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Abstract

Structural models of default are unable to generate measurable Baa-Aaa credit spreads, when
these models are calibrated to realistic values for default rates and losses given default. Motivated by
recent results in behavioral economics, this paper is the first to propose a consumption-based asset
pricing model with disappointment aversion preferences in an attempt to resolve the credit spread
puzzle. Simulation results suggest that as long as losses given default and default boundaries are
countercyclical, then the disappointment model can explain Baa-Aaa credit spreads using preference
parameter values that are consistent with experimental findings. Further, the disappointment
aversion discount factor can match key moments for stock market returns, the aggregate price-

dividend ratio, and the risk-free rate.
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You cannot receive anything by someone who has nothing

“Dialogues of the Dead”, Lucian (125 — 175 A.D.)

1 Introduction

When traditional structural models of default are calibrated to realistic values for default rates and
losses given default, then these models are unable to generate measurable Baa-Aaa credit spreads,
an empirical conundrum also known as the credit spread puzzle. Moreover, recent resultsﬂ suggest
that state-of-the-art consumption-based asset pricing models cannot rationalize Baa-Aaa bond
spreads, even if they can successfully explain equity premia. Nevertheless, a universal stochastic
discount that can resolve the equity premium puzzle should also be able to fit credit spreads in

corporate bond markets.

Although behavioral theories have been extensively used to explain equity risk premiaEL this
is the first paper to address the credit spread puzzle from a behavioral perspective. Towards this
objective, I use a general equilibrium model of an endowment economy populated by disappointment
averse investors in order to price zero-coupon corporate bonds subject to default. Disappointment
aversion preferences were first introduced by Gul (1991)), and are able to capture well documented
patterns for risky choices, such as asymmetric marginal utility over gains and losses or reference-
based evaluation of stochastic payoffsﬂ Moreover, disapppointment aversion preferences do not
violate first-order stochastic dominance, transitivity of preferences or aggregation of investors. The
disappointment aversion framework can therefore help us shed additional light on the link between

credit-spreads and aggregate economic activity while maintaining investor rationality.

Disappointment averse investors are characterized by first-order risk aversiorﬁ preferences with

!Chen et al. [2009.

2Epstein and Zin (1990), Bernatzi and Thaler (1995), Barberis et al. (2001), Andries (2011)), Piccioni (2011,
Easley and Yang (2012)), Delikouras (2013]).

3Kahneman and Tversky (1979), Duncan (2010), Pope and Schweitzer (2011)).

4Segal and Spivak (1990).



endogenous expectation-based reference points for gains and losses. Due to the linear homogeneity
of these preferences, I am able to obtain approximate analytical solutions for the price-payout ratios
(price-dividends, price-earinigs) in the economy. This is the first paper to derive analytical expres-
sions for price-payout ratios when investors and disappointment averse and aggregate uncertainty
is time-varying. Explicit solutions for price-payout ratios, in turn, facilitate model simulation, and
provide valuable intuition. Price-payout ratios are log-linear functions of three state variables:

consumption growth, consumption growth volatility, and consumption growth variance.

The main mechanism in place for disappointment aversion preferences is related to asymmet-
ric marginal utility, and the fact that disappointment averse investors penalize losses below the
endogenous reference level three times more than they do for losses above the reference level.
The disappointment aversion model highlights the interaction between default rates and periods
of worse-than-expected aggregate macroeconomic conditions. During these periods there is an up-
wards jump in marginal utility. Almeida and Philipon (2007) also document that distress costs are

most likely to happen during times when marginal utility is high.

shows Baa-Aaa credit spreads, Baa default rates, and NBER recessions for the 1946-
2011 period. Two things become immediately clear from [Figure 1| First, credit spreads are strongly
countercyclical. Second, Baa default rates remain close to zero over long periods of time, and tend
to spike up at or after a recession. Through first-order risk aversion, the disappointment model
amplifies very small risks, such as the almost zero default risk for Baa firms, and is able to generate

measurable Baa-Aaa credit spreads despite the very low default rates.

Although several consumption-based asset pricing models have proposed frameworks that gen-
erate credit spreads consistent with empirical observations, with the exception of the habit model in
Chen et al. (2009), either preference parameters (eg. the risk aversion coefficient) in these models
are much larger than those estimated in clinical experimentsﬂ or these models cannot perfectly

match other asset pricing moments such as equity risk premiaﬁ On the other hand, the disappoint-

5Chen (2010), p. 2190, assumes a risk aversion parameter equal to 6.5 and an EIS larger than 1.
5The equity premium in Bhamra et al. (2010) p. 682 is 3.19%, whereas the sample equity premium for the
1946-2011 period is around 6.5%.



ment model of this paper is calibrated to preference parameter values which are consistent with
recent experimental resultsﬂ the risk aversion parameter is equal to 1.8, and the disappointment

aversion coefficient is equal to 2.03.

This paper compliments a growing literature which argues that disappointment aversion prefer-
ences are able to address a variety of stylized facts in financial markets such as the equity premium
puzzle (Routledge and Zin 2010, Bonomo et al. [2011)), the cross-section of expected returns (Os-
trovnaya et al. 2006, Delikouras 2013), or limited stock market participation (Ang et al. [2005,
Khanapure|2012). Simulation results suggest that as long as losses given default and default bound-
aries are countercyclical, then the disappointment model can explain the credit spread puzzle, and
generate expected Baa-Aaa credit spreads equal to 100 bps for four-year maturities. This is very
close to the historical average of 103 bps in Huang and Huang (2012). In contrast, for the discrete
time version of Merton’s model (Merton 1974)), the Baa-Aaa credit spread is equal to 51 bps. Never-
theless, the disappointment model seems to overpredict expected credit spreads for long maturities

(15yr+).

Ever since Merton’s model, most results on corporate bond pricing (Leland (1994, Leland and
Toft1996, Goldstein et al. [2001, Bhamra et al. [2010) rely directly on risk-neutral probability
measures for asset returns, while being silent on investor preferences and the stochastic discount
factor. In contrast, this paper adds to recent works by Chen et al. (2009), and Chen (2010) who
approach the equity premium and credit spread puzzles in a unified manner, explicitly using a

universal consumption-based stochastic discount factor across all financial markets.

Taking a stance on the functional form of the stochastic discount factor is particularly im-
portant for two reasons. First, we can identify whether a particular set of preferences is able to
generate plausible asset pricing moments across different markets. For instance, besides explain-
ing the credit spread puzzle, the disappointment aversion discount factor in this paper matches
moments for aggregate state variables, stock market returns, and the risk-free rate. Second, esti-

mates for preference parameters can be compared to recent experimental findings for choices under

"Choi et al. (2007, Gill and Prowse (2012).



uncertainty in order to assess the empirical plausibility of the model.

There are many asset pricing models that can efficiently explain stylized facts in financial
markets, yet these models usually explain asset prices one market at a time. The strategy of this
paper is to impose more discipline on investor preferences, and provide solid micro-foundations
for a universal discount factor across different markets by taking into account recent experimental
results for choices under uncertainty. These results emphasize the importance of expectation-
based reference-dependent utility. The use of disappointment aversion preferences is motivated by
strong experimental and field evidence from aspects of economic life that are not directly related
to ﬁnanceﬁ This paper also adds to the relatively limited strand of literature that incorporates
elements of behavioral economics into a consumption-based asset pricing model without violating

key assumptions of the traditional general equilibrium framework.

2 The credit spread puzzle

2.1 Historical data

Average default rates for the 1970-2011 periodﬂ and recovery rates are from the Moody’s 2012
annual report. Data on recovery rates start in 1982. Corporate bond yields are obtained from
Datastream and the St. Louis Fed website for four different sets of indices: two Moody’s indiced™]

four Barclays imdices{E7 six BofA indiceﬂ and eighteen Thomson-Reuters corporate bond indiceslﬂ

In terms of aggregate variables, personal consumption expenditures (PCE), and PCE index data

8Choi et al. (2007), Gill and Prowse (2012), Artstein-Avidan and Dillenberger (2011)).

9 Average default rates in the Moody’s report are calculated for three different periods: 1920-2011, 1970-2011,
and 1983-2011. Average default rates for the 1983-2011 sample are almost identical to the ones used in this study.
However, average default rates for the 1920-2011 period are substantially higher than for the 1970-2011 or the 1983-
2011 samples due to the inclusion of the Great Depression.

Moody’s Seasoned Aaa and Baa Corporate Bond Indices (1920-2011).

HUS Agg. Corp. Intermediate Aaa and Baa Indices, US Agg. Corp. Long Aaa and Baa Indices (1974-2011).

12US Corp. 1-5y Aaa and Baa, US Corp. 7-10y Aaa and Baa, and US Corp. 15y+ Aaa and Baa Indices
(2001-2011).

13US Corp. AAA and BBB Indices for maturities from 2yr up to 10yr (2003-2011). Even though BofA indices use
S&P ratings (AAA, BBB), for the practical purposes of this study, BBB (AAA) and Baa (Aaa) ratings are considered
equivalent. See also Cantor and Packer (1994).


http://www.moodys.com/researchandratings/viewall/default-ratings-analytics/-/003009/4294966834/4294966848/0/2/p_published_date_time/-1/-/-/-/-/-/-/-/en/global/pdf/-/rra
http://www.moodys.com/researchandratings/viewall/default-ratings-analytics/-/003009/4294966834/4294966848/0/2/p_published_date_time/-1/-/-/-/-/-/-/-/en/global/pdf/-/rra
http://research.stlouisfed.org/fred2/categories/119

are from the BEA. Per capita consumption expenditures are defined as services plus non-durables.
Each component of aggregate consumption expenditures is deflated by its corresponding PCE price
index (base year is 2004). Population data are from the U.S. Census Bureau. For consumption
data, I follow the “beginning-of-period” convention as in Campbell (2003) and Yogo (2006|) because
beginning-of-period consumption growth is better aligned with asset returns. Recession dates are
from the NBER. Interest rates are from Kenneth French’s (whom I kindly thank) website. Market
returns, dividends, and price-dividend ratios are obtained through the CRSP-WRDS| database for
the value weighted AMEX/NYSE/NASDAQ index.

Earnings are gross profits (item GP) from the merged CRSP-Compustat database. I use gross
profits as a measure of earnings because Compustat EBIT (or EBITDA) growth rates are very
Vola,tile@ For earinings data, I also follow the “beginning-of-period” convention so that earnings
are aligned with consumption. Earnings have been exponentially detrended due to the increasing
number of firms in the Compustat sample over time. Stock market returns, dividend growth,
earnings growth, and interest rates have been adjusted for inflation by subtracting the growth rate
of the PCE price indexEl Aggregate variables and market data are sampled for the 1946-2011
period, with the exception of earnings that start in 1950 and end in 2010 due to Compustat data

availability. All variables have been sampled and simulated at the annual frequency.

2.2 A benchmark model for credit spreads

Consider a discrete-time, single-good, closed, endowment economy in which the aggregation prob-
lem has been solved. Implicit in the representative agent framework lies the assumption of complete
markets. There is no productive activity, yet at each point in time the endowment of the economy is
generated exogenously by n “tree-assets” as in Lucas (1978). There are also markets where equity,
debt, and claims on the total output of these “tree-assets” can be traded. In addition to rational

expectations, I will also assume that there are no restrictions on individual asset holdings or trans-

MEBIT growth volatility in the compustat sample is around is around 12%. Earnings growth volatility from
Shiller’s website| is around 30%.
PCE; 11

Y Recat i1 = exp(log Rnom,t+1 — log—pagtt).-



http://www.bea.gov/iTable/iTable.cfm?ReqID=9&step=1
http://www.census.gov/popest/data/historical/index.html
http://www.nber.org/cycles.html
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html
https://wrds-web.wharton.upenn.edu/wrds/
https://wrds-web.wharton.upenn.edu/wrds/
http://www.econ.yale.edu/~shiller/data.htm

action costs, that preferences over risky payoffs can be described by CRRA power utility, and that
all agents can borrow and lend at the same risk-free rate. This paper focuses on zero-coupon bonds
because, according to Chen et al. (2009) p. 3384, the inclusion of coupon payments does not really

affect credit spreads.

Consider a T-period, zero-coupon bond written on firm’s i’s assets. This bond pays $1 if the
firm remains solvent at time t+7, and $(1—L) < $1 otherwise. According to|Appendix A| expected

yields for zero-coupon, corporate bonds are given by@
1 _ f; — T
Elyi 41 =7f — Tlog[l - LN(N 1(7TET) + %\/T)] (1)
K2

Yit++7 and 7y are the continuously compounded yield-to-maturity and risk-free rate respectively, L
are losses given default, N() is the standard normal c.d.f. and N~1() is the inverse of the standard
normal c.d.f.. WET is the physical probability of default, while fi; and o; are the expected value and
standard deviation for asset log-returns. Expected corporate bond yields in depend on Sharpe
ratios (ﬂ';iff), physical probabilities of default (FEP:T), losses given default (L), and bond maturity
(T'). In calibrating the model, I set the Sharpe ratio equal to 0.22 which is the Sharpe ratio for the
median Baa firm in Chen et al. (2009)@ Losses given default L are set equal to 54.9% to match
the average recovery rate of 45.1% for senior unsecured bonds in the Moody’s reporﬂ Physical
probabilities of default, WET , are calibrated to average default probabilities for Aaa and Baa bonds

during the 1970-2011 period, which are shown in Panel A of

Panel B in shows average Baa-Aaa credit spreads estimated in previous studies, as well
as average spreads for the four sets of bond indices (Moody’s, Barclays, BofA, Thomson—Reuters)@
Following the credit spread puzzle literature, this paper focuses on Baa-Aaa spreads instead of Baa-

r spreads because Aaa yields seem to encompass parts of credit spreads such as liquidity, callability,

16This expression is identical to the continuous-time one in Chen et al. (2009) p. 3377. However,
derives the expression in (|l|) for a discrete-time economy with CRRA investors.

"The Sharpe ratio in is the Sharpe ratio for the firm’s assets in place, not the equity Sharpe ratio. However,
because returns for assets in place are hard to measure, I follow Chen et al. (2009) p. 3375 who proxy asset Sharpe
ratios with equity Sharpe ratios.

'8Chen et al. (2009) use an average recovery rate of 44.1%.

19See subsection



or tax issues which are unrelated to default risk, and are ignored by the model in m According
to Panel B, the average Baa-Aaa spread in the Huang and Huang sample (2012) is around 103
bps for short maturities, and 131 bps for medium maturities. Expected credit spreads for the long
maturity Barclays indices is 112 bps. In Duffee (1998)), average credit spreads are low because the
sample is short (1985-1995), and is heavily influenced by the 1990-1995 period which, according to
is characterized by very low spreads (around 50 bps). In contrast, average credit spreads
for the BofA and Thomson-Reuters indices are high because average credit spreads for the these
indices are calculated over a short sample (2001-2011), and average spreads are affected by extreme

observations during the 2009 recession (Figure I).

For the rest of the paper, target expected credit spreads to be explained will be 103 bps for
4yr maturities and 131 bps for 10yr maturities from Huang and Huang (2012)). These spreads are
frequently cited in the literature, and have been calculated over a relatively long period (1973-1993).
The 4yr credit spreads from Huang and Huang are very similar to the 4yr spreads in Chen et al.
(2009) (107 bps for the 1970-2001 period), while 10yr expected credit spreads from Huang and
Huang are very close to 10yr spreads in the Barclays sample (129 bps for the 1974-2011 period).
Finally, target expected spreads for long maturities (15yrs+) are equal to 112 bps from the long-
term Barclays indices. Average credit spreads for long-term Barclays indices, in turn, are similar

to the Moody’s sample (118 bps for the 1920-2011 period).

