-§,w (ft(w)a ft+17 R fT) = (ft(w), dT*t) >-l},w (ft(w)’ ft+17 SER) fT)
Then the following result is immediate.

Proposition 1. itl,w is more Tisk averse than i%’w if and only if they admit recursive

representations (W, u', (If ,)iw), @ = 1,2 such that u' = u®, W' = W?2 and I} ,(£) < I2,(€)
fOT every f € {5 € BO(gH-l’V;H-l) : f = V;H-l('a f)u f € R} and every (t,W).

Proof. First observe that if W7 = Ws, then

(fe(w),dr—g) = o (Fe(w), fr1, -5 fr) = Viga(d) > I (Vi (5 ), (3)

Now if ttl,w is more risk averse than t?}w then it is straightforward to check that they rank
prospects in D in the same way. It follows that they must admit recursive representations
(W', (I} Jtw), © = 1,2 such that u* = «® and W' = W?. By (3) it follows that
It{w(g) < Igw(f) for every € € {¢€ € Bo(Git1,Vir1) : € = Viga(+, f), f € R}. The converse
follows immediately by (3). O

Remark 6. Observe that if R = D then the “only if” part of the statement is trivially true
since I, are defined on deterministic prospects so that Itl’w = It%w. More in general, this
will be true whenever

1€ € Bo(Git1,Vig1) : € = Vi (-, f), f € R} ={€ € Bo(Ge41, Vit1) : § = Viya(d),d € D). (4)
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Now consider the special case of EZ preferences. Assume that t;w are represented by

h pi ) &g P
M By (Vi () o0) (5)

V;fi(wa h) =

Pi
for 0 # p < 1 and that (4) does not hold. In this case we obtain the following.

Corollary 1. (tt,w)%,
and a; < ag.

» s more risk averse than (itw)%,w if and only if f1 = P2, p1 = p2

Proof. The result follows immediately by the previous proposition upon observing that
1
I(¢) = (Ep&*)= is increasing in « (see Theorem 16, Hardy et al. (1952)). O

A separation between risk aversion and intertemporal substitution parameter achieved,
but the domain is restricted to a domain of choice in which pure preferences for non-
instrumental information are play no role. In particular, one can take

R =INDU(CORRNF").

This domain is rich enough to disentangle risk aversion from intertemporal substitution,
but as a consequence of Theorem 1 and 2 only attitudes toward temporal resolution play
no role. Rather, only attitudes toward correlation matter in such a domain.

5 Important consequences

5.1 What determines aversion to correlation?

If aversion to correlation is the relevant behavioral property then it is of great importance
to understand what drives it. Theorem 1 implies that for EZ preferences attitudes toward
timing of resolution of uncertainty and attitudes are modeled by the same parameters. This
is not true in general. From the literature we know that both RMEU and REU preferences
are neutral toward timing of resolution, while from Theorem 1 and 2 we know that they
are not indifferent to an increase in correlation. In other words, this means that in general
attitudes toward timing of resolution and attitudes toward correlation need not be modeled
by the same parameters.

In the case of REU preferences the degree of time non-separability modeled by b(-) drives
aversion to correlation. However, for such preferences risk aversion is tied to intertemporal
substitution. It follows that risk aversion plays no role in determining aversion to correlation.
On the other hand, for EZ, RM and RDAA preferences aversion to correlation is driven by
static attitudes toward risk or ambiguity. An important implication for the LRR model is
that if only purely static attitudes toward risk drive aversion to correlation, one is going to
need a lot of persistence for it to make a difference. I make this statement more precise in
the next section.

It is natural to ask whether one can achieve a separation between risk aversion /ambiguity
aversion, intertemporal substitution and attitudes toward correlation. Such a question will
be pursued in future research.
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0.0078

0.044

0 and 0.9790
0.998

—a |75

0

i) 0

D RRIC|Q

Table 1: Parameters of the LRR model (see Epstein et al. (2014), Table 1)

5.2 How much would you pay to eliminate persistence?

In light of the previous analysis, I re-examine Epstein, Farhi & Strzalecki’s (2014) result
that common parameter specifications lead to implausibly high timing premia. I ask a
different question: “what fraction of your wealth would you give up to remove all persistence
in consumption?” Consider the consumption process (case I) studied in Bansal & Yaron
(2004)

C

log (T) =m+Typ1 + O€cpyi,
t

(6)

Ti41 = ATt + PO€g 41,

€ct+1, €xt+1 ~~ ii.d. N(O, 1)

[ is given by fid = log(;) for a = 0 (no persistence) and f“'" is given by f{"" =
log(cf—jl) for a = 0.9790 (a standard specification for persistence in the literature, see Bansal
& Yaron (2004)). Table 1 summarizes the parameters of the model.

Using the same approach of Epstein et al. (2014) we can compute the utility associated

to both fcorr’ fiid:

corry g s a fo 0*B°
log Vo(f )—IOgCO—i—l_ﬁaxo—i—l_ﬁm—i—Ql_ﬁ<1+(1_/8a)2>,
and )
log Vo(f*4) = log u + B + 12 gm + 5 77 (14 926%)

Define the persistence premium by

) 8 2 252
L VU e g 85 ()

V(fz’z’d)

Under these assumptions, I obtain the persistence premium:

0.9982
(1 —0.998 x 0.979)2

0.00782
2(1 = 0.998)

7=1—exp (—6.5 x 0.998 x <0.0442 X —0.0442 x 0.9982>>

~1—e®=0.3028.
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When 1 — a = 10, one obtains m ~ 40%. In other words, an investor with such preferences

would be willing to give up either 30% or 40% of his wealth to get rid of persistence. The
experimental evidence from Andersen et al. (2018) suggests that one should have at most
m ~ 20% (see section 7.4.5). This result suggests that persistence is either implausibly
high or that risk aversion is too high relative to intertemporal substitution (recall from
the previous section that the relationship between p and « determines attitudes toward
correlation for EZ preferences).

5.3 Dynamic ordinal certainty equivalent models

Dynamic ordinal certainty equivalent (DOCE) preferences offer an alternative approach to
disentangle risk aversion from intertemporal substitution. Axiomatized in Selden (1978) and
Selden & Stux (1978), such preferences replace risky consumption in each period by certainty
equivalents with respect to a utility function v(-) and evaluate the resulting sequence of
certainty equivalents with discounted utility with respect to a utility function u(-). More
precisely, Selden-Stux preferences ifts over F are represented by

t T—t X .
Vi(s', h) = u(he(s1, .-, 8¢)) + 3231 51“(” {EH”T'lP(SHT)U (h”j(s ")>] )

Hall (1985), Zin et al. (1987), Attanasio & Weber (1989) and Kubler et al. (2019) have
studied applications of such preferences.

