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R R R BRI T P05 A B b 2 FET Y 22 TR %
FEEEEE (Michanowicz et al., 2016)  [R AT

— B TR & e < o A P AR A A
(hybrid Kriging-LUR) » 5% /7758445 LUR f5HA
RIE - B e SR ERTHDRE R f LUR g

Hy—{E2 & - DIEEY PMas SEHTHMNRYAEMEE
(Wuet al., 2018) -

BEREHETT I S RRE b 8 22 R
J5A BRE BRI AWTFEE RIS T S 2 RS
R ERENFE - HMLEBROE - TEMRAZK
TR S AR B R Rt s 2 R E 0 [RI
S e N B N T 22 SRS AR - [RERT

AR ERIE T 3% e B2 SRS AR ﬁﬂﬁﬂf/ﬁ
B A TR E T i S s R H I R &

FRt Kﬁﬂmﬂ%}ﬁ%)\ﬁ%ﬂéﬁﬁﬁué\@T%ﬁ%‘fﬁﬁiﬁ—iﬁ
SEBLZE SR ' E 2 R RATE - TR IS TR ] DL
SNSRI ET E A B B SR P R A5 5 T AP B 3R Ak 48

SEREATTIE - LUBESE T B 2 SR An B A R A2 -

2. MRt R A
2.1 5% E

ERTL FERHEE  HEE A B B R
AERRHC IR - B R BN E RS - 2
/\{IE%FHZ— c 2P EEARLEE -
SERCFEMR - Zia SRR RY - BEA
HRER ~ SRS - FEEAINIS o BLEERT S H A ORHD
HiAEE - R RGBSR - 2 AT Fsk
IR T2 R 5 A4 - WO BUT S TE R RE R
BT A R it A e = 22 SR A R R A
HIREFT ~ BBIER R ERR IR R E T - 8
A T S R R E - BT TER LR
FZERAE R (B 1) JMEE 50 BALE—
S ARl N Rt st s AR |
B Y EE R 0K TR S Mz ot & B PR Y 22 R B
ARRE o SUAHE 22 OH] F 2t 2 5 A 0 22 18] o0 A
(Geographic Information System, GIS) » 45& 13 F]
Fi B 3 R #4223 (Machine Learning) Ji/D PRI
BB PR P S R Y 22 RS JL R RR A

FETH REI113F68

2.2H5ER

KRR 2 BRE S PMas BUHBHZE RS
PPN ~ LA AEE - B s A E
B HREE (Point of Interest, POI) #AZEERIE ~ thafk
B K7 & (8 4 SCBE B E 5t (Moderate-resolution
Imaging Spectroradiometer, MODIS) ‘i fE{b 7 FAH
4 #5182 (Normalized Difference Vegetation Index,
NDVI) &k} - & ff BUE P 8 (Digital
Terrain Model, DTM) FIREERHE » (F L
I P A B AR A SR g

B PM, s MHBAZE ROSAPIEL S 1994 £ 2020
7Bk (Particulate matter, PMyo) ~ & (L&
(Nitrogen dioxide, NO») ~ E&{E#) (Nitrogen oxides,
NOx) -~ H& (Ozone, 0;) K & EH#i (Sulfur
dioxide, SO») » FIHZEIFREBUNIEN H NERIRE
(SERIEH) BERERNREBCIE - EAMRERNE
S~ REH -~ UDRE ~ PHTEELR DS - 385 RIS -
2007 FEF1 2015 Y 31 K BELEE NG -+
a0 - R EEL A 738 (Land-use/Land-
cover, LULC) &3l » EFE(EEE - BH ~ &t - K
RE AT - %Tﬁiﬁﬁﬂlﬁﬁﬂﬁf%ﬁﬁﬁ@%@%fﬁﬂ@
2001 ~ 2006 ~ 2013 ~ 2017 Kz 2020 FH{ir EFR 4GRS
e o RS - SFRIERE S EHEBORMY AT =
HUf5:H 2006 ~ 2008 ~ 2010 F7z 2012 /Y POIL i’@@:’“
HE o POI M E LS Google Earth (4
RFET EZEMAEN 54 (Chen et al., 2020) °
MODIS NDVI &} {5 F 55 BRI B 2 i 22 B K 22
4% (National Aeronautics and Space Administration,
NASA) fE{GHY 250m x 250m EF&AEHTERY NDVI
&L ERHARE K 2000 %2 2020 4 - A Rssit NS
IR AR Y A N - AP ER RS 2016 42
PIECER 20 m x 20 m [T 8 S5 3t P A0 )
(DEM) EHEEHIBEHT SR ~ S MR - b
e RAMAY R SRS - EFRE - HERE - R -
JE\E] ~ K ERIRINE - BAMRE BRI E PR
FIRE BRI E R RS s CODIS &
o BRHEIRE By 2000 £ 2020 4F - HERASEHEOK
EASRAKSCEIRIE » ZERHIIE A 1994 5 2020 45 -
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BREn
e %5 8y B KM EE

HERT R4 S8R * RF EHRAMTEEEE
oM, SRR iy - GBM
B R BB AER . XGBoost PM,s
T ABADEE R E o L = /A,
MODIS NDVI # /& . é'gtrgfoBsM = bo *‘I%( yean
A
‘ ™
5 R T B AR H7 £ }\
PM, s B—52HI& ’ g R A
EBEXZSEHMREE TS s
(V|IF<3,p<o.1,p<o.3) - BESEHE J422220
I 4 TR X i (1994~2020)
WL AR || |- mmmE -
EERER/IMARESEERER SNERE I ERAE
v z‘ozé;
[ PM, 5B Z2 {3 ik [E] — '
2023x983 = 1,988,609 fE4H1E
2 WzERiRE
23% 7‘::7‘5;% 5 W 35, P 25 T - R P HR FRCT R 2 il S Sy S
' H Ju A Ey SO mx50 m HY4ERR B - A EET R iR 2= ]
AAFTAZRBOT B EAEED Y » RF R o, s9m0m (1) sFEERE 25 50 150 -

PHPDRRE AR - SRR ~ L TR 550+ 500+ 750 + 1000 ~ 1250 ~ 1500 ~ 1750 ~ 2000 -
B2 80 ~ LA B IEAL SOEEE T © B 2500 + 3000 ~ 4000 T 5000 m 1 & (BB 0 ABE
TRESESRE R FORZENE 2 gaepmmmsa o USSR ESRERE

ey e HUFI PR B ZE BB A () 4R L
. (Euclidean Distance) - FisH48L 5184y 520 {2
50 m HY4EHE - ARIHFTFIA ArcGIS Pro 2.6 #UES /T

FEIFERURE g -
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2.3.2 B8 A%

A FT 4 & B K2 i = AHBH o3t (Spearman
Correlation Analysis) ¢ BB =220 S gk B 1584
I feE )7
VA PR B 5 4 R P [ B A 2 B8 o e T Ri7
R SAERA BT I i B S TR TR L PM, s Y
fo Bt @1?%7%1@\?5 FEXUNE 7 R TR S 5
e AN A B E IR0 SR EIRIE T - fRETE
%Jﬁﬁ&ﬁiﬂ'ﬂ%ﬁ%ﬁ%@ﬁ%”%pﬁ< 0.1F1 < 0.3 - &
% B SR REIR T (Variance inflation factor,
VIF) SRAlbif 38 a8 s Agmit: - R8s
BN R - SR P RIS AU OR B T VIF<3 DAR
ERTEOHI 7 [ — B UM BB L -

2.3.3 LA H AR B EAY 2 2018
TE2E ROF AT A - A AT e A
LR PMa.s ERFETT 04T » A A L3 A1)
451 B e 2 G R b e R Ry TR DR H B AE
ﬁ/\%m e AT FEE AT 2 R ] < 2 AR HInh e
R THARER » T LUE S misthfe 22 S LRI T AR
X (e AR AR TN PMas 2SR 9315
WL o SRR 3T AT DRy il B A 22 S0 5 A2
TRESFEIL ARSI E S - AHFTERFE &R
- b 1] B 20l B (Land -use Regression) FIE & 52 Fl
&/ I B R & #EF (Hybrid Kriging/Land-use
Mixed Regression) #E{T /)20 51U 0 Al 22 B 22 L]
FRFESEBIETEE - TOASy/ 1 Hh R GRS B A 1EAY
[ Ry » 1 [E— IS R A FHARRL A B IS - 1
75 M 80 SR Y B DU R P 100 Z LA £y ot B P R
FEHE—EHIRER (Wuetal.,2018)  FTFHE—HE
B —TE 4% (Leave-one-out Kriging) #ifikH 7%
REDRFE B s M 5 A e (E - SRR Ry
R BB AR TR > FLER B B 1 A1 A
ERAHIE - BRI pOR & a AT A -

2.3. 41T HRIRER T HEAL AR

SEFMEAFEA L DB AR & R Lt
PSR A S8 AU B 5 LA
{45E5 HEUR B0 » FIFT Python iy AutoML 25

(Supervised Stepwise Variable Selection) »

fi’\\ﬂﬁ

FETH REI113F68

> EEE T AR (Random Forest, RF) ~ BffE{E
F-#%(Gradient Boosting Machine, GBM) ~ fi[RfEE
FEFF (eXtreme Gradient Boosting, XGboost ) ~ &5
RS HET % (Light Gradient Boosting Machine, Light
GBM) FIEABEFEHETFAY A SRR (CatBoost)
AE{THAIREEE - Horft RF /&2 Breiman (2001) $2H
N—TEERTTE - BREITEGG T 2ERASRR - H
SR EL BRI SRS E’%E%B@E’Eﬁﬁ‘@ ° f£ RF fif
TR 82 miE E A (bootstrap method) [
T BN - A H e AZR ER AR - SRR
o BB P AR SR FEORIEAY > H A RAVAR 52
BT MERE - GBM BT 2 HERE RS AR
1) EREEE LIRS THRZERENMENY )% (Friedman,
2001) - ZEfe 575 AR T e bR B i M B
{EH GBM MVENEAER R4 774 feat i P s B L
A ER R E TR B - XGBoost & —TEEA 12
T3k B ZAER TR SRS (GBDTs)
(Chen & Guestrin, 2016) > .| FHIEL A ZENERIT
L (Taylor expansion approximation) ZIEISEFERT
a7 B RS B ST Al PR B i & Y H AR e B -
XGBoost FY{EREEL & 5 /D D HRERT B 4 A TR
RETT - LightGBM JZREREFET R SRS AN —(E 7>
S B EARE - B SRR FEE
FHARAERL (Keetal.,2017)  RZRUES AT HREE
FHI T BIBLA R E IR TTE - ﬁﬁIEﬁEﬁAJZ‘ &
(53 BT A AN R L SRSt - B B i
S s B AR A 1T 0 & ’Fﬁiﬂﬁuttﬁﬁﬁ%
THEEBAE RN - MR S Hl 88 -
CatBoost j&— AL AMB R T4 S E YIRS 5
72 AR 852 (Prokhorenkova et al., 2018)
EREJTARA TR TENES » MR T
— R = AR P AR E SRR © 5% 075 FUETE
FHEE(E B S oicH sy - I8 A B AR eRE 2k
PR BA e NRUE IR H R B - AU RAR
K TERIN 22580 T AHEC BRI ST » #UEE 2 FEF
FAREHSE (Hsu et al., 2022 ~ Wong et al., 2021) - £
B PRI AP HIMIRER E U575 > FsE S RI(E
Gattidd > (ERHEMET T PM,s RETESAATHAY
ZRHE o
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2.3. 51 R BB R e AR AR B A