The second-to-last line in Panel B of shows average Baa-Aaa credit spreads generated by
the benchmark model in . Expected Baa bond yields were generated using default probabilities
for Baa firms from Panel A, a Sharpe ratio of 0.22, and losses given default equal to 54.9%.
Expected bond yields for Aaa bonds were estimated using the same values for the Sharpe ratio and
losses given default as in the Baa case, but Aaa default probabilities were used instead. Expected
Baa-Aaa spreads generated by the model in are substantially smaller in magnitude than those

observed in the data. For instance, model implied expected credit spreads for short maturites (4yr)

20Longstaff, Mithal and Neis (2005) find evidence in favor of a liquidity component in the spreads of corporate
bonds over treasuries, while Ericsson and Renault (2006]) suggest part of the spread over treasuries can also be
attributed to taxes.



are almost half the average spreads observed in practice (51 bps vs. 103 bps in Huang and Huang

20121

The credit spread puzzle is clearly illustrated in The dotted line shows expected
credit spreads according to the expression in (1)) accross different maturities. The scattered dots in
are average Baa-Aaa spreads from Huang and Huang (2012)), and the three sets of bond
indices shown in (Barclays, Thomson-Reuters, BofA). If the expression in ([l|) were able to
fit expected credits spread reasonably well, then the scattered points should belong to the credit
spread curve. According, to the credit spread puzzle is particularly pronounced for short
maturities up to 10 years. However, as maturity (7") increases, the term ’1’;72” T in becomes

larger, and the benchmark model is able to fit credit spreads better.

Besides the implicit assumption of CRRA preferences, the model in imposes three very
important limitations that can explain its problematic empirical performance. First, even though
time-variation in expected asset returns is considered a key mechanism for resolving a number of
stylized facts in financial markets, asset returns in are normally distributed with constant mean
(f1;) and variance (o;). Ferson and Harvey (1991)) emphasize the importance of time-varying ex-
pected returns, while Campbell and Cochrane (1999)), Bansal and Yaron (2004)), and Ostrovnaya et
al. (2006) describe different mechanisms (habit, time-varying macroeconomic uncertainty, general-
ized disappointment aversion) which can generate time-variation in investors’ risk attitudes, and,

consequently, time-varying expected return@

Second, recovery rates (1 — L) in are also constant. [Table II| shows OLS regression results
for recovery rates and aggregate consumption growth during the 1982-2011 period. The regression
coefficient is positive (4.461), and statistically significant (t-stat. 3.036, R? 24.767%), suggesting

that recovery rates are most likely procyclical. also indicates that recovery rates decrease

substantially during recessionﬂ shows that if recovery rates comove with aggregate

2INevertheless, the benchmark model in is doing quite well in matching average credit spreads for the Duffee
(1998)) sample or credit spreads for long maturities.

ZZBesides constant moments, the normal distribution also appears to be a restrictive assumption. Nevertheless,
Huang and Huang (2012)) and Chet et al. (2009) show that introducing jumps or relaxing the normality assumption
cannot resolve the credit spread puzzle.

Z8Bvidence in favor of procyclical recovery rates can be found in Altman et al. (2005)), and Acharya et al. (2007)




economic conditions (consumption growth) in a linear waﬂ

1— Lt+T = Qrec,0 + arec,cACt+T—1,t+T7 (2)

then the benchmark model becomes

1 —r _ [; — 7T
Elyiserr] =1 — log [1 - (E[Lt+T] + e o, >N(N M) + Mﬁ)} (3)
(A

m,cOm g

risk adjustment for Lz

%7:7 in (3)) is the stock market Sharpe ratio (0.378 from|Table VI)), py,  is the correlation coefficient

between stock market returns and consumption growth (0.463 in[Table VI|), and o, is consumption

growth volatility (1.914% in [Table V)P

According to the expression in , risk averse individuals adjust (decrease) expected values
for recovery rates 1 — E[L;17] because these rates are procyclical (@rece > 0 in . The risk
adjustment term for recovery rates would normally depend on the risk aversion parameter in the

CRRA power utility. However, shows that we can use the Euler equation for stock

market returns (eqn. in [Appendix F.1|) in order to substitute the risk aversion parameter with

the stock market Sharpe ratio Z ";_rf

adjusted for the correlation (pm,.) between stock market
returns and consumption growth. Nevertheless, the last line in Panel B suggests that the addition
of procyclical recovery rates leads to a small increase in credit spreads (10 bps across maturities)
relative to the benchmark model in . The small improvement in credit spreads is either because
recovery rates do not covary much with aggregate consumption (low @yec in , or because the

standard CRRA power utility framework does not penalize enough recovery rate risk.

The third drawback of the benchmark model in is related to the constant and exogenous

default boundary. In the original Merton model, default boundaries are constant, and equal to the

among others. Shleifer and Vishny (1992)) also provide theoretical arguments in favor of procyclical recovery rates.
24Throughout the paper, recovery rates do not change across all firms, even though they are allowed to vary

through time.
Am—ry
Om

25For comparison purposes with the disappointment model in subsection values for
from the simulated economy.

, Pm,c, and o are



face value of debt. In , the default boundary is also assumed constant but not necessarily equal
to the face value of debt, because a number of studieﬂ suggest that default happens below the
debt level. For instance, Chen et al. (2009) argue that since average recovery rates are around
45%, if default happened at the face value of debt, then default costs would amount to 55% of
face value, which is an extremely large number. Contrary to the constant default case of the
original Merton model, Chen et al. (2009) set an exogenous default boundary which comoves
negatively with surplus consumptionﬂ Chen (2010) and Bhama et al. (2010), on the other
hand, endogenize default boundaries exploiting the smooth pasting conditions in a continous-time
framework. Although default boundaries are hard to measure, it seems that time-variation in these

boundaries is an important ingredient for resolving the credit spread puzzle.

In a continuous-time setting, the derivation of the benchmark models in and hinges on
continuous trading so that, under the risk-neutral probability measure, expected returns (fi;) are
replaced by the risk-free rate @ However, for discrete-time models, in which continuous trading
is not an option, replacing the mean with the risk-free rate while preserving log-normality of asset
returns necessarily requires that investor preferences are characterized by power utility@ Hence,
in a discrete-time world, the models in and are essentially a statement about investor

preferences.

The aim of this paper is to examine whether relaxing the CRRA power utility assumption,
and introducing disappointment aversion preferences can help us resolve the credit-spread puzzle.
Unfortunately, by introducing more complicated preference structures, we are no longer able to

derive simple pricing formulas for corporate bond yields like the ones in and .

26Leland (2004), Davydenko (2012).
2TThe assumption of countercyclical default boundaries in Chen et al. (2009) is necessary for positive comovement
between default rates and credit spreads.

#Black and Scholes (1973).
29Brennan (1979)) and [Appendix F.1

10



3 Recursive utility with disappointment aversion preferences

3.1 Disappointment aversion stochastic discount factor

For the benchmark disappointment model of this paper, I maintain the same assumptions as in th
previous section, with the crucial difference that now the model economy is populated by disappoint-
ment averse, instead of CRRA, individuals. Disappointment aversion preferences are homothetic.
Therefore, if all individuals have identical preferences, then a representative investor exists, and
equilibrium prices are independent of the wealth distributioﬂ The expression for the disappoint-
ment aversion intertemporal marginal rate of substitution between periods ¢ and t + ]F’E] is given

by

C, (p=1) Vi 1+ 601{V; < 9
Mygpr = ﬁ( t+1) [M t+1 {Visa fe } (4)
t

G (Vt+1)} [1-0(5—&—1)1{5 > 1} 4+ 06 B[ 1{Vi1 < 5/~ct}]]'

. . ~
time correction go.ond-order risk correction disappointment (first-order risk) correction

Epstein-Zin terms
with

Vgt 1+ 01{Viy < du})
1—0(~—1)1{§ > 1} + 05 Fe[1{Viy1 < S}

(Vi) = Et[ };' ()

The derivation of the disappointment aversion discount factor is shown in

V4 is lifetime utility from time ¢ onwards. u; in equation is the disappointment aversion cer-
tainty equivalent which generalizes the concept of expected value. E; is the conditional expectation
operator. The denominator in is a normalization constant such that p;(u¢) = pe. 1{} is the
disappointment indicator function that overweighs bad states of the world (disappointment events).
According to , disappointment events happen whenever lifetime utility Vi1 is less than some
multiple § of its certainty equivalent u;. The parameter § is associated with the threshold below

which disappointment events occur. In Gul (1991) ¢ is 1, whereas in Routlegde and Zin (2010),

30Chapter 1 in Duffie (2000), and Chapter 5 in Huang and Litzenberger (1989).
31Gee also Hansen et al. (2007), Routledge and Zin (2010), and Delikouras (2013]).
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disappointment events may happen below or above the certainty equivalent, Vi41 < due(Vig1), de-
pending on whether the GDA parameter § is lower or greater than one respectively. Here, I follow

Gul (1991)), and set d equal to 1 for analytical tractability.

a > —1 is the Pratt (1964)) coefficient of second-order risk aversion which affects the smooth
concavity of the objective function. # > 0 is the disappointment aversion parameter which charac-
terizes the degree of asymmetry in marginal utility above and below the reference level. g € (0, 1)
is the rate of time preference. p < 1 characterizes the elasticity of intertemporal substitution
(EIS= ﬁ) for consumption between two consecutive periods. In order to facilitate the derivation
of analytical solutions, I set the EIS equal to unity (p = 0). For p = 0 and § = 1 in , the

disappointment aversion stochastic discount factor becomed™]

Moo = g G\ Vier 7@ 1+0 1{Vipr < u(Vigr)}
e = B¢ E,[1 + 6 1{V, v, ' (6)
' f1(Vi1) Eif1+6 1{Vips < pe(Vir)}]
time correction gocond-order risk correction disappointm:;lt correction

M; 411 in and @ essentially corrects expected values by taking into account investor pref-
erences over the timing and riskiness of stochastic payoffs. The first term in and @ corrects
for the timing of uncertain payoffs (resolution of uncertainty) which happen at a future date. The
second term adjusts future payoffs for investors’ dislike towards risk (second-order risk aversion).
When investors’ preferences are time-additive, adjustments for time and risk are identical (o = p),
and the second term vanishes. The third term in equations and @ corrects future payoffs for
investors’ aversion towards disappointment events, defined as periods during which lifetime utility

Vi41 drops below its certainty equivalent p;.

32The reader is referred to Delikouras (2013) for a more thorough analysis of the disappointment model.

12



3.2 Approximate analytical solutions for the disappointment aversion discount

factor

Since lifetime utility V; in @ is unobservable, it is hard to test the empirical performance of the
disappointment model. The analysis will become much easier if we are able to express lifetime

utility as a function of state variables.

Suppose that at each point in time, expected consumption growth is a function of a state variable
x¢. For simplicity, I will assume that x; is equal to current consumption growth Ac;—1;. Suppose
also that there is a second state variable o, which drives aggregate economic uncertainty. Based

on those two assumptions, our model economy is described by the following system of equations

Act i1 = ple + PAct14 + Trecii, (7)
Ot41 = fo + Cboo-t + Vo€, t+1, (8)
Ao tt41 = Mo + PoACi_1t + To0t€0141- 9)

According to (7)), consumption growth is an AR(1) process with time-varying volatility. ¢. €
(—1,1) is the first-order autocorrelation coefficient, p. is the constant term, and e. ;41 are ii.d.
N(0,1) shocks. Although, the AR(1) model for consumption growth is quite common in the asset
pricing literature (Mehra and Prescott|1985, Routledge and Zin 2010), a number of works (Campbell

and Cochrane 1999, Cochrane 2001)) suggest that consumption growth is i.i.d., and ¢ in is zero.

Time-varying macroeconomic uncertainty[zfl is captured by consumption growth volatility o
which is stochastic. Following Chen et al. (2009), ot is an AR(1) process in which €,+4; are i.i.d.
N(0,1) shocks, ¢, € (—1,1) is the first-order autocorrelation coefficient, u, € R is the constant
term, and v, € Ry captures the conditional volatility in macroeconomic uncertainty. Bansal and
Yaron (2004), Bansal et al. (2007), Lettau et al. (2007)), and Bonomo et al. (2011]) all use similar

autoregressive models for macroeconomic uncertainty, although they consider consumption growth

33In addition to the asset pricing implications of stochastic volatility, Bloom (2009) and Bloom et al. (2012) propose
a model in which stochastic second moments in TFP shocks are the single cause for business cycle fluctuations.

13



variance instead of consumption growth volatility. Because shocks in are normally distributed,

the probability of negative volatility is non-zero. However, consumption growth variance o? is

always positivﬁ

The last equation describes the evolution of aggregate payout growth. Depending on the asset we
want to price, o, represents different kinds of cashflows. For aggregate equity claims, the relevant
payout is dividends (o = d). For the valuation of aggregate assets in place, the relevant payout is
earnings (o = e). According to (@, expected payout growth depends on aggregate consumption
growth Ac;_1; through ¢, € R. For ¢, > 1, aggregate payout is a levered claim to consumption,
whereas for ¢, = 0, payout growth is i.i.d.. o, € R+ is the volatility parameter for payout growth.
This specification for aggregate payout growth is very similar to the one in Bansal and Yaron (2004)
where expected dividend growth depends on expected consumption growth (the long-run risk state
variable). Finally, for algebraic convenience, I will assume that shocks to consumption growth,

consumption growth volatility, and payout growth (e, €5, €0¢), are mutually uncorrelated.

Using the system of equations in and , and the log-linear structure of investor’s lifetime
utility, I can derive analytical solutions for the log utility-consumption ratio vy — ¢; expressed in

terms of consumption growth Ac;_1; and aggregate uncertainty o;.

Proposition 1: For p =0, =1 in , and macroeconomic dynamics in @ and , the log
utility-consumption ratio, v; — ¢ = log(V;/C}), is approximately affine in consumption growth,
consumption growth volatility, and consumption growth variance: v, — ¢; = Ao + A1Ac—14+ +

Asoy + Azo? Vi, where

o A=
disappointment aversion
A, — —08n(%) (A1 + 1)(1 4 20 A302) +28 311065
* A2 = 11204302 —Bdo ’
—[1-B2+Ba2(A1+1)202]++/[1-BP2+Ba?(A1+1)%v2]2—4Ba? (A1 +1)02
o A3 = dav?2 ’

31Hsu and Palomino (2011) resolve the issue of negative variance by assuming an autoregressive gamma, process
as in Gourieroux and Gasiak (2006]).
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o Ao = 55[(A1 + Dpte + Tgagyz (Aomto + Aspy — 0504307 + 5clog(1 + 204307)],

and n(.) is the standard normal p.d.f..

Proof. Sce [Appendia T

Aj is the consumption growth multiplier. The sign and magnitude of A; depend on consumption
growth autocorrelation ¢.. If consumption growth is i.i.d. then A; is zero. Ajs is the multiplier for
consumption growth variance o7. If the risk aversion coefficient « is positive, then A3 is negative{ﬂ
For A3 to be real, we require that the terms inside the square root are positive, and that « is

different than zerd>9

Ay is the multiplier for consumption growth volatility o;. As captures first-order risk aversion
through the 6n(z) term. For As negative and positive 6, then Aj is also negative. Finally, Ay is the
constant term in the log utility-consumption ratio. For Ay to be well defined, we require 1+42aA312
to be positive, and that « is non-zero. If consumption growth is positively autocorrelated (¢. > 0),
and preference parameters (a,6 > 0) are also positive, then the log utility-consumption ratio is

procyclical since A; is positive, and As, Az are negative.

