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Abstract

Transport in itself is a very fundamental need of people, after food and housing, possibly one of the
strongest. Urban transport directly affects the economic efficiency of cities and the well-being of their
inhabitants. Rapid urbanization and booming of motorized vehicles in developing countries have put
high pressure on urban transport systems. Traffic congestion is experienced almost every day.
“Improved mobility = Improved prosperity” But the question for many developing cities is how to
relieve traffic congestion and improve mobility?

The traditional approach to urban transport was to “build away” the problems by producing more
urban roads and highways to favour the movement of vehicles. This strategy seems to be logical, but
the lesson drawn is that it is not effective way. Recently, urban planners have realized that
infrastructure alone will not solve traffic problems; only through the integration of land-use and
transport in combination with promotion of good public transport and restriction of private vehicle use
sustainable transport can be achieved. From literature, there are two main directions in the integration
of land-use and transport: that is mixed land-uses and relocation of some major land uses such as
offices, hospitals, etc. for example out of the city centre. The purpose of integrating land-use and
transport is to move local and regional spatial structures in the direction of:

- Reducing the demand for transport (including number of trip and travel time/distance),

- Increasing the choice of available transport and reducing dependence on motorized mode,

- Improving accessibility to job, public services

- Supporting the efficient and viable operation of public transport services, walking and cycling
- Enhancing healthy conditions for living.

Hanoi is the capital and biggest centre of politics, culture, education, technology and the second centre
of economics in Vietnam. Like other Asian cities, traffic congestion is experienced during peak hours
every morning on some corridors leading into the city centre and in the afternoon in the reverse
direction.

Recently, the government has adopted a policy to expand the city to the West. As a result, many
organizations want to move out from the city centre.

Against this background, the main aim of this research is to evaluate the contribution of some selected
major land uses to the traffic congestion of some corridors and test some scenarios of relocating
selected some major land uses to see if it can relieve traffic congestion and improve accessibility for
the people of Hanoi. Five hospitals, three universities and two government offices were targeted for
office-based interview to retrieve the trip origins, travel time, travel length, transport mode and routes
used. The research has revealed that there is an imbalance in the distribution of some major land-uses
like hospitals, universities and government offices within the Hanoi region as well as a high separation
between these major land-uses and residential areas. Most of the government offices are located in the
core centre (Hoan Kiem district) and Ba Dinh district with number of staff at national level are 16,218
and 93,331 respectively. With a total of almost 70,000 students, these three universities are very
attractive for not only bachelor students but also for students of second-degree, in-service and higher
education courses. Bachelor students already account for 50% of total students and among them
student from Hanoi is account for 23.7%. In the morning, only 2% of students commute during peak




hour since they start the lesson very early but in the afternoon more than 90% of the students commute
during peak hour. It also means that 89% of the students contribute to congestion on some corridors.
Over 80% of government officers, hospital staffs and teaching staffs own private motorcycle and more
than 80% of them commute during congestion in both morning and afternoon peak hours. That is why
one can see huge number of people travelling on main corridors leading to the city centre and in the
reverse direction in the afternoon with very low speed of 1.5 to 2.5 m/s (about from 5km/h to 9km/h).

It turns out that these land-uses contribute considerably to traffic congestion of some corridors nearby.
For example, the study area no.1 has considerable contribution to Chua Boc, Pham Ngoc Thach, and
Thai Ha streets with shares of about 54.7%, 81.3% and 43.9% respectively on the way-in in the
afternoon peak hour. Study area no.2 contributes considerably to the other corridors such as Kham
Thien, Nguyen Thai Hoc and Kim Ma with a contribution of about 68.7%, 42.5% and 26.2%
respectively on the way-in in the morning and 72.8%, 0% and 37.8% on the way-out in the afternoon.

A set of scenarios for relocation have been constructed. The comparison of traffic volume with road
capacity of all main corridors is applied to evaluate the contribution of the selected land-uses to traffic
congestion in both morning peak hour and afternoon peak hour as well as after relocation. This is done
by applying advanced spatial and network capabilities of GIS. It appears that congestion can be
relieved considerably by integration of land-use and transport in combination with good land-use
policy of government.
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INTEGRATION OF LAND USE AND TRANSPORT IN HANOI: CAN WE RELIEVE CONGESTION BY RELOCATING SOME MAJOR LAND USES?

1. Introduction

1.1 Background

Transport in itself is a very fundamental need of people, after food and housing, possibly one of the
strongest. Transport of goods and people in a city plays an important role, as it functions like the
circulation system in a living organism. Urban transport directly affects the economic efficiency of
cities and the well-being of their inhabitants. When urban transport is inefficient, it can be a major
source of problems for cities and their inhabitants(Orm 2003).

Rapid urbanization and an increase in motorization in developing countries have put high pressure on
transport as reported by World Bank “Most of the cities in the developing countries face severe
transport problems. Road congestion is spreading; the movement of people and goods is slowing to a
crawl”’(World Bank 1986; Orn 2003).

Traffic jam happen every day

Figure 1.1: Traffic congestion in developing countries (Source:(Square 2003))

“Improved mobility = Improved prosperity”(UITP 2006). But the question for many developing cities
is how to relief traffic congestion and improve mobility? The traditional approach to urban transport in
the United States and many other cities like Bangkok (Thailand), Jakarta (Indonesia), etc has been
always been to “build away” the problems by producing more urban roads and highways with multi-
lanes and elevated expressways to favour the movement of vehicles or high-cost public transport
systems such as rail-based metros. This strategy seems to be logical, but the lesson drawn is that it is
not effective way. Recently, urban planners have realized that infrastructure alone will not solve traffic
problems, only through the integration of land-use and transport in combination with promotion of
good public transport and restriction of private vehicle use can achieve sustainable transport(DUAP
2001; Sim, Malone et al. 2001; Petersen 2002; Orn 2003; Whitelegg and Haq 2003; Emberger 2005;
Lohani 2005; UITP 2006).

Intelligent land use planning plays an important role in coping with traffic congestion and ensuring
sustainable transport because spatial distribution of housing, working, shopping, leisure and other
activities determines trip frequency, trip distance and modal share. Therefore, by influencing the

1
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spatial structure of activity locations in the urban environment, land use planning can contribute to
reduce number of trips, trip lengths and support a high share of “green modes”(public transport,
cycling and walking). Petersen (2002) emphasizes that “Without acknowledgement of the interactions
between land use planning, urban growth and transport development, no sustainable transport system
will emerge, neither with respect to economic nor to social and environmental criteria. Setting priority
on road network capacity extensions without a clear vision of spatial development has failed to
mitigate congestion everywhere in the world”. Therefore, the integration of land use and transport is
one of the most important tasks in transport planning in order to achieve sustainable transport. It aims
to improve mobility and accessibility for people, services and resources for achieving economic
effectiveness and social equity and should be considered carefully in the planning.

The travel of people with a transport mode (bus, walking, cycling) from one place to another through
road network involves costs measured in travel time, travel distance or travel fee. These costs cause an
impedance or resistance for travel and are used as accessibility indicators. By putting some impedance
constraints such as maximum travel time by bus within 30 minutes or walking time less than 15
minutes, we can evaluate how good the spatial distribution of land-uses in combination with transport
and indirectly measure the congestion level. A good spatial distribution of land-uses and transport will
reduce the number of trips, total trip length or increase the number of people using “green modes”
(bus, walking, cycling) and congestion level will be reduced relatively as a consequence. If a service
location is not good in term of accessibility, it should be relocated. Recently, this notion has been
applied to evaluate the integration of land-use and transport in several researches(Cervero 1988;
Aarhus 2000; Hanssen 2000; Sim, Malone et al. 2001; Jong, Geertman et al. 2003; Jong, Geertman et
al. 2003; Wee and Maat 2003; Marquez, McNamara et al. 2004; Belal 2006; Geurs 2006)

1.2. Transport issues in Hanoi

Hanoi is the capital of Vietnam, where more than 30 hospitals at national level, more than 2000
government offices with more than 300,000 staff, 112 institutes and more than 60 universities and
colleges, 41 vocational schools and 34 technical schools with more than 553,000 students in total are
located. Most of them are located in the city centre (M.O.T 2004; M.O.C 2005). With poor and uneven
road distribution, just about 1.9% of road area to Hanoi’s total land area, in combination with poor
public transport and a high share of motorcycle traffic congestion is experienced during peak hours
every morning and afternoon.

To cope with traffic congestion, many counter-measures have been applied such as: expanding the
existing roads, building new roads, flyovers, enforcing traffic laws, applying traffic signal, improving
operation of public transport, etc but the situation has not been improved very much. This situation
might be worse with the current figures of economic and population development. Recently, there are
many disputes on how to improve mobility for Hanoi people, some ideas are that traffic congestion
can not be relieved unless metro lines are built, while others say that traffic congestion can be relieved
if some government offices, universities and some hospitals are to be removed out from the city
centre(TP 2005). A targeted task of the transport sector is to relieve traffic congestion and improve
public transport to meet 30% of the demand by 2010 with the support of a rail-based system (MOT
2004). The main question in this research is whether we can relieve congestion and improve
accessibility by relocating some major land-uses?




INTEGRATION OF LAND USE AND TRANSPORT IN HANOI: CAN WE RELIEVE CONGESTION BY RELOCATING SOME MAJOR LAND USES?

1.3. Research problem

Traffic congestion in Hanoi, particularly in the city centre, is serious. Several discussed on how to
solve the co-exist. One of the ideas is to relocate some major land-uses to the Western part of the city.
The effect of this relocation on traffic congestion is however unknown.

Therefore, the main hypothesis in this research is relocation of some major land uses such as
government offices, hospitals and universities can relieve the congestion situation and as such improve
accessibility.

In this research this hypothesis will be investigated by testing some alternatives of integration of land
uses and transport in Hanoi in order to have better mobility for Hanoi people.

1.4. Research objectives

The main objective is to investigate the hypothesis by testing some alternatives of integration of land
uses and transport in Hanoi in order to have better mobility for Hanoi people will be tested.

The sub-objectives are:

- To evaluate the current situation of some selected major land-uses in term of how they contribute to
the current levels of traffic congestion in Hanoi.

- To test some scenarios of relocation for some selected major land-uses to see if and to what extent
they can relieve traffic congestion in Hanoi.

1.5. Key research questions
Some key research questions are addressed as follows:

- How much do the selected land-uses contribute to congestion on corridors and congested roads?
- Can traffic congestion situation be relieved by expanding roads only?

- Can we relieve congestion by relocating the selected major land-uses? And how much can we
achieve?

1.6. Study area

The main study area is in the city centre of Hanoi-Vietnam, particularly the part within the ring road
no. 2, where most government offices, universities, and hospitals are located and where congestion is
very serious. The main study area is indicated within bold line in figure 1.2 below. Two specific study
areas are proposed.

Study area no.1 is Bach Mai area where three big universities (Polytechnics, Construction, and
Economics universities) and a group of hospitals including Bach Mai hospital. Some corridors near-by
this area are suffering severe traffic congestion during peak hours every day such as Chua Boc, Truong
Chinh, and Thai Ha streets.

Study area no. 2 is the urban core (Hoan Kiem district) where many government offices are located.
Huge of people is observed on some corridors leading to this area every morning on the way-in and on
the reverse direction in the afternoon such as Kham Thien, Kim Ma, Nguyen Thai Hoc, Ba Trieu, Pho
Hue, Chuong Duong.
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Based on literature, an office-based interview method was selected to get information on trip origins,
transport mode, travel time, route used and some other important information on social-economic
characteristic of trip.

Based on the information extracted from the survey, the road network is calibrated before conducting
analyses.

From interview responses, the percentage of people who travel during peak hours as well as the mode
share per commune are calculated and then converted into pcu (passenger car unit) for comparison
purpose. A shortest path algorithm is then applied to record corridors used when a person is going
from one commune to the destination. And finally, the comparison is made between the existing
situation and scenarios based on the traffic count on corridors, congestion level and congestion mark.

Because a transport model, nor a full-fledged transport study, is available for Hanoi, this research
focuses on information on travel patterns of those working or visiting the selected land-uses. Their
travel patterns reveal important information on the contribution of the land-uses to the congestion
situation in Hanoi.

Note: In this research, all green modes like walking, cycling and going by bus are considered not
contribute to traffic congestion. Only motorcycle and car is taken into account.

1.8. Structure of the research
Chapter 1: Introduction

This chapter contains the background of the research, research problem, research
objectives, research questions, and research methodology.

Chapter 2: Interaction between land-use and transport

This chapter will give some ideas of the interaction between land use and transport,
accessibility indicators.

Chapter 3: Hanoi: An introduction

This chapter will give some background information about Hanoi, including population,
distribution of some major land-uses, the existing road network, the existing public
transport system, the congestion situation, the modal share, and reviews some recent
studies for Hanoi transport and their short comings.

Chapter 4: Data collection and data preparation

This chapter will discuss the data requirements, data collection, fieldwork, and data
preparation.

Chapter 5: Contribution to congestion of the selected land-uses

This chapter will evaluate the selected major land-uses in term of their contribution to
congestion on the different main corridors and congested roads.

Chapter 6: Scenarios of relocating some major land uses
In this chapter, some selected alternatives of land use and transport will be tested.

Chapter 7: Conclusions and Recommendations
This chapter gives some conclusions and recommendations for further research.
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1.9. Discussion on newspapers on the relocation of some major land-
uses

Relocation of land-uses is an important discussion currently held in Hanoi. Here is a brief summary of
an article from the electronic newspaper Hanoinet from late 2005 (http://hinet.net.vn/news), indicating
the importance of this research.

What is the solution for transport in Hanoi: build new road or just expand the existing roads?
Summary:

- Inner districts of Hanoi have an area of about 110km2 with total road network of about 400km long
(6 km2) equivalent to 6% of urban land. The road network is uneven distributed: the road density of
the old squared streets is about 12%, while the other area is just about 5%.

- According to some transport experts, in order to deal with traffic congestion, Hanoi needs to
increase the road density up to 20% of urban land. But due to very densely population, Hanoi needs
at least US$14 billion just for land clearance and the total investment for road construction is about
US$17 billion. And the investment will be much higher if metro lines are built.

- What is the best solution for transport in Hanoi? There are some different ideas as follows:

v" The first idea is to build good infrastructure together with other social services and low-price
houses in outer districts (surrounding the city centre) to attract people to live outside the city
centre, while keeping the same conditions of the city centre (within ring road no.2). The
advantage of this solution is it reduces the population density inside the city centre and as a
result it will reduce traffic congestion. But the disadvantage is that we need long construction
time and during this time the traffic congestion situation in Hanoi is the unchanged.

v The second solution is to expand and build new roads in Hanoi and at the same time to build
new urban areas with good infrastructure as in solution 1. This solution has the disadvantage
that it is an expensive investment and that actually people do not want to live far from the city
centre if the transport is already improved.

The weakness of both solutions is the government’s offices and other organizations like hospitals,
universities are still located inside the city centre. Therefore the traffic congestion will not be solved or
even become worst because the travel distance is longer. That will be the main reason why people do
not want to live far from the city centre. The solution is to relocate government’s offices and other
organizations outside the city centre.

v The third idea is to remove (relocate) government’s offices out of Hanoi centre. According to
economic experts, with US$15 billion, Hanoi can build new urban centre for education,
politics, and finance, etc activities with very good infrastructure outside ring road no.3. And if
organizations like Polytechnics University, Construction University, and Economics
University and some hospital like Bach Mai hospital, Viet Duc hospital, K hospital, and C
hospital are removed from Hanoi, the transport situation might be better. And on the other side
we can have a chance to build better and up-to-date infrastructure for these organizations.

- Finally, to reduce traffic congestion in Hanoi both solutions have the same idea as to reduce
population density inside the city centre. But in order to reduce population density and attract
people to live outside Hanoi, beside good infrastructure, low-price houses and other social services
for people we need to relocate government’s offices and other organizations outside the city centre.
But how to relocate, government should have good and clear policy. (TP)

(Note: For the original article in Vietnamese version, please refer to Appendix A)
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2. Interaction between land use and transport

2.1. Urban transport in developing countries

Transport is an activity that people have engaged in since the beginning of humanity. Transport helps
people to reach different places, where they can perform their activities and enable the movement of
goods inside cities. Generally urban transport can be defined as the movement of people and goods in
urban areas. This movement takes place in space and time. In “space” as activities are located in
different land uses of the city and people have to move from one land-use location to another; in
“time” as activities are often constrained by time, which means that people should travel to these
activities at a certain time of the day. Besides these spatial and temporal characteristics, the
movements are also determined by socio-economic, demographic and cultural characteristics of the
city. These characteristics create the demand for travel and define where people travel and what modes
of transport they use for travelling. This demand can be satisfied if an adequate transport system is
provided (Belal 2006). Traffic congestion will happen when the travel demand is far beyond the
capacity of the transport system at a certain time of the day.

Rapid urbanization and booming of motorized vehicles in developing countries have put high pressure
on the urban transport systems. Over the last two decades, Asian cities have been suffering severe
traffic congestion due to dramatic increases in motor vehicle growth rates. And traffic congestion is
experienced almost every day. The average speed of motor vehicles during peak hours in many cities
is just between 5-10km/h(World Bank 1986; Orn 2003; Whitelegg and Haq 2003; Belal 2006). This
situation not only reduces greatly the effectiveness of all social activities, impede economic
development in the city, but also destroys the living quality of inhabitants in the city and creates a
polluted environment(Whitelegg and Haq 2003).

One of the challenges for urban planners in developing countries is to make cities sustainable and
equitable with good accessibility through an efficient transport system without congestion. The variety
of measures that have been used to alleviate traffic congestion in cities can generally be classified into
the integration of land use and transport planning on the one hand, and demand management
instruments on the other. The first group of measures, based on the premise that there is a close link
between land use activities and the number of trips generated, is aimed at reducing the amount of
travel (trip lengths and trip generation). The second group of measures, however, aims to reduce
reliance on the car, and for example promote the use of public transport. (Sim, Malone et al. 2001).

Various measures have been tried such as expanding existing roads, building new roads, improving
public transport including metros, traffic restriction, improving traffic signals and traffic control,
congestion price, parking fee, road pricing, etc. but with little success. Recently, urban planners have
realized that infrastructure alone will not solve traffic problems, and only through integration of land-
use and transport in combination with promotion of good public transport and restriction of private
vehicle use can achieve the targeted task (Sim, Malone et al. 2001; Orn 2003; Whitelegg and Haq
2003; Emberger 2005; UITP 2006). Transport and land-use are two key elements for achieving
sustainability in an urban context. In the past, land-use and transport were treated separately-their
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interdependence was not realized in full. Recently, it is recognized that sustainable development can
only be achieved when transport and land-use are treated simultaneously (Emberger 2005).

2.2. Interaction between land use and transport

Integrated land-use and transport planning are essential for environmentally, socially and
economically sustainable urban development as observed in Peterson (2002).

In transport analysis, a city is usually modeled as a collection of separate homogenous islands (zones)
that are most commonly called Traffic Analysis Zones (TAZ). These zones are areas where travel
originates (origins) and terminates (destination). The transport network is the “bridge” that links these
zones(Belal 2006).

As mentioned above, the movement takes place in space and time, from one land-use location to
another at a certain time of the day. Most trips are made because people want or have to carry out
activities. Land-use is spatial distribution of activities. This distribution generates traffic for people
move from one activity to another. Travel demand depends on the utility of the activity, on the one
hand, and on the aggregate costs to reach the destination, on the other hand. The aggregate costs
measured in time, money, and efforts needed to cover the distance are usually expressed as transport
resistance or impedance(Blijie and Bok 2002; Wee and Maat 2003).

According to Bert van Wee and Kees Maat with a given population size and demographic
characteristics, the total volume of passenger transport and the split transport modes depend on the
locations of human activities (such as education, working, shopping, etc), the needs and desires of
people and the transport resistances. The travel needs and desires of people (usually expressed as total
travel distance or number of trips) relates to socio-economic and cultural characteristics, while
transport resistances relate to financial factors, travel time, comfort and reliability of transport mode.
The aggregate costs needed to cover the distance are not only determined by the quality of the
transport system but also by the characteristics of the spatial structure surrounding the sites where the
activities take place. The spatial structure determines the generalized costs between the activities, as
well as the ease of access to the various traffic modes(Wee and Maat 2003).

The relationship between activity location, travel need and transport resistance is depicted below.
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Figure 2.1: Relationship between activity locations, travel need and transport resistance (Adopted
from (Wee and Maat 2003))
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These three factors have a strong relation. Any change of one factor among the three might lead to the
change of the performance of the whole system. Change in land use patterns might change transport
resistance between certain locations and might reduce travel needs also; good planned activity
locations might contribute greatly to relief of traffic congestion, reducing travel time/distance as well
as improving environment (Wee and Maat 2003).

From literature, there are two main directions in the integration of land-use and transport: that is mixed
land-uses and relocation some major land uses such as office, hospital, etc. for example out of the city
centre. The purpose of integrating land-use and transport is to move local and regional spatial
structures in the direction of:

- Reducing the demand for transport (including number of trip and travel time/distance),

- Increasing the choice of available transport and reducing dependence on motorized mode,

- Improving accessibility to jobs, and public services

- Supporting the efficient and viable operation of public transport services, walking and cycling

- Enhancing healthy conditions for living.

In general, the integration of land-uses and transport contributes greatly to relief traffic congestion,
reduction private automobile dependence and improvement of the urban environment (DUAP 2001;
Sim, Malone et al. 2001; Petersen 2002; Wee and Maat 2003; Whitelegg and Haq 2003; Geurs 2006).

2.2.1. Mixed land-uses

Many authors agree that higher densities, and mixed land-uses that are associated with them, shorten
the length of trips by all modes, for example making walking and cycling attractive for more trips and
create sufficient concentrations of activities for an effective, frequent public transport service(Cervero
1988; Sim, Malone et al. 2001; Petersen 2002; Whitelegg and Haq 2003)
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Figure 2.2: Energy used and urban density(Petersen 2002)

Anyway, there is no fixed number for good urban density. It depends very much on how well the
spatial structure is organized, relative separation in location between residential area and activity
locations like schools, hospitals, business area, and highly depends on culture as well as other
factors. Therefore, it can explain for example why in Hong Kong, with its very high urban density
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(300 persons/ha), there is hardly congestion ; but can not explain why Bangkok with its higher
urban density (162 persons/ha) than Singapore (88 person/ha) has a much worse traffic
situation(Whitelegg and Haq 2003). We can only know that mixed land-uses with well structured
high density urban areas can reduce total trip length, consumed energy used for transport, and
increase effectiveness of public transport as well as encourage walking and cycling within urban

area.

In Hanoi, almost all government offices, business centres and many large hospitals are located in
the city centre (within ring road no.1); some other hospitals and universities are located within ring
road no.1 and no.2 while main labour forces are living outside ring road no.2 (in between ring road
no.2 and no.3). This is because the centralized ideal is “Thu Nhat Kinh Ky, thu nhi pho Hien”
which means all the best and highest quality services are located within centre area of the capital
city was predominant in previous urban planning. That is why the number of universities, colleges,
institutes as well as hospitals in Hanoi account for 50% of the whole country. It makes a big gap in
both service quality and quantity between Hanoi and other areas surround. Therefore, a great
amount of labour force, students and patients from half of the country flock into Hanoi for
working, study and treatment. That is why we have experienced a huge flow of people coming in
the city centre every morning and return in reverse direction in the afternoon; And together with
high rate of motorcycles (1.9 millions of motorcycles account for 74% of trip demand) and poor
public transport running on quite low density of road network (6% of urban land) congestion
happens during peak hours almost every morning and afternoon(MOT 2004; HAIDEP 2005).

But how to evaluate the quality of mixed land-uses, what are appropriate criteria/indicators for
evaluation of mixed land-uses? Eventually residents tend to move to more accessible locations
(Blijie and Bok 2002). Therefore, a good indicator recently used for assessment of mixed land-
uses is accessibility. As indicated by Banister(2002), “Underlying much of the debate on
sustainable development is the importance of accessibility or the ability to reach a range of
services and facilities easily. This simple concept is at the heart of much planning and transport
thinking as its intention is to keep travel distance as short as possible. One of the fundamental
axioms of transport planning is that people do not like travelling, and they only travel because the
benefit received at the destination (work, education) more than outweigh the cost (i.e. time and
money) of getting there. An important corollary of the axiom is that if journey distances are short,
then people are more likely to use “green modes” of transport (walk, cycle) or public transport”.
Therefore, based on this notion we can somewhat know how well the spatial distribution and
transport system are organized. For example, according to recommendation of Department of
Urban Affair and Planning of Sydney, Australia every household should be substantially within
800m total walking distance from an existing or programmed rail station (or equivalent mass
transit mode), served at least every 15 minutes or within 400m walking distance of a bus route at
least every 30 minutes(DUAP 2001). Or the relation between quality of location and transport
demand is studied comprehensively in the well-known Dutch ABC-Planning, in which cities with
more than 100,000 inhabitants are required to prepare land use plans allocating the area into three
different categories A, B and C with all the classes A,B,C explained in figure 2.3.
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Figure 2.3: Dutch ABC planning (Source: (Petersen 2002)

According to this planning concept, the best location (in green area) attracting large numbers of
travellers is within walking distance around a rail station also served by major bus routes.
Increasing distances from that spot will be less attractive for transit passengers, and travellers will
increasingly tend to use private cars and taxis. This ABC scheme and key site concept should be
combined with general urban development paradigm to avoid traffic problems such as congestion,
emission hot spots in high concentrated centre area, especially when housing spreads in the
outskirts of the cities, and workplaces as well as shopping facilities located in the city centre. In
this situation, sub-centres within the city boundaries should be formed to reduce traffic pressure on
the roads leading to the main centre and average trip distances as well as number of trips by
homogenous distribution of activities in the whole city(Petersen 2002). It means that some major
services/organizations should be relocated as called “decentralization” in many other literatures or
newly set up outside the city centre (Naess and Sandberg 1996; Sim, Malone et al. 2001;
Whitelegg and Haq 2003).

Many cities in the world, especially in the Netherlands, have provided good practice examples,
where integration of land-use and transport in planning with consideration of accessibility notion
can result in a reduction of car use, improved public transport use, walking and cycling and a
better quality of life such as in Groningen city, The Netherlands, where since 1990 already, got
success with 48% of all trips within the city were by bicycle, 17% by foot, 5% by public transport
and just 30% by car; Houten in the Netherlands has developed a comprehensive bicycle/pedestrian
network and cut car trips per household by 25%; Manchester (UK) the Metrolink tram has taken
up to 50% of car journey off roads in the area it serves. It has replaced over 1 million car journeys
into the city centre each year; Portland, Oregon (USA) 40% of commuters using public transport;
Curitiba, Botaga (Colombia) and Copenhagen (Denmark) (Whitelegg and Haq 2003); or

"
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Singapore with the most reliable and efficient transport system in the world “The key to
Singapore's success lies in its comprehensive and highly coordinated land transport policy, which
combines the integration of land use and transport planning with demand management
measures”.(Sim, Malone et al. 2001)

2.2.2. Relocating major land uses

Service location relates to organization/ service effectiveness it self and relates to effectiveness of
society through the effect to accessibility of its staffs and customers, affect to traffic on road
network. Traffic congestion can be relieved or increased with consideration of
service/organization location or relocating them(Jong, Geertman et al. 2003). Therefore, locations
of activities that lead to traffic congestion or reducing accessibility of attendants (staffs,
customers), or that increase private vehicle use dependence or reduce effectiveness of activities
themselves and effectiveness of society, should be relocated. The indicators used for measuring
effectiveness of relocation usually are total number of trips, total trip length or fuel consumption,
mode share (percentage of people shifting from private vehicle use to “green modes” like walking,
cycling or public transport) and change in traffic volume on congested roads compared with before
relocation(Cervero 1988; Naess and Sandberg 1996; Aarhus 2000; Wee 2000; Peuralahti 2003;
Whitelegg and Haq 2003).

Anyway, there are many disputes in literature whether a decentralized patterns of job sites outside
the city centre or whether a high concentration of jobs and activities in the inner city will lead to
the shortest trip lengths and thus minimize total volume of transport related to journeys to work.
Some authors ague for example that high concentration of activities and jobs in the inner city will
reduce number of trips and travel distances. Therefore, relocation of organizations from inner city
to suburban area would result in a higher share of number of trips and travel length of employee to
work (Naess and Sandberg 1996; Kadesh and Roach 1997; Aarhus 2000; Hanssen 2000;
Peuralahti 2003; Marquez, McNamara et al. 2004).

Traffic is not only affected by land use but also by public transport, parking policy, etc. Changes
in land-use patterns might change in transport resistance between certain locations. Many cases of
office relocation land use policy have failed in reducing trip volume and travel distance such as:
the suburbanization of offices in the Netherlands in the 1980s resulted in longer travel times by
public transport and more congestion on motorways. It also increased car ownership because of
the poor public transport accessibility of the new office locations; relocation of the Utrecht
Medical Centre (UMC), for example, done by the Geographic Institute of Utrecht University in
1990 reveals that the car use increased from 58% to 72% after the hospital was relocated
kilometres away from Utrecht central railway station as compared to the previous location, which
was just within walking distance from the railway station (Wee and Maat 2003); a case study of
firm relocation in Oslo, Norway shows that car use increased (from 25% to 41%), average travel
time increased by 7 minutes while the use of public transport was reduced from 61% to 46%
despite the new location being well served by public transport(Hanssen 2000). Besides these
failures, many success cases have been recorded such as: a survey carried out in 1979 on occasion
of relocation of a department of the Province of South Holland with the moved distance of just a
couple of hundred meters to a location very close to the Central Station in The Hague revealed that
the car use was found to be halves: from 37% to 19%, while public transport use doubled: from
34% to 70%; the relocation of the Ministry of Housing, Spatial Planning and the Environment of
Netherlands in 1992 to new location with highly accessible by public transport, just beside the
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Central Station in The Hague, got achievement in reducing the car use from 41 to 4% with shorter
total travel distance(Wee and Maat 2003); the decentralization’s strategy of commercial activities
to regional centres and sub-regional centres to relieve congestion in the CBD of Tampines
Regional Centre, Singapore provides a good example of the integration of land use and transport
planning that give the opportunity to work closer to home and minimize travel expenses and
time(Sim, Malone et al. 2001).

These examples reveal that the main reasons of these failures are firms relocated from locations
with respectively good accessibility to locations with relatively poor public transport access and
the provision of ample free car parking in the new locations.

The main method of relocation studies is in comparing the situation before and after the
organization was relocated by interview for example, surveys or making scenarios with some
indicators (Naess and Sandberg 1996; Aarhus 2000; Hanssen 2000; Peuralahti 2003; Kirca and
Tabalu 2004; Marquez, McNamara et al. 2004).

The suitable indicators selected for Hanoi case study should be total trip length and change in
traffic volume on congested roads and the suitable method would be to compare scenarios of
before and after relocation, as the real relocation has not been done yet.

2.3. Conclusions

Recently, urban planners have recognized that transport and land-use are two key elements for
achieving sustainability in an urban context and integration of land-use and transport with aims at
reducing the amount of travel can help to alleviate traffic congestion.

There are two main streams in the integration of land-use and transport: that is mixed land-uses
and relocation of some major land-uses such as hospitals, offices for example out of the city
centre. The main purpose of integrating land-use and transport is to reduce the travel demand
including reduced numbers of trips, travel time, travel distance and to encourage people shifting
from private vehicle ownership to green modes including walking, cycling and bus by improving
accessibility to job site and other public services.

The indicators used for measuring effectiveness of relocation usually are total number of trips,
total trip length or fuel consumption, mode share (percentage of people shifting from private
vehicle use to “green modes” like walking, cycling or public transport) and change in traffic
volume on congested roads compared with before relocation.

The main method of relocation studies is comparing the situation before and after the organization
is relocated by interview survey or scenarios studies with some transport indicators

In this research, some scenarios will be constructed to compare the current situation and possible
future scenarios with an indicator for traffic volume on some corridors and congested roads.

13
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3. Hanoi city: An introduction

This chapter will give you an overview of Hanoi city, distribution of population and some major
land uses; Hanoi transport and current situation of traffic congestion as well as some missing in
the recent studies for Hanoi transport.

3.1. Brief introduction on Hanoi city

Hanoi, capital city of Vietnam, is located in the North of Vietnam. Hanoi is not only the capital of
the nation but is also its political and cultural hub, as well as the science, education, and economic
centre. It plays a leading role in the region being the gateway to national and international markets.
In addition, it is an attractive city both to tourist and residents due to the preservation of its
beautiful and cultural surroundings and the stable political situation and low crime figures. (JICA
August, 2006).

Figure 3.1: Hanoi-Capital city of Vietnam

3.2. Hanoi population distribution

Since the Doi Moi policy was introduced in 1986, Vietnam’s economy has grown rapidly and
Hanoi has experienced notable urbanization. During the last decade, Hanoi has grown rapidly in
many aspects. Its population has increase at a rate of nearly 2.9% per year. As of 2005, Hanoi has
a population of 3,183,000, 62.6% of which resided in urbanized areas. Although such rapid
population growth can be seen in the entire city, it is particularly significant in the city’s urban
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fringe districts like Thanh Xuan, Cau Giay, Hoang Mai and Tu Liem districts(JICA August, 2006)
(see table 3.1)
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Figure 3.2: Distribution of population in Hanoi

Hanoi's population by District

Population (1000 people) Annual Population Density, 2005
1,999 2,005 Pop. (no.ha)
Area o o Growth Residentia
(km2) no. % no. % (%lyear) Total Net | area
Hanoi City 921 2,675 100.0 3,183 100.0 2.9 35 38 52
Urban Core 35 963 36.0 1,094 34.4 2.1 316 353 399
Ba Dinh 9 198 7.4 231 7.3 2.6 249 272 369
Hoan Kiem 5 165 6.2 179 5.6 1.3 338 407 361
Hai Ba Trung 10 272 10.2 312 9.8 2.3 310 362 393
Dong Da 10 328 12.3 372 11.7 2.1 374 392 455
Urban Fringe 144 673 25.2 896 28.1 5.1 62 75 111
Tay Ho 24 91 3.4 108 3.4 2.9 45 75 64
Thanh Xuan 9 149 5.6 196 6.2 4.9 215 226 353
Cau Giay 12 122 4.6 171 5.4 6.2 142 146 281
Hoang Mai 40 161 6.0 236 7.4 7.2 60 72 129
Long Bien 60 151 5.6 186 5.8 3.6 31 36 46
Suburban 139 343 12.8 427 134 3.8 3 34 61
Tu Liem 75 193 7.2 262 8.2 5.5 35 38 83
Thanh Tri 63 150 5.6 165 5.2 1.5 26 28 34
Rural 604 696 26.0 766 241 1.5 13 14 16
Soc Son 307 246 9.2 266 8.4 1.3 9 9 11
Dong Anh 182 261 9.8 288 9.0 1.6 16 18 20
Gia Lam 115 188 7.0 212 6.7 2.0 18 21 24

Table 3.1: Population by district in Hanoi

Hanoi’s distinguishing characteristic is the compactness of its urban area with a high population

density. While its urban core which comprises four districts only occupies 35km2, it has a

population density of 316 persons/ha. In residential areas, the density increases to 399 persons/ha.
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In the urban fringe, population density is moderate at 62 persons/ha, except in Thanh Xuan, which
has 215 persons/ha and Cau Giay which has 142 persons/ha. However, the density in residential
areas sharply increases to 111 persons/ha in the urban fringe. A similar pattern is also seen in
suburban areas (JICA August, 20006).

