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preliminary

despite similar market betas, firms with high
1.value premium puzzle | BM (value firms) earn higher average stock
returns than firms with low BM (growth firms)

2.disaster

the empirical relation between the market
3 beta anom a|y beta and the average return is too flat to be
consistent with the CAPM

4.true beta& true market beta
5. full sample & post-Compustat sample & (pre-)

6. true beta (g (R, ] -rf) /o & true market beta
(Ee[Rits1] = 15e)/ (Ee[Rpies1] = 7pe).
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preliminary

7. Nonlinearity in the pricing kernel

If the CAPM holds exactly, the pricing kernel can be expressed as a linear

function of the market excess return Mes1 = lo + Rt 41
The disaster risk induces strong nonlinearity in the pricing kernel, making the

CAPM a poor proxy of the pricing kernel.
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Abstract

@E embed disasters into a general equilibrium induces strong nonlinearity
. model with heterogeneous firms in the pricing kernel
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help explain

the empirical failure of the (consumption) CAPM

@ in finite samples our single-factor model reproduces the failure of
without disasters the CAPM in explaining the value premium

iIn the samples

i — our single-factor model is relative success
with disasters
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Abstract

even though the true beta-return
relation is strongly positive

the estimated beta-return relation
is flat due to beta measurement — consistent with the beta “anomaly”
errors

Finally, the consumption CAPM fails in simulations, even though a
nonlinear model with the true pricing kernel holds exactly by construction
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(1) background

Fama and French (1992) : In the US sample from July 1963 to
June 2017, the high-minus-low book-to-market decile return is,
4= on average, 0.47% per month (t=2.53). However, its market
beta is only 0.07 (t=0.86), giving rise to an economically large
alpha of 0.43% ( t=1.89 ) in the capital asset pricing model
(CAPM)

the failure of CAPM
in empirical

Ang and Chen (2007): The CAPM performs better in explaining
the success of CAPM - the value premium in the long sample from July 1926 onward
in empirical that contains the Great Depression. The high-minus-low return is,
on average, 0.48% (t=2.5), but its CAPM alpha is only 0.19%
(t=0.99), with a large market beta of 0.45 ( t=3.87).
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(2) what to study

embed disasters into a general equilibrium whether incorporating rare

, . to : .
production economy with heterogeneous swdy disasters helps explain the value
firms premium puzzle

rare but severe declines

v in aggregate productivity growth
the resulting model features three key
ingredients

A 4

asymmetric adjustment costs

l recursive utility

« We calibrate the model to disaster moments estimated from a historical cross-
country panel dataset

* We quantify the model’s properties on simulated samples in which disasters are
not realized as well as on samples in which disasters are realized
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(2) three key quantitative results

First, our equilibrium model succeeds in replicating the results:

failure of the CAPM

In samples without disasters ——> . . :
in explaining the value premium

In samples with disasters —> better performance

JE A
Intuitively, with asymmetric adjustment costs (#HE RS EAF=H)

More important, the disaster risk induces strong nonlinearity in the pricing
kernel, making the linear CAPM a poor empirical proxy for the pricing kernel.

(B RMEFEACAPM RILGF, RIUERT A BIREME R BT )
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(2) three key quantitative results

Second, our equilibrium model is also consistent with the beta “anomaly”:

In simulated samples,
with and without disasters

(Dsorting on the preranking market beta yields an
average return spread that is economically small
and statistically insignificant

(@postranking beta spread that is economically
large and significantly positive, and a CAPM alpha
spread that is often significantly negative.

(Dthe true beta often mean reverts, giving rise to a
negative correlation with the rolling beta,

(2 However, while the realization of disasters
makes the rolling beta more aligned with the true
beta, the measurement errors remain large, and the
beta anomaly persists even in the disaster
samples.

The crux is that the estimated market beta is a poor proxy for the true beta.
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(3) three key quantitative results

Third, our equilibrium model, in which a nonlinear consumption CAPM holds by
construction, also largely succeeds in replicating the empirical failure of the standard,
linearized consumption CAPM:

the consumption betas from regressing excess
returns on the aggregate consumption growth in the

] first-stage regressions are mostly insignificant
In simulated samples,

with and without disasters _ .
In the second-stage cross-sectional regressions, the

intercepts are significantly positive

Intuitively, the aggregate consumption growth is a poor proxy for the pricing kernel
based on recursive utility.

The true pricing kernel performs substantially better in the linearized consumption CAPM
tests, especially in the disaster samples. However, without the extreme observations from
disasters, even the true price kernel encounters difficulty in the linear tests.
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(4) contribution

e contributes to investment-based asset pricing theories

* We turbocharge the asymmetry mechanism via disasters
* We retain the single-factor structure but fail the CAPM via
disaster-induced nonlinearity in the pricing kernel.

* Methodologically, most prior models are partial equilibrium in nature, with
exogenous pricing kernels

« We first construct a general equilibrium model with
heterogenous firms in which consumption and the pricing
kernel are endogenously determined.

e contribute to the disaster literature, which uses disasters to explain the equity
premium puzzle

* Integratingthe disaster literature with investment-based asset pricing,we
show how disasters help resolve a long-standing puzzle in the latter
literature in explaining the failure of the(consumption) CAPM




