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ABSTRACT
Since the economic reform of the 1980s, Beijing has been experiencing a tremendous
increase in population and motorized vehicles, which brings an explosive rise in daily travel
demand. Based on the road datasets with classification in 2005 and 2010 and travel flow data
aggregated by traffic analysis zones of 2005 and 2010, this study aims to analyze the spatial and
temporal pattern of traveling in 2005 and 2010 in Beijing as well as the changes over the 5 years.
A spatial interpolation tool in ArcGIS was developed to interpolate travel flows to a common
spatial zoning scheme, and the User Equilibrium Traffic Assignment was applied. The findings
from this study will be particularly useful for transportation planners seeking information to
understand the urban spatial structure, predict travel demand and improve the transportation

service and management.
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CHAPTER 1
INTRODUCTION
1.1 Background

Travel is the movement of people or goods between relatively distant locations. In
modern society, travel in the city has had a large impact on human life, such as leading to the
extensive growth of city size and resulting in the proliferation of suburbs. To adequately evaluate
a region’s transportation system, it is necessary to examine people’s daily travel patterns from
home to various destinations including work, school, and shopping. Nowadays with the rapid
increase in people’s daily communication, frequent daily travel becomes an essential part of
urban life, not only in urbanized areas but also in the urban fringe. According to the Census
Transportation Planning Package data (CTPP), 97% of the US workers in 1990 and 96.7% in
2000 reported that they commuted to work (Sohn, 2005). By 2008, there were 128.3 million
commuters in the U.S. using all kinds of transportation mode in total (US DOT statistics). In
China, the number of motor vehicles increased by an average of 14 percent annually to over 169
million between 1987 and 2008. Moreover, the number of private passenger vehicles was 62.4
million at the end of 2011, a threefold increase on the 18 million at the end of 2005 (National
Bureau of Statistics in China).

In Beijing, the capital of China, as the population exceeded 17 million at the end of 2008,
travel demand is booming. The number of private cars had reached 3.25 million with an annually
increase of 15% during the same period (Zhao, 2010). These increases in travel and modes of
travel indicates a huge potential growth in traffic flows and commuting trends, and thus increases
in traffic congestion and air pollution. Also, as transportation demands are increasing rapidly,
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travel times are increasing greatly as well, particularly in major cities of China. According to a
report by the Chinese Academy of Science, commuting time in Beijing was 38 minutes on
average under normal traffic conditions and 52 minutes during traffic congestion, which is the
longest commuting time in China. The increased travel time will cause other severe problems as
well. A survey-based study by Zhang and Yi (2006) showed that the dramatic increase in
commuting time had caused serious problems affecting the quality of urban life and had become
a major barrier for planners to establish Beijing as a ‘liveable city.” Road transport-related air
pollution accounted for 23% of the total air pollution, close behind the industry pollution (Huang,
2009). Thus, understanding the patterns of daily travel within a city becomes a key factor for
researchers and policy makers when they analyze major infrastructure changes, evaluate
transportation demand, and recommend management and traffic control strategies, such as

congestion pricing, so as to ameliorate the problems mentioned above.

1.2 Travel Patterns in China

The change and development of travel patterns in developing countries are quite different
from those of North American and European countries since the pattern of urban growth in
developing countries is quite different. In the case of China, since the economic reforms in the
1980s the large cities have experienced accelerating and dramatic change in urban spatial form
and structure, which was also called urban spatial restructuring (Ma, 2004). Consequently, some
new procedures appeared in the explosive urban development, including:1) rapid housing and
industrial urban space expansion on the fringes of the city; 2) suburbanization caused by the
migration of population and other industries from city centers to outside places; and 3) the

growth of sub-centers and industrial zones in suburbs (Zhao el al. 2010). As a result, the



restructuring of the Chinese urban form contributed to the development of the transportation
patterns, housing alternatives, and new employment patterns (Gaubatz 1999). Furthermore, new
associations between job-housing balance and new travel patterns on urban and suburban areas
had also developed.

Because of the economic transformation from a political-oriented or centrally planned
system to a market-planned system, the relationship between travel patterns and urban growth in
China is much more complicated than it is in the U.S. and European countries. Additionally, due
to the coexistence of a new market system alongside the old system, individuals’ travel behavior
and travel time became more uncertain and more difficult to explain (Zhao and Lu 2010). In the
restructuring era, China went through three fundamental processes: decentralization,
marketization and globalization, which makes the urban forms much more complex and different
in China (Wei 2001).

