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Abstract

Many epidemiological studies have found increased mortality as well as disease,
such as lung cancer and cardiopulmonary morbidity were associated with long-term
exposure to ambient fine particulate matters, PM, s (particulate matters with
aerodynamic diameter =2.5 pm). However, ambient monitoring programs for PM, s
did not exist in early years, posing difficulties on analyzing health effects from
long-term PM; 5 exposure. This thesis developed site-specific models for retrospective
prediction of PM; 5 levels using available data on air pollutants and meteorological
variables.

The Taiwan Environmental Protection Administration has complete PM, s data at
each monitoring site since 2005. In order to predict values during periods when PM, s
data were not available, the dataset from air quality monitoring and central weather
bureau stations were divided into two groups with data in 2005-2009 and in 1993-2004
used for model building and verification, respectively. The data were used to model
PM, 5/PM ratio with daily 24-hour average levels of CO, NOy, SO,, and/or Os. In
addition to air pollutants, visibility and meteorological variables including daily
temperature, wind speed, and relative humidity were also considered. Models were
developed separately for each air monitoring site.

PM, 5 estimation results for each air monitoring site from 2005 to 2009 matched
well with the actual PM, 5 data (R>=0.62-0.92), except for the Taitung site
(R?=0.32-0.40). For Guting, Chungming, Fengshan and Linyuan sites which had
complete PM; s data from 1997, comparison of the PM; 5 estimation for 1997-2004 with
the measured PM; 5 also shows moderate association (R2=O.66—0.72). With only PM,,

visibility and the meteorological data, but not gaseous pollutants, included in the
v



analysis shows strong association (R*=0.66-0.71). Our study results show that it is
feasible to use PM, s/PM ratio to predict historical PM; 5 exposure levels from existing
data of air pollutants, visibility and meteorological variables. The variability of

pollution concentration in different spatial scales could affect the modeling results. Thus,
establishing empirical models separately for different types of monitoring sites may be

ncecessary.

Keywords: PM, s ~ Exposure ~ Model ~ Retrospective
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:l ""3 Iy o N 4
P22 v 3R] PMys Ok & > 22 2 WO SRR 2 R4 7 32 (B 1
= o z B &= 7T 1= 1) °



311 v A EE B2 M

Reference Study area Retrospective ~ Methods Validation
Pollutants
Vajanapoom, Bangkok, Thailand  PMg Linear regression model: Model R*:
Shy et al. Variables: visibility, dew point, RH, temperature and 0.51
(2001) season 0.53
Prediction r:
0.71
0.69
Lall, US PM, 5 PM ratios Prediction R? : 0.43
Kendall et PM,,=b ePM ,,PM,, =h, e TS,
al. (2004) PM, =b,eb, e TSP,
where,
b=PM,,/PM,,,b,=PM /TSP
Paatero, Augsburg(Germany), PNC(particle Regularized linear model: Model R” :
Aalto et al. Barcelona(Spain), number (a)Air pollutants: PM;y, PM; 5, CO, NO,, NO, NOy, SO, 0.77
(2005) Helsinki(Finland), concentration)  and O3 0.80
Rome(Italy), (b)Meteorological variables: temperature, dew point, RH,  0.58
Stockholm(Sweden) pressure, airport visibility, precipitation, wind direction, 0.84
wind speed and solar radiation intensity 0.81
Yu and Taipei, Taiwan PM, s BME(Bayesian Maximum Entropy) to integrate: R” not displayed ;
Wang (2010) (a)The spatiotemporal dependence among PM o, TSP, and Expectations of

PM;5

(b)The site-specific information of PM measurements

retrospective PM; 5

predictions and the




(c)PM, s/PM ratio, PM¢/TSP ratio

observations are
lower than 10% of
the level of PM, 5
observations over

space and time.




AR AR
BE A3k o o o R %5 B3

>4 i
%R

A

R e S 3L E 4 PMy sTR

Mixed Model
2005-2009 : 7Z 3L R,

B2 BA 1997-2004 © B i X,
v v v
AL
2% 50 B A r L %5 5 = Rom H 5 77
fonH I LB -Y5F o BB A
Yo _

Y=CO+SO,+NOy

Y=CO+SO,+NOy
+Temperature
+Windspeed

Y=CO+SO,+NOx+0;

—_—

Y=Temperature+RH
+Windspeed-+Visibility

—

Y=CO+SO,+NOy
+Temperature
+Windspeed+Visibility

Y=CO+SO,+NO4+0O5
+Temperature
+Windspeed+Visibility

I
|
|
| b— s e |

| ——
Y=CO+SO,+NO+0O5 |
+Temperature |
+Windspeed I
___________ I

r
Y
ErsatE X (ZRMEE FARME
PM, 5ik B Z L #%)

[

R210de1 (2005-2009)

A 4

B 1.1 77 A2 R

Rzprediction (1 997'2004)




7R SR

AP FR RS LSS BN ¥ BINLAUBRTF AL L 08
% 8 %3 ¥ (Environmental Protection Administration, EPA) > % = %> 5 £ Bl § % 48
B F1+ 2 ¢ & § % & (Central Weather Bureau, CWB) -
211 %45 % FFH

Th %30 1993 £ B 4ek 2 7 § & F & Bl=k(Air Quality Monitoring Station,
AQM) > pmist St e k2 73— Bz F EFER > A BERP FF
AR R A TR F RS RE(E ’11‘ MR L ’11‘ Lizkp 2010 & 7]
cAPEERRE L A P ,] dife o sh B S o B iR B D

b)) 451 £Pxb 6P 2 R RS FIRIE(E Y 1540 5 - dkxk)
A:bH FRIEEP 255 5 - ) E THE B RIE(F L L% ARIEE) o TR
FEFEHERZFAAF R F LEESO) - F PR (CO) 55 (03 2 F
(NO) ~ R iF ek (PMg) 1 2 pia P e R LM B 7 § ST RIHEFE ]

o R EE > A BRI F AR PRECIRN)- F P AR IR Ok
§ ki BRI B (R HE T 0.5ppb o (2)— § 1L ALA T R ¢ I F Zgghi i o
B R TR 3 0 i BRI 1 0.05ppb o (3) 4 F ATtk ¢ I 8 vk ke fid
BILE 3 > E 8RR D 0.5ppb o (4)F F ATk R g Rk s w3
Ja TR o E T RHE L L 0.5ppb o (S)REIFHORIRI TR ¢ R T SR F R E TR Rk
FARKER S RIE > R EEF A AP ET T F Y RS TR Tl s
A ATk BLerR S < o] o B4 PMyo 2 PMaso 1 2 (O)pkd C AT REFE T ER
TRlE A RES & ¢ AR A PRt (TaiwanEPA 2010) ©

ARG AR h F BT Rl E G T3 5o T F ST E Rk & 3 55

BRI FF D) S RARIB(C R 2L A B ) 4
8



1 KRGS 50 AT ) 4T RRA(FL BS ~= & FF)
2 FRI(ESF S HBP) M2 3B PG H T ML) T 3k
ERlzE(EF ~ BAR ~ B )R R hAGRPIEE(R 2 L)X R o8 KT AT o Ve
FATR Y 25 F 5 A4 5 1993-2009 £ & ) pFE R T AL G § 1S ER(SOy) ~ - F
LB(CO)~ 4 5 (03)~ F F 1 # (NO=NO+NO,)4r PM o( % # #4= -] *+ & %+ 10pum
2 R F AR 5 d 3 PMos(% & s o] 2t & 30 2.5um 2 I dok) >t 2005 # {8
W2R LT SRR R TR Bl iE Y 2005-2009 & chdicdy oRLE 2 A2 RN Y
w38 1993-2004 & (A PMys SRR B o jE 1997 £ A 3RZ SR B e & > ? IR 7F
EROLP 0 E G R EFR O LRI 33 S F RIEE AT PMys chE Rl

P oo F1 > 1997-2004 & chdcdp TALY kskFw MIFRE LT E R o

212 §F % FH

-

PAF SR BRI F SRR F SR F TR RBIEE S F
FREBEWRI B RRIERE S RF RETBY 25 BF Rk 3B 2T
I I BRA 2 ARERE G R fof hF BE B2 K4 TR
B2 TR AR FF LI F IR E ESF(TaiwanCWB 2010) -
P g %k &-4Fae A& (Visibility) > 8 & (Temperature) > 4p $17% & (Relative Humidity,
RH) > & i# (Wind Speed) > & # (Wind Direction) > "# & ¥ (Rainfall) % 12 p & § % @
B & ¥u(automated weather observation system, AWOS)i& (7= /| pFif Fp| £ & o it &
B ehpLip] S 30 3 R (1) 4 3B RLRIE R 3 5 A R ek T 2 e (180°)RLR
EEFEES T LR e N ST RS T E L
fv LR BB T 2ehk2 Aok B LR o & DIETELPR g 2 R T 0 12 (2)
BRI DR B AR R P B KSR EE Py LR B 7B 5 # (Tsai, Kuo et al.
2007; Lin, Tai et al. 2010)

Pk E %R TR BN % A S §F 1 Fof B (Data Bank for Atmospheric

Research)B~ i » % 3 4§ PIsbfe T2 Renplah o > AFTLEY 1757 & f 4k
9



Blrbenic LRfef $ FHEFAIT-B 2.1 52§ SFERIEA? & 5 % hiplabor

e iR 0 7 A F R R R ARBIEREITOT § ETERSREEE LA
(F2D) 2 520 P B Lok Ble 3 SRR RBFEEIFR O Sk
oY L F R AR RS S E 2 o A S AR R P L R Rplakd 2R
4ApT e Rl 0 TR o BoAp LT B L BAE % iRl sk RS 0 5 ARBE D
i 40.65 2 1o @ APEERGT 3 IR 5 AR T SRl e 4 F 4k it
0.397 =2 -

