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714 A5 A g A9 7137t AFA G 7)5e) vRgh FAS Ha 7 A9 gE Y
= 34 (probability density function)”7} & <4213 & Ry wr=x] k=t Zo] deA 9
Z9 e

th 2 =RoAe olgdt 54L& 18t ol 7] dAde] FElE] e 5 E B
(extreme temperature)?] & Wx & FAHIIIA} Sttt o] & f5te] F7HE AAAAA (spa-
tial correlation)E 112]3l= H|E4 W|o] X<t (nonparametric Bayesian) 23 < 2% 217137
3% Z32 Y (mixtures of conditional autoregression species sampling model
Az e o]aEYZE ol gt (University of East Anglia)ol|A Al-g3dhks A A9 o 71237} &

& 7leAs 5 Selvelel sgshe A9 A4nE ASSch
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oo
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1. AE

National Institute of Meteorological Sciences (2009)°] W= sjuit} 7255 o7& dAdo
Z 71% dAsglef gist #4lo] A MAFez F H3 9lew 2007 Intergovernmental Panel on Cli-
mate Change (IPCC) 47+ B7HH Ao A 710812 28 5 = s, 87, Ha Sof B
Jao| Bot FAS0] AAHBA FHIANE FAle] 1x H1 Yk

A ol A ANARLR F37|Fustel osf A, Da7F W3] BAst Utk v+
7)ol g ZHo] Yy g =AY BE V)50 FAFIL AT Alole] FRANE JFELE AT
27 IR F7HE dAd Aol AR 53], fEvEte] Af 71T s o2 F7hel vlE) o
25 ebta ok A £Ad ¢ fElvere] He 712 ASELS A AT e AsEel vl
=A et 9ar oj2fst H 729 W I3>8 2 §EE ofr|dte] (Mearns 5, 1984;
Meehl 5, 2000; Griffiths 5, 2005) o8& 120 o3t AMgA=7F F43] S718taL 9o (Jo 5,
2012), AYFQE 2 Z07 Frfety Qirh. AR dFo o]/ &AFo] FEBHA
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= =
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£7h 2780 Tk 54 48 AFB9E AT Al Aok Be A% 2 AT o)A A
A2 AAAoz G 1o o] S ot FE3 Imy} Kwon (2007)31]— National Institute of
Meteorological Sciences (2009)°] W= u]g)e] v}t 7|22 Ado] fAasty 12 do| 713}
o Leo Qg Ferle ol o FEW shsAol Frh oS3 glo] olo] that AWe o)

oin7E 43 223 AA ot

L2} 71BN E 715 dSel 2 ARgets Y 5 stuE 349 A8 E o)) 74 /A ¥
T FEEE 55 F45 2 FHE IE 5E Al A HER o] 7]i°]b} Frol FdHTh
E2A Z22A Aol B A S3ke Ale et (Jo 5 (2016)). o]} npxbrkA| 2 vhef S35k 7]20] &
g UE 958 AR 24T + dHE 248 Us g2 Vr FTusle 54 sete 4
S5 B bt 3] FAFAAN Ws o9 HAEAS] B AR olES Be A oY
I ohulE ¢ Qo] F7HES £4e £E F IS Aotk WA & =wolAe S AP
TR Uehbe 529 I3 7|20 S dELET S-S APtz gt £ HYogs
Jo 5 (2016)°A AAE & 2AR 27137 £FEEF (mixtures of conditional autoregressive
species sampling models)2 °]-§3lc}. &3 30 Z7rA o ARTAA T LS

1—‘
d)
oot

w Qe 240) Fsd RYow 58 7] A7} ses Vepdois 2

o) A 97| WLell Aekar 240] 7PsE Aolr.
£ T} o] FAR 28004 WA g AR E AAE 251D, 5129

£ 2400 B WA RS AT 4 mee) AFEEL VY ATLRES FEE

Wi TRl3 A ol2 WETY] 2RUE 52851 S3HAN 2% MG, v nae

A

.

