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20089 224 #8907, 201049 REE F§971,
20159 $= FAANZEYY 2PREY 54 2
A18-91719] &, 20209 COVID-19 224 Y
o= Q3 2 AERA € 26734 71 5 AL
109 &< S A3 AAl= 394 Ad AHAA
Rare Disaster)0] oF7|& 4= Q&= 330 £ £
A4 BA%EA(A Large, Negative Uncertainty
Economic Shock)& A&2Z 02 Ay gt} 3
COVID-19 224 #H 49 53714 534 v
IR Qo) I AAl= At ole EEAA =2
AAZl oD

A 20089 22 F8H71904 = S5AEHNA
WY 33 B B AAFE 28
A% AEZRA 7ol EFHA Hede F29AS
(Interconnectedness)E "WI7iZ HZ-GAE(): 71<],
719 BE Hoj=lo] gy F§H7]= olojitt. 1
U @419 COVID-19 224 #H92 &3] 7H5%
AE 9 7HARAE FAHLE 3 FAAR] B4
AAZAZ ob7Isto 2HH o F5AHY FAY
7|AERA, 16748 971 5) 7HAS AR wad
tHFigure 1 #%).2 24 Hlo|HA9 JFog
78 aHg FA7 A A58 AN 28
A% Aol 41873 M(Credit Crunch)@} 454 &
A7t FABSHA HE 7HAEE A6t dEde 2
Aeko] 74l A =AY FHARA H3to] 21 B
A9l g fEo] A=A A71EFE oF|

& 7hsAol & ol Z#HHeE Iy 48 %
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Figure 1: S2¥ ZR[2/7| & HFLIZ. Source:
Milne (2020).
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Zo] op7|& 4 Ql= ZAE F2U A9 72l 7]
8718 A4t A A /1A 11 TS AA
Aoz utded 4 Qe i AAFACHJAFEAAL,
HEEFA )Y HAAAE(Optimal Asset
Allocation) A& T3t BA%49 sta83
o JARLE dfFctaA g}, FAHHLE Rietz
(1988)9] =4 At AF 7Hd(Rare Disaster Risk
Hypo- thesisks @2t 211 F4AA 44 34
342 Xokd JuE 59 REdFsty ALAFY
A 8ok Siet 2 (Utility Maximizing
Framework)olAl CRRA(Constant Reletive Risk
Aversion) B&%4E 2= d® BAFA M
deet AAR A"AR) AR S B

) 3RS0l M8 R2Lt 19 Z0) YKol T2t FR|S| BN LFEel
302 92| ZA= BEW M2t UFEDL ASHKS IZAY SN0
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A B4 Etﬂi AAF
A9 RS thet gt BAA AAEE BF
gt} & At HEARIS 49 AT ol S
9] tjg Aotk Mega Research Agenda)?
HHA wfE Fa5tH STH AU eE 13T
2 QL B 70| thopdt o] 24 .44 H APESL

ZAE F2Y A9 Z-A7)F AL 9z
ARk F@d &5t oty AJAZTFAARE
(Individual Savings)®] g4l 7]ojd 4 i}

2 A9 2a 2%k gew 2o
- A0, HAR% U HHER ASS g
o2 BAg 444 B4 A% 23 244
2344 AAFAL 7% 90 194 g
A9HT} £9% 201 918 24 g £AS
Zol $91 AU e A% EE Ao]
AAZA S AR Aolt4, 024 &

K5 23 BA),

. _,'8] SRS AA B3 P AAFA
U+E SIS Bol BA3 5453 AAFA
Hoh 33 BAAR 944 AAISEE Qg
ALEE] oz AlgR79] g3k © Wo| o}
quld A% 5718 22 FAF Ado digt
A2S ¢ wo] Lat Ao| AR AR Agko]
(4.4 33 T A=, Figure 59 5.5 34
FA3 A=: MPS(Marginal Propensity to
Save), Figure 69} 5.6 FZAAHE)
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251l Heston(1993)2] i. %
Switching Model) 58 &2%
302X =25 AY @HI%Z‘.QI
|45t =0| TR 25

fCh Z12{Lt Ol=2{st MIgH&Ql 7
B3(Stochastic Volatility Model)2t Hamilton(1988)2] Ot X Z2HM & S(Markov Reglme
ICt. A 2::50|M 7|otE2HR225(Geometric Brownian Motion)S

201 ASE 20 DB SR AT NUIAS NES SULHG DSl s

= A7ME 6.