introduction Stylized-facts Model Simulatio Conclusi Mt Rs

SHANXIUNIVERSITY OF FINANCE AND ECONOMICS

(1) The failure of the CAPM

RHEBM 240
L 2 3 4 5 6 7 8 9 H H-L
Panel A: The post-Compustat sample (Fers = 2.04| pcrs = 0.03)
E[R®] 0.44 0.54 0.59 0.54 0.55 0.66 .62 0.70 0.86 0.91 047
LRe 222 3.00 3.26 298 3.14 3.88 3.49 3.88 4.41 3.80 2.53
o -0.11 0.02 0.07 0.03 0.07 0.20 0.15 0.23 0.35 0.32 0.43
to -1.23 0.44 117 0.39 0.80 2.21 1.23 2.00 3.03 2.04 18
B 1.06 1.00 0.99 0.98 0.91 0.88 0.92 0.91 0.98 113 0.07
tg 41.66 42.06 40.88 3243 2819 23.30 19.35 18.26 22.65 17.47 0.86
R? 0.86 0.91 0.91 0.87 0.83 0.80 0.78 0.76 0.77 0.68 0.00
Panel B: The full sample (Fqrs = 2.05,|pcrs = 0.03
E[R?] 0.59 0.69 0.69 0.66 0.72 0.79 0.72 0.91 1.06 1.07 0.48
Ege 3.40 428 423 3.71 419 435 3.73 449 455 3.84 2.50
o —-0.08 0.07 0.05 -0.02 0.07 0.1 0.00 0.16 0.22 0.11 0.19
ty -1.21 1.46 1.02 —0.38 0.92 1.32 0.02 1.82 1.94 0.74 0.99
B 1.01 0.95 0.97 1.05 1.00 1.03 110 114 1.28 1.46 0.45
tg 52.73 27.62 59.98 2211 27.29 14.85 17.73 16.11 14.32 14.49 3.87
R? 0.90 0.91 0.93 0.90 0.89 0.85 0.84 0.83 0.80 0.72 0.14
Panel C: The pre-Compustat sample (Fgrs = 1.48,

E[R®] 0.80 0.90 0.84 0.85 0.98 0.99 0.87 1.22 1.35 1.31 0.51
Lge 2.57 3.06 2.77 2.40 2.89 2.65 217 2.88 2.72 222 13
o —0.04 0.1 0.02 -0.10 0.07 0.01 -0.18 011 0.08 -0.14 -0.10
ty —-0.44 1.60 0.25 —-1.12 0.71 0.07 —-1.27 0.89 0.38 —-0.50 —0.31
B 0.98 091 0.96 1.10 1.06 114 1.23 1.30 1.48 1.68 0.71
tg 46.35 19.18 47.86 16.67 24.69 12.60 17.77 16.90 15.07 14.50 531
R? 0.94 0.92 0.94 0.92 0.93 0.89 0.89 0.89 0.84 0.77 0.31

What is the differences across the pre- and post-1963 samples?
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(1) The failure of the CAPM

Returns are in monthly percent

MKT H-L MKT H-L
November 1928 11.81 -0.29 August 1933 12.05 3.76
October 1929 -20.12 7.60 January 1934 12.60 35.20
June 1930 -16.27 -3.60 September 1937 —13.61 -10.56
May 1931 -13.24 -3.37 March 1938 —23.82 —20.35
June 1931 13.90 14.57 April 1938 14.51 9.16
September 1931 -29.13 -4.03 June 1938 23.87 11.15
December 1931 —13.53 —16.22 September 1939 16.88 57.22
April 1932 —17.96 —2.65 May 1940 -21.95 —15.59
May 1932 —-20.51 4.09 October 1974 16.10 —13.57
July 1932 33.84 44,54 January 1975 13.66 19.72
August 1932 37.06 67.95 January 1976 12.16 15.03
October 1932 -13.17 -12.80 March 1980 -12.90 —8.78
February 1933 —15.24 -5.70 January 1987 12.47 -2.83
April 1933 38.85 20.04 October 1987 —23.24 -1.20
May 1933 2143 44.85 August 1998 —16.08 —3.27
June 1933 13.11 10.40 October 2008 —17.23 —9.64

(D 23 of 32 are from the Great Depression
(2 Their correlation is 0.72
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The value premium

80

60

40

(1) The failure of the CAPM

Panel A: The full sample

32Aug

32Jul

-20 0 20
The market excess return

40

The value premium

These observations clearly contribute to the
market beta of 0.45 (t =3 .87 ) for the
value-minus-growth decile in the long sample

80

60

40+

Panel B: The post-Compustat sample

-40 -20 0 20 40
The market excess return

a largely flat regression line, CAPM fails
in the short post-1963 sample
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(2) The beta anomaly

HR #ipreranking market betaZ)4H

L 2 3 4 5 6 7 8 9 H H-L
Panel A: The post-Compustat sample (Fsgs = 1.39, pgrs = 0.18)
E[R?] | 0.52 0.52 0.56 0.58 0.69 0.55 0.67 0.55 > 0.57 0.55 0.03
tre 3.85 3.64 3.45 3.38 3.75 2.86 3.14 242 2.23 1.72 0.11
o 0.22 0.17 013 012 0.18 0.01 0.07 —0.08 -0.13 -0.29 -0.52
t 211 1.76 1.69 1.42 217 0.18 0.85 —-0.82 -1.10 -1.49 -1.94
B 0.57 0.68 0.82 0.87 0.98 1.03 1.15 122 1.34 1.62 1.06
tg 12.39 17.21 20.57 20.68 28.13 31.21 50.25 41.76 35.41 30.92 11.81
R? 0.53 0.68 0.77 0.79 0.86 0.86 0.88 0.86 0.84 0.77 0.43
Panel B: The full sample (Frs = 2.41, pers = 0.01)

E[Re?] | 0.58 0.63 0.65 0.74 0.83 0.72 0.79 0.73 > 0.77 0.75 0.16
tge 5.03 4.66 4.41 4.46 454 3.71 3.74 3.11 2.94 2.44 0.66
o 0.22 0.16 013 0.14 017 0.01 0.02 -0.13 -017 -0.33 —0.55
ty 2.87 2.22 2.21 231 2.49 0.20 0.27 -1.51 —1.68 -2.29 —2.81
B 0.57 0.73 0.83 0.94 1.05 1.1 122 1.36 1.48 1.70 1.13
tg 22.86 30.50 36.61 40.31 4141 39.61 48.26 36.17 26.65 40.93 18.82
R? 0.66 0.81 0.85 0.88 0.90 0.90 0.91 0.90 0.88 0.84 0.57

(D contradicting the CAPM, the relation between the market beta and the average
return in the data is largely flat

(2) CAPM alpha for the high-minus-low market beta decile is economically large,
-0.52% , albeit marginally significant(t=-1.94)
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(3) The failure of the consumption CAPM