An immediate consequence of Proposition 1 is that we can express the disappointment aversion
stochastic discount factor in @ as a function of consumption growth Ac;_;¢, and consumption

growth volatility oy

My por ~ ologB—Act i1 e—a{Ao(l—%)"F[(Al+1)ACt,t+1—%AlACt—l,t}J"AQ(0’t+1_%Gt)+A3(U§+1_%Ug)} > (10)

time correction second-order risk correction

1+6 1{A0 + (Al + 1)ACt,t+1 + A20t+1 + A3Ut2+1 < %(Ao + AlACt—l,t + Asoy + A3Ut2)}
Ei[1+6 1{Ag + (A1 + 1)Act 41 + A20111 + A30t2+1 < %(Ao + A1Aci1 4 + Asor + Azo?)}] '

~~

disappointment correction

M; 441 in corrects expected future payoffs for timing, risk and disappointment, much like the

one in @ The crucial difference between the two expressions is that in equation ({10|) unobservable

39Appendix F.4

36’A"detailed discussion on parameter restrictions can be found in [Appendix F.4] The requirement o # 0, implies
that preferences need to be non-separable across time, since p is already assumed zero in Proposition 1.
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lifetime utility Vi1, is expressed in terms of state variables.

Armed with the expression for the stochastic discount factor, we can also solve for the one-period

log risk-free rate (see |[Appendix F.5)

Priaer = —logB + 1 pe+1- peAcy—14 —0.52c( A1 + 1) + 1o} — On(z)oy. (11)
~ ——
impatience and future prospects second-order risk aversion disappointment aversion

precautionary savings motive

Consumption growth terms (uc(l — ¢c), qﬁCAct_Lt) in are multiplied by unity, since the EIS is
assumed equal to one (p=0), and consumption growth moves one-for-one with interest rates. The
last two terms in reflect the precautionary motive for investors to save. This motive depends
on both risk and disappointment aversion. Notice that second-order risk aversion terms depend on
consumption growth variance (o?), while disappointment aversion terms depend on consumption
growth volatility (o;) due to first-order risk aversion. For «, 8 positive, higher uncertainty (high
values for o; and ¢?) will force investors to save more in the risk-free technology, and therefore

decrease interest rates.

Turning now to risky financial assets, let R, ; be the cum-payout, one-period, gross return for a
claim on a stream of aggregate payments (dividends or earnings). If claims are traded in complete,

frictionless markets, then the consumption-Euler equation implies that
E; [Mt,tJrlRm,t,tJrl] =1

Using the results in aggregate log-returns 7y, ;141 can be written as a linear function

of log price-payout ratios, and the Euler equation becomes
E, |:Mt7t+1elim,0+l€m,02m,t+l_Zm,,t+A0m,t’t+1 -1,

. L Pt . .
where Ky, 0 and Ky, 1 are linearization constants, and zp, ; = log Om’tt is the log price-payout ratio.
m’

In order to provide valuable intuition, we can further express the log price-payout ratio 2, ; as
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a linear function of the state variables Ac; ;41 and o; using Proposition 2.

Proposition 2: For p =0, 6 = 1 in , and the dynamics in - @D, the log price-payout
ratio zp t = l0g(Ppt/Om) for a claim on a stream of aggregate payments is approximately affine
in consumption growth, consumption growth volatility, and consumption growth variance: z,,; ~

Amp + Am,lACt—l,t + AmQO't + Am,3(7t2 Vt, where

Am 1= Po—¢c

’ 1_ffm,1¢c’

disappointment aversion
-

~ 97’1,(3_3)(1 — /Qm,lAm,l) +2Hm,1Am,3/—LG¢0‘
[ J Am,z ~ lfnm,l(bo' 5

° A 1 (1_"€m,1Am,1)2+204(Al+1)(1_Hm,1Am,1)+0'3
m,3 2 1*Km,1¢g ’

Q

o Apo~ 1_; [5095 + Km0 + o + (’im,lAm,l - 1)/~Lc + ’im,lAm,Q/J/J + Em,lAm,SN?y]v

’ m,1

Proof. See ppendiz g

Note that the values for A,, 2, A, 3 and A,, o above are approximations assuming that the variance
for consumption growth volatility (¥2) is a number close to zero. Exact solutions can be found in
The above approximations preserve the intuition without the notational burden.
However, for the simulation part of this study, I use the exact solutions. Moreover, the multipliers
Am1, Am2, Ams and Ay, o for the price-dividend ratio, in which o = d, are different than the
multipliers for the price-earnings ratio, in which o = e, because aggregate dividend growth dynamics

are different than aggregate earnings growth dynamics (¢g # @e Or pig 7 fte OF 04 F T¢).

As long as ¢, # ¢., the multiplier for consumption growth A, 1 will be non-zero, and the price-
payout ratio z,,; will depend on consumption growth, even if ¢. = 0 and consumption growth is
ii.d.. The sign of A,, 1 essentially depends on ¢, — ¢. because 1 — k. 19, is always positiveiﬂ A3
is the multiplier for 02, and depends on the risk aversion coefficient a, as well as on the persistence

of aggregate shocks through the terms ¢2 and Apm1. Asz in Proposition 1 is always negative for

3TFor consumption growth to be stationary we require ¢. € (—1,1). Additionally, K1 < 1 from , and thus
1-— lim,1¢)c > 0.
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positive values of the risk aversion parameter ov. On the other hand, A,, 3 in Proposition 2 can
turn positive even if o is positive, provided that o, is a large number. When A,, 3 is positive, an

increase in consumption growth variance will increase the price-payout ratio.

Ap, 2 is the stochastic volatility multiplier. If investors are not disappointment averse (6 = 0)
and A,, 3 is positive, then A,,o is also positive, and an increase in aggregate uncertainty will
unambiguously lead to an increase in the price-payout ratio. However, for positive 0, As ,,, can be
negative, even if A,, 3 is positive. In this case, the effects of aggregate uncertainty on the price-
payout ratio operate in two different directions thought the first and second-order risk aversion
channels. This is a subtle, but important, difference between disappointment aversion and the
traditional Epstein-Zin (Epstein and Zin [1989)) framework without any first-order risk aversion
effects. Finally, Ag,,, the constant term in the price-divided ratio, is equal to the sum of the

constant terms (fy,, p.) from and (9) adjusted for disappointment (A, 2/,) and uncertainty

(Am,3ﬂ¢27)-

The results in Proposition 2 are particularly important, since we can use the price-payout

identity in to express asset log-returns as a function of the state variables

Tmtt+l = Km0 T Km,12m,t+1 — Zmt T+ Aom,t,t—l—l; vt (12)

2
Zmt = Am,(] + Am,lAthl,t + Am,ZUt + Am,30t .

Asset returns in correspond to aggregate claims. In order to describe firm-level asset returns,

we need to introduce idiosyncratic shocks as follows

Titi+l = Km0 + Bm,12mi+1 — Zmt + DOm i1+ Ti€igr1 (13)
N——
systematic component idiosyncratic part

for cum-payout returns, and

X
Tittr1 = Zmt4+1 — Zmt T Aom t1+1 + Ti€i41, (14)
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for ex-payout returns. €; ;41 are i.i.d. N(0,1) idiosyncratic shocks, orthogonal to the rest of the
aggregate shocks in —@D. The above specification for firm-level returns matches perfectly a long-
standing concept in finance according to which asset returns can be decomposed into a systematic
part, and an idiosyncratic one. For equity returns the relevant payout in - is dividends

(0o = d), whereas for assets in place returns the relevant payout is earnings (o = e).

4 Simulation results for the disappointment aversion discount fac-

tor

4.1 Preference parameters, and state variable moments for the simulated econ-

omy

The EIS and the GDA parameters for the disappointment aversion discount factor in are
assumed equal to one for analytical tractability. For the remaining parameters, I set the risk
aversion coefficient @ equal to 1.8 and the disappointment aversion parameter 6 equal to 2.030
in These values are within the range of clinical estimated>®}, and are very similar to
those used in Bonomo et al. (2011). The value for # implies that whenever lifetime utility is
below its certainty equivalent (disappointment events), investors penalize losses 3 times more than
during normal times. Finally, the rate of time preference § is equal to 0.9955. In the deterministic

steady-state of the economy, an additional $1 of consumption tomorrow is worth $0.9955 today.

In order to explain the market-wide equity premium, Routledge and Zin (2010) employ a con-
stant consumption growth variance framework, and set 6 equal to 9 with « equal to -1 (second-order
risk neutrality). In Bonomo et al. (2011]), consumption growth variance is stochastic, 6 is 2.33, and
a is 1.5. Choi et al. (2007)) conduct clinical experiments on portfolio choice under uncertainty, and
find disappointment aversion coefficients that range from 0 to 1.876, with a mean of 0.39. They

also estimate second-order risk aversion parameters that range from -0.952 to 2.871, with a mean

of 1.448.
38Gill and Prowse (2012).
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Using experimental data on real effort provision, Gill and Prowse (2012) estimate disappoint-
ment aversion coefficients ranging from 1.260 to 2.070. Ostrovnaya et al. (2006) estimate disap-
pointment aversion parameters from the cross-section of expected returns using market wide stock
market returns as the explanatory variable, instead of consumption growth. Their estimates for
0 range from 1.825 to 2.783. Finally, Delikouras (2013) assumes constant consumption growth
volatility in a consumption-based model for the cross-section of expected returns, and provides 6
estimates around 10, and risk aversion estimates around 1. Routledege and Zin (2010) also assume
constant consumption growth volatility, and set 6 equal to 9 and the risk aversion arameter equal

to -1 (second-order risk neutrality) in order to explain the equity premium.

also summarizes moment parameters for the state variable dynamics in —@D. These
values are carefully chosen so that simulated moments match those observed in real data. Many
of these parameters have been used in previous studies. For instance, the consumption growth
multipliers ¢4 and ¢, in @D are equal to 3 as in Bansal and Yaron (2004)). Earnings are considered
a levered claim to consumption (¢ > 1) because the endowment model ignores other claims to

earnings such as salaries, depreciation, and taxes that need to be paid out before interest and

dividend$9]

Volatility parameters for dividends and earnings growth (o4 = 7.166 and o, = 2.201) are larger
than one, because dividend and earnings growth are much more volatile than consumption growth.
The autocorrelation parameter for aggregate consumption growth volatility is 0.971 because, ac-
cording to prior Workﬂ, aggregate uncertainty is a very persistent process. Idiosyncratic volatility
0; is set equal to 0.210 so as to match the Sharpe ratio for the median Baa firm which is 0.220 (Chen
et al. 2009, p. 3377). Finally, the linearization constant z,, for log price-payout ratios in is
equal to 3, which is very close to the unconditional mean for the stock market log price-dividend

ratio (Table VI)).

39 Also, for uncorrelated macroeconomic shocks in —@, letting ¢e (¢q) be larger than one is the only way to
obtain realistic correlations between earnings (dividend) growth and consumption growth. Chen et al. (2009)), p.
3404, set ¢4 equal to 3.5 and ¢. equal to 2.7.

1°Bansal and Yaron (2004), Bansal et al. (2007), Lettau et al. (2007), Chen et al. (2009), and Bonomo et al.
(2011).
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Despite the similarities with previous studies, there are a few very important differences in terms
of parameter calibration. First, in Bansal and Yaron (2004) and Bansal et al. (2007), expected
consumption growth is a very persistent process, whereas in Chen et al. (2009) and Bonomo et al.
(2011)) consumption growth is i.i.d. (¢.=0). Here, I set the autocorelation parameter ¢. equal to

0.5 to match the persistence in BEA consumption data.

Second, the volatility parameter p, in Bansal and Yaron (2004) and Bonomo et al. (2011) is
quite high. Their values for p, imply that annual consumption growth volatility is approximately
3%, which is more than two times the volatility observed in the BEA sample (1.3% from
. In this study, e is equal to a very small value (0.0004) so that consumption growth volatility

remains low.

shows simulated and sample moments for all macroeconomic variables. Simulated
values for the state variables are according to the system in —@, using parameter values from
Simulated moments for aggregate consumption growth are very close to actual ones
(mean 1.834% vs. 1.838% in the data, autocorrelation 0.504 vs. 0.502), with the exception of

consumption growth volatility which is higher for the simulated economy (1.914% vs. 1.346% in
the data)@

Simulated moments for aggregate dividend growth are very realistic as well (mean 1.796% vs.
2.107%, volatility 13.232% vs. 13.079% in the data). However, the autocorrelation for the simulated
aggregate dividend growth process is positive (0.093), whereas dividend growth in the data is a
mean reverting process with negative autocorrelation (-0.278). Finally, the simulated dividend

growth and consumption growth processes are positively correlated (0.218 vs. 0.286 in the data@.

Expected earnings growth for the simulated economy is positive (1.819%), and similar to the

expected value for consumption and dividend growth. Even though, in the long-run, expected

“Because admits negative volatility, if at some point volatility becomes negative, then the negative observation
is replaced with the previous observation.

42In Chen et al. (2009) consumption growth volatility is around 1.5%. In Bansal and Yaron (2004) and Bonomo
et al. (2011) consumption growth volatility is 3%, whereas consumption growth volatility in Shiller’s data is 1.8%.

43For their habit model, Chen et al. (2009) p. 3377 assume that the correlation coefficient between aggregate
dividends and aggregate consumption growth is equal to 0.60, more than twice the estimated value 0.286 in

Y}
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growth rates should be almost identical because dividends and earnings are cointegrated, Belo et
al. (2012)) explain how endogenous capital decisions can make dividends riskier than earnings in

the short-run.

Expected earnings growth in the sample is negative (-3.831%) and approximately equal to
expected inflation, because CRSP-Compustat nominal earnings have been exponentially detrended
due to the increasing number of firms in the Compustat sample over time. Simulated earnings
growth volatility is slightly lower than in the 1950-2010 sample (6.784% vs. 7.057%). Similarly, the
simulated correlation coefficient between earnings growth and consumption growth is lower than in

the sample (0.425 vs. 0.487)1]

Macroeconomic uncertainty is hard to measure, and, therefore, there aren’t any readily available
data to benchmark simulation results for ;. Instead, simulations for o; are compared against a
discretized Ornstein-Uhlenbeck process with calibrated parameter values from Chen et al. (2006)),
which in turn is based on parameter values from Bansal and Yaron (2004). The key difference
between the two stochastic volatility processes is that here the unconditional mean for o, is lower
than in Chen et al. (2006) (1.498% here vs. 2.697%) because in the latter paper, as well as in
Bansal and Yaron (2004), consumption growth is much more volatile than the consumption growth

process in this paper (around 3% as opposed to 1.8% here).

4.2 Simulation results for Baa-Aaa credit spreads

The main pricing equation used in this study is the unconditional Fuler equation for zero-coupon,

corporate bonds that are subject to default at the expiration date

T
1
Elyisor] = E| = FlogE[(T] Merjr045) (1 = Lival {rfpar < Digr})] . (15)
j=1

*The correlation coefficient between consumption growth and earnings growth in Chen et al. (2009) is 0.48 (p.
3377).
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in which M, ; is the disappointment aversion stochastic discount factor from (|10]), L;17 are losses
given default, r¥, , . are ex-payout, log-returns for assets in place according to (14), and D; ¢y is

the default boundary. Credit spreads over the log risk-free rate are given by

T T
1 1
IE{ — TlogIEt[(jl_[l Mt+j—1,t+j) (1 - Lt+T1{T;’ﬂ,t,t+T < Di,t+T})]] - E{ - flOQEt [jl_[1 Mt+jfl,t+j]]’ (16)

while Baa-Aaa credit spreads are calculated according to

T
1
]E[ - TZOQ]Et[( [T Mesjore45) (1 = LorrH{rbaaesr < DB“““T})H (17)
j=1
1 T
—E[ — TlogEt [( H Mt+j—1,t+j) (1 - Lt—l—T]-{rflaa,t,t-‘rT < DA&a,tJrT})H : (18)
j=1

Although bond yields in are measured in nominal terms, the model economy has been
simulated in real terms, and thus, model implied spreads are inflation-free. To the extend that
inflation risk premia are approximately equal for Baa and Aaa bonds, then nominal Baa-Aaa credit
spreads should be very similar to real Baa-Aaa credit spreads. Unlike the model in , losses given
default L7 and default boundaries D; ;7 are allowed to vary over time, and also be functions of

the state variables

1-— Lt—i—T = Grec,0 + arec,cACt+T—1,t+Ta (19)

e

1_¢c

) +aigo(owr = E5-). (20)

D7 = a;gepo + adef,c(ACt+T—1,t+T -

shows the main empirical results in this study which have been obtained through the
simulation process discussed in Panel A in specifies values for the Baa and
Aaa default boundaries which are expressed in terms of asset log-returns. For example, the 4yr
constant Baa default boundary is equal to -0.998 which means that the value of assets in place

needs to decrease to e 9998 = 36.861% of initial value before a Baa firm defaultﬂ

45Chen et al. 2009 also assume a similar constant default boundary for 4 year Baa bonds (p- 3384).
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Simulated default probabilities in Panel B are practically indistinguishable from default rates in
the Moody’s report due to appropriately selecting default boundaries. The default rates in Panel
B guarantee that the stochastic discount factor in generates plausible credit spreads because
investors severely penalize default states through the disappointment aversion mechanism, and not

because default probabilities are abnormally high.

