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Paper proceeds
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2. Rare disaster model

FRT—MEFEINERZFTRENARIEZE, WRietz (1988) FiBarro (2006, 2009) frik. A
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log(Yer1) = log(Ye) + & + U1 + Vg, (1)
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2. Rare disaster model

FEREEIpHNEEN, EEHTROMMER. S—HRELEN, GDPK TR, HH
O<b<1
probability 1-p: v =0,

probability p: v = log(1-b).

EEARMLucas (1978) WiEAR, JHEC,FTGDP Y, , ZREBERE—IHAMNZFIE, XE
B’E, WXBABRFXE., IREPAKERE, NCHYRIMAE KT TR

g =g+(1/2)-0 - p-E[b]. (2)
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2. Rare disaster model

XA XA G AT, MEMEKE RS R Zr, SRR, BOMEHSES, mA
RIS, REA T A Epstein Zin/Weil utility, fBarro (20094F)

(1= U =€ 4 (755) 11 = B ] 59,
3)

Hpy>02 BN XM BERE, 6>02BHZBRERHEMHINEE, p>0Z28EREFE., wBarro
(2009) [E T GiovanninifiWeil (1989) #F1Obstfeld (1994) |pr7x, Zi.idoBmdHFRFRMER
HBAT, RENNARERBERE:
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2. Rare disaster model

U=®-G7/(1-y), (4)

HH OSSO0 TN S B . HFENX (3) « (4) M IHFERER a1 2240 1) —
pras R B ILEh 2%, W o

(5)

NH, Reypq A2 M TRICRI I (A t+ LA AR m] FH 2= R Bk 22 . 2y=0 (the familiar
setting with time-separable power utility) B, ZEz (5) AMIFIHEET —.
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2. Rare disaster model
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2. Rare disaster model

WP, ALucast b ICATAT B &S 2 7k B8 BT W i A o iV, AR EMTAS LL: B2, PS5
CHItEME . EZRAILLA. A, VST HEEV, WP M KEEFETCHERE. VIE
o hEAwiE. (5) . (6) A

1 [(1-06 _
G =p—(1-0)g+p. _(},_])Em—b)' "
1-60\] /1 ,
-41—9y5b—(y_l)_+(§)a1—amu (8)
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2. Rare disaster model

Bl E AN EBREre FTRENERUVAMBAN G A AR TR g =M, Hit, r* 53K (8)
HE, RRERETIZW-g*. (r®>g") . HERBGRMmsE (7))« (8) 4

¢ —rl =yo?+p-[E(1-b)” —E(1-b)""" —Eb]. (9)
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3. Pricing stock options

3.1 ®EBEMEM
ERAREWN EEERENERIAN, BRIEANNEEBE A—"ERR, FEREEIZE
HAZE R 17 (BRTIUEANY) o BB TN BRI HITN A

exercise price = € - P, (10)

EEEZHH, FHMRKRO<es 1 eBETMNMTEREMBAIELE, EABRXI TN
1% (BEMRATRHME) .
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3. Pricing stock options

QRN B SREMBILLE, EAENTIRMNE. BHRANNSRSER BTRS

0 if HF:] > £
?-I—I = ] Pr+1¢ e P . (]1:]
(e — ) if B <
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3. Pricing stock options

WPy /Po=(1+9)(1-b)<e, EAKKENEEZ=1/(1-b)  WRFEXEESR
ROMFEMLLTE, FA0<bs1B#Nz>1, ZBFEFA, bBFL Uhlzkrs, BRHRNNA

EREMNAT (11) B A

po _ & - (—128)if 1 disaster occurs and z > (1+g)/e
o 0 otherwise |
(12)
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3. Pricing stock options

3.2. REMBENTEND

f(z2)=Az""% where A>~0, « =0, and z > z5 > 1.

