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Preface

This dissertation is submitted to Roskilde University as part of a
PhD degree in Environmental Science.

The research is carried out studying air pollution assessment and
management of urban areas of Hanoi, Vietham and how air
quality is affected by climatic, meteorological, topographical and
geographical conditions. The study investigates ways to apply
dispersion models as a tool for air quality assessment and
management in Vietnam. This research will potentially contribute
to Vietnam in protecting the air quality in urban areas. It could
also contribute to the technology transfers and international
cooperation between developed and developing countries for
environmental protection and sustainable development.

This study will allow me to return to Vietnam with the capacity
and confidence to further build and enrich air quality assessment
and management. On my return, I will be able to offer colleagues
and students in Vietnam advice and support in air pollution
modelling and urban environment management and development
and I will be able to assist the Vietnamese government and other
organizations to develop strong and successful policies and
programs in this area.

This PhD dissertation is dedicated to my parents.
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Abstract

A systematic evaluation of dispersion models as a tool for air
quality assessment and management in a Vietnamese context was
conducted with focus on technical as well as management aspects.
The research studied the application of dispersion models in line
with the Integrated Monitoring and Assessment (IMA) concept.
The research mainly focused on the application and evaluation of
Operational Street Pollution Model (OSPM) and Operational
Meteorological Air Quality Model (OML) which are operational
and applicable dispersion models for assessment of street and
urban background air quality. An evaluation of model calculations
against available measurements was carried out. This study
contributed to a systematic evaluation of air pollution conditions
in Hanoi and identified factors that influence air quality.
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1 INTRODUCTION

In this chapter, the aims and motivations for the research are
defined. The tasks of this study are also related to other relevant
studies in a Vietnamese context. How the research can contribute
to potential implementations of dispersion models for air quality
assessment and management in urban areas in a developing
country is also discussed.

1.1 Motivation

Urbanization is an unavoidable process in the world. According to
the United Nation (UN), more than 90% of urbanization is taking
place in the developing world (UN-Habitat, 2006). The urban
populations in the developing countries will reach 2 billion in the
next 20 years, increasing about 70 million per year. The
populations in the urban areas of Africa and Asia will be double at
that time. By 2030, 80% of the total world’s urban population will
be living in developing countries. Vietnam is also rapidly
urbanized. It is estimated that 57% of the population will be living
in the cities in 2050 compared to 20% in 1990 (Figure 1.1). This will
put more pressure on the air environment (World Bank, 2009b).

Urbanization

140000 100%

90%
120000

80%
100000 70%
80000 £t
50%

60000

A0%

population [thousands)

40000 30%
20%
20000
10%

o 0%
1930 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

I Rural Population I Urban Population % of Population in Urban Areas

Figure 1.1. Urbanization in Vietnam from 1990-2005, forecast up to 2050
Source: United Nation (VCAP and CAl-Asia, 2008)

Vietnam is undergoing a rapid process of industrialization and
modernization process (World Bank, 2009a). Currently, there is a
critical need for environmental specialists with qualified
professional knowledge who can be responsible for improving the
environmental conditions, especially in urban and industrial areas.
In most urban centres, there are many environmental problems
and the air pollution problems in particularly are also accelerating.
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The environment is seriously polluted and this has significant
public health impacts. A solution to minimize the effect of air
pollution is, hence, pressing. However, the questions are which
appropriate air pollution models should be selected? And there
have been many diverse proposals but none has been proved to be
the most optimal (Sivertsen and The, 2006; ADB and CAI-Asia,
2006).

According to previous studies, most urban air pollution originates
from traffic, industries and domestic cooking. Vehicles, in
particular motorbikes, are the important sources of air pollution in
cities in Vietnam. Vehicles discharge PM (particulate matter), NOx,
CO, SO,, VOC (volatile organic compounds) e.g. Benzene (BNZ) to
the urban air environments (Dang, 2005). It is estimated that 70%
of air pollution in the cities come from vehicles (Hoang, 2004). The
number of vehicles in Vietnam is increasing rapidly, especially for
motorbikes. Motorbikes increased more than 400% from 1996 to
2006. Passenger cars are also increasing in recent years in Hanoi
and HoChiMinh city (see more in Figure 3.3) (VCAP and CAI-
Asia, 2008). In larger cities, re-suspended dust from construction
activities also presents an air pollution problem as visibility is
reduced. According to the Department of Natural Resources,
Environment and Housing in Hanoi (DONREH) 70% of Total
Suspended Particulate (TSP) comes from construction activities
(MONRE, 2008).

As other Asian megacities, Hanoi is polluted by PMio (particles
less than 10 micron), TSP, SO,, NOy, CO, BNZ etc. Poor air quality
impacts human health in the cities. Air pollution increases
mortality and morbidity. Air pollution causes, induces or
aggravate health effects such as cardiovascular diseases, lung
cancer, asthma, bronchitis, respiratory illness, and allergy. There
are studies of health impacts due to air pollution in Vietnam. The
Labour Health and Environmental Hygiene Institute has estimated
the annual losses caused by air pollution as high as 20 millions
USD for Hanoi and 50 millions USD for HoChiMinh city. They
also accounted for 626 deaths and 1,500 incidences of respiratory
infection caused by urban air pollution in Vietnam. Dust also
reduces the photosynthesis of vegetation (VCAP and CAI-Asia,
2008).

In Vietnam, only limited monitoring of air quality is conducted in
few locations. In the two largest cities (HoChiMinh City and
Hanoi), some air quality models have been applied in some
specific cases but they have not been validated against monitored
air quality data. A monitoring network should ideally provide air
pollution data of high temporal solution and high accuracy.
Monitoring data is useful to follow trends and assess compliance
with air quality standards. Analysis of data can also provide
insight into the sources of air pollution. However, the
establishment and operation of monitor stations are expensive and

13



can only be expected to be established in few locations. Therefore,
modelling is a powerful tool because it can estimate the pollution
level at any locations (ADB and CAI-Asia, 2006).

Air pollution modelling has proved successful as a management
technique. Air quality models attempt to simulate the physical and
chemical processes in the atmosphere that may involve transport,
dispersion, deposition and chemical reactions that occur in the
atmosphere to estimate pollutant concentrations at a downwind
receptor location. Fundamentally different models have been
developed in the way they parameterize the physical and chemical
processes. They have been developed for different scales from
transboundary air pollution, to urban background and street scale,
and for different sources: traffic or industrial sources (Fenger, 1999;
Vardoulakis et al., 2003).

In developed countries a strategy that combines monitoring and
modelling so-called “integrated monitoring” (Hertel et al., 2007;
Hertel, 2009) can provide a good understanding of information
about air pollution conditions in a cost-effective way. My research
uses this concept to do a research on air pollution assessment and
management in the urban areas in the context of Hanoi, Vietnam.
The impacts of climatic, meteorological, topographical and
geographical conditions are also considered. This study also
investigates ways to ensure successful implementation of air
quality assessment and management by air quality models. The
research provides a potential tool of assessment and management
of air quality for Vietnam in protecting the urban areas from air
pollutions.

The research mainly focuses on dispersion models that are
operational and applicable in the urban background to street scale
as there is a particular need to improve capacities in this area. Air
quality models can be used to map concentrations where there are
no measurements. The combination of monitoring and modelling
(integrated monitoring and assessment) can be useful for a spatial
description of air quality. Since models establish a link between
emissions and concentrations they can be used to analyze the
pollution contributed from different source (e.g. traffic sources
emitting at ground level versus sources emitting at elevated level
as industrial chimneys). Being a potential tool in air quality
assessment and management, air quality modelling requires a lot
of input data on meteorology, emissions, topology etc. which is
difficult to fulfil in Vietnam. Models can be used for backcast,
nowcast and forecast, and air quality models may also be used to
evaluate different control options in scenario analysis.

14



1.2 Related studies in Vietnam

This research will make use and establish contacts to other
ongoing activities in Vietnam (see Figure 1.2). At present, Vietham
is attending the Network of Clean Air Initiative for Asian Cities
(CAI-Asia) (CAI ASIA, 2010). CAl-Asia is a multi-stakeholder
initiative set up by Asian Development Bank, World Bank and
United States-Asia Environmental Partnership (US-AEP) to
promote better air quality management in Asia. The ultimate
success of CAl-Asia will be determined by the success of its local
networks. CAI-Asia undertakes knowledge management, capacity
building, and regional dialogues and promotes air quality
management policies, pilot programs and workshops. Air quality
models were also applied in selected locations in the network
countries (Huizenga, 2006).

CAl-Asia has been helping Vietham to achieve Dbetter
understanding of air pollution and air quality management (ADB
and CAl-Asia, 2006). In Vietnam, Vietnam Register (VR) (VR
Vietnam, 2010) is an organization that provides technical
supervisions and certifications for quality and safety on means of
transports including motorbike. VR services are for the promotion
of safety of life, property and protection of the environment from
pollution. VR, for its part, has acknowledged the CAI-Asia's direct
or indirect influence in the following activities: Integrated Action
Plan for Reduction of Vehicle Emissions (NAP-VE) (driver manual:
Section of environmental issues), developing a platform for
achieving European standards in new vehicles and fuels to
improve air quality in Vietnam (US-AEP), clean motorcycle pilot
project (Swiss contact), vehicle emission inventory and measures
focusing on motorcycles, buses, and trucks (World Bank) (SVCAP,
2005).

Danish International Development Agency (DANIDA) has also
supported a project on Environmental Information and Reporting
(2003 - 2006). The aim of the project was to achieve environmental
information and reporting system in Vietnam to support
environmental management and policy. Therefore, decisions are
based on the best possible knowledge. As the results of the project,
the information management system was improved on three
subjects: marine coastal pollution, air pollution and water
pollution (DANIDA, 2002).

Swiss Vietnamese Clean Air Program (SVCAP) is a project funded
by the Swiss Agency for Development and Cooperation (SDC)
through Swiss Contact. The overall goal of SVCAP is to contribute
to the prevention of a possible further degradation of the air
quality in Hanoi. The first phase (2004 -2007) is to support the
conditions for the reduction of air pollution by means of the
definition and implementation of an integrated air quality
management system on Hanoi. Previous activities related to air

15



quality management in Vietnam listed by SVACP is shown in the
Figure 1.2.

For this modelling study, data were collected from databases of
other projects: Hanoi Urban Transport project 2006 (World Bank),
Swiss-Vietnamese Clean Air Program 2007 (SVCAP), US-AEP 2005
and others. The emission inventory conducted by SVCAP in a pilot
area (ThanhXuan district) is used to extrapolate the emission data
for the whole city (Hanoi). The information of traffic including
emission factors, vehicle distributions was collected from Hanoi
Urban Transport project 2006 (World Bank), Assessment of VOC
levels from motor vehicle exhaust and potential health effects in
Hanoi, Vietnam (AIT project), monitoring vehicle air pollution in
Hanoi by mobile station for air quality monitoring US-AEP Project
(CENMA and SVCAP, 2008; Sivertsen and The, 2006; Truc, 2005;
Dang, 2005). Other supplement data and information was also
consulted such as improving air quality in Vietnam - AIRPET
(SIDA/AIT project) (Hoang, 2008), Environmental Information
and Reporting (DANIDA, 2002).
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Figure 1.2. Previous international funded projects related to air quality management in Vietnam. Source (CENMA and SVCAP,

2008)

In Hanoi, the Swiss Vietnamese Clean Air Program (SVCAP) and
Hanoi Centre for Environmental and Natural Resources
Monitoring and Analysis (CENMA) put a significant contribution
into air quality management including a pilot emission inventory
(CENMA and SVCAP, 2008). The pilot emission inventory was
conducted in ThanhXuan district and it will be used as input data
for this air quality modelling study.
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In addition, air quality models should also be used as an approach
to facilitate small and local urban areas to ensure a more effective
air pollution management in Vietnam. Air pollution modelling
needs to have emission data (emission inventory) together with
other parameters such as meteorological and topographical.

Thus, this PhD study will further contribute to an integrated
analysis on how air quality modelling can work in a Vietnamese
context with the current input data. It also emphasizes the needs to
promote the quality control of input data for air pollution
modelling in Vietnam.

1.3 Aims
The aims of the PhD study are to

e conduct a systematic analysis on the conditions that are
necessary for a potential implementation of air quality
models as an assessment and management technique in the
context of urban air pollution in Vietnam.

¢ understand and determine how and why local climatology,
meteorology, emission, topographical, and geographical
conditions influence air pollution problems in urban areas
in Vietnam, and evaluate the application of dispersion
models for potential implementation in air quality
assessment and management.

1.4 Research questions

The key research question is how to apply the air quality
dispersion models as an assessment and management technique in
the context of urban air pollution in Vietnam using Hanoi as a case
study.

The study will look into the following detailed questions:

1. What are the most important factors influencing air quality
in the urban areas? And how does this affect the choice of
appropriate air quality models?

2. What are the most important technical factors and

institutional factors for successful adaptation and
application of air quality models in a Vietnamese context?

18



1.5 Applications of the research

Environmental management in general and the management of air
quality in particular are new in Vietnam, while the human
resources available in this field are limited regarding technical
skills and knowledge.

This PhD study is dedicated to understand and determine the
technical and institutional factors upon which the successful
applications of air quality models depend. It will also contribute
to identify, develop and demonstrate solutions that will lay the
foundation for successful adaptation and applications of air
quality models in Vietnam.

The study will also contribute to a systematic evaluation of the
current and future air pollution conditions in Vietnam and identify
factors that influence air quality. A systematic evaluation of
dispersion models as a tool for air quality assessment and
management in a Vietnamese context. This will be carried out with
focus on technical as well as management aspects.

This PhD work will further facilitate the links between advanced
institutions in Denmark and institutions in Vietham on which
future partnership and capacity building may develop on an
institutional level.

1.6 Demarcation,

The study focuses on dispersion modelling of air pollution within
urban areas with selected critical air pollutants. The case study
area is in Hanoi, Vietnam. The case study focuses on traffic,
industry and domestic cooking as air pollution sources.

On May 29, 2008, it was decided that HaTay province, VinhPhuc's
MeLinh district and 3 communes of Luong Son district, HoaBinh
should merged into the metropolitan area of Hanoi from August 1,
2008. Hanoi's total area was increased three times to 334,470
hectares, and is divided into 29 subdivisions (Decision number:
15/2008/QH12 by Vietnamese National Assembly, 2008) . The
new population is 6,232,940 compare to 3,398,889 in 2007. The case
study of this PhD project still keeps in the area of Hanoi before
merging, the so called “Hanoi 1”7 now, as indicated in the
approved PhD proposal in 2006.
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2 CONCEPTUAL FRAMEWORKS AND
METHODOLOGY DESIGN

The objective of this chapter is to provide the concepts, definitions
and methodology frameworks leading to the applications of air
dispersion models for urban air quality management in Hanoi,
Vietnam as an example of a developing country.

2.1 Conceptual frameworks

2.1.1 Air pollution

Air pollution describes the concentrations that cause damage to
humans, plant, animal life, human-made materials and structures.
According to US EPA the air pollution and air pollutant are
defined (US EPA, 2009):

“An air pollutant is any substance in the air that can cause harm to
humans or the environment. Pollutants may be natural or man-
made and may take the form of solid particles, liquid droplets or
gases. These pollutants are divided into various groups, including
particulate matter, volatile organic compounds (VOCs) and
halogen compounds. Also included are commonly-known
pollutants such as lead, mercury and asbestos.”

“Air pollution is the degradation of air quality resulting from
unwanted chemicals or other materials, which are higher than its
own natural concentration, occurring in the atmosphere that may
result in adverse effects on humans, animals, vegetation, and/or
materials”.

2.1.2 Meteorology of air pollution

With respect to Urban Air Pollution, the meteorological conditions
which effect transport and dispersion take place in the so-called
planetary boundary layer (Ekman layer), roughly the lower 1000 m
of the atmosphere. Within this layer, wind speed and wind
direction are influenced by the roughness of the surface and the
vertical height of flows (Seinfeld and Pandis, 1998).

In the past, the most common way to classify the atmospheric
turbulence was a method developed by Pasquill in 1961. The
atmospheric turbulence was categorized into six stability classes
named A, B, C, D, E and F with class A being the most unstable or
most turbulent class, and class F the most stable or least turbulent
class. Table 2.1 presents the six classes of atmospheric stability
(Turner, 1969).
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Table 2.1. The Pasquill stability classes. (Turner, 1969).

Stability class  Definition Stability class Definition

A very unstable D neutral

B unstable E slightly stable
C slightly unstable F stable

Table 2.2 provides the meteorological conditions that define each
class.

Table 2.2. Meteorological conditions that define the Pasquill stability classes. (Turner,

1969).

Surface wind speed Daytime incoming solar radiation  Night time cloud cover
m/s m/h Strong Moderate  Slight > 50% < 50%

<2 <5 A A-B B E F

2-3 5-7 A-B B C E F

3-5 7-1 B B-C C D E

5-6 11-13 C c-D D D D

>6 >13 Cc D D D D

Note: Class D applies to heavily overcast skies, at any wind speed day or night

For a long time in the past, the Pasquill stability classes are
commonly used to distinguish the atmospheric turbulence.
Recently, many of the more advanced air pollution dispersion
models do not categorize atmospheric turbulence by using the
simple meteorological parameters commonly used in defining the
six Pasquill classes as shown in Table 2.1. The more advanced
models used some form of Monin-Obukhov similarity theory like
in OML and in AERMOD, ADMS 3 (Seinfeld and Pandis, 1998).

2.1.3 Classification of air pollution
sources

Air pollution emission sources can be classified into point, line,
area or volume sources:

1. A point source is normally used to identify a stack of a
factory; Point sources are characterized by the volume of
emission, stack height, and stack diameter.

2. A line source is used to locate the emissions of vehicles
from street or road. It is a one-dimensional source of air
pollutant emissions.

3. An area source is a two-dimensional source of air pollutant
emissions. In the urban area it is used to identify the
emission from a particularly area like domestic emissions
from households.

4. A volume source is a three dimensional source of diffuse
air pollutant emissions. A volume source is used to
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describe emissions from three dimensional sources such as
an open lime stone mine (Milton R.Beychok, 2006).

2.1.4 Dispersion modelling of Air
pollution

Dispersion modelling of air pollution is a mathematical simulation
of how air pollutants disperse in ambient air. The model is used to
describe the physical and chemical processes to be able to calculate
the pollution level at all locations (Vardoulakis et al., 2003). The
dispersion models are used to estimate or to predict the
concentration of air pollutants emitted from sources such as
vehicles, industrial stacks etc. The amount of released emission can
be determined from knowledge of the process or actual
measurements.

There are five general types of air dispersion models: Box model,
Gaussian model, Lagrangian model, Eulerian model, and
computational fluid dynamics (CFD) model (Holmes and
Morawska, 2006).

Box models are based on the conservation of mass. It assumes the
airshed (an airshed is a part of the atmosphere that behaves in a
coherent way with respect to the dispersion of emissions) in the
shape of a box. It also assumes that the air pollutants inside the
box are homogeneously distributed and used that assumption to
estimate the average pollutant concentrations anywhere within
the airshed. This model has a limited use due to the assumption of
homogeneous pollutant distribution which is often too simplistic.
Examples of box models are AURORA and CPB. AURORA is an
integrated model, AURORA is used to model the concentration of
inert and reactive gases and particles in an urban environment
(Mensink et al., 2003). The CPB is an urban canyon box model that
has been designed for urban canyons (Holmes and Morawska,
2006). The OSPM model uses a box model to describe the contri-
bution to concentrations of the re-circulation zone generated by
the wind flow in a street canyon and concentrations are computed
assuming equality of the incoming and outcoming pollution flux.

The Gaussian model is the most commonly used model type. It
assumes that the air pollutant dispersion has a Gaussian
distribution, it is normally used for predicting the dispersion of
continuous, buoyant air pollution plumes originating from
ground-level or elevated sources. Gaussian models may also be
used for predicting the dispersion of non-continuous air pollution
plumes. Examples of Gaussian models are: OSPM, UBM,
CALINE4, AERMOD, and UK-ADMS. They can be used to
calculate the dispersion of vehicle emissions. The Gaussian models
are only valid for shorter distances (up to about 20-30 km) as they
assume a constant wind speed and direction within a time step,
and they can not give a proper description of complex terrain.
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They are not recommended for modelling of very low wind speed
conditions as they require a wind direction and wind speed to be
defined. However, they have been applied in many studies,
mainly because they are simple to operate and have fast
computation (Holmes and Morawska, 2006).

A Lagrangian model is a mathematical model (e.g. SPRAY
models). It follows pollution plume parcels as the parcels move in
the atmosphere and they model the motion of the parcels as a
random walk process. It calculates the air pollution dispersion by
computing the statistics of the trajectories of a large number of the
pollution plume parcels. The model is used to calculate the
transport and dispersion of pollutants over long distances (Holmes
and Morawska, 2006).

Eulerian model is similar to a Lagrangian model. It also tracks the
movement of a large number of pollution plume parcels. The
difference is that Eulerian model uses a fixed three-dimensional
cartesian grid as a frame of reference rather than a moving frame
of reference as a Lagrangian model (a cartesian coordinate system
specifies each point uniquely in a plane by a pair of numerical
coordinates, which are the signed distances from the point to two
fixed perpendicular directed lines, measured in the same unit of
length). Examples of Eulerian models are CALGRID model and
ARIA Regional model or the Danish Eulerian Hemispheric Model
(DEHM). Like Lagrangian models, the Eulerian models are usually
used to calculate the transport and dispersion over long distances
(Holmes and Morawska, 2006).

Computational fluid dynamics (CFD) modelling is a general term
used to describe the analysis of systems involving fluid flow, heat
transfer and associated phenomena (e.g. chemical reactions) by
means of computer-based numerical methods (Vardoulakis et al
2003). CFD models can also be used to calculate the dispersion of
air pollution from traffic in urban areas with a very high grid
resolution. They are particularly useful to describe the flow on a
fine scale and in complex terrain like a street canyon. It is a very
computer demanding model where calculations take a very long
time which is not suitable for practical application. An example of
a CFD model is MISKAM. A CFD model is an advanced model but
it is also a demanding model which requires many detailed input
data and it is more difficult to use and therefore not applicable in
developing countries for assessment and management of air
quality.

2.1.5 Urban Air Quality Management

Urban air quality management (UAQM) is a system for the design
and implementation of monitoring, management and policies
within air quality in urban areas (Steinar et al., 1997). Air quality
measurements combined with models, dose-response functions
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and effect/cost estimates may produce a list of the most cost
effective actions. Figure 2.1 shows a chart for UAQM that is
applicable for developing countries. In developing countries,
increased air pollution by human activities is a great threat to
public health and the environment in urban areas. It is important
to design an air quality management system as part of urban
planning and management. UAQM can be used to make an action
plan for improving air quality through urban management and
development.
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Figure 2.1. Urban air quality management system. (Steinar et al., 1997)

In an urban air quality management system, the assessment
component includes monitoring of air quality as well as emission
inventories and air quality modelling. The emission and
monitoring modules may be considered as starting points for a
systematic analysis of air quality.
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Air pollution dispersion models are a part of the assessment
component. It is used to estimate the concentration of pollutants
from the emission sources in certain locations according e.g. as
hourly time series. Models can calculate air quality where the air
measurements are not carried out e.g. due to lack of financial and
technical resources. As the first important part of UAQM, air
quality assessment is to provide input data for the analysis part.
Air quality assessment includes the air quality data,
meteorological data, emission inventory, air quality models and
measurements. Data collected as part of air quality assessment
may also be used for evaluation of impacts of air pollutions. For
this study dispersion models are used as assessment tools to
describe the relationship between air pollutants and the related
emission sources within the urban area.

Emission inventory refers to the volume of pollutants discharged
into the atmospheric environment. An emission inventory includes
the emissions of pollutants from all sources in a certain area. Such
information provides crucial data for the modelling process and
for investigating potential environmental pollution.

Air quality models calculate concentrations of pollutants based on
emission inventory of pollution sources and meteorological data to
predict air quality at any location in the area where. Data from the
model output can be compared to and validated against actual
measurements to evaluate the performance of models as a
prediction tool.

Measurements are the key tool for monitoring air quality to
comply with air quality standards. However, data from the
network of monitoring stations cannot fully represent the
condition of a larger city especially those with complex urban
areas, which require a comprehensive model system to fulfil the
task (Sivertsen, 2007; Fenger, 1999). In developing countries, lack
of financial and technical capacities also create further
uncertainties on the quality of measurements.

The action components are the air pollution control parts that aim
to develop the institutional and regulatory mechanisms together
with a control strategy. The components of air quality assessment,
environmental damage assessment and abatement options
assessment are the inputs for cost benefit analysis (CBA), or cost
effectiveness analysis (CEA). CBA and CEA are also guided by
established air quality objectives such as air quality standards and
guidelines and economic objectives such as reducing damage
costs. The assessment phase includes collecting air quality and
meteorological data as well as emission data and assessment of
impacts. The results of these analyses are used to obtain an
optimum control strategy with prioritized abatement measures.
Selecting the appropriate abatement measures aim to reduce the
emissions from different sources and regulate new sources
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towards the use of cleaner fuels, increased energy efficiencies and

renewable energy sources (Steinar et al., 1997).

An UAQM depends on technical and analytical tasks. According
to (Sivertsen, 2007)), that also applies to developing countries, the

UAQM includes the following activities:

* Creating an inventory of polluting activities and emissions;

* Monitoring air pollution and dispersion parameters;
* Calculating air pollution concentrations with dispersion models;

* Assessing exposure and damage;

* Estimating the effect of abatement and control measures;
* Establishing and improving air pollution regulations and policy

objectives.

These activities and the institutions are necessary to carry out,
constitute the prerequisites for establishing the air quality
assessment. Figure 2.2 presents a simple visualization of urban air
quality management system (UAQM) elements and the flow of

information among them.

Monitoring

Dispersion
modeling /
Air Quality
Emissions s Airpoliution
concentrations
Abhatement Control Exposure
measures & options assessment
regulations
E 3 L 4
Cost analysis Damage
- assessment

Figure 2.2. The elements of urban air quality management (Sivertsen, 2007),

All listed components possess an integrated interaction within a
complex system. This study focuses on how dispersion models
will be used as an assessment tool in the integrated monitoring

and assessment method.
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2.1.6 Integrated Monitoring and
Assessment of air pollution

Urban Air Quality Assessment requires a method to analyze the
relations between air quality models and actual measurements.

The Integrated Monitoring and Assessment (IMA) tool is defined
as the combined use of measurements and model calculations. This
concept has been analyzed and validated with model and
measurement data for the past 20 years in the Department of
Atmospheric Environment (ATMI), National Environmental
Research Institute (NERI), Denmark. It is now widely applied in
NERI’'s works. IMA uses the best data both from modelling and
measurements. The combined results are found to reflect the actual
situation more precisely compared to a situation where only
modelling or measurements were used. Measurements are
important for evaluation of air quality and measurement data is
very crucial for validation of models. On the other hand, model
calculations are also used in interpretation of measurements to
identify measurement errors. The main advantages of IMA in air
quality management are to improve the data quality, enhance the
understanding of processes and optimize allocated resources
(Hertel et al., 2007; Hertel, 2009) (See Figure 2.3).

Laboratory and field

Studies

Process understanding

Integrated Monitoring

Measurements
Environmental

Mapping, scenarios, :
e EME & source allocation - making

Model calculations

4 4
Assessment & =——p  Abatement <= New initiatives
Evaluation strategies

Figure 2.3. Integrated Monitoring and Assessment Framework. (Hertel et al., 2007)

IMA can provide optimal use of resources and the best basis for
environmental management and decision making. It is a useful
tool to study processes and optimize allocated resources for urban
air pollution assessment. Integrated air quality monitoring is based
upon atmospheric measurement results usually from fixed stations
and those calculated from air quality models.

In this research, the concept of IMA is used within:
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¢ The ambient air concentrations at the monitoring sites;
e Source apportionments; and
e Validation of air quality models.

The model calculations are used to provide air quality levels at
locations where measurements are not available. The results from
the air pollution models are used in the interpretation of actual
measurements, and also to provide information on pollution
sources.

Within this study, the model calculations are also used to obtain
the followings:

e Mapping of pollutant concentrations in GIS map (OML
model)

¢ Distribution among local contributing sources

e Distribution among different contributing sectors

2.1.7 DPSIR framework

The urban air quality management system must be based on
condensed and aggregated information. Considerable attention
has been given to the development of environmental indicators,
which by definition are parameters or values that provide
information on the state of the environment. Such indicators can
provide information on environmental problems, identify key
factors (that cause pressure on the environment), support policy
development and priority setting and finally monitor the effects of
policy responses (Hanne Bach, 2005).

The Driving force-Pressure-State-Impact-Response (DPSIR)
framework is a tool to guide environmental indicators. The model
is powerful in analyzing a complex environmental problem. The
DPSIR model was developed by the European Environmental
Agency (EEA, 1999) based on a simple Pressure-Status-Response
(PSR) framework which was earlier developed by the
Organization for Economic Cooperation and Development (OECD,
1993). NERI has also adapted DPSIR in research programs as part
of an integrated environmental information system (Kristensen,
2004; Hanne Bach, 2005).

The DPSIR framework provides a comprehensive approach in
analyzing environmental problems. In DPSIR analysis, the
economic and social factors are divided into: Driving forces (D),
Pressures (P) on the environment, and as a result, the State (S) of
the environment. These changes subsequently have Impacts (I) on
the environment, human health and materials. Due to these
impacts, the society Responds (R) to the driving forces, or directly
to the pressure, state or impacts through preventive, adaptive or
curative solutions (Hanne Bach, 2005; Jago-on et al., 2009). The
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DPSIR elements are shown in Figure 2.4 followed by details of

each element.

DRIVING
FORCES

Figure 2.4. DPSIR elements adapted from (Hanne Bach, 2005)

The DPSIR framework is used to investigate environmental
indicators in a flexible framework. It can improve the
understanding of the complexity of linkages and feedbacks
between the causes and effects within environmental issues and
identify indicators to explain and quantify these linkages and
feedbacks. DPSIR contains 5 components. In relation to urban air
pollution they described as below:

1. Driving forces
The social driving forces that causes degradation of urban air
quality is urbanisation, industrialisation and motorisation and all
the activities that follow.

2. Pressures
The emissions from the driving forces create pressures on the state
of urban air quality. The main air pollutant emissions in urban
area are Total Suspended Particles (TSP), NOx (NO2 and NO), CO,
SOy, BNZ, and VOCs.

3. State

The state is the concentration of air pollutants such as TSP,
NOx CO, SO, BNZ and VOCs in the atmospheric
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environment. It can be assessed by measured and modelled
data.

4. Impacts

An important impact of urban air pollution is health effects. People
living in urban areas are exposed to air pollutants which create
adverse health effects. Poor people in urban areas are subject to
pollution because of their inadequate living conditions. Old people
and children are among the most sensitive to air pollutions.
Building materials and vegetation in urban areas are also damaged
by air pollution.

5. Responses:

The responses are the actions that society and humans take to
reduce the negative impacts of urban air pollution. The response
may be legislation that can prevent urban air pollution. In general,
it could be government and local authority policies like air quality
standards and urban planning towards a more environmental
friendly and sustainable development of cities.

2.2 Methodology design

2.2.1 DPSIR analysis of UAQM in
Vietham

The DPSIR framework (Hanne Bach, 2005) has been used to
analyze different environmental problems as only a few studies
have focused on the problems of the air quality management
(Hanne Bach, 2005; Jago-on et al., 2009). For this study, the DPSIR
framework is used to analyze the current problems of the air
pollution management system and to suggest solutions to improve
air quality management for the future. A case study was
conducted in Hanoi, Vietnam as an example of a developing city.

An analysis of different air quality assessment and management
strategies focusing on application of air quality dispersion models
(OSPM and OML) in particular will be carried out using the above
mentioned methodological framework (Figure 2.4).

2.2.2 Approach for the Application of
Dispersion models in Urban Air
Quality Assessment

Modelling of air pollution based on operational dispersion models
has been applied in many countries as an assessment technique.
They are used to estimate the pollution level from street canyon
scale to the regional scale (Holmes and Morawska, 2006). The main
purpose of this PhD study focuses on how to apply dispersion
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models (OSPM, OML) to a city (Hanoi) where model input data
and data from air quality monitoring stations are limited and of
varying quality. It could also contribute to the technology transfers
and international cooperation between developed and developing
countries for protection of the environment and for sustainable
development.

The cities of developed countries and developing countries are
very different. Nevertheless, developing countries could learn
from experiences of developed countries. Such experiences still
require some modifications to match with the local conditions. The
first step towards formulating the concept is to design a case study
that applies to a certain situation.

The United Nations Conference on Environment and Development
(UNCED) in Rio during 1992 proposed Agenda 21 for achieving
‘Sustainable Development.” Chapter 6 on ‘Human Health and
Environmental Pollution” (UNCED, 1992) suggests that nationally
determined action programs in this area, with international
assistance, should support and coordinate the management of
urban air pollution by:

e develop an applicable pollution control technology based
on the risk assessment and epidemiological research for
the introduction of environmentally sound production
process and suitable safe mass transport.

e develop air pollution control capacities in mega cities,
emphasizing enforcement programs and using monitoring
networks, as appropriate.

e international assistances could provide an optimum
support, if it addresses the local issues through local
initiatives, rather than bringing in the recipes from
developed countries or by using a universal solution.

2.2.3 Capacity building on Technology
transfer within UAQM

An analysis of institutional and capacity building aspects of air
quality assessment and management will be conducted to
investigate the required conditions for potential implementing of
air quality dispersion models as a tool for air quality assessment in
the context of urban air pollution in Vietnam.

2.2.4 Introduction to the case study

A case study has been conducted in Hanoi, Vietham as a case
study of urban air assessment and management in a developing
country. A systematic analysis of the current air pollution
conditions has been performed using the DPSIR concept (Figure
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2.4). This analysis focuses on identification of critical pollutants,
evaluation of air quality in relation with air quality standards,
geographic areas, emission sources, and assessment of potential
health and environmental effects. An analysis is conducted of the
current institutional capacity within air quality assessment and
management based on framework of the study as outlined in
Figure 2.5.

Targets for future improved air quality in Hanoi will be defined
based on international standards and recommendations of the
CAl-Asia initiative (Huizenga, 2006). A systematic analysis of the
technical and institutional requirements to develop from the
current to the future situation will be conducted. The transition
will focus on required changes in air quality assessment and
management strategies and techniques with special focus on
selection, adaptation and application of air quality models.