China’s suburbanization results from the combination of government-led industrial
development and market-oriented real estate and commercial development (Zhao et al. 2009).
However, unlike western countries where suburbanization caused employment decentralization
in all kinds of industries, suburbanization in China was always associated with residential
decentralization, and employment decentralization was only taken up by manufacturing and
construction industries, while commercial industries, finance industries, and other high-income
industries still grow rapidly in the city centers (Zhou 1997, Zhou 2000). Moreover, research
showed that high-income households in China were more likely to live in the areas near the
center of the city due to the high accessibility to the high-income job location and good
infrastructure and service (Zheng et al. 2005), while in western countries the same group prefers

to live in suburban areas. In China, low income households or workers often live in suburban



areas because they are not able to afford the high price housing in the central areas. In addition,
the supply of housing and residential land is still tightly regulated by government, which makes
the residential structure more complex than in western countries where there is a high degree of
market-oriented housing. As a result, such a different urban growth and development pattern will
result in different and complicated travel commuting patterns. Therefore, the investigation of
travel patterns in China will provide an efficient way to understand and explain the urban
structure and its relevant economic development. Results of this study will be helpful to evaluate
the infrastructure demand, and to improve the transportation management and service so as to

develop sustainable system for transportation in the city.

1.3 Research Objective

Since the economic reform in 1979, cities in China have been experiencing the rapid
growing process of urban sprawl, urban restructuring and suburbanization. As a result, the travel
patterns and the commuting ways in which people interact in space and time have become much
more complicated. In Beijing, as the population and number of vehicles are booming during
recent years, travel demand is increasing drastically as well. Consequently, travel becomes a
major cause for the traffic congestion, air pollution, and the fundamental impetus for highway
construction due to concentrated travel time during the day. This research aims to analyze the
spatial patterns of traffic in 2005 and 2010 respectively, as well as the changes of those patterns
in Beijing. To achieve the overarching research goal, three research objectives are identified in

the thesis study:



Objective 1 Evaluate and process Beijing’s road data in 2005 and 2010

The road dataset of 2005 was digitized based on the remote sensing images of Beijing,
and the dataset of 2010 was contributed by volunteers in the online street map. Due to the
scarcity and inaccuracy of the dataset in general, it is necessary to evaluate and process Beijing’s
road data and to even collect some new data before the road network data can be used in the
research. There are several specific reasons for which data editing and processing are particularly
demanded. First of all, the original road datasets in 2005 and 2010 includes only the attributes of
road type and road length, which is insufficient. Some other attributes, such as speed limit and
practical capacity, are important as well. Therefore, the further collection of these data is needed.
Secondly, there are bi-directional and one-way roads in the dataset. For those one-way links, the
direction should be checked and corrected to match the real situation. Thirdly, for network
analysis, it is essential to evaluate and correct the topology for the network. However, topology
was neither ensured nor checked in the original dataset. Based on the street map of Beijing in
2011 from ArcGIS online, the topology network will be checked to make sure roads in the
network are connected where they should be. Fourthly, for the road dataset in 2005, the accuracy
of the digitization is low, for it only included expressways, ring roads and primary roads. Other
low level roads, such as the residential roads or local roads were missed. In addition, the datasets
failed to exclude rails from the roads of vehicles. For consistency, the digitized 2005 road dataset
will be used as a reference, the new 2005 road dataset will be created by removing the roads built
after 2005 in the 2010 road dataset. The removed roads will be double checked based on the
images in 2005 on Google map and their construction years will be checked with the online

source as well.



Objective 2 Assign aggregated trips to roads in 2005 and 2010 in Beijing, and analyze the
changes of trips over 5 years

In order to make a good transportation planning system, to provide good public
transportation service, and to alleviate transportation problems such as traffic congestion in peak
hours, it is necessary to be informed of traffic volume on each route in the road network. Trip
flow data between geographic units or zones plays a very important role in explaining and
understanding the spatial interactions in urban areas and are often used to estimate traffic on
roads. In this study, the investigation of the spatial and temporal changes of travel patterns in
Beijing will be achieved by estimating the daily travel patterns based on Beijing’s road network
for both years using traffic flow assignment methods. After the traffic flow assignments, it will
be clear how many travelers are on each route, where the traffic congestion is most likely to
happen, what people’s travel trends are, and where the infrastructure and transportation services
need to be improved. Such information will help planners or policy makers in evaluating and
improving transportation systems and related facilities, providing good public transportation
service, and alleviating transportation problems such as traffic congestion in peak hours.

In this objective, | will assign aggregated trips to roads for both 2005 and 2010 by using
the User Equilibrium Assignment method. The method will assign the trip to roads based on the
fact that drivers choose a route so as to minimize his/her travel time and on the assumption that
such a behavior on the individual level creates and equilibrium at the system level. The travel
pattern of the whole city will be examined in detail, and the difference between years will be

analyzed as well.



