— /=%

D A5 & LRRRE (2009) FTIX TNIG 7041 JEER 74172
SR E DICT B 72D WDV TDHE

KB Hiee
2010 £ 10 H 27 Hi%F
2010 1F 12 H 22 H32#

e

[KEF (2009)] ICBWT, M 2.5 & LT TNy AMOREN 3 B THNX, CH HHDRE
L3WTHB. | T elNReh, WiERZEREEN-TDT, HR PG > TV

LU, —HE8AD ARG IIRDRTRETH O, MRMRATREN ORI 3 LLETHD 31ICHFL
WORIERAHO L EICS L Z2RE 25D T, FElOMBRMNENNS. Fid GH 7770 & BRI g ] 5E
DATHD, REDIBETHS ENEHETNS.

AT, TORRMEATRMOME 2 LT, O Mz zw.

F—TU— R HEROMERTRE A, G AT Ao 4, GH A, RE

1 [IU®IC

B, E%5H 503 AE R EDIGERORERIT— ZICHER D2 Y TIZDH K 5 LT 250, 7O
DEAPEZICEABRT HREN 3 XD RN ESI NI, MEOHTHEL TWAENETHA S, FHE,
REED 3 ATEORERY T — ZICHREMN 3T H 5 NIG 7217 (normal inverse Gaussian distribution) %4
TEHEHIELTE, NFGA—2EHET 27V T ZALBPCRLAENT ENRHBHDIE, [KEF (2009)] (L
T, ®ifE) ICBNThRIZEBDTHS.

NIG DHiDREHN 3B TH S T &iE, wifdIcBOTERNZFIERIRD SR Uz, NIG bV E %
N % GH 771 (generalized hyperbolic distribution) Dff&id, [HEH (2002)] ISR N TS K 5 I
M7 7 A F VA THOWENE LG 0HEGETIS, GH AHOREIAERGEHEN EEA NS, #
NT, #ifROmE 24 BRT 6.91CBNT 4 RETOFUDERZIIMDINT A—Z TEXIFHRAZRL
7o, UL, EMEEORDTNNLRENIBTHAT LIEEAT, mdE 2.5 LT ¥ A
DEOREDN 3MTHNUL, CHOMHDREL 3MTHSB.| TERBNBZICHE> TV

[MEH (2002)]176 HICIANBNT WS K1, —iA T A3 IR R rTRE i TH % . MERRY
FERTRE RN LTI, 2 ORMEBIEUN L 7 OEEER L W S KA TR EN, HOREERNC OLH
ZHOTEHEISRS T EMONTWVS. TOREN D, MIRMATREIMIDOREZ 3L ETHO D
BICHELVDIFIERZ MO L IR T EMBEEICOMS. THUCKD, mifEmeE 2.5 ORiERNEM N
BT TR, F3 GH M E MR ARTRETH 5 ([HHH (2002)]180 HBM) D TZDREMN 3T
HBHETELEEHEEATLES.

PUR, RIS AT ERR I i rT e A1 DS LI B § 2 M E Z /T L 72w,

Itk TOHEED T, MEZEGLARERCERZ FEokL T ) —DR IR L FiFaw.

* 7 VAL @IRE (BR)  e-mail: takashi.mizuno@gib-life.co.jp
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2 ERDEAESMICHNT DT 1 DFEERLETDICH

R THERKDOESERL, LT, 1 XorOERSRAIRESHEEZ 5.

R ORI v DMERDRARETH S L 1X, EEDOIEBE n ISR LT, H2HERDM v, DEE
L, ZD n lOBEABRE v EHNEFELLEBT 2V, FEEETHERNE, v, v, OFFIEREEEZ
NZEN o, (t), ¢, (t) TET L Z,

eu(t) = (¢, ()" (1)
LB T ERNS,
S m, TEL s2 DIERRDAR, T m ORT vV VIR, ENENERERED
2
exp(imt—%tQ), exp{m(e" —1)}

LEIB. EEEICHLT, ThER T 2, ol (2 ) OERSE, T 0RT vV Vs
HERAUE, (1) BRDALD. e, EERT v Y Vot HY=nH, A2, I——01
75 E B FFERBOIE D bR DMRATEEN M TH 5 T ENEBICH NS, L L, FHEEEOE»5I13H
BMTIEVEDNDH D, —EsiA Y A5 GH 0 Hld T DX 5% TH 5. MERIEATRETIE RV
HOBIE LT, —REnTE, “HEDH 25, e LTEIATEE (5 (1990)] £ 2.1.2 B).
R MAEATRE AR ICDOWT, ROMWHE (1), (i) IS NTV5.
(i) MERDATDIEIR T EATRE AT T 5 7o DITIE, ZDRHMERIE o(t) Y,
p(t) = exp { bt — gtz + /(em” — 1 —itwlfz<1y) K(d) }
R
beR, ¢=0,
NES /(:ﬁ A1) k(dz) < 00 DD k({0}) =0 %% R _EORIE
R