Panel C in shows average credit spreads implied by the disappointment aversion dis-
count factor in with preference parameters from and aggregate state variable dy-
namics according to the system in —@D. In order to address the shortcomings of the benchmark
model in , I consider four different cases: 1) constant recovery rates and default boundaries, 2)
procyclical recovery rates according to and constant default boundaries, 3) constant recovery
rates and countercyclical default boundaries according to , and 4) procyclical recovery rates

and countercyclical default boundaries.

Expected credit spreads for the disappointment aversion discount factor in case 1 are larger than
those for the benchmark model (average increase across maturities 15 bps) because disappointment
averse investors heavily penalize periods during which lifetime utility is less than its certainty
equivalent (disappointment events). During these periods, Baa defaults happen more often than
defaults for Aaa firms, which are fairly acyclical. In other words, Baa corporate bonds expose the
aggregate investor to more disappointment risk than Aaa bonds. Therefore, in order for Baa bonds
to be part of the aggregate investor’s portfolio, these claims should be discounted at higher rates

than Aaa bonds.

Relative to the benchmark model in , case 1 in Panel C is different in two very important
ways. First, as explained by Lemma I in the benchmark model implicitly assumes
CRRA preferences. Although concave CRRA utility functions overweigh unfavorable outcomes,
they do not capture asymmetries in marginal utility, because CRRA preferences are isoelasic. On
the other hand, the disappointment model relies heavily on investors penalizing losses that happen
during disapppointment periods 1 + 6 times more than they do for loses happening during normal

times. Second, disappointment aversion preference induce time-variation in risk attitudes. This
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time-variation is further amplified by stochastic consumption growth volatility in so as to
generate substantial time-variation in expected returns and Sharpe ratios. Recent results in asset
pricinﬂ suggest that time-variation in Sharpe ratios is almost a necessary condition for resolving

a number of prominent asset pricing puzzles, including the credit spread puzzle.

Nevertheless, disappointment aversion alone cannot fully rationalize expected Baa-Aaa credit
spreads, especially for very short maturities, since, according to 41 bps in expected credit
spreads for 4yr bonds remain unexplained by the disappointment model. These results should
not cast any doubt on the explanatory power of disappointment aversion. According to Chen et
al. (2009)), neither the habit, nor the long-run risk models can explain credit spreadﬂ unless we

assume time-varying recovery rates or stochastic default boundaries.

provides evidence that recovery rates are procyclical. The assumption of constant
recovery rates therefore ignores an important risk source for credit spreads. Case 2 in
relaxes this assumption, and, based on the results of assumes that losses given default
L7 are a linear function of aggregate consumption growth as in in which @y, is set equal to
4.464 from The addition of procyclical recovery rates increases Baa-Aaa spreads implied
by the disappointment model by 34 bps on average across maturities relatively to the benchmark

model in ([1}), and by 23 bps relatively to the benchmark model with procyclical recovery rates in
(3)-

In the case of countercyclical losses given default, corporate bonds have to compensate dis-
appointment averse investors for two sources of systematic risk. The first one is related to the
fact that during economic downturns default frequencies for Baa firms increase more than default
frequencies for Aaa bonds. The second source of systematic risk captures the fact that during
disappointment periods recovery rates decrease. Moreover, disappointment aversion preferences
punish the procyclicality of recovery rates more severely than CRRA power utility. First-order risk

aversion amplifies recovery rate risk, despite the relatively low covariance between recovery rates

46Campbell and Cochrane (1999), Bansal and Yaron (2004), Verdelhan (2010), Routledge and Zin (2010}, Bansal
and Shaliastovich (2013).
4"Chen et al. (2009) p. 3384 and p. 3405.
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and consumption growth. However, despite the improvement relatively to the benchmark case in
, even with countercyclical recovery rates, 26 bps in 4yr expected credit spreads (17 bps for 10yr

maturities) cannot be explained by case 2 of the disappointment model.

Cases 3 and 4 in [Table V] assume stochastic default boundaries. Since these boundaries are hard
to measure, parameters for the stochastic default boundary have been calibrated so that average
default rates for the simulated economy match actual ones. Unlike Chen (2010) or Bhamra et
al. (2010)), but similar to Chen et al. (2009), default boundaries in this study are exogenous,
even though they are functions of state variables. The calibrated values for default boundary
parameters (adef,c and dgef,s) in imply that these boundaries are strongly countercyclical, since
they comove negatively with consumption growth, and positively with macroeconomic uncertainty.
In bad times, when consumption growth (volatility) is lower (higher) than its unconditional mean,
default boundaries are low in absolute value, and thus managers find it easier to declare bankruptcy.
In good times, when consumption growth (volatility) is higher (lower) than its mean, default

boundaries are high in absolute value, and firms do not default as easily as in bad times.

Countercyclical default boundaries lead to a larger number of defaults during economic down-
turns, and fewer number of defaults during good times. However, unconditionally, average default
rates are equal to the ones observed in actual data. Countercyclical default boundaries essentially
imply that default events covary more with aggregate macroeconomic conditions relative to cases 1
and 2. The combination of disappointment aversion preferences with countercyclical default bound-
aries (case 3) improves the fit of the baseline disappointment model (case 1), and also increases
model implied expected credit spreads by 25 bps across maturities relative to the benchmark model
in . Nevertheless, the increase in credit spreads induced by stochastic default boundaries in case
3 is less than the increase due to procyclical recovery rates in case 2, and leaves 29 bps in 4yr

expected credit spreads (25 bps in 10yr bonds) unexplained.

Case 4 of the disappointment model assumes procyclical recovery rates as well as countercycli-
cal boundaries. Case 4 can almost perfectly fit average credit spreads for short (100 bps vs. 103

bps for 4yr spreads) and medium maturities (129 bps vs. 131 bps for 10yr spreads), but severely
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overestimates credit spreads at the long end of the term structure (148 bps vs. 112 bps in the data
for 15yr bonds). Countercyclical default boundaries increase the frequency of defaults during bad
times, while procyclical recovery rates imply that losses given default increase during periods of low
economic growth. Because periods of high default rates and high losses given default are also asso-
ciated with disappointment events (lifetime utility below its certainty equivalent), disappointment

averse investors require larger compensation for holding Baa bonds than Aaa bonds.

Overall, results in suggest that as long as we allow for procyclical recovery rates and
countercyclical default boundaries, disappointment aversion preferences are able to resolve the
credit spread puzzle using risk and disappointment aversion parameters that are consistent with
recent experimental results. However, as shown in by fitting mean credit spreads for
short and medium maturities, the disappointment model overestimates mean credit spreads for
maturities longer than 15 years. The credit spread literature has almost exclusively considered 4yr
or 10yr bonds, and does not provide any results on long maturities. Therefore, we cannot assess
the relative performance of the disappointment aversion model for long maturities relative to other
asset pricing models. Moreover, matching average credit spreads for very short maturities (1-3yr)

still remains an open question for all models@.

Although, the goal of this paper is not a horse race between prominent asset pricing models,
we need to highlight that the disappointment aversion mechanism is unique. First, disappointment
aversion preferences fully encompass recent clinical and field evidence for behavior under uncer-
tainty which emphasize the importance of expectation-based reference-dependent utility@ The key
mechanism in disappointment aversion is asymmetric marginal utility over gains and losses. Gains
and losses are, in turn, endogenously characterized by the forward-looking certainty equivalent for

lifetime utility.

Asymmetric marginal utility is not present in the habit model, which assumes a backwards-

48 According to default rates for 1 up to 3 years are almost zero. Because no asset pricing model can map
zero default rates for short term bonds into measurable yields, the credit spread literature focuses on medium to long
term maturities (4-10yr).

49Choi et al. (2007), Post et al. (2008), Doran (2010), Crawford and Meng (2011), Abeler et al. (2011), Gill and
Prowse (2012).
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looking unobservable habit process, and, according to Ljungqvist and Uhlig (2009), leads to policy
inconsistencies for the central planner. Furthermore, in the habit model of Campbell and Cochrane
(1999) consumption never drops below its habit, otherwise marginal utility becomes infinity. On the
other hand, for disappointment aversion preferences it is precisely periods during which consump-
tion growth falls below its certainty equivalent that are important for credit spreads. Asymmetric
marginal utility is not captured by the long-run risk model either which assumes a highly persistent

mean in expected consumption growthm

4.3 Equity premium, and the risk-free rate

By assuming extremely high risk premia, one could possibly improve the performance of consumption-
based models in fitting credit spreads. However, extreme risk premia would also imply abnormally
high expected returns for the stock market. In this section, I show that the disappointment aver-
sion model in can match moments for the equity premium, the price-dividend ratio, and the
risk-free rate reasonably well, with the same preference parameters and state variable dynamics
from Equity returns, the risk-free rate, and the price-dividend ratio, have been simulated
according to the expressions in , , and Proposition 2 respectively, while sample moments

are calculated using the data described in subsection 2.1

According to [Table VI| simulated stock market returns for the disappointment aversion model
have a high mean (6.653% vs. 6.581% in the data), are quite volatile (15.049% vs. 17.216% in the
data), are i.i.d. (p(’l‘m,t7t+1, Tm,t—1,t) = 0.035 vs. -0.030 in the data ), and are positively correlated
with consumption growth (p(rmi,t“, Aci—1+) = 0.463 vs. 0.503 in the data ) The disappointment
model also predicts a highly autocorrelated (0.650 vs. 0.696 in the data) and low mean (0.962% vs.
0.928% in the data) risk-free rate, yet the variance of the simulated risk-free rate is substantially
smaller than the sample estimate (1.163% vs. 2.727%). Finally, even though results for the price-
dividend ratio are fairly accurate, especially in terms of persistence (0.891 vs. 0.950 in the data), the

simulated price-dividend in the disappointment averse economy has lower mean (3.000 vs. 3.433),

59Beeler and Campbell (2012), Bonomo et al. (2011).
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and is less volatile (0.227 vs. 0.467) than the one obtained from the CRSP database.

Traditional consumption-based asset pricing models with time-separable power utility need
exorbitant values for the risk aversion coefficient, around 50 for annual datals_T| and around 150 for
quarterly datalﬂ in order to match expected stock market returns. Further, extremely large risk
aversion parameters lead to very volatile risk-free rateﬂ Non-separable Epstein-Zin preferences
without first-order risk aversion effects, also require large coefficients of risk aversion, around 3@,
to match expected stock market returns, unless we assume a very persistent process for expected
consumption growth@ These empirical discrepancies are ingeniously concealed by the benchmark
models in and or any other model that directly uses risk-neutral pricing because these
models do not explicitly account for investor preferences. In contrast, the disappointment aversion
discount factor in can generate realistic asset pricing moments using parameter values that

are consistent with clinical results for behavior under uncertainty.

4.4 Comparative results for alternative preference parameters

The main goal of the paper is to examine whether disappointment aversion preferences can explain
asset prices across different financial markets with risk and disappointment aversion parameters
calibrated to experimental findings. This section performs a sensitivity analysis on preference
parameters for the disappointment aversion discount factor in . Comparative results focus on
the two parameters that affect risky choices, the risk aversion parameters o and the disappointment
aversion coefficient . The rest of the parameters in as well as model dynamics from —@

are kept constant.

The choice of alternative parameter values for the disappointment aversion model serves three
purposes. First, alternative parameters need to be close to clinical estimates. Second, alternative

parameter values should be able to identify the marginal importance of the first and second-order

®!Mehra and Prescott (1985), Cochrane (2001), Yogo (2004), Liu et al. (2009), Routldege and Zin (2010).
52 Ait-Sahalia et al. (2004), Yogo (2004).

53Weil (1989), Delikouras (2013).

*Routldege and Zin (2010), Delikouras (2013).

%Bonomo et al. (2011)), Beeler and Campbell (2012)), Delikouras (2013)
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risk aversion channels. Finally, the choice of these alternative values ought to guarantee that the

multipliers {Ag, A3}, and {A, 0,Am 3} in Propositions 1 and 2 are well defined and rea]ﬁ

For the first alternative scenario, the risk aversion parameter is set equal to -1 (second-order
risk neutrality), and the disappointment aversion parameter is equal to 3. By setting a equal to
-1, we are essentially downgrading the importance of consumption growth variance o? as a state
variable. This is done through the parameter A3 which significantly decreases in magnitude, and

even turns positive due to second-order risk neutrality. For the baseline disappointment model in

[able V] and [Table VI| where « is positive, A3 is large in absolute value and negative.

According to if we turn off the risk aversion channel, and slightly increase the magni-
tude for the disappointment aversion parameter, then the expected risk-free rate decreases relative
to the baseline scenario in (0.519% vs. 0.962%) because the first-order precautionary
savings motive in intensifies. In contrast, expected equity premia remain essentially the same

relative to the baseline disappointment model (5.676% vs. 5.691% for the baseline model in
V).

Even though the reduction in stock market risk premia is almost zero, the decrease in expected
credit spreads relative to the baseline scenario in is quite impressive: approximately -29
bps for 4yr maturities across all four cases. Results in suggest that although equity
premia are insensitive to the second-order risk aversion channel, credit-spreads are hugely affected
by setting « equal to -1. Because Baa defaults are very rare events, even the slightest change in
systematic risk can lead to substantial changes in credit spreads. On the other hand, equity premia
are not sensitive to second-order risk-neutrality because stock market returns are not related to

rare events.

For the second alternative scenario, the disappointment aversion channel is turned off (6 = 0),

and the risk aversion parameter is set equal to 5. Although 5 is a reasonable value in the asset

56The systems of equations in Proposition 1 and Proposition 2 impose constraints on the magnitude of the risk
aversion parameter. For instance, if « is greater than 8.7, then the solutions to the quadratic equations for As and
Ay, 3 are imaginary numbers, unless we specify different parameters for the state variable dynamics in @—@ In
contrast, there are no constraints imposed on €, because Az and A,, 2 are solutions to linear equations.
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pricing literature, experimental results imply that o cannot be greater than 2.@ In the absence
of the first-order risk aversion mechanism, there is an important decrease in average credit spreads
relative to the baseline calibration for the disappointment model in approximately -38 bps
for 4yr maturities across all four cases. Furthermore, expected excess stock returns are almost zero,
while the expected risk-free rate doubles in magnitude relative to the baseline scenario (2.000% vs.

0.962%), because, without disappointment aversion, the precautionary savings motive attenuates.