Objective 3 Develop a toolbox in ArcGIS by using Python for flow interpolation, then
apply the tool to bring travel flow data of two time periods onto a common spatial zoning
scheme

There are two possible ways to analyze the changes of trip flows on the roads of the
network in Beijing over a 5 year period. The first approach is comparing the trip flow assignment
results on roads of 2005 with the results on the same roads of 2010, and then analyzing the
differences. However, due to the changes and developments of roads during the five years, the
major barrier of this approach lies on the difficulty to locate the same road from two different
time-period sources by the road ID in the attribute table. In this case, the change detection cannot
be obtained directly by subtracting results in 2005 from results from 2010. The other approach is
assigning the changes of the trip flows aggregated for traffic analysis zones over the five years to
the roads directly. However, this method requires the flow data to be aggregated by the same
zoning scheme, which make it possible to derive the differences on the same zone between
different years.

With the urban transformation in Beijing during the past decades, the traffic analysis
zoning (TAZ) schemes of census statistics units that generate or attract travel flows often vary.
The boundaries of (TAZs) are different in 2005 and 2010. This inconsistency makes the time-
series analysis of travel patterns difficult. Jang and Yao (2011) proposed a flow interpolation
technique which can serve the purpose. However, no tools are readily available to carry out the
process; therefore, | developed a toolbox in AcrGIS written in Python, which can automatically
bring the travel flow data of two time periods onto a common spatial zoning system and then
calculate the travel flow based on that zoning scheme. The output of this script tool will be a

DBF file including the new Origin-Destination (O-D) pair and related flow data in ArcGIS.



CHAPTER 2
LITERATURE REVIEW

Travel patterns contributed greatly to the development of urban spatial structure and
economic or social growth. Travel pattern is a very good and important indicator for urban
structure, for urban spatial structures can be easily revealed by travelling trends ((Sohn, 2005;
Timmermans et al. 2003). Among many factors that influence travel patterns at a city level,
spatial change of urban form is proven to be particularly important (Zhao et al. 2010). On the
other hand, the variation in travel patterns can be attributed more to socioeconomic reasons
(Stead, 2001). Differences in travel patterns can be effectively explained by both urban form and
economic level (Giuliano and Narayan, 2003). The literature has seen many studies exploring the
relationship between travel patterns and land use pattern, socio-economic characteristics and
other factors. However, few of them extend the study to analyze the real patterns of traffic flows

at level of individual roads in the network.

2.1 Land Use and Transportation Interaction

During the last decades, many researchers have studied the relationship between urban
form or spatial structure and commuting patterns (travel to work). Since commuting is a derived
activity to deal with spatial separation between residential location and work place, exploring
commuting patterns came to be a general way to understand and investigate urban structure.
Some researchers hold the view that urban form and land use pattern fundamentally determine

the urban commuting pattern. Gordon et al. (1987) used a cross-sectional analysis to examine the



effect of metropolitan spatial structure on commuting behavior and commuting time with several
variables, such as urban size, population density, economic structure, income and carpooling,
concluding that polycentric and dispersed metropolitan areas facilitate shorter commuting times.
Moreover, Gordon et al. (1991) made a comparison of auto commuting trip durations from the
1985 American Housing Survey and data from the 1980 census for the top twenty largest
metropolitan areas. They found that in that period the average trip time either fell or remained
the same, which would not be resulted from the widespread traffic congestion. One preferred
explanation for the decline in the commuting times is that enough commuters were making
location adjustments, either for the work place or residence to avoid increasing the time cost
when the traffic congestion was getting worse. They also noticed that commuting times are much
higher in dense cities than they are in dispersed cities, and commuting times tend to be shorter in
rapid growing cities.

Some researchers also looked at the effect of jobs-housings balances resulted from the
changing spatial pattern of cities, insisting that jobs-housing balance would reduce the traffic
congestion and air pollution. For instance, a study made by Nowlan and Stewart (1991) could
offer an understanding on the effect of land use and urban spatial structure on commuting
patterns, especially how the jobs-housing balance altered the commuting. They found that in the
period between 1970s and 1980s when there was a booming of office space in downtown of
Toronto, commuting trips to the Central Area had not risen as rapidly as would be expected,
because the rising residential construction attracted people worked in downtown, which reduced
the lengths of commuting trips. Cervero (1996) made a cross-sectional study in census tracts of
San Francisco Bay Area in 1980 to explain the relationship between jobs-housings imbalances

and commuting flows by using a gravity model. He found suburban residents commute farther



than ever despite the steady migration of employments to suburbs because undersupply of
housing existed and the rent and housing costs were too high in some local communities.

