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asthma of children, spatial informatics, Internet of Things (I0Ts), genetics,
bioaerosol, environmental greenness, health-oriented commuting route design.
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A report from Global Burden of Disease has demonstrated that around 3.39
billion people have asthma. Moreover, prevalence rate of asthma is higher in
children than adults. Asthma becomes an important health issue for children.
Among the factors affecting asthma, bioaerosols, environmental greenness, and
genetic susceptibility are factors which have great effects on asthma
development. People who have the same genotype might have different asthma
severity owing to genetic susceptibility. Thus, to clarify the interaction between
gene and environmental exposures is important specifically for controlling asthma
progression and developing precise medicine for asthma. The goal of this study
is to integrate several state-of-the-art technologies, including spatial informatics
technologies and genomics, for assessing the association between bioaerosol,
greenness, genetics, and the risk of asthma of children. We aim to use a case-
control study design and to recruit elementary school children in Tainan as study
population. Based on the application of Internet of Things (I0OTs), the subjects
would wear on smart watch to monitor their heart rate variability and sleep quality
as reference physiological indexes, and use the build-in GPS technology to
collect commuting routes. Moreover, we would monitor and cultivate ambient
bioaerosols such as bacteria and fungi to get the concentration levels, and then
further applying Land-Use Regression and machine learning algorithms to
develop the ensemble models for estimating ambient bioaerosol gradient
variations with a high spatiotemporal resolution. We would quantify surrounding
greenness via GIS and remote sensing for investigating the relationship between
bioaerosol and greenness. As the last step, we would use statistic models to
analyze the interaction between genotype, bioaerosol, greenness, and asthma
among elementary school children. Finally, this study would raise a reducing risk
of asthma-oriented commuting route design for the school children as adaptation
strategy.
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A2 - B A £ % AT 42 (Out-of-Bag, O0B) %k 7= #-3] (Breiman, 1996) » B 14 #-5 % fifeh
TRRET 2 wE B B K AR RS % Stafoggia et al. (2019)F]* GFhE F R F R R TR 2 U
FHEF TR 2 FWHERBE A FTE LTI F2F P PMas 2 PMpok & B 377 5 7 45 0

FFE R (PMas 2 PMyo 79 CV-R? 4 %] 5 0.80 % 0.75)(Stafoggia et al., 2019) - #&* IR {2 5 H- 5 5% 2 4
i #H{Gradient Boosted Decision Tree, GBDT)efec 2 = j& » PEH AL * »0j# A E AN § Y HR AL - ph 55 2
2R e mTRASN X2 AE - gty *Kg;ﬁ > Frenda i g R A & i
P &Sz »ic (Chenand Guestrin2016) & U8 R & 2 5 2 2 iR S AT H & & 2 8 ¥ #7)
B4 fopoei@ B s 8 i g o] SEIRN 4 5 Zamani Joharestani et al. (2019)# * 10 2 2 3 2 2 fiZ
¥ B 2k B § % E B (Aerosol optical depth, AOD) % Tl ~ F % Foll g2 H @4 3o 38 pe 3001 1798 P %
fioo A ulE S ERA SR S A SRR R LT 2 u:}g.p,' B PMas JR R A > Tt
HAlZ £ 8 S5 ARED LG B 0 2 R?¥ i 1] 0.81(Zamani Joharestani et al.
2019)- T & KREF» FREIFELEIRE - B RFE 22 FAFYHEI - HE2 AT NZF 52
Fooit LG AR B REmicd] > 2B Ee S AAORRE VD Fe Wl REFE ZET
WA £ B2 8 2 A 5 AH DR K42 B 2 03] (Generalized Additive Model, GAM) » 12 4&
FERZFR &R JIEF %2 7§73 4 kR A F (Danesh Yazdi et al., 2020; Di et al., 2020; Shtein et al.,
2020) -
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Stafoggia et al., 2019 &%  PMasZ% R AR PMjs 2 PMyo 2. CV-R? 4 &] % 0.80
;f'J PM1o % 0.75
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Zamani Joharestani et al. =¥ PMas %A/ R2L 081

2019 =

Danesh Yazdi et al., 2020 #H®  PMas B = 53] CV-R? % 0.83

Di et al., 2020 2% | NO AN CV-R? 3 0.86

Shtein et al., 2020 &% PMys% AN PMys 2 PMyo 2. CV-R? A %] % 0.81
F1 PM1o % 0.76

CV-R?: cross-validation R?

Ra P RREERLYF L FE wE)RRIEF LY 0 E2 AL E N PMas > PMio

AR R S AREHR AR B COx R AR 0 1 4 1A & e B (Artificial neural network, ANN)dE 5 ¥ B ) ¥ &
‘p;;]'”a m ﬁ%?]”/%)i » Wi SR T E DY 83.33%2 &8 4 (Liu et al. 2017; Liu et al. 2018) ; i P = I
AF AT PREYFE2RCE IS IR ITERRLRENT) > FI AL EP BIER N4 R
ZEWE R E BRI AR I FEZE 2 ESF Y A wde s g i?f"' FRERE R)ERZE
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fﬁ%kzmoﬂﬂi? BB AHREELE 08 ANHERTT2ZHANLSBE hd Y
SEH A LT RERSEATP e R BN R RBEFEAE S H A B s TR

?Eﬂz‘ R H P EE LAY 2014 EARie  ERCF EHTED AT RE 2%k 132017
EL PRI P 2018 EAE A A A FREZ s FFAL AP T B2 PaE o ¥ 3 2019 E A
gy FRBERFFIFIERNIBEFEFT L ZRFATE -