The changes in the urban environment in Hanoi have occurred rapidly and drastically. Inflow of
population from rural areas and other cities has been more than expected, probably due to the
wider employment opportunities and higher education, among other things, offered in the capital
city (JICA August, 2006)

Recently, some newly-built residential areas with good infrastructure in the West and the South of
the city like Trung Hoa-Nhan Chinh, My Dinh, Nam Trung Yen, Dinh Cong and Linh Dam as
shown in the figure below have attracted quite a lot of people out from the city centre for living.
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Figure 3.3: Newly-built residential areas
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3.3. Distribution of some major

land uses

According to the survey of administration offices and business enterprises of Hanoi in 2002, in

urban core (Hoan Kiem district) there are 464 administration offices with 23,028 staff in among

them 161 offices at national level with 16,218 staffs, and 12,196 business enterprises with total
labour of 22,030 people; Ba Dinh district has 1.279 administration offices with 98,976 staffs in
total among them 1,083 offices at national level with number of staff of 93,331 people. That is

why Ba Dinh district is always considered as administration district and Hoan Kiem district is

considered as business district (G.D.S 2003; pp33,48,51).
} - L f & i1 Y |
Number of Labour.in"Government Offices L 1 x| - s En ,)'"1.,/{ ;
. ,.'f :J & P! e _Ll\’ P i
K /,\__“}_ ./-.\,;7/ . }_ "\j > N
4 ,{’ I";.-' kB - \\.\ k
.‘. C'_‘ 1 ..
.\/ r“) \:'
i1 Ll
Legend
NEN_RGX_region
Legend Business_labour
2,730 - 5,000 5949. ¢
5,000 - 20,000 5,949 - 10,000.
20,000 - 40,000 10,000 - 15,000
[ 40,000 - 80,000 15,000 - 20,000
I £0,000- 100,000 I 20,000 - 25,000

Figure 3.4: Number of labour in adm

inistration offices and business enterprises

Administration Offices Bussiness enterprises
No.1 District name Number of offices Total number of labour No. of
.| Total labour
Total Natioal City level District [Commune| Total Natioal City level District [Commune| enterprise
level level level level level level

1 |BaDinh 1,279 1,083 27 94 75 98,976 93,331 2,341 2,887 417 5,608 9,840
2 [Hoan Kiem 464 161 78 166 59 23,028 16,218 3,432 2,972 406 12,196 22,030
3 [Hai Ba Trung 265 57 21 134 53] 12,986 8,101 1,505 2,841 539 9,583 15,414
4 |Hoang Mai 133 29 11 67 27 6,493 4,050 753 1,421 269 4,792 7,707
5 |Dong Da 367 116 51 132 68 18,913 12,095 2,292 3,900 626 9,567 15,235
6 |Thanh Xuan 175 49 15 64 47 8,055 5,388 803 1,568 296 4,705 7,397
7 |Cau Giay 175 59 21 54 41 11,717 8,397 1,564 1,496 260 4,186 7,994
8 |[TayHo 177 15 6 69 87 2,730 689 265 1,417 359 3,709 5,949
9 |[Soc Son 252 12 14 148 78 6,268 406 398 4,722 742 6,596 10,353
10 |Dong Anh 250 10 18 118 121 5,465 259 767 3,633 806 8,884 18,132
11 |Gia Lam 115 8 6 61 40 3,054 786 332 1,657 378 5,158 9,297
12 |Long Bien 229 15 12 121 81 6,107 1,573 664 3,114 757 10,317 18,594
13 |TuLiem 312 52 15 100 145 8,945 5,255 453 2,552 685 6,449 12,472
14 |Thanh Tri 386 15 11 140 220 6,306 1,539 385 3,466 916 5,517 9,289

Table 3.2: Number of unit and labour in administration offices and business enterprises
Source:(G.D.S 2003)
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Besides that according to the Brief Report on Construction Master Plan for Hanoi Region in 2005,
Hanoi has 31 hospitals at national level, more than 63 universities, colleges and vocational
colleges with more than 553,000 students in total. Most of them are located within the city
centre(M.O.C 2005). It can be seen clearly the uneven distribution of these basic facilities in the
figure 3.3 and 3.5 below.

— T T

-

|

VAN R, T - ) > o~
Distri l}ﬁid(l ofﬁasﬁitahﬁ--hlgalth Centers N | » Dis'm\[but ion of'i_Uni\irer,sg;ii;s & Calleg?s ))’4
ful - ! 3 1 f } 7 4 !

p o) = \ ||‘__- L » A .»:I

i /
/

il

!Legend Legend

|+ Hospital t, *  University

Figure 3.5: Distribution of hospitals

Land-use patterns highlight the fact that the main economic and social functions are highly
concentrated in the urban core districts even through their actual land size is very small (JICA
August, 2006).

This uneven distribution has put high pressure on urban infrastructure and other urban services.

3.4. Hanoi transport

3.4.1. Characteristics of Hanoi road network

Hanoi has a road length of 624km. The ratio of road area to Hanoi’s total land area is 1.9% which
is absolutely low compared to major cities in other countries. It is road system is densely
developed in urban areas, and it is less dense in rural areas, causing unequal level of accessibility
within Hanoi. The city’s road network basically consists of radial and ring roads. The radial road
network is connected directly to the regional primary road network. It has been observed that the
road design standard is often inconsistent with the road function, which, among others, causes
“missing links” in the road network, e.g. arterial roads suddenly becoming narrow or interrupted at
many places (JICA August, 2006).

Before 2003 when SEA Games were held in Vietnam, a number of road projects were completed
in Hanoi, particularly in the west side of central Hanoi where the main stadium was located. After
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2003, however, the main focus of road development shifted to the completion of Ring Road (RR)
no.2, no.3, and no. 2.5 (HAIDEP 2005). In the city centre, it is very difficult to expand a road due
to high density of residential area and high cost for land acquisition. It can be seen in the figure

below.
Figure 3.6: Road distribution in Hanoi. Source: (HAIDEP 2005)
Table 5.9.1 Road Development Indicators in Hanoi’s Urban and Rural Areas
L Area Fopulation Urban Road | Urban Road Road Service Road Road
District (km®) | (2003) Length Ared Level” | Density” | Ratio”
(km) (km*)

Hoan Kiem 5.29 177.4 68.2 0.68 0.28 12.9 0.13
Ba Dinh 925 2241 539 0.54 0.24 583 0.08
Dong Da 9.96 363.3 51.1 0.55 0.14 513 0.08
Hai Ba Trung 14.65 398.2 81.7 0.70 0.15 421 0.05
Cau Giay 12.04 160.1 40.1 0.44 0.25 3.33 0.04
Tay Ho 24.00 104.0 17.3 0.15 017 0.73 0.01
Thanh Xuan 9.1 188.3 8.2 0.24 0.20 419 0.03
Subtotal 84 30 16154 330, 3.31 0.20 3.92 0.04
Tu Liem 75.32 242 4 114.5 - 0.47 1.54 -

Thanh Tri 98.22 2758 105.3 0.28 1.07

Gia Lam 17432 3789 152.0 0.40 0.87

Dong Anh 182.30 2801 171.0 0.81 0.94

Soc Son 306.51 2627 2270 0.86 074
Subtotal 836.67 14399 769.8 - 0.53 0.92 -
Grand Total 92097 3,055.3 1,100.2 - 0.36 1.19 -

Ho Chi Minh 2,095 55648 1,245.0 0.22 0.59

Metro Manila 636 10,000 2996 0.30 4 66

1) Road Service Level:

2) Road Density:
3) Road Ratio:

Table 3.3: Road Development Indicators in Hanoi. Source: (HAIDEP 2005)

RSL=L/000 population
RD{km/km~) =L/A

RRE=RA/A
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3.4.2. Transport in Hanoi

Motorization: Along with its population growth, vehicle ownership has sharply increased
particularly that of motorcycle. As of 2005, there are 164 thousand cars and 1.566 thousand
motorcycles in Hanoi City, increasing at an annual growth rate of 11.1% and 14.8% respectively.
Of the total household, 84% own a motorcycle, of which 40% have more than two. Although car
ownership is still low at 1.6% of the total population in Hanoi, this figure has increased rapidly,
posing a threat to smooth traffic flow in some locations. Rapid economic growth, at a rate of 11%
per year, is expected to further accelerate ownership of private vehicles such as motorcycles and
cars (JICA August, 2006).

Public transport: Hanoi achieved an initial success in the revitalization of bus services through
modernization, with the share of bus in terms of person trips increasing to about 7% of the total in
2005 from a very dismal 1-2% in the previous 5 years. Anyway, the share in total urban transport
demand is still insignificant(JICA August, 2006).

Other transports: “Railway services only operate on long-distance routes, with limited
efficiency, poor infrastructure facilities and connectivity. River transport is also limited despite the
high density of rivers and water channels”(JICA August, 2006)

One important characteristics of Hanoi transport is mixed traffic with very high share of
motorcycle. The collapse of public transport in 1989 in combination with a mushrooming
motorcycle ownership, led to the strange situation where “Hanoi found itself with the lowest
public transport usage and the highest percentage of private transport of all Asian
capitals”(HAIDEP 2005)

3.4.3. Traffic congestion in Hanoi

Due to the poor road infrastructure while almost all social activities happens in the city centre in
combination with poor public transport services and high share of motorcycle, traffic congestion is
experience almost every morning and afternoon peak hours. The morning peak is from 7:00AM to
8:00 AM, the afternoon peak is from 17:00 PM to 18:00 PM

Figure 4.2.16 Hourly Trip Fluctuation in Urban Areas
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Figure 3.7: Trip Fluctuation in Urban Areas (HAIDEP 2005)
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Flgure 4.2.15 Dally Traffic Volume In Hanal City Center, 2005
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Figure 3.8: Traffic congestion in Hanoi

3.5. Recent studies on Hanoi transport & their shortcomings

Recently, there are two important studies relating to Hanoi transport. The first one is Hanoi
Transport Development Master Plan for 2020 prepared by Transport Engineering and Design
Incorporation (TEDI) in 2004. The second one is the Hanoi Integrated Development and
Environmental Program (HAIDEP) under JICA project in 2006. Both proposals are under review
for approval of the Prime Minister.

3.5.1. Transport master plan

According to the Master Plan prepared by TEDI, the development targets are set for public
transport projects including satisfying 30% of Hanoi‘s passenger transport demand by 2010 and
50% by 2020 with the mode share as in the table below.

Bicycle |Motorcycle Car Bus Rail-based Other
2010 13-14% 34% 11-12% 20-22% 8-10% 10%
2020 10% 20-24% 16-19% 25-30% 20-25% 12%

The followings objectives are highlighted:

Table 3.4:Proposed mode share by TEDI (M.O.T 2004; table 8.6, pp8-19)

- Provide a transport linkage for new development areas

- Develop the public transport system including an urban rail transit system either at-grade,

elevated, or underground.
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- Alleviate local congestion and enforce traffic laws
- Construct transport nodes at the intersection of radial and circumferential roads.

The report recommends the use of rail-based transit systems with eight new rail routes either at-
grade, elevated, or underground and about 200 km long in total. (M.O.T 2004; HAIDEP 2005).

One major shortcoming in this proposal is that it discourages walking and cycling and mainly
support for a rail-based system. In the whole document there is no mention about the abnormal
distribution of the major land-uses like hospital, universities and government offices as well as
there is no solution to re-distribute these major land-uses and encourage people using green modes
like walking and cycling.

3.5.2. HAIDEP study

Next to the study by TEDI, in 2004, the Government of Vietnam requested the Government of
Japan to conduct a study on comprehensive urban development to ensure that Vietnam follows an
appropriate and a sustainable urban development under the name Hanoi Integrated Development
and Environmental Program (HAIDEP).

In the HAIDEP study, they also mentioned integration of land-use but the meaning is on-site
improvement of land-use.

They also mentioned about relocation but just “...Relocate polluting industries...” (JICA August,
2006). There is no mentioned about the distribution of other land-uses like university, hospital and
government office.

Besides that they also mentioned that transport infrastructure needs to be improved but in direction
of favour mass transit “For large urban areas, such as Hanoi, the only way to effectively meet the
transport demand is to provide the city with a high-quality public transport system that is
integrated with urban development. The core network will be composed of urban rail metro, and
bus rapid transit (BRT)”(JICA August, 2006). There is no mentioned about how to favour and
encourage people using other green modes like walking, cycling and bus. However, “building a
good public transport system is not an easy task; it requires large amounts of funds as well as
operation and management capacities” (JICA August, 2006)

In general, in HAIDEP study, there is no mention about redistribution or relocation of the existing
major land-uses like hospital, universities and government offices to relief traffic congestion,
reduce number of trip; reduce trip length as well as improve accessibility to encourage number of
people shifting to green modes.

3.6. Government policy

Recently, government has a policy to expand the city to the West direction (Ha Tay, Xuan Mai,
Hoa Lac, Ba Vi, Son Tay and to the West-North direction (Soc Son, Xuan Hoa, Phuc Yen) (M.O.T
2004; pp6-1). In early 2007, information appeared on newspaper that Hanoi’s People Committee
has decided to move 50% of polluting hospitals and industries out from the city centre and
residential areas before 2010.
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3.7. Hanoi’'s vision

The vision and goals for Hanoi are interlinked with the fact that it is the nation’s capital and as
such, it should be in the forefront of Vietnam’s march toward future growth and the anchor for its
identity as a proud and robust nation. This is rightly stated in the vision for Hanoi in Order no.
1/2001/L-CTN which reads: “Hanoi must be built as a modern and thriving capital city,
symbolizing the whole country, and functioning as a national and regional centre for policy,
culture, science, technology, education, economy, and international trade”(JICA August, 2006).

And one of the objectives is to provide efficient infrastructure to make it possible for people to
commune safely without traffic congestion(JICA August, 2006)

3.8. Conclusions

Poor road infrastructure, poor public transport and uneven distribution of some major land-uses
like hospitals, universities and government offices leading to high separation between the trip
origin and trip destination in combination with high rate of motorcycle have caused severe traffic
congestion in Hanoi.

Both recent studies for Hanoi transport support rail-based system. And there is no mention about
how the major land-uses like hospitals, universities and government offices should be re-
distributed and how much can we achieve by relocating them in terms of relief traffic congestion.
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4. Data collection and data preparation

This chapter describes the data collection at field, and data preparation with focus on road network
preparation.

4.1. Data requirements

From the conceptual framework in chapter 1 and indicators used as discussed in chapter 2, the
following information is necessary to be obtained from the field:

- Transport mode people used,

- Travel time people go from home and return home from work,

- Living address (ward) where people go to/return from our study areas (trip origin),
- Corridors people used,

- General information of organization for aggregate purpose,

- Their intention of relocation and new location, if any.

- Road network data and its information such as road type, road width, number of lane, traffic
volume, etc.

Histogram of commune area
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Figure 4.1: Hanoi’s ward by size (km2)

One characteristics of Hanoi is that all wards in the city centre have smaller size than the outskirts.
In Hanoi, the smallest ward is Tran Hung Dao with an area of 0.059 km2 (or average distance is
136.0 m from ward centre) and largest ward is Bac Son in the outskirt of Hanoi with area of
30,05km2 (or average distance from ward centre is 3.09km), and on average the ward’s area is
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4.34km?2 or average distance from ward centre is 1.17km. Most of Hanoi people are living in the
city centre or in fringe wards where the average area is small enough as average area to consider
people going from ward centre. Therefore, in this research, the smallest unit used as trip origin is

the ward.
4.2. Data collection
4.2.1. Interview form/questionnaires

Since the trip destinations were already decided as mentioned in chapter 1. Therefore, the office-
based interview method is selected to get the information on trip origin, transport mode, travel
time and corridors used. All these information can be filled very quickly in the short interview

forms/questionnaires designed as depicted in a sample below.
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Figure 4.2: A sample of questionnaire form
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Usually it took less than 5 minutes to fill a form. This strategy is suitable since people are very
busy.

4.2.2. Deliver Interview forms and questionnaires

Now the critical matter is how to get information, especially from government staff, doctors, and
lecturers since they are very busy. The problem was solved by delivering questionnaires through
the administration system of these organizations with the support from management boards. The
completed forms were collected one week after delivering. For students, the questionnaires were
delivered at classes and collected immediately after 30 minutes from class representatives. The
classes were randomly selected and the questionnaires were delivered for all morning class,
afternoon classes and night classes. For patients, there is no other way than interview directly with
the help of 8 assistants. Finally, 5,561 completed questionnaire forms were collected. The result is
summarized in table 4.1, 4.2, 4.3.

Figure 4.3: Interview at hospitals

After collecting the completed forms, all information from questionnaires was input in database
immediately by assistant staff. All completed forms were coded and numbered as seen in figure
4.1 above before inputting in database.

4.2.3. Interview management boards

The management boards were interviewed to get general information of these organizations for
aggregate purpose and to get information on their intention of relocation, location of new base and
solution of relocation, if any. The interview reveals that all the existing bases are overloaded and
so narrow that some of them already have the intention to relocate to new bases; some others also
have intention to move but still have no idea where to move. And most of the new locations are
planned in the west side of the city, except K hospital to the South. The result is summarized in the
table 4.1, 4.2, 4.3 below. Later this information will be used to calculate the contribution to
congestion on corridors of the whole population of these land-uses in chapter 5 and used to
construct scenarios in chapter 6.
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Result of survey at hospitals

Staff Patient
" No. of Relocation Type of Year of
No. Hospital name patient bed | Number of]| No. of Average number No. of intention New address relocation | relocation
completed % 9 . completed %
staff of patient daily
form form
1 |Bach Mai hospital consortium 1700 2875 684| 23.79 2651 637| 24.03
; ; 1516 . o
Bach Mai Hi |
a [Bach Mai Hospital 1150 1925 (3336222 Not yet Wiaiting for permission
National Institute of Infectuous and
b Tropical Diseases (Vien Lay) 120 200 80 Yes Not clear now
National Institute of Hematology and . .
¢ |Blood Transfusion (Vien Huyet hoc) 200 300 35 Yes Nhan Hoa-Trung Kinh-Hanoi |Move all 2010
National Institute of Dermato-
d Venereology (Vien Da lieu) 100 200 400-700 Yes Not clear now
Vietnam National Institute of
e Gerontology (Vien Lao khoa) 30 50 20 Yes Not clear now
f  |Vietnam-French Hospital 100 200 300 No
2 |Viet-Duc hospital 500 982 256| 26.07 400 150| 37.50|No
3 |K hospital 470 557 218| 39.14 800 166| 20.75|Yes Tan Trieu-Thanh Tri-Ha Noi [Move all B;J;’Be
4 |C hospital (Phu San) 400 600 208| 34.67 250 109| 43.60|Not yet
: ) 1970 Not clear
5 |Saint Paul hospital 500 670 196 29.25 (43349722 145 7.36|Yes (Waiting for permission)
Table 4.1: Result of survey at hospitals
Result of survey at universities
Teacher and Staff No. of No. of completed form of student
Total "
. " students Relocation Type of Year of
No. University name No. of number of . . . New address N N
Number of completed % student Stud_y at Morning | Afternoon Night class % intention relocation| relocation
form Hanoi base| class class
1 |Construction University 832 72 8.65 20,754| 23,000 572 502 229 5.67| Not yet
2 |Polytechnics University 1950 99 5.08| 30,000/ 30,000 159| 257 12| 1.76| Yes Tay Mo apart | Before
commune 2020
3 |Economics University 1130 48 4.25 27,996| 18,700 0 294 283 3.09| Not yet
Table 4.2: Result of survey at universities
Result of survey at government offices
Teacher and Staff
No. Office name No. of Relocgtmn New address Type .Of Year gf
Number of o intention relocation| relocation
completed %
staff
form
. ) Trung Hoa-Cau Giay- Before
1 [Ministry of Science and Technology 300 15 5.00f Yes 9 ) v Whole
Hanoi 2010
2 |Vietnam Railways Corporations 450 150| 33.33 No

Table 4.3: Result of survey at government offices

Traffic count at cordons

Figure 4.4: Traffic count at cordons
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In order to analyze the attraction of these organizations, the traffic counts at cordons method were
applied. The traffic count was done for all transport means at all gates of these organizations. The
traffic count was usually done from 6:00 or 6:30 AM till 9:00 AM in the morning and from 16:00
PM till 18:30PM. The survey reveals that hospitals are very attractive and the busiest time is from
7:00 AM to 8:00AM in the morning. For example till 9:00AM already has almost 9,000 trips
going in Bach Mai hospital. Beside that the high rate of motorcycle can also be seen in an example

below.
Bach mai hospital-Total trip going in
700 (Not accumulative)
E‘ —e— Mbtorcycle in
§ —a— Bicyclein
Carin
—— Walking in
Traffic counting at the main gate of Bach mai hospital-Going in
14000 (accumulative number)
12000 -
10000 -
= Mot I
5 —e— Mbtorcycle
o —a— Bicycle
2 Car
—— Walking
—¥— Total trip IN
Figure 4.5: Result of traffic count at cordons
4.2.5. Measuring travel speed on some corridors

The travel time by motorcycle on some corridors was done. The purposes are:
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- To evaluate and decide peak hours.

- To calculate average travel speed of the traffic flow on corridors in Non-peak and in Peak
hours. This information will be used for calibration of road network later.

The survey was done by recording the travel time by motorcycle on one corridor before and after
expected peak hours, usually from 6:30 AM till 11:00 AM and from 16:00PM till 19:00 PM. After
that the travel speed was calculated by dividing travel length to travel time and then draw on graph
as an example below. The survey was also done for both the way-in and the way-out.

Truong Chinh street-The way in
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Figure 4.6: Travel speed on some corridors-Morning peak
Truong Chinh street-The wayin
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Figure 4.7: Travel speed on corridors-Afternoon peak
The survey reveals that:

- The morning peak is from 7:00AM to 8:00 AM, afternoon peak is from 17:00PM to
18:00PM,

- The most congested corridor is Truong Chinh Street, especially on the way-in in the
afternoon.

- The average speed in non-peak hour is from 16km/h to 22km/h depending on the corridor.
This information will be used for road network preparation later.
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4.2.6.

4.3.

Collection of secondary data

Besides that some secondary data and related documents were collected:

- Ward’s boundary in MapInfo format

- Statistics data for aggregation purpose

- Paper maps of Hanoi road network and Bus network.

- Report on current condition of road network from Public Work Service (2006)

- HAIDEP project documents, Transport Development Master Plan for 2020 by TEDI and

some other related documents.

- Traffic count on some main roads and corridors.

4.3.1.

Data preparation

Road network preparation

In this research, one important task is the preparation of the road network. The road network is

prepared from a paper map since the research scholar could not get the road network of Hanoi in

GIS format. The whole process of road network preparation is depicted in the flowchart below.

Literature

Hanoi paper map

Roadnet

Assigned
speed

Local
Knowledge

Build
Road network

Calibration by
shortest path

Calibrated Road
network

Travel time

from one commune

A

from one commune

Route used

Interview

Responses

|

Figure 4.8: Process of road network preparation

Digitization process and the road network building is followed the instructions in Network
Analysis & Linear Referencing tools (Bosch 2006).

The road net is digitized in quite detail with seven road classes: highway, main road, secondary

road, minor road, link road, lane and internal road. A road is divided into segments, from junction

to junction. The road class is decided based on the local knowledge of research scholar and the
Report on Current Condition of Road Network from Public Work Service in 2006.

Basically, the speed for each road segment is decided based on its road-class and its length with a

suggestion of road speed from table 4-7, chapter IV, Urban Road Design by Nguyen Khai in
1999(Nguyen Khai 1999) as in the table below.
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Average Speed of Traffic Flow (table 4-7, pp88)

Distance between two intersections | Maximum speed Averagc-? speed of

(m) Vimax(km/h) traffic flow
Vavg (km/h)

200 35-40 14-16

400 45-50 18-20

600 65-70 26-28

800 80-85 32-40

1000 95-100 38-40

Table 4.5: Average speed of traffic flow (Source: Table 4-7, Urban Road Design-Nguyen Khai)

4.3.2. Calibration of road network

From the suggestion in the table 4.5, the travel cost (or impedance) is calculated for each road
segment for the way “From-To” and the reverse direction “To-From” (From-To is the direction of
digitizing) by assigning travel speed. The assigning process is based on the road type and its
length.

Finally, the whole road network is built and then calibrated based on the information extracted
from interview responses. There are two important task need to be checked are the travel route and
travel time from a ward to specified destination.

Route checking: Since the analysis in the next chapters is based on the shortest path algorism
calculated from prepared road network in the previous steps. The shortest path from a ward to a
specified destination is calculated based on the least accumulated cost of all possible road
segments. The travel cost is depended on the length of the road segment and the assigned travel
speed as mentioned in the previous step. If the travel speed assigned for one road segment is not
correct, our road network model might give the wrong corridors for travel from a ward to a
destination in our study area as compared with the real situation information which extracted from
the interview and local knowledge of the research scholar. Therefore, it is necessary to calibrate
the road network before using in the next chapters by checking the route used given by model and
the corridors used from the same ward extracted from the interview. This process is called road
network calibration.

The strategy applied is to divide the whole city into some bigger areas (bigger than commune) for
example: Gia Lam area (from the other side of the river), Dong Anh area (from the North of the
city), Thanh Xuan-Ha Dong area (from the South-West direction), Cau Giay-Dich Vong-Dien-
Nhon area (from the West, etc. People from these areas must use some specific corridors. There is
almost no other choice for them. For example, there is only one choice for people from the other
side of the river to Bach Mai area: Chuong Duong bridge-Ba Trieu-Dai Co Viet; people from Cau
Giay-Dich Vong-Nhon to Viet-Duc, K,C hospitals must use Cau Giay bridge-Kim Ma-Nguyen
Thai Hoc; people from Thanh Xuan-Ha Dong must use Nguyen Trai-Nguyen Luong Bang-Kham
Thien to urban core, etc. This strategy is based on the local knowledge of research scholar.
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Figure 4.9: Route used from a ward to destination in the study area.

Travel time checking: The task is completed by comparing the travel time given by model and
the information extracted from the interview.

After many times of adjustment, the travel speed of the road network is assigned with the value in
the table 4.6 below.

Speed table Traffic Flow

Travel speed
No. Road type Road length (km/h)
. L<1000m 40
! Highway L>=1000m 60
L<200m 20(22)
L=200-400m 22(25)
2 Main road L=400-600m 25(28)
L=600-1000m 28(30)
L>1500m 30(35)
L<200m 12(16)
L=200-400m 16(20)
L=400-600m 20(22)
3 Secondary road L=600-1000m 22(25)
L=1000-1500m 25(28)
L>1500m 28(30)
L<400m 8
L=400-600m 12(16)
L=600-1000m 16(20)
. L=1000-1500m 20(22)
4 Minor road [>1500m 22(25)
B<=3m, L<500m 8
B<=3m, L=500-1000m 12
B<=3m, L>1000m 15
L<500m 8
5 Link road L=500-1000m 12
L>=1000m 15
6 Lane 5
7 Internal 12
Note: Number in bracket is applied for Oneway road

Table 4.6: Speed table of road network

After calibration the road network is valid and ready for analyse in the next step.
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4.3.3. Calculate road capacity in normal condition

The following part is summarizing from chapter IV, Urban Road Design by Nguyen Khai,
published by Transport Publisher in 1999(Nguyen Khai 1999).

4.3.3.1. Definition of road capacity:

Road capacity in normal condition is the maximum number of vehicle that can run through a road
section in a certain unit of time. It is also considered as road capacity at a certain expected speed of
traffic flow running on the road. If the actual traffic volume on the road is over the road capacity,
the running speed of the vehicle will be lower than the expected speed. The unit usually used is
passenger car unit per hour (pcu/h).

Therefore, by comparison between road capacity and the actual volume of vehicle running
on road we can evaluate congestion level of the roads.

Road capacity of a road depends on the number of lane, average speed, travel length between two
cross sections and type of intersection.

4.3.3.2. Capacity of one lane:

In perfect condition, the capacity of one lane is calculated as follows:

1000V
N= (1)
Vv VZK
t+ ————— +L + Lo
3.6 254(p+i)
With:
N: Road capacity (pcu/h/lane) i: Longitudinal inclination of the road.
V: Average speed (Km/h) t: Safety time for action of driver. (t=1-1.2
L: Car’s length (L=5m for passenger car) seconds)
Lo: Safety distance between 2 cars. (Lo=3- ¢: Friction coefficient between car tire and
Sm.) road surface (¢=0.2-1, depends on the
condition of road surface).
4.3.3.3. Some factors affect to road capacity

a. Influence of number of lane to road capacity:

The capacity of each lane is not the same, even in the same running direction. The lane near the
centre line of the road has higher capacity than outside lanes. According to observation, the
capacity of lanes is as follows:
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(Cli?ﬁ ffg;ltlr%r; d Capacity coefficient
center line) (yn)
1 1
2 0.85
3 0.7
4 0.5
5 0.4

Number of lane .
. . Average capacity
in the same running coefficient (y)
direction \
1 1
2 0.92
3 0.85
4 0.76
5 0.69

Table 4.7: Lane coefficient

The capacity of lane n will be calculated as follows: Nn=N1* yn

N1: Capacity of lane number 1.

yn: Capacity coefficient of the lane n.

Therefore, the capacity of the road depend on the number of the lane in the same direction
b. Influence of intersections at the same level

Intersection at the same level has great influence to the capacity of the road, especially at
intersection with traffic lights. The average speed of vehicle is reduced depending on the distance
between two intersections. As observation, the average speed of traffic flow is recommended in

the table below:

Distance between two intersections | Maximum speed AVeragg speed of
(m) Vmax(km/h) traffic flow
Vavg (km/h)
200 35-40 14-16
400 45-50 18-20
600 65-70 26-28
800 80-85 32.40
1000 95-100 38-40

Table 4.8: Average speed of traffic flow

This suggestion is also fit with the survey by research scholar during fieldwork. For example,
Truong Chinh Street has average distance between interruption is 200m and the survey speed is
around 16km/h (4.65 m/s * 3,600 s=16.74km/h) as depicted in the figure 4.9.

Truong Chinh street-The way in
- (Nga Tu So-Ton That Tung, Oct. 2nd, 2006)
g /-\-/-\ —=
g 4 —— ~
< 3
BN e
p o
0 T T T T T T T T T T T T T T T T T
8883888 8b3g88FTITEYEE
Q86 T4 T RBRILBEYLNE %
r\‘r:r\coooooooooc%rrgowdadaggggg

Figure 4.10: Travel speed on corridors
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Due to the same level intersection, vehicle must stop at intersection waiting and the travel time
between two section increases. Therefore, road capacity is reduced with coefficient a.

| L1 | L2 | L3 |

v(m/s)

t1 t2 t3

Figure 4.11: Chart for calculation of coefficient o

Coefficient a is calculated as follows:

tAB v
a= = (2)
t1+t2+t3+A v + 12 + v + A
a v b

In which:

v: average speed (m/s)

1: Distance between two intersections (m)

a: Average acceleration of vehicle when starting (m/s2) (a=0.60-0.67m/s2 for passenger car)
b: Average acceleration of vehicle when stopping (m/s2)(b=1.66 m/s2for passenger car)

A: Average stopping time for street light (s) (A=15-20s)

From this formula, we can see that if the al smaller if the distance between two intersections small
and the speed high.

c. Influence of the lane width (K1).

If the lane width (b) is smaller than 3.5 the average speed will be reduced. Therefore, the road
capacity will be reduced also. The factor K1 is determined as recommended in the table below:

Lane width (m) KA1
3.50 1.00
3.25 0.94
3.00 0.85
2.75 0.77

Table 4.9: Coefficient of lane width
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d. Influence of pedestrian across the road (K2)

K2=0.63 if the number of pedestrian is over 500 persons/h, otherwise K2=1. This coefficient K2 is
not applied in this research.

e. Other factors (K?3)

There are some more factors that can have influence to road capacity like railway crossing, mode
share and driver behaviour, etc. This factor should be collected on the field. The coefficient K3 is
not applied in this research.

4.3.3.4. Road capacity

From theory discussed above, we can calculate the capacity for one running direction of a road as

follows:
No=N*(a*y*KI * K2 * K3) 3)
Or
1000V
No= N*(y*a*K1*K2*K3) = *(y*a*K1*K2*K3) (4)
\Y; VZK
¥ + — + L + Lo
3.6 254(p+i)

According to Road Design Specification 20TCN-104-83, the road capacity of one lane can be
referred in the table below:

Average capacity of one lane (pcu)

Grade-separated intersection
. (peu) Intersection with the
Converted vehicle same level (pcu)
Highway Main road P

Passenger car 1200-1500 1000-1200 600-700
Truck 600-800 500-600 300-400
Bus 200-300 150-250 100-150
Tram 110-130 70-90

Table 4.10: Suggestion of road capacity of one lane

In Hanoi case, most of roads intersect with each other at the same level therefore the average

capacity of one lane is about 600-700 pcu/h.