L 2 3 4 H L 2 3 4 H

Panel A: Annual consumption growth, 1930-2016, 87 years

sl ~ ® ( )
Small 6.04 10,65 13.73 16.82 18.56 148 2.44 3.85 4.44 4.57 tWO Stage Fa m a a n d M a C Bet h 1973
2 9.02 12.32 13.33 14.90 16.03 251 4,00 4,25 4,51 4.67 C
3 927 1183 1188 1373 14.72 300 435 438 460 434 e
4 8.82 068 1149 1283 13.16 348 376 416 445 3.60 R = (; —|— ﬁ . gft —|— et
Big 7.46 738 .90 8.36 1158 344 362 392 312 3.72 it 1 1 IC»
ﬁC fﬁr
Small 280 0.66 163 1.86 158 152 019 070 069 057
2 125 172 0.88 125 1.68 054 083 041 053 0.78 e C
3 0.29 1 177 212 215 014 064 099 115 0.94 —_ .
4 038 037 132 136 0.47 025 020 070 066 0.8 it — ¢U _I_ ¢l ﬁ i + al'
Big 1.05 059 1.79 226 0388 093 047 118 119 —028

Panel B: Quarterly consumption growth, 1947:Q2-2017:Q2, 281 quarters

fi] i @size: small 12.52% big 4.12%

small 125 258 2.57 3.23 3.65 139 336 3.78 493 5.06
2 1.74 258 2.86 3.m 3.38 221 3.90 478 5.02 5.00
3 1.96 2,61 2.54 2.99 3.26 2.79 4.40 4.63 5.26 5.08
4 218 218 2.60 2.74 2.93 341 3.97 483 5.06 4.45
Big 1.90 1.90 218 1.98 2.47 3.74 4.10 4.99 3.91 4.26
ﬁ( f’qr
Small 422 473 343 363 394 246 323 254 284 263 @ BC 1 . 58 VS 2 . 8
2 3.01 2.89 29, 3.07 3.60 2.08 2.34 2.65 262 2.66
3 2.85 2.59 2.57 263 2.99 2.02 2.18 243 2.22 2.55
4 247 2.16 2.54 2.39 3.77 1.86 192 1.94 2.04 2.59
Big 262 1.94 197 2.60 2.80 254 1.93 2.09 1.99 2.44
Panel C: Fourth-quarter consumption growth, 1948-2016, 69 years
E[R?] e
Small 5.38 1147 1.21 14.25 16.17 1.30 3.14 3.61 4.69 477
2 6.95 10.71 12,30 13.18 14.48 2.08 3.93 4.53 4.86 4.82
3 772 1103 10.74 13.14 14.25 2.74 4.42 4.57 4.78 4.85
4 877 9.00 11.21 12.00 12.73 335 3.97 445 474 4.25
Big 7.95 774 9.41 8.54 10.81 347 3.92 4.59 3.58 3.94
I: Ly
Small 3.83 5.50 435 5.05 6.09 143 2.32 2.01 273 2.69
2 3.07 317 4.48 5.08 6.34 136 1.60 2.58 3.07 3.50
3 2.64 3.89 4.03 4.50 5.68 1.20 213 245 2.26 3.06
4 222 3.02 423 5.03 5.95 1.06 1.60 202 278 277
Big 3.04 2.86 3.34 5.19 512 167 1.84 21 2.89 2.66
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(3) The failure of the consumption CAPM

Panel A: Annual, Panel B: Quarterly, Panel C: Fourth-quarter,
1930-2016 1947:Q2-2017:Q2 1948-2016
Po P Po ¢1 Po ¢
Estimates 1097 0.58 1.88 0.22 3.30 175
tem 414 116 373 112 1.23 3.44
ts 3.99 1.13 3.42 1.03 0.77 2.23
x?2 152.19 100.00 55.85
Dy2 0.00 0.00 0.00
R? 0.02 0.07 0.60
Panel A: Annual, 1930-2016 Panel B: Quarterly, 1947:Q2-2017Q2 Panel C: Fourth-quarter, 19482016
25 . - - ‘ 5 - ‘ : . 25
201 1 4+ 1 20+
15} 1 3} 1 157
11 15
g 5415 2 ° 54
10 1 2 1 1ot 11
2
1
5 11t | 5}
0 ' : ' ‘ 0 ' : : ' 0 ' ‘ ' '
0 5 10 15 20 25 0 1 2 3 4 5 0 5 10 15 20 25

- Average predicted excess returns versus average realized excess returns -
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(1) Preferences intengmporal -
1-% . 11_1 1__}@ elasticity of substitution
U=|0-00G "+o(E[UT]) ™ | 3)
! 1 et
Moo =0 - - (4)
Ct E, [U;rl}’]
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(2) Technology

Y = (XZip)' 5K

it”’

Hit = Yit _ fIgt

e

Sxt|l= 8+ &.

| fixed costs of production

g
gt-l—l — pggt + gget_|_1 s

log aggregate productivity growth
Ext = log(Xe/Xi—1)

th+1 = (] - pZ)E_I_ pzzft + 62654_] ’

N el SHANXIUNIVERSITY OF FINANCE AND ECONOMICS

(8)

(9)
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(3) Disasters g¢ into a fifive-point grid
"0y Do ... Pls/ {81, &2, &3, &4, &5}
- P21 P22 Ca Pas P (ge+1 =95 |9t = 910 = P1s
P = , (10)
| Ds1 Ps2 ... Dss5 | probability of entering the disaster
state from any of the normal states
To incorporate disasters into the model probability of remaining in the
disaster state next period
—0 0 0 .. 0 107
n pun-—n P12 P15 0
n P P2 -—n ... D2 0
P =
n P51 Ps2 ce. P55 — 1 0 is the persistence of
0 (1-v)/)5(1=v)/5 ... (1=v)/5 | v _|therecovery state

(13)
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(4) Adjustment costs

Kic,1 = Iie + (1 — 0)K, (14)

asymmetric adjustment costs

[ n ct (I 2

atKi + 7(E) Ki; for I;>0
by = P(ly, Ky) = {0 for I; =0 ,
I \*

(E) I<!t fOI‘ ‘Il't < O

-
2

a K +

(15)
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(5) Firms’ problem

Mes1 = Y (e, Xey Xeg1)- (16)

V:t = V(Kitfzit;xt, IJ»t) Dit = Hir —fir - CD(I,-I, Kir)

= IB:H?{ (I'I{'}a}x Dit + E¢[M¢ 1V (Kit 41, Zit41;

X1, Heg1) ], E’\l (17)

s> 0 is the liquidation value parameter

when Vi > SKi¢, firm i stays in the economy

Vie = Dit + E¢[M;+1Vir 41 ] 'Rity1 = Vigp1/(Vie — Dyr)
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(5) Firms’ problem true beta price of consumption risk

l

B Cov¢[Rit11, Mi41] A Var[M;1]
Var[M¢;1] ) Ei[M; 1]