S RREZEFELIFPBTRANIEREFEITT RN ERER I A FI8FF
v FIFSAEEE RBITR 'llIﬁiiS&g&—)i* EENR B4 L E A HAEL LR B
® o0 X &,l:?{;};cg—“’-_‘i = ;}3‘;- 2 TR (4eF B 2r P N R )2 B 8 ik
%R & 3% (Hybrid Kriging-LUR Model) 7

o
W?@

ERACITE I el
FRAERFELEF o B8 kriging 2 B B2 2 » I @ b R
AR GRCA > Ea dE R 2 RIFACR T £ kR (Wu et al, 2017; Wu et al,, 2018) 2 # = = $+ (Hsu et al.,
2018) ~ ©1 % = § it § (Chenetal, 2020)2 &3 4 i 5 0 2 g & 3 3 1% s fERRE YR B2 o R
B2l X H BTEXs F4EF M F B S5 cnB it S rF B2 A M ERY TR RIFL AT e H
ELESY o= T ."lﬁfé.—’}i;?ﬁ?b EhBLPR RN T E R o 2t X BRI
SAFEAELETOGL R S AN SRR B4 SR R R SRR
A"}‘?Li—iiﬁ'%_”%? 2w - M 4 % (Kallawicha et al., 2015a) 2 E f#[% ¥ (Kallawicha et al., 2015b) ¥ -
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(Asrietal., 2020) ; #3t % jr & &2 o % 24 AL f L (Leeetal, 2020a) ~ 5+ = I (Leeetal., 2020b) % * %
B T%05 (Wu et al, 2020)2 B % 5 RB SRS Y W2 £ & 42 F(lietal,2019) £ & 4 p
7 % at # (Activities of Daily Living, ADL)(Zhu et al., 2019a) ~ ™ % 3355 # (Zhu et al., 2019b)2_ B % ; TR &
BFEREHFRALES B R LF S F OB E(Wilkeretal, 2014) 5 ¥ B F V¥ ®ARE S A 7 B
ZTRB SR 2 Qi e anBl th(Wilkeretal, 2014) 5 FEEGH M E 2 FRE 2L RB ST
WHH L 52 B 58(Wu et al., 2014; Leung et al., 2019) % - w2 5 2 F7 F R4 & F BB R E G
7 % 4 3 g (Schizophrenia) 2. B B (Chang et al., 2019) ~ 11 % % ,IE}%. S 2 T 4L R A 3 g (Chang
etal., 2020a) % 1%z (Bipolar Disorder)(Chang et al., 2020b) @ B E = 7

IRREFRERNTEFE FEFBRENE T T A2 IR 72K 7 B~ ?W >
EPRZ R E o P RS %L k6| 7825 L Institut Teknologi Sepuluh Nopember (ITS)2 5
'?:_]z LR VRS TR E ek R 23§ 5 2 #%R(Widya et al. 2019; Widya et al. 2020) ; £
FRpEAF@BEEEJI* GISAFTERALMEY RS AL XNZ T 5772 %% F7(Wu et al., 2013) ;
3 %"ﬁ“z’ SLE AT 2 BE AR ok e s B = hok 3t B (2 (Achilleos et al.,
2017); M A Y WP A LS TR R A A TR L RBE SR LY W80 K K A= F(lietal,

2019) ~ 334v# it (Zhuetal, 2019a)% p % 2 &4 # (Zhu et al., 2019b) s 85 o
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2020 # g &2 SCI 7| X 17 5 5 H :}?,:ﬁt;‘—% 15 ; RG Score 5 32.86(H 5) - #£# £ E > MIF2Z 7% =
LRI R T T & —‘ﬁiir : IOP Publishing 'Outstanding Reviewer' Award W|nner(2020 ﬁ:) .
2019 # &7 '35 pIF7 34 € (The 40™ Asian Conference on Remote Sensing; ACRS 2019) "Best Paper Award"
The European Academy of Allergy and Clinical Immunology (EAACI) Congress 2019” “The Best Abstract Prize”
AL AT kT E g 5 AT+ R E ) #17#(2019 &) ~ The Best Abstract Prize of The
European Academy of Allergy and Clinical Immunology (EAACI) Congress 2019 (2019 # )% p&18 - X B 42
RS EE L F PR REE S 1T & 2 I BMCPublicHealth (SCI) ¥ | ¥ &% A (Editorial Board) ~
"Remote Sensing (SCI)" % ”Land (SCI)” #f 7| % 4 % K ¢ (Reviewer Board) ~ "International Journal of
Environmental Research and Public Health (SCI)#f 7| & & 37 2. % A % #E(Guest Editor)(2019 & iz 5) ~

kRTEAR ¢ EARLE ¢ & F r%' Lﬂiéﬁllpyﬂwwﬂiﬁﬂg J}i%ﬁﬂm9&%
PEAERL R SREREE Y o L (2018 & 2022 &) % B o
(a)5Im%e szzm  (b)
25 E 2015 &
51X 850 798
Hi58 15 13
i10 1580 18 16
320
o Breakdown: Percentile:
RG Score 0] o Your score is higher than 90% of

oy
99.95% Publications all ResearchGate members’

160
3 2 8 6 0.00% Questions scores.