In this research, all main corridors and congested roads are selected for capacity calculation. The

result is listed in the table below:
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Capacity of some main roads and corridors

Road Number Average [ Average | Average Lane Roaq

No. Road name Corridor code width(m) Oneway | Road type of lane length speed speed width (m)] K1 a Zyn v capacity
(m) (km/h) (m/s) (pcu/h)
1 Chua Boc street No. 1-Cboc 13.5| FALSE |Secondary 2| 386.68 20 5.56 3.5 1] 0.72942 1.85 0.925 1,595
2 Pham Ngoc Thach street No. 2-PNThach 14| FALSE |Secondary 2 247 16| 4.44 3.5 1] 0.69269 1.85| 0.925 1,388
3 Ton That Tung street No. 3-TTTung 8| FALSE |Secondary 1 219.74 16 4.44 3.5 1] 0.66725 1 1 723
4 |Truong Chinh 1(N.T.So-T.T.Tung)  [No. 4-Tchinh 11| FALSE |Secondary 2| 191.46 16| 4.44 2.75 0.77| 0.636 1.85| 0.925 981
5 Truong Chinh 2(T.T.Tung-N.T.Vong) [No.4b-Tchinh 12| FALSE |Secondary 2| 22279 16| 4.44 3 0.85( 0.67031 1.85| 0.925 1,142
6 Kham Thien No. 5-KThien 11| FALSE |Secondary 2| 238 16 4.44 2.75) 0.77| 0.68473 1.85| 0.925 1,056
7 Nguyen Thai Hoc No. 6-NTHoc 12| TRUE |Secondary 4| 208.16 18| 5.00 3 0.85( 0.62259 3.05| 0.7625 1,836
8 Cau Giay No. 7-CG 21| FALSE [Main 3 249 25 6.94 3 0.85( 0.56797 2.55 0.85 1,551
9 Cau Chuong Duong-NV Cu No. 8-CauCD 14| FALSE |Main 2| 734 28 7.78] 3.5 1] 0.77026 1.85| 0.925 1,835
10 |Le Thanh Nghi street No. 9-LTNghi 17| FALSE |Minor 2 243 16| 4.44 3.5 1] 0.68921 1.85| 0.925 1,381
11 |Giai Phong(DCV-LTN) No. 10-Gphong 37| FALSE |Main 4| 307.918] 25 6.94 3.5 1] 0.61915 3.05| 0.7625 2,379
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 37| FALSE |Main 4| 235.25 25 6.94 3.5 1] 0.55398 3.05| 0.7625 2,128
13  |Giai Phong(Pho Vong-Bxe GiapBat) [No. 10c-Gphong 37| FALSE [Main 4| 206.25 20 5.56 3.5 1] 0.58981 3.05| 0.7625 2,127
14 |Pho Hue street No. 11-Phue 14| TRUE |Secondary 4 152 18 5.00 3.5 1| 0.5464 3.05| 0.7625 1,896
15 |Ba Trieu street No. 12-BT 8| TRUE |[Secondary 2| 196 18 5.00 3.5 1] 0.60834 1.85| 0.925 1,280
16 |Nguyen Luong Bang No. 13-N.L.Bang 16| FALSE |Secondary 2| 4044 20 5.56 3.5 1] 0.73817 1.85| 0.925 1,615
17 |ThaiHa No. 14-ThaiHa 14| FALSE (Secondary 2 430 20| 5.56 3.5 1] 0.74986 1.85| 0.925 1,640
18 |Kim Ma No. 15-KimMa 21| FALSE [Secondary 3| 275.65 18| 5.00 3 0.85( 0.68597 2.55 0.85 1,691
19 |Nguyen Trai street No. 16-Ntrai 30| FALSE [Main 3 290 25 6.94 3.5 1] 0.60492 2.55] 0.85 1,943
20 |Duong Lang 1(Cgiay-N.C.Thanh) No. 17-Dlang 11| FALSE |Secondary 2| 321.15] 18 5.00 2.75] 0.77| 0.71792 1.85| 0.925 1,163
21 |Duong Lang 2(N.C.Thanh-L.Ha) No. 17b-Dlang 11| FALSE |Secondary 2| 410.68 18 5.00 2.75] 0.77]| 0.76496 1.85| 0.925 1,240
22 |Duong Lang 3(L.Ha-N.T.So) No. 17c-Dlang 11| FALSE |Secondary 2| 241.83 16 4.44 2.75] 0.77| 0.68817 1.85| 0.925 1,062
23 |La Thanh 1(Voiphuc-N.C.Thanh) No. 18-LaThanh 9| FALSE [Minor 1 189.31 14 3.89 3.5 1] 0.66911 1 1 680
24 |La Thanh 2(N.C.Thanh-L.Ha) No.18b-LaThanh 9| FALSE [Minor 11 156.53 12 3.33 3.5 1] 0.66655 1 1 624
25 |La Thanh 3(L.Ha-T.D.Thang) No.18c-LaThanh 9| FALSE [Minor 11 234.16 14 3.89 3.5 1] 0.71438 1 1 726
26 |Duong Buoi No. 19-D.Buoi 7| FALSE [Minor 11 337.04 14 3.89 3.5 1] 0.78261 1 1 796
27 |CatLinh No. 20-CatLinh 16| FALSE [Secondary 2| 247.41 16| 4.44 3.5 1] 0.69305 1.85 0.925 1,389
28 |Nguyen Chi Thanh(Dlang-HTKhang) [No.21-N.C.Thanh 21| FALSE [Secondary 3| 304.59 20 5.56 3.5 1] 0.67984 2.55 0.85 2,050
29 |Nguyen Chi Thanh(HTKhang-LaThan{No.21b-N.C.Thanh 21| FALSE [Secondary 3| 328 20 5.56 3.5 1] 0.69574 2.55] 0.85 2,098
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 21| FALSE [Secondary 3| 237.72 16 4.44 3| 0.85| 0.68448 2.55 0.85 1,607
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 21| FALSE [Secondary 3| 453.45] 20 5.56 3 0.85| 0.75969 2.55 0.85 1,947
32 |Tran Duy Hung No. 23-T.D.Hung 30| FALSE [Main 4 406 26 7.22 3.5 1] 0.67098 3.05| 0.7625 2,600
33 |Giang Vo(Lang Ha-Ngoc Khanh) No. 24-G.Vo 30| FALSE |Secondary 3| 195 14 3.89 3.5 1] 0.67563 2.55] 0.85 1,752
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 30| FALSE |Secondary 3| 327.48 18 5.00 3.5 1] 0.72185 2.55] 0.85 2,094
35 |Ton Duc Thang (Ochodua-CatLinh) |No. 25-T.D.Thang 19| FALSE |Secondary 3| 178.08 16| 4.44444 3| 0.85| 0.61906 2.55 0.85 1,453
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 29| FALSE [Secondary 4(799.178 40( 11.1111 3.5 1| 0.6945 3.05| 0.7625 2,793
Note:

The calculated road capacity will be used for evaluating congestion level by comparing with the

- For road capacity calculationy, all transport modes are converted into tourist car (PCU).

- Average speed is refered from table 4-7 (Urban Road Design -Nguyen Khai,1999)

- If road type is Secondary and the road is oneway road, the low speed value of one upper level will be applied

- If road type is Main road, the upper value of one upper level is applied.

Table 4.11: Road Capacity of some corridors

current traffic volume and traffic volume in scenarios in the next chapters.
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5. Contribution of some selected major land
uses to congestion

5.1. Selected corridors

5.1.1. Corridor selection

To evaluate the contribution of some major land-uses to traffic congestion, the main corridors
leading to these locations and congested roads have been selected and then divided into 36
segments. Based on traffic counts on selected corridors as provided by ALMEC Corporation and
based on local knowledge of the research scholar, these segments have been divided into 2 groups:
Group 1 are road segments which suffer severe congestion in current situation or are main
corridors leading to the city centre. They are listed in the table 5.1 below.

Corridor group 1

No. Road name Corridor code No. Road name Corridor code
1 |Chua Boc street No. 1-Cboc 12 |Giai Phong(LTN-NTVong) No. 10b-Gphong
2 |Pham Ngoc Thach street No. 2-PNThach 13 |Giai Phong(Pho Vong-Bxe GiapBat) [No. 10c-Gphong
3 |Ton That Tung street No. 3-TTTung 14 |Pho Hue street No. 11-Phue
4 [Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh 15 |Ba Trieu street No. 12-BT
5 |Truong Chinh 2(T.T.Tung-N.T.Vong) [No.4b-Tchinh 16 |Nguyen Luong Bang No. 13-N.L.Bang
6 [Kham Thien No. 5-KThien 17 |Thai Ha No. 14-ThaiHa
7 |Nguyen Thai Hoc No. 6-NTHoc 18 |Kim Ma No. 15-KimMa
8 |Cau Giay No. 7-CG 19 |Nguyen Trai street No. 16-Ntrai
9 |Cau Chuong Duong-NV Cu No. 8-CauCD 20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh
10 |Le Thanh Nghi street No. 9-LTNghi 21 |La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh
11 |Giai Phong(DCV-LTN) No. 10-Gphong 22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh

Table 5.1: List of corridor group 1

Group 2 are road segments which have congestion potential in the different scenarios (*). They are
listed in the table 5.3 below.

Corridor group 2

No. Road name Corridor code No. Road name Corridor code
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa

24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 31 [Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa

25 [Duong Lang 3(L.Ha-N.T.So) No. 18c-Dlang 32 |Tran Duy Hung No. 23-T.D.Hung
26 |Duong Buoi No. 19-D.Buoi 33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo

27 |Cat Linh No. 20-CatLinh 34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo

28 [Nguyen Chi Thanh(Dlang-HTKhang) [No.21-N.C.Thanh| 35 [Ton Duc Thang (Ochodua-CatLinh) |No. 25-T.D.Thang
29 [Nguyen Chi Thanh(HTKhang-LaThanl{No.21b-N.C.Thanl] 36 [Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet

Table 5.2: List of corridor group 2
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(*) The different scenarios will be introduced in chapter 6.

Corridor group 1 are segments depicted in red colour, while corridor group 2 segments are in blue
colour in figure 5.1 below.
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Figure 5.1: Corridor group 1 and 2 Figure 5.2: Traffic count station by the
ALMEC
5.1.2. Peak hours

Traffic counts as done by ALMEC in February, 2005 reveal that the morning peak hour is
generally from 7:00AM to 8:00AM and the afternoon peak hour is from 17:00PM to 18:00PM. In
Appendix B, the counts are listed.

5.1.3. Calculate traffic volume on road segments in peak hours

The ALMEC study only provides traffic counts for some selected locations. Therefore, based on
these counts, estimates have been made for traffic on the other segments, for this research
considered important. This is done by applying a so-called Q-factor separately for each corridor
group. Based on the traffic count by ALMEC, the Q-factor is calculated as follows:

Q-factor = ALMEC traffic count/Road capacity. ®)

After that we will calculate the means (p) of the Q-factors separately for each corridor group and
separately for morning peak as well as for afternoon peak. The means (p) of the Q-factors is used
to determine the traffic volume for all remaining corridors, which do not have a traffic count.
The calculation is also done separately for morning and afternoon peaks, and for the way in and
the way out of city centre.

The results of the calculation are shown in the table below:
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Figure 5.3: Histogram of Q-means

Peak Volume calculation - Morning

Morning-Way in Morning-Way out
No. Road name Corridor code S;SS; in?eor:ijty cZLr;ftﬁgy Mean of g‘ee:l/( cILr;ftﬁgy Mean of I’;‘:;L
(pcu/h) ALMEC Q-factor Q-factor volume- ALMEC Q-factor Q-factor volume-
(pculh) Way In (poulh) Way out
(pcu) (pcu)
1 |Chua Boc street No. 1-Cboc 1 1,595 2,552( 1.59959 2,552 2,575 1.61401 2,575
2 |Pham Ngoc Thach street No. 2-PNThach 1 1,388 2,204| 1.58801 2,204 2,206| 1.58945 2,206
3 |Ton That Tung street No. 3-TTTung 1 723 892| 1.23432 892 841| 1.16375 841
4 [Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh 1 981 1,514 1,225
5 [Truong Chinh 2(T.T.Tung-N.T.Vong) |No.4b-Tchinh 1 1,142 1,761 1,425|
6 |Kham Thien No. 5-KThien 1 1,056 1,681| 1.59124 1,681 929| 0.87939 929
7 |Nguyen Thai Hoc No. 6-NTHoc 1 1,836 3,682| 2.00545 3,682,
8 [Cau Giay No. 7-CG 1 1,551 2,393 1,935
9 [Cau Chuong Duong-NV Cu No. 8-CauCD 1 1,835 2,832 2,290
10 |Le Thanh Nghi street No. 9-LTNghi 1 1,381 2,131 1,723
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1 2,379 548 3,670 o 2,968
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 1 2,128 3,284 2,656
13 |Giai Phong(Pho Vong-Bxe GiapBat)  [No. 10c-Gphong 1 2,127 3,282 2,654
14 |Pho Hue street No. 11-Phue 1 1,896 3,608| 1.90308 3,608
15 |Ba Trieu street No. 12-BT 1 1,280 1,412| 1.10284 1,412
16 |Nguyen Luong Bang No. 13-N.L.Bang 1 1,615 2,559| 1.58496 2,559 1,795 1.11177 1,795
17 |Thai Ha No. 14-ThaiHa 1 1,640 1,703| 1.03834 1,708] 2,908| 1.77305 2,908
18 |Kim Ma No. 15-KimMa 1 1,691 2,610 2,111
19 |Nguyen Trai street No. 16-Ntrai 1 1,943 2,998 2,425
20 [La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 1 680 943| 1.38609 943 910] 1.33758 910
21 |La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 1 624 890| 1.42535 890 910| 1.45738 910
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 1 726 1,171( 1.61213 1,171 781] 1.07521 781
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 2 1,163 1,277 1,496
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 2 1,240 1,361 1,594
25 |Duong Lang 3(L.Ha-N.T.So) No. 18c-Dlang 2 1,062 1,166 1,365
26 |Duong Buoi No. 19-D.Buoi 2 796 874 1,023
27 |Cat Linh No. 20-CatLinh 2 1,389 1,040{ 0.74895 1,040 1,172 0.84401 1,172
28 |Nguyen Chi Thanh(Dlang-HTKhang) |No.21-N.C.Thanh 2 2,050 1,770( 0.86358 1,770 1,695| 0.82699 1,695
29 |Nguyen Chi Thanh(HTKhang-LaThanh)|No.21b-N.C.Thanh 2 2,098 1,906 0.90848 66 1,906 1,468 0.69971 o 1,468
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 2 1,607 1,132 0.7045 1,132, 2,319] 1.44322 2,319
31 [Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2 1,947 2,085 1.071 2,085 1,331] 0.68369 1,331
32 |Tran Duy Hung No. 23-T.D.Hung 2 2,600 2,854 3,343
33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 2 1,752 1,923| 1.0976 1,923| 1,614 0.92123 1,614
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 2 2,094 1,923( 0.91831 1,923| 1,252| 0.59788 1,252
35 [Ton Duc Thang (Ochodua-CatLinh) No. 25-T.D.Thang 2 1,453 2,033| 1.39893 2,033 1,169| 0.8044 1,169
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2 2,793 3,067 3,592

Table 5.3: Calculation of current traffic volume on corridors-Morning Peak
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Peak Volume calculation-Afternoon

Afternoon-Way Out Afternoon-Way In
. Corrido Roacli Traffic New Traffic New
No. Road name Corridor code r group capacity count by Mean of Peak count by Mean of Peak
(peuh) |l armec | @O  factor | volume | ALMEC | @T3%°T [ qutactor | volume
(pcu/h) (pcu) (pcu/h) (pcu)
1 |Chua Boc street No. 1-Cboc 1 1,595 4,128| 2.58743 4,128] 2,813( 1.76319 2,813]
2 |Pham Ngoc Thach street No. 2-PNThach 1 1,388 3,294| 2.37337 3,294 1,968| 1.41797 1,968
3 |Ton That Tung street No. 3-TTTung 1 723 1,708| 2.36347 1,708 780| 1.07934 780
4 |Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh 1 981 1,652 1,549
5 |Truong Chinh 2(T.T.Tung-N.T.Vong)  |No.4b-Tchinh 1 1,142 1,922 1,803
6 |Kham Thien No. 5-KThien 1 1,056 1,362| 1.28927 1,362 1,521| 1.43978 1,521
7 |Nguyen Thai Hoc No. 6-NTHoc 1 1,805 3,699 2.04987 3,699
8 |Cau Giay No. 7-CG 1 1,551 2,611 2,448
9 |Cau Chuong Duong-NV Cu No. 8-CauCD 1 1,835 3,090 2,898|
10 [Le Thanh Nghi street No. 9-LTNghi 1 1,381 2,325 2,180
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1 2,379 4,005 3,756
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 1| 2,128 1684 3,584 1579 3,360,
13 |Giai Phong(Pho Vong-Bxe GiapBat)  [No. 10c-Gphong 1 2,127| 3,582 3,358|
14 |Pho Hue street No. 11-Phue 1 1,896 2,651 1.3983 2,651
15 |Ba Trieu street No. 12-BT 1 1,280 2,304| 1.79953 2,304
16 |Nguyen Luong Bang No. 13-N.L.Bang 1 1,615 2,750| 1.70326 2,750 2,206| 1.36633 2,206
17 |Thai Ha No. 14-ThaiHa 1 1,640] 4,080 2.48763 4,080 2,472( 1.50721 2,472
18 |Kim Ma No. 15-KimMa 1 1,691 2,848 2,671
19 |Nguyen Trai street No. 16-Ntrai 1 1,943 3,272 3,068|
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 1 680| 690| 1.38609 690) 973| 1.43019 973
21 |La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 1 624 891| 1.42535 891 1,030| 1.64956 1,030]
22 |La Thanh 3(L.Ha-T.D.Thang) No.17¢c-LaThanh 1 726 959| 1.61213 959 1,089| 1.49924 1,089
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 2 1,163 1,459 1,219
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 2 1,240 1,555 1,299
25 |Duong Lang 3(L.Ha-N.T.So) No. 18c-Dlang 2 1,062 1,332 1,113
26 |Duong Buoi No. 19-D.Buoi 2 796 998| 834
27 |Cat Linh No. 20-CatLinh 2 1,389 914| 0.65821 914 2,664( 1.91847 2,664
28 |Nguyen Chi Thanh(Dlang-HTKhang) [No.21-N.C.Thanh 2 2,050 3,030| 1.47833 3,030 1,588 0.77478 1,588
29 [Nguyen Chi Thanh(HTKhang-LaThanh){No.21b-N.C.Thanh 2 2,098 2,119| 1.01001 1.9544 2,119, 1,830( 0.87226 1048 1,830
30 [Lang Ha (D.Lang-Thai Ha) No. 22-LHa 2 1,607 1,693| 1.05363 1,693] 1,864| 1.16006 1,864
31 [Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2 1,947| 2,195 1.1275 2,195 2,052( 1.05405 2,052
32 |Tran Duy Hung No. 23-T.D.Hung 2 2,600 3,261 2,724
33 |Giang Vo (Lang Ha-Ngoc Khanh) No. 24-G.Vo 2 1,752 2,619| 1.49486 2,619 1,836
34 |Giang Vo(Ngoc Khanh-Cat Linh) No. 24b-G.Vo 2 2,094 2,619| 1.25067 2,619 1,572| 0.75069 1,572,
35 |Ton Duc Thang (Ochodua-CatLinh) No. 25-T.D.Thang 2 1,453 2,129| 1.46499 2,129 1,168| 0.80371 1,168|
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2 2,793 3,504 2,927|

Table 5.4: Calculation of current traffic volume on corridors-Afternoon peak

5.2. Congestion level

In order to evaluate the congestion in current situation and scenarios congestion levels are applied.

Congestion level is proposed to measure by ratio of actual traffic volume and road capacity:

Actual Traffic volume (pcu)

Congestion level =

|
—~~
(*2]
~

Road capacity (pcu)

For calculation of road capacity, please refer to paragraph 4.3.4.
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Nine grades of congestion are proposed for evaluation of congestion in the current situation and
scenarios, which will be constructed later.

Actual Volume/road intensity

(3,80 1.00 1.25 1.50 1.75 2.00 2.25 2.50
T

No congestion Migrate Crowded Very crowded Severe grade 1 Severe grade 2 Very severe G1 Very severe G2 Craw Congestion level

Figure 5.4: Congestion level

From the traffic counts by ALMEC, the maximum of traffic volume and road capacity ratio is
2.587 on the way out at Chua Boc Street in the afternoon. The grade is proposed based on the local
knowledge of the research scholar, for example in Chua Boc, Thai Ha streets in the afternoon it
hardly moves because the roads are almost full of vehicles, while in the morning it is somehow
better and by comparison it is between some of the most severe congested roads and other roads in
Hanoi.

Based on this definition, the congestion level of the current situation is calculated as in the table
below. The calculation is separated for the way in, the way out of the city centre; and separated for
the morning and afternoon peaks as well as for corridor groups 1 and 2.

Congestion level of corridors-Current situation

Morning Afternoon
Way In Way Out Way In Way Out

No., Road name Corridor code | €990 in:{e?wasli’ty New Peak New New New

rIOURLncumh) | e ! Peak ) Peak Peak )

Way In Congestion level | volume- | Congestion level | volume- [ Congestion level | volume- | Congestion level
(pcu) Way Out Way In Way Out
(pcu) (pcu) (pcu)

1 |Chua Boc street No. 1-Cboc 1 1,595 2,552|Severe G1 2,575|Severe G1 2,813|Severe G2 4,128|Craw
2 |Pham Ngoc Thach street No. 2-PNThach 1 1,388 2,204|Severe G1 2,206|Severe G1 1,968|Very crowded 3,294 |Very severe G2
3 |Ton That Tung street No. 3-TTTung 1 723 892|Crowded 841|Crowded 780|Crowded 1,708|Very severe G2
4 |Truong Chinh 1(N.T.So-T.T.Tung) |No. 4-Tchinh 1 981 1,514|Severe G1 1,225|Crowded 1,549|Severe G1 1,652|Severe G1
5 |Truong Chinh 2(T.T.Tung-N.T.VongNo.4b-Tchinh 1 1,142 1,761|Severe G1 1,425|Crowded 1,803|Severe G1 1,922|Severe G1
6 |Kham Thien No. 5-KThien 1 1,056 1,681|Severe G1 929|Migrate 1,521|Very crowded 1,362|Very crowded
7 |Nguyen Thai Hoc No. 6-NTHoc 1 1,836 3,682|Very severe G1 3,699|Very severe G1
8 [Cau Giay No. 7-CG 1 1,551 2,392|Severe G1 1,935|Crowded 2,449|Severe G1 2,610|Severe G1
9 |Cau Chuong Duong-NV Cu No. 8-CauCD 1 1,835 2,831|Severe G1 2,290|Crowded 2,898|Severe G1 3,089(Severe G1
10 |Le Thanh Nghi street No. 9-LTNghi 1 1,381 2,130|Severe G1 1,724|Crowded 2,181|Severe G1 2,325|Severe G1
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1 2,379 3,669|Severe G1 2,969|Crowded 3,756|Severe G1 4,004(Severe G1
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 1 2,128 3,283|Severe G1 2,656|Crowded 3,361|Severe G1 3,583(Severe G1
13 |Giai Phong(Pho Vong-Bxe GiapBat|No. 10c-Gphong 1 2,127 3,281|Severe G1 2,654|Crowded 3,358|Severe G1 3,580(Severe G1
14 |Pho Hue street No. 11-Phue 1 1,896 3,608|Severe G2 2,651|Very crowded
15 |Ba Trieu street No. 12-BT 1 1,280 1,412|Crowded 2,304|Severe G2
16 |Nguyen Luong Bang No. 13-N.L.Bang 1 1,615 2,559|Severe G1 1,795|Crowded 2,206|Very crowded 2,750(Severe G1
17 |Thai Ha No. 14-ThaiHa 1 1,640 1,703|Crowded 2,908|Severe G2 2,472|Severe G1 4,080|Very severe G2
18 |Kim Ma No. 15-KimMa 1 1,691 2,609(Severe G1 2,111|Crowded 2,671|Severe G1 2,848|Severe G1
19 |Nguyen Trai street No. 16-Ntrai 1 1,943 2,997|Severe G1 2,425|Crowded 3,068|Severe G1 3,271|Severe G1
20 |La Thanh 1(Voiphuc-N.C.Thanh) |No. 17-LaThanh 1 680 943|Very crowded 910|Very crowded 973|Very crowded 690|Crowded
21 |La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 1 624 890|Very crowded 910|Very crowded 1,030|Severe G1 891|Very crowded
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 1 726 1,171|Severe G1 781|Crowded 1,089|Very crowded 959|Very crowded
23 |Duong Lang 1(Cgiay-N.C.Thanh) |No. 18-Dlang 2 1,163 1,277|Crowded 1,496|Very crowded 1,219|Crowded 1,459|Very crowded
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 2 1,240 1,361|Crowded 1,594|Very crowded 1,299|Crowded 1,555|Very crowded
25 |Duong Lang 3(L.Ha-N.T.So) No. 18c-Dlang 2 1,062 1,166|Crowded 1,365|Very crowded 1,112|Crowded 1,332|Very crowded
26 |Duong Buoi No. 19-D.Buoi 2 796 874|Crowded 1,023|Very crowded 834|Crowded 998(Very crowded
27 |Cat Linh No. 20-CatLinh 2 1,389 1,040[No congestion 1,172|Migrate 2,664|Severe G2 914|No congestion
28 |Nguyen Chi Thanh(Dlang-HTKhangNo.21-N.C.Thanh 2 2,050 1,770|Migrate 1,695|Migrate 1,588|No congestion 3,030(|Very crowded
29 |Nguyen Chi Thanh(HTKhang-LaThdNo.21b-N.C.Thanh| 2 2,098 1,906|Migrate 1,468|No congestion 1,830|Migrate 2,119|Crowded
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 2 1,607 1,132|No congestion 2,319|Very crowded 1,864 |Crowded 1,693|Crowded
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2 1,947 2,085|Crowded 1,331|No congestion 2,052|Crowded 2,195|Crowded
32 |Tran Duy Hung No. 23-T.D.Hung 2 2,600 2,854|Crowded 3,343|Very crowded 2,724|Crowded 3,261|Very crowded
383 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 2 1,752 1,923|Crowded 1,614|Migrate 1,836|Crowded 2,619(|Very crowded
34 |Giang Vo (Ngoc Khanh-Cat Linh) [No. 24b-G.Vo 2 2,094 1,923|Migrate 1,252|No congestion 1,572|No congestion 2,619|Very crowded
35 |Ton Duc Thang (Ochodua-CatLinh){No. 25-T.D.Thang 2 1,453 2,033|Very crowded 1,169|Migrate 1,168|Migrate 2,129(|Very crowded
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2 2,793 3,067|Crowded 3,592|Very crowded 2,927|Crowded 3,504 |Very crowded

Note: Nguyen Thai Hoc street, Ba Trieu street and Pho Hue street are one way streets.

Table 5.5: Congestion level-Current situation
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In reality, Truong Chinh Street is as congested as Chua Boc Street, especially on the way-out in

the afternoon, but we do not have traffic count at this corridor. Anyway, this calculated result can

be acceptable and in future this calculation should be updated with new traffic count if we have.

The result is summarized in the table 5.6 below. The number of segments and their congestion

level for the different situations is indicated.

Morning | Morning - |Afternoon-|Afternoon-

Way In | Way Out | Way In [ Way Out
No congestion 2 3 2 1
Migrate 3 5 2 0
Crowded 10 14 10 4
Very crowded 3 9 6 13
Severe G1 15 2 12 11
Severe G2 1 1 2 1
Very severe G1 1 0 1 0
Very severe G2 0 0 0 3
Craw 0 0 0 1

Table 5.6: Summarize result of congestion level-Current situation

From this summary table 5.6, we can see clearly that the way-out in the afternoon is the most

severely congested and in the morning the way-in is more severe than the way out.

The current situation is developed as shown below in figure 5.7. The different segments are

coloured according to their congestion level.
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Congestion level-Current Situation
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Figure 5.5: Congestion level-Current situation
5.3. Congestion mark

In our scenarios, the congestion situation might be reduced in one direction but might be increased

in the reverse direction or it reduces on some corridors but increase on another corridors. How can

we evaluate and know which scenario is better than the other?

This matter can be solved by introducing a marking system and introduce a weight for each

congestion level as defined above. The idea is based on EIA (Environmental Impact Assessment)

and MCE (Multi Criteria Evaluation) methods.

The marks and weights are usually given with the consensus between experts depend on the

importance of the criteria. In this research, these values are given with the consensus between the

research scholar and his advisors.

No. Congestion level Mark weight
1 |No congestion 10 1
2 |Migrate 8 1
3 |Crowded 2 1
4 |Very crowded -2 1
5 |Severe grade 1 -3 2
6 |Severe grade 2 -4 2
7 |Very severe G1 -6 3
8 |Very severe G2 -8 3
9 |Craw -10 3

The mark is given from -10 to +10. A weight is
given from 1 to 3: (+)10 is given to “No
congestion”, (-)10 is given to “Craw”. Weight
is given with a notion that if one scenario
produces one more severe grade 2 it should
also produce one migrate or 4 crowded
segments for compensation or in other words it
is not preferred to see severe, very severe and
caw cases.

Table 5.7: congestion mark and weight
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Based on this idea, congestion mark of the current situation is calculated in the table below. A

good congestion mark for a scenario is positive, otherwise negative.

Congestion Mark-Current situation

Regime | Congestion level [ Mark | Weight '\c\z;iﬂ? '\\;I\Z;Ig%t_ Af\t/s;r;oltr)]n- Avf\t/ea?gir:- Sum Total Mark
No congestion 10 1 2 3 2 1 8 80
Rgg’ixe Migrate 8 1 3 5 2 0 10 80
Crowded 2 1 10 14 10 4 38 76
Very crowded -2 1 3 9 6 13 31 -62
Severe G1 -3 2 15 2 12 11 40 -240
No Flow Severe G2 -4 2 1 1 2 1 5 -40
Regime Very severe G1 -6 3| 1 0 1 0 2 -36
Very severe G2 -8 3|| 0 0 0 3 3 -72
Craw -10 3" 0 0 0 1 1 -30
Sum -244

Table 5.8: Congestion mark-Current situation

In the current situation, the total congestion mark is -244. This situation will be compared with the

congestion situation in the scenarios, which will be developed in the chapter 6.

5.4. Characteristics of the selected major land uses

54.1. General information

This section will give you a general idea about the locations that will be moved in the scenarios.

Study area 1 is where 3 universities and 7 hospitals are located while study area 2 is in the urban

core.
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5.4.2. Study area No. 1

Study area No. 1 includes 3 universities and 7 hospitals within Bach Mai hospital boundary.

Three universities:

Three universities are Polytechnics University, Construction University and Economics University
(PCE Uni.). These universities were founded about 50 years ago. The total numbers of student
study at base camp are almost 70,000 students among them Hanoi students are just account for
23.7%, the rest are coming from other provinces (called outside students).

Total number of No. of students

No. University name No. of staff study at Hanoi Reference
students
base
1 Construction University 832 23.060 23,060 Construction University's Bulletin No. 32, September, 2006
. ) ) Economics University-50 years of Construction and
2 [Economics University 1,950 30,000 30,000 Development,2006.
3 [Polytechnics University 1,130 27 996 18,700 Polytechnics University-50 years Keynote, 2006.

(Bulletin 2006; Eco_Keynote 2006; Keynote 2006)

Table 5.9: Summarize information of three universities

Student originate from province

Student originate from province

Legend <
Sinhvien3truong Legend W
Originate -
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L W MR 000 00 200.000 200,000 400 000

ters.

Figure 5.7: Origin of students.

The universities are the main destination not only for bachelor students but also for Msc., PhD.
students as well as Second Degree and In-service students. Bachelor students account for about
50% of total students(Bulletin 2006; Eco Keynote 2006; Keynote 2006).

46



INTEGRATION OF LAND USE AND TRANSPORT IN HANOI: CAN WE RELIEVE CONGESTION BY RELOCATING SOME MAJOR LAND USES?

No. University name Bachelor Other Total Reference
courses
1 [Construction University 13,200 9,860 23,060 |Construction University's Bulletin No. 32, September, 2006.
. N Economics University-50 years of Construction and
2 |Economics University 13,732 12,281 26,013 Development,2006.
3 [Polytechnics University 15,800 14.280 30,080 |Polytechnics University-50 years Keynote, 2006.

Table 5.10: Bachelor students compared with total students

One more important characteristic of these universities is that they have 3-shifts classes: Morning
class, Afternoon class and Night class. Morning class starts very early in the morning, usually at
6:45AM. Therefore, only few students commute during morning peak hour. But in the afternoon,
the afternoon classes finish around 17:00 to 17:15 PM and Night classes start at 18:00 PM.
Therefore, in the afternoon peak hour universities attract and release quite a lot trips. Traffic count
at cordons and questionnaire responses performed in this study reveal that only 5.5% of students
commute during morning peak while 97.2% of students commute during afternoon peak hour. It
also means that 97.2% of students contribute to congestion.

Construction University-Going in Construction University afternoon-Going in
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Figure 5.8: Traffic count at cordon of Construction University

Mode share: 39.4% of students commuting by bicycle or walk, 20.1% use Hanoi bus and only
37.5% uses a motorcycle.

In the future, these universities will develop and expand; the number of student will increase also.
For example Polytechnics University is expected to increase the number of students up to 37,000
students by 2010, while the existing facilities are already overloaded. Therefore, in 2001 the
minister of education proposed to build new university village with total area of 350 ha at Tay Mo
commune for expansion as mentioned in the document 2236/KHTC dated March 23rd, 2001 to the
prime minister which was approved by issuance 564/CP-KG dated June 22", 2001. The new
locations are in Tay Mo village on the West direction as shown in the figure below(MOE 2005).
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Figure 5.9: Location of university village

However, details of the expansion are not clearly mentioned in the document, as well as project
report; for example there is no information on which department will be moved out, which student
group will study at the new base, etc.

