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Abstract

We propose a new behavioral asset pricing model that can flexibly express the time-variability or state-
dependence of aggregate risk attitude. We suppose that individual preferences are heterogeneous, and each
preference changes depending on the state of the economy. While most previous studies, including Chan
and Kogan (2002) which is the basis of our model, imply that aggregate risk aversion is counter-cyclical
by assuming either heterogeneity or changeability of preferences, considering both of these can result in
aggregate risk aversion being procyclical in a particular economic situation. The status quo hypothesis we
propose suggests that the aggregate risk attitude is procyclical during recessions and counter-cyclical during
booms and depressions. This stems from the fact that in our setting only risk-tolerant individuals face losses
large enough to be loss-averse in order to maintain the status quo. We analyze the weekly returns of 10
major stock markets, including Canada, China, Eurozone, France, Germany, Hong Kong, India, Japan, the
UK and the US, and provide some evidences to support our status quo hypothesis in Western stock markets,
where stock markets are relatively mature. We conclude that it is essential at least in such matured stock
markets to allow both heterogeneity and changeability of preferences in order to obtain an accurate

aggregate risk attitude.

Keywords: risk attitude, heterogeneous preferences, status quo, loss-aversion, prospect theory

JEL classification: G12, G15, G40

! Junior Research Fellow, Research Institute for Economics and Business Administration, Kobe
University / Graduate School of Business Administration, Kobe University /
shoka.hayaki0817@gmail.com



1. Introduction

An aggregate risk attitude is time-varying. A well-known study by Campbell and Cochrane (1999)
showed that the relative risk aversion of a representative individual fluctuates with changes in wealth.

There are three major factors that cause the aggregate risk attitude to fluctuate over time. First, the
preference parameters of individuals in the economy change such as Guiso et al. (2018) and Schildberg-
Horisch (2018). These studies focus on changes in individual risk attitudes rather than changes in an
aggregate risk attitude. Second, the risk aversion and other preference parameters of a representative
individual change such as Campbell and Cochrane (1999) and Barberis et al. (2001).2 This means that the
preferences of individuals in the economy are homogeneous. Third, the preference parameters of
individuals in the economy does not change, but those of aggregate individual change such as Wang (1996),
Chan and Kogan (2002), and Verdelhan (2010). The individual preferences are heterogeneous. Although
these three factors rely on essentially different models and theories, they draw common conclusions. That
is, the aggregate risk attitude is counter-cyclical.

The counter-cyclicality of aggregate risk attitude is extremely intuitive. Put briefly, people become
risk averse when the economy goes bad. This corresponds to the claim of the first group. If this change is
generally homogeneous for all individuals, it corresponds to the claim of the second group. On the other
hand, Chan and Kogan (2002), in the third group, argue that the economic downturn increases the relative
wealth of relatively risk-averse individuals, resulting in an increase in wealth-weighted aggregate risk
aversion. This is because relatively risk-averse individuals are less willing to hold risk assets than relatively
risk-tolerant individuals and therefore do not significantly impair wealth in the event of an economic
downturn.

Few models of heterogeneous individuals that change their preferences have been considered. The
reason is probably that the consequences of these explanations are the same. If the economic downturn
makes individuals risk-averse, and the wealth of relatively risk-averse individuals increases, aggregate risk
aversion should be even more risk-averse. It remains important to take into account both changes in
individual preferences and their heterogeneity, nevertheless. This is because there are three possible
hypotheses in which the aggregate risk attitude becomes more risk-tolerant as the economy deteriorates.

The first hypothesis is that in the event of an economic downturn, the preference of a sufficient number
of individuals to affect the economy as a whole becomes more risk-tolerant. Some studies have shown that
individuals who experience catastrophic shocks such as the Great East Japan Earthquake and the Corona
disaster (Hanaoka et al., 2018, and Tsutsui and Tsutsui-Kimura, 2020, respectively) are rather risk tolerant.
The reason for this phenomenon may be interpreted as “habituation” to repeated stress according to Tsutsui
and Tsutsui-Kimura. Despite these extremely interesting results, most studies, including Guiso et al. (2018)
and Schildberg-Horisch (2018), suggest that catastrophic shocks such as the financial crisis make people

more risk-averse. At least in the analysis of financial markets, this hypothesis seems to be somewhat

2 Studies of similar settings are Menzly et al. (2004) and Santos and Veronesi (2010).



inadequate. In any case, when this hypothesis is correct at the aggregate level, the worse the economy, the
lower the aggregate risk attitude.

The second hypothesis is that when the economy deteriorates, individuals become risk-loving.
Prospect theory provided by Kahneman and Tversky (1979) and Tversky and Kahneman (1992) suggests
that individuals facing loss become risk-loving and loss-averse. When considering a CRRA (constant
relative risk aversion) type utility function, if the relative risk aversion is negative, the utility function means
risk lover. Their weighted aggregate risk attitude may decrease in a recession where many individuals face
losses. A general equilibrium involving individuals with convex utility functions, however, generally does
not hold. Araujo et al. (2017) and Araujo et al. (2018) have shown the existence of such a general
equilibrium, but some conditions are required; for example, the condition that there must be enough risk-
averse individuals compared to risk-loving individuals.