I + Bl dm (18)

E¢[Rit+1]

f“_'rt +

when Vi <SKj, firmi exits from the economy

The current shareholders receive SK;;

New shareholders take over the remainder of the firm’s capital (1 —s— k)K;

Prior theoretical models, all of which have no disasters, have largely ignored
the exit decision.
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(6) Competitive equilibrium

The aggregate behavior of the economy isconsistent with the optimal behavior of
all firms in the economy

Y, = fY,-t e (dKe, dZy). (9 | (1101 (©. Xeay) = T(O, (K. Zy), %) phe (K, Zip, Xo),
(23)
= [ e oK. dzo), Q0 |
K = /Kit e (dKie, dZ;e ), (21) T(O, (K. Zir). Xt)
= f 1 (1, +(1-8)K, 2 1) @) Qz(AZie 11 Zie ) Qx (AXe 1| Xe ),
b, = /(Dit e (dK, dZ,). (22) (24)
G=Y— I =G =D+ fKi + ;. (25)
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(7) Solving for the competitive equilibrium

- (28

-~ o

‘Zgr = Vie/Xe—1, Kie = Kie/Xe10 L =l /Xe21, Py = Py /X1,
G =G /X;_1, and D; = D;;/X;_1, and then rewrite the key
equations as follows:
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(7) Solving for the competitive equilibrium

« The log utility-to-consumption ratio, u; = log(ﬁ;):

exp (i) = [(1 —0) +o(Eexp[(1 - )

1- Ui.t’!

X (Ut+1 +gr:t+1 +gxt)]]) ]mw (26)

in which g, = log(a 41 /a) is the log growth rate of
detrended consumption.
+ The pricing kernel:

1
M1 = oexp [— v (8ct+1 +gxt)]

1/y—y
» exp[(1 — V)(ﬁtﬂ +§ct+1)] -
Ec[exp[(1 = y) (U1 + 8ers1)]]

(27)
+ Profits: [T = exp[(1 - §)gu1Z, K — fKi.
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(7) Solving for the competitive equilibrium

I AN |,\ l] 1/11!_
Miy1 =|0exD _l(g‘ t+1 T E’ s (Cm AL Rt B ] 1_yy
| e a Eilexp[(1+: ™ det+1)]]

the log utility-tc Jorrq = log(Cry1/C,) is  the
he intertemporal elastici  of log growth rate of detrended
substitution consumption

the time d ¢

9yt = log(X:/X:—1)Is the log
aggregate productivity growth
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(7) Solving for the competitive equilibrium

« Capital accumulation: I?,-t +1 exﬁ(gxt')‘ =il — 8)1?,-{ +7;t.
« The adjustment costs function:

[ Ao i
~ ct [ I - -
a+I<it o 7? I<lt fOI‘ Iit =0

R 2 \ Ky i
D, =20 for I =0. (28)
-
—_— C— I't _— —_—
a ks —|—=)K for L <0
L it 2 (1(1 ) it it

« The cross-sectional distribution of 1?,-t and Z;, ¢ and its
equilibrium law of motion, ;.
- The value function, Vi = V(K. Zy. & fit):

Vi = r{lzgi([n&?}x Dit + Et[M; 1V (Kits1, Zit 41, 8t 1 Hts1) ] approximate

x exp(gxt), SKi- (29) aggregation

 The stock return for an incumbent firm: Ry, =
Vier1 exp(8xt)/ (Vie — Dje).




introduction Stylized-facts Model Simulation Conclusion

» >
G Hetilixs
(1) Calibration and basic moments
Panel A: Without 16 and 84 percentiles Panel B: With 16 and 84 percentiles
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The impulse response of consumption to a disaster shock in the

model, which are based on more than 28,000 disaster episodes.



introduction Stylized-facts Model

Simulation Conclusion

MERiRT

SHANXIUNIVERSITY OF FINANCE AND ECONOMICS

Samples with disasters, annual

Samples without disasters, quarterly

Data Mean 2.5 50 97.5 p Data Mean 2.5 50 97.5 p
Panel A: Qutput growth
Vol 479 441 137 4.26 8.50 0.41 094 0.50 0.44 049 0.65 0.00
Skew —029 —T89 ~432 ~2.09 2.07 0.15 —018 002 ~032 ~0.02 1.02 0.88
Kurt 614 1143 2.95 9.54 27.52 0.78 451 3.05 2.41 2.90 5.11 0.04
Ar, 0.54 0.69 027 0.73 0.93 0.80 Ar, 037 043 0.30 0.42 0.63 0.82
Ar, 0.19 0.38 ~0.15 0.40 0.82 0.74 Ary ~0.07 0.11 —0.06 0.09 035 0.99
Ars —0.14 0.23 ~0.22 0.21 0.72 0.92 Arg ~0.02 0.07 ~0.09 0.06 026 0.82
Ary —034 0.14 ~0.26 0.12 0.62 0.99 Arp ~0.12 0.05 ~0.10 0.04 024 0.99
Ars —0.19 0.09 ~0.25 0.07 0.53 0.94 Aryg 0.05 0.02 —0.13 0.02 0.19 035
Panel B: Consumption growth
Vol 2.13 428 1.30 413 8.28 0.87 0.50 0.46 0.40 0.45 0.60 0.09
Skew —148 ~193 —4.42 214 2.13 032 ~0.41 0.02 ~031 ~0.03 114 0.99
Kurt 8.09 11.66 298 9.63 28.82 0.63 417 3.10 244 2.93 5.83 0.04
Ar, 048 0.69 0.24 0.74 0.93 0.85 Ar, 031 0.44 031 0.44 0.66 097
Ar, 0.18 0.39 ~0.15 0.42 0.83 0.75 Ary 0.10 0.13 ~0.05 0.12 039 0.61
Ars ~0.05 024 ~0.22 0.23 0.72 0.86 Arg ~0.02 0.08 ~0.08 0.08 030 0.86
Ar, ~0.19 0.16 ~0.24 0.13 0.63 0.95 Arp, 0.08 0.06 ~0.10 0.05 028 035
Ars 0.00 0.10 ~0.24 0.08 0.55 0.70 Arsg —0.04 0.03 —0.13 0.03 0.21 0.83
Panel C: Investment growth

