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Phronesis and the Capturing of Quiddity in Management:

Kimio Kase

(International University of Japan)

I aim at identifying and clarifying the kind of knowledge
(and other factors including personal disposition, traits,
and characteristics) which allow managers to cope most
effectively with these unstructured situations. In addition,
we aim to delve into whether it is possible or not to
inculcate managers with such knowledge and disposition
via training.

Thus, the basic two-fold purpose of this research leads
us to the review and analysis of (1) business reality facing
management and (2) the knowledge profile required to deal
with it. In other words, and as expressed in the title of this
book, this research builds upon the ideas of phronesis and
quiddity.

I address the issue of the excellence in judgment-
making,- its concept and characterisation. Our concept is
basically derived from Aristotle’s phronesis and Izutsu’s
consciousness (Bewusstsein), although many other authors
are drawn upon when needed. We retain the use of the term
‘phronesis’ (or its translation as ‘wisdom’ or ‘practical
wisdom’) to emphasise its conceptual dependence on
Aristotle (19347, VI, 4). At the same time, however, this
book, through its title, stresses its conceptual derivation
from Toshihiko Izutsu’s main work, Consciousness and
Quiddity (lzutsu, T., 1983; 1991) in that it is inspired by the
metaphysical thesis of the Japanese philosopher.

In a nutshell, it will be maintained that phronesis and
actions guided by it are privileged access to the core of
reality as is. Excellent managerial decisions would be those
able (1) to capture how business situations could be
according to their true nature and (2) to turn them into
reality. Since “one swallow does not make spring”
(Aristotle, 1934: 1 7), one action may not make an excellent

judgement-maker, but the repetition of such action does.
The good decisions made by one amass to become wisdom
and make him or her ‘a wise manager’. The notion of a
wise manager, developed in one of Nonaka’s latest works,
“The wise leader” (2011) adds an essential contribution to
the object of this book.

We mean ‘reality as it is’ in a philosophical sense, by
which we imply phronesis as being knowledge of a
metaphysical kind. In this regard, it goes beyond the
manner in which Aristotle understood it, for whom
metaphysics was the object of the theoretical, not practical,
part of human soul: “for mind as speculative never thinks
what is practicable” (2007: 111 9 402b).

According to lzutsu (1983), the core of reality is
contingency. Thus, to give precedence as features of reality
to stability over change, to universal essences over time, to
necessity over contingency, as Aristotle’s metaphysics and
a large part of Western philosophy does, is a
misconception: reality’s hallmark is contingency. As such,
that is why Aristotle’s concepts must be supplemented with
those formulated by lzutsu.

This misconception is traceable back to the
subject/object dichotomy or, in other words, the divide
between consciousness and world. This divide originates
in the efforts of the individual self to hold onto oneself and
not to let itself go and become fused with the world (Varela,
F. J., Thompson, E. T., and Rosch, E. H., 1993). These are
attempts born from fear of the loss of one’s own identity.
Western metaphysics can be explained by this process
(Varela, F. J., et al., 1993)*. In business studies, the
subject/object divide is epitomised in rational choice
theory.

1 An extract from Kase, K., Gonzalez-Canton, C., and Nonaka, I. (2014). Phronesis and Quiddity in Management: A School of

Knowledge Approach. Hampshire UK: Palgrave Macmillan.
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Meditation techniques available in Eastern traditions,
such as Buddhism or Islamic Sufism, help the individual to
correct this view (lzutsu, T., 1971). As soon as an
individual self-realises their efforts were delusional, and
that the only way to gain oneself is by losing oneself in the
world, the individual makes contact with reality as
contingency and is ready to perceive reality as it is. It is
through this process that the individual self-achieves
wisdom.

Since contingency means that reality could be one way
or the other, coming to being or not being at all, an
important part of wisdom will consist in turning the
possibility of being into being actually. This is the nature
of action. Therefore, action unfolds the intimate structure
of reality from where it originates in wisdom. As a
consequence, and in the case of managerial judgement-
making, it will be argued in this work that a manager’s
good decisions are those where the possible true state of
things is made to occur in reality.

This concept is filled with far-reaching consequences.
Firstly, practical reason has priority over theoretical reason.
Secondly, those factors closely related to action, such as
body, language, emotions, the unconscious, social
interaction, all acquire metaphysical relevance. The
importance of these factors for the practice of management
cannot be over-exaggerated, as will be seen, especially
through the concept of a wise leader.

Excellence in management manifests itself best (in the
words of Dreyfus (1981: 33)) in “unstructured situations”,
such as strategy-making in turbulent environments,
selection of key executives, pre-emption of adverse
business trends, and disruptive product innovation.

Phronesis is a term first appeared in Aristotle’s Ethica
Nichommachea (2001) which has been translated as
prudentia (Aquino, T. d., 2007), ‘practical wisdom’ (Finnis,
J., 1998; Maclntyre, A., 1984; Murphy, M. C., 2001; Simon,
Y. R., 1991), ‘practical knowledge’ (Simon, Y. R., 1991),
or ‘practical rationality’ (Murphy, M. C., 2001).
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My analysis rests mainly on Aristotle’s understanding of
the concept and the further developments it has
experienced within — Macintyre (1984) — or in the vicinity
— Flyvbjerg (2001; 2002; 2004a; 2004b), Nonaka and
Toyama (Flyvbjerg, B., 2002; Nonaka, I. and Toyama, R.,
2007; Nonaka, 1., Toyama, R., and Hirata, T., 2008a) — of
the Aristotelian tradition. Phronesis can be considered to
be the informed or reasonable making of decisions in order
to achieve a goal that has been elucidated as worth
pursuing by the individual; what is sought ultimately is a
higher level of well-being—»be it Aristotle’s ‘good life’
(2001: 21; 1095a15-22) or another objective serving the
same function.

Quiddity is a Latin term that may be translated as ‘what
it is’. It designates reality as it is or the essence of reality.
The concept has a very long history of interpretations
(these interpretations often conflicting with each other), as
will be seen in chapter 4. We will argue that at the core of
reality lies contingency. It may sound odd to define
quiddity as ‘what it is” while arguing that at its heart lies
‘what could be’. However, as will be argued later, in the
reality as it is, time is a meaningless concept, so what it is
already contains what could be without suggesting that
everything is predefined from the beginning.

Phronesis is the ability to turn that contingency, i.e.,
something possible, into something real, i.e., a necessity.
In that respect, we aim to demonstrate that phronesis is a
kind of knowledge that permits privileged access to
quiddity. Our proposition closely follows the ideas
advanced in the work of Professor Toshihiko lzutsu
entitled “Consciousness and Quiddity” (lzutsu, T., 1991)
(and in its German translation, “Bewusstsein und Wesen”
(lzutsu, T., 1983)). Thus, we are greatly indebted to lzutsu’s
thinking beyond the mere similarity of the current book’s
title. Our book draws general inspiration from lzutsu’s
work, including many instances of insight. This constitutes
the first pillar of our research.

The second pillar is to show, by applying our conceptual
framework to real-life case studies of successful managers,
that excellence in managerial skills boils down to phronesis.
In this regard, Nonaka’s recent proposal of the “wise leader”
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(Nonaka, I. and Takeuchi, H., 2011) provides a deep insight
into this phenomenon.

Excellent managers are able to discern opportunities that
nobody else can identify (for instance, to grasp the reality
of a business situation as it is) and bring them about.
Likewise, such managers are capable of pre-empting
negative situations before they take place due to their skills
in discernment. As explained later, phronesis-informed
judgement making is rather a co-creation of reality than
simply the stocktaking of what already exists.

Related to the notion of phronesis is the issue of intuitive
knowledge. There is empirical and conceptual evidence
that intuition vyields superior results in unstructured
situations, in general (Dreyfus, S. E., 1980) as well as in
business settings (Cohen, M. D., March, J. G., and Olsen,
J. P, 1972; Kase, K., Slocum, A., and Zhang, Y. Y., 2011).
The concept of intuition will be explained in detail in
chapter 5. For now, given that some familiarity with this
notion is needed, we take a phenomenological approach
and describe intuition in brief by means of its contrast with
analytical or systematic knowledge.

Whereas analytical or systematic knowledge entails
reflection, tends to be time-consuming, and proceeds top-
down from general principles to concrete data, intuition
operates below the level of consciousness, moves at a
lightning speed, and builds conclusions from the particular,
concrete data of the situation upwards to general principles.
In terms of decision skills, intuition is usually to be found
among experts, whereas analysis is the prerogative of
novices (Dreyfus, S. E., 1980).

The idea defended is that practical judgment works
much like intuition. The truth is that a degree of practical
deliberation, especially when involving dilemmas, may
require substantial analysis and time. Nevertheless, those
occasions usually involve two conflicting intuitions (which,
in fact, give rise to the dilemma) rather than being a
consequence of an incremental addition of data, as occurs
in systematic analysis. As illustrated in Kase et al on Sazo
Idemitsu and Kazuo Inamori, the judgement-making
process is characaterised by intuition, especially in the case
of excellent judgement-makers.
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The relevance of this analysis is all the greater, since the
view of practical reason present in management and
economic studies and education (the main representative
thereof is rational choice theory (RCT)) is plagued with
‘scientist’ assumptions (Goshal, S., 2005), ‘scientism’
being is a term coined by Hayek (1979). Through its use,
Hayek wanted to set truly scientific statements apart from
those from which pseudo-scientific character arises by
trying to apply scientific methods, suitable for the physical
reality, to social/human phenomena.

I contend that the ‘scientist’ reading of management
which underpins most mainstream management theories
has greatly impaired the development of a sound account
of managerial activity (Nonaka, I., Toyama, R., and Hirata,
T., 2008b). At a minimum, there are three aspects of human
activity vital for the concept of a wise manager, as will be
explained later, and which are particularly misguided in
RCT and other related approaches. These three aspects are
(1) a deficient account of emotions, (2) the difficulty to
incorporate ethical considerations into the management
discourse, and (3) a poor understanding of social
phenomena.

I argue that the main error of RCT was to apply a
mechanistic or instrumental way of thinking (appropriate
for the manipulation of objects) to human actions and
relationships.
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bHr 7T =r b (HDHWVITERMERE) ~OR G %E
WL LEBA, ToRE OMEITHRELEICFIN T
HAHIM? THEDOY 27| Lix, EO7vy=r b
DARMFEM DRI L - TIHBIR TIT R HEH
PERIZ DG AICMEN TR RS 5, &
WO TH o7, 5. 2 (2) TREZLIIT,
RSVM [ di i 72 il 2 iam C E 2MMERE Th 5.,

57.2. REY XY EEE (IRRA) DEEDESTITA
DI

IRRA DEFND ., ap(X)DEREW & EITITL AR



AARY T IF T g 0% sk

EREWEEZD, ZOZ D, ZOEEEEXD

AT OEICBRAT 2 Z ENARETH D,
IRRA EHIFL L OBRE LT, RO ENEZ D,
R 5.6. MEREBXPEFRBEKEZRDL, ROSM
E[X]>0, P(X<0)>0

L TWbAb50E+5, ZORE XONEY X7
[B138% E o (A 720 L TR LT 5,

(5.25)

oy (AX) = %X) (5.26)
GEH)  apX)IZK D HFRADMTIH -7,
—log E[e‘“”(] =0 (5.27)