However, Giuliano and Small (1993) argued that conclusions made by Cervero were less
than fully persuasive or even misleading. In order to examine the presumption that local jobs-
housings imbalances strongly influence people’s commuting patterns, they tried to look at the
commuting pattern of Los Angeles in 1980 because its actual spatial distributions of job and
housing location would theoretically minimize average commuting time or distance. As a result,
they found that there was an inconsistency between required commuting and actual commuting,
as well as their variations, indicating that jobs-housing balance would have only a minor effect
on commuting. Later on, Giuliano (1995) elaborated his conclusion, arguing that the connection
between transportation and land use was weakening. Similarly, Wachs et al. (1993) made a case
study about changing commuting patterns among 30,000 employees of a major health care
provider in Southern California over 6 years between 1984 and 1990. By tracking the residential
and work location of those employees, the study found that commuting patterns and locations
revealed little evidence of an increasing jobs-housing relationship since distances of commuting
trips had not increased, which was contrary to the jobs-housing imbalances hypothesis. They also
found that the commuting times grew because of the traffic congestion caused by the growth of
local work force. Journey to work issues would have little impact on the residential location
choice when compared to other factors, such as quality of neighborhood and schools and
perceived safety, which corresponded with Giuliano’s findings.

While many studies attempted to explain the commuting patterns based on urban spatial
structure and land use type, Sohn (2005) made an effort to examine how well the commuting

pattern can reflect the corresponding urban spatial structure. In the study, he applied an adjusted
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gravity model to estimate and derive the locational variables for commuting trip origin and
destination with commuting data from the Seoul Metropolitan Region in 1987, 1990 and 1995.
From an empirical analysis on the locational variables and its related coefficients, Sohn found
that the employment distribution in that urban region could be reflected correctly by the urban
spatial structure derived from the commuting patterns and the urban density distribution, while
the distribution of employed residents could not.

From the examples above, it is obvious that researchers have diverse views and
conclusions on whether urban form and land use pattern have impacts on the commuting. The
measurement and analysis they used to examine the relationship did have some shortcomings
and disadvantages. In order to grasp a full understanding towards travel patterns, many other
variables, like socioeconomic factors also need to be taken into account. Generally speaking,
varying patterns of travelling in city can be linked to different population groups classified by
their socioeconomic and demographic characteristics, such as race, ethnicity, income, gender,
household structure and disability. The exclusion of other factors in the measurement and
modeling will make the results inconvincible and unpersuasive.

Tkocz and Kristensen (1999) derived a function of distances of residential locations to
city centers and sociological determinants of residents, including population, age, number of
children, household structure, income and education level, to explore the differences by gender
in travel distance for monocentric and polycentric cities. They found that compared to men,
women were more likely to work in city centers. Single men had shorter travel distances than
married men, while single women did not. In addition, women’s travel patterns were more
dependent on urban structure than that of men. Fourth, age had a negative impact on the travel

distances for both men and women.
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Many researchers used aggregate data that relate to certain spatial unit to examine the
relationship between travel pattern and land use pattern, and other factors (Newman and
Kenworthy), which made the results a little bit obscured since travel choices are made by
individuals or households. In order to explore and understand the differences in aggregate travel
patterns between countries, it is essential to examine individual travel patterns under the local
condition. For example, Giuliano and Narayan (2003) tried to find the relationship between land
use patterns and individual travel pattern from a comparative international perspective, between
U.S. and Great Britain, which included many factors: housing, land use and tax policy, cultural
preferences, spatial structure of US metropolitan areas and per capita incomes. They found the
US had a more pronounced significant inverse relationship between residential density and travel
distance than Great Britain had. Later on, Giuliano and Narayan (2004) continued to make a
similar comparison between work and non-work travel in two countries, concluding that
different demographic factors, like lower per capita income in Great Britain are keys in
explaining the difference in travel patterns. In addition, Giulianoet al. (2005) applied a structural
model with both daily travel and car ownership data and a reduced form model with only the
daily travel data, adding a new conclusion that differences could be also explained by country
specific differences in costs of car ownership and use, transport supply and other factors that

were out of control.

2.2 Travel Pattern and Social-Economic Characteristics
Sultana and Weber (2005) investigated the journey to work commuting pattern of
workers in two Southeastern metropolitan areas with 2000 Census Transportation Planning

Package (CTPP) Data. From their results of the analysis of variance, it was clear that workers
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living in the sprawl areas experienced a longer commute in terms of time and mileage than those
living in higher density areas. However, their multivariate statistical results also indicated that
workers’ socioeconomic characteristics could exert more importance on predicting the
commuting behaviors than urban structure.