Vol 1353 3.10 12.28 71.84 0.45 1.09 0.98 1.08 133 0.00
Skew ~1.33 —0. 0.02 ~1.56 2.69 0.68 0. ~0.20 —0.58 ~0.20 025 0.96
Kurt 2745 6.68 19.50 100.98 0.96 473 3.70 2.85 3.41 5.26 0.03
Ar; Eﬁj 018 0.00 0.23 059 017 Ay 024 0.1 024 038 001
Ar, —0.15 —0.06 0.00 0.00 —0.44 0.71 Ary —0.03 ~0.00 —0.12 ~0.01 0.14 0.63
Ars -0.33 ~0.07 0.00 0.00 0.38 0.96 Arg ~0.18 ~0.01 ~0.12 ~0.01 0.11 1.00
Ary ~0.17 —0.06 ~0.00 0.00 ~0.07 0.84 Arp ~0.09 ~0.01 —0.13 ~0.01 0.11 0.90
Ars ~0.05 ~0.05 ~0.00 ~0.05 —0.06 0.57 Arsg 0.03 ~0.00 —0.12 0.00 0.11 0.29

More important, introducing an extra aggregate state will most likely strengthen the model’s
ability to explain the failure of the CAPM, which is our main focus.
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(2) Key properties of the competitive equilibrium

Optimal policy functions

Panel B: The difference in Et/ I?%-t between

Panel A: Et/ﬁ—it in the disaster state )
the mean normal state and disaster state

1.5 1.5+
14 1
0.5 0.5+
0 4 04
'0.5 = '0.5 =l
40 40
0
20 -10 20 -10
Detrended capital 0 -20 3 . Detrended capital 0 -20 3 o
Log firm-specific productivity Log firm-specific productivity
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(2) Key properties of the competitive equilibrium

Risk and risk premiums

Panel A: True beta, ;‘3;—‘,’. the disaster state

Detrended capital 0 20 - )
Log firm-specific productivity
Panel C: Expected risk premium,
Ei[Rit41] — r i, the disaster state

0 -20

Detrended capital

Log firm-specific productivity

A
Panel B: True beta, 33/, the mean normal
state

30 -

20

20 10

0 -20

Detrended capital 3 "y M
Log firm-specific productivity

Panel D: Expected risk premium,
Ey[Rit41] — rft, the mean normal state

0.54

20

0 -20

Detrended capital ; - o
Log firm-specific productivity
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(2) Key properties of the competitive equilibrium

Value versus growth

Panel A: Detrended capital, .1;1:’,1

2 4 6 8 10
Book-to-market deciles

Panel C: Investment-to-capital, E-!f'f{’;g

6 8 10
Book-to-market deciles

2 4

Panel B: Demeaned log firm-specific
productivity, z;; — 2

-15 : ] | . |
: N 6 8 10
Book-to-market deciles
Panel D: True beta, 33
0251

027F

015

01Ff

0.05

—

CEN o B L B — o

2 4 6

Book-to-market deciles

8

10
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(3) Explaining the failure of the CAPM

L 2 3 4 5 6 7 8 9 H H-L
Panel A: Samples with disasters (Frs = 12.67,[1.35, 40.28];| pers = 0.01,[0.00, 0.20])
E[R] 0.75 0.74 0.74 0.74 0.75 0.77 0.81 49-51 6 096 120 0.46
tre 1117 10.95 10.73 10.50 10.29 10.02 9.83 9.59 929 8.94 49
o 0.08 0.06 0.04 0.03 0.01 -0.02 -0.05 -0.09 -0.15 -027
2.5 -0.03 ~0.03 —0.04 -0.05 -0.08 -0.12 -0.19 -0.29 -042 -0.70 —0.86
975 0.21 0.16 0.13 0.10 0.08 0.06 0.05 0.04 0.02 0.00 0.00
ta 175 1.55 122 0.74 0.18 —0.54 ~1.10 ~1.60 ~205 ~232 _244
2.5 -0.84 -091 -1.03 -1.53 -211 -3.01 -363 -419 -4.16 -433 -453
975 443 3.99 3.56 2.92 2.29 1.90 139 1.07 0.57 0.05 0.05
B 0.83 0.85 0.87 0.89 0.93 0.99 1.07 119 140 184 [ 101 |
25 0.66 0.73 0.79 0.84 0.87 0.90 0.94 1.00 113 147 0.52
975 0.98 0.96 0.94 0.96 1.04 118 133 157 185 232 161
ts 35.57 4236 51.84 69.25 74.28 65.01 53.50 38.76 2528 18.49 7.85
25 8.64 12.52 17.67 22.78 18.11 1268 1011 8.22 7.10 745 3.47
975 132.89 133.16 145.36 174.58 184.14 169.89 166.37 139.47 77.09 4245 17.28
R? 0.77 0.78 0.79 0.79 0.80 0.81 0.83 0.8 0.86 087 057
Panel B: Samples without disasters (Fps = 4.76,[2.33, 8.15];| pers = 0.00,{[0.00, 0.01])
E[R] 0.77 0.76 0.75 0.74 0.75 0.76 0.78 08 0.91 116 0.40
e 23.37 23.02 2248 22.05 22.08 21.79 2275 23.93 25.51 28.69 7.72
p 0.10 0.04 —0.02 ~0.07 ~010 —0.13 —0.07 0.02 013 0.35
25 -0.04 —0.09 -0.16 -0.20 -0.24 -0.26 -0.20 -0.12 -0.00 0.17 0.02
975 0.25 0.18 0.12 0.08 0.05 0.00 0.06 0.16 0.27 0.51 049
o 146 0.57 -0.22 -0.99 -137 ~1.80 -0.93 0.32 183 425 2.26
2.5 ~055 —1.21 —221 _282 3.4 ~3.62 ~278 ~1.63 —001 177 0.18
975 3.61 2.68 168 116 0.88 0.02 0.88 2.46 387 6.61 437
B 0.83 0.90 0.96 1.02 106 110 1.06 1.00 0.97 1.01 018
2.5 0.67 0.74 0.81 0.86 0.89 0.97 0.90 0.84 0.80 0.80 —0.09
975 0.98 1.05 111 118 123 1.24 122 115 113 120 0.47
ts 11.04 11.91 12.60 13.23 13.69 14.06 1358 12.94 1189 10.64 144
2.5 8.56 9.05 10.40 10.63 11.07 1151 1092 10.29 955 7.66 -0.70
975 14.75 16.68 15.84 1653 16.60 1757 1753 17.10 15.10 13.49 3.59