ZOHFERLY, EEESo,
ZOFRERNS LV IRRA IZ X BARBAHFITHED Y 27
EEBIZANTE T IZ/oTWAZ ERbs,

57.3. HE#WTHERKRZME - R/ EBEDER

§4.3 TRIMAM TR & R S ANMH{E DS
AuoT, VAZBEREEEITY R 7 OB O
MATREL 725, WS 20D fZ A5,

Bl 5.1. (&RMIRERERBOFM~DIER) HorFEE
AT DERIC, TRUSHE->TELD Y A7 8RS
% 7o I YRAE G & & BT 5 356 OB ¥ 4 |
U A7 GUKBMMER E A2 > TITHOHAEBLET 5,
X: BB R2F v v a7u0—0T7 X LREIE
i,
Y : BEINROEEIRAERS (XS S,
ET 5, I UWX) NEADEHAETYH, MMy
BEATDHZ LIk UOY+X) —n(Y) >0 (m(V)IX
YOAMiE) EHKXD72 51X, YOAZRHRIZL T
Y=l FXEFETTHMEND D LM TE D,
FEAEp)) a=1& LT 5. XITRD L 91252
LRTVWDHHDET S,
P({w;}) = 0.1, P({w;}) = 0.6, P({ws}) = 0.3
X(w;) = =5, X(w,) =3, X(w3) =5
UDX) (=-2700) <0TH D05, XHMTIEEST
e,
ZDEERD LD RERIFMA EEHE D T2 &
T 5,
Y(w) =4, Y(wy) =0, Y(wz) =0
ZDOHEITIE
UDX +Y) =1.192

UTIF T g & RkIg

14

N R

ERD, UDE4+Y)>0THEIND, b L YO
n(Y)231.192 X D L, XikY 2R+ 52 %
AR EITRIRE L HI S Lk 9,

— 5 YOTRY FOSLENL RS &L YITHT 5 A
WODE)T0.4 8 70 H DT, YOl n(Y)230.4K 0 &
JIIETE A MES & 5 LR TE 5,

e ZEFETIZ, UOW)EUDIIX) ITKD X H 1T/ D,
UM (Y) = 0.103
UM(Y|X) = 1.192 — (—2.700) = 3.892
ZHEY | YIZHEMTOMEITERO2XIZH L TRV
MM 2 AH1F TV D Z ERNphnd,

Bl 5.2. (PRBRFE S OFE~DIS ) - CAeRlIRAE
ST AT DR EIToToE 2 A%, RERTHE
HZ CEZDHZELAETH D, T, LV HRK
HLWEERFI TR TR Z 9,
(BfE )
P({w;}) = 0.01,P{w,}) = 0.60,
P({ws}) = 0.39
X(w;) = =20, X(wz) =3, X(w3) = 5Y(w;)
=20, Y(w,) =0, Y(ws3) =0
R RN
UM (X) = —15.395
UDX+Y) =3.158
LD OT, YOMMT(Y)233.158 L 0 22 uiE, Xi
YEIEANT D2 & ZRRICFEITARE S Hlr S X 5,
—HYDFE Y F(RBEEM) X, YICxd 5 Ao
FENE 02 7D T, YOffils m(Y) %2 02 LV &E
RREHCRIVIEIRGE T DI & 5 Ll T& 5,
o« 2%, UM(Y)LUDYIX) IZKkD L H 1D,
UM(Y) =0.010
UM (Y|X) = 3.158 — (—15.395) = 18.553
ZHEY . YIZHEMTOMMEITARW XIS L TIHEE
RO 2 1 T D 2 &30 5,

Bl 5.3. (ERMIRERMH~OHERE) mE 44 OFf
il v(YIX) EXEREELEZE YOS E LT~ %
2 UMEREIZR>TWD, ] LD, vA(Y —=n(Y)) +
X)ERKICT DABRED ATREERH D, ZORE, £
DOAEITE AT 2 RIS O Fcit 72 IS 72 5,

5.7.4. Cat bond D& FAE

U A 7 SUBRAOMAE R < OFE & I35 & Cat
bond (Catastrophe Bond)D A5 it % B R 72 2 TR €
x5,



AARY T IF T g 0% sk

(B AEB1)

P({w,}) =0.02, P({w,}) = 0.5

P({w3}) = 0.48

X(w;) =-10, X(w,) =4, X(w3) =8
E[X] = 5.64 V[X] = 8.9104

T %, DEOMEREGEE Za=001LF5 L

U™ (X)=5.5942>0

ThY, XiFFETSNE D,

COFRFELHET DEN. ZOFFEL KPS
FEhiT 5L LT, 100XOHMTERmTH L%
EZTET D, ZOGA. ZOBBOFEICHT IS
DR IX

#il 5.4.

(5.28)

U°*(100X)=-608.7998  (5.29)

L7200 (100 15 OBUED FH100XIL~ A F A DFEAf &
2%, ThbbLYAZPREB|E D &I SEST
ENRNES S,

IoEE, IOV R EEEETHHFELLT X I
$HIGRT B D K H 72 CAT bond CB #3474 5 Z &
HEZTCHE D, #Him (={HER%) 12, fitk10, Z D
CBOBEWENLREZVZ—2% Y LT85 &,

Y(wy) = =10, Y(w;) = Y(w3) =2

E[Y] = 1.76, V[Y] = 2.8464
Thbh, ZOFHEL, BEWFD YU 27 EREE A 0.05
(LY 27 EBEE LD HE) & LT,

BWE: U®(Y)=17453 (5.30)

U (-Y)=-1.7637

(5.31)
Lt Thbb, 20 Bond % HAM TN L-EE

e F (&)

UTIF T g & RkIg

N R

WZiE, BVWFIZE > TORMEIEEW235E 0 F (Bond
DORITELL) > TvAFTATHD,

L7236, 2@ Bond DEWFEE100 AR
HZEMMELEETHE, FEL Bond EERAL
7oA

UC% (100X -100Y) = 2420722 %2

LY St o TEWIHMTE 25, T7bb, Z
@ Cat Bond 13720 P L VPEWFOEEIZ & > TIH
FICEROH D LD ER>TWVD,

BE 54. Z0ofOBRE

U (X -Y)=3.8589

<U"™M(X)=55942

THY ., HEN/NSWEFDEAIZIE CatBond i
AT B ERITHEN,

(5.33)

5.75. EEMNLGEXEM: RESEER— L7+ V4D
BE
BEOFEORENZFAMOAIEETH D, FDY;
A FHAEMEEOEEZRIA L C, K/ FER— K
TAVAOEEEBRT DO ENAREERD, &5
Wik, REOMEFC HISHEETH 5,

ZE R

1. Y. Miyahara (2010), ‘Risk-Sensitive Value Measure
Method for Projects Evaluation,” Journal of Real Options
and Strategy, Vol.3, No.2, 185-204.

REDEERMT !

BSHkE &

=TT 1 YT DR
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Haruyoshi Ito, Jing Ai, and Akihiko Ozawa &
Managing Weather Risks:
The Case of J. League Soccer Team in Japan
(Journal of Risk and Insurance, 2015)

i HEIE

(EIBRT: KRR E SR E A JEF

1. [XC®HIC

/INi Managing Weather Risks: The Case of J. League
Soccer Team in Japan (FFR : Rfie) A7 ~Hx A B
STy —F—LIZBT HEH-LLT Ito, Al
and Ozawa 2015) @ 1% H OfIL, o —F— A
M E LT, RV AT wX A FEITHERIC
VBT R A7 DERR., BRIENEENE~5 2
LRWEBOWE, RET VAT 4 70T HA RO
ERHE, RET IV ANT 4 7 2FHTHZ LIk D4
EAMAE ~ D 58 2 MR ZAT o T e /) D F il am 3L C
HLZERBITHID,

2FHDOFEE LT, RIET U AT ¢ 7 DR O}
ZDAEEMELBE~DORREZFTMT DICHD
Wang Z5#& (Wang 2000, Wang 2002) % Fi|ffl L T, KfeE
TUNRT 4 TOIEMTHEEBIE LR R’HIT 5
ns,

BFRHDOKE LT, ATt LrBET 5%
Ao, BRWREHR DU A7 AR E Hee 3 D B
DD, WO EEBRGE ¥ O F1E (Pennings and
Smidts, 2000; Donkers, Melenberg, and Soest, 2001; Holt
and Laury, 2002; Andersen et al., 2008 %) (ZfEvy, <
ol Xkt T 282 X—RA & LT 77— Mll#
ZFRA L TREER O Y A7 BRI A HERE L 72
bIFoid,

Ito, Ai, and Ozawa (2015) I%, J UV —ZIZE&S % H T
2T CTh DM, UESTFIERS, RET VAT 47
ERIH LY A7~ P A2 ME, thoEESRE
WHAHTHDL EEZEX D70, AR TIL, LLEOFRHH
WS & T T, /N Ito, Ai, and Ozawa (2015) D fif#it
2179,

3HIEFM 7 5713, HEIZEDV AR —LAZ ST AR 2D

16

HEZR)

2. SHOXR

Ito, Ai, and Ozawa (2015) 1%, J U — 7 @ BHEA4E 1993
25 2010 FRIC B RGO T — & 2 FIH L TRE
VA7 OHEGFHEIT>T05D, L ICFTET HF—20
BRDHRHETHY . 12 ~DBEKEDT — 2 | Txt5
HNThHDH, SHIZERBPBENS L WVIE, BRBH - T
HLELERG O T L BB TEDLNL TV RN A —
DABDT DE2FH L TWDETF— AN RTH
o TORER, 13 F— AL, 14 DKR—LAX T L3
DOMRIERTH Y . 1993—2010 4Fi2 J1 2B L 7=
3984 RED I B, 2,082 AN HRTH D,

3. XigVRVDER

FTRKBEVARIT=R AL NOETITHTZD, L
DX BRREELMEOBREIT, 7 T T ORISR
D, EDORERMZHET 2LENH 5, Ito, Al
and Ozawa (2015) Cix, B Y A7 IZESEZHTTH
P EIT-> T D,

e Y A7 Lo T, EDOL D RENDTF— A
WESTHERTOHLINEZBETHIHLERD D, HIK
BN, BB X A 2 v 7 R OBEAKEIZOWTEE
TAMBENGD D, A I 72OV TE IR, BEN
BEITORBERZH > O THIUX, REFTOBKE, i
OHOBENRERE SN D DO THNIE, RETORK
BNEEEHEZDEZEZOND, BAKREIZOWTIL,
K E OB A L CERE B 32 D,
HDHNE, DR THIR, FFET L0, RNOHEIZ
X, BENEBEI N2 ONRESTE2TH20ENRH
Do ZDI | FRx RFFHEOREAKE, £ L T, B
BOMIHMED A TIE/e< |, MEAZRELLY I X
BEFMALCT, BlEBEHE OBRIITZT> T
%o, BARMICIR, 1B OBKEIC O VT, S

(RERZ VT DM =3 = PERE35)H D120,
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% 15, AT o 2 REf, RARTO 9 K, § 12
ORI DN T, BAKEOMRE L O, BHE%
0.0mm - 5.0mm * T, 0.5mmETH D ¥ I —E¥%
11 FE, B 12 B¥AEFIH L, Al 144 OB EHE
L7z, [FEfRIC, REH 2 RO KEIT, 12 BH %
RE LI, 3EMAFHOBARIZOVNTIE, REE 1L
IRpf] & R T 2 R RUE AT 1 RFR & 3G v 2 e
AAwT 3 K. Ao 6 Frlai e 3 BrFiE T,
A D 9 KefERT2 & 6 FEfE AT E T, 5 FEEH T2
T, BAKEICET S Lk 12 B8 ERE L. A5 60
TR AERE LT AT 4RO W T HEEE L,
12 B8 a2 E#R LTz, AEGHTDO 6 KEEIZ>\WTix, k
Wwo 12 AEITEM LT, 6.0mm—15.00mm F T,
1.0mm f B 2 5% E L7 10 O & 2 — 28 %8B
MU T, 22 DEZFH L o aiT > 7o, &%,
24 FE Ok &L, A% H, A0 1, 2, 3 Hil
WZDOWTEMAE L, 6 FEfREKEICIS W TR L 22
DOEHAZIEIM LT, 20.0mm—50.0mm DK EIZOWN
T, 10mm BICEEEREL, 4 20X I —E¥%8
ML T, 26 OFEKEIZHNDES., &t 104 DL
BRE LT, 2T 354 ORENEKEER L ToMr
%17 - 7= (Ito, Ai, and Ozawa 2015 @ Table 1A £ ),