KT Relas A R S A S 2 5 DAk
HERRIE IR E I » MM T T AR ~ T
a0 DA R AN Bise S 704 o e M EIF B T
BB AR 2 USRS - BB A A 80%
B AT R ZY 1R » Hrp TR B4 7600 2
B (8 3 (a) » SN 20%FFABEEDHES, » KA
{EPAIE &4 1900 805 (18 3 (b)) > ERESES
IAAEZEEE T - 373 s AR AR 90%11y
B B AR I AR GR - T NI 10% A A LAY
MR - IERREE RO UMEFABIERNEVE
MR R —2R - Ry — PRI SR S
FORB (R M AT AT T NS - AW A
1994 % 2019 FHYEEH PMy s BUHIEEE FH A AL
4 > i 2020 LAY H PMas USSR By MRS
18 > S BB AN (E B TR -

1| 4 42 RS HIE SRl
7660
7640
7620
#7600
@t 7580
% 7560
W 2540
7520
7500
KE [ PORE ERH 2R
Bk
(a) FsksE
{0 25 s ke 5

1960

1940

1920

#1900

f’ﬁ} 1880

& 1860

b 1840

1820

1800

1780

RE @EE OE B 2R
il v
(b) HIEA5E
B 3 HI SRR S S R

RyRPASTERIRRRE - AR AT o i A AR
STREUR MR TEIE > HrdHIE A EL (Coefficient of
Determination, R?) JZi#E7% ¥ E4E (Adjusted R?)
PRSI TRRIRE ST - 1 3 FREA G IR U7 ER

7= (Mean Squared Error, MSE) ~ 5 5fR:R7% (Root
Mean Square Error, RMSE) EAZt54E %2552 (Mean
Absolute Error, MAE) » AIIZ FHA ACHAERS TEIE B8
HNE 2 PSS - B > FIEGE (R?) FIEHRE
HFIEHRE (Adjusted R?) FHFRSHE YA FHHIEE
R* fir & | AU RSB R B MY AR 1 U
HEE 0 ) 1 2 - BT 1 SO TR
R - PR HAEGRABET R F:SR - Khl
BRI E S E SN - (e EFEAEER
ATEEME - HR - =R JiaiE (MSE) ~ 15
JifRERZE (RMSE) NI EE (MAE) IR
TR R FEOHIE BN 2 FE Y387 - MSE &1L T
TROHNE BAEUHIE < FIRY-F 572200 FH9{E - RMSE 2
T EEAEERE(LEEE - 1 MAE RIZ P4 HER
AEEHERHEE - WEEFAREEINEE -
&F s SRR AT AT DA T e AR Y Yy TRORME R AT st
K o

2.3.688F 31T

[ & 4 M ] B A A
Regression) J&— 7 F A PR N & 81— ZH TN
T Z HIBRRAEEET 74 - B aR M EER R AR
A - BEFRarERER R s N B B AR EIR T &
g M H AT DAE PR [E] YRR 7 i M 3 el Bk
e FEIR A THVEIE - B TSR ETHEER
25 SR ZE RIS A B AL - TR I e AR M i
A (ELERS LB PM.s JERE B > AR
PRIETT T - ARV AT -

(Generalized Linear

PM, s = B, + B X year

HAFPM, s PMas JRIE » yearZFomFoy » Bo Myl
FARMEEIIATEREIR B B E (A - 1R
I HEAAE B A FFTAT LT il PMo s SRS FEHT
IV LSS 258 Ry IR (AR S RENF R I
Rz 7B RafE  BERFRERER R iRgE
SL(RE IE & T DUSHIZ 4B Y PMy s SRS 2 BT
ISR © FEFR UL - ATDARE 2R A T g2
i 25 4F PMy s JEFE AT LHIE, -
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3. WH5e4s
TEREES 53 o > FRAPTHRF 5 B 3 2B B b 22 HARE PMys
MEUIE T fE PM.s RHIBR IS E » FHil—0 0k
W AEMSRE L REEE » Wi R B AR
RUEE AR HE— i Z 5T PMas JRETE
7 e BRI ] R Ry S8 L B,

3.1 PMLs BE

4 FpZHT 1994 £ 2020 3445 PMys i
FEBUAERHT4RE - 1EE 4 PP DR > 3
1994 £ED 3K » Z R T Y22 R0 5 4L 2 A N EE P 30 T
AYESIE © 2005 AR THIE - (HEERZE NE o

£
)
=
=
s
A

41994 2 2020 FEEET T PMs BUHDREHT4R[E

32 E AR AE

F 1 BICRIRER R+ HOF R LAY A R e
HITEAERE > Hodr » PMas Se | g R S — g
B EHEESEINY PMys JRIE - HARIZ L30FH
HEBUR BB S A B R - FE B PRI
H~ H SO R ~ SFRAFFRUR ~ R TR AEE
¥ PM, s JRIEHTIS 0 A TEAHRA - Y501 NDVI HIZ
SR -

EIERTEITATHRE] - AUFFEEE A T T
EEHEEERNEIIEA - £ 2 BURT SEES
HISES $HEZSEI AR EAVEE R i UG RF
GBM F1 XGBoost 1 R* {EJ5 HIZFFHILL » #(E 0.92
Z 0.93 [ » iff LightGBM F1 CatBoost RIJFH &
—1E o 281 > LightGBM H1 CatBoost {E5/ll $F &} -
Y MSE ~ RMSE #1 MAE #ttHMEAZ = » BF

FETH REI113F68

BT AEAETERDT EIAERERE R - ERIEER
& b BREVENRBIEE 20 (B2 RF F1 XGBoost
#£ RMSE 1 MAE J5 HFS B HAMRLE - 23RN
RF H1 XGBoost #5488 i & 7 I LIS ©
THTEREEAE REUT - BEUAIMEREEARF —E
{E fE% & AR F1 XGBoost £ MSE ~ RMSE 1 MAE J5
TR AR Sy - 1E/MRERES T - FEtAR
FRHI XGBoost fEATA fEIE L E R B A - BAR(K
f/J MSE ~ RMSE F1 MAE {& - il HLAE R* MIFHEE (&Y
R* (Bt © 484G 1T = » RF A1 XGBoost {£i2
(EZE B 3R T B I ERE - AR SR E
HEE i BAE - Esss Ay Ml BgE T T AR R HY
o &7 Adjusted R? B2 RMSE AF > FEARZE
RF Ry (EIVEIREE B L - 3 PMo s JRIEAYHER
HA e HaRE R/ » B Adjusted R® Fy
0.93 » RMSE £ 4.86 ug/m® » % 3 DIFISiEE R A
BIETIEAGRERR » FRall SRR - TR &
EHEASNRERTE T RF AR & R (21758
LR GBM B XGBoost » i4F & A Bass4s
R RF #EA R EIVEAIEE - Pt ¥z s EE
8T e S Bane B A RS - A T3 U o
HPERES TS E TR ALY AT SEM: - B Adjusted R%.
Sy Al ks 0.86 £ 0.89 » RMSE 4315y 6.77 ng/m? B
3.16 pg/m? o

& 1 A% LUR B e TSRS

S 53 pfH

R 2.94

PM, 5 S seris 0.96

EEAE M 0.01 9.10x10?
=R -0.01 1.21x10°
SO, EE s 0.51 8.51x10*
ZFEH 1000m 2357257.71 6.78x10
NDVI 50m -4.11 7.33x10*
HORE 0.11 6.99x10*
T ZE T s00m 0.01 2.70x10"

LUR %] Adjusted R? : 0.88

33EFHZERITHGEF T

(RIS AE AR (Y RF JHELASERZERTRS
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BASGESR > UIRFE] 2GR - A AR Y AR (R B

A% > AN B AR AR B b e I & A
T 25 FEHEEL T - 4 LUR EfZERYFHIEE S - A
EhEzE s L S8 B NDVI -~ 512 - BAE M -

SR LERAET S taEEiEE R b
Z B HIEDRME ~ PMas BT ~ SO RE - fF bl
B AEFGIEOEREA G - BIAE B R[S
HIAEE BRI PMo.s RIS S i - B2E PMo s RS AT
Bz RS L - [ S e 6 RyZefEliiZh o tay

= _Caotun Township

Yuanlin
o

[

e = =
0) [ /10 20 30 40 50,)

HREE > ST LA PM,s JRIE R H 28
MR - HEEFIBE 2L (p<0.05) - EREHEEF
{othn > EP Y PM.s JRIEHT E B T F
HEES o fezefd] B - AT DLEEHR B T i Pa R A
B BB RN A - SR HIERT PMas %
FESE R -

2 /\/\

=)
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1648m 2921m
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5 B hZEEERI ARSI ITE - B P ATEERE BB NS 1 (RBEZ 0N > E iy
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2 MR &2 FIREAIER

