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Abstract

Accessibility is a comprehensive performance measure for the integration between land use and 
transport systems. In this research, two accessibility measures were applied to evaluate the integration 
between transport and land use in Hanoi metropolitan area: Vietnam, which has a typical monocentric 
urban form in the current situation, and Randstad metropolitan area, the Netherlands, which has a 
typical polycentric urban form. Job accessibility by private and public transport was calculated using 
the traditional potential accessibility measure corrected for competition of jobs. The results show 
there is a potential improvement of levels of accessibility in Hanoi through its planned transition into 
a polycentric urban form. The results illustrate the complex relationship between urban and regional 
planning and transport, and how spatial knowledge and geographic information system (GIS) tools can 
be used to provide urban planners, transport planners and engineers in Hanoi with valuable information 
related to its present plans of decentralization, and bring them together.
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Introduction

Starting from the renovation period in the late 1980s, Hanoi metropolitan area in Vietnam is rapidly 
changing with high levels of urbanization (van Horen, 2005). These rapid developments have urged the 
(re)development of several master plans with the two most recent ones being (i) the Master Plan 2020 
developed by Japan International Cooperation Agency (JICA) in 2007, and (ii) the Hanoi Master Plan 
2030 and the Vision 2050 as proposed by Perkins Eastman United States (US), POSCO E&C and JINA, 
Korea (PPJ) in 2010 (ALMEC Corporation, 2007; PPJ, 2010). In these plans, Hanoi is proposed to be 
further decentralized, changing its urban form from a typical monocentric to a polycentric urban one, 
including five satellite towns and three ecological townships. To guide the development in a proper and 
sustainable way, spatial knowledge and tools used to model and map urban development and transport 
can bridge the gap between urban planners, transport planners and engineers. 
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With such rapid urbanization and together with the large influx of migrants from the rural areas and 
other nearby cities, several urban problems have come up: such as the rise of informal settlements, urban 
sprawl, congestion and accidents, amongst others, challenging the development of transport infrastruc-
ture (Cusset and Hai, 2001; Nguyen, 2007). Besides, the master plans mainly point out the orientation 
for urban development of Hanoi metropolitan area, while the more detailed land use and development 
plans are investigated and implemented by public or private developers and then submitted to relevant 
authorities for approval (Mizuno et al., 2000). In practice, lack of coordination between the authorities 
constrains the integration between transport and land use in Hanoi’s planning, causing more urban 
problems. The problems that Hanoi is facing in terms of urbanization and decentralization are common 
in other large Southeast Asian cities, except for Singapore and Hong Kong. Dealing with these facts, 
experiences from developed countries in integrated land use and transport development can be studied 
and lessons be learned. 

The Randstad metropolitan area in the Netherlands is a good example. Presently, the Randstad region 
comprises several large cities such as Amsterdam, Rotterdam, Utrecht, the Hague, Amersfoort, Leiden, 
Dordrecht, Haarlem, Hilversum and Gouda. With its high numbers of population and jobs, new settlements 
have been planned at about 10–15 km from the main cities in the area (Hilbers and Wilmink, 2002). In 
the Randstad area, transport is facilitated by a complete infrastructure network of motorways and for 
various kinds of public transport, such as railways, subways, tramways and buses in and between the 
cities. However, over the past decades, travel in the Netherlands, and particularly in the Randstad, has 
increased significantly (Hilbers and Wilmink, 2002; van der Werff et al., 2005), causing more and more 
congestion and its impacts, such as traffic-related emissions.

Accessibility is seen as an important indicator for the integration of land use and transport. It is 
defined as the ease to reach goods, services, activities and destinations, which are altogether called 
opportunities (Geurs, 2006; Litman, 2010). It is a performance indicator for sustainable development and 
a key criterion to assess transport policies, as well as density and spatial distribution of people and 
activities in cities or countries. 

Even though the newly planned urban form of Hanoi is now oriented towards that of the Randstad, 
there are still controversial issues on the advantages as well as disadvantages of these plans. Therefore, 
the effects of these urban forms on accessibility for both Hanoi and the Randstad metropolitan areas 
should be studied. Comparison and understanding of accessibility can be the key element for Hanoi’s 
planning in particular, and for Southeast Asian cities in general. This article will compare levels of 
accessibility to jobs for Hanoi and Randstad, through a comparative geographic information system 
(GIS)-based accessibility analysis in order to draw urban and transport planning lessons for Hanoi metro-
politan area and beyond. 

