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Application of Geospatial Artificial 

Intelligence (Geo-AI)                                   

on environmental health

RESEARCH INTEREST



AIR POLLUTION 
MODELLING

Professor, Department of Geomatics, NCKU

CHIH-DA (JOHN) WU Ph.D. ˹吳治達˼

using ˹GEO-AI˼



CHIAYI 

CITY 

˹~ 0.3 million residents ˼
Only 1 EPA station

need an appropriate 
method to assess air 
pollution exposures

Taiwan 
EPA air quality 
monitoring 
stations (78)



GEO Geospatial Information
Spatial Analysis

• Obtain comprehensive information on spatial 
environmental distributions

• Simulate spatiotemporal patterns and produce 
visualizations

AI Machine Learning
Ensemble Learning

• High-accuracy modeling

• Handling complex nonlinear patterns

Machine Learning Models

Selection of important variables /

Model training

• Random Forest

• Gradient Boosting

• Extreme Gradient Boosting

• Light Gradient Boosting

• Category Boosting

• Ten-fold cross validation

• Data Split Verification

• External data verification

• Temporal and spatial layered 

verification

Model Validation

A hyperparameter 

optimization framework
Variable Selection

Vegetation 

Index

Dig i tal  Elevat ion  

Model（DEM）

Station

750m

500m

Landmarks

Agricultural 

Forestry

Transportation

Water resources

Building

Public

Recreational

Mining and salt 

production

Other use

Land-use
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Geographic Information System (GIS), Remote 
sensing, UAV, Internet of Things (IoTs)

Kriging Interpolation

LULC patterns
Industrial, traffic, residential, thermal 
power plants, airport, harbor

Specific 
emission 
sources

Chinese 
restaurant Temple

PRELIMINARY 
ESTIMATION

EXPLAINABLE 
VARIABLES

MODEL 
FITTING

• Machine learning
• Stacking ensemble 

learning

Application of Geo-AI
Technologies in Air 

Pollution Estimation
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28 PUBLISHED ARTICLES ˹AIR POLLUTION MODELLING˼



(MOST 111-2121-M-006-004-)

PM2.5

INDOOR PM2.5

Wong, P. Y., H. Y. Lee, L. J. Chen, Y. C. Chen, N. T. Chen, S. C. C. Lung, 
H. J. Su, C. D. Wu*, J. G. C. Laurent, G. Adamkiewicz, J. D. Spengler. 
2022. An alternative approach for estimating large-area indoor 
PM2.5 concentration – a case study of schools. Building and 
Environment 109249 (IF=7.1; JIF%=93.1%).

9

MOST 106-2119-M-415-001 -

Wong, P. Y., H. J. Su, S. C. C. Lung, C. D. Wu*. 2023. An ensemble 
mixed spatial model in estimating long-term and diurnal variations of 
PM2.5 in Taiwan. Science of the Total Environment 866, 161336 
(IF=10.8; JIF%=90.9%).



Wong, P. Y., C. Y. Hsu, J. Y. Wu, T. A. Teo, J. W. Huang, H. R. Guo, H. J. 
Su, C. D. Wu*, J. D. Spengler. 2021. Incorporating Land-Use Regression 
into Machine Learning Algorithms in Estimating the Spatial-Temporal 
Variation of Carbon Monoxide in Taiwan. Environmental Modelling & 
Software 139:104996 (IF=5.5; JIF%=84.5%). 

MOST 108-2638-B-006 -001 -MY2

CO

NO2

Wong, P. Y., H. J. Su, H. Y. Lee, Y. C. 
Chen., Y. P. Hsiao, J. W. Huang, T. A. 
Teo, C. D. Wu*, J. D. Spengler. 2021. 
Using land-use machine learning 
models to estimate daily NO2

concentration variations in Taiwan. 
Journal of Cleaner Production 317: 
128411 (IF=11.1; JIF%=92%).

(NHRI-109A1-EMCO-02202212)



Babaan, J, F. T. Hsu, P. Y. Wong, P. C. Chen, Y. L. Guo, S. C. C. Lung, Y. C. Chen, C. D. Wu*. 2023. A Geo-AI -based Ensemble Mixed Spatial 
Prediction Model with Fine Spatial-Temporal Resolution for Estimating Daytime/Nighttime/Daily Average Ozone Concentrations 
Variations in Taiwan. Journal of Hazardous Materials 446: 130749 (IF=14.2; JIF%=97%).