The OSPM and OML models are applied and adapted to the
conditions in Hanoi based on available input data. Validation
studies will be conducted by comparing model results and
measurements. Potentials and shortcomings of the models and
input data will be analyzed. The spatial variation of urban
background concentrations as well as detailed modelling in
specific streets will be carried out. Different emission types (traffic,
industry, domestic) will be evaluated to demonstrate linkages
between emissions and concentrations.

One field trip was conducted in July-August 2008 and two
workshops on dissemination of results to Vietnamese stakeholders
were conducted in December, 2009. These consultation workshops
for consultants and stakeholders of involved institutions were held
in order to evaluate findings and recommendations. A summary of
the findings and recommendations for the study was prepared
taking into account the feedback from stakeholders. The workshop
minutes were recorded for analysis of the feedback.

2.2.5 Outline Hanoi case study

An analysis of the current Vietnamese air quality management
system has been conducted with emphasis on identification of
critical characteristics to build up an UAQM development plan.
The DPSIR framework will be used to analyze the current
problems of the air pollution management system and to improve
air quality management in the future. The methodology
framework for a case study is described in Figure 2.5.
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Figure 2.5. Outline Hanoi case study

The data of emission sources, pollution concentration
measurements and other supplemental data (geographical,
meteorological data, GIS maps) were collected to analyze the
current situation of air pollution and air quality management. The
emission sources and meteorology data are analyzed and
evaluated for the purpose of dispersion modelling with the OSPM
and OML models. Air quality measurements in Hanoi are also
used validate the models (SVCAP and Fabian, 2007; JICA and
TEDI, 2006; Truc, 2005, CENMA and SVCAP, 2008).

The dispersion models (OSPM and OML) are employed as the
urban air quality assessment tool in:
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e Mapping of air quality: The spatial variation of air quality
in Hanoi will be modelled based on dispersion models,
emission inventories and meteorological data (OML).

e Assessment of the modelled concentrations against the
standard limit values. In this PhD project the assessment
focuses on these pollutants: NOx, SO, CO, Benzene (BNZ).

e Introduction of the use of models for air quality
management.

e Validation of dispersion models: Dispersion models will be
evaluated by comparing calculated and measured air
quality levels.

e Estimation of vehicle emissions: Backward (Inverse)
modelling will be used to estimate vehicle emissions using
a street dispersion model (OSPM), air quality
measurements and meteorological data.

The outputs from the air quality models after being validated
against measurements are also used to demonstrate the application
of air quality models. The feedbacks of model applications from
consultants and stakeholder workshops in Hanoi in December
2009 are used to discuss air quality management for the future.
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3 AIR QUALITY ASSESSMENT AND
MANAGEMENT — CASE STUDY IN
HANOI

This chapter analysis the current situation of air quality assessment
and management based on the DPSIR framework including:
Driving forces, Pressures, States, Impacts and Responses.

3.1 DPSIR framework design for a
case study of Hanoi

In this study, a DPSIR diagram has been designed (Figure 3.1) for
analysis of the urban air pollution situation in Hanoi.

Figure 3.1. DPSIR diagram for urban air pollution of Hanoi

The Driving forces, Pressures, States, Impacts and Responses
related to air pollution in Hanoi are systematically analyzed in
section 3.2 - 3.6.
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3.2 Driving forces of air pollution in
Hanoi

The driving forces are the general trends in the society that create
pressures on the air quality. In general, urbanization, economic
growth, fossil fuel usages and motorization are the main driving
forces of air pollution. Vietnam is rapidly urbanizing (see Figure
1.1) leading to an increased population. In 2007, Hanoi has
approximately 3.5 millions registered inhabitants with a
population density of 3,740 persons/km? (Hanoi statistical office,
2008). However, the actual population is estimated to be more than
5.0 millions if unregistered inhabitants are included. This creates
heavy pressures on the environments and urban infrastructure. It
also causes problems of immigration; and traffic congestion and it
creates demand for more public services which put even more
pressure on the air environment.

In Hanoi, air pollution is particularly caused by traffic, industries
and domestic activities (NEA Vietnam, 2009). Therefore, they are
the direct driving forces for the urban air pollution which can
potentially cause severe damages to health due to the human
exposures (Figure 3.2).

1. Pollution from traffic 2. Pollution from Industries 3. Pollution from Domestic

cooking

Figure 3.2. Driving force of Urban air pollution in Hanoi. (NEA Vietnam, 2009)

Transport is the main driving force affecting urban air pollution. It
has been estimated that approximately 70-75 % of air pollutants of
PMio, SOz, NOx, and CO comes from traffic (Hoang, 2004; Son D.H
et al., 2008). Figure 3.3 shows the trend of vehicles in Vietnam.
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Figure 3.3.

Increasing trend of vehicle in Vietnam. (VCAP and CAl-Asia, 2008)

The number of vehicles in Vietnam is rapidly increasing, especially
in the two major cities: Hanoi and HoChiMinh City. The average
vehicular fleet has grown at 11.8% annually in the period 1992-
2001 while motorcycles increased at 14.9% in the same period.
Before 1980 approximately 80-90% of the population in the city
used bicycles whereas today the same percentage of people now
travel by motorbike. Motorbikes increased 400% from 1996 to 2006.
The total number of motor vehicles in Hanoi is continuously
increasing every year (10% for cars and 15% for motorbike). This
growth significantly contributes to the degrading of air quality in
the city (VCAP and CAI-Asia, 2008).

The vehicle number is increasing rapidly (Figure 3.3) in Vietnam.
The number of cars and motorbikes in Hanoi are also increased.
Table 3.1 shows the trend of vehicles in Hanoi from 1990-2020.

Table 3.1. Number of vehicle in Hanoi 1990-2006, estimated for 2010 and 2020

Year Cars Motorbikes Total
1990 34,222 195,447 229,669
1995 60,231 498,468 558,699
2000 96,679 785,969 759,029
2003 126,478 1,179,166 1,323,644
2006 157,000 1,700,000 1,857,000

2010 (estimated) 219,800 2,720,000 2,939,800

2020 (estimated) 307,720 6,800,000 3,027,720

1990-2003: Source (ADB et al., 2005)
2006, 2010, 2020: Source (Son D.H et al., 2008)
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In addition to transport, the industry is another driving force.
Industries emit, among others, SO, and NOx within the areas
where the factory is located. Domestic activities, such as the
common use of coal for cooking, also contribute to air pollution.
This source causes high exposures as it is close to the human life.
Therefore it also creates severe effects on human health (Hoang,
2004; Son D.H et al., 2008). The economic development continues
to increase and leads to increase energy usage in both the
industrial and domestic sector. Figure 3.4 shows the relation
between economic growth (GDP) and energy usage in Vietnam.
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Figure 3.4. .

Increase in energy usage in relation to development in GDP 1990 — 2006. (VCAP and CAl-Asia, 2008)

3.3 Pressure of air pollution in Hanoi

In the DPSIR framework, the pressures are the emissions of air
pollutants. The main pollutants in Hanoi are Total Suspended
Particles (TSP), NOx, CO, SO,, and BNZ. The emissions from
sources mentioned under driving forces are the pressures that
affect the state of urban air quality.

The estimated emissions from traffic were calculated based on the
number of vehicles which is shown in the Table 3.2:
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Table 3.2. Traffic emission in Hanoi 2003 - 2020 (tons/year) (Son D.H et al., 2008)

Year NO; SO, CO VOC

2003 35,0 12,0 61,0 22,0
2006 49,0 16,8 85,4 30,8
2010 68,6 23,5 119,5 43,1
2020 96,0 32,92 167,3 60,3

The traffic emission data in 2003 is collected from Environment
annual report 2003 (Hoang, 2004). Emissions in 2006, 2010, 2020
was calculated based the on the emission factors in 2003 and the
development of total vehicles in Table 3.1. This estimation is
obviously a simple assumption and may not reflect the real
situation since it did not consider the future development of
emission factors.

Table 3.3 shows the trend of pressures from industrial emissions in
Hanoi 1997-2020:

Table 3.3. Industrial emissions in Hanoi 1997-2020 (tons/year) (Son D.H et al., 2008)

Year Industrial
areas (ha) SO, NOx co TSP PM1o
1997 4413 24 1,9 489 8,1 6,0
2010 1,642.7 10,4 7,0 1,820 30,1 22,6
2020 2,537.7 16,1 10,9 2,812 46,6 35,0

According to the Annual Environment Report 2007 (Hanoi
DONREH), the industrial sector contributes to the majority of
NOyx, SOz, CO and TSP emissions in the proximity of factories.

The total amount of domestic emissions is insignificant comparing
to traffic and industry sources. As this source is a local source, they
can severely affect indoor air quality. Table 3.4 shows the trend of
domestic emissions in Hanoi 1997-2010:

Table 3.4. Domestic emissions in Hanoi 1997-2020 (tons/year) (Son D.H et al., 2008)

Year NOx CO TSP
1997 315 8,908 1,483
2010 360 10,339 1,721

The emissions from traffic, industry and domestic activities in the
urban areas are vastly increasing following the rapid urbanization
rate leading to heavy pressures of the air environment.

3.4 State of air environment in Hanoi
The state is the concentration of air pollutants (TSP, NOx, CO, SO,

BNZ) in the atmospheric environment. It can be analyzed based on
modelled and measured data.
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In Hanoi the air quality is measured hourly at some monitoring
stations. Hanoi Department of Natural Resources, Environment
and Housing (DONREH) is a lead agency mandated to regulate
and manage air quality in Hanoi. There are 5 automatic fixed air
quality monitoring stations and 2 mobile stations. Table 3.6 shows
the hourly average concentration of PMio; NO»; SO,; CO; Os at the
urban background station of the Lang monitoring station in 2007:

Table 3.5. Urban background monthly average concentrations in 2007 (Lang station).

(ug/m’)

Month PM10 NOz SOZ CcO 03
January 141.0 26.38 24.26 728.68 14.54
February 144.6 18.95 19.07 569.85 18.75
March 132.4 17.09 14.05 581.68 18.99
April 138.4 19.32 16.86 413.52 29.50
May 129.8 10.41 8.92 382.03 27.57
June 140.8 7.78 8.47 335.88 42.59
July 129.9 7.63 8.47 313.72 41.06
August 149.9 12.06 8.29 377.88 43.14
September 160.6 26.25 6.03 530.42 43.92
October 152.9 23.88 8.26 522.57 43.08
November 155.5 39.14 26.03 738.92 23.54
December 1411 37.62 16.90 489.65 18.13
Mean 139.5 20.53 13.75 498.06 30.45

The Lang station was originally designed for measuring urban
background pollutants. Due to the urbanization, it is now more
representative for roadside conditions rather than the urban
background. The quality assessment and quality control (QA/QC)
at this station is not in good order (Long D.H., 2009). Therefore, the
data from this station must be checked and validated against other
site measurements (e.g passive samples) data.

From a health point of view, PMjp and TSP are important
pollutants in Hanoi and also in other cities in Vietnam. PMio
concentrations are also high as can be seen from Table 3.5. Reliable
emission factors for exhaust are available but the uncertainty on
non-exhaust is very large. The main sources to PMio and TSP are
from road surface and pavement (non exhaust sources). There is
likely a large contribution from the regional background that also
is unknown. Furthermore, measurements of PMjo and TSP were
not available for the 45 sites of the campaign using passive
sampling. Therefore, it is not possible to compare model results
with measurements. Therefore, PMip modelling is not conducted
in this study.

A number of site measurements were also conducted to evaluate
the state of air quality in Hanoi. They showed increasing pollution
level. In 2007, the SVCAP project conducted a sampling campaign
covering 100 measurement points in Hanoi using passive samplers
(Dang, 2005; Truc, 2005; SVCAP and Fabian, 2007). The average
concentrations of NO,, SO; and BTX are shown in Table 3.6:
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Table 3.6. Average concentrations of air pollutants in Hanoi using passive samplers
(January and February 2007), (ug/m3) (Hien, 2007; SVCAP and Fabian, 2007)

District NO, SO, BTX
BaDinh 47.7 32.3 9.3
CauGiay 44.0 36.3 10.3
DongDa 47.8 38.4 15.9
HaiBaTrung 50.7 445 1.4
HoangMai 28.7 29.5 6.8
HoanKiem 64.2 36.5 18.4
TayHo 284 23.8 6.8
ThanhXuan 47.0 52.9 12.4

Vietnamese Standard

10.0 (for BNZ

(TCVN 5.937 —2005: Ambient 40.0 50.0 concentration)

Air Quality)

EU Standard 40.0 20.0 5.0 (for BNZ
concentration)

WHO Standard 40.0 20.0 --

The data in Table 3.6 shows that most areas in Hanoi are highly
polluted by NO,, SO, and BTX and exceeding EU and WHO air
quality standards. The regulated values of SO, and BNZ according
to Vietnamese standards are approximately 2.0-2.5 times higher
than the WHO standards.

The pollution concentration at street level in Hanoi is very high
indicated a bad state of air environment. Table 3.7 shows the
pollution level of NO,, SO, CO at the street level during
congestion times in 2004:

Table 3.7. Concentration of pollutants in selected streets in the city centre during
congestion time, 2004 (ug/m®) by Nguyen Thi Ha (Son D.H et al., 2008)

Locations NO, SO- (6{0) VOC
NgaTuVong intersection 390 360 360 170
NgaTuKimLien intersection 370 350 350 160
NgaTuSo intersection 380 370 355 165
Vietnamese Standard

40 50 40 5.0
(TCVN 5937 - 2005)

The air quality in streets during congestion times (Table 3.7) are
approximately 10 times higher than Vietnamese standards
indicating serious air pollution conditions.

In summary, the state of air environment in Hanoi indicates a
serious pollution level almost all over the city. It makes a potential
impact on human health, materials and green parks.

3.5 Impacts of air pollution in Hanoi
The most serious impact of urban air pollution is damage to

human health (WHO, 2000). People living in urban areas are
exposed to air pollutions which seriously affect their health. In
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Hanoi, poor people in the central urban areas are the most
damaged by air pollution (Sumi et al., 2007). The children and old
people also have difficulty in coping with air pollution. (Figure
3.5) Building materials and green areas are also affected by urban
air pollutions (MONRE, 2008).

Figure 3.5. Humans are exposed to air pollution (NEA Vietnam, 2009)

Exposure to air pollution may cause various diseases. Long time
exposure to air pollutions causes respiratory disease, throat
inflammation, cardiovascular disease, chest pain, and congestion.
Chemical and radioactive substances can cause cancers. Table 3.8
shows the most common diseases related to air pollutions in
Vietnam (MONRE, 2008).

Table 3.8. The most common diseases related to air pollutions in Vietnam. by Ministry
of Health, 2005 (MONRE, 2008)

Rank Disease Cases per 100.000 inhabitants
1 Pneumonia 415
2 Throat symptoms 309
3 Chronic Bronchitis 305

According to records of Vietnam Ministry of Health in 2007,
respiratory diseases related to air pollution is a serious disease in
Vietnam. Recent studies in Hanoi show further evidence between
air pollution and respiratory diseases. The percentage of
respiratory disease cases of people living in the ThuongDinh
Industrial area is 14% (Table 3.9). It is 2.3 times higher than a
control group in the rural area of KimBang, HaNam province.
(MONRE, 2008).
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Table 3.9. The percentage of disease cases in industrial areas (ThuongDinh) in
comparison with the control sample in rural area (PhuThuy, GiaLam). (MONRE, 2008)

Disease % in ThuongDinh % in GiaLam
Chronic bronchitis 6.4 2.8
Upper respiratory infection 36.1 13.1
Lower respiratory infection 17.9 15.5
Optical symptoms 28.5 16.1
Nose symptoms 17.5 13.7
Throat symptoms 31.4 26.3
Skin symptoms 17.6 6.6
Vegetative nervous symptoms 30.6 21.5
Nervous response symptoms 40.7 37.7
Ventilate function disorder 294 22.8

The percentage of respiratory infection cases in this industrial area
is 1.9-7.6 times higher compared to the rural areas (Table 3.9). It
indeed shows an obvious link between human effect and air
pollutions.

According to the global environment outlook (GEO-4) released by
the United Nations Environment Program, Hanoi and HoChiMinh
city are among the six cities suffering the most from severe air
pollution in the world.. Dr. Hoang Duong Tung, Director of the
Environment Observatory and Information Centre (CEMDI), of the
Vietnam Environmental Protection Agency (VEPA) Ministry of
Natural Resources and the Environment (MONRE), Vietnam has
contributed in the report. For the dust concentration in the air,
Hanoi and HoChiMinh cities rank only behind Beijing, Shanghai
of China, New Delhi of India and Dhaka of Bangladesh. Experts
say that Vietnam’s current GDP growth is estimated to 8%, but if
the environmental losses caused by the development process are
taken into account, the real growth rate would be 3-4% (UNEP,
2007).

According to a research study in Hanoi, incomes are reduced 20%
and health of citizen also by 20% in Hanoi due to air pollution. The
survey was conducted in five typical areas: the ThuongDinh
Industrial zone, PhapVan highway, DongXuan Market, KimLien
apartment quarter and TayHo. More than 2,200 households with
10,100 members, 6,020 students, and 1,370 workers in those areas
participated in the survey. Among 2,200 households, 73% have
had illnesses due to air pollution (Pham, 2007).

On March 6, 2007, in a workshop of air pollution from motorbikes
conducted by Vietnam Register (VR) and Swiss-Vietnamese Clean
Air Program (SVCAP), it was an estimated that Hanoi losses one
billion Vietnam dong/day (eq. 50.000 USD/day) because of air
pollution (Vietnam Register and SVCAP, 2007).
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It is obvious that Vietnamese authorities already realizes that air
pollution is an issue in Vietnam, especially in the urban areas
(Thomas Fuller, 2007).

3.6 Response to air pollution in
Hanoi

As define earlier, the responses are the actions that government
and others take to mitigate the negative changes of urban air
pollution. Responses can be legal works that can prevent urban air
pollutions. It could be regulated by setting standards for emissions
of vehicles or industrial activities such as developing standards for
fuel used, cleaning the emitted air by introducing catalytic
converters on cars, introducing environmentally friendly cars e.g
hybrid cars. Ambient air quality standards are built-up to protect
the state of the environment from air pollutants like: TSP, PMjio,
SO, NO,, and CO. In general, the response is the governmental
policies of managing emissions and air quality in urban areas and
city authorities’ effort in wurban planning towards an
environmentally friendly and sustainable development of cities.

In response to the awareness of the negative effects of air pollution
on the social and economic development, the Vietnamese
government has issued a system of policies relevant to air quality
management. Table 3.10 show the most important legal documents
related to air quality management at the country level and Hanoi
level.
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Table 3.10. Legal decisions passed for air quality management in Vietnam - Country level.(Sarath et al., 2008)

Legal Documents by Vietnamese
government

Contents Related to AQM

Environmental Protection Law (2005)

Decision No. 256/2003 issued by the Prime
Minister on Approval of the National

Environment Protection Strategy up to 2010
and vision to 2020

Decision No. 4121/2005 issued by the
Minister of Transport on Approval of
overall framework on implementing Urban
Air Quality Improvement Program — the
23rd program within the National
Environment Protection Strategy

Decision No. 249/2005 issued by the
Prime Minister on Roadmap of
Implementation of Emission Standards for
Road Vehicles

Decision No. 64/2003 issued by the Prime
Minister on Plan for Thorough Treatment
of Seriously Environmentally Polluted
Facilities

Decision No. 79/2006 issued by
the Prime Minister on the National

Program for Saving and Efficient Use of
Energy

National Environmental Standards

Article 83 on Management and Control of Dust and Air Emission stipulates that all
sources including establishments, industries, transports, and construction
activities must have solutions to meet air environmental standards.

- By 2010, to improve the environmental quality in large cities including Hanoi and
by 2020, to achieve better air quality.

- 36 national prioritized programs/plans are to be implemented in order to
concretize the set objectives of the national strategy, of which Program No. 23 is
about "Urban Air Quality Improvement”, administered by Ministry of Transport in
coordination with relevant ministries and localities.

The overall goals are: Restrict air pollution in urban areas due to transportation,
industry and construction operation. Gradually improve and raise urban air quality.
Control air pollution caused by the mentioned activities, especially

those caused by transportation
* Specific targets on Hanoi include:

- 2006: Trial application of emission reduction technology and fuel saving for road
vehicles

- 2007: control and reduce dust amount to 40% and to 20% emission in
comparison with 2005

- 2008: Control and decrease to 60% dust amount and to 40% emission in
comparison with 2005; develop sustainable urban transportation systems

- 2009: control and limit to 80% dust amount and 60% emission in comparison
with 2005

« 8 prioritized projects under this program are identified; all of which are directly
related to Hanoi.

Application of Euro2-equivalent standards for vehicle emissions.

2007 target: Thorough treatment of 439 seriously environmentally polluted
facilities among 4295 identified facilities

2012 target: Continue the treatment of 3856 remaining facilities

One of the overall goals during the period 2006-2015 is to reduce the energy
amount used, contributing to environmental protection.

» Under the program, 6 topics and 11 national projects are identified, among
which 2 topics and 3 projects are directly related to air pollution reduction

* TCVN 5937:2005 — Ambient Air Quality

* TCVN 5938:2005 — Maximum Allowable Concentration of a number of
Hazardous Air Pollutants

* TCVN 5939:2005 — Industrial Air Emission for Inorganic Matters including Dust
* TCVN 5940:2005 - Industrial Air Emission for Organic Matters
* TCVN 6438:2005 — Air Emission for Vehicles (Euro2 equivalent)
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Legal Documents by Hanoi city council
Dust Reduction Program in Construction
Field issued in 2005 by Hanoi People’s
Committee

Hanoi Action Plan for Environment
Protection up to 2010 and vision to 2020
issued by Hanoi People’s Committee

Decision numbered 02/2004/Qb-UB dated
10th January, 2005 issued by Hanoi PPC

» Requiring individuals and organizations involved in construction and waste
disposal activities to ensure that the transport of construction materials does not
cause dust pollution

» Construction sites should be covered
» Road washing to prevent dust pollution

Program No. 3 on Air Quality Improvement administered by Hanoi Department of
Natural Resources, Environment and Housing

Program recommends solutions for dust reduction in the construction sector
within Hanoi area.

The legal documents and national environmental standards are
developed mostly based on the international regulation and law.
However, there are some alterations to adjust to Vietnamese
conditions. For example the Vietnamese air quality limit value of
SO» (TCVN - 5937 - 2005) is 50 (ng/m?) compared to 20 (ng/m3) in
EU and also recommended by WHO (Table 3.6).

Vietnam does not have an air quality monitoring network system
that links all the cities in the country but there are some fragmental
activities on air quality monitoring in some large cities. Currently,
air quality monitoring is managed by the environmental units of
city or province. The Ministry of Environment and Natural
Resources (MONRE) is responsible for strategic supports and
technical supervisions (ADB and CAl-Asia, 2006; ADB et al., 2005).

In Hanoi, there are 7 monitoring stations and belonged to different

owners. They are operated individually and not connected with
each other in one manage system (Table 3.11).
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Table 3.11. Air quality monitoring Stations in Hanoi. (ADB and CAl-Asia, 2006)

No Type of Air quality Stations Location Parameter Operator
Fixed stations

1 Automatic continuous 55 GiaiPhong Road S0O,, NO, NO,, NOy, O3,
monitoring (rooftop station, on CcO CETTIA
4" floor)

2  Automatic continuous 285 LacLongQuan Str. SOz, NO, NO,, NOy, O3,
monitoring (rooftop station, on CO, TSP CTET
7" floor)

3 Automatic continuous 334 NguyenTrai Str. SO,, NO, NO,, NOy, O3,
monitoring (rooftop station, on CO, TSP DONREH
5™ floor)

4 Automatic continuous 35 PhamVanDong Str  SO,, NO, NO2, NOy, Os,
monitoring (rooftop station, on CO DONREH
2" floor)

5  Automatic continuous 18 NguyenChiThanh Str. SOz, NO, NO,, NOy, O3, Institute of
monitoring (ground level) (Lang CO, PMyo, CH4, MMHC, Meteo-Hydrology
Station) NH3
Mobile stations

6  Continuous monitoring Mobile, Street level SO,, NO, NO,, NOy, O3, CEETIA

CO
7  Continuous monitoring Mobile, Street level SO,, NO, NO,, NOy, O3, Centre for

CcO Tropical
Architecture

These stations measure concentrations of PMig, CO, SOz, NOx,
ozone (O3), TSP and meteorological conditions. The stations are
managed and operated separately by different organizations
where the stations are located. The monitoring data exits in
different formats that make the assessment of air quality difficult
(ADB and CAI-Asia, 2006). In summary, AQM activities are only
at a basic level in Hanoi.

It is obviously that air quality management is Hanoi is inadequate.
The functions, responsibilities, and organizational arrangement in
urban air quality management is not clear since there is no clear
allocation of responsibility for air quality management at the
country level. Legal documents on environmental protections and
specific regulations for urban air quality are still lacking. Emission
sources, monitoring and auditing systems are weak: The plan for
the National Monitoring Network has not been introduced in
practice; the network is lacking modern equipment, data,
investment and effective QA/QC system. The auditing of
polluting sources has not been widely applied in provinces but
only limited research and pilot projects have been carried out.

The research and education do not meet requirements. Recently,
the number of people graduating from environmental disciplines
is continuously rising but still lack qualifications. There are only
few research studies on air quality and no comprehensive
assessment of the state of air quality in general and state of urban
air quality in particular. Many important aspects of air quality
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research are being neglected (Sarath et al., 2008; VCAP and CAI-
Asia, 2008).

In Hanoi, the participation of the public in AQM related activities
is very limited. Information to the public from monitoring stations
is limited. There is only some information in newspaper, radio,
television, and internet. At present, the operation of electronic
information boards that display real time pollutant levels at
DONREH and Department of Transportation is very sporadic and
unreliable. As a result, community participation in air quality
protection is limited due to low awareness and knowledge on the
matter and due to inadequate support from government agencies.
In general, non-governmental organisations (NGOs), civil society,
and advocacy groups are not common, not only for air quality
related issues but for most environmental issues (Sarath et al.,
2008; Sarath et al., 2008). There is a need to develop a master
strategy plan for air quality management in Vietnam. It requires a
long term commitment for air quality issues in the urban areas
(ADB et al., 2005).

3.7 Summary

Vietnam has a limited system for Air Quality Management (AQM).
The biggest problem is the insufficient performance and
enforcement of the legal documents. There has been no systematic
reviews of such policies and legal decisions have had limited
impact on the air quality in Hanoi.

In the air quality assessment system, estimation of air quality
levels by dispersion models is important because they can assess
air quality in locations with no measurements. All pre-feasibility
studies in Hanoi also suggest that dispersion models for AQM
should be applied in Hanoi. From this point of view, a systematic
study on dispersion models application in Hanoi can potentially
contribute to the urban air quality management activities. This
study may be applicable to other cities in Vietnam and other cities
in South East Asia that have similar conditions. As a result,
academic results from this study can be applicable beyond the
present case study. It is the main goal of this PhD study.
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4 SELECTION OF DISPERSON
MODELS

This chapter describes the choice of dispersion models and their
applications. It will also discuss the advantages of the Danish air
quality management system in comparison with the current
Vietnamese system for the applications of dispersion models in
Viethnam as an example of transferring technology to the
developing world.

4.1 Selection of air quality models

The dispersion models for UAQM have a good chance to be
applied in the developing world (Hoang, 2004; ADB and CAI-Asia,
2006; Sivertsen and The, 2006; VCAP and CAI-Asia, 2008) since
they are reliable and the inputs requirements are not too
complicated. For this study, special attention will be devoted to the
air quality models: Operational Street Pollution Model (OSPM)
and Operational Meteorological Air Quality Models (OML)
developed at the National Environmental Research Institute in
Denmark. They are operational, user-friendly and developed for
practical application for air quality assessment and management.
The advantage for this choice is also due to the available supports
within NERI and the opportunity for international cooperation
and technology transfer between developed countries and
developing countries. The OSPM and OML models have been
applied to many cases in Denmark and other places such as: St.
Petersburg, Stockholm, Helsinki, Amsterdam, USA and China (Fu
et al., 2000; Ziv et al., 2002; Aquilina and Micallef, 2004; Mensink et
al., 2006; Vardoulakis et al., 2007; Jensen et al., 2009). The OSPM
model is a street canyon model and it can be used to assess
pollution resulting from traffic in streets (Berkowicz, 2000b;
Berkowicz et al., 2008). The OML model is an operational short-
range atmospheric dispersion model that has been specifically
developed for assessment of air pollution from industrial
chimneys and is also applied for regulatory purposes in Denmark.
Besides regulatory studies, the OML model can also be used for
environmental assessments where air pollution has to be mapped
for an entire urban area (Lofstrom and Olesen, 1994).

For this study the OSPM model is used to estimate the
concentration of pollutants in five streets. The OML model is used
to estimate the concentration of pollutants in the urban
background based on data on GIS map.

50



4.2 Introduction to Danish air quality
assessment

4.2.1 Air Quality Monitoring Program

NOVANA is the National Monitoring and Assessment Program
for the Aquatic and Terrestrial Environment in Denmark and
includes two air quality monitoring networks with focus on urban
and rural air pollution, respectively: The Danish Air Quality
Monitoring Program for urban areas and the other network for
rural areas (the Danish Background Monitoring Program). The
pollutant measurements are performed at six stations, and various
ions are determined in precipitation collected at 9 sites (Kemp and
Palmgren, 2003; Kemp et al., 2008).

The Danish Air Quality Monitoring Program is designed for an
urban network. It has been constructed in accordance with the
Directive 2008/50/EC of the European Parliament and of the
Council of 21 May 2008 on ambient air quality and cleaner air for
Europe (EU Directive 2008). The program has a monitoring
network with stations in the four largest Danish cities. Figure 4.1
shows the locations of the air quality monitoring stations in
Denmark (Kemp et al., 2008).

Urban Network (LMP) -
W traffic

A urban background

@ rural

@ Background Network

Figure 4.1. The air quality monitoring stations networks in Denmark (Kemp et al., 2008).

The program is managed by the National Environmental Research
Institute (NERI) in co-operation with the Danish Environmental
Protection Agency, and the Municipalities of Copenhagen, Aarhus,
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Aalborg and Odense. The monitoring data are used for assessment
of the air pollution in urban areas (Kemp and Palmgren, 2003;
Kemp et al., 2008).

The measuring is normally carried out by two stations (a pair) in
each city. One of the stations is located close (at the sidewalk) to a
street lane with a high traffic density (street station). The other is
located within a few hundred meters from the street station, and is
representative for the wurban background pollution. The
background stations are normally placed on rooftops (urban
background stations). It should not be influenced by a single or a
few streets or other nearby sources. For the rural background data,
two rural stations from the Danish Background Monitoring
Program are used to monitor the pollution outside city areas
(regional background stations) (Kemp et al., 2008).

4.2.2 Urban air quality modelling
systems by Dispersion models

Dispersion models are simple and reliable for air pollution
estimation and prediction. Thus they are applied in many cities as
an assessment tool for UAQM. Urban air pollution description
and appropriate dispersion models applied is described in the
Figure 4.2:

concentration Local

¢ street increment (str)
modelled by OSPM

# urban increment (urb)

modelled by UBM
(or measurements}

raniana
4 regional

Figure 4.2. Urban air pollution description and Dispersion models applied. (Berkowicz et

al., 1997)
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In Denmark, NERI has developed and maintains several
atmospheric dispersion models applicable to the urban context.

The OSPM model (Operational Street Pollution Model) is a street
canyon model, and the UBM model (Urban Background Model) is
a simple operational urban background model for area sources
(Berkowicz, 2000a). AirGIS is a GIS-based human exposure
modelling system for traffic air pollution for application in urban
air quality assessment and management. The AirGIS applies the
OSPM and UBM models to be able to model air quality in many
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locations in an efficient way (Jensen et al., 2001). The OML model
is an operational short-range atmospheric dispersion model that
has been specifically developed for assessment of air pollution
from industrial chimneys and is applied for regulatory purposes in
Denmark. On the regional scale the DEHM (Danish Eulerean
Hemispheric Model) is a state-of-the-art air chemistry transport
model for assessment of regional air quality. NERI has also
developed an air pollution forecast system consisting of several air
pollution models (DEHM, UBM, OSPM) and a weather forecast
model. The forecast system produces operational 3-day air
pollution forecasts, four times every day. The integrated system
can be used for forecasting, nowcasting, emission reduction
scenarios, retrospective analyses and air pollution assessments and
management. The system can also be used for information and
warning of the public in cases of high air pollution levels and for
policy management (e.g. by emission reduction or traffic scenarios)
of many different chemical compounds. The system can be applied
operationally for any location all over the world (Brandt et al,,
2000).

Some of the models have a relatively large user community, while
others mainly are for research. These dispersion models have been
used to describe the level of air pollution in cities in Denmark and
in many other countries.

4.2.3 Danish legislative system for
UAQM

The Danish system for urban air quality management is based on
the EU legal system. The EU legislation provides a directive for
regulation of ambient air, namely, the Directive 2008/50/EC of the
European Parliament and of the Council of 21 May 2008 on
ambient air quality and cleaner air for Europe (EU Directive 2008).
The Danish air quality limit values are based on the EU directives.
The limit values are adapted based on recommendations from the
World Health Organization based on the health effects of the
pollutants (WHO, 2000).

4.3 Operational Street Pollution
Model (OSPM) as Street Scale
model

4.3.1 Structure of OSPM

The OSPM model is a practical street pollution model developed
by the National Environmental Research Institute, Department of
Atmospheric Environment. Concentrations of exhaust gases are
calculated using a combination of a plume model (Gaussian) for
the direct contribution and a box model for the recalculating part
of the pollutants in the street (Figure 4.3). It is one of many other
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Gaussian models (CALINE4, HIWAY2, CAR-FMI, OSPM,
CALPUFF, AEROPOL, AERMOD, UK-ADMS and SCREENB3)
(Holmes and Morawska, 2006).

Roof lewvel wind
Background pollution

Recirzulating air

Leamard Pt Direct plume
ide

Figure 4.3. Schematic illustration of the basic model principles in OSPM. (Berkowicz et
al., 1997).

For the direct contribution the OSPM model assumes traffic
emissions to be uniformly distributed across the street canyon
(between building facades). The emission field is treated as a
number of infinitesimal line sources, with thickness dx, that are
aligned perpendicular to the wind direction at street level. The
wind direction at the street level is assumed to be mirror reflected
with respect to the roof level wind. Outside the circulation zone,
the wind direction is the same as that at roof level. The direct
contribution is calculated using a simple plume model. The OSPM
model disregards the cross wind diffusion and the line sources are
treated as infinite line sources.