Urban Form versus Travel

Different urban forms, whether polycentric or monocentric, have different characteristics in terms of 
density, geometric shape, land use and infrastructure. Impacts of urban form on transport or travel 
behaviour is based on the notion that travel is a derived demand (Schepel and Zuidgeest, 2009). These 
impacts have been studied at the level of individuals, and also for cities or regions. However, they have 
also been under controversy (Alberti, 2008; Grazi et al., 2008; Schwanen et al., 2001). Generally, urban 
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form is seen to have an impact on travel behaviour through its spatial distribution of important activities 
such as residences, jobs and shops. One has to be cautious since changes in urban form take place 
gradually over time, while other changes such as in the economy or transport happen much faster. This 
makes it more difficult to study the impact of urban form on transport. 

Several researchers have studied the influence of urban form on travel behaviour (Boarnet and Crane, 
2001; Cera, 2003; Handy and Niemeier, 1997; Kitamura et al., 1997). In general, three main factors of 
influence are listed, which are density of development, mix of land use and local accessibility to public 
transport (Cervero, 1996; Schepel and Zuidgeest, 2009). 

The density of development factor deals with travel distance. Higher density of development, which 
often appears in more compact urban form, can reduce the travel distance and the number of trips made 
by individuals to home, work and service areas. In more compact urban forms or monocentric form, 
people are likely to live near their downtown jobs (Grazi et al., 2008; Organization for Economic 
Cooperation and Development [OECD] and European Conference of Ministers of Transport [ECMT], 
2007; Williams, 2003). More compact cities also provide a population density high enough to build 
public transport system, such as Bus Rapid Transit. It is also expected that people residing in a more 
compact urban form tend to use the private car less, and use public transport, walking and cycling more. 
In addition, people have more opportunities they can reach within the same distance. This obviously 
increases the potential accessibility. 

Mix of land use impacts on the spatial distribution of activities, travel distance and travel modes and 
thus, accessibility (Cervero, 1996). For example, the presence and absence of neighbourhood shops and 
commercial land uses can partially predict the use of transport modes and physical separation of activities 
such as going to work/home, shopping and entertainment.

 A spatial factor to affect the choice of transport mode is the proximity to public transport (Kitamura, 
1997). Increasing distance to the nearest railway station, for example, can reduce the choice of using 
train as a transport mode. Increasing distance to bus stop can increase the number of car journeys. The 
geographical locations of workplace also have impacts on the choice of transport modes and accessibility 
(Manaugh et al., 2010; Susilo and Maat, 2007). 

There is a clear link between urban form and travel. More compact cities seem to generate less travel 
distances, more use of public transport, and hence provide more sustainable transport options. To under-
stand more about the impacts of urban forms on sustainable transport or accessibility, this research will 
evaluate the results of accessibility for different urban forms present in two distinctly different areas 
through a comparative GIS-based accessibility analysis.

The Metropolitan Areas of Randstad and Hanoi

The urban structures of Randstad and Hanoi will be identified in this section. To do this the Randstad is 
divided into 799 zones, for ease of understanding called Traffic Analysis Zones (TAZ), available in a 
geo-database. These TAZs together form 147 cities in this region. In Hanoi, there are 29 districts which 
have been further divided into 574 communes. The communes are modelled as TAZ. Demographic data 
of these areas for the year 2009 are used to identify their urban form characteristics. First, the urban form 
of Randstad as a polycentric area and Hanoi as a monocentric area will be analyzed. 
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 From literature, an urban centre has a close relationship with employment, employment density, 
population and population density. However, employment is the key in forming urban centres. A centre 
is best identified by a clearly higher employment density than the surrounding areas (Giuliano and 
Small, 1991; McDonald, 1987). More complex ways to identify a centre may be based on both land use 
mix and commuter flows (Giuliano and Small, 1991). Different approaches for centre identification have 
also been proposed. Giuliano and Small (1991) identified centres by cut-off values of employment data 
and the notion of proximity. McDonald and his colleagues used regression analysis to determine centre 
areas (McDonald, 1987). McMillen used locally weighted regression to illustrate the locally employment 
density function (McMillen, 2001). 

