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“ More than 45 million people in the United States live, work, or 

attend school within 300 feet of a major road…” ( source: 

US EPA)

Pollution elevation near heavily trafficked roads linked to 

numerous health impacts

Motivation

And lots of people in other countries…
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Site 1: Street canyon

Olive & 12th  Site (Street view: heading to South)
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(Ft.)



-118.265 -118.26 -118.255

34.034

34.036

34.038

34.04

34.042

34.044

34.046

Longitude ( 
o
 )

L
a
ti

tu
d

e
 (

 o
 )

 

 

0

50

100

150

200

250

300

350

400

Olive & 12th  Site (Street view: heading to North)

Site 2: One isolated tall building with low traffic
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Vermont & 7th Site (Street view: heading to West)

Site 3:  One isolated tall building with high traffic
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Wilshire & Carondelet Site (Street view: heading to East)

Site 4: Intermediate buildings in one side and low 

buildings in the other side of the street
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Temple City & Las Tunas Site (Street view: heading to North)

Site 5: All single story buildings

Building height

(Ft.)



0 10 20 30 40 50 60 70
10

15

20

25

30

35

40

45

[U
F

P
] 

( 


 1
0

3
 p

a
rt

ic
le

s
c

m
-3

)

Traffic flow rate (vehiclesmin
-1

)

 

 

Site 1

Site 2

Site 3

Site 4

Site 5

10 20 30 40 50 60 70
10

15

20

25

30

35

40

45

[U
F

P
] 

( 


1
0

3
 p

a
rt

ic
le

s
c

m
-3

)

Traffic flow rate (vehiclesmin
-1

)

 

 

Site 1

Site 2

Site 3

Site 4

Site 5

(a) (b)
Morning Afternoon

UFP vs. Traffic

Higher traffic  higher UFP, but other things appear to be 

going on. 



Best Explanatory Factor in the Morning: 
The “Areal Aspect Ratio” = 

Length scale of buildings over length scale of open space
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Ldiag:  Diagonal length of 
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Choi et al., 2016



Ararea: based on the building area-

weighted building height, the amount of 

open space, and the building footprint.

Traffic – normalized FP 

have a strong 

relationship with 

“areal aspect ratio” in 

AM, less so in 

afternoons.

But we have limited  

observational data and cannot 

probe the influence of different 

built environment 

configurations in a systematic 

way.



• CFD is too computationally intensive; Large Eddy 
Simulations have too low spatial resolution. 

• Quick Urban & Industrial Complex (QUIC) from Los 
Alamos National Lab.

• Runs in minutes on a laptop.

• Two main model components:

• Wind solver (QUIC-URB)  Solves for flows around 
built environment using empirical algorithms and mass 
conservation to estimate the wind velocities around 
buildings (Röckle, 1990). Although not as accurate as 
computational fluid dynamics modeling, it captures the 
major flow features. 

• Dispersion model (QUIC-PLUME)

Modeling Dispersion in Complex 
Urban Areas: Tricky



Broadway & 7th in QUIC 2D in Google Earth 3D in Google Earth 

The Quick Urban and Industrial Complex model - QUIC (Brown et al., 

2010) 

• Measured wind speed, direction and Monin-Obukhov length (a 

measure of turbulence from buoyancy vs. wind shear)

• Horizontal resolution 5 x 5 m. 

• Vertical resolution: first 10 levels 0.4 m levels, then parabolic dz to 

the top of the domain; domain 20 m above tallest bldg.

• Emissions: assume continuous line sources at 0.5 m (red lines);

• Average particle concentrations 0.4-2 m above the ground on main 

and sub-main streets (yellow belts)

Model configurations



QUIC can Qualitatively Reproduce the Field Data.



Red line: regression line

Green line: ± RMSE

Red dot lines: prediction band (90% 

confidence level) 

QUIC simulations are able 

to reproduce the 

observational patterns.

• All the markers are within the 90% 

confidence red band;

• Most of them are within the green 

RMSE band.



Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 

Types 1 – 3 have 

45 m buildings 

with open space

Types 4 – 6 have 

15 m (blue) and 

30 m (red) 

buildings and 

much less open 

space

Build a New 

Development?
(hold volume/m2 

constant)



Pollutant Concentrations @ Breathing Level: 

Winds from the West



Pollutant Concentrations @ Breathing Level, Winds 

from the South West: Lower Concentrations



Good: 
• open space 

between 
buildings

• Clusters 
• Grids
• Winds at 45

Bad:
• Rows 
• Buildings 

covering most 
space.

Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 

Average Concentrations at Ground Level 



Upper 

Floors 

are Much 

Cleaner.

But there 

is a Peak 

@ 0.5 –

0.67

Vertical Concentration Profiles



Coming to a (non Elsevier) Journal 

Soon…

 

 

Thank you!