PP AREF AT ROF RBEIETAL > TR Y Y L F R R R EEFTR G
1993-2009 & i% p f& fH@LiR T4 g & (Temperature) ~ 48 ¥ /& & (Relative Humidity,
RH) ~ & i# (Wind speed)frie & & (Visibility) o & * 2005-2009 £ irficdy 3 422 =
T Bt w g 1993-2004 & 1 PM, s 3R] E 0 1997-2004 & chdicdy TR Y kSR E T
HAFREZ VT TR ©
22 Bite ¥

TR ILIA > P EF S FERERfr A F A FTRERERGETAG
o SL3h i SASO13 B IFEE A 47 BT AERE R T A s kRS

P24 ) FEw Az = 11T O g

\m

BEPEPZFFLYIoF $FHI T T5%
TR U R TR N F TR P TR o hk e HN 2w B
7 £322 PMys/PMp>1 #cie # % fe o By FAA G 2005-2009 £ fe 1993-2004
£ e Podp e W N aE 2 N ese N 2 Bl o

E* & pIEk 2005-2009 £ 07 F S Ao BT AE S F PR p oD
R & H05 (Mixed Model) » o 35 pt F4 5 £ AT B2 % B BoS R > AT B
Mixed 425 ¢ 1 & * Repeated ' 2 Type=ar(1l), p % §f 2l (first-order autoregressive
errors)dp 4 BT ATER o F 2 - B 57 AL TTRIERIZREEY B

(1) Y=PMys T w 3o 5g Rl 1L & (24995 2 54 ¢

10



PM,. =

PM
PMZ'S B B IERlER T E R RO PM kR BT T w2 PMss
10

¥ IR R Y=
JERE RS 805N (PMLs=PM+CO+NO,+SO; f= PM, s/PM;(=CO+NO+SO,)
Z APPSR ATATRIERZ Y B oo

AEFTRFHERRAT FE 2 ZFHRN(£222) F- i E*RFEFIF &
FERFDZF AR fof RS 2P nuz § 545 T2 it
XL E - B R R BIH(Y=CONOHSOp) 11 2 = X F R fede t 2 X34 P 5
%38 (Y=COANO+SO,+03) A Bl iE = » @ 12 = HoS ciplapfic s AFTF 97 * 773
&Rl RFEWS G R L o RFl LA RRE S SR ES
PR R RO LARF TSRS R EY 2§ ST E RIS
FFALIFIoF R TR L F R Bl LRTRA BE a2 N 2
RGN R b o SRlEE RAE R 1T B¢ L § R BRI Y RBlir L 7
PRl R R F BRI REHSF ST R 0 RP O HRFl Bl 4T R
BlEE o

FEipl AL enw da A = 2005-2009 £ fr 1993-2004 & & ‘e dcdy 227 % 9 PMys k
B B ik §F B05¢ (Regression Model) » vt 0 R B4R B 12 0 S g 105° 10 2 v 485

=

PMos 2. F 5 R o £ 1997 E A% B Feehs B > 2 F 5 ¢ ME RFHhh o> 1Y

2R B EFO LRI b7 S ERIRER AT PMys 8 Rl Flet 0 R i

dpl sk R B MIRR BT R o

11



%21 2§ &FZREAQM)E ¥ & § 4 &k plxk(CWB)2 4p FEFESE

AQM CWB Distance(m)
v % o 2508.7
B Le 2873.2
B oL Bz 8065.9
e ] B s 13790.8
R 354 4385.9
FE p el 1008.5
A 473 1629.8
=i =i 802.8
£ RiB 8038.7
TR ¥ 1542.4
! &3 1391.1
£ % o3 3869.3
i < F 40653.2
{7 % 5 % 8547.4
BE L = ¥ 21757.4
b | PR 11728.1
o = N 396.6
7 i 6582.0

12



22 REHR KA PEZ LG VR b2 FEA

R KR TR AR 1
FEhal i e 7 P 3
(2005-2008) (1997-2004)
" Y=CO+NO\+S0O, 73 4
Y=CO+NO\+SO;
- ) L i 73 4
.. EEFZF &F  +Temperature+Windspeed
5p
J;—_ =R Y=CO+NOx+S0,+03 73 4
. Y=CO+NO+S0,+03
3 . 73 4
+Temperature+Windspeed
£ Y=Temperature+RH
= +Windspeed +Visibility
v Lk RpE 17 4
-
P
* Y=CO+NO\+S0;
= o +Temperature+Windspeed 17 4
LS NN .
] o L +Visibility
L ERRtY Lg%
T . Y=CO+NOx+S0,+0;
Mz st
PO +Temperature+Windspeed 17 4

+Visibility

13



A ZEREEAIS

® FULREEHIS

0 15 30 60
e e Kilometers

Bl21 74 &FEREY L F qhplabpr Rz}
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RRA BT R R 1993-2009 &5 p L SR b foF
FeFALL G T5%M L F H ) pRciE > TS AR A p T iaE ki 2 0N o

FRAY L SRR RN B Rl L AR AL A 3] B
3.1 5 1993-2009 & &z SRl A S e A2 =7 ¥ geE BT Ao L RALGT
AV FERE 1 CO:09-86NO,:18-113>80,:12—11.8>0;:1.3—-389

PM,s5:1.4—13.5PMjp:2.4—11.0 ;8 & :0.5—62> p ¥R AE :0.3—38.6" I it :
06—432; 27 » %\ Pl ek e Oy 5 AR PI R p $R R fok i# 2 f FA g
25%12 b oo taE 2 RN 2o A A £ 38 2 PM, s/PMp>1 ﬂmwﬂf " BI32 2L T &
iRl =k 1997-2009 & PMys/PMig>l # &3 2 405 At > R G 10.02-2.77 > 12
BRI 2.77%3 f A0 e o B F 2005-2009 £ e e F i3 S HE PRI
fod & F R Rk enRE AL RS 2N 0 £ 1826 L HR TR o Lol Kkt

RGN R A F A R 5 (B13.3):CO0.1-77.0  NOy:0.5—18.8 SO, :

0.1—3.8>0;3:02—76.52PMys: 1.7—18.2 > PMjp : 0.3—5.4 » PMys/PMyo : 2.3—
19.0 > ;8 & :0.1—100 > 4%+ A&  0.1—100 > k& : 0.1—100 = B L]k 1 CO ;
ZEZ R0 ApEHIRR ok & ’ff\in O30 BR O AEIRE R # 5 AL
RIFEAVE R ARFBRR R @& 5 H RRIEAER  APFRR R 2 5 BPRIR G
B o Bl AL A 2005-2009 £ 45 £ F A ARE i 25% 00 o haE N ok
4o @ 1993-2004 # & pxk RARRIw AL E TR 2 HN PRI A AT A R
2(B3.4):CO:04—96.7NO:13—13.620;5:0.6—951>S0,:06—17.1>

PM, 5 : 38.7—100 » PMyo : 1.7—14.1 » PM,5/PMjo : 40.3—100 > ;8 & : 0.02—11.0 >
EHRAE 1 203—99.6 0 kiE 1 0.3—96.6 o 4P| CO o O3 5 R Bxk1CO
e O3 F iRz COfr O35 = £ > @ 4 > Ao 4+ L{cfp BRI 055 ¥ 75

15



14 5b 3 SRl chh i 0 i 2w AAN A F ARG 25% 0 TR KA
A504]T VIR w4 E o AP ¥R R ¥ 78 & 1993-2004 & £ Rk ek & 7 oA L ik
& 25% 11 ¢ (%f 7 BB Rl 50 20.3%3% £ At ) RARRITAEEE 2 H G (s
IR 0 T 0 AR AR TR FEF I F ST E R OF R 2
3.2PM,s ik & 135

T2 2005 #10 2REZF ST ERISEG PMys R Rl TR 0 R
L E 2 &F RF 0 20052009 £ #4385 5% PMys P TSk R R G
15.10+£10.19pg/m’ —43.17+18.48ug /m’ > ¥ 305 5% p Tk R B F 5

30.83+19.03pug/m’ —44.62+21.89ug/m’ > &% B TR RS

ﬁ\
2%
b

25.08+14.55ug/m’> —33.16+18.90pg/m’ » #

=}
=

e P li;/k)i‘%"@;

18.61+11.15ug/m’ —22.47+14.52pg/m’ » =

?ﬂt.
I

DT B TR R PR

7.74+4 34pg/m® —22.00£9 21 pg/m’ > % B % &% p T Bk R R A 13.4448.80pg/m’
—55.79426.86pug/m’ > 2 £% 2 &H P TR FH 5 28.47+18.07ug/m’ —
47.16+£22.81pug/m> » H ¢ > PMysr ki p T 3ok F 25 GER A B 4 2005 £ F &

% 5 1 78.87+18.10pg/m’ 11 2 2006 £ £ A 5 5% 0 7.7444.34 pg/m’ o B 1

e

S

n

PRk 220 Rt 3] 15 L & % (Tsai, Kuo etal. 2007) » & & 84 &5 53
frd 2. PMys ik & & (Yu 2010) -
3.3PM,s/PM g ik B B35