PLEDOSHTOFER, REY H O 24 REIFEKED,
amm LLETho7Ha% 1 L3758 I —EHK
(d4_h2)ZFIH L7258 IRk b Z< DAX YT A 14
ABZT AP0 DAL VT A THEICBAE BN
AL TnD Z ENERINT 4, BRA, 3T — A
DRGERBEEZFIA LTS8, Zbhid, 1 HORK
28 10mm U ETHo=BA/ITRA T 7N b
LERKE o THEY, YEHEEAFIH LI2GA 121X,
6 7 77 DHEPAERMRZ R LTV A(Ito, Ai, and
Ozawa 2013, 2015), Z D X 9 REHNE L. KiET
UNRT 0 7T OFIHAPNEALICHERE L CWAEHRHO—D
ThdeEZLND,

4. BRVRITHRAR—Dr—DAEIE

AT CHl R 7R EFIH LT, 14 7 77Dk
WUAI =7 AR—Vy —%Hitd 5, Hitlcdhiz
0. BEfF O CBLE S B O T EBEEOHEEHI R
S TWaAEHEbary ha—L4 5, £7-, id=H
NRIFEEZ S > TWAH D, — b/ " Fik
(GLS)IZ L v H#EEF L T o, #EEHUE, K)o LBV
Th D,

4 2 BB 0.0mm & L7=RE D 1 KRR A RO &

UTNF T g & BRIg

17

&
i
&
ao

Yint =% j + BiiRijn
+p,; Weekday; , +B5; April; ¢
+8,,,;0ctober; , +5 ;;0pening; ,
+ Beij Rivali”nvt+ﬂ7vi’j Distance;
+fg,,; Star_both; , +p, ;;Population; ,
+10,i5 TOP3; o+ Py WOrSE3;
+hy i _latt; , (+/)5;;a_latt;

M)

2T, Ying 1E tEEDO n FHORAICKIT S,
| BEHOF—LERZ DT LAOMAETITHIGT 5 HE
FHEHOBRME TH D, LT, BEET HIRZFO
EPFRITAMET D, Rijot 13, ] BHOBERERTH D,
B4 OEEERA LD j=1,..,35% TH5D,
Distanceins 1%, XFEEAH T OV R — & BNEERIC /B e
BE3EREORBEH TH D, RERABERZ T LD
KEVERDS, SEHTFOR—LRZ T LAOREH
DERE TO 2012 FRF R OBEEORFIZ IV EFEL
Too BEREDBEN TV 21T & BIEE BEEIIRD T2 &
# % b (Garciaand Rodriguez 2002), Populationin
X, F— 2P ET DA O A0 (AR5 b
Do NABZWNEE BIEBER N2 DB 26N
% (Hart, Hutton, and Sharot 1975, Kalist 2010),
Stars_bothini 1. AREORHEEHTHY . A—L2F
— LR RT T2 F—LDAF—DANETHD, A
2=, AIEEICAARRICRP SN ERBROH 5
BPELLTCERLE, SOIC, AHFEEOR—LF— A
DY) & B B 5. h_latti, (Forrest, Simmons, and
Szymanski 2004, &, “FH 2008), 5 KON, AIAFEE
DA T O LY EEB B, a_lattin: (A&, FH
2008) % FIIH L7z, Rivalin;if, A —LF — LK OT ¥
A F =L ORI RFE—FRANIZFTE L TWDH5HEIC
1EL, ZRLSMEIO0 & Lz, T — LD {ER NI
WIEE BIEDNBREWZ A VR EE L, Bl
JISEA~O BN T B 2 Hiud, Openingingid. B
HE T LaRT ¥ I—EHTHD, FFHT
32 < OBEHEHNDWIFF D, Top3ing (X, BIE
FE AL 3 AELINAERTH I —EHTHDH, BT —
LDIZF, 77 onE0Z0NEEZILND, [FERIC, J2
~OREIE Y 27 BEWGE . BIE OSBRI T
O, BIEBEENEMT S EEXOND, DT
B, Worst3ine, BIEED L3 F— LA RT 4 I —4
BaFH L, Y%ERE =2 be—L LT, EA14F
JE 32 D I ASEAE LT — ADNERLE A TALCh
HE LT, DD, MLy I —EHT, Bl < ik
LieTF—Lb~DFELOZIbar hr—/L L TWD,
Weekdayint (%, FHILHLSNEZ RTH I —EHThH

S—EREMA LGS, 9 RV T ARFEE Th o7z,
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Lo FHIZTLAMA &g L TEEE B D7 <
725 Z L S RLGAE L5 (Garcia and Rodriguez 2002, {A]
A, - 2008), Aprilin:e & Octoberin: 13, THLZH,
REN 4 AHD VX, 10 HHoBEREZ T 42
—ZEHTh D, BIEBHEHIT. BHELZERZLO,
FHEANIHEMA RIAEN D (W&, FH 2008),
IINTOFER, I bBAKY 27 2215 TWDH DI,
FMAS T M k— 5T D REER =TS
Tho, AEYH O 24 FEE R EFHFEAKED 4mm UL E
Lo TR G EITIE, $922.9%, BIEEIBHD BT 5
ZEREINTWD, o7 7 7IZEHLTYH,
dd_h24 ZFIH LIca. AERREZ R L1210 7 5
T K 6.4%~22.9% DBIEE B R OB R D Z
ERHEIN, BRY A7 ORBEORE SRS
NnNod,

5. ¥¥waA—NOYzalb—vay
HIEiOONT 2 IS BRI IV I 7 T T DONEN E
DIEICEBEEZITDHN, VLab—r g &2FfH
LTHILTWD, Y alb—a il T,
B FJAR DT K h—AAR T NET 5, Ik
TurH—L 5EHEFL LTHNEIT> TV D, I
R U8 HIE, B NS ) 7 7 7 o T
HThHhDZ &, Br NAZ T ADOR R —LAHL
VYV AELTEY, LVEHERONTNAETH D=
HTHD,

F1: % — R OVHE R

Y—=RXv  FHEWER
1 0.157
2 0.193
3 0.137
4 0.103
5 0.064

L. BERRESRIE, 1 A0 BEKED 4mm LLE & 72 2 fig =R
THD . (HHh : Ito, Ai, and Ozawa 2015)

FP, VI alb—vaIhHiEn, db_h24=1 L7
HAIRAEZEER A X e L, ZTOMESAMEHEET L
7o PEMIMESR(d4_h24=1 & 72 D k=) 1%, Rz kv
IR D7o0IC, A CORNMERLFHE L, BEREE
DITWAZERL “v—RX"L LCE#RE Lz, £0D
R 5ODY—RANCAT I —iF &, v—X
YUFE3HAAA5 A KT L =R 203,

5 7 m & —LRFifET A)IIBT O AN, 140 77
A, 1997 4EICAINE L, 1999 4E(C J.League (C& I L 7=,
S PAE DT NI, BER O 50% N BRICE DL TE

U T NF T g & RkIg
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6 HE9 A, =X 3F.TH, V=X 41%, 8
AHE 1A, =X 52iF, R2ABEGERTWD,
1H &2 Ak, RAERBEERNENZDIZ, oD
brRAL STV B,

K LICRINTWLIEREZFIH L THEBEOREN
WZDOWNWT, "ARX—A LB a2 Ialb—ra /il k
DRESE, Y X—AEHE b iz, Q) &
FIHLC, BEBEREHFHT 5, v Ialb—va
WCBWTiX, RAMERICBIT 2BMN L X —A
DACHED & L, TN OREITE T DM, I
NHEHTHDLHERELZ, YIalb—Ta T,
10,000 [E| DA Z 384 S H- 7=,

Z LT, BlEHEHKIIREEOT — % B3 H AT HE
ThHOIN, MET =2 1L FEBOT —XDHLMPA
FHRERTIEHZRVWDIC, BIFHEHEFY v a7
n—¢OREFRERGCT A0, LA EBEH
B B BEBEEIC OV TERES 21TV, &
Ral—varitio TR ONEBEHE K
ST FY v a7 —0FHBEICRHALE, LT,
YL EoEYFRIC X - THE I I & & F %2 FI A
LT, Xy ¥y viavn—=RA—BHLER
L. ¥¥v>ia7uo—%H#s L1,

Vial—yvarofikzbniryviaTvn
— ORI REIIE 2D LEBY TH D,

F2: v 32— a XV AN E O
Fv h¥ ¥ v a7 —0RREEEE
(BAZ : 1,000USD)

wEtE TRRIE  H#EEME  LFRE
HfHE 670.93  716.44  768.38
B M E 686.65  727.45  773.39
EERE 75.86 51.26 22.47
BRME 807.72  807.56  807.72
B/ME 373.12 508.69  674.14
EE -4.51 -5.09 -5.73

L, kEoRIZBWNT, #EHEL, K FOT—4 %F)
A LRSS ORRE S iz, B A% (d4_h24) D [E])F
123 (-0.143) 2 2D EEFA L THOLNZHRTH D, &5
(L ERAR S D 90%/E HE X [ oD T BRAE M O R4, (-0.226,
0.058)ZFA L CRED Y I 2L —a v &irotz, D
FEGL N T BRAE K O BRI AR S 30TV D, SRZ RGO AT I,
2006 4 OF 2007 DM THEZ (LN A O NI Z L2 b
2007 #~2010 FOTFT —F ZFHL TIToT5, v I =
L —3 3 /N A13 10,000 8] CH 5, (HHHk : 1to, Ai, and Ozawa
2015)

F2ITRINTWD L DI AEAER 222 51,260USD

v, 25,000 NDOIENAIRETH D, 2010 D JIIE F O
HFHZEIL, 4,700 FHTH 5,
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THhoHrZ N, KERFy v a7u—~bx 5
WEIT K & <, 2005 4 ~2010 4 o flF] & A
73,000USD~293,000USD TH B L TV, *v bF
¥ va 7 a—OERERFAEN 51,260USD THDH Z &
MOEMNARIT, REELCADINEE DARBLIZ &> T,
JIIRGF F SRS > T L 9 aREMEIZE < . Kig Y
AR A NOBEBEENEEIND,

6. KIEVRIAY D ELLEFBmADEE

UEDvIab—yaripiraexic, KiEs U A
TATOTHA L #EZD, Z LT, BFRET U AN
T4 T EMATEZEICkY . EoRESEMEN
BETDLDICDONTELET H, ZORRIC, KET U A
T 4 7 OIEFEMIEE B E T D72 HIT, Wang 2% F
M35,

Wang £ #

Wang Z5# (Wang 2000, Wang 2002) (%, & PEAMiHs
FMETAONH R T7 L —2b T —27 & LTREL
TE TRV, FEMTTE T TORMEE T W AZE 23
ARETdH D, Black, Scholes, and Merton &5 /L1, 58
fHHET2bb, FEENHH TR SN TnD Z
CLREBEEA T va vt EARDESLZ LIZKL
DVIEY R 7R — 7+ VA HHUTEDHZ L EK
EL, VAZHNHERN—FEICIREDZ L E2HEL
TW5D, KIET VAT 4 7%, JREENKFETH Y B
glenuTnipniz, FEEMTTS T COFNE T /v
DULETHD,

Wang Z#2FH+2 2 Licky, BEIEZEDOV
A 7 [AlEEEE & B e L A EREAM 23 AT BEIZ 72 5, Wang
T, ERSAMZEEE, U AT PR &
KODLFETHD, ZDOY AT PSLHEREZFRIH LT
HFEEHR T ZEICLY ., BEeFFREE G R
ELCHRIH LRI IRE & 72 D, EIGIHIZY X7
TVUVITLEBE LGS, ity aTva—
N0 Thr7Tul=r FOBE, EOLo5RY A7
TUITAEFALTH, i@ 0 Lo TLED
7o, WYNZ Y R 7 BB LTI TE 203,
Wang Z# 2R3 2 Z Lk v, Y2502 7l fE
s,