The third is the status quo hypothesis, and we pay the most attention to this hypothesis. This means
that when the economy goes bad, individuals become more loss-averse. As in the second hypothesis, a
recession means that many individuals face losses. People should be more loss-averse according to prospect
theory. Loss avoidance is expressed by the slope of the value function (utility function) when facing loss
becomes steeper than when facing gain. Interpreted in the framework of the expected utility theory, this
means that the marginal utility of consumption increases, or the marginal negative utility of reduction in
consumption increases. This implies that individuals who are forced to reduce their consumption in the face
of loss cannot reduce their consumption as the original marginal utility suggests in order to maintain their
status quo. In other words, it can be said that it expresses the status quo propensity.> This may represent
the cost stickiness in households and businesses.

This status quo hypothesis can be used to link the economic downturn with a reduction in aggregate
risk aversion, while using the general equilibrium theory without breaking it. Before explaining this
mechanism, we explain the Chan and Kogan (2002) model with heterogeneous individuals who do not
change their preference parameters. During a recession, optimal consumption generally decreases
regardless of individual risk attitudes. Relatively risk-tolerant individuals hold more risk assets than
relatively risk-averse individuals. They are likely to suffer significant losses first when the economy enters
a recession. Consequently, relatively risk-tolerant individuals have a greater reduction in optimal
consumption than relatively risk-averse individuals, and their aggregate consumption share (the ratio of
their consumption to aggregate consumption) is lower. The influence of relatively risk-tolerant individuals
is reduced, and the aggregate risk attitude become larger, or more risk-averse.

On the other hand, when relatively risk-tolerant individuals facing losses switch to loss-averse

preferences, their optimal consumption does not decrease as much as the traditional model. In a recession,

3 The expression sfatus quo bias may be more common. Our status quo hypothesis represents a situation
in which consumption cannot be reduced even if it is desired. This is not just due to psychological bias.
Structural problems that lead to cost stickiness in households and businesses are also relevant. Therefore,
it may be inappropriate to call it bias. We should collectively call these the status quo propensity.



relatively risk-averse individuals also reduce consumption. The aggregate consumption share of relatively
risk-tolerant individuals may increase compared to that of relatively risk-averse individuals. The influence
of relatively risk-tolerant individuals becomes rather large, and the deterioration of the economy leads to a
decrease in the aggregate risk aversion.

The status quo hypothesis is thought to show interesting properties during further economic downturns
such as the global financial crisis. In a minor recession, only relatively risk-tolerant individuals with large
risk assets face significant losses. That is, individual loss-aversions are heterogeneous. As the economic
downturn becomes more severe, relatively risk-averse individuals, however, also face significant losses. In
other words, individual loss-aversions become homogeneous. The aggregate consumption share of
relatively risk-averse individuals will rise, and the aggregate risk aversion will rise again.

From the above viewpoints, the aggregate risk aversion is expected to be procyclical in recessions,
counter-cyclical in depressions, and counter-cyclical in booms. In order to capture more flexible movements,
the aggregate risk aversion expressed as a function of the state variable of the economy is approximated by
a polynomial. The GARCH-M (generalized autoregressive conditional heteroskedasticity in mean) model
provided by Engle, Lilien and Robins (1987) is used to analyze the aggregate risk aversion. Since the
conventional GARCH-M model does not allow time-variability of aggregate risk aversion, the constant
aggregate risk aversion is replaced by the time-varying aggregate risk aversion as a function of the state
variable.

We use the weighted average of historical returns in the stock market as the proxy for state variable.
Chan and Kogan (2002) used “relative log-consumption” as a variable to capture the state of the economy.
This is defined as the logarithm of the ratio of current consumption to the consumption benchmark, which
is the weighted sum of past consumptions. This can be rewritten as a weighted average of past consumption
or endowment growth rates. Data representing consumption or endowment, such as household consumption,
CPI, or GDP, are less frequent than stock return, however. Furthermore, these data are lagging indices
related to the business cycle, and it must be said that consumption as data is a little slow to show the business
sentiment that investors feel. In fact, the stock market index will be the most important factor for investors
to judge the future growth potential of consumption, productivity and endowment in the economy.
Therefore, in this paper, as a variable to capture the state of the economy, we use a variable in which the
aggregate consumption or endowment growth rate in the “relative log-consumption” is replaced by the
stock market return.

We analyze weekly returns from July 2005 to June 2020 in the 10 major stock markets, including
Canada, China, Eurozone, France, Germany, Hong Kong, India, Japan, the UK and the US. The time-
varying (or state-dependent) model is supported in all Western markets, but not in Asian markets. As
expected, in the Western markets, the aggregate risk attitude tends to decrease during the economic
downturn. It is suggested that loss aversion, or status quo hypothesis, regarding consumption plays an

important role during the recession. This does not necessarily deny the possibility that people will become



relatively risk-averse during the recession. At the market level as a whole, the effect of the shift to more
loss averse preference is greater than that. In addition, the aggregate risk attitude tends to rise again during
extreme economic downturns such as the 2008 global financial crisis and the 2020 COVID-19 crisis. This
result strongly supports the status quo hypothesis because the other two hypotheses cannot explain this
phenomenon. In the boom period, as shown by the conventional models, a counter-cyclical relationship is
confirmed between the state of the economy and the aggregate risk aversion.

We have shown that loss aversion, or status quo hypothesis, affects the market as a whole by
considering both heterogeneity and changeability of individual preferences. Moreover, our empirical model
uses only market returns and interest rates and can minimize the problems of variable selection arbitrariness
and overfitting. Loss-aversion or status quo propensity is universal properties for humankind, and it is
thought that these properties will be maintained in the mature stock market.

Section 2 introduces a Chan and Kogan (2002) model with heterogeneous individuals who do not
change their preferences and provide some useful interpretations for the following sections. In Section 3,
the Chan and Kogan model is extended so that the preference changes depending on the state of the economy.