(NHRI-109A1-EMCO-02202212)

Prof. Jennieveive Babaan-Mabaquiao

OZONE (O3)





Hsu, C. Y., T. W. Lin, J. B. Babaan, A. K. Asri, P. Y. Wong, K. H. Chi, T. H. Ngo, Y. H. Yang, W. C. Pan, 

C. D. Wu*. 2023. Estimating the Daily Average Concentration Variations of PCDD/Fs in Taiwan 

Using a Novel Geo-AI Based Ensemble Mixed Spatial Model. Journal of Hazardous Materials 

458:131859 (IF=14.2; JIF%=97%).

[MOST 111-2121-M-006-004-]

DIOXIN



National Science and Technology (NSTC) 
& ELSEVIER E-newsletter 



Asri, A. K., G. D. Newman, Z. Tao, R. Zhu, H. L. Chen, , S. C. C. Lung, C. D. Wu*. 2024. What is the spatiotemporal pattern 
of benzene concentration spread over susceptible area surrounding the Hartman Park community, Houston, Texas? 
Journal of Hazardous Materials 474: 134666 (IF=13.6; JIF%=96.5%).

BENZENE (Houston) 

Dr. 
Aji Kusumaning Asri



https://spec.ntu.edu.tw/research/research-detail51



3-D Distribution of Ultra Fine Particle (UFP)

Hsu, C. W., Y. R. Chern, J. J. Su, P. Y. Wong, A. K. Asri, C. Wijaya, Y. C. Chen, S. C. C. Lung, T. C. Hsiao, T. A. Teo, Y. L. Shih, C. D. Wu*. 
2025. Assessing 3-D Variability of Ultrafine Particle Using a Geo-AI Modelling Approach: A Case Study in Zhunan-Miaoli, Taiwan. 
Environmental Pollution 383:126879 (IF=7.3; JIF%=87.8%).

MOST 111-2121-M-006-004-
MOST 111-2121-M-006-004-

Phd. Student 
許家瑋 (Chia-Wei Hsu)



2023/1/12 08:00三維視覺化: 蘆竹社區運動中心
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Geo-AI & Digital Twin 
Application on 3-D 
Distributions of UFP



2023 Qiusen Award 
(Outstanding Aerosol 
Young Scientist Award)
-Taiwan Association for 
Aerosol Research



Excellent Program Achievement Award 
National Science and Technology Council 
(NSTC, Taiwan) for Academic Excellence

20252023



AIR POLLUTION ESTIMATES

ASSOCIATED TO 
HEALTH OUTCOMES

Professor, Department of Geomatics, NCKU

CHIH-DA (JOHN) WU Ph.D. ˹吳治達˼

https://www.who.int/news-room/fact-sheets/detail/free-health-care-policies
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Air pollution perditions using 
Geo-AI models • 1994 to present, daily average

• 50-m*50-m grid size



Wu, C. D*., A. J. Asri. 2025. Chapter 10 - A geospatial artificial intelligence–based approach for precise 
air pollution estimation in support of health outcome analysis. In Zhuoumeng Lin & Wei-Chun Chou. 
(Eds.), Machine Learning and Artificial Intelligence in Toxicology and Environmental Health (p.245-270). 
Elsevier, Amsterdam, Netherlands (ISBN: 978-0-443-30010-3).



PARTNERS

25

> 150 publications related to 

health outcome assessment



Achilleos, S*., M. A. Kioumourtzoglou., C. D. Wu., J. D. Schwartz., P. Koutrakis., S. I. Papatheodorou. 
2017. Acute effects of fine particulate matter constituents on mortality: a systematic review and meta-
regression analysis. Environment International 109:89-100 (IF=7.3; JIF%=97.3%).

PM2.5 Constitutes vs Mortality



Works with KMU Teams

Chang, E. C., F. W. Liang, J. C. Huang, H. H. Chang, S. P. Huang, S. C. Chen, C. 
D. Wu, Y. C. Huang, J. H. Geng*. 2025. Association of Fine Particulate Matter 
(PM2.5) and Wet-Bulb Globe Temperature (WBGT) with Osteoporosis 
Incidence: A Nationwide Prospective Cohort Study. International Journal of 
Medical Science 22(15):3974-3984 (IF=3.2; JIF%=82.4%).

Chen, C. C, H. Y. Huang, T. Y. Wu, W. Y. Su, T. H. Lin, H. P. 
Tu, C. D. Wu, C. H. Kuo, S. C. Chen*. 2025. Association 
between wet-bulb globe temperature with 
gastroesophageal reflux disease in different geographic 
regions in a large Taiwanese population study. Scientific 
Reports 21339 (IF=3.5; JIF%=56.8%).