Essentially comparative results for preference parameters in highlight the importance
of both first- and second-order risk aversion terms in generating measurable credit spreads. On
the other hand, disappointment aversion preferences can generate realistic equity premia even if
we turn off the effects of second-order risk aversion. Asset pricing models that do not include
disappointment aversion preferences, usually substitute first-order risk aversion effects with highly

persistent shocks to the stochastic discount factor through the habit or the long-run risk channelﬂ

5 Related literature

Before concluding the discussion on the credit spread puzzle, I will briefly relate the disappointment
framework to some key results in the corporate bond literature. Merton (1974l was one of the first
authors to propose a unified framework for the valuation of corporate securities, bonds and equities,
which are priced as contingent claims written on a firm’s assets in place. Previous results on the
inability of the Merton model to match credit spreads date back to Jones et al. (1984), while
Huang and Huang (2012)) show that the credit puzzle is robust to a variety of specifications for the

risk-neutral dynamics of asset returns.

In Merton’s early framework, there were no taxes, no bankruptcy costs, and capital structure
choices were irrelevant. Leland (1994) and Leland and Toft (1996)), extend Merton’s framework
to account for tax benefits of debt, bankruptcy costs, and optimal leverage decisions. Goldstein

et al. (2001) also propose an asset pricing model for corporate bonds in which the government,

57Choi et al. (2007).
*8Campbell and Conchrane (1999), Bansal and Yaron (2004).
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bondholders, and equityholders all have stakes in the firm’s EBIT-generating process. In the
Goldstein et al. model, bond coupons, default, and leverage are all endogenous decisions. However,
all these papers rely directly on risk-neutral dynamics, remain silent on investor preferences, and

do not really focus on the empirical performance of these models across financial markets.

Bhamra et al. (2010) also propose a unified framework to explain the equity premium and the
credit-spread puzzle. Even though they assume Epstein-Zin utility for the aggregate investor, they
use risk-neutral dynamics, and provide a comprehensive model with endogenous capital structure
and default decisions in order to resolve the equity premium and credit spread puzzles. Nevertheless,
their model generates a credit spread of only 45 bps for 5yr maturities an 75 bps for 10yr maturities
in contrast to 103 bps and 112 bps. Moreover, their model implies an equity risk premium of 3.19%,
about half the one in the data (6.653%).

Chen et al. (2009) compare the habit model of Campbell and Cochrane (1999)), and the long-run
risk model of Bansal and Yaron (2004) for their ability to explain the credit spread puzzle while
generating possible moments for the stock market. Although, both models can resolve the equity
premium puzzle, the long-run risk model has difficulties in generating measurable credit-spreads,
while the habit-model needs to be combined with countercyclical default boundaries or procyclical
recovery rates in order to fit Baa-Aaa credit spreads. Finally, Chen (2010) provides a parsimonious
general equilibrium model in order to resolve the credit spread and underleverage puzzles, while
matching moments for equity risk premia. However, he focuses only on 10yr maturities, while he
sets the risk aversion coefficient equal to 6.5, and the EIS equal to 1.5., even though a number of

empirical resultﬂ suggest that the EIS cannot be larger than one.

shows model implied credit spreads and expected equity premia for some recent works
previous works in the bond pricing lietrature. Almost all results focus on 4yr or 10yr maturities and
remain silent on longer maturities. This paper is the first one to examine the credit-spread puzzle
for 15yr+ maturities, and the first one to impose a stochastic discount factor which is micro-founded

on experimental evidence for behavior under risk.

59Hall (1988)), Bonomo et al. (2011)), and Beeler and Campbell (2012).
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6 Conclusion

The aim of this paper is to examine whether disappointment aversion preferences can help us resolve
the credit spread puzzle within a consumption-based asset pricing framework of an endowment
economy. Given the relative success of first-order risk aversion preferences in explaining other
stylized facts in financial markets, the disappointment aversion discount factor seems a natural
candidate for correctly pricing corporate bonds. However, the first-order risk aversion mechanism
implied by disappointment aversion is not powerful enough to map the low probabilities of Baa

default into measurable Baa-Aaa credit spreads.

Only when the disappointment model is combined with countercyclical losses given default and
default boundaries, can disappointment aversion preferences resolve the credit spread puzzle. This
is in line with the conclusions in Chen et al. (2009), according to which neither the habit nor the
long-run risk models can price Baa-Aaa credit spreads, unless we assume additional sources of risk
such as procyclical recovery rates, countercyclical default boundaries or stochastic idiosyncratic

volatility.

Furthermore, by fitting credit spreads for the short and medium term, the disappointment
model tends to overestimate credit spreads for long maturities (15yr+). Traditional consumption-
based asset pricing models (habit, long-run risk) have only been tested against 4yr or 10yr bond
maturities. It would be interesting to examine the predictions of these models for longer maturities,

as well as for the ultra short-run (up to 4 yrs).

Another direction for future research is to introduce disappointment aversion preferences in a
world where capital structure choices matter so as to endogenize default decisions. Despite all the
above, the disappointment model is quite successful in explaining both corporate bond prices, as
well as key moments for stock market returns, the risk-free rate, and the price-dividend ratio using

preference parameters that are consistent with experimental data for choices under uncertainty.

33



References

Abeler, J., A. Falk, L. Goette, and D. Huffman, 2011, “Reference Points and Effort Provision,”

American Economic Review, 101(2), 470-492.

Acharya, V., S. Bharath, and A. Srinivasan, 2007, “Industry-Wide Distress Affect Defaulted Firms?

Evidence from Creditor Recoveries,” Journal of Financial Economics, 85, 787-821.

Ait-Sahalia, Y., J. A. Parker, and M. Yogo, 2004, “Luxury Goods and the Equity Premium,”
Journal of Finance, 59(6), 2959-3004.

Almeida, H., and T. Philippon, 2007, “The Risk-Adjusted Cost of Financial Distress,” Journal of
Finance, 62, 2557-2586.

Altman, E. I., B. Brady, A. Resti, and A. Sironi, 2005, “The Link between Default and Recovery

Rates: Theory, Empirical Evidence, and Implications,” Journal of Business, 78, 2203-2228.
Andries, M., 2011, “Consumption-Based Asset Pricing with Loss Aversion,” Working paper.

Ang, A., G. Bekaert, and J. Liu, 2005, “Why Stocks May Disappoint,” Journal of Financial
Economics, 76(3), 471-508.

Artstein-Avidan, S., and D. Dillenberger, 2011, “Dynamic Disappointment Aversion,” Working

paper.

Bansal, R., D. Kiku, and A. Yaron, 2007, “Risks for the Long-Run: Estimation and Inference,”

Working Paper.

Bansal, R., and I. Shaliastovich, 2013, “A Long-Run Risks Explanation of Predictability Puzzles

in Bond and Currency Markets,” Review of Financial Studies, 26(1), 1-33.

Bansal, R., and A. Yaron, 2004, “Risks for the Long-Run: a Potential Resolution of Asset Pricing
Puzzles,” Journal of Finance, 59(4), 1481-1509.

Barberis, N., M. Huang, and T. Santos, 2001, “Prospect Theory and Asset Prices,” Quarterly

Journal in Economics, 116(1), 1-53.

34



Beeler, J., and J. Y. Campbell, 2012, “The Long-Run Risks Model and Aggregate Asset Prices: an

Empirical Assessment,” Critical Finance Review, 1, 141-182.

Belo, F., P. Collin-Dufresne, and R. S. Goldstein, 2012, “Endogenous Dividend Dynamics and the

Term Structure of Dividend Strips,” Working Paper.

Bernatzi, S., and R. Thaler, 1995, “Myopic Risk Aversion and the Equity Premium Puzzle,” Quar-
terly Journal of Economics, 110(1), 73-92.

Bhamra, H. S., L.-A. Kuehn, and I. A. Strebulaev, 2010, “The Levered Equity Risk Premium and
Credit Spreads: a Unified Framework,” Review of Financial Studies, 23(2), 645-703.

Black, F., and M. Scholes, 1973, “The Pricing of Options and Corporate Liabilities,” Journal of

Political Economy, 81(3), 637-654.
Bloom, N., 2009, “The Impact of Uncertainty Shocks,” Fconometrica, 77, 623-685.

Bloom, N., M. Floetotto, N. Jaimovich, I. Saporta-Eksten, and S. J. Terry, 2012, “Really Uncertain

Business Cycles,” Working paper.

Bonomo, M., R. Garcia, N. Meddahi, and R. Tedongap, 2011, “Generalized Disappointment Aver-

sion, Long-run Volatility Risk, and Asset Prices,” Review of Financial Studies, 24(1), 82—122.

Brennan, M. J., 1979, “The Pricing of Contingent Claims in Discrete Time Models,” Journal of
Finance, 34(1), 53-68.

Campbell, J., 2003, “Consumption-Based Asset Pricing,” in Handbook of the Economics of Finance.
Elsevier B.V., Amsterdam, vol. 1b, chap. 13, pp. 801-885.

Campbell, J. Y., and J. H. Cochrane, 1999, “By Force of Habit: a Consumption-Based Explanation
of Aggregate Stock Market Behavior,” Journal of Political Economy, 102(2), 205-251.

Cantor, R., and F. Packer, 1994, “The Credit Rating Industry,” Federal Reserve Bank of New York

Quarterly Journal, 2, 1-26.

35



Chen, H., 2010, “Macroeconomic Conditions and the Puzzles of Credit Spreads and Capital Struc-

ture,” Journal of Finance, 65(6), 2171-2219.

Chen, L., P. Collin-Dufresne, and R. S. Goldstein, 2006, “On the Relation Between the Credit

Spread Puzzle and the Equity Premium Puzzle,” Working Paper.

———, 2009, “On the Relation Between the Credit Spread Puzzle and the Equity Premium

Puzzle,” Review of Financial Studies, 22(9), 3367-34009.

Choi, S., R. Fisman, D. Gale, and S. Kariv, 2007, “Consistency and Heterogeneity of Individual

Behavior Under Uncertainty,” American Economic Review, 97(5), 1921 — 1938.
Cochrane, J., 2001, Asset pricing. Princeton University Press, Princeton, NJ.

Crawford, V. P., and J. Meng, 2011, “New York City Cab Drivers’ Labor Supply Revisited:
Reference-Dependent Preferences with Rational-Expectations Targets for Hours and Income,”

American Economic Review, 101(5), 1912-1932.

Davydenko, S., 2012, “When Do Firms Default? A Study of the Default Boundary,” Working

paper.

Delikouras, S., 2013, “Disappointment Events in Consumption Growth, and Equilibrium Asset

Prices,” Working Paper.
Doran, K. B., 2010, “Wages, Daily Income Goals and Daily Labor Supply,” Working paper.

Duffee, G. R., 1998, “The Relation between Treasury Yields and Corporate Bond Yield Spreads,”

Journal of Finance, 53, 2225-2241.
Duffie, D., 2000, Dynamic Asset Pricing Theory. Princeton University Press, Princeton, NJ.

Duncan, L. R., 2010, Utility of Gains and Losses: Measurement-Theoretical, and Ezxperimental

Approaches. Lawerence Erlbaum Associates Inc., Mahwah, NJ.

Easley, D., and L. Yang, 2012, “Loss Aversion, Survival and Asset Prices,” Working paper.

36



Epstein, L. G., and S. Zin, 1990, “First-Order Risk Aversion and the Equity Premium Puzzle,”

Journal of Monetary Economics, 26, 387-407.

Epstein, L. G., and S. E. Zin, 1989, “Substitution, Risk Aversion, and the Temporal Behavior of

Consumption and Asset Returns,” Econometrica, 57(4), 937-969.

FEricsson, J., and O. M. Renault, 2006, “Liquidity and Credit Risk,” Journal of Finance, 61, 2219—
2250.

Ferson, W., and C. R. Harvey, 1991, “The Variations of Economic Risk Premia,” Journal of Political

Economy, 99, 385-415.

Gill, D., and V. Prowse, 2012, “A Structural Analysis of Disappointment Aversion in a Real Effort

Competition,” American Economic Review, 102(1), 469-503.

Goldstein, R., N. Ju, and H. E. Leland, 2001, “An EBIT-based Model of Dynamic Capital Struc-

ture,” Journal of Business, 74, 483-512.
Gul, F., 1991, “A Theory of Disappointment Aversion,” Econometrica, 59(3), 667—686.

Hall, R., 1988, “Intertemporal Elasticity of Consumption,” Journal of Political Economy, 96(2),
339-357.

Hansen, L. P., J. C. Heaton, J. Lee, and N. Russanov, 2007, “Intertemporal Substitution and
Risk Aversion,” in Handbook of Econometrics. Elsevier B.V., Amsterdam, vol. 6A, chap. 61, pp.
3968-4056.

Hsu, A., and F. Palomino, 2011, “A Simple Solution Method for Models with Time-Varying Volatil-

ity,” Working Paper.

Huang, C.-F., and R. H. Litzenberger, 1989, Foundations for Financial Economics. North-Holland,
New York, NY.

Huang, J.-Z., and M. Huang, 2012, “How Much of the Corporate-Treasury Yield Spread Is Due to
Credit Risk?,” Review of Asset Pricing Studies, 2(2), 153-202.

37



Jasiak, J., and C. Gourieroux, 2006, “Autoregressive gamma processes,” Journal of Forecasting,

25(2), 129-152.

Jones, E. P., S. P. Mason, and E. Rosenfeld, 1984, “Contigent Claims Analysis of Corporate Capital

Structures: an Empirical Investigation,” Journal of Finance, 39(2), 611-625.

Kahneman, D., and A. Tversky, 1979, “Prospect Theory: an Analysis of Decisions Under Risk,”
Econometrica, 47(2), 263-292.

Khanapure, R., 2012, “Life-cycle Portfolio Allocation for Disappointment Averse Agents,” Working

paper.

Leland, H. E., 1994, “Corporate Debt Value, Bond Covenants, and Capital Structure,” Journal of

Finance, 49, 1213-1252.

, 2004, “Predictions of Default Probabilities in Structural Models of Default,” Journal of

Investment Management, 2, 5-20.

Leland, H. E., and K. B. Toft, 1996, “Optimal Capital Structure, Endogenous Bankruptcy, and the

Term Structure of Credit Spreads,” Journal of Finance, 51, 987-1019.

Lettau, M., S. Ludvigson, and J. Wachter, 2007, “The Declining Equity Premium: What Role Does

Macroeconomic Risk Play?,” Review of Financial Studies, 21, 1653—-1687.

Liu, L. X., T. M. Whited, and L. Zhang, 2009, “Investment-Based Expected Stock Returns,”
Journal of Political Economy, 117, 1105-1139.

Ljungqvist, L., and H. Uhlig, 2009, “Optimal Endowment Construction Under Campbell-Cochrane

Habit Formation,” Working paper.

Longstaff, F. A.; S. Mithal, and E. Neis, 2005, “Corporate Yield Spreads: Default Risk or Liquidity?

New Evidence form the credit Default Swap Market,” Journal of Finance, 60, 2213-2253.

Lucas, R., 1978, “Asset Prices in an Exchange Economy,” Econometrica, 46(6), 1429-1445.

38



Mehra, R., and E. C. Prescott, 1985, “The Equity Premium: a Puzzle,” Journal of Monetary

Economics, 15, 145-161.

Merton, R. C., 1974, “On the Pricing of Corporate Debt: the Risk Structure of Interest Rates,”

Journal of Finance, 29, 449-470.

Ostrovnaya, A., B. R. Routledge, and S. E. Zin, 2006, “Endogenous Countercyclical Risk Aversion

and the Cross-Section,” Working Paper.

Piccioni, 1., 2011, “Rationalizing Size, Value, and Momentum Effects with an Asymmetric CAPM,”

Working paper.

Pope, D. G., and M. E. Schweitzer, 2011, “Is Tiger Woods Loss Averse? Persistent Bias in the Face

of Experience, Competition, and High Stakes,” American Economic Review, 101(1), 129-157.