80 0.00% Answers ﬁ
I I @ 0.05% Followers -
m m=

2013 2014 2015 2016 2017 2018 2019 2020 0 0% 50% 100%
Bl 5 ¥ 3+ **(a)Googler Scholar % (b)Research Gate t 2 & jiv 4 3R4p 1%(2020 & 12 * 27 p 3tk i)

ERiFLAIZILPF

XL é%%&gm%@”"»*;ﬂﬂgp\ B B LR A §%§§y3‘; 7%;}3‘;;‘%-&% N
WWACE Rk f A 7 ¢ s (Allergy and Clinical Immunology Research, ACIR) 2L iE ~ & B AT 4 v “'%%%f% 7
HFFERI LA B D ERT L TS BRF R E TRA LR LA o3 FEATE B AT )
1987 & £ 35 4 ) G fiF?o%E'FF/Fﬁiz % ~ 1988 & % 3 4 k";fi-}f%? gm 7/ 7 B& ~ 1989 # [ Y ﬂ:?ﬁﬁ:
TRPFRFETE 1993 EiFL R E PPEAEE 1994 5 1996 £ FRKT IR E AN AT
&~ 1997 & 3 20053@]%%‘—'1@?2‘%&’4 ~1999 £ ¢ FXA R E = L - E’L*f’;’ti:'!%& ~ 2004 £ = R
2 744 Fe(Royal Society): B §  ~ 2005 & p & iR F ~ 4 i FE AR PRERE I ¥Ry B
AB4eT 1 ﬂﬁ?i’e 20 Fv Bf eRiBACE LT iR end d D L G Fv SPA £ SPD Kﬁz ERGRLE e

- MLBEPFE s TG EETR ’;'né B IgE 2 BiEAT RS BPETEIRALE OB T ok A
H O E B0 ,;}mﬁj‘d R F B RE AT i~ T § 3 SPA/SPD 4r e L__j’&-‘_—v Adhesion

Molecular 1 ehfs & BYEF & o iéilé’u‘xm; LR PR S S R TS S REY e
- ﬁ“*r%‘rﬁﬁ“%g P TP F BB~ (317 genetransfer 2 A FI L B AR NP 0530 S E REHE
AR PR FARB AT Y J 4 RRESTRER X AL R
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Ik L f 1 & 23 International Global Atmospheric Chemistry Project, IGAC | 2 74 KL R ¢
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FiFAEEIFAT R

ERAFAFEIFATENME < F oL@t FRBERLE - ’j,%émté:@j—k g oxgd Bk
%Fé@/{ﬁ”"ﬁ‘g"lﬂﬁ‘l B 4fehk ~F @ o) 5o 21w 4?%? 2043-‘1531 k=22 it f‘f)f;\‘::
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f 2009 EBCT B RAEA g et 0 B L AR S A S §ﬁpimkﬁ’ﬂ%:ﬂi§%?@
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(WFI5 8715 £ 308 2 £ A ~ 298 % FH T RN (2 LR RISl
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11# # W March of Dimes Birth Defect Foundation3* % ~ 1B R ¢ 3+ & 1 2 2@ 430304 -

3 ki%*i{%?’ri}%

i—l\?’j_:}?r4ii%ﬁi£%£%?l?€]i§5§“?’Qir—iﬁi?iﬁ,? P AR WA FRBFEAFTY TALE B
Fm Bl E’é’fl%%#“%&ﬁ*ﬁ?#?’iﬁﬁi%#}%oiﬁ—%ia ELEZFAAPORBEERE
PRI AP ERNFAF AR HrE H A P F F CEBARR)E L FIR RS S
AP HFERLAFT Z2 Ot s FHETRIES > R liﬁﬁ-‘f»f@smﬂﬁ c R FIREREELT RPREY 2S5
Mgk aF S M E L P BGEH R FRBEFEDER D - RE P RBE(IrRE CFRE)Z
FAPERE TR F R EEF P R A fi‘i)‘iﬁ”%ﬁ P ER A PG A R IRE Y D
FpARE EEL G MELOFTEEASL R EL L AN R - BEFRERIFLR
fvend kﬂ’* F 5" (Kallawichaetal., 2015a) » ¥ B« § ¥ R FFe+ 2 BRF Fhk R o 7Y
FECERNLYFIREFRASME TGP LA RAE A KB K-SR
WA R L fog e e ,T}u =x 7 B ¥ I 4p B (Kallawicha etal., 2016; 2018) © Af #3274 4 % 1 v %
FEFRBRABTR ) UBRBY LA EGIrRERER - REPE S Z - RIF IR TR AR
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ER LY LT
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R FA T ER IR LR AT Y S A G AR R HF T O FREF LT EE
BPEFE LR AR A G R EE LY 1 F1 & ¢ 4 7] (Causal Mediation Model) » & § it
P A xR (mediation effect) i3 B » 113G AS A - R G0k (R ¢ > PR TR L 4 & ¢ 4 F]S (mediator)
d 3t 3 R F AL (high-dimensional data) B 45 f 21 £ & 4= &2 & ke f%:}?a%i’:% £ TR L g Y TR
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d 3t g 7% B A (Exposome) BB 2t e S E AR E XD EAR > FE L4 {1 ridge regression 17 3¢ o =
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H2ZFEFF TR BL R ABLEE i 2 # LERM IR 2 5% (Chen et al. 2014; Guo et al.
2014; Chen et al., 2019) » 3 Ak i -k % B0 € B A 4o % FILA A 3 840 B @ L 1A 5330 k2 0-
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£ Fz?ff"-“‘ ’ xz:#il R—”%Hﬁ-f:% FEA SR~ g /ﬁiﬁj'lﬁ %KSE‘:E' AT o AAT T B iEEL
P—*ﬂtté‘ﬂ"lﬁﬁ’*ﬁ BEFTW FRFEA LA FA “"(@qi‘g'\fgig\T/,lglziﬂ T
AER) B R R R AR R R )T R