2. A8 9 e

B =RoME oJxESZE ol Ugtw (University of East Anglia)e] Climate Research Unit
(CRU)9| 93] /M8 A5E ARE3th. A&+ http://badc.nerc.ac.uk/data/crudA] &
2= 9t} o] AZE= 1901 3R E] 20099d7HA] 108 Fote] 7|7+ iAoz A 1o 9=t A%
05° x 05°% LFra (2, A7 Aole] 2H4o] 05°% Lhroldl 9ith) 2 440 SlelA #28
d AT 259 HA 259 Y Fv o' AT Aok A5 s © AT AR Harris 5
(2013) ] /\-h:ﬂﬂo] o) q_

2 a7e) BAIAE SeekE TR A4 02D AT ARDL AEHAT lBE AR
A5 93 9N 681 SRR AU AR GEAT US AEIASS P e1E 2
L A4oe 39 solA 291 0, 57 165 52 12057449 BIE heaALh 2
A9 A%t T07elE Figure 218 2 2ol 242 s A8 Ao ek AolTh

mg e m

Figure 2.1 Location and grid points for analysis
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o

= 3 .
(A=, A5)8 87 A9 LIS AAEE] FFoleh 33, 2 A4 (£ AA) s, BF

Hueze HAALE g AR YV = {yi(si), -, yni (5i), si € D}t AL o] wf, 2 YA A S
WAoo HE BT SHE WE U4 2ATIE e 2ok 2 A4 ik W AR
% (random probability measure) =2 I {G,,, i = 1,...,n}2 WA 2AR 2739 FFE22Y
(mercer conditional autoregressive species sampling model, Okl}i MCSsg}t ”"‘E‘r) W2, yi(s:) s
2 G, 9 A T2 (mixtures of normal distributions)& Wtk 7Fg 3ty &
iid ) )
y;(si) ~ /N(y\,u7 V)dGs, (11, V), j=1,...,n;, i=1,...,nm,
(Gs;, i=1,...,n) ~ MCS(Go, o, 8,7, p), (3.1)
N(|p, V)= “éﬁol u, BA2ro] Vol AFEEZ (Normal distribution)E YeER 1, MCSE WA 24
B2 27139 £FE252F (Jo 5, 2016), Go%} o, B, 7, p= 242 7|0 2% (base measure) 9} 2R
(hyper-parameters)g% Uehdch Fuz 9oA AAT FaxYe] AFESRgL oo A 9

2 B\

< B3 (absolutely continuous distribution) S #3713 2oz &2 Ut} (Lo, 1984).
HA AR 275 F FFERPL FFEEYE 7N E AFoH 55 WAJFESEEY FFol
ot A AR AE A FFERYS AP A FFEEYS AW} it AgEES

= G7}
G =Y pnds,
h=1
iid

o] el & 23, GO YA (Atom) 0,8} 7H5A] (Weight) prE2 A2 SHoldA, 0, ~ GoolxL, &
E 12 Y pn=1, pp 2 0,Vhold, 5, Pr(3pn=1) = 1°4, GE TFEEF<S weth U“‘/P o]
1A, Go2 G 7IHEEX 0l by, + T ZU|A DEF (Kronecker delta)gholt}t. FFE2E32 t3
¥ 77 (Dirichlet process; Ferguson, 1973)3} 3 ExkQ 34 (Pitman-Yor process; Pitman¥} Yor,
1907)& 3 ANAQ APHEZESY G Jo 5 (2016)° 222082 /w023l
TR oz ZF fAvit) FojH APFESEEY ExQ 2AR AIH FFEEYS A
53], Jo 5 (2016)2 F 7o) =7AH XV]Q:H TFEEY, H 1 (Mercer) &} 28| o] &-Z2H (Clayton-
Kaldor) B23& o]§sto] =R 2713 FEEYS AYsity. AV E WA 2AR A3
ol BETh MCSE Bl Amol B W= A% ezt 2ok

oo
Gsi = th(si)5(ﬂhvvh)7

h=1
euh(si)

ph(s’b) Zk euk(s )?

A7 7FEAE WA AR AAEF 2L e FARoR nA 225 47137 mael Fu)
= e 2.

