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1. Introduction

Airflow and pollutants dispersion in urban areas are very closely related
to human lives. As the result of the industrialization, modernization and
urbanization of several areas, numerous buildings including apartment
complexes are constructed densely in urban areas. Buildings are one of the
major factors that affect airflow and pollutants dispersion. The physical
characteristics of buildings such as height, size and shape complicate airflow
and pollutants dispersion (Ai and Mak, 2013; Kwak et al., 2014; Montazeri et
al., 2015). Airflow and pollutants dispersion affect us directly or indirectly in
an urban area that provides both home and work place for the human. Because
of such significance, many studies for airflow and pollutants dispersion have
been actively conducted (Bohnenstengel et al., 2014; Rakowska et al., 2014;
Zheng et al., 2014).

The combined characteristics of the buildings are major factor that
determines the airflow in an urban area. To analyze such airflow, a model such
as CFD model that considers detailed topography and building information is
required to perform calculations for a high-resolution in order to understand

the changes of airflow in an urban area. CFD model uses detailed topography



and building information as surface boundary data in the model. The model
calculates for the resolution of tens of meters or less and considers
meteorological elements such as wind, temperature and humidity. Therefore,
CFD model is frequently used in studies for airflow and pollutants dispersion
in an urban area (Kwak et al., 2014; Kwon and Kim, 2014; Kwon and Kim,
2015).

An urban area is consisted of numerous street canyons. Street canyon
means the spaces between buildings. The analysis of airflow and pollutants
dispersion in street canyon is important to understand airflow and pollutants
dispersion in an urban area. Many Studies have been conducted to analyze
airflow and pollutants dispersion in street canyons (Tominaga and
Stathopoulos, 2011; Baik et al., 2012; Kwak and Baik, 2012; Habilomatis and
Chaloulakou; 2015). Such studies are suitable for analysis of dynamics and
chemical process. However, such studies are not suitable in many urban areas
where buildings with varying height, size and shape are lined up consecutively.
Many studies have been conducted for analysis of airflow and pollutants
dispersion in an urban area (Gousseau et al., 2011; Miao et al., 2013; Zheng et
al., 2015).

Pollutants dispersion is the most significant factor of urban air quality.

The spatial variability of air quality is mainly affected by local emission



sources (Clapp and Jenkin, 2001; Jenkin, 2004). Particularly on-road mobile
emission sources are one of the most important local emission sources in urban
areas where heavy traffic is constant (Zavala et al., 2006; Zhang and Ying,
2011; Masiol etal., 2012; Rissler et al., 2012). Many measurement studies have
reported that concentrations of pollutants measured near roads are significantly
higher than the urban background concentrations (Karner et al., 2010; Shon et
al., 2011; Vette et al., 2013). Carbon monoxide (CO) is one of the pollutants
contributing to urban air quality. CO has a negative effect on the human health
as well as air quality itself. CO is a colorless and odorless gas formed by the
incomplete combustion of fossil fuels (CLA, 2013). Vehicle exhaust accounts
for the majority of CO emissions in urban areas. CO concentrations follow the
spatial and temporal distributions of the traffic volume because CO is less
reactive pollutant and its lifetime (2 - 3 month) is relatively longer than other
primary pollutants such as NOx and VOC (Fuglestvedt et al, 1996). High CO
concentrations are frequently observed in areas with heavy traffic. In terms of
health, CO denatures hemoglobin, which carries oxygen to various parts of the
body, into carbonyl hemoglobin, resulting reduced oxygen transport ability of
blood. (Maeng and Heo, 2002; LSDCC, 2003). Exposure to high CO
concentrations may cause carbon monoxide poisoning with symptoms of

headache, tinnitus and dizziness, which may be further developed into lethargy,



coma, seizure and respiratory paralysis if the exposure is continued. Carbon
Monoxide poisoning may lead to death in severe cases. As CO is extremely
harmful pollutant to humans, many studies to predict the dispersion of CO have
been actively conducted (Kim et al., 2012; Amirjamshidi et al., 2013; Li et al.,
2015).

CFD model has been used to simulate non-reactive pollutants dispersion
in many studies (Gousseau et al., 2011; Miao et al., 2013; Zheng et al., 2015).
Background concentration is required to analyze non-reactive pollutants
dispersion using CFD model. However, it is not involved in CFD model. Some
studies use simulated data from mesoscale dispersion model, such as Weather
Research and Forecasting model coupled with Chemistry (WRF-Chem) and
Congestion Mitigation and Air Quality (CMAQ) model, to define initial
boundary condition in CFD model (Kawk et al., 2014).

