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BELRAEEEZFRHITH-ODETILIZDINT

JRES KRR FGAL SR EOT IR PaARE A

H AR BT D835 DR FE DORFFEIE, 2000 FEARHIDITHEAETE (1998) 35 LUK
PrsCiE (2005) IZBWTITHOILTE T, RERBALEED TE. 22T, REFEEDK
RIN IR BB SN T H BREWIER R TH D EEZ TV D

A5 TI, Nishino, H. and K. Kakamu (2011) THW STV D X 5 ITRHIER A &
WELTHMNT — X HNTET LT S, 72k, BHAROZEHFAEDT — %k L TxiEk
EROHITEGH TH D, £ LT, ARG TIZZEDET VIZ GARCH B ORERYIET V%
FARIATe Z & T, R L TRT D720 DERIET VMBS TDHZ L ZRBEDHD
Ths.

RPEEZROW S AROT —2 L LT, KRECIIRBE R ROFHAELZ AN D
SHEOERAGNE (u, 0) D DDIRT A—=2 E b OO0 Th . *ﬁ,ﬂﬁEﬁ”ﬁ@/ﬁ
R

G_w<”—L ey

%)
EhHobbaEnsd. (72L& z1E, Kleiber and Kotz (2003) 22D Z L) . DF D U ={2#T
o 2T OHFENBETHY, 0 DREIVPRPEEOREIARTZLICRD. Fio, 2
DDIRT A —H TR0 D72 D> TIEREOE R 3 A BN ERHRA D 5 D7 — 2121 AIC
TYTIE Y 2T DR, oL bEETHDLZ ENTND.

BEARY A X n, TMEARY A X% k& Lic & X\, T — XL laFfitE s L
TH{X(n) < X(n2) <,..., < X(np)} A <np <me < ...<np <n) &HFETDH. Fit
£ 5437 — 4 CIE, = 10000, k= 4, (n1, na,m3,14) = (2000, 4000, 6000, 8000) & 72
B ET, (21,39, 2k) F {X (1), X(na), ... X(ng)} OBBEE T 5. £7-, RIE
B y = (y1,92, ..., yx) = (logx1,log za, ..., logxy) &3 5. 7ok, XEIER A% xHEk
ﬁ@?ékﬁﬁ M D,

Y NEFFREEH B O [R5 X, David and Nagaraja (2003) 7> 5

f(yl0) =
ny— k ) . ng—mn;—1—
mmmlmﬁnwmzwn> 1m&

(n1 — 1)' i—o (nz —Nj—1 — 1)'

(= Pl

() @
EFETD. TEL, F() ZBEESMBEBTHY, f() ITHREERKTHS.
TN—T T —=8% (11,...,7) & L, TOREELRE (y1,y2, .-, yx) = (log z1,log 2, . . .

ETD. AMEERDHEREL TNDED, Y =log X ~ N(p,02) £725.

*T 739-8525 HA S Hi#EIL 1-2-1. Email: hnishino@hiroshima-u.ac. jp
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Yt = (yl,tu Yoty - 7yk,t), L 43,%/71\"6_%) L s GARCH(I,l) model %

ye ~ [yl o0), 3)
0 = ag+ a0l |+ pi67,, (GARCH) 4)
o = exp{ag+ aylog(oi—1) + f1log(di-1)},

(EGARCH) ©)

2:%—675 7LC7L:\ L/, {5’15} Li Y = (th,yg,t, .. .,yk7t)/ 75‘%@ Ot @%Efﬁf%é
7o, HEFLTORUREEZHVWD. SFD,

T

logL = Z log f(yt|pe, o) (6)
=2

AN T BRI A =R EHEEE T 5.
W —H# %%, #1x1E, EGARCH(1,1) (ZxF LTI,
oy = €fﬂp{@0+5z1log(0t—1)+B110g(5t—1)}7 (7

LT5. L, {6 1y = Wi Yo yke) D DD oy OHEEETH Y, 6o, a1, by
RTRA—HOWECHD. SHIT, THIOBLEN G ET A% T 5 L THIRAED
SEJFAR (root MSE) %

