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Abstract

Mary geostatistics approached assume the homogeneity and stationarity of the data
process. However, the assumption is not valid for most if environment processes of
interest (e.g. spatiotemporal distribution of PM). This study developed an automatic
scheme to discompose a nonstationary and nonhomogeneous process into a
deterministic trend and a random process which can be characterized by the stationary
and homogeneous S/T covariance model. Kernel smoothing method and particle
swarm optimization method as well as Nelder-Mead simplex method were applied for
trend modeling of parameter estimation, respectively. By the proposed scheme, the
spatiotemporal bandwidths as well as the covariance parameters are estimated
iteratively in order to account for the goodness-of-fit-of trend and covariance
modeling as well as the complexity of nested covariance model and S/T correlation

among the dataset.

Numerous studies have shown that fine airborne particulate matter particles (PMz5s)
are more dangerous to human health “than coarse particles, e.g. PMy. The
assessment of the impacts to human health or ecological effects by long-term PM;s
exposure is often limited by lack of PM,s measurements. In Taipei, PM,5 was not
systematically observed until August, 2005. Taipei is the largest metropolitan area in
Taiwan, where a variety of industrial and traffic emissions are continuously generated
and distributed across space and time. PM-related data, i.e., PMj, and Total
Suspended Particles (TSP) are independently systematically collected by different
central and local government institutes. In this study, the retrospective prediction of
spatiotemporal distribution of monthly PM, s over Taipei will be performed by using

Bayesian Maximum Entropy method (BME) to integrate (a) the spatiotemporal



dependence among PM measurements (i.e. PMjy, TSP, and PM,s), (b) the
site-specific information of PM measurements which can be certain or uncertain
information, and (c) empirical evidence about the PM;s/PMyy and PM;o/TSP ratios.
The performance assessment of the retrospective prediction for the spatiotemporal
distribution of PM,s was performed over space and time during 2003-2004 by

comparing the posterior pdf of PM, s with the observations.

By the proposed scheme, the optimal parameters of trend and covariance models
are obtained from PM, dataset. The retrospective predictions of PM; s provide
reasonable results in which the relative errors in 2003 at Sinjhuang and 2004 at
TWEPA stations are 10.6% and 10.3%, respectively. High values of PM; 5
concentration and the ratios of PMzs/PM1o and PMas/TSP are shown in the areas of

Datong district, south of Jungshan district, Jungieng district and Sinjhuang.

Key word: particulates matter, BME, PSO, NM, covariance fitting
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D(t) = - B F#c> ¥ 2 ESEFIEGR 4ed v f250 o
@& - ik kernel * At e T & B E T = BT

1. kernel z- - 7 & 4 & #c A% o



2. B I EHpHT AZS -
3. P w3 Kkernel X = chpedi > kernel & & % R o

iA-z_% kernel function z_ 18 » H Z 3+ en 4258 5 4o

K, (X, X )Y (X,)
YA(XO) =12

ZKh(XO’Xi)
N E_gLip] stk e o

Y(X,) % i B@ip|gEenE o

1.3.3 % = B3 (cross validation)

MY RN B - B F - 2 R F 7 (leave-one-out cross-validation) o &
BOTREA R 0 P FAEOTREI R TR B TR -
‘5%;/;3%& ‘T q* ll""mé ‘\‘—i)‘LE *5‘—)7\‘ m;ﬁ-é_ °

Z\/(ZI obs |S|m
7 =

err

n

Z, ST A o

err
e
Zi obs - ¥ LR E -

Z gt BB AR

n:

7“‘3&

FLend #ic o



14 B %5

Pt A 2 e Bt SRR P e A~ 2 € ATE R

/JIL%J-M—,%%? ’ﬂg\ﬂ’*']"igfv’* A s I3 A n& A A

BATZE R AR RMITF TRE A AP EETESSFHIR, o F
ERERFRABED SV ERD B L DRI UILF DA o T EE
f)%l} géiﬁfz bt’% ]‘1%7}'77‘07’:‘; r,;f"( W\JV J&J—??im}a&'ﬁ 9 é}ﬁﬁ;‘:{"}ﬂé 283%\7’;10
(&4 Ffra 3+ e http://w2.dbas.taipei.gov.tw/statchart £2 5 a4t Bk rc fra 3+

http://www.bas.tpc.gov.tw/_file/1528/SG/36005/D.html)