FEIZ TEUTH 4. o] EAA 2 59 FH

2 228 239 S EYE HF4u, JHAZ

4 HARZ A 5o U 0|4 BAE FYe.

5. #AA AN 239 s 0|24 EAS
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o AR RS w2 6, 484 AFIA
23 3449 B394 AA2A) 2450 A4
2 27 8499 98 AT JUAE Zus
2UYE F AU ARAL AAZAY HAR
FE Ao AL G BHTE 7. AEAA

HAAAE Ak i3t o] 24 -AFH A9

BBL o|AA|ZHDiscrete Time)olA] Markowitz
(1952)9] H-EAH(Mean-Variance) 8% =
g3ts S5 44 TEEZE Q A (Static Portfolio
Selection) == ¥4 A7HContinuous Time)olAl
Merton(1969, 1971)¢] CRRA &4 23S
5% 54 ZEZgQ AH(Dynamic Portfolio
Selection)°]l 7]5F& £ Qlth. £3] Mertond] ¥4
Azt 53 ZEETQ A9 HYg 7|22 -2
B3} JA oot A7t o] FojA HAtt qEAHC
E BA73A%0] dA sttt A 7He £
e 71& A1 9 FAE 557 A5 Heston
(1993)9] SEHs4 19, vz FHAARY 5
883t Hamilton(1988), Schwert (1989), Bollen
et a.(2000), Jang et al.2007), Dai et al.(2016),
Kim et al.(2020) & W48 942 &84S ¢

olq-

Merton?] S8 ZTEZZQ Ael B0 AAFA
9 A5E AYole] A AE AEtE JEHoE
E&% 9+E Bodie et al.(1992)0] txFolt},

Fet = g2l AlEXM(Time Variability)S Bt sidlg 12iop|
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Farhi and Panageas(2007)2 Bodie et al.(1992)9]
Ao AEZA(Real Option)? 7S &&5}9
A A AT £} 22 25 (Optimal Retirement)9}
o] FHHAE | A46A L Dybvig and Liu
(2010)= 9719 F7HH o2 dj&A k27 (Borrowing
Constraint)S 12st0] AR ML} &L 59k
T FEYdAEA0] g AFE FIsil
Jang et al.(2013), Bensoussn et al.(2016), Jang
et al.(2020)2 7|& A= AEHCE L 5A5Y
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2 AFN 1ske F8AENA iR BAFA
+ st 7% AT st A FAe AR
+ Qo1 7T AE 7HE B 34 7HE S
59 &E34(Stochastic Process) TE0HIL
7hg et

dB(t) = rB(t)dt, W

AT HAAAE Ago] gig d4s dF %
By oo A &) o] &R Frh(Yarri, 1965;
Davidoff et al.,2005; Lopes and Michaelides,
2007; Babbel and Merrill, 2007; Milevsky and
Young, 2008; Park, 2015; Jang et al., 2019; Park,
2020; Kim et al., 2020 § #=%).
Rietz(1988)9 594 At 93 7HdE weh 3
FAAQ B BAZEE 299 T 1 7]eFo
2 Kou(2002), Kou et al.(2017)9 BAIZEH T

(Doubly Stochastic Jump)E &8s £94g A2
(Reduced Form Approach)S &8% 4 9t}
dS(t) = pS(t)dt + oS(H)dZ (L), )

A71M r> 02 FHE OJAE, p>re F4 7
FO1E, 0> 0k FA HEY, 2 B 5

(Brownian Motion)S YWEH T,

EAL

A AARAEL A AA B4 (Aggregate
Output)e 548 A7t 5 BANA Bite= ZE
AET AE| A9 g oz olgiet, JHH AJARRK(:
e, 719 92 FAE Bl AMtE 4ot g
< 39 =58 FYsto] BAIA FEd AvlAE
A4kstal ettt A= FA AA Y AL 26
ANZY EAg LEARY 189 F 7HA 849
93] L HH(Cox et al.,, 1985)5) AJAHJo]A] o
2 7 e AAAEY BE $Y(Proceeds) A
AA 9 A~E5(Aggregate Earnings)& T4sH €t

4) Total Productivity2tll= E2|= ZX HAMQ MAMo thst MOl JHE2 55| ZLISMLHGDP)Z siME 4= UCh
5) Cox et al. (1985)2] “AK™ AiAt7|&(Production Technology) &1,
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2 AL o3t BAA WiAYSS w2t B4
A Y 1A (1(E(0,1))7F = BAH
oA 1go gt tjx BAFAY A508 J81
U2 (1—€) 771 FEA801A T2l it wfgo
2 WjEgcy 7Hgette a9 CovID-198 3§
sto] & AU 27HExtreme Scenario)?} OF7]
4 9l 33 FAFQ B AASEL v
Rietz(1988)9 =24 At ¥ 7Hd < w2t 34
AA o QAo ddFe 24T 4 Aok