Differently from recursive preferences, DOCE preferences are neutral to the timing of
resolution of uncertainty (see Selden & Stux (1978) and Kubler et al. (2019)). However,
such preferences are also indifferent to correlation as I now show.

Proposition 2. fid ~89 feorr for every f € X°.
Proof. See the appendix. O

Because of the above result, DOCE models have less freedom than recursive preferences
in addressing existing asset pricing puzzles. The main leeway is related to generalizing the
formulation of the certainty equivalent to non-expected utility, similarly to how Epstein &
Zin (1990) showed that one can obtain a partial resolution of the equity premium puzzle
by considering Yaari’s dual theory of choice under uncertainty (in the context of recursive
preferences).

6 Discussion

6.1 Intertemporal hedging and experimental evidence

The connection between attitudes toward correlation and recursive preferences is not com-
pletely new. Kochov (2015) introduced an axiom called intertemporal hedging which has a
similar content. Bommier et al. (2019) study preferences for intertemporal hedging in the
case of recursive models of ambiguity aversion. Figure 11 has a visual description of the
intertemporal hedging axiom. As one can see, his definition involves comparing processes
that have the same timing of resolution but differ only in terms of correlation, and therefore
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{s1,s2} {s1,s2} {s1, 82} {s1, s2}

Figure 11: Intertemporal hedging

are never part of the relevant domain F”. Since in applications uncertainty resolves gradu-
ally, it is necessary to understand the implications of correlation aversion in such a domain.
Moreover, in this way it becomes possible to compare the relative strength of correlation
aversion with preferences for non-instrumental information.

The notion of intertemporal hedging is based on the literature on correlation aversion
which in turn is based on the framework of risk aversion with multiple commodities in-
troduced by Kihlstrom & Mirman (1974), see for example Richard (1975) and Epstein &
Tanny (1980). Miao & Zhong (2015) relate Epstein-Zin utility to an analogous notion of
intertemporal hedging and provide experimental evidence in its favor. Bommier (2007)
studies intertemporal hedging for continuous time models, providing a formula that re-
lates a measure of intertemporal hedging to intertemporal substitution and risk aversion.
Andersen et al. (2018) provide evidence in favor of intertemporal hedging.

6.2 Aversion to long-run risk

Strzalecki (2013) introduced the notion of aversion to long-run risk. Such a notion is re-
lated to Duffie & Epstein’s 1992 example discussed in the introduction. Such a notion
only considers maximally correlated processes. Therefore, it excludes reasonable patterns
of correlation in a consumption process. Because of this fact, several important conceptual
issues are ignored. For example, the fact that recursive preferences that feature ambiguity
aversion can prefer more correlation is consumption are ignored. Notably, RMEU prefer-
ences are always indifferent to long-run risk, while introspection suggests they should be
sensitive to correlation. In my setting, the notion of a correlated process can be extended
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in a straightforward manner as follows

P = {f"" € F . for some gy € Gy and
JCA2,..., T}, % (s15- - 80) = gf(si—1, 5¢) for every t € J}.

Under such a notion, it is immediate to see that correlation aversion implies aversion to
long-run risk, but not the other way around.

7 Appendix

7.1 Preferences for one-shot resolution of uncertainty

In this section I provide further results concerning attitudes toward temporal resolution of
uncertainty. Specifically, I elaborate on the notion of timing premium introduced in Epstein
et al. (2014) consider the notion of. It quantifies how much would one pay to resolve all the
uncertainty at time ¢ = 1 as opposed to having gradual resolution of uncertainty. In other
words, it quantifies preferences for one-shot resolution of uncertainty as opposed to gradual
resolution. I translate their definition into an abstract framework.

Consider an IID setting. I impose more structure on S. Specifically, assume that

S = Ay x Ag... x Ap where Ay = Ay = ... = Ap and that each (4;,4;) is a finite
measurable space with A; = 24i. An arbitrary element (s1,...,s;) can be written as
((al,...,a%), ..., (a,... ab)).

Definition 9. For any f: A — X measurable with respect to Ay, let fe(s1,...,8¢) = f(a})
for every t, and let f be defined by fi(s1,...,5:) = f(a}). The timing premium is defined
by _
. 149
() =1- L),
V(f)

Therefore =y has a non-negative time premium if and only if

f=of.

An example of f with its associated f is represented in Figure 12. Observe that for
simplicity, I am considering acts f that involve no correlation.

In general, the notions of preference for timing, timing premium and attitudes toward
timing are different. However, the three coincide for EZ preferences over F. Recall that
these are defined by

h? (w o
Vi) = " 4 BB (Via (.5, 7
for 0# p<1landfor p=0
1
Vi(w, h) = log(he(w)) + 5 log (Ep(exp (aVira (- 1)) - (8)
Observe that I am further requiring that P(al,...,a%) = P(al,...,,a}). Denote such

preferences over F by twa .
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Figure 12: f and f

- EZ

Proposition 3. Consider =; 5

over F. Then the following are equivalent
1. = exhibits a preference for early resolution of uncertainty.
2. =i 15 averse to correlation.
3. =tw has a non-negative time premium.
In particular, 1-3 are equivalent to a < p.
Proof. See the appendix. O

In other words, for EZ preferences all such feature of preferences are modeled by the same
parameter specifications. It should be no surprise that such three (different) properties of
preferences have been conflated in the literature. In the next section I delve deeper into the
relationship between preferences for early resolution of uncertainty and the timing premium.

7.2 A hybrid representation on F

Proposition 3 established the equivalence between a non-negative timing premium and a
preference for early resolution of uncertainty in the case of EZ preferences. I present an
example of preferences F that are indifferent to timing of resolution but can have a positive
timing premium.

Consider preferences >, that have the representation (7) or (8) on F".

