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1. FE

JAAMEEE TV (Robins 1997, Robins et al. 2000) 1&\WE XK REHRIZBWTHARL D E
TILVTH5. ZNIEBHEMREERET IV TH>THI2EOT —XHBRPLTE D, ZOXRHAA D
S AL EREREBIZHEDR D 2IZE P rboTHA =T IEE2B IR 5L, HWEMINIT A
EEHEDILIIRD. ZONAMTRAFZZOMHBEZELSETY VI TENIEMORITEZLEH D
», TOWRERETY v 72T ICHHEREAN T (IPW) HEE (Robins et al. 1994) X —E
(DR) #£5E (Scharfstein et al. 1999, Bang and Robins 2005) 28 27252 INIFA N w77
o— %#;<mwbm5

fzE, g™ w2y T i HaiE o ® %Mn‘téz%@iﬁf%*%ﬁiﬁc M xzorEi1 Tz

NSO L EIZ0 2 & BHD Y TER, ¢ 2HELHEL, o) =37 bia®ite; LV S D
%M’J&HU%L%?‘»%%%% (Platt et al. 2013, Talbot et al. 2015). ZOEFLTE P =0
7% P L cws eigzsh, ¢ v (W RS 2125 hb ST RN a@ﬂ@r}m
W S0 b R HEET 28, MANLTANELE L EBB. 22T, ¢ i) Mo

G z WBIHIZ N TWB LU, el(-h) = P(tl(-h =1|z;) %5 A 27 (Rosenbaum and Rubin
1983) ZHW/zE INTIA MY w7 Tu—FREHwoNE., ZOREDE &, Hlkd 5 A
MG IZBT 2 E T VERIME, LOfITHWRIXLEANDRE p OFRFEZHKS.

ARSI, ZORERNZRMEITNT 2 7210 IR SR E R 2 L 72 D3 —
DERWTHIEL R\, ZOAlifEd %5 — D08 Platt et al. (2013) 12 &5 QIC, THD. ZDHUE
i, QIC (Pan 2001) O —IHH T b 2 AEEASEASE % KA T 5 K 5 K E AN & FEBL
WBAEICEESWMZ2EDTHSE. —HTID QIC, 1, H_IHHTHELRF LT 1IHE LTK
7z 2R UEDEHNTWS. AfE Tk, HilREHRE E%@%Kﬁkﬁ’)b‘ff\ﬂ'ﬂx
T4 HEFMMS S &, RUDBLNE & LIXIE DD fﬁ\ﬁéiﬁ&ﬁm%’a & e fERRd

Platt et al. (2013) IZF PN TWS X512, [HIEHHEIZE T 5 € 7 IVEFUT itAE&b%f
WD, RIKEHGEIRIZ DWW TIE Brookhart and van der Laan (2006) X Vansteelandt et al.
(2012) 7R ETHEMMPED SNT VWD, ZNo DX T, FHHE IR MDEWRERGEER, [T
T IVIRE & W D R R RE I D < FIC (Claeskens and Hjort 2003) 23HW SN T WS, K
WwE T, Zho 2 ARMBEEAOZOITIRYT 52 LI3EAT, @VEtHE I X M PRIRRRE I
HS Wik e 5.

2. BERNAE

Hﬂ@ﬁ%mibéwgh@( : »%%&tﬁwﬁﬁ Hig yM) (e R™) & U750
MEET N y=S7 Wy 2E 22 22T %ymﬁﬁMéMétlﬁﬂémabto
LIRBIERERE T (NE 1 = 1), 7 ﬁﬁ?é%Tﬁ%ﬂ Miz®;0) & L, 2™ (e RP)
%7/aAaAﬁE«&rwz@R) DR EATE L VHEHARZ MLET 5. &5z, —
et 2 37 % e (a) = P(t") = 1]z; ) (Imbens 2000) & L, o (6 R®) % —f b A a7
DINTA—=RLT 5, ﬁ#&iéﬁbfﬁwﬁ*ﬁfgéiﬂbéuf;MﬁF yM Lt |z ZRETS. Z
DET M U TR N O Y > TR EZ6NTwWb e L, i BHOY VY Tz~ &
5.