In this study, airflow and pollutant (CO) dispersion in an urban area are
analyzed using CFD model coupled with WRF-Chem model (WRF-CFD
model). CO is assumed to be non-reactive pollutant because it is less reactive
pollutant in this study. The study consists of four chapters. The second chapter
describes the methodology of this study such as the object area and
experimental set up and the third chapter describes an analysis of airflow and

pollutants dispersion. The last chapter describes the conclusion of this study.



2. Methodology

2.1. Object area

Yeongdeungpo-gu, Seoul, Korea was selected as the object area (Fig. 1)
to analyze the dispersion of non-reactive pollutants (CO). The object area is
suitable for analysis of airflow and CO dispersion because it reflects well the
characteristics of an urban area.

The object area includes numerous buildings with various heights, sizes
and shapes that complicate airflow. The building density of the area is higher
than other urban areas in Seoul. The trees cause the change of airflow, but it is
difficult to be simulate in CFD model. In the object area, the influence of trees
is negligible because of the lack of trees. A river is located in the northwest
and another river and wetland are located in the northeast of the object area.
An automatic weather station (AWS) and air quality monitoring station
(AQMS) are installed and operated in the object area. AWS is located in Seoul

Youngdong elementary school. Meteorological data obtained from AWS



represents weather of Yeongdeungpo-gu. High apartment complexes are
located around AWS. AQMS is located on the roof of Dangsan 1-dong
Community Service Center. High apartment complexes are also located around

AQMS and small-scale park is located in the west of AQMS.

2000 m

l¢

2000m
Fig. 1. The satellite picture for the object area in Yeongdeungpo-gu, Korea (from http:

//map.naver.com).

The simulations were performed for the period from 00 KST 17 to 00
KST 24 May 2014. The amount of pollutants emitted into the air from the
heating is negligible in May due to warm weather. In summer (June to August),

although pollutants from the heating are also negligible, wind speed is lower



than spring (March to May) and there are greater tendencies of having cloudy
and rainy days. Therefore the experiment period, the last month of spring
season, is more suitable to analyze airflow and dispersion of pollutants than
other seasons. For this period (00 KST 17 to 00 KST 24 May 2014), sunny
days without dust or rain were continued. South-southwesterly (20.83%) and
southwesterly (17.26%) were frequent (Fig. 2 and 3a). The highest wind speed
at AWS was 3 ms?tat 17 KST 22 and 13 KST 23 May and the lowest wind
speed was 0.5 m s at 22 KST 22 and 00 KST 23 May (Fig. 3b). The mean
wind speed was 1.64 m s*. The highest CO concentration was 1.1 ppm at
03KST 18 and 07 KST 23 May and the lowest CO concentration was 0.3 ppm
(Fig. 3c). The mean CO concentration was 0.61 ppm. The wind speed and CO
concentration represented inverse correlation that when wind speed was high,

CO concentration was low.
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2.2. Experimental set up

2.1.1. WRF-Chem (ver. 3.6) model

In this study, CFD model coupled with WRF-Chem model (WRF-CFD
model) was used to simulate airflow and pollutant dispersion in the object area.
One-way coupling was used. WRF-Chem model simulates the chemical
transformation of trace gases, mixing, transport, emissions and aerosols
simultaneously with the meteorology. A horizontal resolution of mother
domain (d01) in WRF-Chem model is 45 km x 45 km with 27 eta levels. The
domain was nested twice. Horizontal resolutions of other domains are 15 km
x 15 km (d02) and 3 km x 3 km (d03), respectively. The model domains are
shown Figure 4. Physics and chemical modules in WRF-Chem model were
used to simulate meteorology and chemistry, as shown in Table 1.

The meteorological fields were simulated from d01 to d03. The 1° x 1°
final operational global final analysis (FNL) data, produced by the National
Centers for Environmental Prediction (NCEP) every 6 hours, was used as
initial and lateral boundary conditions for the meteorological simulations. The

Mellor-Yamada-Janjic PBL scheme was used to calculate turbulent mixing at

-10 -



surface and within boundary layers (Janjic, 1990; Janjic, 1994).