I R? 0.10 0.12 0.13 0.14 0.15 0.16 0.15 013 012 0.10 0.00 I
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(D Nonlinearity in the CAPM regressions

Panel A: Samples with disasters Panel B: Samples without disasters
150 | 150 1
£ £
= =
5 100 | 5 100 |
a 5.
@ @
= =
S 80t S 50T
) ®
N L
— —
-50 ' ' ' ' ' . -50 . : ' ' '
40 -20 0 20 40 60 80 100 40 -20 0 20 40 60 80 100
The market excess return The market excess return

However, the CAPM alpha is -0.39%
per month, implying that the
unconditional CAPM does not hold

in our dinamic sinile-factor model.

the CAPM regression
line is largely flat
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@Nonlinearity in the pricing kernel

Panel A: Samples with disasters

+

0

101

The pricing kernel

10}

-20 ' ‘ * ‘ '
40 20 0 20 40 60 80 100

The market excess return

The linear CAPM fits poorly the observations
from the disaster state, with high realizations
of the pricing kernel, and the observations
from the recovery state, with low realizations
of the pricing kernel.

Panel B: Samples without disasters

20/}
o)
£ 10
()]
X
(@]
8 5 L - |
=
Q s |
()
A os
'—
10}
-20

40 -20 0 20 40 60 80 100
The market excess return

CAPM is an even worse proxy for the pricing
kernel in the no-disaster samples. The
regression slope is only -0.03. As such, the
CAPM fails badly in the no-disaster samples.
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(4) Explaining the beta anomaly

R #Epreranking market beta}4H

L 2 3 4 5 6 7 8 9 H H-L
Panel A: Samples with disasters (Fers = 12.55, [0.90, 43.35]; pcrs = 0.04,[0.00, 0.54])

E[R?] 0.77 0.79 0.81 0.83 0.82 0.85 0.85 0.85 0.85 0.83 0.06
the 1d.48 1068 10.54 10.26 9.78 9.83 957 927 8.69 > 8.31 0.85
o 0.03 0.05 0.04 0.02 —0.02 —0.03 —0.05 —0.09 -016 —-0.21
25 —0.12 —0.04 —0.04 -0.06 —-0.13 —-0.15 —0.22 —-0.29 —0.47 —0.55 —0.67
975 0.16 015 012 011 0.09 0.09 0.09 0.08 0.07 0.04 011
to 0.70 1.36 117 0.46 —-0.49 —0.53 —0.91 -1.23 —-1.64 =215 —1.74
25 292 -117 -1.09 -1.75 —-3.10 —-3.33 -3.80 —4 06 —439 —-4.78 —4 .52
975 3.66 3.77 3.26 2.84 2.29 2.33 2.33 217 1.84 1.05 1.86
_B 0.92 0.92 0.96 1.01 1.05 1.09 112 1.16 1.25 1.28 0.37
25 0.78 0.84 0.90 0.93 0.94 0.96 0.95 0.95 094 0.92 —0.09
975 112 1.03 1.04 1.08 117 1.24 1.31 1.41 1.64 1.72 0.93
t'ﬁ 35.79 4838 62.91 74.19 61.90 48.67 41.79 36.71 28.14 20.98 257
25 9.71 15.76 21.14 2110 17.95 13.39 9.96 7.94 5.54 5.57 —-2.85
975 134.73 167.31 168.44 19212 192.23 15644 157.07 154.49 140.85 79.15 7.00
R? 0.81 0.81 0.82 0.82 0.82 0.84 0.84 0.84 0.85 0.85 0.21
E[Re] 0.76 —-0.02
tre 21.87 —0.48
o oor oo o o oo ot o o oor ~ 75 -0.21
2.5 7 —-0.39
975 2 -0.02
a The crux is that the rolling market beta contains a great deal of 7 ~196
7 measurement errors and is, consequently, a poor proxy for the 1o
2.5 true market beta. 0 —0.00
975 i1 0.46
tg 7 198
25 L ____ o o o o S o S S .5 -0.01
975 17.00 16.61 14.24 15.16 15.76 13.54 14.07 14.84 16.66 21.02 419

I R? 0.16 0.12 0.11 0.10 0.12 0.10 0.11 0.13 0.15 0.22 0.00 .




1 w>
introduction Stylized-facts Model Simulation Conclusion \o ‘54’%’{/2*-6

INAI AND ECONOMICS

(4) Explaining the beta anomaly

In untabulated results, sorting on the true market beta yields large average return
spreads across extreme deciles in the model, with and without disasters.

The unconditional CAPM fails to price these
In samples with disasters ——— deciles, as the postranking beta overshoots,
then a negative CAPM alpha of -0.69%

The postranking beta moves in the opposite
direction as the true market beta, with a

In samples without disasters —— spread of -0.83. alphais 1.6%, which is
substantially higher than the average return
spread.
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(4) Explaining the beta anomaly

To illustrate the measurement errors of rolling market betas as
the proxy for the true market betas:

the correlation between the true and rolling market betas is
weakly positive, 2.84%, across the preranking market beta
deciles in the disaster samples, but weakly negative, -5.43%,
in the no-disaster samples.

the true market beta accurately and immediately reflects
changes in aggregate and firm-specific conditions. Within a
given rolling window, the true market beta often even mean
reverts, giving rise to opposite rankings in rolling betas.
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L 2 3 4 H L 2 3 4 H .
Panel A: Annual samples with disasters ( 5) EXPIammg the poor
E[R® tre .
] ‘ performance of the consumption

small| 1369 1454 1595 1790 2337 1234 1138 1077 1043 1026
2 1233 1329 1421 1545 1890 1200 1171 1143 1125 1078 CAPM
3 1205 1217 1242 1295 1462 1000 1201 1191 1133 1033
4 1057 1040 1042 1085 1384 1201 1189 1147 1059 1041
Big 796 792 818 886  10.4 1016 996 980 967 923