EREBTENREANTHS. ThELY 1 (Lévy) DEFEL L WS, b, ¢, k 1&—EIICTR
0, k ZLYU o JIEEMES. ([ (1990)]) EHE 2.2.1)
(i) X ZHRDRATRENRICIED WEREE L, v ZZDL T2 ELT 5. IEBE kI LT,
E[|X*] <00 THBT & &
/R|33|k1{|z|>1} k(dr) < oo

ENEMETH %, ([ (1990)] EHE 5.2.3)
Ko, WERZBOREEB EEEOMBEEZRT KMo NMELE LT, XeHW5.
(iii) FERZE X ORISR ot) &L, ZD kMO 7% oF (t) TET.
E[|X|F] < 00 513, o(t) 1& k BEEMOTTRETH D,

oW (1) = B[(iX)ke®™X ] (B[-]1&, WMERLHOVRET)
MDD, KRS, o®(0) =i*E[XF] DD LD,
SRR ARTTRES M1 6 S HERZSR X DIIERTRNB 1201, BlIX|'] < 0o LAET 5. Ak
22 BEV 6.6 & DAY ANHHB LG GH HHlR C OIERIT. i () &0, FER,
[ 111 apony o) < o0 @
EEVWHZ BT ENHRS. 2T T,
b’ :b+/Rx1{|x|>1} k(dx)
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tkle,
©(t) = exp { ib't — th + /(emc — 1 —itx) k(dx) } (3)
R

EEIB. BDO (1) THB XS, ¥V =E[X] THs.
In THEDOEMEEEL,

O(t) =Inp(t) = 't — th + /(emc — 1 —itx) k(dx) (4)
R
Ll L,
() = ()0 (t) ()
&%, o T, W) HRkENL,
~ k1 ~
A9 = ) Zk CopO) OB (k=2,3,4) ®)

EBHBFRKRED, (1) b\lﬂﬁﬁ.ﬁr%ﬁmﬂ%
(4 )UDEJE%SIE@ EITDWT ABEWOTATHET, ZDOEEBETHMT & 1 I X BF0 DIEFE D IR
% (FEL <1, [Steutel and Harn(2004)]179-180 EHZH) O T,

oW ) =it —ct+i / x(e® — 1) r(dx) (7)
R
0@ () = —c— / 22 g(dx) (8)
R
0¥ (1) = —i / 22 k(da) (9)
R
oW () = / e k(da) (10)
R
PELENS. RS, 0W(0) =it THD, (5) &b ¢W(0) =it LixBhb,
Y =E[X] (11)
LIRBHTENIDB.
Y=X-E[X] &BE, TORFMREEZ ¢v(t) &L, Oy(t) =lney(t) £BLE
P (0) =iB[Y] =0, 0y(0) =& (0) =0 (12)

THb. Eiz, py(t) = BletX—EIXD | = ¢—#BIX] y(4) THBMNDE, Oy(t) = —itE[ X ]+ 0(t) TH
n, o7,
oty =0®(t)  (k=2,3,4) (13)
Al RARVASR
o (0) = iFE[(X —E[X])F] THBNDE, oy(t) KM 3 (6) & AREOBEZRIC (12), (13), (8)~
(10) 24 TIEH T, RO K L HSNIAERINIELNS.

#78 1 ([Steutel and Harn(2004)] 5 4 BEPE 7.4)  SEERSMAEFTRE DA ICHE D MERAR X ME[X'] < oo
il 9B L, TOREREE o(t) EROED LT« OEFER 2R D.

olt) = exp{iE[X]t - gt2 + /R(em — 1 itz) k(dz) }

2z, ez20, wkiX /(x2 A1) k(dz) < oo DD k({0}) =0 2% R_EDHIE
R

RO R
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ZLT, 205 ARETOHLEREIRDKLSICEKES.
me_mxnﬂz—@me:uﬁ/ﬁnu@
R

ENX—HX”ﬂ:iQS@%i/ﬁHM@
R

m@x_prnﬂ:3(@@Nm)2+@“mn:3(c+/ﬁﬁnu@>2+/ﬁénu@
R R

[Steutel and Harn(2004)] 25 4 FEM 7.4 13, e 1 LT RZLZDVAREMNICFAEFTHS. I7%&
bh, ARETRN LI LB EZ LY iEZRAWT, 0W(0)/i* TEBINZF2 LTV MOV
T, (7)~(10) Tt =0 & LIEHABICHIST BHERZIBNTNS. £z, FHBIT 2 ROHFLERIC
DWTIE, [EH#E (1990)] DFI 5.2.11 ICE RSN TV S.

il 1 ZHWTARDOHIN TS % e 2 218 \%.