In this research, to simplify the identity of urban structures, an easy and commonly used method to 
identify urban centres using GIS was applied based on the work of Giuliano and Small (1991). In this 
study, a centre is defined as a continuous set of zones which have a density (in terms of employment) 
above a preset cut-off value D–, and altogether have at least E– total employment. In addition, all the 
immediately adjacent zones must have a job density smaller than D–. This definition helps identify all 
high-density zones to be part of an urban centre unless they are too small to form a total employment 
above E–. Cut-off values for each study area depend on the minimum total employment and maximum 
area.

For the Randstad, the cut-off values with different number of centres are presented in Table 1.

Table 1. Cut-off Values and Equivalent Number of Centres for Randstad

Employment 
Cut-off

No. of 
Centres

Area 
(km2)

Cumulative 
Area (%)

Employment 
Density Cut-off

No. of 
Centres

Area 
(km2)

Cumulative 
Area (%)

400,000 1 196.4 3.15 2,500 1 84.2 1.35
300,000 2 467.0 7.48 2,000 5 417.5 6.69
200,000 4 650.2 10.4 1,500 10 520.2 8.33
100,000 10 1136.5 18.21 1,000 18 979.0 15.69

Source: Authors.

With these cut-off values, four large centres emerge in the Randstad with a total employment of more 
than 200,000 and an employment density higher than 1,000 jobs per kilometres square (km2), which are 
the known large cities in the area: Amsterdam, Rotterdam, Utrecht and Den Haag. 

These four cities are spread over the Randstad area, which justifies naming this a polycentric urban 
form. This is further illustrated in the maps in Figure 1. 

Similar to the analysis for the Randstad area, the process to identify cut-off values for the Hanoi 
metropolitan area was done and this is presented in Table 2. However, because the Hanoi districts vary 
in size a lot, ranging from 5 km2 to more than 400 km2, the identification of urban centres for Hanoi was 
done on the basis of the employment density figures, rather than the absolute employment figure. Centres 
in Hanoi have an employment density higher than 400 jobs per km2, and a total employment larger than 
15,000 jobs. 

Centres identified in Hanoi lie next to the core of the area. Employment density decreases from Hanoi 
centres to suburban areas. Hanoi city clearly appears as a monocentric area. This is further illustrated in 
the maps of Figure 2.
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Table 2. Cut-off Values and Equivalent Number of Centres for Hanoi

Employment Density Cut-off No. of Centres Area (km2) Cumulative Area (%)

5,000 1 5.2 0.15
3,000 2 15.0 0.45
2,000 4 34.4 1.02
1,000 6 56.0 1.67
400 10 214.1 6.4

Source: Authors.

 

Figure 1. Job Distribution and Job Densities in Randstad Metropolitan Area

Source: Authors.
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Figure 2. Job Distribution and Job Densities in Hanoi Metropolitan Area

Source: Authors.
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In general, with their existing urban forms, Randstad and Hanoi are ideal cases representing polycentric 
and monocentric structures. Each urban form will have its own advantages as well as disadvantages. For 
example, a polycentric urban form may provide options for spatially distributing mobility better at the 
cost of longer travel distances and higher car dependency. In addition, a polycentric urban form makes 
the designing and implementation of a public transport network more difficult. Monocentric urban form, 
on the other hand, can provide planners with easier function of public transport by designing radial net-
work. Nonetheless, monocentric urban form can result in high congestion levels, and higher levels of 
local air pollution.

Accessibility versus Urban Form

The definition of accessibility is often linked to a listing of accessibility measures and indicators (van 
Wee et al., 2001). There is a wide variety of accessibility measures which have been developed since the 
1950s. Three main types of measures can be distinguished as (El-Geneidy and Levinson, 2006; Geurs 
and Ritsema van Eck, 2001; Geurs and Wee, 2004; Handy and Niemeier, 1997): (i) infrastructure-based 
measures; (ii) activities-based measures (which is subdivided into location-based and person-based 
measures); and (iii) utility-based measures. 