(n, Vi) ™ Go(- | po,o,1,), h=1,2,..., (3.2)

U,h(Si)"U/h(Se) Z#’LNN(mh S'L Zgzl uh SZ mh(sé))77—2>7 1= 1,...,71,
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Ao WA AR FFAQE BPNA 72 > 00]3 ZF Y X HE my(s) S 7FERY Fo] 1o] HEE
a7 sl &, Y52, e ) < o00] MIBHES 8] 913 Lee 5 (2013)0014 AAE AN H ket 2
o] oI5
mn(si) =log{l — (14’71 i=1,...,n, (3.3)
AR A3 FBAdS e Al Ges WA A (Mercer kernel)S ©]-§-3Fo] ofgj e} Zho] A ofst
§ie = exp(—p|lsi — sel”) ?f %7& (3.4)
0 if i=1¢
& o, 8,08 ¥ g THAE A #elth. 3, TSR Gov ofefjek 2ol ZHAAEE (conju-
gate prior) 2 <&l AFE2} ZUHEE (gamma distribution) & ©]-§3kaL

Go(- | po, o, v, %) = N(1; pro, goV')Gamma(1/V'; 10/2, oo /2) (3.5)

2B50) AMEZE Th} 2o] A4,

fto ~ N(po; poo, £2), (3.6)
go ' ~ Gamma(gg ';ag, by), (3.7)
Yo ~ Gamma (v0; 00/2, vootoo /2), (3.8)

A71M 2ES ARE2S] AL | 7HEAE T BTt Lee T (2013)0014 AAIE ZA
Ha=05p8=20 281 p =47 = 1& Ao, 7AEZY 2By FAEA AL
(noninformative prior) S WER 7] $18] poo = 0, k% = 1000,ay = 1,b, = 100, 0 = 4, v00 = 4,%00 =
1/2,a, = 0.01, 28] b, = 0.019] ez 1A gt 2R,E AAsE= o2 o) gisidE= Jo
% (2016)< 3Fa3}h7] wigdct

3.2. AR Z | ALt
AP B2 BEE FHBE 2E517] 98 & =FlAl= Ishwaran?} James (2001) A AAE £
A AZH d32]5 (Block Gibbs sampling algorithm)3} Scott (2011)9]A4 AAE tgd 23 28
(multinomial logit model)o] T3+ LTelEE 7o sjo] AT, S, B s AFY
N EE TN 8 EFRYS FALRL K = 10022 1A g 2Hsy] 96,
WA cji, j=1,...,n,i=1,...,n8 Zr YA s;oA ] jARA AZZA] y;(s:)E LR hAA A&
o] FFsl= A W4 (latent variables)2l 3t my, = (ma(s1),...,mn(s,))", T =T — (&0)7 012t
S (R A WF ok BT BEHOE ATEE 230 PeolES TolEr). ool Bl A
-2 Neal (2000)7} Seo2}t Kim (2014)°l] UERY Qth) o] w] 2ARE (3.1)& ofgie} Zo] AFH &=
Por A T 5 3w
yj(si) | ucji"/cji ~ N(I’LC]‘-H‘/C]'-L)’ j=1...,n;
Cji | uh(si), h=1,...,Klfl\(‘1 ph(si)(s;“
h=1
un = {un(s1),...un(sn)} ~ Np (mh,Tzl"*l), (3.9)

Bro | po,gos Vi ~ N(po, goVi), h=1,..., K
Vi, ' | vo,vo ~ Gamma(vo/2, votbo/2), h=1,..., K
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o] RPoz R AME thge] 2% FE AFEE (joint posterior) F 0]-g3ko]
15 PRIk

7T(C7I"'7 V,'U,, M07907¢07a7ﬂ,7—270|y)

e
1%
i
[>
e
ikl
ot
2

ng

o [TTI™Cws(s)s peyis Vesi) T1

i=1j=1 i=1j=1h=1

euh(si) Heji=h) K
21—1
(K uk(Si)) HNn(mh7T r )

k=1 € h=1
K

X H N(/uh;NO»QOVh)Gma(V{l;V0/27V0w0/2)
h=1

X N(po; 100, 52)Gamma(951; ag, bg)Gamma(%; vo00/2, Voowaol/z)