RE 2 MERDMRTTREDMRICHE D HERAE X D E[X?] < 00 ZHilzT LT 5. TDEE, X ORE
WX 3LLETHY, 3ICFLVDIFIERDAD & ZICIRS.

Ko, LUAMIED (0, 00) RICEHRLTWAREA, X ORERIFATHD, EoiC, IWN—=FlE
M0 TR (0, 00) DBHZHREADOL T A EN 0 ThVE XX, BERETHS.
FERR X ORHEBIE o(t) DL Y OFFERRME 1 DEBDTHS. gl &b,

E[(X ~E[X])*] _ Juo®s(da)
E[(X —E[X])?]* (c+fR:v2/$(d:c))%

LEEME, LY ARIED (0, 00) FICERLTVAES, Thbb s((—o0,0)) =0 THUL, X
DEEIZIFATHS T EHNB. E5IC, WR—FHIED 0 TIEEW (0, o) DHEEHES A I
LT k(A) £0 ThiuE, BERETHS.

£,

X DEE =

e ELX—E[X))'] Jyo! K(da)
OB EX T (et )

THB. BEORERTHEENR OO, / ot K(d) = 0 D 2 DE DB O 2 HOHE
ﬁo?&w&%t@%.M@DZOT%%#B#lﬁﬁ@%#@nzo%ﬁ%b,C@%@QOE@
MDD IIDICE ¢ > 0 THRIFNUEEL RV, Ko T,
ﬂﬂz@m(MﬂXh—gﬁ) (c > 0)
£, TNRIEBDRORERIEIC MR H7xu.
(REARK)
%3, HifETHIH L7z [Nguyen et al.(2003)] T, —MWiH T ANHDEENIETH 5 T &M EHER

FHEIC K DREN TR, [ (2002)]177 HICHANRSNTWS K S IC— A A5 D L 1 #ll
FEIFAELHHERE T (0, 00) FICEFLTWEDT, LOMENSEEBEMNETHS T ENES.
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KT (2009)]
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Peikte— [1990], DimZats) , HFEESIE

FAH 5h%% [2002], [GIG 721 & GH 7 ARIcBEd 5 it ), T80y, 55 50
B 25 165-199 H, et BRI
(http://www.ism.ac.jp/editsec/toukei/pdf/50-2-165.pdf M5 X 7 >/ 11—
R ATHE)

JKEF B [2009], TNIG 7341 © JEERMi 2 S/ e DICS 5 79ic ), TU A
7 LRBR (2009)), 39-85H, HARY I/ Fa7V—=

Nguyen, T.T., J.T.Chen, A.K.Gupta, and K.T.Dinh [2003], ” A proof of
the conjecture on positive skewness of generalized inverse Gaussian dis-
tribution”, Biometrika, Vol.90, pp.245-250

Steutel, F.W. and K.V. Harn [2004], Infinite Divisibility of Probability
Distributions on the Real Line, Marcel Dekker
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Supplement to “NIG Distribution: Towards Non-Normal Distribution
at Hand” in Risk and Insurance 2009

Takashi Mizuno

The Gibraltar Life Insurance Co., Ltd.
The Prudential Tower, 2-13-10, Nagata-cho, Chiyoda-ku, Tokyo, 100-8953

Abstract

In my article, “NIG Distribution: Towards Non-Normal Distribution at Hand”,
published in Risk and Insurance 2009, it was shown as Proposition 2.5 that the
kurtosis of GH distribution is greater than 3 if generalized inverse Gaussian
distribution has kurtosis greater than 3. Regretfully, the “if” part could not be verified

and the proposition was left incomplete.

Generalized inverse Gaussian distribution is known to be infinitely divisible. It can be
shown that the kurtosis of any infinitely divisible distribution is equal to or greater
than 3 and the equality is valid only for normal distribution. It implies the validity of
the “if” part of the aforementioned proposition. However, since GH distribution is also

infinitely divisible, its kurtosis being greater than 3 is directly derived.

The above property of infinitely divisible distributions is implicitly described in a book
on that class of distributions. Here, I would like to describe it explicitly and

complement my previous article.
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