RF GBM XGBoost LightGBM CatBoost
e 0.93 0.92 0.93 0.86 0.87
Adjusted R 0.93 0.92 0.93 0.86 0.87
MSE (ng/m®) 23.60 25.81 23.77 50.36 4423
. RMSE (ug/m®) 4.86 5.08 4.88 7.10 6.65
§ MAE (ug/m®) 3.19 3.35 3.45 4.69 4.55
S time(s) 42.84 186.52 27.57 49.00 166.03
SHERSR 0.87 0.88 0.88 0.86 0.87
Adjusted R2 0.87 0.88 0.88 0.86 0.87
MSE (ug/m?) 43.31 41.13 41.09 49.79 43.95
¥ RMSE (ug/md) 6.58 6.41 6.41 7.06 6.63
& "MAE (ugm) 451 433 435 4.70 4.52
R? 0.86 0.87 0.87 0.85 0.86
+HERE justed R? 0.86 0.87 0.87 0.85 0.86
MSE (ug/m®) 45.89 42.99 43.12 52.60 46.00
RMSE (ug/m®) 6.77 6.56 6.57 725 6.78
MAE (pg/m?) 4.63 4.41 4.44 4.80 4.61
R? 0.89 0.88 0.89 0.87 0.89
AN EgA justed R2 0.89 0.88 0.89 0.87 0.89
MSE (ug/m®) 9.97 11.02 10.10 13.13 11.00
RMSE (ug/m®) 3.16 3.32 3.18 3.62 3.32
MAE (pg/m?) 2.39 2.56 2.41 2.82 2.60
3 BRIGEEHE T 1994 7 2020 FEZ h 7 PM, s BUHEEREHT4RE] 2006
ATEE S gy ML IR RIS » TR RS
RF 0.93 4.86 1 BUAEZE R 6T i T —2083 77 » iR
GBM 0.92 5.08 3 g e = YLTE e
X GBoost 093 T > TLESE (2007) 0 H 2003 L > ZHii st E R
LightBoost 0.86 7.10 5 M YT T RF L E R R TS EEE
CatBoost 0.87 6.65 4
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E{ARBS VRIS UCEC » HE SR B AU T
Adjusted R* & RMSE &ERA[E] (AR AN FTHHE
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Bf o EISEER AR AR AR B SRS AR
REEZE SR A T IV E M © SZIE R AT LR
R T R T AR RS A AT IRRERR AT
ZSA b R Y L AVERIR R 7% » BT o] DL
Byt 7 BURAHRR SR AL T & i 22 SR B Y B (B 1R
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RAH LUE B AR B BRI R R AR FE 5+
AR AR TE RS - DUSE 43 T AR B ik
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pp.3-336-3-347 - [Li, L.T, Pai, C.Y., Yan, S.C.,
Miao, W.T., Shi, G.Y., and Kuo, Y.T., 2007. Guo
nei wai kung chi wu ran guan jr gung tzuo shian
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Development, pp.3-336-3-347. (in Chinese)]
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The Long-term Trend Analysis of PMz.s Variability From 1994 to 2020
Using a Hybrid Spatial Model: A Case Study of Taichung City, Taiwan

Yu-JuLin ! Chia-Wei Hsu ° Chia-Ho Lee * Yu-Ting Zeng 4 Pei-Yi Wong °
Pau-Chung Chen 6,7,8,9 Yu-Cheng Chen 10,11,12 Chih-Da Wu 13,14,15,16%*

Abstract

This study takes Taichung City as an example and aims to investigate the long-term impact of urban
development on air pollution. By establishing a spatial model, we estimate the concentration trends of fine
particulate matter (Particulate Matter 2.5, PM, s) over the past 25 years (from 1994 to 2020) and further assess the
influence of urban development on air quality. Various databases were utilized as sources of spatial predictor
variables, including the Environmental Resources Database, meteorological database, land-use inventory,
landmark database, digital road network map, digital terrain model, MODIS Normalized Difference Vegetation
Index (NDVI) database, and power plant distribution database. The spatial hybrid model in this study combines
Hybrid Kriging/Land-Use Regression and machine learning methods. Initially, important predictor variables were
determined using traditional Land-Use Regression (LUR) and Hybrid Kriging-LUR. Subsequently, prediction
models based on the selected variables from LUR models were fitted using Random Forest (RF), Gradient
Boosting Machine (GBM), eXtreme Gradient Boosting (XGBoost), Light Gradient Boosting Machine (Light
GBM), and CatBoost algorithms. Validation methods such as data splitting, 10-fold cross-validation, and external
data verification were employed to confirm the robustness of the developed models. The results indicate that the
model is stable and reliable, with an Adj-R? of 0.93. Through linear regression, it was observed that the estimated
values of the predictor variable ‘year’ for most locations in the city are negative, indicating a significant
improvement in air pollution over the past 25 years. This study emphasizes the importance of managing and
controlling air pollution in urban development planning.

Keywords: PM.s, Urban Development, Hybrid Spatial Model, Trend Analysis
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FE R A\ TSR T B/ NE & NO2 JRE ST A-
LIZEEm Rl

FER!

N N *
RigE >

S

ZEIEE (NOo) JSH R E A EERE - W BRI AR E e -
g H - AT A TREDHINEEE DU 2 2 FELEAR SRRy NOLJSHRE - B T AEMEE R
B/ NEE R ELE BT NO2 ISR - AWHFE LA 2 Ry fhl - 2

RESNNO PR ES

9 H A E gL

A TEZ (Geo-Al) FffifHiE NO,

TRPE AT o TEER 2015-2020 FEZE RIS AL - DU LI P 22 EAHBRER R - A DIN R B2 R AT

PRS-

GERBT > ERBIDIRGERTT B S ERRERE ST (0515 R?=0.94 LUK 0.93) - HEff ik RAERE

ATEE © NO» iR B A Y52 e i T R (] > HL PSR S R SR © BN PN RS e (R e e B

NO, JRIE 2 IE [F BHE -

e - AR - ERITH

1. BIS

—&b%E (Nitrogen Dioxide, NOy) E—fEEil|
BB E RN ZE RITA) - NO2 A2 KR T 15 i
[EHELTRY N 28 H - ZRIMAE R Rl & A NO»
FRIBE R, I R A R ~ N8k S X7 BIPAEAS TSR S

AR EE 5 BLELR S ~ /o 1B BRI A AR B
LURSEC R ARRE (Boogaard et al., 2022) - FRIEZ
Hh » BRGEHALEYE S A4 SE - FERE TR
HMERTI T » NO, gk iﬂlﬁ‘}iﬁﬁﬁ ’ TZ@BBZ 0;
FRZERITAY) (Leighton, 1961) » #E—T & A
IR 22800 AR S 58 3 R - RN RV RS E
LA E TR NO BB LB RS
HREERE - NO, MERFHHBRIEREAT
= RIE I E AN NO, R B 5 BRI S 3%~ DR
FEIEIR DA R R 3% AR B AHRE - SR S
PSRRI < B AR Ry RE (K

PMETSHERCH 5L E BT NO» HHidE Sk ATRER
VBRI RITREENE R AN A B
> BT R B R e R 2 B

SRR K ER A E L B
 EFR AR R RN EEITUAT TR &
* iEEA(E#, E-mail: chidawu@mail.ncku.edu.tw

HesE - MEATEE

Bl/NEE

261 B IS0 5 K e 42 (Shima & Adachi,
2000 ~ Sunyer ef al., 2015)

NO 5 FEIR A N RyES) » T LA ik
BRER - FZE » B4 7 BiE 9 B EAAEER
e hF B i AR 22 5 NO JRE B E H s fE
HERRAE LM A E Y BERENRKEES
ZE5RI5AY) (Rivas et al., 2016) - B[] > GEEATD
R A S R E R — R PR & LAY
7G5 R E (Dons et al., 2012) - B4} » Z&
AEER A LU R N £ - ZHERE FEIRRE
SRR EEER T - AR R A AR R
BEHEE - KT ARGHEEE FEREIaE Ty
NO, FFzJE s - FEEERE I NO R ATE
I

1% DUA PRV Z2 R0 5 A BN BRI - #e DL
SR A 2 R E B 5 e o AR
e Bt o BRI IR 22 M HE - LA A
§% (Land Use Regression, LUR)~ {#%Z3E477 (Machine
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Learning) %577 A2 RIT A VIR 22 RE 1Y
BEFESrAT (Beelen et al.,2009 ~ Wu et al.,2017 ~ Requia
et al., 2020) - ZE ] NFERIE 22 RIS ARSI ZE R H
THRAME - fERE I EHE R 2 THORE o MR ZEE A
7 (Geospatial Technologies) HY2¥fE » (HSERIER}
ERE1ZE R 05 J T FE AR B 4 [ M 4 XA N &
BRI ENTHVESRR - R 5 T LUR EAURESR
EEERE AN - 2G8E - SRS SRR
T BRI RS E S BB U S YR R
SRVERANE > B Z ] - FEE AR B A E
BREDNET  RESE2EHEREEZEALEE
(Artificial Intelligence, Al) 75 DA BE A B i &
TIARIE BTN IR MR R R RE
BRI O BRI - MRS TR - 2T
FEAC > FrERYIEL A T B (Geo-Al) 7877 %
BEITER 2B BRIz & R
HERS R BN T o - B IR
EHERA BTN G BURIEHES - 52 07AT KD
FEFIIR A Oy T 22 RIS AU BB E (Babaan et al.,
2023 ~ Hsu et al., 2022) -
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TEE (Geo-Al) HEffifiily » HEH 2015 £ 2020
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SNBSS R R E R R T ER
A FZRZE - HNHEREAIR G > ERErEZE
HOATHI R B A R BRSNS G B E

o

0

B =
H

(5§

jut

m{

FETH REI113F68
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TR R E B LB r Ay 22 SR E -

22 R

22 1R RE RIS

ZERITAERILE 2015 & 2020 FATEFEER IR
FROLZ M EIEEGE - EE RN 2 22 R
RIS SZEMESE - BENSAYR - P ER
2o 2ERIEESIECEZESE (Air Quality
Zone) ° R FEF T | (EEDHG > By 1A 3% HLAERE
ML FE R RN 22 5RE R AR - ARFZE
EEFMEMEN 1 (EEHREZ /N R
(8 1) - FREEF L7 BiE 9 By BAayRieime)
PR - BT FHNII S RE S LR R HRE
FIEIN TR LGS - SBIHRRRIEBNI(E 2 /NFf
TR EF 7 £ 9 B P S bR EARE - 5
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B (B EHEAG(E - R RARI NN RA B
PR E R R AL EREAVR 2R (Wu et al.,
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A7 AT DARORISE LAY RS o3 AR - AR RS
AR FEHIAL T
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57 (Digital Elevation Model, DEM) » FH.Z=fEJf#EfT
J&Fs 20m x 20m - fEERIFIEEHE E - B ST
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B PR PR AT E K] - AR AR TR - R
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RIS AR AT o R B BRI DA S 5 S A LA
RABERUR + RASHRRCR IS TR R - A bR
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2208 T PR BT R AR O H B DL R S B 22 AE R Y
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of Interest) MFEERIEF » & " AFER R 5F
B U AR R - AR IME AR FR R BRI A E
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HE R LR RME - EHAR(DFHELAL
JE(Red) BLATAL/ME(NIR)IGZ By 2 72 5 - FERH R (L
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BEERMEHEET A & - A B P G & 2 ME 4y
BRI - BrEL 240 AOEEAOEESE &
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H o B EEA TR (AD MBI E R A B E
TG TSRS R TS
R SOBIRE ARG 1% L HE AR @B NO,
R HE LB LR SRS T AT - AR U E]
3FR ©