15 < %4

CEE SRS S R A IES S RR0EE SITES SRR 2
LR uARM St o 223 8 BRI RGO A MY k0 B 24 ST
AR ISHAI AR M ¢ B> (25 & K PMys i d F AR M ¢ i 626 & A

72 PMys ¥2 PMyg ¢ 18 B %40 BE = )[?% o

B2 LA G AR ARG R B L 9B R B AP D

¥-BAdEABAL3LEEFATE 3L ARSI EFE 2 0 312

& /i %5 Nelder-Mead ¥ 482 (NM) » 232 & 227 F# > 233 & L1 Az
B3AH LT A% A35 L EREHG -

P FLOAME T PMys A BRG] 0 AL 0% 2 B
A1 &5 FHR KR 42§ LT AR A3 8 L B R 23t

P

2 >

Wi

BhBiER o AblaidH b2 iEk e

9



PEARF ARG S BB fHeh E s G- g o ¥
SRR G RS E e R E R R o AP YRR A S B g8 T eh
FALo @ oA EH R f & FEYDRFL FARTHRS L Bk
FHAMER DR AT RS 2R R AR AR (R
Foo1998) e m fiFk A §ERATRIIG R ¥ L ¢ FLAETE

% oo PMas 2 PMio it B B8 2 g’ﬁ 3 B (EARE 5 2003) -
21%Eﬁ%ﬁ&¢ﬁ

B EAREA R G A fAaEdl B - B Rl 20 bldel - Bl 4
(universal kriging)(Goovaerts, 1997 ; Olea, 1999)f= 1+ b o1 % (regression kriging)
% (Hengletal., 2007) » iz & & 11 W A @B e fpift > R EF > 3F 5 R
RS 4feom 2t P02 N i 2y i (Host, 1999)0 H = & & fieen 2 bide
general additive model ~ spline f= kernel smoothing'method % - iz- #g e % > =
rd FHRAERAT > FFE RIS T AEF B T AR P RE S

(Hastie and Tibshirani, 1990) -

* ST 2 R BR TR A - BT R g 2 mAp b e £
A o FARM A L AT 0 Bl g 2 72 i aHE g B 3 (Altman,

1990 ; 2000) -

FPOBEARR R T g RAL DL F BBy A2 ki (Cressie, 1987 ;
Beckers and Bogaert, 1998 ; Pardo-lguzquiza and Dowd, 1998) - % 7 % i< iﬂ’f =2
f& > Neuman {r Jacobson @ =& k¥ r1 i * 1T HFGEm 2> R 33

B2 3 Q)):

10



1- 2oz 2SR KM% EEF- 2pF3 kernel £ /2 o

47 BT T s R Bk RIEE - eirapE s kernel £ o
5% %h(2x@4): 23z kernel & £ 4€ % % o+ (Neuman and Jacobson, 1984) -

& kernel smoothing s kernel £ /=@ » Fi&#% 7 if § o kernel L2 > € i3 =

KRR R EE R B E A 050 (Altman, 1990 ; Altman, 2000) -

22 Bt H RBBAM I

BARZRABER AT PFLAEEA AR L LR i 2 &
Bt ASHLASE > 2 F AT S 5k 3t (nested model) » & — i 405 sl i e
ezt e FERLT 0 R BB Boik U R AL TSR0 AF A2 (Pelletier, 2009) - f ¥ 5 i
W2 meEL R P ENARELT R LB DEfR ~ L ahBFRELT
F & R enie s (Goovaerts, 1997) « Bz st E RN I R E- B ﬁ';‘fﬁﬁ‘i%ﬁ@

2L 4 ey (Jian et al., 1996) -

FIEE AT RRES ) T 2 ERNM 2 2R e SRR/ RE
#<(Cressie, 1985 ; Gotway, 1991 ; Zhang et al., 1995 ; Jian et al., 1995 ;

Pardo-lglzquiza, 1998) -

BRE BT Y R E Ak T B TR E h % Pardo-1glzquiza(1998)
FOUT I e 2 3R & R s IR A G nugget R R
ToRY R AL B IREL 0 FF oNUgget eEE 0 R P R T Y HEL G A