AF YRR L PRIEHOR R P 2 2 A KR 0 A PMys/PM o ¥ AL
% Rk PMys fe PMyo s 2k i 5 PMos/PMyo b % P (>0.6) » 4 & e ki 5 =
R A PER TR 0 @ v MPE > R F ER 5 - S AR R R R
E A4 T3 Bl 4 102 — B 1 5 B0 (Akyuz and Cabuk 2009)- 8] 3.5 12 £ %
Bl(Box Plot)*t7+ 2005-2009 > ® & 7 # & F & Blx PMys/PMyg 3t enp Lot g

o) R EF %D &FE RIF > A3 5% PMas/PMo b T35 B4 &

16



0.40+0.10—0.75+0.11 » ¥ 3873 5% p T35 @4 K 5 0.50+0.14—0.74+£0.09 > © %
ZEFPTEEFERFE 0504£0.12—0.65£0.12 > T2 &S H P LI EERG
0.40+0.15—0.55£0.16 » =k % 5% P Tt & F 5 0.40£0.15—0.67+0.12 » F &
AR T EEF L 0472012073011 > 2 E8 Z 5% P T EHFERF G
0.45+0.11—0.67+0.13 - @ 3.6 12 £ B #777 2005-2009 > Mz § & F & #l =t
PM,s/PMg Foftend & T 3o 45 0 0 5 0.5540.06—0.57+0.07 o 4+ & % 27 4+
5  F 2006-2008 1 PM, s/PM o bt & 5 [ 5 0.50+£0.09—0.56+0.14 7 5 & % 4p
i17(Yu 2010) » B 3.7 12 £ B #77F 2005-2009 > W% § & & ]k PMos/PM o L
g ) T A, e T E(R ) v S0 s AT T g S 0.5540.08—
0.574#0.07 » % F(+ =% ~— F ~ 2 3 )1 Tt g 5 0.57+0.06—0.60+0.06 °
PM,s/PMjp s E &% ZTP5 B chlicle > R £ RlicE E M F & ahgd
17 (Akyuz and Cabuk 2009) - ] 3.8 2 £ % Bl #777 2005-2009 > W 3 # & F & Bk
PM, 5/PM o 5 4L i BBl sb 5 4 en T 3ot (8 0 — 4plab T3t g 4 0.5720.13 0 23
BRI B L 0.56+0.09 0 1 E RT3 B 5 0.5540.12 0 F Fple-T i B G
0.52+0.14 > 2 Flp|sbT 3t & 5 0.61£0.17 » H 8 plab-T 3ol & 5 0.62+0.14 % 7
Fit R PpR EF P PMys/PM g EF R A E 3 B F L R A2 B3
$c > 7 ANOVA(Analysis of Variance):& {7 Scheffe ¥ {s & T .8 % T 310 T 2 45% :
BRI R H G Rk > — ARGPI R AR > 1 E Rl > FplsE o e P2
fr1 Eplebz R F LR - KB 3.9 #77F 2005-2009 > R % § & & i#l=k

PM, s/PM o F 4L 4 dcchg A vt A B 257 5 41 5 F fi 4 1 (Lall, Kendall et al. 2004;

Yu 2010) > @ PM,s/PMjg+t & % 0.5—0.6 BF

~=\
-Q\-
‘3\1\

SR A (29.7%—26.5%)
34PM,s 82 %75 2_4p B 1+

J$.1993-2009 # 4 == % 5 F SHFE RT3 0 AP 0 B Lo FRF) ey
A 47 > 11 Pearson 4p B % #cdF 31 PMys &2 PM,s/PMg b (B 4 %] 87 & 58 2. fF crjp B

B drd 3287 04 B SRR PMys - F R - F R §F i pfel
17



E W 4471*'3 BEFDIAPMME > - BRI PM,ys 82 - & IV Er R g 2 4p M
P(r=0.17) > @ &P » Lotk Bl 3 3 SRl 8 L5 TR M2 49 B 2 (r=0.28
—0.39) g+ * S PMps R & > b EoApSHBAR G R F IR F AN ¢
% ok PRIFE R iR 3 PMys s < (1=-0.3) > @ B Lotk LRl b R R B9
PM,s & 38 2. 4p B $4(r=-0.5) -

o LR B PMos & A F e f AP B2 (r=-0.48 — -0.64)> & — F @k § §
PRERY REF AL AR EE-040 — -0.56 for=-0.37 — -0.51)> 27 § it gr»
SEZFARPRAS TRMAPMIE S BP UF AL RORFIRERLRE T F
%44 (CO :1=-0.56 > NOx : r=-0.51)F 33 R enf ML §F %2 3ns » 44
BRlE? A REERIR I IREF O ARE > BARFIRR LR AP M ALCE
BRI hic LR S APERR TR APM) © A9 M A7 1 4p 0 PMas » PMyp > & §
ZF Y g5 v R AR EIREF P M 4 (Huang, Tan et al. 2009) > @ ¢ %
GRFRFATHEL LRGP LA F RS R REA TR ES PN LR R
AP R o ARSI A P & R 4p M (Tsai 2005; Tsai, Kuo et al. 2007) = — ¥ i g fr
FEP 4B SR RERG R DIPHIE(>0.7) F i A2 hE RN
PR € & R0 R0 e b Ol 2 Rl B2 B R B AR M ALE B P
WEF g FIA A » AT > B SR A B R FRO bl f BE
€F AR s TSR RREOEELA L AT Wk FREF
2R TSI BN 0 BRI BRI AP e A 3 R

Z_ f%$# (Chong Ho Yu 2000) -
35 A ATRIFRLBRAY B
B ARTTRAFRIZERE Y B0 (1)Y=PMys 4 2 Q)15 2 50

PM, .

PM 25 = PM
10

xPM,,

18
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10

PM, 5/PMg=CO+NO,+S0,)2_ B 4% % i 4T R FERI2. Y & o 425/ 1997 & B 45
$ PMos BRI BT BEF EFERE(GRE ~ZF ~ P ~ i B F
FEIR] 0 1997-2009 & PM,s chp T 390k B 4 6 12 & J¢ Bl(Box Plot) & 7 ¥t fit 1 o i
Bt 2 N e # e R2 B 7 (% 3.3) 0 Y=PMys/PM o (R%modet 7 RZprediction 2
ul % 0.78—0.90 4 0.35—0.71) > £ Y=PMy.5(R’model 7= R?prediction 2 4] % 0.77—10.90
2 0.37—0.70) *rE R LI R MIZ AT FALEY W ED N ME KT
w2 8 5p| e PMyofe TSP &% & 4} PMys/PMyg » PM,s/TSP 4p B e 4258 % 1 p]i6 4
PM, 5 ef#35(R?=0.43) (Lall, Kendall et al. 2004)e PM, s/PM g}t & % ficd # T 5k %
SRS F AR Y - BERRHE Aot B BREA R F TR R
;VPpF B b ez % 2 (Lall, Kendall et al. 2004; Yu and Wang 2010) © *# 3
PM, s/PMig ik & A T & % fu 4 @ (B 3.9) > F]pb r2 3e3t iR & #1258 (Mixed Model) #-
TRRIE Y=PMys/PM o & * 3t 00T 2 e g coficst ¢ o F R IERIE R R EE R
PMgik B B 18 3| v 422 PM,sik B & o+t $2.2005-2009 & 37 ;B 22§ % 8 B« PM,s
&5 R R 2 R AR 0.7 10 b Sjp B 519972004 £ B B A
= FRIEEAE R O AR B (R prediction=0.35—0.37)» H &Rip| sk AR B 10 % 7 E 0.6
b 2 EREE R LRI S TR 2 R 2 Pl R o
36 W2 BEILR

TEHHE L 2 R % RRlskSrak X S PMys AR (IR B TR kR i
CEHES R - ETREFIFESTEREOTREINN > F oL E
LT R RRHATREES S P EY 2 FETEREY L F 2k
Blebd B H R 2 N o % R 8§58 (Mixed Model)i2 = #7538 £ 3 i8] 91 PMys
ZwiiE o B iR ﬁr’?ﬁf_’;‘ (Regression Model)z. R? f& v ¥ w 2 3F B PMys B

e i; B oo AT ﬁt;\: ¢ 1{zmodel 4["7’ Rzprediction o E"J )/é' ﬁ;%§ ‘%‘J‘ 2005-2009 & 14 2
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1997-2004 & 8 ¥ £ p| @ 2 IE R @ fud > N BB RP @ o
361 - WX BFEFIFESTERE

EEF AP FTALE PMys/PM o bt BaE 2 e R S 50 X544 5 %R
(PM,.5/PM(=CO+NO+SO0,) 11 % — =75 S frbe + = 5 A4 5 %70
(PM, s/PM (=CO+NO+SOp+03) % 4 B3x = » 3 & A 4e » F % FTALGE & kot g o
B3 10 PMy.s/PMg=CO+NOx+SO;
5% 2 1 PMy.s/PMg=CO+NOx+SO,+Temperature+Windspeed