DR #ftE & PR 2 W58 %2E 2 5. 59 < T X 28] 0 Y TE&MAD F CHEE B OWHLIM
BAHWSZLIZkD, MOEREES. 72770, B (€ R") WHERLEBAETY Vv /325 L 212
WOHNBNTA—RTHA.
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RAT Bid b2, BPM] OS2 23, Judp RE 24, i iz 24
VRERHEERTIERT U R 7 FRATERIE T SE v 2 —, 2 INIATBOE AR AR IRBUERS CREST,
STUEHBEITERT 7 — 2 FAIER, 44 BRSER B E FR B SE R

1. [FC®HIC

77 BT A RBELEMENT (genome-wide association study; GWAS) (X, 7/ 5 &{K% S —F 58+ 5 ~%k
B O—Hi 2 (single nucleotide polymorphism; SNP) D fn M 2 RE L, s M & %A - Pl
& OB 2 MR IR 2P TFIE T 5. il EFEEO IR P TIT bt/ GWAS ORRIZEK D,
Z < OFEBHERE T RFEEINLTND. ZOFETIIHETREORIZR L7225 SNP Z212, REICK
S THEBOBEMIT 21T 2NN TH L. 0D, BE TEROZEREICL 5L EMELHE
BB LI LT, REBEEBR ORI V==V T ETOMERDD.

IAEOHIFEIC LY, GWAS IZ K » THRE S REBIHE SNP 280 TH, ZARDTPLHEE Sh 5
BERO T —H LI TE RN EAURI, TRONWZBE®E (missing heritability) | OREE L TH
BATVD. ZOMBEIESEIERERPES L THERIINTNDILNRBEZLNDLN, HalFH
7RREE LT, BHOAFMEAHET 572012, P<5x 10782 BfE L 3% [Genome-wide significance J&
1] DINETOIFEAED GWAS THWOHNTEZ N1 2ORKE L TEX LN, ZDHHE
I, AEKE 5%OMEZ 100 AT 9 BRI, Family-wise error rate (FWER) 2% 5%A{1272 5 X 912,
Bonferroni fii IE{EIC L » TEEMEDOHIEZIT O Z EICRIGET D, ZAVUXEREAIZ S IEF ITRTFHI R FLHET
HY, BEGETERCHEEICMA SN TS E LTS, KEICHET 2% < D SNP RRES TN D ATHE
MRS, 2 TARPETIE, ETF—F 2R LMol Ialb—2a VERAZBELT, GWAS IZ
BIIDZEMETFIEDA T 7 V—2BiHliT 5. FF, BUE, 1ZLAED GWAS THRHAIA TV D
Genome-wide significance F&EYED 44 « BRI OV T OHCHIA 22 FEFM 217\, False discovery rate
(FDR)[2] %X U & T 52 Dfthod Fikim L O - Fabliza17 5.

2. GWAS T—4 1y MZE I FHBRHDDHETE

F7, BEAFD GWAS IZBIT 2 L EMEFIEORMEZFHIT 572012, U U~ FHEREEi%[3]8 L U%
ARTVE[4 255 L L7 GWAS OFT — % v b & VT, FEERE SNP OHEY A X (4 v Xtk) D4y
MzER Lz LT, FEOHEKED S & TO DEKT)) 2HE Lz, BARICIE, & ToRERE
SNP % %f4e & L7eMi O (CFERRE ) &, 88 LTS LI LD SNP Z k5 & Uizt
FIONEE (5346 H 77 ; partial power[5]) ZaHili kL L THWE. F8E LTEAEKED b & TOVE R
7] LS 7, FDR OHEEIZIE, BERERG T 7 MTEES SRR A Xik[6] % v 7o

