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• What is land use regression model?

• Land use regression model for non-tailpipe PM constituents 

• Land use regression model and source apportionment for PM mixtures

Outline



Challenges of assessing exposure to traffic air pollution

Saha et al. 2018 Atmo Environ



Air pollution
measurement

Prediction
• Geocoded homes
• Spatial mapping

Collect GIS and 
other variables

Statistical modeling 
and evaluation
• Linear
• Non-linear
• Machine learning

Land Use Regression Modeling 

Jerrett et al. 2007
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• Non-tailpipe PM is becoming more important but detailed information is relatively scarce
• Non-tailpipe emissions are typically characterized by trace metals in PM (e.g. Cu, Fe, Zn).
• LUR model for trace metals in PM has been studied in cities of Europe, U.S., and Canada.

Non-tailpipe PM components

Pant et al. 2013 Atoms Environ



de Hoogh et al. 2013 ES&T

PM2.5 Metal Elements in 20 European Cities

Annual mean concentrations of trace metals in PM2.5 across the cities

European Study of Cohorts for 
Air Pollution Effects (ESCAPE)

(www.escapeproject.eu)
• 20-40 sites per city
• 3 seasons per site

http://www.escapeproject.eu/


Performance of LUR Models for metal elements in PM2.5 and PM10

de Hoogh et al. 2013 ES&T

• Model: model fitting R2

• LOOCV: leave-one-out-cross-validation R2

• RMSE: root mean square error

• Good model performance (67-79%) for Cu Fe and Zn than other metals

• Better model in PM10 than in PM2.5

PM2.5 PM10

Cu

Fe

Zn



Predictor variables for metal elements in PM2.5 and PM10

de Hoogh et al. 2013 ES&T

Traffic variables

Traffic variables were the dominant predictors in Cu, Fe, and Zn, reflecting non-tailpipe emissions.



Ito et al. 2016 ES&T

PM2.5 Metal Elements in New York City



Country & 
continent

Cities N 
sites

Non-
tailpipe 
metals

CV R2 Predictors ranks 1-3 Correlation (R2) with 
tailpipe emissions

Europe (PM2.5 PM10)
De Hoogh, 2013, ES&T

20 cities summary 20-40 
sites, 
1-year

Cu
Fe 
Zn

0.73
0.70
0.66

Traffic (1st) Population (2nd) Industrial (3rd)
Traffic (1st) Population (2nd) Natural (3rd)
Traffic (1st) Population (2nd) Natural (3rd)

0.55-0.60 (NO2/NOx, BC)
0.59-0.72 (NO2/NOx, BC)
0.29-0.66 (NO2/NOx, BC)

U.S. (PM2.5)
Ito, 2016, ES&T

New York City NY 150, 
3-year

Cu
Fe
Ti

0.68
0.60
0.49

Traffic (1st) Res oil boiler (2nd) Industrial (3rd)
Traffic (1st) Res oil boiler (2nd) Cooking (3rd)
Traffic (1st) Industrial (2nd) Res oil boiler (3rd)

NA

U.S. (PM2.5)
Brokamp, 2016, AE

Cincinnati OH 24, 
1-year

Cu
Fe
Zn

0.92*
0.94*
0.85*

Land cover (1st) Shrub (2nd) truck count (3rd)
Land cover (1st) truck count (2nd)
Bus routes (1st) Distance to A3 road (2nd)

0.55 (EC)
0.58 (EC)
0.56 (EC)

U.S. (PM2.5-10)
Zhang, 2014, EHP

Chicago IL

St. Paul MN

Winston-Salem NC

33, 
1-year
34, 
1-year
35, 
1-year

Cu
Zn
Cu
Zn
Cu
Zn

0.65
0.73
0.86
0.40
0.41
0.36

Traffic (1st) CALINE (2nd) Land cover (3rd)
Traffic (1st) Industrial (2nd) 
Traffic (1st) Residential (2nd) Land cover (3rd)
Traffic (1st) Commercial(2nd) Land cover (3rd)
Traffic (1st) Commercial(2nd) Land cover (3rd)
Traffic (1st) Residential (2nd) Land cover (3rd)

NA

U.S. (PM2.5)
Tunno, 2016, STOTEN

Pittsburgh, PA 36, 
1-year

Fe (summer)
Fe (winter)

0.63
0.04

Bus density (1st) Parking garage (2nd)
Reference site

0.11 (BC)
0.23 (BC)

Canada (PM1.0)
Zhang, 2015, AE

Calgary Alberta 25, 
1-year

Cu (summer)
Cu (winter)
Fe
Fe
Ti
Ti
Zn
Zn

0.74
0.82
0.86
0.74
0.82
0.75
0.73
0.77

Commercial (1st) Industrial (2nd)
Industrial (1st) Traffic (2nd) Residential (3rd)
Industrial (1st) Commercial (2nd) Traffic (3rd)
Industrial (1st) Residential (2nd) Commercial (3rd)
Industrial (1st) Commercial (2nd)
Industrial (1st) Traffic (2nd) 
Industrial (1st) Commercial (2nd) Residential (3rd)
Industrial (1st) Traffic (2nd) Residential (3rd)

NA



• Over-fitting due to small number of monitoring sites

• Relatively short-term measurements (mostly 2-3 seasons in 1 year)

• Traffic-related predictor variables cannot disentangle tailpipe and non-tailpipe PM species
• Accounting for traffic congestion, such as traffic speed and speed limit.
• Incorporate dispersion model predictions.

• Trace metals (e.g. Cu, Fe, Zn) may not exclusively represent non-tailpipe emissions
• Modeling approach was mostly based on linear regression approach

• Variable selection vs. machine learning

Challenges for non-tailpipe trace metal models

Brokamp, 2016, Atmo Environ



• What is land use regression model?

• Land use regression model for non-tailpipe PM constituents 

• Land use regression model and source apportionment for PM mixtures

Outline



Land Use Regression Model for PM Mixtures

PM species:
• Metals
• PAHs
• EC/OC

Source apportionment:
• Positive Matrix Factorization
• Principal component analysis
• K-means clustering

LUR model for 
spatially-derived factor 
scores as indicators of 
emission sources

Predicting spatial 
distribution of each 
factor score for 
exposure assessment

Air Pollutants (N=38 sites, 2 seasons)

PM2.5 mass, EC, NO2, 23 PM2.5
constituents by ICP-MS and XRF

Boston, MA



Land Use Regression Model for PM Mixtures

Tunno, 2018, Int. J. Environ. Res. Public Health

Air Pollutants (N=36 sites, 2 seasons)

PM2.5 mass, BC, EC/OC, NO2, 25 
PM2.5 constituents, PAHs, VOCs

• Model performed much better for exhausted sources than 
non-exhausted sources (i.e. brake/tire wear)



• Land use regression model has moderately good prediction ability for 
non-tailpipe PM metal elements, such as Cu, Fe, and Zn

• Land use regression model has limited power to predict source-
apportioned non-exhaust sources.

• More advanced statistical approaches and more specific traffic-related 
predictor variables are needed for non-tailpipe PM and source predictions.

Summary



Thank You!
Welcome for Questions

mwang54@buffalo.edu
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