B HiE A5

Bt b A e A BB m A D TR 5 RLAEIL 2 ARl 0 0 B B AR A
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ﬁ%ﬁ%esﬁaaugaﬁfwO%Piﬁ?ﬁﬁ%%igﬁﬁﬁéfiﬁ 2. 20mx20 m f#47 &
DHBER VHER TR EPREFRIZAR CHRE B ERATAEFRTATRY o

EAINL E R 23 1970 £ 0 HA B 1 TN E A ARG 2RI ELFE > N a1 EH
Bref 2 e 14 RBE Mz 1 £ 208N E T o0 AR~ 1 £ p 2010 & 24 4
AT HFUEPEFRRLGS T UERIEFAGTREFAL ALY o

24 2§ ARTEE

&%%@ﬁii%%?iﬂ%*2%6&@%@%%%&%&1&% BF2HKF 77 B
SR ERE(e Z b 3 BRIEE) > A E BRIHEZRIGUE P e D R IEHCR  RIFMOR S F B AP
F S LA AP IR A BL RES o RS &&mﬁﬂjﬁﬁoﬁﬁ?%%?F’éﬁﬁéﬁi
BEELFAT R AF LR BFES CE 22 WAE S R RBF R DR AP HRPER 2
WRFME CRFMEFF M2 F 0 F ~ 55 o F bR ‘%‘5%#'Bli1k&’J!ﬁLu:
Bl o

25 §F % FHE

L3P L F % b (Central Weather Bureau, CWB) E_5 s Sh LB (2 5 % ~ F i ~ % % ~ ¥ &
RE)BFE AT P ZRRIE R R F 0 e DB EF R A BRI R 2
o AR TR FRAR(RR B RA B R PR R E)FF o2 EAR(F Ri2)
2 FFERELBY oA AP R RIRAFLFE R R p TR E R BR
b2 b &y fFRESESFTZT o

ey

%r

3. PR iRpwihA

@7%%%i%%iﬁpﬁﬂﬁﬂiﬂlﬁﬁﬁhﬁﬁﬁiﬂiﬁﬁ@°&%i?%%%i&
= EFATYAR > T e g E 2 IR 2
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RiEGWEENE BEERE AMSEENE GISZ=RS
B E a2
MODIS NDVI B+ AEEE 855 FEOIAE: 1255 S Sp— RSN e =w
HERE i g = ) s 7B/ &8s kS In 2B /B8 gmﬁmﬁé% B
1] =]
| | | 1 | | | NOVIERIE  mEREEE o C o
| ! SEFEL
— B2a2E LNSE BABEES B® ; - ERE B+ 7IF ERHIER
ERAME  ERSE FEeER | T L peon  mw sgm || CRESREH =S ERE AmER  IZEERE
1 ! =R EsR
wME R
e ]
e . REStiAIEEEER I
= fFata e | Hybrid-Kriging LUR Model FoRE
) SEEEERERER EHEREEENEE | + HRIE ERE S0
BLalEaskARERE g1 6 ZEE
RESsln 2B *—: e S Geographically
[ | Weighted
REisses  HIRIEEER gne
|| Random AEEE Afjﬁfkﬁgel
Forest ¥GBoost
e =
: =i | &
| &
| | AEHSE - aRERARERE | % FatathEERT
| TEHRERSRZEENE =
| = BELT
2021-2022 | | & BERT : . EMDEER w
[z
| Y | & = . SREEEHR
20222023 | GISEnEE = . EEERE :
| = . e IOTLHEEEER
2023-2024 | = =
L - - —_ _ _| BE
B 7 3 o A2R
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$- #3$(20212022 ) R B LB TREE XA RER A F 2 B
31 A ELFARBTREL L3N

AR 2“:]%?5,"1:}]%13’7! %F‘@F TR RK }}%MJE’_—"’E’ i%"’r 22400 &% péi ~ 3800 &
R o bl KR AfFA S Fr ) QP B¢ 612 kg F L UTRY 2
FrhmE s m R &**@4ﬁw'hﬁf’¢;aa \é\%iﬂmﬁ"%&ﬁﬁm
HESZ B rLesis s TEFELEMESALT FRLFL A RATIMAIT TR R S L
CEEIR Y BRI R AR A R M A TR 7 R A e s AR
S HRET T RN AN R UL BRI F R R (DFFFARASEES QR L RES
B2 FraAnMoE R E D AP TR REF e AR v F B - TR 2 ISAAC T AR §
7% ¥ % (The International Study of Asthma and Allergies in Childhood Questionnaires)i& {7  vh E A4 & 5
Mﬂﬂﬁﬁﬂhﬁiﬁ’ﬁﬁxéﬂ;wﬁ%ﬂ PER SR RE TR § 572 FritaM it
o FEAUARLEE TRFH EET P EPFLRBE R EFEPEBTFZER -

S
e
by
oy
T -n\v
Ar q)g

AT ER Y B GPS BT LG A ZAFEN S L RE T LAFE L2
Bfedrd 20050 § P EGPS T4 o A F TR FEER A RBREL BT A kAR
T #i5 ¥ AMAZFITBips £ 4k 15 fs /Ay o

22 WEART EL T

et pE Fad  RFE OAZER i *F 7 ¥ * 2. AMAZFIT BipS
GPS iR PR, FEIUL&TLE
AMAZFIT Bip$S 4 40 % 3 3 NTD 2495
Fitbit charge4 3 7% 3 3 NTD 5290
T uxEd
ASUS VivoWatch 3 28 % 3 3 NTD 5990
SE
BEE R 2550
Garmin vivosport =~ 7 28 % 3 3 NTD 5990