11



1. w(i, j)=1.0

2. w(i, J)=N(, j)

3. w(i, ) =[G DI

4. w(i, j) =N, J)-[rG, D1°

5. w(, j)=N(, j)-[DG, j)I*
w(i, j) B E -

NG, ) :pie i

y(,j): %% -

D(i, j) :fe ¥t e 32504

L j:% 12 s jBarlag e

@ #2003 # - Lark {= Papritz = =& jﬁ IR =&~ Sl SNPE I iR = F:

pid e xR /L %R di(Semivariogram) e

2.3 R MR AR

Btk f LR FAck? o RS R R Y b S ERE S R RS

)~
=

S RE AR e0h ' (Led etal., 2005 ; Yanosky et al., 2008)» ¢ i = 7t Fa it
e e FER ;F‘\:r?‘-u’—(:c‘if_ » iRk Az £ Kggjaﬁ(q ﬂﬂc.}:ﬁli [ 1999)0 T
£ RGF S AL A IR AR | R TR AR B R A MR R e

S %(F P 01992 A& s 01996, A 1997; 2+ 3 %2002 ; Yanosky,

12



2008 ; Bell et al., 2008 ; Chen et al., 1999) 0 AR e A LA
T R EE S 2P 0 1998) e F %~ F 2 BB BENSRS 4 (I
oty 0 2008; % H4E 0 2005) o BTHRT L iE- Ky BALA Dl B s
TRk AR SR M R R A R AR
FERE AL FARDARACRT §F SR ORPRL SR Ty L BT
PR BT 0 ALY - BEHORT § BRI FE e g oA 1]%- B ek R 2 (Lei

etal., 2005) » # @ 2imend B ek v F e — 2w (T 4 % 2005) o

24 kR AR

¥ & 2k % (2003)F7 3 4p 1t PMas 2 PMyo & 5§ 43 i Gt F &4 3
&2 5% (I-H#37%) 3 EABE L BEITHRLEFT7-97 A
& EREEEY 210 7 8 o PMag R ARX AR P A B 3RS H R R Y AR
PR om R R TR S BRI B AT AR o d %] & 37 (factor
analysis)fo & #¢ 4 47 (cluster analysis) {7 4w» + 3 &4FA- < 3 75 B3 PMys.q e %
Moz P om R FLRE RN FAS KX S5 A RIERC]) PHPMys2 oo b i
BERITA -RERBZRE S AFRERIZERIATFTRHRDEES L TEREAS
F oo PMos RSt ® Bl A 2 j5demr g 4 (B A IRA 5 1L S LB A 2 BB

A 24 5 PMys ik & Tk PMys 4, £ 51 67-949

LR ERIEACRIER € KNP d 0T SRR oA SE R M
T PMas §SEF A LA AK em BB E (AL S > 1996; 1 & & 0 1998) - B
£

iR Al ¢ T R kR A (25 % 5 2005) -

BAFEE A RR RN SRR 9 XA fedl P S RERPFELT BF

AR -HARPRAD T BB ZRIFMPEIERREIA DG AL T A

13



A8 bipd M 162 70 2 2 A5 Ak T g(2 %48 > 1993) -

PMys ¢ #2358 4 R1iE B 0 & o BI'f 0 f s+ "—»?}’:‘I‘ﬁ{l‘ﬁ%t‘LPM25ﬁ7
CPEAFELEF AR EAFE L RS AW AR aER Ao 4
R IH G I RPHERE A GF AL G L EEFALRI R LR
ARFUASEZBAR KR L KPS s kL F R H PMps ke A 1> £ 5
Mn~S~SO” 2~ kp s am > Hauddipegd FerK-2Zns Cle3- &

peid > HaeAA4 Ca~Cr-Ti~Zn~Pb~No> (1 & & > 1998)

2.6 PMys 8 PMyg vt & B i

oA R E T RIS PMyp |3 2.5um R 5k 16 6 = (PMas/PMyo =
0.6) » i P IR 1k 8 % 7(PM2s/PMyo=0.87)(# % £ » 1998) - @ Chen(1999) %=