Infrastructure-based measures, such as congestion levels (Cerda and El-Geneidy, 2010; El-Geneidy 
and Levinson, 2006; Geurs and Wee, 2004; Wachs and Kumagai, 1973), only depend on transport infra-
structure characteristics. They do not provide insight and understanding to how accessibility levels vary 
with different groups and land use patterns (Handy and Niemeier, 1997), thus urban form. Person-based 
and utility-based measures, on the contrary (Geurs and Ritsema van Eck, 2001; Kwan et al., 2003; 
Miller, 2007), can analyze accessibility at an individual’s level, such as counting the number of activities 
in which an individual can participate at a given time, but require an intensive data supply, which is very 
difficult to obtain in reality. Among the stated measures, location-based measures are preferable and are 
used most in literature for its balance between required data and quality of results (Cerda and El-Geneidy, 
2010; El-Geneidy and Levinson, 2006; Geurs and Ritsema van Eck, 2001; Shen, 1998; van Wee et al., 
2001; Vickerman, 1974). This type of measure analyzes the accessibility of locations and evaluates the 
spatial distribution of services or activities. To enhance the results, competition for activities in locations 
is sometimes included using competition factors (Shen, 1998; van Wee et al., 2001; Vickerman, 1974), 
or using balancing factors and place rank measures (El-Geneidy and Levinson, 2006; Geurs and Ritsema 
van Eck, 2001). Details for such location-based measures are provided in the next section.

Defining and Operationalizing Potential Accessibility

The traditional potential accessibility measure is a location-based measure that discounts opportunities 
such as jobs over space. The accessibility level is assessed for a single travel mode. Attractiveness of 
opportunities decreases with longer distance or higher travel costs by applying a distance decay function. 
This function will vary according to economy, travel habit and perception of the opportunity values in 
each region. The following equation gives the accessibility level of an area (or zone) i (Ai):
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where, Ai: potential accessibility level of zone i; 
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 Tij: travel time from i to j (minutes); and
 α: parameter for the distance decay function.

Although the potential accessibility measure can reflect the supply of opportunities such as jobs over 
space, it does not account for competition of available opportunities. It assumes that competition will not 
affect the level of attractiveness or accessibility level. This disadvantage can be tolerated in some oppor-
tunities, but not with jobs. 

A competition factor should be added to the equation to limit the opportunities that one can reach. 
This factor depends on the education background, characteristics of the available jobs or spatial distribu-
tion of people versus opportunities. One reasonable measure including competition factor is the adapted 
potential measure (Shen, 1998). In this method, the effect of competition in the destinations is expressed 
by dividing the available number of opportunities in a zone to the demands reaching that zone. Van Wee 
et al. (2001) enhanced this measure by distinguishing a volume component of job opportunities (Jobsj) 
and a competition component in Equation (1) as follows:
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where, A i: potential accessibility to job s within a certain time Tmax from zone i;
 j = 1…n: all zones within certain time Tmax from zone i;
 k = 1…n: all zones within certain time Tmax from zone j;
 Jobsj: number of jobs in zones j;
 Lfk: the size of employment market in zone k (active population);
 Tij: travel time from zone i to zone j (minutes); and
 α: parameter for the distance decay function.

With their method, van Wee et al. (2001) enhanced the existing adapted potential measure by 
taking into account the impacts of other jobs in other zones related to the original zone i, as depicted in 
Figure 3. 
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The accessibility of zone i is not only affected by number of jobs and population in zone j (which 
is next to i) but also affected by number of jobs and population in zones k, l, m, etc. As long as zones 
k, l, m and other zones lie within the maximum travel cost from zone i (in this case, travel time, or Tmax), 
they will have impacts on the accessibility of zone i. Travel cost from each of these zones to i will also 
be important factor, which decides the influence of these zones on zone i. In each zone, within the travel 
time limit, the number of jobs per working person, labour market and travel cost from zone i are deter-
minants of competition for zone i. This accessibility measure with competition by van Wee et al. (2001) 
is implemented in this study. 