I extend the representation to F \ F" by means of the DOCE representation introduced
by Selden & Stux (1978), Selden (1978). Consider the following axioms on F.
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Axiom 5 (Indifference to timing). Consider h, h' such that for some 5* = (51,...,5;) with
1 <t<T—2the act

(h07 h1(§1)7 h2(§17 52)7 ey ht(gt)u o 7hT(§t7 ))7
resolves earlier than
(ho, Py (51), (51, 52), ..., hy(8Y), ... Wy (5, ),

and h;(s1,...,8;) = hl(s1,...s;) for every (s1,...,s;) with 7 < ¢ and h.(s1,...,8;) =
Rl (s1,...s;) for every (si,...s;) such that 7 > ¢ and (s1,...,8:) # (S1,...,5). Then it
holds that h ~y , b’ for every t' < t.

Axiom 6 (Consequentialism). For all t € T and w € , and all acts f,g € F if f (&) =
gr (W) for all k >t and all W’ € Gy(w), then f ~; 4, g.

Let z € X denote 0 when p # 0 and 1 when p = 0.

Axiom 7 (Consistency with Epstein-Zin). Let h, A’ be such that there exist, ¢, f, f': S = X
and (s1,...,8:—1) such that hy(s1,...,8:-1,") = f(*), hi(s1,--,8t-1,-) = f'(:), hy = hl. = 2
for all 7 # t and hy(8!) = h’(53') = 2z whenever (51,...,5:-1) # (s1,...,5:-1). Then

himtwh' <= h={7N.

Axiom 8 (Risk Independence). Given any pair h, h' € F\ F" which are identical except at
the node (s1,...,8:—1), then letting h¢(s1 ..., 8i—1,+) = he(S1.. ., Se—1,), hi(s1 ..., St—1,") =

Ri(s1...,8t1,-) and hy = b}, = z otherwise,
fL ~tw ;L/ = h ~tw n.

Proposition 4. >, satisfies axioms 5-7 if and only if it is represented on F \ F" by

) ®

Q=

Tt
V(oo ) = (o) + 3 500 (B 6]

with
xP
s 0 <1,
u(z) =4 P ad
log(x) p=0.
Moreover, =+, is represented on F by Vi(w,-) defined in (7)-(8) and (9).

Denote such preferences with sz Observe that tfﬁ satisfy dynamic consistency on
F7 but at the same time are indifferent to timing of resolution of uncertainty. In general
the timing premium will be non-zero. However, in the specific case of i.i.d. processes, I can
prove that it will always be smaller.

Proposition 5 (Timing premium inequality). Denote with %% and 755 the timing pre-

mium associated with ifwz and zfﬁ EZ preferences and for the Selden-Stuzx representation,

respectively. Then if a < p it holds that

5 f) < 7P2(f),

for every f: A — X.
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Table 2: Timing premium in the LRR model as a varies

a=0 |a=08|a=09|a=0972 | a=0.979
Global EZ preferences | 4.12% | 4.3% 4.86% | 12.39% 17.8%
EZ-SS preferences 0.2% | 0.75% | 1.36% | 16.48% 26.1%

Proof. See the appendix. O

In general, preferences for one-shot resolution of uncertainty reflect more than a pure
attitude toward timing of resolution. To illustrate this fact, I compare below 7¥4 and 7%
for the LRR consumption process in (6) (with the parameters in Table 1). As one can see
from Table 2, 7% can be also quite high even if such preferences are neutral to timing of
resolution. Indeed in this case, the high timing premium is driven by aversion to correlation.

7.3 Dynamic inconsistency

Epstein et al. (2014) make an important point

At a psychic level, early resolution of risk may reduce anxiety. However, anx-
iety is plausibly more important when risk must be endured for a long time.
Therefore, the risk premium required for bearing a lottery is greater the longer
is the time that the individual has to live with the anxiety of not knowing how
the lottery will be resolved. In other words, the willingness to bear a given risk
declines as the date of resolution approaches, a form of dynamic inconsistency.
However, such dynamic inconsistency is precluded when utility is recursive and
thus anxiety cannot be a rationale for a timing premium given the utility func-
tions considered here.

Our approach allows us to address this point. Indeed, I can construct preferences that (i)
are dynamically consistent on F", (ii) have a preference for earlier resolution of uncertainty

and (iii) the non-neutral attitudes toward timing stem from dynamic inconsistency.
Consider preferences >, on F that are represented by

T
Vi(s' h) = u(hs(sh)) + Z BB p(st+iyu(hugjpr (s77T1) — a(h) BEp(ses) VAR p(u(hes j41(s"H, )],
et
J (10)
with a(h) = 0 for h € F" and for some a > 0, a(h) = « for every h € F\ F".

In words, such preferences are RDEU on F” but otherwise evaluate an act h by looking
at its discounted expected value minus the expected discounted variance of h multiplied by
a term o > 0. It is easy to see that such preferences in general will not satisfy dynamic
consistency. For example, suppose that 7' = 2 and h = (2,2, f) for f : S — X. Then
Vo(h) = B*Epu(f(s)) — af*VARpu(f(s)). Notice that the functional I(§) = Ep —
aVARpE is not monotone. The intuition is simple: even if £ might be better than £ in
every state, & might be more volatile. Therefore, by Theorem 3 such preferences will not
be dynamically consistent. Concerning attitudes toward timing, we have the following.
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Proposition 6. Assume preferences =, have the representation in 10. Then =, exhibits
a preference for earlier resolution of uncertainty.

Proof. See the appendix. O

Therefore, the parameter a can be thought of as measuring how anxious the decision
maker is about not knowing how a process h will resolve: the later uncertainty resolves, the
higher the future expected variance term will be.

7.4 Proofs
7.4.1 Proof of Theorem 3

I first start with a key lemma. Observe that since X is a subset of R™ and each G; is
generated by a finite partition, F is a metric space and so is " under the relative topology.

Lemma 1. F" is a separable and connected metric space.

Proof. First observe that F is separable and therefore F" is separable since any subset of
a separable metric space is separable. I now show that F" is path-connected. Take h € F"
and d € D. Clearly if h € D then the result follows by convexity of D (recall that X is
convex). Assume h € F"\ D. Let {P},..., P!} denote the partition of Q that generates
G;. I construct a continuous path ¢ : [0,1] — F" that connects h to d. Since X is convex,
for every t we just let (o) = (1 — a)hy + ad;. Fix t > 1. Without loss of generality,
assume that n! — n!~! = 1 and P:Lt__ll = Pﬁt U Pﬁt_l. Let w € Pth and W € Pﬁt_l. If
(1 —a)h(w) + ady = (1 — a)h(wW') + ads, we obtain a contradiction since h¢(w) = hy(w')
but h € F" \ D. Therefore, 1;(a) € F" for every . It follows that we can connect via a
path any f € F" to d € D. Hence we can connect any h,h’ € F" by a path. We conclude
that F" is path-connected and therefore connected.