Bach Mai hospital and other hospitals within Bach Mai boundary:

Bach Mai hospital was founded in 1911. Bach Mai is one of the biggest hospitals at national level.
It means that Bach Mai is the last destination for patient after the treatment at provincial level
failed. Bach Mai is well-known with good quality and services. Recently, some departments have
dispatched from Bach Mai hospital like National Institute of Hematology and Blood Transfusion,
National Institute of Infection and Tropical Diseases and 4 other Institutes as depicted in the figure
above. The Interview of Management Board reveals that most of them have the intention to
relocate but they do not have clear idea where to go till now. ‘It is far future” as they said, except
National Institute of Hematology and Blood Transfusion already have land for a new base at Nhan
Hoa-Trung Kinh-Hanoi. All of them are temporarily located within the same boundary at this

moment.
Staff Patient
. No. of Relocation Typeof | Year of
No. Hospital name patient bed | Number of No. of Average number No. of intention New address relocation| relocation
completed| % f . |completed| %
staff of patient daily
form form
1 |Bach Mai hospital consortium 1700 2875 684) 23.79 2651 637] 24.03
a |Bach Mai Hospital 1150 1925 1516 Not yet Waiting for permission
P (33362/22 days) Y g forp

b Nathnal Ir!stltute of Ipfectuous and 120 200 80 Ves Not clear now

Tropical Di (Vien Lay)

National Institute of Hematology and ) ;
c Blood Transfusion (Vien Huyet hoc) 200 300 35 Yes Nhan Hoa-Trung Kinh-Hanoi |Move all 2010
g [National Insfitute of Dermato- 100 200 400-700 Yes Not clear now

Venereology (Vien Da lieu)

Vietnam National Institute of 0 50 2 v Not
e . es ot clear now

Gerontology (Vien Lao khoa)
f |Vietnam-French Hospital 100 200 300 No

Table 5.11: General information of hospitals within Bach Mai hospitral boundary

All locations are suffering from overcrowding and overloading situation. One can see that
hospitals are always full of people. Cordons traffic counts conducted in this area and pictures
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below can give you some idea of how busy they are. Many people go in the hospitals during peak

hour and up to 9:00AM almost 9,000 people going in hospitals in total.

Traffic counting at the main gate of Bach mai hospital-Going in

Bach mai hospital-Total trip going in
700 (Not accumulative)
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Figure 5.11: How busy they are-In Bach Mai hospital

Interview results show that Hanoi patients just account for only 33.6%, the rest are coming from
almost half of the country, especially provinces around Hanoi like Vinh Phuc, Ha Tay, Ha Nam,

Nam Dinh, Thai Binh provinces, etc. Only 51.3% of them use motorcycle, 28.6% going by

intercity bus, 8.2% going by Hanoi bus, only 11.2% going by green modes.

Questionnaire responses also revealed that 87.3% (440 peak cases/504 responses) of Bach Mai
staff commute during morning peak hour and 84.12% (482 peak cases/573 responses) in the

afternoon peak. And among them 83% use motorcycle in the morning and 85% in the afternoon
peak hour. Total number of people use green modes is less than 15%.
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Figure 5.12: Mode share of Bach Mai staff and patient
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Like teaching staff and students for the university locations, travel time by bus is almost double

travel time by motorcycle and travel time back home in the afternoon is about 10 minutes longer

than in the morning. It explains why people prefer motorcycle than bus and it also gives us an idea

that congestion in the afternoon is more severe than in the morning.
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Figure 5.13: Travel time of Bach Mai hospital staff
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Figure 5.14: Motorcycle generation and return from study area No.1

The figures above indicate origin locations densities of staffs, patients and students, and thus give

us an idea where people live. Most of them live in the South and the West of our study area.

5.4.3. Study area No. 2

Study area No. is in the Hoan Kiem district or urban core. Nowadays, urban core become a

business centre and tourist centre.
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Government offices:

According to the survey of economics enterprises, administration enterprises within Hanoi area by
General Department of Statistics in July, 2002, Hoan Kiem district has 16,218 staffs working in
administration offices at national level and 22,030 people working in business enterprises; Ba
Dinh district has 93,331 staffs and 9840 people respectively(Statistics 2003). That is why Ba Dinh
district is considered as administration district and Hoan Kiem district is considered as business
centre.

Mode share of government staff in Urban core-
Morning peak
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95%

Figure 5.16: Mode share of government staff

Interview result reveals that 95% of government staff uses motorcycle and 95.5% of them
commute during morning peak hour and 79.85% commute during afternoon peak hour. The
number of staff that uses green modes is less than 5%.

Viet-Duc, K and C hospitals

Similar with Bach Mai hospital, these three hospitals are hospitals at national level and are the last
destination for patient after the treatment at provincial level failed. Hanoi patients just account for
32.9% and 52.6% of them use motorcycle going to the hospital, 22.7% going by intercity bus and
10.2% uses green modes. Many of them lost 3-5 hours on average to go to hospitals.

According to the interview result, 72.33% of the hospital staff use motorcycle and 77.24% of them
commute during morning peak hour and 74.44% commute during afternoon peak hour.

Motorcycle Generate to Study area No.2-Morning Motorcycle Generate from Study area No.2-Afternoon
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Figure 5.17: Motorcycle generate and return from urban core.
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5.5.

The figures show that most of people are living in the South and in the West of our study area.

55.1.

To answer the research question “How much these land uses contribute to traffic congestion on the
selected corridors?” we need to know how many pcu (passenger car unit) per ward are generated
(in the morning) and attracted (in the afternoon); and which routes one use TO and RETURN from

one commune to destinations in our study areas. The general methodology flowchart is as follows:

responses
(travel time)

Questionnaire

Decided
peak times

Firstly, we must select all records of people who commute during peak hours from the
questionnaire responses. The selection is separately for morning peak and afternoon peak. The

Methodology

Responses
encounter peak
hours

Count transport
mode/commune (In
Access)

Mode share per
commune

Aggregate for all
Population

Contribution to congestion of the selected land uses.

Total transport

mode per
commune

Calibrated road

network

Figure 5.18: Congestion contribution flowchart

work is completed easily in spreadsheet.

The result is summarized in table 5.12 below:

Convert to
pcu/commune

Shortest path
algorism in
ArcGIS

Total PCU per
commune

Record corridor
used

Sum up PCU
per corridor

No._|Organization name Total POpuIaton | e S aponses | - (6k) | encounterRetponses | (ok)
| Study area No. 1
1 |Bach Mai staff 2875 440/504 87.3 482/573 84.12
2 |Bach Mai patient 2651 234/531 44.07
3 [Polytechnics staff 1950 53/76 69.74 24/36 66.67
4  [Polytechnics students 30,000 7/158 4.43 340/369 92.14
5 |Construction staff 832 31/122 25.41 31/38 81.58
6 |Construction student 23,000 25/537 4.66 613/619 99.03
7  |Economics staff 1130 31/48 64.58 29/48 60.42
8  |Economics student 18,700 436/577 75.56
Il |Study area No. 2
1 |Government Office staff 16,218 128/134 95.52 191/196 97.45
2 |Viet-Duc hospital staff 982 209/255 81.96 172/245 70.21
3  |Viet-Duc hospital patient 400 57/137 41.61
4 |K hospital staff 557 186/217 85.71 174/217 80.18
5 K hospital patient 800 98/152 64.47
6 |C hospital staff 600 173/207 83.58 152/207 73.43
7 [C hospital patient 250 53/108 49.07

From the selected records as mentioned above, we need to know how many cars; motorcycles and
bicycles are generated or attracted from one ward. This task is completed by applying grouping

Table 5.12: Number of people commutes during peak hours

queries in the questionnaire database.

The number of all transport mean is recorded for each commune and sum up in table 5.13. After
that these numbers are aggregated from the sample to the whole population with the assumption

that the whole population have the same characteristics as the sampling population.
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Total number of Counted number of vehicle
o _ + Total number of whole
vehicle in sample = opulation (7)
ward Total number of response pop

There is one note here is that universities have 3 shift classes as noted before, and that we assume
that facilities (class rooms) are utilized fully. Therefore, one third of the student population will go
to class in the morning, one third will go in the afternoon and remaining one third will attend night
classes.

And then the aggregated number of car and motorcycles are converted into passenger car unit
(PCU).

PCU = Number of car *1.0 + number of motorcycle*0.3 (8)

In this calculation, only car and motorcycle are taken into account; walking, cycling and buses are
considered as “green modes” and do not contribute to congestion. A short table below is an

example.
Bach Mai hospital staff (Afternoon peak)
From commune No. of respone among 482 cases (482/573) Summarize for whole E?erf\SI;/Iai hospital staff (2875 PCU
Walking |Bicycle Bus (l\ellotorcycl Car Walking |Bicycle Bus (I;Aotorcycl Car

Bach Dang 2 10 3
Bach Khoa 1 1 2 5 5 10 3
Bach Mai 2 10 3
Bat Trang 1 5 2

Table 5.13: Example of pcu calculation

The remaining task is to record the routes one used from one commune to the destination and
return. This task is completed by applying a Shortest Path Algorithm in ArcGIS with some
assumptions as follows:

- People go and return from a ward’s centre directly.
- People use the route which has least cost trip measured in time unit (seconds).

This task is done separately for each organization since people might use different ways to go to
organizations in the same study area even they start from the same origin point as depicted in the
figure below.

Figure 5.19: Different routes used to organizations in the same study area
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Accordingly the corridors that are used are recorded in a route count table as depicted in table 5.14
below. This work is done by hand since the research scholar has not found a better way in
ArcMap. It is time consuming work and could be done faster if it was programmed. As students in
afternoon classes will return home and students in the night classes will come to universities for
study, both the way in and the way out should be taken into consideration for universities in the

afternoon.
Tg:‘éi' rlg:\?;h Corridor used to Bach Mai hospital (shortest path)
No. Commune name h;:“;giif{‘al No. 1- Eﬁfi‘ac No.3- |No.4- |Nodb- |No.5 [No.6- |No.7- |No.8 [No.9- |No.10-
(m) Cboc h TTTung |Tchinh |Tchinh |KThien |[NTHoc |CG CauCD |LTNghi |Gphong

1 Ba Vi-Hatay
2 Bac Giang 60,000.0 1 1
3 Bac Hong 33,066.5 1 1
4 Bac Ninh 1 1
5 Bac Phu 47,494.0| 1 1 1
6 |Bacson 53,832.0) 1 1 1
7 Bach Dang 4,777.0) 1
8 |BachKnoa 1,110 g
9 Bach Mai 1,332.0] 1
10 Bat Trang 17,205.9) 1 1

Table 5.14: Example of corridor count table

Next, total numbers of trip running on the selected corridors is calculated by multiplying
aggregated PCUs with the corridor count and then sum up in a table for each study area separately
the way in and the way out. The following tables are an example.

Travel Corridor used to Bach Mai area
length bach (shaortest pathl
home from |y, 4. Mo 2 MO-25 g op POV Mg 1o o2 o3 No s
PNThac {T.D.Tha ) )
area (m)] |Cboc h na D.C.Wiet Choc FPMThach {TTTung  Tchinh
16 |Chuong Duong Do 1 4
17 |Chuong by-Hatay 1 1 5 5 5
18 |CoBi i 5
19  |Coloa i
20 |CoMhue 1 i 5 5 5
21 Cong Vi 1 i g B
22 |Cukhoi i

Table 5.15: Example of aggregation of total trip on corridors (go to Bach Mai hospital).

Summarized trip to study area No. 1-Morning-Way In

No.1- |8%2 INo.3- |No.4- |Noab- [No.5- |No.6- [No.7- [No.8 [No.9- [No. 10-

Cboc TTTung |Tchinh |[Tchinh [KThien [NTHoc [CG CauCD |[LTNghi |Gphong
Bach Mai staff 234 247 0 1 29 55 25 29 51 19 230
Bach Mai Patient 118 120 0 0 3 0 7 47 90 3 125
Poly staff 94 94 0 17 34 9 26 34 17 17 128
Poly student 63 63 0 0 0 0 0 63 0 0 0
Const. staff 14 14 0 2 14 0 7 0 2 20 9
Const. Student 19 19 0 0 5 0 0 5 5 0 24
Economics staff 47 47 0 0 0 0 8 8 16 16 71

Table 5.16: Example of sum up total trip table to study area no.1 —Morning-way in
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Finally, a summarize table is made for both study area no.l and no.2 to calculate the contribution
of our study areas to congestion by comparing with current traffic volume calculated before (For
detailed, please see Appendix C)

5.5.2. Contribution to congestion of the selected land uses

The summarize table below has shown that the selected land uses have considerable contribution
to congestion on the selected corridors for example: at Chua Boc and Pham Ngoc Thach streets in
the morning, study area no.1 contributes just about 23% and 32% respectively on the way in but in
the afternoon they contribute 55% and 81% in the same direction and contributes 43% and 56% on
the way out; at Kham Thien street in the morning, study area no.2 contribute 69% on the way-in
and 73% in the afternoon in the reverse direction and in total both study areas contribute 73% in
the morning and 93% in the afternoon.

Contribution to Congestion of the selected study areas

Morning Afternoon
Way In Way Out Way In Way Out
No. Road name Corridor code
@ | o | P e | e [ P e | e | B e [ e | P
1 [Chua Boc street No. 1-Cboc 231 231 54.7 54.7 43.7| 43.7
2 |Pham Ngoc Thach street No. 2-PNThach 27.4 4.5| 32.0 81.3| 81.3 56.5 56.5]
3 |Ton That Tung street No. 3-TTTung 1.2 1.2 9.2 9.2
4 |Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh 2.0 23.4] 25.4] 7.7 7.7 33.5 0.9 34.4
5 |Truong Chinh 2(T.T.Tung-N.T.Vong) No.4b-Tchinh 4.8] 4.8 11.7] 11.7] 28.6| 0.8] 29.4
6 |Kham Thien No. 5-KThien 3.8 68.7] 72.5 13.9 13.9 20.4] 72.8 93.2]
7  [Nguyen Thai Hoc No. 6-NTHoc 1.9 42.5] 44 .4 4.3 4.3
8 [Cau Giay No. 7-CG 7.7 12.8] 20.5 9.8 9.8| 14.0 11.8 25.§]
9 |Cau Chuong Duong-NV Cu No. 8-CauCD 6.4 9.1 15.5] 12.9 12.9 14.8 14.0 28.8]
10 |Le Thanh Nghi street No. 9-LTNghi 3.5 3.5 7.3 7.3 10.1 10.1
11 |Giai Phong(DCV-LTN) No. 10-Gphong 16.0) 257 41.7 40.1 40.1 38.6| 19.1 57.7
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 19.1 233 424 37.3) 37.3 442 201 64.4
13 |Giai Phong(Pho Vong-Bxe GiapBat) No. 10c-Gphong 10.4] 22.0f 32.3 21.5| 21.5] 35.9 18.2] 54.1
14 [Pho Hue street No. 11-Phue 17.4] 17.4 31.7] 31.7
15 [Ba Trieu street No. 12-BT 25.4 25.4 51.1 51.1]
16 |Nguyen Luong Bang No. 13-N.L.Bang 171 171 20.0} 20.0}
17 |Thai Ha No. 14-ThaiHa 23.0| 23.0} 43.9 43.9 27.6} 27.6|
18 |Kim Ma No. 15-KimMa 26.2 26.2] 37.8 37.8|
19 |Nguyen Trai street No. 16-Ntrai 6.3] 12.3] 18.8| 14.5] 14.5] 21.2] 13.8] 35.0]
20 [La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 19.6] 19.6} 24.6) 24.6 52.9 52.9
21 [La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 0.0]
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 0.0]
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 9.8 9.8 21.2] 21.2]
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 0.0
25 |Duong Lang 3(L.Ha-N.T.So) No. 18c-Dlang 0.0 11.7] 11.7]
26 |Duong Buoi No. 19-D.Buoi 1.1 5.0] 6.0 7.5 7.5 6.9 4.4 11.3]
27 |Cat Linh No. 20-CatLinh 0.0
28 |Nguyen Chi Thanh(Dlang-HTKhang) No.21-N.C.Thanh 2.0 0.5 2.5 8.4] 8.4] 1.5 0.1 1.6
29 [Nguyen Chi Thanh(HTKhang-LaThanh) |No.21b-N.C.Thanh 9.7] 9.7 13.1 13.1 17.2] 0.2 17.4]
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 0.3 0.3] 2.9 2.9
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 1.2 8.5 9.8] 3.9 3.9 11.3] 11.9] 231
32 |Tran Duy Hung No. 23-T.D.Hung 1.2 1.9 3.1 4.9 4.9 1.4] 0.1 1.5
33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 9.2 9.2] 6.6 10.0} 16.6]
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 9.2 9.2 6.6 10.0} 16.6}
35 |Ton Duc Thang (Ochodua-CatLinh) No. 25-T.D.Thang 0.0
36 |[Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 11.7] 11.7} 25.1 251 24.0 18.6} 42.6]

Note: The number in the table is the percentage compared with the current traffic volume on the selected corridors

Table 5.17: Contribution to congestion of the selected land uses.
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5.6. Conclusions

To figure out the contribution to congestion, 36 road segments of all main corridors and congested
roads are selected to evaluate the contribution of people from two study areas. The study area no.
1 is Bach Mai area where 3 big universities with almost 70,000 students and a group of 7 hospitals
are located. The research reveals that this area attracts quite a lot of trips in the morning and even
releases more trips in the afternoon to some corridors near-by, since 97.2% of students use these
corridors during the afternoon peak hour. For example, in the morning on the way-in of Chua Boc,
Pham Ngoc Thach, and Thai Ha streets with considerable contribution of 23%, 27% and 23%
respectively, but in the afternoon they contribute to both the way-in and the way-out: 54.7%,
81.3% and 43.9% respectively in the way-in and 43.7%, 56.5% and 27.6% respectively in the
way-out; The study area no.2 is in the urban core where 161 government offices with 16218 staffs
at national level and 3 hospitals are located. The survey reveals that 95% of government staffs use
motorcycle and 95.5% of them commute during peak hours. That is why some main corridors like
Kham Thien, Nguyen Thai Hoc, and Kim Ma streets are always under high congestion pressure.
The contribution of study area no. 2 to these corridors are 68.7%, 42.5% and 26.2% respectively
on the way-in in the morning and 72.8%, 0% and 37.8% on the way-out in the afternoon (Nguyen
Thai Hoc is one way road).

Nine grades of congestion and congestion mark have been proposed to evaluate the current
situation of congestion. In chapter 6, it is studied how much can we improve by relocating these
land uses in our scenarios developed.
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6. Scenarios for relocating some major land
uses

This chapter discuss on some scenarios of relocation and their effect on congestion in Hanoi’s city
centre. The scenarios are designed as such to study different combinations of levels of relocation
as compared to levels of road capacity. All scenarios are related to the current situation levels of
relocation vary from the one extreme of removing all activities, no relocation, to particle (50%)
and full relocation (100%). The transport road capacity varies from the existing road segments to a
situation where selected segments are expanded (in line with current ideas in Hanoi).

Six basic scenarios are proposed for evaluation.

No Relocate Relocate all to the West Relocate 50%
No Activity Scenario O
Existing road Current Situation Scenario 2 Scenario 3
Road Expansion Scenario 1 Scenario 4 Scenario 5

Scenario O is the base situation when we assume that there is no activity happens at our study
areas. It means that all the trips contribute by our selected land-uses will be cut down totally. All
the calculation for other scenarios will be calculated based on scenario O.

After that two more scenarios 5A, and scenario 5B are developed based on the scenario 5 with
assumption that people will move along to live in newly-built residential areas, near the new
locations

6.1. Scenario 0: No activity

This scenario is proposed to see the maximum possibility we can achieve in case there is no
activity in our study areas. This task is easily completed by subtracting the contribution of these
land uses and recalculate the congestion level and congestion mark (For detailed calculations,
please refer to appendix D). The results are summarized in the table below:
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Congestion Mark-Scenario O-No Activity (frequencies)

Mark Weight Morning Way | Morning -Way | Afternoon-Way| Afternoon-Way Sum Total Mark
In Out In Out Scenario B
No congestion 10 1 4 3 6 7 20 200
Migrate 8 1 9 6 7 4 26 208
Crowded 2 1 13 13 10 13 49 98|
Very crowded -2 1 7 9 8 7 31 -62
Severe G1 -3 2 2 2 2 1 7 -42
Severe G2 -4 2 1 2 1 4 -32
Very severe G1 -6 3 1 1 -18
Very severe G2 -8 3 0
Craw -10 3 0
Sum 352
Table 6.1: Summarize Congestion level-Scenario O-No Activity
Comparing the current situation with this scenario, the summary table 6.2 can be obtained.
Comparision of congestion level
Sum case Congestion mark
Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario| Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
situation o 1 2 3 4 situation (0] 1 2 3 4 5
No congestion 8 20 80 200
Migrate 10 26 80 208
Crowded 38 49 76 98
Very crowded 31 31 -62 -62
Severe G1 40 7 -240 -42
Severe G2 5 4 -40 -32
Very severe G1 2 1 -36 -18
Very severe G2 3 -72 0
Craw 1 -30 0
Sum -244 352

Table 6.2: Comparison between Current Situation and scenario O

From table 6.2, we can see that in Scenario O we can cut down almost of severe G1 cases, from 40

to 7 cases only, and increase quite a lot “No congestion” and “Migrate” cases, from 8 to 20 and

from 10 to 26 respectively.

The figures below will give us a view of the ideal scenario, scenario O, in case of no activity. The

scenario is compared with current situation by putting them together side by side.
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Congestion level-Current Situation
(Afternoon-Way In})

Legend

<all ot%alues \
Congestion_level ScenA _Aft_|
e NG congesticn/
e Mlig rate

e Crowded

— Very crowded

o Severe G1

— Severe G2

—Wery severe G1
<Null>

Congestion level-Scenario O-No Activity
(Afternoon-Way In})

Legend /
<all other values

Scenario O_Aft_In /

lee NO congestion

e Mlig rate

e Crowded

— Very crowded

e Severe G1

— Severe G2
<Null=

Congestion level-Current Situation
(Afternoon-Way Out)

Legend

=<all oﬂéalues
Congestion_level ScenA_Aft_t
e NO conges.tion/
e CrOWd
—— Very crowded
e Severe G1
- Severe G2

Very severe G2

— Craw
| <Null>

Congestion level-Scenario O-No Activity
(Afternoon-Way Out)

'Legend /

<all other \.ralues!-\‘
Scenario O_Aft_Out
e [N O oongestion//
e Mligg raite
e Crowded

—— Very crowded
e Severe G1

- Severe G2
l—\ery severe G1
<Null=

Figure 6.1: Comparison between Current Situation and Scenario O
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Comparision of congestion level of some selected corridors
Current Situation Scanrio O
No. Corridor name Corridor code Morning- | Morning - | Afternoon- | Afternoon- || Morning- | Morning - | Afternoon- | Afternoon-
Way In Way Out Way In Way Out Way In Way Out Way In Way Out
1 Chua Boc street No. 1-Cboc Severe G1 |Severe G1 |Severe G2 |Craw Crowded Severe G1 No ) Very
congestion |crowded
2 Pham Ngoc Thach street No. 2-PNThach ||Severe G1 |Severe G1 Very Very severe Crowded Severe G1 No . Crowded
crowded G2 congestion
3 Ton That Tung street No. 3-TTTung [[Crowded Crowded Crowded \G/ezry severe Crowded Crowded Crowded \G/?ry severe
4 Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh Severe G1 |Crowded Severe G1 |Severe G1 ||Crowded Crowded ::/rirvs\/lded Crowded
; . Very Very
5 Truong Chinh 2(T.T.Tung-N.T.Vong)  [No.4b-Tchinh Severe G1 |Crowded Severe G1 |Severe G1 Crowded Crowded
crowded crowded
6 Kham Thien No. 5-KThien Severe G1 |Migrate Very Very No . Migrate Crowded No .
crowded crowded congestion congestion
7 Nguyen Thai Hoc No. 6-NTHoc \ée1ry severe \ée1ry severe Crowded Severe G2
8 Cau Giay No. 7-CG Severe G1 |Crowded Severe G1 |Severe G1 |Crowded Crowded ::/:;rv)\// ded Crowded
Very Very
9 Cau Chuong Duong-NV Cu No. 8-CauCD  ||Severe G1 |Crowded Severe G1 |Severe G1 Crowded Crowded
crowded crowded
10 [Pho Hue street No. 11-Phue Severe G2 Very Severe G1 Migrate
crowded
11 [Ba Trieu street No. 12-BT Crowded Severe G2 Migrate Migrate
12 |Thai Ha No. 14-ThaiHa [[Crowded Severe G2 |Severe G1 Very severe [No . Severe G2 [Migrate Severe G2
G2 congestion

Table 6.3:

Comparison of congestion level on some selected corridors

From figure 6.1, one can still observe some congestion symbol, particularly on some main

corridors. However, from table 6.3, one can see that the congestion grade of these corridors is

much better because the congestion grade of these corridors is much lower than before, for

example Chua Boc street will move from “Craw” level to “Very crowded” on the way out in the

afternoon and Thai Ha from Severe G1 to Migrate on the way-in in the afternoon.

This scenario, however, is not realistic, therefore in next paragraphs a scenario will be presented

and discussed that more resemble current thinking in Hanoi.

6.2.

Scenario 1: Road Expansion & No relocation

Many people think that the congestion situation can be relieved after some roads have been

constructed or expanded and some new bridges are built. We will test this situation to see how

much can we achieve by doing this.

6.2.1.

Road to be expanded

According to plan of transport sector, 4 new bridges will be built: Thanh Tri Bridge, Vinh Tuy

Bridge, Nhat Tan Bridge and Tu Lien Bridge. Thanh Tri Bridge has been put on operation on

February 3", 2007. Besides that the ring road no. 1, no.2, no. 2.5 and ring road no.3 will be
expanded. Most of them will be constructed before 2010 (M.O.T 2004).
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Figure 6.2: Roads to be expanded

One characteristic of Hanoi road network as mentioned before is that within the ring road no.2 it is
very difficult to expand due to population density and the cost for land acquisition are very high.
Therefore, most of the roads to be constructed or expanded are outside ring road no.2, except for
ring road no. 1 only. Some parts of ring road no. 3 have already been completed for the
SEAGAME 22.

Road .
No. Road name width No: of Igne/ Year of construction Note
(m) direction (planned)
1 Ring rani No.1 (La Thanh 50-60 3[2005-2007 Under construction
and Buoi streets)
Ring road No. 2 (Truong
2 Chinh and Lang streets) 53.5 3|Before 2010 Not start yet
3 Ring road no. 2.5 50-60 3|Before 2010 Not start yet
4 Ring road no. 3 68-74 4|Before 2010 Already started
Table 6.4: Plan for expanded roads
6.2.2. Their new capacity in Non-peak hour

Based on this information, the whole road network is updated and road capacity of some corridors
is re-calculated as shown in table 6.5 below. This new road capacity will be applied in calculation
of congestion level in this scenario as well as in scenarios 4, 5, 5A, 5B.

Capacity of some main roads and corridors_After Expansion

Road Number Average | Average | Average | Lane Road

No. Road name Corridor code | width(m|Oneway| Road type of lane length | speed | speed | width K1 a yn Yy |capacity
) (m) (km/h) (m/s) (m) (pcu/h)

4 [Truong Chinh 1(N.T.So-T.T.Tung) |No. 4-Tchinh 11| FALSE |Secondary 3| 287.19 20 5.56 3.5/ 0.77(0.66691| 2.55| 0.85| 1,548
5  |Truong Chinh 2(T.T.Tung-N.T.VongNo.4b-Tchinh 12| FALSE |Secondary 3| 222.79 20 5.56 3.5| 0.85]| 0.60833| 2.55| 0.85| 1,559
20 |Duong Lang 1(Cgiay-N.C.Thanh) |No. 17-Dlang 11| FALSE |Secondary 3| 321.15 20 5.56 2.75| 0.77] 0.69125| 2.55| 0.85| 1,605
21 |Duong Lang 2(N.C.Thanh-L.Ha) |No. 17b-Dlang 11| FALSE |Secondary 3| 410.68 25 6.94 2.75| 0.77] 0.68437| 2.55| 0.85| 1,693
22 |Duong Lang 3(L.Ha-N.T.So) No. 17¢-Dlang 11| FALSE [Secondary 3| 241.83 20 5.56 2.75| 0.77(0.62769| 2.55| 0.85| 1,457
23 |La Thanh 1(Voiphuc-N.C.Thanh) [No. 18-LaThanh 9| FALSE |Minor 3| 189.31 20 5.56 3.5 1] 0.56892| 2.55( 0.85| 1,715
24 |La Thanh 2(N.C.Thanh-L.Ha) No.18b-LaThanh 9( FALSE [Minor 3| 156.53 20 5.56 3.5 11 0.52182( 2.55| 0.85| 1,573
25 |La Thanh 3(L.Ha-T.D.Thang) No.18c-LaThanh 9[ FALSE [Minor 3[ 234.16 20 5.56 3.5 1] 0.62013| 2.55 0.85| 1,870
26 |Duong Buoi No. 19-D.Buoi 7| FALSE |Minor 3| 337.04 20 5.56 3.5 11 0.70146( 2.55| 0.85| 2,115

Table 6.5: New capacity of expanded corridors

62




INTEGRATION OF LAND USE AND TRANSPORT IN HANOI: CAN WE RELIEVE CONGESTION BY RELOCATING SOME MAJOR LAND USES?

6.2.3. Change in route used

Due to the road expansion, the characteristics of different corridors in our study areas will change.
Newly-expanded roads will attract more traffic and traffic volume on some corridors can be cut
down as shown in the figures bellow. The process of route recording in 5.5.1 is repeated.
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Figure 6.3: Change in route used

Figure 6.4: Change in route used for people from the East and the South

We can see quite clearly that people living in the South and the South West still use the same
routes to our study areas; People living in the North West will use ring road no.1 instead of Thai
Ha-Chua Boc-Pham Ngoc Thach route to study area no.1 but they keep the same route to study
area no.2; People living in the East use the same route to Polytechnics University, but use different
route to the remaining destinations; People living in the North will use Tu Lien or Nhat Tan
bridges instead of Chuong Duong bridge. Routes are recorded separately for each organization and
for both the way-in and the way-out.

In general, the traffic volume on corridors: Chua Boc, Pham Ngoc Thach, Cau Giay, Cau Chuong
Duong, Ba Trieu and Pho Hue may have some cut down. The matter here is that most of our trip
origins are from the South and South West. So we just know how much can we reduce after
calculation in the next part.
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6.2.4.

Change in the congestion situation

New traffic volume on corridors during peak hours is re-calculated by adding the extra volume

contributed by scenario 1 with traffic volume of scenario O in case no activity happens at our

study. The calculation is done as follow:

New Traffic Volume = Traffic Volume of Scenario O + Contribution of scenario 1

(For detailed, please see appendix E & F)

©)

And then congestion level and congestion mark are calculated. The result is summarized as

follows:

Congestion Mark-Scenario 1-Road Expand-No Relocate (frequency)

Mark Weight Morning Way | Morning -Way | Afternoon-Way| Afternoon-Way Sum Total Mark
In Out In Out Scenario 1
No congestion 10 1 7 9 8 6 30 300
Migrate 8 1 6 7 3 2 18 144
Crowded 2 1 7 12 8 4 31 62
Very crowded -2 1 3 3 5 3 14 -28
Severe G1 -3 2 9 2 9 12 32 -192
Severe G2 -4 2 3 1 1 3 8 -64
Very severe G1 -6 3 1 3 4 -72
Very severe G2 -8 3" 1 1 -24
Craw -10 3 0
Sum 126
Table 6.6: Summarize table of congestion level and congestion mark-Scenario 1
A comparison with Current Situation and Scenario O is also made.
Comparision of congestion level
Sum case Congestion mark
Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario|[ Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
Situation o 1 2 3 4 5 Situation o 1 2 3 4 5
No congestion 8 20 30 80 200 300
Migrate 10 26 18 80 208 144
Crowded 38 49 31 76 98| 62
Very crowded 31 31 14 -62 -62 -28
Severe G1 40 7 32 -240 -42 -192
Severe G2 5 4 8 -40 -32 -64|
Very severe G1 2 1 4 -36 -18] -72
Very severe G2 3 1 -72 0 -24]
Craw 1 -30 0 0
Sum -244 352 126

Table 6.7: Comparison between Current Situation, Scenario O and Scenario 1

We can see that the situation has been improved a lot, but the number of cases at “Severe G1”,

“Severe G2” and “Very Severe G1” is still high. That is why the total congestion mark is only 126.
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Congestion level-Current Situation
{Morning-Way In)

Legend Oﬂ/

<all other values>
ScenA_Morln
e NO congestion/
e Mg rate
—— Crowded
—— Very crowded
e Severe G1
- Severe G2
—\Ery severe G1
<Null>

Congestion level-Scenario 1-No Relocate & Road Expansion
(Moring-Way In)

Legend /
<all other values

Scenario 1_Mor_In /

= NO cONgestion

l— Migrate

e Crowded

—— Very crowded

e Severe G1

o Severe G2
<Null>

Congestion level-Current Situation
(Morning-Way Out)

Legend /
<all other values="

ScenA_MorOut /

e NO CONGEStion

e Mg rate

e Crowded

— Very crowded

— Severe G1

- Severe G2
<Null=

—

] /‘

Congestion level-Scenario 1-No Relocate & Road Expansion
(Morning-Way Out) K

J’\ )

\Legend /

<all other values:
Congestion_level Scen1_Mor_Out
l. NO cONgestion
e Mlig rate
e Crowded
— Very crowded
e SV ETE G

Severe G2
[ <Null>

65



INTEGRATION OF LAND USE AND TRANSPORT IN HANOI: CAN WE RELIEVE CONGESTION BY RELOCATING SOME MAJOR LAND USES?
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Figure 6.5: Comparison between Current Situation and scenario 1

In the morning peak hour, there is some improvement for ring road no.1 and ring road no. 2, and a
small improvement for the other corridors. But in the afternoon, the congestion situation is almost
the same. Therefore, we can conclude that road expansion alone can not relieve the congestion.