FRERASA XIEIZ XV, Genome-wide significance ZEHEZ £ H L 72355 @ FDR 12U v~ FHEREHiR O T —
K& » F T 0.0061, HARFEDT —4 v MIBWTIE 0.0011 LHEES N, ZOHEOFEEIMKH
NFELLOT =4ty MZBNTHIRD TEL, U v~ FHREERICEV T 0.09%, HtakiiiEils
WTIE0.04% & 7o 72, Z DOFERIE, Genome-wide significance JEYED I E /2 {R5FIEEZRIBE L TS, HE
KUEZFRO D Z & TR NTZ D EETE, H] 21X FDR=5%D EIEL N L7256 OFE 1%,
U o~ FHBEERICEBWNT 0.4%, HARTEICBNTO0S%EHME SN, LrLERs, ZORAICE



WTH TR &2 K TE TV D SV AT, BEFD GWAS O TRABIOHIZETH > TH,
T ADBOBEBEE SNP LIV TE T RWEEZOND. IRV A XD TN RbDEEDT,
TATOLRERE SNP Z R 2 O, BRI TN A XD GWAS TIIZ & A EATTHE
ThHDHATREMENH 5.

=T, ESBEIC OV EHE S TR Y, 2R A XORE VY SNP (2O Tl
BRHEBKEDS LT, ZOLL ERFHITHNTE D Z LRI, iz, FDR=5%DIEHED S L
T, A w RS 11 BLED SNP Z2 R & LIz, U o~ FHEfikoOT -5y Mk T
1T 20%, MAERIEDOT —Zy MTBWTT 5% LHEE Sz, —EL EOZRY A X o fi o5 R E
HSNP 24 =7y b & LIEGEE, 2oL 91, BENLRHED GWAS THIEOEIG TOMRHAAIETH
5. INDORRIT, BHEOTHA o RBRINRA N T T V—OREICEWTHRRMR L RV FFHT
H5HD.
3. K GWAS IZE 1T 53D T

AIEI OFEFR LV,  Genome-wide significance FEUETIIREF D E KIFFELD GWAS 2B W T, AR HE
SNP &) T —EH LR TE RN AR E iz, KIZ, RUETOR N 77—z, [
RO GWAS Ziflkfor L T L7 & &1, Fk, EOREDOKERE SNP 2 FE TE 5 RIARD D D DH>
Eylal—valilloGHEiLE., Z07dil, ZRFEOREICHT S GWAS L7z Ia b
—a VEREIT o T WA OREKIEIC T 5 GWAS OfE RICES VTR EBTE SNP ORIV A X
DRAEE L, TKRTI10 T TNDlr—A « 2 ka—/L GWAS #1778 o 12456 O T — & & {F
L, &2 BEMEFIEOEIRH T &5 & 7- i L7z, Z OfE%, Genome-wide significance &7 %
A LISE, +o B ) 2 ER T 5 12OIFER ROV T ARBETHY, 10 TOY¥ T
WD L LTH PRI 1T%RE L ER TE RV e HEE Sz, —J5, FDR Ofilflicik-5<
FHETIIINZSGET DI LR TE, FDR=3%DIEHED b & TIE 50%LL LV 2 #El T& 72, &
BIZ, BN OWTIIER ISV KHEZ R TE, 4w X 1.05 2L o SNP (2B L Tid 80%LA
Lotz ZTNHDORERND, Genome-wide significance FEHEIZFED < T D A~ T 7 2 —"TlZ, eI
GWAS Z# i L7 L LTh, T XTOLRMBBIE SNP A MEAICFHE T2 2 LITBREMITIIRETH D &
FAbND. ZOT=H, FDR OHIENIIES S SEMETFIEZ RN T 52 &0, HIRY A XDOKE U SNP
(CRREHD Z LR EN, SBROMIBIZBNTHRRA NI T V=L RD MDD 5.
& Xk
[1] Dudbridge, F., and Gusnanto, A. (2008). Estimation of significance thresholds for genomewide association scans. Genet.
Epidemiol. 32, 227-234.
[2] Benjamini, Y., and Hochberg, Y. (1995). Controlling the false discovery rate: a practical and powerful approach to
multiple testing. J. R. Stat. Soc. Ser. B, Methodol. 57, 289-300.
[3] Okada, Y., et al. (2014). Genetics of rheumatoid arthritis contributes to biology and drug discovery. Nature 506, 376—
381.
[4] Ripke, S., et al. (2011). Genome-wide association study identifies five new schizophrenia loci. Nat. Genet. 43, 969—
976.
[5] Matsui, S., and Noma, H. (2011). Estimating effect sizes of differentially expressed genes for power and sample-size
assessments in microarray experiments. Biometrics 67, 1225-1235.