Post, T., M. J. van den Assem, G. Baltussen, and R. H. Thaler, 2008, “Deal or No Deal? Decision

Making Under Risk in a Large-Payoff Game Show,” American Economic Review, 98(1), 38-71.
Pratt, J. W., 1964, “Risk Aversion in the Small and in the Large,” Econometrica, 32(1/2), 122-136.

Routledge, B., and S. Zin, 2010, “Generalized Disappointment Aversion and Asset Prices,” Journal

of Finance, 65(4), 1303-1332.

Segal, U., and A. Spivak, 1990, “First Order Versus Second Order Risk Aversion,” Journal of
Economic Theory, 51(1), 111-125.

Shleifer, A., and R. W. Vishny, 1992, “Liquidation Values and Debt Capacity,” Journal of Finance,
47, 1343-1366.

Verdelhan, A., 2010, “A Habit-Based Explanation of the Exchange Rate Risk Premium,” Journal

of Investment Management, 65, 1237145.

Weil, P., 1989, “The Equity Premium Puzzle and the Risk-free Rate Puzzle,” Journal of Monetary

Economics, 24, 401-421.
Yogo, M., 2004, “Essays on Consumption and Expected Returns,” Ph.D. thesis, Harvard University.

39



——, 2006, “A Consumption-Based Explanation of Expected Stock Returns,” Journal of Fi-
nance, 61, 540-579.

40



7 Tables

Table I Average default rates, and expected credit spreads for Baa and Aaa
bonds

Panel A: average default rates for Aaa and
Baa bonds (1970-2011)

1year 4 year 10 year 15 year 20 year
Aaa 0.000% 0.035% 0.476% 0.884%  1.045%
Baa 0.181% 1.379% 4.649% 8.632% 12.315%

Panel B: average Baa-Aaa credit spreads (bps)

sample maturity
period short medium long
Moody’s Baa-Aaa Corp. Bond Yield 1920-2011 118
Barclays US Agg. Corp. Baa-Aaa 1974-2011 128 112
BofA US Corp. BBB-AAA 2001-2011 155 128 102
Thomson-Reuters US Corp. Baa-Aaa 2003-2011 157 180
Duffee (1998]) 1985-1995 75 70 105
Chen et al. (2009)) 1970-2001 109
Huang and Huang (2012]) 1973-1993 103 131
benchmark model in (I)) 51 7 97
stochastic recovery rates in ((3)) 58 87 112

Average default rates for Baa and Aaa-rated firms in Panel A are from the Moody’s 2012 annual report. Panel B
summarizes sample average credit spreads used in previous studies, as well as expected credit spreads implied by the
models in and . In Duffee (1998), short maturity is 2yr-7yr, medium is 7yr-15yr, and long maturity is 15yr-30yr.
Chen et al. (2009)) consider 4yr maturities, while Huang and Huang (2012) consider 4yr and 10yr maturities. For the
Moody’s indices, long maturity is between 20yr and 30yr. For the Barclays indices, medium maturity is lyr-10yr,
and long maturity is 10yr+. For the BofA indices, short maturity is 1yr-5yr, medium is 7yr-10yr, and long maturity
is 15yr+. For the Thomson-Reuters indices, short maturity is 4yr and medium maturity is 10yr. Finally, for the
benchmark and stochastic recovery rates models in and , short maturity is 4yr, medium maturity is 10yr, and
long maturity is 15yr.

T1



Table IT OLS regression of recovery rates on aggregate consumption growth
(1982-2011)

recovery rates 1 — I,
Actfl,t 4.461
(3.036)

R? 24.767%

Table TI| shows results for the OLS regression of recovery rates on contemporaneous consumption growth. Recovery
rates for senior subordinate debt are from the Moody’s 2012 report. Grec,c is the OLS estimate with the ¢-statistic in

parenthesis.
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Table IIT Preference parameters and state variable moments for the baseline
disappointment model

variable | variable description variable value
EIS elasticity of intetemporal substitution 1

) generalized disappointment aversion 1

15} rate of time preference 0.9955
Q risk aversion 1.8000
0 disappointment aversion 2.0303
Le consumption growth constant 0.0091
O consumption growth autocorrelation 0.5026
Lo volatility constant 0.0004
o volatility autocorrelation 0.9715
Vs volatility of volatility 0.0017
d dividend growth constant -0.0367
dd sensitivity dividend growth to consumption growth 3
od volatility parameter for dividend growth 7.1664
Lhe earnings growth constant -0.0367
Qe sensitivity of earnings growth to consumption growth 3

Oe volatility parameter for earnings growth 2.2011
o; idiosyncratic volatility 0.2100
Zm linearization constant for the price-payout ratio in (25 3

z linearization constant for the normal c.d.f. in 0

‘Table I1I|summarizes preference coefficients for the disappointment aversion stochastic discount factor in , as well

as moment parameters for aggregate state dynamics in equations —@.
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Table IV Simulation results for aggregate state variables

1946-2011 simulated economy

E[Act41] 1.838% 1.834%
Vol(Acy41) 1.346% 1.914%
p(Aci 14, Acriin) 0.502 0.504
E[Adyi141] 2.107% 1.796%
VOI(Adm,t,t—f—l) 13079% 13232%
,O(Admﬂg,l’t, Adm,t,t+1) -0.278 0.093
p(Adm,t,t+17 Acm7t7t+1) 0.286 0.218
E[Aépm 1141 -3.831% 1.819%
Vol(Aepii11) 7.057% 6.784%
p(Aem -1, DNemtti1) 0.114 0.360
p(Aem’t,tH, Acm’tﬂ_l) 0.487 0.425
Eloy] 2.697% 1.498%
Vol(oy) 0.458% 0.691%
p(oy) 0.922 0.967

shows sample and simulated moments for aggregate state variables. E is expected value, Vol is volatility,
and p is the correlation coefficient. Aci—1+, Adm,t—1,t, and Aem—1,¢ are real consumption, real dividend, and
real earnings growth respectively. o; is consumption growth volatility. Simulated values for the state variables are
according to the system in (@—@, using parameter values from Sample moments are calculated using the
data described in subsection Sample results for consumption growth volatility o; are according to the volatility
process in Chen et al. (2006) p. 31. All variables have been simulated for 100,000 years.
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Table V  Default boundaries, average default rates, and expected Baa-Aaa credit

spreads for the disappointment model

Panel A: default boundaries for the simulated economy

cases 1 & 2: constant default boundary

4 yr 10 yr 15 yr
Baa Aaa Baa Aaa Baa Aaa
Qdef,0 -0.998 -1.600 -1.108 -1.832 -1.007 -1.970
cases 3 & 4: time-varying default boundary
4 yr 10 yr 15 yr
Baa Aaa Baa Aaa Baa Aaa
Gidefo -1.085 -1.790 -1.150 -1.920 -1.032 -2.040
Adef,c -4 -4 -4 -4 -4 -4
Qdef,o 4 4 4 4 4 4
Panel B: average default rates for the simulated economy
4 year 10 year 15 year
Aaa Baa Aaa Baa Aaa
case 1 1.379%  0.036% | 4.655% 0.469% | 8.626%  0.888%
case 2 1.378% 0.035% | 4.665% 0.471% | 8.627%  0.891%
case 3 1.374% 0.035% | 4.666% 0.469% | 8.640%  0.881%
case 4 1.385% 0.036% | 4.651% 0.472% | 8.663% 0.869%
1970-2011 sample | 1.375% 0.035% | 4.649% 0.476% | 8.632% 0.884%

Panel C: average simulated Baa-Aaa credit spreads according to the disappointment model

4 year 10 year 15 year
Baa-ry Aaa-ry Baa-Aaa | Baa-ry Aaa-ry DBaa-Aaa | Baa-ry; Aaa-ry Baa-Aaa
case 1 65 3 62 122 27 95 153 40 113
case 2 81 4 7 151 37 114 191 55 136
case 3 78 4 74 139 33 106 167 47 120
case 4 106 6 100 176 47 129 215 67 148
eq. (1 51 77 97
eq. (3] 58 87 112
sample 103 131 112

Default boundaries for the simulated economy (Panel A) are expressed in terms of asset log-returns. I consider four
different cases for the disappointment aversion discount factor: 1) constant recovery rates and default boundaries,
2) procyclical recovery rates according to and constant default boundaries, 3) constant recovery rates and
countercyclical default boundaries according to , and 4) procyclical recovery rates and countercyclical default
boundaries. a;dey,0 is a constant, and Ggef,c, ddef,o are the loadings on consumption growth and consumption growth
volatility in the expression for default boundaries . Panel B shows average default rates for the simulated data
as well as for the Moody’s sample. Finally, Panel C shows expected Baa-Aaa credit spreads (bps) for the simulated
disappointment model according to and . Benchmark expected credit spreads are from the models in
and . Sample average credit spreads are from Huang and Huang (2012)) for 4yr and 10yr bonds, and from the
Barclays corporate indices for long maturity bonds.
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Table VI Simulation results for the stock market and the risk-free rate accord-
ing to the disappointment model

1946-2011 simulated economy
Ermtt+1] 6.581% 6.653%
Vol(rmt4+41) 17.216% 15.049%
P(Tm,t—l,ta rm,t,t—i—l) -0.030 0.035
p("'m,t,t+17 Ct,t+1) 0.503 0.463
Sharpe 0.328 0.378
Erfte41] 0.928% 0.962%
Vol(rfsi41) 2.727% 1.163%
P(Tf,t—l,t, Tf,t,t-‘rl) 0.696 0.650
E{zpm,¢] 3.433 3.000
Vol(zm.+) 0.427 0.227
P(Zmts Zmt—1) 0.950 0.891
Baa Sharpe ratio 0.220 0.218

shows sample and simulated moments for the stock market and the risk-free rate. 7, ¢ +4+1 are real stock
market returns, 7, 41 is the one-year real risk-free rate, z,n ¢ is the aggregate price-dividend ratio, and Baa Sharpe
ratio is the equity Sharpe ratio for the median Baa firm according to Chen et al. (2009). Equity returns, the risk-free
rate, and the price-dividend ratio, have been simulated according to the expressions in , , and Proposition 2
respectively, while sample moments are calculated using the data described in subsection
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Table VII Simulation results for alternative preference parameters in the dis-
appointment aversion model

baseline scenario I  scenario 11
#=203,a=18 0=3,a=-1 6=0,aa=5
case 1 Baa-Aaa 4yr 62 43 33
case 2 Baa-Aaa 4yr 7 48 39
case 3 Baa-Aaa 4yr 74 43 38
case 4 Baa-Aaa 4yr 100 61 51
Elrmti+1 — 7f.t,041] 5.691% 5.676% 0.000%
Vol(rum,t1+1) 15.049% 16.275% 14.367%
Elrst41] 0.962% 0.519% 2.000%
Vol(ryi+1) 1.163% 1.247% 0.987%

shows simulation results for expected Baa-Aaa credits spreads (bps) and the stock market when the
disappointment aversion discount factor from is calibrated to alternative preference parameters. In the baseline
case of [Table V]and [Table VI # = 2.03 and a = 1.8. For the first alternative scenario, 0 is 3 and « is -1 (second-order
risk neutrality). In the second alternative scenario, 6 is zero (no disappointment aversion effect) and « is 5.
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Table VIII Model implied expected credit spreads and expected equity risk

premia in the previous literature

model maturity
characteristics 4yr 10yr 15yr Elrmii+1 — rfe i1
Chen et al. (2009) habit, o = 2.45 107 123 7.30%
countercyclical boundaries
Chen et al. (2009) long-run risk, 52 7.40%
EIS=2, a = 7.5
Chen (2010) endogenous default, 105 6.71%
EIS=1.5, a = 6.5
Bhamra et al. (2010) endogenous default, 45 (byr) 75 3.19%
no preferences
Huang & Huang (2012) Goldstein et al. (2001) 31 40
model
case 4 in |Table V| EIS=1, a = 1.8, § = 2.03, 100 129 148 6.65%

countercyclical boundaries &
losses given default

shows model implied expected credit spreads (bps) and equity risk premia calculated in prior works. “no
preferences” implies that expected credit spreads have been calculated using risk-neutral measures, without modeling
investor preferences. « is the risk aversion parameter, EIS is the elasticity of intertemporal substitution, and 0 is the
disappointment aversion parameter. E[rm ¢ ¢+1 — 75 ¢,t41] is the equity risk premium.
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8 Figures

Figure I Baa-Aaa credit spreads, and Baa default rates for the 1946-2011 period
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The solid line in shows Baa-Aaa credit credit spreads for the Moody’s Seasoned Aaa and Baa Corporate
Bond Indices. The dashed line shows annual Baa default rates from the Moody’s 2012 report. Shaded areas are
NBER recessions.
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Figure II Sample and fitted expected Baa-Aaa credit spreads according to the
benchmark model in
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The dotted line in shows expected credit spreads (bps) according to the benchmark model in for
maturities from 1 up to 20 years. The scattered points are mean Baa-Aaa credit spreads for the three sets of
corporate bond indices (Barclays, BofA, and Thomson-Reuters) and the Huang and Huang sample. If the
benchmark model in could succefully explain expected returns, then the scattered points should be part of the
credit spread term structure.
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Figure III Recovery rates for senior subordinate bonds during the 1982-2011
period
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shows recovery rates for senior subordinate bonds from the Moody’s 2012 report. Shaded areas are NBER
recessions.
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Figure IV Sample and fitted expected Baa-Aaa credit spreads according to the
disappointment model in
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Figure IV|shows fitted expected Baa-Aaa credit spreads across maturities according to the benchmark model in (]I
and case 4 of the disappointment model in . Sample expected credit spreads are from Huang and Huang (2012
for 4yr and 10yr maturities. Sample credit spreads for 15yr maturities are from the Barclays corporate indices.
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Appendix

Appendix A Bond yields according to the benchmark model in

Suppose that single-period, cum-payout, asset log-returns for firm ¢ r; ; ;1 are i.i.d. normal random

variables with constant mean fi; — %02-2 € R, and volatility o; € R~g. Let A; be the constant log-

payout yield: A; = log(l + %). O; 141 is the payout, and P;;41 is the price of assets in
plac Ex-payout log-returns 7, ;. are equal to cum-payout log-returns minus the log-payout
vield (rf; ;11 = rite+1 — A). Hence, rf, ;. are also normal random variables, and, in a discrete-

time setting, can be expressed as
x o~ A 1 2
Tititl = Mi — B¢ — 501' + 0i€it+1,

with €441 i.i.d. N(0,1) shocks. Moreover, T-period, ex-payout returns are also i.i.d. normal
random variables with mean (f1; — A; — %ag)T and volatility o;v/7T.

Suppose that the single-period, log risk-free rate is constant and equal to 7. Assume also that
there are no taxes, and that default boundaries D; r as well as losses given default L are constant.
Let ﬂf”w L be the physical probability of default for a T-period, zero-coupon bond

P
Ti ¢4+ = Pt (Pi,t+T < Di,T)-

Similar to the original Merton model, default can only happen at the expiration date t + T, but
unlike the Merton model, the default boundary is not necessarily equal to the face value of debt.
Normalizing current period firm value P;; to one, the physical probability of default Wft’t 47 can be
expressed in terms of asset log-returns 7, ,

lOgDi’T — ([LZ — Al — %O’Q)T>

P 7
i N( , 21
it AT o/ T (21)

in which N () is the standard normal c.d.f.. Because asset log-returns are i.i.d. with constant mean
and standard deviation, WEM 47 depends only on maturity 7', hence F? LT = 775 r- Finally, using
the inverse of the normal c.d.f. N=!(), we can express the log-default boundary logD; 1 from
as a function of the physical probability of default WEDT, expected returns for assets in place fi;, and
asset return volatility o; 7

1
- §a§)T+N—1 (W?T)Uz‘\/f. (22)

logD; 1 = (ji; — A;

The continuous-time framework in Black and Scholes (1973)) allows for frictionless trading and
hedging between underlying and derivative securities. An immediate consequence of continuous
trading is that if asset returns under the physical measure are normally distributed with constant
mean and volatility, then asset returns under the risk-neutral measure are also normally distributed

50Tn the benchmark case, the price-payout ratio is constant.
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with the same variance, and mean equal to the risk-free rate.