Therefore, in the next scenario, Scenario 2: “Relocate all organizations to the West & No road

expansion” is studied to see now relocation can improve the situation.
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6.3. Scenario 2: Relocate all to the West direction & No road expansion

This scenario is proposed since many organizations want to move out of the city centre. The
current office is so narrow and it is quite difficult to expand the office because of some restrictions
such as strict construction regulation and other regulations on construction tax in the urban core,
etc. The second reason is that the existing land in the city centre has a high value. Therefore, by
selling the existing land they can buy much bigger space in the outskirts. Land-use is moved to
Western direction because the government has a policy to expand the city into this direction and in
reality this area has less affect from Red river in the rainy season, cheap open land and good
infrastructure which have been prepared in recent years. In near future, one highway Lang-Hoa
Lac will be built with 100-140m road width. This area is also in connection between the existing
the city centre and some new satellite cities on the West like Mieu Mon, Hoa Lac, Son Tay, Vinh
Phuc, etc in the future. Some organizations have moved there and many others also want to move
like Ministry of Science and Technology, Ministry of Agriculture, Ministry of Post and
Telecommunications, National Assembly House, etc.

This scenario studies what will happen if all of them will move to the West direction. This
scenario is also TRUE in case only 50% of government offices move to the West and another 50%
of business enterprises also move to the West since the total number of people in business
enterprises is almost the same with government staff as mentioned before.

In this scenario, it is assumed that people’s residences in the wards stay the same. Furthermore, it
is assumed that people remain travelling to these locations. In other words, relocation doesn’t
affect trip origins and destination choice (except for the physical location). These assumptions are
realistic for Hanoi because of the specific land-uses functions and difficulty in moving houses.

6.3.1. New locations

For universities, the new location are known for the new base is in between Tay Mo and Dong Mo
wards as mentioned in the proposal of Ministry of Education (please refer to 5.4.2).

For hospitals and government offices, it is assumed that the new location is the same or near the
newly planned location of Ministry of Science and Technology and National Institute of
Hematology and Blood Transfusion as mentioned before, in 5.4. It does not change very much on
route uses if their new locations are around the specified location.

6.3.2. Change in traffic flow and route used

An interesting fact is that instead of using the way-in in the morning and the way-out in the
afternoon the traffic flow will now move on the reverse directions: they use the way-out in the
morning and the way-in in the afternoon. People also use different routes to go to new offices,
especially people from the Southern and from the Western direction. This is depicted in the figure
below.
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Figure 6.6: Change in routes used-Scenario 2-Relocate all to the West

It can be observed that people from the West or South West direction will not use the selected
corridors. But people from the South and people from the city centre still use the selected corridors
but in the reverse directions. People from the other side of the river still use Chuong Duong Bridge
as an exclusive choice.

6.3.3. Congestion level & congestion mark

There is one aspect that needs to be taken into consideration. People take reverse directions with
before to go and return from new locations.

The traffic volume on corridors is re-calculated as follow:

Traffic Volume (Morning-Way In) = Volume in Scenario O (10)
And the equation below is applied for the rest.

New Traffic volume =VVolume in Scenario O + new contribution of scenario2  (11)

And then congestion level and congestion mark are re-calculated and summarized in the table
below. (For more details, please refer to Appendix G)
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Congestion Mark-Scenario 2-Relocate All to the West (frequency)

Mark Weight Morning Way | Morning -Way | Afternoon-Way| Afternoon-Way Sum Total Mark
In Out In Out Scenario 2
No congestion 10 1 4 3 3 6 16 160
Migrate 8 1 9 5 6 4 24 192
Crowded 2 1 13 6 7 6 32 64
Very crowded -2 1 7 13 7 8 35 -70
Severe G1 -3 2 2 2 4 6 14 -84
Severe G2 -4 2 4 3 1 8 -64
Very severe G1 -6 3 1 2 3 6 -108
Very severe G2 -8 3 2 2 -48
Craw -10 3 1 1 -30
Sum 12
Table 6.8: Summarize table-Scenario 2-Relocate all to the West
Comparision of congestion level & Congestion Mark between Scenarios (frequency)
Sum case Congestion mark
Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario || Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
Situation [¢] 1 2 3 4 5 Situation o] 1 2 3 4 5

No congestion 8 201 30 16 80 200 300 160
Migrate 10 26| 15 24 80 208 144 192
Crowded 38 49| 31 32 76 98 62 64
Very crowded 31 31 14 35 -62 -62 -28 -70
Severe G1 40 71 32 14 -240 -42 -192 -84
Severe G2 5 4 8 8 -40 -32 -64 -64
Very severe G1 2 1 4 6 -36 -18 -72 -108
Very severe G2 3 1 2 -72 0 -24 -48
Craw 1 1 -30 0 0 -30

Sum -244 352 126 12

Table 6.9: Comparison of congestion level and congestion mark between scenarios
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Figure 6.7: Congestion situation before and after relocating all to the West

It can be seen that the situation is worse than scenario 1, since it produces more congestion in the
reverse directions, even the number of severe cases and very severe cases are more than in the
current situation, especially the way-in in the afternoon.

Therefore, it can be concluded that traffic congestion can not be relieved by relocation alone. In
the next scenario, scenario 3-“Relocate 50-50 & No road Expansion”, a combination of relocation

and road based measures will be investigated.
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6.4. Scenario 3: Relocate 50-50 & No road expansion

This scenario is constructed because when we relocate 50% the selected land-uses to the new
locations and 50% still stays at the current locations it is possible to make a balance between the
way-in and the way-out traffic. The second reason is that it is more realistic than scenario 2-
Relocate all. And finally, the third reason is that if we just relocate 50% to new locations, while
50% still remains at the existing locations. This means that the land-use will not be changed to
other purposes like commercial, residential, etc.

6.4.1. New traffic volume on corridors

It is necessary need to re-calculate traffic volume on corridors with a consideration that in the
morning 50% of them will use the way-in, 50% of them will use the way-out and in the reverse
directions in the afternoon. Therefore, new traffic volume on corridors is calculated as follows:

New Vol. =Vol. of Scenario O + (Current contribution + Contribution of scenario2)/2  (12)

Then the congestion level and congestion mark are also recalculated (For details, please refer to
appendix H).

6.4.2. Congestion situation

The result is summarized in the table below.

Congestion Mark-Scenario 3-Relocate 50-50_No Road Expansion (frequency)

mark | weignt | WIS | W2V | “Wayin | ‘Way ou | Sconario 3 | Total Mark
No congestion 10 1 2 3 1 3 9 90
Migrate 8 1 4 5 3 1 13 104
Crowded 2 1 13 7 10 9 39 78
Very crowded -2 1 11 14 11 9 45 -90
Severe G1 -3 2 5 4 6 7 22 -132
Severe G2 -4 2 1 2 5 -40
Very severe G1 -6 3 1 1 -18
Very severe G2 -8 3" 2 2 -48
Craw -10 3" 0 0

Sum -56

Table 6.10: Congestion level & congestion mark-Scenario 3_Relocate 50-50 & No Expansion

Comparision of congestion level & Congestion Mark between Scenarios (frequency)

Sum case Congestion mark
Current | Scenario | Scenario | Scenario | Scenario | Scenario [ Scenario|| Current | Scenario [ Scenario | Scenario | Scenario | Scenario | Scenario
Situation o 1 2 3 4 5 Situation (0] 1 2 3 4 5

No congestion 8 20 30 16 9 80 200 300 160 90
Migrate 10 26 15 24 13 80 208 144 192 104
Crowded 38 49 31 32 39 76 98 62 64 78
Very crowded 31 31 14 35 45 -62 -62 -28 -70 -90
Severe G1 40 7 32 14 22 -240 -42 -192 -84 -132
Severe G2 5 4 8 8 5 -40 -32 -64 -64 -40
Very severe G1 2 1 4 6 1 -36 -18 =72 -108 -18
Very severe G2 3 1 2 2 -72 0 -24 -48 -48
Craw 1 1 0 -30 0] 0 -30 0
Sum -244 352 126 12 -56

Table 6.11: Comparison between scenarios
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Figure 6.8: Comparison Current Situation and Scenario 3

It can be seen that this scenario can reduce the number of “Severe G1” cases from 40 to 22, but at
the same time increase the “Very Crowded” cases from 31 to 45. This solution has considerable
effect in terms of relieving traffic congestion as compared to the current situation. In the next
scenario, scenario 4-Relocate all to the West combines with road expansion, all land-uses will be

relocated while road capacity is also expanded.
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6.5. Scenario 4: Relocate all & Road expansion

From scenarios 1 and 2, it can be seen that the situation is improved quite a lot. Therefore, in this
scenario all strong points of these solutions are combined.

6.5.1. Change in route used

To apply this scenario all the corridors used to travel from one ward to the new locations have re-
calculated because newly-expanded roads are more attractive and people can run faster to the new
locations on those roads. This is true for people living outside the ring road no.2, for people who
live within the ring road no. 2 the situation does not change very much since they have no choice.
This is shown in the figure below.

Figure 6.9: Change in route used-Scenario 4-Relocate all & Road Expand

6.5.2. New congestion level and congestion mark

New traffic volume running on corridors is re-calculated as follows:
New volume = Volume of Scenario O + New contribution of scenario 4 (13)
(For more details, please refer to Appendix I)

And then the congestion level and congestion mark are recalculated (using the expanded road
capacity) and summarized in the table below.
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Congestion Mark-Scenario 4-Relocate All & Road Expansion (frequency)
Mark Weight Morning Way | Morning -Way | Afternoon-Way| Afternoon-Way| Sum Total Mark
In Out In Out Scenario 4
No congestion 10 1 10 7 7 12 36 360
Migrate 8 1 10 6 6 2 24 192
Crowded 2 1 9 8 4 7 28 56
Very crowded -2 1 5 9 10 6 30 -60
Severe G1 -3 2 1 2 4 4 11 -66
Severe G2 -4 2 2 1 3 -24
Very severe G1 -6 3 3 3 6 -108
Very severe G2 -8 3" 0 0
Craw -10 3" 0 0
Sum 350
Table 6.12: Congestion level and congestion mark-Scenario 4
Comparision of congestion level & Congestion Mark between Scenarios
Sum case Congestion mark
Current | Scenario| Scenario | Scenario | Scenario | Scenario | Scenario|| Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
Situation o 1 2 3 4 5 Situation o 1 2 3 4 5

No congestion 8 201 30 16 9 36 80 200 300 160 90 360
Migrate 10 26| 15 24 13 24 80 208 144 192 104 192
Crowded 38 491 31 32 39 28 76 98 62 64 78 56
Very crowded 31 31 14 35 45 30 -62 -62 -28 -70 -90 -60
Severe G1 40 71 32 14 22 11 -240 -42 -192 -84 -132 -66
Severe G2 5 4 8 5 3 -40 -32 -64 -64 -40 -24
Very severe G1 2 1 4 6 1 6 -36 -18 -72 -108 -18 -108
Very severe G2 3 1 2 2 0 -72 0 -24 -48 -48 0
Craw 1 1 0 0 -30 0 0 -30 0 0

Sum -244 352 126 12 -56 350

Table 6.13: Comparison between scenarios (4,B,1,2,3,4)

Congestion level-Current Situation
(Morning-Way In)

|Legend : .
| <all other values>
|ScenA_Morln /
I No congestio/ \
— Migrate

Crowded
|=——Very crowded

!— Severe G1

e Severe G2
!—Very severe G1
[ <Null=

Congestion level-Scenario 4- Relocate all & Road Expansion
(Morning-Way In)

=

Legend

<all other valugs=
|Congestion_level Scend_Mor_In
|—— No congestion
e Miig rate
- Crowded
2= Very crowded
j=— Severe G1
<Null=

76




INTEGRATION OF LAND USE AND TRANSPORT IN HANOI: CAN WE RELIEVE CONGESTION BY RELOCATING SOME MAJOR LAND USES?

Congestion level-Current Situation
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Congestion level-Current Situation
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Figure 6.10: Comparison between Current Situation and Scenario 4

It can be seen that the situation has been improved very much. Compared with ideal Scenario O,
this solution can achieve 99.43% (350/352) of ideal situation. Anyway, some corridors are still
very busy such as Kim Ma, Nguyen Thai Hoc, Cat Linh on the way-in in the afternoon and Ton
That Tung, Thai Ha on the way-out in the afternoon. Therefore, in scenario 5: Relocate 50%
combine with road expansion is proposed to see if the situation can be improved.

6.6. Scenario 5: Relocate 50-50 & Road expansion

This scenario is constructed with an idea that after expanding road only 50% of the organizations
will move to their new locations, 50% of them remains at the existing bases. They still keep the
existing bases as head quarter (for government offices), or for higher education or treatment (for
universities and hospitals). They do not convert land to other purposes like commercial,

residential, etc.

6.6.1. Calculate new traffic volume

Since after expanding roads, 50% of the people will go to new bases and 50% still stays at the
existing locations. Therefore, the traffic volume on corridors is re-calculated (with upgraded road
capacity) for both the way-in and the way-out as follows:

New Volume = Volume of Scenario O + (Volume of scenario 1+Volume of scenario 4)/2 (14)
(For more details, please refer to appendix K)

6.6.2. Congestion situation

Again calculate congestion level and congestion mark are calculated. The result is summarized in
the table below:
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Congestion Mark-Scenario 5-Relocate 50-50_Road Expansion (frequency)

Mark Weight Morning Way | Morning -Way | Afternoon-Way| Afternoon-Way Sum Total Mark
In Out In Out Scenario 5
No congestion 10 1 8 7 7 6 28 280
Migrate 8 1 6 8 2 1 17 136
Crowded 2 1 9 7 9 8 33 66!
Very crowded -2 1 9 9 10 9 37 -74
Severe G1 -3 2 3 2 4 6 15 -90
Severe G2 -4 2 1 2 2 5 -40
Very severe G1 -6 3 1 1 -18
Very severe G2 -8 3 1 1 -24
Craw -10 3 0 0
Sum 236
Table 6.14: Congestion level and congestion mark-Scenario 5
Comparision of congestion level & Congestion Mark between Scenarios
Sum case Congestion mark
Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario | Current | Scenario | Scenario | Scenario | Scenario | Scenario | Scenario
Situation 6] 1 2 3 4 5 Situation 6] 1 2 3 4 5

No congestion 8 20| 30 16 9 36 28 80 200 300 160 90 360 280
Migrate 10 26| 15 24 13 24 17 80 208 144 192 104 192 136
Crowded 38 49| 31 32 39 28 33 76 98 62 64 78 56 66
Very crowded 31 31 14 35 45 30 37 -62 -62 -28 -70 -90 -60 -74
Severe G1 40 71 32 14 22 11 15 -240 -42 -192 -84 -132 -66 -90
Severe G2 5 4 8 8 5 3 5 -40 -32 -64 -64 -40 -24 -40
Very severe G1 2 1 4 6 1 6 1 -36 -18 -72 -108 -18 -108 -18
Very severe G2 3 1 2 2 0 1 -72 0 -24 -48 -48 0 -24
Craw 1 1 0 0 0 -30 0 0 -30 0 0 0
Sum -244 352 126 12 -56 350 236

Table 6.15: Comparison between all scenarios

It can be seen that scenario 4 has the highest mark of all scenarios, just after the ideal situation in

Scenario O, which assumes that there is no activity at all. By comparison scenario 5-Relocate 50%

combined with road expansion can achieve about 67% (236/352) of the congestion mark for the

ideal situation. It is a considerable achievement.

By relocating 50% of organizations combined with road expansion, the “Severe G1” cases can be

reduced from 40 to 15 and increases the number of “No congestion” segments from 8§ to 28, also

increasing the number of “Migrate” segments from 10 to 17.

A comparison between scenarios is made for each travel direction as in the tables below
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Morning-Way In (frequency)

Morning-Way Out (frequency)

No. | Congestion level f..tz:g:‘ Soecn)ano " Scegario n " Scegario No. | Congestion level :;:rar‘elg:‘ Soecn)ario Sce?ario Sce;ario Scegario Sce:ario Scegario
1 No congestion 2 4 7 4 2 10 8 1 No congestion 3 3 9 3 3 7 7
2 |Migrate 3 9 6 9 4 10 6 2 Migrate 5 6 7 5 5 6 8
3 |Crowded 10 13 7 13 13 9 9 3 Crowded 14 13 12 6 7 8 7
4 |Very crowded 3 7 3 7 11 5 9 4 Very crowded 9 9 3 13 14 9 9
5 |Severe G1 15 2 9 2 5 1 3 5 Severe G1 2 2 2 2 4 2 2
6 [Severe G2 1 3 6 Severe G2 1 1 1 4 1 2 1
7 Very severe G1 1 7 Very severe G1 1
8 Very severe G2 8 Very severe G2
9 Craw 9 Craw

Afternoon-Way In (frequency) Afternoon-Way Out (frequency)

No. | Congestion level :ul:;r:g:‘ Soecn)ano . Scegario n " Scegario No. Congestion level sCItLLJ]rarte"r)\tn Scegario Sce|11ario Scer21ario Scegario Scezario Scenario
1 No congestion 2 6 8 3 1 7 7 1 No congestion 1 7 6 6 3 12 6
2 |Migrate 2 7 6 3 6 2 2 Migrate 4 2 4 1 2 1
3 |Crowded 10 10 8 7 10 4 9 3 Crowded 4 13 4 6 9 7 8
4 |Very crowded 6 8 5 7 1 10 10 4 Very crowded 13 7 3 8 9 6 9
5 Severe G1 12 2 9 4 6 4 4 5 Severe G1 1M1 1 12 6 7 4 6
6 |Severe G2 2 2 1 3 2 1 2 6 Severe G2 1 1 3 1 2 2
7 |Very severe G1 1 1 2 3 7 Very severe G1 1 3 3 1 3 1
8  |Very severe G2 2 8 Very severe G2 3 1 2 1
9 |Craw 1 9 Craw 1

Table 6.16: Comparison of congestion level of all scenarios for each direction
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Figure 6.11: Comparison between Current Situation and Scenario 5

In general, the congestion has been relieve quite

a lot except for Ton That Tung, Thai Ha streets in

the afternoon-the way-out which is still under high pressure.

6.7.

Comparision between Scenario 4 and Scenario 5
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6.8.

Figure 6.12: Comparison between scenario 4 and scenario 5

The most critical now is the way-out situation in the afternoon at Ton That Tung, Chua Boc, Thai
Ha streets. By comparing scenarios 4 and scenario 5, it can be recognized that in the afternoon for
both the way-in and the way-out, the scenario 5 is more in balance than scenario 4, because in
scenario 4 even it produces more “No congestion” and “Migrate” cases, but the congestion level
on some corridors like Nguyen Chi Thanh street is more severe than in scenario 5. Therefore, even
scenario 4 has a higher congestion mark than scenario 5, but in general scenario 5 is more in

balance.

Change in trip origin

This scenario is constructed with the assumption that some percent of people will also move along
to new bases. This assumption is quite realistic since in the Western and the Southern direction of
the existing the city centre, especially around the new proposed bases, many newly-built
residential areas have been constructed with good infrastructure as depicted in the figure below.

HHL ¥ - e .-
B0 THI YRuNg HOA - AN Cii
: i

Sak o

Figure 6.13: Newly-built residential areas
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In recent years, from 1999 to 2005, population in these areas (Thanh Xuan, Cau Giay, Tu Liem,
and Hoang Mai district) have increased with about 6% on average as indicated in the table 3.1. In
the future, the number of people moving out is expected to be more since the construction has
been accelerated, the house quality is better, and the price is getting cheaper. That is the policy of
government to attract people moving out from the city centre.

6.8.1. Scenario 5A

If we assume that 18.0 % (6% * 3 times) of people in the city centre (Hoan Kiem, Ba Dinh, Dong
Da, and Hai Ba Trung districts) will move out to new residential areas, especially Dinh Cong,
Hoang Liet, Thanh Xuan, Trung Hoa, Me Tri, My Dinh wards.

This calculation is applied for Scenario 5, named Scenario 5SA. We will cut down 18.0% of all
trips from the city centre and distribute equally the total number of cut-down trips to 6 wards
mentioned above. This calculation is applied for each organization separately for morning peak
and afternoon peak hour (The reason is that people use different routes to the organizations); the
traffic volumes on the corridors for scenarios 1, 4 and 5 have been re-calculated. There is one
assumption that the person who has moved to new residential areas will work/study at the new
locations and not use the selected corridors for both morning and afternoon. Therefore, the
calculation is basically done with 18% cut-down of all the trips from the city centre.

The result is summarized in the table below.

Comparision of congestion level & Congestion Mark between Scenarios

Sum case Congestion mark
S(?'L:Jr;eig:‘ Scegario Sce:ario Sce;ario Sce;ario Scezario Sce;ario Scesrrrio S(‘;::Jrﬂr:g:1 Scegario Sce[llario Sce;ario Scegario Scezario Scegario Sc(zrrrio
No congestion 8 20| 30 16 9 36 28 29 80 200 300 160 90 360 280 290
Migrate 10 26| 15 24 13 24 17 16 80 208 144 192 104 192 136 128
Crowded 38 49| 31 32 39 28 33 32 76 98 62 64 78 56 66 64
Very crowded 31 31 14 35 45 30 37 39 -62 -62 -28 -70 -90 -60 -74 -78
Severe G1 40 7| 32 14 22 11 15 15 -240 -42 -192 -84 -132 -66 -90 -90
Severe G2 5 4 8 8 5 3 5 5 -40 -32 -64 -64 -40 -24 -40 -40
Very severe G1 2 1 4 6 1 6 1 -36 -18 -72 -108 -18 -108 -18
Very severe G2 3 1 2 2 1 1 -72 -24 -48 -48 -24 -24
Craw 1 1 -30 -30
Sum -244 352 126 12 -56 350 236 250

Table 6.17: Summary congestion level and congestion mark of scenario 44, 54

We can see that the situation has been improved, but not very much. Therefore, in the next
scenario 5B, it is assumed that 50% of people will move along to the new locations.

6.8.2. Scenario 5B

This scenario is constructed with an assumption that government’s policy is successful, which
attracts 50% of staffs moving out from the city centre to live in new residential areas. Assume that
those persons will work at new bases. The calculation is similar to scenario SA with the cut-sown
of 50% all the trips from the city centre.

The result is summarized as follows (For more details, please refer to appendix L).
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Comparision of congestion level & Congestion Mark between Scenarios

Sum case Congestion mark
Scnllljrarzg:] Sce(r;ano Scer;ario Sce;ario n Scenario " e Scesr:rio S(Zﬂl:]rar:g:] Scenario | Scenario [ Scenario | Scenario | Scenario | Scenario Scesrrrio Scesrsrio
No congestion 8 20| 30 16 9 36 28 29 29 80 200 300 160 90 360 280 290 290
Migrate 10 26| 15 24 13 24 17 16 20 80 208 144 192 104 192 136 128 160
Crowded 38 49! 3 32 39 28 33 32 35 76 98 62 64 78 56 66 64 70
Very crowded 31 31 14 35 45 30 37 39 34 -62 -62 -28 -70 -90 -60 -74 -78 -68
Severe G1 40 71 32 14 22 11 15 15 14 -240 -42 -192 -84 -132 -66 -90 -90 -84
Severe G2 5 4 8 8 5 3 5 5 4 -40 -32 -64 -64 -40 -24 -40 -40 -32
Very severe G1 2 1 4 6 1 6 1 1 -36 -18 -72 -108 -18 -108 -18 -18
Very severe G2 3 1 2 2 1 1 -72 -24 -48 -48 -24 -24
Craw 1 1 -30 -30
Sum -244 352 126 12 -56 350 236 250 318

Table 6.18: Comparison congestion level and congestion mark of Scenario 5B with others

It can be seen that the situation is improved a lot. It comes near to the ideal situation, scenario O,
which assumed that no activity happens at the study areas.

This will be compared with the current situation, situation in Scenario 5B and ideal situation of

Scenario O.
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Figure 6.14: Comparison between Current situation, Scenario O and Scenario 5B

It can be seen that the congestion have been relieved in almost corridors for both morning peak
and afternoon peak, except Thai Ha, Kim Ma and Nguyen Thai Hoc streets. A possible reason is
that Ba Dinh district where 93,331 government staffs working attracts huge people in the morning

and also release huge people in the afternoon.
6.9. Conclusions

In this chapter, six scenarios have been constructed for evaluation of traffic congestion. The result
of scenarios gives us a clear view that infrastructure alone or relocation alone can not solve traffic
congestion, only by a combination between infrastructure and relocation we can have achievement
in relief traffic congestion. Even scenario 4 has higher congestion mark than scenario 5 but
scenario 5, relocate 50% combine with road expand, is more balance between the way-in and the
way-out. Further more, relocate 50% is more realistic in Hanoi situation. Finally, scenario 5B is a
modification of scenario 5 with an assumption that 50% of people will move out of the city centre
to live in the newly-built residential areas and work at new locations shows that it comes near to
the ideal situation in scenario O with 90% (318/352). It gives us a suggestion that together with
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combination between road expansion and relocation government should have good policy on
housing to attract more people moving out from the city centre to live in newly-built residential

arcas.

In conclusion, by integration between land-use and transport and in this case is the combination
between road expansion and relocation, the traffic congestion can be relived considerably.
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7. Conclusions and Recommendations

7.1. Conclusions

In this research, the contribution of some selected major land uses to the traffic congestion on
some corridors is evaluated. Different scenarios of relocating (part) of these land-uses have been
formulated and tested in order to see to what extend traffic congestion is relieved and accessibility
have been improved for the people of Hanoi, Vietnam.

Based on existing government plans, two study areas have been proposed for evaluation, i.e. study
area no.1l, which is Bach Mai area, where three big universities with almost 70,000 students and a
group of hospitals are located, and study area no. 2, which is in the urban core (Hoan Kiem
district), where three big hospitals and 161 government offices at the national level with around
16,218 staffs are located. In total, five hospitals, three universities and two government offices
were therefore targeted for cordon counts and office-based interviews to retrieve information on
total numbers of trips arriving at these locations in and outside peak hours, the trip origins, travel
time, travel length, transport mode and routes used.

All main corridors and congested roads leading to these destinations were selected and then
divided into 36 road segments for evaluation of the levels of traffic congestion that can be
attributed to these land-uses in both the morning peak and afternoon peak as well as both the way-
in and the way-out.

The research reveals that these land-uses contribute considerably to traffic congestion of some
corridors nearby. For example, the study area no.l has considerable contribution to Chua Boc,
Pham Ngoc Thach, and Thai Ha streets with shares of about 23%, 27% and 23% respectively just
on the way-in in the morning peak hour while in the afternoon peak hour they contribute to both
the way-in and the way-out as for about 54.7%, 81.3% and 43.9% respectively on the way-in and
43.7%, 56.5% and 27.6% respectively on the way-out since universities release students from
afternoon-classes around 17:15 PM and attract students to night-classes from 17:30 to 18:00PM.
About 97.2% of students commune on these corridors during the afternoon peak hour. Study area
no.2 contributes considerably to the other corridors such as Kham Thien, Nguyen Thai Hoc and
Kim Ma with a contribution of about 68.7%, 42.5% and 26.2% respectively on the way-in in the
morning and 72.8%, 0% and 37.8% on the way-out in the afternoon. About 95% of government
staff uses motorcycle and 95.5% of them commune on these corridors during peak hours.

The possibility for relieving the current congestion situation by expanding and building some
roads and bridges alone, which is planned by Ministry of Transport, is investigated in the first
scenario. Scenario no.1 shows that the situation can be improved by expanding road capacity, but
the number of severe congested and very severe congested cases is still very high. Therefore, this
strategy is fails in dealing with congestion appropriately.

A full relocation, without infrastructure measures, is studied in the next scenarios. Scenario 2
relocates all land-uses to the west, while in the following scenario 3 only 50% is relocated to the
west. Both scenarios show that the situation even worse than scenario 1 because instead of
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relieving congestion it produces more congestion on the roads in the reverse directions, while the
number of severe and very severe cases is even more than in the current situation. Therefore, it can
be concluded that relocation alone also fails in dealing with congestion.

In the next scenario, a combination between road expansion and relocation is studied. It can be
seen from this scenario 4 where all the land-uses are relocated to the west in combination with
road expansion that the situation is improved very much and it already comes near with the “ideal”
base-line situation in scenario O. The base-line scenario assumes that there is no activity at all in
our study areas anymore and that people simply abort making these trips. The number of segments
with traffic segments rated “No congestion” and “Migrate” have been increased from 8 to 36, and
from 10 to 24 respectively, the number of “Severe G1” is cut down from 40 to 11 cases, except for
“very severe G1” which have increased in number from 2 to 6. Anyway, this scenario is not too
realistic as it is very difficult to move all these organizations out of the city centre. Besides that the
situation might be worse if the purpose of land-use changes to commercial or residential one. For
that reason, in scenario 5 it is proposed that only 50% of organizations will move to new locations.
The result shows us that the situation is improved very much as compared to scenario 1, which is
expansion of road alone, and scenario 3, which is relocation alone. This scenario achieves 67% of
the “lowest possible” congestion mark from the ideal situation of scenario 0. In short, it can be
concluded that by combining road expansion and partly relocation, a considerable congestion
relief can be achieved.

In addition, scenarios 5SA and 5B have been proposed that assume 18% and 50% of people
respectively will move to the newly-built residential areas for living, so a realistic change in trip
origin is also assumed. Scenario 5A is not very much different from scenario 5. The result of
scenario 5B shows that it comes very near to the ideal situation from scenario 0 with 90% of the
“lowest possible” score. This shows that both road expansion and relocation plus an active policy
of providing new housing by the government of Hanoi is necessary to attract more people for
moving out from the city centre to live in newly-built residential areas.

All these analyses have been done by applying advanced spatial and network capabilities of GIS.
The travel data has been gathered by performing a large-scale workplace survey and cordon traffic
counts.

In conclusion, a further integration of land-use and transport can be achieved congestion relief if it
is done in a combination between road expansion and relocation.

7.2. Limitations of this research

Due to limit in time, for this research only one indicator, i.e. the number of vehicles on corridors is
applied for the evaluation. Other indicators like total travel length, total travel time, number of
people shifting from motorcycle to green modes (walking, cycling, and bus) could have been used
also for the evaluation because these will also benefit from relocating and road expansion policies.

In addition, current calculations have been based on some assumptions such as:

- People go from or return to their commune centre (homes). It means that the commune centre
is used as the trip origin/trip destination.

- People use shortest route measured in travel time.
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Travel is considered as single-trip end. It means that people go directly to our study areas from
their home and return directly as well.

Assume all government offices in the urban core have the same characteristics (trip origin,
mode share, travel time) with the surveyed ones.

The corridors used were recorded by hand. Since this is a time consuming task counts have only

been performed in one representative peak per location. This may have caused some errors.

7.3.

7.3.1.

Recommendations

Recommendations for transport and land-use policy in Hanoi

In order to achieve sustainable transport in Hanoi, some suggestions have been raised based on the

findings and conclusions in this research as follows:

7.3.2.

Some major land-uses like government offices, universities, hospitals, schools, etc should be
considered for redistribution and relocation, especially offices in the urban core and Ba Dinh
district, in order to lower the density people numbers in these areas and encourage people to
use green modes before deciding high-cost investment for metro and expanding roads. Traffic
congestion can be relieved as a consequence.

Bachelor students (account for 50% of total students as mentioned in 5.4.2) should be
stimulated to move out to new locations. The existing bases should be kept for higher
education and other courses like second-degree course, and in-service courses.

In combination with relocation policy, government should have good policy to attract more
people moving out from the city centre to live in newly-built residential areas such as supply
low cost apartments, house renting policy, etc.

Some restriction policy should be applied for the urban core (Hoan Kiem district) to reduce
people and activities and return this area attractive for tourism. For example, offices which
have more than 50 staff should be moved out, especially government offices, foreign offices,
and business enterprises; only head-quarter offices can be remained in the urban core; new
high-rise buildings is not allowed to construct in the urban core, etc.

Facilities for cycling and walking like cycling path, cycling and walking signals, etc should be
installed to further encourage people to use these green modes instead of using private
vehicles (The existing policy does not encourage people using these mode as mentioned in
3.9).

Some basic social facilities like hospitals and universities should be redistributed to achieve
equity and better accessibility for people in the whole city.

Recommendations for further studies and improvement

Due to the time limit, for this research only one indicator (number of vehicles on a corridor) is

applied for evaluation. It is recommended to apply the other indicators like total travel length, total

travel time, number of people shifting from motorcycle to green modes (walking, cycling, and bus)

for evaluation the benefit of relocating some major land-uses.

It is recommended to apply GIS application for facility improvement to encourage people using

green modes using GIS application like designing cycling paths, private bus routes, etc.
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It is recommended to study the criteria to suggest which group of offices and enterprises should be
the best to move from the urban core and Ba Dinh district.

It is recommended to study how basic social facilities like hospitals, universities and schools
should be redistributed to achieve social equity and better accessibility for people in the whole

city.
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Appendixes

Appendix A:

Giao thong Ha Noi: xay dung méi, hay cai néi cii? (http://hinet.net.vn/news)

Pé dat chi tiéu dat danh cho giao thong dat 20-25% dat d6 thi tai ndi thanh Ha
Noi, thanh phd can 15 triéu m2 véi s tién GPMB Ién dén 210.000 ty dong (khoang
14 ty USD).

Bai toan kho: Giai thé nao?

9 quan ndi thanh Ha N§i cd dién tich khoang 110 km2. Tuy nhién dién tich dudng b cua
* 7 Ha Noi chi dat khoang 6km2 (gén 400 km dudng), tuong dudong 6% dién tich dé thi.

! Khong chi dién tich dudng thdp ma dudng con phan bd khéng déu. Quan Hoan Kiém co ty
1& dudng giao théng dat 12% so vdi dién tich d6 thi, trong khi cac quén con lai ty 1& chi dat
5%.

Tai cac nudc phat trién, quy dat danh cho giao théng dat 20- 25% dat dé thi (d6 la chua ké
dién tich ngam va dién tich khoang khong xay dung cac cong trinh giao thong).

P& c6 thé giai quyét cdn ban tinh trang Un téc giao thdong tai Ha Noi, theo cac chuyén gia,
Ha Noéi phai nang quy dat danh cho giao théng 1én 20% dat doé thi (tuong Ung 20km2). Nhu vay Ha Noi can thém 15km2 dat (14 triéu
m2).