Section 4 provides some evidences in support of our loss avoidance hypothesis and Section 5 concludes.

2. Heterogeneous individuals and time-varying risk attitude

This section explains the time-variability of the (aggregate) risk attitude according to Chan and Kogan
(2002). Their model is a continuous-time consumption-based asset pricing model with catching up with the
Joneses preferences, or external habit formation. In their setting, while all individuals have constant relative
risk aversions (hereafter, CRRA(s)), each CRRA coefficient is allowed to be different. Such heterogeneous
risk attitude model implies that the aggregate risk aversion in such an economy is counter-cyclical. Next,
we discuss the characteristics of the relative log consumption, or state variable, which plays an important

role in their model.

2.1.  Heterogeneous constant risk aversions

Chan and Kogan (2002) constructed a new continuous-time consumption-based asset pricing model
that relaxes the assumptions of representative individuals in the conventional model. When an individual
has the same CRRA-type utility function, the representative individual also has a CRRA-type utility
function. This is a typical setting. This is not always the case if individuals can have different CRRA-type
utility function. Wang (1996) is considering an exchange economy in which there are two individuals with
different risk aversions. In their model, as wealth increases, a single type of individual dominates the market.
Chan and Kogan used catching up with Joneses preference (Abel, 1990; Abel, 1999) to prevent the

asymptotic cross-sectional distribution of wealth from degenerating. In the Chan and Kogan model, an



individual with a constant relative risk aversion *"? € (1,00) has the following utility function.*
1—ryind
u(Cy, Xy 7) = ﬁ (%) 7 (1)
where C, is an individual consumption and X, is an external benchmark which represents the standard
of living in the economy. This reflects that the marginal utility of consumption is increasing in the
consumption level of other individuals. In other words, individuals consume more during boom times when
the standard of living rises. The dynamics of x, = In X, are defined as follows using the past values of

logarithmic aggregate endowment y, = InY,:
¢
r, = zye "+ H/ e "5y ds,  k>0. (2)
0

The parameter s governs the degree of history dependence in X.

Considering the budget constraint up to the aggregate endowment Y,, the consumption of an
individual with a risk aversion "¢ is a function of Y, and X,, that is, C, = C,(Y;, X;;7"¢). The
budget constraint at time ¢ is expressed as [~ C,(Y}, X;39™4)dy""? < Y. Let f(y"™?) be the social
weight attached by the central planner, or the distribution of individuals, that is [ * f(ymh)dyind = 1. In
an exchange economy, no intertemporal transfer of wealth is possible at the aggregate level, and the
optimization problem can be separated at each time ¢ € [0, o). The utility function of representative (or
aggregate) individual at time ¢ is

ind

o 1 C(Y,, X,y
U(}/th) — sup / f‘(,wnd)l ( t( t Y )) d,yznd
1

) __ A~ind
{ee(Yy, Xpyind)yind>1} v X

(3)
s. t. / C,(Y,, X,y d)dynd < Y,.
1

We summarize the main implications of their model.> First, the aggregate relative risk aversion is
expressed as follows.

_}/;UYY(}/tht>

Y, X,) =
(3 %) Uy (Y3, Xy)

= —W(z)>1, (4)

where z, =y, —z, = In(Y;/X,) is relative log-consumption according to Chan and Kogan (2002)
because it measures aggregate consumption relative to the standard of living, and the function h(z,) is
logarithmic Lagrange multiplier and implicitly defined as floo Fym " explh(z,) — 2, } dyind = 1.
Since z, is convenient for describing the state of the economy, we call it simply state variable. Eq. (4)
implies the aggregate risk aversion is the function of the state variable:

(Y, X,) = (z,)- (5)

Therefore, the aggregate risk aversion becomes time-varying although the risk aversion of each individual

4 The constraint " > 1 is necessary for the complementarity between individual consumption and
the consumption benchmark described below.
5 See Chan and Kogan (2002) and Munk (2013) for detail.



is constant.
Second, the first derivative of the aggregate risk aversion satisfies the following properties.
7' (2) <0. (6)
This is derived from the property that h(z,) is a decreasing and convex function. This property implies
that the aggregate risk aversion is counter-cyclical.

Third, the optimal aggregate consumption share c; = C} /Y, is
ind . ind 1 > . )
ci (z37"™) = fF(y" )V exp {—mh(ZO - Zt} where / iz Ddyt =1 (7)
Y 1
Differentiating with respect to z,,

de* (Z 7,wnd) 1 . ) iy
LR (0(z) = ") (2. (8)

dz, oy
It is implied that when the state variable increases, individuals with risk aversion "¢ lower (higher)
than aggregate risk aversion 7(z,) increase (decrease) their optimal aggregate consumption share.
Relatively risk-tolerant individuals have a greater share of risky asset in their wealth than relatively risk-
averse individuals regardless of the state of the economy. As the state of the economy improves, their
wealth share may increase by growth of the risky asset, and they can consume more. In contrast, when the
state of the economy deteriorates, they face great losses. Therefore, they are forced to reduce their

aggregate consumption share.