E£3] Mehra and Prescott®] R4 2L &&
o|Z gt &3 07| 4 Y=(A Low-Probability,
Depression-Like) @< 1H5H Arrow-Debreu
oM =2 74 A3 Zejuda} ¥ 79
3 ojAegS AYE ¢ Ao

Tt £ AFE 7]EH 08 Fokg HI LA
A2E &9 Rietz(1988)9 “A Low-Probability,
Depression-Like” 98 AA AA 9 44
53 Zo| wtgstaat g

P{r<t}=1-e" 3)

A71H & 21 FZHA EFAHY FAZE|
WSt AIZteE A $EE(Exponential Dis-
tribution)& WEH §> 0= BAZE A9 HA
T s 240k 245 gu|dith Zopd 3o =g
Al2of wet A S Z o] ASHH AYAtAol 794
kI 2 ZHagitta 7W8stn k< (0,1)2 B4 4189
g BN F2 AHHT Qe 38 BHRecovery
Parameter)& 9Ju|3tc}.

MBAE

e =¢19 LE5AES ¥ Y AAFA AF
A& (Human Capital)9 @A7F2& th23} Zo]
Fo]Ath(Friedman, 1957):7)

E[ /0 " e tedt + /T ” e—r%edt}

1+, )

:T+6 r

o714 HAE Yo AAFAY LE5hS (IS
€02 H7|stgtt

33 A ESAA BAZES TEotA B2
ol thAl Taf 6> 00| BAFAH Y AFAE
A (4)2 e/ro] H ol AAFA 7} vl o] WA
g e 5459 $de 7Y oAEE U
A7 E Quigttt. 94719 FASZA e 1A
B oAl Eof 6> 00| AAFAY AHAE LS
ool g 8 BE L5459 $92 o] v
o|AE r+02 FAF A7 ¢/ (r+6)7} Hof
BAAEEE THA G QAR ¢/r Bt ol
o k3t 69 SEE FASE 0% E0JE kE5AS
e/rg& T4 o|AEE FAF AATIA Ske/r &
Hold £ AN st Sl BAFA Y AHA}
£ (4)o] =&dh8

33 BHAQ ESAN AAEZ0l S5AE ARt
o 487347} F54 FAE oPIsHA =W A§AR
AA 7HAaE A%t tEex & A to] 7tefd
7Fs/dol =t olo & Ao dEAgEAY
ZokS 245k 94 WS (Exogenous Variable)

6) 2 AT0M= FLoil et 12 0| A X2X AH2Hofl s M| TH2| HMido] A0 FOR HRECIT 7RSI 2Lt

M2} 1S RN ZNTTW ENAQE HASHE E8F

0|0f sHstCt. 5t A& AM|(Planned Economy)E £35 TEH
Azlatl H2lg 4+ A= 2UHKM(National Economy)E 12fal

ogH T os

7) XMEE R HHE AppendixE EESICL

HAMHE Tafof 2 & U=t HEEHCZ A Z¥(Large Model)0|
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w €00.1)2 AFARY @o] 23} 2o] 1
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”Wia(“%) 5)

ok & obftd Aoko] 9l (w=1) I3 ¥4
Al BN AAEEE 1A god(6>0),
BAAFAE AAFAY AARAE A ()2 wet e/r
T QIAAE S FHZ AGAIRA 7HAHES
WS 4 ok 28y gEbAQl ALl AR kR
Z7EMarket Frictions) 91& 0] H|jH4 FH
(Asymmetric Information), &%l Z-5(Agency
Conflicts), A3tE A3 (Limited Enforcement) 5
07 Q5] th&] A2ko] AH7THO < w <1). o]
33 BARAQ 9L AAZE S 1A et
T SHE (6> 0) Ao ZA5Hs EAS E
o e/r Bt FE wxe/r HEY JHRRS GRZ
THARES B 4 ok o7l 21 BAPA £
A AAEAE 1A FHE(6>0) AHAE 4]
(@)l A FojA JIAARZ qEALF27Y FtS
Z2Aste w7t FoiR g JIAAER] G FE
E7HdES T2 5 Ao g2t £ Ao e
33 BAHHQ B AAFE (6> 0)3} o2 9
E I24Y A9 7HAZ8 Adte] q&A %
< 1) olopy] 31 & F 7HA 2449 A%