(B 5 %k : amazfit.taiwan)

32 2AFEMBL I

AT 2 AT MBS PTERRE Y £ R AFAES Ty B2 A A TSt %
W B R MR E AT RBEFER AP F R AFE 2 FrE2 2T EF B EE A
Ay R BBEEEhr A Fe TR E 4" Axiom Genome-Wide TWB 2.0 Array & & #74 4 > #* TWB 2.0
Arrays & # VR EJFE T M EHOAFTA L I TA LR P EFHS LT FLEARATTR
(genotypingdata) ; d ** ¥ E AL BR B ke A E 2 A TIPS 2R Y iFE A FIZ ML
17 (candidate gene association analysis) » #% i #-iE TP o © A ST F F e AT LR AR M PR A B
4e © interleukin 6 receptor (/IL6R) ~ interleukin 1 receptor like 1 (/L1RL1) ~ GATA binding protein 2 (GATA2)
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% Fc fragment Of IGE receptor la (FCERIA) % A F]» 276 F 2 228 F b MEBP 2 53> N2 BB Y
FER AP AFIEF R T T g AT

33 BAKFEREN

AT GRS Jp1R(NDVI) 2 GIS B2 1% 33 &% 2 B o FAL S P s 2 g
BAE2 SHELAFTE R R B PR S R (F ) H P ?E‘%x'l:@jzﬁ’l NDVI L 320 £ 2 5 %
L SRR TLE T U T ST EHES T L = R L
TR 1% ¥ F B 4Edg h(land-scape Index) » 4 $F 5 3 G fi -if 4 (Area-edge) ~ 2/ (Shape) 2 4 # ifrﬁﬁ
[2(Proximity) % = A G TR o B F Sl RAcR S R AT EFL AR R RS
R HPRE SR LR AT S o B R A £ 55 (Naveh and Lieberman, 2013; Turner, 1989) o 4 &2
1 %% %5 { MBS 2 & % (Chang et al, 2019; Chang et al,, 2020):F # & B 471 > M5 " )N %
M m%f#xfi’ A o4 3 LYK E %‘f##ﬁ 1% o AF 7 #£% F Fragstates 4.2(Computer Softeare
Program, University of Massachusetts, Amherst, MA, USA) #8812 {7 %3¢ B4 3t 8 > 8- HIFHEF
ZEEARE R L

3. Green Space Structure
& Allocation

2. Types of Greenness eyl

- % of green spaces based on a
GIS database
g/l i Area and Edge Shape Proximit

1. Magnitude of Greenness
- Normalized Difference Vegetation
Index (NDVI)

| Finer grain | I.nmple geomelry 1 Low aggregation
o »ﬂ 11 P SRSl 1| -
A 1R 3% Pl (1] e
e [ i
e I -3 ] ji
.
- Y _£°3'S_ef_8'_a'2_'l_°mn_'ezs_ezm_efnﬂ Figh ageregation!

B8 = & 5IkB %A 1M

23 g 20 Rt

Area-edge
Mean patch area AREA 1 0-oo(Hectares)
% % (15000

Largest patch index P 0-100(Percent)
PLAND = Pi = ==—=(100)

Edge density E 0-oo(Meters per
ED = (—) x (10,000)

A hectare)
Shape
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Mean fractal dimension rrAC = 2% In(0.25 X p;;) 1-2(No unit)
index B Ina;;
Mean perimeter-area pARA = Pu 0-oo(No unit)
ratio Qij
Mean contiguity index [ﬂ] 0-1(No unit)
CONTIG = ¥ 1
v—1
Proximity
Mean proximity index S ; 0-o=(No unit
J y pROX = 3 s ( )
g=1 hl]S
Mean similarity index Qs * dige 0-oo(No unit)
SIMI =y L=
g=1 h’l]S
Aggregation index 0-100(Percent
ggreg Al [ ] (100) ( )
max — g;;
Contagion index n ST, n 0-100(Percent
gl CONTAG = 1+ w2 [(P)( ZIH(W?J Il @ )(Zk 19i k)]:| (100) ( )

34 RAEBFERLFEL M

<)

A E B e st 2 b-H R 2 3# % K 3 (Matched Case-Control Study) » %% & 2 & % %‘_ﬂ% 23 %
- Pl L SR % % #rie jF 117 (Conditional Logistic Regression Model) » % %34 J #
-'—]’*(V' 4ok B R~ 25 F RIRR )Y A R b e BT 2R K % B (Odds Ratio) 95% 1% #F
?\:FE'F ~ LR éﬂ@\ p-value » X B 7T TR 5. ?#r&i Fovh 2 AP BE M5 R o ﬁ_.?ﬁ?rﬁf}ifk%ﬂ;ﬁﬂ/} IR AVE: |

%] % 48 (continuous variable) = » -3 » 4o 4p 7 40§ * $H2 & 7 (Skewed) > € ¥ F ¥ A0 7 K
j7¥7§#1§’(Iogar|thm transfomation) » 2 ¥ f R xh BB R S ﬁﬁ: l‘*ﬁz(Regressmn Coefficient)z_ & iz ° F FFH7)
EREF 2 FHEFFoiZd £ BW - BMI- EFRFI - 4 * LT L5 EF/FraAREL
Food Mg A& N RO fEY B Flt 2 R éﬁ%‘ﬁ“a%@; o

APF s SETRNEYE  BRIZI L ENIERE S T MG
FORLA 47 #- * R4 £ 7 (linear mixed model) >