2.2.  Useful interpretations
We provide three useful interpretations of the Chan and Kogan (2002) model in this subsection.
First, we provide the property that the state variable is (approximately) a function of the history of the
aggregate endowment growth. Using dz, = k(y, — x,)dt according to Chan and Kogan, the current
state variable, z,, can be expressed as a function of the state variable At period ago, z,_a,, and the
(log) aggregate endowment growth from At period ago to the present, y, — y,_a;:
2 =Y —Ypar + (1= KAz py- (9)
If ¢ is large enough, the effect of 2z, can be ignored. Eq. (9) implies that z, is a function of the history
of the (log) aggregate endowment growth y, — y,_A, for t € (At,t]. For sufficiently large ¢, the state
variable can be approximated as follows.
2z ~ 2(Py; K), (10)
where ), is the history of the (log) aggregate endowment growth.
Second, we provide the property about reference period. Using eq. (2) and the fact that

K j(;t e "t=5)ds = 1 — e, the state variable, z, = y, — x,, can be rewritten as follows.

t
= [ s e ) (1)
0



If ¢ is sufficiently large compared to a unit of period, the second term can be ignored. In this case, z,
can be interpreted as a weighted average of y, — y,, which means the (log) endowment growth from ¢ —
s periods ago. The coefficient e~*(*~%) implies the influence of individuals who refer to t — s periods
ago. Assuming that the period referred to by the individual is not changed, while the individual who refers
to ¢t — s periods ago appears once in the market, the individual who refers to one period ago will appear
in the market ¢ — s times. Thus, the distribution of such individuals is expressed as follows.
g(s;k) = (t — s)kZe rt=3), (12)
The peak of the distribution is equal to <~ !. For example, given x =0.02, it means that 50 periods ago is
the most referenced.
Third, we provide an intuitive interpretation of the negative state variable. Let 7, be the set of time
s satisfied that y, —y, > 0 forall s € 7. Similarly, let 7, be the set of time s satisfied that y, —
y, < 0 forall s € T!. Then, the state variable can be rewritten as follows.
5= / e ")y, —y,|ds — / e ")y, —y,|ds (13)
Ti Ty
The first term is the weighted average of the influence of the individual facing the gain, e *(*~*) for s €
T/, by the magnitude of each positive growth, |y, —y,| for s € T/ . Similarly, the second term is the
weighted average of the influence of the individual facing the loss by the magnitude of each negative
growth. Consequently, the negative state variable means that the growth-weighted aggregate influence of

an individual facing a gain outweighs that of an individual facing a loss.

3. State-dependent preferences of heterogeneous individuals, and status quo hypothesis

This section extends the Chan and Kogan (2002) model to allow individual preferences to change
depending on the state of the economy. As shown in eq. (13), it is expected that the smaller the state variable
2, the greater the influence of individuals facing losses.® Individuals facing loss are considered to be loss-
averse as shown by Kahneman and Tversky (1979) and Tversky and Kahneman (1992). Alternatively,
feared individuals may be risk-averse as Guiso et al. (2018) suggest, and individuals facing significant
losses may be risk-averse. First, we consider the case where only the individual risk aversions change. This
is expressed by switching the distribution of social weights depending on the state of the economy. Next,
we examine the situation in which the individual loss aversions change. It can be shown that an increase in
loss aversion for individuals with a certain risk aversion is virtually equivalent to an increase in their social

weight. We call it status quo hypothesis.

3.1.  Switching risk aversions
Switching risk aversions means that a given distribution of social weights changes. For example, we

consider the case where relatively risk-tolerant individuals change their risk aversion to be more risk-averse.

6 Barberis et al. (2001) use similar variables to describe the situation in which an individual faces loss.



At this time, the social weight assigned to relatively risk-tolerant individuals will decrease, and the social
weight assigned to relatively risk-averse individuals will increase.

To investigate this effect, we make the distribution of social weights in the Chan and Kogan model
dependent on the latent state k:

ind

) 1y

o , 1 C,(Y,, X,;»ind in

U(}/IHXt?k) = sup / fk(,.yznd>1 ind ( t( : Xt >> d,-y d7
{ci (Y, X pyind)yind>1} Jy - t

U (14)
5‘5/ C,(Y,, X;; vy d)dymd < Y,.
1

Given various f,(7"?), the optimal allocation of consumption in a sufficiently large number of Pareto
equilibria is potentially derived. Let S, be the latent variable that captures the latent state. S, =k
determines the structure of f;,(7""?), and the Pareto equilibrium under its Pareto weight is adopted. It is
thought that the latent state changes when the number of individuals facing loss increases. Therefore, we
can naturally assume that the latent variable S, depends on the state variable z,, that is, S, = S(z,).
This procedure provides the distribution of social weights pseudo time-variability. The aggregate risk
aversion 7 is still a function of 2z, because the pseudo time-variability is captured by z,.

The optimal aggregate consumption shares of individuals with "¢ in latent state % are given below.
Gialzir™) = (™) " exp { =) =}
o0 . .
where / i (zpymd)dyind = 1.
1

Eq. (15) holds for any 7""® € (1,00). Let 7/"* and 7i"* in (1,00) be individual risk attitudes where

1/,Yind

(15)

i > ~ind_that is, individuals with /"¢ are more risk-averse than individuals with ~2"¢. Eq. (15) can

be rewritten as follows.

ind) ot (5,1 yind)aint : ‘
A7) _ calGin™ N i)y (16)
Ik (’Yj ) Crr (zt; ’Y;»nd)ﬂ{]
An increase in the social weight ratio f,(v:"4)/f, (’Y;'nd

) means an increase in cj,(z,;7/"%), a decrease
in c,’;t(zt;'y;-"d), or both. This means an increase in the influence of 7" (relatively risk-averse
individuals), a decrease in the influence of 7}”‘1 (relatively risk-tolerant individuals), or both. This is
because an increase in the optimal aggregate consumption share of individuals with "¢ means an
increase in the influence of "¢ on the aggregate risk aversion (see Appendix for detail). In any case, as

the social weight of relatively risk-averse individuals increases, the aggregate risk attitude increase.’