Né&u I8y du &n dudng Kim Lién-O Chd Dira Iam chudn thi mdi m2 dat c6 gia dén

. Cho dén nay Tha d6 Ha ndi chua c6 dugc mot quy hoach bu GPMB khoang 14 triéu dong.

chuyen nganh, dong bd, toan dién vé phat trién giao thong

van tai dudc ton trong va dau tu' c6 hé théng theo mot D& nang dién tich dat giao théng lén 20%, Ha No6i can dau tu thém 210.000 ty

chuong trinh d4u tu trong diém qudc gia tuong xing véi vai  dong (14 ty do la) cho viéc GPMB. Né&u tinh ca tién xdy Idp dudng (khoang 20%

tro, vi tri ca Thi do” téng mlc dau tu) thi mdc dau tu 1én dén 17 ty d6 la, (khoang 250.000 ty

Trich V&n ban gdp y cho ™ Quy hoach phét trién GTVT Thu dé dong).

Ha No6i dén ndm 2020” ctia UBND TP Ha Noi guii BO GT-VT. Va néu xdy dung dudng tau dién ngdm va dudng st chi phi ndy con cao han
nhiéu.

Trudc s6 tién khdng 16 trén cé hai lubng quan diém. Mot 1a: Ha N&i nén danh tién dau tu ha ting giao théng va phat trién khu d6 thi méi
vdi cac loai hinh dich vu, ha tang xa h6i hoan hao, gia ban nha ré. Khu vuc tir vanh dai 2 trd vao nén gilt nguyén hién trang, chi sra chita
nho.

Quan diém nay cé uu diém la chi phi dau tu thap, sé gidn mat do dan cu ndi thanh Ha Ndi, theo d giam siic ép giao théng va kéo tut gia
nha déat tai ndi thanh, tao diéu kién d&€ sau nay mé mang, chinh trang dé thi. Tuy nhién, lam dudc viéc nay can phai cé thdi gian dai va
blrc xuc giao théng tai ndi thanh sé& rat cdng thang.

Quan diém 2, vira dau tu xay dung ha tang giao théng trong ndi thanh, vira ddy nhanh xay dung mdi cac khu db thi hdp din ngudi dan
ndi thanh dén 6. Uu diém clia phuong &n nay la vira gidn dan (lugng dan phai di ddi do GPMB dé xdy dung cac cbng trinh giao théng),
ddng thdi “xoa diu” tinh trang Un tac giao théng trong ndi thanh.

Kém theo dd, chinh sach han ché phat trién khu vuc ndi thanh phal dudc thyc hién nghiém ngdt. Vay nhu’ng, néu clr chu trong xay du’ng
ha tang giao thong tai ndi thanh s& dan dén ngudi dan khong man ma dén cac khu d6 thi méi. Giad dat van cao va cudc “cach mang”
khong dem lai k&t qua cao. Thém nita, chi phi dau tu cua phugng an nay s& rat cao. Cé diém chung, ca hai quan diém déu théng nhat
“gian khoi trung tam”!

Gidn cd quan Nha nudc ra khoi trung tam

V@i 15 ty db la, cdc chuyén gia kinh t& cho rédng Ha Ndi cé thé hoan toan xay dung dudc mét trung tdm chinh tri, kinh t&, y té&, gido duc...
mdi ndm ngoai dudng vanh dai 3. Tuy nhién, vdn dé dat ra la ai s& la ngudi chju di dgi khoi trung tdm Ha Noi? Gidn dan! Tat nhién rbi,
nhung TP Ha Néi chua hdp dan dugc ngudi dan ra ngoai 6 sinh séng.

Ly do la: ha téang x& hdi yéu kém (chg, bénh vién, trudng hoc, ngan hang, khu vui chai, giai tri...) chua c6. Th{ hai, gid nha, déat tai cac do
thi m&i qué cao vugt siic mua cta dai da s6 ngudi dan. Biéu quan trong 18 hdu hét tru s¢ 1am viéc cla cdc cd quan, don vi van ndm trong
ndi thanh. Vi ly do d8, nhu cdu va quéng dudng di lai cha ngudi dan tai cac khu db thi mdi tdng 1én. Un tac giao thdng khdng giam. Ngudi
dén “cd thu” tai ndi thanh.

Vi vay, dé céuthé “gidn cu”, Ha NGi can phai cé chinh sach gidn cac c quan ra ngoai 6. Nam 2001, quy hoach chi tiét Lang dai hoc tai bai
Mb va Tay Mb (huyén T Liém) dugc phé duyét. Néu nhu cac trudng Bach khoa, Kinh t&€ Qudc dan, Xay dung dudc di chuyén, chdc chan
siic ép vé giao théng do thi tai khu vuc dudng Giai Phéng, Bach Mai s& dugc cai thién dang ké.

R4t tiéc du &n nay dén nay chua dugc trién khai. Bén canh cac trudng hoc, mot s6 bénh vién 18n cling cdn dudc gidn ra ngoai dudng vanh
dai 3 thuan tién cho viéc ra vao vién clia bénh nhan tu cac tinh dén nhu bénh vién Bach Mai, Viét Dic, Vién K, Vién C... Lam dudgc viéc
nay, mét mat ching ta cé diéu kién dau tu mét cach bai ban cho cac bénh vién, mat khac 1am giam Un tdc cho khu vuc ndi thanh.

P8i Vi cd quan hanh chinh? Ndm 2004, Trung tdm Hai nghi qudc gia dugc xay dung tai M& Tri. Du ludn ky vong day sé& la d&u hiéu cua
mot cudc di chuyén cac co quan hanh chinh ra khéi trung tdm Ha Noi. Nhung khéng, tru s& mét s6 Bo tiép tuc dugc xdy dung hoanh
trdng ngay trung tam phé cii.

Trong b&i canh Un téc giao théng nghiém trong, ddu tu xay dung ha tdng v6 cling khé khan, d€ hoéa giai bai toan giao thong, viéc gidn dan
ra khoi ndi thanh 13 hét slic can thiét. Tuy nhién, dé& lam dudc viéc nay, Ha N&i can phai cé nhitng chinh sach cu thé.

Vi nhu: chinh sach ban nha trd gép, ha gid ban nha chung cu, xdy dung ha tang ky thuat, ha tdng x@ hdi cho d6 thi mdi tét...Diéu quan
trong, d& khuyén khich ngusi dan di ddi khoi trung tdm thanh phé, thi ban than cac cd quan hanh chinh cta Trung uong va Ha Noi, cac
bénh vién, trudng hoc phai lam guadng trudc.

Theo TP
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Appendix B: Traffic count by ALMEC, February 2005

Traffic Count at Chua Boc street-No.1 (by ALMEC, Feb. 2005)
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Traffic Count at Pho Hue street-No.11 (by ALMEC, Feb. 2005)
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Traffic Count at La Thanh 2 street-No.18b (by ALMEC, Feb. 2005)
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Traffic Count at Giang Vo 1 street-No.24 (by ALMEC, Feb. 2005)
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Appendix C: Contribution to congestion of the selected land uses

Contribution of Organizations in the Morning-The Way in
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Contribution of Organizations in the Afternoon-The Way Out

Current Study area No. 1 Study area No. 2
Traffic

Road Bach Mar : TETDuE ; .
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4 [Truong Chinh 1(N.T.So-T.T.Tung) ~ |No. 4-Tehinh 981 1652 35 213 0 18| 100 73| 442 198[12.00 31| 190 198| 11.09] s54| 3353 7| 040 6| 035] 3| 016 o] 15| 091 569) 34
5 [Truong Chinh 2(T.T.Tung-N.T.Vong) |No.4b-Tchinh 1,142) 1922l 5[ 026] 0 18| 094] 88| 456| 2021053 31| 163] 2051068 550 2860( 7| 0.35| 6| 030] 3| 013 o] 15| 078 565 29
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8 |cauGiay No. 7-CG 723) 2610) 30| 1.15| 18] 069 154 588| 7| 028] 2| 237 8| 030| 86| 331| 365 1399 28 107 15[ 059| 23| 0.88] 242 9.27| 309 1183 674 26
9 |Cau Chuong Duong-NV Cu No. 8-CaucD 981 3089 54| 173 18] 058| 280 9.06 7| 024| 37| 120 8 025| 54| 175| 58| 1482 13| 0.43] 8] 025| 8| 025 4031306 432| 13.99) 890) 29
10 |Le Thanh Nghi street No. 9-LTNghi 1,142) 2325 17| 072| o] 63| 272| 36| 157 74| 320( 24| 1.01] 22| 003 236 1015 ol o ol 0 236 10
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1,056| 4,004 212| 530 90| 225 641)16.02] 15| 036 231| 577| 47| 118 310| 773 1547| 3863 36| 0.90| 20 0.51| 22| 06| ess|17.13] 764| 19.08 2311 58
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 1,805 3583 219| 6.12| 108 302 759|21.18| 139 387| 3s9|10.03) of 0 1584 4422| 35| 097| 17| 0.49) 24| 067| e45|18.02| 722[ 2014 2,308] 64
13 |Giai Phong(Pho Vong-Bxe GiapBat) [No. 10c-Gphong 1,551 3580 199| 556 90| 252 e87|19.17| 36| 102| 116 3.23] 31| 088 126| 352 1285 3590 20| 0.56| 12| 032] 15 0.43| e05[16.90| 652 18.22] 1,938 54
14 [Pho Hue street No. 11-Phue 1,835) 9| 54 425| 15 120 24| 104 840) 0 0| ol 0 840)
15 |Ba Trieu streat No. 12.8T 1,381 2304f 0 0 o 0 0 of 0 83| 360 42| 1.80] 45| 1.97[1,000| 4378 1,78| 51.14] 1,178] 51
16 |Nguyen Luong Bang No. 13-N.L.Bang 2,379 275[ 0 0| of 0 0| of 0 16| 0.58) 23| 084 27| 0.96| 484|17.60[ 550| 20.00) 550) 20
17 |Thai Ha No. 14-Thaita 2,128 4,080 122| 299 72| 1.77| s06[1240| 36| 0.89| 153 374| 16| 038 220| 538| 1,125) 2757 o 0| of 0 1,125 28
18 [Kim Ma No. 15-KimMa 2,127 2848 0 0| of 0 0| of 0 43| 150] 33| 1.15| 33| 1.14 oes|34.00| 1,076| 37.80] 1,076 38
19 |Nguyen Trai street No. 16-Nirai 1,896| 3271 6o 210 36| 110 208 9.11| 29 0so| 103| 3.16| 31| 096 126| 3.85| 693 21.18] 11| 0.33| 14| 044 22| 0.68| 4031233 as1| 1378 1,143 35
20 [La Thanh 1(voiphuc-N.C.Thanh)  |No. 17-LaThanh 1,280) 690 30| 436] 18| 262] 154{2226| 7| 1.08] 62| 898| 8| 1.14] s6[1252] aes| 5293 o] 0| 0 0 365| 53
21 |La Thanh 2(N.C.Thanh-L.Ha) [No.17b-LaThanh 1,615 891 o 0| o 0 0| of 0 0 0| of 0
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 1,640) 99| o] 0| ol 0 0| of 0 0 o ol 0
23 [Duong Lang 1(Cgiay-N.C.Thanh)  |No. 18-Diang 1,691 1459 22| 149) 18| 1.24| 117 s0s| 7| os0| 54 368 8| 054| 83 s67[ 00| 2116 o] of 0 0 309) 21
24 [Duong Lang 2(N.C.Thanh-LHa)  |No. 18b-Diang 1,943| 1555 0| 0| o 0 0| o 0 0 0| o 0
25 |Duong Lang 3(L.Ha-N.T.So) No. 18¢-Diang 680) 1332 15 113 0 72| 543 7| 055 29 247] o 32| 243 1%6| 11.71] o 0| of 0 156} 12
26 [Duong Buoi [No. 19-D.Buoi 624 oo8( 7| 067] o 36| 362 0 8 083 o 18| 1.80] 69| 692 1| 013] 1| 010] 1| 0oo| 40| a0a] as| a3 113] 1
27 [cat Linh No. 20-CatLinh 726 914 o 0| of 0 0| of 0 0 0| of 0
28 [Nguyen Chi Thanh(Diang-HTKhang) [No.21-N.C.Thanh 1,163 303| 8| 028 o 3| 119 0 0| of 0 4| 1470 0 1| 003 3| 008l o 4| 0.12) 48 2|
29 [Nguyen Chi Thanh(HTKhang-LaThan|No.21b-N.C. Thani 1,240) 2119| 30| 142 18] 08s| 154 725 7| 034| 62| 292 8 037| 86| 408] 365 17.24] o 1| 00s| 3] 012 o 4| 0.17] 369) 17,
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 1,062) 1693 0] 0| o 0 0| of 0 3l 016| 5| 029 2| 010 40| 238] 50 293 50| 3|
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 79| 2195 27| 122 18 082 126 576| 22| 100 20| 1.32] of 25| 115| 247 11271 o 043[ 6| 026 3| 0.6 242|11.03 261 11.87] 508 23
32 [Tran Duy Hung No. 23-T..Hung 1,389) 3261 8| 026 of 3| 111 o] 0| o 0 44| 138) o 1| 003 3 008l o 4 o0 48| 1
33 [Giang Vo (Lang Ha-Ngoc Khanh)  [No. 24-G.vo 2,050 2619| 22| 083 o 99| 379| 22| o84] 17] 063] o 14| 055 174] 664 o 036] 6| 022] 3| 013] 242] 924] 261| 9.9 435 17
34 |Giang Vo(Ngoc Khanh-Cat Linh)  |No. 24b-G.Vo 2,098 2619 22| 083 o 99| 379| 22| o84] 17] 063] o 14| 055 174] 664 o 0.36| 6| 022] 3| 013] 242] 9.24] 261 9.9 435 17
35 [Ton Duc Thang (Ochodua-CatLinh) |No. 25-T.D.Thang 1,607] 2120| 0 0| of 0 0| of 0 0 0| of 0
36 [Dai Co Viet (Lduan-Batrieu) No. 26-D.C.viet 1,047] 3504 90| 282 54| 155 42512.12| 15| 042 120| 3.42| 24| 067| 104| 298| 840 2396 20| 057 12| 033 15 0.44| e05[17.27] 52| 1861| 1,492 43
Contribution of Organizations in the Afternoon-The Way In
Current
traffic Sum area
Road Polytechnics | Construction| Economics Sum total
No. Road name Corridor code intensity A\flg:"nn;g;]_ id Sum area No. 2
(pcu/h) Students Students Students No. 1
Way In
(pcu) (pcu)| % |(pcu)| % |(pcu)| % (pcu) % (pcu) % (pcu) %

1 Chua Boc street No. 1-Cboc 1,595 2,813| 876|31.15| 285|10.13| 378| 13.44| 1,539 54.72 1,539| 54.72
2 Pham Ngoc Thach street No. 2-PNThach 1,388 1,968| 921|46.82| 293|14.90| 385|19.58| 1,600| 81.29 1,600| 81.29
3 Ton That Tung street No. 3-TTTung 723 780 0 o 0
4 Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh 981 1,549 36| 2.33 58| 3.73 25| 1.63 119 7.69 119 7.69
5 Truong Chinh 2(T.T.Tung-N.T.Vong) (No.4b-Tchinh 1,142 1,803 90| 5.01 70| 3.89 50| 2.80 211 11.70 211| 11.70
6 Kham Thien No. 5-KThien 1,056 1,521 126| 8.31 41 271 43| 2.84 211| 13.87 211| 13.87
7 Nguyen Thai Hoc No. 6-NTHoc 1,805 3,699 81| 2.20 50| 1.34 29| 0.78 160 4.32 160 4.32
8 Cau Giay No. 7-CG 1,551 2,449 117| 4.80 54| 2.19 68| 2.79 240 9.78 240 9.78
9 Cau Chuong Duong-NV Cu No. 8-CauCD 1,835 2,898| 280| 9.66 37| 1.28 58| 1.99 375 12.93 375| 12.93
10 |Le Thanh Nghi street No. 9-LTNghi 1,381 2,181 63| 2.90 74| 3.41 22| 0.99 159 7.30 159 7.30
11 |Giai Phong(DCV-LTN) No. 10-Gphong 2,379 3,756 894| 23.81 297| 7.91 313| 8.34| 1,505| 40.07 1,505| 40.07
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 2,128 3,361 894| 26.61 297| 8.85 61| 1.82| 1,253| 37.28 1,253| 37.28
13 |Giai Phong(Pho Vong-Bxe GiapBat) |No. 10c-Gphong 2,127 3,358 524| 15.60 87| 2.58 112| 3.32 722| 21.51 722| 21.51
14 |Pho Hue street No. 11-Phue 1,896 2,651 0 o 0 840| 31.69 840 31.69
15 |Ba Trieu street No. 12-BT 1,280 461 132 140 733 733
16 |Nguyen Luong Bang No. 13-N.L.Bang 1,615 2,206 0] [0 (0]
17 |Thai Ha No. 14-ThaiHa 1,640 2,472 596|24.12| 219| 8.85| 270(10.92( 1,085 43.90 1,085| 43.90
18 |Kim Ma No. 15-KimMa 1,691 2,671 o] o o]
19 |Nguyen Trai street No. 16-Ntrai 1,943 3,068 253| 8.24 83| 2.69 108| 3.52 444| 14.46 444| 14.46
20 [La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 680 973 117 12.07| 54| 5.52 68| 7.03 240| 24.62 240| 24.62
21 [La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 624 1,030 (0] 9] 0
22 [La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 726 1,089 (0] o) (o]
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 1,163 1,219 o] (o] o]}
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 1,240 1,299 o o ¢}
25 |Duong Lang 3(L.Ha-N.T.So) No. 18c-Dlang 1,062 1,112 [0] o] [o]
26 |Duong Buoi No. 19-D.Buoi 796 834 36| 4.33 8| 0.99 18| 2.16 62 7.48 62 7.48
27 |[Cat Linh No. 20-CatLinh 1,389 2,664 o] o (o]
28 [Nguyen Chi Thanh(Dlang-HTKhang) [No.21-N.C.Thanh 2,050 1,588 72| 4.55 29| 1.82 32| 2.04 134 8.41 134 8.41
29 [Nguyen Chi Thanh(HTKhang-LaThan|{No.21b-N.C.Thant| 2,098 1,830 117| 6.42 54| 2.93 68| 3.74 240| 13.09 240| 13.09
30 [Lang Ha (D.Lang-Thai Ha) No. 22-LHa 1,607 1,864 (0] (o] (0]
31 [Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 1,947 2,052 45| 2.20 21 1.01 14| 0.70 80 3.91 80 3.91
32 |Tran Duy Hung No. 23-T.D.Hung 2,600 2,724 72| 2.65 29| 1.06 32| 1.19 134 4.90 134 4.90
33 [Giang Vo (Lang Ha-Ngoc Khanh) No. 24-G.Vo 1,752 1,836 (0] (o] (0]
34 |Giang Vo(Ngoc Khanh-Cat Linh) No. 24b-G.Vo 2,094 1,572 (o) o o
35 |Ton Duc Thang (Ochodua-CatLinh) |No. 25-T.D.Thang 1,453 1,168 (0] o] [o]
36 [Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2,793 2,927| 461|15.74 132| 4.51 140| 4.80 733| 25.05| 733| 25.05
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Appendix D: Congestion level-Scenario O-No activity

Congestion level of corridors-Scenario B-"No Activity"

Current situation Contribution of study areas Scenario B: No activity
Road Morning Afternoon Morning Afternoon Morning Afternoon
Corridor| , %29
No. Road name Corridor code [ ~(1C™) intensity Way way out Way Way out
(pout) Way-in| W2 [way-in| W2 [way-in| W& |way-in| V2" |[New Peak New Peak New Peak] New Peak]
out out out out volume- Corl\g\(/e;tmn volume- Cor;g::lhon volume- COTEQ\?:\UOH volume- Cor‘\(g::‘tlon
Way In Way Out Way In Way Out
1 Chua Boc street No. 1-Cboc 1 1,596|| 2,652 2,575 2,813 4,128 589 1,539| 1,803 1,963 Crowded 2,575| Severe G1 1,274 NO. 2,325 Crz)/:lzyed
2 [Pham Ngoc Thach street No. 2-PNThach 1| 1388 2,204| 2,206 1,968| 3294 704 1,600 1,860|  1,500| Crowded 2,206 Severe G1 e8| No 1,434| Crowded
3 |Ton That Tung street No. 3-TTTung 1 723 892| 841| 780l 1708 10 157, 882| Crowded 841| Crowded 780| Crowded 1,551 Ve'yéfve’e
4 |Truong Chinh 1(N.T.So-T.T.Tung)  [No. 4-Tehinh 1 981 1,514| 1225 1549| 1652 385 119] 569 1,129 Crowded 1,225| Crowded 1,430 ch:;y . 1,083| Crowded
5 |Truong Chinh 2(T.T.Tung-N.T.vong)  [No.4b-Tchinh 1| 1142 1.761| 1425 1803 1922 84 21| ses| 1677 VeV 1,425| Crowded 1502 Ve 1,357| Crowded
crowded crowded
6 |knam Thien No. 5-KThien 1| 1ose| 1681 g20| 1521| 1362 1,219 211 1,269 462f No 929 Migrate 1,310] Crowded g No
7 |Nguyen Thai Hoc No. 6-NTHoc 1| 1836 3682 3,699 1,636 160) 2,046| Crowded 3,539 Severe G2 0
8 |cauGiay No. 7-CG 1| 1551 2,302| 1935 2449| 2610] 491 240 674  1901| Crowded 1,935| Crowded 2,209) CIL’:;V {a 1,936| Crowded
9 |cau Chuong Duong-NV Cu No. 8-CauCD 1| 1838 2,831 2,290| 2,898| 3,089 439 ars| 800 2302 Ve 2,200| Crowded 2508 VeV 2,199| Crowded
crowded crowded
10 |Le Thanh Nghi street No. 9-LTNghi 1| 131 2130 1,724 2,181| 2,325 76 150| 238| 2088 VY 1,724| Crowded 2001 VeV 2,089 Severe G1
crowded crowded
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1| 2079 3669| 2969| 3,756| 4,004] 1,530 1,508 2,311 2,139 Migrate 2,969| Crowded 2,251| Migrate 1,693 mnquZuon
12 [Giai Phong(LTN-NTVong) No. 10b-Gphong 1| 2128 3283 2656| 3361| 3583 1392 1,253 2,306]  1,891| Migrate 2,656| Crowded 2,108| Migrate 1277|  Noo
13 [Giai Phong(Pho Vong-Bxe GiapBat) |No. 10c-Gphong 1| 2127 3281| 2654| 3358| 3580] 1,061 722 1938  2220| Crowded 2,654| Crowded 2,636| Crowded 1643 Noo
14 [Pho Hue street No. 11-Phue 1| 1808 3608 2,651 626 840 2,982| Severe G1 1,811| Migrate 0
15 [Ba Trieu street No. 12-8T 1| 1,280 1,412 2,304 3s0| 733| 1,178 1,053 Migrate 0| 1,126 Migrate
Very Very Very
16 |Nguyen Luong Bang No. 13-N.L.Bang 1 1,615 2,559 1,795 2,206 2,750 437 550 2,122 ] 1,795 Crowded 2,206 @] 2,200 e
17 |ThaiHa No. 14-ThaiHa 1 1,640 1,703 2,908 2,472 4,080 392 1,085| 1,125 1,311 D 2,908| Severe G2 1,387 Migrate 2,955| Severe G2
18 |Kim Ma No. 15-KimMa 1 1,691|[ 2,609 2,111 2,671 2,848 683 1,076 1,926 Crowded 2,111| Crowded 2,671| Severe G1 1,771| Crowded
19 [Nguyen Trai street No. 16-Ntrai 1 1,943l 2,997 2,425 3,068 3,271 558 444( 1,143 2,439 ey 2,425| Crowded 2,624 ey 2,127| Crowded
crowded crowded
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 1 680 943| ot10| 973 90| 185 240|365 758| Crowded 910| Crx:g; 1 733| Crowded aps| No
21 |La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 1 624 s8o0| 910| 1030| 891 0 soo| Ve ot0| Ve 1,030 Severe G1 got| Ve
crowded crowded crowded
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 1 726) 1,171 781| 1,080 959 0 1,171 Severe G1 781| Crowded 1089 Ve 59| Ve
crowded crowded
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 2| 163 1.277| 1496 1,210 1459 125 09|  1.153| Migrate 1,496 chveVdWe 1 1,219] Crowded 1,151] Migrate
24 |Duong Lang 2(N.C.Thanh-LHa) No. 18b-Diang 2| 1240 1,361| 1,504| 1,209 1,555 0 1,361| Crowded 1504 Ve 1,299| Crowded 1555 Ve
crowded crowded
25 |Duong Lang 3(L Ha-N.T.So) No. 18c-Diang of 1062 1,166 1,365 1,112| 1,332 0 156 1,166| Crowded 1365 oo 1,112| Crowded 1,176| Crowded
26 |Duong Buoi No. 19-D.Buoi 2 76| 874| 1023 834 o908 53 62| 113 821] Crowded 1,023 ch:dryed 771|  Migrate 886| Crowded
27 |catLinh No. 20-CatLinh 2| 1389 1,040 1,172 2664 914 0 1,040] No 1,172 Migrate 2,664| Severe G2 g1af No
26 |Nguyen Chi Thanh(Dlang-HTKhang) ~ [No.21-N.C.Thanh 2| 2080 1,770 1,695 1588 3030 44 134 48]  1.726] Migrate 1,695 Migrate 1454]  No 2,982 ch:,;ye "
29 |Nguyen Chi Thanh(HTKhang-LaThanh) [No.216-N.C.Thanh 2| 2008 1,906 1468 1.83[ 2119 185 240 369  1.721| Migrate 1468 N 1500] No 1,750| Migrate
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 2| 1607 1,132 2,319| 1,864| 1,693 4 s 1128]  No 2,319) chﬁLyeu 1,864| Crowded 1,643| Crowded
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2| 1947 2,085 1331| 2052 2,195 204 80| 08| 1,881 Migrate 1331]  Noo 1,972| Crowded 1,687 Migrate
32 |Tran Duy Hung No. 23-T.D.Hung 2| 2600 2,854 3343 2724 3261 90 134 48] 2765 Crowded 3,343 ch:’d”ed 2,590[ Migrate 3,213| Crowded
33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 2| 1752 1,923 1,614 1,836 2619 177 435 1,746| Migrate 1,614 Migrate 1,836| Crowded 2,184| Crowded
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 2| 2004 1,923 1,252 1572 2619 177 435 1,746| Migrate 1,250 No 1572 No 2,184| Crowded
Very " " Very
35 |Ton Duc Thang (Ochodua-CatLinh) No. 25-T.D.Thang 2 1,458|| 2,033 1,169 1,168 2,129 0| 2,033 ] 1,169 Migrate 1,168| Migrate 2,129 e
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2 2,793| 3,067| 3,592| 2,927| 3,504 359 733 1,492 2,708] Migrate 3,592 Cl'\é\levrdysd 2,193 No_ 2,012 No_

Note: Nguyen Thai Hoc street, Ba Trieu street and Pho Hue street are one way streets.
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Appendix E: Calculation of new traffic volume —Scenario 1

Contribution of Organizations -Scenario 1-in the Morning-The Way in

Study area No. 1 Study area No. 2
No. Road name Corridor code ospial ST ‘eacaeq A S ot | s Dntuac\ © hospital K hosptal_| G20 e Sum srea 12
Staff | Patient| " P Y P = P Staff |Patient| Staff |Patient| Staff |Patient| Offices| g
(peu) | (peu) | (peu) | (peu) | (peu) | (peu) | (peu) | (peu) [ (peu) | (peu) | (pou) [ (peu) | (pou) | (peu) | (peu) [ (peu) | (pou) (pcu) %

1 [Chua Boc street No. 1-Cboc 84 73 51 63} 14 10 0| 295 0| 0| 0 0| 0| of 0| 295
2 |Pham Ngoc Thach street No. 2-PNThach 97 75 68| 63 14 10 0 327| 12] 0 2 0 5 0| 81 99 426
3 [Ton That Tung street No. 3-TTTung 0 0 17 0| 0 0 0 17| 0 0 0 0 0 0| 0 17|
4 |Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh 76 15 17 0) 2 0 31 142 9 0f 8 1 3 2| 0f 23] 164
5 |Truong Chinh 2(T.T.Tung-N.T.Vong) No.4b-Tchinh 82 17| 17| 0 1" 5 31 163 0| 0| ] 0| 0| 0 0| 163
6 |Kham Thien No. 5-KThien 19 0 0 0| 0 0 0 19) 44 0 34 2 33 7| 1,291 1410( 1,429
7 |Nguyen Thai Hoc No. 6-NTHoc 23 3 26| 0| 7 0 8 66 77, 9 46 5 40 1| 1170f 1,357 1,424
8 |cau Giay No. 7-CG 21 43| 34 63] 0 5 8 174 28 6 10 2 19) o 242 306 480
9 |Cau Chuong Duong-NV Cu No. 8-CauCD 30 87, 17 0| 2 5 16 157 6 9 6 5 6 23 202 256 413
10 [Le Thanh Nghi street No. 9-LTNghi 19 3 0 0| 20| 0 16 58 0 0 0 0 0 0| 0 58,
11 |Giai Phong(DCV-LTN) No. 10-Gphong 348| 168|120 63| 32 33| 78 843) 40 8 14 2 20 12| 847, 942| 1,785
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 342 115 128| 0) 27| 10 141 763 36| 4 10 2 15 12| 686 765 1,528
13 [Giai Phong(Pho Vong-Bxe GiapBat) No. 10c-Gphong 173 88| 94| 0o 5 5 16 380 32| 4] 9 2| 15 12] 645| 719 1,100
14 |Pho Hue street No. 11-Phue 0 0 0 0| 0 0 0 36 0 17 2 17| 4 282 358 358,
15 [Ba Trieu street No. 12-BT

16 |Nguyen Luong Bang No. 13-N.L.Bang 4 0 0 0| 0 0 0 4 24 0 27 2 26 5| 363 447 451
17 [Thai Ha No. 14-ThaiHa 34 37, 26 63| 7 5 0 171 0 0 0 0 0 0| 0 171
18 [Kim Ma No. 15-KimMa 34 7 0 0| 7 5 8 60 50 8 31 3 29 1| 484 616| 676
19 |Nguyen Trai street No. 16-Ntrai 84 45, 26| 0| 9 5 31 199 10) 0 14 1 18] 4 323 369) 568,
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 21 43, 34 63} 0 5 8 174 0 0 0 0 0 0| 0 174
21 |La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 21 17 34 0| 0 5 8 84 0 0 0 0 0 0| 40 40 125
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 95 25 34 0| 0 10 16 179 10) 0 5 0 5 o 363 383 563
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Diang 0 0 0 0| 0 0 0 3 0 1 0 0 0| 0 4 4
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 6 3 0 0| 0 0 0 9 0 0 0 0 0 0| 0 9
25 |Duong Lang 3(L.Ha-N.T.So) No. 18¢-Diang 6 3 0 0| 0 0 0 9 0 0 0 0 0 0| 0 9
26 |Duong Buoi No. 19-D.Buoi 2 2 0 0) 0| 5| 0 8 8 0f 5 0 1 2| 81 96 104
27 |Cat Linh No. 20-CatLinh 0 0 0 0] 0| 0 0 8 0of 3 1 4 0] 0of 16| 16
28 |Nguyen Chi Thanh(Dlang-HTKhang)  |No.21-N.C.Thanh 4 5 9 0| 2 0 0 20 3 1 3 0 3 5| 161 176 196
29 |Nguyen Chi Thanh(HTKhang-LaThanh) |No.21b-N.C.Thanh 2 0 0 0| 0 0 0 2 3 2 5 1 4 71 161 183 185
30 [Lang Ha (D.Lang-Thai Ha) No. 22-LHa 1 0 17 0| 0 5 0 33 4 0 4 1 6 0| 81 95| 128
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 6 2 9 0) 2] 0 0 18 8 0f 5 1 6 0) 282 302 320
32 [Tran Duy Hung No. 23-T.D.Hung 4 5 9 0| 5 0 0 22 3 2 5 1 4 71 161 183 205
33 [Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 38 7 0 0| 0 5 8 57, 8 0 5 1 6 0| 81 100 157,
34 [Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 0 0 0 0) 0| 0 0 8 0f 3 1 4 0) 81 96 96
35 |Ton Duc Thang (Ochodua-CatLinh) No. 25-T.D.Thang 8 3| 9| 0o 2 0] 0] 22| 0| 0] 2 0| 2 0 40| 44 66
36 [Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 89| 100| 334 0| 5 19 55| 601 0 0 0 0 0 0| 0 601
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Contribution of Organizations-Scenario 1- in the Morning-The Way in