%44 (Two-Dimensional Market Incomple-
tenessye AZAEY AA7F (A (D)o HEA%=
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2 AtoA e sk FAE AAE 1) st
A FARE )22 144 FEAZNA LFAR
9] 33 BAAQ B AASEE ()& Qs
A G A 9 f&o] A¢E S o F3t AT
(Infinite Horizon)ollA 4H]o|| i3t CRRA &&3%
£ 2= dE BAFA IJAEAR, HELEFA
)9 HFAA R AS TEotu A} g} oA
T 2 AfoA st AAFAY M
(Value Function)® o3 Zo] Fo{A4 =t}

_ * _pe®
V(w)_r(rclﬁxr))(E[/O e T dt ©)

71 we dE FAFA7E B4t Ye H=x
T, ce AAFAY &M, 7= HF F4
Ezs= 9% Dollar Amount), 5> 0& FAF
Ao F#3 &AL (Subjective Discount Rate),
v>0& AAFAY ZdA P31 E(Relative
Risk Aversion}g Uetdl& A4E Uedw tAld
oA 9] S8R W(E) & th29) BEFHH S i)

dW (t) = {rW(t) — c(t) + €

+7(t)(pu —7)}dt
+ 1(t)odZ(t) @)

£ AAFAL LAHAAY T W) &
Uste YAAE 4 ()8 U 9 uEAE:
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forall t>0 8)
[ 3] a4

Convex-Duality 2=
& Q7oA &0zt she tE BAFA 714

a4 A (6)2 o9 Hamilton-Jacobi-Bellman
(HJB) BAAZ W&l

—BV(w) + (rw + )V’ (w)

_ 102 Vl(w)2
2" V"w)

+ %{V’(w)}l_lh —0 0

1

o714 6= (u—r)/cx Sharpe RatioS U+e}
e HF4H co HFRA 7o diF 39
FOC(First Order Condition) 4<% & &3t}

1 - . 0 V/(w)
C—V(w) 1/7’ W——;—V”(w) (10)

E3 HJB FAA 90X AAFAY 271 264
A v AR A ©F e e uEe:

= ria(”% (11)

Agzd A (11)F 955t HJB ¥A4 9)9
23l 3|(Closed-Form Solution)& T&3}7] Y
Bensoussan et al.(2016)0] 19kt |22 Convex-
Duality &% ozt a4 w9 7Y ¥e
(Dual Variable) A(w) & 7H@4 Viw) 9 47

o] & (First Derivative)2 F g & AAFA %
At wte/r@FEAA w+ARAE ¢/r)E 7Y
B4 AMw) o] g 7L K8 G(w)) 2 39
gk

ol

o

G AW)N ()2 + G Aw)N'(w) =0  (13)

A 2e9l HB W44 0)2 SoptA HB 33
4 9 P2 wol thatel P4 vlEoe oo
WAy g ae ik

_5V'(w)+TV'(w)+(rw+6)V//(w)
_362 2V’(w)Vl/(w)2 _ Vl(w)ZV/l/(w)

2 V7 (w)?

—{V' ()} V" (w) =0

(14)

oA7|M8E HAE H5] £F9 A7t glE &
74 ¥4 Aw) 9 7L HEE GA(w)) A
4 wE s 2 gk Al (12)904 B4
7 9 A% 7 /AR G(A) oo wlEe
A (14)& 39 H4Y mEEgAoz HEs
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EG A (139 FIA F A 242 ol gt
919 mEgAAE et dol ANE T 4 Aok

G0
_,8/\+T)\+7'G/()\)
1. G"(N) |2 A o
58 <2)\+ G,O\))\>— ooy ="

9 njRugAl9] oo G(N\) S Fota Ak
Anzoz Ao HB $84 9= w9 toluy
ARNAARA 07 WeksHA "k

rG(\) = %62)\2(?”()\)

(024 B — NG () + A, (15)

ol A%z A (1)E 72 ¥5 A% 7Y
71 G(\)E o|ste] AME s itk 27
8wt eGR4 AR Lower
Limit)o] ot A9 fgots 59 W4 A9
AANE A>0z 54 A (1204 59 7423k
G\ A9 g2} g Sk

— € ok €
G =-wx 5 (1+T)+ 1 g

B 27] A wrh HEAGRA A9 5hY
Aol EL3HA HE AAFAE Hol A FA
FAT ¢ G Al FolA HEE 4 (100 Foid
HHEA 7o F FOC 22E ol&3td &g
g
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w2}
G'(A\)=0 (17)

Q9314 Convex-Duality H2& w} 2
9 HJB ¥A4 9)F d&Adzd A (1)
0 <A<AE WEote 999 79 ¥ A9 {4
HAFE G0 g thojuy zpA7 A A A
(15)% #ZAA(Optimal Stopping)® Smooth
Pasting® & & 4#HA F 717 AAZA 4 (16),
(17)22 wad 4 9.