03]7]/\'1 n = (Ml,..‘,u}{),v = (Vh...,VK),'U, = ('u,h,h = 1,...,[()7 CcC = (Cji, ] = 1,.‘.7774',7; =
1,...,n)0l y = {y;(ss), =1,...,n5, e = 1,...,n}elty. WA AZEEZZ By FE31314} 3=
B e, V,u, o, go, Yoo 2713 2Rt 1w vHE b = 1,..., Bl gt t29 dAE &
3 B8-S FE3tt
1. j=1,...,n4 i =1,...,n0] th3}o]
K
m(ely pCD VTR W) 3 o (50) T80,
h=1
_ b— b—
(50 = Prls) NGy (si)i !, V0Y)
Whisi T K -1 T -1) -1y’
D1 Pr(8)CON(y; (sa); 5V )
_ e“h(si)(b71>
pn(s) V= ———— h=1,...,K.

Z?’:l eue(s) =D
2. h=1,..., K9l t)s}]
() Ly, 98, VD) ~ N(jin, Vi),
Y
np + 1/géb*1> ,

fn =

AN mp = S0 SR I = )RR g = oy, 9i(si) /rnelek.
3. h=1,..., Kl "3}
(VO Ly, ™, 00 ) ~ Gamma{ (vo + 1) /2,4 /2}

bn=woty VY (i) — )

{(3,9):cji=h}

4. 7(ud|p® =V, VY)Y ~ N(po, Vo),

M=

W= {16 ) /D) +1/m)

K
o = vo{a/ggb-”) (WD VD) 4 um/ﬁ}.
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5. wlgg "), VO ”)NGa“““a{awm by + (I () 2“>>2/v,f*’“)/2}'

6. ﬂwé“l%%”% VOl) ~ C‘amma{(Voo +1K)/2, (Voowaol + 10 Zthl (1/Vh(b_1))>/2}

~
-
=

= noll Wated {un(si), h = 1,...,K}9] AAFFHL FFo] ") Q] AGREE wha
HEH-’?— Ajin s 0|83l &3} 53], £ =F2 Roberts2} Rosenthal (2009)2] 25
2]2-7)2~ (Adaptive Metropolis-within-Gibbs)¥'H& ARR-Sit}. 0|9 o2 FE Y
Kim 5 (2015)°] 29¥ &8 7]Z & (Adaptive rejection sampling)#H o] St}

EZi

=z
=2

(a)

o [m e
fr w3

=1,...,n5, h=1,..., Kol th3}<]

.

K
ﬂ-()\gl Cj 7'|’Ll, ( i)(bil)ah’ = 17- . 7K) ~ El‘p(Zeuk(si)(b_l)>7

k=1

b b * * H(=1)
)\g'iiz’ =A% ; tAjinss Ajine ~ Eap(e» V7 7)) b # e

J:C4

(b) h=1,..., Kl 3}
i N(un(s:) ™0, 05) B H un(si) & Beth
i Thee] A2 o] gdte] A ES Astaict.
d{uh(si)la Uh(Sz‘)(bin} = min {17 m},
714
(Uh 82 ( SZ |O£/B, 7P7 )

( _ Z&ié(uh(sl mh 5@ > Heuh(s i) —)\17heuh(5
=1

iii. Unif(0,1)22 HE A= %}'EE]— A A EE a{uh i) ,uh( (b 1)}0] Iy 2e
R un(si) 2 ¥R poll A o] TR vy (s;) Vo ghoz Medit).

iv. AiHEF o] 44%9 7}’@‘35 HHE 509 A wioh bHA] 7FX]] A EE (acceptance
rate) r& AAFsIe] 029 7hS the I} o] AAlEITH

log(0.) log(vy) +min(0.01,1/vb)  if r > 0.44
V) =
& log(v,) — min(0.01,1/v/b)  if r < 0.44.