[6] Noma, H., and Matsui, S. (2015). Univariate analysis for gene screening: Beyond the multiple testing. In Design and
Analysis of Clinical Trials for Predictive Medicine, S. Matsui, M. Buyse, and R. Simon, eds. (CRC Press), pp. 227-251.
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77 LEREIRD T L, bW B EMIEHRT — X OfFNTICIE. ZEBERIED
Rolev, BHEMCT — 2 X=X DOFEIE-> T, BETEIOBE. GHT
LERERFOERBORE, 7T — 2 _X—AHFDOHEB D OMELFET 5720 T
Hb, HIC, AmOREFEFEDHAETH 5, FA DML 38 I b DT HH 2
HEbLbEobDThHb L, MIEIIEELZ - A XS EPHAGD XV ERBPEEK I
TWwd, L2Larb, ZHROMGEEEZEZEZ - L TCRUERELITEI) & T5 L,
—HABICRZ2b0TH, ZEMBEMEDH R, ARLZDOBHNG VT & HE
Z5, IN{ffibNTw s L EBEMIEEIZ. ZEOBUCHMIL THIEZEL < T3
23, ZDFER, RFNICAR L ZLMETH L EEZ LN, ZOWEZIT > 7,

AGEE T3, RS 0-1 D 2 fHD GRS Y . 222, SROFHHERE D AT1E
TG EEZ S, —MRICIE, FHHEE L HWAROH THRIE 21TV, AERH
WHAR R T 23, & 2Tl FaiBHARICZ T, SHAROBETRI NI DD
ECHAEELEEZEZ S, 20 LT, ZEREMEZ L CHHEREL & 2FHHEE (0
£E) RETIMEEE 2 5, Bonferroni flillEEE 2 % &, 4 BHDOLE T 204-
1=158 Y DL E=F 2, AEKE TN L pfEDX a/15 KiiTHNITEEL 5,
ZRDBDIENNCAHE - T, FEBHAENITHT IS0 L. MR O F BEKEE TN X
{72 %,

HEEZHZEZLGE, 2 2OMERPFEET 5, L ONER LMk T 25
&, Bonferroni flilElx, FIEGDO LR ZHHL T 2720, FICEBOEIBMEZ 5
CIEFNICHIIESfTON T WA R[EEMEDR H 5, b 5 D& o8, FlHERIORIE, 2245
Bz B e, 2o DG L EZHRE T 22T W RARHEZEST 5, 2
52 DORE%E R ICRERT 5 72, HiEICIE Tarone DRfiIEZ, BEICIZT —£ <
A=V IR TCREMAINTDETA T LEE~A =V KRR L, b
G5 e T, HEmNWICETOMAEYE2E 254 L FFO[MZE L Bonferroni
ICHANT IV L WHIEROARKEZFR T 5 L A[REIC R o272, DO TiE%E
Limitless Arity Multiple-testing Procedure (LAMP; HEfR R EL% B iE 1K) & 41T 7=,

LAMP % il & & T < In G 1 o FE RFE GiZE 400 1) . 7/ 574

N BT (GRAAZAR 25 RERE) KT 5 2 & T, 5 TOSEBEMIED FIE
TIHERICERD 2 ZLBRRIN T ZEET L5 LICEIILTW2DT, A
32, Hic, BROMER L SROFEZ R T T LT, BREEREZITV 20,
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1) Terada A, Okada-Hatakeyama M, Tsuda K, Sese J. (2013) Statistical significance of
combinatorial regulations.110(32), 12996-13001.
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G LOA RERERET (GWAS) ([CELD. BRATVRBORZMLZE (E(CHIEESE ; SNP) AR
SNTEfC. TOKRED(E. EH EXF RO ILEL FEAE DR SRESNIZEDTH D, RIEEF