Table 1. WRF-Chem model set-up for the simulations.

Feature Set-up

o o NCEP final analysis data
Initial/boundary conditions ) ]
(6-h intervals, 1° x 1° resolution)

do1l 45 km grid with 27 layers

Domain do2 15 km grid with 27 layers

do3 3 km grid with 27 layers

Microphysics scheme WSM-3

Radiation scheme RRTM long-wave / Dudhia short-wave
Surface layer physics Monin-Obukhov

Land surface model Noah LSM

Boundary layer Mellor-Yamada-Janjic (MYJ)

PBL scheme
Emission SMOKE-Asia (only anthropogenic)
Chemical mechanism CBMZ

-11 -



45°N

40°N

35°N

30°N

25°N

20°N

15°N

100°E 110°E 120°E  130°E 140°E

Fig. 4. Domain configuration of WRF-Chem model.

The chemical fields were simulated in d01 and only anthropogenic
emission data from Sparse Matrix Operator Kernel Emission-Asia (SMOKE-
Asia) developed by Woo et al. (2012) was used. The carbon bond mechanism
Z (CBMZ) chemical mechanism was used to simulate CO concentrations
(Zaveri and Peters, 1999). The chemical mapping data developed by Park et al.
(2014) was used because the CBMZ mechanism differs from the carbon bond
05 (CBO05) chemical mechanism using in SMOKE-Asia. Fast-J photolysis
scheme was used to simulate photolysis reaction between chemical species

(Wild et al., 2000; Barnard et al., 2004).

-12 -



2.1.1. CFD model

CFD model used in this study is the same as Kim et al. (2014)’s model.
The model simulates wind, temperature and concentration of non-reactive
pollutants in urban area. The model is based on Reynolds Averaged Navier-
Stokes (RANS) equation system and assumes a three-dimensional, non-
rotating, non-hydrostatic and incompressible airflow system. RNG k-¢
turbulence closure scheme (Yakhot et al.,, 1992) and Versteeg and
Malalasekera (1995)’s wall function are applied. The governing equation
system in the model is numerically solved on a staggered grid system using a
finite volume method and the semi-implicit method for a pressure-linked
equation (SIMPLE) algorithm suggested by Patankar (1980).

Numerical simulations using WRF-CFD model were performed for
analysis of detailed airflow and CO dispersion in the object area. A domain
size and cell size are 2000 m x 2000 m x 500 mand 10 m x 10 m x 5 m in X-,
y- and z-direction, respectively (Fig. 5a and 5b). The simulated data in WRF-
Chem simulations were interpolated according to the domain size which refers
to the initial boundary condition of WRF-CFD model. WRF-CFD simulations

were integrated for 3600 s with a time step of 0.5 s. Only CO data in WRF-

-13-
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Fig. 5. () Three and (b) two-dimensional configurations of buildings and topography
for the object area in WRF-CFD simulations. The yellow and red circles represent

AWS and AQMS, respectively.
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Chem simulations was used as the background concentration and only the on-
road mobile emission source were considered. The emission of on-road mobile

source was calculated in Eq. (1).

1
3600 s

E = -2 X EFy, X EFg X EF; X (1)

where, E means the CO emission of on-road mobile source (kg m2 s?) in the
object area, Eq means daily mean the CO emission (kg day?), Ar means area
of roads in the object area (m?) and EFm, EFq and EF; mean the monthly, daily
and timely emission coefficients, respectively. Figure 6 shows the CO
emissions during experiment period. The CO emission was low (< 0.5 x 107
kg m? s) during 01 KST to 05 KST and was highest (1.48 x 10 kg m? s™)
at 08 KST 17 May. The mean CO emission was 0.98 x 10 kg m? s during
experiment period.

For comparison with WRF-CFD simulations, CO dispersion simulations
were performed using simulated wind data in WRF-Chem simulations. The
CO data in WRF-Chem simulations and CO emissions were used, same way
as WRF-CFD simulations. The numerical experiments were simulated using
numerical domain (Fig. 7) that does not involve buildings

because WRF-Chem model doesn't consider effect of buildings. The model

-15-



was integrated for 3600 s with a time step of 0.5 s.
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Fig. 6. Time series of CO emissions of on-road mobile source in the object area.
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Fig. 7. (a) Three and (b) two-dimensional configurations of topography for the object
area in WRF-Chem simulations. The yellow and red circles represent AWS and

AQMS, respectively.