The emission density for such a line source is
Q
dQ =—=*dx
Q W

where:

Q is the emission in the street (g.m7.s1)

W (m) is the width of the street canyon.

dx (m) is the perpendicular line to the street axis.
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Figure 4.4. lllustration of the wind flow and formation of the recirculation zone in the street
canyon (horizontal view). (Berkowicz et al., 1997).

The contribution to the concentration at a point located at a
distance x from the line source is given by:

Illg % dQ

c, = |[— ¥ ———
Nz ow,*o.(x)

where:

Cq: Concentration from the direct contribution

up is the wind speed at the street level;

02(x) is the vertical dispersion parameter at a downwind distance
X.

For the recirculation of pollutants, the contribution is calculated
based on simple box model. The concentration in the recirculation
zone is calculated by assuming that the inflow rate of the
pollutants into the recirculation zone is equal to the outflow rate
and that the pollutants are well mixed inside the zone. A vortex is
generated when the wind is perpendicular to the street orientation,
see Figure 4.3. The vortex explains the upwind accumulation of the
pollutant concentration within the street canyon. The street canyon
vortex maintains the higher pollutant concentrations at leeward
side compared to windward side despite that emissions are the
same at both sides of the street.
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Figure 4.5. Geometry of the recirculation zone. (Berkowicz et al., 1997).

The box model is illustrated in Figure 4.4. It is assumed that the
canyon vortex has the shape of a trapeze, with the maximum
length of the upper edge being half of the vortex length Lvortex.
The inflow rate per unit length is given by,

INFLOW = (Q / W)*Lrec
where: Lrec is the width of the recirculation zone (Figure 4.5).
The outflow rate through the top and side edges is calculated with

flux velocities given by: owt - the top edge, ut- the upper half of the
side edge and ub - the lower half of the side edge.

OUTFLOW = Crec*( Gue*Li + i Lst + u*Ls2)

Lt, Ls1 and Ls2 are calculated taking into account the canyon
geometry and the extension of the recirculation zone (Figure 4.5)
(Berkowicz et al., 1997).
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4.3.2 Traffic produced turbulence

The turbulence within the canyon is calculated taking into account
the traffic produced turbulence (TPT). The traffic induced
turbulence plays a crucial role in determination of pollution levels
in street canyons. During windless conditions the ambient
turbulence vanishes and the only dispersion mechanism is due to
the turbulence created by traffic. Thereby, the traffic produced
turbulence becomes the critical factor determining the highest
pollution levels in a street canyon (Berkowicz et al., 1997).

The turbulence caused by vehicle moving has been subject to
several theoretical and experimental investigations (Eskridge et al.,
1991, Thompson and Eskridge, 1987). A simpler approach is
applied in the OSPM model suggested by Hertel and Berkowicz
(Hertel and Berkowicz, 1989):

[ chlf V-S? Jlgz
G, = bl —"——
W

where:

Owo is the traffic produced turbulence

b is an empirical constant, b = 0.3

Nveh is the number of cars passing the street per time unit,
S?is the horizontal area occupied by a single car

W is the width of the street

The traffic produced turbulence (TPT) increases with the square
root of the traffic flow (Nveh*V) and it decreases with increasing
canyon width. The empirical constant, b = 0.3, are used in the
present version of the OSPM model. For low wind conditions the
only dispersion mechanism is due to the turbulence created by
traffic. Thus, the traffic produced turbulence is a critical factor
determining the pollution levels in a street canyon (Berkowicz et
al., 1997).

4.3.3 NO, chemistry

The NO> concentrations are calculated taking into account NO-
NO2-Os chemistry and the residence time of pollutants in the
street. The presence of NO; in ambient air is mainly due to the
chemical oxidation of the emitted NO by background ozone.
Under sunlight conditions (and also influenced by temperature),
photo dissociation of NO» leads to partial reproduction of NO and
ozone (O3).

NO + O3 <=>NO2 + O,
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Figure 4.6. Relationship between NO, and NOy concentrations based on O3
concentration (Berkowicz et al., 1997)

The relationship between NO, and NOx concentrations in ambient
air is non-linear and depends on the concentrations of ozone. The
time scales characterizing these reactions are of the order of tens of
seconds, thus comparable with residence time of pollutants in a
street canyon. Consequently, the chemical transformations and
exchange of street canyon air with the ambient air are of
importance for NO; formation (Berkowicz et al., 1997).

4.3.4 Input and output data

The OSPM model requires information about street configuration
(e.g. street orientation, street width, building height), hourly traffic
emissions, hourly meteorological parameters and hourly urban
background concentrations. The European Emission Model
COPERT IV (EEA, 2007) is integrated into the OSPM model as an
emission module. Emissions are calculated based on car fleet and
fuel characteristics and emission factors together with information
about the traffic flow for the different vehicle categories and the
diurnal variation of traffic. The percentage of directly emitted NO>
is also required (Figure 4.7).
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Figure 4.7. OSPM Model structure (Berkowicz et al., 1997)

The outputs from the modelling are used to provide pollutant
concentrations at locations where measurements are not
performed. It is also used to compare the model results with air
quality limit values. The model outputs of the OSPM model are
hourly time-series. It is possible to create a file with various
statistical parameters. The results from the OSPM model may also
be used in the interpretation of measurements and for validation
of the model comparing calculations and measurements
(Berkowicz et al., 1997; Berkowicz, 2000Db).

4.3.5 OSPM applications
e For this study, the OSPM model is used for air quality
assessments for five streets where measurements were
available. It is also used for:
e Estimation of emissions per vehicle category.

e Estimation of average vehicle fleet emission factors.

e Model evaluation by comparison of model results against
of measurements.

e Sensitivity analysis on Traffic Produced Turbulence (TPT)

e and challenges of future application of the OSPM model in
Hanoi.
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4.4 Operational Meteorological Air
Quality Models (OML) as a local
scale model

The Operational Meteorological Air Quality Model (OML) is an
atmospheric dispersion model. It is used to assess air pollution
from sources such as stacks and area sources. The OML model is
similar to the model AERMOD (US EPA) and the ADMS (United
Kingdom) in respect to the theory underlying the model (Olesen et
al., 2007).

The OML model is a modern Gaussian plume model, based on
boundary layer scaling instead of relying on Pasquill stability
classification. The OML model is a time series model. It computes
an hourly time series of concentrations at user-specified receptor
points, from which statistics are extracted and presented to the
user. A basic assumption underlying the model is that the plume
disperses according to a Gaussian distribution (Lefstrom and
Olesen, 1994; Olesen et al., 2007).

The OML model can be used for air quality assessment on an
urban scale including point, area and line sources. The OML
model is frequently applied for regulatory purposes in Denmark
using a standard set of Danish meteorological data. The model can
be used for environmental assessments where air quality has to be
mapped for an entire urban area. It has been applied successful for
case studies in Latvia and Rumania (Jensen et al., 2002; Jensen et
al., 2003).

4.4.1 Structure of OML

The OML model is frequently applied for industrial sources. In
addition, the model can be used for environmental assessments
where concentrations have to be mapped for an entire urban area.
For this study, the OML model is used to estimate the pollution for
an urban area mapping the concentrations of pollutants on a GIS
map.

The Figure 4.8 shows the structure of the OML model.

60



Meteorological surface measurements Routine Weather
- e.g. standard synoptic observations radiosondes forecast model
'l

¥ {

T T

Meteorological preprocessor
calculating
micro-meteorological
parameters

!

Terrain Emission Fricfion velocity, Monin-Obukhov
data data length, mixing heigh etc.

\l \/
OML
dispersion model

‘T l |

\
Time series of
predicted concentrations

Figure 4.8. OML Model structure. (Olesen et al., 2007)

The OML model is used with a standard set of Danish
meteorological data. This standard set is normally used for
regulatory purposes in Denmark and the set is a meteorological
time series with at least one year data from Copenhagen airport
(Kastrup). Meteorological data needs to be treated by the OML
meteorological pre-processor. Hourly data for one year at a local
station are required to perform realistic calculations. The OML
meteorological — pre-processor uses hourly surface-based
meteorological data and radiosonde data to create the turbulence
parameters and mixing height (Olesen, 2007). Pre-processed
hourly meteorological data from a meteorology station and
vertical temperature profiles from radiosonde data was collected
for a case study in Hanoi.

The terrain height describes the surface data. Hanoi is located in
the Red river delta on low land, and the terrain height is set to zero
for all sources and receptors.

The emission data for the Hanoi case study is collected from
previous studies (CENMA and SVCAP, 2008). The emission
sources are distributed on a grid of 1 km x 1 km. It includes the
traffic sources, industrial sources and domestic sources.

4.4.2 OML applications

For this study, the OML model is used for environmental
assessments for an entire urban area. It is used in:

61



Mapping of air quality: The spatial variation of air quality
in Hanoi will be modelled based on emission inventories
and meteorological data.

Comparison and validating: the OML model will be
evaluated by comparing calculated and measured air

quality levels by passive samples.

Assessing the modelled concentrations against the
standard air quality limit values
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5 APPLICATION OF THE OPERATIONAL
STREET POLLUTION MODEL (OSPM)
IN HANOI

There is a particular need for Vietnam to improve capacities in
street scale air pollution modelling. In this study, the OSPM model
was applied in Hanoi for five selected streets and evaluated
against air quality measurements. This study also emphasizes the
possibility to further eliminate the uncertainties in input data for
street canyon air pollution modelling in Vietnam.

5.1 Introduction

In many metropolitan areas, traffic is the main source of air
pollution. Estimation of air pollution levels near streets is required
for health impact assessment. This task has been conducted very
well in many developed countries by combining air quality
measurements and modelling. This study focuses on how to apply
a dispersion model to Hanoi, the capital of Vietnam, which was
selected as a typical city in the developing world where model
input data and data from air quality monitoring stations are
limited or of varying quality.

In the urban areas of Vietnam, motor vehicles, particularly
motorbikes, are the main sources of air pollution. In addition, re-
suspended dust from construction activities in the larger cities also
presents an urgent air pollution problem as it causes reduction in
visibility. The air pollution in Hanoi has severe impacts on human
health (Hien, 2007; Truc and Kim Oanh, 2007; Saksena et al., 2008;
Son D.H et al., 2008). Limited monitoring of air quality is carried
out only in a few places in some of the largest cities. However, in
the biggest cities such as HoChiMinh City and Hanoi emission
inventories do exist. They cover all sectors and major pollutants,
which are managed in a geographic information system (GIS) and
include a reliable forecast on future emission loads. Some air
quality models have been applied in some specific cases but have
not been validated against measured air quality data (ADB and
CAl-Asia, 2006).

Hanoi is located in the centre of the northern part of Vietnam. It
covers an area of 921 km? and has a registered population of about
3.5 millions. The mean temperature is 24.5°C, the mean humidity is
77% (Hanoi statistical office, 2008), and the mean wind speed is
116 m/s (Lang Station in Hanoi). Low wind speeds in
combination with high temperatures and sunlight and high
emissions cause elevated air pollution levels. This study uses the
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Operational Street Pollution Model (OSPM) developed by NERI,
Denmark for a case study in Hanoi. The Operational Street
Pollution Model (OSPM) is based on a Gaussian plume model for
the direct contribution from the vehicles and a box model for the
well-mixed recirculation of air pollution inside the street canyon
(Berkowicz et al., 1997). It was successfully validated in
Copenhagen, St. Petersburg, Stockholm, Helsinki, Amsterdam,
USA and China (Fu et al., 2000; Ziv et al., 2002; Aquilina and
Micallef, 2004; Mensink et al., 2006; Vardoulakis et al., 2007;
Berkowicz et al, 2008; Jensen et al., 2009). OSPM model
predictions were evaluated against air quality measurements from
five streets of Hanoi. Hourly data from a urban background station
named Lang Station (in combining with data from a passive
sample campaign) is used for urban background input. Hourly
measurements and passive sample measurements collected over
three-week periods were used for comparisons with the model
outputs. In addition, backward calculations (invert modelling)
were performed to correct the initially assumed emission factors.
Average fleet emission factors that can be used for emission
calculations at other streets in Hanoi and in other locations in
South-East Asia with similar vehicle types were also estimated.
This study also highlights the need to further eliminate the
uncertainties in input data for the street canyon air pollution
modelling in Vietnam, namely providing reliable emission factors
and hourly air pollution measurements of high quality.

5.2 Air quality modelling at street level in Hanoi,
Vietnam using the OSPM

The OSPM model calculates hourly concentrations of air pollution
at the street level. The OSPM model requires input information of
street configuration (e.g. street orientation, street width, building
height), hourly traffic emissions, hourly meteorological parameters
and hourly urban background concentrations. The OSPM model
also includes simple photochemistry involving NO, NO2 and O3
for estimation of NO; concentrations. The European Emission
Model COPERT IV (EEA, 2007) is integrated into the OSPM model
as an emission module. Emissions are calculated based on car fleet
and fuel characteristics and emission factors together with
information on the traffic flow for different vehicle categories and
the diurnal variation of traffic. The percentage of directly emitted
NO: is also required (Berkowicz et al., 1997; Berkowicz, 2000b).

In this study, we provided emission data that reflects conditions in
Hanoi based on previous studies. Traffic data originates from
traffic counts and street configuration data were measured on site.
Hourly meteorological data (e.g. wind speed, wind direction,
global radiation, and temperature) and the urban background air
pollution contributions were obtained from an urban background
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monitoring station in the centre of Hanoi (Lang Station) including
a correction by data from a passive sample campaign in 2007.

5.3 Locations of measurements

The model study was carried out in the central part of Hanoi. It
has been reported that 1.86 million motorcycles and 200,000 cars
are in operation in the city (Hanoi statistical office, 2008). The
number of cars is increasing by 11% per year and motorbikes are
increasing by 15% per year. Motorbikes, mainly 100-110 cm? four-
stroke engines, are by far the most dominant type of the vehicle
fleet (Son D.H et al., 2008).

Measurements of air quality from one wurban background
monitoring station and five typical streets in the centre of the
Hanoi metropolitan region were selected for the model
evaluations. The measurements of pollutant concentrations come
from the AIT project (2005) and the SVCAP project (2007) (Truc,
2005; SVCAP and Fabian, 2007). The locations of the five streets
and the urban background monitoring station are shown in Figure
5.1:

DBPIStS 1

A,

la.licn;u_ang St

Figure 5.1. Location of the five selected hotspots and the urban background monitoring
station (Lang station) in Hanoi (based on Google map).

The five selected streets are representative for the traffic condition
in Hanoi. TruongChinh (TC) is the outer ring road level 2 of the
city road transport system. NguyenTrai (NT) is the main road
(arterial road) that connects Hanoi centre to the south west areas.
DienBienPhu (DBP) is another main street in the centre of the
BaDinh district of Hanoi; LeTrongTan (LTT) and ToVinhDien
(TVD) are located in ThanhXuan district representing inner city
streets. The Lang Station is an urban background monitor station
which is located in the central part of Hanoi (Figure 5.1).
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5.4 Street configurations

The configurations of the buildings adjacent to a particular street,
the so-called street configurations, affect the air flow in the street
and hence influence the dispersion and dilution of air pollutants.
The street configurations of the five streets in Hanoi were obtained
using on-site measurements, paper maps and Google map. Details
on street configuration data of the five streets are shown in Table
5.1:

Table 5.1. Street configurations of five streets in Hanoi

Building Height

Street name . Street Width Street
) Street nameinfull (M) ) )
in short ) ) (m) Orientation
Side1l Side 2
1 TC Street TruongChinh Street 4.0 4.0 12.0 107°
2 DBP Street DienBienPhu Street 2.0 2.0 14.0 135°
3 NT Street NguyenTrai Street 4.0 4.0 60.0 55°
4 LTT Street LeTrongTan Street 7.5 21 8.9 150°
5 TVD Street ToVinhDien Street 10.0 10.0 9.1 37°

Source: Site Measurements.

The street configuration data in Table 5.1 show that LTT street and
TVD street can be considered as street canyons while TC street,
DBP street and NT street are more open streets with low
buildings/walls. Side 1 and side 2 refer to opposite sides of the
street, the street width is the distance between opposite building
facades, and the street orientation is given in relation to north. Side
1 is in the OSPM model defined as the side of the street that is the
tirst encountered when going from north in a clockwise direction.
OSPM requires the length of the street to indicate the distance
from the receptors to the beginning and the end of the street
section. The OSPM model only considers emissions from a single
road and none of the five hot spots has major intersections close to
the measurement locations that could jeopardize this assumption.

5.4.1 TruongChinh Street

TC street is the outer ring road level 2 of the city transport system,
connecting Lang street to Daila street which is frequently
dominated by trucks, and buses from the outskirt to the
downtown. TC street is also the border line between DongDa and
ThanhXuan district, connecting the two crowded crossroads:
NgaTuVong and NgaTuSo. It is a 12 meter wide street. The street
orientation is almost East-West, about 107° in relation to North,
(Truc, 2005). The street location and its configuration are presented
in Figure 5.2 and Figure 5.3. Side 1 and side 2 of the street have
buildings with average height 4.0 meter.
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Figure 5.2. The sampling site — TC street (based on Google map).

* 81 is the calculation point of side 1 and S2 is the calculation point of side 2 according
to OSPM convention.

Figure 5.3. The Street configuration — TC street. View toward the East.

5.4.2 DienBienPhu Street

DBP street is in the centre of BaDinh district of Hanoi. The north-
west part is the West Lake, the biggest natural lake of the city with
a surface area of 176 ha, one kilometre from the DBP street site.
The large sidewalks, pavements and traffic control systems are the
characteristics of this site, and traffic jam rarely occurs. The street
has four lanes, a width of around 18 m and a street orientation of
North West - South West or 135¢ in relation to north - south line
(Truc, 2005). Side 1 and side 2 of the street are fenced with
buildings with average height of 2.0 meters (Figure 5.4 and Figure
5.5).
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Figure 5.5. The Street configuration — DBP street. View toward the north west.

5.4.3 NguyenTrai Street

NT street is the avenue running from north to south of the
ThanhXuan district. This is a busy street located in an industrial
zone. It is a 60 meter wide street with six lanes for auto vehicles
including a bus-lane, and 2-lane roads for non auto vehicles. The
street orientation is North-east to South-west, or about 55° in
relation to north (Truc, 2005). Side 1 and side 2 of the street have
buildings with an average height of 4.0 meter. The street location
and it’s configuration are presented in Figure 5.6 and Figure 5.7.
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5.4.4 LeTrongTan Street

LTT street is a local street in ThanhXuan district. This is an 8.9
meter wide street with traffic both directions for all vehicles. The
street orientation is about 1500 in relation to North. Side 1 of the
street has buildings with an average height of 7.5 m while side 2
has a 2.1 m tall fence belonging to an old army airport, see in
Figure 5.8 and Figure 5.9.
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Figure 5.8. The sampling site — LTT street (based on Google map)

w

Figure 5.9. The street configuration — LTT street. View toward the South.

5.4.5 ToVinhDien Street

TVD street is a small local street in ThanhXuan district. This is a
9.0 meter wide street with traffic in both directions for all vehicles.
The street orientation is estimated about 37° in relation to North.
Side 1 and side 2 have buildings with an average height of 10.0
meters, see Figure 5.10 and Figure 5.11.
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Figure 5.10. The sampling site — TVD street (based on Google map)

Figure 5.11. The street configuration — TVD street. View toward the North East.

5.5 Traffic and emission data

5.5.1 Vehicle classification

The vehicle fleet is categorized into different types of vehicles.
These vehicle categories are used for both traffic counts in the
streets and estimation of emissions in the OSPM model. The
vehicle classification defined by the Swiss Vietnamese Clean Air
Program (SVCAP) and the Hanoi Centre for Environmental and
Natural Resources Monitoring and Analysis (CENMA) was
selected for OSPM calculation since the emission factors were
available for this classification (CENMA and SVCAP, 2008).
According to SVCAP and CENMA, the fleet is classified into six
vehicle categories: Motorbike, Car 4-16 seats, Car >24 seats, Bus,
Truck, and Container (Figure 5.12).
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Figure 5.12. Vehicles classified by SVCAP & CENMA
Source: (CENMA and SVCAP, 2008)

Most of the motorbikes in Hanoi have 4-stroke engines with
capacity of about 100-110 cm3. The category “Car 4-16 seats”
consists almost completely of cars with 4 or 7 seats using petrol,
although some of them (Sport Utility Vehicle - SUVs) use diesel.
The category “Car >24 seats” consists of mini buses and vans.
Based on the survey data from the SVCAP project - 2007, it is
estimated that 50% of “Car >24 seats” use diesel and 50% use
petrol (Do, 2009; Vu, 2009). The category “Bus” includes buses and
coaches that use diesel. The category “Truck” stands for trucks
that are mostly used for goods delivery. Most of them use diesel.
“Container” is all articulated trucks of which all use diesel
(CENMA and SVCAP, 2008).

5.5.2 Diurnal traffic variation

The diurnal variation of traffic describes the hourly variation in the
traffic flow during a 24 hour period and might depend on the day
of the week and the specific location of the street within the city.
This variation usually does not change much with time for one
location i.e. within one year or between years, since it reflects the
daily habits and routines of the population. For this study, the
diurnal traffic variations are based on the traffic counts collected in
the Hanoi Transport Project carried out by the Japan International
Cooperation Agency (JICA) and the Transport Engineering Design
Incorporated (TEDI) - Ministry of Transport, Vietnam (JICA and
TEDI, 2006).

Under the JICA Project’s framework, traffic variations in several
streets of Hanoi were recorded in June 2006. Traffic flow was
monitored over 24 hours in 2 locations of GiaiPhong and VanDien
which were located to the south of Hanoi. In addition traffic flow
during 6h00 - 19h00 for 17 locations, during 6h00 - 8h00, 11h00 -
13h00 and during 16h00 - 18h00 for 16 locations, and during 6h00 -
9h00 and 16h00 - 19h00 for 9 locations were also monitored (Table
5.2).
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Table 5.2. Locations and time periods for measurements of traffic flow June, 2006. (JICA

& TEDI, 2006).
Monitoring 24/24 6h00 - 19h00 6h00 - 8h00, 11h00 - 13h00 6h00 - 9h00 and
time and 16h00 - 18h00 16h00 - 19h00
1 VanDien Batrieu 1 CatLinh Buoi Str 1
2 GiaiPhong Batrieu 2 Cuanam Buoi Str 2
3 DCViet DBPhu Kim Ma
4 GiangVo DCviet2 Lang Str
5 Hadong1 DDAnNh HQViet
6 HBTrung Giaiphong2 PVDong
7 Hue2 Giangvo1 HHTham
8 KhamThien Giangvo2 Thuykhue
9 LangHa2 HaDong2 LLQuan
10 Lathanh HangBong
11 NgocKhanh HBTrung
12 NTHoc2 KDTien
13 NVCu LeDuan
14 TaySon NTSo
15 TDThang NTHoc1
16 TrangThi PBChau
17 TranPhu

Figure 5.13 shows the difference in the vehicle classifications by
JICA 2006 (JICA and TEDI, 2006) and by SVCAP 2007 (CENMA
and SVCAP, 2008).

Vehicles classifications by JICA 2006

P——

| Vehicles classifications by SVCAP 2007 |
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Figure 5.13. Comparable traffic variation between SVCAP 2007 and JICA 2006 vehicle classifications

Due to the differences between vehicle fleet classified by the
SVCAP project and the JICA project, the following assumptions
have been made to make use of both studies:

- The traffic variation of car 4-16 seats in the SVCAP project is
equivalent to the variation of car <9 seats in the JICA Project.

- The traffic variation of car >24 seats in the SVCAP project is
equivalent to the variation of car 12-9 seats in the JICA Project.
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- The traffic variation of Bus in the SVCAP project is equivalent to
the variation of Car 30-60 seats in the JICA Project.

- The traffic variation of Truck in the SVCAP project is equivalent
to the variation of the sum of Truck 2tons + Truck 3tons in the
JICA Project.

- The traffic variation of Container in the SVCAP project is
equivalent to the variation of Truck >4tons in the JICA Project.

For the calculations with the OSPM model in this study, the
diurnal traffic variation for each vehicle category is assumed to be
similar from year to year.

Based on the observed traffic data at a total of 43 locations in June
2006 presented in the Table 5.2 (JICA and TEDI, 2006), the diurnal
traffic variations were developed. The results are shown in Figure
514 - Figure 5.19. All figures show the observed data for the
different vehicle categories and the average (marked with OSPM)
as well as the range of standard deviation (dashed lines).
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Figure 5.14. Motorbike fraction of daily total (June 2006)
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Figure 5.15. Car 4-16 seats fraction of daily total (June 2006)
Car >24 seats fraction of daily total
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Figure 5.16. Car >24 seats fraction of daily total (June 2006)
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Figure 5.17. Bus fraction of daily total (June 2006)
Truck fraction of daily total
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Figure 5.18. Truck fraction of daily total (June 2006)
Container fraction of daily total
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Figure 5.19. Container fraction of daily total (June 2006)
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The diurnal traffic variations for vehicle fleet in Hanoi defined by
the mean values of hourly fraction distributions (from Figure 5.14
to Figure 5.19) are summarized in Figure 5.20:

Hourly fraction of daily total for all vehicle fleets

12 ~ —4&— Motorbicle
—=—Car4-16 seats
Car > 24 seats
10 4

Bus
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Figure 5.20. Hourly Fraction of daily total (June 2006)

The traffic variations used for the OSPM calculations are described
in Table 5.1:

The relative variation of traffic counting undertaken by AIT project
(2004) (Truc, 2005) indicated that the diurnal traffic variations of
vehicle categories in Hanoi are not much different from weekday
to the weekend (see Figure 5.21).

Motobike variation 2004- Truong Chinh Str
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18000 -
—=— Tuesday 2004 Oct 09
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Figure 5.21. Motorbike variation 2004 — TC Street (Truc, 2005)

The vehicle counting by SVCAP 2007 at NguyenTrai street and
TruongChinh street indicated that no different between weekdays
and weekends (CENMA and SVCAP, 2008). The JICA report (JICA
and TEDI, 2006) did not record the day of vehicle observation.
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However, the variations of vehicle fleet are assumed indifferent
based on the data from AIT Project (2004) and SVCAP project
(2007). OSPM will use the average variations of fraction of daily
total from this project to generate the hourly distribution of
vehicles from the average daily traffic for each street.

In this model study, the diurnal traffic variations of different
streets are assumed to be the same throughout the week (CENMA
and SVCAP, 2008; JICA and TEDI, 2006; Truc, 2005). Figure 5.21
illustrates that there is not much day-to-day differences in the
diurnal variation. Therefore, one day case from Monday to Sunday

has been created for application in the OSPM model for Hanoi.

Table 5.3. Diurnal traffic variation for the 6 vehicle categories. Values are in percent of

the total traffic within each vehicle category.

Time Motorbike 4-16 seats > 24 seats Bus Truck Container
1h 1.84 1.67 1.13 0.38 1.41 8.93
2h 1.35 1.32 0.92 0.06 1.16 10.02
3h 1.23 1.33 0.78 0.22 1.34 11.10
4h 1.72 1.61 1.21 0.50 1.36 8.11
5h 2.22 1.88 1.64 2.09 1.38 5.11
6h 3.49 3.73 5.26 6.06 2.06 1.27
7h 7.99 5.82 6.12 6.27 1.78 1.1
8h 6.26 6.39 6.39 6.78 5.22 1.91
9h 4.69 6.76 6.75 6.22 9.69 3.21
10h 5.61 6.71 7.35 6.52 9.70 1.04
11h 5.37 6.16 5.92 6.90 9.49 2.47
12h 3.80 4.07 4.82 7.00 7.00 1.22
13h 4.28 5.23 5.14 6.29 7.54 1.22
14h 4.25 6.45 6.27 5.25 10.06 4.32
15h 4.48 5.87 5.76 4.98 9.97 3.84
16h 6.45 6.00 6.30 6.52 3.97 1.99
17h 8.55 5.99 6.03 7.23 2.09 1.30
18h 5.37 5.26 6.27 6.52 1.92 2.23
19h 4.50 4.27 3.69 5.40 2.02 1.30
20h 4.30 3.39 3.43 2.95 2.68 3.48
21h 3.81 3.05 2.94 2.33 2.42 4.57
22h 3.32 2.70 2.45 1.70 2.17 5.66
23h 2.82 2.36 1.96 1.13 1.92 6.75
24h 2.33 2.01 1.48 0.69 1.66 7.84

Sum 100.0 100.0 100.0 100.0 100.0 100.0

The travel habits of Hanoi's citizens are dominated by motorbikes
as about 90-96% of traffic flow is motorbikes. The diurnal variation
of motorbikes in Hanoi shows a peak during 7h00-8h00 in the
morning when people go to work. There are two small peaks at
11h00 and 13h00 when people go out for lunch and then come
back to work. The other peak is at 17h30 when they come back
home from work.
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4-16 seats and >24 seats cars are the main four-wheel vehicles
running inside the city. They are normally running during the
daytime and have a diurnal variation with long rush hours during
the morning and afternoon/evening.

Buses have their own weekly schedule and has a priority in some
streets.

The truck does not have the permission to run in rush hours (7h00-
9h00; 16h00-18h00). The container (large truck) only runs on the
main roads e.g. VanDien, GiaPhong.

5.5.3 Vehicle distribution

The vehicle distribution defines the share (percentage) that every
vehicle class has in relation to the total sum of all vehicles during a
day.

For this model study, the vehicle distribution for each of the five
model streets is based on the reported data from 2007. The
observations were divided into 6 vehicle categories: Motorbike, 4-
16 seats, 24 seats, Bus, Truck, and Container based on data from 42
streets in the ThanhXuan district in October 2007. For the main
roads: NT and TC, vehicles were counted on a 24h basis and for
three representative days during the week: Monday, Wednesday
and Sunday. The counting of vehicles in 3 different days of the
week provides an opportunity to check the difference of traffic
flow at the beginning, the middle of the week and at the weekend.
The results show that there is no difference among those days
concerning the vehicle distribution. For other streets, vehicles on
each street were counted at 3 periods of the day: 7h00 - 9 h00,
10h00- 11h00, and 13h00 - 15h00 (CENMA and SVCAP, 2008).

Since the traffic for DBP street is not covered by SVCAP project,
the vehicle distribution was calculated based on the reported data
in 2006 by JICA project (JICA and TEDI, 2006). The overall vehicle
distributions are presented in Table 5.4:

Table 5.4.  Vehicle distribution for each street (%)

Car 4-16 Car>24

Street name Motorbike Bus Truck Container Sum
seats seats

TC 91.26 6.05 0.34 0.39 1.92 0.03 100

DBP 93.56 5.58 0.36 0.40 0.09 0.00 100

NT 90.09 5.53 0.53 0.82 2.94 0.09 100

LTT 96.09 3.29 0.08 0.23 0.31 0.00 100

TVD 95.29 3.84 0.00 0.00 0.87 0.00 100

5.5.4 Average daily traffic

The Average Daily Traffic (ADT) is the sum of all vehicles passing
through a street during a year divided by 365 days (unit: vehicles
per day). In this study, daily traffic flow data is calculated from
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the observations from previous studies (JICA and TEDI, 2006;
Truc, 2005, CENMA and SVCAP, 2008; SVCAP and Fabian, 2007).

In 2004, the AIT project (Truc, 2005) reported traffic counts in some
specific hours of the day in different periods for 3 streets: TC, DBP,
NT. The average daily traffic of motorbikes for those streets were
calculated based on the observed data at 7h, 8h, 11h, 12h, 16h, 17h
and 18h in October and December 2004 and for missing hours the
faction for each hour (%) is taken from the JICA project (JICA and
TED], 2006), see Table 5.4.

The average daily traffic (ADT) was calculated based on the
number of motorbikes. As reported by Truc (Truc, 2005), during
the time of monitoring, motorbike represents 95.7% in TC Street,
90.2% in DBP Street, 96.1% in NT Street. Details are presented in
Table 5.5

Table 5.5. Average daily traffic in TC street, DBP street and NT street (2004)

Observed time 7h 8h 11h 12h 16h 17h 18h Sum
Equivalent fraction of daily
relative distributions (%) — 7.987 :6.263 :5.366: 3.804 : 6.446 : 8.546 :5.368: 43.78
(JICA, 2006)
TC Street '
Number of observed motorbike 12,49212,650, 9,817, 7,14312,34212,157, 9,815 76,415
Total motorbike in 24 hours 174,540
Total vehicles in 24 hours
(ADT) (based on 95.7% is 182,382
motorbike)
DBP Street
Number of observed Motorbike: 1,021: 1,210: 2,045 925 460 1,674 1,882 9,217
Total motorbike in 24 hours 21 053
Total vehicles in 24 hours
(ADT) (based on 90.2% is 23,340
motorbike)
NT Street
Number of observed motorbike :23,820:19,795:14,384:10,57824,03224,107:22,333139,382
Total motorbike in 24 hours 318,364
Total vehicles in 24 hours
(ADT) (based on 96.1% is 331,284
motorbike)

With regard to LTT and TVD streets, ADT for each vehicle
category was observed in October 2007 (CENMA and SVCAP,
2008). For the other streets (TC, DBP, NT) ADT given in Table 5.5
was broken down on vehicle categories based on the vehicle
distribution derived in Table 5.4. ADT for the five streets and
attribution to the 6 vehicle categories are shown in the Table 5.6:
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Table 5.6. Average daily traffic for each vehicle class (veh/day)

Street name Motorbike Car4-16 Car>24 Bus Truck Container sum
seats seats (ADT)
TC (2004) 166,449 11,040 620 707 3511 56 182,382
DBP (2004) 21,838 1,302 84 94 22 0 23,340
NT (2004) 298,462 18,314 1,755 2,728 9,737 288 331,284
LTT (2007) 82,821 2,836 72 195 271 0 86,195
TVD (2007) 9,528 384 0 0 87 0 9,999

From Table 5.6 it is seen that motorbikes are the dominant vehicle
class in the streets followed by “car 4-16 seats”. The ADT can reach
very high values (more than 300,000 vehicles/day) in Hanoi. The
“container” is only allowed in the main roads, and not in the inner
city streets.

ADT, the vehicle distribution and the diurnal variation of traffic
are used in the OSPM model to calculate hourly emissions.

5.5.5 Emission data

The emission factor gives the mass of a specific pollutant that is
emitted by a vehicle per distance, e.g. in units: g km! veh-l. The
emission factor typically depends on vehicle type as well as
driving speed, fuel, road conditions, etc. For instance, an “average
fleet emission factor” can be estimated for a street accounting for
all the conditions of that street.