(PIR(FETEBIE) EOEBFERNERBRZMEICHE TSI DZE(CDVTREEAEDND D TR,
BADEIGIEHRZ S & (TR/DFAEZRACH <. BEIMETFHORRZEET(C(E, TRIRRECKIDT
DRI ZRSTENTEDRRMZSRZHZ MRETDIENEFT UL, KT HEOVEEFRZ
IRE LSBT - RIBIEEFRETILOTT. OZRS+ v IERBDHICKDRIELEBUVVEEFAZ R
TRBFREMERZRE T DARDT I A ICDVTER D,

2. BT - BEAEEERTETIL

TRERZERETEICIE. BT UILA EIEBZETUIL a D2 Dot = =
VB GFONGEIETBERETS. AL a DIDEGTHEER. TNBNFE
1-f &9, BERFEDREEHEER K, £33, EXBRERVN, BIE
FRIN aa ThHIERDEERERZE K, ET5, TOLSMEKRICHL. Aa K K
BIERTEEEL. BETEN Aa I2E rfE AA R E PEEEUIIN LR
TBEARET B BERFEBERTF NI THDETDIE, BnFier 22
BRTFOWRAEEEUEERERRIER TEZ 515,

AA r’K; K>

3. EMERR
REREZMELFRE/N\—F 7 - DA2N\—TREHCHDIEMET DL, EEEBRK (&

K = Kike| Fr" 4 2F (1= F)r o (1= F) |+ (1= Ki)Ke = Kika(fr+ 1= F ) 4 (1 Ki)Ka (1)

TERBNZ. ART T A2 2ER DK, WHREBOEREERIEII THD I ENELDT, K. Ki.
firz5x. ()LD K &BRHODDDMNEF UL, HIZ(E K=0.01, K1=0.1, f=0.05. r=3 £TBD&,
K>=0.0098 &733.

4. OPRF« v IEIBETIL
AR T ROKXDR3DOOZRT« wILIRETILZEERD. T X1 (HMEEDNFREITDAD
EER (x1 =0, 1, 2). x (IPREFRFORE (x2=0,1) THD,

logit(p) = Bo + Bix: EFI)L1
/Oglt(p) = ﬂo + ﬁ1X1 + ﬂzXz EFI)L2
/Oglt(p) = ﬂo + ﬂ1X1 + ﬂzXz + ﬂ3X1X2 E5I)L3

5. &t

N=5,000 (iEfIEXERDENEN). K=0.01, K;=0.1, f=0.05. r=3Z&AREL. BEETSD 1 DD
INSAIDHEEZELTEZaL—23 22TV &/ISASYEZY MIHUT 100 D> =2 L—23
ST —AEERUE. &I —2a T AU BREKERa=5x10° £ LT, x; BEULF x1x;
(E7)L 3 DXEEAE) ORENFFEORE (Wald # &%) &7V BEEMREENZEIEZ 2RO
IRMRERDRTE (LT BIREH & UTz. a=5x10"7 & LIzD(d. GWAS TE(CIRASN TEZBEKE (L)
DYDY ) LADA REEKE) NS THD. 7B, >Za1L—>3>7ZEH. £ COFREHET DT
JU—=Y Tk [R] ZAHWTITO 2. ERZRR—Z(TFRT,
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Abstract

The state space form is a useful framework for estimating unobserved state variables
from some given observations. The applications can be found in diverse areas of nat-
ural science and engineering such as ecology, epidemiology, meteorology and economics
and finance. The wind speed and directions have complex time series probability struc-
tures involving highly non-Gaussian and nonlinear transition. In this study, we consider
a simulation-based inference using the sequential Monte Carlo methods for computing the
posterior distributions for the state variables given all available observations. We propose
here an alternative approach that allows us to extend the methods of importance sampling
distributions incorporating with the class of circular Markov transition densities. The re-
sulting methods are compared with various resampling schemes with real data applications.
Keywords: Circular data, state-space modeling, particle filter

1. Introduction

Circular (or directional) data refer to data recorded as points for which directions are
measured, typically in the fields of biology, geography, medicine, and astronomy. For
such data, which are usually expressed in terms of compass angles or pairs of sine and
cosine variables, the beginning and end of the scale in the domain coincide. Owing to
this periodicity, analyzing circular data is challenging because traditional statistics are not
meaningful, and may even be misleading when the particular definition of the domain is
ignored. Although most circular data are in the form of time series, little research has
been carried out in the field of circular time series analysis compared with the number of
circular time series modeling approaches.