-17 -



3. Results

3.1. Wind fields analysis

A WRF-CFD model was used to analyze airflow and pollutant dispersion
in this study. Figure 8a shows the time series of simulated and measured wind
directions at AWS during the experiment period. Simulated wind directions in
WRF-Chem and WRF-CFD simulations were similar to measured. However
both models did not represent sudden changes of wind directions same as
measured. The RMSEs of wind directions in WRF-Chem and WRF-CFD
simulations are 91.58° and 88.17°, respectively (Table 2). The RMSEs of both
model are not significant difference. Figure 8b shows the time series of
simulated and measured wind speeds at AWS during experiment period. The
wind speeds in WRF-Chem simulations were overestimated because WRF-
Chem simulations do not reflect change of wind speeds by buildings that cause
change of airflow in urban areas. On the other hand, the wind speeds in WRF-
CFD simulations are similar to measured. RMSEs of wind speeds in WRF-

Chem and WRF-CFD simulations are 3.15 m stand 0.93 m s, respectively

-18 -



(Table 2). The RMSE of WRF-Chem simulations is larger than WRF-CFD
because of overestimation in WRF-Chem simulations.

The wind directions and speeds of inflow are mostly changed by buildings
in WRF-CFD simulations. If the building density is high in the direction
entering inflow, change rates of wind direction and speed are high. Particularly
change rate of wind speeds (hereafter deceleration rate) in WRF-CFD
simulations are closely related with wind directions of inflow because the
deceleration effect of wind speed by buildings is high. The wind directions of
inflow were classified into four wind directions (east, west, south, and north)
to analyze the deceleration rate in WRF-CFD simulations. The deceleration

rate was calculated in Eq. (2).

SP _ —SP B
R = SPWRF-chem —SPWRF-cFD y 1
SPWRF-Chem

(2)

where, R means the deceleration rate in WRF-CFD simulations and SPwrF-chem
and SPwrr-crp mean the wind speed in WRF-Chem and WRD-CFD
simulations, respectively. The cases, that the simulated wind speed in WRF-
CFD simulation was increased compared to inflow by low wind speed of

inflow (< 1 m s1), were excepted from analysis.

-19 -
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Table 2. The root mean square errors (RMSEs) of simulated wind directions and

speeds in WRF-Chem and WRF-CFD simulations.

wind direction (°) wind speed (m s?)
RMSEs
WRF-Chem WRF-CFD WRF-Chem WRF-CFD
05.17 118.64 107.43 4.96 0.60
05.18 91.40 92.01 3.64 0.72
05.19 108.08 89.78 2.40 111
05.20 84.90 98.83 3.67 0.99
05.21 95.88 91.69 2.33 1.23
05.22 67.46 69.49 2.25 0.73
05.23 60.37 57.84 1.32 0.97
total 91.58 88.17 3.15 0.93

Figure 9 shows the degree of scattering for wind direction of inflow and
the deceleration rate between WRF-Chem and WRF-CFD simulations at AWS.
In cases that the wind direction of inflow is east (45 to 135°), the wind speed
was decreased by more than 50% in 20 of 25 cases (80.00%). In cases of west
(225 to 315°), the wind speed was decreased by more than 50% in 53 of 60

cases (88.33%). In cases of north (0 to 45° and 315 to 360°), the wind speeds
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was decreased by more than 50% in 24 of 31 cases (77.43%). In cases that the
wind direction of inflow is south (135 to 225°), the wind speed was decreased
by less than 50% in 38 of 53cases (71.70%). The wind speed was decreased by
more than 30% and less than 50% in 27 of 53 cases (50.94%). Many buildings
are located around AWS. The building density and height of buildings are high
in the east and north of AWS. The building density is low in west of AWS, but
the building that has big size and height is located in about 250 m away from
AWS. When wind directions of inflow is east, west or north, the deceleration
rate is high by buildings located in the east, west or north of AWS, respectively.
The wind speed at AWS was reduced by up to 98.22% compared to wind speed
of inflow. When wind direction of inflow is south, the deceleration rate is low
because the building density is low and big and high buildings are not located
in the south of AWS. Wind fields for each wind direction of inflow were

analyzed to understand detailed airflow changed by buildings.
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Fig. 9. The degree of scattering for wind direction of inflow and the deceleration rate

between WRF-Chem and WRF-CFD simulations at AWS.