Zt A 54,0 = ,no A8 AE o|& UE sk (posterior predictive density)E FA3}H7] 2
3 2 =FoA= E]— £ A3 (Rao-Blackwellized estimator)& ©]-g3tt}h. gle-E3d 34
FE AT REZTL i H R Aol BV T W ARSE = WHOE S A IFAA IS
2 delA ok =g Aa AEE daeFolA oAl mERz A4 (Markov chain) 2 FE 7
Ao 7hsstel E7HAQ ALE FRo® §hx (et he-BYd RS ey g8 (v, b =
1,...,B}E 3284 94 A2 AE% dueEe® FH doj A B4 AS EX 2ol

S Ll A o3 ERee) sho- e 24 olalst 2tk
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B
USSR Z (yn+1(si) |y, ¥),
o171 .
Flunsa(s:) 19, 9) = 37 pa(s) Wynaa(s0) |, )
h=1
euh,(si)(b)
ph(si)(b) =

TR ena®”

2 oA 31244 7<= = 33 2
£ 97 43 2% A% 42D B2 A4 LAR el WolAD $AL ANt A=A
£ H8] & =RelAe Z2E R p://r-project.org) T2
&35kl 32804 48 £ P2 AEY e B9l AARRES FESUTE AR OE 273
o] g3le] F 7ol mzFx Azl (Markov chain)E FAsIsich ZF Asfuict & 60,0000 2] WHE
iteration) FE3FA T I FolA %2719 10,0008 FE2AHE 427 (burn-in)dt I & 109He] W+
e} shio] BEE Adete) 500071 AFEES A3tk F Ao E e F 10000719
EEE ol gstel BHAY ABTAG B DA 22 ATLEe] 2ANS B A3 2
=29 AE Gelman} Rubin (1992)9 2] AFE Gelman-Rubin A ¥H-E ARS8t Gelman-
Rubin 3L A52 < EAH24 (Analysis of Variance) A3E o]&3to] ojg] uf23 = Az 7ke] &
At ZF nfe = 4 o BaS vudte] £EAdS JJr\’/l-o]»— HPH O 2 Gelman- Rubln A 3
o] 19 779 Al EEo] AAEL (Stationary distribution) 2 & 8= 125 YeERATH A
20 A} AABE AHL Gelman 5 (2004)0]4 AHE 4~ 9ty 12 Gelman-Rubin A4S RY
codadsl7| A& &3 A AHEE  UTh

Table 4.1 F 7j¢] nf23= A2 FE doixl 10,0007H2] AFFEE] thet 29k Gelman-
Rubin =422 Jebditt. Table 4.12%E] Gelman-Rubin EA429] zke tfHE 19 o 77l
2 94 SIS ol 10,0008 o7 AFEEE] AARTE F +EHS tehi L ek

o © o 2

—~

K Jl-lI

Table 4.1 Gelman-Rubin statistics.

Parameters Maximum temperature Minimum temperature
Point est. Upper C.I. Point est. Upper C.I.
Mo 1.00 1.01 1.00 1.02
go 1.01 1.01 1.00 1.01
Yo 1.01 1.06 1.01 1.03

M0 N2 U2 T A sleam Addd e AARTe] 2 med tek AR ERY A4A
2 (trace plot) ¥} 2}7]4-&8F4 17 (autocorrelation plot) ©] Figure 4.19] 5] A 1t} Figure 4.1
ASE H 720 thst 282 VERdth olgist ZHAAME GA] £ ol FA7F glo] X
ol FoIA 9% % 5 Son) mebd AT EEEo) FARER AL 2 S A
olgr 4= 9t} Figure 4.2+ 7|Wr&x o] ZF B4Eof sk % YUehdith, A e -41%
=of] 3t /NS E BeSe] ASREE YT B w9] /=g gt vy se
AFRES e,

do

rlo _IX,Q‘: o

1o
r>~
rlo
1Y) FIE
l—J ke
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Figure 4.1 Trace plots and autocorrelation plots for parameters of base measure of summer maximum

temperature.
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Figure 4.2 Posterior distributions for parameters of base measure: summer minimum temperature (red line) and
summer maximum temperature (black line).
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Figure 4.3+ $1%] $% $5252322 HE ZF Xtk 249 o582 Ader, A=Y &
EULETT] 33% 66%°l T }‘——- —E.— < (quantile)®] YAZL (critical value)& YERHTE o
714, 33% EATE 44 AN 24" FEL=TrZ FE FHEE (cumulative probabil-
ity)o] 33%7F S AAE BeRI, 66% EAGE 2 AA) F48 GRUC G A%
ol 66%7F F1 = AALE UERdTE 1902 R & 4 g0l APAG FAE AL Holn
ok mEbA, B =RdA 2 AAHAE 1Hee FFERY ] At A9 5 itk ‘Izﬂ‘
Figure 4.22 H¥ =9 AAY Ba HA 7123 F7 H 2 7|29 zol7t < 105 o]/ ol
A% &5 Gtk ot olBA LE WIF Acke A WA TebA FAT /1S Al ulafo}