RGN
KAF B R 2 /PR B2 AP M

]“zL_ o % A2 % R #c-£ % R 45 (variance-covariance matrix) 2 &% > #-¢ f1* AIC (Akaike Information
Criterion) % & {7 T4 $43E » £ ¥ 30 AP REFT R 2 F4EF)F > WA SRS F oM 2 2%
2 Mtk

B EP$(2022-2023 £): A FRY AHEE ZFRGHSLEZ A AT RLNH

35 4 F BiEE A
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® T

i#”%“%%ﬁt%» {llﬂb %1 fk;%/%}ip}'\?ﬁ]xihlth_o j\{ﬁi‘;)_—_,_." ‘;
FoBER LT %%ﬁ?%ﬁﬁii*fﬂ”%’ﬁﬁt*ééﬁﬁéso%ﬁipi
EOAZHEGFPRERESTRAZERET) F P RE0BHERE A FER -TEF L
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FREHWHFANSEET 10 BAEWRE 2 HEE RRIARF 0B 9 TF o BERE RS 0 Y
BYGTR ) FLS VAPYT (782 9 B2 F) EAVHEARLHR wFERE - T E-
ek NEFON - BRI REBSRARE X B F o @BARTEL A5 50k
BALR -

BEE:
101& %4 (\Njﬂ/\/\%?

“4¢pr
§

HME:
1018 %5

U3k =
SHEZEAM: SRBHEILRNS
® EEmEEMMKEY

SEERBLREYS
® EWMNERALRMN
®  SEETRILRNE

D cmEsm
Hl csnasme
Wl csteme

T

AFER

0 5 10
— KM

10/E% Py

F1O 4 4§ Baxihm i 2%k

AFF 225 AP LS mFpk RS DL 2 R8Tt | A7 A REFF 2o %
FARPWZFTECWEASAFERE AP OERE S o A Y 4 H [F o BioStage Single-stage
Impactor(SKC, Inc., Pennsylvania, USA)$x t& ~ 45 iz Dichloran 18% glycerol agar(DG-18, Difco)2. & 33 & 2 °
fmF R Fe % F-0 + 2 3 "a3 % A (Tryptone Soy Agar, TSA)iE 7 % A B 2§ R A4k § o K L B
7RiE L 28.3LPM - aﬁﬁﬁ*“1¢£’%%@%ﬁw&%ﬂ§4fﬁﬁ§%ﬁ%gﬁﬁhﬁﬁﬁﬁ-
HEBZRFRPFLRFZZF AR - SHRFA I FI293F > FRFAKTS 12 202 - &
BrREREHEE- €4k A 5 IHEKEHBEFS 23 T3 o (Operation blank) 12 2 i8:i% 5 v (Tr|p blank) s

AR HRARGE N ACEIEYFHRE o

WA E AR 2 DG18 A& A#E R B 25°C s £ 4832 % 5 % (NIEA E401.15C) ~ @ M imFH & 2
7] v 7]
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TSA % A#FE & 30°C2 2 & fa % 2 % (5(NIEA E301.15C) » B~ 132 % A2 7 E {2 wF A Kl &

#(Colony Forming Unit, CFU)* 8> H ¢ » 2 5 7 & ;;],};;fim& B LRt EionriE 2 Eﬁg@:}}p@%ﬁg
R A METRE G2 AE R PRI EDERES T RN GE P R W
(CFU/m?3) :

CFU/mi={}& It ¢ )% B (CFU) /[ % B/ £ (L/min) x BF & (min)]} x 1000 (m3/L)
36 RELEREFA

S :J%‘"gié * ArcMaplO 8.1 MR AR & % 8 Bl & 50MX50m e B TS 0 kA it E S
el A F‘ﬁ; : fé"‘*}, E N '»%-‘4l?’]50‘150‘250‘500‘750‘1000‘1250‘1500 1750 ~
2000 ~ 2500 ~ 3000 ~ 4000 2 2 5000m > * 14 T & @GI?]P\ 2 FHER ~wfF R EER E E\JL s 1R
%%&”F ﬁ&#@ﬁm4W?&¢#%ﬁ YOI E L REEAT RPN RIS

¥ g3t (Euclidean Distance) » %8 * 2. 2 B R Hca Fick 4> B33 E 3T R 9520 B3 R ThSHE -

24 AFETEREY 2B 2R

RiFE TR NOx (+) PIe | R opb
?7}*")-& NO, (+) p T e ?%}:_:l_ opb
Os (+) p T TR opb
SO; (+) pTis e TR opb
PMio (+) p o e T g/
PM2s (+) p s et F‘X L ug/m?
A L F 2R (+) pTis TR OC
%k F % FH
B B (+) p T P oA
A (+) pris e TOR mm
R (+/-) pTis T Pa
B ® (+/-) p o PR T _
b ig (-) p i T m/s
uv (+/-) pTio FRFA _
P PR P i (+/-) pLis ERFR h/day
T2 P HE (+/-) p s R T MJ/m?/day
RAPERF | FPER (+/-) R B 5 F m
1 TR REKE B R
L 1 FEfrs
BEER
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Ordinary Kriging 5 ¥ A $622 1 3= 1| #