7 As shown by Schildberg-Hérisch (2018) and Guiso et al. (2018), if the economic downturn makes each
individual’s risk aversion more risk-averse, then the aggregate risk attitude becomes counter-cyclical.
This makes the counter-cyclicality suggested by the conventional Chan and Kogan model more
prominent.



3.2, Status quo hypothesis: switching loss aversions

Next, we consider the case where individuals with a certain risk aversion shifts to be loss averse. We
provide the status quo hypothesis by considering this case. This case holds almost the same argument as
the case of switching a given distribution of social weights substantially. This is because an increase in the
parameter representing loss aversion in individuals with a certain risk aversion "¢ has the same effect
as an increase in its social weight.

To investigate this effect, eq. (14) is rewritten as follows.

ind

. o M) (C(Y, Xy T
U(Y, Xy k) = sup / iy 1""‘( mﬁ( 1t/ < ) dyind,
{ee (Y, Xysyind)yind>1} Jy -7 t

v (17)
bt/ C,(Y,, X,y d)dynd <Y,.
1

where A, (7"4) is the parameter of loss-aversion for individuals with v"? in the latent state k.° An
increase in loss aversion implies that individuals facing loss and wanting to reduce their consumption
cannot reduce their consumption as they wish. This slowdown in consumption decline may be due to the
status quo propensity.” This may represent the cost stickiness in households and businesses.

The optimal aggregate consumption shares of individuals with "¢ in latent state % are given below.

s in in in 1/t 1

Gulzin ™) = (G £ ) e { =g hue) =}

o (18)

where / G (2 ymd)dyind = 1.
1

In the same way as eq. (16), we have

M) Fe(nim ) ez ) ' '
AkEVE:nd;ka'Y?nd; N ft( t lind>'yf:nd eXp{(’Yzmd - ’y;'nd>zt} ’ (19>
kT3 )R Cia (275" ) "

When £y (4"4)/ (A (") £y (vi"%) ) is fixed, an increase in the loss aversion X, (v/"?) means an

3

increase in cj, (2;7/"?), a decrease in ¢f,(z,;;71"?), or both. As with social weights, in any case, as the

loss-aversion of relatively risk-averse individuals increases, the aggregate risk attitude increase. Inversely,

as the loss-aversion of relatively risk-tolerant individuals increases, the aggregate risk attitude decrease. If

8 The loss avoidance parameter A does not necessarily have to be the same for individuals with the same
~?_For example, if individuals with 4" =2 and \ = 3 and individuals with 4" =2 and A =1
divide the social weight belonging to individuals with "¢ = 2 in half, these can be regarded as a single
group with ¥4 =2 and \ = 1.5.

? At a glance, the slowdown in consumption decline may also be explained by switching to be more risk-
averse. This is because C/X is generally a very small value and eq. (1) implies u, =

X1c/x )*"Ymd, and consequently, the more risk averse, the greater the marginal utility of consumption.
The large "%, however, makes u. extremely volatile because exponential terms are included in

Upe = —y™MX2(C/X) ™1 and upy = (74— 1)X2(C//X)~"" . This property is not suitable
for expressing the rigidity of the consumption level. On the other hand, the switch to loss-averse
preference changes u.- and uoy only in a multiplier, which prevents u. from becoming extremely
volatile. Studies such as Guiso et al. (2018) that suggest that people become more risk-averse during an
economic downturn may not be able to distinguish between switching to be loss-averse and risk-averse.

10



relatively risk-tolerant individuals become loss-averse due to the economic downturn, the influence of
relatively risk-tolerant individuals on the aggregate risk aversion will increase. That is, the aggregate risk
aversion decreases in the economic downturn, or is procyclical. Note that when all individuals become
homogeneously loss-averse, the optimal aggregate consumption share of each individual does not change.

The relationship between the aggregate risk attitude and the state of the economy is summarized below
as the status quo hypothesis. Relatively risk-tolerant individuals are more likely to face losses than relatively
risk-averse individuals during recession because the former allocate more to risk assets than the latter. The
aggregate risk aversion will be procyclical when the effect of such heterogeneous loss-aversion outweighs
the effect that lead to counter-cyclicality such as increasing the social weight of relatively risk-averse
individuals (e.g. Guiso et al., 2018) and increasing the influence of relatively risk-averse individuals on the
aggregate risk aversion (e.g. Chan and Kogan, 2002). A serious economic downturn such as 2008 global
financial crisis and 2020 COVID-19 crisis is expected to make aggregate risk aversion counter-cyclical

again because it homogenizes the loss-aversion of each individual.

4. Empirical evidences

This section uses data to analyze how the aggregate risk attitude fluctuate in response to changes in
the state of the economy. First, we construct empirical models with time-varying (state-dependent)
aggregate risk attitude. Second, we explain our data for market returns in some main market and provide
simple analysis. Third, we provide evidence that the aggregate risk attitudes in stock markets of Western

countries are time-varying, and the status quo hypothesis is supported for the time-variability.