Figure 10a shows wind vectors and contours of vertical wind component
for the object area at height of AWS (z = 32.5 m) in case that the wind direction
of inflow is east (12 KST 20 May). A rectangle with red solid line and red
circles represents region of Figure 10b and location of AWS, respectively. The
wind direction and speed of inflow are 63.82° and 2.68 m s, respectively.
Wind speeds in the whole domain are low by low wind speed of inflow.
Airflow is similar to inflow in the river in the northeast of the domain because
there are not buildings. Descending and divergence of airflow represent in the

northwest of the domain by airflow entering the low-altitude river. The
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simulated wind direction and speed at AWS are effected by high buildings
located in east of AWS. Inflow entering from east of the domain are divergence
toward the lower level and flank of the buildings by buildings (®) located in
the east of AWS.

Airflow entering narrow canyon in the south of @ diverge to wide area
located in AWS. The wind speed of diverged airflow is lower than airflow
entering narrow canyon by the channeling effect. Channeling effect refers to
phenomenon that the speed of fluid are decreased (increased) by the law of the
conservation of mass when fluid passes from a narrow (wide) place to a wide
(narrow) place. In same principal, wind speed is decreased by channeling effect
when airflow passes from narrow area in the south of @ to wide area located
in AWS. The simulated wind direction (98.46°) at AWS (red circle in Fig. 10b)
differs from inflow by diverged airflow. The simulated wind speed (1.11 m s
1Y decreased 58.76% compared to inflow is similar to measured (1.10 m s?) at

AWS.
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Figure 11a shows wind vectors and contours of vertical wind component
in case that the wind direction of inflow is west (17 KST 17 May). A rectangle
with red solid line and red circles represents region of Figure 11b and location
of AWS, respectively. The wind direction and speed of inflow are 300.78° and
8.76 m s, respectively. Wind speeds in the whole domain are high by high
wind speed of inflow. Airflow is similar to inflow in the river. Wind directions
change from the west-northwest to west when inflow enters street canyon in
center of the domain (a rectangle with red dash line in Fig. 11a). The change
of wind directions affect the surrounding of AWS. The westerly wind is

diverged by building (®) located in the west of AWS (Fig. 11b). When airflow

hits the building, a stagnation point is formed and airflow is diverged according
to the stagnation point. Ascending and descending airflow occur in up and
down direction of the stagnation point, respectively. The diverged airflow to
flank of the building enters toward downwind area along building. The airflow
is converged to a point in the downwind area of the building, called
reattachment point and recirculation region is formed in this area. The
circulation of two eddies appear, called double-eddy circulation in cross-
section of the recirculation region. As has been previously explained, the

double-eddy circulation appears in recirculation region of the ®. Westerly

wind is changed to west-southwesterly wind by double-eddy circulation. The
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simulated wind direction (256.2°) at AWS (red circle in Fig. 11b) differs from
inflow. The simulated wind speed (1.79 m s) decreased 79.50% compared to

inflow is similar to measured wind speed (1.80 m s*) at AWS.
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Figure 12a shows wind vectors and contours of vertical wind component
in case that the wind direction of inflow is north (21 KST 20 May). A rectangle
with red solid line and red circles represents region of Figure 12b and location
of AWS, respectively. The wind direction and speed of inflow are 334.97° and
4.93 m s, respectively. The wind speed of inflow is high, but the simulated
wind speeds in the whole domain are low overall because the building density
is high in the north of the domain entering inflow. Many high buildings are
located in the north of AWS. Inflow is changed by buildings located in the
north of AWS and the changed airflow enters to AWS. Airflow entering from

the north is diverged by building (©) and wind directions and speeds of airflow

are changed (Fig. 12b). Wind speeds are decreased and wind direction are
changed from the north to northwest. The diverged airflow enters almost
intactly to AWS because factors that affect to change of airflow are not exist

between © and AWS. The simulated wind direction (311.45°) at AWS differs

from inflow. The simulated wind speed (1.79 m s?) is decreased 79.50%
compared inflow at AWS. The simulated wind speed is underestimated