Gau, Y. C., C. Y. Kuo, W. Y. Su, W. L. Tsai, Y. J. Wu, P. H. Wu, M. 
Y. Lin, C. D. Wu, C. H. Kuo*, S. C. Chen*. 2025. Association 
between wet-bulb globe temperature with peptic ulcer disease 
in different geographic regions in a large Taiwanese population 
study. BMC Gastroenterology 25, 216 (IF=2.5; JIF%=50%).

Su, W. Y., P. H. Wu, M. Y. Lin, P. Y. Wu, Y. C. Tsai, Y. W. Chiu, J. M. Chang, C. H. Huang, C. D. 
Wu, C. H. Kuo, S. C. Chen*. 2024. Association between wet-bulb globe temperature with 
kidney function in different geographic region in a large Taiwanese population study. 
Clinical Kidney Journal 17(7): sfae173 (IF=4.6; JIF%=81.3%).

Chen, Y. K., P. H. Wu, P. Y. Wu, Y. C. Tsai, Y. W. Chiu, J. M. Chang, C. H. Hung, C. D. Wu,
C. H. Kuo, Y. C. Tseng, S. C. Chen*. 2024. Sex differences in the association of long-
term exposure to heat stress on kidney function in a large Taiwanese population 
study. Scientifc Reports 14(1):14599 (IF=3.8; JIF%= 81.7%).

Jang, T. Y., Y. T. Zeng, P. C. Liang, C. D. Wu, Y. J. Wei, P. C. Tsai, P. Y. 
Hsu, M. Y. Hsieh, Y. H. Lin, M. H. Hsieh, C. W. Wang, J. F. Yang, M. L. 
Yeh, C. F. Huang, W. L. Chuang, J. F. Huang, Y. Y. Cheng, C. Y. Dai*, P. C. 
Chen*, M. L.  Yu. 2025. Air pollution associated with mortality among 
chronic hepatitis B patients treated with nucleotide/nucleoside 
analogues. Alimentary Pharmacology & Therapeutics, 
https://doi.org/10.1111/apt.70019 (IF=6.6; JIF%=91.2%).

Dr. Szu-Chia Chen      Dr. Jiun-Hung Geng



Pan, W. C., C. D. Wu., M. J. Chen., Y. T. Huang., C. J. Chen., H. J. Su*., H. I. Yang*. 2016. Fine Particle Pollution, 
Alanine Transaminase, and Liver Cancer: A Taiwanese Prospective Cohort Study (REVEAL-HBV). Journal of the 
National Cancer Institute 108(3): djv341doi: 10.1093/jnci/djv341 (IF=12.6; JIF%=96.1%).

Region

Natural indirect effect

HR (95% CI) per 
IQR increment of 

PM2.5*
P

Main Island 1.17 (1.02 to 1.52) .05

Penghu Islets 1.04 (1.03 to 1.07) <.001

Combined 1.21 (1.06 to 1.41) .005

Mediation effect of ALT levels on 
PM2.5-associated incidence of HCC

𝑷𝑴𝟐.𝟓 → 𝑨𝑳𝑻 → 𝑯𝑪𝑪

alanine aminotransferase 
(ALT, formerly called SGPT) 

PM2.5 vs 
Childhood Eczema

Yao, T. C., H. Y. Huang, S. Y. Tsai, P. H. Lin, C. Y. Wu, C. Y. Hung, K. L. Lu, C. L. Zeng, W. C. Pan, C. 
D. Wu, Y. J. Huang, H. J. Tsai*. 2021. Association of Prenatal Exposure to Fine Particulate 
Matter Pollution with Childhood Eczema. Allergy 00:1–4 (IF=14.7; JIF%=98.2%).

PM2.5 vs Liver Cancer



Huang, H. C., M. L. Zou, Y. H. Chen, C. B. Jian, C. D. Wu, S. C. C. Lung, L. C. 
Chien, Y. C. Lo, H. J. Chao*. 2023. Effects of indoor air quality and home 
environmental characteristics on allergic diseases among preschool 
children in the Greater Taipei Area. Science of the Total Environment 897: 
165392 (IF=9.8; JIF%=90.7%).

Air Pollution
vs Children’s Health

Phiri, Y. V. A., Y. H. Chen, M. L. Zou, C. B. Jian, C. D. Wu, H. C. Huang, S. C. C. Lung, L. 
C. Chien, Y. C. Lo, F. Li, H. J. Chao*. 2023. Environmental Determinants of 
Household Microbial and Allergen Levels in the Greater Taipei Area. Building and 
Environment 230: 110003 (IF=7.1; JIF%=93.1%).