O]

Remark 7. It is easy to construct examples of strict subsets of 7" that are also connected.
For example, consider the case in which Q@ = ST with 7" > 1 where (S,%) is a finite
measurable space with ¥ = 2% and G; = ¥t x {0, S}T~*. Then the set

IND ={h € F: there exist (f;); with f; € X such that he(s1,.-ySt—1,) = fi(*),
and if for some t', f; is constant = h € D},

is easily seen to be connected. Observe that such a domain is the natural extension to
T periods of “certain X uncertain” consumption plans (e.g., see Selden (1978), Johnsen &
Donaldson (1985)). Indeed, the two coincide when T' = 1.

I turn now to the proof of the Theorem 3. See also Johnsen & Donaldson (1985),
Proposition 2.

Proof of Theorem 3. 1 first prove sufficiency of the axioms. First by continuity and since R
is connected and separable by Lemma 1, by applying well known results from Debreu (1954)
and consequentialism there exist (sequentially) continuous functions (Vi(w,-))s. such that

Vi(w,h) = Vi(he(w), hey ... hp)  for every h € R.
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Observe that by stationarity there exists a (sequentially) continuous function v : X — R
such that Vp(w,h) = u(hp(w)) and Vi(w, (z,27—4—1)) = u(z) for every w € Q and t < T.
Moreover, we can normalize u(-) from the stationarity axiom so that u(z) = 0.

I construct Ity : Bo(Git1, Vig1(w,R)) — R as follows: for every h, by continuity, dy-
namic consistency, consequentialism and stationarity we can construct d, + = (di41,...,dr) €
XT=* such that for any d € D

h ~tw (J_t_l, ht(W), dwﬂ:) S D. (11)

Observe that all acts in (11) belong to R. In particular, d,,; can be constructed recursively
as follows. Starting from ¢ = T — 1, observe that for any w € €2, there exist z,y € X such
that

Vr_i(hr—1(w),x) > Vr_1(hr—1(w), hr) > Vr_1(hr-1,9).

To see this, let x = hp(w) and y = hp(w), where w = argmax, u(hr(w)) and w =
argmin,, u(hy(w)). The statement follows by applying dynamic consistency. Therefore, by
continuity and connectedness X we can find dp—; ,, € X such that h ~p_1 (d_¢_1, hp(w), dr—1w).
Now for any ¢ < T'—1 and w, assume one has constructed d;; 1, for every w' € Gi(w). Let

diw = (hi41(©0), di+1,5) and di o = (hit1(w), di41,,) Where

w = argmax V (hey1(w), dig1wr),
wl

and

w = arg min V(ht+1 (UJ)7 dt—}—l,w’)a
(JJ/

Then by dynamic consistency and stationarity we have
Vi(he(w), de) = Vi(w, h) > Vi(he(w), di ).

Again, by connectedness of X and continuity we can find d;,, such that (11) is verified.
Now observe that this implies that for each (¢,w), t = 0,...,7 and w € Q we have
Vi(w,R) = Vi(w', R) =V} (observe that V; C Vi whenever ¢’ < t). Define

It - Bo(Giy1, Vi) = R,

by I;,(&§) = Vit1(dw,) and where {(w) = Viq1(w, h). Observe that I;, is well defined by
dynamic consistency.

I now claim that I;, is strictly monotone, normalized and continuous. That I; , is nor-
malized follows by definition. Strict monotonicity follows by dynamic consistency. To prove
continuity, assume that &, — & Let h, and h satisfy &, = Vit1(-,hn), &€ = Vigai(-, h)
and limh, = h. By contradiction, suppose that I;.(&,) # Itw(&n). It follows that
Viv1(di,) 7 Vit1(diw). Hence there exists ¢ > 0 such that for every N € N there ex-
ists n > N such that

[Vir1(dew) — Vi (dil,)| 2 € > 0.

By dynamic consistency it follows that there exists € > 0 such that for every NV € N there
exists n > N such that

Vi (he(@). Via (d2)) = Vi (he(@), Vigr(dio)) | > €> 0.
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Observe that by continuity we have Vi(w, hy,) — Vi(w,h). Hence we have arrived at a
contradiction. Therefore Iy, (&) — It (&) as desired.

Now assume that hi(w) = hj(w) and I; o, (Vig1(-, h)) = It w(Viga (-, 1)). By dynamic
consistency, it follows that h ~ ., h'. Moreover, if Iy ,(Viy1(-,h)) > It w(Vigi(-, R')) then
Nt =tw B'. By Lemma 1 in Gorman (1968) it follows that there exists a continuous
function Wy : X x Vi1 — R strictly increasing in its second argument such that

Vi(w, h) = Wi (hs(w), Tt (Vera (-, b)) -

Finally observe that by stationarity it holds that Wi (z,y) = Wy (z,y) for every t,t', x € X
and y € Vijaxr,y+1- Therefore we can set W = W), which delivers the representation.

I now turn to the necessity of the axioms. It is immediate to check that the recursive
representation satisfies axiom 3. To show that the representation satisfies continuity, take
h € R and a sequence (fy), in R such that f, =, h and lim f, = f. This means that
Vi(w, fn) = Vi(h) for every n so that by sequential continuity of V;(w,-) we obtain that the
set

{fER:fit,wh}7

is closed. Showing that the set
{fGR:htt,wf}a

is closed can be done in the same way. Turn now to axiom 2. Let z € X be such that u(z) =0
and W (z,u(2)) = u(x) (we know z exists by assumption). Now for every t < t',w,w’, d € D,
Y, Y, x, T € X it holds that Vi1 (zp_v) = Vi1 ((xr—¢, ze—¢)). It follows that

Vi(w, (d—t—1,y, 27—¢, 2t—¢r)) = W(y, Viz1(z7—v)
>Vi(w,(dt—1,9, %7, 2e-v)) = W(Y, Vi1 (Tr—¢)
= Vy(w,(d_y_1,y,27-1¢)) = W(y, Vig1(zr—v)
> Vi (w,(dy—1,9,Z7-¢)) = W@, Vo1 (Zr—v)),

)
)
)

which implies that axiom 2 is satisfied. Finally, take h,h’ € R and (t,w) with h(w) =
hy(w). If h =41 B for every W' € Gi(w) then Vipi(w',h) =i110 Vip1(w', ') which by
monotonicity of Iy, implies Iy ,(Viy1(, h)) > It o (Vis1 (-, B')). Since W is strictly increasing
in its second variable, it follows that Vi(w, h) =, Vi(w, h') as desired. Moreover if for some
W' € G(w) the inequality is strict, then by strict monotonicity of Iy, we get I o,(Vip1 (-, b)) >
It y(Vis1 (v, b)) as desired. d

7.4.2 Proof of Theorem 1

I first provide an important result that will be useful later.