In general, three main approaches are used to model circular time series. The first
method is used to obtain circular-valued random variables by wrapping; one example is
the wrapped autoregressive process of Breckling (1989). The second approach is based
on a link function that maps a line onto a circular domain, called a linked autoregressive
moving average process. This model was proposed by Fisher and Lee (1994). The last

*Research reported here was supported by JSPS KAKENHI Grant Number 26380401



approach specifies the density of the conditional distribution, including the Markov process
of Wehrly and Johnson (1980), Mdbius transformation of Kato (2010), and hidden Markov
models of Holzmann et al. (2006). Abe et al. (2016a) studied the circular Markov process
of Wehrly and Johnson (1980) and obtained theoretical circular autocorrelation structures
under simple model assumptions. According to their results, circular autocorrelations are
determined by the mean resultant length of the underlying circular density of the process.
Abe et al. (2016b) considered the circular Markov processes whose concentration parameter
could be time-varying.

Sequential Monte Carlo (SMC) methods are the set of simulation-based methods which
provide a convenient and attractive approach to computing posterior distributions. Over
the last few years, there has been a proliferation of scientific papers on SMC methods and
their applications. Several closely related algorithms, under the names of bootstrap filters,
condensation, particle filters, Monte Carlo filters, interacting particle approximations and
survival of the fittest, have appeared in several research fields.

Many data in directional time series applications display nonlinear features such as
heteroskedasticity and a nonlinear relationship between wind direction and speed. These
features become more and more relevant as the length of the observed time series increases
and as the series itself is subject to changes in the dynamic structure. In this study,
we address the circular process of Wehrly and Johnson (1980), which allows time-varying
concentration parameters, along with the stochastic volatility process of wind speed. The
proposed model can incorporate the time-varying autocorrelations of the observed circular
time series, and be estimated by a sequential Monte Carlo methods.
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Abstract

The long time-series data such as the RMA legacy data are essen-
tial for single and multispecies stock assessment because the biomass
in that data reflects the stock status properly. However, the available
assessment data usually have limited sample sizes and the ratio of col-
lapsed stocks to non-collapsed stocks is highly imbalanced (very few
collapse stocks in comparison with the large number of non-collapsed
stocks). Moreover the stock status (collapse or non-collapse) has (of-
ten large) uncertainty because it is usually estimated by a population
dynamics model. To allow for the imbalancedness and uncertainty in-
volved in the fishery data, we propose a new binary regression model
with mixed effects for estimation of stock status by employing an
asymmetric model. In the proposed model, we assume that the small
part of observations of the collapsed stocks are distributed in the same
way as those of the non-collapsed stocks, resulting in a mixture model
of conditional probability of collapsed status given explanatory vari-

ables in fishery-related data. In the estimation equation, we observe



that the weights for the non-collapse stocks are relatively reduced,
which in turn puts more importance on the small numbers of ob-
servations of collapse stocks. When we applied our approach to the
RAM legacy data, the estimated collapse probabilities were much im-
proved with a little degeneration of the estimated probabilities of non-
collapsed stocks. This improvement of the probability to identify the
collapsed stocks in the RAM legacy data suggested that unassessed
stocks in the FAO data are in the risk of being collapsed. We clar-
ify the characteristics such as ISSCAAP groups of species in the risky
stocks in FAO data to contribute to the global fishery sustainable man-
agement. We demonstrated that the proposed method was promising

by several simulation studies.
Key words: ecological binary data, mixed effect logistic regression,model
fitting
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