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Urbanova: Rethinking Cities
Urbanova is a consortium of private and public organizations based in
Spokane, Washington, whose goal is to use technology to address
problems of urban life and improve infrastructure and services. Over half
of the global population now lives in large urban areas. These
environments create a number of unique challenges and problems.
Smart city programs like Urbanova work to understand and correct these
problems. As part of this program, WSU researchers have placed three
air quality sensors in Spokane’s University District to provide fine scale
information on local air quality. In addition to the sensors, we have
initiated an effort to develop, evaluate and apply urban air quality models
to provide an overall framework that, combined with the sensor data,
creates a more complete picture of urban microclimates.

Objectives
In this project, we employ the ENVI-Met computational fluid dynamics
model which has been developed to provide high resolution simulations
of urban micro-climates, wind patterns, and air quality. The objectives
are 1) to use the model to assess pollutant dispersion patterns in the
areas near the air quality sensors and 2) to estimate particulate matter
(PM2.5) roadway emissions for this part of urban Spokane. This is just a
first step in developing an integrated sensor-modeling framework for
smart city applications.

ENVI-met

Fig.2 North Sensor: satellite image

Fig.3 North Sensor: area input file

Methods
Above are the satellite image and area input files we created for the
area surrounding the north sensor. The position of the sensor is marked
with a red star in both images. The grey grids signify the position of
buildings and the different shades of green are for the different kinds of
vegetation; grass, hedges and trees. The locations of pollution sources
are also entered in the area input file.
Each simulation is run over a preset number of hours for a specific date
and time given a set of initial meteorological conditions. For this work, we
selected a 4-hr period on May 28, 2017 and used available weather data
to provide the temperature, humidity, wind direction and wind speed, and
cloud-cover for each hour. PM2.5 emissions were initially set to arbitrary
rates reflecting available traffic counts for each of the domains. Figure 4
shows the resulting PM2.5 concentrations for the north sensor location.

The ratio for the north sensor area is much higher as the traffic
count used to set the emission rate in the initial simulation was
relatively low.
These ratios were used with the initial emission rates to
calculate corrected estimates (see Fig.6). These rates include
PM2.5 created from tailpipe emissions, roadway dust and breakwear. They were calculated assuming that roadways are the
only major source of PM2.5 contributing to the concentrations in
these areas. Literature values for roadway PM2.5 emissions due
to roadway dust, tailpipe emissions and break-wear are between
9.1 μg/m2/s for highways and 2.2 μg/m2/s for residential roads.
Given an uncertainty of 1-3 μg/m2/s to account for differences in
traffic counts and percentages of large trucks on roadways, our
estimated PM2.5 emission rates are quite reasonable.

Emission Rate (μg/m2/s)
East Sensor

2.4-6.1

West Sensor

1.2-2.4

North Sensor

1.2-2.4

Table 2. Corrected emission rates

Results: Pollution Dispersion
Figures 4 through 8 show PM2.5 concentrations for the 3 sensor areas
with the corrected emission rates. These results clearly demonstrate
complex pollution dispersion patterns along the roadways and around
buildings.

As a CFD model, ENVI-met numerically solves the atmospheric
equations of motion on a gridded domain that accounts for urban surface
properties, the topology of buildings and the location and types of
vegetation. Simulations produce estimates of gridded 3D wind,
turbulence, temperature and moisture fields. The model also provides
treatment of PM2.5 emissions from a variety of source types. For this
project, we created three different modeling domains, each centered on
the air quality sensor location as shown in Figure 1.

Fig.5 (to the left) PM2.5 concentration
at east sensor
Fig.6 (to the right) concentrations at
north sensor

Fig.4 PM2.5 concentrations at the west sensor

Results: Pollution Emission Rates
In our initial simulations, the PM2.5 traffic emission rates were set
arbitrarily, but scaled with respect to traffic counts. The results of these
simulations were used in conjunction with the data recorded by the
sensors to estimate real PM2.5 roadway emission rates.
Fig.1 The Spokane University district,
positions of sensors marked with red stars
PM2.5 (ug/m3)
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Fig.7 vertical view of east sensor at
Y=39m from 0 to 10m

Fig.8 vertical view of east sensor at
Y=57m from 0 to 20m00

As these results demonstrate, the pollution remains highly concentrated
along the roadways, with relatively rapid dilution downwind. Each grid in
these maps represents about 4.8 m x 4.8 m. In less than 10 meters from
the roadways, PM2.5 concentration falls off 1 μg/m3 or more. The vertical
views show a similar spreading pattern, with pollutants well mixed in the
lee of buildings, but with limited vertical extent above building height.
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Table 1. Observed and Predicted PM2.5 concentrations and
observed/predicted ratios for the three sensor locations in μg/m 3
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Fig.2 Comparison of PM2.5
concentrations at the 3 sensor locations

As Figure 2 shows the range in PM2.5 concentrations measured at the 3 sensor
locations. The north sensor, located on the Gonzaga campus shows the lowest
readings, below the West sensor, located near the train tracks. The East sensor,
near the freeway shows the highest PM2.5 concentrations. However, there is
little difference among the sites for the highest percentiles or maximum levels.

Table 1 shows the hourly averaged PM2.5 concentrations measured at
each of the sensors compared to the concentrations given by the initial
simulations. For the 9 to 10 am periods, observed to predicted ratios
were calculated for each area, and these ratios were used with the initial
emission rates to estimate PM2.5 roadway emissions. These new
emission rates were then used in the model to provide more realistic
simulations of PM2.5 concentration patterns in each of the domains.
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