compared measured wind speed.
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Figure 13a shows wind vectors and contours of vertical wind component
in case of northerly (21 KST 23 May). A rectangle with red solid line and red
circles represents region of Figure 13b and location of AWS, respectively. The
wind direction and speed of inflow are 187.64° and 3.32 m s, respectively.
The wind direction of inflow is maintained because the building density in the
south of the domain is low. The wind speeds are slightly decreased by surface
friction and so on. Airflow similar to inflow enters to AWS because the big or
high buildings that affect to change of airflow are not exist in the south of AWS.
The change effect of wind direction and deceleration effect are small by the
low building density in the south of AWS. The simulated wind direction
(195.42°) at AWS (red circle in Fig. 13b) is similar to inflow (187.63°). The
simulated wind speed (2.03 m s™) decreased 39.00% compared inflow is
similar to measured (1.90 m s%) at AWS.

The CFD model simulates well change of airflow by building effect such
as deceleration of wind speed, divergence of airflow, eddy circulation,
channeling effect and so on. In the next verse, the concentration fields were
analyzed to understand pollutant dispersion by airflow on the basis of wind

fields simulated from CFD model.
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Fig. 13. The same as in Figure 10 except for the 21 KST 23 May case.



3.2. Concentration fields analysis

The simulated CO concentrations in WRF-Chem and WRF-CFD
simulations are analyzed to understand pollutant dispersion by airflow. Figure
14a shows the time series of the simulated and measured CO concentrations at
AQMS during the experiment period. The CO emissions are high during the
daytime. However CO concentrations are low by high wind speeds of inflow.
The RMSEs of CO concentrations in WRF-Chem and WRF-CFD simulations
are 0.43 ppm and 0.30 ppm, respectively (Table 3). The RMSE in WRF-CFD
simulations is lower than in WRF-Chem simulations. The simulated CO

concentrations in WRF-Chem simulations are underestimated compared with

measured CO concentrations. The simulated wind speeds (vU2 + V2 < 10.20
m s1) in WRF-Chem simulations are higher than the absolute values of vertical
wind components (JW| < 0.05 m s?) (Fig. 14b and 14c). The horizontal CO
dispersion is occurred more actively than the vertical. Then surface CO cannot
be dispersed well to height of AQMS (Fig. 15). Therefore, simulated CO
concentrations in WRF-Chem simulations are not significantly affected by the
CO emissions and are similar to background CO concentrations at AQMS. The

absolute values of vertical wind components in WRF-CFD simulations are
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higher than WRF-Chem simulations because of building effect. Therefore, the
diurnal variations of CO concentrations are appeared in WRF-CFD
simulations following the CO emissions. When the CO emissions are low (<
0.5 x 10 ® kg m? s1), CO concentration is low (< 0.5 ppm) (00 KST to 05
KST). When the CO emissions are high (> 1.2 x 10 ° kg m? s%), CO

concentration is high (> 0.6 ppm) (07 KST to 08 KST).

Table 3. The root mean square errors (RMSEs) of simulated CO concentrations in

WRF-Chem and WRF-CFD simulations.

CO concentration (ppm)

RMSEs
WRF-Chem WRF-CFD

05.17 0.57 0.36
05.18 0.51 0.31
05.19 0.38 0.38
05.20 0.37 0.26
05.21 0.23 0.24
05.22 0.38 0.24
05.23 0.49 0.30
total 0.43 0.30
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Fig. 14. (a) Time series of measured and simulated CO concentrations, (b) simulated

wind speeds (VU? + V?2) and (b) vertical wind (W) components. Black circles, white
diamond, grey triangles and dark grey squares represent measurements, background

CO concentrations, WRF-Chem and WRF-CFD simulations, respectively.
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Fig. 15. The contours of CO concentration in a vertical plane around AQMS. White

circle represent AQMS.

Figure 16a shows the degree of scattering between the simulated CO
concentrations in WRF-CFD and CO emissions. The higher CO emission is,
the higher the CO concentration is. CO emission are high, but the CO
concentrations are low in some cases (rectangle in Fig. 16a). Figure 16b shows
the degree of scattering between the simulated CO concentrations in WRF-
CFD and time. This shows the change of the CO concentrations over time. The
CO concentration is high by high CO emission at commuting time (07 to 08
KST/ 18 to 20 KST). The CO concentration is low despite high CO emission

at daytime (10 to 16 KST) because of high wind speed. The CO concentration
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is low at nighttime (00 to 05 KST/ 22 to 24 KST) by low CO emission because traffic volume is low. The wind and

concentration fields were analyzed by dividing commuting time, daytime and nighttime to analyze the difference of