Wang Z2# 3L FToXick v 526505,

FO(x)= 00 (FP (x))+ 2) @
TR, U A NEHEREIFE(Q HIE) R T
D BFENAEAE(CDF) Tdh 5, FP(X) 1. FEHE R (P

HEE) T TD CDF Th D, O )k, BEAEEH SO
CDF TH 5, O )L, O+ )DHBEHTH D, 1 1%,

UTNF T g & BRIg

19

HBIRFEIE

BRREZED Y A7 BERETH D, A (2) 2FH+
HZ IR ERERE Y AT RN E S R
THIENAREL D, ABIETH DA, FEMRy
MFEICT 7 T 5, 2ED, TV F U F(Fvr >
Va7 —PNREBRDIEOLRY MBI X D EH
PR 2K RED A 2 L 2B L, BEERESE N
URJERNTH DL EEERT S,

Wang ZH#ORFRILBEWRTH L, b L., x BIE
BOAICHE D G, A1k, U 27 ofigfiitk, +700
% Shape ratio, (E(r)-ri)lo 1272 %, Esscher Z8#i & & %5
Ll Tk BEREH O AN A OREEA, &H
D UWNIARE RO JFUE PEAGAE AN L3 AT HE O S &
(2%, Wang & #t & Esscher Z# (X [F L & 72 %
(Labuschagne and Offwood 2010), i (% & & IZERIESC
T7AFT UV ADOFHIZBENTELFHAINTND
(Gerber and Shiu 1994),

RETINRT A TOTFA

Yial—varofiREohiery by vy
27 u—Z WA, BNEREHAER LTS
BURSATIC LV . BERREEORED 1 REH 2 /I,
34,702USD * v b ¥ vy a7uo—NNEgb+ sz L
NHEfR X35, Ito, Ai,Ozawa (2015) Tl T O
EDT=DIZ, BERIZ KL 2HED 100%E2~y U5 &
WEZ L, 1 ElAAEEIZ, 34,702USD 344 5 7 U X
T4 TEEZD, TIhb, S A7,

E P [Payoff |

N
=Z p, x N x Payoff
—88.783USD

LERE SN D, 2T, Payoff 1L, %4i%T U T
S 7LD 1BERRA BN 47 %2R
L. pold, 1 —RX0 B2 0 BERRFOREED n ik
BTHLMERETRT,

K@) CHE SN HIFRFA 47 Z5tlc, 0~
20%., KO 60%DEEFIEE ERE LT VAT 4
T Ok EFIH L o2 T o 72, 0~20%1%, ifi
BCodkWis EOMENHA T T4 RS bdRE
H|14(Golden, Wang, and Yang 2007, Vedenov and
Barnett 2004, Climetrix 2010, Chinacarini 2011) T&
V. 60%I%. JEK, IRE, CRIRAFIHLTWD KR
AR A 7T A RENDHEEEH TH D
(Ito, Ai, and Ozawa 2015),

3)

U R 7 [EREARER 4 DHERT

Ito, Ai, and Ozawa (2015) T, FEBRRFFHTORE
{THF%E(Andersen et al. 2008, Pennings and Smidts 2000)
IV, 7T — P EITVW T — L OREED Y
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A 7[RRI A HERE L T D,

BARIZ1E, BIREIEENZWEA D7 0iGEE
TRELL BRBVFTIAFAEZREN NN T U LB
LDOMT, EHLLBHEENDINERINLTH LT,
ZDORIC, BEBERNL L R DEN 10%., D72
WA ORERED 0% b EM A AT 5, BEERE
BNV RATEEPTH L5 EI121E. T U4 B i
FIOEM TITEIRT 2, ROBEMTIX, Z< R 5HEH
% 20%., VIip MEFE 80% L L, 10% T, fEXRE
s, COREE T, BEREEOEIENL TV A
BOAITEDLLINI LT AT T4 RENS,
U R RIRHREOEFHAZHE LT, ZO/ER, 4% 7
Y= MZREZE L7 7 AD JLeague F— AR ¥
— @DV A AR ER O 2 Y 7 EIL, LLFO#E 3 D
EIOICEE SN, 22T, Yo fiPH &, Rk
T — b & E A4y MTolR 4y FEEL
T, BN X7 EREHRBOEAZ > Ty
R E LTz, BRI, #nEnoty 2T ED
2 OHEFHRESR S, 1> b :0.25-052, 2 &~ b :0.52-
0.84,3 % v 1:0.25-0.52,4 & v k:0-0.25 THILIE,
M7 ) R AR A OIPH X, 0.25-0.52 L7425,

K3 T U —MERMNSA LT TA RENDZY
72U A7 [BlRERE A OFLFE

REEE B/ A BK A
1 0.25 0.52
2 0.25 0.52
3 0 0.52
4 Inconsistent  Inconsistent
5 0.84 Infinity
6 0 0
7 0.25 0.52
All 0.25 0.52

AL, /A BRI, ENEROTRED EREZ R
LTWa, £/, REF 4ICEALTL, TV A~
MBI AT EHZ LWLV LA T UT
— FHAE O, A D B ~EE L T2 O (HIFEHE A
B 2 U 27 BEWIF U A %&BE LT %), Wang &
DR E L ITEAN RN E S o 72, (HH : lto,
Ai, and Ozawa 2015)

K7 VT 1 7 OIEEF

EoEIFESHr, a2 —rva ] KO VA
[E18E R DHERTRE R ZFIH LT J 7 T 7 OeZEAmE~
G22I OW T ed 5, RIERT I AT 47
ZRAT 2 Z &I K D AEZEMIE~DFE VLT K
TV RT 4 T OfffE)E, BLFORX@)IC L VEET 5,

V= EQ<NCFWith_hedge)_ EQ(NCFwithout_hedge) 4)

U T NF T g & RkIg

20

TR 35

Z ZC. NCFuith hedge (¥, RIET U NT 4 7% FIH
L7ZBEDO R > R¥ v v ¥ =2 7 12— NCFuitout_hedge I3+
RETZTIVART 4 TEFAA LR DS TZBEOR Y M
YviaZ7n—To5s, E- )L, Wang ZHIZ LY
RKDOONTZY A7 HFSLHIE FCOMBERRE - TH
o RAMNZX - TROONTZRKBET VST 4 7Ol
ENETHNIE, RIET IV ART o 7E2FHATH L
MIFFSN, ATHIL, RIET VAT 4 71285
AT =R A Y NREEEFE SRy, X@)ITX D
HERREERAITRER TV S,

F4: U RAT BRI R OLEEIE & RET YA
T 4 7 OAfiifE
REEIE
10% 15%
-8.88 -13.32
-4.28 -8.72
0.39 -4.05
275 -1.69
5.13 0.69
9.93 5.49
14.79 10.35
15.77 11.33
19.70 15.26
24.66 20.22
29.67 25.23

0.9 4359 39.15 34.71 30.27 25.83 -9.68
1 48.66 44.22 39.78 35.34 30.90 -4.61
AL, RPUICBOTRFIX, U AT ERREDS, 77—
MR O R b %2R Y A7 BEHMRE O AN, 0.25-
052, THLTHAEDORET VAT 4 TifETH 5, (HHh
Ito, Ai, and Ozawa 2015)

20%
-17.76
-13.16

-8.49

-6.13

-3.75

1.05

591

6.89

10.82

15.78

20.79

60%
-53.27
-48.67
-44.00
-41.64
-39.26
-34.46
-29.60
-28.62
-24.69
-19.73
-14.72

A 0%

0 0.00
0.1 4.60
0.2 9.27
0.25 11.63
0.3 14.01
0.4 18381
0.5 23.67
0.52 24.65
0.6 28.58
0.7 33.54
0.8 38.54

5%
-4.44
0.16
4.83
7.19
9.57
14.37
19.23
20.21
24.14
29.10
34.11

RKA4DLEBY | ANEFEM T, 1 LOREFIICS
WTC, BINEDHT 24T o T2, T OfER, 2B
10% D¥5t, U A7 FIRHRE 0.2 UL EOREH Th
R, Y KRET VAT o 7 2RAT L1285
AUy "L EEZEZLND, £, KEFIEMN,
20% Tdh o7& LThH, U A7 EREREAN 0.4 DL ED
REE ThHIIEL, Y% RET VAT 4 75FHT 5
ZEWEDB AV MRS D EHEINT, WTD
U A7 ERERE S . %72 Y R 7 [IREGRE D ELPH N
Thdlw, —fH7R Y A7 B &2 FFOfRE # 12
LU THERRET UART A TITEHATHDLIEEZD
b, LLZeRb, BUIE, HAROEERRSEND
LI N TS, RIERIRIZA 7T A4 RS TH
% 60%DEEEM TH > 2B, REHEN VNI
VA7 ThH-o72E LTH, Y RIET VT



AARY T IF T a % BEAEE
74 7 ORI FEINWZ EREEINS,
7. BHYIC
AFETIEL. /Mg, Ito, Ai, and Ozawa (2015) D i &

ﬁokommi\ﬁﬁﬁﬂémbﬁm\fﬁvxaw
. RET VAT 4 TOFWA v, F LTEDFAM

L HERRRINCAT G B AT > T2 I W] DHFZETH D,
ﬁ/ﬁ%A

%

NG

Ih, AF TN TR ELL DAKR—
ISR Y A7
ACHA ST e —F2F T L2k,
W T — LIS D AR —

/NGRS
BREZHTERIEY A7 w3 A
kBT %Té ST AT > TWBMR, I —L
VHEHED
WiiShTna B oNbH7729
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N FEOT WA KOG A A HE
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b EEZ LN
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Option Pricing Models: The Review of Literatures
(1) Bachelier (1900) Model

BT Je—
(PR R KRFEBET 7 A F 2 AWFFER)

Soichiro Moridaira
Graduate School of Finance, Waseda University

Summary: This note reviews Bachelier (1900) and related literatures up to now. Bachelier (1900) presented the first
option pricing model based on his mathematical theory of Brownian motions. His model assumed that the underlying
price follows the arithmetic Brownian motion that allow negative asset prices and therefore it does not satisfy no-arbitrage
conditions. Samuelson (1965), Smith (1976) and others criticize these points and proposed the more general stochastic
process, the Geometric Brownian motion, to overcome these problems. Later, Liu (2007) and Kolman (2013) apply the
risk neutral approach to value the option whose underlying asset prices follow the arithmetic Brownian motion, but they
still fall on the same problem; violation of no-arbitrage conditions. In this note | try to propose a new pricing model to
resolve this problem and extend Bachelier work based on the general equilibrium analysis, i.e. stochastic discount factor
approach. Bachelier (1900) model is more useful in real option analysis and corporate finance because both researches
focus on the cash flow of projects and corporate profits which can take negative value; i.e. losses. The many researches
dealing with the relationship between option and profit or project cash flow are also reviewed

F—U—F:

1. [EC®HIC

JESE BRSO TOAT > a AR EET ML, L
A A« N2 = Y (Louis Jean-Baptiste Alphonse
Bachelier )6(Z & > T, 1900 4(BA74 33 4F) 12 Y K22
BOPRHZIR I S o L B3 KRR SC TR O #i5s
(Théorie de la Spéculation)| D72 TRS LT 7,

ZOMLEMDE LT, SERMEINCDIZY & F
SERA TV a AMIEREET M OWNTHRET b,
Z O L, BUE D4 @l 7 (Financial Economics)
MOEBT, AT a AMIEREETARED LD 72
BRELSTWDIDON, LVDFITAET g
WRIZEDEIITHEHATE L E2RETT 52 LTH
%o HITHEDOEDRLEZIT H 121 T/ | BIFEZ
LCRERIZBIT DU 74Ty a VHFRIZB VLTS
o Loty B 722 WF 2820~ & . AnfaliZ LT LW %S &2
/55 ENHRDZNENIBRENDREZITV N
EEZTWD,

6 AT, NV ZDEPRFEIZONTUEIROAN— VTR
L 7B IELL Bz idfiduZavy, & 0§ L < 1 Courtaul,
Kabanov, Bru, Crepel, Lebonand, Le Marchand (2000),
Sullivan and Weithers (1991). Taqqu (2001). Bru (2010).
Jovanovic (2012).72 E 2SO = L, FToA4T v a Uik

22

Nyv=Vx, BiR7 50 88, A7 a Uik, BRESME. HH.