£ 3 &Rl 20052009 £ B 2 4050 2 % o % Aol 3,10 AR 0 B LRI

100+ B P RIER P 0 G LRI AR R KR R R ok i 8 T T

~>m

7 2005-2009 # 4% & | 41t FRE iE 25904 b o aE 2N G AR B2 (M
LRl e 2 L ol 2 0 Ll S 280) 5 YU 2 ERIRR & 0 3
LRl sk 3E 0 R R NE R ok o BT A A A0 B 100% 0 T
hiE 2 R 2 PR PR U] 0 TR G de B ek aE 2 R D R e B
FEY RB2RZFSTERPE A5 B30 » LRl ad BHGH
FORET Oy 112 48 B (R n0qe=0.32—0.38) » @ B ¥Rl X § 2§ 544 5 #AM
A0 R (R poger=0.4) » T2 Bte » §F % FALEARBE 125 32 SR % (R%1000=0.6)
Hepy SRl R - 5§ 73445 5 9005 (R 0000=0.64—0.91)fr e » § %
B 115 TR 2(R7moaer=0.74 — 0.92)% 3 H-7% c4p B L3R 1 F © 3 5 A 4 0
PMs/PMig 2 #2884 B30 5 %052 > URMNHR A §F 20T R FH 4P
Moo
B 3 1 PMy.s/PMg=CO+NO+SO,+0;
¥iN 40 PM, 5/PMj=CO+NOx+SO,+0O3+Temperature+Windspeed

22 Rl RN 1 oot 2 40 2 O 8 143 2005-2009 # i 2 fN 2 A
B % Ao 302 B 0 2 E e g Liplab O3 R0 T A 2005-2000 4 % F A

IR 25% 00 b ok 2N 3 T A L A W] 5 339 {05730 F FALA B2 A ¢
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BN AR FRTAS AT A SRR 1 RN 2 - R b
R ] FR o R e TR LRI 4 9 Reger B4
rEE CBO3RAL N MO RBI2RAT F ST ERRE DGV E % (B 3.13)
OORRlER fd BRSSP 0 SRBTR O 2 AR B (R m0ae=0.33 —0.40) o & F Rl et
RS RfolS 1o R 2 - B % 25544 5 @AM R L
(Romoder=0.4) > 4 » § % FAL S AR M ALF 322 60T % (RO noaer=0.6) 5 B 48 % 5-ipl oh 38
Po KRR ARt 2 HF A R 3(Rnede=0.64— 0.9 1) frde » F d i 15
RN AR 0ae=0.74 — 0.92)2F = HE5% chip B 1% FF o g4 H ARl 11 Pearson
A0 B TR BeAF 3 PMos/PMo bt B2 & I8 2 P cnfp B (P45 2) » B 5B
PM, s/PMjo +* 827 CO v NO #8 % 3% P42 i 4p B 12.(r=0.003—0.111) » ¥ 11 % § i3
AP HY R PMys A FT20 7 < 5 BF RIS R R ZH > Sh@#
$IEE R SAPBAE(=-0.347) 0 B~ F R AEE kA T H PMys 2 B8
R 2 BT F &FE R PRI RIF 42 2 550 1 #5342 Ap i
B0 L BIRE 2R AR ERER  8 LR 1 (ROnoae=0.32—0.40) > 4 % 4o F]
3.14— B 3.17> - iRl 3k 1 R moget # B 5 0.40—0.92; % 3 i) b 91 RPppouer 5 B 5 0.79
—0.89 5 1 E =k F Ronoga # B 5 0.71—0.89 5 # B 91 R pnoaet # B 5 0.70—0.92
2 FlR] 2k 9 Ronodel $5 1 5 0.84—0.91 5 3 4 ip] 2k 5 R2poge 5 B 5 0.85—0.91 5 7
FrbE 2 2 AP R Rl B BT G B F L B F N2 B s
17 » ANOVA(Analysis of Variance):& {7 Scheffe ¥ {6 & T % % 5 | PlzbF 3t

RN AR EE2 LB
362 ¥ RN ¢ L F % AR

B3 5 ¢ PMy.s/PM, o= Temperature+RH+Windspeed+Visibility
Er 0 dF gk Rl F %0 G foi LR TR 2 0 KR PMps 2 B
2 2 N 20 Rinodel 55 % 3877 (] 3.18) & K i) 3k B3N ¥ BEom 8 12 4R BE 12

(R2modei=0.21) » H &% Fipl=h P B I 2 45 2 49 B 14(0.77—0.91) = ¥ ¢ » iz BHN 5
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2 %38 3F 2 ¥ Y=PM,s & (7w 830 B 2. H7% (PMys =
Temperature+RH+Windspeed+Visibility) > #8314 2.7 8 12 § % ik i foie L& Filed
B8 it TR PMys 20 1535 0 22 2 558 cndp B R & .5 % %7 () 3.19) » 3t 43R
Rl (S K T ML B )R R3S B s P e s R E IR
i 15 A5 (R mode=0.24 — 0.44) » H 47 Z ]k B30 ¢ % 2 35 (R noger=0.49 —
0.73) > RiB* § fif 4o LR T PMys2 ARBE ML 1< > 2 5 » TR % ch PM
Tk > 12 PMys/PMjg vt B 607 38w 3 PMos o fe 4p 0 eP%7 3 M % > Vajanapoom, Shy
etal. (2001)4p 138 * 50 LR M2 FIRAPFRR B F R RE S 2w RS ERIRF

Bk PMyo 22 2548 B 1 R?=0.51 -

363 ¥ RFFTF FE LR L F % hR
FINWRAEY I EFEREDEFAAF I RFHLE LT b

Blebeniy LR T A BEH F 2 N 0 2 2 N Pl i e 3 SRl R S
17 %7 & 5 % hiplzk o
W6 PM; 5/PMj=CO+NOx+SO,+Temperature+Windspeed+Visibility
B34 7 1 PMy.s/PMg=CO+NOx+SO»+03+Temperature+ Windspeed+Visibility

2 7 2P| EEAY 2005-2000 & oA aE 2 B0 20 % ok R 4B 3.20 B 0 B L
Bl aaE 20 6ot T en TR Ll 5 289 @ 5 BRIk faE 2 R0 6 fricst
TEnFOR S dea W) 5 819 e 8120 faE = RN b ERARG TG K2 A e B
FE 2l R(R32D) 0 o ARlek 3 B Y — 3T k2 Ap B2
(R%m0dei=0.36 —0.39) » H &p| sk A i = B3N 6 Bzt 7 4B 42 A %] % R poge=0.78 —
0.91 v R%10de=0.78 —0.92 = 4-%F % & ip|=k » 12 Pearson 4p B % #cdE 24 PM,s/PMyq
OB R R 2 e ML AR 3) 0 B R BT PMos/PM 0t B E F S AP E
Wity 2 T APRE 12 (r=0.11—022) » & % ix 25 TR M2 f AR 12(=-0.12 —
-0.25) > FH T PMys 2§22 % o 3 AT IS H A AE REF 2§ 5450

FOROUEE SRS 2 FNIERIN LR A 0 0 p T 3o T3 R E 2 LR
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B AP B A WG 046 fr 0.51 5 £ o A3 F & FHGNTRRIBHRSE R P KR
e 4218 % 7] % ¥ g 122 (Tsai, Kuo et al. 2007) -
37 W HEFBLEF VR

41997 E B 4G PMos F2 2 RIEDS B2 SR (T % ~Z2 £~ &P -

B~ HRFE 7 & B8 TR w4 & chgk 0 v 4R 19972004 E PMys 7F B B8 F

=

Pl ETSRER Iy S ok 3497 o2 ERIHANN 1 EY - X2 §774F
SWIE RN SREAAP ML S (R prediction=0.35) » BE X 4e » O %
1S (HER 3)F # 4 B E (R prediction=0.55) * 2 £7 ¥ kBB H N HF R LT §
48 & > TR RG]0 N et 7 0 = £ R0k 3 5 3T 2005-2009
FE R F A L 100%(B) 3.3) FlMtE R4~ F R iEE R FEREG 0 F
o BE AFT AR LR LR EfREL S AT o
B4 Bz Rz % LP B LR E]) R L AR M ARG i 0.6 X o
14 g PR AR 6 BN T (R prediction=0.72) 5 TR R 45 et 13 b % 5 SEBL & R EHE
et - X555 AP (HN )5 B8 2 it fjfa? % IR 4F endp B
Moo fde s FOREEEOHG 2308 0 ¢ 2 B L P ORISR R 0 Lok FlR
HenF R B F 54 F(CONO, SO ¢ TR F e Ak (£ 3.2) > @
BRI S AR - BER TR o b SR BEE L F 5 A
Jk & e *% (Akyuz and Cabuk 2009) > FJpt 102 5 5 44 5 A L 4e 2 F I L H
WPV RS o) 0 ARG AR 6 G B A ) A 2 5F
Al F (B 30 B HAp M LT 2 B ¥ ohH 4o > 1 Pearson A4p B % Bi( %
3.2)4F 31 PMays/PMyo vt B 22 5 % %38 "‘$ TR FIR R BE T BE O R M2 4P B HE(=0.1)>
Ll BARE R FLAPMNM > LF H0w g PMos 25§84 2 & o ¥ b5 3
TRAMKALY > FAEY PMyoo st LR R CAAMBRRNMNZE L BEEF RIFER
>SS (HESS S)A T RBE 21 R4 4D B (R predioion=0.66 —0.71); #4735 2 fe 3¢

4 4wl A gg BB TR (B 60 B TSR FERC L F A F 13 4v > 14 Pearson 4p
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B T dk(& 3.2)3F 31 PMos/PM o bt B & it 5L R 38 2 BPARRE 4L > & P iplskqoh Liip
HERAEFZAMM > B oo R RIS ARFIRI IR E A F L2 [ ApRE
(=-0.11 — -0.24)