4.1. Empirical model

The aggregate risk attitude can be expressed as a function of the state of the economy, which represents
the business-cycle of the economy. Most conventional models imply that the aggregate risk aversion is
monotonic decreasing function of state variable. In contrast, our status quo hypothesis implies that the effect
of state variable on aggregate risk attitudes depends on the level of state variable (or business sentiment).
In other word, the function 7(z) may have one or more inflection points. For this reason, we make some
polynomial approximations to capture the various relationships between the state variable and the aggregate

risk aversion:

By + 8,1+ 2)
So + 61 (1+2) + 65 (1 + 2)?

T = Gy 0014 2) 4 81+ 2)? 4 8y(1 4 2 (20)
8o+ 01(1+2) + 05(1 + 2)2 4+ 55(1 + 2)% + 6, (1 + 2)4

The first line in eq. (20), linear model, corresponds to the Campbell and Cochrane (1999) model, Chan and
Kogan (2002) model, and other main conventional models if 0; < 0. The second to fourth lines, quadratic

to quartic models, approximate the situation where the inflection point exists. Our status quo hypothesis

11



suggests procyclicality during the recession and counter-cyclicality during the boom and depression.
Therefore, the status quo hypothesis is supported by the cubic function model. Note that these parameters,
ds, are not constrained to flexibly capture market movements.

Moreover, an appropriate « is required to specify the state variable since z, &~ z(1,; k) from eq.
(10). We consider 9 patterns of x; 0.02, 0.025, 0.0325, 0.0375, 0.045, 0.055, 0.075, 0.115 and 0.25. From
eq. (12), these mean that the peaks in the distribution of past time referred to in the weekly data are 1 year,
9 months, 7 months, 6 months, 5 months, 4 months, 3 months, 2 months, and 1 month, respectively (see for
details in Section 2.2). As a result, the number of models is 4 x 9 = 36. Let the model with the smallest AIC
(Akaike’s information criterion) be the time-varying or state-dependent model. We also consider a constant
model, which has a constant aggregate risk aversion, as a benchmark model. That is, v(z) = ;.

We use the weighted average of historical returns in the stock market as the proxy for state variable.
Chan and Kogan (2002) used “relative log-consumption” as a variable to capture the state of the economy.
Data representing consumption or endowment, such as household consumption, CPI, or GDP, are less
frequent than stock return, however. Furthermore, these data are lagging indices related to the business
cycle, and it must be said that consumption as data is a little slow to show the business sentiment that
investors feel. In fact, the stock market index will be the most important factor for investors to judge the
future growth potential of consumption, productivity and endowment in the economy. Therefore, as a
variable to capture the state of the economy, we use a variable in which the aggregate consumption or
endowment growth rate in the relative log-consumption is replaced by the stock market return.

We use GARCH-in-mean (generalized autoregressive conditional heteroskedasticity in mean) model
proposed by Engle, Lilien and Robins (1987) in order to get the aggregate risk attitude of the economy:

Tae = Tpe = 7(%4)‘7?\1&71 + &, e ~ N (0, U?\tq)' (21)
where 7, and 7y are the stock market return and risk-free rate at time ¢, respectively. We assume that
the dynamics of the conditional variance follows the GARCH (1,1) process:

Ug\tﬂ =g +age] ; + ﬁat{l\pw (22)
where e,_; 1is the residual at time ¢ — 1, and «, «; and [ are constant. The specification corresponds
to the discrete-time capital asset pricing model with the time-varying state-dependent aggregate risk
aversion. !

Ultimately, the only variables needed in our model are market returns and risk-free rates. Such

simplicity can suppress the problems of variable selection arbitrariness and overfitting.

10" Chan and Kogan (2002) imply that the Sharpe ratio of the single risky asset is expressed as the product
of the state-dependent aggregate risk attitude and the volatility of the aggregate endowment growth rate.
Since the volatility of the aggregate endowment growth rate in the Chan and Kogan model is treated as a
constant, it is necessary to verify the state dependence of the Sharpe ratio rather than the state dependence
of the aggregate risk attitude in order to accurately verify the Chan and Kogan model. As mentioned
above, Statistical data on consumption and endowment do not necessarily represent the intrinsic
aggregate endowment growth rate, and there is no guarantee that its volatility is constant. We use market
returns as a proxy for aggregate endowment growth, and finally, we obtain eq. (21).
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4.2.  Data and summary

The data required in this paper are (log) market returns and (log) risk-free rates. We analyze the 10
major stock markets to investigate whether the mechanism for time-variability in the aggregate risk attitude
varies from country to country; Canada, China, Eurozone, France, Germany, Hong Kong, India, Japan, the
United Kingdom, and the United States. The index of each market is used for the weekly market return;
TSX, SSE, STOXX 600, CAC 40, DAX, HSI, SENSEX, TOPIX, FTSE 100, and S&P 500, respectively.
The risk-free rate of each market is used for the 3 months interbank rate of each market or currency except
for Canada and China. The risk-free rate of Canada is used for Canadian 3 months government bond yield,
and that of China is used for Chinese 3 months interbank repo rate. The length of the sample period is 783
weeks from July 1, 2005 to June 26, 2020 in order to have the same period in each market.!! We need,
however, longer sample to eliminate the arbitrariness of the initial value for the state variable z because
the state variable constructed by historical stock market returns in discrete-time framework can be rewritten
as z, =1y + (1 —k)zp g = (1 —K)lzy + ZZ;B(I — K)°Tar—s fromeq. (9). We set the initial value of
Zo = Yo — Xo to zero and burn-in-period to 100 weeks (about 2 years). Therefore, the precise length of
market returns is 883 weeks.'?