T ¢ odpdi 2 o 8T 35 PM2.5/PM10 5761%-67% @ # & # i1 ¥ 5 54-50% e

Li(2002) 4 6] ¢ - Sip|sh 2 % o % 3R]k 2 B PMy ~ PMgs 4o PMyg » %
T PMy % PMos e b 2 i plsb et 3 2 090 @ ¥ Li— 45 p|=h82 4 f 2 i 7]

T 355 PMys/PMyg 4 %) 5 0.57 ¥ 0.68 -

3~ 35(1992; 2000) 7 7 # R0 4w & B 22+ 2 B ] PMys/PMyg 5 050 @ #
FEE2 LERFHORIER F144p 00 PMo/TSP~PM,s/PMyo 4 %] 5 0.70 2 0.63 »

FEZRERAR] AR AR 2 LR BRI E A

D

%o PMos/PMyp 5 0.7 ¥ L35 L RH milckd Rx B8 £ 2-1 ¥
rz?i 3 r‘1”|:)|\/|25 PMyg + lE’(j\/)fi'l %ﬂ‘éi 2003)

14



% 2-1 PMas 22 PMuo vt &4

ke 5 PM2s ik & PMyg ik & PM_.5/PMyo
3 3
(ug/m) (ug/m)
WWERE T 3R] — — 0.5
oMt F R E L2
R~ 2R~ A B — — 0.63
1~ AR ZE2XER)
v X 8.8-50.2 18.5-64.7 0.48-0.78
& B 6.4-48.5 19.2-64.9 0.31-0.75
BREME R 12-50 22-68
0.55-0.79
MR R R 10-54 12-68
VA B SR 10-46 A~ 31-72 0.32-0.65
L 13-50 ¢ 32-105 0.41-0.72
ERa 16-91 = 31-124 0.40-1.00
42-47()
Y ST — 0.6
74-95(% )
EF TR LTSy SN
— — 0.46-0.82
Hp
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FZIF pROBIF ALY LERL BT

R 2R S

é_‘&'};%‘}*ﬁéﬁ 21 &7 T A AR R £ 22 EROE ¥
Bao Lo @A BRSO 2 A7 5 Neuman fr Jacobson & i & 23K

22 8¢ > A g4 Pardo-lglzquiza(1998)¢ % 2 8% ¢ -

PSO >t kg N iF & 72 éh— f4.0 4 Eberhart 22.Kennedy 19 45 ¥ 88 i £ 7
# B 1 ey 8 % (Eberhart and Kennedy, 1995)- f8 2 ) f 38 4. # Hondk ¢ iE
SPEA o 1T E K PSO A H et hiF A UEEL C RFE T HE AR 4
PRI F R &M(Liang et al., 2006; Zhang and Teng., 2009) - # ¢ &3 - &
% v eIEd ?Kifa—g’;& 2 &3 A (Ravagnani et al., 2009; Shinzawa
etal., 2007)c pt 2 2 £ 5 B R b R fEai 4 IV R PER Y - B F iy
o EBARNREFAER Y > P g2 R 2 g i & R g

(unconstrained) sk 35 (42 & F AL (i 1577 > 2004) o

NM E_d John Nelder ¥ Mead = i+ % ﬁi& 41 (Nelder and Mead, 1965):>» E_J
g R B dh- o AR L ani@ A b 2L B i 1 (nonlinear
unconstrained optimization) + > P 3R Ay B¢ 0P RSl oo IREEE

R PR A BB R BB MBI R R R &R

Matlab A28 B>t B 14T 0 AR Leni@ * A8 ~HE 2 1 RARE o v

AT A AL B A R R RSN E Y BB . ,T&L‘{g‘iﬁi;‘ B

16



FRPIFES NIRRT ELEY G WNH v ET o - T RET

B A R g e B g

v

»F

EX]

Fz'u&igfﬁf’%’;“‘;«rﬁl‘i—gﬁﬂa g RGN e Ry R gl S AR

CHEZTHRBIAGHE F 22l Ll RAIEE AR HRRY KT F

Fr KRR AR AR BEELP R

AT Y -6 * Matlab &2 C 33 -
Bk 0 % PSO 2 0% ke

-71-/2'\:

* Matlab 2 ##v9 C o Gldo it B AR5 pF o 4
fedbd o A AIOF B G s BHE S8 % PSO NM A ¥ p 3 H5pe

3.1.1 #3 ¥ 7 ¥ 2 (PSO)

F+ ¥ x5 2 £.4 Eberhart - Kennedy(1995) 8 & £ 2 § 3 e j% (7 5 o

M koeh- B HE WA E Gug 8 2 (Eberhartand Kennedy, 1995) -

B PSO ¥ - M Ad — B TS (particle)r e o E BT kA

GHEF LY - BEGOES hEeF = BAA LD R D R HARE & ] ol B
-

TP BB ERE P o bl DRREGAZEY 3 M BRI Ai0F > H

BhRFPEE XEEREV > VUYL L oT

X1 X ... Xp

Xop  Xpp o X
o

XMl XM2 XMD

17



Vv VYmz 0 Vwo
CE - F SR £ R RN N S B - IE PR sl i S &

Vig' = W'Vik,d +C- r1l,<d - (pbestyy — Xig) +¢, - rzk,d - (gbesty —x;)
X5 = X +u-vit

e ol o AFT Y Y 30 BALS 4 HOF o
d:xag o

K@i & o=t #ic o

Vig i 8 & e & o

Xig: ™ &S eniz B oo

pbest: B W ARk ¥ > B E R F P o

gbest :FH4E ¥ B ik F iz g o

C,,Cp, Wil ¥ #ico AATF $C,=2> C,=2 > W=05 -

MGLA 08 12 BFensgisie o

U:B AR A0 12 s iE o

18



3.1.2 Nelder-Mead ¥ %8 (NM)

pj€.1965 # 3 & NM B iz it en 208 > — B4k * A b 2 & 4]
(nonlinear and unconstrained)=#* 32 F > £ H & i & ~ it F 1 48 2 R AR
(Lagarias et al., 1998) - NM &_ >t & #&4% ;2 (direct search) » 7 Z @& * F|H# &

(gradient information) - ;&7 FEE2E R i SIRF R B P e Rt BE o

NM Ed H 8 (simplex)s -] 2 it #r4E f8 i — B 5 P im B2 - jJ"JL'\
AT BRFHERID = £ e g WArES 0 Bk o n B EH A
EneaR s »d N+l 4 T (vertices) “THE S 0 B RN T OUAR G R R4
R R SBcin#cp o ﬁ‘%%” mo o HWe Bile A5 i ()& Sf(reflection)
(2)# = (expansion) (3) 1z #g(contraction) (4)¥g#&(shrink) o @ e o &% i+ §85 £ ik
BRI MR EF WiilEe 31 R Gl 20K kB 5 05 2 el

#co 5 0.5(¢ $-%c %57 47 Lagarias etal,, 1998) 1 & T & it im e L o

LR e Baodc f(X)? 3 nBEENBORETUE AL N+LPETE

o K AeT
F(X) < F (%) <o < T (X0)
2.5 BB R BB X o A T e 5Ua
X =o)X =Xy K=" XN 5 X, X, X R
FEf =f(x) Bacf, <f <f, Bgx d8Fed -
S BA f < f, 0 3 E B X AT e SR

=1+ anX—ax,,

19



PEf=0(x) Bacf, <f s x s8gat 221, > » Pl x

FE o

docsgipde £ 2 f 0 2 5 2 fERR

@&t g e f < f <f o 3 B jTdgal X 4ot T a5 Aon

X, =1+ap)X—a/X, .,

FEf=0(x) Baef <f » BXXx DHFLd > FRPI T -

(b) tep & el fo 2 f 0 3 B i EE X 4o T G 2o

X = (1= B)X = o

P A =1(x,) B f S BRX, RSN F AT N T B
S AT E F(X) L B+ 2 PR X LATE Xy Vo, Vg 7 358 3 2 4o
V, =X +a(X —X%),1=2,-,n+1

B 3-122 32 2 - aenE 82 B F 6~ L~ JeiEs ﬁi%l“m'r,g@

‘.EJ

(a) (b) %

Bl 3-1 NM 2 ¥ en(a)F 52 (b)# L B

20
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(@) (b) (©)