I3k ﬁ'ﬁ? H 5% (Regression Model)3+ & 2 {5V g Rl B F 2§ pliEz Faus> 2
3% % (RMSE, Root Mean Square Error) » % % &7 (% 3.5)% B Rz A & 558 Y o
RMSE #& & % 3#i (i (RMSE=7.05—7.24) 025 » @ j Loplsb B & IL$0 B
(RMSE=15.02— 15.72) i i o ik 3 55 5 @ 38 % i [ 055 77 i8] e PMyo 2 5%
#% RMSE & 7 5.24—9.85(Beelen, Hoek et al. 2009) » % PM,s 2. RMSE & 3 0.55
—0.68(Nacher, Pearce et al. 2009) > *# 3 F k& 935 o

AnF AT HISEH B REY PM o M E 25 R 5 of RixitE
> SRRV TER A LR 21525 0 4P M+ r=0.47 —0.77(Tsai, Kuo et al. 2007) » £ §_i&
P PMys R F SRS feF GO R 2 GRS RIE LR 2 AP ML R
i 0.61(Lin, Tai et al. 2010) » ¥ ¢} > 3& * v & » = = {»(Sulfate » EC)JZ 2 PM;ofr
FoiE i aE 2 SR TR i R 2035 0 r=0.89(Tsai and Cheng 1999; Cheng and
Tsai 2000) > 2 F3& # it § o = = (> (Sulfate > EC))4 2 PMysfog % if i:E = S5k i
TR R R 2035 1=0.88(Lee, Yuan et al. 2005) o d 1 F T T Ao E* O
ek ZF A4 fof Rir2 2 BT IR LR Z A Flt o A TER

" B A ’;r; B iE { 4e b El}i Lz = Ho50 l??&]‘?"#&PMzs’ ’Tsigﬁ"
8 WY 2 %
381 Mgk thF A Y e = N
iﬁﬁﬁﬂﬁ{@%éﬂ%%kﬁ?ﬁi&iﬁ*#*’gﬁﬁ%m%i%
ES RS PR T S SR s STRY SR
PM; 5/PMp=CO+NO4+SO>, ’fl"ﬁ:i\: 3 PM; s/PM;;=CO+NO,+SO,+03 4 =] * iz >

foR BN hT AL S B B 5 1151 o 11145 % B (& 3.6) it = 5
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(R%1n0ei=0.75 —0.90) {5k 7 5% (R prediction=0.60 — 0.73)_F #1 & I 2 43 2 4p b 12 23
FEFARR TR LFE RN LR EEFDI oo
3.82 111 T a2 giciEiE > BN

AW ORI g LRI TEOT R RS S RN F SRS
PM,s/PMjg vt B (5 & B~ PMosfrPMg 2 * L3215 £ 4p )27 T odcypdE 2
TP A2 Z b TR BB AR PR ) HIEFHI G T5%M T ¥ hp T35
Beig o TIDEBEE T T3E o U 1 EHN 3 kG2 N B RER 2P
B (% 3.7)4 8] 5 Ripode=0.69-0.91 v R prediction=0.34—0.64 » }* %= % Fgm &% p T
o kSRS B I 2 4 B (R prediction=0.66 — 0.71)

- EH P TIOF AL 2 G AR PMys A R R R R 0 k4
T5% 0 T Pelg I A BB B0 T ih, T yh, E T indol fa(4 3.8) 1 Tis
2005-2009 & w3 & 22 v B P 4p B 12 R*=0.68—0.91 > 1997-2004  4p B |32
R*=0.53—0.67 » £ B 38 % 7 TIOFH ke = H0 i S 4p 0t o 22 2 N ehik A
ERApenfp L AR AE Y p BTS2 HGVE ) TE2
FHF FIHEILs e T Er s puEEEGC Y 040 250) (6
B70 58 ) feEOQE 5108 S 11 B)U R X E(2 0 518 52 )i F L,
By TnR A R s F b BT g M i K £
B Rk 0 19972004 ESBEFTREE S 25 L8 LR T AN R 2
ERITIEEE A R AR R IV S TE 5 o
39 FEE R v _IER PMys B2 33

B - B A - B R S A AT s B r Oy RAF LR
FoRiEE AR T A E DR e o FI RSN TR M 2 R
T ROTROCBIEPER T -G AFET AT RF AT LRI REY PM

AR OCEROCAHRENMNERERF RiFEE Jf\p\»/»\ﬂ}fr)]h‘:—p 43 i
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FRB I T R R R H BRI AR SRR L
S F S S RFH P PMys R B WAL HES 1] LB -
39.1 % F2 &

iE* 2005-2009 & FedpiE = #0501 PMys/PMjp= CO+SO,+NOy v PM, s/PM o=
Temperature+tRH+Windspeed+Visibility #7+ w 32 ¢ /f] 1993-2009 7 PM, 5 & 95% 13
W% P22 1997-2009 F %% £ B PMys B E T390k B v i85 B - £ %+ 2 3 5
=t > 2005-2009 & (] 3.22 > B 3.23)%* ki = i3 e B P PMys B 22w 48 77 )

% IRAR 02 AR E o 1997-2004 & w A IER G P > H5N 1(B] 3.24)F % £ B2 PMys

\m

A A IERIZ PMys ik R BRI o0t 6] 5 77.39% 0 F % £ B PMys B %+ R
PM, 5 (& e i3 v* ] 5 8.88% » TR ip|eF1 PMys (& % 2 F % £ iB] PMys 0@ i3 v 0] 5
13.73%; @ $o57% S(W) 3.25)% % £ Rl PMys & 4 >0 3Rl PMysik & f B
Bl 5 79.15% » %8B PMys &8 >R PMys e i vt 6] 5 11.29% » f iR eh
PM,s &+ 30§ % £ B PMys 60 fo v 0] & 9.56% 5 F %% £ iR PMyps (8 < 384 f 3¢
TR PMys ik R RIP > 8 F P lcenlicE g RO B A MG A T hp s
B Lot BRI = 4540050 1 22 550 5385 1997-2004 # § » 8 pl 2 w $1 30 0] e
PMosik & & > S8 B # vt B % (s 5)7 5 N R E RIS PMys B+ < 304 i 30
RO PMys R RFFIN - FF P lHcenlicE § TR 5 & KK DA o

R w AR 1993-2009 # hx W F & F K Rl PMys & 0 14 Box plots
FHEE RETIESERABE R > H5Y 1(B) 3.26)% da 3R R e PMys & T 3518 j£_1993
£ 51 2ug/m’ & & 7 % 12009 £ 133 4pg/m’ s Ko 5(8) 3.27)w 4258 8] e PMy s &
T yaiE 1993 £ 42.3pg/m’ iE E T 5% 3 2009 # 0 30.0ug/m’ > A B Arw i TE

BN PMys ik B B "'"3" WETE B o
392 kAR B2 FH

& p PMys ik B 42 35ug/m’ 11 2 65ug/m’ dt GIERE T T B ¥ B T ¥
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AT 5 A gl e d e B4 (Y 2010) o BERY 1 B RS S e
1997-2004 & 3g;pl2 § % £ pl2 & P PMys ik B 428 35ug/m’ 11 % 65ug/m’ chp A
Wk e w5 B 328 fr Rl 3.29 5 R B ®ihl L 2 ARFIRI R R AT E
35ug/m’ 11 A 65ug/m’ v A ERE 6 A B SRR R S 5 SR eE § ST
WoB A RO E B (Yu 2010) o 3ER| 2 9 R Bl2 & p PMys ik B 428 35ug/m’ 0
AR AT BRI R D 25%—39%8F 0 B LRl 0.1%—0.9%% K F p
PM, 5 ik B A2 i 65ug/m’ ehdp £ F A 0t 15 B sk B 1 258%—450% 5% > Hh )
Bk 1.6% — 15% 8 14 o

ORI IR ER R AR FERIEY AP B2 3 R R 1 &
BEFU S erde B 1997-2004 = GF R 2§ 2 R Rl & B PMys ik B A2 35pg/m’ 14 &
65ug/m’ MU B 0 R IE M (RIAM > HE B2 M B4 (3.9 £ 3.10): ()FER A
(Sensitivity) : | #4238 35ug/m’ 12 2 65ug/m’ @ F R B AZiE 35ug/m’ 11 %
65ug/m’ ; (2)4% £ & (Specificity) : 6 ip| Ei2 § 4248 35ug/m’ 12 2 65ug/m’ @ § %= £
BIE» L3 AL 35ug/m’ 12 % 65ug/m’ 5 (3)1% 14 14 (False negative) : 3§ ip| 42 i
35ug/m’ 12 % 65ug/m’ @ F BBl E2 5 AL 35ug/m’ 11 2 65ug/m’ ; (4) % 1B
(False positive) : Ffip|EiX § 4218 35ug/m’ M 2 65ug/m’ A F 2R P AraAg i
35ug/m’ 11 2 65ug/im’ ;@ AP ArE BB kA T IR A b o At
E T e B PRk AR EATYE 65ug/m’ A P B R B e A2iE 65ug/m’ Gk B
ERPIF AR R EF 769%—933% 0 3 2FanTiik o F 2 0 IR EAE
35ug/m’ @ B RIE S AT 3Sug/m’ AR B M 2 25 70.4%—76.3% &
IR A A2 B 65ug/m’ fr 35ug/m’ @ F % F R E Y A AL 65ug/m’ fr 35ug/m’ g

BRH L 0% o 3R B & Pl o iR FLR b R A28 3Spg/m’