ﬁc Lgc
small —064 -077 -093 —115 -128 —061  —068 072 074 —047
2 —049 059 —072 —089 —134 —055 —062 —069 —081 —097 @ T ;
3 —043 —047 —053 -064 —074 ~050 —056 —063 —072 —070 EXpIammg the hlgher daverage
4 -032 -033 -036 -046 —069 -041 -046 -052 —064 —079 . : :
e 007 oo Lol 0% _om | ;oo _oms _oss _ooo| Value premium insmallfirms

Panel B: Quarterly samples without disasters

E[R?] the
Small 3.16 331 3.56 3.92 517 45,90 34.22 3177 3239 2973
Z 289 3.08 3.24 345 4.09 2973 31.09 31.73 3226 2872 @ HI :
3 2384 285 288 296 3.33 16.28  29.04 3016 2811 19.54 Exp I ainin g th e fa I I ure Of th e
= 253 2.48 247 253 3.19 2335 2340 2199 18.86 18.87 .
Big 193 191 196 207 242 1366 1375 1414 1506 14.71 consum ptlon CAPM
ﬁc [ﬁc
Small o011 012 012 013 027 .45 113 0.96 0.95 139
2 012 012 013 013 018 110 1.04 110 1.09 114
3 0.16 013 0.14 016 025 0.83 1.19 1.30 136 130
4 0.16 018 022 0.24 0.24 133 1.54 L7 L56 137
Big 0.74 093 1.08 0.94 0.85 4.83 6.32 7.60 6.51 474
Panel C: Annual samples with fourth-quarter consumption growth without disasters
E[Re] [ge
Small 13.54 14.20 15.34 1700  22.80 43.01 3213 3008 3064 2812
2 1235 13.21 13.91 14.86 17.76 2837 2975 3032 30.72 2752
3 1213 1215 12.28 12.63 14.31 15.79 2781 28.90 26.74 18.91
4 10.75 10.53 10.48 10.72 13.66 2229 2250 2119 18.31 18.16
Big 8.13 8.04 8.25 8.75 10.28 13.21 13.29 13.76 14.64 14.31
B¢ Lge
Small 0.21 023 022 0.24 0.50 1.55 1.23 0.99 1.01 142
2 024 022 0.24 025 0.31 127 117 1.23 118 111
3 027 022 0.24 0.26 035 0.83 117 1.30 128 107
032 0.36 Lo 1=y = =i oo

4 0.26 0.28 0.30
i 1.08 0.95 0.84 322 4.03 462 4,02
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(5) Explaining the poor performance of the consumption CAPM

(@Explaining the failure of the consumption CAPM

Panel A: Annual, with disasters  Panel B: Quarterly, without disasters  Panel C: Fourth-quarter, without disasters

o ¢ o @1 $o Ll

Estimates 9.09 —6.48 3.34 -119 | 1405 -3.40
25 5.28 —13.46 3.14 -167 1283 -6.81
975 13.70 1.46 3.53 -0.72 1537 -0.48
tem 15.57 -6.30 7394 -1367 6393 -8.61
25 6.55 -12.84 5397 -18.11 4983 -15.53
975 52.25 148 8330 -8.26 79.11 -1.28

ts 8.22 -331 4422 -914 3659 =533
25 3.81 =595 2735 -1094 1928 =177
975 25.46 145 5820 -6.77 6092 -1.26
e 194,32 114,99 173.29
25 35.69 4159 17.16
97.5 11714 418.4 11233
Py 0.01 0.00 0.07
25 0.00 0.00 0.00
975 0.04 0.01 0.80
R2 0.61 030 0.16
25 0.01 012 0.00
975 095 0.49 0.46

We interpret the insignifificance as probably due to
the lack of power of the test, as only 25% of the
observations are used
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4 H L 2 7/ SHANXIUNIVERSITY OF FINANCE AND ECONOMICS
:E Annual samples with disasters Vi
— Small 004 004 004 005 | 007 6 787 758 720 m\
2 003 004 004 004 | 005 [851 825 804 78 771
3 003 003 003 004 | 004 |826 853 834 803 749
4 003 003 003 003 | 004 |894 879 863 816 847 tablell
Big 002 002 002 002 | 003 |879 853 826 776 749 the true pricing kernel in
Quarterly samples withgut disasters
Small 012 013 014 015 | 025 |778 574 520 532 6.1 the model
2 012 012 013 014 | 017 |[509 526 536 549 517
3 012 012 012 012 | 015 [299 510 532 495 3.70
4 o1 011 o011 01 | 015 |429 427 408 353 357 .
Big 009 010 010 010 | 012 6 281 291 299 29 @ magnitude of the
regression-based estimates of
Panel B: Second-stage cross-sectional regressions B is Iargely in Iine With
Annual, with disasters Quarterly, without disasters that Of the true beta
Po @ do ) .
- = | calculated on the grid (Panel
Estimates 0.0 519 0.02 0.11 .
25 —0.01 036 0.01 oos | D of Fig. 6).
97.5 0.06 769 0.02 0.26
- 243 8.35 19.27 15.46
25 -148 31 4 876 | (pricing kernel’s volatility is
fs 0.90 356 6.82 542 | higher in samples with
25 —0.60 1.54 193 3.78 : .
975 . 700 1423 s04 | disasters than without
S 30.96 2687 | disasters, meaning that the
25 9.09 10.99 _ o ) )
975 119.08 ss42 | realized pricing of risk, dMt, is
2 0.55 051 . .
P e 350 | lower in samples without
R 0.89 043 )
25 0.55 013
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(5) Explaining the poor performance of the consumption CAPM

(@Explaining the failure of the consumption CAPM

Panel A: Annual samples with disasters Panel B: Quarterly samples without disasters
70 ‘ —3 - 3
- ® %o
60 ° o
2.5 °
. i o 09%9%% °
T 50 & z L »
2 g
2401 >
S il
830 &
2 2 1
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0 0 L A d L A | A
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(6) Comparative statics

(Dthe CAPM regressions of the book-to-market deciles.