AL ORI F O Th b, 52 FTIE, A
VDA Ty g UIKIREET VIZOWT, £
OWEAHA LT 5, I ETIEL, BIfE, AoV
T BT MIEKR LT O, BliE
Smith(1976)<° Samuelson(1965) T-~x S au7=H#tHliE,
Yz VENEBER LA T v a rHitd D WITFREE
MY % B 42 CHIERLT LHEE TRV & E2rRT,
FAETIE, T2 >TiThbviz, Xy F
FTIOVOYEIR, FRZJFEFENEIN T T v v EB (IE Sy
FNTHE D BEIZ U A 7 I SERYRTEAT % 58 9 2 5 A1
BESMZW TS0 ) m e ZhicfUb B Afikk
RETEZOWTHEmE T D, HEETIE, Ny =
T-ETADOIEIERICHABFICONTIEAND, Hi%
[R5 SRR T RN B

BT 530 = U =i XD FFE L2 D0 Tk Samuelson
(2000) % Z: 1,
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2. Nz )IDOA T 3 UERER

21 NOTYI - EFIOBE 8

Ny z U x - BTIUNEET D IFE EOMERIER
X, RO XS 7 KU 7 MEIA)Z £ THZ R 720
Bifi 7 7 v iEE(Arithmetic Brown Motion) TH %,

dS, = aS,dW, (1.1)

o, S It EEEM (). S ixBER
H(t=0) O L FET % (M) . O 1 JEL 48 7 A 4% (M )
e dS, ) oA T 4 VT 4 (AR R
AW, iz @men, A%k, BB)REMED b & TOHY
T4l TH D, OFEY & BFEHEr, i1
OEEMEER AT HE > MR, dt 230 BRI 5

s e dW, =gt b L aiex s,

Q) DOMeRM TR Z M LIRDOFERZ 2
=

S; =S, +oS W, (1.2)
o Wit 7o o vim T siic s 2 R
Spr R LW, =T Tha, chns, A7y
o VIR O A REARE Sy 137 S) L 43K
So0°T DEMSAIHED = Liibhsb, S
S, ~ N(S,,8;0°T) (1.3)

oL o EEICH L, K 2476 &+

HF T a ry DEIERSICBIT AMEIIRO X 51z
KITZENTED,

C, =E; [ Max[S; -K,0]]

:j:(s—K)fS(s)ds

(1.4)

8 NV aVTETNET T v =va—VAETILOEF
M 72 lb# 1T - 721 & L T Schachermayer and

YT ILF T g v bk

&
i
&
ao

Ry z ) DERE

A A+ X = (Louis Jean—Baptiste
Alphonse Bachelier) % 1870 4 (BRVEA 3 4F) .
7T AD Le Havre IZAEENTZ, HORITY
A URREEEDEBICEMORET AT OF|
FHFELEDTEY Wb bd 7Y a UREHRIC
BT ODREICETE 5T, L, R & 222
L7 (17 k) ERICHEA T 20 FEZMH
WA ES LD Z &l koTe, 2D
D% ORVEE DT T D Grande Ecole \ZiX
HETERPoT, SHITH 1 RSO )
FEITFE 2 R O S RITHEd LTz (20-21 7%)
% NV REEREBIFT & B WITFER S CoHF
WCHEF LI RTINS, 22 K TRY
REF(INVRZ)ITAFEL, 25 K CTHRFEDE
L% 2T WD & X ITWHEEED Certificate
s Y

30 EOWREC [EBEOFRF (Theorie de la
Spéculation) | THELHEZEMRS LT, fREHE
WEEHIRBFERT AL Tho T2, XD
S TBEFS tres honorable] T7Z< MBS
honorable] THo7-Z L1, TN KRFETOT
—a TRV arwfGn s e NEHIC LT,

D%, N RETOEGHMSCRKETHH
DHBEZESL D, 50KICEY | EFERFETOS
H.ff] Besancon KFTIEHIRZEZED=, & 2K
KEEHL T 1% D 1946 4F Saint—Servan—sur—-Mer C
FeE LTz, 76 FOEEICHRMICZ RO EL
Hz 7 6 ftoERE, 15 WOMRR LT OIEH

V- BHH. 1~ =7 2A b 2 71 2

23

2
1 -1( s
f.(s)=———=—¢ — 1.5
s (5) S oVIT xp{z(soaj} (L5)

Th %,

22 A= FFavORL-&
Bachelier(1900)(x=(1.4) DA Uiz fga R0 5 = & 1%
B Lehoiz, R(LL) TR EN D iEiEE
EHELLELEEOa— - A7 a Uil O LT
AR

Teichmann (2007 2N&%272 5,
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Co =(S,—K)N(d)+S,ovTn(d)

- 1.6

- dESO K (1.6)
Soaﬁ

ERDEHIZOWTIEERFEMEESR), 22T

N(e),n(s) IZTNER, BEHREEMI AR O oA B & %

ERRBTH D,

EBL A OFEFHEEZR 1L 1900 42 K3 Clonse
D EfERLONRATIEN TV, Nz Uik
1.6)Z ATz, (LA ZATHEME K IZB LTk
BB A L72RD L5 el XCa—n - A7y a3 v
ik =2 o= L7z,

K6

K K? K*
C,=a+—+ =+
19207°a

+
2 A4ra 967[2&13

(1.7)

ZZTa=s,odT/V2r Thh,

REZOLIRHEEZ LD THAIMN?2 FDE
ZIX, O OFEHEII R LAY 2 2T

T A ~DREIE L EHBIZU T THLMNZT S Z
1295,

3. NV YI - ETILADOHHEETR

31 Rz Yx - ETIIICHT L4

Ny =)o - BT ST HH0HIE, 1) SR
BRI D L0 R ERRREAERELTWNWD Z L. 2)
BB RN AT a Al RUICB N TR, F
a2 TR o B (Time Value of Money) % % &
LTWRnZ & @Eﬁﬁﬁ%@%éﬂ&%T?T
QDB WTHBE(RY 7 FE)REFE I TV RN
2l ) VAR SV 551X, U AT ST
IRl A e STz &, 5) X(1.6)D X 5 72
CIBRE LN TR, EE o725 < ORBEHEN
EfEhTns

INHOHHD, BT LY EE TN RN L&
NRyzVx s TARKHRICLEZREENED L D 72
LOTHY, UKL DO XL D 2B CTIEl STz
ONEHALZ L) A TELTHD,

311 REENERDHTH &

X(L.1) EXQ2)ITR ST L OIS, JRE PEAMAS 23 1E
HOomd 5L TuE, MENAAICR5HERITIErT
v, BRE EHEE ORREMEHEZE 2 UL, B
-CE AR I TR ICIE b0, Lo, Nzl

9 bbb E T, BREIRENZT AV B -
F T arThAEN, X2 VDA Ty g ARt —

YT IF T g v bk

24
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MBEZTWDIREFEIL, MDD 7 T ZABUNF R FAT
L CWkAEERente) THo7=Z &, A7
3 O EE 2 VAREOE WM TH-7=Z
LEZEZNT, ERSMAEINET LI TN b
FIZA L ST 2720, 728 e b MEFO KA EEDO T
THAN MU AZIZTIFEAEBNEEZONTED,
BB &F(AR Yy FL— MNOEENKEL otz
TEEEZDE2HALEVIENET Y g UiEHO
BB PE T2 D AR EE O Z BT EHL A e - T
WHEBEZTHLRWVWTHA I,

312 EFRfEZ\EKRL TSI L

K1) XAz —N ATz v ARITEIB4F]

RER T, oz i Cy =B [Cr] aaiE

LTW%, ZOHHEELTIYREOA T v a VEE
(Premier Contract) CIZZMBAMGEEREO A 7 v a VB D
ZATHNEAT T MEFIMTAE B AT A IS A
Tva VEIOZITHAOC B TOILT W 9, EDTD,
BITERE i C OB ME % SR oD 2 BB HND T, F
SR AZME L LoD Th D,

313 FUTZ FENRENZ E

KU 7 FEPRUCTHEE LWV ik, BICEF
REREZEEICT 2000 THDINO X H I
WrLCidZe ey, Nv= U xid, FOM RO -E
208 THREBEOHEG | Tho7=X o, JFEENERIC
IEl SN TV DTS TR, &ERITE > THIECHE
KIFEHLTRErIZARD Z L, 2% 0 FEEME D
feFBRIZB N T RY 7 NEBFELERWI & %
TR L7z, ZOZ L1 Fame R L7Z(BIEDERT
DYNIFRAVE AT 2 37 TIZ 1900 4FIZFE L T
V72 Z & 272 % (Dimand and Hichem (2005)),

F U NRT 4 T OER P SIAEEAN Tlx. P&
% PE A 3 24 72 FEYEE PE (Numeraire) . 1] 2 17 & 471
DY L TOFIGEMME TR LT BT, HikEE
DAEET HHEFHEO R 7 NERERIZKS XD
Y ARSI T T U EB AR, T UANT o
TOMBREEITH), Nz zoER kX, £5 L
BTSN TR0V RS LT, S
MR BTG Tid, IREEM&EO B 7 MHEIZE R
W DRETHLHLENI) BT ZRLTVDH &N
zE9,

314 YRINBESN TGN &

BEZRO Y A7 [ERERY X7 2B & L -7,
WL T 2R R E OB ATV, U RS
HNT Y 72 A TR E 3T A D 72 91213 Cox and

o7 URIEBELTWS,
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Ross(1976), 35 & O Harrison and Priska (1981) % 7=
T 7e 57wy, L L, Bachelier(1990) Tl
EEAMNKO RY 7 NEAZ Y r LEWZZ LT, B
FIR B TY A7 RNl 2 T o728 BEZH 2 L b
TE L9,

315 ALz RODTLVGENI &

AN 2 ) 23 A6) L EOT, a— AT
¥ CAROITEAES B D R &2 L 723 (1.7)
BERDIZDOTHAH 0?2

BEOAT > a VEBITix, Fl X AR+
Ta URKTEZR D L BUED B FEHmEN S
T 500 M O#aH TITHEAMAE 2GR E S 4L, £ 95 L7AT
B Z %2 BRI A 7 2 3 > O’ ik 23 ik
SET D MAS T E T T L ORENL ., F O A ok
HHZ LI D,

L, Nz U ZRERONRICILET T
YAKAINEME R REE L T DA T T a G| T
1L®L17/a/ﬁ%#ﬁéﬁtémlliwﬁ
100 7 7 2k LT, 10, 20, &5\ X 50 o F
— A (Centimes, 1/100 7 7 ) L W O B D b TH
0. HHEEIOFEREE LT, ST 217K (N
VI INE TEOME] & XATHD)R, kE
5£Oim%ﬂ##ﬁ@bﬂfwﬁo

X, BEOA 7 > a VEGITHE T, KfE LTI
w@ﬁﬁfyayﬁﬁfﬁ<\ﬁ??49%4ﬁﬁ
PN TVWADLFEIETHA,

Zo%E, N(L.6)D &L 9 7P U7 Id#E ] Tleuy,
KANZEHWT, —EDOAT > 3 Uik, Bz X, 30
T F— DA T g MR DTS &
K17 DD G z AL OFT Al O TG % ok
WD EDFHFNREE L,

7272 L QAT K2R 5 4 toifeak

2720 | T ES Z EIXREETH AL, 2 a
— & =R RO ) - 2 115 FRTTIREE R
BA2HITH & TERM-T2, Ny =) 2id, &(1.7)