(13)
f (z2) MzofRDEI LS RNZFHRKEA=A 2§
f(z)=azy -z z>75> 1. (14)
Z . _
1 —F(z) = (Z)@. (15)
20
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3. Pricing stock options

Em_brﬂzmyjz(:“ )i%ihr}% (16)
@ =Y

3.3 Options pricing formula

1+p=(1+g7" E(zVR,;). (17)

. y —0 _

(18)
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3. Pricing stock options

(1+0)(1+g)
I :L—*.[ __1+g]* —“+ﬂ’“ 1
=5 j;:%) Iz £ . azyz dz. (19)
14o—y
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3. Pricing stock options

3.4. Maturity of the option
REREMRpIRMN BN DT, TRERNEEEINAVZIEAR, TEARERESNHIZENS:

h(0) = e(-PD),

h(1) = pTe-PD,
(21)

(pT)'e "

h(x) = X!

. x=0,1,...
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3. Pricing stock options

BTREEUREZ AN RAE UK AIE KR, BAXHNNENLARXMNAIL (20) EikH:

B azg va-El'm_}"
C(@-y)(d+a-y)

(22)
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eV (23)
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3.6. Time—varying disaster probability

¥ (22) 5 A:
Q = pTe' ™77, (24)

0 is a constant.
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3.6. Time—varying disaster probability

HRDEBRAT, BRAEEFZWMERAGHR LEE, NfiSHFX (24) FHNIRIBEE.
AXANAXHRE B A —MRMRBERGTERN, HX/hpw (REMBNZL) TEA—1
wED .

azg - pT - e1+eY o % (ga)m .qT - gl+axy
p— _I_ .
(@-—y)l+a—-y) (ax=y)(l+ax-y)
(25)
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HHERXITEN X ETATRNTIF W,
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3.6. Time—varying disaster probability

Q=Te" 7 . [mpe+ mge @], (26)
. oz ar(z)"
N=a- P d+a-y) P~ @ -y d+a —y)
(27)
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4 Empirical analysis

SCUE D TR TR RLIE:. KB SRASI R FLFRENZIINAZS (OTC) &RMIEREMIE,
P K AR o5 F HA AN £ 88 = FlOptionMetricsIR A9 = Bl T 5 EUE

R E T RIS IMNATMN R AL /R50045% (E) . EREE (E) . DAX
EE (TEE) . ESTX503 % (BxX) . BE#EE (HAR) . OMXIEH (Imik) MSMIFEH
(FmL) .
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Tablel Regressions for put options prices

Coefficients SPX FTSE ESTX DAX NKY OMX SMI All
(Us) (UK) (Euro area) (Germany) (Japan) (Sweden) (Switzerland)
Br 0.992 0.997 0.943 0.946 0.881 0.922 1.004 0.961
(0.040) (0.046) (0.045) (0.044) (0.032) (0.045) (0.046) (0.042)
B 4,73 4.66 4.45 4,15 4.01 4.64 4,75 4,55
(0.465) (0.429) (0.463) (0.452) (0.480) (0.460) (0.428) (0.447)
o — o 9.42 8.29 7.87 7.68 10.87 8.83 9.71 9.35
(6.594) (6.101) (5.386) (4.572) (5.990) (6.904) (6.190) (6.284)
n2q 0.087 0.078 0.095 0.102 0.128 0.103 0.090 0.098
(0.044) (0.033) (0.034) (0.032) (0.064) (0.051) (0.044) (0.046)
Implied estimate of « 6.73 6.66 6.45 6.15 6.01 6.64 6.75 6.55
Implied estimate of 14 0.725 0.737 0.777 0.844 0.882 0.740 0.720 0.756
R-squared 0.973 0.968 0.970 0.968 0.957 0.957 0.965 0.914
o 0.0012 0.0014 0.0016 0.0018 0.0019 0.0021 0.0014 0.0026
N 5740 4920 4820 4920 4968 4920 4920 35,208
Mean dependent variable 0.0038 0.0040 0.0052 0.0054 0.0048 0.0053 0.0034 0.0045
o dependent variable 0.0075 0.0080 0.0095 0.0099 0.0092 0.0101 0.0073 0.0089
Sample period start August 1994 January 1998 June 1998 January 2000 September 1997 January 1998 January 1998 August 1994
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Fig. 1. Estimated disaster probabilities