The emission factors are required for calculating the total
emissions based on traffic data. In the original OSPM model,
emission factors are calculated based on the European COPERT IV
method (EEA, 2007). However, in this study, emission factors are
derived based on previous studies in East Asia.

In Hanoi, there is a lack of emission measurements available for
emission factors of traffic, especially for motorbikes. The average
emission factors are used to estimate annual average emission
rates for the vehicle fleet in Hanoi. Emission factors have been
studied in previous projects. Due to the lack of emission factors for
air pollutants, some specific values had to be estimated from older
Danish vehicles based on COPERT 1V, which are comparable with
Vietnamese condition. The emission factors selected for OSPM
calculations are shown in Table 5.7.

Table 5.7. Emission factors for OSPM performance in Hanoi

Vehicle classes Emission factor (g/km)
PMo° SO, NO, CcO Benzene
Motorbike 0.10° 0.03? 0.30" 3.62° 0.023*
Car 4-16 Seats 0.10" 0.172 150"  3.62° 0.046°
Car >24 Seats 0.48' 0.25° 8.55' 5.62°
Bus 1.50" 0.64° 7.60" 3.10°
Truck 0.80" 0.402 11.00' 2.75°
Container 3.28' 1.062 17.00' 3.10°
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1Sivertsen and The, 2006

2 CENMA and SVCAP, 2008

31999 data set for Denmark

4 HuongGiang, 2008

5 PM represent for the exhaust sources

As previously mentioned, emission factors in this study were
obtained from previous projects (See footnotes in Table 5.7) and
the emission factors for Hanoi are based on those sources for NOx
and PMy. For the directly emitted NO; fraction we assume a value
of 5% as typical in Europe before 2000. This is because the recent
development in Europe with increasing NO fractions due to more
diesel passenger cars using oxidizing catalysts and also due to
some particle filters with CRT technology (also increasing the NO>
fraction) has not yet taken place in Hanoi (Truc, 2005). Emission
factors for SO, were obtained from a US EPA study under the
SCVAP project (2007) (CENMA and SVCAP, 2008).

Emission factors for benzene for motorbikes originate from a study
in HoChiMinh city (HuongGiang, 2008). The benzene emission
factors of other vehicle types and emission factors for CO are
based on a 1999 data set for Denmark according to COPERT IV
(EEA, 2007). The vehicle fleet composition in 1999 in Denmark is
comparable to the condition in Vietnam in 2007 (vehicle emissions
are dominated by the EURO II emission standard and older
vehicles). For the Danish conditions, the emission factor of
benzene is calculated based on 1.0% content of benzene in petrol.
According to TCVN 6776 - 2005, the content of benzene in
Vietnamese petrol is 2.5% (Vu, 2009) and a correction of the
emission factors in Vietnam has been carried out and is discussed
later on section 5.9.

The contribution to the emission of air pollutions from each
vehicle class can be generated from the ADT for each vehicle class
in the Table 5.6 multiplying with the emission factors in Table 5.7.
The results are presented in Table 5.8:
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Table 5.8.  Average daily pollution emission contribution from each vehicle class (%)

Street Motorbike Car 4-16 Car > 24 Bus Truck Container Total

name seats seats
Average PMy, emission contribution (%) from exhausted source (vehicle)
TC (2004) 83.0 5.5 15 53 4.0 0.9 100.0
DBP (2004) 87.4 5.2 16 56 0.2 0.0 100.0
NT (2004) 751 4.6 21 103 5.6 24 100.0
LTT (2007) 924 3.2 04 33 0.7 0.0 100.0
TVD (2007) 94.3 3.8 00 00 2.0 0.0 100.0
Average 86.4 4.5 1.1 4.9 25 0.7 100.0
Average SO, emission contribution (%)
TC (2004) 55.9 21.0 1.7 51 15.7 0.7 100.0
DBP (2004) 68.5 23.1 22 63 0.9 0.0 100.0
NT (2004) 48.3 16.8 24 94 21.0 1.6 100.0
LTT (2007) 77.9 15.1 06 39 34 0.0 100.0
TVD (2007) 73.3 16.7 00 00 8.9 0.0 100.0
Average 64.8 18.6 1.4 4.9 10.0 0.5 100.0
Average NOy emission contribution (%)
TC (2004) 42.8 14.2 45 = 46 33.1 0.8 100.0
DBP (2004) 64.4 19.2 71 70 24 0.0 100.0
NT (2004) 33.8 10.4 57 78 40.5 1.8 100.0
LTT (2007) 72.6 12.4 1.8 43 8.7 0.0 100.0
TVD (2007) 65.1 13.1 00 00 21.8 0.0 100.0
Average 55.7 13.9 3.8 4.8 21.3 0.5 100.0
Average CO emission contribution (%)
TC (2004) 91.6 6.1 05 03 1.5 0.0 100.0
DBP (2004) 93.5 5.6 06 03 0.1 0.0 100.0
NT (2004) 90.6 5.6 08 07 2.2 0.1 100.0
LTT (2007) 96.1 3.3 01 02 0.2 0.0 100.0
TVD (2007) 95.5 3.8 00 00 0.7 0.0 100.0
Average 93.5 4.9 0.4 0.3 0.9 0.0 100.0
Average BNZ emission contribution (%)
TC (2004) 87.5 5.8 08 05 3.6 0.0 100.0
DBP (2004) 93.6 5.6 09 06 0.2 0.0 100.0
NT (2004) 86.3 5.3 1.3 11 5.5 0.1 100.0
LTT (2007) 96.1 3.3 02 03 0.6 0.0 100.0
TVD (2007) 95.3 3.8 00 00 1.7 0.0 100.0
Average 91.7 4.8 0.7 0.5 2.3 0.0 100.0

Results on the Table 5.8 show that most of pollutants in Hanoi’s
streets originate from motorbikes. This is caused by the dominant
amount of motorbike in the streets of Hanoi.

5.6 Meteorology data

The OSPM model requires inputs of hourly meteorological data:
wind speed, wind direction, global radiation, and temperature.
Global radiation and temperature are used to estimate the
chemistry reactions between pollutants (NO + O3 <=> NO» + O»).

In Hanoi, currently, the Lang monitoring station is the local
national meteorological station. Lang station is the one of six air
monitoring stations located around Hanoi (Figure 5.22). Lang
Station is situated at the Institute of Meteorology, Hydrology and
Environment (IMHEN), the address is N 18 NguyenChiThanh
street, in the centre of Hanoi. It is the only station under
permanent operation in Hanoi, that provides hourly wind speed
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and wind direction above roof level, temperature and global
radiation besides background concentration of pollutants.

For comparison, meteorology data measured at Hanoi Airport
(Noibai airport) is taken into consideration in order to validate the
meteorology inputs for OSPM. The airport site, so called "Ha Noi",
is located within 45 km from Hanoi Centre (Figure 5.22). The
latitude and longitude is 21.02N/105.48E and the elevation at the
site is 6 m (William Brown, 2009). It provides half hourly data for
wind speed, wind direction, temperature and other meteorology
parameters for aviation.

o

.}1

"'n'-"'

f Alrport Siatlon

Urban|Background Station |Lang °t )

Figure 5.22.  Airport meteorology station in Hanoi, Vietnam (based on Google map)

The meteorology data from the airport are synchronized with the
data at the Lang station for a comparison and analysis.

5.6.1 Wind speed

The airport data for this study were obtained from NOAA, United
States. There are two types of wind speed data from the airport
station as given below:

1. SY-MT is defined as Synoptic and METAR merged report.

2. FM-15 is defined as METAR Aviation routine weather report.
The wind speed data from the airport is provided based on the SY-
MT method every 3 hours at the times: 00, 03, 06, 09, 12, 18, 21

hours and based on the FM-15 method for all other hours (Table
5.9).
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Table 5.9. Hourly average wind speed (m/s) (local time: GMT+7). Data for 2004 and

2007 at the Lang Station and the airport. The corrections for the different measurement

units at the airport are included.

2004 2007
Hour |Lang St. Airport St.  Airport St |Lang St. Airport St.  Airport St Measutrhengjent
Uncorrected Corrected Uncorrected Corrected| o *
0 1.43 1.97 1.01 0.91 2.50 1.29 FM-15
1 0.94 1.50 1.50 1.25 1.67 1.67 SY-MT
2 1.01 2.00 1.03 0.94 2.67 1.37 FM-15
3 1.05 1.83 0.94 1.00 2.93 1.51 FM-15
4 0.80 1.67 1.67 1.23 1.53 1.53 SY-MT
5 1.07 217 1.1 1.16 2.87 1.47 FM-15
6 0.83 2.40 1.23 1.05 3.1 1.60 FM-15
7 0.90 1.61 1.61 0.97 1.81 1.81 SY-MT
8 0.98 248 1.28 1.32 2.84 1.46 FM-15
9 1.22 2.71 1.39 1.24 3.45 1.78 FM-15
10 1.25 1.87 1.87 1.63 2.03 2.03 SY-MT
1" 1.34 2.84 1.46 1.62 3.57 1.83 FM-15
12 1.24 2.84 1.46 1.58 3.77 1.94 FM-15
13 1.33 1.74 1.74 1.66 2.23 2.23 SY-MT
14 1.47 277 1.43 1.31 3.13 1.61 FM-15
15 1.34 3.13 1.61 1.31 3.26 1.68 FM-15
16 1.19 1.81 1.81 1.26 1.55 1.55 SY-MT
17 1.39 2.77 1.43 0.97 3.13 1.61 FM-15
18 1.09 2.81 1.44 0.97 2.83 1.46 FM-15
19 0.99 1.90 1.90 0.85 1.50 1.50 SY-MT
20 1.05 2.71 1.39 0.91 2.61 1.34 FM-15
21 1.1 2.48 1.28 0.99 2.61 1.34 FM-15
22 1.09 1.58 1.58 0.83 1.48 1.48 SY-MT
23 0.87 2.10 1.08 0.89 2.30 1.18 FM-15
Mean| 1.12 2.24 1.43 1.16 2.56 1.59
The average diurnal wind speed variation at the airport station
(uncorrected) was abnormal in comparison with the data at the
Lang Station. The observed values occurring at the local time: 1,
4,7,10, 13, 16, 19, 22 hours by the SY-MT method at the airport at
the year of 2004 and 2007 are systematically lower than the other
values obtained by the FM-15 method (Table 5.9).
5 Annual diurnal wind speed variation - 2004
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Figure 5.23.  Annual diurnal wind speed variation — 2004 (m/s)
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Annual diurnal wind speed variation - 2007
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Figure 5.24.  Annual diurnal wind speed variation — 2007 (m/s)

We contacted the meteorology data provider (NOAA) to check the
problematic issues concerning the measured unit SY-MT
(meters/second) and FM-15 (knot). The definitions of SY-MT and
FM-15 are not clear. All measurements of wind speed are assumed
to be measurements in meters/second in the data management
system  (William Brown, 2009). Because of the obviously
systematic error, William Brown recommended that it is better to
connect directly to the person in charge in Hanoi airport, Vietnam.
After a long time of contacts, the confirmation from Hanoi airport
is that SY-MT is based on meters/second, while FM-15 is based on
knot (1 knot = 1mile/hour = 1852/3600 meters/second) (Long
D.H., 2009).

After correcting for the different wind speed units the diurnal
variations look more reasonable especially for 2007, while in 2004
there is still some small variations appearing in connection with
the changing measuring method (Table 5.9 and Figures 5.23 and
5.24). In general the wind speed at the airport is higher than at the
Lang station because it is situated in an open areas and it is not
affected by building like insides the city. Compared to the Beaufort
scale of wind speeds, wind speed in Hanoi is mostly calm and
light.

5.6.2 Wind direction

Wind speed and wind direction influence the vortex of the air flow
in the street canyon. Figure 5.25 to Figure 5.28 present frequency
distribution of wind speed and wind direction.
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Figure 5.25. Annual wind rose in 2004 at the Lang Station and the Airport Station
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Figure 5.26. Wind rose in 2004 at the Lang Station during 8 November 2004 — 24 November 2004. (The same time period
with measurements at the TC street)
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Figure 5.27. Annual wind rose in 2007 at the Lang Station and the Airport Station
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Figure 5.28. Wind rose in 2007 at the Lang station during 12 January 2007 — 5 February 2007 (The same time period
as the measurement period conducted by SVCAP 2007 using passive sampling devices)

There are two main wind directions in Hanoi: North East in the
winter and South East in the summer. The wind directions at the
Lang station are less concentrated at certain wind directions
compared to the Airport station. The buildings and street canyon
inside the city make the distribution of wind direction inside the
city smoother. Therefore, the wind direction at the Airport station
is more representative for the regional scale and the Lang station is
more representative for a rooftop station in the city centre.

5.6.3 Temperature

The annual diurnal temperature variation in the Lang Station and
the Airport Station are similar. The annual diurnal values for 2004
and 2007 are presented in the Figure 5.29.
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1. Annual diurnal temperature variation - 2004
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Figure 5.29. Annual diurnal temperature variation — 2004 and 2007 (°C)

5.6.4 Global radiation

In the OSPM model, the global (solar) radiation is a very important
input (in combination with temperature) for NO> chemistry in the
atmospheric (NO + O3 <=> NO: + O»). Figure 530 shows the
annual diurnal variation of global radiation in 2004 and 2007.
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Annual diurnal global radiation variation - 2004
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Figure 5.30.  Annual diurnal global radiation variation 2004 and 2007 (W/m2)

5.6.5 Summary

The meteorological data, from the Lang Station represent the
rooftop conditions inside the city. Thus this meteorological data
will be used as the rooftop station data for the selected streets: TC,
DBP, NT, LTT, and TVD. Hence, monitoring data at the Lang
station will be used for the required meteorological data for hourly
wind speed and wind direction above roof level, and temperature
and global radiation for OSPM calculations.

5.7 Urban background measurements

The OSPM model requires hourly urban background air quality
data. In Hanoi, air quality data are neither systematically collected
nor well documented. Therefore, it is a challenge to provide urban
background data for the OSPM model. The quality assurance and
quality control (QA/QC) are not well maintained. In this
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modelling study, data from a measurement campaign using
passive sampling techniques (SVCAP 2007) are used to analyze the
current air pollution situation, and to validate the hourly data
from the Lang station for OSPM input data.

5.7.1 Measurement campaign using passive sampling
techniques

In 2007, as a subcomponent activity of the SVCAP Project, the
Laboratory for Environmental Research (PASSAM) Switzerland
and CENMA, Vietnam have conducted a measurement campaign
with passive sampling devices at 100 points all over the city. A
passive or diffusive sampler is a tube with an absorbing medium
which is exposed to the ambient air during a time period of e.g.
one to four weeks. When absorbed the air pollutant remains in the
absorbing medium. Its mass can thereafter be determined in a
laboratory and the pollution concentration of the air can be
calculated. The QA/QC was managed by PASSAM. Thus it is the
most valuable data reflecting the current situation of air pollution
level in Hanoi.

Originally, these sites were classified into 6 categories: traffic hot
spots (6 points), industrial hot spots (8 points), rural areas (5
points) and city background (81 points) inside eight inner districts
covering an area of about 120 km?2 (SVCAP and Fabian, 2007). In
this model study, the locations of measured points are placed on
GIS maps and Google maps based on the available information
from the site reports. The traffic hot spots, industrial hot spots, and
rural areas are well documented and representative for their type.
Among the 81 urban background points, the points which are
significantly influenced by air pollution from streets should be
considered as roadside points while the other points are classified
as urban background (Hien, 2007).

Adapted from that concept, the road side points (36 points) for this
model study are defined as those located within 15 meters from
the streets. The other 45 points were not affected by the air
pollution directly from streets and thus are considered as actual
urban background. The location is also validated in a paper map, a
GIS map and a Google map for Hanoi according to the information
given in campaign reports to ensure that each point is accurately
representing the class it belongs to. The location of the urban
background points are shown in Figure 5.31.
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Figure 5.31. Urban background measurement points from a measurement campaign
using passive sampling techniques during Jan-Feb 2007. Adapted from SVCAP 2007

(SVCAP and Fabian, 2007)

Based on the classification of the measuring points, an assessment
of air pollution levels in Hanoi is now possible. The average
concentrations of NO2, SOz and benzene (BNZ) for the 5 categories

are presented in Table 5.10 .

Table 5.10. Mean concentrations from measurement campaign using passive sampling

techniques during 12 January 2007 — 5 February 2007 (ug/m°)

NO, SO, BNZ No of Sites
Traffic hot spots 64.3 47.4 141 6
Road side 47.9 38.8 13.3 36
Industry 34.7 46.1 7.3 3
Urban background 29.0 25.9 7.4 45
Rural site 21.3 22.6 6.9 6

The annual average value of Ambient Standards for Air Quality is
set up by EU, WHO and also Vietnam respectively for controlling
the air pollution. The annual limit values for selected pollutants

are given in Table 5.11.

Table 5.11.  Ambient Standards for Air Quality - Annual average value. (ug/m®)

Annual mean value EU Vietnam
BNZ 5 10
NO, 40 40
SO, 20 50
PM1o 40 50

It can be seen that at the traffic hot spots and road sides the NO»
levels are an average higher than the level regulated by

92



75 -
70 -
65 -
60 -
55 -
50 -
45 1
40 1

Concentration (ug/m®)

10 -

35 4
30 4
25 4
20 4
15 4

Vietnamese, EU and WHO Standards. For the other location
classes the NO» standards are not exceeded (Figure 5.32).

The concentrations of SO are not exceeding the regulated level of
the Vietnamese standard, although concentrations at all points are
higher than the WHO and EU standards (Figure 5.32). The high
concentrations of SO at hot spots and road sides show that traffic
is also a source of SO, emission. Diesel fuel in Hanoi can contain
sulphur in up to 2500 mg/kg fuel and Gasoline fuel in Hanoi can
contain up to 500 mg/kg fuel (according to Vietnamese standard:
TCVN 5689-2005).

All the areas exceed the EU standard for BNZ, while only at the
hot spots and road side the concentration of BNZ are higher than
the Vietnamese standard (Figure 5.32, Table 5.11).

Passive Sampling during the period of 11 January - 6 Febuary 2007

H Hot Spots of Traffic

B Road Side

O Industrial Areas
TCVN O Urban Background

O Rural Areas
EU/WHO

TCVN

T—T EU/WHO

TCVN
EU

NO, SO, Benzene

Figure 5.32. Mean concentrations and standard deviation of NO,, SO, and Benzene for
five site categories in the passive sampling 2007 in Hanoi compared to Vietnamese
standard TCVN 5937-2005, WHO and EU air quality limit values.

In summary, in Hanoi the average SO and benzene concentrations
are all over the city above the EU and the WHO standards. NO»
concentrations are above the EU standard for the street sites but
not for the other areas.

5.7.2 Hourly data at Lang Station

Hourly data of urban background concentrations are required for
OSPM calculations.

Data from the Lang monitoring station will be used for the urban
background concentrations for modelling in the 5 selected streets.
The area around the Lang station is densely populated and
surrounded with busy streets (Figure 5.33). The Lang station
provides concentrations of total suspended particulates (TSP),
PMy that is particles less than 10 microns, sulphur dioxide (SO2),

93



nitrogen monoxide (NO), nitrogen dioxide (NOy), carbon
monoxide (CO), ozone (O3), ammonia (NHs3), methane CHy, Non
methane hydrocarbons (NMHC).

Figure 5.33. Locations of the Lang Station and nearby points from the measurement
campaign using passive sample devices from 2007

Concentrations of NOx, NO;, NO, O3, SO,, CO, BNZ and the mean
value are presented in Table 5.12.

Table 5.12. Average urban background data at Lang Station at the same periods as
street measurements (CO in mg/m3 all other compounds in (ug/m3) )

Measurement period NOx NO, NO O3 SO, CcoO
TC Str. (8"-24™ Nov 2004) 39.9 347 34 5.2 494 1.2
DBP Str. (2™-4™, Nov 2004) 32.3 31.3 0.6 8.2 53.8 1.3
NT Str. (16"-17", Dec 2004) 634 513 7.8 35 92.9 1.4

LTT Str. & TVD Str. (12" Jan —

499 418 5.3 140 573 0.7
5" Feb 2007)

At the Lang station, BNZ was not measured. The benzene
concentration of urban background is created by OSPM based on
the correlation of BNZ concentration with CO concentration. The
correlation is based on 1% BNZ in gasoline, however, for
Vietnamese conditions benzene in gasoline fuel is 2.5% (see more
under section 5.4.6).

The mean values of NO», and SO» at the Lang Station are higher
than those at the nearby locations from the measurement
campaign using passive sample techniques during January -
February 2007 (Figure 5.33, Table 5.13). These locations are
representative for road sides (VI21, VT22, VT29, and VT30) and
hotspot s (VT99).
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Table 5.13. Mean value of air pollutants at the Lang Station compared to nearby

locations from the measurement campaign using passive sample devices (Figure 5.33),

Jan-Feb 2007, (ug/m3)

Pollutant Lang St. VT21 VT22 VT29 VT30 VT99 Mean of all 45 urban
background points by
passive sample 2007

NO- 41.8 43.0 40.2 339 518 484 29.0
SO, 57.3 285 205 335 379 398 259
BNz - - - - 1.6 121 7.4

The data in Table 5.13 show that the Lang station is more
representative for a road side location than an urban background
location. Based on the location of the Lang station, and in
comparison with the measurement campaign with passive sample
techniques during January - February 2007, it is a necessity to
apply a scaling of the air pollution data from the Lang station
before it can be used as urban background input data for OSPM.

5.7.3 Analysis and adjustment

Data from the campaign using passive sampling techniques in
2007 was used to analyze the current air pollution level and also to
scale the urban background pollution data. The measured hourly
data of CO and BNZ at TC street in 2004 (Truc, 2005) was also used
to investigate the experimental correlation between CO and BNZ.

The original urban background mean values at the Lang station
compared to mean values the campaign using passive sampling

technique in 2007 are shown in Table 5.14

Table 5.14. Original urban background mean value at the Lang station compared to
mean value in campaign using passive sampling technique in 2007 (CO in mg/m3 all other

compounds in pg/m?®)

Time periods SO, CO BNz
Lang station from 8 to 24, Nov 2004 494 12 )
(a period according to TC Street site measurements)
Lang station from 2 to 4, Nov 2004 538 13 )
(a period according to DBT Street site measurements)
Lang station from 16 to 17, Dec 2004 929 14 -
(a period according to NT Street site measurements)
Lang station from 12 Jan to 5 Feb, Dec 2007 (a period according to 418 573 )
LTT & TVD streets site measurement)
Urban Background based on campaign using passive sampling 259 74

techniques from 12 January to 5 February 2007.

Based on the data in Table 513 and Table 5.14, hourly
measurements of the Lang Station are representative for the road
side points rather than the urban background due to the following
reasons:

e It is located in the vicinity of busy streets: LangHa
street and NguyenChiThanh street.
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o The efficient quality control and quality assurance
system for the output data is not adequate (Long D.H.,
2009)

The campaign using passive sampling techniques in 2007 can be
regarded as trustworthy considering the following (Hien, 2007):

e The agreement within 10% of concentration values for
duplicate measurements by PASSAM.

e The significant correlation coefficient, R = 0.83, between
NO> and BTX concentration values, as expected.

e The consistency of average concentrations for roadside,
background, rural and hot spots sites.

e A reasonable frequency distribution of concentration
values.

Therefore, the data from the campaign using passive sampling
technique in 2007 is used to scale the hourly variation data of
pollutants at the Lang Station.

Urban background data for OSPM calculations is generated based
on the hourly data from the Lang station: A scaling ratio was
applied based on the urban background values from the campaign
using passive sampling technique in 2007 divided by the mean
value of the urban background data at the Lang Station at the same
time.

The scaling process of NO; in 2007 is illustrated in Figure 5.34:

Average diurnal variation of NO; at Lang station

(12 January - 5 February 2007)
80 -
—e— Original average value of cNO2_b

70 | —a— Corrected average value of cNO2_b

60 Mean value by passive sample in 2007

50 4
40

o~ /\\J//\

L 4 ——V

Concentration (ug/m°)

20 4

10 -

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hour

Figure 5.34. lllustration of the construction of hourly urban background data for the
OSPM.
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This scaling ratio was applied to the original hourly data of the
Lang station in order to scale the data for each hour to enable to
have a mean value equal to the value of the campaign using
passive sampling techniques. The scaled data is then used as urban
background concentrations in the OSPM calculations. The hourly
NO: monitoring data at Lang station were adjusted within the
same time period as the time period for the street measurements. It
was only possible to do this adjustment for NOz as NOx and O3
were not measured in the campaign using passive sampling
techniques. In principle the NOx and Os concentrations should also
have been scaled as NO; NOyx and Oj; are interrelated due to
photochemistry.

5.8 Street measurements

Available street measurements in Hanoi from 5 locations were
used to evaluate the model outputs calculated by the OSPM model
(Table 5.15).

The street measurements in 2004 were obtained during a project by
AIT (Truc, 2005). The measurements mainly focused on the BZN
concentrations on both sides of the streets (51 and S2). The project
also measured NOyx, NO,, NO, SO,, and CO in some hours of the
day. The hourly traffic was counted at the same time as air
pollutants were measured.

The street measurements in 2007 were carried out by the SVCAP
project. The campaign using passive sampling technique focused
on NO, SO, and BNZ. The campaign was used to compare with
the mean value of the OSPM model outputs. Two campaigns using
passive sampling techniques were conducted in 2007: from 12
January to 5 February 2007 (dry season) and from 18 August to 12
September 2007 (wet season). The average daily traffic (ADT) was
measured in October 2007 during another subcomponent of the
SVCAP project by CENMA (CENMA and SVCAP, 2008).

First campaign from 12 January to 5 February 2007 is
representative for the dry season and it was used to compare with
OSPM model outputs from 2007 during the same period.
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Table 5.15. Average of street measurements (CO in mg/m?® all other compounds in pg/m®)

NOx NO, NO SO, CoO BNZ

S1:82 81 S2 S1:82:81 82 :81:82 81 S2

TC Str.

(8-24, Nov
2004) by 64 :74:11:15:34:39 353:81:57:872:714

hourly

measurement

DBP Str.

(2-4, Nov
2004) by 33 :36 08 09 16 18 239 6.6 7.1 287 392

hourly

measurement

NT Str.
(16-17,

2004) by 80.8:31.9 391 39.1 7.8 74.0 : 591

hourly

measurement

Dec

LTT Str.

(12Jan-5
Feb 2007) by 39.5 32.9
passive

sample

measurement

TVD St

(12Jan-5
Feb 2007) by
campaign
using passive
sampling

r.

39.2 27.6

The collected data in 2004 was hourly measurements during
selected hours of the day. The collected data in 2007 was by
passive sampling and had only one mean value for the whole
period.

The measurements of NO> and NO concentrations in 2004 seem
too low. TC and DBP are too low compared to the passive
sampling in 2007 (also compared to data from Copenhagen,
Denmark). There should be some potential problem during the
data collection. Thus, such data are not used for modelling
evaluation (Table 5.15). The measurements of NO; and NO in NT
street data were high and also not considered for a comparison in
order to avoid a systematic error from the same measurement
equipments.

In summary, the hourly measurement data of CO, SO; and BNZ in
2004 and the measurement campaign using passive sampling of
NO; and SO; during January - February, 2007 will be used for the
modelling evaluation.
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5.9 Correlation between CO and BNZ

At the Lang station, BNZ is not measured. OSPM, however,
requires the urban background concentration of BZN to be able to
calculate the BZN concentration in the street.

With regard to the air pollutants emitted from traffic, CO and
benzene concentrations have a very good correlation since they are
emitted from petrol engines (Palmgren et al., 1999). Therefore,
benzene concentrations of the urban background can be estimated
by the OSPM model based on the correlation with CO
concentrations according the equation below:

C_BNZ =3.90*C_CO (5.1)
(C_CO in mg/m3 and C_BNZ in ug/m3)

This correlation is calculated based on 1% BNZ in gasoline in
Demark. However, in Vietnam the content of BZN in petrol is
2.5%. Therefore, the new ratio is:

3.90%2.5/1=9.75
Then for Vietnamese conditions, equation 5.1 will be:
C_BNZ=9.75*C_CO (5.2)

The ratio of 9.75 is also close to the actual ratio measured at TC
street and NT Street. However, the ratio for DBP street is much
lower compared to the ratio in equation 5.2 (Table 5.16). A possible
explanation for this could be that the vehicle distribution applied
for DBP does not reflect the actual vehicle distribution. The vehicle
distribution was calculated based on the reported data in 2006 by
the JICA project and not by the SVCAP project as for other streets
(see more on section 5.5.3 vehicle distribution).
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Table 5.16. CO-BNZ correlations for street measurements in 2004. CO in mg/m?® all
other compounds in pg/m®.

CcoO BNZ Ratio: BNZ/CO

TC $1

. ) 8.1 87.2 10.77
(High traffic Volume: 182,382 veh/day)
TC S2 57 71.4 12.53
DBP S1

) 6.6 28.7 4.35

(Low traffic Volume: 23,340 veh/day)
DBP S2 7.0 39.1 5.59
NT S1

. S ) 7.7 74.0 9.61
(High traffic Volume: 331,284 veh/day)
Average 7.0 60.1 8.56
Standard Deviation 3.1
Standard Error 1.27

The equation 5.2 could be a good approximation for deriving of
Benzene concentrations from CO concentrations for modelling

studies.

5.10 Comparison of measured and model results

Meteorological data and the scaled air quality data from the Lang
station are used as urban background data in the OSPM
calculations. Other input data are street configuration and traffic
data. The modelling was performed for the same time periods as

the street measurement data.

5.10.1 The Year of 2004: TC Street, DBS Street and NT Street:

Urban background data from the campaign using passive
sampling techniques in 2007 is used to scale the background
concentration from the Lang Station for NO> and SO,. For BNZ,
the content benzene in fuel of 2.5% (TCVN 6776-2005) is applied
instead of 1% which was used in Copenhagen. The corrected mean

values of outputs are presented in Table 5.17.
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Table 5.17. Mean values of model outputs 2004, using the scaled background data from
the Lang Station. CO in mg/m® other compounds in pg/m?®.

SO, CcoO BNz
1. TC Str. (8-24, Nov 2004)
Urb?:m Backgrognd from Il_an.g station after the 223 12 119
scaling by passive sampling in 2007.
Modelling outputs by OSPM (S1/S2) 67.6/67.2 4.6/4.6 34.1/33.9
Measurements (S1/S2) NA/35.34 8.1/5.7 87.2/71.4
2. DBP Str. (2-4, Nov 2004)
scalng by pussive sampling 2007, M3 13 122
Modelling outputs by OSPM (S1/S2) 34.4/34.4 21121 17.9/17.0
Measurements (S1/S2) 23.9/NA 6.6/7.1 28.7/39.2
3. NT Str. (16-17, Dec 2004)
Urt.>an .Backgrounc.i from Lang s.tation after the 259 14 13.4
validation by passive sampling in 2007
Modelling outputs by OSPM (S1/S2) 53.3/51.3 3.2/3.1 25.4/24 4
Measurements (S1/S2) 31.9/NA 7.8/NA 74.0/59.1
4. Passive sampling in 2007 (from table 5.14)
Urban background 25.9 - 7.4
Road side 38.8 - 13.3
Traffic hot spots 47 .4 - 141

Note: NA = not available, BNZ urban background data is a model output
of OSPM based on the correlation with CO (equation 5.2).

For all streets the modelled mean value of SO is higher than the
measured values. In DBP street SO, measurements are even a little
lower than the scaled urban background. Compared to the average
value of the campaign using passive sampling in 2007 (from Table
5.10) all the modelling outputs of SO; are in the range of measured
values for traffic hot spots and road side types. This indicates that
hourly site measurements of SO> in 2004 may be too low.

The modelled mean values of BNZ (and CO) are much lower than
the site measurements which could be explained by the
uncertainties of the method of estimation of the urban background
of BNZ and the emission factors taken from Danish condition.

The average diurnal variation of OSPM outputs of SO,, CO and
BZN is presented in Figure 5.35 - Figure 5.43.

The modelled average diurnal variation of SO» concentration
(Figure 5.35 to Figure 5.37) follows a similar pattern as the diurnal
variation of motorbike traffic (Figure 5.20) and hence emissions
from motorbikes. However, the diurnal variation of measured SO,
concentration does not correspond to the traffic flow variation. The
measurement point may be more influenced by other sources
rather than the vehicle contribution.
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Figure 5.35. Average diurnal variation of SO, in TC Str. 8-24 Nov 2004

DBP Str. (2-4, Nov 2004) (ug/m3)
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Figure 5.36. Average diurnal variation of SO, in DBP Str. 2-4 Nov 2004
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NT Str. (16-17, Dec 2004) (ug/m3)
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Figure 5.37. Average diurnal variation of SO, in NT Str. 16-17 Dec 2004

The modelled diurnal variation of CO concentrations (Figure 5.38
to Figure 5.40) is also correlated to the traffic variation (Figure
5.20) and also to the total CO emission from motorbikes.

The measured hourly variation at site 2 on TC street is correlated
to the modelled value from 6h00 to 19h00 (Figure 5.38). For other
locations at DBP and NT streets, the measurements are much
higher than model outputs. This could be caused by
underestimated emission factors. Alternatively the measurement
point might be affected by other source(s) rather than traffic

contribution.
TC Str. (8-24, Nov 2004) (mg/m3)
Average of cCO_b
—@&— Average of cCO_mod_1
—@— Average of cCO_mod_2
—&— Average of cCO_obs_1
—i— Average of cCO_obs_2
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Figure 5.38. Average diurnal variation of CO in TC Str. 8-24 Nov 2004
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Figure 5.39. Average diurnal variation of CO in DBP Str. 2-4 Nov 2004

CO Concentration

NT Str. (16-17, Dec 2004) (mg/m3)

—=— Average of cCO_b
— 88— Average of cCO_mod_1
— &— Average of cCO_mod_2

—a—— Average of cCO_obs_1

6 A ‘\A

S /:A::
\/

, o i*t—-..* a oy Sl =B NP

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Figure 5.40. Average diurnal variation of CO in NT Str. 16-17 Dec 2004

The modelled diurnal variation of BNZ concentrations (Figure 5.41
to Figure 543) is as well related to the diurnal variation of
motorbikes (Figure 5.20) and also with the total emission of
motorbikes (Table 5.8).