B13-2 N2 ¢ sh(a)feég it & 2 (b)feig il e ()HFE

32 B A

oy PR G 2004-2007 & PMyo(kuis 5 10pm » T )T 7w s B E g
Ho- X Frefaling 57 QBRI -2 LoD Rikh BEy 18 BRE-

2IMEF 26 PRl H A G AR 3-30 AsE— F Rk CHLE 2 AR o

PMig ﬁ"%j‘ffb‘;—:""g"ﬁ’_ » drk 3-1 0

~ o BARE RS
o JETERARR B3
' LJ'
= i VTmpc{ C ity
- Taipei County
0 230,000 460,000 920,000 1,380,000
— — Meters

B 3-3 PM]O??&?E?E'&%A} i 8]
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% 3-1 PMio A & Se3+ 454 (H =: pg/m’)

TR ot LLE BB | BRAE
51.470 13.119 50.441 13.148 | 95.803

33 B3 inde

IR AR o 4o 3-4 ST o T M m ) BT R

i¢ * kernel smoothing 2 3+ & A% p%> 5 L 5 & kernel & 425% 40 4255(1) »

TERAT LR PR akernel £ 2 boerh,

% PSOZ FH 5 Gab 2D, 0 20 W4 25 2anddio:

o B3 deR 2N (2w o AT

Lo AT EY B

B )I?wwé?zt‘ Neuman {r Jacobson & =& & ik o * 234 (3)GCV> § = PSO

FEE D 2 b p 4R

FAvip R B AR g 2 EGCV ) AR A

mE 1l AR 00

Nm,)em(do b m(d |»

t
Po, Pi B> 3 B 5 Ry o
Soi Po % B A o
S;1p G AR

Po EPS I -

22

B P ESdcE ] e B AEN(B) 0 d - B

|F)s’r‘/{gobk3fjo 4’%«%"_&;
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tl:plﬁjpg’:ﬁg']eo
lof : 5 %0 2 4 EE AR o
b,z B e kernel £ 5 -

b, ;¥ /& errkernel 2 j& o

i 2 k(pa, ) Y(P)
Y(po) =+ N :ZW(po'pi)'y(pi) (2)
Zk(PO’Pi) =

Y(P) i i B 5 Bherppl -

Y (po): Po BEENTE - 1E

_ . y(pi)—zsim(pi) 2
eV = n{;(n —trace(\NiCi)) } )

n:FA by ~ b poefk Ao
W, 15 W(p,, p;) eF4EL
CiAphd Tt o

d B} GOV (0 T E - b R boo I bR b FARE S E TR

#% “f %% (remove trend) - # K,ért BT AL TA L (residue) - i&—a 113t E
RLhLPREL 1 HPREL > RAFRAMET - AL HE PSO R
NM = —‘;]z % 2 (PSO-NM)Z 3% B ik 58 & 558 e i ~ Blic® Sl o 5o

% PSSO KT o * NM- = o

23



PR - B RSET R 2Bt F 2 PSO-NM & S G # & 58 cnip

o~ A E S Aot 250 (4)

i=ps j=p;

Obj, = > wi, D[Ea, —ca, pf

i=1,j=1

w(i, j) =N, j)
1:12,...p, > P 7z Wi~ enlag ¥k -

1:12,...p, > p, 5 PER B x enlag #c o

Wi, ):%iB3Flagz % j BEFRF lag g & -
NQ, j):% i %% @ lag 2 % jirps @ lag et

Cli,):%iBzRFlagz % JBFERF laghid @ o R #Hco

C,j):%iB% @ lag 2% | B lag akt £ che & 8 3K -

(4)

BLESBHEEN2 BHoA B 12 3B NI Lot 1BH

ST i R g (a) ~ (D)2 (C)3 BB HARPE A 5 (@)X (e) o 40T A

7R g
(a) Gaussian model

c(h) =c, exp(—zlz)

r

(b) Spherical model

3
Co 1—§£+1 h 0<h<a,
c(h) = 2a, 2\a,

0,a, <h

24



(c) Exponential model

c(h) = ¢, exp (_2_h)

