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Abstract: The articleis developed taanalyzethe characteristics oparticulate matter
pollutionin Hanoiusing observation data at automatic monitoring statibheestimation
method of particulate matter emissions from road traffadss implementedybthecoupled
modelso-calledWRF SMOKE. The model is applied to estimate RJdnd PMo emissions

from road traffic in Hanoi city for 2021. The results are 325,045.8 tons/year (average
27,087.2 tons/month) and 523,565.9 tons/year (43,630.5 tons/month) respectively. Overall,
the comparison®f the estimatiomesultwith EDGAR global emissions dagand particular
matter observation show similarity in terms of spatial and temporal distribution as well as
the ratio between PM and PMs. This comparisonperformsthe applicability of the
numerical coupled model estimatingparticular maker emissions

Keywords: WRFSMOKE; Emissions Air pollution; Particulate matterRoad traffig
Hanoi.

1. Introduction

At present, air pollution in generalgsnsidered a worrying problem globally due to its
impacts on many different fields and social objects. There are significaatisnon human
health. t is proved by many studies that the presence of harmful substances in the air
contributes to increasedarality or chronic diseaseas children. Some common health
problems include cardiovascular disease, respiratory disease, and nervous systeljidisease
7]. In addition, air pollution can affect the digestive system, urinary, @adtpregnancfsi
10]. Furtrermore, extreme weather events caused by air pollution cause harmful effects on
the ecosystem (acid rain). Simultaneously, secondary costs such as medical examination and
treatment costs, treatment costsdpollution control... are economic burdens calisg air
pollution.

Air pollution is emitted from many different sources. In particular, oh¢he main
sourcess transportation activities. Many major cities in the world are currently facing air
pollution. Typically, emissions from transport activiti® some big cities in Europe account
for a relatively high proportion su@s in Paris (France) at 29%adrid (Spain) at 39%, and
London (UK) is 50%[11]. Moreover, this kind of emission in Bangkok city (Thailand) is
60%([17].
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Currently, most of the studies on emissions in Viet Nam are applying inventory data sets
developed at global and regional scales. Those results in low reliability and accuracy (due to
regional variations). Furthermore, forecasting the AQI requires inpaitveteich is emission
inventory data. At the same time, the implementation of emission inventory has been
regulated by the Government in many legal documents. Therefore, the implementation of the
estimation study will contribute to the development of emissnventory methods$or
vehicles and practical results to the construction of a unified emission inventory data set
underconditions in Viet Nam.

In this study, pollutioremissionspecifically particular matt§PM) PMioand PM sare
inventoried from the traffic sources for Hanoi city. The coupled model namelyiWRF
SMOKE is used to estimate the particutzatteremission thatontributego air pollution in
Hanoi urban area. The results of RMnd PM semissionsare then compared thdt of
EDGAR global datand the observation data of PMs concentration as well

2. Methods and data

2.1. Study area

Hanoi is a city located in the Red River Delta region, with an aré&a3@%4.92 k.

Hanoi has a tropical monsoon climate with falistinct seasons a year. In particular, the
summer is usually hot, with many thunderstorms and storms. Winters are cold, with a low
level of precipitation. The transition time between these two seasons falls between April and
October. Hanoi has an averagfel,500 1,700 hours of sunshine annually with an average
annual temperature of approximately’@3In particular, due to the influence of global
warming and urban effects, on summer days, the highest outdoor temperature of the day can
reach >50°C.

The air quality index (AQI) observed at monitoring stations of Hanoi city shows a
fluctuation within the unsafe level for human health. In Hanoi, dust pollution in winter and
early spring is higher than in other seasons of the year. This is also a commamex@mo
for many years and has a regular pattern, particular matter pollution increases in the period
from December, January to February and may last into March. This rule has also been shown.
quite clearly in the past time when the PM concentration of Hanbaving significant
fluctuations, especially the increase in dust concentration e BMI PMo.

The urbanization process in Hanoi is increasing rapidly lé2gest population in the
country with about 8,053,663 peop|é}] leading to an increase in population and a general
need for transportation and personal mobility. The number of vehicles operating in Hanoi has
increased significantly (including registereghicles inside and outside the city). This leads
to frequent traffic jams occurring at many hours of the day. In parallel, the process of vehicle
management is not synchronized between localities. Vehicles such as motorbikes are not
registered, and theperformance cannot be assessed, making the amount of air pollution
worse.[10] performedthat road transport activities contribute up to 25% te Pé&missions
in Hanoi.