In a discrete-time setting, continuous trading is not possible. However, according to Lemma
1 in the risk-neutral density for asset returns is normal, provided that aggregate
preferences over consumption are described by a CRRA utility function, and that aggregate con-
sumption growth is a log-normal random variable. Hence, assuming that all conditions for Lemma
1 hold, T-period, ex-payout asset log-returns rﬁm 41 under the risk-neutral measure are normally

distributed with mean (r; — A; — £02)T, and volatility o;v/T.

Let y; ¢ ++1 be the continuously compounded yield to maturity for a T-period, zero-coupon bond
written on firm ¢ at time ¢. Then, under the risk-neutral measure

(ooDin =y~ &= JoB)T ) (23)

oiNT
Taking logs in , and substituting logD; 7 with the expression from , we get that

e TYitirr — o= Try (1 — LN

1 3 0 — 1
pears =y = =glog[t = LN (N7 i) + BCEVT)]
2
Since the right-hand side above and the risk-free rate are constants, we conclude that

1 - o
Elyiserr =17 = = log[L = LN (N7} (mFr) + B—LVT) .
7

Appendix B Bond yields according to the model in (3) with time-varying re-
covery rates

Suppose that recovery rates are the same across all bonds, and depend only on consumption growth

1- Lt+T = Qrec,0 + arec,cACt—i-T—l,t-l—T-

Suppose also that all the assumptions in hold. Then, the yield-to-maturity for a
zero-coupon, T-period bond is given b

e—Tyi,t,tJrT — e—TTfE9 [E9 [1 — (1 — Qrec,0 — arec’cACt+T_1’t+T)1{’r’i,t7t+T < lOgDi,T}|ACt+T_1,t+T]:|,

in which E? is the expectation under the risk-neutral measure. Further algebra implies that
lOgDLT — (T'f — Az — %O’ZQ)T)]

O'i\/T

—Tuy: T
e tYitit+T — o T’fE;Q [1 — (1 — Qrec,0 — arec,cACt+T—1,t+T)N(

According to[Appendix F.3| under the risk neutral measure, log-consumption growth is a normal
random variable with volatility o, and mean fi. — :f mjf 0. B ";777 is the stock market Sharpe

ratio, and p, . is the correlation between stock market returns and consumption growth. Using

61Under the risk neutral measure Q, asset returns r; ¢ ++1 and consumption growth are independent.
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the expression for the default boundary logD; r from (22), we obtain

e~ T Wit errtry) — [1 — (1 — Qrecn — rec.cfle +arec,cwac>N<N71(7TET) + uﬁ)} )

Pm,cOm gj

E[L¢47]

Since the right-hand side and the risk-free rate are constants, we conclude that

1 -7 _ (; — T
E[yi7t7t+T - Tf] = _Tlog [1 - (E[Lt-l-T] + arec,cum fUc>N<N 1(7T]Z'P:T) + LZ . fﬁ>:| .

Pm,cOm

Appendix C Intertemporal marginal rate of substitution for disappointment
aversion preferences

Along an optimal consumption path, the Bellman equation for the representative investor’s consumption-
investment problem implies that

=

Vi=[(1=B)C + But(Virr)"] 7

where pu; is the disappointment aversion certainty equivalent from . The expression for the
stochastic discount factor is given by

v _ 0Vy/0C 41
t,t“rl a‘/%/aCt )
in which
_ 1 1-p p—1
aV/0C, = V(1 = B)oct
and

1.4 _
OV, /0Ci 41 = ;V}l ?Bpu(Vig1)” '

1 Vigd L4+ 601{Vipr < Spe}) }—i—l y

——)E

( a) =00 —1)1{6 > 1} +06°E[1{Vit1 < Op}]
14+ 601{Vi1 < de}) 1

1—9((5_0‘—1)1{(5 > 1}+05_O‘Et[1{vt+1 < 5ut}]p

(—a) V3t V(L= B)pcr,

to conclude that

C (p—1) V. 1+ 61{V; < 0
Migir — ﬁ( t+1) [ i1 {Vig1 fe}
e

oy
G (Vtﬂ)} {1 06— 1)1{0 > 1} + 06 oK [1{Viq < cmt}]]'
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Appendix D Asset returns and the price-payout ratio

Let Pty Omt, Zmit = (P/O)m, be the price, payout, and price-payout ratio of a generic financial
claim m written on a stream of aggregate payments. Depending on the asset we want to price,
payouts can be aggregate dividends (equity), aggregate earnings (assets in place), or even aggregate
consumption (claim on aggregate consumption). Let R,,;+1 be the cum-payout, gross return for
claim m, then

P41+ Omit1
Pm,t

Rm,t+1 =
Dividing and multiplying the numerator with O, ¢+1, the denominator with O,,, and taking
logs, we can express log-returns 7, ;41 in terms of log price-payout ratios 2,
T'm,tt+1 = lOg[BZm‘tJrl + 1} — Zm,t + Aom,t,tJrl-

Using a first-order Taylor series approximation for log[e*™#+1 4 1] around the point zpy, 11 = Zm,
asset returns can be expressed as

Tmti+1 = Km0 + Km1Zmi+1 — Zm,t + DOm i 141, (24)

where

e*m
K 1 = —
m, eZm + 1

62777/

€ (0,1), and fiy o = logle™ +1] = ——— Zm.

Following a similar line of argumentsf’z], ex-payout, asset log-returns are given by

x _
Tt t+1 = Zmt+1 — Zmt + Ao, t.1+41-

Appendix E Simulation
Appendix E.1 Simulation methodology

The consumption-Euler equation for a T-period, zero-coupon bond written on firm’s 7 assets reads

T
e TVt — g, [( 11 Mt+j—1,t+j) (1{Tfit,t+T = Dipprt + (1= Loyr)H{riy o < Dz‘,t+T})]
j=1

. . L . P, o o
52For ex-dividend returns, no linearization is needed, since %, ; ;.1 = log mt41/Om,e41 Om,ed1 )
’ ’ m,t, Pt /Om,t Om,t
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Unlike the model in , default boundaries D; ;7 and losses given default L, r are allowed to
vary over time, and be functions of the state variables

Dj i1 = Qidef,o + Qdefe(Actr—141 — ) + Qdefo (ot —

He
1*¢c

and

1-—- Lt+T = Qrec,0 + arec,cAct—i—T—l,t—l—T-

The first step in the simulation exercise is to discretize the consumption growth and consumption
growth volatility space into Na., = 20 and N, = 20 equidistant points with a pace of da. and d,
respectively. The consumption growth space is truncated from above and below by E[Act_l,t] +
3\/751(Act_1,t), whereas the volatility space is truncated from above and below by E[o] j:1.9\/f(?1(at).
The lower bound for the volatility space guarantees that initial values for volatility are always
positive. E[] and Vol() are the simulated unconditional mean and standard deviation from

vl

The second step is to choose starting values for consumption growth and consumption growth
volatility. To do so, I iterate though all possible pairs of {Ac;, 01}, 1 =1,2,..., Nae, k= 1,2,..., N,.
For each pair of starting values, I simulate N = 10,000 @ paths for consumption growth, con-
sumption growth volatility, and aggregate payout growth according to the system in —@, as
well as idiosyncratic volatility shocks. Each path contains T nodes, as many nodes as the life of
of the zero-coupon security. Negative volatility observations are replaced with the lowest positive
observation (E[O’t] —1.9Vol(oy)) from the initial grid.

At each node of the simulated paths for Ac;—;; and o, I can obtain values for the stochastic
discount factor M;;_1;4; from , price-payout ratios according to Proposition 2, one-period,
ex-payout asset log-returns for the median firm from , as well as losses given default and
default boundaries according to and . T-period, ex-payout, asset log-returns are simply
given by the sum of single-period returns Titeer = ijl Ties;- Finally, for each simulated

path, the discounted cashflow of a zero-coupon corporate bond is <H]T:1 Mt+j,17t+j> (l{rft T >

Digyr} + (1 = Lygr)H{rd, o < D@HT}). Averaging across all N simulated paths, we obtain a
value for the yield to maturity given the initial values for Ac¢;—1; and oy

T

Jit 1 (A, ox) ~ _*109{ Z (H t+y 1 t+y> (1{rz,t,t+T 2 Dz?ﬁ-T} +(1- LS—T) 1{r; ztt—i—T < D(t+T}>}

n=1 j=1

The objective is to match unconditional first moments for credit spreads. We therefore need
to calculate unconditional expected values over the grid of starting values for consumption growth

53Simulation results are not affected by the number of simulation paths N or the number of grid points (Ns., N ),
provided of course that these numbers are relatively large.
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and consumption growth volatility using the p.d.f’s. for Ac;—14, 04, and 04—y

o Nac

E[gis,e+7(Act, on)] Z'j{z > Ginesr(Aa, o) f(Aalos, o)dae| flowloy)d, | fo;)d,

j=1 k=1 I=1

where f(Ac|og,0j), f(oklo;), and f(o;) are the p.d.f.’s for Acy_14, 04, and o471, while d'y ., d, and
d” are constants such that ZNA“ f(Ac|og, 05)dA,. =1, Z]kvz“l f(ogloj)d), =1, and Z;V:"I floj)d] =
1. The p.d.f.’s for Ac;—14, 04, and o, are derived in

Appendix E.2 Unconditional p.d.f.’s for consumption growth, and consumption growth
volatility

According to , consumption growth volatility o,—; is unconditionally normally distributed with
mean p, /(1 — ¢,) and variance 12 /(1 — ¢2). According to (7)), conditional on o;_1, Ac; is normally
distributed with long-run mean

E[Aci—14]or-1] = l_Lc

and long-run variance

2
041

1—¢2

VaI‘(ACt_l,t‘O't_l) =

Using the above results and equations @—, we conclude that the long-run p.d.f. for o, 1 is
equal to

1 7(Ut—171ﬁg )2
floi—1) = e 2v3/(1—¢2)
(i) V2r(ve/\/1— ¢3)
The p.d.f. for o¢|oy—1 is equal to
1 7(Ut_H0;U¢200t71)2

o

otlor_1) = e
f( t‘ t 1) \/ﬂyo
The long-run p.d.f for Ac;—1; conditional on oy and oy is equal to

1 _ (Aep—pe/(1=0¢))?

f(ACt717t|O't,O't,1) = e 202, /(1-62)
Va2r(oi1/y/1— ¢2)

A6



The joint p.d.f. for Aci—14, 04 and oy is therefore equal to

f(Aci—14,00,00-1) = f(Aci—1¢|lor, 00-1) f(ot|or—1) f(o1-1) &

_(Acp_1—pe/(1=¢c))?

F(Aci—14,00,00-1) = 1 1 1 e 207_1/(1-92) v
Y V27 (Ve /\/1 — 02) V21ve V21 (01—1/\/1 — ¢2)

(ot—po—¢o01_1)%  (04_1—po/(1-00))?

e P e 202/(1-02)

Appendix F Proofs
Appendix F.1 Lemma 1

Lemma 1: Suppose that one-period, cum-dividend, asset log-returns r;; ;41 are i.i.d. normal ran-

dom variables with constant mean [i; — %01-2 and volatility o;. Suppose also that financial markets

are complete, that there exists a representative investor with CRRA power utility defined over con-

sumptiorﬂfl7 that log-consumption growth Ac; ;41 is a normal random variable with constant mean

ftc and constant volatility o., and that the correlation coefficient between r; ; ;11 and Acs 41 18 i c.

Then, the log risk-free rate ry is constant, and cum-payout asset log-returns under the risk-neutral
1

measure Q are i.i.d. normal random variables with constant mean r; — 503 and volatility o;.

Proof:

In equilibrium, the consumption-Euler equation for asset log-returns implies that
—alAct t41 ,Ti b 41 ~ ~ 1 2 2
E; [ﬁe el ] =1< j; +1logB — afic + SO 0C — apicOeoL = 0. (26)

in which 5 € (0,1) is the rate of time-preference, and o« > —1 is the risk aversion parameter in the
CRRA power utility function. Similarly, for the log risk-free rate

1
rr+logB — ajic + 505203 =0. (27)

which is constant since u. and o, are also constant.

We can rewrite the consumption-Euler equation in using the p.d.f. for Acy4; conditional
Ol 75 ¢ ¢t4+1

+oo 1 —(Ti’t’t+1_lli+0'5dl'2>2 ~ o ~ 214 1,2 2
ologB pristit1, 202 o hetpie T8 (it ep1—fit0.507)]+ 507 (1-pj )o

00 V 27‘(‘01

54More on the aggregation properties of the CRRA utility function can be found in Chapter 1 of Duffie (2000)),
and Chapter 5 in Huang and Litzenberger (1989)).

2
Cdri,m_i_l =1.
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Exploiting the consumption-Euler conditions in and , we obtain

+oo 1 (ri e 41— H0.500)2 4 (ap; o010e)% =2(ri g 441 =7 +0-50F)ap; coi0c
— . - 2
T T £
e "f elitit+l e 207 X

o V2moy

—apicZe(r; —fi+0.502) 1,252 52
e Pi,c ( iyt t4+1 M 7,)6 50 pl’cacd/ri’t,t«kl - 1.

Further algebra yields

—+o00 1 _(ri’t’t+1—rf+0A50i2)2

7e7li,t,t+1e o
—0o V2T

e_api,c%(Ti,t,t+l_Tf_api,co'io'c+0-50'i2)67%a

1.2 2 2 2
o7 —2070; O+ (Tit 041 =7 +0.507 )api e 28 %

2,2 2
Pic%edriin = 1.

Cancelling out terms, we conclude that

+o0 1 (ri g1 —rp+0.503)?
e Tf / elitt+1 e o,

oo \V271o;

risk-neutral c.d.f. for r; ¢ t41

d'rz‘,t,t—f—l =1.

Appendix F.2 Lemma 2

Lemma 2: Let x be a normal random variable with mean p € R and standard deviation o € Ry.
Let A and B two real numbers with B > — =%, then

T 2020
0.54%252 - Ap—Bu?
E[em4emBe] = e L (28)
V14 2Bo?
Proof:
—+oco 2 2 2 2 2
o - 2 1 —2Ac“x—20“Bz“ —x“—p“+2ux
E[e Az—Bz ] = / e 202 dx.
270 J_co

Completing the square in the right-hand side

2
(1+2B02)a2 42 _tAc®_ SrEoE, (ﬂ)

— Az—Ba? V142Bo? V14+2Bo?
E{e r=br } =e 202 e 202 dz.
270 J_oo

< u,onz ) 2*142
\/1+2Bo? 1 /+O°

After a change of variables 7 = /1 + 2Bo2x, we conclude that

0.54%202— Ap—Bu? 1

E|:€—AI—B$2:| — ¢ 152802 e
V1 +2Bo?
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Appendix F.3 Risk-neutral density for consumption growth under CRRA prefer-
ences

Following Lemma 1 in assume that consumption growth is log-normally distributed
with constant mean [i. and volatility o., and that aggregate investor preferences can be described
by a CRRA power utility function. Let fi(Act+41) be the normal p.d.f. for log-consumption growth,
then the risk-neutral density f;@ (Actt41) is given by

CRRA

1
fQ(ACt,t—l—l) = Lft(Act,t-i-l)‘
! Eq[ M

Following a similar line of arguments as in Lemma 1, we obtain

2
(Act,t+1 *(ﬁc*fwg))
20’%

1
QA = —
Je(Acti) NI

Exploiting the consumption-Euler equations for stock market returns and the risk-free rate in
and , we can substitute out the term ac? with the stock market Sharpe ratio adjusted for
the correlation between the stock market and consumption growth

(b, — T
ao? = Hm Z 71,
OmPm,c
to conclude that
I 5
1 (Act,t-ﬁ-l*(ﬂc*%oc))
Q _ - o2 ’
[ (Acpiq1) = e 2o¢

V2mo,.