Lemma 2. Consider a probability p on (S,2%). Then for every f : S — X and g : S x S —
X as in Definition 3 it holds that

> () Y p(s)ulg(s,s) =D p(s)u(f(s))

s'es ses ses
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Proof. Observe that
> _p(s)uly(s,s')) = u(f(s) +e(s), (12)

seS

for every s’ € S, where

s¢B(s') s¢B(s')

and B(s') ={s e S:g(s,s) = f(s)}.
Now the statement follows by observing that Y. p(s')e(s’) = 0. Indeed, we have

S op(Ne(s) = > p(s") Yo p(s)ulf(s) — D p(sHulf(s) Y. p(s)

s’'eS seS’ s¢B(s") s'eS sZB(s")

Observe that by definition of g(-,-) it holds s € B(s') <= s’ € B(s). Therefore

doos') D pls)ulf(s) =D > p(s")p(s)ulf(s))

ses’ sZB(s') s€S’ s¢B(s')
fZ > p(s u(f(s)) +u(f(s")),
seS/sgB (s)
and
> p( ) > op(s)=Y_ > p(s"p(s)ulf(s)
s'eS s%B D) s€S’ s¢B(s')
72 > p(s (u(f(s)) +u(f(s)))-
s€S’ s¢B(s')
Hence
> p(she(s") =0,
s'es
as desired. ]

Observe that Lemma 2 implies that f#d ~JPEU feorr where tﬁf)EU is any RDEU

preference.
Turning to the proof of Theorem 1, I first introduce formally important notions related
to quasi-arithmetic means defined by

My p(€) =6 (Ep(¢(8) =" (i ¢<f(5i))P(5i)> ; (13)
i=1

for every £ € By(S,R4).

Definition 10. Consider ¢ : Ry — R increasing, concave and twice differentiable. Say
that ¢ satisfies

1. PERU (preference for early resolution of uncertainty) if for every 5 € (0,1)

Sl =) w
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2. DARA (decreasing absolute risk aversion) if x >y implies
(=) _ 9"(y)
¢'(x) ¢'(y)’

and satisfies IARA (increasing absolute risk aversion) if the above inequality is true
with the opposite sign;

S_

3. IRRA (increasing relative risk aversion) if x >y implies

) )
d) = Vi)

The following result, whose proof I omit, is immediate.

Proposition 7. Consider ¢ : R — R increasing, concave and twice differentiable. If ¢
satisfies PERU, then it satisfies DARA.

I provide an important result concerning the concavity of the quasi-arithmetic means
defined in (13).

Theorem 4. Assume that ¢ : Ry — R strictly increasing, strictly concave and twice
differentiable. The following are equivalent:

1. The quasi-arithmetic mean Mgy p is concave.

/!

2. The Arrow-Pratt-de Finetti coefficient of absolute risk aversion —%, 18 convez.
Proof. First observe that —%/,/ is convex if and only if % is convex. It suffices to prove

that f;%l, is convex if and only if %l/l is concave. Let A(z) = ‘Z,I((:)) for every z € u(X). Take

x,y € u(X). It is enough to prove that

1 < 1 ( 1 . 1 ) (15)
A(z) T2 \Aw AW
Recall that in general it holds that
r+y 1
> .
> 21T+ D

Hence the claim follows by rewriting (15) as
1

1( 1 +L) SA(x;y)'

2 \A(z) * Ay)

Now the result follows by an application of Theorem 1 and Theorem 5 in 7. O

Thanks to Theorem 4, we obtain the following powerful result, which shows that the
conjunction of DARA and IRRA on ¢ imply the concavity of the quasi-arithmetic mean
Mo, p-
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Corollary 2. Assume that ¢ satisfies PERU. Then Mgy p is concave if and only if ¢ satisfies
IRRA.

Proof. First observe that by Theorem 4, if My p is concave then then %/,/ is convex, which
//(z)

is easily seen to imply that the mapping z — —x 7z is increasing. This reasoning proves
the “only if” part of the proof. To prove the “if” part, observe that

(zA(2)) = A" (z) + 24" (z).

If ¢ satisfies PERU, then A’(z) < 0 by Proposition 7. Hence if ¢ satisfies IRRA, it has to
be the case that
A'(z) > 0.

The result therefore follows by Theorem 4. O

Such a result in a way completes Theorem 12 and Corollary 1 in Marinacci & Mon-
trucchio (2010), which characterize when quasi-arithmetic means are constant subadditive
and subhomogeneous. Indeed, one way to think about Corollary 2 is that it implies that
for quasi-arithmetic means to be concave it is enough to assume constant superadditivity
(DARA) and subhomogeneity (IRRA).

Corollary 3. Assume that ¢ is given by

for every x € Ry. Then My p is concave.

Proof. The Arrow-Pratt-de Finetti index in this case is given by — ‘g,/((f)) = 2z and the result

therefore follows by Theorem 4. O

Corollary 4. Assume that ¢ is given by ¢(x) = % for X <1 or ¢(x) = —e % with >0
for every x € Ry. Then Mgy p is concave.

Proof. In both cases, the proof follows by Theorem 4, upon observing that . O

Proof of Theorem 1. Let & = u(f) and & by &'(s,s") = u(ff"(s,s’)) for every s,s' € S.
For (i) and (ii), we reason as follows. Now as mentioned, the functional

My p() = ¢~ (Epg(")),
is concave in the EZ and RM case. Now by Lemma 2 we have that

Ep(§'(s,-)) =& +e,

and
Epe’:‘ = 0.

Now let
Vi1 (w, f7) = €(w) + B 'Epe(€'(s, ) + k),

35



and B
Viei(w, f) = €(w) + B 'Epp(£() + k),

where k = B¢ 'Ep¢(Vis1). By Corollary 4, My p is concave and therefore by further
applying Lemma 2 we obtain

Ep¢ 'Epp(¢'(s,:) + k) < ¢ 'Epp(Ep(&(-) + k).