EATiEANR K 0 2 kA Cila L, 2 kiR fig

< Z &I &V ifilGiiAs 23 B9 % (Implied 72)17 64l
¥ ERD T,

ZDOZEX, AT a Mk OEME R & R T
oMLz b,

32 Nz ) TOER
INETIZRARZL I, Xz Y= -EFT VT
MESNMBEAIL, K<EATHRDL L HEBMToTH

10 Bachelier (1900)D> J:5ERK . 53 HA2H 56 H&AZ D Z &

YT ILF T g v bk
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BRCLHDZ EICEBELRTNEW T eniEA 5,
TSN D S D HIEKE LTI, BL ROk
RIERDTOND,

750 BN L DM E
Ay a A NTHENLD 5 RIS T T U L EBDE
RTEMOEMNZ LTe, 77 7 i3k Lok o)
ENLT T UEBOBEZFENDTHLNZ, T
A valf TR TOBMETITIERLTCT 7 v ViE
BORER R BB A S M Lz, 2T L, Ny
= ) IEEME OB E DT 70 VIEE O, §E
T RWIT LA, BFREMZ R Lo 2 &3 Hk
v, T Lz, plzid, ¥Iax=1ry v
(Samuelson  (1965)) X ~ ¥ 7 J 7 ®©
(Mandelbrot(1966))1Z X 2 kAl = £ 7 « 7 1 flif D
MERICZIT#HPIND D TH T,

EHERBR 472 3 VOBEEENEHS
THEMWET D &L, REE Mtk DAIKD Z
EEHFRTDHZETHLHVHLNZEN LY, L
L. JREPEDMEFS &9 Stock T < | FllZERF v &
27u—tEo7 Flow Z/RTH D THDHLEITIE,
BUE PEAMAE 23 BT K 2 FTBEMEDS & D HEAf 7 7 7 v i
HItLAEEF LWERMETHY N2V =T
VD E Rk A FEMRIIZGRD D BN B 5, LT O 4.2 i
TRT LIz ET VOIS EIE2IGH
FHNTZE D LimmoEEMEEZ/RL TS,

MR P EE T /L DFEFE  Bachelier (1900) Tik, =X
(1.7) & ERBRICTHIG CTHONL Lic A 7 Y g UMliks T — 5’
bl U EEEFFE 21T TV D 10, £ ORER, 1
@%fwmﬁ%?%iéﬁ7Vawmﬂ£%Mﬁf
Ta M EWT 5T E £ 2TNR) & R <
FATEZ2HLDOTHoT-, £/, (A7 2 a3 VM7
SNDHEFR|IZONTH, EOHGE L FZERICE S
NI TG 2 ik LT, BB RBERMENERE
I<ELTWBZEEHLNILTWD, 29 LT
F9E k1%, B2 E 1T 5 Financial Econometrics @
BT E B NWR D, 77 AT AMGICEB W T, B
ROBERET VOMREEZ T T, FADNEREE X

CHTEDZLOTRITIIEWN TRV &V SRS
EOBY Nk bbbULHZTNDAHDE N X
X9,

4. "oz I - ETILOHIREGH

Bachelier(1900) D 522813 2 DD 43Tz > TN B,
120%, 77 v EEOBRE AR E R
Mat IR EDRBICREREE LG 27224 Th
Do b O —2IE BRI EARNT GG A T > g B
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ROBBIZEMLIZZETH B,

R DWW T, Bl 20X, PR LI X 2 MR
WHORRBICES L-ZER”BTFONS 11, 22T
X BB, LD DT REENEINT T U L EE) (I

IANCHE D BFED A 7L a VHGR DFIE & Z DIt
WZHOWTHEHHT 2 Z LT %,

41 NPT YI - ETIOYE
411 EREZXAEPOTTOETIL

BE. bhivbhiny 2V =T ELATND
HolE, XA TrRINDHMERERICENY 7 MH

udt 245 L7z

dS, = udt+odW,
12t & ID L D 7 a— kg
E[C]=(S, + 4T —K)N(d)+ovTn(d) (9)

T 5 (ZOMkETIE, KRS LTEIS)EFIEE
EBEINTWRWnR), £/, 22T

(1.8)

d=(S,+uT—K)/o T (1.10)
Thd, ZOROERENPANDZTHE I,
KANTFEZKRD L HITRBLTE 5,
EJ[Cr]=[ (8o +4T)N(d)+ovTn(d) |-KN(d)

FE 1 TR O FUE FEMNAE 23 TR RS DL BT
RAHELWIHIEMDO L E TOMBHEARLTWD

(ES[S]S; 2K]). # 21
TSNS EHREENT L O

(KPP (s, >K) )o BEnTa—Ib e FT ¥ a v ORI

BT A 7 a )

27> TWadb

X, ZD2o00HLDDFETHD 12,
Murphy(1990)i%. /N3 = U = OAfiks A ((1.6)) TH
BRZOY AT BIENZR SN TWARNWZ EIZHERL
CAPM (2SS EEETT 72, (1.9) THE FEAMiA
DA T v a U E TICZ T IS B O BLTEMNE C
WEDHZ L, a—LOBSEDMK S A7 a il

11 7= & 213 Ito and McKean (1974)D 3L Tl BT
7 L EH)T7 < Bachelier-Brown JE&) & 5 & éhflﬂ
itMmemmuwwibuﬁ&fwéoFﬁ%%ﬁ%
M CUV IR, UG I 1940 AN DN B 50 AR DA T
ITTC, Z7AFT U RICBWTHAEADER Lo TS
ﬁ%®ﬁ4%W%®%%K£MT AV WIS g

NOHSRpFELZITE Lz, EB. 1994 4£1Z MIT TH
fEshiz /"= bk « U4 F—DAHREIEES T, FHIT

T TRy = ) =i+
W, U g =Ll EIZEA

iE, aEIar 7 LR B
B EDIZAT] LFESTDOT

YT IF T g v bk
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IF O HA M B (2(2.9)) 2 38 B 72 E1) 5 | 32 CHBIEARE 12
BB Wb THDHI LR EERIEIL, TNEN
DEFEIZKT D, BIBIENFREEL a— V- AT V7
VIZET 5 CAPM THRED EE X T, 2— LD —
ENFEEDN—Z O E L TR TESZ 211
HEHL, a— L OHMEMEEZ RS, &5 1981 4 1
A 4 AR O SpE5ESIFT : CBOE 2 B sh
TWie 877 8D AT > a v ofigMiksT —% % H
W R G 2 B 2 7 o 1, fil Bl JFUE BE DS R E
WO+ 2L RELEZHROET LEDETDLTMNT
bole, ZOZ LT KXDOAREM AL BN EKBLT
HEBEZDZENTEHRBER DI >R %
FERELTAHA TV a v ARITH L, EHEOMMEZR
ET AN %?/V’C“&)O’C’B CAPM 2 L 5%
UR7HEEITZIE, ZERBERSEREZGOND Z
EEBEWRLTND,

Dawson et al (2009)1%, (1.9Y)%x VA7 7V —1L —

BT % BT BRI 31 % R L7z o — i

KEx W, A7V a M EL 52D 4 DO
W, T72bb, JREEME, VA7 7Y —Lb—K %
I, JFREEMBELDORT T 4 VT 4 ORIGIE,
Wb b Greeks R, &b, FRAEHEICK
THWMHBOBISE Z " T —2(O)eRTFT 4 VT
S DB TH 5 (Vega)lZ DU THE L VW VE H
FEAEBIA L CWD, JEEAY = U = - T L OJRIGE
L. Black-Scholes &5 VDA &1L R BFEE IS
LIV Z & ITBRE D,

L7 LR(L9) DA D 1T F2 e 0 L D F T D HIFFE
ThHO, VARV RV BIELZEZELZH D TR
W, Eo T EZENEVAZ 7Y —L— R TEIDF[I Z
ENEYI TRV, ZORBEIZ OV T, KE 4.1.2
IS T ERS

412 VAR HRIZEITEN YT - ETIL
Liu(2007) & Kolman(2013)i%, X(1.8)D A0 2 1A
U AT HSIHR O T CRIELHE LK, OF Y

ds, = r.S,dt + odW,° (1.12)

7]

Fo B R (012D Z &,

12 430% 1 IHIX, Asset or Nothing Digital Option i

% . %5 2 IH|Z Cash or Nothing Digital Option flifiz L & L
TW3, La L. Black=Scholes EF VDA & He D |
Ny x U T - BT VOEE, [TEMSITAICKRY 5 5
(K<0), & b7 2w & I H OFTREPEIZ DWW TIE, &R
(2015)% BWRD = &,
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BN A a o T I T ARG ED

v = ot Sy . S, exp{r T}, v (t)
DERS, DY

S ~ N(S,e™ V' (1)) (1.12)
L, T2 CEMERZE V() X
l_efszT
vity)=e"o — (1.13)
() 7 2r:

LEFRSIND 13, DFV ., FEEOHFHEIZY A2
7Y —L— bl 2R 7L LBOER THML,

Rt L & bICB 2T HRFTT 1 U T 1 v(t) T

DOFY EZEEHL WD, T b, Liu(007) &
Kolman(2013)i%, IRD & 9 lpa— v - 7 a Aliks
AR A E N 14,

Co =(S,—e " K)N(d)+e " v(t)n(d)
S, —K
Vv

Lo, RAMFTERZMEEZ L TWDL Z RN
Liu(2007)IC K » THf SN TW 5, 21Uk, 7> 3

(1.14)

where d=

YO E COME(T YRFEEEDORTT 4 VT 4
(O)SIRT% &, 2(1.14) T F 2 BITERE S 0> = —
-t 7y AlfE(Co) s, B REmE(Sy ) 2 B A B

13 KA ETE2RFTF 4 V74V iE—RT2 &y
EHTH DN, exp(X)=l+ X EMBIELTE D Z LICEE
LTREETE, v=odT L7425, ZOfE, X(1.14)
1, BEMEICS S RTEyEkRE, RQ9YEFELIZRD
14 Liu(2007)D 22—/ « 73 3 AR (FR LD X (8))
. ¢, =e"Toz[dN(d)+n(d)] ERI SN TV D, Ll

oRXT, t=0¢t@EE, o=V THDHZ LITHEET
5 e, AXDX(1.14), % Y Kolman(2013) D i #& 1) 72 ik
RO D p LM bN D, FX(L14)DEHIZDOW
TR F xS,

15 TEEAERSAS 10 I, U A2 7 U — L — [ 23 5%, A7
MRLE, R7T7 40V 74D 1W0MTHD & X, FEEM
A 6 [ E CofMT, X(1.14)TH & D= a—f
IZBMMmAELL =, > F Y 6 HELEIZZR 5,

16 Liu(2010)I1ZE DfE# TR D L H IR 2 T\ 5 Z &
BEHE$~& TH A 5 “Further, it may be worth
investigating situations in which the underlying process is
neither GBM nor ABM, because blindly applying the
risk-neutral valuation or the Black-Scholes approach

YT ILF T g v bk
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HBIRFEIE

ZENRBHD, LiuRO07)IEZ D Z L AEEF TR LT
W5 15,

a—)b - F T g VITREEEZH OIS HERNTH
L6, EOBIER R OMSITIRE E [likk) 2%
HZEEFTERVWETTHL, b LIORENR

SnA iUz, B e = —1 % Cy i o5 v (short),

R PE A Oy THE 2T (Long). * DIEFTH B FIIE

eI/ b, F VX (L14) TR ENTZ 23— ik 1T
TR B SN 2T LT N2 &2 b,

U A7 HSLFHlO S & TOF T L a AR DES
ERM AWM SRV L IFEEXTH S, Liu007)i%
FO LT EBNEL DB % Puzzle TH D Lk~ T
WA, ZOIEIE, BEEAICIIRO X I TE
HTHAD 16,

a—)b - I TV a VITHEROMEEZ R T L O TH
0| > TEOAME A KB U7k 1L, BT IEATH

B, LindIcBAER R OBEED Tl Sy 1%,

ZAE, ENPEFENR THITRIZR > TS L 17,
FBEDOREEMENEOHE TH->ThH, a—/b
EIEZ. AT 7 4 VT 0 BARE LTl E THIRA R
WE E i o0 S PEAR A 23T AE AR RS LB (T R S AT
BN D D720, BUERSOREEMME Y b RE
SHD RS,