= ) 16t — 01} (8)
T 12

HWD Z L2935, 728, root MSE IZ K> THEHHAED T —XIZETVOETIEED 2H)
WrdauE, 2 a3 =0 &7%2%, GARCH(0,1) %k\»C, EGARCH(0,1) N ENZ & 2355035
72. L2L, EBICUTEEVORWETLEET LI E25EBBRFIL TS,
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WERER (X, ..., Xp) (THERBEEEE f(vy,...,270) 2 HDETH. 72720
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TRER Vo X Ry I oAl &
Je TR H
(Smoothed two-sample nonparametric tests and their
local asymptotic powers)

Taku MORIYAMA (Graduate School of Mathematics, Kyushu University)*!
Yoshihiko MAESONO  (Faculty of Mathematics, Kyushu University)*?

1. Introduction

Let X1, X5,---,X,, be independently and identically distributed random variables
(i.i.d.) from distribution function F'(z) and Y3,Ys, -+, Y, be i.i.d. from F(z—6) where
¢ is unknown location parameter. We assume that m +n = N and 0 < limy m/N =
limy Ay = A < 1. We consider ‘2-sample problem’ whose null hypothesis Hy : 6 = 0
and H; : 6 > 0.

Let us define that ¢(z) =1 (z > 0), =0 (x <0)and Z; = Xy, -+ ,Z,, =
Xy ot 3 Lmar = Y1, , Zn = Y,. The median and Wilcoxon’s rank sum test statistic
are .

M= 0Y;-2), Wa= > > 4(Y;—Xy)
j=1 1<i<m 1<j<n
where Z denotes the sample median of {Z;, Zy,---,Zx}. For observed values & =
(1,29, ,xp)T and y = (y1, 92, -+ ,Yn)T, we put s = s(x,y) and wy = wy(x, y) are
the realized value of M and Ws. If the p-values Py(M > m) or Py(Wy > ws) is small
enough, we reject the null hypothesis H.

2. The smoothed nonparametric tests
We propose the following smoothed median test statistic

~ & L [(Z-X;
M:ZlK( h)

where K* is an integral of the kernel £*(¢) which satisfies

/ F()dt =1 and k() =0 for £<0
0

and h is a bandwidth which satisfies h — 0 and nh — oo. Further,we propose the
following Wilcoxon’s rank sum test

o= 3w (5)

i=1 j=1

where K is an integral of a symmetric kernel k. We can easily prove their asymptotic
normality and that their Pitman efficiency are same as the discretes :

ep[M] = ep[M],  ep[Wa] = ep[IW7]
where MT is equivalent to M.

Keywords: nonparametric test, kernel estimator, significance probability, local asymptotic power.
* e-mail: moritaku3542168@gmail.com
*2 e-mail: maesono@math.kyushu-u.ac. jp



Table 1: Comparison of significance probabilities of M and W

sample size (m,n) | (10,10) (20,20) (30,30) (10,20) (20,10) (U}, U:)*
20.9 2.21 2.79 1.68 7.13 7.07 3.86
2005 637 566 217 344 341 421
20.975 3.05 2.80 3.72 16.6 14.7 4.10
20.99 33.7 7.54 1.56 6.05 5.29 4.11

3. Significance probability

Table 1 shows the ratio of frequency of exact p-value of W5 getting smaller than M in
the tale area €2,

m(x) — Eo(M)
Vo(M)

Z Vl—a; or

0, = {w cR" wale) — EoV2) vla}

Vo(W2)

where v;_, is a (1 — «)th quantile of the standard normal distribution N(0, 1), and
Ey(-) and Vy(-) stand for an expectation and a variance under Hy, respectively. We
count samples that an exact p-value of the test is smaller than the other in the tail
area {),, and calculate the ratio of the frequency.

Because the values in Table 1 are larger than 1, we find that W, tends to have
smaller p-value than M. They can let one to use Wy if one wants the small value. This
comes from that the possible p-value of M is more sparse than W, like the sign test
and Wilcoxon’s signed rank test as is discussed by Maesono et al.(2016). On the other

hand, we can find the ratio values of M and Wg in table 2 are close to 1.