ClolLta) X2

oA =& to|uhd] ZATHAZAAA (159 HAIA
AAP S oAl ZHA|S] AHE A gk gl A
FA7E Ege 27 S8 wE HFAY cE
oret AU & 3 A w—cg HAFER 1 &
oeh A9 Ao FAetl w—c— 7 & FHE AH
A& H9H AAFA = tolud] AA7tA A A A
(15)9] oA B 4= 9I=0] & A GN) = w+e/r
of Wizt FAY olAE rrFY A& A =t

ojgA HAAH G HARAE T BAFAY
Ak AR ok AF2 kA FA 7HEE 2
(Option Pricing®d 4 F3 @3} A FA0
F4AE ZEEYL9 distq w4 PeH(Option
Delta)E 53] YFFHZE(Risk Neutral Measure)
oA FAE olzks r TEY FHF ZEELL 49
2 9 43 RASIH & © FAZ R toluit
9 A AR A (15)9 $¥o)A Sharpe Ratiod
AF 0°5 Sust A g2 4 714 2ANA
F4] B A9 Convexity £7}9} 8|31 Sharpe
Ratio® Convexity 835 §Hg3tct, ohA] Do 34

1>




Zgud p—ro] F4F B 4 W54 o7t A
TE BAFA Y F Aite 959 253514 344
02 7]o3tt}(Positively Affect in a Convex
Way). ©HA| tolud] H47tAZ2A 4] (152 Eot7t
A SHA F A GN) =w+e/r 9 Drift 3&
ArEd ZAFAY F A4 AF ZYn g
Sharpe Ratio9 Convexity?} ZAAFH 9 F4
Folg 7} wge ¢° = 3—r 2 Fo|X|A "t} v}
Ao g o] 2A7HA AR A (159 +H 1A
23 A 4 (10) oA Fo1W HF 4 oo
i3t FOC 273} 4] (12)°14 Fol3 7E ¥ A9
AoE wt AAFA7 HA4HE o A He
883 Utility Value)S Yerdch

3.3 R e el

% 744 AA22 4 (16), (7% dolus A4}
4244 (1592 BEHE 52 HFE GO

[ 4] 028 84

23 39 FHE =2d 239 He Ed=
EEAFY 23 RAH EGUY AAFELR
A AEAVZlA S o] Aokl o thE A
FA 9 HHaH), AHAZ 8 AHRR Ao of
& o4 242 I3

(4.1 JEI

Uil 2 529 5 AN Qus(AI18)
ot A (1004 017 FHA2u|o] g FOC 27,
293 A 12014 B8 5 ANTee & A4
29 #AN w2 HARA (Optimal
Wealth) A& 4& 4 Atk

oA

Aut3f(General Solution) th2-9] 23l 2] Fej
EEET 5 Ak

1 _ o
G(N) = 4 V7 4 BA=, (18)

o714 AE g9 Merton A4S VEhH

Be 79 ¥59 QA A @A F 71 BAZ
2 A (16), (7)) w2t 23 =] ojoF & /F4(Constant
To Be Determined), —1 < a” < 0& g9 E4
"4 Al (Characteristic Equation)S 9&3sl: 3
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Optimal Asset Allocation Strategy with a Large,

Negative Uncertainty Economic Shock

Seyou ng Park* (Nottingham University Business School)

Abstract

This paper derives the optimal asset allocation strategy for a representative economic agent
(individual investor, fund manager etc.) with a large, negative uncertainty economic shock caused
by the recent COVID-19 global pandemic that would have significant repercussions on the domes-
tic/international socio-economic system in the post-coronavirus period. Specifically, the paper
models the large, negative uncertainty economic shock by following Rietz's (1988) rare disaster
risk hypothesis and develops a quantitative model which can derive the optimal asset allocation
solution of the representative agent who exhibits the CRRA (constant relative risk aversion)
utility function within the utility maximizing framework. According to the theoretical and numerical
analysis of the optimal consumption, optimal savings, and optimal investment strategies, the
agent’s optimal asset allocation strategy with the large, negative uncertainty economic shock
is to consume less, invest less in the risky stock, and save more in the risk-free bond than
without the economic shock. Various theoretical and numerical results obtained from this paper
which can consider extreme scenarios would contribute not only to the advance of asset manage-
ment and risk management in the mid- and long-term of the post-coronavirus period, but also

to the innovation of individual savings.
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