Study area No. 1 Study area No. 2
Bach Mar T C Sum area[  Viel Duc Chospital | Khospital |Govern| Sum area 1+2
Ne. Road name Cormdor code | — o oot Sruden Teaohe Siadem] | [ ] mont | S0 %562
Staff | Patient| ® P Y P 7y P Staff |Patient| Staff |Patient| Staff |Patient|Offices|
(pcu) | (peu) [ (peu) | (peu) | (peu) | (peu) | (peu) | (peu) | (peu) [ (peu) | (peu) | (peu) | (peu) | (peu) | (peu) | (peu) | (peu) (peu) %
1 Chua Boc street No. 1-Cboc
2 Pham Ngoc Thach street No. 2-PNThach
3 |Ton That Tung street No. 3-TTTung
4 |Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh
5 |Truong Chinh 2(T.T.Tung-N.T.Vong) ~ [No.4b-Tchinh
6 |kham Thien No. 5-KThien
7 |Nguyen Thai Hoc No. 6-NTHoc
8 |cau Giay No. 7-CG
9 Cau Chuong Duong-NV Cu No. 8-CauCD
10 |Le Thanh Nghi street No. 9-LTNghi
11 [Giai Phong(DCV-LTN) No. 10-Gphong
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong
13 [Giai Phong(Pho Vong-Bxe GiapBat) No. 10c-Gphong
14 [Pho Hue street No. 11-Phue
15 [Ba Trieu street No. 12-BT 91| 100 77 0 2 19) 55 344 0 0 0 0 1 0 0 1 345
16 [Nguyen Luong Bang No. 13-N.L.Bang
17 |Thai Ha No. 14-ThaiHa
18 [Kim Ma No. 15-KimMa
19 [Nguyen Trai street No. 16-Ntrai
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh
21 |La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang
25 |Duong Lang 3(L.Ha-N.T.So) No. 18¢c-Dlang
26 |Duong Buoi No. 19-D.Buoi
27 [cat Linh No. 20-CatLinh
28 |Nguyen Chi Thanh(Dlang-HTKhang) ~ [No.21-N.C.Thanh
29 |Nguyen Chi Thanh(HTKhang-LaThanh) [No.21b-N.C.Thanh
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa
32 |Tran Duy Hung No. 23-T.D.Hung
33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo
35 |Ton Duc Thang (Ochodua-CatLinh) No. 25-T.D.Thang
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet
Contribution of Organizations-Scenario 1-Road Expand-No Relocate (Afternoon-The Way in)
Study area No. 1 Study area No. 2
Bhao‘;h ":":I‘ Polytechnics Uni.| s Economics Univ. | 2UM 8r€8l\iet pyc Hospitall ~ C hospital Khospital | Govern | o | Sum area 1+2
N Road name Corrdor codo Staff | Patient | eacher] Student[Teacher] Student Teacher] Student e Staff | Pationt| Staff | Pationt | Staft | Patint | ofices | NO-2
&aStaff | s |asStaff| s |sastff| s
(pcu) | (peu) | (peu) | (pcu) | (pou) | (peu) [ (peu) | (pcu) (pcu) (pcu) | (peu) | (peu) | (peu) | (peu) | (peu) [ (pou) (pcu) (pcu) %
1 |Chua Boc street No. 1-Cboc 461 206 76| 743 743
2 |Pham Ngoc Thach street No. 2-PNThach 569 215 18] 802 802
3 [Ton That Tung street No. 3-TTTung 63| 0| 76 139 139
4 |Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh 36 4 234 274 274
5 [Truong Chinh 2(T.T.Tung-N.T.Vong) No.4b-Tchinh 27 12| 306 346 346
6  |Kham Thien No. 5-KThien 45 17 14 76 76
7 |Nguyen Thai Hoc No. 6-NTHoc 72 50 29 151 151
8 |Cau Giay No. 7-CG 108| 54 61 223 223
9 [Cau Chuong Duong-NV Cu No. 8-CauCD 244 21 36 301 301
10 |Le Thanh Nghi strest No. 9-LTNghi 0 74| 22 96| 96
11 |Giai Phong(DCV-LTN) No. 10-Gphong 813 417 353 1,583 1,583
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 696 223 670 1,588 1,588
13 |Giai Phong(Pho Vong-Bxe GiapBat) No. 10c-Gphong 587 116 133 836 836
14 |Pho Hue street No. 11-Phue 82 54 343 15 111 24 115 744 744
15 |Ba Trieu street No. 12-8T
16 |Nguyen Luong Bang No. 13-N.L.Bang 18| 4 0| 22| 22
17 |Thai Ha No. 14-ThaiHa 163 95 65 322 322
18 |Kim Ma No. 15-KimMa 172 29 47 247 247
19 |Nguyen Trai street No. 16-Ntrai 235 111 140 487 487
20 |[La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 108| 54, 61 223 223
21 [La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 108| 54 61 223 223
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 361 111 126 599 599
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 0 0 0
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 0 0 7 7 7
25 |Duong Lang 3(L.Ha-N.T.So) No. 18c-Dlang 0 0 40 40 40
26 |Duong Buoi No. 19-D.Buoi 27, 12 4 43, 43
27 |Cat Linh No. 20-CatLinh 0 0 0
28 [Nguyen Chi Thanh(Dlang-HTKhang)  [No.21-N.C.Thanh 63 50, 0 113, 113
29 |Nguyen Chi Thanh(HTKhang-LaThanh) [No.21b-N.C.Thanh 27 4 32| 64, 64
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 54 21 0 75 75
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 72| 33, 1 116 116
32 [Tran Duy Hung No. 23-T.D.Hung 90| 54, 32 176 176
33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 172] 37, 47 256 256
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 0 0 0
35 [Ton Duc Thang (Ochodua-CatLinh) No. 25-T.D.Thang 54 21 1 86| 86
36 _|Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2,294] 149 140] 25584 2.584
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Contribution of Organizations-Scenario 1-Road Expand-No Relocate (Afternoon-The Way Out)

Study area No. 1 Study area No. 2
Bach Mai hospital| Polytechnics Uni.| Uiy Economics Univ. ”,[‘“0 _a:ea Viet Duc Hospital | C hospital K hospital Govern | g n Sum area 1+2
No. Road name Corridor code —[Teacher Teacher Teacher - ment | " No. 2
Staff | Patient | &'a ¢ |Students| “C0 e |Students| 2“3 | Students Staff | Patient | Staff | Patient [ Staff | Patient | Offices
(peu) | (peu) | (peu) | (peu) | (peu) | (pou) | (pou) | (pou) (pcu) (pcu) | (pcu) | (pcu) | (peu) | (peu) | (peu) | (pcu) (pcu) (pcu) %

1 |Chua Boc street No. 1-Cboc 23] 72| 452, 0| 25| 0| 65| 637| 0 0| 0| 0 637,
2 |Pham Ngoc Thach street No. 2-PNThach 35 108 578 0 33 0 7] 762 9 2 4 0 16| 777
3 |Ton That Tung street No. 3-TTTung 0 36 63 0 0 0 65 164 7 6 3 0 15 179
4 |Truong Chinh 1(N.T.So-T.T.Tung) No. 4-Tchinh 129 36 36 58 194 24| 241 718] 7 6 3 0 15 733
5 [Truong Chinh 2(T.T.Tung-N.T.vong)  [No.4b-Tchinh 134 0 27 88| 202 24| 295 770 0 0 0 0 770,
6 |Kham Thien No. 5-KThien 13 18 45| 0 17 0 14] 108 24 28 29 1,372 1,453 1,560
7 [Nguyen Thai Hoc No. 6-NTHoc 0| 18| 0] 0 4 0| 7] 29 0 0 0| 0| 29|
8 |Cau Giay No. 7-CG 22| 18 145 7 54| 8 61 314] 28 1" 22| 242 303, 617
9 |Cau Chuong Duong-NV Cu No. 8-CauCD 30| 18 154 7 21 8 32| 270 13 7 8 403 431 701
10 [Le Thanh Nghi street No. 9-LTNghi 17 0 0 36 74 24 22 173 0 0 0 0 173
11 |Giai Phong(DCV-LTN) No. 10-Gphong 328 163 831 124|  438] 63| 360 2,308 29 13 19 686 747 3,053
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 380| 9| 6% 131 384 133 673 2,488 28 10 18 645) 701 3,189
13 |Giai Phong(Pho Vong-Bxe GiapBat)  |No. 10c-Gphong 201 72| 587 36| 136 39] 140 1,212 20 10 15 605 649 1,862
14 [Pho Hue street No. 11-Phue 0 0 0 0

15 |Ba Trieu street No. 12-BT 18| 8 7] 34| 79 41 44 1,009 1,172 1,205
16 [Nguyen Luong Bang No. 13-N.L.Bang 2 18 18| 0 4 0 0| 42| 16 22 23 484 545) 587,
17 |Thai Ha No. 14-ThaiHa 22| 54| 181 0| 37 0| 54 348 0 0| 0| 0 348
18 [Kim Ma No. 15-KimMa 25 o 117 7 25 8 40| 222 49 29 34 847 960 1,182
19 |Nguyen Trai street No. 16-Ntrai 80 36 235 44 165 24| 112 695) " 14 19 403, 446 1,142
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 22| 18 145 7 54| 8 61 314] 0 0 0 0 314
21 [La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 22| 18 145 7| 54| 8| 61 314 0 0| 0| 40| 40 355
22 |La Thanh 3(LHa-T.D.Thang) No.17c-LaThanh 95| 36| 407 15[ 16 137 817} 0 4 5 484 493 1,310,
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 0 0 0 0 0 0 0| 3 2 0 0 5 5
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Diang 5 0 0 0 0 0 7] 12) 0 0 0 0 12
25 |Duong Lang 3(L.Ha-N.T.So) No. 18¢-Diang 8 0 0 0 25 0 40| 73 0 0 0 0| 73
26 |Duong Buoi No. 19-D.Buoi 5 0 27 0 12 0 4 48] 8 2 3 81 94, 142
27 [Cat Linh No. 20-CatLinh 8| 0| 45 22| 4 0| 7| 87| 7 2| 5| 0 14 101
28 |Nguyen Chi Thanh(Dlang-HTKhang) No.21-N.C.Thanh 0 0 90 0 4 0 0| 94| 3 6 3 202 214 308,
29 |Nguyen Chi Thanh(HTKhang-LaThanh) [No.21b-N.C.Thanh 3 0 £ 0 8 0 29 131 3 4 3 121 130 261
30 [Lang Ha (D.Lang-Thai Ha) No. 22-LHa 12 36 54 0 12 0 0| 114 4 3 7 121 135| 249,
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 5 18| 27, 0 12| 0| 11 73] 7 4 7| 363 380 454/
32 [Tran Duy Hung No. 23-T.D.Hung 3| 0| 90 0| 29 0| 32) 155 3 4| 3| 121 130} 285
33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 40| 0 181 7 37| 8 47] 320] 7 4 7 40| 58 378,
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 0 0 0 0 0 0 0| 7 4 7 0 17 17
35 |Ton Duc Thang (Ochodua-CatLinh) No. 25-T.D.Thang 18 36| 81 22 58 8| 29| 252 0 0| 0| 0 252
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 89 361| 2,222 15| 116 31 133 2,967 25 1" 17 605 658, 3,625
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Appendix F: Congestion level-Scenario 1-Road Expand-No Relocate

Congestion level of corridors-Scenario 1-"Road Expand-No Relocate”

Traffic Volume-Scenario B Contribution of study areas Scenario 1: Road Expand-No Relocate
Road | Moming peak |Afteroon peak|  Morning Afternoon Morning Afternoon
N Road Corridor code | S9%M jntensit
° oad name ormdo group Y Way In Way Out Way In Way Out
(peh) Way-in| V&~ |way-in| W& lway-in| V3" |way-in| W3- [New Pear] New Peak New Peak New Peak|
aynt - out ay-Inl ot ay-Inl ot ay-Inl ot Congestion Congestion Congestion Congestion
volume- | “9551O | volume- [ ZOIBSIOM | yolume- | “CTIESION | volume- | 20798
Way In Way Out Way In Way Out
1 [chua Boc street No. 1-Cboc 1| 1ses| 1963 2575 1,274| 2,325 295 743 637 22s7] Ve 2,575| Severe G1 2017 VeV 2,962| Severe G2
crowded crowded
2 |Pham Ngoc Thach street No. 2-PNThach 1| 1388 1500] 2,206 368 1434 426 802[ 77| 1,926 cr))/;g; . 2,206 Severe G1 1,470| Migrate 2,212| Severe G1
3 |Ton That Tung street No. 3-TTTung 1 723| ss2| 841 780| 1,551 17 139 179 899| Crowded 841| Crowded oro| Ve 1,731| Very severe
crowded G2
4 |Truong Chinh 1(N.T.S0-T.T.Tung)  [No. 4-Tehinh 1| 1548 1,120| 1225 1430| 1,083 164 274 733 1,203 Migrate 1225  No 1,705| Crowded 1,816| Crowded
5 |Truong Chinh 2(T.T.Tung-N.T.Vong) [No.4b-Tchinh 1| 1ssel 1677| 1425 1592 1357 163 aa6| 770  1840| Crowded 1,425 Migrate 1,037| Crowded 2,127 Cr;’:;ye T
6 |kham Thien No. 5-KThien 1| 1ose| 462| 20| 1310 93 1429 76| 1,560(  1,892| Severe G2 929 Migrate 1,386 c';’::,y - 1,653| Severe G1
7 |Nguyen Thai Hoc No. 6-NTHoc 1| 1838 2046 3,539 of 1,424 151 29|  3.470| Severe G2 3,690 Ve’yé?"s'e 29|
5 |cauGiay No. 7-CG 1| 1551 1901| 1935 2,200| 1936] 480 223 617 2,381 Severe G1 1,935| Crowded 2,432| Severe G1 2,554| Severe G1
9 |cau Chuong Duong-NV Cu No. 8-CaucD 1| 1838 2392 2.200| 2523| 2,199 413 301| 701  2.805) Severe G1 2,290| Crowded 2,824| Severe G1 2,900| Severe G1
10 [Le Thanh Nghi street No. 9-LTNghi 1| 1381 2085 1,724| 2021| 2089 58 96| 173  2,113| Severe G1 1,724| Crowded 2,117 Severe G1 2,261| Severe G1
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1| 2079 2,130| 2.969| 2:251| 1693 1,785 1,583 3,053|  3.923| Severe G1 2,969| Crowded 3,834 Severe G1 4,746| Severe G2
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 1| 2128 1,891| 2,656 2,108| 1,277 1,528 1,588| 3,189  3419| Severe G1 2,656| Crowded 3,696| Severe G1 4,466 Veryéf"e’e
13 [Giai Phong(Pho Vong-Bxe GiapBat) |No. 10c-Gphong 1| 2127 2220| 2,654| 2636| 1643] 1,100 836 1862  3,319] Severe G1 2,654| Crowded 3,472 Severe G1 3,505| Severe G1
14 [Pho Hue street No. 11-Phue 1| 1808 2,982 1,811 of 358 744 3,330| Severe G2 2555 Ve 0
crowded
15 [Ba Trieu street No. 12-8T 1| 1,280 1,053 of 1126 345 1,205 1,308| Crowded 2,331| Severe G2
16 [Nguyen Luong Bang No. 13-N.L.Bang 1| 1618 2,122| 1,795 2,206| 2,200] 451 22| s87|  2,573| Severe G1 1,795| Crowded 2,228 cr;":;y . 2,788| Severe G1
17 |Thai Ha No. 14-ThaiHa 1| 1e40] 1,311| 2,908| 1,387 2,955 171 322| 348| 1482 Migrate 2,908| Severe G2 1,709| Crowded 3,303 Ve"yéj"’e'e
18 |kim Ma No. 15-KimMa 1| teet| 1926] 2,111| 2671| 1,771| 676 247 1,182  2,602| Severe G1 2,111| Crowded 2,918 Severe G1 2,953 Severe G1
19 [Nguyen Trai street No. 16-Ntrai 1| 1043 2439 2425 2,624| 2,127| 568 487 1,142 3,007| Severe G1 2,425 Crowded 3,111| Severe G1 3,269 Severe G1
20  [La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 1| 1eos| 758| oto| 733|325 174 223 314 93| Mo gtof N gs7| N 30| No
21 [La Thanh 2(N.C.Thann-L Ha) No.17b-LaThanh 1| 193 89| otol 1,030 s91| 125 223 ass| 1018 NO gtof N 1253 No 1246  NO
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 1| tas7| 1,171) 71| 1,089 959 563 599 1,310  1,734] Crowded 781[ No 1,688| Crowded 2,269| Severe G1
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 2| 178 1,153| 1.496| 1219] 1,151 4 s 1156 No 1,496| Migrate 1219 No 1,155]  No
24 |Duong Lang 2(N.C.Thanh-L Ha) No. 18b-Diang 2| 1573 1,361 1,504 1,290| 1,558 9 7| 12l 1370 Mmigrate 1,504| Crowded 1,306| Migrate 1,567| Migrate
25 [Duong Lang 3(LHa-N.T.So) No. 18c-Dlang 2| 1870 1,166 1,365 1,112| 1,176 9 20| 73 175 Ne 1365 No 1157 No 1249 No
26 [Duong Buoi No. 19-D.Buoi 2| 2115|821 1023 77| ese| 104 43| 142 g25| No 1,023 No 14| No 1028 No
27 |catLinh No. 20-CatLinh 2| 1389 1,040 1,172 2664] o914 16 101 1,086 No 1,172 Migrate 2,664| Severe G2 1015 No
28 |Nguyen Chi Thanh(Dlang-HTKhang) ~ [No.21-N.C.Thanh 2| 2050 1,726 1,695 1454 2982 196 113 308|  1,922| Migrate 1,695 Migrate 1567 No 3,290 Severe G1
29 |Nguyen Chi Thanh(HTKhang-LaThanh) [No.216-N.C.Thanh 2| 2008 1,721| 1468 1,59| 1750 185 64| 261  1,906| Migrate 1468 No 1654 No 2,011| Migrate
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 2| 1607 1,128 2.319| 1.864| 1643 128 75| 249 1257  Ne 2,319 ch:dryed 1,939| Crowded 1,893| Crowded
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2| 1047| 1,881 1,331 1972 1687 320 116| 454] 2,201 Crowded 1331]  Ne 2,088| Crowded 2,141| Crowded
32 [Tran Duy Hung No. 23-T.D.Hung 2| 2600 2,765| 3,343 2,500( 3213 205 176| 285  2.969| Crowded 3343 VeV 2,766| Crowded 3408 VeV
crowded crowded
33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 2| 1752 1,746 1,614 1,836 2184 157 256| 378  1903| Crowded 1,614 Migrate 2,091| Crowded 2,562 ch:/;ye 4
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 2| 2004 1,746 1,252 1572 2184 96 17| 1842 Migrate 1,250 No 1572 No 2,202| Crowded
35 |Ton Duc Thang (Ochodua-CatLinh) ~ [No. 25-T.D.Thang 2| 1453 2,033| 1,169| 1,168 2,129 66 86| 252 2,099 crm;u 1,169 Migrate 1,254| Migrate 2,381| Severe G1
36 [Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2| 2703 2,708| 3,592 2,193 2012) 601 2,584 3625 3,309] Crowded 3,592) CFZZL’;d 4,777 Severe G1 5,697 |RERIEE

Note: Nguyen Thai Hoc street, Ba Trieu street and Pho Hue street are one way streets.
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Appendix G: Congestion level-Scenario 2-Relocate all to the West

Congestion level of corridors-Scenario 2-Relocate all to the West

Traffic Volume-Scenario B Contribution of study areas Scenario 2-Relocate all to the West
Morning Afternoon Morning Afternoon Morning Afternoon
Road
No. Road name Corridor code |29 intensity
group Way In Way Out Way In Way Out
(peh) Way-in| &~ |way-in| W& lway-in| V3" |way-in| W& [New Pear] New Peak New Peak| New Peak|
aynl Sour WAV o VAR oue |WAYIR) out Congestion Congestion Congestion Congestion
volume- | “9951O | volume- [ “OIBSIOM | volume- | “TIESION | volume- | ZOT9SS
Way In Way Out Way In Way Out
1 [chua Boc street No. 1-Cboc 1| e8| 1,963| 2,575 1,274| 2,325 280 523 375|  1963| Crowded 2,855| Severe G2 | 1,796| Crowded 2,700| Severe G1
2 |Pham Ngoc Thach street No. 2-PNThach 1| 1388 1,500| 2,206 368| 1434 280 523 375 1,500 Crowded 2,486 Severe G2 go1[ No 1,809) cr:)/:l;ye .
3 |Ton That Tung street No. 3-TTTung 1 723 8s2| s41| 7s0| 1551 0 0| 0| 882| Crowded 841| Crowded 780| Crowded 1,551 Ve'yéfve’e
4 |Truong Chinh 1(N.T.S0-T.T.Tung)  [No. 4-Tehinh 1 981 1,120| 1,225 1430| 1,083 s506| 1,168 611  1,129] Crowded 1,731| Severe G2| 2,508  Craw 1,694 Severe G1
5 |Truong Chinh 2(T.T.Tung-N.T.vong)  [No.4b-Tchinh 1| 1142 1677| 1,425 1,502 1,357 18| 1012|544  1,677] ch;;Ved 1,843| Severe G1 2,604 Ve’sz;"s'e 1,901| Severe G1
6 [knam Thien No. 5-KThien 1| 1056 4e2| o20| 1310 o3 s0| os| 43 462 No 979| Migrate 1,406 c';’::,y . qa5f  No
7 |Nguyen Thai Hoc No. 6-NTHoc 1| 1838 2046 3,539 0 o 684 o 2046| Crowded 4,223 Ve’yé;"s'e 0
8 |cauGiay No. 7-CG 1| 1851 1,901 1,935 2,209| 1,934 44 0] of 1901 Crowded 1979] Ve 2019 VeV 1,936| Crowded
crowded crowded
9 |cau Chuong Duong-NV Cu No. 8-CauCD 1| 1838 2,392 2,290 2,523| 2,199 17| 80| 273 2302 Ve 2460 VeV 2,903| Severe G1 2472 Ve
crowded crowded crowded
10 |Le Thanh Nghi street No. 9-LTNghi 1| 1381 2,085 1,724] 2,021| 2,089 0 0| o 2085 Ve 1,724| Crowded 2001 VeV 2,089 Severe G1
crowded crowded
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1| 2379 2,139 2,969 2,251| 1,693 0 0 of 2139 Migrate 2,969| Crowded 2,251 Migrate 1,693 oonquZuon
12 [Giai Phong(LTN-NTVong) No. 10b-Gphong 1| 2128 1,891| 2,656| 2,108| 1277 0 0 of 1891 Migrate 2,656| Crowded 2,108 Migrate 1277| N
- Very Very "
13 [Giai Phong(Pho Vong-Bxe GiapBat)  |No. 10c-Gphong 1| 2127 2,220 2,654| 2,636| 1643 127| 238| 85| 2220 Crowded 2781| oV 2874 oV 1,728 Migrate
14 [Pho Hue street No. 11-Phue 1| 1808 2,982 1,811 o 0 0 of  2,982| Severe G1 1,811| Migrate 0
15 [Ba Trieu street No. 12-8T 1| 1,280 1,053 of 1126 76 of 2 1,129 Migrate 0| 1,152 Migrate
Very Very
16 [Nguyen Luong Bang No. 13-N.L.Bang 1| 118 2,122 1,795 2,206| 2,200 84| 238| 127] 2122 =¥ 1,879| Crowded 2,442 Severe G1 2328 oo
17 |Thai Ha No. 14-ThaiHa 1| 1640] 1,311 2,908| 1,387| 2955 393 820 548 1,311 N 3.301|Verv severel 5 57| Very 3,503] Very severe
G1 crowded G1
18 [Kim Ma No. 15-KimMa 1| teet| 1926 2,111| 2,671| 1,771 96| 816 581 1926 Crowded 2507 Ve 3.a87|Vervseverel ;355 Very
crowded G1 crowded
19 |Nguyen Trai strest No. 16-Nirai 1| 19043 2,430 2425) 2,624| 2,127 19| 137]  eal 2430 Ve 2444 VeV 2762 Ve 2,221| Crowded
crowded crowded crowded
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 1 680 758| 910| 733 325 0 0 0 758| Crowded 910| Crg:g; 1 733| Crowded aps|  No.
21 |La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 1 624 80| o910 1,030 891 0 0 0 soo| Ve 910) ery 1,030| Severe G1 got| Ve
crowded crowded crowded
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 1 726) 1,171 781| 1089| 959 51 100| 62|  1,171| Severe G1 832| Crowded 1,189| Severe G1 1,021 cr:)/:l;ye .
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang o| 163 1,153| 1,496 1,219] 1,151 52| 42| 26| 1,153 Migrate 1,548 ch:Lye 1 1,261| Crowded 1,177| Crowded
24 |Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Dlang 2| 1240 1,361| 1,504| 1,209 1,555 0 0| of  1.361| Crowded 1504 Ve 1,299| Crowded 1555 Ve
crowded crowded
25 |Duong Lang 3(L.Ha-N.T.S0) No. 18c-Dlang 2| 1082 1,166 1,365 1,112| 1,178 506| 1,168 611 1,166| Crowded 1,871| Severe G2 2,280} Ve’yé?"s'e 1,787| Severe G1
26 |Duong Buoi No. 19-D.Buoi 2 96| 821| 1023 771| 88y 3 6 q 821] Crowded 1,027] ch:;ye 4 77| Migrate 886| Crowded
27 |catLinh No. 20-CatLinh 2| 1389 1,040 1,172 2664 914 71 12 8 10a0f No 1,179] Migrate 2,676| Severe G2 g2 No
28 |Nguyen Chi Thanh(Dlang-HTKhang)  |No.21-N.C.Thanh 2| 2050 1726 1,695 1454 2,982 995| 2,160 1,417 1,726 Migrate 2,690 ch:drye 4 3,615| Severe G2 4,399 Ve’yéf"e’e
29 |Nguyen Chi Thanh(HTKhang-LaThanh) [No.216-N.C.Thanh 2| 2008 1,721| 1468 1590| 1,750 52| 38| 26| 1721 Migrate 1520 No 1626 No 1,777|  Migrate
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 2| 07| 1128| 2,319| 1864 1643 o1 161 5| 1,128] N 2380 VeV 2,008 VeV 1,728| Crowded
crowded crowded
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2| 1947 1,881| 1,331) 1972 1,687] 70| 178| 110] 1,881 Migrate 1401]  Noo 2,150| Crowded 1,797 Migrate
32 |Tran Duy Hung No. 23-T.D.Hung 2| 2600 2,765 3,343 2590| 3213 1,047 2,128 1,443] 2765 Crowded 4,390| Severe G1 4,718| Severe G2 | 4,656/ Severe G2
33 |Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 2| 1752 1,746| 1,614| 1836| 2,184 71 12 8 1,746 Migrate 1,621 Migrate 1,847| Crowded 2,193 cr:)/v?r;ye 4
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 2| 2004 1,746 1,252| 1572| 2,184 71 12 8 1,746 Migrate 1,250  No 1584 No 2,193| Crowded
35 |Ton Duc Thang (Ochodua-CatLinh)  [No. 25-T.D.Thang 2| 1453 2,033 1,169 1,168| 2,129 29| 70| 62 2,033 cr::/:fid 1,198 Migrate 1,338 Migrate 2,191| Severe G1
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2| 2793 2,708 3592 2,193 2,012 178|161 173| 2,708 Migrate 3,771 crxjg; . 2,354| Migrate 2185 No

Note: Nguyen Thai Hoc street, Ba Trieu street and Pho Hue street are one way streets.
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Appendix H: Congestion level of Scenario 3-Relocate 50-50_No road Expand

Congestion level of corridors-Scenario 3-Relocate 50-50_No road Expand

Traffic Volume-Scenario B || CUr™ent C”"Q‘""”s“"" of study Scenario 2 Contribution Scenario 3: Relocate 50-50_No Road Expand
Road | Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon
N Road Corridor code |00 1
o. 0ad name oridor code | “CC intensity Wayn Way out Wayn Way out
(peu/h) Way- Way- Way- Way- Way- Way-
ay-n| Vver” [Way-in| 02 fway-in| 2" (way-in "V |Wayeinf 2" fway.in] VY (NewPeakl o Tew PeaK] oo TNew Peak] o Tew Peak] oo
ou ou oul out ou 4 | volume- [ ©79eSHOM | volume- | <19°5HON | volume- | “HSSTOM | volume- [ ©79%S
Way In evel Way Out evel Way In evel Way Out evel
1 |chua Boc street No. 1-Cboc 1| 1595 1963| 2575 1,274 2325 589 1,539| 1,803 80| s23| ars| 2257 Ve 2,715 Severe G1 2305 Ve 3,41a] Ve severe
crowded crowded G1
2 [Pham Ngoc Thach street No. 2-PNThach 1| 1388 1,500 2206 368| 1434] 704 1,600| 1,860] 280| 523 375 1852 NZ;LV ” 2,346| Severe G1|  1.420| Crowded 2,552| Severe G2
3 [Ton That Tung street No. 3-TTTung 1 723 82 41| 780 1551 10 157 0 ol 0 887| Crowded 841| Crowded 780| Crowded 1,630) Vewé;"”
4 [Truong Chinh 1(N.T.S0-T.T.Tung)  |No. 4-Tehinh 1 o81] 1,129] 1,225 1,430 1083| 385 119 56| s06| 1,168 611 1,321 ch::Ly ” 1,478| Severe G1| 2,074 Verygf"e’e 1,673| Severe G1
5 [Truong Chinh 2(T-T.Tung-N.T.Vong)  [No.4b-Tehinh 1| 142 1.677| 1425 1502 13857]  edf 21| 565 a18) 1012 544  1,719| Severe G1| 1,634 crzj/:iyed 2,203 Severe G2 1,912 Severe G1
6 [knam Thien No. 5-KThien 1| 1086|462 o920 1310] g3 1219 211| 1,269) so| 6| 43 1072 Crowded 954 Migrate 1464 VeV 749| No
crowded congestion
7 |Nguyen Thai Hoc No. 6-NTHoc 1| 1836 2,046} 3,539 of 1,636 160) ol e84l of 2864 Severe G1 3,961 V"’Vé:"s’s 0|
Very Very Very
5 |cauGiay No. 7-CG 1| 1551 1.001| 1,035 2200 1938 4ot 240|674, a4] 10 of 21asf oo L 2334 SevereG1| 2273 o
9 |cau Chuong Duong-NV Cu No. 8-CaucD 1| 1838 2392 2200 2,523 2,199 439) 75| 890) 78| as0| 273 2811 Ve 2380 Ve 2,900| Severe G1 | 2781 Severe G1
crowded crowded
10 |Le Thanh Nghi street No. 0-LTNghi 1| 1381 2055 1724 2021 2089 76| 150 23] 0 ol o 2092 SevereG1| 1724 Crowded 2101| Severe G1 | 2,207 Severe G1
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1| 2379 2.130| 2.969| 2,251 1693 1530) 1,508| 2,311 0 ol of  2.904| Crowded 2,969| Crowded so| Ve 2,849| Crowded
12 |Glai Phong(LTN-NTVong) No. 10b-Gphong 1| 2028 1,891| 2.656| 2,108 1277] 1392 1,253| 2,306 0 ol of 2587| Crowded 2,656| Crowded 2,734 CIZ;LV ” 2,430| Crowded
Very Very Very
13 |Giai Phong(Pho Vong-Bxe GiapBat) |No. 10c-Gphong 1| 2127 2.220] 2,654 2,636 1643 1061 722| 1,939 127 28 es|  27sof e 2718 oy 3116 o 2,654| Crowded
14 |Pho Hue street No. 11-Phue 1| 1808 2,982 1,811 of 62 840) 0 0 of  3.295| Severe G1 2,231| Crowded 0
15 |Ba Trieu street No. 12-BT 1| 1,280 1,053 o| 1,129 359|  733| 1,178] 76 of 29 1271]  Migrate 367] 1,728| ch:;y ”
Very Very
16 |Nguyen Luong Bang No. 13-N.LBang 1| 1615 2122 1.795| 2,208| 2200] 437] 550] sa 28| 12| 2041 CON 1,837| Crowded 2208 oo 2,539| Severe G1
17 [Thai Ha No. 14-ThaiHa 1| 1es0] 1,311 2908 1,387| 2955 392] 1,085[ 1,125] 393 820 548 1507 Migrate 3,105| Severe G2 2,340) m:;;ysd 3,791 Vs’yég"s’s
18 |im Ma No. 15-KimMa 1| reet| 1,026 2111 2671 1771 683 1,076 aos| 16| a1l 2068 VeV 2300 Ve 2671| Severe G1 | 2,600| Severe G1
crowded crowded
Very Very Very
19 |Nguyen Trai street No. 16-Nirai 1| 1943 2430 2425 2624 2,127 558 444| 1,143 o] 13| ed 27l e 2435 VoY 2915 Severe @1 | 2748 o |
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 1 680 758| o910] 733| 325| 185) 240| 365 0 0 0| 850| Crowded ot0] Ve 853 Ve so7|  No
crowded crowded congestion
y y Very Very
21 [La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 1 624| 800[ o910 1030 801 0 0 0 0 soof oo 910 omied 1,030| Severe G1 so1f oo
22 |La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 1 726 1.171|  781| 1,080 959 0 51| 00| 62  1.171| Severe G1 806| Crowded 1,089 Ve 50| Ve
crowded crowded
23 [Duong Lang 1(Cgiay-NC.Thanh)  |No. 18-Diang 2| 1163 1153 1496 1219] 1,151 125 309) s2| 42| 28] 1215 Crowded 1,522 CIZ;LVed 1,219| Crowded 1,318| Crowded
24 [Duong Lang 2(N.C.Thanh-L.Ha) No. 18b-Diang 2| 1240 1361 1594 1.299| 1,555 0 0 ol of 1.361| Crowded 1504| Very 1,299| Crowded 1,565| Very
crowded crowded
25 [Duong Lang 3(L. Ha-N.T.S0) No. 16¢-Diang 2| 1062 1166| 1365 1,112] 1,176 0 156 506| 1,168 611  1,166| Crowded 1,618| Severe G1 | 1,112| Crowded 1,559 c[:ﬁged
26 [Duong Buoi No. 19-D.Buoi 2 o8| 821| 1,023 771 88| 53 62| 113 3 6| 0 847| Crowded 1,025 ch:/;y ” 805| Crowded 942| Crowded
27 |catLinn No. 20-CatLinh 2| 189 1040 1172 2664| 14 0 7| 12 8| 1,040 ) 1,176| Migrate 2,664| Severe G2 914 ’
congestion congestion
28 [Nguyen Chi Thanh(Dlang-HTKhang)  [No.21-N.C.Thanh 2| 200 1726 1695| 1454| 2982 44 134 48] 905 2,160| 1,417  1,748| Migrate 2,193| Crowded 2601 Ve 3,714 Severe G2
29 [Nguyen Chi Thanh(HTKhang-LaThanh) [No.21b-N.C.Thanh 2| 2008 1721 1468 1500 1,750] 185 240|369 52| 36| 26| 1813 Migrate 1,494 mm:“;ia" 1,728 Migrate 1,048 Migrate
30 |Lang Ha (D.Lang-Thai Ha) No. 22:LHa 2| 1607 1128 2319 1.864| 1,643 4 50| 61 161 e 1130f No 2350 Ve 1,864| Crowded 1,711| Crowded
congestion crowded
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2| a7 1881 1331 1972| 1687 204 8o 50| 70| 78] 110] 1983 Crowded 1,366 mng‘e"sﬁon 2,101| Crowded 1,096| Crowded
32 [Tran Duy Hung No. 23-.D.Hung 2| 2600 2,765 3343 25500 3213 0] 134 48] 1,047| 2,128| 1.443]  2.809| Crowded S ar21| Ve 3,950| Severe G1
crowded crowded
33 [Giang Vo (L.Ha-Ngoc Khanh) No. 24-G.Vo 2| sy 1746 1614 1.836| 2184 177] 435 7| 12 8|  1.834| Crowded 1,618 Migrate 1,836| Crowded 2408 Ve
34 [Giang Vo (Ngoc Khanh-CatLinh)  [No. 24b-G.vo 2| 2004 1746 1252 1572| 2184 177 435 7| 12 8|  1.834 Migrate 1,256 ) 1,572 ) 2,406| Crowded
congestion congestion
Very " " Very
35 [Ton Duc Thang (Ochodua-CatLinh)  |No. 25-T..Thang 2| 1453 2033 1169 1,168| 2,129 0 2of 170l e 2088 B 1,184| Migrate 1,168| Migrate 2120| oo
36 [Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2| 2793 2708 3592 2193| 2,012 359 733 1,492 178 161|173  2888| Crowded 3,681 ch:/;y ” 2641 Migrate 2,845| Crowded

Note: Nguyen Thai Hoc street, Ba Trieu street and Pho Hue street are one way streets,
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INTEGRATION OF LAND USE AND TRANSPORT IN HANOI: CAN WE RELIEVE CONGESTION BY RELOCATING SOME MAJOR LAND USES?