Aoz Heltk fukstd Jo 5 (2012)04 % A7 FH%C] 4% 25 452 AYES S7HZ

fad
=
% g7 wholh,

Minimum Temperture (33%) Minimum Temperture (66%)
2 @
3 B

35 35
8 8

30 30
& 25 & 25
3 20 @ 20
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Figure 4.3 Tercile based estimates of summer minimum temperature (top panels) and summer maximum
temperature (bottom panels).

Table 4.2+ f-Eluet FREA] (A2, F2h, A4, o+, A ﬂ’ﬁ =)o A=t AxE
31 Figure 4.49} 4.5+ FEAY o2 3 ?1 7120l et &3 2R FFERPoR N 49 &
Y342 HolZr)h Figure 442 o123 A 7]£9 ‘ﬂ“‘# FA2E e,
23 H3 7] UEds 2AHXE YeRdL) Figure 448} 45004 £ 4 Ql%o] 7129 W= F
A 7| 2Htk a1 7)2oA o FEle] vehutar gla, fakah b A o] thE Aol Hls] AFE F
259 |7t A vepva Qlvk weba Fab, 24 A9 A9 8 Ao s o 5H 343 ¥
She 3 2kl dulsfof & Zle® Btk A& A thE A e sl i, HA 7129 Wxdt
7 QAT e Qg € 5 AL, =3 AAH o R & vle) Y%A e 220 =4 UE
& 4 Stk

_&n:lm

]—J

ol -l>
m[o
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Table 4.2 Major cities over Korea

City Longitude Latitude
Seoul 127.25 37.75
Busan 129.25 35.25
Incheon 126.25 37.25
Daegu 128.25 35.75
Daejeon 127.25 36.25
Gwangju 126.75 35.25
Ulsan 128.25 35.25
(a) Seoul (b) Pusan
(c) Incheon (d) Daegu
(e) Daejeon () Gwangju
(9) Ulsan

Figure 4.4 Density estimates of summer minimum temperature for the major cities

of South Korea.
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(a) Seoul (b) Busan
° T T T T = T T T T
20 25 30 35 20 25 30 3s
(c) Incheon (d) Daegu
e T T T T = T T T T
20 25 20 as 20 25 30 as
(e) Daejeon (f) Gwangju
< T T T T ° T T T T
20 25 20 as 20 25 20 3s
(g) Ulsan

20 25 30 ES

Figure 4.5 Density estimates of summer maximum temperature for the major cities of South Korea.
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66%

g 24 GueES Mo S s AEY duelEe 49sarh $29 ¥ R0 Ry
SEUEFLE FAN) 9150 eho-UY 2L olgIIAth FH AFYE Y4 ¥ 33%3)
3}
o

S eI el FREA (A8, B4,
2428 AR, o AT RE I3 /e
Atk wa 2HE AR Re] dFA A9 o2 A LT} 10
Z2) o] vls) BEA ] 1, HA LEA T B AL D
95 2ol Wals) the Aele] wlal o elo] UEhde wa & 4 2lgic.
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Abstract

This paper considers a probability density estimation problem of climate values. In
particular, we focus on estimating probability densities of summer extreme tempera-
ture over South Korea. It is known that the probability density of climate values at one
location is similar to those at near by locations and one doesn’t follow well known para-
metric distributions. To accommodate these properties, we use a mixture of conditional
autoregressive species sampling model, which is a nonparametric Bayesian model with a
spatial dependency. We apply the model to a dataset consisting of summer maximum
temperature and minimum temperature over South Korea. The dataset is obtained

from University of East Anglia.
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