A\

AR R B ATE 35ug/m’ A F R T e S0 R IR AR R 2 5 89% —90.6%
F A ATRER Lk 5 A F E R EALE 65ug/m’ ch TR L Bk 5 0 FERIE Y AQE
65ug/m’ RS FALE BoAp vt Bt 0 BRI SR B B % 64.3%—70.9% 5 ATE
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Bl & % A8 65ug/m’ fo 35ug/m’ @ F % B Rl E Y X AT 65ug/m’ o 35ug/m’ chir B

BA AR 80% L
SRR RI T PMps kR A a8 - BN 12 S5 aG
1997-2004 & g ip 22 9 % B pl2 5 p PMysik & & % 15pg/m’ —65pg/m’ # B R >
Sug/m’ w0k B B IR 0 Bac R A (Sensitivity) 2 2 3% B & (Specificity)2. 7 4p % i 2
B e BEGRETREASFRE AT R HEAZ T oakiE > d B 3.30
feB 331 7 5 4 > F F Rl & SSpg/m’ o % PRl skt S0pg/m’ —55pg/m’ A ] g
WHRER R > A MER DFFRT anEE ek RE > PN R BT F R LB
FlRl =k e 25ng/m —301,Lg/m3 FRFIRTGERE . ABERDEIRT F A 3 LT
itk o HHI PR RN FPHET ARG ITRESE -
393 4% 3 el & FH%RAE
PP RN 12BN 5 4 wde i 1997-2004  (§] 3.327 §) 3.33)#7 2005-2009 # (i

B 6 W T)R S B Row TR e PMys (F3E B B (2] o 4] 3.32 {1 333 7

F M w IR 0 PMys & 2>120pg/m’ B ¢ § A EehiE > B BN 1

PM, 5/PM;=CO+NO,+SO, #73& fz c51 PM, s/PMjo }t & 3k + F 2 £ | PM;( & PF >
PM % #8F >200pg/m’ 2 17 5 NO, %38 t5 % & & 7 ek § = *> 100ppb ik &
0 @ g Lotk Rl SO, BT 4 5 < 2 10ppb 11 Gk B & 0 il F 2 e
R B A G FRlEE v HIFR) G PMys B4 >120pg/m’ sl o BN S
PM, 5/PM;¢=Temperature+RH+Windspeed+Visibility #74& iz 77 PM,s/PMjo V* {8 3k *
R R PMg BPF - PMyg % 8- H 5 >200pg/m’® 2- 35 3 RH %78 & & % 58
b e h % 80%enlF A 0 @ AL LR T MR NEE RS HORIE & ¢03 4o (Lin, Tai et
al. 2010) » it &L & 35 & FRE ] 3 Skm A 0 i FlF @ A L 3 KR v AF
Bl PMys B4 >120pg/m’ sl 5 Flpt #g s 3 & PMys ik B B4 Gl
EH o

ks B B TR R PMas B 15 (F 3.11) > + B BIEFR R PMys B8 F "RRE B
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1AM AL} BT ) e o 2 2 R D R e L0.78 %2 2 0.820 S HER 9 Rprecicion
S H070 4 2 0.71-0.72 0 4545 & RI=bBE AN G ROV 0T g i % 4RA
FCPliel > FIN T PR F B PMys R BRI A L g Lok
Flpl=bAp bR 1202 5 B ¥ cd = o
310 £ L2 F3
R F BRI LR BAL LRI ST LT R F L R
2 i §F iy £ P o Bt 0 18 F i jF 405N (Regression Model) # 3 £ #080R
%]+ » VIF(variance inflation factor)i& (7 #& 8] » 40 % VIF>10 » & & & B 898 At i
¢ T & A4 A2 K 4E(Vajanapoom, Shy et al. 2001) o % 3.12 B & HoR 2
PMys > PMys/PMg &2 %38 ¥ VIF>10 chip|ak » B ¢ 25 plab @t Afop|=b 7 i & 4 oh

S AUPLRAL § PRI F R T H RS it fF Gt 2 TRl L P
3.11 PM,5/PM 0 2 1 #cdF &

F* 50 1:PMys/PMg=CO+NO+SO, R R 2 B ih7 7 &1 & B2k PMas/PMyo
2. Th il % 4o 3.34 0 CO &2 PMps/PMyg 3R 2 SRt AR BE > r A 38 2 5% AT L iR 2
4 3 4c Ippm E =% PMys/PM o+t 65 4e 0.7 BB+ : NOy 22 CO % 3 2 45 2_4p
Ml P A2 2 EMPRFEE S EREGEI e 23§ 2177 SO, et
RRAEUPEL A > AL Vit RT3 253, 0 ¥ 2 Plsk PMys/PM i
BEF L APM 2
¥ ;¢ 5 1 PM,.s/PMjp=Temperature+RH+Windspeed+Visibility 18 # 7 r‘%’fﬁ‘r = B
# PMys/PMyg 2 T2 dicis % 4o @] 3.35 > § B ZAp R R H & Blxk PMys/PM, o 82 58
B AARM A b E IR LR 2 PMys/PMg 3R E R FARRE 5 @
i &2 PMos/PMio 58 2 0 f 40 B » % 4 e 1km B % PMos/PM, vt 3 T % i
BE AIERIRIFMEPMoip BT 1 P /D APEIBR D T B F IR RE

7% (Vajanapoom, Shy et al. 2001) ; #p /R R 3T 3Rl L R hp A= 7 °» A& & 38
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2= (% 3.7) > i Frph B (Sulfate) ¥t i L BB AERE PP B AR E K ehE &

(Cheng and Tsai 2000; Lee, Yuan et al. 2005)
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4% 3.2 + % Bz PMys 0 PMos/PM o &7 & % 38 2. Pearson #4p b % #ic(1/4)

v

Variables PM,5s PM,s/PMjo CO SO, NOy O3 Temperature  Visibility =~ Windspeed RH
PM, s 1 0.461%* 0.389* 0.165%* 0.332%* 0.320%* -0.096* -0.476%* -0.276* -0.228*
PM, s/PM;, 1 0.170% 0.098* 0.106* 0.055 0.001 -0.243* -0.168* 0.190*
CcO 1 0.206* 0.916* -0.320* -0.007 -0.409* -0.635* 0.204*
SO, 1 0.191%* -0.017 0.009 -0.128%* -0.098* -0.066
NOy 1 -0.366* -0.146* -0.374%* -0.644* 0.205%*
0; 1 0.012 -0.031 0.192%* -0.390*
Temperature 1 0.373* -0.159* -0.214%*
Visibility 1 0.273%* -0.467*
Windspeed 1 -0.135%*
RH 1

Notes *p<0.0001
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% 3.2 %P RlsE PMys 0 PM,s/PMyg ¥7 & %38 2_ Pearson 4p B % #c(2/4)

& p

Variables PM; 5 PM, 5/PM; CO SO, NO, 05 Temperature Visibility Windspeed RH
PM, s 1 0.202%* 0.517%* 0.565% 0.495% 0.393* -0.124* -0.538* -0.338* -0.299*
PM, s/PMj, 1 -0.116%  -0.124*  -0.159* -0.014 0.022 -0.001 -0.049 0.199*
CO 1 0.565* 0.900* -0.077* -0.128* -0.442% -0.514%* -0.076
SO, 1 0.559* 0.197* -0.025 -0.330* -0.340* -0.386*
NOy 1 -0.153* -0.277* -0.436* -0.482%* -0.084
0; 1 0.208* -0.081* -0.027 -0.367*
Temperature 1 0.255%* -0.307* 0.070
Visibility 1 0.266* -0.293*
Windspeed 1 -0.107*
RH 1

Notes *p<0.0001
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% 3.2 B Liplsk PMys 0 PMps/PMyo &2 & %38 2. Pearson 4p B % #c(3/4)

B
Variables PM; 5 PM, 5/PM;g CO SO, NO, O3 Temperature Visibility Windspeed RH
PM, s 1 0.262* 0.482%* 0.479%* 0.528%* 0.281%* -0.467* -0.615* -0.140* -0.315%
PM, s/PMj, 1 -0.029 -0.159* -0.145* 0.003 0.081%* 0.041 -0.149* -0.031
CO 1 0.550%* 0.683* -0.001 -0.379* -0.400* -0.479%* -0.182*
SO, 1 0.820%* -0.157* -0.561* -0.349* -0.033 -0.243*
NOy 1 -0.210* -0.673* -0.491* -0.173* -0.204*
0; 1 0.134%* -0.308* -0.109* -0.270*
Temperature 1 0.530%* -0.086* 0.165%*
Visibility 1 0.089* -0.058
Windspeed 1 0.103*
RH 1

Notes *p<0.0001
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# 3.2 kBBl 2 PMos 0 PMys/PM o 22 % %38 2. Pearson 4p B % #i(4/4)

R

Variables PM, 5 PM, 5/PM;g CO SO, NO, O3 Temperature Visibility Windspeed RH
PM, s 1 0.421%* 0.688%* 0.530%* 0.605%* 0.345%* -0.529%* -0.637* -0.208* -0.436*
PM, s/PMj, 1 0.143* 0.056 0.060 0.100%* -0.037 -0.114* -0.189%* -0.239*
CcoO 1 0.727* 0.789* 0.025 -0.669* -0.561* -0.253* -0.369*
SO, 1 0.852* -0.126* -0.681* -0.401* -0.019 -0.372%*
NOy 1 -0.189* -0.778* -0.512* -0.082* -0.327*
0; 1 0.083* -0.379* -0.148* -0.154*
Temperature 1 0.527* 0.071* 0.413*
Visibility 1 0.155% 0.115%*
Windspeed 1 0.049
RH 1