GIS-based Data and Modelling

Two accessibility measures for the year 2009, that is, the potential accessibility measure and the potential 
accessibility measure corrected for job competition, were implemented in a GIS software environment 
and applied to Hanoi and Randstad metropolitan areas in their current situation. The objective is twofold. 
First, potential accessibility measures will be tested for two transport modes: car and public transport for 
the Randstad; and motorcycle and bus transport for Hanoi, allowing for a comparison between the 
different modes. Second, the impacts of decentralization or a comparison of the effects of different urban 
forms represented by the Randstad and Hanoi areas can be performed.

In the case of Hanoi, the level of accessibility at the commune level was calculated using origin–
destination (OD) cost matrices in the ArcGIS modelling environment. Some basic data used are: (i) ad-
ministrative boundaries in Hanoi; (ii) employment and demographic data (number of jobs in each 
commune, obtained from Hanoi Statistical Office and Vietnamese Ministry of Natural Resources and 
Environment); and (iii) a road network that was partly digitized manually from the Hanoi Map 2010 
(VietNam Publishing House of Natural Resources, Environment and Cartography [NARENCA], 2010), 
and using previous digitization work of Nguyen (2007). Travel times were calculated in ArcGIS soft-
ware based on the length and assumed average travel speeds on each street segment for a single travel 
mode, either by motorbikes or buses in combination with walking access to the bus stop. The speeds of 

Figure 3. Visualization of Accessibility with Competition of Zone i

Source: van Wee et al. (2001).



Urban Form and Accessibility to Jobs 273

Environment and Urbanization ASIA, 2, 2 (2011): 265–285

the motorcycle were classified into four categories depending on the road category (the highest speed 
for motorbikes is 40 km per hour and the lowest speed is 8 km per hour), which were obtained from 
Nguyen (1999) and Chu Cong et al. (2005). Bus average speed was obtained from Nobuyuki et al. 
(2005), which is assumed at 22 km per hour. Speeds of motorcycles or buses were assumed to be average 
speeds during the day. Transit travel time includes the walking time to the transit stop, in-vehicle time, 
transfer time and walking time to the destinations. To implement the accessibility measures, OD matrices 
of transit time were generated with assumption that people travel from centroids to centroids of 574 
zones in Hanoi. 

In the case of Randstad metropolitan area, travel time matrices for the year 2004 were obtained from 
Goudappel Coffeng and Transumo (2010), and were considered representative for the year 2009, while 
the other data were actually from 2009. These matrices were generated using the travel demand modelling 
software OmniTRANS. Two matrices were available for use, one on the travel time by public transport, 
another one on the travel time by car, which accounts for congestion in non-peak hours. The matrices, 
however, have travel time data from several locations within some TAZs (for example: central, north or 
south of a district or from a port within that district). Thus, when calculating the accessibility level for 
that district, it was assumed that people will choose the shortest route to leave the TAZ. Illustration of 
this process is shown in Figure 4.

Figure 4. Method for Travel Time Calculation of Randstad

Source: Authors.

The other 2009 data on (i) administrative boundaries; (ii) jobs and population data obtained from 
Statistics Netherlands (CBS), 2010. The two accessibility measures were accordingly calculated for 799 
TAZs.

Impedance Function

One of the main problems dealing with potential accessibility measures is identifying the distance decay 
or impedance function. The impedance function f(cij) represents the degree to which zone i is attracted 
by other zones based on travel time or travel costs. In the equation, the impedance function of travel time 
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depends on the actual modes, trip purposes and household characteristics, such as gender, age, income 
and educational level (Geurs, 2001). Because of its complex nature, the choice and identification of 
travel time impedance in these equations is not straightforward. The form of impedance function can 
vary from a simple inversely linear regression to more complicated negative exponential function or 
logistic function (El-Geneidy and Levinson, 2006; Geurs and Wee, 2004; van Wee, 2001). Some research-
ers have tested accessibility level using different impedance functions for their study areas (El-Geneidy 
and Levinson, 2006; Geurs, 2006). 