The measurements for BNZ for all locations are higher than the
model outputs. This might be caused by underestimated emission
factors. It could also be because the measurement location was
affected by other pollution source(s) than traffic.
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Figure 5.41. Average diurnal variation of BNZ in TC Str. 8-24 Nov 2004
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Figure 5.42. Average diurnal variation of BNZ in DBP Str. 2-4 Nov 2004
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Figure 5.43. Average diurnal variation of BNZ in NT Str. 16-17 Dec 2004
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5.10.2 The Year of 2007: LTT Street, TVD Street:

Urban background data from the campaign using passive
sampling in 2007 was used in the same way as described earlier to
scale the urban background hourly data of the Lang Station as
input for the OSPM model. The outputs are presented in Table

5.18.

Table 5.18. Mean value of model outputs 2007 using scaled urban background data from

the Lang Station. (CO in mg/m® all other compounds in pg/m?®.

NO; SO, CO BNZ

1. LTT Str. (12 Jan — 5 Feb 2007)

Urban Background from Lang station
after the scaling by campaign using 29.0 259 0.7 7.2
passive sampling in 2007

Modelling outputs by OSPM (S1/S2) 61.3/63.9  66.2/70.1 4.7/5.0 32.5/34.9

Measurements (S1/S2) (12 Jan-5

Feb 2007) 359/NA  32.9/NA

2. TVD Str. (12 Jan — 5 Feb 2007)

Urban Background from Lang station
after scaling by campaign using 29.0 259 0.7 7.2
passive sampling in 2007

Modelling outputs by OSPM (S1/S2) 43.5/43.9  35.9/36.1 1.71.7 13.3/13.5

Measurements (S1/S2) (12 Jan -5

Feb 2007) NA/39.2 NA/27.6

3. Campaign using passive sampling in 2007 (from table 5.14)

Urban background 29.0 25.9 7.4
Road side 47.9 38.8 13.3
Traffic hot spots 64.3 47.4 141

Note: NA = not available, BNZ urban background data is a model output
of OSPM based on the correlation with CO in equation 5.2.

There is no measured data for BNZ at LTT and TVD streets.
However, compared to the campaign using passive sampling for
NO> and SO», model output data in TVD street is corresponding to
levels measured for road sides, and model output at LTT street is
corresponding to measured levels at traffic hotspots.

The model output data is higher than the hourly measurements.
One reason might be that applied emission factors are
overestimated. Another reason might be that the locations of sites
are not typically for street canyons (except TVD street) and the
OSPM model may not fully describe these conditions.

The modelled diurnal variation of SO, and NO» (Figure 5.44 to
Figure 5.47) are correlated with the diurnal variation of motorbikes
which is a dominant vehicle class in the street (Figure 5.20) and
also with emissions of motorbikes (Table 5.8).

It is not possible to present diurnal variations of SO, and BNZ due
to the very limited number of observations.
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Figure 5.44. Average diurnal variation of NO, in LTT Str. 12 Jan — 5 Feb 2007
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Figure 5.45. Average diurnal variation of NO, in TVD Str. 12 Jan — 5 Feb 2007
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Figure 5.46. Average diurnal variation of SO, in LTT Str. 12 Jan — 5 Feb 2007
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Figure 5.47. Average diurnal variation of SO, in TVD Str. 12 Jan — 5 Feb 2007

In both 2004 and 2007, the values of model outputs for side 1 (S1)
and side 2 (S2) are almost the same (figure 5.41 - figure 5.47). This
is the case for very low wind speeds, when the vortex in the street
canyon is not yet formed or for a very symmetric wind directions
distribution that does not favour any of the two street sides. The
very wide and relatively open street situation does also result in
similar concentrations at both street sides. The most important
factor is the very low wind speeds in Hanoi. This means that in
Hanoi the circulation of pollutant dispersions from the street is not
affected much by the wind speed because it is low (calm and light).
Thus the turbulence created by the movements of the vehicles is
considered as an important factor for the dispersion of pollutants.

5.11 Results and discussions

The vehicle distribution and the average emission contribution of
the different vehicle categories in the five streets used in the model
evaluation study are calculated based on traffic data (ADT) from
Table 5.6 and emission factors from Table 5.7. The results are
shown in Figure 5.48:
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Figure 5.48.  Average contribution (%) of emissions of NO,, SO,, CO, BZN and PM;, from each vehicle category for five
streets in this model evaluation study. The vehicle distribution (%) is also shown in the top left chart.

Bus
0.3%
Car>24
seats
0.4%
Motorbike

Car 4-16 86.4%

seats
4.9%

Motorbikes are the dominant type of vehicle in Hanoi. They
contribute 92-95% of all vehicles. They are also the main source of
emissions in the streets. Motorbikes contribute 56% of NOx, 65% of
SOy, 94% of CO, 92% of BNZ, and 86 % of PMip exhaust emissions.
The “Trucks” and the “Car 4-16 seats” also have relatively large
contributions to NOx and SO; emissions. Trucks contribute 21% of
NOy« and 10% of SO, emissions, and “Car 4-16 seats” contribute
14% NOy and 19% of SO» (Figure 5.48).

Observed and modelled CO concentrations for TC Street have
similar variation corresponding to the diurnal variation of CO
emissions (Figure 5.38). The modelled diurnal variation of CO
concentrations shows peaks in the morning and afternoon rush
hours and also relatively high concentrations during the evening.
This diurnal variation fits well with the diurnal variation of
motorbikes which are the dominant source to CO emissions
(Figure 5.38). The model predicts almost the same concentrations
for opposite sides of the street (S1 and S2). This is also expected
due to the long modelling period, the low buildings on both sides
(height of 4 m) and the low wind speeds. It is also seen that the
street increment (difference between street and urban background
concentrations) is considerable. The observed diurnal variation of
CO concentrations of side 2 show a similar diurnal pattern as the
modelled variation although observations are somewhat higher
during the day and lower during the evening. The observed CO
concentrations of side 1 during the morning and night fit well with
that of side 2 but during 16h-18h concentrations are much higher
for no obvious reason, probably due to special traffic or
meteorological ~conditions during the measurements or
uncertainties in the measured data. BNZ concentrations were also
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measured for this street and concentrations levels are the same for
both sides (Figure 5.38 and Figure 5.49).

The modelled diurnal concentrations of SO2 and BNZ show similar
patterns as for CO. It is not possible to present diurnal variations
of SO, and BNZ due to the very limited number of observations.

Modelled and observed daily mean concentrations of SO,, CO and
BNZ for the TC, DBP and NT streets, and SO, NO, and BNZ for
the LTT and TVD streets are shown in Figure 5.49.
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Figure 5.49. Modelled and observed mean concentrations for the five selected streets. Urban background concentrations are

also provided for reference.

Modelled concentrations overestimate observations up to a factor
of two for SO». The smallest overestimation is for the two streets
with low traffic levels (DBP and TVD). However, for DBP street
the SO, street observations are lower than the background
concentrations, which are not consistent and can never be
reproduced by the model. The systematic overestimation indicates
that the SO, emission factors may be too high. Analysis of the
limited data on diurnal variation of observed SO, concentrations
also shows that other sources than vehicles may contribute to SO>
concentrations.

For CO the modelled concentrations underestimate observations
up to a factor of two for the streets of DBP and NT and less for TC.
The systematic underestimation indicates that the CO emission
factors might be too low.

For NO; the modelled concentrations overestimate observations
up to a factor of two for the busy LTT Street whereas modelled
and observed levels are similar for the TVD street that has low
traffic levels. It is not logical that the observed street
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concentrations are similar at the LTT and TVD streets when the
LTT street has about 10 times higher traffic levels than the TVD
street. This indicates uncertainly on the NO> measurements.

For BNZ the modelled concentrations underestimate observations
up to a factor of about two for the busy streets of TC and NT and
less for DBF that has lower traffic levels. The systematic
underestimation indicates that the BNZ emission factors may be
too low. Furthermore, the urban background concentration of BNZ
was estimated based on observed correlations between BNZ and
CO in Denmark and transferred to Hanoi taking into account
differences in the content of BNZ in petrol. In addition, the
assumptions of BNZ emission factors for other vehicles than
motorbikes for Vietnam conditions are based on a 1999 data set for
Denmark according to emissions from COPERT. It is obvious that
these assumptions about the urban background and emission
factors are highly uncertain.

The OSPM model includes the impact of Traffic Produced
Turbulence (TPT) on dispersion parameters. In the OSPM model,
TPT is depending on the number of vehicles, the speed, the frontal
area of a vehicle, and inversely depending on the width of the
street (Berkowicz et al., 1997). An increase of TPT, while leaving all
other parameters constant, will lower the modelled concentrations
especially under conditions of low wind speeds. In the present
version of the OSPM model, TPT of all vehicle types except
motorbikes is taken into account. Since motorbikes are the
dominant vehicle type in Hanoi they certainly contribute to TPT
although their horizontal area is small compared to passenger cars.
TPT is also important due to the low wind speed conditions in
Hanoi. A sensitivity analysis was carried out where it was
assumed that each motorbike contributes with the same TPT as a
passenger car. OSPM model calculations showed that
concentrations were lowered by 33% for street concentrations
under these assumptions. The frontal impact area (width
multiplied by height) for a popular motorbike (Honda Future) is
about 27% of the frontal area of a popular car (Honda Civic). It
illustrates that it is important to take into account TPT also for
motorbikes.

A comparison of emission factors (g.km1) for the different vehicle

categories in this study and selected studies from the literature is
shown in Table 5.19.
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Table 5.19. Comparison of emission factors (g km™) for different vehicle categories in different studies

PMio SO, NOy Cco Benzene

1. Motorbike

Hanoi ( from table 4) 0.10  0.03 0.30 3.62 0.023

Bangkok (Kim Oanh et al., 2008) 32.8+8.9

Bangkok (Ittipol P., 2004) Chassis dynamometer 0.08+0.07 2.23+2.2

Bangkok (lttipol P., 2004) Mobile 6 0.48 0.85 13.3

(Chan L.M and Weaver C.S, 1994) 19.0

g:c']”lj jf’gfn(i‘;;‘?hg‘:;:a°’ Jiun-Horng Tsai, 0.08:0.02 2.17+0.78
2. Car 4-16 seats

Hanoi ( from table 4) 0.10 0.17 1.50 3.62 0.023

Bangkok (Kim Oanh et al., 2008) 1.5£0.91

Bangkok (lttipol P., 2004) Chassis dynamometer 1.37£1.0 5.12+5.65

Bangkok (lttipol P., 2004) Mobile 6 0.48 0.49 5.41

Copenhagen 1997 - (Palmgren et al., 1999) 0.9+0.1 17.3+0.7 0.11%0.01

China 2007 (Zhiliang Yao, Qidong Wang, Kebin

He, Hong Huo, Yongliang Ma, and Qiang Zhang)

1. Carburetor vehicles 217 24.08

2. Electronic injection vehicles 2.23 12.91

3. Euro | vehicles 1.33 6.21

4. Euro Il vehicles 0.81 3.32
3. Bus

Hanoi ( from table 4) 150 0.64 7.60 3.10 0.032

Bangkok (lttipol P., 2004) Chassis dynamometer 1.25 12.55 21.99

Bangkok (Ittipol P., 2004) Mobile 6 1.15 23.12 8.89

Copenhagen 1997 (Palmgren et al., 1999) 12.5+£3.0 9.6+4  0.05+0.05
4. Truck

Hanoi ( from table 4) 0.80 0.40 11.00 2.75 0.045

Bangkok (lttipol P., 2004) Chassis dynamometer 1.25 12.55 21.99

Bangkok (lttipol P., 2004) Mobile 6 1.15 23.12 8.89

Copenhagen 1997 (Palmgren et al., 1999) 12.5+£3.0 9.6+4  0.05+0.05

It is difficult to compare emission factors across countries due to
differences in the vehicle fleet, emission standards, maintenance
etc. CO emission factors vary up to a factor of 10 for motorbikes
and up to a factor of 3 for other categories among the different
studies. This study has applied relatively low emission factors
compared to other studies and the model evaluation against
observed CO concentrations also indicates that the applied
emission factors for CO may be too low. For NOx emission factors
there is less variation across the different studies.

The average vehicle emission factors have been estimated using
the OSPM model for backward calculations based on the hourly
concentration data from 2004 available for three out the five
selected streets. The results are shown in Table 5.20:
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Table 5.20. Average vehicle emission factors of 3 selected streets by backward
calculation

Emission factor (g.km™)

SO, CcOo Benzene
TC — 2004 (a ring road) 0.038 4.0 0.051
DBP — 2004 (an inner city road) 0.022 16.9 0.125
NT — 2004 (an arterial road) 0.026 10.4 0.079
Mean 0.029 10.4 0.085

The average vehicle emission factors in Table 5.20 can be used to
estimate the emissions from other streets if the traffic volume is
known according to the road type (arterial road, ring road, inner
city road) or the mean may be used to estimate emissions from
traffic for a whole city knowing the average traffic volumes and
length of the road network.

The estimated average vehicle emission factors by backward
calculations have been compared to other studies, see Table 5.21.

Table 5.21.  Average vehicle emission factors from different studies

Emission factor (g/km)

PMjg SO, NOyx CO Benzene

This study for TC, DBT, and NT streets,

backward calculations (Table 5.20) 0.029 104 0.085

This study, average vehicle emission factors

for 5 selected streets (by OSPM). 0108 0044 0547 36 0.024

HoChiMinh city (Belalcazar et al., 2009) 0.0067

OSPM emission module for the street of

Jagtvej, Copenhagen in 2004 147 9.3 0.046

The estimated average vehicle emission factor for SO» by
backward calculation is considerable lower than the applied
emission factor for OSPM calculations. Lower SO, emission factor
would reduce the overestimation by the OSPM model for SO
concentrations.

The estimated average vehicle emission factor for CO by backward
calculation is three times higher than the applied emission factor
for OSPM calculations. Higher CO emission factors would cause
less underestimation by the OSPM model for CO concentrations.
The emission factor estimated by backward calculations is similar
to that of a busy street in Copenhagen in 2004.

The estimated average vehicle emission factor for BNZ by
backward calculation is 3-4 times higher than the applied emission
factor for OSPM calculations. Higher BNZ emission factors would
cause less underestimation by the OSPM model for BNZ
concentrations. The emission factor estimated by backward
calculations is about two times higher than a busy street in
Copenhagen in 2004, among others, due to higher content of
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benzene in petrol in Hanoi. The estimated average emission factor
for BNZ by backward calculation is about 10 times higher
compared to the tracer study carried out by Belalcazar in
HoChiMinh city (Belalcazar et al., 2009).

5.12 Summary

In this study, the OSPM model was applied in Hanoi for five
selected streets and evaluated against air quality measurements.
The model was also used to estimate average vehicle emission
factors based on backward calculations.

The motorbike is the dominant vehicle type in Hanoi as it
constitutes 92-95% of all vehicles. It is also the main source of
emissions in the streets.

Analysis of the modelled and observed diurnal variation of CO for
one street showed that the OSPM model generally reproduced the
diurnal variation.

The model evaluation also showed that the OSPM model, given
the applied input data, overestimated daily mean concentrations of
SO, and CO and underestimated concentrations of NO; and
benzene. The most likely reason is uncertainties in emission
factors. However, NO> measurements are also likely to be
uncertain.

Traffic Produced Turbulence is neglected in OSPM for motorbikes
that are usually a minor vehicle class under West or North
European conditions. If TPT for motorbikes was taken into account
it would further reduce modelled concentrations. In the future, it is
important to incorporate TPT for motorbikes into the OSPM
model.

This study also illustrates the challenges of applying dispersion
models in a context where high quality model input data and high
quality measurements are missing and still need further
improvements.
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6 EVALUATION OF OPERATIONAL
METEOROLOGYCAL AIR QUALITY
MODEL (OML) IN HANOI

The objective of this chapter is to evaluate the Operational
Meteorological Air Quality Model (OML) for a case study in
Hanoi, Vietnam. This study uses OML as a modelling tool to map
air quality levels on the urban background scale. Emissions from
all over the city were categorized in 3 types: traffic source,
industrial source and domestic source. In this chapter, the
emissions from traffic sources are calculated based on the results
of emissions incorporated into the OSPM model in chapter 5. Air
quality levels calculated by the OML model was mapped in a GIS
spatial map. Model results are also compared with hourly urban
background air quality measurements at the Lang station and
measurements from a campaign using passive sampling
techniques in 2007. The study focuses on NOx, NO, SO and CO.

6.1 Introduction

Operational Meteorological Air Quality Models (OML) was
originally designed for industrial sources. The model can also
estimate the spatial pollutions on an urban scale from point, area
and line sources (Olesen et al., 2007). The OML model has also
been applied outside Denmark such as in Latvia and Romania
(Jensen et al., 2003; Jensen et al., 2002).

In this study, the OML model is used to map the concentrations of
air pollutants on a GIS based map. The spatial variation of air
quality in Hanoi is calculated and the model outputs are evaluated
by comparison with measured air quality. The model results were
evaluated against urban background measurement based on a
campaign using passive sampling (45 site measured points) and
hourly data at Lang station in the centre of Hanoi.

The OML model requires input data of meteorology, regional
background concentrations and emissions.

The hourly meteorological data are based on data from the urban
background station of the Lang Station. As no regional
background stations exist it was necessary to generate hourly
regional background concentrations. This was done based on data
from the Lang Station but downscaled to represent regional
conditions based on measurements from a campaign using passive
sampling in 2007 that gave the average level of the regional air
pollution out side Hanoi.
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Figure 6.1.

The emission data for Hanoi are calculated based on previous
studies (CENMA and SVCAP, 2008; Truc, 2005). The emission
sources are distributed on a grid of 1 km x 1 km. It includes traffic
sources, industrial sources and domestic sources. The emission
inventory is based on the data collected from a pilot project in a
representative area (ThanhXuan district). ThanhXuan is a small
district (in area) and it includes all typical sectors that cause urban
air pollution. Therefore, ThanhXuan district was selected for case
studies of many projects concerning air quality management. This
data base has been extrapolated to the whole city based on
indicators such as population, land use, traffic data, and industry
before used for OML calculations. The model calculations focus on
concentration of NOx, NO,, SO, and CO and comparison with
measurements of the same air pollutants.

6.2 Emission data from a pilot area of ThanhXuan
district

This emission inventory was carried out during September -
December 2007 as part of the SVCAP project. It was carried out by
Hanoi Centre for Environmental and Natural Resources
Monitoring and Analysis (CEMMA), Hanoi. The survey was
conducted in the whole area of ThanhXuan district ( Figure 6.1).
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Location of ThanhXuan district in the Hanoi metropolitan area (TuAnh, 2008)

ThanhXuan district is a small but representative zone in Hanoi
metropolitan area that has all of the typical types of air pollution
sources: domestic, industry and traffic. ThanhXuan is located in
the South-West of Hanoi and covers about 9.11 square kilometres.
The district has 11 wards (communes) with a population of 214,900
registered citizens. (Table 6.1)
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Table 6.1. Population distribution in ThanhXuan District 2007 (Hanoi statistical office, 2008)

Population

No Name Area Population Density No of
(km?) Communes
(pers/sqg.km)
1 ThanhXuan 9.11 214,900 23,589 11
2 Hanoi Total 920.97 3,444,600 3,740 226

The emission campaign was carried out in September to December
2007. the methodology for data collection was designed by Thoan
Christopher Nguyen and Patrick Gaffney - experts from the
California Air Resources Board (ARB) - based on experiences from
consulting and training experience in Asia developing countries
(CENMA and SVCAP, 2008).

The emission inventory in ThanhXuan classifies pollution sources
into: industrial sources, construction, domestic cooking,
commercial activities (petrol stations) and focus on the air
pollutants: PM, NOx, SO,, CO, and VOC. Emissions data were
collected by CENMA for industrial, domestic, traffic sources. The
campaign has surveyed about 200 production and service
businesses, 13 petrol stations, 2 hospitals, 42 roads, 105 residential
construction sites and 4 commercial construction sites, 3,297
households in 11 wards of ThanhXuan district. For industrial
sources, some key parameters were measured for the modelling
purposes in the future integrated air quality management system
(CENMA and SVCAP, 2008). Emissions from the different sources
in ThanhXuan district are summarized in Table 6.2:

Table 6.2. Emissions from different sources in ThanhXuan district in 2007 (tons/year)
(CENMA and SVCAP, 2008)

Source PMio SO, NOx CO VOC
Traffic exhaust 148.8 59.0 733.81 - -
Paved road (suspended dust) 2,438.9 - - - -
Industries 20.1 324.0 45.0 4.98 0.24
Domestic cooking 451 676.8 26.0 780.9 86.76
Petrol station - - - - 0,006
Residential construction 179 - - - -
Commercial construction 120.9 - - - -
Total 2,952.9 1,059.8 804.9 785.9 87.0

The highest emission load is for PMip and is dominated by
emissions from paved roads.

6.2.1 Point sources

The OML model accepts a maximum of 3,000 point sources. There
is a maximum of 3 substances. The OML model requires physical
parameters in relation to emissions from point sources: stack
height, diameter, gas flow rate, time variation.
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The pilot emission inventory makes a survey of 22 factories in
ThanhXuan District. The parameters of emissions from point
sources are presented in Table 6.3:

Table 6.3. Parameters of point sources in ThanhXuan district (CENMA and SVCAP,

2008)
Source Factory name Stack Stack Fuel consumption

ID height Diameter Type kg/hour
11 Joint-stock SaoVang Rubber

Company 32.0 0.8 DO Fuel 583.33
12 225 0.5 DO Fuel 123.22
13 225 0.5 Gas 123.22
14 225 0.5 DO Fuel 123.22
15 225 0.5 Coal 123.22
16 225 0.5 DO Fuel 123.22
21 QuangTrung Mechanical company  20.0 0.5 FO Fuel 0.76
31 Institute of paper & Cellulose 15.0 0.4  FO Fuel 40.00
41 Joint-stock company for building

and glass building 20.0 0.5 DO Fuel 34.72
42 20.0 0.5 DO Fuel 0.30
51 Lix soap powder Company 20.0 0.5 DO Fuel 287.55
52 20.0 0.5 DO Fuel 287.55
53 20.0 0.8 Coal 21.29
61 Thongnhat printing Joint-stock

company 20.0 0.5 Coal 1.49
71 19-5 Fabric Company 20.0 0.5 Coal 62.50
81 Hanoi soap powder company 20.0 0.5 Coal 1.23
91 ThuongDinh Shoes Company 20.0 0.5 Gas 115.28
100 DongTien rubber limited Company  15.0 0.3 DO fuel 1.67
101 DaiKim Joint-stock company 20.0 0.5 DO Fuel 1.39
102 AnhThinh foodstuff limited

Company 20.0 0.5 Coal 1.1

RangDong Light Source And
103 Vacuum Flask Joint Stock

Company 20.0 0.5 Coal 111.11
104 VIHA company 20.0 0.5 DO Fuel 4.46
105 MuaDong Woollen Knitwear

Company 20.0 0.5 Coal 83.33
161 ThanglLong Tobacco Company 20.0 0.54 DO Fuel 107.64
162 32.0 1.05 DO Fuel 107.64
171 Pharmaceutical Dept - National

Hospital for Traditional Medicine 20.0 0.5 Gas 0.30
181 HaNoi Dying limited Company 20.0 0.5 DO fuel 417
191 HaViet Printing Company 20.0 0.5 DO Fuel 138.89
201 TranPhu electromechanical 20.0 0.5 DO Fuel 2.04
211 SonHan mechanical company 20.0 0.5 Gas 3.70
221 KimSon Company 20.0 0.5 DO Fuel 94.69
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Note: FO is fuel oil, DO is diesel oil and gas is natural gas.

In Table 6.3, source ID is used to locate the source in a GIS map.
Sources that do not have the detailed physical parameters are
assumed to have the average stack height of 20 m and the
dimension of outlets of 0.5 m. For fuel consumption the average
fuel consumption (kg/hour) is assumed.

In the SVCAP project, the emission factor for fuel was calculated
based on the methodology of U.S.EPA AP-42, section 13.2.1,
March, 1996: Uncontrolled emission factor listing of criteria air
pollutants, chapter 14, volume II and California Air Resources
Board, California 1999 (CENMA and SVCAP, 2008). The emissions
from industries in ThanhXuan District were calculated based on
the survey data (Table 6.3) and emission factors from U.S EPA.

However, the survey data was limited. It only provided emission
data for some sources. It did not cover all point sources in the
region. In an alternative way, the emission was calculated by a
software (SPC.PAS) based on the mass balance of combustion. It
calculated the air emissions based on the combustion of fuel
consumption for each stack which was collected by CENMA
(CENMA, 2008). A sample of calculation for source ID No 1.1
(Table 6.3) is described in Figure 6.2:

Program "SPC.PAS"
Emission from combustion Model (Fuel: Coal ar Oil)

1. INPUTs

1. Fuel types: (FO DO Antra, Cam3Qh, Camd N, Cama50N. ) Fuel Selected: Cam5GQN
2 Stack ID Moo 1.1

3. Fuel consumption B, (kgfh) B= 583.3

4. Fuel incomplete bhurning coefficient Eta (=0 5-5 %) Eta=0.10

2. Airincomplete burning coefficient Anfa (= 1.1-1.2): Anfa=1.20

6. Bone ashes coefficient (a= 0-1J: a=050

7. Output Temperature, oC: t=160.00C

8. Fuel components {CamaaiN):

Cp=53.00%: Hp= 3.00%; Np= 1.20%; Op= 3.80%; Sp= 0.50%, Ap=31.00%; Wp= 7.50%

2. CALCULATED QUPUTSs

Fuel thermal capacity:  CQlt = 4,900 kcalfkg;

Alr Wolume (=160 0C): Lt = 2.283 m3fs; Weigh: gamaSPC = 0.824 kg/m3.
Emission S0O2: mS02= 1.619 gfs; Concentration c502= 709.1 mg/m3
Emizsion CO: mCO = 0.200 gis; Concentration cCO = B7.7 mgfma3
Emission CO2: mCO2=314 283 afs; Concentration cCO2= 137.6 g/m3
Emission NCx: mNOx= 0.456 gis; Concentration cNCx= 1897 mgim3
Emission TSP: mTSP= 25116 gfs; Concentration cTSP=10939.4 mg/m3

Figure 6.2. Modelled emissions for industrial source ID No 1.1
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This software is developed by Tran Ngoc Chan at the Department
of Environmental Engineering, National University of Civil
Engineering, Hanoi, Vietnam and it has been applied in many
cases in Vietnam to calculate the emissions from industries. Thus,
this provides sufficient input data for industrial sources in
ThanhXuan district.

The average emissions calculated based on the total emission (g/s)
from ThanhXuan district and the total industrial area (km?2). The
average emissions in ThanhXuan district are used to estimate the
emissions from the other industrial areas in Hanoi where detailed
emission data of the factories is not available.

6.2.2 Line sources

The SVCAP project conducted a counting of vehicles at 42 streets
in ThanhXuan district. Vehicles on each road were counted during
24 hours at 3 representative days in the week: Monday,
Wednesday and Sunday (CENMA and SVCAP, 2008). Table 6.4
presents the emissions from typical streets in ThanhXuan district:

Table 6.4. Estimated emission for typical streets in ThanhXuan district (tons/year)
(CENMA and SVCAP, 2008)

Date NguyenTrai Street TruongChinh Street
PMo NOx SO, PM3q NOx SO,
Monday 39.19 219.83 16.02 25.93 125.45 10.50
Wednesday 57.77 288.60 2217 22.50 112.59 9.16
Sunday 52.25 255.50 20.29 23.50 110.62 9.72

The data in Table 6.4 shows that there is no significant difference
between emissions on those three days of the week as traffic levels
and vehicle distribution is more or less the same (see more in

chapter 5).

6.2.3 Areasources

Domestic cooking is considered as an area source in the
ThanhXuan district. The two main types of fuels which are widely
used for domestic cooking in ThanhXuan district are hand-fired
coal and gas. The emissions of SO,, NO», and CO from combustion
of gas are very small and therefore neglected (data calculated by
SVCAP project) (CENMA and SVCAP, 2008). Therefore, for input
to the OML model, the emissions of SO,;, NOy, and CO from
domestic sources are calculated based on hand-fired coal (“Than t6
ong” in Vietnamese) combustions. The amount of coal usage in
ThanhXuan district (47,074 households) was estimated based on
the data. The coal consumption for domestic cooking from a
survey of 3,202 households in ThanhXuan is shown in Table 6.5:
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Table 6.5. Coal consumption for domestic cooking in a Pilot project in ThanhXuan
district (CENMA and SVCAP, 2008).

Ward Number of Households  Coal consumption (kg/day)

Kim Giang 297 99.5
Khuong Mai 301 154.5
Phuong Liet 300 150.5
Ha Dinh 261 138.5
Thuong Dinh 300 173
Nhan Chinh 300 147
Khuong Trung 291 196
Khuong Dinh 300 580.5
Thanh Xuan Bac 299 114.5
Thanh Xuan Nam 296 131
Thanh Xuan Trung 257 123

Total 3,202 2,008

The data in Table 6.5 confirmed a value of coal usage in a
household of 0.627 kg/day. The amount of coal usage in
ThanhXuan district with total 47,074 households was estimated
based on the data from a survey of 3,202 households and the 25%
of 47,074 households in ThanhXuan district used hand-fired coal,
the rest of the households uses gas and electricity for cooking
(source: Mr. Dang Thanh Trung, CENMA and Mr. Bui Quang
Trung, SVCAP- persons in charge of Emission inventory for
ThanhXuan district) (CENMA and SVCAP, 2008). The
consumption of coal usage is presented in Table 6.6:

Table 6.6. Coal consumption for domestic cooking in ThanhXuan. (CENMA and SVCAP,

Average coal usage Coal usage in ThanhXuan

District Number of in a household district
Households
(kg/day) (kg/day) (kg/h)
ThanhXuan 47,074 0.627 7,383 308

The pilot emission inventory has build-up some data for the
emissions of domestic cooking (Table 6.2). However, this data
sheet is not sufficient to be the input data for OML modelling. The
emissions from domestic sources for OML modelling were also
calculated by the SPC.PAS software based on the mass balance of
combustion as shown below (Figure 6.3):
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Program "SPC.PAS".
Emissions from combustion model (Fuel: Coal or Qi)

1. INPUTs

1. Fuel types: (FO DO Antra,Cam3dQN Camd N, Cam53MN. ) Fuel Selected: Antraxit
2. Stack 1D MNo:

3. Fuel consumption B, (kgfh) B= 308.0

4. Fuel incomplete burning coefficient Eta (=0 .5-5 %) Eta =010

5. Airincomplete burning coefficient Anfa (= 1.1-1.8): Anfa=1.50

6. Bone ashes coefficient (a= 0-1): a=050

7. Cutput Temperature, oC: t=1200 ol

8. Fuel components ( Antraxit):

Cp=53.50%; Hp= 6.00%; Np= 2.00%; Cp= 8.00%,; Sp=0.50%, Ap=24.00%; Wp=6.00%

2. CALCULATED OUPUTs

Fuel thermal capacity:  Qlt= 5579 keoalfkg;

Air Volume (=120 0C) Lt= 1.294 mdfs; Weigh: gamaSPC = 0.894 kg/m3.
Emission S02: mS02= 0.855 g/s; Concentration cS02= 681.8 mg/m3
Emission CCO: mCO = 0.107 gis; Concentration cCO = 87.7 mgim3
Emission COZ mCO2= 314 293 g's, Concentration cCO2= 851 g/m3
Emission Nx: mNOx=0.250 gfs; Concentration cHCx= 1384 mg/m3
Emission TSP . mTSP= 10.267 gfs; Concentration cTSP= 8187 .5 mgima3

Figure 6.3. Modelling emissions for domestic sources in ThanhXuan District

The emissions for one km2 of domestic sources in ThanhXuan are
calculated based on the total emissions calculated above divided
by the summary of the area of residential areas. Emissions for one
km? of domestic sources are presented in Table 6.7:

Table 6.7. Unit emissions for domestic sources for ThanhXuan District

District Residential area Emissions for 1 km? (g/s)/km?
(km?) NOx SO, Cco
ThanhXuan 3.15 0.08 0.27 0.03

This data is the first data set that was systematically collected in
Hanoi for an emission inventory of domestic sources and it
represents the current situation of domestic cooking in Hanoi. It
will be used to estimate the emission from domestic sources for the
whole city based on information of residential areas (building foot
prints) on a GIS map.
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6.3 Estimation of emissions for the OML modelling
in Hanoi.

6.3.1 Introduction

The emissions for OML modelling is estimated based on land-use
and population data from Hanoi. Table 6.8 shows the land-use
data of Hanoi (2007):

Table 6.8. Land-use data in Hanoi in 2007(km?) (Vu Tuan Vinh, 2009)

Industrial Land for Land for Other

District Total Area  Area Traffic Resident  emission

BaDinh 9.25 0.61 1.65 3.25 3.75
HoanKiem 5.29 0.45 1.03 1.63 2.19
TayHo 24.00 0.64 1.97 417 17.22
LongBien 59.53 4.49 4.70 10.79 39.55
CauGiay 12.04 0.68 2.10 4.23 5.03
DongDa 9.96 0.50 213 4.42 2.91
HaiBaTrung 10.09 1.07 1.81 3.53 3.69
HoangMai 39.51 2.24 4.78 8.97 23.52
ThanhXuan 9.11 1.36 1.54 3.15 3.06
SocSon 306.51 4.55 24.32 34.80 242.84
DongAnh 182.30 8.38 13.29 21.32 139.31
GiaLam 114.79 3.75 9.35 12.55 89.14
TuLiem 75.32 212 6.74 12.74 53.72
ThanhTri 63.27 2.19 4.30 8.14 48.64
Summary of Hanoi 920.97 32.40 78.07 130.42 680.07

Table 6.9 shows the population data in Hanoi (2007):
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Table 6.9. Population data in Hanoi — 2007 (Hanoi statistical office, 2008).

District Name Population (persons) Population Density (pers/ km?)
BaDinh 242,400 26,205
HoanKiem 180,700 34,159
TayHo 117,900 4,913
LongBien 210,300 3,533
CauGiay 192,200 15,963
DongDa 387,400 38,896
HaiBaTrung 325,000 32,210
HoangMai 265,700 6,725
ThanhXuan 214,900 23,589
SocSon 277,600 906
DongAnh 316,100 1,734
GiaLam 224,000 1,953
TuLiem 296,000 3,930
ThanhTri 194,400 3,073
Summary of Hanoi total 3,444,600 3,740

Based on these data assigned to a GIS map, the data from the pilot
emission inventory in ThanhXuan district was used to extrapolate
to the whole city.

Emissions were categorized in three sources: traffic, industry and
domestic. How the emissions for the whole city are estimated is
described in the following.