Table 1 shows the summary statistics of logarithmic returns on 10 market indices. The skewness of
the market index is negative in all markets. The kurtosis of the market index is well above 3 in all markets.
All distributions of market indices are distorted in the negative direction and are fat-tail. This is as
previously pointed out, and these characteristic does not change in emerging markets such as China and
India. The rightmost column shows the correlation with the US market. It can be seen that the stock markets
in Western countries including Canada, Eurozone, France, Germany, and the UK are highly correlated with
the US. On the other hand, the stock markets of Asian countries including China, Hong Kong, India and
Japan have extremely low correlation with the US.

[Table 1]

4.3.  Results

We analyze the structure of state-dependent aggregate risk attitude specified by equations (20) and
(21) with conditional volatility specified by eq. (22). Table 2 shows the results of constant and state-
dependent aggregate risk attitude model with conditional volatility. The constant aggregate risk attitude
model in the Canadian stock market provides the estimate of constant term 4, is 2.589. Its standard error
is 1.312, and the parameter is statistically significant at 5% level. The AIC (Akaike’s information criterion)
of the constant model is 3,225.055. On the other hand, the state-dependent aggregate risk attitude model
with cubic function and k£ = 0.0375 in the Canadian stock market has the smallest AIC. x = 0.0375

' Tt also aims to eliminate the period when the exchange rates of each country are unstable due to the
introduction of the euro.
12" All these data are taken from Bloomberg Professional.
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implies the peak of individual reference time point is 6 months ago (see also 2.2 in this paper for details).
All estimates of coefficients, d,, d;, d, and Js, are statistically significant at 5% level. The AIC of state-
dependent model is 3,222.594 and smaller than that of constant model. In addition, likelihood ratio test (LR
test in Table 2) shows that the null hypothesis that the constant model is correct is rejected at the 5% level.
To sum up, the aggregate risk attitude in the Canadian market is state-dependent.

In the same way, it can be seen that stock markets in Western countries, including Canada, Eurozone,
France, Germany, the UK and the US have a representative individual with state-dependent aggregate risk
attitude. Inversely, representative individuals in Asian stock markets, including China, Hong Kong, India
and Japan have constant aggregate risk attitudes. In the Chinese market, the state-dependent model has
some insignificant parameters in spite of being selected by the likelihood ratio test and AIC. In the Indian
market, the state-dependent model is not selected by the likelihood ratio test and AIC although all
parameters are significant. The constant model is generally supported in the Asian stock markets. At least,
polynomial approximations from linear to quartic functions cannot capture their state-dependence or time-
variability.

[Table 2]

Figure 1 shows the structure of aggregate risk attitude with conditional volatility. The horizontal and
vertical axes represent the state variable and the aggregate risk attitude, respectively. Western stock markets
have similar cubic structure. On the other hand, the structures of aggregate risk attitudes in Asian stock
markets are very different from those in Western stock markets and are different from each other. We will
consider only the Western market from now on since the state-dependent model with polynomial
approximations is not supported in the Asian stock market.'3

Cubic curves in these markets commonly have the first inflection point or local minimum point around
-0.25, and the second inflection point or local maximum point near 0. The decreasing structure in the range
over 0, the movement between the upper left and the lower right, corresponds to the counter-cyclicality of
aggregate risk attitude at times when most individuals face gain, that is, booms. It can be seen that the
conventional model such as Campbell and Cochrane (1999) and Chan and Kogan (2002) holds in such a
stable economic environment.

The aggregate risk attitude, however, become increasing function of state variable in the range -0.25
to 0. This structure corresponds to the procyclicality of aggregate risk attitude at times when risk-taking
individuals face loss, that is, recessions. This implies two hypotheses as shown in Section 3. The first

hypothesis is that the social weight of relatively risk-tolerant individuals increases due to the economic

13 'We also analyze the Sharpe ratio by a similar way, in order to match the formation of Chan and Kogan
(2002) model (not listed in table). That is, we use following model instead of eq. (21).

He — T = 7(471)0’0}\1571 + €, € N(O, U?\t71) (217)
where o is the constant volatility of consumption (or endowment) growth. Results in the US stock
market and German stock market also support our status quo hypothesis while results in the other markets
reject our status quo hypothesis. It may be necessary to consider the time-variability of the consumption
volatility, the dependence of the market on the US market, and the effects of exchange rates.
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downturn. The second hypothesis, or the status quo hypothesis, is that the relatively risk-tolerant individuals
will switch to more loss-averse preferences in order to maintain their status quo as the economy
deteriorates.'

The decreasing structure outside the range below -0.25 corresponds to the counter-cyclicality of
aggregate risk attitude at times when most individuals face loss, that is, depressions. The first hypothesis
cannot explain this counter-cyclicality. This is because if an individual facing a loss becomes risk-tolerant,
the aggregate risk attitude should still be procyclical during depressions. On the other hand, the second
status quo hypothesis can explain this counter-cyclicality because the depression provides almost
homogeneous switching to loss aversions. In other words, the depression causes loss not only to individuals
who take risks but also to individuals who do not take risks, and eliminates distortions based on differences
in preferences. Consequently, the relationship between aggregate risk attitude and state variable becomes
the same negative relationship as during the boom period.