FERFRZE TSR 7 - AT E e Rz
ROTAYILUR, 2.2.2 B/ 4EZ RS ORI ~
EAERE B BN T - B REERE

A B RN AR T B iR B LR A > B

SRS T AR AT BHIE 57 50 m % 5000 m AR [E]
T EIFE N AREE > DU AT B B R
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FER (3906 ) F LS EL B E
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(External

AT ER MR PR R LR (eXtreme Gradient
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A& SHAP EXE S T ESEY] > AR LIRS
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2.4 SRR RERET T

AUFRERE 2 S EHEIREAL > @R
R 2020 SEEFH L mEE: (7 B6-9 &) HY—
SULEURMEDATIE > 22T Ry S0m - 53 > 5
JefkbR 17 B8 HERSEAN - StRLESEY
H (A—Z85) AEPRER - FEERBE/
RV H 2 EIRET T NO (YZEE 7SS - [F]
RF 52 (L 230 NOL REMIIURAT - Fy TR S EE
PIEY NOL R 2 2 AT g 15 Sl TR thee
AHE R T TIEM NO BE R ER - # T
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3.1 _&/LREERHERIRCI SRS

B EEE 2 S LR EIE I E EE
FE 2% il 11 (EERRF RN, - g H B 78
9 W IR E I BRER M A - 2015 % 2020 FFIL3E
WA 23522 SEEE > SE NO, A 11.70£6.01
ppb > Fr ¥R 10.53 ppb o =[G L ER 115
HIZFEIT (13.58+6.72 ppb) HilzEzm (13.68+6.68
ppb) B Ay E 5 i 25 E R R S AT 5 R
SR R TR AT 10 ppb BT - HFfETHEES |
P9 NOo JRIEAE 2015 4 12.78 ppb P48 TEE
2020 4EfY 10.43 ppb o FEEFZRIZE MEIIUZRZE

PreviE (8 4) § JRE3 IR R E R 2R

BENS  EREtEE RN PR RE 49
K5 7ppb ; HBEREREMIT - LAFIFRE RS - AR
T E A FI SR AR DLRE A% BV TP = - B
2015-2019 £ 80% 2 BRI - #ETE P A FE
BRIRVRHERA G - 15692 FEFIISERNRE 2 FI9ME
B {ir 877 Il By 11.96+6.11 ppb B 10.77 ppb © {£i5
2 FEFE T EOHREE 2 P E B A B B R
13.86+6.85 ppb Eil 13.33 ppb ©

Artificial Intelligence (Al)

JE 5% W R (N A EE
NO, 5 3l i DRI R QKR E T
! DM (4) L R R
= DGR (6) % T HE I
B vl (7) 3 I 4 46 RE(S) 3 e
A LR
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( 0 52 VR W

- SHAP {if 52 #1 fiii %
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NO, B JE 53 i 4fE £ 1l
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2018 2019 2020

* | ZSE(EREAERR AT &y ZRsET (B ppb)

FEIgE P F—IU th{ir 8 FE=VU
2015-2020 £ 11.70 6.01 7.10 10.53 15.33
BRI il ' ' : : '
ZF 13.58 6.72 8.43 12.67 17.67
TG 10.18 5.01 6.40 9.27 13.30
FEHA 9.98 441 6.73 9.10 12.33
3 13.68 6.68 7.90 13.10 18.67

32EETHHIER
KTttt E S THHIEEC P48 % SHAP {H - K
N B I R R e A 38 L e T = SR - B i
t 10 {iE NO, JRFEERVEEZEE - & 5 (b) ERa{ETH
B EL NO2 R A REIGH M - Hor X #ff SHAP
B IEESRFORIE A R Y SRR AT
BHEE (1 2 A ERY NO BEHIME R/ - {F 1S th B T8
o> LR DURC SR R B B L 4E - 750 m 5
(Bl NAE A ~ 1250 m 5 [B] PN <t i 22 6 B th i
T o HAP T HE R NO RS (R A & AHR - R
£ 750 m FRbaaE E A RS HH Rk 25 B0 TS s
NO2 5L 5 1250 m 5 5 s [ P < R B 4,
TSR B Ry R BRI < S - AT & A IR
TEAERA - ERA RS TSRS PR o BE
Hh > PEAUEE SLTREREEHT NO2 ~ SO, ~ O3 B PMy s %45
T AYILL BRI B EUR E RN T - PMas ~ SO»
BILE S BB NO2 JREA R AR 5 O3 B NO, 7
AT MR - 2 NO RE SR - FEERE
Os JRIE AIRERAE o JEZREL NO, RS 5 E I A

e AR R LR MV ATHY SRR & T -

3.3 MR IR TR R

738 XGBoost JHELAE T AVHEG AL » H A
AJ R? B 0.94 ~ RMSE 5 1.57 » TR EinI e frs
94% -/ 3 EhiRG SR 52 B & NO, R I 22 8 5
T2/ - 3 2 RS TR A B R I 173 S g
HIEAE e LM EREE 2 R? 9371 B 0.84~0.86 £
0.81 » HURZMEEIRA B & 5eE B A BRI
RETT - ZERAEREE - BRATTAVEEL R* SR - G
HEm iR R T MR = 2 95% 8 93%- 3
PR A [ e P R e 100 2 52 i 2 o o A Y A B
fligE ST » WFFCHARI &7y R L% 0.93 5 & ~ £k
LA ZR R? B it 0.90° BZRWA /(LA By RiFR
B o KWHZESHEEH (A—2M0) BER (H
S~ FEH) T B  BEEEH (R 5 0.94)
BHRR (R £y 0.93) #VERREAITERINMESE « 47E 0
EEER o BT AV A A L SR TR R
HAY NO, JEE -
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PM, 5 (SR HER i)
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High

R fi

0o 0s 10 15 20 25

7R |SHAPi]

30

35 Low

-5 0 5 10 15 20

SHAP{H (EHR BUELRS SR )

25

5 EETNERY () ERVEERES (b) BRI RECRE

* 2 CE(EEHEG A BRRgas R

Bz 7=t R2 Adjusted R RMSE MAE

TR (80%HHE) 0.94 0.96 1.57 1.19

e N g 0.84 0.84 245 1.81

SHIENERE (20%EE) 0.86 0.86 2.31 1.72

HNEREREE (2020 AEEE) 0.81 0.82 232 1.75

1Ll 0.95 0.95 0.98 225

ZRERT)  Eh 0.90 0.90 0.95 2.65

bal=L Gt o 0.89 0.89 0.94 221

=% 0.93 0.93 0.97 3.17

TARERE o 08 08 001 170
Z I FE(ZRER) ' ' ' '

e FkZE 0.90 0.90 0.95 2.84

7y RS EES 0.94 0.94 0.97 2.64

34 SR ZEEHRAMA DGR
RN Piwiioyic Muri UL NI S R T f 2
tH 2020 FEFEFTIRAE HAY NOo REHE(GE - H
ZEFEIfEATIE By S0m x 50m (1 6) > FoRAEREE 50m
X 50m EREHEE PR R AER NO JREEE
FEZEMI A L FEFE T L NO R RS » 32
FEHEAP AT HAS © S NE RSB AI RS
15 NO2 JRFEHHE > F2He NO, P45 Fy 11.68 ppb e
PR L B KRBT - B
HIRIE(EF 5.80 ppb- AR FERRE Ky 14.12 ppbe
BESE > AT FEEEE T TEUE SR A Y NO R T
i B EF R G EENEE - ERAEEE R
P EHE— T HHGERE I B > NO R HEIT /31T - )

EELPEIEAYE NO» SRSy 51 By 11.81 B2 11.53 ppb ;

AR AT RS NO RIS S AT - 43
ARy 11.99 B 11.55ppb (3% 3) « [Fllf > FE=HELLRIR
MRS NO RERYIRRES t faEsER - p (HENE
/Y 0.01 > ZEFIGET ERIBIE/KAE > G5REUR - 7Y

B NO RS S HRE - [FRF - Aifge izl
TTEUE E AT N S BN R ] > g e
SR [E /N R (Y ek T AR 57 I Ry 3.36 km? B
5.83 km? « FEEIAEITTEI&E N FE R HYERS
FURMEIEN RG-S B/ NEE 7 35 NO, iy
Ry 11.70 ppb > PHEERI Ay 11.67 ppb » BT TEEFT/E
B/ N R 22 R A RS - BB R R
ST 2 AEEESAYRIE R (30 ppb) ©

PR ARSI NS R E RS
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(10.63-11.50 ppb) EI/NE 5 [l - 3£ 4 2 ANOVA
WOESS RG] © SRS R M EEEER
FER B/ INER TR 1y O B 7 B DA R 5% P 2 R AL B 5
TR > SRR R E BT HARE -
6 [ T 5235 T B Y NO, S 5347 LA K B/ Mir B
SRR LA R T R ] o BEE - A
FEor A LA=REEL N R B PRET Bl N E N Y 4kt 4
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& (Bl AmeiR - s DU E#ES
FIRH AT LT ERA P 22 RIS AR E I B - DL A
BN B - AR R T T m A - 2Rl
HG[E Fy 3.74 km® - @& HVER T NO» JRE S
13.56 ppb » EEH EREHAA - [H 7 TEETI SR
BN EEETE L BRI AT - B B/

EH EEI113F6H

AR S I BRI A R T NOL RS B 11.69
ppb © EAEHIE By 2.67 km? » HIEPHER (I EE
DUR: BUESEEI, - C Bl/NYER IS HEE B 5.89 km?
EFETH NO» JRIEE Sy 10.63 ppb - EEIMEITHUR
FEHVERRL o 4 B2 N DA RS T 3t I FH K RIS A FH DA
FRMEE -

N 2020 4E7¥

8 kHs
C ##li
(ORI ET =
SH#s
NO, B

ppb
. High: 15.17

- Low: 8.52
NO, B
ppb
T High: 20.00
- 10.00
- Low: 0.00 y
04 Mean: 12.63 (ppb) Mean: 5.80 (ppb) Mean: 11.70 (ppb) Mean: 14.12 (ppb)
6 FEF I 2020 FVH AT NO, RFEFE g EIUER 54
# 3 BEENRITEESE T NO2 B 2 JERCE t e SR
TR SEIE AR e/ ME BAME  Median pfE
=5 Pyl 11.81 L13 8.75 15.17 11.52 0.00*
NO, BE R 11.53 0.84 9.69 13.43 11.76 ‘
BN IEES PalE 11.99 1.19 8.70 15.17 11.82 0.00%
NO, EBE S 11.55 0.88 8.58 15.05 11.65 '
*p{E <0.01
# 4 FEVNEIEK NOL B g 2 ANOVA g E 4R
EEN NO,y BE BEENEES 2 NOy RfE
] == R KB =3 R (5933
BRHE 6 9 6 9 5
SEIEAHEAERE 12.81£1.16  11.58+0.76  11.18+0.67 12.79+1.16  11.64+0.81  11.21£0.70
rRir %L 12.97 11.78 11.11 12.90 11.79 10.99
p{E 0.00* 0.00*
&H A1 f=5- r=-{K - =- =-1K i
ERGEE 1.63 1.23 0.40 1.58 1.15 0.42
p B 0.00* 0.00* 0.00* 0.00* 0.00* 0.00*