6.3.2 Emissions from traffic

As previously indicated, emissions from traffic are the main source
of air pollution in Hanoi and pollution from traffic is considered a
line source. The necessary parameters for estimating this source
are emission factors, number of vehicle, vehicle kilometre travelled
(VKT), and the length of roads. The OML model requires that the
line sources are converted into area sources. In this study a GIS
based road network is available that includes three types of streets.
This information was utilized to generate emission on a grid of 1
km x 1 km for the whole city area.

Streets in Hanoi were categorized in 3 types (Tu Anh, 2008):

Street type 1 (named Pho cap 1 in GIS data base) is the main roads
that have the Vietnamese name “duong”. They are defined as
arterial road or ring roads. The traffic flows on these streets are
very high (100,000 - 300,000 vehicle/day). NguyenTrai Street and
TruongChinh street represent this type (see more in chapter 5)
(Truc, 2005, CENMA and SVCAP, 2008). This data is used to
estimate the emission from traffic for this type of street.

Street type 2 (named Pho cap 2 in GIS data base) is the inner streets
in the Hanoi traffic system. It includes all streets having a name
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starting with “phé”. DienBienPhu street, LeTrongTan Street and
ToVinhDien street present this type (see more in chapter 5). The
traffic level on these streets (43 streets) is about 30,000
vehicles/day (CENMA and SVCAP, 2008).

Street type 3 (named Pho cap 3 in GIS data base) is the minor
streets and lanes that do not an official name on the map. These
streets are normally small and motorbikes may only be allowed.
According to Mr. Do Quang Trung (SVCAP project, 2007) the
average vehicle volume for this type is estimated to about 10,000
motorbikes/day.

The emission factors for three street types have been estimated
based on emission factors generated for the OSPM model (in
chapter 5). The results are summarized in the Table 6.10:

Table 6.10.  Average emission factors for streets from OSPM study in chapter 5

Emission factor (g.km™)

Mean value by OSPM Mean value by Backward Cal.

NOx SO, CO NOx SO, CO
Street type 1 - - -
TruongChinh 0.64 0.05 3.61 - 0.038 3.99
NguyenTrai 0.80 0.06 3.60 - 0.026 10.43
Mean 0.72 0.06 3.61 - 0.032 7.21
Street type 2
DienBienPhu 0.44 0.04 3.62 - 0.022 -
LeTrongTan 0.40 0.04 3.62 - - -
ToVinhDien 0.44 0.04 3.61 -
Mean 0.43 0.04 3.62 - - -
Street type 3 - - -
Lane (for motorbikes) 0.30 0.03 3.62 - - -

Applied emission factors and the average daily traffic (ADT) for
traffic sources used in OML model are presented in Table 6.11:

Table 6.11.  Emission factors for OML'’s traffic sources

Category ADT Emission factor (g/km)
(veh./day) SO, NOx CO
Street type 1 150,000 0.032 0.72 7.21
Street type 2 30,000 0.022 0.43 7.21
Street type 3 10,000 0.030 0.30 3.62

The road network were originally based on a Maplnfo data set for
each district (Tu Anh, 2008). The traffic network was converted to
a Shape file for use in ArcGIS. Table 6.12 shows the total length of
streets according to the types for each district:
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Table 6.12. The total length of streets according to the street types (km)

No Districts Street type 1 Street type 2 Street type 3
1 BaDinh 16.05 37.82 30.41
2 HoanKiem 1.39 48.80 1.65
3 TayHo 4.24 24.24 23.19
4 LongBien 22.33 8.66 33.35
5 CauGiay 13.44 30.00 19.13
6 DongDa 12.19 25.20 41.33
7 HaiBaTrung 10.17 43.42 33.03
8 HoangMai 23.48 39.69 54.63
9 ThanhXuan 15.55 26.36 33.42
10 SocSon 53.76 41.70 84.62
11 DongAnh 28.97 9.03 98.09
12 GiaLam 15.74 17.03 15.74
13 TuLiem 45.08 35.90 58.82
14 ThanhTri 11.99 40.49 97.52
Summary 274.38 428.34 624.94

The road network and summary of km travelled on a 1km? grid on
a GIS map is shown in Figure 6.4.

126



N 71
Al ' o District name
A ELJ — é |:| Gia Lam
a \ 3’3 [ ]socson
7 = [ | thanh i
1 - P L+ i < |:| Tu Liern
- I F Dong Anh
= AL ] T [ |Bapimn
B[ | N LT SN [ cauciay
Y T d =1 | )
| | [ N |:| Hai Ba Trung
Z’i?‘ yi ,JL"J/ ™ m;;' |:| Hoan Kiem
MNIAT W g Hoang Mai
:‘ -~ Az A=) g [ | LongBien
ST =Y N Thanh ¥uan
oy [ 4 =
LT 1 [ Jayto
—E I P NS l,'ﬂ |:| Dong Da
1] T"‘"—\ ] Fry <\
e klf 5] “—’““-(ﬁr/\s
N il RNEE
VPR RIS
AW g e SUAE
). 7] V ATEAT [T ]
( * ISP .
] I PR IO T\ T b S e o
AR A%
L N 47
1 o 1/ K ‘1’__ Wi s
. { _ﬁ I ii:_? |
NSNS N ( i |
T TU 3T (STt
] ] WAL T
[~ i Y -
A ré\/} fr_( Street T 1
[ — ree e
Bt il _Type_
IR B Street_Type_2
s e P s A 22
K | — Slreet_Type_3

Figure 6.4. Road network and districts

The emissions of pollutants from each cell (1 km x 1 km) are
calculated based on the total length of each street type multiplied
by the emission factor from Table 6.11. Emissions of NOx derived
from traffic are shown in Figure 6.5.
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Figure 6.5. Spatial distribution of NOx emissions from traffic on a 1x1 km? grid (g/s)

The time variation for traffic sources is obtained from OSPM study
in chapter 5 (Table 5.3 Diurnal variation of vehicles).
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Based on the diurnal variation of motorbikes (the most dominated
vehicle type) in table 5.3 the time variation for traffic sources are
distributed in each hour in a day and presented in Figure 6.6:
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Figure 6.6. The time variation for traffic sources

The monthly factors and day of the week factor were assumed
constant.

6.3.3 Emissions from Industries

There is no complete emission inventory for industrial emissions
in Hanoi. A pilot project in the ThanhXuan district is given some
data for point sources. It is used to estimate the average emission
from the other industrial areas in Hanoi where no detailed
emission data is available.

The mean values of emissions density were calculated based on
the total emissions (g/s) from industries in the ThanhXuan District
(Table 6.2) divided by the summary of industrial areas (km?2)
within the ThanhXuan district. The results are presented in Table
6.13:
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Table 6.13. Emission factors for OML’s industrial sources

Emissions for 1 km2 (g/s)/km?)

NOx SO, CoO

Hanoi 7.50 1.04 0.12

The time variation for industries sources is assumed to be constant
in the absents of any information about the time variation (Figure
6.7).

' Time variation for area sources | | UI[’ST

Emission factors for emission type no, 2,

Monthly factors

Jan., Feb. Mar. Apr. May June Julp Auwg Sep. Oct  Nov. Dec
]m}|1m|1nu|1nn|1nn|1un|1nu|1m|1w|1m|1uu|1uu

Day of the week factors

Mon. Tue. Wed Thu  Fii Sat. Sur.
(100 [1o0 [100 [100 [100 [100 [100

Hously factors

01 23 34 45 56 67 78 89 910 1041 1142
i1mj1m|1nu|1nn[1nn[1nn|1nu|1m|1m|1m|1uu|1no

1213 1314 1415 1516 1617 1718 1819 1920 2021 2122 2223 2324
{100 [100 [ 100 |1.00 [1.00 [1.00 {100 |1.00 [1.00 [1.00 |1.00 |1.00

The emizzion for a given hour iz the produkt of the theee factors and the substance emizsion entered.

The maximum ermizsion rate in g5 Emission rate = 1.00
The tatal yeaty emizsion in ko Emizsion rate = 31536

Mo vatiation [ Help

Figure 6.7. The time variation for industries sources

gk

Based on the data for industrial sources in ThanhXuan District, the
stacks of factories in Hanoi are not high (15 m -20 m) and the
emission volume for each stack is not very large (CENMA and
SVCAP, 2008). Therefore, it is possible to estimate the emission
from those factories as an area source. The total area of industries
in Hanoi was distributed on a grid of 1 km x 1 km in a GIS map
(Figure 6.8). The industrial emissions for each cell was calculated
by the emissions of 1 km? [(g/s)/km?] in Table 6.13 multiplied by
the total area of industries of each cell. The spatial distribution of
industrial areas in Hanoi was shown in Figure 6.8.
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Figure 6.8. Spatial distribution of industrial areas on a GIS map (grid is 1 km x 1 km)

6.3.4 Emissions from domestic

Emissions from domestic sources contribute significantly to SO»
and CO pollution in the residential areas due to the usage of coal
for cooking. The emission load is small compared to traffic and
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industrial sources but the emissions are close to the human life and
causes high exposures. Therefore, it causes severe damage to
human health.

The emissions from domestic sources were calculated based on the
emission inventory of the ThanhXuan District by the SVCAP
project in 2007. This emission inventory (from Table 6.7) is
extrapolated to the whole city based on the population density for
each district (Hanoi statistical office, 2008). The results are
presented in Table 6.14:

Table 6.14. Emissions for domestic sources for districts of Hanoi

Population Ratio of Pollution
No District Density Density compared to NOX SOz co

(pers/sq.km) ThanhXuan (/) (/) (@/s)
1 BaDinh 26,205 1.11 0.0882 0.0356 0.3018
2 HoanKiem 34,159 1.45 0.1150 0.0465 0.3934
3 TayHo 4,913 0.21 0.0165 0.0067 0.0566
4 LongBien 3,533 0.15 0.0119 0.0048 0.0407
5 CauGiay 15,963 0.68 0.0537 0.0217 0.1838
6 DongDa 38,896 1.65 0.1310 0.0529 0.4479
7 HaiBaTrung 32,210 1.37 0.1085 0.0438 0.3709
8 HoangMai 6,725 0.29 0.0226 0.0091 0.0774
9 ThanhXuan 23,589 1.00 0.0794 0.0321 0.2716
10 SocSon 906 0.04 0.0031 0.0012 0.0104
11 DongAnh 1,734 0.07 0.0058 0.0024 0.0200
12 GiaLam 1,953 0.08 0.0066 0.0027 0.0225
13 TuLiem 3,930 0.17 0.0132 0.0053 0.0453
14 ThanhTri 3,073 0.13 0.0103 0.0042 0.0354

The spatial distributions of domestic emissions are calculated
based on locations of residential areas in Hanoi which was shown
in Figure 6.9:
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Figure 6.9.

Emissions of SO derived from domestic cooking are shown in

Figure 6.10.
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Figure 6.10. Distribution of SO, emission from domestic cooking (g/s)

The time variation for domestic sources is obtained from the actual
habits of cooking in Hanoi based on information from a survey
(Do, 2009). The monthly factors and day of the week factors for
domestic source were assumed constant. The hourly factor for the
diurnal variation was distributed in 24 hours based a information
from SVCAP project (Do, 2009), see (Figure 6.11).
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Figure 6.11. The time variation for domestic source

6.4 OML Meteorological Preprocessor

Meteorological data need to be processed before they are suitable
for use by the OML model. The OML meteorological preprocessor
is a software package to take care of this task. The preprocessor
requires hourly surface-based meteorological data and radiosonde
data to calculate turbulence parameters and mixing height. The
OML model needs hourly data to perform calculations, and
typically one year of data are used (Olesen, 2007). These data
describes the meteorological characteristics of the boundary layer
where the mixing of air pollutants mixing is taking place. The
Lang station is provided surface-based meteorology data for 2007,
while radiosonde soundings for 2007 have been taken from Hanoi
airport. The data set from 2007 is sufficient for an integrated air
quality assessment. Dr. Helge Reordam Olesen, NERI has
contributed to this project by running the meteorological
preprocessor for the Hanoi case study.

6.4.1 Hourly surface based meteorological data

Hourly metrological data from the Lang Station were used as
hourly surface-based meteorological data for modelling. Wind
speed and wind direction is shown in Figure 6.12:
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Figure 6.12. Annual wind rose 2007 for Lang Station

For OML modelling, the aerodynamic roughness has to been set to
0.3 m as an empirical constant for urban areas, both for the area
with the Lang station and for the modelling area in general.

The monthly average rainfall and temperature of Hanoi in 2007 are
presented in Table 6.15.

Table 6.15. Monthly average rainfall and temperature of Hanoi in 2007 (Lang Station)

Month Monthly Rainfall (mm) Monthly Temperature (°C)
Average Average Max Min

Jan 48 16.6 25.8 11.1
Feb 32.7 21.6 28.5 13.1
Mar 34.7 20.6 28.7 11.3
Apr 119.5 23.2 33.5 14.0
May 135.8 27.0 38.1 19.7
Jun 249.0 29.8 37.7 229
Jul 300.4 30.1 36.4 24.9
Aug 359.8 28.9 36.0 234
Sep 354.5 27.0 33.1 22.1
Oct 160.8 25.6 32.5 19.3
Nov 4.6 215 28.2 13.2
Dec 281 20.0 27.6 14.4

Based on the rainfall in Table 6.15, the dry season in this study is
defined from May to October, and the wet season is the other
months. The dry and wet seasons will be used in comparison of
model results and observations.
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For Hanoi, turbulence parameters are calculated based on the so-
called resistance method. The resistance method uses
measurement data performed on a routine basis based on national
meteorological stations (so called synoptic stations). Input data for
Hanoi are the data from Lang meteorology station. The parameters
used from the mast are wind direction and speed, temperature,
relative humidity, cloud cover and global radiation. Information
on rainfall also comes from the Lang Station.

The OML meteorological preprocessor does not accept a wind
speed of zero. A program to prepare wind data takes care of this
problem and some other tasks. It replaces missing wind directions
with values generated based on wind direction for the previous,
the current and the next hour (Olesen, 2007). Missing data for
wind speed are filled in with interpolated values. The program
defines a default wind speed of 0.5 m/s in the case that wind
speed is zero. The OML model requires a parameter indicating the
change of wind direction from one hour to the next, which is also
computed in this step.

The central component of the preprocessor computes turbulence
parameters from ordinary meteorological data, using the
resistance method. The input are the data listed above, and the
output includes the turbulence parameters u* (friction velocity), H
(sensible heat flux), L (Monin-Obukhov length), all of which carry
important information on dispersion (Olesen, 2007).

6.4.2 Radiosonde data

The OML model needs information of mixing height. Mixing
height is derived from the surface based meteorological data,
combined with radiosonde data, which provides a vertical profile
of various parameters. The radiosonde data provide information at
00 and 12 GMT. The parameters required by the OML
meteorological preprocessor are: Pressure, temperature and
relative humidity at as many vertical positions as possible (Olesen,
2007). The radiosonde data for Hanoi was collected from the
websit of the University of Wyoming (University of Wyoming,
2008). The code for the Hanoi Station is 48820 VVNB Hanoi.

A program in the preprocessor package (READSOND.FOR) has
been used to process radiosonde data and prepare them in a
format appropriate for the OML preprocessor. Next, the so-called
ZI program of the preprocessor was executed in order to compute
mixing height for all hours of 2007. An adjusted version of this
program was created by Helge Rerdam Olesen in order to be
applicable for Vietnamese conditions.

The pre-processor package was applied successfully to produce
one year of hourly meteorological data (2007).
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6.4.3 Topographical data

The OML model has simple procedures for terrain effects on dis-
persion of air pollutions. The effect from the terrain on concentra-
tions depends on terrain height and the largest terrain inclination.
In Hanoi the terrain is flat and the terrain height is set to zero. The
aerodynamic roughness length is assumed to be 0.3 meters. The
roughness length represents the overall roughness of the terrain in
the OML model. Often, a value of 0.1 m is used in the countryside
and 0.3 m in urban areas. This roughness length is based on a sur-
vey from 2007 (Son D.H et al., 2008).

6.5 Regional air pollution background data

Among the meteorological station network nearby Hanoi, there
are 2 meteorological stations which have been considered as
regional background stations for meteorological and air quality
data (Long D.H., 2009):

1. Phulien Station: Located about 100 km to the north east of
Hanoi. It is also located close to the city of Haiphong.
Therefore, this station is not representative for the regional
background. The NOx concentration of this station is even
higher than at the Lang Station which is an urban background
station.

2. CucPhuong Station: Located in the national forest also named
CucPhuong, situated around 100 km to the south of Hanoi.
The monitoring data is fragmented due to unstable power
supply in 2007. Therefore the data is not sufficient for
modelling. However, the concentrations of O3 and CO from
this station are considered for estimating the average
concentration of the regional background.

In order to create a data set with hourly values for the regional
background air pollution, the average concentrations from
locations representative for regional conditions obtained from the
campaign using passive sampling in 2007 are used and the diurnal
variation is obtained from the hourly data from the Lang Station.
The mean value for correction of NO; and SO; are shown in Table
6.16:

Table 6.16. Regional background mean concentrations in 2007 (ug/m®)

Dry season 12/1/07-5/2/07

Wet season 18/8/07 -12/9/07

Pollutant ) Regional site . Regional site
Lang station ) Lang station :
Passive sample Passive sample
NO, 43.7 21.3 58.3 14.0
SO, 61.8 22.6 27.0 6.3

The campaign using passive sampling was conducted during two
time periods in 2007. The measurements from 12 January to 5
February 2007 are representative for the dry season and the
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measurements from 18 August to 12 September 2007 are
representative for the wet season. Based on the information in
Table 6.15, those months which belong to the dry season
(November, December, January, February, March and April) will
be adjusted by measurements from 12 January to 5 February 2007.
The other months from May to October which belong to the wet
season will be adjusted by measurements from 18 August to 12
September 2007.

The adjusted time series will have the mean value equivalent to
the mean value of the campaign using passive sampling is the real
rural data. A sample of the correction was presented in Figure 6.13:

Average diurnal variation of NO, at Lang station for regional

background (12 January - 5 February 2007)
80 -

—e— Original average value of cNO2_b
70 —a— Corrected average value of cNO2_b
= \ean value by passive sample in 2007

Concentration (ug/m®)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hour

Figure 6.13. Annual diurnal variation of NO; (12 January to 5 February 2007)

The OML model also requires hourly Os concentration from the
regional background for simple photo chemistry calculations.
Available Os; concentrations in Vietnam were collected together
with O; data from Bangkok, Thailand. The mean values of all
collected data are shown on Table 6.17:
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Table 6.17. Annual O3 concentrations from different stations (ug/m?®)

No Monitoring Station  Time No of O3z Mean  Max Min
Measurement
lyear
1 Vietnam (Long D.H., 2009)
1.1 Lang, Hanoi 1/2007-12/2007 8670/8670 247 114 1.96
(Urban Background)
6/2007-12/2007 296 114 1.96
1.2 CucPhuong (Regional 6/2007-12/2007 4471/8670 36.4 110 8
site)
1.3 GiaLam, Hanoi 1/2010-3/2010 2188/2188 33.0 258 0
2 Thailand: Bangkok (Le, 2008)
2.1 BMR 2004 - 325 384
(Urban background)
2.2 Eastern, 2004 - 39.0 272
(Regional background)
2.3 Northern, 2004 - 404 247
(Regional background)
2.4 Northern Eastern, 2004 -- 457 241

(Regional background)

Compared to the ozone data from Bangkok (GiaLam station) the
mean ozone concentration at CucPhuong (regional site) in Table
6.17 seems to represent regional conditions. However, this station
has only hourly ozone data for half of the year in 2007. Therefore,
the mean value for this half year was assumed as the annual mean
value of ozone concentration at the CucPhuong station. This mean
was used to represent the average regional ozone concentrations
for the OML modelling. To construct hourly regional O;
concentration data, a scaling was introduced based on the hourly
variation of Os at the Lang station. It is obviously a very crude
assumption as the hourly variation in regional ozone
concentrations will not be the same as the hourly variation at the
urban background site of the Lang Station as Os concentrations
here will be influenced by the NOx emissions of the city.

Measurements of CO concentrations in 2007 are not available for
Hanoi. The mean value (59.0 pg.m3) of all available data of CO
concentrations in 2007 at the CucPhuong station was assumed to
be representative for the regional background concentration of CO.
It was applied as a constant value for all hours for the whole year
for the OML model calculations.

The OML model requires the hourly input data in pg.m3. The
conversion factors between ppb and pg.m=3and ppm and mg.m?3 is
normally based on European conditions (EC 20 °C and 1013mb).
Due to the hot weather in Hanoi, the appropriate conversion
factors at 25°C and 1013mb are used (Table 6.18).
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Table 6.18. Conversional factors between ppb and g.m-3 and ppm and mg.m™

Pollutant EC 20 °C and 1013mb WHO 25 °C and 1013mb
Ozone 1 ppb = 2.00 ug.m> 1ppb=1.96 pg.m?
Nitrogen dioxide 1ppb=1.91 pg.m? 1 ppb=1.88 pyg.m?
Carbon monoxide 1 ppm =1.16 mg.m* 1 ppm = 1.15 mg.m>
Sulphur dioxide 1 ppb =2.66 pg.m* 1 ppb=2.62 pg.m?
Benzene 1 ppb 1 ppb =3.25 pg.m? 1 ppb =3.19 pg.m?

NOx in pg.m3is expressed as NO». i.e. (NO ppb + NO» ppb) * 1.91
= NOx in pg.m3.

6.6 Urban background measurements

6.6.1 Campaign using passive sampling

As already mentioned in section 5.1.7 chapter 5 (page 84), 45
measured points which were not affected by the pollutants directly
from streets are considered as actual urban background. The
location of urban background points are shown in Figure 5.31.

The measurements will be used to evaluate the modelling outputs:
Measurements from 12 January to 5 February 2007 are
representative for the dry season and the measurements from 18
August to 12 September 2007 are representative for the wet season.
The measurements together with ID codes are presented in Table
6.19:
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Table 6.19. Pollutant concentrations of urban background sites from campaign using
passive sampling in 2007(ug.m™) (SVCAP and Fabian, 2007)

Code GPS Coordinates - Dry season Wet season
WGS_1984_UTM_Zone_48N  12/1/07-5/2/07 18/8/07-12/9/07
North East NO; SO; NO; SO;
VT1 583039 2332121 26.6 21.2 20.1 9.7
VT2 584624 2331835 27.9 225 271 11.8
VT3 585302 2331023 26.4 22.7 13.8 214
VT4 584423 2330327 31.3 19.5 19.3 5.2
VT5 585887 2330024 27.8 19.7 227 10.1
VT6 586907 2329348 21.9 20.0 15.6 5.1
VT7 583871 2328821 27.3 254 19.4 7.5
VT8 585580 2329387 23.8 15.2 17.0 6.8
VT9 586541 2329607 21.6 17.6 38.9 10.1
VT11 583264 2327804 24.2 25.0 20.7 20.0
VT12 584232 2328013 274 34.5 17.4 7.7
VT15 582771 2326411 29.7 221 20.3 141
VT16 583941 2326624 32.2 26.5 23.7 16.3
VT23 585289 2325723 38.6 30.7 27.7 15.2
VT24 586559 2325572 50.1 26.5 35.3 11.6
VT27 581655 2324564 252 14.1 25.6 13.3
VT30 585528 2324709 36.1 30.4 26.4 8.3
VT32 587759 2324518 49.6 36.4 374 17.7
VT35 583690 2323748 325 30.5 26.2 13.9
VT46 588931 2321977 35.7 44.3 28.8 17.3
VT52 585402 2320846 26.2 27.7 27.7 12,5
VT53 586627 2320406 33.6 29.1 26.9 20.5
VT56 590098 2320926 28.8 35.2 25.2 171.6
VT57 591340 2320460 41.5 26.3 26.1 17.0
VT58 592422 2320714 23.5 24.0 23.4 10.1
VT59 593522 2320773 19.2 231 16.0 13.9
VT61 585264 2319725 28.7 42.3 19.1 15.6
VT62 586715 2319405 31.5 34.6 24.4 20.7
VT63 587800 2319564 29.9 27.7 18.5 13.7
VT64 589062 2319831 24.5 26.7 194 17.3
VT65 590126 2319578 26.8 23.8 17.7 9.4
VT66 591032 2320540 28.5 34.0 26.7 15.5
VT68 585340 2318422 23.2 23.6 15.9 11.7
VT69 586930 2318626 30.8 28.9 19.7 11.7
VT71 589128 2318426 432 257 32.8 9.5
VT72 583039 2332121 30.2 26.5 21.8 14.6
VT73 584624 2331835 29.1 22.1 29 134
VT74 585302 2331023 24.7 20.9 19.9 8.8
VT75 584423 2330327 20.8 23.7 12.7 10.2
VT76 585887 2330024 24 .4 194 24.3 8.1
V177 586907 2329348 24.9 24.7 174 21.2
VT78 583871 2328821 23.1 23.1 18 7.3
VT79 585580 2329387 25.7 19.0 15.7 8.8
VT85 586541 2329607 21.0 211 11.4 9.4
VT96 583264 2327804 27.3 26.3 34.2 11.9
Mean 29.0 25.9 22.8 16.2
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6.6.2 Hourly data from the Lang Station

The hourly monitoring data of NO, SO, and CO for the whole
year of 2007 was also used for evaluation of the model outputs.

6.7 Evaluation of model results against observations

The OML model wuses meteorological data produced by
meteorological preprocessor program and the emissions from
traffic, industrial and domestic sources which was managed in a
GIS data base. The OML model was run for the same periods as
the available measurements for comparison and evaluation of the
model results.

6.7.1 Dry season and wet season in 2007

The OML model was used to model the concentrations of NO> and
SO, with 45 receptor points for the locations of the campaign using
passive sampling in the dry season (from 12 January 2007 to 5
February 2007) and wet season (18 August 2007 to 12 September
2007) (CENMA and SVCAP, 2008). The mean values of model
outputs will be compared to the values from the corresponding
periods from the campaign using passive sampling in Table 6.19
for an evaluation of the model data.

The correlation between modelled and observed NO: for dry and
wet season are presented in Figure 6.14- Figure 6.17:
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Figure 6.14. Mean concentration of NO, for 45 measurement points— Dry season 2007
(ug/m®).
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Figure 6.15. Scatter plot for observed and calculated mean concentrations of NO, — Dry
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Scatter plot for observed and calculated mean concentrations of NO2
Wet season 2007 (18 Aug - 12 Sep 2007)
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Figure 6.17.  Scatter plot for observed and calculated mean concentrations of NO,—
Wet season 2007 (ug/m°).

Model results overestimate observations and the spatial variation
in observations is not very well reproduced. The mean value of
measured data for NO; from the 45 urban background points is
80% of the modelled mean for the dry season. For the wet season it
is 50% and further studies are needed to understand why. NO is
not affected much by wet deposition so deposition processes can
not explain that NO» is lower during the wet season. Differences in
mean monthly wind speeds do not seem to explain why modelled
NO; concentrations are substantially lower during the wet season.
However, the correlation between modelled and observed
concentrations according to the scatter plots is poor with r2 of only
0.01-0.07 (Figure 6.15, Figure 6.17). It indicates a further need to
improve the emission inventory for the modelling inputs in terms
of the level and spatial distribution. Regional background ozone
concentrations were crudely assumed to be constant which make
little variation in modelled NO,. More precise input data will
make better correlation between modelled and observed data.

The correlation between modelled and observed SO for the dry
and wet seasons are presented in Figure 6.18 and Figure 6.20:
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Figure 6.18. Mean concentration of SO, for 45 measured points— Dry season 2007
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Comparison between observed and modeled
mean concentrations of SO2 - Wet season 2007 (18 Aug - 12 Sep 2007)
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Figure 6.20. Mean concentration of NO, for 45 measured points— Wet season 2007
(ug/m®).
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Figure 6.21.  Scatter plot for observed and calculated mean concentrations of SO, —
Wet season 2007 (ug/m°).

The model slightly overestimates during the dry season and
slightly underestimates during the wet season. The correlation
between modelled and observed SO: concentration according to
the scatter plots (Figure 6.19, Figure 6.21) is also poor but slightly
better compared to NO>. 12-13 % of measurements are explained
by the model (r2=0.12-0.13). It also indicates that there is a need to
improve the emission inventory for the modelling inputs.

6.7.2 Evaluation of model results for the Lang station in 2007

The OML model was also used to model the hourly concentrations
of NO», SO, and CO at location of the Lang station. The values of
model outputs for NO,, SO, CO at the Lang Station are compared
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with the monitoring data from the Lang station for an evaluation
of the performance of the model.

The correlation between modelled and observed NO;

concentrations for the Lang station location is presented in Figure
6.22:
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Scatter plot for observed and modeled hourly concentrations of
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Figure 6.22. NO, modelled vs. NO, observed at the Lang Station in 2007 (ug/m®). The
dry season in this study is defined from May to October, and the wet season is the other

months.
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The correlation between modelled and observed NO>
concentrations at the Lang station location according to the scatter
plot (Figure 6.22) is much better than for the campaign using
passive sampling. The model explains 36% of the variation in
measurements (r2=0.36). When compared to the Vietnamese
standard 5937-2005: Air quality - Ambient air quality standards
(equivalent to EU and WHO level) the limit value (40 pg/m?3) as an
annual mean is just exceeded. The diurnal and monthly variations
of NO; are influenced by the meteorology conditions. As expected
the concentration is low when the wind speed is high and vice
versa but the picture is not clear as other factors also play a role. In
the modelling it was assumed that the seasonal and day of the
week variation in emissions was constant but this may not be the
case and may partly explain difference in modelled and observed
results.

The correlation between modelled and observed SO»

concentrations for the Lang station location is presented in Figure
6.23:
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Scatter plot for observed and modeled hourly concentrations of
SO2 at Lang Station
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Figure 6.23. SO, modelled vs. SO, observed at Lang Station — 2007 (ug/m3)
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The correlation between modelled and observed SO, concentrations at
the Lang station location (according to the scatter plots) is also better
than for locations representing the campaign using passive sampling. 30
% of the measurements are explained by the model. When compared to
Vietnamese standard 5937-2005: Air quality - Ambient air quality
standards, SO concentrations are below the standard at the Lang station
(Figure 6.23). However, compared to EU and WHO Standards, the
average measured and modelled concentrations are higher than the
standard.

The correlation between modelled and observed CO concentrations for
the Lang station location is presented in Figure 6.24:
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Scatter plot for observed and modeled mean concentrations
of CO atLang Station
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Figure 6.24. CO modelled vs. CO observed at the Lang Station in 2007 (mg/m?®)
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For this modelling study, CO measurements were not available for
the campaign using passive sampling or for the regional
background. The correlation between modelled and observed CO
concentrations for Lang station receptor point is poor as the model
only explains 4% the monitoring data in a scatter plot (r2=0.04).
The hourly mean values and monthly mean value however
correlated to the wind speed data.

6.7.3 Spatial variation annual city in 2007

The OML model was also run with the receptor points for all the
centre points of 1 km x 1km grid applied to the whole city. This
data is used to describe the spatial variation of the annual mean
concentration of NO> and SO, in Hanoi. The spatial variation of
modelled results for NO, and SO are shown in Figure 6.25 and
Figure 6.26.
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Figure 6.26 Spatial variation for annual urban background concentrations of SO, in Hanoi
in 2007
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The spatial distribution of the yearly mean values in Figure 6.25
and Figure 6.26 show that the city centre is highly polluted by NO>
and SO;. The pollution is higher in the locations where the
industrial areas are located. NO; is mostly emitted from traffic. In
fact, emission of NO> was shown to closely relate to the spatial
distribution of traffic (Figure 6.5). SO2 emission represents the
domestic cooking source and was also found to correlate to the
spatial distribution of residential areas (Figure 6.10). Such strong
correlations between pollutant concentrations and the distribution
of emission sources indicate the dependence of pollution level
upon the proximity to emission sources.

6.8 Summary

In this model study, OML modelled urban background air quality
calculations were compared with measurements from a campaign
using passive sampling including 45 sites, and with hourly
measurements from the urban background monitor station of Lang
Station. The model was also used to calculate air quality at
receptor points in a 1x1 km?2 grid over Hanoi to give the spatial
distribution of air quality in the city. The results show a potential
to estimate the air pollution level in the city based on the data from
a pilot project that was extrapolated to the rest of the city based on
various land-use data.

The OML modelled pollution results based on the estimated
emission inventory gives a first attempt to describe the air quality
levels at the urban background scale. The OML model reproduced
the general air quality levels for NO, and SO, at the 45 campaign
sites but did not fully capture the geographic variation in the
measurements as the correlation between modelled and measured
data was poor (r2=0.12-0.13). The correlation between hourly
modelled and observed NO, and SO» concentrations at the Lang
station location was much better than for the campaign using
passive sampling. The model explains 36% of the variation in the
measurements for NO; and 30% for SO, r?=0.36 and 0.30,
respectively. The general trends in the diurnal and monthly
variations of NO, and SO» are reproduced fairly well and it is
clearly seen that the variation is influenced by the meteorology
conditions. The model output will be much better if an emission
inventory was systematically built up and managed by a single
institution in Vietnam. In this study, the variations of air quality in
the regional background were created by an urban background
data set. Therefore the variation may not be representative for the
regional conditions.

The air quality data set from the Lang station also needs better
quality assurance and quality control.
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The modelled spatial variation of air pollution is a useful result
based on a combination of emission data on GIS, modelled output
results and measurement. Based on these data, environmental
authorities and policymakers can describe the environmental
status (air pollution level) and the driving forces of air pollution
(the sources and its developments) for the environmental
management and sustainable development of urban planning.
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7 DPSIR analysis of application of
dispersion models in Hanoi

This chapter presents the shortcomings and potentials for
application of the OSPM model and the OML model in Hanoi,
Vietnam for air quality assessments. The DPSIP framework is used
to analyze dispersion model applications in the future.

Approach

Modelling provides a link between the emission inventory data
and the monitoring data. If the emission inventory, meteorology
data and all of its inputs were perfect, the air quality model would
predict measured pollutant concentrations from high quality
monitor stations with high certainty. In Hanoi, as a case study of a
developing country, these perfect conditions can not be expected,
so the three components (emission inventory, monitoring, and
modelling) are used together in an integrated approach of
adjustment, evaluation, and refinement. Each tool is used to help
in identifying the shortcomings of the others and to identify what
improvements are needed. The DPSIP framework is used as a tool
to analyze the complexity of linkages and feedbacks between the
DPSIR components within the application of dispersion models
(OSPM and OML models).