Table 2: Relation of significance probabilities of M and W,

sample size (m,n) | (10,10) (20,20) (30,30) (10,20) (20,10) (U, U
20.9 1.41 1.08 1.31 1.05 1.22 0.827
. 0829 121  1.39 141 124  0.782
0075 164 112 109 123  1.39 0.755
20.99 0.985 1.03 1.32 0.707 0.806 0.677
References
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K % )R
T B : B KRR 0

EE B : “Nonparametric Estimation and Testing on Discontinuity of Positive
Supported Densities: A Kernel Truncation Approach” [Benedikt Funke (Technical
University of Dortmund) & D #£:3%]

EEAR

AGEECIE, REIOMEREERBRED TGO RICB N TARERT (b LIEY
YUTW) BDHEEDNDIGHEDOY v o TEOHEE R I ORI O E & B
Do tn, RO RGBT 2 BIE, SEE T 90 AR RAIEEICRE
ICHFZED3 72 ST W2, — 0, BEFICB W T Z OF OB R oW 7
A (regression discontinuity design) & B L C Z < FiliBAtG S v 70, ARG Tl
Bl W7 A DB RIZHN OGN DRIFEEB DL BIFAEE & D R a
£ 2. WEBOBEBRBOBNIFAERRETH 2562 1E LTI -
~ A=V EFNT OHE - BMETIELZRE L,

T, Ux TR (=R oUW Rz T D8 EREE O LM - AR O
72) OHEEBEZLLTOFIRICHES : OF >~ « A—x Nzl TELIZHE
T5; QELEH D ETNENFSEN 1 L2 XML, ZoDIE47%:
OIWr 1 — 2 VEAR 2 AR BT D @%b 2 Bl U — oV EAR & VT -
FHRRRZ 2 XA Ny JHEEL, ZOEEZD Y UTIRHEER LS T 5, -
P, ZOHEROSEILIET O Ot )25 —T . HRIOHROFEL
EHWDFEOD, A7 2 3@ O Ob) L WiV ObY)Li->TLE D,
ZDRDIREBNANAT ANFITRE DY A RNHERE L RIFTT Z ENBRESh
% 7=, Terrel and Scott (1980)D /A 7 AEIEEZIGH LTV v v T iRHEEED
AT A% O(b) (ZdE LT,

WIZ, T o TIRHEE &P LA ER AW D Z &30 77 7 b
REFAZHWTIEH S NS, ZO/RENL, Uy o TiEHEEEICET S t 5%
Ty TERE R (=UERICR W CEE) OIFERGLO T CRERHEE L
THEALTEINWZ LN D, 2T, ZFHEOBNT B E I RS < RE



M RARRE Lz, b, TN OENEEGROEHICRERT v~ BB OMEGE
ELAERASIC R STV DA S AR OFHMED — 2 TH 2,

Fo. HEE - MEZFATT L ETHERMETH 58/ N7 A —Z DR
EbHIRE L, BRI, 37970 o MBS b RaE bk E A
MEICHEEG SETHWe, MA T, TG0l R TR EREDER TH H & D
IR EH S NG A B ER SR A HET 2 kb S L, FRC,
BT R DA CEIWT ) — R VB R VTR EHEE AT O & BEOT U~ -
T =2 & AT 56 L RO ETRRHER S b d 2 & &R LTz,

ST, BT ANBERTIE, RESNLY Y UV TIRHEERED /A T AR
EEEr L2500 BEO, RENREEIC XL > TEHRE SN RN T A
— B OEE AN RER R A X 28RO 2 e it hzkETE,
McCrary (2008) D EME BN TEWRH I ZE0N0 R AR TE 72,
Angrist and Lavy (1999)D 35 — % % 7= I CTld, McCrary (2008) D &
TITE EBEEEE TH D & D GG S TR T E 2RV R D %70 T,
RETHREIXMHEZFH L2, ZHIEAREDOE VR OEMIT ERD Z
ENTE D,

BRI, A ORPFFEOFE - JLiRicfitin s, F9°. BURGIN SIEME— 248
ELTWDR, HEOUIEREZRE LERICET 5 Yy v 7iEE a ORIFHRE
BT RETHA D, SHIC, OIS EREETICEEREROY v 7D
HEERET D IHEOBRICHLR AW EEZ TN D,

SE XM -

Angrist, J. D., and V. Lavy (1999): “Using Maimonides’ Rule to Estimate the Effect of
Class Size on Scholastic Achievement,” Quarterly Journal of Economics, 114, 533 -
575.