Hence the random variable

Viei(w, ) = €(w) + o™ Ep(€'(s, ) + k),

is dominated according to second order stochastic dominance by the random variable
Viei(w, f*9) = £(w) + B¢ Epe(E() + k).
Since ¢ is concave, it follows that
Vieo(w, i) > Vi_a(w, fT)

for every w, whence Vo(f") — Vo(f*?) < 0. Moreover, observe that the inequality will be
strict whenever g is non-trivial since ¢ is strictly concave.

As for (iii), first observe that since S is finite we can write it as S = {s1,...,sp}.
Therefore, Ep{ = > | P(s;)&(s;). Without loss of generality, assume that f§”" = g. Now
we have

‘/O(fcorr) . Vvo(fzzd) —

Zb(f(sz))ZP(Si)b(f(Si))( > p(Sj)(U(g(si,Sj)—U(f(Sj)))>+
i=1 i=1 Jis;¢€B(s;)

+Xn:p(Si)U(f(sz-))Xn:b(f(sz-))p(Sz) > plsy) [blg(si, s5) — b((f(s7)))]
i=1

=1 j:S]'QB(Si)

Note that

Moreover,
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Now observe that

u(f(s:)) = ul(f(s)) SO <= b(f(s)) - b(f(s:)) > 0.

Therefore Vo(f") — Vo(f%) < 0. Moreover, the inequality will be strict whenever b is

strictly decreasing, f is not constant and g # f.
O

Remark 8. It is important to repeat that the result holds for a general class of recursive
second-order expected utility preferences, i.e. those for which the function ¢ satisfies the

condition that —%l,/ be convex, even when ¢ does not satisfy PERU. For example, if ¢ is
given by

x 2
o) = [ e
0
by Corollary 3 correlation aversion still applies. At the same time, for such a ¢ PERU in
general will not be satisfied.
7.4.3 Proof of Theorem 2

Lemma 3. Suppose I : By(X,u(X)) is concave with benchmark given by & — Ep&. Then
if 1(§) = Ep€ for any x € u(X) it holds that I(§ + fx) = Ep( + Bx) for every 5 € (0,1).

Proof. 1f I is constant-additive it follows that I({+5z) = I(§)+px =Ep(§)+ Pz = Ep({+
px) as desired. If I is homogeneous, then Ep(§ + fx) > I(§ + fx) =1 (% &+ ﬂ:c)) =

(14 B (T3¢ + t7) = 1() + BI(x) = Ep(€ + Ba).

Theorem 5. Consider the second-order quasi-arithmetic mean given by

Mis,€) = 67" ( Iz (Zasi)P(si)) du(P)> ,
i=1

O

where u s a probability measure over A(S). If —%l,/ is convex, then My, is concave.

Proof. Take a sequence of discrete measures (uy), that converges to p in the weak*-
topology. Then by applying Theorem 4 we have for every &, n

1 1 1 1
Mo, (25 + 277> > 5 Mgy, (€) + §M¢,#n (n) .
The result follows by taking limits. O

Remark 9. The previous result implies that RSA preferences feature a concave certainty
equivalent, and therefore satisfy the assumptions of Theorem 2.

Proof of Theorem 2. Consider any unambiguous act f and associated f%? and f°'". With-
out loss of generality, assume that f§°"(s1,...,s:) = g(si—1,8¢). Let & = u(f) and
'(s,8') = u(g(s,s")). Let B=3Y1' B*. Observe that by Lemma 3

Vol = u(fo) + BI(E + BI(€)),
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and

Vo(rorr) = ulho) + 51 &+ 51 (€ + 35‘51@))) |

Denote with Ep(-) the benchmark for I. Recall that I satisfies
Ep¢ > Epf = 1(§) > I(¢), (16)

whenever ¢ is such that u(f) = ¢ and f is unambiguous.
Let us evaluate £ + 51 ({’ + BT_fBI(f)) according to Ep(-),

Bp [+ 01 (€ + Bﬁ‘ﬂ ©)] <2 + 51 (Ere + B;B ©)

< () + 61 (Epe + 2 1(9))
—Ep(©)(1+ B),

where the first inequality follows from concavity of I, while the second equality from (16)
and Lemma 2.
By (16) it follows that

re+BrO) 2 1 (g+ 51 (¢ + 2510 ).

and hence )
Vo(fud) > Vo(fcorr)’

as desired.
In particular, the inequality will be strict whenever for some s,s" € S &'(s,-))+ %I (&)

and &'(¢,-)) + BT_ﬁl (€) are not unambiguous and I satisfies the following strict concavity
property: for every (§)i; such that for some i # j, &, &; are not unambiguous and (a)};
positive weights summing to 1 it holds

n

doail(&) < I() - aik).
=1

i=1 =

7.4.4 Generalizing Theorem 1 and 2

Denote with A the set of probability simple probability measures on R. A functional
J:A—=Ris

1. Monotone if it is monotone w.r.t. first order stochastic dominance.
2. Risk averse if whenever p is a mean preserving spread of A\ then I(A) > I(u).

3. Concave if for every u, A € A and a € [0,1], J(ap+ (1 —a)A) > aJ(p) + (1 —a)J(N).
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Theorem 6. Suppose that =, admits a recursive representation given by
Vi(w, h) = u(he(w)) + BJ(P o VZ1(-, h)),

for some probability P, where J : A — R is monotone, risk averse and concave. Then >,
ezhibits aversion to correlation.

Proof. Let £ = u(f) and & by (s, s) = u(ff"(s,s")) for every s,s’ € S. We have

Ep¢ + BEpJ(P o VL (- <) <Epé+ 8 (Ep [PoVTi(, 1))

Observe that

Ep [PoVil(, )] = 3 P(s\Poe™V(8) +k,
s'esS

where k is the discounted continuation utility and Yy cg P(s')P o £V (-,8') is the mixture
in A of the collection of probabilities (P o &71(:, 5')) ses With weights given by (P(s'))ses-
By Lemma 2, it = Y yeq P(s")P o £V (-,8') is a mean preserving spread of P o £71(-) so
that by risk aversion of J,

Epé + BEpJ (P o VL1 (4 f)) < Bpé + BEpJ (P o Vi (-, f77)).
By applying risk aversion once again it follows that
J(E+BI(PoVii(, £) < J(u(hu(w) + BJ(P o VA, £7)),
from which we obtain f% =q f" for every f:S — X which concludes the proof. O

For every probability measure on S and ¢ € By(X,u(X)), let Po&~1 denote the element of
A given by Po ¢ Yz) = P(¢71(x)) for every x € R.