Driving forces in relation to dispersion modelling

The driving forces are the social forces leading to the emissions.
For the dispersion modelling applications in the cities, the
information of urbanization (Figure 1), motorization (table 3.1),
and industrialization are required. Those data is used for uptrend
analysis. The dispersion modelling can predict the pollution level
based on the different scenario analysis for the future. The urban
development also puts more pressure on the emissions leading to
increase in pollution levels. Therefore, these developments are
important to evaluate to be able to assess air quality in the future.
The growing in transport, industry, and household activities in
Hanoi must be well documented in order to estimate the
development in emissions. As experienced in the past, the data is
fragmentarily collected with varying quality and collected by
different institutions. If only one institution was assigned this task
then the data would be more well managed in one system for
modelling purposes. In Hanoi, CENMA would be a suitable
institution in charge of this task. The data of road networks must
be managed in a GIS based data. The industrial source data is
expected to be documented precisely for each stack. However, this
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task needs an enforcement legal framework and also time to be
build-up. For immediate results, the estimation of emissions from
industries can be estimated based on the fuel consumption or
product amount. A method for this was applied in the OML model
study in chapter 6. For the emissions from domestic sources, a GIS
based map of residential areas and the fuel consumption for
domestic cooking in the whole city is sufficient to estimate the
emission from domestic sources. Those data if collected and
managed in a systematically way would be very helpful for
pollution prediction by modelling. The information of pollution
levels predicted by dispersion models from different scenarios can
provide feedback to the authorities about the development in the
driving forces and suggest adjustments to be made. This may help
to control the driving forces for better an urban sustainable
development.

Pressure in relation dispersion model

The pressure is the emissions of air pollutants (e.g. TSP, NOx, CO,
SOz and VOC) in the city. Each emission source emits certain
pollutants. Concerning air quality modelling it is necessary to
identify the most important sources for each pollutant. Then
authorities can manage a suitable emission inventory for them. An
emission inventory is an efficient tool to manage emission source
activities. It is used to produce the input data for dispersion model.

In Hanoi, the TSP comes mainly from non-exhaust sources: re-
suspension of dusts from streets, road wear, tyre wear and break
wear. For particulate matter, it is important to estimate the vehicle
volume and distribution as they affect non-exhaust. Construction
activities also contribute to coarse particulate matter. The relative
humidity and rain also have an effect on the concentration of
particulate matter in the air. In order to model particulate matter
this information is important.

Vehicles use fuel and emit pollutants such as PMig, NOx, CO, SO»,
VOC. Concerning vehicle emissions, the emission factors (g.km-1)
are the most uncertain due to the usage of old cars. Apart from
emission factors, the necessary parameters to estimate emissions
are information about the vehicle fleet, vehicle kilometre travelled,
and the road network. The study of the OSPM model in Hanoi
(chapter 5) shows that it is important to have experimental studied
on emission factors for each vehicle category in Hanoi. It is
recommended from this study to categorize the different road
types according to traffic flows and manage a road network in a
GIS to be able to predict the spatial distribution of emissions from
streets for easy handling in models.

Combustion activities from industries emit many air pollutants
such as: NOx, CO, SO,, VOC, and PMio. The following fuels: Coal,

160



7.4

fuel oil (FO), diesel oil (DO) are mainly used in factories in Hanoi.
Concerning the estimation of emissions from point sources, the
necessary parameters are amount of fuel consumed per day (or per
year), yearly production schedule, parameters for stacks such as
volume, height, and diameter. The emission inventory of
industries needs to be located by GPS and placed in a GIS map for
modelling purpose.

Domestic cooking produces pollutants such as CO, SO, NO,,
VOC, and PMjyo. In the city, this source is assigned as an area
source. The application study of the OML model in Hanoi
(chapter 6) shows that it is important to have geographic
information about the residential areas and population density to
be able to assign domestic emissions to the areas where these
emissions are released. Then emissions can be distributed in an
emission grid (1 km x 1 km) in a GIS map for air quality modelling.
The emission inventory for domestic emissions is based on the
population density that also needs to be build-up with the
parameters suitable for each particularly area. Middle class and
upper classes of urban citizens are moving towards usage of
natural gas instead of FO, DO fuel and coal. The detailed survey
information available for the ThanhXuan district was used to
extrapolate to the rest of the city. This means that the emission
data from the pilot project in ThanhXuan district may not be
representative for the domestic sources applied to the whole city
since the ThanhXuan district is dominated by middle and upper
class citizens.

From an institutional point of view, human resources at CENMA
should be able to analyze the trends in pressures of emissions and
the effect on air quality in the city. Then CENMA can recommend
solutions to manage and reduce the emissions from the sources.
Currently, only the actual state of air quality is assessed through
limited air quality monitoring.

In summary, to improve air quality modelling, it is necessary to
identify the sources of air pollution and locate them on a GIS map
and build-up an emissions inventory system.

State in relation with dispersion model tasks

The state indicates the air quality in the urban area. It can be
analyzed by an integrated air quality monitoring system.
Integrated air quality monitoring is monitoring based on results
from air quality measurements from fixed monitoring stations, and
results obtained from calculations with air quality models.

For application and evaluation of dispersion models, monitoring

stations must be in a system and all the observed data must be
managed in a central data base. Some monitoring stations at street
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level and at urban background and at least one rural background
station must be included in the monitoring networks to reflect the
different air environments inside and outside the city. The data
from the monitoring stations is the basic data that presents the
actual level of air pollution in the city. It was visualized in Figure
4.2. Monitoring data of regional background stations represents
concentration of rural areas and it is the input to calculate the
urban background level when adding pollution contributions from
urban areas. A regional background monitoring station
representative for upwind conditions for Hanoi is lacking at
present. The urban background monitoring station data represents
the concentrations of urban background, that is, concentrations at
roof tops or in a park not affected by a single strong source. It is
used to evaluate and validate the urban background calculations
by the OML model. Due to the cost implications, monitoring can
only be carried out in selected locations but the OML model can
provide the spatial distribution of air quality for the entire city.
Urban background monitoring data may also be used as model
input data for calculation of street pollution levels by the OSPM
model. Data in street stations can be used to estimate the pollution
contribution directly from traffic by OSPM modelling.

Environmental authorities and managers can estimate the
pollution level by a combination of model results and data from
the monitoring network to set up the regulations needed for
managing the air quality in the city.

Available data at monitoring stations should be managed and
linked to a central database of the city. This data can be presented
in some pollution information boards in streets showing the air
quality levels to the public to raise awareness. CENMA is the
suitable institution for this task. Human resources of CENMA
should be trained to maintain the monitoring network and air
quality data management.

Temporal campaign measurements using passive sampling can
supplement fixed monitoring stations in combining with the
modelling data in an Integrated Monitoring and Assessment
(IMA) framework. The campaign measurements should be carried
out in Hanoi at several locations in a program for environmental
monitoring. The campaign measurements can be carried out at
representative places such as road side, urban background, and
regional background. The quality control and quality assurance
must be carried out with professional calibration of instruments
and sufficient checking of data to provide for high quality
measurement data. This requirement is a necessity to be able to use
measurement data for evaluation and validation of results from
dispersion models. Vice versa, the model calculations can provide
the pollutant concentrations at locations that are not covered by
the limited number of campaign measurements or the fixed
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monitoring stations. The results from the air pollution models are
also used in the interpretation of measurements.

In summary, dispersion models play an important role in the
integrated air quality monitoring system. Dispersion models can
provide the information at any place in the city to describe the
state of urban air quality.

Impacts in relation to dispersion models

Human health effects are important impacts of urban air
pollutions. Other impacts are related to materials, green areas or
such.

Dispersion models are a sufficient tool to estimate human
exposure to air pollution. The information needed to estimate
human exposure (in the whole city) is the spatial distribution of
pollutant concentrations and population data through the city
area. The health impacts can be estimated by information about
pollution level and exposure, dose-response relations, and health
effect baseline data for key health effect outcomes. In Vietnam,
particularly in Hanoi, an assessment of the health impacts of air
pollution has not been carried out. However, there is a lot of
international studies on health effects related to urban air pollution
from which assessments for Hanoi could be based.

Responses in relation to dispersion models

The responses are the actions that the government, institutions,
companies and individuals etc. decide to make to react to the
negative change in urban air pollution. Responses are actions
taken to protect human health and reduce the damage to the
environment, buildings etc.

As already mentioned under State and Impact, dispersion models
can provide information about air quality and they can provide
input to estimation of the impacts of air pollution. The air
pollution models are also used to provide information about the
pollution source and their relative contribution to air quality.
Furthermore, scenario studies are ‘what if’ studies that examine
different abatement measures and their effects on air quality.
Based on this information authorities and citizens can decide on
which actions to take.

The most important response is to reduce the emissions. Based on
the information provided by modelling data, environmental
authorities such as the city council can make an action plan to
reduce emission sources. Technology plays an important role in
reducing emissions. For example, one way to reduce emissions, is
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to shift to cleaner fuels like natural gas for domestic cooking
instead of using polluting fuels like coal and kerosene. Another
example of emission reduction is end-of-pipe treatment e.g. filters
on stacks or catalytic converters on cars. In Hanoi, the main
pollution comes from traffic. Authorities could define a low
emission zone in Hanoi to protect the urban centre area from air
pollution from traffic by requiring certain emission standards for
vehicles to enter the low emission zone.

Another response is dilution. Although this response does not
reduce overall emissions the impacts of air pollution is reduced
due to dilution. For an example, in Denmark regulation of
industrial air pollution is regulated with a combination of emission
limits and limit values for the contribution to the ambient
concentrations. Once the emission limits are met the remaining
emissions have to be diluted to meet limit values for the
contribution to ambient concentrations.

The final solution as a response is to separate the emission sources
and the sensitive receptors e.g. by removing people from pollution
if there is no way to stop the harmful emissions. An example is to
move the factories out of residential areas. The new location
should be downwind of the prevailing wind directions to
minimize population exposure. Dispersion models can be used to
estimate those conditions that cause potential air pollution
problems in certain locations.

All those responses must be considered in a complex social and
economic context. Parallel with the economic development, the
emissions from business activities (traffic, industries, domestic) in
the urban area will increase rapidly. There is no ways to stop this
process but there are efficient ways to minimize emissions and
their negative effects.

The air quality based on the integrated monitoring and assessment
should be managed in a systematic way. The lesson learnt can be
taken from the diagram of the structure of the framework directive
by the European Union on ambient air quality assessment and
management (Figure 7.1) (EU directive 2008). The idea is that
authorities can set up legislation with ambient air quality limit
values and require actions to be taken if they are not met.
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The groups in Figure 7.1 are the different environmental zones
related to different pollution levels. The authorities have to report
to the EU Commission for all the zones about the pollution level
every year or every third year depending on the air pollution
levels. For zones where the pollution level does not meet the limit
value (group 1) authorities have to maintain and improve the air
quality based on an action plan. Zones where pollution levels are
between the limit values and the limit value plus margin of
tolerance (group 2) must report annually to the EU Commission to
ensure that the limit value is met by an attainment date. The idea
of the margin of tolerance is to make sure that some actions are
carried out before the date in which a limit value must be met is
reached. Zones belonging to group 3 where air quality is below the
limit value only have to report every third year and ensure that the
good air quality is maintained wuntil the attainment date (EU
directive 2008; Palmgren, 2000).

Summary

In summary, the selected dispersion models are operational, user-
friendly and reliable to use provided availability of high quality
input data. They have a good chance to be applied in developing
cities as a predicted tool to supplement costly operation of fixed
monitoring stations and campaign measurements. In the
Integrated Monitoring and Assessment (IMA) framework,
dispersion models can provide the information of pollution level at
any location as required. The result from air pollution models can
be used in the interpretation of monitoring and campaign
measurement data. Dispersion model also can provide information
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about the contribution to concentrations of the different pollution
sources; and furthermore, link the pollution levels to health effects
caused by air pollution.
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8.2

8 CONCLUSIONS

Summary of the research

A systematic evaluation of dispersion models as a tool for air
quality assessment and management in a Vietnamese context was
conducted with focus on technical as well as management aspects.
The research studied the application of dispersion models in line
with the Integrated Monitoring and Assessment (IMA) concept.
The research mainly focused on the application and evaluation of
Operational Street Pollution Model (OSPM) and Operational
Meteorological Air Quality Model (OML) which are operational
and applicable dispersion models for assessment of street and
urban background air quality. An evaluation of model calculations
against available measurements was carried out. This study
contributed to a systematic evaluation of air pollution conditions
in Hanoi and identified factors that influence air quality.

Answers to research questions

The answers to the research questions are dedicated to apply
dispersion models as an assessment tool for urban air quality
assessment and management in Hanoi as the case study.

1. The first question: What are the most important factors
influencing air quality in the urban areas and how does
this affect the choice of appropriate air quality models?

The answer:

The most important factor influencing air quality in Hanoi is traffic
emissions. Parallel with the rapid increase in population in urban
areas, traffic demand is also increasing rapidly which leads to
increase in emissions and degradation of air quality. Other
important sources affecting air quality are industry and residential
cooking. The industrial factories use coal in Hanoi which lead to
severe local air pollution in the area where the factories are
located. Hand-fired coal used for cooking in Hanoi cause air
pollution indoors.

The second important factor is meteorological conditions. The
meteorological conditions in Hanoi are not advantageous to the
dispersion of air pollutants. Low wind speeds combined with high
temperatures cause elevated air pollution level in the city centre. In
the monsoon season, the air near ground surface cools faster than
the upper layer. Therefore, it prevents emissions from rising and
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be diluted. The nocturnal radiation inversion also causes the air
pollution levels at night to be 2-3 times higher compared to the
daytime.

Thirdly, typographical factors play a role. The flat terrain in Hanoi
is an advantage for air pollution dispersion. Furthermore, the
street building facades are generally low and the street canyon
effect leading to elevated air pollution levels is therefore also
limited. Traffic Produced Turbulence (TPT) is an important factor
for the dispersion of pollutants at the street scale especially under
low wind speed conditions.

Based on the available information of emission inventories
together with meteorological, and topographical conditions in
Hanoi, dispersion models are suitable for air quality modelling
purposes since they are simple, operational, user-friendly and
reliable.

For this study, the Operational Street Pollution Model (OSPM) and
Operational Meteorological Air Quality Models (OML) were
selected as dispersion models as they fulfil the above criteria. They
are developed at the National Environmental Research Institute in
Denmark. The advantage for this choice is also due to the available
technical supports within NERI. In this research, the OSPM model
is applied to evaluate the air pollution level at street scale. The
OML model together with a data base in GIS is used to calculate
and map the air pollution level at the urban scale in Hanoi. The
research, however, also illustrated the challenges of applying
dispersion models under the conditions in Hanoi and recommends
for further improvements for dispersion model applications.

2. The second question: What are the most important
technical factors and institutional factors for successful
adaptation and application of air quality models in a
Vietnamese context?

The answer:

The most important technical factor that influences the efficiency
of dispersion models is the reliability of traffic and vehicle
emission data. Ideally, a GIS data set with detail parameters of the
road network, vehicle volume for each street and studies of
emission factors for each vehicle category must be in place.

With regard to industries, emission sources should be managed in
an emission inventory with detailed information of each factory.
However, in Hanoi as a developing city, it is a challenge to make
such a data set. In this study, industrial emissions were estimated
based on the fuel consumption from a pilot project in ThanhXuan
district and extrapolated to other areas based on land-use
information on a GIS map about industrial sectors in Hanoi.
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The domestic sources in Hanoi can be considered as area sources
due to the many sources of low height. In this study, domestic
emissions were estimated based on the fuel consumption for
household cooking activities in ThanhXuan district and land-use
information on a GIS map of the area of the domestic sector in the
rest of Hanoi. The emission from domestic sources could also be
estimated based on the emissions per capita. The population
density for each commune or district will make the mapping of
emissions from domestic more precisely.

The evaluation of the existing monitoring network revealed that
the monitoring network should be systematically set up and
managed. At least one regional background monitoring station
must be included in the monitoring network to provide for
assessment of regional background concentrations and also to
serve as input for urban background modelling. The urban
background station must be relocated to better represent the urban
background pollution level. Permanent street level monitoring
stations with rooftop meteorology is also required for validation of
modelling at street level.

The current institutions in Hanoi are not sufficient for handling
monitoring and modelling tasks as a part of an integrated
monitoring and assessment strategy. An emission inventory must
be developed and annually updated for modelling purpose. The
monitoring network must be connected and a central data base
should be built up. The competence of the involved staff must also
be improved. The enforcement of legal documents and standards
should be applied to all emission sectors. The collaboration
between the environmental managers of the city council and
professionals from e.g. universities, academic institutions etc. must
be strengthened. More research activities must also be based on
the needs and problems within air pollution in Vietnam.

Citizens are currently inadequately informed about the health
effects of air pollution. They should be more informed about the
effect of air pollution on human health, and how changes in
behaviour can reduce air pollution e.g. use of different fuels for
cooking and different means of transportation.

Contributions of the research
This study has evaluated the applications of dispersion models
(OSPM and OML) for air quality assessment in Hanoi, Vietnam as

a developing city, where input data for modelling was limited and
of varying quality.
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8.3.1 Contributions from OSPM modelling

The OSPM model was applied in Hanoi for five selected streets
and evaluated against actual air quality measurements. The
research used the passive sampling data from 2007 to adjust the
hourly data at the Lang station to obtain sufficient hourly
concentration data of urban background concentrations for OSPM
modelling. Since the quality control and quality assurance at the
Lang station is insufficient, the meteorological data from Hanoi
airport was used to evaluate the quality of the Lang station data.
The research created an average diurnal traffic variation for six
vehicle categories. The average vehicle volume for three street
types, representative for the road network in Hanoi, was estimated
from the traffic data and used together with emission factors for
calculation of the emission from entire road network. The study
also established the correlation between CO and BNZ
concentrations for Vietnamese conditions to be able to model
urban background concentrations as no measurements of BNZ
were available. Urban background concentrations are a
requirement for modelling of street concentrations with the OSPM
model. Model outputs of NO,, SO,, CO, and BNZ were evaluated
with the hourly measurements and passive sample measurements
for the first time in Hanoi. Backward calculations were also used to
estimate average emission factors of the vehicle fleet in Hanoi.

Emission factors were established for PMjy, SO, NOx, CO and
BNZ based on literature values and implemented into the emission
module of the OSPM model. Average fleet emission factors of
PMio, SO2, NOx, CO, BNZ were estimated which can be used for
emission calculations at other streets in Hanoi and South-East Asia
cities with similar vehicle composition.

According to the emission factors implemented motorbikes are the
main source of emissions in the streets constituting 92-95% of all
vehicle emissions. Motorbikes contribute 56% of NO, 65% of SO,
94% of CO, 92% of BNZ, and 86% of PMi street emissions.

Both modelled and observed diurnal variations of CO
concentrations were similar to the diurnal variation in traffic. The
model evaluation also showed the model overestimated daily
mean measured concentrations of SO, and CO and underestimated
measured concentrations of NO; and benzene. The main reason is
properly attributed to uncertainties in emission factors.

Backward calculations were performed to estimate average
emission factors of SO, CO and BNZ for three street types.
Emission factors estimated based on backward calculations were
about 3-4 higher for CO and BNZ and about at the same level for
SO..
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8.3.2 Contributions from OML modelling

The OML model was applied to evaluate the air pollution level of
NO,, SO; and CO at urban background scale. OML modelled
outputs were evaluated against passive sampling measurements
and hourly data from the Lang Station. The OML model was also
used to map the spatial distribution of air pollution for the whole
Hanoi. The annual average concentrations of NO> and SO, were
mapped in a GIS spatial map on a 1x1 km? grid resolution as an
example of predicting the pollution levels related to the emission
sources and meteorological conditions.

For OML modelling, the emission inputs were categorized in 3
types: traffic sources, industrial sources and domestic sources and
the emission data for these sources were calculated separately. The
traffic emissions are calculated based on the total length of each
street type multiply by the emission factor. The emissions were
distributed in a grid of 1 km x 1 km. The industrial sources in
ThanhXuan district were based on surveyed data from a previous
study and for the other districts emissions were extrapolated using
land-use data for industrial areas. The domestic emissions were
calculated based on the emissions collected from the ThanhXuan
district and extrapolated to the whole city based on population
density for each district.

All the emission data were built and managed in a GIS for this
research. The study showed that it was possible to develop a
simple emission data base for modelling purpose. This method
would have significant application in developing cities where
emission inventory is not available and the characterizations of
emission sources are usually limited and of varying quality.

OML predicted average air quality levels of NO, and SO; in the
dry season of 2007 overestimate levels in comparison with the
passive sample measurements. Measurements were 80% of the
predictions for the mean value for the 45 measurement points. In
the wet season of 2007 the measurements were 50% of the
predictions for NO, and 70% for SO..

The correlations between hourly modelled and observed values of
NO; and SO, were 0.36 and 0.30, respectively. The annual average
diurnal variation and the seasonal variation (monthly means)
showed similar patterns between modelled and observed data and
NO:; levels were about the same but the model underestimated SO»
concentrations. The results correlate well with the meteorological
conditions during the dry and wet season. The concentrations are
systematically low while wind speed is higher and vice versa.

The modelled spatial variation of SO, and NO; presents the

possibility of using a simple model like the OML model with a GIS
map as a sufficient tool for mapping of air pollution levels. The
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OML model can also be used to predict future concentrations if the
future emissions can be predicted.

8.3.3 Contributions from Integrated Monitoring and
Assessment analysis

The DPSIR framework was employed to analyse the current
situation of the air quality in Hanoi. The DPSIR framework was
also used to analyse shortcomings and potential applications of the
OSPM model and the OML model in Hanoi, Vietnam in context of
the integrated monitoring and assessment approach.

In Hanoi, the input data is not systematically collected and
managed. Time and resources are required to build-up a sufficient
emission inventory for modelling of air quality and a sufficient
monitoring network in Hanoi. Therefore all the available data from
different sources should be used to identify the shortcoming of
different information sources. Site measurements can be good
sources for evaluation of the hourly data from fixed monitoring
stations. At the same time, systematic yet simple surveys for each
main emission sources can enable operation of air dispersion
modelling. IMA can also provide the best basic information of
emission sources and air pollution levels to environmental
authorities and policy makers. However, it is necessity to establish
a central database capable of managing all the emission sources
and air pollution monitoring data for the whole city. An action
plan for air quality control thus should also be developed to
reduce the impacts of air pollution.

Recommendations

The OSPM model study for streets in Hanoi also revealed the
challenges of applying dispersion models in a context where high
quality model input data and high quality measurements are
unavailable. Better input data will indeed enable the model
describes the actual pollution level better at street scale.

The emission factors of vehicles in developing countries are
inadequately managed compared to emission models such as
COPERT 4 (EU) or Mobile 6 (USA). An experimental study on the
emission factors for all vehicle categories reflecting the Vietnamese
conditions should be conducted. The street types should be
categorised according to their corresponding vehicle volume. Such
data must be annually updated to a GIS database.

Due to the low wind speed condition and street configurations,
Traffic produced turbulence (TPT) is a significant contributor to
the circulating of air pollution at the street scale. More studies
should be conducted on the influence of motorbikes on TPT as
motorbikes are the dominant vehicle category in Hanoi.
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The traffic and other relevant data for the road network must be
regularly managed and maintained on a GIS map for local scale
modelling (OML model) of air pollution from traffic. The analysed
trend of traffic development should be updated annually for
sustainable urbanization.

Fuel used in the industry should be changed from fossil coal and
kerosene oil to gas as this is a cleaner fuel. The detail parameters of
those sources should be well updated and documented annually
for dispersion modelling. It is possible to manage the industrial
sources (due to the low stack height) as an area sources. Before an
adequate emission inventory can be developed, the emissions can
be estimated based on the fuel consumptions or production
amount reported by industries. Using the emissions from
industries based on production is more adequate in estimation the
emission from this source since those data are reported annually to
the municipality authorities. The ideal solution for this is to stop
using fossil fuel to reduce the emissions. The other possible
solution to this is to move polluting factories out of the residential
areas. New location of polluting factories should be downwind. In
Hanoi, the main wind directions are South East and North East.
Therefore, from a meteorological point of view, new and existing
factories using polluting fuels should be relocated to areas North
West or South West from Hanoi centre.

The emission from domestic cooking by household fuel
consumption is not fully representative for all areas in Hanoi. Only
low income groups use “hand-fired coal” for cooking whereas
high income groups use natural gas and electricity for cooking.
These richer households produce less emissions and less
degradation of air quality. Estimation of the emissions per capital
in Hanoi based on each residential area is recommended. The
hand-fired coal should not be used for domestic cooking in the
urban areas and incentives to reduce the use of this fuel should be
developed.

In this research, the directly emitted NO; fraction of vehicle NOx
emission was assumed to be 5% following the European
conditions in the 1990s similar to the conditions in Vietnam in
2010s. Studies should be undertaken to estimate the directly
emitted NO; fraction more accurately.

Taking the sunny and hot weather in Hanoi into account, a study
on the relation between NOx, NO;, NO and O3 are also
recommended to evaluate if the simple photo chemistry assumed
in the OSPM and OML models are sufficient for Hanoi conditions.

The validation studies of air quality models using updated
emission inventory and high quality measurement must be made.
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Modelling human exposure and estimation of the heath impacts of
air pollution in Hanoi need to be carried out soon. After all above
mentioned activities are done.

Hanoi also requires more studies on the institutional aspects of air
quality management especially with regard to developing a
platform for air quality management activities, capacity building,
legal framework and enforcement.
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ABTRACT

In many metropolitan areas, traffic is the main source of air pollution. The high concentra-
tions of pollutants in streets have the potential to affect human health. Therefore, estimation
of air pollution at street level is required for health impact assessment. This task has been
carried out in many developed countries by a combination of air quality measurements and
modeling. This study focuses on how to apply a dispersion model to cities in the developing
world, where model input data and data from air quality monitoring stations are limited or of
varying quality. We use the Operational Street Pollution Model (OSPM) developed by NERI,
Denmark (http://ospm.dmu.dk/) for a case study in Hanoi, the capital of Vietnam. OSPM pre-
dictions from five streets were evaluated against air pollution measurements of NOy, SO,
CO, Benzene (BNZ), available from previous studies. Hourly measurements and passive
sample measurements collected over three-week periods were compared with model outputs,
applying emission factors from previous studies. In addition, so-called backward calculations
were performed to adapt the emission factors for Hanoi conditions. The average fleet emis-
sion factors estimated can be used for emission calculations at other streets in Hanoi and in
other locations in South-East Asia with similar vehicle types. This study also emphasizes the
need to further eliminate uncertainties in input data for the street scale air pollution modeling
in Vietnam, namely by providing reliable emission factors and hourly air pollution measure-
ments of high quality.

IMPLICATION

There is a particular need in Vietnam to improve capacities in street scale air pollution model-
ing. In this study, the OSPM was applied in Hanoi for five selected streets and evaluated
against air pollution measurements of NOx, SO,, CO, Benzene (BNZ). This study also em-
phasizes the need to further eliminate uncertainties in input data for street scale air pollution
modeling in Vietnam.
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INTRODUTION

In the urban areas of Vietnam, motor vehicles, particularly motorbikes, are the main source of
air pollution. Especially in larger cities, re-suspended dust from construction activities also
presents an urgent air pollution problem as it causes reduction in visibility."* The air pollu-
tion in Hanoi has severe effects on human health.™** Limited monitoring of air quality is car-
ried out only in a few places in some of the largest cities in Vietnam. However, in a few cities
such as HoChiMinh city and Hanoi emission inventories do exist. They cover all sectors and
major pollutants, are managed in a geographic information system (GIS) and include a reli-
able forecast on future emissions®. The emission inventory data is being gathered but this
process has not been completed yet.” In Hanoi, some receptor modeling studies have been
conducted by Nguyen Duy Hien based on measured data.®

For this study, we selected the OSPM. It is based on a Gaussian plume model for the direct
contribution from the vehicles and a box model for the well-mixed air pollution recirculating
inside the street due to the presence of buildings.” It has been successfully validated in Co-
penhagen, Stockholm, Helsinki, Amsterdam, USA and China.'**®

This study investigates how the OSPM can be applied in Hanoi with limited input data of
varying quality. In a first step, the available data relevant for air pollution modeling (NOx,
S0O,, CO, BNZ) 219 are collected, assessed and compiled and later prepared as input for the
OSPM. PMy; is one of severe pollutants in Hanoi. However, PM;o concentrations at the street
scale are caused by suspended dust from road surface rather than from vehicle. Therefore, the
PM;o emission factor based on vehicle emissions is not sufficient for PM;o modeling in this
study. Moreover no PM;o measurements were available.

In the following step, the OSPM is applied with Hanoi data and evaluated against measure-
ments. In addition, so-called backward calculations were performed to adapt the initial emis-
sion factors. Average vehicle fleet emission factors of NOy, SO,, CO, BNZ were estimated
based on the compositions of vehicle fleet, the adapted emission factors and the backward
calculations. Estimated fleet emission factors can be used for emission calculations at other
streets in Hanoi and in other locations in South-East Asia with similar vehicle types.

AIR QUALITY MODELING IN HANOI, VIETNAM USING THE OSPM

In the following, we give a brief introduction to the OSPM and describe the input data gener-
ated for the model and the five measurement sites in Hanoi that were used for evaluation of
the OSPM predictions.

Model description

The OSPM calculates hourly concentrations of air pollution at the street level. The OSPM
requires information about street configuration (e.g. street orientation, street width, building
height), hourly traffic emissions, hourly meteorological parameters and hourly urban back-

ground concentrations.

The OSPM also includes simple photochemistry involving NO, NO, and O3 for estimation of
NO, concentrations. The European Emission Model COPERT IV (EEA, 2007)% is integrated
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into the OSPM as an emission module. Emissions are calculated based on vehicle fleet, fuel
characteristics, emission factors together, traffic flow information for the different vehicle
categories and the diurnal variation of traffic. The percentage of directly emitted NO; is also
required.®** The OSPM includes the impact of traffic produced turbulence (TPT) on the dis-
persion process. In the OSPM, TPT is modeled as increasing with the number of vehicles, the
speed and the frontal area of a vehicle, and decreasing with the width of the street.’ An in-
crease of TPT, while leaving all other parameters constant, will lower the modeled concentra-
tions especially under conditions of low wind speeds.

Location of measurements

Hanoi is located in the centre of the northern part of Vietnam. In 2007, it covers an area of
921 km? and has a registered population of about 3.5 million inhabitants. The annual average
temperature was 24.5°C, with annual average relative humidity of 77% (Hanoi statistical
yearbook, 2007)%, and annual average wind speed of 1.16 m/s (Lang Station, Hanoi). Low
wind speeds in combination with high temperatures and sunlight and high emissions cause
elevated air pollution levels (photochemical smog).

This modeling exercise was carried out in the centre of Hanoi. There are about 1.86 million
motorbikes and 200,000 cars in the city. The number of four wheeled vehicles is increasing
by 11% per year and the number of motorbikes is increasing by 15% per year. Motorbikes,
mainly 100-110 cc four-stroke engines, are the dominant type of the vehicle fleet. * Meas-
urements of NOy, SO,, CO and BNZ concentrations from one urban background monitoring
station and five typical streets in the centre of the Hanoi metropolitan region were selected for
the model evaluation. The measurements of pollutants and traffic data are based on previous
studies. >'"? The locations of the five streets and the urban background monitoring station
are shown in Figure 1.
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Figure 1. Location of the five slected street and e urban bakground monitoring station
in Hanoi (adapted from Google map).

The five selected streets are representative for the traffic conditions in Hanoi. TruongChinh
(TC) is the second ring road of the city’s road transport system. NguyenTrai (NT) is the main
arterial road that connects Hanoi’s centre to the south west area. DienBienPhu (DBP) is an-
other main street in the centre of Hanoi’s BaDinh district, while LeTrongTan (LTT) and
ToVinhDien (TVD) are located in the ThanhXuan district and represent inner city streets. The
Lang Station is an urban background monitoring station, also located in the central part of
Hanoi (Figure 1).

Street configurations

The configuration of the buildings adjacent to a particular street (so-called street configura-
tion) affects the air flow in the street canyon, and hence affects dispersion of air pollutants.
The term “street canyon’ has been applied for urban streets that are not necessarily flanked by
continuous buildings on both sides. It allows some openings on the facade of the buildings.
A ‘regular street canyon’ has an aspect ratio, which is the height of the canyon divided by its
width, of approximately one. The term ‘avenue canyon’ is used for relatively low buildings,
with an aspect ratio below 0.5.** OSPM was specifically designed to calculate the pollutant
concentrations at urban street level for all type of street canyons over a wide range of aspect
ratios. It is also able to handle variable heights or even open streets (without buildings).’

The street configurations of the five streets in Hanoi were measured using on-site measure-

ments, paper maps and Google maps. Details of the street configuration data for the five
streets are shown in Table 1.
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Table 1. Street configurations of 5 streets in Hanoi. Source: Site measurements performed
within this study.

Building Height
No Stgﬁe:hr;itme Street name in full (m) WIS ;:Ee(tm) 0 S treet.
Side 1 Side 2 rientation
1 TCStreet  TruongChinh Street 4.0 40 120 107°
2 DBP Street  DienBienPhu Street 2.0 2.0 14.0 135°
3 NTStreet  NguyenTrai Street 4.0 40 60.0 55°
4 LTT Street _ LeTrongTan Street 7.5 2r 8.9 150°
5 _TVD Street  ToVinhDien Street 10.0 1o 9.1 37°
1 TCStreet  TruongChinh Street 4.0 40 120 107°
2 DBP Street  DienBienPhu Street 2.0 2.0 14.0 135°

Side 1 and side 2 refer to opposite sides of the street, the street width is the distance between
opposite building facades, and the street orientation is given in relation to north. Side 1 is in
the OSPM defined as the side of the street that is the first encountered when going from north
in a clockwise direction. The data in table 1 show that LTT street and TVD street can be con-
sidered as regular street canyons while TC street, DBP street and NT street are consider as
avenue canyons, or even close to open streets.

Traffic and emission data

In Hanoi, the vehicle fleet is classified into six vehicle categories: Motorbike, Car 4-16 seats,
Car >24 seats, Bus, Truck and Container (Figure 2). This vehicle classification was defined
by the Swiss Vietnamese Clean Air Program (SVCAP) and the Hanoi Centre for Environ-
mental and Natural Resources Monitoring and Analysis (CENMA). It was selected for OSPM
calculation since the emission factors were available for this vehicle classification. These ve-
hicle categories are used for traffic counting in the streets, as well as to estimate emissions in
the OSPM.
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1. Motortake 2. Car 4-16 seats 3 Car =24 seats (mim bus)

4 Busz 6, Contaner

Figure 2. Vehicles classified by SVCAP. (Source: CENMA and SVCAP, 2008.)