McCrary, J. (2008): “Manipulation of the Running Variable in the Regression
Discontinuity Design: A Density Test,” Journal of Econometrics, 142, 698 - 714.

Terrell, G. R., and D. W. Scott (1980): “On Improving Convergence Rates for
Nonnegative Kernel Density Estimators,” Annals of Statistics, 8, 1160 - 1163.
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SRAPNEINLERR=S: S TS
EIRKERFEREE R

1 ELC®IC

2RO T — & &, MELEOMEE U THE%
DHERERE LT/ Z N TEBLDTHAT — X
EIFENS. ZOXS AT —REnHToI L%
HgE ULHEHED G ETH L. HakiEHET
A 2 R OMER LI O ~ f(0) 2k S. 7L,
0el|-m,m), f(0)=f(0+2r) LT 5.

ARgx, AAT—2DETY 7 LTLLHVS
NBEXRH D= — (WC) A% 5 — 2 LB E L
7= WC 71— 2 VEEREE R OWGEHIMNEZ 52 5.
EEBRDOFERP SDHPEFLTVDEE VWS RMAEDTF
TE WC 71— VEEHERIIRWWEEZR > Z &2
B> TWNWD.

£, HLWE—AY M EEHL, plh—K—h—
ANEBDO 7 T AZRET S, 20— I)VEEOD
2 5 A%, Hall et al.(1987) 5272 2 IRA — X' —
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L= RO 5" 75, ZOREIZ PIED M
CVIEELDBENERETHLILERLTWVS.

least square cross validation

2 HITHR
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3 BRA—Y—A—XINBEHETES
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OF: WA B
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i, 2IRA— X —H— R VEERKER f OMTEAS
ns:

FISN o) = 123 0) 1, 0),

77U, biasi[fL"(0)] = O(v*), Var,[fI")(0)] =
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The Simultaneous Multivariate Hawkes-type
Point Processes and their application to
Financial Markets

Naoto Kunitomo (Meiji University)

joint work with
Daisuke Kurisu, Yusuke Amano, and Nao Awaya (University of Tokyo)

In economic and financial time series we sometimes observe large jumps. Although
they are relatively rare events, they often have significant influence not only on a
financial market but also several different markets and macro economies. By using
the simultaneous Hawkes-type models we introduce, which are multivariate point
processes, it is possible to analyze the causal effects of large events in the sense of
the Granger-non-causality (GNC) and the instantaneous Granger-non-causality
(IGNC). We investigate the financial market of Tokyo and other markets, and
apply the Granger non-causality tests. We have found several important empirical
findings among financial markets and macro economies.

We divide the continuous observation period [0, T] to the discrete observation
periods I = (t? ,,t?] (i = 1,---,n). The initial time is ¢j = 0 and we interpret
I7 as the i—th day, but it may be possible to have more finer observations. Let the
observable price process be Pj(t) (j =1,---,d ;t!, <t <t'i=1,---,n) and
in s € I; we consider the (negative) log-returns of prices Y;"(s) (¢} < s < t}') be
Y[ (s) = —log[P;(s)/P;(ti )] (j = 1,---,d;i=1,---,n) . Let the first stopping
time when Y}"(s) exceeds the threshold u; in s € I; be 77'(i,1). Define X7 (s) =
Y['(s) for s € t7 | < s < 77(4,1) and X7(s) = X7(7](4,1)) for s € [7](i, 1), t]].
We define the simple counting processes N;™(s,uy,) by the number of stopping
times that X7'(s) exceed u; (j = 1,---,d) for a particular j but not for other
k # j by the time s. (For the simplicity, we can assume that the jumps of the
counting process N (s, uy) can occur once at each ¢ of the end of each intervals
(t*1,t"].) Then we notice that as n — oo the interval length goes to zero,
that is, maxi—i .., [t} — 7 ;| — 0 and the simple counting process N (s, uy)
converges to IV ]’-"(s, uy). The resulting counting process can be interpreted as the
limiting process in the high frequency asymptotics.