Appendix I: Congestion level of scenario 4-Relocate all_Road Expand

Congestion level of corridors-Scenario 4-Relocate All_Road Expand

Traffic Volume-Scenario B

Contribution of study areas

Scenario 4-Relocate All_Road Expand

Road Morning Afternoon Morning Afternoon Morning Afternoon
N Road Corridor code | ©2™%" intensi
o. oad name orri group ty Way In Way Out Way In Way Out
(pout) Way-in| W2 |way-in| W& lway-in| V2 |way-in| W2V [NewPeak New Peak New Peak| New Peak|
out out out out volume- Cor;g::lhon volume- CO'\‘S\?:\UOH volume- COI’E\?;!IDH volume- CDTS:;:'M
Way In Way Out Way In Way Out
1 Chua Boc street No. 1-Cboc 1 1,595(| 1,963| 2,575 1,274| 2,325 230 471 316 1,963| Crowded 2,805| Severe G2 1,745 Crowded 2,641| Severe G1
2 |Pham Ngoc Thach street No. 2-PNThach 1| 1388 1500| 2206 368 1434 193] 276| 189| 1,500 Crowded 2,399 Severe G1 oaa| No 1,624| Crowded
3 |Ton That Tung street No. 3-TTTung 1 723| 882|841 780| 1,551 o 166 0 882| Crowded 841| Crowded 946 Cr:)/:ge 4 1,551 Vewéfvere
4 |Truong Chinh 1(N.T.So-T.T.Tung)  |No. 4-Tchinh 1| 1548 1,120] 1,225| 1.430] 1,083 a24| 83| esof 1120f  Ne 1,648| Crowded 2,283 Cr:)’:;yed 1,733| Crowded
5 |Truong Chinh 2(T.T.Tung-N.T.Vong) |No.4b-Tchinh 1| 1559 1,677] 1.425| 1502 1,357] 310| 632 489 1.677| Crowded 1,734| Crowded 2223 o 1,846| Crowded
6 |Knham Thien No. 5-KThien 1| 1056 462] o29] 1310] o3 54| 260] a3 462 No 983| Migrate 1570 CrX;;Ve ’ 135]  No
7 |Nguyen Thai Hoc No. 6-NTHoc 1| 1,836 2,046 3,539 0 o| s8] of 2046| Crowded 4,028 Veryéf‘/e’e 0|
s |cauGiay No. 7-CG 1| 1551 1.901] 1,935| 2,209] 1,936 of 18 of  1,901| crowded 1,935| Crowded 2,227 Cr;’;;yed 1,936| Crowded
9 [cau Chuong Duong-NV Cu No. 8-CauCD 1| ress| 2,392 2,200 2,523] 2,199 1a8| sa9| 74| 2002 Ve 2430 VeV 2,872| Severe G1 20373 Ve
crowded crowded crowded
10 |Le Thanh Nghi street No. 9-LTNghi 1| 131 2,085 1,724 2,021] 2,089 62| 132| 77| 208 VY 1,786| Ve 2,154 Severe G1 2,165| Severe G1
crowded crowded
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1| 20879 2,130| 2.969| 2,251] 1,693 0 0 of 2139 Migrate 2,969 Crowded 2,251| Migrate 1603 No
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 1| 2128 1,891] 2656 2,108| 1,277 50 53 17] 1,891] Migrate 2,708 ch:;y - 2,161| Crowded 1,204 No
Very Very No
13 [Giai Phong(Pho Vong-Bxe GiapBat) | No. 10c-Gphong 1| 2127 2,220 2,654| 2,636] 1643 3| 43 4 2,220 crowded 2689 o 2679 o 1,647,
14 [Pho Hue street No. 11-Phue 1| 1808 2,982 1,811 o 0 0 of 2982 Severe G1 1,811 Migrate 0
15 [Ba Trieu street No. 12-8T 1| 1,280 1,053 of 1,126 81 of 44 1,134 Migrate 0 1,169 Migrate
Very Very Very
16 |Nguyen Luong Bang No. 13-N.L.Bang 1| 118 2,122 1,795 2,206 2,200 8 126 a9]  2122] oY 1,813| Crowded 2332 o 2249 o
17 [Thai Ha No. 14-ThaiHa 1| 1e40] 1,311] 2,908| 1,387 2,955 270 776 410 1,311 RS 3,178| Severe G2 2,163 chvevded 3,365 ve“’é:"e’e
Very Very severs Very
18 |Kim Ma No. 15-KimMa 1 1,691 1,926 2,111| 2,671 1,771 392 723 475 1,926| Crowded 2,504 @] 3,395 G1 2,246 ]
Very Very Very
19 |Nguyen Trai street No. 16-Ntrai 1 1,943(| 2,439| 2,425 2,624| 2,127| 398 785 646| 2,439 G 2,823 @] 3,410| Severe G2 2,773 ]
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 1| 1eos| 7ss| oto| 733] 325 0 0 0 758  No gtof _ Ne 733 Ne 35| No
21 [La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 1 1,693 890 910| 1,030 891 0| 52 0| 890 RO . 910 o) " 1,082] o " 891 NO .
22 [La Thanh 3(L.Ha-T.D.Thang) No.17c-LaThanh 1 1,457 1,171 781| 1,089 959 130 259 141 1,171 Migrate 911 NO. 1,348| Migrate 1,100] Nc.
23 |Duong Lang 1(Cgiay-N.C.Thanh) No. 18-Dlang 2 1,715 1,153| 1,496| 1,219 1,151 9 91 26| 1,153] NO‘ 1,505 Migrate 1,310] No, 1,177| Nc.
24 |Duong Lang 2(N.C.Thanh-L Ha) No. 18b-Dlang o| 1573 1,361| 1,594 1,200| 1,555 64| 76| 85| 1,361 Migrate 1,658| Crowded 1,375 Migrate 1,640| Crowded
25 |Duong Lang 3(L.Ha-N.T.S0) No. 18c-Diang 2| 1870) 1166 1365 1,112 1,176 60| 105 40| 11e6] NO 1425 No 1217 No 1.216]  Noo
26 |Duong Buoi No. 19-D.Buoi 2| 2115 21| 1023 71| esq 12| 15 o g21|  No 1035 No. 787 N gss|  NO
27 |cat Linh No. 20-CatLinh 2| 1389 1040 1,172 2664 914 of 275 g 1040 Noo 1,181| Migrate 2,939) Veryéf‘/e’e 92| No
28 |Nguyen Chi Thanh(Dlang-HTKhang) ~ [No.21-N.C.Thanh 2| 2050] 1726 1,695 1.454| 2,982 946| 1,885 1.220| 1,726 Migrate 2,641 c';’:';y L 3,340 Severe G1 4,202 Vs”’éf"e’s
29 [Nguyen Chi Thanh(HTKhang-LaThanh) |No.21b-N.C.Thanh 2| 2008 1,721 1468| 1,59| 1,750 06| 1,532 1,032 1,721| Migrate 2,274| Crowded 3122 Ve 2782 VeV
crowded crowded
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 2| 1607 1,128 2:319| 1,864| 1643 so| 66| 49 1,128 N 2,358 CIL’:;V . 1,930| Crowded 1,692 Crowded
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2| 1947 1881 1,331 1972 1687 152| 682| 188|  1,881| Migrate 1483  No 2,653 ch:rdyed 1,875 Migrate
52 |Tran Duy Hung No. 23-T.D.Hung 2| 2600 2,765 3,343 25590| 3213 1,019 1,809 1331 2765 Crowded 4,362 Severe G1 | 4,399| Severe G1|  4,544| Severe G1
33 |Giang Vo (L Ha-Ngoc Khanh) No. 24-G.Vo 2| 1752 1,746] 1,614 1,836 2,184 of 47 8 1,746 Migrate 1,623 Migrate 1,883| Crowded 2,193 ch:/;yeu
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 2 2,004 1,746 1,252| 1,572 2,184 9| 39 8| 1,746 Migrate 1,261 No. 1,611 No. 2,193| Crowded
35 |Ton Duc Thang (Ochodua-CatLinh)  |No. 25-T.D.Thang 2| 1453 2,033| 1,169 1,168| 2,129) 34| 13s| 62 2033 crx:’dyed 1,203 Migrate 1,303 Migrate 2,191| Severe G1
36 [Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2| 2793 2,708| 3,592 2,193 2,012 122| 161) 114f  2,708| Migrate 3,715| cr;’:;y . 2,354| Migrate 2,126 Noo

Note: Nguyen Thai Hoc street, Ba Trieu street and Pho Hue street are one way streets.
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INTEGRATION OF LAND USE AND TRANSPORT IN HANOI: CAN WE RELIEVE CONGESTION BY RELOCATING SOME MAJOR LAND USES?

Appendix K: Congestion level-Scenario 5: Relocate 50-50_Road Expand

Congestion level of corridors-Scenario 5-Relocate 50-50_Road Expand

Traffic Vol B Traffic Vol 1 Traffic Vol io 4 Scenario 5: Relocate 50-50_Road Expand
Road | Moming Afternoon Morning Afternoon Morning Afternoon Morning Afternoon
N Road Corridor code 219 intensit
© oad name ormdorcode | groyp | INteNsty Way In Way Out Way In Way Out
(peurh) Way- Way- Way- Way- Way- Way-
ay-n] "Vt |Wayeinf 2 way-in| V2" way-inl %02 |way-in| Y& (wayanl v [NewPeakl oo TNewPeaK] oo New Peak] oo Tiew Peak] o
oul out ou ou oul U volume- | 9SO | volume- | ©N9PSEOM | volume- | CT98SON | volume- | ©O79eS
Way In ovel | wayout| V¢ Way In Vel |wayout] "¢
1 |chua Boc street No. 1-Choc 1| 1508 1,963 2575 1.274| 2,325 205) 743 637] 230| 471| 316] 2,110 Veryed 2,632| Severe G1 | 1,881| Crowded 2,802 Severe G2
2 |Pham Ngoc Thach street No. 2-PNThach 1| 188 1500 2.208] 368| 1434 428 802|777 193 276 189]  1.713| Crowded 2,303 Severe G1 oo7| _No 1918 Ve
congestion crowded
3 |Ton That Tung street No. 3-TTTung 1 723 882l 841 780 1551  17] 139 179 of 66| 0 890| Crowded 841| Crowded 02| ooy 1,641 Ve’yégve’e
4 [Truong Chinh 1(N.T.S0-T.T.Tung)  |No. 4-Tehinh 1| 1548 1120| 1,225 1430 1083 164 274 733 a2 ess| eso| 12m|  No 1,436| Migrate 1,904 VeV 1,775| Crowded
congestion crowded
5 |Truong Chinh 2(T.T.Tung-N.T:vong) ~ |No.db-Tchinh 1| 1ssef 1.677] 1425 1,592 1357 163) 346|  770) 310| 632] 489  1,758| Crowded 1,580| Crowded 2080| Ve 1987 Ve
crowded crowded
6 [knam Thien No. 5-KThien 1| 1056 ae2| o2 1310] o3 1.429) 76| 1,560] 54 260 43|  1,177| Crowded 956| Migrate 1478 c"e’Ved 894] Migrate
7 |Nguyen Thai Hoc [No. 6-NTHoc 1| 1836 2,046} 3,539 of 1,424} 151 o| 48 o  2.758| Severe G1 3,859 Ve“’é‘:"s’s 0|
5 |cauGiay No. 7-CG 1| 1551 1.901| 1,035 2.200| 1,936 480) 223 617 of 18 o 2141 Ve 1,035| Crowded 2,330| Severe G1 | 2245 Ve
crowded crowded
9 |cau Chuong Duong-NV Cu No. 8-CaucD 1| ress| 2302| 2200 2.523| 2,199 413 301|701 1ag| aao| 174] 2508 VeV 2,364| Ve 2,848 Severe &1 | 2.637] Ve
9 Duong : - " i g . crowded : crowded : ! crowded
10 {Le Thanh Nghi street No. 9-LTNghi 1| 1381 2085 1724 2021 2089 s8] 9| 173] eo| 17| 7| 208 seveeet| 175 Y 2,136 Severe G1 | 2.213| Severe G1
! y Very Very Very
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1| 2379 2130 2969 2251 1693 1785 1,683| 3,053 ol 0 of sost| oo, 2,969| Crowded 3043 oo satof oo
Very Very Very
12 |Giai Phong(LTN-NTVong) No. 10b-Gphong 1| 2128 1.801| 2656 2,108 1277 1528 1,588| 3,189 50 53 17| 2655| Crowded 2681 oo 2928 oo 2880 oo
Very Very Very
13 |Giai Phong(Pho Vong-Bxe GiapBat) |No. 10c-Gphong 1| 2127 2.220] 2,654 2636| 1,643 1,100) 836| 1,862 35| 43 4 27ee| oY 2672 oo 3076 ooy 2,576| Crowded
14 |Pho Hue street No. 11-Phue 1| 1896 2,982 1,811 of 358 744 0 0 of  3.160[ Severe G1 2,183| Crowded 0
15 [Ba Trieu street No. 12-BT 1| 1,280 1,053| o] 1,126 345] 1,205] 81 o 44 1,266| Migrate 0 1,750 cr“fz;"ed
g Very Very
16 |Nguyen Luong Bang No. 13-N.L Bang 1| 1618 2122| 1705 2208] 2200] 451 22| s587] ] e 49| 2048 oM 1,804| Crowded 2200 o 2,518| Severe G1
17 |Thai Ha No. 14-Thaita 1| tea0f 1311 2908| 1,387 2955 171 322 348 270[ 776 410| 1,396 Migrate 3,043| Severe G2 1,936| Crowded 3334 VS’VGS‘:"S’S
18 [Kim Ma No. 15-KimMa | reotf 1926 2.111| 2671 1,771 67 247| 1,182 92| 723| a7s| 20204 VOV 2307 Ve 3,156| Severe G2 2,599| Severe G1
crowded crowded
19 |Nuyen Trai street No. 16-Nirai 1| 1043 2430| 2425 2624 2127| 6] 487 1,142 08| 785| 46| 2723 VeV 2604| VO 3,261| Severe G1 | 3,021| Severe G1
crowded crowded
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh 1| 1eos| 7s8| oto| 733 32 174 223 314 0| 0| 0| sas| No o10| No sas| No 482] No
congestion congestion congestion congestion
21 [La Thanh 2(N.C.Thanh-L.Ha) No.17b-LaThanh 1| 1693|890 910| 1,030 891 125 223 355 of 52 of g2 No otof _No 1167| _No 1,008 N
congestion congestion congestion congestion
22 |La Thanh 3(L Ha-T.D.Thang) No.17c-LaThanh 1| 1as7 1471 781 1089 59 563 599| 1,310) 130[ 250 141| 1452 Migrate 846 mnq’g’smn 1,518| Crowded 1,684| Crowded
23 |Duong Lang 1(Cgiay-N.C.Thanh)  [No. 18-Diang 2| 1715 1,153 1.496[ 1219 1151 4 5 of of 26| 11ss| No 1,501 Migrate 1,219) No 1108 _No
congestion congestion congestion
24 |Duong Lang 2(N.C.Thanh-L Ha) No. 18b-Diang 2| 1573 1361| 1594 1,209 1,555] 9 71 12 64| 76| 85| 1366| Migrate 1,626| Crowded 1,340|  Migrate 1,604| Crowded
25 |Duong Lang 3(L.Ha-N.T.S0) No. 18c-Diang 2| 1870 1,166 1365 1,112 1176 9| a0| 73 o] 105 a0 1170 Ne 1,305 No 1185) No 120f Ne
congestion congestion congestion congestion
26 [Duong Buci No. 19-0.8u0i o ams| s21| 1028 771[ ees| 104 43| 142 o[ 1| o] oers|  Ne 1029] No so1| No o7 _No
congestion congestion congestion congestion
27 [catLinh No. 20-Catinh 2| 1389 1040| 1172| 2664 o14] 16 101 of 275 8 104 No 1,176|  Migrate 2,664| Severe G2 g6 N
congestion congestion
28 [Nouyen Chi Thanh(Diang-HTkhang) ~ [No.21-N.C.Thanh 2| 2050 1.726| 1695| 1.454| 2,982 196 13 308 o046 1885| 1220  1824| Migrate 2,168 Crowded 2454 Crowded 3,746 Severe G2
20 [Nguyen Chi Thanh(HTKhang-LaThanh) [No.216-N.C.Thanh 2| 200 1721) 1468| 1,590| 1,750 185 64| 261 806| 1532| 1032 1813| Migrate 1.871| Migrate 2,388 Crowded 2,397| Crowded
30 |Lang Ha (D.Lang-Thai Ha) No. 22-LHa 2| 107 1128 2319| 1.864| 1,643 128 75| 249) 3| e 49| 1103 No 2338| Ve 1,034| Crowded 1,702] Crowded
congestion crowded
31 |Lang Ha (Thai Ha-Giang Vo) No. 22b-LHa 2| 10a7 1881) 1331) 1972 1,687 320 116 454 152| es2| 188]  2.041| Crowded 1,407 mnq’g’smn 2371| Crowded 2,008| Crowded
32 |Tran Duy Hung No. 23-T.0.Hung 2| 2600 2765 3343 2500 3213 205 176 285 1,019 1,809 1.331]  2,867| Crowded 3,852 3sesf Ve 4,021| Severe G1
crowded crowded
33 |Giang Vo (L Ha-Ngoc Khanh) No. 24-G.Vo 2| 1752 1.746| 1614 1836 2.184] 157] 256| 378 o 47] 8| 1,825 Crowded 1,618| Migrate 1,987| Crowded 2371| Ve
34 |Giang Vo (Ngoc Khanh-CatLinh)  |No. 246-G.vo 2| 2004 1746 1252 1572 2,184] g 17 o 39 8|  1.794| Migrate 1,258) _No_ 1572| Ne 2,197| Crowded
congestion congestion
35 |Ton Duc Thang (Ochodua-Catlinh)  |No. 26-T.D.Thang 2| 1453 2033| 1169 1168 2129 6] 86| 252 34| 135 62 2068 Veryed 1,186| Migrate 1.278|  Migrate 2,286 Severe G1
- g Very Very Very
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2| 2793 2708 3592 2193 2012 601 2,584 3,625| 122 161 114]  3,009| Crowded 3653 ooy 3566 ooy L e

Note: Nguyen Thai Hoc street, Ba Trieu street and Pho Hue street are one way streets.
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Appendix L: Congestion level-Scenario 5B: Relocate 50-50 & Road Expand &
Change in trip origin 50%

Congestion level of corridors-Scenario 5B-Relocate 50-50 & Road Expansion & Change in Trip Origin 50%

Traffic Volt B Traffic Vol 1 Traffic Volume-Scenario 4 Scenario 5B: Relocate 50-50 & Road Expansion & Change in Trip Origin
Road | Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon
No. Road name Cortidor code [ 9" intensit
group | o0 /h)y Way In Way Out Way In Way Out
Way- Way- Way- Way- Way- Way-
ay-In| Way-In Way-In Way-In Way-In Way-n New Poak] New Peak] New Peak] New PeaK
out out out out out out [ | Congeston| gL e congestian N5, 2] congeston | CL ) congestion
Way In Way Out Way In Way Out
1 |chua Boc street No. 1-Cboc 1| 1ses| 1.963| 2575 1274 2,325| 259] 627| 497, 10| 236 18] 2002 Ve 2,602 Severe G1 1,705| Crowded 2,653| Severe G1
2 |Pham Ngoc Thach street No. 2-PNThach 1| rass| 1,500 2206 e8| 1.434) 339 674 606 92| 138 95|  1666| Crowded 2,252| Severe G1 e NO 1,785 Ve
congestion crowded
5 [Ton That Tung street No. 3-TTTung 1 723| 882|841 780| 1551 17, 87| 132 o 143 0 890| Crowded 841 Crowded 895 Crowded 1,617 Ve”’;:“"'e
4 |Truong Chinh 1(N.T.S0-TT.Tung)  |No. 4-Tehinh 1| 1s4e| 1.120] 1.225 1430 1083 154 258|701 203 503 487 1,206 wn;‘;‘m 1,371|  Migrate 1,856| Crowded 1,677| Crowded
5 [Truong Chinh 2(T.T.Tung-N.T.Vong) ~ |No.4b-Tehinh 1| vsso| 1677| 1.425| 1502| 1,357 155 302|712 196| 370 342]  1.754| Crowded 1,523|  Migrate 1,928| Crowded 1,884| Crowded
6 [knam Thien No. 5-KThien | 10se| 462 20 1310] o3| 1,093 55| 1,214 25| 48] 21|  1,009| Migrate 942| Migrate 1412] Ve 10| Ne
crowded congestion
7 |Nguyen Thai Hoc No. 6-NTHoc 1| 1836 2,048 3,539 of 953 82| 15| of 413] 0| 252 Vev 3,787| Very severe| 7]
crowded Gt
5 [cauciay No. 7-CG | 1851 1,901 1,938 2.200| 1.936] 480) 223 617, o 18] of 21af Ve 1,935 Crowded 2,330| Severe G1 2045 Ve
crowded crowded
Very Very Very
9 Cau Chuong Duong-NV Cu No. 8-CauCD 1 1,835 2,392| 2,290| 2,523 2,199 413 301 701 149| 349 174 2,598 2,365 2,848| Severe G1 2,637
crowded crowded crowded
10 [Le Thanh Nghi street No. 9-LTNghi 1| 1381 2058 1.724) 2,021 2089 29 48| 85 31| es| 38| 2089 VY 1730 Ve 2,079| Severe G1 2,151| Severe G1
crowded crowded
11 |Giai Phong(DCV-LTN) No. 10-Gphong 1| 2379 2.139] 2.960| 2,251 1693| 1.49] 1257|2435 0 0 of 2888| Crowded 2,969| Crowded 2,880| Crowded 2911| Crowded
12 [Giai Phong(LTN-NTVong) No. 10b-Gphong 1| 2a28f 1,801 2,656 2,108 1277 1428 1,391| 2918 25| 27] 9| 2605 Crowded 2660 Ve 2817 Ve 2740 Ve
crowded crowded crowded
Very Very Very
13 |Giai Phong(Pho Vong-Bxe GiapBat) |No. 10c-Gphong 1| 227 2220] 2654 2636| 1643 1,092] 811 1,811 34| 43 4 2zes| e 2671 ooy 3003 oo 2,550| Crowded
14 |Pho Hue street No. 11-Phue 1| 1e08| 2982 1811 of 23] 744 0 0 of 3,09 Severe G1 2183| Crowded 0
15 [Ba Trieu street No. 12-8T 1| 1280 1,053] of 1126 268 1,052 39| of 22 1,206 Migrate 0 1662| VoY
crowded
Very Very
16 |Nguyen Luong Bang No. 13-N.L.Bang 1| 1618 2122] 1705 2.208| 2200 419] 1| s17 EE R 1,801| Crowded 2256 oY 2,478 Severe G1
17 |thai Ha No. 14-Thaita 1| 1e40f 1311] 2.008| 1.387| 2955 151 244 217, 133 432[ 219] 1386 Migrate 2,974| Severe G2 | 1.724| Crowded 3,173 Severe G2
18 [Kim Ma No. 15-KimMa | reor| 1926 2,111 2671 1771] 577 176|875 265 s77| s 2218 Ve 2204 Ve 3,048| Severe G2 | 2,378 VeV
crowded crowded crowded
19 [Nguyen Trai street No. 16-Nirai 1| 1ea3f 2430 2425| 2624 2127] 568 487 1,142 23| 51| asy 2728 Ve 2556 Ve 3,123 Severe G1 2,939 Severe G1
crowded crowded
20 |La Thanh 1(Voiphuc-N.C.Thanh) No. 17-LaThanh | teos| 7ss| oto| 733 325 174 223 314 0 0 0 aas| No 910) o aas| Noo ag2 No
congestion congestion congestion congestion
21 |La Thanh 2(N.C.Thanh-L Ha) No.17b-LaThanh 1| rees| soo| otof 1,030 s91| 105 223 335 of 2] 0 oag| _No gt0| _Ne 1156)  No 1,008 NO
congestion congestion congestion congestion
22 [La Thanh 3(LHa-T.D.Thang) No.17c-LaThanh 1| tas7| 1471]  781| 1089 959 303 464] 931 so| 120 70|  1367| Migrate 811 wn;‘g"sﬁon 1,386 Migrate 1,460| Crowded
23 |Duong Lang 1(Caiay-N.C.Thanh) No. 18-Diang 2| 1718 1,153 1406| 1219 1151 4 5| ol as| a3 aass|  No 1,498|  Migrate 1219) No 1159] No
congestion congestion congestion
24 [Duong Lang 2(N.C.Thanh-L.Ha) No. 180-Diang 2| 1573 1361| 1504 1209 1555 9 7| 12 31| 38 42]  1366| Migrate 1,609| Crowded 1.321|  Migrate 1,582| Crowded
25 |Duong Lang 3(L.Ha-N.T.So) No. 18c-Dlang of 1870 1,166 1.368| 1,112| 1,176 9 40| 73] 45| 74 22| 1,170 o 1,388 . 1160 No 1203  No
congestion congestion congestion congestion
26 [Duong Buoi No. 19-D.Buoi 2| 215 821) 1023 771| 8ss| 104 43 142 10| 15 0 a7a| No 1,08 _No so1|  No os7| _ No
congestion congestion congestion congestion
27 [catLinn No. 20-CatLinh 2| 1389 1040 1172 2664 o14] 10 52 4 156] a  10e] Ne 1,174|  Migrate 2,664| Severe G2 9| No
congestion congestion
28 |Nguyen Chi Thanh(Dlang-HTKhang) No.21-N.C.Thanh 2] 2050 1,726 1,695 1,454| 2,982 176 113 266 547] 1,182 731 1,814 Migrate 1,969 Migrate 2,102| Crowded 3,481| Severe G1
20 [Nguyen Chi Thanh(HTKhang-LaThanh) |No.21b-N.C.Thanh 2| 2008 1721 1468 1500| 1.750] 161 37| 241 ag4| 1,005 637 1,802 Migrate 1,710|  Migrate 2112| Crowded 2,189| Crowded
30 [Lang Ha (D.Lang-Thai Ha) No. 22-Lta 2| 1607 1,128 2319| 1,864 1643 6] o1 149 10| 33 24 162 ) 2320 Ve 1,926| Crowded 1,730| Crowded
congestion crowded
31 [Lang Ha (Thai Ha-Giang Vo) No. 220-LHa 2| 17 1881| 1331 1972 1687 229 176 312 69| 359 94|  1996| Crowded 1,365 wn;‘g"sﬁon 2,239| Crowded 1,890| Migrate
Very Very Very
32 [Tran Duy Hung No. 23-T.D.Hung 2| 2600| 2765 3343 2500 3213 202 181 285 582 1144| 786|  2:865| Crowded seae| oo 3252 araol oot
33 [Giang Vo (LHaNgoc Khanh) No. 24-G.Vo 2| 1752 1746 1614 1836 2184] 91 272 4 24 4l 1.791| Crowded 1,616| Migrate 1,836| Crowded 2322| Ve
34 |Giang Vo (Ngoc Khanh-Cat Linh) No. 24b-G.Vo 2] 2004 1,746 1,252 1,572| 2,184 50) 58] 13] 4 19 4 1,771 Migrate 1,254] . 1,611 " 2,193| Crowded
congestion congestion
35 [Ton Duc Thang (Ochodua-CatLinh)  [No. 25-T.D.Thang 2| 1453 2033 1169| 1168 2129 39 2027|126 9] o3| as|  20m| VO 1,179|  Migrate 2,228| Severe G1 | 2,214 Severe G1
36 |Dai Co Viet (Lduan-Batrieu) No. 26-D.C.Viet 2| 2793 2708 3502 2193 2012) 490) 2,584 2,954 59| 80| 57| 2953 Crowded e21 Ve g2 Ve 318 Ve
crowded crowded crowded

Note: Nguyen Thai Hoc street, Ba Trieu street and Pho Hue

street are one way streets.

Congestion Mark-Scenario 5B -Relocate 50-50 & Road Expansion & Change in Trip Origin 50%

Mark

Weight

Morning Way
In

Morning -Way
Out

Afternoon-Way
In

Afternoon-Way
Out

Sum
Scenario 5B

Total Mark

No congestion

10

8

7

7

7

29

290

Migrate 8 1 7 10 2 1 20 160
Crowded 2 1 9 5 12 9 35 70
Very crowded 1 10 9 6 9 34 -68
Severe G1 2 1 2 5 6 14 -84
Severe G2 2 1 2 1 4 -32

Very severe G1

Very severe G2

w

Craw

Sum

318

112



	Integration of land-use and transport in Hanoi: Can we relieve traffic congestion by relocating some major land-uses?
	INTERNATIONAL INSTITUTE FOR GEO-INFORMATION SCIENCE AND EARTH OBSERVATION 
	ENSCHEDE, THE NETHERLANDS
	Table of contents
	List of figures:


	1.  
	1. Introduction
	1.1. Background
	1.2. Transport issues in Hanoi
	1.3. Research problem
	1.4. Research objectives
	1.5. Key research questions
	1.6. Study area
	1.7. Conceptual framework
	1.8. Structure of the research
	1.9. Discussion on newspapers on the relocation of some major land-uses

	2.  Interaction between land use and transport
	2.1. Urban transport in developing countries
	2.2. Interaction between land use and transport
	2.2.1. Mixed land-uses
	2.2.2. Relocating major land uses

	2.3. Conclusions

	3.  Hanoi city: An introduction
	3.1. Brief introduction on Hanoi city
	3.2. Hanoi population distribution
	3.3. Distribution of some major land uses
	3.4. Hanoi transport
	3.4.1. Characteristics of Hanoi road network
	3.4.2. Transport in Hanoi
	3.4.3. Traffic congestion in Hanoi

	3.5. Recent studies on Hanoi transport & their shortcomings
	3.5.1. Transport master plan
	3.5.2. HAIDEP study

	3.6. Government policy 
	3.7. Hanoi’s vision
	3.8. Conclusions

	4.  Data collection and data preparation
	4.1. Data requirements
	4.2. Data collection
	4.2.1. Interview form/questionnaires
	4.2.2. Deliver Interview forms and questionnaires
	4.2.3. Interview management boards 
	4.2.4. Traffic count at cordons
	4.2.5. Measuring travel speed on some corridors 
	4.2.6. Collection of secondary data 

	4.3. Data preparation
	4.3.1. Road network preparation
	4.3.2. Calibration of road network
	4.3.3. Calculate road capacity in normal condition
	4.3.3.1. Definition of road capacity: 
	4.3.3.2. Capacity of one lane:
	4.3.3.3. Some factors affect to road capacity
	4.3.3.4. Road capacity



	5.  Contribution of some selected major land uses to congestion
	5.1. Selected corridors
	5.1.1. Corridor selection
	5.1.2. Peak hours 
	5.1.3. Calculate traffic volume on road segments in peak hours

	5.2. Congestion level
	5.3. Congestion mark
	5.4. Characteristics of the selected major land uses
	5.4.1. General information
	5.4.2. Study area No. 1
	5.4.3. Study area No. 2 

	5.5. Contribution to congestion of the selected land uses.
	5.5.1. Methodology
	5.5.2. Contribution to congestion of the selected land uses

	5.6. Conclusions

	6.  Scenarios for relocating some major land uses
	6.1. Scenario 0: No activity
	6.2. Scenario 1: Road Expansion & No relocation
	6.2.1. Road to be expanded
	6.2.2. Their new capacity in Non-peak hour
	6.2.3. Change in route used
	6.2.4. Change in the congestion situation

	6.3. Scenario 2: Relocate all to the West direction & No road expansion
	6.3.1. New locations
	6.3.2. Change in traffic flow and route used
	6.3.3. Congestion level & congestion mark

	6.4. Scenario 3: Relocate 50-50 & No road expansion
	6.4.1. New traffic volume on corridors
	6.4.2. Congestion situation

	6.5. Scenario 4: Relocate all & Road expansion
	6.5.1. Change in route used
	6.5.2. New congestion level and congestion mark

	6.6. Scenario 5: Relocate 50-50 & Road expansion
	6.6.1. Calculate new traffic volume
	6.6.2. Congestion situation

	6.7. Comparision between Scenario 4 and Scenario 5
	6.8. Change in trip origin
	6.8.1. Scenario 5A
	6.8.2. Scenario 5B

	6.9. Conclusions

	7.  Conclusions and Recommendations
	7.1. Conclusions
	7.2. Limitations of this research
	7.3. Recommendations
	7.3.1. Recommendations for transport and land-use policy in Hanoi
	7.3.2. Recommendations for further studies and improvement


	 References
	 Appendixes
	Appendix A: 
	Appendix B: Traffic count by ALMEC, February 2005
	Appendix C: Contribution to congestion of the selected land uses 
	Appendix D: Congestion level-Scenario O-No activity
	Appendix E: Calculation of new traffic volume –Scenario 1
	Appendix F: Congestion level-Scenario 1-Road Expand-No Relocate
	Appendix G: Congestion level-Scenario 2-Relocate all to the West
	Appendix H: Congestion level of Scenario 3-Relocate 50-50_No road Expand
	Appendix I: Congestion level of scenario 4-Relocate all_Road Expand
	Appendix K: Congestion level-Scenario 5: Relocate 50-50_Road Expand
	Appendix L: Congestion level-Scenario 5B: Relocate 50-50 & Road Expand & Change in trip origin 50%