CO concentrations over time.
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Figure 17 shows wind vectors and contours of vertical wind components
(Fig. 17a and 17c) and contours of CO concentrations (Fig. 17b and 17d) in
the object area at height of AQMS (z = 27.5 m) at 18 KST 22 May. Rectangles
with red solid line and red circles represent region of Figure 17c and 17d and
location of AQMS, respectively. The wind direction and speed of inflow and
CO emission are 216.78°, 4.89 m s and 1.28 x 10° kg m? s, respectively.
The CO concentration are high overall by high CO emission at commuting
time. CO is dispersed to northeast by inflow (southwesterly). The CO
concentrations are high along the roads emitted CO. And the CO
concentrations are high at downwind area of building. In horizontal case, CO
is entered to downwind area by double-eddy circulation formed at downwind
area. CO is not actively dispersed because the wind speeds are low at
downwind area. Therefore, the CO concentrations are high at downwind areas.
In vertical case, vertical eddy circulation is formed at downwind area of
building (Fig. 18). The CO concentrations are high at downwind areas because
ascending CO is not well escaped to outside by eddy circulation. The CO
concentrations are high in the southwest of AQMS. The CO emitted from roads
and the CO entered from the south by southerly are entered to AQMS by
southwesterly. Some of the CO are entered to downwind area of buildings

located in the southwest by horizontal double-eddy circulation. The simulated
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CO concentration (1.10 ppm) at AQMS is higher than measured (0.40 ppm) by
CO entered to AQMS. However, the CO concentration at AQMS is lower than
around because the CO is dispersed by descending airflow at AQMS located

of upwind area of building (D).
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Fig. 17. (left panels) Wind vectors (vVU? + V?) and contours of vertical wind (W)

components and (right panels) contours of CO concentration at z = 27.5 m at 18 KST
22 May. Red rectangles represent region of (c) and (d) and red circles represent

location of AQMS.
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Fig. 18. The wind vector and contours of CO concentration in a vertical plane at street

canyon.

Figure 19 shows wind vectors and contours of vertical wind components
(Fig. 19a and 19c¢) and contours of CO concentrations (Fig. 19b and 19d) at 15
KST 22 May. The wind direction and speed of inflow and CO emission are
235.82°, 6.25 m st and 1.22 x 10°° kg m? s%, respectively. The wind direction
of inflow and CO emission are similar to previous case, but the wind speed of
inflow differs from previous case. The CO concentrations are lower than
previous case overall because the wind speed of inflow is high at daytime. The
CO concentrations are high at downwind area of building by horizontal or
vertical eddy circulations. The CO concentrations are low because CO is well

dispersed by high wind speed of southwesterly at the west of AQMS. The CO
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concentrations are high at downwind areas of buildings located in the
southwest because CO is entered to downwind areas by strong horizontal
double-eddy circulation. Some of the CO are entered to AQMS. The CO
concentration at AQMS is higher than around. The CO concentrations are low
at the south of AQMS by high wind speed and descending airflow. The
simulated CO concentration (0.51ppm) is similar to measured CO
concentration (0.50 ppm) at AQMS by high wind speed despite high CO
emission.

Figure 20 shows wind vectors and contours of vertical wind components
(Fig. 20a and 20c) and contours of CO concentrations (Fig. 20b and 20d) at 04
KST 22 May. The wind direction and speed of inflow and CO emission are
206.54°, 2.27 m st and 0.28 x 107 kg m? s, respectively. The wind direction
is similar to previous cases, but the wind speed of inflow and CO emission are
very low. The CO concentrations are low overall by low CO emission at
nighttime. The CO concentrations are high mainly along the roads emitted CO
because CO is not actively dispersed by low wind speed of inflow. In previous
cases, the big double-eddy circulations were formed in downwind areas of
buildings located in the southwest of AQMS. However, in this case, the small
double-eddy circulations are formed by low wind speed of inflow. The areas

accumulated CO are small by small double-eddy circulations. The CO
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concentration at AQMS is mainly affected by airflow (southerly) entering from
the south. The CO concentration entered to AQMS is low because of high wind
speeds and descending airflow. AQMS is located in upwind area of © where
descending airflow is formed. The simulated CO concentration (0.23 ppm) at
AQMS is lower than measured CO concentration (0.60 ppm) by low CO
emission and high wind speeds and descending flows around AQMS.
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Fig. 19. The same as in Figure 15 except for the 15 KST 22 May case.
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4. Summary and Conclusion