Notes *p<0.0001
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% 33 7z B ﬁ:;?‘ : PM; s/PM;p=CO+NO,+SO, ’f\f' PM; s=PM o+ CO+NO,+SO, Z_
R? 0t i (n=F 1 £ d)

Model R* (2005-2009)

Prediction R* (1997-2004)

Site PM, 5 PM, s/PM;o PM, 5 PM, s/PMj
v % 0.77(1682) 0.78(1682)" 0.65(1982)° 0.70(1981)"
4 0.80(1691) 0.79(1691) 0.37(1770) 0.35(1768)
B 0.90(1653) 0.90(1653) 0.70(2275) 0.71(2275)
B L 0.87(1637) 0.86(1637) 0.63(2114) 0.66(2114)
il 0.86(1519) 0.84(1519) 0.65(2003) 0.66(2002)

N2 T A

PR 2 T K
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> al s = v 2 pun n >
% 34 x o iR 2 B ?ﬁﬁr“i\' 2 R prediction 'E- 8 = % (n=% Fﬁﬁ:

TR L)

Il |

PM,; s/PM;=CO+NOx+SO,

o5t 2

PM,; 5/PMj=CO+NOx+SO,+Temperature+Windspeed
¥i 3

PM,; 5/PM(=CO+NOx+SO,+03

s 4

PM,; 5/PMj=CO+NOx+SO,+0s+Temperature+Windspeed
i 5

PM, 5/PM o= Temperature+RH+Windspeed+Visibility
56

PM, 5/PMj=CO+NOx+SO,+Temperature+Windspeed
+Visibility

W57

PM,; 5/PMi=CO+NOx+SO,+0s+Temperature+Windspeed
+Visibility

v = = & I 1§
0.70(1981) 0.35(1768) 0.71(2275) 0.66(2114) 0.66(2002)
0.70(1959) 0.71(2226) 0.67(2100) 0.66(1960)
0.70(1968) 0.55(48) 0.71(2261) 0.66(2095) 0.67(1970)
0.70(1946) 0.71(2212) 0.67(2082) 0.67(1927)
0.70(1957) 0.71(2385) 0.66(2252) 0.69(2232)
0.70(1852) 0.72(2226) 0.67(2100) 0.67(1960)
0.70(1839) 0.72(2212) 0.67(2082) 0.67(1927)
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% 3.5 F &R L HGVIRRIE S R R RE 2 57 1A (RMSE) v e &

Il |

PM,; s/PM;=CO+NOx+SO,

o5t 2

PM, 5/PMj=CO+NOx+SO,+Temperature+Windspeed
¥i 3

PM,; 5/PM(=CO+NOx+SO,+03

s 4

PM,; 5/PMj=CO+NOx+SO,+0s+Temperature+Windspeed
i 5

PM, 5/PM o= Temperature+tRH+Windspeed+Visibility
56

PM,; 5/PM(=CO+NOx+SO,+Temperature+Windspeed+Visibility
g5l 7

PM,; 5/PMi=CO+NOx+SO,+0s+Temperature+Windspeed+Visibility

+ 3 L B L ]
7.18 10.26 15.36 14.95
7.24 10.11 15.07 14.92
7.18 10.24 15.31 14.63
7.24 10.08 15.02 14.67
7.07 10.32 15.72 14.37
7.05 10.03 15.07 14.8

7.05 9.995 15.04 14.62

*RMSE=Root Mean Square Error (in pg/m’)
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# 3.6 7 SRl AR TR A BaE 2 N 2 R? (81t # 4 (n=F = free s 2 7
54

PM,; 5/PM;=CO-+NO+SO, PM; 5/PM;j=CO+NO4+SO,+03
Site (n=1151) (n=1114)
R model Rzprediction R model Rzprediction
v B 0.76 0.73 0.75 0.73
i 0.90 0.67 0.89 0.67
b 0.88 0.65 0.87 0.65
R F] 0.87 0.60 0.87 0.61
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337 ZEBIE ST N R E A (=T AL )

PM2.5/PM1 0=CO+NOX+SOQ

. PM2.5/PM10=CO+NOX+SOQ+O3
Site 2 2 2 2

R model R prediction R model R prediction
v % 0.69(57)* 0.34(65)° 0.69(n=57)" 0.34(65)°
&P 0.85(56) 0.48(78) 0.85(n=56) 0.48(78)
B L 0.90(56) 0.64(72) 0.91(n=56) 0.62(72)
il 0.90(52) 0.63(72) 0.90(n=52) 0.63(72)

WS FALE H

PHREEN L TR K
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238 pPTHEFRE2HN LR ELFEERE AN TiE, T2, B L RRE2 KL

e

e

i B Bl R F

R? R? R? R? R? R? R? R?
(2005-2009)  (1997-2004)  (2005-2009) (1997-2004)  (2005-2009) (1997-2004) (2005-2009) (1997-2004)

PM2,5/PM1 0=CO+NOX+SOZ

L 0.68(57) 0.53(60) 0.85(55) 0.61(66) 0.91(55) 0.66(62) 0.90(47) 0.65(57)
FIia 0.62(20) 0.60(17) 0.86(19) 0.59(23) 0.95(19) 0.71(22) 0.95(17) 0.77(16)
# T 0.07(5) 1(2) 0.11(5) 0.12(6) 0.65(5) 0.49(5) 0.22(5) 0.13(3)
PM; 5/PM;(=CO+NO,+S0,1+0;

LR 0.68(57) 0.53(60) 0.85(55) 0.61(66) 0.90(55) 0.67(60) 0.90(46) 0.67(54)
F L 0.63(19) 0.60(17) 0.86(19) 0.59(23) 0.95(19) 0.74(21) 0.96(17) 0.77(16)
# T 0.07(5) 1(2) 0.14(5) 0.19(6) 0.69(5) 0.52(4) 0.34(5) 0.12(3)
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% 3.9 7 SRR 11 PM,s/PM=CO+NO,+S0, 3§ i#] 1997-2004 & w it & 22
BB p2 P T3 PM,sik B ACYE 35ug/m’ 2 65ug/m’ AR B 0 B EE M GIA
R R 2L

PM2.5/PM1 0=CO+NOX+SOZ

Measured PM,; s Measured PM; s
(ug/m3) (ug/m3 )
Predicted Predicted
;. >65 <65 5. >35 <35
PM2.5 (ug/m ) PM2.5 (ug/m )
. >65 93.3° 3 >35 76.3 9.3
<65 6.7 97 <35 23.7 90.7
>65 86.1 11.5 >35 90.5 18.6
4\?‘_; qu “i; qu
<65 13.9 88.5 <35 9.5 81.4
B 4 >65 69.9 12.9 b >35 89 9.8
<65 30.1 87.1 <35 11 90.2
>65 69.7 13.9 >35 90.6 20
i R F
<65 30.3 86.1 <35 94 80

“ATR B % (Sensitivity)
® & 1% 1% (False positive)
¢ 1% 1£ 1+ % (False negative)
44 B B % (Specificity)
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% 3.10 7 &ip) i&«ﬁ:}fiﬁ.ﬁ;‘ 5 @ PM;.s/PM;¢= Temperature+RH+Windspeed+Visibility
i8] 1997-2004 & w 3 & 22 R pl2 P T35 PM,s ik B 4238 35ug/m’ 2 65ug/m’
TR R GREBME RIEME S FR R FEL

PM; 5/PM ;= Temperature+RH+Windspeed+Visibility

Measured PM,; s Measured PM; s
(ug/m3) (ug/m3 )
Predicted Predicted
;. >65 <65 5. >35 <35
PM2.5 (ug/m ) PM2.5 (ug/m )
. >65 76.9° 1.5 >35 70.4 6.6
<65 23.1 98.5 <35 29.6 934
>65 82.6 9.8 >35 87.7 17
4\?‘_; qu “i; qu
<65 17.4 90.2 <35 12.3 83
B 4 >65 70.9 13.1 b >35 89.3 9.6
<65 29.1 86.9 <35 10.7 90.4
>65 64.4 10.3 >35 89.7 17.3
i R F
<65 35.6 89.7 <35 10.3 82.7

a -

& & % (Sensitivity)
& H 4% (False positive)
¢ 1% 1£ 1+ % (False negative)
44 B B % (Specificity)

< 'h\

b
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2301 5 SR TR R #ow 42 T R1>120pg/m’ e PMos B B B9 1% 2 S 05 I 4

Site Delete Predicted PR e
R model Rzprediction PM, s>120pg/m’(n= 7oA ) R model Rzprediction

PM,; 5/PM;=CO+NO+SO,

v % 0.78 0.70 7 0.82 0.72

gl 0.90 0.71 32 0.90 0.69

B 0.86 0.66 16 0.86 0.65

R F] 0.84 0.66 41 0.84 0.65
PM, 5/PM;=Temperature+RH+Windspeed+Visibility

v % 0.78 0.70 2 0.82 0.71

gl 0.91 0.71 31 0.90 0.69

B 0.86 0.66 18 0.87 0.65

R F] 0.85 0.69 13 0.85 0.69
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%\’ 3.12 )/é- ﬁ:;‘ PM2.5 ’ PM2.5/PM10—‘;;E? %fé‘ F VIF>10 z_ 3‘; %/P'Ji&vgg%\