Magdziarz, Orzet and Weron (2011)IX 577 7 v > &
ETHE O fERIBRIZIB T, —ERHEHLHMERTDH
ST, B2k 5 R 274+ % Subdiffusive
N2 )T BT VEREL, ZOL ETOLFT Y
a MAKRREET VAT N, ATV a iikgiE~

might lead to prices that violate no arbitrage.”
17 JREENTS CRB| ST, S EEOHIFE

(M R 5% L < Sy 10725, BIMEIC b, &
(111) &K (1.12)22 6, U A7 fISLHEFR O T T ol kAL o
WP BUEAR (S, =exp(—r.T)EQ[S, ] & D, Ll 1%
Ml ) IXABREALHIE D b & TITAITHK Y #3720, 1E-
TIZ O LHma. REEMEAADMEARY 52 &5 726k
FIBFRAIEE LIS B DA 7Y a ik IR 4otk 2 0
T REN, 20 &iE, HRMPERICHT 547
a VI BT o TiE, ENONADEE &V 2720 EL
b, BT 70 EB A RET D 2 & TG R EE &
27V, LA, REOHMAIEITAICR 2 WML H D
D B IIAFIIE S IEORFIZIRY KA D ZENTEDHE L
T, BEMEDEIFT 7 7 VIEENHE D ERE L7 RrORd
WMEBITET N E ATV a MBIREET T W FED & RS
L. MREFGELT DL XD T a ik ES~
ETHAY, FWHZIE ZOHE, A7 a i
BWEATvarkind, #LIIHRTE(R0L)E S,
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—F T =D D, EEMTHD Z L EFEH L
72o T Z L X, Liu(2007) 35 7 s B A Bp B Rl
FUUEBEOL ETHEHALIZZ &7 5,
FRV(2015) 1%, G PEMMIAE, U A7 7 U —L— k|
B LT — A BRI ISR E S D — i€ 7
NOVSI L TIA v T hH—F )T T u—F%
AT, ZoM@EE®RF L, 779147 h—x
Ve T Ta—FE, JREEOY A7 REEmE, KE
FOU AT RIREE 7 &% B[ L IR HE5| 3 SDF:
Stochastic Discount Factor) G, BIZ72 5 AlREM: 24
DRKF ¥ 2 7 v —OBIEAMEZ . —%—1fi(Law
of One Price )ZfRaAET D L 9 ICRET D, Z DA,
TS5y =a— VAETFNEREIELEVNEIIRD
(T N Z )~y DRI BB 2 D BRI, FRICAR
RS T Y27 b ORIER Y FEFEN I
FlENTWRWE D ZR(E A~y PR AR ATBEZR)IESE
BTG E2BE LIBEEE, &F, 47> a AR
FIRFCIRESND LI RET AV EBDL LN TE D,

wxmrEEomne Cocm 5 2 s~ x 5
(Power) W HBAZ CTH D EINE LTZHED T T A v
7 en—xn Moz, we C e mge S, omrini
., HNZHBE p 2675600 L LT, kOXHIC
B TE LS,

dC, = u.C,dt+o.C.dWS°
dS, = wdt + odW,
ES [ dW, dW, | = pdt

JEUE PE O fife SR FR 13 G R SRR & R A 7= 5 B
O R E TR EFERTH H DI L IHED
R ARII M 7 T 7 EBICHE Y EREL TV D,
SFEVHEBEITACRLRVO T, RITRTTTA v
VT e H— XTI TEEE LB,

MT = ﬂT (CT /Co )71
=exp{TIng—2(ue —102)T - Ao WS}

(1.15)

(1.16)

ZIT B FEBMRELIE, A TSR

Bz BT HFEXTRIfER IR T 5,
VA7 7V —=VL— NI, T34 T - H—FRND
WA EN S |

e :—Inﬂ+/1(,uc—%aé)—%izaé (1.17)

LB, VA7 7Y —L— M, MEOHRBFRD
FA—H LEREEEICL > THNAERIZE 265
ZENDOMND,

YT IF T g v bk
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HBIRFEIE

FEREOBAER S OMEIX, 7747 h—=x
NERWT, ROLIIRT I ENTE S,
V, = EZ[M;S, ]

1.18
=e " (S, + uT ) - ApooT) 19

2z E[Si]=Se+ 4T T sz kBT L,

KL DA FE 2 HIZY A7 T LI T A&EFRL T
50T, AHAERITEEEICET 2 M IEEEMmRIC
FIY L, lif83ERD CAPM (272> T 5, ZAHUTH
L, a—i -« F7va R,

C, = E; [ M:Max[$S; —K,0]]

=[V,—Ke ™ [N (d)+eTo/Tn(d)
Lih, 22T

(1.19)

d Ei(voe*T -K)

1.20
oNT (1:20)

Th b,

WREAD L, NL1)D Y 27 hSTRFEIZ S &
S a— iR L K (119D BT ES < Al
BAE, RI7T7 4V T 4 OERXEREF—TH
Do DFEVEEZOHBERE RITRIC L E T

a— L ThHoTh, WIFF U0 A7 &M A 2K

EL72W Y 2 7 fSZAYREEZEN(RNVR: the Risk Neutral
Valuation Relation) 3 & 5 7z, B HrOH & T

X, BEORTT 4 VT 0 O LEAHM T ofn

EbdE, a—ikoihebd, A(L18)TXED
JUE PEMMAS ()12 b EEE 5 2, Z O a—
Voo AT a ot b BT D, FEEME L =
— VAR X R IR E S5,

42 IRz IT - ETILDOIGH

Nz ET)0 L%, G PEO MR N B
7T EBICNE D G OBEFMTH D, BIFT
70BN D T &I, JRE FEME D A IR
. FORfl, BHEENE L OB THDLZ a2 E
W 5, 2D 5 2T, JREFEMEA A2 5 AT RetE %
ERLEERSMOL & TOEETMAZERD S,
TEFREL IOV 2 PPLOF Yy a7 a—(%
AWKV ES, EREHNITEREEZELTYH
B2 ERE W, ZRF(2015)1%. Big AT - FIFLRTHIZSE :
RBIT RN IEMSM AT 2 ERE L, Bl W T4
arThAHIZLEEHLMNILEZET, HLWEY
BIOCET VERE L BRI O EE T o7, £,
X(119)%2 S LI LT, Kk EBIT 2NIEHDARITHE D
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RFoD | 0 SE~BISE PEME A2 72—V - A7 2 a3 Al
EELTRDI,

Camara(2009)i%., ¥ DHMFIZEN T ¥ o T AL E
HmR (B 7 7 B IS0 5 RO E DR —F
ADIANND EFICE S Ta— - FFark
HIRELZLICERZ L, HERR—T AT T D
HETEIT> T 5,

Alexander, Mo, and Stent(2012)iZ 7" & ¥ = 7 hMifi
WENT Z 0 EEGEO KDY TIVF T a i
EEEmL WD, ZOHE, 7ry= 7 FOKRME
X, el hEOLDET Y =Y D ORL
HBOEFFELTERSNTWD, YT 7T ey
MEEA EANTNORETH-TH TRy =7 b
flifED—EHAH L ERbLINTWD, 2, ey
=7 "L DOXF ¥y a7 a—NAICEK- TR, BRE
FiE—EHEGEZBMEE L LCAMT L Z L 2%
9%, Alexander, Mo, and Stent(2012)1% = D Fc 24 S #4 Lk
AR E EHICEMLIEH/LI LY 2 HY Y —IC X
HIVTNAET v a AMEEFEST D HFIEEZRHA LT
W5,

Klge, L0 bITRIBITERSHEZT D ENAE
LTV 5 (Jewson and Penzer.(2006)), = 7= &R 1371 FE
WINPT KD DAUTAY 9 % 18, Taiband Benth(2012)
ERGRFE U 2 RN RO TV D, F£7-,
Jewson(2003)IX KIEIE L D IEBIME AT L1-E oD &
FIERRET VAT 4 TOR UM ERD TS,

Dawson, Dowd, Cairns, and Blake(2009)1%, ZE1C2:(Z
B2y 78 EZREREL T Ha— b 50T
Ty ATV g MHMEDFFEIZIBWT, REEF R E
DT ENENHIH ThHILL, EBSA TEER
TEXBZEWCHEALTIORAY v 7y a » Oflikkik
ExEFT-> TN 5,

%< OBEEMBEOETT U v 7Tk, IUESFEITEHR
DAL, EORBERIIIBER AT H B X T
V%, Kenyon(2008) I 39l K HE DA ZEAL =R M) 1 D |
RIT 4 VT AP EWIERSAAET D L) FHE
WHEBRAZ L 19, Z0OHE0a— e Ty NAT
2 MIEET LV EIRE Lz, S 51T, R bR
EIREEL T DA TV a VGBI O SME» 6, 17
BT 51 > T T4 R - RTT 4 UF 4 (b
DDHATA NN —T & AT &I 5 1
YTITARRTT 4 VT 4 HEEHELTWD,

Choi, Kim, and Kwak(2006)i%, = (1.9)% &Iz, £

18 KIENAIZ/RD Z LIXFEEEZ EO L ITRET DK
T4 5, #to T, WREKE L TERMMAERETSZ &
IEEWRB DS LV, 72 & ZIEEBRCIET AU AT
FANWOLNTWAEX TR ELRD, iz, BK

—273.15 C TH D #ax%f 0 E(0K)Z W IIEEIRITAIC R S

YT ILF T g v bk

29

HBIRFEIE

WO 3 — N AMkE D B ABIZB T 2 — AR O
NWIRA=ETHHRTT 4 VT 4(0O ) RDDHTIZD
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Shaw and Schofield(2015)i%, IXEFEDET V> 7|
70 % O I 35348 OFEHE O (Fat Tail)
TLEEZBELT, WSENEN T T v EE) & %]
T U iEHOE L TR TE D L) RiFiE
(NATVy R TITUEEEZREL TS, B
Iwaki and Luo(2013)1%, = O 5 /L & # T-fils ik L C.
KU 7 NaFl-eWEHIlT 7 7 0 s, 2F Ny
V= ETNERVT NEATHERMT T iEH
ORI ZERITEIC, BAERI 22 A7 2 a iR EE T L
AEx HREHA T a v ORKRT—Z 2
FLHHF R A B 2o T D,

BRVE EATFE T RIS B0, 2 (ML Eo)D 4
AL PEMIRE D ZITEAVWT O LY 55, Z0
27y FIZIERAOMTELUTE S, 20k 27
Ly ReA 7o ar) OFiCHZ-> T, Nv=l
THEATDF T a AMAEREET NV EINHT D Z
EPTONTWD, KR AT Ly R AT g v
IZ 2T Poitras(1998), e A7 L > b - A7 v 3
T DWW TIE Schaefer, and Matthew P(2002)7¢ & 3%
Bl b,
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T BT ONT, FOBE, HonORBHNT 5
HEE, HHTREFEER, S S ERISHABNIZOWT
ET Ry

Nz x s T ANBET LA T a3 VOJRE
PEMMEIZER ST 5, Z OIEITLFE EMIE A &
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L ABREST Y2 PO LOFR(F Y a7 e,
B D VITEFEEMFE OIS RO~ 7 o R FEE O R E
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WEIRSAIC S &L AT g AMRIREET L&
‘LTS,

LU, BEEMSA TS TR S Tnd &9
TG PR, BB VDT, U AT HINERE
iz A"z T VOFMICHEHAT 52 & iX
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WAHEA9,

19 S 720 oYl LR FEOFEN 1 THDHZ Lid, T
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WHECTHDHZ L, TICTORMEL LTHOLN DM
T IERESRM A2 SR E VS ENAE T
5 EBHLMNTIRo T,