For the chosen impedance function, estimating the α is rather complicated and requires several trials. 
The α value represents the degree to which people in one zone prefer to work near their home. Two 
extreme cases of α value are zero and infinity. If α equals zero, people can work everywhere. In contrast, 
if α reaches infinity, people in zone i will only accept to work in their zone. Because people in Randstad 
have 39 minutes as mean travel time to work (Statistics Netherlands [CBS], 2010) and people in Hanoi 
travel to work with 19 minutes as average (ALMEC Corporation, 2007), the travel time decay curve is 
assumed steeper for Hanoi. Assumptions on α values are 0.5 for Hanoi and 0.4 for Randstad to represent 
the average travel time correctly. See Figure 5.

Figure 5. Impedance Function 1/Tα Used in this Study (for all Modes and Trip Purposes together)

Source: Authors.

It should be noted that comparison of accessibility, which is the main goal of this research, should be 
done in a relative manner and not to compare the numbers directly. Thus, in this research, to easily iden-
tify how the competition factor alters the results, the shape of the impedance function is kept the same 
for the two measures. This power function has been used in other studies as well (El-Geneidy and 
Levinson, 2006; Geurs, 2001). Although this function is crude and simplified, it can include the impacts 
of travel time or cost on the employment market and it is suitable for the goal of this research: to compare 
accessibility levels by different transport modes and affected by different urban forms.
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Spatial Analysis

The integration of land use and transport is investigated through accessibility by both private and public 
transport modes. Since more than 80 per cent of transport in Randstad is by cars or public transport 
(Statistics Netherlands [CBS], 2010), these modes will be representative for the quality of private and 
public transport respectively. For Hanoi area, according to HAIDEP (JICA, 2007) (ALMEC Corporation, 
2007), buses account for just about 10 per cent while motorcycles and cars account for more than 70 per 
cent of transport in Hanoi. Thus, the quality of private and public transport will be assessed through 
motorcycle and bus networks. Potential accessibility to jobs corrected for competition was calculated 
using the travel time decay curves with ArcGIS and its Network Analyst extension.

The potential accessibility measure relates to the potential number of jobs that people from each zone 
can reach discounted for impedance (Figure 5), and is shown in Figure 6 for private transport, and in 
Figure 7 for public transport in Randstad and Hanoi. For ease of comparison, the two areas are visible at 
the same scale. 

In order to include the competition for jobs at the destinations, the potential accessibility measure is 
corrected using the competition factor in Equation (2). The travel time limit was set for both Randstad 
and Hanoi using the study of Egeter et al. (2000; cited in Geurs, 2001) and ALMEC Corporation (2007). 
The travel time threshold is set as 90 minutes for every zone in both study areas. The results of accessibility 
corrected for competition are shown in Figure 8 for private transport and Figure 9 for public transport. 

In both Hanoi and the Randstad, the impact of urban form, in terms of job concentrations and available 
infrastructure, is clearly visible in these results. Either using private or public transport, centres in these 
areas always have the highest accessibility levels. 

For the Randstad, the accessibility with competition level shows the polycentric structure with the 
four large cities as polycentres: Amsterdam, Rotterdam, the Hague and Utrecht. The so-called Green 
Heart area, which lies strategically between these four cities, also has a higher accessibility than the out-
skirts of the Randstad area. Only one area to the right of Rotterdam, which is the west part of the Green 
Heart from Nederlek to Zederik, shows a low accessibility level even though it is located near to the large 
cities. A combination of lack of infrastructure-based accessibility and lack of nearby jobs within a travel 
time threshold seems to cause this.

The result of job accessibility in the Randstad is comparable to similar research reported by Geurs 
(2001). In the measure corrected with competition factor, the results show a high accessible number of 
jobs within the four largest cities and in the Green Heart area despite the large labour market. These 
results reflect that number of jobs exceeds the labour force in these cities. This fits to the expectations 
and the results from van Wee (2001). Even though we used a simpler different impedance function than 
the function used by van Wee et al. (2001), the correlation of accessibility levels of different zones is 
quite similar to their research.

