MARERET F_TNE F2H] Fe5-758 REI13F6AH 65

Journal of Photogrammetry and Remote Sensing
Volume 29, No.2, 2024, pp. 65— 75
DOI : 10.6574/JPRS.202406_29(2).0001

fE = RPESEAI AT PM.s BYR IS LSS,
(1994 £ 2020 £F)— DIEFH R B

Migal ! BRI FEXRS

B%%?:IQLFQ 10,11,12

FE"

;D&;E\E 13,14,15,16*

BRiRch ©7

Zfmse °

S

B LR T BB > FIFHZS FEIRE R HE (S 1994 22 2020 4 PMa.s JEFERISS » WaPAhik iBH & 22 A 'E
HIRZEE - BSEEF PMos AHREVT YY) - REERL ~ L3FIFE ~ %R - BEAE - St0TE ~ ME AR 4B BUSEIE Ry TR
8 o & TR R ER RIS 525 50 » (E FIREIARAR ~ RERETET I ~ MIRBERESETT ~ EEBMBETRT AT
FR BRSSO R e & TR RY - i@ BaR v oy » IS NS N aeG i R AR I > S5 2RA

AIUFRE HAJME > Adj-R? £y 0.93 - 45 RRIAZBOMRAY T 00 ) BEGERAE

BURNIBE 25 2R

FRIEE o WHFERI T B S B B BN R 22 RS A M -

BRI SRR

1. IS

WA 7 AN IR PR B R B T B AR o
HOTH RS P AL (R H R AL 21 O Ry —IHEE
TR o H R R AR AR T R B Y A B
S (EARATKPIEES « EEFRE R
LSRR E R IO 2A0M > B et AR AR Ry U(E
R ER AL AR T BT E ~ AEREARGRBER ~ 22
ROTHRERAE - HEEREPZET  ZERITHR

AR ERERIRGB A EREE > HIEE AR

BRI ARSI E R ZE BN & B

BN R R R AR & A
RENBIPRERES BR

BUTL DRI R R 2T R EE & BFSEBNEE
BUILRRII R SR TR AR SRR BRI B BB e i LA

[V )

¢ IR A B R IR 2 ST RS ST S &

PM;s ~ #RHiFA% « ZERDESERE ~ B30T

Ry RERET T MR R A SR -

FBN SRR PMas BAFIR AL T B R
(Ren et al., 2006) ~ HififE (Lepeule et al., 2012) 4%
RAHRE - EL AT RE N EE BLA AY L fifi 2 4 B0 #
(Anderson et al., 2012) » R/ DHERL PM, s RS 5%
BHVEREZ B TR A ST R E S o BL L - ZE R
7T AL R Y 28 R AR 22 RS AR TIR R 9T
ORGSR H A B2 R ARHEL - LA
FiEE%E (Land-use Regression, LUR) 5E 0] DI&EEL
SR EHFRUR SRR 2 - NI EMEE IR

UeEIHHA @ R 113402 H 27 H
B HHE - REJ 1134205 H 09 H
B HE  RE 113405 H 22 H

T BRI N 4 B B ISR (R B R TP SRR

S BIIIZEAR AR AR A E AR A FIEER

’ BT EE RSB R e R B e BRI MR E B B R BE

10 B A B B R IR B BRI AU TSR &

I SRR B A TR A SRR

2 h BB 2 P R R A SRR
BT R BRI R ZE MR A B

" BRI BRI B B ST A FAT R B
1S R OB K R SRR S R L B

1 SR BB R IR BT L SN R

* iEEA(E#, E-mail: chidawu@mail.ncku.edu.tw

)

1

w



66 MARENSZT NS
R R R BRI T P05 A B b 2 FET Y 22 TR %
FEEEEE (Michanowicz et al., 2016)  [R AT
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(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
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PPN ~ LA AEE - B s A E
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B PM, s MHBAZE ROSAPIEL S 1994 £ 2020
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RFET EZEMAEN 54 (Chen et al., 2020) °
MODIS NDVI &} {5 F 55 BRI B 2 i 22 B K 22
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#£ 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
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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

4. 5w
S M — 20 R B Ay 1T B LS e BRI R AR
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TSEARRRAR > BIK T3 SR B SS 3E Tig (18 7
(b)) 5 FAEARR S AW - BIAERE A6 (8 7 () -
% B BB & ] DU 22 2115 S A 53 17 3 SR AT L
E{ARBS VRIS UCEC » HE SR B AU T
Adjusted R* & RMSE &ERA[E] (AR AN FTHHE
BRI EA SREE RS AEE -
KIAFESHE T HEZE 25 4 PMas J5HLHY
22 I AR R [ BS HE T T 2R A0 A > RSB (] 4)

B (200320052006 )~ E RWAEE (2003 ~2004
)~ ARERERPIRREE (2005 ~ 2006 £F) ~ = T
Fe R 22 SR (2004 ~ 2006 4F) ~ 2258 S
J&25AGRE (2004 ) » NIESTETRE & 2 HE]
(2006 ) F-HEEEZTHHERGEE —ENE
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
St HIE SHEMERIBURIE R = R B HIFIE -
RAH LUE B AR B BRI R R AR FE 5+
AR AR TE RS - DUSE 43 T AR B ik

6 ZE SRS AATBAE A > WYRE BT Ut sE 25K
ZERanE o



MIEA0 ~ 5538 ~ ZER ~ BTE Bl

~ BRERD ~ BRI ~ RIBE:

ERERERESREDH 73

PM: 589 R ARV 82R (1994 F 2 20205F) — AZ PRI

(a) SR/

(b) JUT'?*

aEREx
TEBUE%
© KNBEM

Y e Wil =

(c) BRSITAAIE
B 7 EPHER TR A E

5. &am

EIEMTTEAYEE R T = RS A B N R 5
ROBEURAVEZNE - BEZAH 2006 FLURERZZEIY
PM,s JRIE NES N5i8E - 8 A REER TN BURF
TP S AR EIECR - B2 > HAiZT
HY PMa.s R (T i e AR 4 A% 10 ng/m’ HY4E
FEERE  FOr MR R AL T PRI SeE
ZESRE o AFFTEE AR Y ZE FEIHE A T FT DAE Bas
T g ST (ke HE S S 36 P 9 - PR It DAl D 22
SROGH: > BRI EERETE - AR IyEHE
PR - B fsE A Y B HInE B A IR Sk = HFRUIREF
ZEBLHVEER « B RARZEIRS] - RARATDUAE
BOELSERAR - ZRITAPEBOET > IHEH

BE SR LT%B'Z{ TI?K/UZQ 7FB 2 Eﬁnﬁﬁ%ﬂﬂ'ﬂ%ﬁ%

SE R
ILTE ~ BB - BURCH - wydle - kst - Zhie
f5 > 2007  BIPAINE RIS AYE Rl LIRS i el EE
PHAKEE - GEREER AR
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
kuang yu tai jung shr wei lai jan wang, The

Seminar Environmental Resources Sustainable

Development, pp.3-336-3-347. (in Chinese)]



74

MAIRENSET E-+NE

Anderson, G.B., Krall, J.R., Peng, R.D., and, Bell, M.L.,

2012. Is the relation between ozone and mortality

confounded by chemical components of
particulate matter? Analysis of 7 components in
57 US communities, American Journal of
Epidemiology, 176(8): 726-732, DOI:

10.1093/aje/kws188.

Breiman, L., 2001. Random forests, Machine Learning,

45:5-32, DOI: 10.1023/A:1010933404324.

Chen, T., and Guestrin, C., 2016. Xgboost: A scalable

tree boosting system, in proceedings of the 22nd
ACM SIGKDD International Conference on
Knowledge Discovery and Data Mining, San
Francisco, CA, USA, pp.785-794, DOI:
10.1145/2939672.2939785.

Chen, T.H., Hsu, Y.C., Zeng, Y.T., Lung, S.C.C., Su,

H.J., Chao, H.J., and Wu, C.D., 2020. A hybrid
kriging/land-use regression model with Asian
culture-specific sources to assess NO, spatial-

temporal variations, Environmental Pollution,

FETH REI113F68

Lepeule, J., Laden, F., Dockery, D., and Schwartz, J.,

2012. Chronic exposure to fine particles and
mortality: An extended follow-up of the Harvard
six cities study from 1974 to 2009, Environmental
Health Perspectives, 120(7): 965-970, DOI:
10.1289/ehp.1104660.

Prokhorenkova, L., Gusev, G., Vorobev, A., Dorogush,

A.V., and Gulin, A., 2018. CatBoost: Unbiased
boosting with categorical features, Advances in
Neural Information Processing Systems 31
(NeurIPS 2018), Canada, DOI:
10.48550/arXiv.1706.09516.

Montréal,

Michanowicz, D.R., Shmool, J.L., Cambal, L., Tunno,

B.J., Gillooly, S., Hunt, M.J.O., Tripathy, S.,
Shields, K.N., and Clougherty, J.E., 2016. A
hybrid land use regression/line—source dispersion
model for predicting intra—urban NO,
Transportation Research Part D: Transport and
Environment, 43:181-191, DOI:

10.1016/j.trd.2015.12.007.

259: 113875, DOL:
10.1016/j.envpol.2019.113875.

Ren, C., Williams, G.M., and Tong, S., 2006. Does
particulate matter modify the association between
Friedman, J.H., 2001. Greedy function approximation: temperature and cardiorespiratory diseases?,
A gradient boosting machine, The Annals of
Statistics, 29(5): 1189-1232, DOI:
10.1214/20s/1013203451.

Hsu, C.Y.,, Xie, H.X., Wong, P.Y., Chen, Y.C., Chen,

Environmental Health Perspectives, 114(11):
1690-1696, DOI: 10.1289/ehp.9266.

Wong, P.Y., Su, H.J., Lee, H.Y., Chen, Y.C., Hsiao, Y.P.,
Huang, J.W., Teo, T.A., Wu, C.D., and Spengler,

PC., and Wu, C.D., 2022. A mixed spatial
prediction model in estimating spatiotemporal
variations in benzene concentrations in Taiwan,
Chemosphere, 301: 134758, DOI:
10.1016/j.chemosphere.2022.134758.

Ke, G., Meng, Q., Finley, T., Wang, T., Chen, W., Ma,

W., Ye, Q., and Liu, T.-Y.,, 2017. Lightgbm: A
highly efficient gradient boosting decision tree,
Advances in Neural Information Processing
Systems (NIPS 2017), Vol.30: pp.3146-3154,
Long Beach, CA, USA.

J.D., 2021. Using land-use machine learning
models to estimate daily NO, concentration
in Taiwan, Journal of Cleaner
Production, 317: 128411, DOI:
10.1016/j.jclepro.2021.128411.

variations

Wu, C.D., Zeng, Y.T., and Lung, S.C.C., 2018. A hybrid

kriging/land-use regression model to assess PM, s
spatial-temporal variability, Science of The Total
Environment, 645: 1456-1464, DOI:
10.1016/j.scitotenv.2018.07.073.



MIGI0 ~ SFFIR ~ ZER ~ BFE s © BRRD ~ BRISIN » R6E: EREEESIRE DT 75
PM: 589 R ARV 82R (1994 F 2 20205F) — AZ PRI

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.
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