2.2. Research data

The necessary data include (i) monitoring data of £&hd PMo parameters in Ha Noi;
(i) Survey data on traffic volume (motorcycles, cars under 9 seats, d24 $&ats; light
trucks 2 axles and heavy trucks over 9 seats) corresponding to different road types (main
urban roads; secondary urban roads; main rurdsraad secondary rural roads); (iii) Remote
sensing data and geographic information; (iv) Global meteorological data and (v) Global
emissions data.
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2.2.1. PMbs and PMo monitoring data in Ha Noi

As of 2016, the automatic air quality monitoring networldenoi includesl2 stations
with 10 stations operated the Department of Natural Resources and Environment (since
2017), 01 under the Vietham Environment Administration (since 2010) apdite air
quality monitoring statiorbelongs tahe US Embassy in Vietnam. By July 2019, the French
Embassy in Vietnannstalled a PMs monitoring statiorat the embassy campus. By May
2020, THT (Korea) Co., Ltd. sponsored andtalled24 automatic sens®1to monitor air
guality in the Hanoi areaUp tonow, there are87 air quality stationsin Hanoi city[14]. In
this study, the observed dataair quality at stations isummarized iTable 1

Table 1. Monitoring data of PMs and PMg collected in Ha Noi

69
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ID

Monitoring station

Monitoring parameters

PM2s PMio
1 CCBVMT Hanoi Environmental Protectio 2018 2021, hourly 2017 2018, hourly
Department

2 MK Minh Khai (Bac Tu Liem) 2018 2017 2018, hourly
3 HD Hang Dau 2018,daily 20172018, hourly
4 HK Hoan Kiem 2018, daily; 2021, hourly 2017 2018, hourly
5 KL Kim Lien 2018, daily; 2021, hourly 20174 2018, hourly
6 MD My Dinh 2018, daily; 2021, hourly 2017 2018, hourly
7 PVD Pham Van Dong 2018, daily; 2021, hourly 2017 2018, hourly
8 TC Thanh Cog 2018, daily; 2021, hourly 2017 2018, hourly
9 TMai Tan Mai 2018, daily 2017 2018, hourly
10 TMo Tay Mo 2018, daily; 2021, hourly 2017 2018, hourly
11 NVC Nguyen Van Cu 20102019, 2021, hourly

2.2.2. Vehicle volume data

The data of vehicle volumacludes

Vehicle volume distributiowasretrieved fromafield surveyonthemain roads of Hanoi
(seeAnnex Tablel). Thetraffic survey data is observ&ltimes a dayrom September to
November 2021 (07:0@8:00, 11:0012:00, 16:0017:00).

Mean daily vehicle volume extracted fraddOMPASSTECH 16] and Nippon Koei Co.,
Ltd i Japar{17] (Annex Table 1 The survey locatiors presented in Figurk

620000 540000 56
1 [

N

o 5

Vint|

10
T —

20

Seale: 1:500.000
= Phi Tho

234000¢

2320000
[

2300000
[

Hoa Binh

Legend

2280000

e Vehicular activity recording locations
|

00O

580000 &D000D 620000
] 1 [

" Thai Nguyén

Béc Giang
Phuc

Bac Ninh

« i H&i Duong

Hung Yén

®  Vehicular aclivily recording localions - olher documenls

Ha Nam

Thanh Héa

[}
520000 £40000

860000

| [} [}
8A00DO 600000 620000

Thai Binh

1
2350000

[}
2340000

]
2320000

]
2300000

|
2250000

Figure 1. Map of locations with vehicle traffic measurement data
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2.2.3. GIS and remotsensing data

The original data used by the research team to edit the road network is data extracted
from the websitehttp://download.geofabrik.de/index.htrilhis website includes Viet Nam
topographic datasets for various featusashasshapefiles. In this case study, the research
team used the shapefile of the road object of the dataset, then edit, and classify the types of
roads in Ha Noi following the polyline lines under the requirements of the SMOKE model.
This editing work was donesing ArcGIS software.

Figure 2. Road network in Ha Noi used in the study

2.2.4. Global meteorology data

Input data using Global Convection Analysis data source NCEP FNL. Daily data with
obs 6 hours apart has a gregolution of 21 1°. This reanalysis is initialized with the forecast
data in the Global Forecast System (GFS), however, the reanalysis product will initialize
relatively slower than forecast products. The data set parameters include surface pressure,
se surface temperaturelative humidity, wind, vertical movements, vortexil, ice cover,
and ozone. Data source NCEReanalysiglata with data series from 1999the present is
freely available ahttps://rda.ucar.edu/datasets/ds083.2/. This is the input data source for
launching the WRF model in the study.

2.2.5. Global emissions data

The global emissions inventory used by the study for the comparison is EDGAR
(Emissions Database for Global Atmospb Research) version 5.0 with data series available
continuously from 1970 to 2015. EDGAR 5.0 was selected because it has full information on
pollutant types. The EDGAR dataset provides data not only for greenhouse gases but also for
common GHG compoungdsespecially including particular matter (RMand PMy).
Furthermore, EDGAR 5.0 provides separate emission data for each type of pollutant with
each specific industry/sector, such as the power industry; energy and transition industries;
gas; air; road #ffic; railway, pipeline and offoad transportation operations; ship; build;
fuel extractionée

The study utilizes emission data from road traffic sources that EDGAR calculated in
2015 for PM.sand PMo. In particular, monthly averages to consider theibistion as well
as changes in valuesluring the year. The data is available on the website:
https://edgar.jrc.ec.europa.eu/dataset_ap50#sourbes is the data source for testing the
emission estimation results of the WIRFMAQ model system.



