Applying these measures to Hanoi shows a typical monocentric result. Higher levels of accessibility 
to jobs quickly reduce away from the city centre, either with or without competition, to the suburban 
areas, regardless of transport modes. This result comes from the fact that city centre is well located 
regarding accessibility to job opportunities. Although the city centre has a high population and worker 
population, it also has a good transport system. In Hanoi area, there are some TAZs outside the city 
centre that show high accessibility because these are the locations of big industrial parks or locations 
near main highways and bus routes. 
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In addition, the clear impacts of urban characteristics, the infrastructure of transport, including avail-
ability of transport modes and speed or travel time, also has an impact on the accessibility of TAZs and 
is further investigated in this study. 

In Hanoi, the higher availability of motorways rather than public transport (bus) routes gives motor-
cycles better accessibility in every region. The bus network in Hanoi is only available in the city centre. 
There are several bus routes connecting the city centre with some suburbs in the south and west of the 
city. However, these connecting bus routes are quite short, limited in frequency and capacity, and cannot 
cover the demand of the very large rural and suburban outside. 

To compare the difference between use of motorcycles and buses, the ratio of accessibility of these 
two modes can be calculated and is shown in Figure 10. The ratio of motorcycles to buses ranges from 
1.1 to 2.4 using potential accessibility measure and from 1.5 to 800(!) when the measure is corrected for 
job competition. The ratio of accessibility by motorcycles to buses in Hanoi shows a somewhat high 
imbalance between private and public transport in Hanoi, especially in the rural and suburban areas. Due 
to a lack of good bus network in the Hanoi rural and suburban areas, the accessibility to jobs by public 
transport in these areas can hardly be compared with accessibility by private transport. Although job 
accessibility by public transport in Hanoi centre appears to be less than that by private transport, other 
factors such as mode availability due to the high cost of private modes, parking costs, etc., are known to 
make public transport still surpass private transport use in Hanoi city centre. However, this research does 
not deal with these factors. Thus, the unfavourable result of public transport mode over private transport 
mode is only partially evaluated here.

Due to the variety of public transport infrastructure in Randstad, which includes buses and train, the 
difference in job accessibility of cars and public transport in Randstad is much less than in Hanoi. Some 
zones even have higher job accessibility by public transport than by cars, such as in Amsterdam, Den 
Haag and Rotterdam. Figure 11 shows this difference between potential accessibility with and without 
competition for car and public transport in the Randstad.

Using the potential accessibility measure to calculate job accessibility, the number of jobs that can be 
reached by car is 0.86 to 1.4 times the number of jobs that can be reached by public transport, while this 

 

Figure 10. Ratio of Potential Accessibility to Jobs by Private and Public Transport in Hanoi (wihtout and with 
competition; PA and AC)

Source: Authors.
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ratio can reach three times using the accessibility corrected with competition. The differences between 
car and public transport are quite evenly distributed. Four big centres, Amsterdam, Rotterdam, Den Haag 
and Utrecht, together with some surrounding cities, form an area with the least difference between cars 
and public transport. In these areas, public transport may even have higher accessibility than cars. The 
border areas of Randstad generally have more differences between private and public transport. Although 
Randstad is equipped with a good public transport infrastructure, cars seem to be more prominent than 
public transport using both measures. For example, the number of journeys to work by public transport 
account for 25 per cent, while the number of journeys to work by cars accounts for about 40 per cent in 
Amsterdam according to European statistics 2009 (European Commission, 2009). This may be a result 
from the polycentric urban form characteristics, which have large space within area and require longer 
travel distance or time.

Discussion

In general, the Randstad and Hanoi metropolitan areas have job accessibility levels for the different 
transport options varying relatively with their urban form structure: polycentric in Randstad and mono-
centric in Hanoi. Four big cities (Amsterdam, Rotterdam, Den Haag and Utrecht) in Randstad and the 
city centre in Hanoi show the highest level of job accessibility. The border areas often have the lowest 
accessibility to jobs. Explanations for these results are the high concentration of jobs as well as the better 
transport infrastructure in the centres. High job density in one zone obviously brings higher accessibility 
of jobs in the nearby areas. In addition, the accessibility to transport network also affects the accessibility 
to jobs, reflected through the result using public transport in the rural areas of Hanoi. 