*p {E <0.01
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=0.75) DA Rz 38 £ 20 5 il < 4 B 208 fi 4 i 152 7 (R
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Estimating Nitrogen Dioxide Concentration Distribution within Elementary
School Districts Using Geo-Al Technology: A Case Study of Chiayi City

Hsin-Fen Wan ! Chih-Da Wu 234

Abstract

Nitrogen dioxide (NO>) pollution is a concerned public health issue in urban areas. Children may experience
more severe health effects when exposed to NO». Furthermore, heavy traffic during the morning commuting time
leads to peak outdoor NO, emissions. The limited number of monitoring stations poses a challenge in assessing
NO; exposure during children's school commutes. To accurately depict the spatial distribution and variation of
NO; concentration during elementary school children's commutes, this study estimated NO, distribution in Chiayi
City using Geo-Al technology. Air pollution monitoring data during morning commuting time from 2015 to 2020,
land use and potential geospatial-related variables were collected. Machine learning algorithm were then used for
variable selection and model development. The results reveal that the main model and Chiayi City both had high
explanatory power, with R? values of 0.94 and 0.93, respectively. The estimations are accurate and reliable. Higher
NO; concentrations are clustered in the southern-central part of Chiayi City. The averaged NO; levels in Western
District is slightly higher compared to the Eastern District. Furthermore, concerning the land use distribution
patterns within elementary school districts, a positive correlation was observed between NO, concentrations
around schools and road density and residential area density.

Keywords: Nitrogen Dioxide, Air Pollutant, Machine Learning, Geo-Al, Elementary

School Children
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Paris et al. (2015) {5 Fth A 22 SRS gy
MAE=1.83 m ~ RMSE=2.63 m » FfFZe it B A7 A N —
FRER FEEA 25 PRFEEES - Biim DIEREEANR
K7 (HRERHMERR A BRI B Ermaa e
55 » EHUGREEE RE SO E] | o 85ep 1 EECR
EREAE - AFEE A Zukimi iR aE s
IR R4 15 78 > SEFEEREZ B -
GEER

B B A N S E R R Ry 7.66+3.18
m > M EE AT RN PSR By 4.56+3.00 m
RF BRI 3 A R 3 T ' 2 P BN 2 U e R A R ET R
msers ) HAER B MAE=3.12 m ~ RMSE=3.28 m >
Hth a2 80 2 S E R R EEHEEY 4.37
m > R R R DG R R EATR - ATREA

FETH REI113F68

BMfEAROEMERE 2R » SCR B R
BORNBREE R » MR E R AT 2 4K
ffiznz= (& 7) -

SER R KRBTSR — s 0 JE
TEEEAE 60% LA EHEAR A R AR EE R L RTr L
BIVIERERAR > 60%LL THBIARRBEER R
11 AR A AR R PRl - BIAIHUm aRAE M ~ SR
PRIEE - BRCASSRERS - HUREE S tlsE - IR
AIERFTEREARFIE SR CE AR - SR
R B ER  EREEEREmMEASEEESZ
JETEEEEREI - HOERE RIS & AT A T R R & A
TR EFEE (Stancioiu ef al., 2021) °

HhED R SRS fB’ZT,—JEzEﬂFZE
WEMERE - (E B SIS S et R R M A
T2 PRI EIR 2 S MR e S TS N M T
W EIERYBITRALEF 2 eiie 5 5w /g BT R
2 et A A B T A A Y AR EZ IR
ZIGHEAE - Rt A S RIS oS & b
AR TREE AR R - A HAMARRANT 75 R
S AR O I HGE e THE ARG E &k, - 7]
DU s EAVR 2 (BTZEEREE » 2022 ~ Kankare et

al., 2013 ~ Krooks et al., 2014 ~ Liang and Hyypp4, 2013

Maas et al., 2008 - Paris et al., 2015) -

3.1.2Z8 8 e

ZEHOCEE RIS EAEE (B 8) - THHLHE
VR RS T IS R B - T B A IEREH]
BIIIAMLE > AW ER A TEILZ A EE Y
BRI - AR MR PERE(E -

8 ZEHEDCERERR (KWTFTERD



BITEFS RIS ~ FORHE:

(D

AR 1,656 #RIZA > ALY 1,068 F > [A]
ZeH IR E MRS T < BE - FrA IR R
R R 58 AT R Dzt
S Z AR > (RO %%éﬁ\ﬂziizﬂﬁﬁ(«ﬁﬂ’]
FITA TR 7 R 8 i 7 0 T B £E B SE
I N ARAT 2 TS 7 P A B A et i - @J‘E}E%L{ﬁ(
R EEE R B SHE S AT - TSR A DA ZE HO e
BRI AR -

BE A ZZHO R BRI AR & R EIE A
T EEHIEAENE - B LB F R R R BB R A R A B
MY B LR S IR > AERERE B AR R -
WZE EO AR RIS R > Bk 2 AR
T38h » HERAR S B Ry BRI R R A =
(Yin & Wang, 2019 ~ Picos et al., 2020 ~ Xu et al.,
2021) -

Brede et al. (2017) HYH5T (e FE 22 a5k G 2 Bl it
DTSR LT - SRR ZEHOLE AT 2L
(B - WHEA A SERUEAERE - (EaZbFT @Ik 2
FEE ALY 204 £ » 1 ELARHEGI ] B2 A 2R
SEEFRIERE - BT UBHE Bl D - AR ARAE
Ze R R AR Ry 30-40 & - 2SR ME 2 A TT
ERAWIFEAA ] > WMo w s - e i
W% o QIR A T RIS R S S NE A
A AR (E R B Y IR L -

Qs

ORI A BN 2 e Ky 13.0044.05
m ZEEOCEERT RN RS By 12.6344.02m >
BN E R O ER RN 2 B S T R R E
% > HeEH B MAE=0.49 m ~ RMSE=0.63 m » 25
e B PR e B E B AR 2247 0.37 m - ZERERE
i 0 Z2EOCEE A] DI R AR IERE AN - 2280 EE
T i B A 5 T 7 A 2 B SR /D R R VA TE
HEdmi - SUARBT BB BB A EE TR
L% - M IEEENZ IR -

{5 FZ= e Y BRI B - KDY
RN BT - Rl AR e 2l E - i
Z2 T B AR OB & BB IR R B P
> CHZFEFERS - fE A T B IR IR B

TEEIEARRE A ZEPEFESCERSE AEM I OARA T MMDIIE 99

BRI BREE AL Xueral,2021)
(a 9) - Edson & Wing (2011) BB 78 #kC e g
FYIT AL B BT B R Y GPS & fiz 2 AW EEAEEE -
ZEE A RN BAI RS 2.05-2.31 m -

& 9 ZEPIIAIERAREE (AH7EER) » 4L

Bl Ry ZE h IR Z IR
firE

SR R E RO

O TE

BB AN & 2 SR T e Ry 5.3442.16
m - ZEEOEERT RN PR T S Ry 5.0442.13 m
BHIERE R 22 EO R RN 2 SR TR &

WEEFE RS 0 455 B MAE=0.31 m ~ RMSE=0.40

m - W EEEEHR W ER A RE R -
€Yyl

B B A & 2 SRRy 4.22+1.08
m > 22O AT RN SR EE By 4.1441.05 m
K HETEER =S » 4558 B MAE=0.20 m~ RMSE=0.24
m > WHEMIGAREEZR  NEIEMERE S B
6] > FE i AR e 1T R B A IR O HIRZ ST K 2 At
et o

Paris et al. (2015) 75 F 2280t 2 2 RSt
TS Y MAE=3.09 m ~ RMSE=4.47 m » W55 B5fr
PN — RS E5d 25 PREABER - BE AKERIE
FIAFHRKIEREZESE » HREREH AR
R 2RO R E R E(EA 2 ptm® > FTDUE AEL



100 uimilysseaill S5l

REJRRZE > M5 ZEHOCERER L E A2 2,500
pt/m’* » A RMEREE (R T BRI ERERUE -
GyEE &

BN E S PR R Ry 7.6643.18
m - ZEHOCERTEN . PEE R R 7.2943.16 m
R E I & R D E AT B 2 T R A R R
HR7ET% > HAER B MAE=0.47 m ~ RMSE=0.57 m >
Rk H AN -

Dlzedpot s & 2 PHiE e R R P s
FUETELE - FHBUELY Ry 57.7% » _FalhE R R
RZIEHELEE 60%LL b » AR 2 rESED
60% (BN AZEE] > HEM AT RE RN Bk S i s -
HE5F RIS A I s Ry R R ELRRE -

ZEOCEHN RN S - KOS - B
e T Z AERENEEE - (B BRI E > £
T2 IR R BN b~ s M A E T2
DRI AP AE 22 rPmi P A (R e 2 > RE 2
Wk B e T P BR ST (ELR & > TS iR DAZE O
BRI » 550 IR ERER T
FRILBRRIIARRBEL - A BEAERERE 73R4 1K - 40 A) %

FEZTNE

FETH REINZFEE6A

DR A 2 R AT > BRI
HOCE AW AL B 2 B -

3.1 35 M5 B T e ZE B 2R
ERIEOARATIHR Z (B
(D)%EREM:

Bl W e Y 22 AR o0 1 RE B Y B R MR 1% 1]
I (R 3)  MIADCEHIGE ~ BT SRS
FyEnfe ~ SRR ¢ ZEEOCERTERNS - £ e
i SoE e RV EN FRIE R - HZEEOLEE
R E R - LM TIRLE - WREERIE
HEBEGH  —E G SN MERRE 5 Rt
e > HIRSWNEER W -

Brede et al. (2017) HYRFZE o (6 FH Y 22 R 28
B R A A S M R EE AT
TETLARBEE A b o] DUR B 8 o] Bt i e i R
B ZEEOCEN SRR B E R > g
TR R B BE I A I A B R RN % (| 10
/) AB R 1R i B R ] 5, 22 0 R SR R R L T Y
DTS MADEE BRI A SRR LT
KA R =~ B (H 22O A 2 (8 10 45)