Ap (e 1 v AR at a ct c £ f 5 K

=}
i
-

Panel A: Samples with disasters
E[F®] 075 0.41 0.49 0.45 045 030 053 0.44 0.43 038 0.51 022 039 0.44 0.55 0.52

tRe 6.67 439 4.87 4.54 4,75 368 517 472 4.53 5.09 5.09 3.60 431 4.72 6.35 4.55
o -046 -063 -032 -037 -035 -025 -034 -034 -039 -052 -029 -019 -039 -036 -040 -044
b =247 -29% -234 -2B2 -249 210 -237 -258 -2pB5 -288 -211 -208 269 -249 241 -265
B 109 108 1.03 100 099 0.69 1.08 105 1.04 L11 Loo 0.54 098 1.01 0.95 0.98
tg 8.04 8.40 8.08 8.07 7.91 5.85 7.87 797 81 766 785 7.86 8.10 8.01 7.66 7.89

Panel B: Samples without disasters
E[R®] 0.62 053 0.42 039 039 0.21 0.41 037 0.40 0.40 0.41 0.22 037 039 0.52 0.43

tre 10.54 9.53 795 752 755 394 795 763 769  10.40 746 445 714 751 9.36 8.07
o 0.51 0.44 0.31 0.26 025 -006 0.28 0.31 0.26 022 023 015 022 025 0.40 0.34
[ 3.26 3.07 27N 2328 222 -0DsB1 247 298 2.34 2.08 193 1.37 198 222 279 275
B 0.09 0.09 0.14 017 017 034 0.16 0.08 017 021 023 0.09 018 018 o1 0.10

tg 0.68 0.65 L12 1.35 1.41 294 1.23 0.59 1.37 1.74 1.79 0.76 148 140 0.86 0.85
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(6) Comparative statics

2the CAPM regressions of the preranking market beta deciles.

AD i n v AR at a ct c & f 5 K

=
=
=

Panel A: Samples with disasters
E[F®] 0.08 n.m 0.08 0.07 0.07 0.05 0.07 0.06 0.06 0.03 0.06 -0.81 0.06 0.06 0.06 0.06

tpe LOO 0.25 LO8 0.97 092 0.68 090 0.88 0.83 0.88 086 —-426 0.84 0.84 0.84 0.84
o -030 -022 -020 -024 -024 -022 -024 -023 -024 -025 -0D24 -109 -024 -024 -024 -024
te -169 -147 -162 -181 -174 -168 -170 -171 -178 -18 -173 -323 -1 -176 -1.77 -1.74
B 033 0.24 0.35 038 0.37 033 0.37 0.37 0.37 0.34 0.37 0.66 0.37 0.37 037 037
tg 246 228 256 279 262 229 256 253 263 292 258 3.18 2.56 261 2.55 259

Panel B: Samples without disasters
E[F¢F] -003 -003 -002 -D02Z -0D01 =003 -002 -002 =002 000 -002 -0D0O7 -002 -002 -002 -002

bpe -050 -055 -0D48 -051 -029% -052 -034 -032 -047 001 -048 -138 -047 -049 -040 -0.49
o -0.27 -0D25 -0D21 =021 -020 -021 -019 -0 -021 -0.6 =021 =025 -021 -021 -020 —021
to -18% -1%0 -200 -197 -185 -204 -182 -180 -19 -153 -195 -242 -19 -197 -190 -1497
B 022 0.22 023 023 0.23 023 022 0.22 0.23 0.19 023 0.24 0.23 0.23 0.23 0.23

tg 1.87 1.87 203 1.98 197 213 1.89 1.89 2m 1.72 1.98 209 1.97 1.99 2,02 1.99
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(6) Comparative statics

(3the consumption CAPM test on the 25 size and book-to-market portfolios

Ap (i) n v A at a- ct c 3 f 5 K R ¥ i
Panel A: Annual samples with disasters

fii 904 1006 B.62 9.16 9.66 9.0 9.02 8.91 904 8.95 896 1026 9,01 9.01 8.91 9.02
tpg 1453 1259 1272 1397 1435 1522 1522 1499 1553 1532 1531 13.35 1518 1518 15.06 15.27
ts 792 763 6.95 735 752 797 797 7.90 8.09 7.98 B.02 9.96 798 797 7.86 794
i -715 -564 -706 -768 791 -B657 -656 -662 -657 -623 -659 -317 -B55 -655 -—-657 -—-665
tpg —-656 —-464 -580 -599 -629 -637 -637 -638 -642 -637 -640 -474 -635 -631 -633 -642
3 =371 =285 =317 =309 -326 -332 -332 -333 -337 =332 =335 -390 -332 -329 -330 =334
x? 166.8 208.8 1321 147.5 157.8 1742 1745 1728 1832 1869 1810 4647 175.07 1745 17081 1749
Py 0.01 om 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.m 0.01
R2 0.66 0.48 0.66 0.64 0.64 0.63 0.62 0.63 0.62 0.63 0.63 0.56 062 0.62 0.63 0.63

Panel B: Quarterly samples without disasters
o 3.34 3.34 3.34 3.33 3.34 3.34 3.34 3.34 3.34 3.35 3.34 299 3.34 3.34 3.34 3.34
tq 7361 7386 7280 7325 7342 V348 7357 7382 7428 7325 7327 6072 7357 7347 7404 7342
ts 4417 4388 4333 4342 4396 4405 4410 4443 4412 4402 4405 3875 4420 4398 4423 4387

i -119 -121 -1.20 -128 -121 -119 -119 -1.18 -121 -09 -1.19 -109 -119 -1.19 -120 -1.19
t =13.64 =1379 -=1375 -=13.78 -=13.66 -13.65 -=1366 -13.59 -13.81 -13.15 -13.58 -11.06 -1361 -1368 -=13.73 -13.66
ts -91%6 -914 -9.16 -9%06 -913 -9 -917 -915 -919 -874 -912 -764 914 -917 -917 -9.15

X 123.0 1356 96.7 1073 1365 1129 1125 114.1 1162 1100 1112 2424 11240 127 11760 112.1

Py 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

R* 029 0.30 0.30 0.30 029 0.29 029 0.29 0.30 0.27 0.29 0.40 029 0.30 0.30 0.29
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Rare disasters help explain the value premium puzzle -------- value stocks
@ earn higher average returns than growth stocks, despite their similar
market betas.

the model also explains the beta anomaly--------- due to severe beta
@ measurement errors, the relation between the preranking market beta
and the average return is flat in the model’s simulations

A fundamental innovation of our work relative to prior theoretical models
@ is general equilibrium in which consumption and the pricing kernel are
endogenous.

In addition, the widely documented empirical failures of standard asset pricing
models might have more to do with the deficiencies of standard empirical tests
rather than deficiencies of economic theory
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