Site Dependent Variable *Tolerance VIF
PM, 5/PM(=CO+NOx+SO,+Temperature+Windspeed
AR e PM; 5 CcO 0.084 11.94
A Ao PM, 5 NO, 0.088 11.34
A Ao PM, 5/PMjg CO 0.084 11.94
A Ao PM, 5/PMjg NO, 0.088 11.34
¥% PM, 5 CcO 0.098 10.25
¥% PM, s/PM, CcO 0.098 10.25
PM, 5/PM(=CO+NO+S0,+0;
¥% PM, 5 CcO 0.096 10.41
¥% PM, NO, 0.088 11.42
¥% PM, s/PM, CcO 0.096 10.41
¥% PM, s/PM, NO, 0.088 11.42
PM, 5/PM(=CO+NOx+SO,+0s+Temperature+Windspeed
@ PM, s NO, 0.092 10.89
@ PM, 5/PM NO, 0.092 10.89
A e PM 5 CcO 0.082 12.23
A e PM, 5 NO, 0.079 12.71
A Ao PM, s/PMig CO 0.082 12.23
A e PM, 5/PM; NOy 0.079 12.71
¥% PM, 5 CcO 0.090 11.16
¥% PM, NO, 0.087 11.50
¥% PM, 5/PM, CcO 0.090 11.16
¥% PM, 5/PM, NO, 0.087 11.50

?Tolerance = L
VIF
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(7) Temperature
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(9) Windspeed

r IN
rsi
r vl
rest
rcel
Il
r ot
r e
r 8l
rox
r o
s
r 1
r el
raol
r
r <IN
r TOA
r OIA
r aN
r 8N
r N
Al
r SN
r YN
ranN
ran
r A
r OIS
r6S
r8s
rLs
ros
rss
r s
€S
res
riIs
r SH
r SH
rtH
reH
rH
r H
red
rdd
ra
rcl
rI1

r
")
<

T
=
5

T
7]
3]

T
(=3
o

T T T
e (= gl
o o —

(OAE)=]=q]

10 1

L ocation

IREE S

1 5(5/5)

e
=R

o

=k 5 78 (9)Windspeed # &_75% 14

iRl

51



PM2 5/PM 15>1

3.0

2.5 1

2.0 1

[ ]
[ J
[ ]
[ J
[ ]
[ J
[ ]
[ J
o
[ ]
o
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ J
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ J
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ J
[ ]
[ ]
[ ]
[ J
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ J
[ ]
[ J
(%) ewPAa

L ocation

#t PM, s/PMp>1 - B

& E R

Lng

a4

52



Missing (%)

Missing (%)

(1) co

100
80 o
60 +
40
20 H
0 ®@eeee oo.-'.oo.-.Ooo...-.o.'oO.0.0'.00..00.0.'-.-..o...o.-..'....-.'.o-o..
SR NENEIEE NGRS AA S YT eSEE8SC0UUUTUSUB0S 0T EZYRELER%255002055%2550838
L ocation
(2) NOy
100 ~
80 -
60 1
40 -
20 4 . -
- .
0]eeee ®ee®®ge o%e 0%c0e evee’ e esc00c 000,00 0 0, ,,0000000000%0"0c0"0qce
SR NENEIEEs NGRS An S YT eSEE8S:0UUUTUSUB05 0TS ZYRELER%255002055%2550838

L ocation
7 F & E Rlsk 20052009 # 22 = #7550 2 (1)CO f(2)NO, % 78 P #icéd 4 4 5((1/5)
53



(3) SO2

r SN
r VN
r €N

r [N
r OIN
r 6IN
r 8IN
rLIN
r 9IN
r SIN
r vIN
r €IN
r CIN
r IIN
r OIN
r 6N
r 8N
r (N
r ON
r SN
r "N
reN
r N
rIN
r sl
r vl
rert
r el
r Il
r ot
r o
r 8
r L
r o
r s
r v
r el
raol
r L
r <IN
r 1IN
r OUA
CAl
r 8N
r ON
Al
r SN
r N
ran
raN
r A
r OIS
r6s
r8s
rLS
ros
rssS
r s
res
res
rIs
r SH
r SH
rvH
reH
rcH
r IH
red
r
rd
rcl
ri1

100 1

80 A

T T
(=3 (=}
el <

(9%) BussIN

20 A

0"...........................

L ocation

(4) O3

r SN
r VN
r €N

r [N
r OIN
r 6IN
r 8IN
rLIN
r 9IN
r SIN
r vIN
r €IN
r CIN
r IIN
r OIN
r 6N
r 8N
r (N
r ON
r SN
r "N
reN
r N
rIN
r sl
r vl
r et
r el
r il
r ot
r o
r 8
r L
r o
r s
r v
r el
raol
r L
r <IN
r 1IN
r OUA
CAl
r 8N
r ON
Al
r SN
r N
ran
raN
r A
r OIS
r6s
r8s
rLS
ros
rssS
r s
res
res
rIs
r SH
r SH
rvH
reH
rcH
r IH
red
r
rd
rcl
ri1

100 1

80 A

T T
(=3 (=}
el <

(9%) BussIN

20 A

0| ©oe 0000 0060°®e000°®e°0°0°®°0e®00ec00°0®°0e®eecocoro

L ocation

- BN 2 (3)S0, 4r(4)0s %78 P ficad 4 1+ 5](2/5)

<

33 % § &0 FlE 20052009 # i

i)

54



(5) PM10
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(6) PM2 5
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(3) SO2
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(5) PM10
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(7) PM25/PM10
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(9) Temperature
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‘f-}&:?—2 # 3 opl ek PM, 5 » PM,s/PM;, }" i5 &2 ;é. %JE—L Pearson #p R lﬁ"ﬁt

& &

Variables PM; 5 PM, 5/PM;g CO SO, NOy O3 Temperature ~ Windspeed
PM; s 0.315% 0.717* 0.515%* 0.482%* 0.422% -0.232% -0.209*
PM,.s/PMyg 1 0.111* -0.154* 0.003 -0.010 0.084 -0.347*
CcO 1 0.279* 0.441%* 0.057* -0.176* -0.107*
SO, 1 0.532%* 0.023 -0.325%* 0.225%
NOy 1 -0.132%* -0.282%* -0.080*
0O; 1 0.035 -0.079%*
Temperature 1 -0.399*
Windspeed 1

Notes *p<0.0001
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HaE 3 5 N iRlEk PMys 0 PMys/PMyg vt B2 2 %238 2. Pearson 4p B i 3

N

Variables PM; 5 PM, 5/PM;g CO SO, NOy O3 Temperature ~ Windspeed
PM; s 0.444%* 0.277* 0.268* 0.071 0.544%* -0.213* 0.190*
PM,.s/PMyg 1 0.213* 0.111* 0.159%* 0.224%* -0.120* -0.248*
CcO 1 -0.115% 0.342%* -0.070* -0.161* -0.193*
SO, 1 -0.016 0.248%* -0.012 0.006
NOy 1 -0.115% -0.228* -0.164*
0O; 1 -0.389* 0.329*
Temperature 1 -0.289*
Windspeed 1

Notes *p<0.0001
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A4 i LR TERIZARMAE T

Reference Study area Predicted  Model (Variables) Model Prediction
Pollutants Validation Validation
Vajanapoom, Shy et al.  Bangkok, PM;o Linear regression models (visibility, temperature, season) R*=0.53 r=0.71
(2001) Thailand
Tsai (2005) Tainan, Taiwan visibility =~ Principal component analysis & Empirical models r=0.75 =0.94
(Temperature, RH, Windspeed, NO,, O3, In(PM))
Tsai, Kuo et al. (2007)  Taipei, visibility  Principal component analysis & Empirical models r=0.69, r=0.88,
Kaohsiung, (Temperature, RH, Windspeed, NO,, Os, In(PMy), r=0.77, r=0.87,
Hualien, In(S0O»)) =0.63, r=0.86,
Taitung r=0.47 r=0.51
(Taiwan)
Lin, Tai et al. (2010) Taiwan visibility =~ Multiple Linear Regression & Logistic Regression R?=0.31-0.61
Tsai and Cheng (1999)  Central Taiwan visibility =~ Empirical regression model (SO4>, RH, PMo-remainder) r=0.89 r=0.89
Lee, Yuan et al. (2005) Kaohsiung, visibility =~ Empirical regression model (EC, (NH4),SO4, RH, =0.88 R*=0.93
Taiwan PM, s-remainder)
Cheng and Tsai (2000)  Taichung visibility =~ Empirical regression model (Sulfate, Total C, Windspeed) 1=0.82
urban area,
Taiwan
Taichung visibility =~ Empirical regression model(Sulfate, RH, =0.89

coastal area,

Taiwan

PM¢-remainder)
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a5 B 1 R S da e 1997-2004 # F E R RS v IR D PMas ik R FRIE A (%)

Site Lower Predicted PM, s<Measured Measured PM, s>Upper Predicted Lower Predicted PM, s>Measured
PM, s<Upper Predicted PM; s PM,s(i4 %) PM,s(% =)
PM, s/PM;(=CO+NO4+SO;,
& P 70.46 8.09 21.45
B oL 70.29 23.89 5.82
R F 78.57 11.19 10.24
PM,; 5/PM;=Temperature+RH+Windspeed+Visibility
& P 70.86 11.36 17.78
B 66.74 26.64 6.62
R F 80.29 13.04 6.68
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