The simple point processes N;(t) (j = 1,---,d) satisfies the standard condi-
tions that as At — 0 P(N[*(t+At, u;) =N (t,u) = 1|F]) = A} (¢, u;) At+o,(At),
PN (t+ At uy) = N (t,u) > 1|F)) = o,(At), P(NZ* (t+At, uy) — NP7 (t, uy) >
1|F}) = o,(At) for k # j, where F}* is the o—field generated by the information
at t. Also we define the simple proint processes NJj* (s, ujx) by the number of stop-
ping times that X7 (s) exceed u; (j = 1, -, d) for a particular j and X} (s) exceed
u (k=1,---,d; k # j) for a particular k and other X}*(s) (I # j, k) do not exceed
u; by the time s in [}'. Then we introduce the point processes N3* (¢, uj;) with
co-jumps of Nj and Ny by P(N™(t + At,u;) — N (¢, u;) = N (t + At,ug) —
Nt ug) = 1F) = Nt ujn) At + op(At), P(NJ*(t + At u;) — Ni™*(t,uj) >
1|F) = op(At), P(NP*(t 4 At,uy) — NP*(t,ug) > | F;) = 0,(At) for k # j.
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When we have co-jumps of two point processes, we define the point process

(1) Ni'(s,uz) = N (s,u5) + Njp(s,ue) (3 # kg k=1,---,d)

J

and the corresponding conditional intensity functions are given by
(2) Aj(E ug) = AF7(E ug) + At uge) -

Then the resulting processes correspond to as the marginal point processes of the
vector point process. We use the self-exciting form of intensity function as

(3) )\;L*(t7 U) = )\j(] + /_tooilcﬂ(Xn(S—))gﬂ(t — S)dNZ*(s,U) )

where the index set is defined as J; =i (i =1,---,d), Ji=1,14+(i—d) (i=d+
1,---,2d—1),---, J, =1,---,d. Sequentially define N/"*(s,u;) = N*(s,u) (i =
Lo, d), Niti(s,u) = Nis(s,u), - -+, and N (s,u) = N'%_ 4(s, u) with the inten-
sities 7% (£, p,). In this formulation we use the damping function as g;;(t — s) =
e51(t=%) and the impact function as C'(X) = (c;;(z)). Since we are interested in
large jumps, it is important to use the probability function in the tails. We use
the generalized Pareto (tail) probability function for x > u; (j =1,---,d) as

[1+ £f>5”}_1/£j
(4) P(X7(s) > x| X}(s) > uy, Fs) = Ze

[1 + %Uj}

- [1 ’ ag oL “j)] o

—1/¢;

we set 07 (s) = §u; + a4(s).
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IPTW(Inverse Probability of Treatment Weighted) ¥, IPTWiE & A BRFET L%
FHAE > 7-DR (Doubly Robustness) ENRH D, Flo~ v F U ZETMBIRS LT <,
IR CHHEND Z b2, LM LT —ZICXo TCUIEFELEN ST NLEL 2
DM, EOFHEMITAM STV,

2 F—XXEF g
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FKThHY, NPVIIRZ V== TIREDOERDBENE T o 7o 58 DN EBRITHEBICHREL
TWRWERETH S, SE, SP, PPV, NPV IZERIICAHTH Y | BEOIERAEH OUTE

B A KITT,

2ODA ) == TREEOHRRZ A5 BT LRROfRIE 2 i+ 5, SE BX O
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D p AOFHHEHIZN LT, WD & > RESIRIERH H) 25X 5.

Hy : {gﬁ;}ﬂj SO}U{min (ki + €5) SO} (1)

1<j<p

TZTpujld, BilIZEIT2 ) HHOMUEBOMERN R % (0 = 1,2, =
L..,p) EUTEEIT uj = p1j — o, TRINDWENROBHZETDH D, € =
L,.,p) e >0DIF EMY—Y U THS.

Z D& & Bloch et al. (2001), Perlman and Wu (2004), Nakazuru et al. (2014)
W EFEOMRE (1) ITHT 2METFIHZREL 7-.