The vast majority of motorbikes in Hanoi have 4-stroke engines with capacity of about 100—
110 cc. The category “Car 4-16 seats” consists almost entirely of petrol cars with 4 to 7 seats,
although some SUVs are fuelled by diesel. The category “Car >24 seats” consists of mini-
buses and vans. Based on the survey data from SVCAP project - 2007, it is estimated that
50% of “Car >24 seats” use diesel and 50% use petrol. >*® The category “Bus” includes
buses and coaches using diesel. The category “Truck” stands for trucks that carry goods
through the city, most of which use diesel. The term “Container” refers to diesel-driven ar-
ticulated trucks. >

The Average Daily Traffic (ADT) is the sum of all vehicles that pass through a street during a
day (unit: vehicles per day), averaged over the whole year. For this study, daily traffic flow
data is based on daily average observations from previous studies, including all weekdays and
weekend '"'®. ADT for selected streets and the distribution into the 6 vehicle categories are
shown in the Table 2.
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Table 2. Average Daily Traffic for each vehicle class (vehicles/day). Source: Truc, V. T. Q.
(2005), CENMA and SVCAP, 2008

Street name  Motorbike Car4-16 Car>24 Bus Truck  Container Sum (ADT)

seats seats
TC 166,449 11,040 620 707 3511 56 182,382
DBP 21,838 1,302 84 9 22 0 23340
NT 298,462 18,314 1,755 2,728 9,737 288 331,284
LTT 82,821 2,836 72 19¢ 271 0 86,195
TVD 9,528 384 0 87 0 9,999

Table 2 shows that ‘Motorbikes’ are the dominant vehicle class in the streets, followed by
“Car 4-16 seats”. The ADT can reach very high values of more than 300,000 vehicles/day in
Hanoi.

Besides the ADT for the different vehicle classes, the OSPM also needs the diurnal variation
of traffic in order to calculate hourly emissions.

The diurnal variation of traffic describes the hourly variation in the traffic flow during a 24
hour period, and might depend on the day of the week. This variation usually does not change
much with time (i.e. within one year or between years), since it reflects the daily habits and
routines of the population. For this study, the diurnal traffic variations are based on traffic
counts collected in the Hanoi Transport Project carried out by the Japan International Coop-
eration Agency (JICA) and the Transport Engineering Design Incorporated (TEDI) — Ministry
of Transport, Vietnam.'® In this project, traffic flow was estimated in 43 locations. Our analy-
sis of traffic counts from these studies indicates that there is no significant difference in traffic
flow on different workdays (Monday-Friday) or between workdays and weekends.'”'®*
Therefore we assume in this modeling study, that the diurnal traffic variations of different
streets for the different vehicle categories are the same for all days of the week (Figure 3).
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Figure 3. Average diurnal variation of the six vehicle categories plotted as hourly fraction
(in %) of the daily total of each vehicle category. Based on data from 43 locations. (Source:
JICA & TEDI, 2006)

For the motorbike category, there are two large peaks in traffic flow, corresponding to the
morning and evening rush hours, and two smaller peaks at 11:00 and 13:00 when people go
out for lunch and then come back to work. The “Car 4-16 seats” and “Car > 24 seats” have
very similar variations but with less pronounced rush hour peaks. The ‘Bus’ category has its
own daily schedule. The ‘Truck’ category does not have permission to drive during rush
hours (7h-9h; 16h-18h) and trucks normally circulate on roads from 10:00 to 15:00. ‘Con-
tainer’ category vehicles are only allowed to drive on the main roads: TC and NT (Table 2)
and are most active during the night (Figure 3).

The vehicle specific emission factors (unit: g km™ vehicle™) are needed together with the
traffic data for calculation of the emissions. In the OSPM, emission factors are usually based
on the European emission model COPERT IV (EEA, 2007). 20 However, in this study, emis-
sion factors are derived in a different way since COPERT 1V is not applicable for Hanoi. The
applied emission factors and references to where they originate from are given in Table 3.
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Table 3. Applied emission factors for OSPM calculation in Hanoi.
Emission factor ( g km™)
PM° SO, NO, CO Benzene

Vehicle classes

Motorbike 0.10' 0.03* 030" 3.62° 0.023"
Car 4-16 Seats 0.10'  0.17° 150" 3.62° 0.046°
Car >24 Seats 048" 0257 855" 5.62° 0.060°
Bus 1.50'  0.64> 7.60' 3.10° 0.032°
Truck 0.80' 040> 11.00' 2.75° 0.045
Container 328" 1.06° 17.00' 3.10° 0.025°

'Sivertsen and The, 2006

> CENMA and SVCAP, 2008

31999 data set for Denmark

* HuongGiang, 2008

> PM represent for the exhaust source

For Hanoi, no measurements of vehicle emission factors were available. Emission factors
were reported in previous projects and the emission factors for Hanoi are based on those
sources for NO, and PM10.6 The directly emitted NO; fraction is assumed to be 5% of total
NOx (i.e. the sum of NO; + NO) by mass. This value was representative for Europe before
2000. After 2000 the NO; fractions has increased in Europe due to much higher share of die-
sel passenger cars and particle filters with CRT technology. Since this development has not
taken place in Hanoi the value of 5% for the directly emitted NO, fraction is assumed for this
study. The emission factor for SO, was calculated by Thoan Christopher Nguyen and Patrick
Gaffney - California Air Resources Board (ARB), based on consulting and training experi-
ence in Asia developing countries and the US EPA data base (SVCAP project 2007) . Emis-
sion factors of benzene for motorbikes originate from a study in HoChiMinh city."” The ben-
zene emission factors of other vehicle types and emission factors for CO are based on a 1999
data set for Denmark according to COPERT. The vehicle fleet composition in 1999 in Den-
mark is comparable to the condition of Vietnam in 2007, since the Vietnamese vehicle fleet is
dominated by cars with the EURO II emission standard and older vehicles®’. For the Danish
conditions, the emission factor of benzene is calculated based on 1.0% content of benzene in
petrol. However, the content of benzene in Vietnamese petrol is 2.5% (according to Vietnam-
ese standard: TCVN 6776-2005) *® and a correction of the emission factors in Vietnam was
carried out and is discussed later.

Meteorology data

The OSPM requires hourly meteorological data for calculations. The required data are wind
speed, wind direction, temperature and global radiation. Wind speed and wind directions
should be provided at rooftop level in the city, in order for OSPM to estimate the wind speed
and wind direction inside the street canyon (channeling effect). Temperature and global radia-
tion are used to calculate the chemical transformation between NO, NO; and Os. In this study,
meteorological data from the Lang station were used. The wind roses for the modeling peri-
ods in 2004 and 2007 are shown in Figure 4:
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Figure 4. Wind rose during the two modeling periods in 2004 (left) and 2007 (right) for a
background station (Lang Station) in Hanoi.

Due to its central location and after some comparison with data from the airport station, the
meteorological data at Lang station were considered to be representative for the rooftop con-
ditions at the 5 selected streets.

Urban background measurements

The OSPM requires hourly urban background concentrations. The urban background repre-
sents conditions at rooftop level in a city or at ground level away from local sources (e.g. in a
park area). Hourly monitoring data from the Lang Station was the first choice to represent the
urban background for the five selected street sites. However, analysis of the air pollution level
at the Lang Station compared to air pollution levels from a campaign using passive samplers
at many urban background sites revealed that the air pollution levels measured at the Lang
Station in 2007 were approximately 1.5 times higher compared to the passive sample meas-
urements by SVCAP project in 2007. This indicates that the Lang station overestimates the
urban background concentrations. The Lang Station is located close to the busy LangHa street
and NguyenChiThanh Street. Thus the data are more representative for road sides than for
urban background conditions. Furthermore, the air pollution data are not systematically col-
lected and documented, and the quality control (QC) is often inadequate.

For this study, 4 week averages from passive sample measurements are used to represent the

general air pollution level in the urban background (Figure 5) and to down-scale (adjust) the
hourly measurements at the Lang Station (Figure 6).
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Passive Sampling during the period of 11 January - 6 Febuary 2007
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Figure 5. Mean concentrations and standard deviation of NO,, SO, and Benzene for five site
categories in 2007 using passive sampling compared to Vietnamese standard TCVN 5937-
2005, WHO and EU air quality limit values (Measured data was obtained from SVCAP
2007)%

The 100 locations of measurement points in the passive sample campaign were plotted on a
GIS map and Google maps, based on the available information from site reports *~. The traf-
fic hotspots (6 points), industrial hotspots (8 points), rural areas (5 points) are all representa-
tive for their types. The other 81 points, are divided in two groups: the 36 points which lie
within 15 m from a street are influenced by pollution from streets are considered as roadside
points and the rest (45) are considered as urban backgrounds.’ Averages in each category are
plotted in Figure 5, together with air quality standards defined by Vietnam, the WHO and the
EU.

Mean NO; concentrations exceed the limit value for traffic hotspots and roadsides, whereas
other categories are lower than the EU limit values (the same as the Vietnamese standard and
WHO limit value). The concentrations of SO, have not exceeded the Vietnamese Standard
(TCVN 5937-2005), however they are more than double the EU limit value (same as WHO)
for traffic and industrial hotspots and roadsides, and other categories also exceed the
EU/WHO limit value. The hotspots and roadside the concentration of BNZ are higher than
the Vietnamese Standard, and also three times higher than the EU limit value, and other site
categories also exceed the EU limit.

The hourly urban background air quality data for the OSPM have been constructed by com-

bining the hourly variation at the Lang Station and the mean value of the “real” urban back-
ground sites in the passive sample campaign in 2007 (Figure 6).
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Figure 6. Illustration of the construction of hourly urban background data for the OSPM.

Benzene concentrations (BNZ) are not measured at the Lang Station. However, the OSPM
requires urban background concentration of BNZ to calculate the concentration in the street.
For the pollutants emitted from traffic, CO and BNZ concentrations have a strong correlation
since they are both emitted from petrol-powered engines.” Therefore, it is possible to esti-
mate BNZ concentrations based on a correlation with CO concentrations. This correlation is
based on a benzene content of 1% in petrol in Demark. ** In Vietnam, the benzene content in
petrol is 2.5% (Vietnamese standard: TCVN 6776-2005) The motorbikes and Car 4-16 seats
which are using petrol are dominating the vehicle fleet (Table 2). We therefore consider only
petrol vehicles in the correlation. Equation 1 was adapted for Vietnamese benzene content
and is used to calculate BNZ from CO concentrations in the urban background:

C BNZ=9.75*C_CO (1)
where C_BNZ is in pg/m’ and C_CO is in mg/m’.
The roadsides observations of CO and BNZ in NT street and TC street, DBP street'’ (Table 5)

are used to check equation 1 and they agree with this relationship. The average coefficient for
this is 8.56, which is in good agreement with equation 1.

Street air pollutant measurements

Measurements of NOy, NO,, NO, SO, CO and BNZ from the five street locations were col-
lected to evaluate the model outputs calculated by the OSPM. In 2004, hourly street meas-
urements were carried out in a project by the Asian Institute of Technology (AIT)'”. The
measurements, performed at both sides of the streets (S1 and S2), focused mainly on the BNZ
contribution from vehicles. The project also measured NOy, NO,, NO, SO, and CO for some
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hours of the day. Hourly traffic counts were carried out during the same time periods as air
pollutant measurements.

In 2007 street measurements were carried out by PASSAM, Switzerland and CENMA, Viet-
nam ° using passive sample measurements for NO,, SO,, and BNZ. This 3 week average data
was compared with the mean value of the model predictions during the same period. The
measurements are summarized in Table 4.

Table 4. Average of air quality measurements in five streets in Hanoi. Source: Truc, V. T. Q.
(2005), CENMA and SVCAP, 2008

NOy NO, NO SO, CO BNZ

S1 | S2 |S1|S2|S1|S2|S1|S2|SI1|S2|S1 | S2

pg/m’  pg/m’  pg/m’  pg/m’ mg/m’  pe/m’
TC Street (8-24, Nov 2004) -
hourly measurement

64 74 11 15 3439 353 8.1 57 872 714

DBP Street (2-4, Nov 2004) -

33 3.6: 0.8: 09 1.61.8 239 6.6 7.1 287 39.2
hourly measurement

NT Street (16-17, Dec 2004) -

80.8 31.9:39.1 39.1 7.8 74.0 59.1

LTT Street (12 Jan - 5 Feb 2007) 39.5 32.9
- passive sample measurement

TVD Street (12 Jan - 5 Feb 2007)

. 39.2 27.6
- passive sample measurement L

The measurements of NO, and NO concentrations in the TC and DBP streets seem unrealisti-
cally low compared to the passive sample campaign in 2007. Therefore, these data are not
used for model evaluation. In summary, the hourly data of CO, SO, and BNZ in 2004 and the
passive sample data for NO, and SO, in January — February, 2007 are used for model evalua-
tion.

ESTIMATE OF AVERAGE FLEET VEHICLE EMISSION USING BACKWARD
CALCULATIONS

The average vehicle fleet emission factors were also estimated using the OSPM by backward
calculations to assess and adapt the applied vehicle emission factors from previous studies
given in Table 3. This methodology assumes that the OSPM gives a nearly perfect description
of the dispersion process between vehicle emissions and the street increment in concentra-
tions. The methodology is described below.

The fleet emissions can be calculated from the concentration of a particular non-reactive pol-
lutant in the street in the following way **°:
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_ Ch B Ch Jbackground (2)
Q, = il -
,(meteorology)
Qn: Hourly vehicle ¢
Cy: Hourly concentration of a pollutant in the street in g m™.
Ch, backgrouna: Hourly concentration of a pollutant in the urban background in g m>.
2

Fy, (meteorology): Dispersion function given by the OSPM in s m™.

The total emission Qy, can alternatively be expressed as:

0,= 2N, Xq )
%

Nix : Hourly traffic flow of the k™ vehicle category (vehicle hour™).
qi: Emission factor of the k™ vehicle category (g veh™ km™).
Then the average fleet vehicle emission factors qaverage (g veh™ km™) can be estimated from
the total emission Qy by equation 2 divided by the total number of vehicles Ny, (sum over all
vehicle categories).
RESULT AND DISCUSSION
Air pollutant emissions per vehicle category
The average vehicle distribution and the average emission contribution from the different

vehicle categories are shown in Figure 7. The estimates are based on traffic data from Table
2, the emission factors from Table 3 and averaged over the 5 streets.
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Figure 7. Average contribution (%) to emission of NOy, SO,, CO, BZN and PM,, from each
vehicle category for five streets in this model evaluation study. The vehicle distribution (%)
is shown in the top left chart.

Motorbikes are the dominant vehicle type in Hanoi as they constitute 92-95% of all vehicles.
They are also the main source of emissions in the streets. Motorbikes contribute 56% of NOx,
65% of SO,, 94% of CO, 92% of BNZ, and 86 % of PM;, emissions. The “trucks” and the
“car 4-16 seats” also have relatively large contributions to NOy and SO, emissions. Trucks
contribute 21% of NOy and 10% of SO, emissions, and “Car 4-16 seats” contribute 14% NOy
and 19% of SO, (Figure 7).

Measurements and model results

Observed and modeled CO concentrations for the TC Street are shown as diurnal variation in
Figure 8.
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Figure 8. Modeled and observed diurnal variation of CO concentrations for the TC Street in
Hanoi. “mod” refers to modeled street concentrations, “obs” to observed street concentra-
tions and “b” to urban background concentrations.

The modeled diurnal variation of CO concentrations shows peaks in the morning and after-
noon rush hours, and also relatively high concentrations during the evening. This diurnal
variation fits well with the diurnal variation of motorbike traffic (Figure 3), since motorbikes
are the dominant source to CO emissions from vehicles (Figure 7). The model predicts almost
the same concentrations for the two opposite sides of the street (S1 and S2). This has several
reasons: 1) at low wind speeds (below 3 m/s), which are very common in Hanoi and which
give the highest concentrations, the dispersion is dominated by the TPT, and the wind direc-
tion has only a minor influence on the relative concentrations at the two sides of the street; 2)
the low building heights and the symmetric canyon (4m height at both sides) will, even for
higher wind speeds, lead to similar concentration levels at both sides; and 3) during the rela-
tively long modeling period with variable wind directions, the differences between the two
sides are averaged out. Figure 8 shows that the street increment (difference between street and
urban background concentrations) is considerable. The observed diurnal variation in CO con-
centrations of side 2 shows a similar diurnal pattern to the modeled variation, although obser-
vations are somewhat higher during the day and lower during the evening. The observed CO
concentrations of side 1 during the morning and night fits well with that of side 2, but during
16:00-18:00 concentrations are much higher for no obvious reason, probably due to special
traffic or meteorological conditions during the measurement period or uncertainties in the
measured data. BNZ concentrations were also measured for this street and concentrations
levels are the same for both sides (Figure 9).

The modeled diurnal concentrations of SO, and BNZ show a similar pattern as for CO. It is

however not possible to present measured diurnal variations of SO, and BNZ, due to the very
limited number of observations.
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Modeled and observed daily mean concentrations, averaged over the periods where observa-
tions and model results were available simultaneously, are shown in Figure 9 for SO,, CO and
BNZ for the TC, DBP and NT streets, and for SO,, NO, and BNZ for the LTT and TVD
streets.
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Figure 9. Modeled (at two street sides S1 and S2) and observed daily mean concentrations
for the five selected streets. Urban background concentrations are also provided for refer-
ence.

Modeled concentrations overestimate observations up to a factor of two for SO,. The smallest
overestimation occurs for the two streets with low traffic levels (DBP and TVD). However,
for DBP the SO, observations are lower than the background concentrations, which is not
consistent and can never be reproduced by the model. The systematic overestimation indi-
cates that the SO, emission factors might be too high. Analysis of the limited data on diurnal
variation of observed SO, concentrations also shows that domestic and industrial sources may
significantly contribute along with the vehicle traffic to SO, concentrations.

For CO, the modeled concentrations underestimate observations up to a factor of two for the
streets of DBP and NT, and less so for TC. The systematic underestimation indicates that the
CO emission factors might be too low.

For NO,, the modeled concentrations overestimate observations up to a factor of two for the
busy street of LTT, whereas modeled and observed levels are similar for the TVD street,
which has low traffic levels. Lowering the emission factors for NOyx could improve the
agreement between model and observation for LTT but would give a worse agreement for
TVD street. It is not logical that the observed street-level concentrations are lower at the LTT
than on TVD street given that the LTT street has about 10 times higher traffic levels than the
TVD street. This indicates an uncertainty in the NO, measurements. Other possible reason for
the overestimation of the model at LTT street both for SO, and NO, is the omission of the
effect of the turbulence created by motorbikes as discussed later in this section.

198



For BNZ, the modeled concentrations underestimate observations up to a factor of about two
for the busy streets of TC and NT, and less so for DBF, which has low traffic levels. The sys-
tematic underestimation indicates that the BNZ emission factors may be too low. Further-
more, the urban background concentration of BNZ was estimated based on observed correla-
tions between BNZ and CO (see above). In addition, the assumptions of BNZ emission fac-
tors for vehicles other than motorbikes for Vietnamese condition are based on a 1999 data set
for Denmark according to COPERT. It is obvious that these assumptions about the urban
background and emission factors are highly uncertain.

Traffic Produced Turbulence (TPT)

In the present version of the OSPM, TPT of all vehicle types except motorbikes is taken into
account. Since motorbikes are the dominant vehicle type in Hanoi they certainly contribute to
TPT although their horizontal area is small compared to passenger cars. TPT is also espe-
cially important during the frequently observed low wind speed conditions in Hanoi. A sensi-
tivity analysis was carried out where it was assumed that each motorbike contributes with the
same TPT as a passenger car. OSPM calculations showed that concentrations were lowered
by 33% under these assumptions. However, the frontal area of a popular motorbike (Honda
Future) is only about 27% (including the driver) of the frontal impact area (width multiply by
height) of a popular car (Honda Civic). It is therefore to be expected that including TPT con-
tribution from motorbike in OSMP will lower the modeled concentrations by approximately
10%. It illustrates that it is important to take into account TPT also for motorbikes.

Vehicle emission factors

A comparison of emission factors (g km™ vehicle™) for the different vehicle categories in this
study and selected studies from the literature is shown in Table 5.

Table 5. Comparison of emission factors (g km™ vehicle™) for the different vehicle
categories in different studies

PM SO,  NOy CO Benzene

1. MOtorbike ................................

Hanoi (from table 3) 0.10 0.03  0.30 3.62 0.023

Bangkok *' , 32.8+8.9

Bangkok (Chassis dynamometer)* 0.08+0.07 2.23+2.2

Bangkok (Mobile 6)* 0.48 0.85 13.3

Chan and Weaver 33 ................................ 19.0

China 2009 ** 0.08£0.02 2.17+0.78
2. Car 4-16 seats

Hanoi (from table 3) - 1.50 3.62 0.023

Bangkok®' 1.5+0.91

Bangkok (Chassis dynamometer)”” 1.37+1.0 5.12+5.65

Bangkok (Mobile 6)* 0.48 0.49 5.41

Copenhagen 1997 * 0.9+0.1  17.3£0.7 0.11+0.01
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China - 2007

1. Carburetor vehicles 2.17 24.08
2. Electronic injection vehicles 2.23 12.91
3. Euro I vehicles 133 6.21
4. Euro II vehicles 0.81 3.32
3. Bus
Hanoi (from table 3) 1.50 7.60 3.10 0.032
Bangkok (Chassis dynamometer)’ 1.25 12.55 21.99
Bangkok (Mobile 6) NER 2312 889
Copenhagen 1997 % 12530  9.6=4  0.05+0.05
4. Truck
Hanoi (from table 3) 0.80 11.00 2.75 0.045
Bangkok (Chassis dynamometer)”* 1.25 12.55 21.99
Bangkok (Mobile 6)* 1.15 23.12 8.89
Copenhagen 1997 % 12530  9.624  0.05+0.05

It is difficult to compare emission factors across countries due to differences in the vehicle
fleet, emission standards, maintenance, etc. CO emission factors vary up to a factor of 10 for
motorbikes and up to a factor of 3 for other categories among the different studies. This study
has applied relatively low emission factors compared to other studies and the model evalua-
tion against observed CO concentrations also indicates that the applied emission factors for
CO may be too low. For NOy emission factors, there is less variation across the different stud-
ies.

The average fleet vehicle emission factors have been estimated using the OSPM for backward
calculations based on the hourly concentration data from 2004 available for three out the five
selected streets. Calculation of average fleet vehicle emission factors is done according to the
equations 2 and 3. The results are shown in Table 6.

Table 6. Average fleet vehicle emission factors of 3 selected streets by backward
calculation

Emission factor (g km™' vehicle™)

SO, CO Benzene
TC — 2004 (a ring road) 0.038 4.C 0.051
DBP — 2004 (an inner city road) 0.022 16.9 0.125
NT — 2004 (an arterial road) 0.026 10.4 0.079
Mean 0.029 10.4 0.085

The average fleet vehicle emission factors in Table 6 can be used to estimate the emissions
from other streets if the traffic volume is known according to the road type (arterial road, ring
road, inner city road) or the mean may be used to estimate emissions from traffic for a whole
city, if one knows the average traffic volumes and length of the road network.

The average vehicle fleet emission factors, estimated by backward calculations, have been
compared to other studies, see Table 7.
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Table 7. Average fleet vehicle emission factors from different studies

Emission factor (g km™' vehicle™)
PM;y SO, NOy CO Benzene

0.029 104  0.085

This study, backward calculations
(Table 6)

This study, average fleet vehicle
emission factors for 5 selected 0.108 0.044 0.547 3.6 0.024
streets (by OSPM).

HoChiMinh city*® 0.0067
OSPM emission module for the

street of Jagtvej, Copenhagen in 1.41 5.8 0.041
1999

The average vehicle fleet emission factor for SO,, estimated by backward calculation, is con-
siderably lower than the applied emission factor for OSPM calculations. A lower SO, emis-
sion factor would reduce the overestimation by the OSPM for SO, concentrations.

The average vehicle fleet emission factor for CO, estimated by backward calculation, is three
times higher than the applied emission factor for OSPM calculations. Higher CO emission
factors would cause less underestimation by the OSPM for CO concentrations. The emission
factor estimated by backward calculations is about a factor of 2 higher than was estimated for
Copenhagen in 1999 (comparable car fleet age). This might be due to motorbike emissions,
which are not represented in the Copenhagen vehicle fleet.

The average vehicle fleet emission factor for BNZ, estimated by backward calculation, is 3-4
times higher than the applied emission factor for OSPM calculations. Higher BNZ emission
factors would cause less underestimation by the OSPM for BNZ concentrations. The emission
factor estimated by backward calculations is about two times higher than a busy street in Co-
penhagen in 1999, among others, due to higher content of benzene in petrol in Hanoi. The
estimated average emission factor for BNZ by backward calculation is about 10 times higher
compared to the tracer study carried out by Belalcazar’® in HoChiMinh city showing ex-
tremely small values compared also to other literature (Table 5).

Challenges and future work for applying a dispersion model (OSPM) in Hanoi

This modeling study at street level in Hanoi also shows the challenges of applying dispersion
models in a context where high quality model input data and high quality measurements are
missing and still need further improvements. Higher quality input data will enable OSPM to
more accurately describe the actual pollution level at street scale.

The emission factors of vehicles in developing countries are inadequately represented in an
emission model such as COPERT 4 (EU) or Mobile 6 (US). An experimental study of the
emission factors for all vehicle categories reflecting “real” Vietnamese conditions should be
conducted.
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In this research, the direct emission of NO, was assumed to be 5% from total NOx emission
in mass, as in European conditions before 2000. This assumption should be verified using
detailed hourly air quality measurements of NO, NO, and Os. Also the important pollutants
PM;y and PM; s need to be addressed in future measurement and modeling studies.

Due to the prevailing low wind speeds in Hanoi, traffic produced turbulence (TPT) is the sig-
nificant dispersion mechanism in OSPM for air pollution in street scale. However the very
sunny and hot weather in Hanoi might lead to some heat induced dispersion (unstable condi-
tions) presently not represented in OSPM. More research based on high quality measurements
is needed on this issue.

For larger scale calculations, the street types are to be categorized systematically for a larger
area in Hanoi in a scientific way according to street function, the vehicle volume in different
categories and the street width and building heights, and updated information is needed pref-
erably in a GIS database. Such a database should be updated annually and will be useful for
trend analysis of traffic development and for plans towards sustainable urbanization and traf-
fic management.

CONCLUSIONS

In this study, the OSPM was applied in Hanoi for five selected streets and evaluated against
concentration measurements of NO,, SO,, CO and BNZ. The model was also used to estimate
average fleet vehicle emission factors based on backward calculations.

The motorbike is the dominant vehicle type in Hanoi, as it constitutes 92-95% of all vehicles.
It is also the main source of emissions in the streets.

Analysis of the modeled and observed diurnal variation of CO for one street showed that the
OSPM generally reproduced the diurnal variation.

The model evaluation also showed that the OSPM, given the applied input data, overesti-
mated daily mean concentrations of SO, and CO and underestimated concentrations of NO;
and benzene. Among the reason are uncertainties in the emission factors and the missing TPT
contribution from motorbikes. However, NO, measurements are also likely to be uncertain.

The evaluation study illustrates that it is important to incorporate TPT for motorbikes into the
OSPM. TPT is neglected in OSPM for motorbikes, which are usually a minor vehicle class in
West or North European conditions. If TPT for motorbikes were taken into account, it would
further reduce modeled concentrations. It is expected that including TPT contribution from
motorbike in OSPM will reduce the modeled concentrations approximately 10%.

This study also illustrates some of the challenges and future needs for air pollution modeling

in Hanoi. In the previous section we outlined the shortcomings of the present study and sug-
gested directions for further investigations and air pollution research in Hanoi.
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Appendix 2: Presentation on the Seventeenth International
Conference on Modelling, Monitoring and Management of Air
Pollution, July 2009 — WIT, UK.

Air pollution modelling at road sides in Hanoi, Vietnam
using the OSPM model - Ways of handling limitations in
input data

Ngo Tho Hung **; Matthias Ketzel *; Steen Solvang Jensen

a: National Environmental Research Institute (NERI), Department of Atmospheric
Environment, Aarhus University, Denmark

b: Graduate School of Environmental Stress Studies, Roskilde University, Denmark

* Corresponding author: email nth@dmu.dk ; Phone: +45 4630 1105; Fax: +45 4630 1214

Abstract:

In many metropolitan areas, traffic is the main source of air pollution.
Estimation of air pollution levels near streets is needed for impact
assessment of human health effects. This work has been carried out very
well in many developed countries by a combination of air quality
measurements and modelling. This study focused on how to use the
“western model” for the cities in the developing world where data from
air quality monitoring stations are limited or of varying quality. The
study uses the Operational Street Pollution Model (OSPM) developed by
NERI, Denmark (http://ospm.dmu.dk/) for a case study in Hanoi, the
capital of Vietnam. OSPM model predictions were evaluated against air
quality measurements at five busy streets. The emission contribution
from traffic is calculated based on the number of vehicles per hour
estimated in six vehicle categories and their emission factors. The urban
background contribution is based on the diurnal variation in air quality
measurements from a urban background monitoring station and adjusted
to reflect a representative air pollution level based on measurements from
a passive sample campaign performed at urban background locations.
Meteorological data are from an urban meteorology monitoring station.
Hourly measurement and passive sample measurements over three week
periods are available at the street sides and were used for comparisons
with model outputs. Additionally so-called backward calculations were
performed to correct the initially assumed emission factors. An output of
this study is average fleet emission factors that can be used for emission
calculations at other streets in Hanoi and locations in South-East-Asia
with similar vehicle types. This study also emphasizes the need to further
eliminate the uncertainties in input data for street canyon air pollution
modelling in Vietnam, namely providing reliable emission factors and
hourly air pollution measurements of high quality.
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Integrated Monitoring and Assessment for air quality
management - A case study in Hanoi, Vietnam

(Submitted abstract)

Ngo Tho Hung *’; Steen Solvang Jensen

a: National Environmental Research Institute (NERI), Department of Atmospheric
Environment, Aarhus University, Denmark

b: Graduate School of Environmental Stress Studies, Roskilde University, Denmark

* Corresponding author: email nth@dmu.dk ; Phone: +45 4630 1105; Fax: +45 4630 1214

Abstract:

In relation to air quality management (AQM), Integrated Monitoring and
Assessment (IMA) is defined as a combined usage of measurements and
model calculations!. Integrated air quality monitoring is monitoring
based on results from air quality measurements from fixed monitoring
stations, and results obtained from calculations with air quality models.
IMA combines data from both modelling and measurements to improve
assessment of air quality. This concept has been developed, applied and
evaluated for the past 20 years at NERI in Denmark.

A PhD study has been conducted during 2007-2010 with the aim to
evaluate air quality models developed at NERI in the context of AQM in
Vietnam with Hanoi as case study area2. The OSPM model® was adapted
to the traffic and vehicle emission conditions in Hanoi, and model results
were compared to measurement campaigns at three streets where
limited measurement data were available. The OSPM model was also
used for backward modelling to estimate average vehicle emission
factors based on the air quality measurement data. The OML model* was
used to assess the geographic distribution of air pollution in Hanoi based
on an emission inventory for vehicle, domestic and industrial sources.
OML model results for urban background conditions were compared to
measurements from a passive sample measurement campaign and also
for hourly pollutant data from an urban background station. The
analysis showed many limitations in input data and measurement data
but also many opportunities for improving air quality assessment with
the use of air quality models in combination with measurements.

The presentation will outline the concept of IMA and present results
from the case study in Hanoi and further provide recommendations for
future implementation of IMA in AQM in Hanoi with focus on the role
of air quality models.
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Appendix 4: Science paper on dissemination the research
results in Vietnam, November, 2009 (in Vietnamese)
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(Journal of Building Science & Technology,
Page 111-118, No 6 - December/2009)

Ung dung mé hinh tinh lan téa 6 nhiém méi treomg khi OSPM
trong tinh todn hé so phat thai dong xe tai Ha Noi. (Estimate the
average fleet vehicle emission factors using OSPM model in Hanoi)

PhD Student. MSc. Ngo Tho Hung (corresponding author) - National Environmental
Research Institute (NERI), Aarhus University, Denmark and Graduate School of
Environmental Stress Studies, Roskilde University, Denmark.

A.Prof.Dr Bui Sy Ly - Institute of Science & Environmental Engineering, Hanoi University
of Civil Engineering, Vietnam

Toém tit: Bai bao nay dé cap dén nghién ctu ung dung mo hinh tinh
khuyéch tan 6 nhiém khong khi tr duong phd Operational Street
Pollution Model (OSPM) cho cac d6 thi cia cac nuéc dang phét trién noi
ma cac sb liu dau vao cho viée tinh todn mé hinh han ché va co6 dung sai
16n. Nghién ctru nay st dung mo hinh tinh khuyéch tdin OSPM dé tinh
toan kiém tra thi diém cho 3 dudng phd tai Ha Noi. Két qua nghién ciru
kién nghi vé hé sb phat thai cho dong xe trong diéu kién Ha noi va c6 thé
diing dé tinh toan cho cac thanh phd khéac cua Viét Nam va cac do thi
trong khu vuc c6 diéu kién giao thong tuong tu. Nghién ctu cling kién
nghi céc giai phép loai trir cac sai s6 ciia s6 liéu dau vao, cac giai phap dé
c6 két qua dy bdo tir md hinh chinh xac hon trong tuong lai.

Summary: This paper uses the Operational Street Pollution Model
(OSPM) for cities of developing countries where model input data and
data from air quality monitoring stations are limited or of varying
quality. OSPM model predictions were evaluated against air quality
measurements from three streets. One output of this study is average
fleet emission factors that can be used for emission calculations at other
streets in Hanoi and in other locations in Vietnam or in the South-East
Asia with similar vehicle types. This study also emphasizes the need to
further eliminate the uncertainties in input data for the street canyon air
pollution modelling for better outputs of modelling for air pollution for
the future.
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URBAN AIR QUALITY MODELLING
AND MANAGEMENT IN HANOI, VIETNAM

A systematic evaluation of dispersion models as a tool for
air quality assessment and management in a Viethamese
context was conducted with focus on technical as well as
management aspects. The research studied the applica-
tion of dispersion models in line with the Integrated Moni-
toring and Assessment (IMA) concept. The research mainly
focused on the application and evaluation of Operational
Street Pollution Model (OSPM) and Operational Meteo-
rological Air Quality Model (OML) which are operational
and applicable dispersion models for assessment of street
and urban background air quality. An evaluation of model
calculations against available measurements was carried
out. This study contributed to a systematic evaluation of
air pollution conditions in Hanoi and identified factors that
influence air quality.
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