# CMO03

LR S SRRy

ERE (+/-) BE ~ 43 B R m
TR
§ B3
FLEAS =S
BN B (+/-) ] TRE R m
LR
BRI ER 1FFw (-) SRl EE G A m
1ERTRRE i
I KRR (+) - # FoR m?2
Mifi*as | proze (+) - B OF A m2
1 ¥Edz e (+) - F A m?2
DA E I A (+) FEaz+a B OF AL P
oz
AT AR B (+) A R m R R m?2
L%
o (+/) : 5 7o m?
% (+/) : & A m?
* (+/-) : 5 FA m?
ik (+/-) Fo0 +% k= o R m?2
L
k4 (-) - B FoR m?
DR R 5 (-) - B A m?2
B (-) - o R m?2
1% (+) o ¥ | 6 FH m?
SR (+) - N m?
BHRTHL i (+) BLE A count
PR R (+) P Rk BLE AL count
™
RPN B B (+) - TR ma
MODIS 5 pl4& NDVI (-) - PREH Raw value
4 TR
TR RO B R L 2 BT
37 REF LIy |2 RFHGE
AETHEFTERR AP S 5}%1‘3 P2 kR E > JI Ay Bporie 2R ENERD
E o lmppk Rzl &/2 » U R & #53] (Hybrid Kriging/Land-use Regression Approach) « 3% = i % &

% (Wuetal.2018) - ;2 & $3] 2 f%



ERE ﬁ%*’iiﬁ%ﬁfyﬂﬁwﬁﬁéhﬁmkéxﬁ RRE AR PR RIT2 TR
FFE ORI AT > R B ARITRIEZ TRER EE T B T E G AN S

b2 BEHLAITRY o MR E 3T A L‘”‘Lﬁ’ de At LR RARERE R 2R F Aok
PR Rl R T A 3 1% s O (LUR) 0 S A2 3ok B d “r§TE4 (Wuetal,
2018) - A F iz b oo (2R i% 18 ArcGIS v.10.7.1 st & 1[#;‘_5{‘_—.?%*4,_,? =% [g] 50 ~ 100 ~ 250 ~ 500 ~
750 ~ 1000 ~ 1250 ~ 1500 ~ 1750 ~ 2000 ~ 2500 ~ 3000 ~ 4000 '~ % 5000m % 14 B % F = -] ‘Iﬁf“%@?‘
23 B F (e Rl B3P HP AL 1 ER CFRBEES A GRIRE)RE Y R
8 % 8c; e I 40 ~ Leave-one-out Kriging di iz #7118 eh B ];z]zz mEkRIEE B G R R E T
Al e o BRIz TR T (R 10)0 i A F1* SAS(v.9.4) st gk AE LT iR 9 s §f #° 17 (Stepwise Regression)
EFEWAEE o AL p B 01 ZAEFORERL o0 2 Bor R A2 BT X2
UrE O RBOE P e AP I RCBRABE L AIRIAAM A R BB T AL APM) 2 S EL
M iE R st 2 s Ut e pE U S B B0 YR 4 Bic(Variance Inflation Factor,VIF),a g
“,f VIF>3 2 $#ick 2 2R EHA 22+ o

y_ .

STEP2: Calculate Kriging
interpolation based on
& ] black points (n-1)

(o

STEP3: Include

S e e -
prediction of Y
red point as a
predictor in &
LUR modelin
. %
Monitoring Site (Red) . Monitoring Sites
{(Black) @
STEP1: Take red
point out ®
L

Bl 10 ;2 & ;“#-7] ¥ 2. Leave-one-out Kriging #& iz #-#t £ 4 B](Wu et al. 2018)

38 B WEFEVHEZAFFEVHIS 2344 F B2 23117 BRI

’ﬁgruww ﬁﬁf‘ ke 2 BRRE B 2 LA M LRI B
i A2 Bl E é& i 5§ % 4 +R(Random Forest) ¥7 4& 'L 45 & #% = (eXtreme Gradient Boosting,

)@mmmﬁw » £ ATIE ﬁﬂﬁﬁ’éiu%ﬁﬁ?é%@;i%ﬁ%i%ﬂ%ﬁ%ﬁﬂmwﬂm-
ZMM°?ﬂwﬁﬁéw“’%%%ﬁéﬁkﬁ%iﬁiﬁﬁﬁﬂﬁﬁﬁﬁﬁﬁ’ﬁﬂ%wﬂ@—ﬁ%
M7 AT RS R B FER R B (TE R > ® XGboost ¥ 4 iE | { e iR it en
HWE % o gt b FRRAesS 2 B 1% G S f R XGBoost 2 i e )k R F (FAE IR Rk 0 2 2 0
P18 4 g L A #H PR & 42 B3] (Generalized Additive Model, GAM)z. & = £ % §.3| » SE8H ¥ 113k 3 B
AFp R4 FE R (Dietal. 2020) - P PFy € B A ioBAEY E o B BREA 0 T R H HECR A R

A2 T
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eCA%RES ¢ MY B EEE S 2 R E L R feig (Over Fitting) & 48 < & (Robustness) » &
% (1) Holdout % & ;* ~(2)-* 47(10-Folder) ® = Eéan./z FEiE ~(3) e IME kLR ,a%“_(ExternaI Data Verification)
Holdout Zx7&:2 S ¥-3#k A2 80% » Pk A& (T H-A|E = > H A 20%H: & 5 BIFEHR & o BpRIER A
A E P ERIRS R RV PP R B A AR A Y 90%TF R G IR A e
R A 1S IR 10% TR LG RIGE R A > R EAZE - K Aotk & i N=100 > #-H 100 $k A~
B AR AFVTEHAIOER > EXH10E RN 9XTLFIVHEA > F17T 1LERELRPFEEKEL
k%u“ﬁﬁ%%'ﬁﬂ"ﬁm?%“ﬁﬁ%7wrm’i“£ SRER ALY ML 2