*® 3 BIHET RS R

B (cm) féf 151 (m) T =i (m) fé1 L0 (m) VT (m)
== i
f§ FHEE 15.76+5.79 13.00+4.05 5.34+2.16 4.22+1.07 7.66+3.18
S E SE{E 14.77+5.45 9.96+3.75 5.40+2.20 3.29+0.95 4.56+3.00
e MAE 1.17 3.05 0.31 1.12 3.12
RMSE 1.54 3.10 0.38 1.18 3.28
728 SEE / 12.63+4.02 5.04+2.13 4.14+1.05 7.2943.16
e MAE / 0.49 0.31 0.20 0.47
RMSE / 0.63 0.40 0.24 0.57

Old Beech and Oak

Douglas Fir

02-

sV

| zsxs |

ase

* a
10 ZEHOCE B EDCEREEUNER(L) KRR ER(G) (Brede et al. 2017)

0.2-

0.0-

SsTL

“IdeE]
O

-0.2-

' ' ' ' ' '
-0.2 0.0 0.2 -0.2 0.0 0.2
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Oy

AIASZRRT > PARIBRAVER B > SRR
IR Ry ZEEOE - HRBtheEE - RgRIEE
A AR FEH ARG R (Bauwens et
al.,2016 ~ Brede eral. 2017) > 413 4 - =fEHAE H=
AL ERTE /KRR RRBARNAEE > FTREE
BHHERHEER - BHFEEEINREE IR
% NI RR AR IE R A  FEREE B L
ZEHOCERE A I B IR - MhEDCEE R E
I G IR R A B A FTE(E - 1 EAhED R
TR IR BRI > NG EERAVIE ©
SEIF RIS DU ISR s 1T fe e e B R
BT ARG E B R E T B 2L P R Y 25 TH
PERR(E © SRR DAZEEO R - D EE K
FHHRERE -

&R EACAERENE ROBCRETS » S8 Ry R IE %S
Bl R ZE O R R AR T AR M BB > R
EHAMESAIRER ~ JEBER MR - PR =4
ZEFRI I e AT EE AR L B e 1 - AT (A SRR ]
KPR - Ik DR SRA I S AR &
b gz o

325 MR R E I 1T 15
= AR T ER

321G G R CERE

RS2 LIDAR360 $RESHET T2 i 1% -
I B Y R ZE W B E DR B - AT
BRI BERERE  RETNARA >

AlE s B R AN -

11 e b) »

BEELELERI(T)

ZedCEE (G ) R

3.2. 205 MEREME 7 ZEREME B SRR ST

R 5 ~ 3% 6 BIELERAL AT DARIE » S fe 2
HOL B EN SO AT LA E S TEM T R E
R SRR > HEDGEEE NG
Ry N AERE - 22 ORI SRS R Ry R 4B
PRI HE R PR 22 4 T 5 T DA B AH S A (R (LAY 86
AETTRFEMERE T - AT E AR » B
EAEM T HERRE RN A B H bR =
(MAPE) AREEZ I -

At AR E AR - AR
fRl e - R IEEIY - Rt e R 22 s
ERE GRS SRS Ry 12.78+4.02 m > 5
/N 5 m 3 258 #k o {h 15.58% 5 5.1-10.0 m £ 337
B {5 20.35% 5 10.1-15.0 m £ 1052 £ > {5 63.53%;
15.1-20.0 m 3£ 9 4 > 15 0.54% (32 7) -

* 4 BIERE - HiaDeE Rz fo e ESeR bR

N YIERE AR BLEE P RESSE HEH R
EHEE 4 A 96 /|\H% 48 4 /|\i% 100 /]\i%:
i E 2 A 6 /NI RNIES 80 /NIF 89 /NIF
ZEHOE 2 A 40 5785 20 Fr3E 80 /]\EF 81 /]NEF
3 SAEEE A ELY 1,068 12 RBEPRE AR TR
F 5 AEEAETEZ M EREELERFE
SEHIH 1 (cm) EEEEm)  EER T Em)  ERNERm)  EEER E(m)
R 15.76+5.79 13.0044.05 5.3442.16 4.22+1.07 7.66+3.18
HhTEEEE 14.77+5.45 9.96+3.75 5.40+2.20 3.29+0.95 4.56%3.00
ZEE D EE fit 12.63+4.02 5.04+2.13 4.14+1.05 7.29+3.16
B UATETR RSV oy =3 14.97+5.46 12.78+4.02 5.35+2.20 4.23+1.05 7.5243.16
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HEEHHREE 28 st B AR
MAE=0.43 m~ RMSE=0.56 m > fi & Hz8 =/ N 4H
HIE R A A O R B A S AR
(SRR N > BT A SCRA R B TEAE SRR (D4
Ef > 2019 ~ Pariseral., 2015 ~ Giannetti et al., 2018) »
T A S T ' 2 B 22 T BLUEE R & HR R A R
e HPlehm R B EAE 2249 0.22 m - B I)5Ri
MG B SRR S AR o MR ERE KR
gt e

DIERERCRAGER - SN E T A R Mt
HEEF R N B - (RIGRTE AR - RS A
HHEBERRFARIIME » SCEIFUEE 8 /NEF
MATSERSNE - BB LE R TRl R D -
A DA RGE HEGERIREE ; H B2z Y
7 7 BRE PRI T IR T & B ERE PR
BREREWECERESH  EETBEA  T#
ALK AGRF R EE R R DL E AR E R KR

F_+NE

F£TH EBI113FEG6AH

FRFEL © B E A S A RS N R A 8
FERERIT] - JERE R AR ZE TAFEL S > FREAE 80 /)N
IRFAERF ] A o] USRI B DASRIRFFEIAGES > O
FELSR ARG 8 /NFF AT AR R - AR Bl
HWEREMERK - ERCELRGASESFEEA L
Mz BRMERERAEFHHEEGH &S) -

D T SR SR EEE - IR
&~ IARLE ~ B RA T S R B R R Y
15 > (EERBEE TR 8 KR o] RE R B SR A
e IR G S RO R ]
x> HAROHE S RO mAvEdE EARERERE - (3
G Sion R k3 IRV N VA= W iory =i [
FCRE BT B OF LA P RE R L A R RE e e I PR
HIRFHIERS - (B PHORZEA G OAR AT
B E AR - AES DAEE B I A o R AR ]
BEHRE S > HEREERT > RAHERE
SR By — T ] SERVER A T A BEACE B -

*® 6 —MEAFERMEETEZMOERERESR

EIRg(em)  FIIRIEm) IR T Em)  PIENEEm)  SEEEEREE(m)
MAE 1.17 3.05 0.31 1.12 3.12
Hb i RMSE 1.54 3.10 0.38 1.18 3.28
i MAPE 10.1% 26.2% 7.7% 28.1% 62.5%
MAPE EH5{H 26.9%
MAE fie 0.49 0.31 0.20 0.47
EE 17 RMSE fit 0.63 0.40 0.24 0.57
ez MAPE 100% 4.6% 6.3% 5.2% 12.8%
MAPE EH5{H 25.8%
MAE 0.99 0.43 0.31 0.20 0.40
BhE RMSE 1.35 0.56 0.37 0.23 0.50
&bt MAPE 7.5% 4.1% 7.6% 5.4% 12.7%
MAPE EH5{H 7.5%
7 MRESGSE S EEEN  BE et
féf 51 (m) REL HorEE (%)
<5.0 258 15.58
5.1-10.0 337 20.35
10.1-15.0 1,052 63.53
15.1-20.0 9 0.54
T 1,656 100.00
8 BNFEE R B 22 E e s A R e R
AN AR ERE PR RESE) LR
B 96 /]\Hi% it 4 /|\iF 100 /B3
T 6 /\NBF 6 /NI - -
HEZEROCE ) (TR T) 80 /1 9 I F

it T AT 1,068 PRZAZEBAEL AR AT
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3.2. 3R AR T

Bl 7R LA = Ry BEAR I ARG T E R B 2 MR RE
B AP AR Z A MAAM fE - LR
PRI - WM ETER - VB SR
FE% (Clutter et al., 1983 ~ Avery & Burkhart,
1994) - S 4R (height-diameter model) Ay 8]
Mgt e fttels 2 EHE50% - EARMEIRHEAE T
WTABE RN AR B R 20 - B flhal i FHEL
PRI 5 5 B R ACE L IR - 3 hoHIEt
[ Ry LR - 5B ARR TS S tat e < BR PEE
st AR ORI S & AR (MRl B
NBH » 2021 ~ Colbert et al., 2002 ~ F-5p 55 - 2012) »

{ER A sttt 1,656 PRI Z BgiE ke tatsdir
Z SRR T  Z 2 R*=0.77 > B{FZ A
B Rt e A e AR RR M

H = —0.0369D? + 1.6492D — 2.5349........ (11)

A H=fifE(m) ~ D=H9{E(cm) -

B MEHIGHE G 337 MK - s
13.39+3.83 m ; £ e Hh & =0 ABE P L R
Rz R B % - TR B 32 P66y 13.48+2.98
m > MAE=2.00 m ~ RMSE=2.70 m » T&I{& Bl [ (e
AR 7R 5 H AT - s A B BRI T
FHE (Eai5B5F - 2012 ~ PRECELRERAREA - 2021
BATTY9ZE » 2023 ~ Bronisz & Zasada, 2020) - AREFZE
7 2 faf v h &R =X AT T HE it B AR S 1 S A [
M et - & SR E R A LRI A
—ETHHIRE ) Z fBtSE » N TR st Y 2 & OHst
S EZARE -

3248 MR
HrEEAS BRI Z M EST - Bl
MEEM T ETEE - SMERFRF SR B NET
fREAE (Climax Vegetation) - H AT R = 2GS
SHRE P ZIRRE » B MR Z AR A
AR RS > I E B IR R LR
FOMARTE: 3 PR A% 2 W (BRI e PR »
2015) - ARBEEPRIARZ M TER - DERRFEAL M &

DI zORBUA B EatERIFER - MORRIE LT -
WA AR R R AT - EAEA
Wi B AL > SRR A AR E
EE - BRENNEE e SR > LT EAD
MO NS ILARAM Z AR - T =] H IR
BERE 2 A B

AFENS A HEPREESEAREL 5% 2 BEARIIA > BA
BREGIET 8N (ERGEEREETE D RBUER
BT T - I T MR > AR AR
A B #i% > RETEFEFEAREENAC OARM T EA BT
LA -