[Figure 1]

Finally, the relationship between inflection points and the state variable z is described. Figure 2 show
the time-series of 2z and inflection points. Areas filled in purple (blue) mean that the state of the economy
is below the first (second) inflection point. The first inflection point is around -0.25 and the second
inflection point is around 0 as can be seen from Figure 1. The purple areas generally correspond to the 2008
global financial crisis and the 2020 COVID-19 crisis. During such a serious crisis, almost all individuals
may switch to loss-averse preferences in order to maintain their status quo. The blue areas are observed in
2011 and 2016-2017, except around those two crises. The former may respond to the Greek and Spanish
crises, and the latter may respond to the Brazilian economic crisis. It can be said that shocks that are not
due to their own country cannot reduce the wealth of relatively risk-averse individuals who do not take
risks, except for two global crises.

[Figure 2]

5. Conclusion

We improved Chan and Kogan (2002) model and constructed a new behavioral asset pricing model
with heterogeneous individuals whose preferences change depending on the state of the economy. Based
on this model, we proposed a status quo hypothesis. In our status quo hypothesis, individuals facing loss
switch to loss-averse preferences to maintain status quo. In the boom period, most individuals face gains,
so the aggregate risk attitude is countercyclical as in the conventional model. In a minor recession, the effect
of switching to loss averse preference on aggregate risk attitudes is heterogeneous, as only risk-taking

individuals face significant losses. As a result, the aggregate risk attitude becomes procyclical. On the other

14" A hypothesis in which the proportion of risk-loving individuals increases can also be considered. In
this case, the general equilibrium theory may not hold. This hypothesis is beyond the scope of this paper.
Recent studies have also developed a general equilibrium model of the economy, including risk-loving
individuals (Araujo et al., 2017; Araujo et al., 2018).
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hand, in a major recession, or depression, almost all individuals face large losses. The effect of loss aversion
on aggregate risk attitudes is nearly homogeneous. Consequently, the aggregate risk attitude becomes
countercyclical again.

Next, the structure of aggregate risk attitude was approximated by a polynomial to take into account
the possibility of multiple inflection points. As a result, the structures of aggregate risk attitudes in the stock
markets of Western countries including Canada, Eurozone, France, Germany, the UK and the US could be
well approximated by a cubic function. This cubic function implies the counter-cyclicality of these
aggregate risk attitudes during booms and depressions and the procyclicality during recessions. This result
supports our status quo hypothesis. We conclude that it is essential to allow both heterogeneity and

changeability of preferences in order to determine an accurate aggregate risk attitude.
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Appendix

We provide a formal proof that an increase in the optimal aggregate consumption share of individuals
with "% means an increase in the influence of 7" on the aggregate risk aversion, while this is
intuitively clear.

Chan and Kogan (2002) proved that the aggregate risk aversion is expressed as follows.

>~ 1 , Nt > . ,
Wz) = ( / ~md (Zm’"d)dvmd> .t / ci (279" ) dy™d = 1. (A1)
1 1
We focus on a specific range (74, 5"4) and define &, 7" and ~i*?® as follows.
ge Y t> N1 2
ﬁznd
& = ci (37" ) dy™d (A2)
lind
i = § (A3)
ﬁi"d 1 « . . bl
hyind ~ind Ce\Zts ’ymd>d'ymd
, 1_¢&
,y%nd — clt (A4>

Iymde(l,oo)\(,ymdﬁmd) W ¢ (Zt ; ’Yind>d'7ind

¢; means the aggregate consumption share of the individuals with 7"? € ("4, 7ind). ~ind means the

aggregate risk aversion of only these individuals. 7i"? means the aggregate risk aversion except for these

individuals. For example, if 7i"¢ < 44"?, the individuals with v"¢ € ("¢, 5) or simply ~i"¢, mean

relatively risk-tolerant individual than representative (aggregate) individual since 75"? ~ ~ for small ¢;.

Eq. (A1) can be rewritten as follows.

-1
'Y(Zw ct) = ina Ct + ind (1 - Ct) . (A5>
7 V2
Consequently,
a’y(zt,é;‘> 2 ( 1 1 ) 72 ind ind
ocy M ¢ Y2 ¢ 71 d’Yz e '

If 4ind < 4ind  an increase in the optimal aggregate consumption share of individuals with "¢ €
(li”d, yind), who are relatively risk-tolerant individuals, decrease the aggregate risk aversion. This implies
that the representative (aggregate) individual become more risk-tolerant. Similarly, increasing the optimal
aggregate consumption share of relatively risk-averse individuals makes representative individual more

risk-averse.
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Table 1

Summary statistics

Mean  Std. Dev  Skew Kurt Min Med Max Corr
Canada 0.053 2.425  -1.514  14.405 -17.542 0.293  12.817 0.822
China 0.127 3.411 -0.359 5.512 -14.898 0.237  13.945 0.191
Eurozone 0.033 2717 -1.790  16.755 -24.252 0.314  12.437 0.834
France 0.020 3.069  -1.435  12.989 -25.050 0.268  12.432 0.812
Germany 0.124 3.150  -1.249  12.513 -24.347 0.441  14.942 0.813
Hong Kong 0.070 2967  -0.333 6.075 -17.815 0.327 11.719 0.604
India 0.203 2.990  -0.475 6.948 -17.381 0.378  13.171 0.557
Japan 0.038 2,926  -1.044 9.202 -22.019 0.338  12.871 0.620
UK 0.025 2.546  -1.639  18.139 -23.632 0.200  12.584 0.829
Us 0.118 2.534  -1.131  12.747 -20.084 0.253  11.424 1.000

Note: Results are based on market index returns [%, weekly] from 1 Jul 2003 to 26 Jun 2020 (783 weeks).

The statistics of “Corr” means the correlation with the US stock returns.
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Figure 1
Structure of aggregate risk attitude
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Time-series of state variable and inflection points
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