BHCAT 23R4S G0 AR BT R Adjusted R* & H03] it R 0 T 399 1354 (Mena
Absolute Error, MAE) ~ 35 3% X (Mean Square Error, MSE) % 32— {32£ % (Root Mean Square Error, RMSE) i*
FHAREL c A S SHEPHFHERUFARLFEZ L LLER T NP FEGAN WYL 2 2
FEFRT-

5 MR R R AT 2 T Sk T
_

Number of Estimators 360

Random Criterion Mean Square Error

Forest Maximum Number of Features Auto

Maximum Number of Depth 5
Objective reg: squarederror
Learning Rate 0.1

XGBoost Maximum Number of Depth 5
Alpha 10
Number of Estimators 100

39 A ¥ FBEAFRLIMMAAT

BLEEARBEFARIRGGLLL < KRE OB YRS R S Y
(conditional logistic regression model) » k473t & & F1F+ H30 F g b "G 2 B li’%d 35 2 5L (odds
ratio) ~95% 1 #f % ¥ ~ 11 2 k2 p-values KA & H-F vh 2 4P F&? MR kBTG 2 TR EE S
MR AR 2 FRFFE L - ERARR o

$=#35(2023-2024 &) BB BFER ~ 2 FFRAERAAFIHII T N FARLPF 0 U

MFeRh'& s Fr 2 A BRARRELS T

310 A 1T RBBEFER ~ 2 F F B EFRTAFIMRII OF 0 F o2 P fp
SOERBEEBOEAATIMZ AT /NS 2 RGPS AP RAKES - &

FRESE 45§ BHH - AR M2 AT & > 02 N RE e Y o ke kb
?%%#B('e BBSFR 2§ R R FI AR 2 DA F W2 2 T 17 5 (interaction term)»
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P ¥ oA 2 F 3 F)F heizd BMI\K@%%J_: 3-7{‘
¥ AR 3 1% 38 2_ Bf ¥ 14 (i.e. p-value for interaction) » 'J‘«
AR ARI SRR R LS A RRR R

“rig = 2. Z B2 #-¢ @ * FDR(False Discovery Rate) &

Bonferroni & i+ 2. = % » "F K

TR E/F Fi’f‘}%!{i °o B fS M-
34,5 a;a,ptrg,&%;m i o ¥ ook d 3
ERER b #i (multiple comparison)

= SR

HERTF R4 (RS
[~ "i r | [— 1
| z | w2l 3 | | spmaas
| S | a2 | =
| : | | 2
| smEERay E 2 | gxEE F | | sugmagmm -
| ER R ) & gl | e A !
I | | I %
o ﬂ": S B ﬁ?ﬁgﬁﬁf E
| | BIRZE 2 | | . B
| [ I

g]ll ;.&),L/\A%,_fr}?‘)\ fg-g?‘]:*"

T L RERARE T AL

i * 300 f ~ 350 & ~ 400 1B b)-$p8 2 > 3+ d

ELAPF(FH - BHJER K BF) 42 F 400 B - é«%% R (TR

< 10% » alpha 3% ¥_% 0.05° 1 ¥
L3t A4 (;ﬁ—klg%‘] 12) o o LI E B B L K
2 P iR#F) >

H xiztagd

TEB% BT AT LT VA
1.0
08
_ 06
o2
=
[]
o
04
—— N=400 pairs
— N=350 pairs
02 - —— MN=300 pairs
0.0 4
T T T T
1.2 14 1.8 20
Odds Ratio
B 12 %32z 4 [@](Power Calculation)

BHCAACR B A TR 0 d A AT 2
Fg

4o i p LR Mtend 5 4 e pFE R ¥ Penalized Spline 2 3

oo BEHET R BT R pERG 2 B

# CMO03

RBFF S iaaw
IE 0 -4 £ AT RA S 47 % % 4p (Categorized Variable) » 41w A

2285 d 2% linear mixed model 342 £ B ik 5 AR

R L R e Y e
= (Quartiles)z. = Vi {7 4 F7 o
KTk R LT A
) '}‘] AN



dode {5 £ R B 4 ;gg@ 5P Bt B & B33 #2378 (Generalized Estimating Equation, GEE) » %] GEE
CARA A F LB ER A2 EFE . F N AP RLRET TR ER-F R AP ML 0T i 0
gcw%ﬂ+%»“anﬁL’*Lw~iﬁbfﬁinm&7fg’%@?Evme‘*s“’%’ﬂ%?"*ﬁ
I 2. * 3 F]+ (Un-measured Confounder) i3 7 & » #-doie 82 859030 & 25 B 1L o

31l ¢ R/ B 1 PpRAB N7

ARAFAT S EHEREE B EEEE R ?Fﬁg%ﬁ‘ri’?‘Fi“%‘i!‘!ﬂ\%i/\'ﬁﬁigﬁ—"ﬁ
73 bl AN AFIRARE L SR FEIPFRAE R R TR D G #7 ArcGISV.10.8.1
B 4 A 47 (Network Analysis)$ 12 2 Bc @ B Bl - 5 £ 67 FIRE 4 F(L 4§ % SR )k o7
AR BT SRE EEE L BHATEL AL S RES R R R E LS
B2 BEh BEEATY BRERALFRE R AR REERT FERBLE RS PETE
FF T o RN 2 B FA R R U PR R ML AN AR EET L £
FI3EMI4 S REREMEARES1TEE T A

o

FHEER

A BRI
B:NDVI>0.3 PSS EEEAEIIE R
CHEMRBRE <% mm) = a8 27 Sl JEL PR -
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