L L, BEGESRME 20 S 2 b, BUEPEM
EREIRD T ENYURTHLIBEMNELT Y =
TR DOX ¥ a T — R FEELT AL ST a
Vi LTIEB WD, L LAYRDIFETH D, £ D
LRz IEY{LT 57021, )7\7EP4L{|$/£J:@
HEEF OB A RIS 5 — BB HTIC
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AS%IE, ERSAMICHE ST, JRE EMAE (S <
YRR DD XD A ENANZT-EED
%Fﬁ%&mﬁ GOWBELZNOLDOSIETIE R T
WA TV a RSO FEF A ER TN Z
ERFETHA D,

U Z MRS

KV 7 bE p BEETIHBEDORMEERLE Y R L
FeRAEDTFTTOa—NL - 7 a VR

BT 7 0 IEENC L2 O & PE O SRR &
R 7 R
dS, = pdt + cdW,”

OB OMFEFRE s Et=000t=T ETHHET D
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Summary: This article studies the impact of weather conditions on the financial performance of ski
resorts and local governments and proposes a hedging mechanism to manage the exposure. We analyze
a unique ski resorts visitor data set. Our analysis shows that maximum snow depth has an inverted-U
shaped relationship in regard to the number of visitors to ski resorts while the snow fall has a
significantly adverse impact on the profit to the city government. We then design a hedging mechanism
for this risk exposure and examine its contribution to the corporate value of the ski resorts and city
government. In particular, we use the Wang transform model to incorporate the decision makers’ risk
preferences in the evaluation of the snow derivatives. We find that the proposed snow derivatives
contribute significantly to ski resorts value if the safety loading offered would be 5%-10%. This low
safety loading might be possible contracting by the over-the-counter trade between two parties on

which risks concerned have opposite impacts.
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FHERFHATHZLlck ., EMEE D A7 PNLf
RICHELERT HZ ENAEEL 2D, AMIETH DY
Ay VAT PSIHESRPIE FCTo CDF 131y 7 bg
5y DFED, W FUA(FryraTde—nKE

22 7 — MRAEETE, HIEMRTF—AIZOoNT, 1
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filik&. 4 724> %5 Shape ratio, (E(r)-r)/o (2725, Z 2
T, i, BEFTE, ol r OEERETH D,
Esscher Z£#2 X HIEMBI L TRy, BEREZFEOZHE
BNA DR, &5 IR & ) UG FEAME 2
EHASARICHE 5 A 121E. Wang Z5# & Esscher Z5#a
% [FME & 72 5 (Labuschagne and Offwood 2010), i 1%
EBITRBERL T 7 4 F 2 2D 3BT N TE  FIH
ST 5 (Gerber and Shiu 1994),

Wang a2 FEHT 28I 12 E0 L 5 IcHEF I 5
MO E 725, Ito, Ai, and Ozawa (2015) TiE, J 7
7T OREFCT o — MRAZE 2E2EA L, A & HE
FFL TS, ZoOfER, G BERY7R 1 OHiPHIZ, 0.25 7
5052 THDHERELTND, Dz Th, &
X—BWNI 7T T LEMED L #HEERET S L LT,
T U RT o TMEIZ T B IS E HTIT 5,

54 BT VYNT 1 T OMmMEFEE

bl oEYESH,. 22— a . RO, Wang
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FEMEA~ET VAT 4 THREZDEEBZONTH
WMaT5, 2ZC.ETINRNT o 7E2FATHZ LI
K DAEFEME~DEBEVELTET U AT ¢ 7 OAfifi)
Z. LFORGIUCE Y U RT oy DEIToRFOH
Fxrra7n—R_(6)L. £ TRVWIFOHIFFF v
vazu—XT)DEELE LTHET D,
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TIUNRT A TIRDNy VEITDRVWIGEDF ¥ v
vaTnr—(@4.1 kO 42 Hiz), premium 1IET
UNRT 4 TOTVLIT AGB2HEHLBM) | payoff IXET
VNRT 4 TORA A7 BLEHZR)TH S,

BT INT A TIL DNy VEITo R OHIFFF

VA ERIETENI T T ORER IS L TERME L
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E? I:NCFwithout_hedge]

= NCFwithout_hedge,i f ¥ (NCF
=1

without _hedge, i )

(6)

fQ ( NCFwithout_hedge,i )

=F¢ (NCFwithout_hedge,i ) ~F° (NCFWithoul_hedge,i—l)

Fm. Ny VR TR TEEOREXy v 2 T
—I%

EQ [ NCFwith_hedge ]
|

= NCFWith_hedge,i fQ (NCF
-1

with_ hedge, i )

()

fQ (NCFwith_hedgevi )
- FQ(NCF

with _hedge,i
LR IS,

IIT RMATFOIZE, FErT Ay al—
I LS TRAESEE 20 L i ZBRBIT/NHNEWN
Fy by vvarvn—Thbsb, Eq - i, Wang &
B LR BT U A7 HNLHE T C o MR
HYThsd, ROB) ko TROLENTEET VAT 4
TOMENETHIUX, FET I AT 7 28T 5
ERERIN, ATHONE. FET I AT TICED
YRAI =T Ay MREFHR SR,

X(B) ZFHAL THE LEZ, AXF =KL OHEKRITIC
Lo TDOET VAT 4 TOMMfEIX, &5 KUK 6 1T
T ERBYTHD,

# 5 IR LI ORE R, ZaEE D 10% D56
TU R [EREHRED 0.4 LL EOREF THIUE, B
EFUNT 4 TEHHT L EICE D AF—50 4k
HEMER LICH0 Ay FEH D, VAT ELREE
S, 025 FREDOREHE THIIE, 5%LL T D224
WTRITNZAY v RGNV ERBRI
%o WAEEIMEN, 20% TH H5EITIE, U A 7 [LELR
s 0.7 FRED Y AT RIBEE S @V EH Thith
X, AUy hRBFONRNT EREEIND,
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UNRT 4 T ORI EN R WERBRETX 5,
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#5: U AT ERHRI A L OLE2FIE & 2% —51C
Lo TDOET VT 4 7 OffifE
B
10% 15%  20%  60%
(6,583) (9,874) (13,166) (39,497)
(5,265) (8,556) (11,847) (38,179)
(3,694) (6,985) (10,277) (36,608)
(2,811) (6,103) (9,394) (35,726)
(1,863) (5,155) (8,446) (34,777)
232 (3,059) (6,350) (32,682)
2,594 (697) (3,988) (30,320)
3,009 (193) (3,484) (29,816)
5222 1,930 (1,361) (27,693)
8,110 4,818 1,527 (24,805)
11,252 7,960 4,669 (21,663)
0.9 21,220 17,929 14,637 11,346 8,055 (18,277)
1.0 24,838 21,546 18,255 14,964 11,672 (14,659)

A 0%
00 O

0.1 1,318
0.2 2,889
0.25 3,772
0.3 4,720
0.4 6,815
0.5 9,177
0.52 9,682
0.6 11,805
0.7 14,693
0.8 17,834

50
(3,291)
(1,973)
(402)
480
1,428
3,524
5,886
6,390
8,513
11,401
14,543

W LAIEIZ, BERREED Y X7 RHRHRE L OKRE S
. 2T R LREMORE SE2RT, DOFED, 5%DE4E
#1913, 1.05 x EP[Max (1,940,000 JPY x (2.3 - S),0)] =
1.05% 65,820=69,111 D7 L I 7 A& EMT 5, {lifi
(FLITL) BRKFETHDOIE, U R ERBHRENT v
= HEORE R LY 7Y A7 BLERE O FFE N,
0.25-052, IZHLBADEFTINT 4 THMETHLHZ L &
RLTWD, (HE : Ito, Ai, and Ozawa 2015)

6 : U R EGERE L B OB & iR ETIC &
S TOHET VT 4 7 Offifill
E7ge ok
5% 10% 15%
3,292 6,583 9,875
10,674 13,965 17,257
17,513 20,804 24,095
20,728 24,020 27,311
23,810 27,101 30,393
29,571 32,862 36,154
34,807 38,098 41,389
35,792 39,084 42,375
39,533 42,824 46,116
43,770 47,061 50,353
47,540 50,831 54,123
0.9 47,580 50,872 54,163 57,455 60,746 87,077
1 50,502 53,793 57,085 60,376 63,668 89,999

A 0%
0 0

0.1 7,382
0.2 14,221
0.25 17,437
0.3 20,519
0.4 26,279
0.5 31,515
0.52 32,501
0.6 36,242
0.7 40,478
0.8 44,249

20%
13,166
20,548
27,387
30,603
33,684
39,445
44,681
45,667
49,407
53,644
57,414

60%
39,497
46,879
53,718
56,934
60,016
65,776
71,012
71,998
75,739
79,975
83,746

H:1FEIE, BEREEDY X7 EBHRE L ORE X
AT, 2TRIFRREORE S &R T, 2FV ., 5%D
ZEAEIHIE, 1.05 x EP [Max (1,940,000 JPY x (2.3 - S),0)] =
1.05 x 65,820 = 69,111 DF L I T LA &x BT 5, HFF U A
TATDOTVUITEANRKFE, VAZ BRI, 70
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Ito, Ai, and Ozawa 2015)
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SN, 2tk RN Ty b TV a DR F
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BTN ZITIWMD T VI T ANEL D20 THD,
FlTy NE T a DR FTHH-TH, ZDOF
TINRT 4 T7H#HATHEWCED, Xy FEr v
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B, TERFTO U A7 BBEENE T IUEEVIEE 5T
UNRTFTATRHAOAY v BRRKREL B0 THD,

UL EDESHT OFE RS, REREHEN 5% 5
0%RETHNIE, FET VAT 4 TIEAF—5RE
FEROHEFTON G EHT 52K Th 5 2 & DN
D, 5%0> 5 10% DEEAAEIE TIL, RIFERR D HE
BMESMEL . RIET VAT 4 THFEGI biThh T
WRWWTZ O RBERME VY, 2k L, Z O/hii T
ETHEIRETINT 4 7 THIUR, KIZ 5% D%
REPETH>TH, REROEY FTH D HEITIC E
STAYV Y bRHDED, ZOFTFTIVNNT 4 TOHE
BrmttrbsrEzonbd,

6. EHYIC

PERTIE, RIEESOT— 2 2R L THESEN
b2 5 A% =35 R &I ~5 2 2 MBI 725 802
DWTHE AR IR FEZ AT - 72, 98 OfE S, AT
RIEMENPE NI 22138, IEBR TR L0
D, AFx—5 Tl RIFES &OREHOBRMN Y U F
BOBBRTHLZ LICHER LT, KRN RAE
DREBEU T Tho LRI A AT 7 2G5
Ty M T arEREDORL AT EROFT YN
FATETEAL L LT, AFXF—EREFT Y RF 47
OEWE, &R 7EY FL/bZ iz, Z22%
B2 5% 5 10% ThiviX, BT L& HITHIT 555K
LD T EMER I T, BRI 5%0 6 10%
Th DL, RREAL 7 E 2T 284 BIER
FH RTRE 722 RGN DO 2FIHERN 60%RE TH
220 b, ZOFIMIFIEFICHLNEBZZEND,
L2l A CRB LA IG NS £ 55 U AT
4 7 EFAT A ENFRRIZRIX, T HER A
BEMEDOHLILEREITHL EEBEZBND,

A% OB & L CIE, /MR T, 100%~ v ¥
EIRELTWED, BT UAT 0 7Ok L RO,
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AT DNy CEhEARELETDHED, FETINRT 4T D
JFEEIZOWT S, HEMEU LICHET 200 H
LR ENZONTEIBIIBEREMATW, £, 57
UNRT 4 TUAMCH, NLBEERANLES R &% F
HALEEEY AP A B EZLNDED,
B EDRED R EB B0, DX RGEICA
Uy FBRREWVNELELEZD, S5, hawmTik, =
WEEZFH L THES®E S A —RE KL OB#F%
EER(LEN, BZ AL MEUER, Ei{bER 72 &
O, ORI EZFIAT A LIcL-T, LY
TIEEVDOLWVET AEER LA,
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