Example 4. An example of such recursive preferences is given by the recursive utility
model studied in Epstein & Zin (1990) that uses Yaari’s 1987 rank-dependent model. In
this case we have that X = R, and for every p with support given by (z;)"_,, where
T, < Tiv1,t=1,...,n—1

J(p) = (i [g (X_: uj) -9 (i uj)] ¢(l'i)) ;

Definition 11. A certainty equivalent I : Bo(X,u(X)) — R admits a global benchmark
w.r.t. a monotone and risk averse J : A — R if the set

and ¢ is CARA.

Er={PeA:J(Poc) > 16 for all € € By(S,u(X))},

is non-empty. Call f : S — X unambiguous if for some P € Er it holds I(u(f)) =
J(Po¢Y). Let Ur C X% denote the class of unambiguous acts.
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Example 5. Hansen & Sargent (2020) and Cerreia-Vioglio et al. (2020) consider the fol-
lowing criterion

Vi(st, h) = u(hy(sh)) +6P21A1n {/Vt+1 dP+oz1;réiélR(PH(I)},

where a@ > 0 and @ is a convex compact subset of A(S). It is easy to show that these
preference admit the equivalent representation

Vils' ) = ulhe(s1) + Brain 6" [ & (Vi (1) da,

where ¢(2) = — exp(—2). The benchmark in this case is given by J(u) = ¢ 'E,¢(x) and P
is any element of (). Then U will be non-empty whenever the set AG={E CS: P(E)=
P'(E) for all P,P" € Q} is non-empty.

Theorem 7. Assume that =, has an RDAA representation where I has a global benchmark
w.r.t J. Then it exhibits correlation aversion for the class Uy.

Proof of Theorem 7. The proof works in the same way as the proof of Theorem 2. Using
the fact that J is risk-averse we have:

Ep{ > Epf’ = J(Po&) > J(Pof) = I(§) > I(§), (17)
whenever ¢ is such that u(f) = ¢ and f is unambiguous. O

7.4.5 An upper bound on the persistence premium

Andersen et al. (2018) estimate an intertemporal utility function under uncertainty which
using our notation can be written as

V(f)=u¢ 'Ep l«p <zn: Blu (ft))] :
t=1

where 3 = 0.998, ¢(z) = 29 and u(z) = 20-6°.

Given z > 0 and n = 2, let f%? be the process that pays z and 0 with probability %
each and f°"" the process that pay {z,x} and {0,0} with probability % each. Therefore,
fe" is maximally correlated in the sense that the probability that consumption at t = 1
matches consumption at t = 2 is 1. In this case the persistence premium is given by

1-0.35 1 0.35
(0-5 ( + Tom

1—0.35\1-0.32 21—0.35
((95 ) x 0.5+ {014

)10.32> 1/(1-0.32)(1-0.35)
~1—-0.8~0.2.

T=1-—

1/(1-0.32)(1—0.35)
(1-— 0.5)>

)17032

Hence m = 20% provides an upper bound for the persistence premium.
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7.4.6 Proof of Proposition 3

Definition 12 (Definition 2 in Strzalecki (2013)). >, exhibits a preference for earlier
resolution of uncertainty if and only if for all h,h' € F and t < T — 2 such that there exist
X055 L1, Te43s - - -7 and f S — X such that h; = h;» =wxj for all j #t+ 1 and for
J=t+2, hj(s1,...,85) = f(st4+1) and Rj(s1,..., ;) = f(st42) it holds that

h it’,w h/
for allt' <t and w € Q.

Lemma 4. Assume that >, has an RDAA representation on F. Then it exhibits a prefer-
ence for early resolution if and only if it exhibits a preference for early resolution according
to definition 12.

Proof. Take xq,..., 2441 € X and fiio,..., fr € X° and define h, k' appropriately. We
have

V}(w,(xo,...,xt+1,ht+2,ht+3,...,hgp))

T—t—1
=u(w) + B | u(@er) + B D Bu(fjer (se41) | ] -

7=0

On the other hand,

Vi (W, (20 s T41, Moy g, o, b))

T—t-1
=u (@) + B (u(we) + 81| Y Bu(fryjr (si42) | | -

7=0

If we let u(xyq1) = k and u(f;) =& for i =t+1,...,T, we obtain that a preference for
early resolution is equivalent to

T—t—1 T—t—1
I (5 > By +k5> >B Y BI(&a) +Ek
i=0 i=0
Letting ZT =1 3i¢; = p, upon observing that because by assumption u(X) is unbounded

for every ¢ € Bo(X,u(X)), there exists (&); such that 7~ 5%¢; = ¢ we obtain

I(Bn+k) > pBI(n) +k,

for all n € Bp(X,u(X)) and k € u(X). Now by Lemma 1 in Strzalecki (2013), >, displays
a preference toward earlier resolution of uncertainty if and only if

I(BE+ k) = BI(E) + K
for all £ € Bp(X,u(X)) and all k € u(X). Therefore, the result follows. O

Lemma 5. Let (A;, A;)l, be a collection of measurable spaces and let (A, A) be the product
of such measurable spaces. For every &,&" € Bo(A,Ry) such that & is measurable w.r.t. A;
and £ measurable w.r.t. A; with i # j it holds that

[ [oe¢ + aptapapia) < [ o (507 ([ 6(€)aPa)) +¢) aP(a).
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where ¢(x) = xv with p < a, p,a<1. Moreover, the inequality is strict whenever £ is not
constant.

Proof. By an application of Theorem 4 in Strzalecki (2013), we have

[ 905€ + aNaPes) < o (567 ([ o€1aP(ar)) + (@) )

for every a; € A. It follows that

[ [oe¢ + aptapapia) < [ o (867 ([ 6(€)aPlay) ) +¢) ap(an,
as desired. Since Theorem 4 in Strzalecki (2013) uses Jensen’s inequality and ¢ is strictly

convex, the inequality is strict whenever £’ is not constant. O

Proof of Proposition 3. (1) = (i7) By Theorem 4 (Remark 1) in Strzalecki (2013)
and Lemma 2, it follows that o < p. Therefore the result follows by Theorem 1.