Appendix F.4 Proof of Proposition 1
For p = 0, the Bellman recursion for the aggregate investor’s consumption problem becomes
_op g
Vi=Cp T Virr) - (29)

w¢ is the disappointment aversion certainty equivalent from with § = 1. Suppose that log% =
vy —cp = Ag + A1Aci—14 + Aoy + Aszc?. Then, the Bellman equation reads

1
exp{B(Ao + A1 Aci—14 + Agoy + Agatz)] =

Et{exp[ —afAg+ (A1 + 1)Acs i1 + A2y + A30152+1]} X

1 + 01{‘40 + (Al + 1)Act,t+1 + A2Jt+1 + A3a,52+1 < %(AO + AlACt,Lt + AQO’t -+ A30‘?)} };
14 0P {Ag + (A1 + 1)Acy g1 + Aoopp1 + Azo?, < %(Ao + A1Aci_1 4 + Agor + Asa?)}
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Dividing both parts by the left-hand side,

1 1
Et{exp[ —a(Ag — BAO) —of(A1 + 1)Ac 41 — BAlAct,Lt]
1 1
~a(Aaar1 — 5 Aa0) - a(Aso?, | — EAgU?)] x

1+ 91{A0 + (Al + 1)ACt,t+1 + A20t+1 + A3U7t2+1 < %(A[) + AlACt_l,t + Asoy + A30t2)} }—é .
1+ 0P { Ao + (A1 + 1) Acy i1 + Aoy + Azof ) < 5(Ao+ A1Ac1p + Aoy + Azof)} B

Recall that €.¢4+1 and €, 41 from and are independent. We can use the law of total expec-
tation to rewrite the above expression as

1 1
Et{Et{e$p[ —a(Ag — BAO) —of(A1 + DAc 41 — BAlAthl,t]
1
B
1+01{A¢ + (A1 + 1)Act 1 + Azopq1 + A3U1t2+1 < %(AO + A1Act_1 4 + Asor + Aso?)} | }} 1
1+ Q]P)t{A() + (Al + 1)ACt,t+1 -+ A20t+1 + A3Gt2+1 < %(Ao + AlACt_l,t + Asoy + Agag)} Cottl -

1
~a(Aaar11 — 5 Aa) a(Aso?,, — Agaf)] x

Using the dynamics of consumption growth Ac;¢41 in , and partial moments for the normal
distribution, the above expression becomes

1 1 1
Et{exp[ —a(Ap — BAO) —of(Ar + 1) (pe + ¢eAct—14) — BAlACt_Lt] + 5042(141 + 1)2%2
1
B

1 2 2
+(Ao+A1Aci—1,t+A20t+Az07)—Ao—(A1+1) pe—(A1+1)pcAci—1,t— A0t 41— A3zo,
1+ 9N( E - o S+ oAy + 1)0t>

=1
146N %(AO+A1Act—1,t+A2Ut+A30t2)_AO_(A1+]-)H«c_(Al+1)¢cAct—l,t_A20't+l_A30'12+1 } ’
+ (A1+1)O't

1
_Oé(AQO't+1 - BAQUt) - Oé(A30't2+1 - A3O't2):| X

where N() is the standard normal c.d.f.. For § = 2 and N() a small numbeﬁ, we can use the
following approximation 14 0N (y) ~ e?N®¥) to get

1 1 1
2 2 2
Ei{eap| — a(4, - 540) = al(Ar + 1) (e + 6eAer10) = 5 AiAeeri] + 507 (A1 +1)%0]
1 2 1 2
—a(A20t+1 — BAQUt) — Oé(A3Ut+1 — EAgO‘t )] X
e ¢ X
oN %(A0+A1Act_17t+Ago-t+A30t2)7A07(A1+1),u.37(A1+1)¢cAct_l’thgaH_l7A3a?+1
e (A1+1)oy =1

)

55In simulations, the probability of disappointment events is less than 0.5
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Further, we can use a first-order linear approximation for the difference of the two standard normal
c.d.f’s in the above equation, provided that this difference is smali®]

N(z) = N(y) = n(z)(z — y),

to obtain
1
B
A3U,52] Et{exp[ — Aoy — aAgthH} } =1,

1
A1Acio14] + = (A1 +1)2%02 + (30)

eap| — a4y - L 40) = al(A1 4+ 1) (1o + deler1) .

3
abn(z)(A; + 1o, + a;Am + a;

in which n() is the standard normal p.d.f..

Combining the dynamics for aggregate uncertainty oy in with Lemma 2 from [Appendix
the Bellman equation becomes

1 1 1
exp[ — a4y — BAO) —of(A1 + 1) (pe + decAct—14) — BAlACt—l,t] + 5042(/11 + 1)2o't2 + (31)
1 1
abn(z)(Ar + 1)oy + ozBAgat + aBAgaf X
- [0.505214%1/3 — aAopy — @Aopyor — aAgu?, — ocA;be,af — 204A3Mg¢gat} 1 _ 0
! 1+ 204307 V1420452

We can now solve for Ay, Ay, Az, and Ag using the method of undetermined coefficients. We first
collect Aci—1, terms to get

_ B
1_ﬂ¢c'

Note that for 5 € (0,1) and ¢. € (—1,1), then A; 4+ 1 is positive. Also, for 8 € (0,1), the sign of
A depends only on the sign of ¢..

A (32)

Similarly, collecting o terms yields
1
202 A3 + [1 — B2 + Ba®(Ar +1)%V2] Az + 5Bl Ar + 1)2 =0. (33)

For a0 # 0, the solution for to the quadratic equation is

Ay = —[1 = B¢2 + Ba®(A1 + 1)202 £ /[1 — BP2 + Ba2(Ar + 1)212]2 — 48a%(A; + 1)212 (34)

2
dav?

The ratio of the constant term over the quadratic coefficient in the above quadratic equation is
a positive number (3(A; + 1)2/412). Hence, the roots of the quadratic equation will be of the
same sign. Furthermore, since 8 € (0,1) and ¢, € (—1,1), then 1 — B¢2 is positive, —[1 — B¢2 +
Ba?(A; +1)22] is negative, and the solutions to the quadratic equation are therefore negative. We
will pick the largest negative root so that the quadratic solution in is very close to the linear

56Essentially we require that ot to be small.

(o]
1-Boc
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approximation in below.

For A3 to be a real number, we require that
[1 = Bd; + Ba (A1 + 1)) — 4Ba*(Ar + 1)%vg > 0.

We cannot really examine whether the above inequality holds without having picked parameter

2

values. However, 12 is a very small number close to zero (0.001772), and for 2 ~ 0 the determinant

in is approximately equal to

[ — 8¢5 + Ba®(Ar + 1)*v7]? — 4Ba* (A1 + 1)*v] = [1 - Bo7]* > 0.

lim
v210

The restriction that v, is a very small number is associated with higher consumption growth mo-
ments being well defined. Parameter values for the simulated economy ensure that the determinant

in is real, and that 1 + 2432 > 0 as required by Lemma 2 in [Appendix F.2| Finally, for

v2 = 0, equation (33]) becomes linear yielding an approximate solution for A3

1 Ba(A; +1)°

Az ~ 5
140 &
Collecting oy terms in , we obtain the solution for A,
—0B8n(Z) (A1 + 1)(1 4 20 A302) + 284316 Po
4, — OBn(@)(A1+ D(1+ 204502) + 20 Aspisd 0

1+ 20A302 — By ’

where 1+ 2aA3v2 > 0 as required by Lemma 2 in |[Appendix F.2| It is easy to verify that for
negative Ag, then Ay is also negative. Furthermore, as 2 | 0, an approximate solution for A reads

~ ~9n(@)(A1 + 1) + 20430040

Ag = 37
’ L— 3o, (87
Finally, the remaining constant terms in are grouped under Ay
B 2 2 2 1 2
A= ——[(A1 + Dpe + ————— (Aopuy + Asus — 0.5aA —log(1+2aA ,
0 1_ ﬂ[( 1+ Dpe + 1+ 2aA31/§( ofte + Ay — 0.5ad307) + 20 og(1 + 2a 31/0')] (38)

with the approximation for v/2 | 0

Ao T2+ e+ At + Aap). (39

Appendix F.5 The log risk-free rate

The Euler condition for the log risk-free rate reads

e Thtt :Et[ﬂ(Cm)—l(MtWH )—a 1460 1{Vii1 < ue(Vigr)}

Cy (Virr)/  Eal+0 1{Vier < pu(Viga) }]I
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Repeating all the steps that lead to equation in |[Appendix F.4{ we obtain

1 1
e TREHT = exp {logﬁ —a(Ay — EAO) — [[a(Al + 1) + 1 (e + peAct—14) — EAlACt] +

1 1 1
§[a(A1 +1)+ 1]2%2 +0n(z)[a(Ar + 1) + 1oy + a—=Asoy + a—Agatg}Et{exp[ — aAoopiq — aAgat?H} }

B B
But from we know that

1 1
- BAIACt—l,t] + 5042(A1 +1)%07 +

Agaﬂ Et{exp[ — aAooyy — aA30t2+1] } =1.

exp[ —a(Ag — ;Ao) — af(A1 + 1) (pte + pcAct—1,)
1
B

Therefore, the log risk-free rate must be approximately equal to

abn(z)(Ay + 1)oy + a;Agat +

1
Tfttrl & —logB + pe + QSCAthl,t — 5[20&(141 + 1) + 1]0‘152 — Gn(:i)at

Appendix F.6 Proof of Proposition 2

We conjecture that the log price-payout ratio z,,; for a financial claim on a stream of aggregate
payments (dividends or earnings) is an affine function of the state variables Ac;_1 ¢, o1, o7

2
Zm,t = Am,O + Am,lAthl,t + Am,lo-t + Am,ZUt .

Combining equation with our conjecture about z,,:, the Euler equation for asset returns
becomes

E, [Mt t+leﬂmuo+ﬂm’1(Am70+Am’1Act,t+1+AM,20i+l+Am,3‘7t2+1)7(Am,0+Am,1Actfl,t+Am,20't+Am,30’t2)+AOm’t,t+1] — 1

Substituting the result for the disappointment aversion discount factor My from (10]), we can
re-write the Euler equation as

E, [elogﬂ—ACt,t.He—Oé{AO(l_%)"‘[(Al"'l)ACtﬂH-l_%AlACt—l’iHAz (O’t+1—%0t)+A3(0’§+1—%0’t2)} > (40)

1460 1{Ag + (A1 + D) Acpsr + A2orn + Azofiy < 5(Ao + AtAci1y + Asor + Azo7)}
X
Ee[1+ 0 1{Ag + (A1 + 1)Ac i1 + Agopg1 + Agol; < %(Ao + A1 Acy + Agoy + Azo?)}]

Km,0+Km,1 (Am,O+Am,1Act,t+1+Am,20't+1+Am,30152+1)_(Am,0+Am,1Actf1,t+Am,2(7t+Am,30't2)+A0m,t,t+1:| -1,

e
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Following the same line of arguments as in the Euler equation becomes
1 1
exp [log(ﬁ) —a(Ag— =4y — [[oz(Al +1)+1—rmiAmi](pe + deAcr—14) + aEAlACt—l,t] (41)

B
1 1 1
+olo(Ar+1) +1 - fmaAma)?o? +0n(Z)[a(A; + 1) + 1 — k1 Ama]os + aBAgat +ag

1
+KEm,0 + Am,O(Hm,l - 1) - Am,lACt—l,t - Am,QJt - Am,30752 + Um + ¢mACt—1,t + 50—72710752] X

2

0.5(As — K1 Am2)v2 — (A — K1 Am2) e — (Ag — Km,lAm,2)¢aUt:| "
1+ 2(&A3 — Hm71Am73)Vg
_(QA?) - ’Qm,lAm,S),U/CQ,— - (OéAB - Hm,lAm,S)d)chUtQ - 2(0[/13 - Kvm,lAm,3):U'U¢a'Ut] %
1+ 2(0&143 — /{m’lAm’g)I/g
1 _ 0
V1+2(ads — Km1Am3)v2 -

exp [

exp [

We are now able to solve for A,, 0, Am1, Am2, and A, 3 using the method of undetermined
coefficients. Specifically, for A,, 1 we get

1
— e — a(Al + 1)¢c + EOCAI + ’fm,lAm,1¢c - Am,l + om = 0.

Using the expression for A; from , we conclude that

_ ¢m B ch
Am7]_ - m (42)

Collecting o7 terms from , Ay, 3 must satisfy the quadratic equation

1
56[[04(141 +1)+1-— /valAm,l]Q + afn] 14+ 2(ads — /@m,lAmg)yg] + aAs(1+ 2@A3V§ — ngg)
_ZQABKVm,lAm,SVg - 6Am,3 - 2aA3VgﬁAm,3 + 2/8/{m,1VgA3n’3 + 6Hm,1¢(2;Am,3 =0.

After tedious algebra, the solution for A,, 3 is equal to

b+ Vb2 —4ac (43)

Am,?)

2a
with
a= ZB/-amJVg,
b= -0+ B/{m,ld)?, - 2aA3/{m’11/3 - QaBAgyg,
1
¢ = 5,8[[04(/11 +1)+1-— Hm71Am’1]2 + 031] (1+ 2aA31/g) + aAs(1+ 204A31/g — Bgi)i)

We will pick the largest negative root so that the quadratic solution in is very close to the

linear approximation in below. As in [Appendix F.4] we need to make sure that 1 + 2(aAs —
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/ﬂm,lAm,g)ug is positive, and that the determinant in is real. Both conditions are satisfied for
very small 2, and reasonable values for the risk aversion coefficient a.. Finally, since /2 is a small

number close to zero, we can obtain an approximate solution for A,, 3 using equation for Ag

[(A1 + 1) + 1 — K1 Am1)? + 02, — (A1 + 1)?

1
A3~ = 44
S 1— K102 (44)
Collecting o, terms from , the solution for Az, is given by
Hﬂn(if)[a(Al + 1) +1- "fm,lAm,l][l -+ 2(&143 — /im’lAm73)Vg]
Ampe = (45)

o B+ 2,3(01_43 - ﬁm,lAm,?))Vg - Bﬁm,lgﬁa
+CMA2[1 + 2(04143 - ﬁm71Am,3)Vg - B‘ba] _ 2B<O‘A3 - ﬁm,lAm,iﬁ)Mafba
B+ 28(aAs — km1Am3)V2 — BEm1bs .

For 12 =~ 0, and the approximate expressions for A3 and Ay in and respectively, we
conclude that

A - Hn(a_c)(l — Kmlem,l) + 2/<fm,1Am,3,UJU¢J
™2 1-—- Hm,1¢o .

)

(46)

Finally, collecting all the constant terms in , we get

8—1
B
(aAQ — Km71Am72),ug + (aA3 - Hm,lAm,B)Hg — 0.5(04142 — I€m71Am72)2Vg
1+ 2(0&43 — I{m’lAmg,)I/g

~0.5log (1 + 2(ads — Hm,lAm’g)ug)} .

AmO

)

{logﬁ + Km0 + fm — aA —[a(A1+ 1)+ 1= kmiAmalpue  (47)

1-— Rm,1

Exploiting the fact that 12 ~ 0, and the expression for Ag in , an approximation for A,, ¢ is

Am,O ~ [lOgﬂ + Km,0 + pm + (Km,lAm,l - 1),“/0 + ﬂm,lAmQ,U/J + Hm,lAm,B,Uf?y] . (48)

1-— Iim71
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