Panel A: Seven Stock Market Indices Individually

estimated probability

Panel B: Disaster probability and the VIX

05 _ 05
S 04
3
0.4 © 03
o
802
0.3 ©
E 01
vy
@
0
0.2 1994 1599 2004 2009 2014
Disaster probability (SPX) VIX/100
0.1
Panel C: Seven Stock-Market Indices Jointly
0.5
0
1994 1999 2004 2009 2014
0.4
e DAX (Germany) e ESTX (Euro Area) - FTSE (UK) NKY (Japan) E
=
s OMX (Sweden) s SPX (US) S| (Switzerland) 8 03
2 0.
=
o
Q
w 0.2
£
i
0.1
0
1994 1999 2004 2009 2014

2022/3/24




Table2 Statistics for estimated disaster probabilities

Index Sample Mean Standard Maximum
deviation
SPX (US) August 1994-June 2018 0.062 0.066 0.425
FTSE (UK) January 1998-June 2018  0.065 0.070 0.398
ESTX (Euro area) June 1998-June 2018 0.069 0.068 0.371
DAX (Germany) January 2000-June 2018  0.058 0.064 0.324
NKY (Japan) January 1998-June 2018 0.045 0.052 0.450
OMX (Sweden) January 1998-June 2018 0.077 0.078 0.435
SMI (Switzerland)  January 1998-June 2018  0.056 0.070 0.380
All August 1994-June 2018 0.061 0.065 0.410
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Table3 Regression for US put options prices

Panel A: Berkeley and OTC data, 1983-2018.

Coefficients Estimates (standard errors)
Bt 0.992 (0.036)

B. 4.91 (0.49)

o —a 10.61 (8.27)

N2q 0.091 (0.059)
R-squared 0.964

o 0.0015

N 6370

Panel B: Statistics for estimated disaster probabilities (shown in Fig. 2).

Period Mean Standard Maximum
deviation

June 1983-June 2018 0.064 0.097 1.35

June 1983-September 1987 0.004 0.007 0.025

October 1987-September 1988 0.283 0.410 1.35

October 1988-July 1994 0.029 0.047 0.202

August 1994-June 2018 0.070 0.071 0.459
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Fig.2. Estimated US disaster probabilities, 1983 - 2018
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Fig.3. Forecast of conditional growth for United States

Panel A: GDP (yoy) ~ Disaster Prob.

-0.05 1
—
"-|:/ 0 10 -
= -
-0.15 1
—— In-sample fit
—0.20 1 -= os

T T T T T T T T

AN
Q07 07 O 07 O O O O

—

Panel C: GDP (gog) ~ Disaster Prob.

——  In-sample fit
-- os

Q Qb 0,'\ Q:'b Q('b

T T T T

N
Q Q7 ©F Ql‘)

]

Panel B: GDP (yvoy) ~ EPU Index

-0.0104

——  In-sample fit

== OLS

T T T T T T T T

A o)
S N L N N N N s HE N

T

Panel D: GDP (qoq) ~ EPU Index

N
Q Q7 QF C}“X

P PP

B(r)

Panel E: IP (mom) ~ Disaster Prob.

0.0

—0.1 1

—0.2 1

——  In-sample fit

-0.3 1

)\
R N N N R N N S U
T

Panel F: IP (mom) ~ EPU Index

)\
R N L N N N N N
T

2022/3/24




Table4 Regression for US put options prices, OptionMetrics data,

1996 - 2017.
Coefficient Regular sample Expanded sample
Br 1.12 (0.083) 1.14 (0.042)
B 5.10 (0.58) 5.44 (0.31)
ot — o 6.10 (6.37) 5.94 (6.68)
124 0.068 (0.059) 0.050 (0.028)
R-squared 0.959 0.963
b 0.000829 0.000751
N 4879 17,507
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FL=

Log (Yppq) TH=

(1) n=A1/Py.
KFBETREN AFHB MR [E IR R R EC

(2) U,=E, 2 [e_m: ~u(Chyy) ],
i=0

(3) u(C)=(C""=1)/(1 - 90).

(4) u'(C) =e " EJu'(Ciiy) - Ryl
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Y G

Log (Vyq) FHES

(5) (Ar)_e =e " (1/Py) - Er[(AHl)l_H]-

(6) Py=e"- (At)ﬂ ’ Et[(AHl)l_H]-

(7) log (A,1) =log (A,) + v+ w1 + U1,
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