(d) Holesin model

15#h, , 1.57h
)/(

c(h) =a,,sin( ),h >0,

r2

Ash=0,c(h)=a,,

(e) Nugget modle

c(hy=a,,h=0

EA U ey "f ?f PSO- NM-ial'ﬁf'ZEﬁx ;ja?ié‘, \;’J/’J’}’gt}‘\: ﬂ}ﬁ;:\ 1‘],@*; %’Qﬁ'{;ﬁ%}

HAATE - BN A - I X R R ELG) T F - B

LgPilEc, o, EREFOE - - BHFREC, ve, B e, 5osille P

b

2 s R EAESS B AR BB 07 [Cy—Cf V[Cyy —Coa| [0~

o R AR ik F"'7‘(:1,2_(:1,1‘ : ‘Cl,3 12 ‘Clp —Cipa| ° Y

- BHREEO00L FAZRY F - B KOG HLE ] 001 BT
sEAEie A range o IR S ARk RS o A H L BI040 001 RRE B

£ 40 00010 E I F LS A SEE RS L o

Cii Cp Cip,
Cy : :
Cii=| . : : : (5)
_Cpsvl Cps,pt
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C,,'ZzF%iBlag  PFRES B lag s 2 & -

i=[1’2!""ps] ’ psiﬁ"gﬁxj‘ Iagﬁit’

IS

j=[112""!pt] ’ pt%ﬁ—?ﬁx"‘ |ag$§:°

Wi

71 EE2pEFsillsrange 22 B 0 4e e,y ~ oo, PTH B TR 0 R r
Gaussian % Spherical model » # 14 4 % # 3 Cg ~ Cq ~ Cg ~ Cq > ¢ AT G &

Gaussian fi-3% » S 7 Spherical #-5% » S5 ZF »UZ PR - Az B > &

Cpy SCy, <C R TE * Gaussian B34 » F ¢, <¢,, <cg A% * Spherical 5% » #
v R P * Exponential Ho5N o FIE o ARG G 2 FAp R RUE o B

€y, SCp, SCg R E * Gaussian izt » & ¢, <¢;, <6, Al * Spherical 5% » #

v e ] @ * Exponential #io5t o

AT % - BRGN A 0 @ % PSO-NM 2 & H Sdicr 35 Akaike

information criterion(AIC) » H 2 3%(6)4cF :

AIC =n In(%) +2p (6)
n:x %2 feendicp o
Ry i3] hp RS BciE o

Dt ® BE B i o

A R - BEGNE MEATE - BESS A ¥ BRIIEG 5AT
TLPeE ij%up%;: i &5 2548 AR & % 4R K ek (diversity strategy) - &

- B e Y EF P RS EESR]F Y BN A% - BN E-8 AIC

26



AT R - BEE D BRGNS AR BN E S BESGVSAIC, FoB
PR AIC | 30— BRSNS PAIC PIE #F AT 5= B > 3 2 ki ®
BHCFS o v BHCN ~ 2 BRGNP AIC &P P d1 B AIC Eehi 0 F
XAXFH P g BN BEE A MBS BHEGYAAIC X - BRI HAIC

Plig* — BRI E X AFS P B G  Bac: A o

P di gz A &S > #* PSO-NM fiz & 53 it 1+ % % (intensive

strategy)Z & S e VU E PR EHE L X BB e 250 o

P}

—=\

PRI S | \,,T;u 12 deiE Ap Bt T ATIOF B i enb

b o fdeb, B b g b - S AR L AL 0,001 Pl 0 > £ 3 Lams o plas

F o
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B FHARM Gl g &g
Rl 2450

}

a

Fb b & - &

\4

PSO i b, ~ by, o B 45 & #c: GCV

A 4

b, ~ b #sms i

S

A 4

Kernel smoothing :* % 48%:

0.001 » pyi%ak o

\ 4

fﬁgﬁﬁﬁ’éi%i

\ 4

nAELRREL

\ 4
PSO-NM & #& & i ch B #ic ~ 3
A #

L %

\\\?{r

4

A 4

- B 2L 0 AIC

v

- BHEA2 52 0 AIC,

Y = BHS2EE > AIC
AT i v
- B

= st = st

A 4

A

LR el QN UE WP S 'Y

RS AR

Bl 3-4 7§ A2
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34 T RE

15 5] E i3 ehb g2 b 4 W] £_11250.658 = ¢ 2 1 P o &Rk iR B 2 ABE
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