INSDIHFETIE, WERNROAITEREHE UTEmINTWS, £ITA
FRKTIE, RIS LB THEHBEITBWT, FilED j FHOFHGE
BT 2 EAREE 7,(0=1,2,7=1,...,p), & FHHOFULBOEARLED
HEZEZ Aj =7 — 7oy & LT 2 &, IROGE TR (1) 2T SHETF
EZIRD &S ITRE L7z (AREKE Q) :
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\/ﬁlj(l—frlj) N o (1—Fo;)

ni ng

> Z, for j=1,..p.

72720, A= (Ay,..,A) THY, 2 KO Z, FENnTh \? 0 B OB RS
HDOLEM o N—ky NETHB.

RELUZBREFIEOMEIZOVWTIEEY T AVEY I alb—Ya v EHANT
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Elliptically contoured distributions generalize the multivariate normal distributions
in such a way that the density generators need not be exponential. In this way, the
class of elliptically contoured distributions includes, for example, distributions whose tails
are heavier than those of the multivariate normal distributions. However, as the name
suggests, elliptically contoured distributions remain to be restricted in that the similar
density contours need to be elliptical. Hence, skewed distributions are not included in
this class.

Kamiya, Takemura and Kuriki [5] proposed star-shaped distributions in which the
density level sets are allowed to be arbitrary similar star-shaped sets (see also [6], [4]).
Essentially the same idea can be found in v-spherical distributions by Fernandez, Osiewal-
ski and Steel [2] and center-similar distributions by Yang and Kotz [7]. Asymmetry is
allowed in star-shaped distributions. Hence, besides distributions which are symmetric
with respect to the center such as elliptically contoured distributions and [,-spherical dis-
tributions, the class of star-shaped distributions includes asymmetric distributions such
as multivariate skewed exponential power distributions.

Kamiya, Takemura and Kuriki [5] studied distributional properties of star-shaped dis-
tributions, e.g., the independence of the “length” and the “direction,” and the robustness
of the distribution of the “direction.” However, they did not investigate inferential prob-
lems about star-shaped distributions. From the perspective of [5], the most important
problem in the inference for star-shaped distributions is the estimation of the shape of
their density contours

In this paper, we propose a nonparametric estimator of the shape of the density con-
tours. The point is that the density of the usual direction under a star-shaped distribution
is in one-to-one correspondence with a function which determines the shape of the den-
sity contours. Thus, by nonparametrically estimating the density of the direction, we
can obtain a nonparametric estimator of the shape. We prove its strong consistency with
respect to the Hausdorff distance.

Our main result is the following:

*This work was partially supported by JSPS KAKENHI Grant Number 25400201.
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Theorem 0.1. Let z1,...,x2, € X = RP\ {0}, p > 2, be an i.i.d. sample from a star-
shaped distribution h(r(z))dz. Let f,(u) = (C(n)/(nP~")) S, L((1 — uTw;)/n?) be a
kernel estimator (Hall, Watson and Cabrera [3], Bai, Rao and Zhao [1]) of the density
fu) of u==x/||z| €SP, x ~ h(r(z))dz, based on u; = z;/||z:||, 1 =1,...,n.

Assume the equivariant function r : X — Ry under the action of the positive real
numbers is continuous and normalized so that [, , r(u)Pdu = 1, and that L : R>o — Rxg
is bounded and satisfies [;° L(v)o®™*2dv >0 and [;* SUDy: |- vol<1 L(W) - VP 2qy <
0o. Moreover, suppose n =1, > 0 is taken in such a way that n, — 0 and nn='/logn —
00 as n — 0o.

Then, Z, = {fn(u)l/pu :u € SP71} s a strongly consistent estimator of the shape
Z ={x € X :r(x) = 1} of the density contours of the star-shaped distribution in the
sense that the Hausdorff distance 5H(Zn, Z) between Z, and Z satisfies

~

0u(Zn,Z) -0 (n—o00) as.

In addition, Z, = Uo<et ¢Z, is a strongly consistent estimator of Z = Ug<ect €Z:
01(Z0, Z) = 0 as.
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