Zou, M. L., H. C. Huang, Y. H. Chen, C. B. Jian, C. D. Wu, S. C. C. Lung, L. C. 
Chien, Y. C. Lo, H. J. Chao*. 2023. Sex-differences in the effects of indoor air 
pollutants and household environment on preschool child cognitive 
development. Science of the Total Environment 860: 160365 (IF=10.9; 
JIF%=90.9%).

Zou, M. L., C. B. Jiang, Y. H. Chen, C. D. Wu, S. C. C. Lung, L. C. Chien, K. Kallawichah, Y. 
T. Yang, Y. C. Lo, H. J. Chao*. 2022. Frequent occurrence of respiratory symptoms in 
children is associated with exposure to air pollution, land use types, and parental 
mental health: A birth cohort study in the Greater Taipei area. Environmental 
Research 206:112567 (IF=8.4; JIF%=90.2%).



Wu, J. L., Y. T. Chang, P. C. Lee, Y. Y. Cheng, T. Yu, P. Y. Wong, C. D. Wu, P. S. Chen, C. Y. Li*. 2025. 
Association between exposure to air pollution and kidney function decline. Nephrology Dialysis 
Transplantation gfaf143, https://doi.org/10.1093/ndt/gfaf143 (IF=5.6; JIF%=91.9%).

Cheng, W. C., P. Y. Wong, C. D. Wu, P. N. Cheng, P. C. Lee, C. Y. Li*. 2024. Non-linear association 

between long-term air pollution exposure and risk of metabolic dysfunction-associated steatotic liver 

disease. Environmental Health and Preventive Medicine 29: 7-19 (IF=4.7; JIF%=79.7%).

Lee, P. C., C. D. Wu, H. J. Tsai, H. Y. Tsai, S. H. Lin, C. K. Wu, 
C. Y. Huang, T. C. Yao*. 2021. Residential greenness and 
birth outcomes: evaluating the mediation and interaction 
effects of particulate air pollution. Ecotoxicology and 
Environmental Safety 211: 111915 (IF=7.1; JIF%=93.1%).

Works with NCKU Dept. of Public Health



Lin, Y. C., K. C. Fan, C. D. Wu, W. C. Pan, J. C. Chen, Y. P. Chao, Y. J. Lai, Y. L. Chiu, Y. F. Chuang*.2024. Yearly 
Change in Air Pollution Reduction and Brain Aging among Older Adults: a Community-based Study in Taiwan. 
Environment International 190: 108876 (IF=11.8; JIF%=94%).

AIR POLLUTION vs Brain Aging



AIR POLLUTION 
vs Metabolic Syndrome

32

Chen, Y. C, W. S. Chin, S. C. Pan, C. D. Wu. Y. L. L. Guo. 2023. Long-Term Exposure to Air Pollution and the 
Occurrence of Metabolic Syndrome and Its Components. Environmental Health Perspectives 131, 
https://doi.org/10.1289/EHP10611 (IF=11; JIF%=97.3%).



Lin, C. H., S. C. Pan, C. D. Wu, H. S. Li, Y. L. Guo*. 2024. Long-term Exposure to Multiple Air Pollutants and Risk 
of Parkinson’s Disease: A Population-based Multi-pollutant Model Study. Journal of Neurology Neurosurgery 
& Psychiatry doi: 10.1136/jnnp-2024-334825 (IF=8.8; JIF%=97%).

AIR POLLUTION 
vs Parkinson’s Disease



34
Asri, A. K., T. Liu, H. . Tsai, J. Y. Wang*, C. D. Wu*. 2025. Environmental exposures 
related to gut microbiota among children with asthma: a pioneer study in Taiwan. 
Ecotoxicology and Environmental Safety 291: 117793 (IF=6.2; JIF%=92%).

AIR POLLUTION 
vs GUT & NASAL MICROBIOTA

Asri, A. K., T. Liu, H. J. Tsai, H. Y. Lee, W. C. Pan, C. D. Wu*, J. Y. Wang*. 2023. Residential 
Greenness and Air Pollution Associated with Nasal Microbiota Among Asthmatic Children. 
Environmental Research 219:115095 (IF=8.4; JIF%=90.2%).



MOST 105-2119-M-415-001 -

Wu, C. D., Y. R. Chern, W. C. Pan, S. C. C. Lung, T. C. Yao, H. J. Tsai*, J. D. Spengler. 2020. Effects of Surrounding Environment on 
Incidence of End Stage Renal Disease. Science of the Total Environment 723: 137915 (IF=6.6; JIF%=91.9%).

Surrounding Environment VS ESRD
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Chih-Da (John) Wu Ph.D.
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