A HUEERRECR 1,656 1 > Hrfg{E 0.1-9.9 cm 3
327 Bk > AUMLEERREL 20% - HUEE 16 % 5 FgfR 10.0-
19.9 cm # 1,028 £ » ZYLRIREL 60% » HUf 52 Pk
R 20.0-29.9 cm k301 B » ZY{EAEFREL 20% - HL
B 15 PR SRETHREE 83 PREEPRIZACHES TI® 71 KA
PERIIAR 13 m - 2m 3 mjgR EEWER > B
FEEN K1k (8 12) et AR A=UET
SR MEETREROR O -

12 DUeEREE BRI S KR &

R 7 KA R Z AR E R H - B

I R=0.92 > p {E<0.05 > FZ M A EBEE VEAHRR
HETHNEE
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V= —0.09227 + 0.02D + (=0.007H)........(12) > 4ERERFZC/L T 4132 100 SR R &5 (1993)
ISR GRS » 78 12 24 ~ B 775 1k - S
B 17.08 em KPR 12.30 m 2 REERFE LA
ETEE Sy 13736 mYha! > ARWFZEIEE R 12 4 -
T ERE B RS - HATRES
BRI 1,028 B RS AR EEERS
PRI - FTBREE AR R 1L 2 5 i R X AT A e
ETeE H LS AER O A R -

K > V=iTE(m?) ~ D=Fg{%(cm) ~ H=HfSi(m) -

R EHIEE & 2 B St e A Rt i =(Et &
A HhEL B #r EFE R A T EFEE B 140.84 m¥/hals
SRR By 15.76 cm K g8 Ay 13.00m ; B &
R 151.21 m¥/ha ~ SRR B 16.48 cm K75
s Fs 13.39 m » PEEMEFHEMG RERIC LOARETERE

9 A HHUEE 83 PRI 7 >KEEM TEE

VARG H9fS(em)  MfEm)  MEmY| ORGSR B9Sem)  ffE@m) A
451 3.57 2.04 0.00 729 15.63 14.74 0.09
1128 4.66 5.44 0.01 741 15.63 13.51 0.08
1213 4.77 55 0.01 520 15.64 14.88 0.12
178 4.83 4.71 0.00 591 15.64 15.21 0.11
1501 5.92 7.2 0.01 1081 15.65 13.33 0.07
905 7.08 4.01 0.01 1452 15.65 13.55 0.09
1158 7.18 4.09 0.01 111 15.67 13.45 0.08
1356 8.04 5.04 0.01 494 15.68 15.11 0.11
457 8.20 8.27 0.03 354 15.68 13.66 0.10
1263 8.41 8.17 0.02 346 15.71 14.01 0.11
1147 8.78 5.97 0.03 42 15.74 14.46 0.10
1357 8.85 3.86 0.01 953 19.33 14.63 0.16
525 8.92 12.09 0.03 960 19.33 16.98 0.19
1032 9.89 11.46 0.04 1416 19.36 15.73 0.19
1055 9.61 10.44 0.03 1572 19.38 17.29 0.15
216 9.62 9.72 0.04 286 19.39 16.47 0.18
468 11.69 12.13 0.04 1031 19.39 15.82 0.20
544 11.72 13.53 0.07 1651 19.39 13.66 0.16
1116 12.14 15.12 0.07 368 19.40 1591 0.18
951 12.15 13.46 0.06 143 19.41 15.39 0.17
836 12.47 15.55 0.06 728 19.41 14.76 0.16
732 12.48 14.52 0.07 1074 19.96 16.11 0.22
385 12.51 15.01 0.06 1486 19.96 15.57 0.11
1351 12.51 9.57 0.06 1296 19.97 16.94 0.15
586 13.96 14.64 0.08 1576 19.97 15.56 0.16
261 13.97 14.77 0.08 1394 19.99 16.58 0.19
1272 14.00 13.45 0.06 855 23.76 15.71 0.26
304 14.03 15.15 0.09 373 23.77 15.67 0.32
391 14.04 13.86 0.08 865 23.78 16.34 0.28
1427 14.08 13.8 0.07 97 23.81 16.21 0.28
944 14.11 16.25 0.09 156 23.85 17.61 0.30
1226 14.15 14.53 0.08 1201 23.87 16.7 0.33
560 14.17 14.71 0.11 125 23.88 15.13 0.24
594 15.56 15.08 0.11 67 23.95 15.4 0.24
1258 15.57 15.37 0.11 977 23.98 15.79 0.28
356 15.60 11.75 0.09 1497 26.48 15.69 0.31
1235 15.60 14.57 0.11 1631 26.62 16.25 0.31
1307 15.60 16.28 0.12 1410 27.02 14.95 0.38
1435 15.60 13.29 0.08 759 27.07 15.98 0.34
160 15.61 13.97 0.10 123 28.92 15.26 0.48
1457 15.62 13.34 0.10 1652 28.94 16.08 0.40
1636 15.62 10.88 0.09
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SHESRTATNE  H=005 AT ELT
N N & 7\2 N ) =
3.3 EMZEROLE M IERRE FRE TR - DLTAMISF s 2y

A
AL ZE A R B B R T R R A T R
el A MBI T 30 {8 25 x 20 m AyZE g 1[:ﬁ£ﬂ*‘f$*i7§ SLEl I E

& > PRETZ=EOLE T RS 2 M MR E B E AR S0 B BRI TR ] L (32 12) 408 (R
ERERGHEEZ ZMHNE  FEENFE RS (e 5 S D EERBRIS » JHRILH) R>=0.75 ; {#
CEERERZ A HHTEHEREREAIEN e iR (R h B SRR TR
ZE TR WA EIM 2 B UBREEEZ TR a4y R2=0.85 ; (35 FRRE - SPHI e B it
FUB A REACIIHENS - DL A RS ZZEOBE R, =iE B TE IS SS » SR R2=0.90 - FH3LiE 1 R2
10 FEMRMEREEME HEEE & 1) SR (gedsxtEr R EEETEME » J8%0y R ]
EEHEFHESEOGETEER A - MBZME B it SO RTEE - BUR AR R R
HUAEE - R B ER  RRRE DB MR R TS b B 851409 R M E A HH & R 551
AN - BUUBEEY R INTE - MEISHE KA $(E BT BTt (R e R P R B VS Y
Pyl 2 MOV RBIE I oy B B8 MEMEBTIZE M R - s (2021) B BIURE R B 22
A= AR B WFTIES MR MERRERR AZT MR 5 LTS A Tz b st - st
ARSI HEEE Z BN - =2 R=0.74 ~ ZRMEEREIERE 2 R>=0.73 ~ 5§

o FAFT R A ST MEREE TR =y st 2 R2=0.72 K SEHRE > R2=0.74 »
ERoiTiE - BE ARV E BEURIRE - EIRIRIE R EpssAcrse > 2ot MRS TR & H LS AR -
e - BAP R R SR 2 55 = TH H S PR T2 BB M (Two way ANOVA) 15 F
fae g AN PR T e - BIMURIR M (=84.57 « BV p (B<0.05 » SBHHEFE =TE %
M ERES P RGERE ZEEAWRHE g rgonRsn e B A EE A L AT
B BUN TR - RETT o BT TSRV R I R — (2 5

R4S (2010) DUVEIESE R & EIT 2R REEA AR 0 €0 Durbin-Waston HE%
Pl SR LIRS N CAR ARG 2 HE (il 5 SRR (2014) 4521145248 B 1.55 > {F Durbin-Watson Table &1 n=30 -
DUEBAAEITtE S ~ RIBSSREUBEA ISR k=4 19 di=0.94 ~ du=1.51 » AFF4ZIEE> Durbin-
weE i E Mo @RI ZE P10 Alonzoetal. Waston { 1.55> dy » BICFREERS S 81T i
(201 8) U= uEiamE st SR ER R Ea nirrymEes

o FMITEZTTRES AT R

T 10 REHIC A ST ESUMEEER

SRR Ml BAERE I Cem) IR E(m) FAEETER(m/ha)
(FEEF% 2015) 6 1,111 5.65 5.05 11.72
CBBPE K =B R 0 1993) 7 815 8.66 8.61 18.96
(MREHB% > 2012) 7 1,796 9.48 8.93 69.66
(T - 2015) 7 1,070 7.07 6.00 18.33
(22243 > 2012) 8 957 12.07 10.24 51.52
(22545 > 2012) 9 957 13.62 11.57 98.60
OBEE R = SR 0 1993) 10 811 14.79 11.48 90.96
CBEFE R =B > 1993) 12 775 17.08 12.30 137.36
OB K =E Rk > 1993) 14 636 17.94 12.78 135.53
CEEE KReTE > 2007) 29 654 2421 15.12 235.98
(BERBHE: > 2020) 44 653 32.06 15.70 425.70

(BERIASE > 2020) 45 653 32.72 R 436.90
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11 ZEHEOCEATAERLZ M TEREE

BE gy, GEE e BT g PR W R A B
(e AT (i EEE IR RS RIEER e

M Em  (m) (m) (m) (m) m  m) ()
1 42 16.19 16.03 14.35 12.05 6.85 437 4.94 851 51.13
2 24 17.37 16.65 15.05 13.05 8.02 437 4.77 9.07 57.67
3 57 16.26 16.11 15.02 12.12 7.02 4.06 4.86 10.94 65.16
4 63 18.09 17.34 15.63 12.97 7.66 4.07 4.97 8.54 51.34
5 34 17.32 17.22 15.39 13.28 7.96 430 5.00 8.63 47.00
6 59 16.97 16.67 15.59 13.20 7.67 4.19 5.20 8.65 54.33
767 16.99 16.44 15.10 12.06 6.83 3.84 4.89 11.67 75.80
8 67 18.81 17.91 15.91 13.04 6.93 3.93 578 11.04 75.67
9 78 18.05 17.41 15.83 12.03 6.49 3.60 527 10.70 82.57
10 33 16.01 15.79 15.10 13.40 8.14 435 4.92 8.69 49.34
1157 17.64 17.34 15.28 12.38 7.22 3.95 4.71 9.92 58.02
12 60 17.91 17.71 16.76 13.14 7.16 4.06 5.69 9.70 69.21
13 59 19.03 18.25 15.78 13.26 7.17 3.96 5.80 10.61 74.28
14 56 19.20 17.84 15.40 11.85 6.58 4.01 4.94 9.17 63.05
15 60 16.72 16.40 15.19 13.05 791 4.16 4.81 11.65 71.60
16 68 18.07 17.49 15.84 12.58 6.99 3.83 5.8 10.13 66.25
17 60 17.49 16.99 15.49 12.81 7.04 3.88 547 10.57 65.49
18 61 17.02 16.95 15.57 12.53 7.01 4.03 525 10.20 67.38
19 50 17.62 16.84 15.57 12.63 751 4.47 4.80 11.87 81.91
20 21 16.44 16.27 15.48 14.36 9.02 5.04 4.99 9.28 53.94
21 52 17.08 16.91 15.29 12.50 7.82 423 433 11.22 73.55
2 71 17.11 16.94 15.65 12.48 7.12 3.75 5.03 12.17 83.44
23 58 17.02 16.97 15.78 12.36 7.07 4.08 4.97 9.24 56.13
24 57 17.92 17.28 15.89 12.75 735 429 5.09 9.46 62.39
25 15 16.92 16.51 15.08 10.67 6.23 535 422 8.60 48.08
26 46 16.39 16.35 15.31 12.71 7.89 4.49 4.50 8.16 49.34
27 47 17.81 17.49 15.97 12.75 7.73 438 4.80 12.81 93.99
28 56 16.38 16.17 15.61 12.46 743 4.16 472 10.13 76.30
29 38 17.87 1635 14.74 11.27 6.25 4.51 471 9.74 58.35
30 66 17.26 17.02 15.28 13.35 8.50 4.87 4.56 891 58.83
72 12 20l IR -2 B8 53T K2 Durbin-Watson £ i@ %
Pm= A FER L% HR? Anova-F BEEM:  Durbin-Watsonfi i
1 FREL 0.75 87.96 0.00
2 RREL - SRS 0.85 85.57 0.00
30 FREL - SEHIEHENE - SRS 0.90 84.57 0.00 1.55