(ii) = (i) Applying Theorem 1, if p < «, then preferences are not averse to
correlation. Therefore, if preferences are averse to correlation it has to be that a < p.

— (iii) = (i). Suppose p < a. I claim that Vo(f) < Vo(f) for every non-constant
f.
Let &(a}) = u(f(a})) whenever a} = a} (observe that &(a!) = u(f(a}))) and let

m =61+ 567" [ oler)dP(al),

and for t <T
n=&—1+ Bo /¢(ﬁt+1)dP(at1)-

Then we have

Volf) = ula) + 567" [ 6 (m)dP(ab)
and

R T—1
Volf) = u(e) + 867 [0 (Z ﬁ%m) .
t=0

By repeated applications of Lemma 5, we obtain
W= [ [o (Z Bié +51> dP(a})...dP(a}) < 507" [ 6(m)dP(a).
t

Specifically, the inequality will be strict for any non constant f. Therefore, it follows
that the timing premium is negative. Hence, if the timing premium is always non-

negative it must be the case that a < p.
O
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7.4.7 Proof of Proposition 2
Proof of Proposition 2. We have

Vo(fud) . %(fcorr) —

= ' (u (v_l [EHLIP(spv( fid(»” - (v_l [EHtT_l pis ( tcm('))]ﬂ '

By Lemma 2 it follows that

o B (#0)]) (- g 0] =
whence Vo(f7) = Vo(£°'") so that fiid ~55 feorr. =

7.4.8 Proof of Proposition 4

Proof of Proposition 4. The proof parallels that of Selden & Stux (1978) (proof of Lemma
1). I prove sufficiency of the axioms in the case of >, and using consequentialism the
result follows for »;, analogously. I claim that for every h € F \ F’, there exists ¢ =
(ho,c1,...,cr) € D such that ¢ ~g h and

T=1

1
Ct = |:EHt P(Sq—)hta:| 5

which establishes the representation since =g has an EZ representation so that

T
Vo((ho,c1, ..., cr))) = u(ho) + Y Fulcy),
t=1

as desired. First, for every s'=! = (s1,...,5._1), let

Q=

cH(s'™) = [Epgeh]
Observe that axioms 7 and 8, we have
h ~0 (ho, ey hT—la C%w)

Now by further applying axioms 7 and 8 we get

(h(), e ,hT_l, C%ﬂ) ~0 (ho, ey C%ﬂ,l, C%w)
By axiom 5,
(ho, ey C%«_l, C%w) ~0 (ho, e ,C%«_l, é%ﬂ),
where élT(sl, ST—2..., 8T) is constant and
eh(s1,...,) =c'(s1,...,-).
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By another application of axioms 7 and 8 we obtain:

(hos -+ -y 1, ) ~0 (hoy -, Ch1, ),

where .

2 o
o = [EP(ST_I)P(ST)h%}
Proceeding as in the previous to steps, we obtain at step ¢

1 t—1 ¢
h ~q (hOv'“vCT—t—i—lv <o G 1vCT)

where

Q=

t ) a
G [E z':Tft+1 P(ST)h]]

Specifically, after T' steps we get
h ~q (ho,c1,...,cr),

as desired.

I turn to the necessity of the axioms. It is immediate to verify that axioms 6-8 are
satisfied. I prove that the representation satisfies indifference to timing.

Take h, h' such that for some 5* = (51,...,5;) with 1 <t < T — 2 the act

(h()? hl(gl)a h2(§17 52)7 cey ht(gt)v cee 7hT(§t7 ))7
resolves earlier than
(ho, 1 (51), Ro(51,52), .., hy(5Y), ..., hp(84, 1)),

and h;(s1,...,8;) = hl(s1,...s;) for every (s1,...,s8;) with 7 < ¢ and h.(s1,...,8;) =
Rl (s1,...s;) for every (s1,...s;) such that 7 > ¢ and (s1,...,8:) # (51,...,5:). Then we
have for ¢/ <t

V}/((sl,. st/) h) —Vu((s1,...,8¢),h") x

T—t ‘
jzo B]u< [Enfrl P(stqr) t+] )

1

> 25] ({ | P(siqr t+J

Observe that by assumption on h, h’ we have

Q=

Eryi

T=1

a ) lo
P(5t+r)ht+j o EHi:l P(St+7)ht+j7

for j=0,...,T —t.
Therefore Vi ((s1,...,8¢),h) — Vi ((s1,...,8¢),h") = 0 whence the result follows.
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7.4.9 Proof of Proposition 5

Proof of Proposition 5. For simplicity, I focus on the case p # 0. The proof for the case
p = 0 follows by analogous arguments. Let

T-1 T
gT 1
B= b=
2P =T

Since a < p we have

Qe

VP2 () = ulfo) + 8

EP((ai,...,a%w)) (‘/tJrl((a%? R a%)) f)) p:|

Qe

= u(fo) + EP((a},...,a%ﬂ)) <B Z ﬁt—lu(ft(a%))>

1 L
Qe

=u(fo) + BB

T-1 gi-1 0
Ep((al,..ak)) (Z 5 U(ft(%%)))

t=1

T—1 st

1
> HEp(al ) e
= B 1 T

P

> u(fo) + BB

= utto) + 585 ([Ertab) e ah] ") = V().

Hence the result follows by the fact that VP2 (f) = Vi¥%(f) so that

- ~ = 1= = 0
Vi (f) V&S (f)
as wanted. O

WEZ(f) > 7TSS(f) — 1 VOEZ(.]?) >1 VOSSOF) — VEZ(f) > VSS(J?)’

7.4.10 Proof of Proposition 6

Proof of Proposition 6. Take t <T —2 and h,h’ € F such that there exist fiio,...,fr € F
and o, ..., 7r41 € X such that hy = b = x; for all j <t +1,h;(s1,...,55) = fj(si41) for
Jj>t+2, and hy 5 = fij(s44+2). Observe that

> B E st VARp(u(herj (s77,))] = 0,

§=0
and ' '

Y FEp(e+i) VARP (u(hy 41 (s77,))] > 0.

§=0
Since it holds that

T

T
u(he(s) + D B [Ep(erayulheja(sH) = u(hy(s) + Y B Epeeriyulb i (s77),

j=1 j=1
we obtain
h it’,w hl)
for all ¢ <t as desired. O
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