In this study, airflow and non-reactive pollutant (CO) dispersion were
analyzed using CFD model coupled with WRF-Chem model (WRF-CFD
model) in an urban area. Yeongdeungpo-gu, Seoul, Korea was selected as the
object area for the simulations. WRF-Chem simulations were performed to use
the simulated data as the background fields in WRF-CFD model. The
anthropogenic data in SMOKE-Asia (Woo et al., 2012) was used as the CO
emissions in WRF-Chem model. Numerical experiments were performed
using simulated wind data and CO concentrations as inflow boundary data in
WRF-CFD model.

As a result, the simulated wind directions in WRF-Chem and WRF-CFD
simulations were similar to measured wind direction. However both models
did not represent sudden changes of wind directions same as measured. The
RMSEs of the wind directions in WRF-Chem (91.58°) and WRF-CFD
simulations (88.17°) were similar. The RMSE of both model is not significant
difference. The simulated wind speeds in WRF-Chem simulations were

overestimated because WRF-Chem model did not consider detailed
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topography and buildings information. On the other hand, the simulated wind
speeds in WRF-CFD simulations that considered detailed topography and
buildings information were similar to measured wind speeds. The RMSEs of
the wind speeds in WRF-CFD simulations (0.93 m s%) were lower than WRF-
Chem simulations (3.15 m s%). The deceleration rate of simulated wind speed
in WRF-CFD compared to inflow were different depending on the wind
direction of inflow. The wind directions of inflow were classified into east,
west, south and north for analysis of deceleration rates. In case that wind
direction of inflow was east, west or north, the deceleration rate was high
because the buildings affecting airflow were located in the east, west or north
of AWS, respectively. In case of south, the deceleration rate was low because
the buildings affecting airflow were not located in the south of AWS. The CFD
model simulated well change of airflow by buildings. The concentration fields
were analyzed to understand pollutant dispersion by airflow on the basis of
wind fields simulated from CFD model.

To simulate of CO dispersion, the timely CO emissions were calculated
using the daily CO emissions in the object area. The simulations of CO
dispersion were perform using calculated CO emissions and simulated wind
data in WRF-Chem and WRF-CFD simulations. The simulated CO

concentrations in WRF-Chem were used as background CO. The simulated
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CO concentrations in the simulations using simulated wind data in WRF-Chem

were underestimated for measured at AQMS. The horizontal wind speeds

(VU2 + V2 < 10.20 m s%) were higher than the absolute values of vertical
wind components (JW| < 0.05 m s™) at AQMS. The horizontal dispersion of
CO was more active than vertical. The simulated CO concentrations at AQMS
were low because surface CO was not diffused to AQMS. The simulated CO
concentrations in WRF-CFD simulations were similar to measured CO
concentrations with the exception of 00 KST to 05 KST when the CO
emissions were low (< 0.5 x 10 ° kg m2 s!) because of low traffic at the time.
The RMSE of the wind directions in WRF-CFD simulations (0.30 ppm) was
lower than WRF-Chem simulations (0.43 ppm). The CO concentration was
mainly affected by CO emission. The simulated CO concentrations was high
at commuting time that CO emission was high. The simulated CO
concentration was low at nighttime that CO emission was low by low traffic.
The CO emission was high at daytime, but the simulated CO concentration was
low by high wind speeds.

Airflow and pollutants dispersion are very important factor to be
considered in urban areas where many emission sources exist and airflow is
constantly changing because of buildings. Through this study, it is concluded

and confirmed that one-way coupling model of WRF-Chem and WRF-CFD
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model is useful to analyze airflow and pollutants dispersion. As the results of
this study suggest, it is possible to identify high concentration areas, because
of the accumulation of pollutants, using the analysis of airflow and pollutants
dispersion. The conclusion of this study suggests that the suitable point of the
area to monitor air quality that represents the general air quality of the area and
the air quality of high concentration area. Furthermore, this study may lead to
a suggestion of a plan to improve air quality. Future studies should be
conducted using One-way coupling model of WRF-Chem and WRF-CFD

model to analyze the dispersion of reactive pollutants.
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