Randstad, in this case, is a good example for successful allocation of jobs as well as good transport 
infrastructure between the different large cities. Considering the supply of private and public transport 
infrastructure, the accessibility by different modes in Randstad is more balanced. Considering the job 

 

Figure 11. Ratio of Potential Accessibility (Without and with Competition, PA and AC) to Jobs by Private and 
Public Transport in Randstad

Source: Authors.
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distribution among regions, Randstad has a more even distribution than Hanoi. Thus, in the future 
development of the city, Hanoi should learn to deal with both transport infrastructure development and 
land use management.

Conclusion and Recommendation

The main goal of this study is to evaluate the integration of transport and land use through accessibility 
levels and to evaluate the impact of different urban forms on accessibility. Two accessibility measures 
have been described and implemented. The potential accessibility is found to be more suitable for public 
and decision makers because it has less data requirements and is easier to understand as well as to 
interpret. However, accessibility with competition is preferred to the traditional measure, especially in 
Hanoi where the job market is small, thus increasing the importance of including the competition effect. 
Two study areas with suitable urban forms are chosen: Randstad with polycentric urban form in the 
Netherlands; and Hanoi with monocentric urban form in Vietnam.

To obtain the results, most of the spatial data in this research are obtained from different sources and 
are secondary data. The main result in this study relates to job accessibility of two study areas using dif-
ferent transport modes and calculated with the two measures. 

From the results, urban form clearly shapes the accessibility level, which can have impacts on trans-
port in general. Polycentric urban form shows a lesser difference in accessibility level of zones within 
regions. In other words, polycentric urban form brings more balanced results in accessibility to jobs. 
Monocentric urban forms make these differences bigger. However, polycentric urban form also favours 
private transport use due to its larger distances. In a more compact urban form, travel time to work is 
often shorter. People living in centres can reach more jobs within the same travel time when they live in 
a monocentric urban form. In addition, a monocentric urban form may take less time, money and efforts 
to build an efficient public transport network in theory. Scattered centres require building more links to 
obtain the same level of accessibility in total. Although polycentric urban form seems to be unfavourable 
in terms of travel time to work and car dependency, it can however prevent major congestion and over-
crowding of areas, further causing air pollution, noise and affecting the quality of life, as is now the case 
in Hanoi.

Although there is still controversy on whether monocentric or polycentric urban forms are better, the 
results of this research show that the shape of the urban region, in combination with its transport infra-
structure, influences job accessibility levels to a great extent. 

Another noted conclusion is that competition for jobs really alters the results. Within a travel time 
limit and a specific α value, competition among zones makes the job accessibility more theoretically 
sound. When the set travel time limits increase, more zones will be included in the competition for jobs. 
When the travel time limits reach the longest travel time in the area, all zones within that area will be 
included in the calculation of job accessibility with competition for each zone. However, the competition 
factor highly depends on employment size as well. Due to a much smaller employment market in Hanoi, 
the results for job accessibility with competition in Hanoi show much more change when including the 
competition factor rather than in Randstad.

By further simulating the configuration of both different urban form and transport conditions, it will 
become clearer how the decentralization policy that Hanoi has embarked on will impact accessibility, 
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and how accessibility can be improved and present congestion problems be solved. However, the risk of 
stimulating further rise in private transport is also high in this case. To prevent becoming a car or motor 
bike-dependent city instead of a transit city, Hanoi should plan and build a good public transport system 
as soon as possible; taking Randstad as an example, where even with a very good public transportation 
network, private transport accessibility in the Randstad still surpasses public transport in almost every 
area. The further design of public transport system in Hanoi, thus, needs to have urgent priority and be 
developed strategically.

On the whole, the analysis in this study showed that urban forms greatly impact on transport accessi-
bility. The types of accessibility indicators selected and the use of GIS tools to operationalize and present 
them make it relatively easy to understand the complex relation between land use and transport, and to 
communicate this to the community at large. 

Further work should be done to include other sustainable transport options, such as cycling and walk-
ing. In addition, the research presented here is based on limited data and makes some assumptions to 
achieve the given results. These include assumptions related to travel time, impedance function and ex-
clusion of impacts from external areas of Randstad and Hanoi. Other limitations include the lack of 
network data and different size of TAZs.
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