7R 13 AR A RE B EE AL 0 |I4E  VIF{ERRY 10 Ry e Shap i AAITiFH 2 VIF 5

ZAERNT &R ESEAT R T AYES R 10 REEHE & IH B S8 A LR R
R R AR LAY TEE AR 0 K EEEMEARTENERE -
B p [E/NR 0.05 - (3RS =TAMk o MEREE AEFAR MR R R E e R IA E YRR 4R
P EREAZEENEE > B EREIE BEORE)  ReoiRHEAa N B aHE - A
—EREHIERERE ) & 2 (EE 2 (HLL FVH B AEEHEEN - IR E RO BB
R B ARV - AR A LG M - il =% - E2UEF]HY Durbin-Watson {E X% du
PRI A EENE B fEeE A8 REBEMSEWAEILNE - & HEERURRE AT
R BT - (RS HE VAR N TERE - HIEH: IR BT LR 0 By LR E
4R MESRGHNE > (AR RRNZEE (Variance WG HEBAFENIRESE - BHRERZDL 0 BuLmE
Inflation Factor, VIF) ZRHIE » =fiZ D EERE A BB AT —BERL - 5872 B 7 BT i e o i
4k VIF (= B 2.55 » Cohen et al. (2003) 27 yir
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(& 13) > (AR PSR EE M - SERE R
FRRAA i 2R > R AR M A R BT -

8 Ehy b 0 A HEL e o3 AT AR BT IS H 2 ZE T A R
AT

V=-22.86598+0.18352xN+0.66025xH+2.99902xCW ... (13)

> V=R B () » N B=PEIRE
(m) - CW="5fstetfii(m) -

A SRS BATEE RS 1,068 B 0 B SRS
A AL 988 e 4B A SRR MR
2 BT 6 (8125 x 20 m 222 P - D%
WO R A ST MRS (B B 0
B~ VA « PEIEIE AZE PR - 1
BECETENE R R - MR PR B R
Y DB E By L IR - B ERER
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98.5% » HIEHUARE IR R = E A H R 3 1L » B
BEERE 0 2 LR Z R et 150 R AR IR T LA - BT
AEtE EZERE (R 14) -

WA 2 22 AR (B 14) - &R
TR Z Ry ETEE s 182.93 mY/ha! » T2 8 B I
B BN ST EME M ERER 176.76
m’/ha! > H MAE=0.71 m® - RMSE=0.79 m* > TEHIl{&
IR EA RN HEE A A AR - WA
R DULENEERZ AU E Ry 12 4 ~ g BARR
B4y 1,028 PRECFIEIEET 13 m 2 FHEREERKIE
OARNTTARZE P REREE A - RARAOA MR
ZARAY - RITRT {5 P22 O R R HURE PR oy AR ~ A
i s o EatetE g o A bl 22 kA REE R
AERER FOARZ AR 7 2 BT E - DIFIR LSS Rk
FESESE -

% 13 =i B B EARE M R R ek

TN SEEME R ERE(LGEIBE TE  BEN EGMaE G VIFE
1 FREER) 5273 15.22 0.87 9.38 0.00 1.00 1.00
) REEL(BE) 5273 15.22 1.27 11.24 0.00 0.39 2.54

SEHREIE@m)  12.64  0.70 0.52 4.57 0.00 0.39 2.54
REBL(HR) 5273 15.22 1.27 13.28 0.00 0.39 2.55
3 SEMENHEIEm) 12.64  0.70 0.51 5.36 0.00 0.39 2.54
S (m) 422 038 0.21 3.48 0.00 1.00 1.00
T B
fREEN: BER B R e R B
i 8 ° i /\
Eg& ° o 0® %% 5
‘ ’ 1 @mﬁﬂ%iﬁéﬂrhrﬁiﬂlﬁé[ 1 ’ ) : 7 ;Qﬁ!ﬁﬁ%(utf'; ’
13 FEAEi K E R
2 14 B MRS Z2 L R H MR MEREE
A BRI LiGreallEvs SEHH6 i (m) S fe i fE (m)
1 51 53 13.55+3.20 4.49£1.02
2 63 64 13.64+3.53 4.49+1.04
3 51 53 12.71+5.02 4.07+1.41
4 52 52 14.23+3.77 4.27+0.97
5 45 45 12.16+3.65 4.7942.27
6 54 54 13.84+1.41 4.66+3.37
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Th&

F£TH EBI113FEG6AH

B EEME : :176.76 m /ha”"
- m}):l.fd ERAERMN &iﬁ\f ©182.93m /ha”

MAE : 0.71 m RMSE 0.79 m A 10.16
10 .46 26 o 2,80 .54
1 e 7.68 7.78
8 7.45 = 6.97
6
4
2
0
#HEI HE2 HE3 &4 HES 26
R4 MEHE G HE EHRAERMNKE G HE
14 B HREE TECHI S b B L (E L]
ST R T AR (F By S - B A S
4. &53E FESEEY » (S EER S - AL A B Hy - T

BT NERE ~ HhADCE R ZEEOCER A #hE
HUMR ST MERE(E - DHFEas RBURHLAD CEE S Y 2 M
18~ KNS RS & et ZEEO N E N
fifiE ~ KOS~ iR S E RN E 2R - HEDE
EEEMEE - GENE RS E R E A BN R E
i s R R 71 50 PR A 1T V55 S0 A i
ERfH > TERCHE A AErE T A A AR - 228
YCEEMEEE M RR(E AR E - (AR R

HREROIANE - FEE I TR BB L
REEE - A REERUEREZ MERR(E - SRR
BN R A AR R o AR I
1 o

WA CEEAE (A RIEE > TR e e R R
Gff o INAERHEE - AR R I EREE 2 5%
R BEWEGEITERIBR - REDRRIE S
TIAMGT ERR(E 2 SPI8EA T 7y EEER A= 7.47%
EE R 22 BB (5 FIAY 26.92% 52 25.77% TN &&T %
PR R S T O E 2R S Y U 5 R ZE B EE T AU 7L
KIIARALEATA e - IR Esses ﬁHWF
DYREELLEHEREEE 8 /N - WEHEREZ
REEF R E RS R St A K
‘RERMSEE R ETEEST T REERE  FEES T
bk o A RrlRO

{50 Y 22 sk o't 2 S T 2 o A A A0 B T A PR
BHE > BREGEER TR - BEAREL - PR

Moy EEE R 182.93 m’ha > FHEHE 2T EE
255 176.76 m*ha! » H: MAE=0.71 m> - RMSE=0.79
ENE I mT i FIAEAE RO Z AR HE (S T

fBn B,

PRI A [R5 2 H Y R AR s 3R L e 5 1 2 e
ERG > SSaE e R E ARSI
RO PEREAE 2 0 R ARt - B 2= st v]
EEILZE MR HEE R ETHE - AT R
HARTERRAE AR N TG IR S8R B 2 S &
Tk e

SE R
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Y.N, Shih, C.Y., Yen, TM., and Li, L.E., 2012.
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Integrating Terrestrial and Airborne Laser Scanning to Estimate Stand
Volume of Swietenia macrophylla King Plantations

Chen-Yi Liu ! Jan-Chang Chen 2 Chun-Hung Wei 3

Abstract

The study area is located in the flat artificial forest of Swietenia macrophylla King in Guken Township, Yunlin
County. TLS and ALS were used to estimate the stand structure and evaluate their efficiency and accuracy. Height-
diameter equations and local volume equations for this tree species were established, and the ALS was used to
estimate the volume. The results showed that the point cloud can compensate for the limitations of TLS in obtaining
tree height and ALS in obtaining diameter at breast height and tree position. The efficiency of data acquisition was
also improved by combining the point cloud, and height-diameter equations and local volume equations were
established using the point cloud. Using ALS alone can also establish the airborne volume equation. Choosing the
appropriate LIDAR system according to different survey purposes and site conditions, and combining TLS and
ALS point clouds can effectively improve the efficiency and accuracy of surveying stand structure.

Keywords: Airborne Laser Scanning, Forest Resource Inventory, Remote Sensing, Stand

Stock, Terrestrial Laser Scanning
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Commuter Route Planning for Elementary School Children
Considering Multiple Air Pollution Exposures

Ji-TingHo!  Pei-Yi Wong?  Chih-Da Wu >*5"

Abstract

Approximately 99% of the global population resides in areas with air pollution higher than World Health
Organization (WHO) guidelines. Among these, school children are particularly vulnerable due to their immature
immune systems. This study focused on 62 school children recruited in 2022 from Tainan city. For air pollutant
data, it was based on the estimated concentrations of PM» s model. from previous study. It had been published to
the journal and its R? is about 94%, which demonstrated high explanatory power. In commuter route planning, the
least PM> 5 exposure routes can not only reduce average PM, s exposure by 6.84% but also 6.13% decrease in
commuting distance. If we divide school children into 3 categories with different commute modes, we found that
37 school students go to school by motorcycle, which is the predominant way, followed by car and walking those
23 and 2 students travel by these ways. Among these commute modes, walking commute featured its shorter
distances, however, it also has longer outdoor exposure time, while motorcycle commute is more directly exposed
to vehicular emissions. These factors mentioned above collectively contribute to increasing potential air pollution
exposure. Thus, we need to give school children proper route suggestion to improve this situation.

Keywords: Air Pollution, School Children, Commuter Route Planning, Potential Air

Pollution Exposure, Route Suggestion
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