Moreover, according to Taylor and Ong (1993)’s research, the commuting patterns would
also be affected by race. The study used American Housing Survey data from 1977 to 1978 and
in the year 1985 to examine the commuting patterns for different races, including whites, blacks
and Hispanics in US metropolitan areas, especially focused on the patterns of workers living in
predominantly minority residential areas. According to Kain (1968), the segregation of the
minorities that persistently lived in the central of the cities always combined with the
decentralization of metropolitan employment to create a spatial mismatch for minority workers.
As a result, the declining employment in the central cities tended to make minorities, especially
the blacks, commute longer to suburbs in order to find jobs. As the urban continued to
decentralize and sprawl to outlying spaces, the employment would move outward as well, and
the commuting times of workers of minorities in central city would be expected to increase faster
than it of workers in other places. In contrary to the aggregate, cross-sectional method of most
jobs-housing balance and spatial mismatch hypothesis, Taylor and Ong used a unique dataset to
explore the relationship between racial variation and commuting patterns. Based on the linear
regression examinations they found that the commutes of the black and the Hispanic workers
living in the central minority areas between 1977-78 and 1985 were shorter and increased slower
than those of white workers and worker living in other areas. Further, a longitudinal analysis

they applied here showed that those non-moving workers in the minority areas tended to have
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shorter commuting times during the time period. None of this conclusion would support the
spatial mismatch hypothesis.

Another study made by Shen (2000) aimed at exploring the variations rules of travel time
among neighbors in the 20 largest U.S. metropolitan areas and what factors can explain those
variations with five regression models. Model 1 incorporated the variables that represented the
socioeconomic characteristics of residents in those neighborhoods and the variables that could
describe their travel mode. In Model 2, the variables that represented the socioeconomic
characteristics of residents were replaced by the general employment accessibility, while the
variables that depicted the travel modes were kept. Model 3 combined Model 1 and Model 2,
whose results would reveal both spatial and social dimensions of commuting. Model 4 used the
same structure with Model 3, but it replaced the variable of general employment accessibility in
Model 3 with the variable of percentage of households owning at least one automobile. Model 5
added the occupational composition of the labor force to Model 3. In conclusion, Shen found that
low-income minorities living in the central cities tended to have longer commuting times, which
countered with the conclusion of Taloy and Ong (1993). Besides, he concluded that the urban
structure was highly significant and very important in explaining the variations in commuting
time, and other factors, like socioeconomic variables, including income, education, race, gender,
cultural background and household characteristics, would have measurable effect on commuting
durations.

Many studies that explored the relationship between commuting patterns and
socioeconomic and demographic factors were conducted zonal census data. They are highly
generalized at each geographic unit, such as travel time and job availability at city or county

level. However, the results from the zonal data source are not able to explain the variation in
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commuting patterns for workers with different socioeconomic and demographic backgrounds
since such characteristics of workers are not homogenous. In Kim et al. (2012)’s research, a
disaggregate journey to work spatial interaction model was used to disaggregate Census
Transportation Planning Package zonal data by gender and occupation into the number of
commuting flows and average commuting distance so that the heterogeneity of commuting by
these two groups can be easily understood with a relatively fine spatial resolution. The results
showed that commutes vary by gender and occupation, while occupational variations are bigger
than gender variations. Also, gender differences in commuting distance exist in most job
categories, indicating that commuting patterns should be summarized with excluding one gender
from the other even in the same job category. Finally, a linear regression model that could
examine the relationship between commuting patterns and demographic and socioeconomic
variations implied that commuting distance is a result of mixed and complex process of people
and place.

Another study that disaggregated U.S. census dataset (Sang, O’Kelly and Kwan, 2011)
took commuter’s gender and occupation into consideration as well. Based on the commuting
flows data classified by gender and 9 job categories (18 worker groups) from US Census
Transportation Planning Package for Rochester in Minnesota, they used a trip distribution model
called information minimization (IM) model, which was developed by O’Kelly and Lee (2005)
to explore the commuting pattern. Also, a doubly constrained spatial interaction (SI) model was
used to estimate each unknown flow between two zones. Consequently, they had a fully
understanding on the spatial structure of the labor market among those 18 worker groups behind
the commuting pattern. In sum, differences in workers’ gender and occupation would result in

differences in commuting patterns. Such differences would usually be reflected in commuting
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distance, job or residential locations. All of these findings confirmed the results from previous
studies, such as the study of wage gap theory in that low wages of women caused longer
commutes, and the study of gender difference in terms of employment location.

The findings from disaggregate data source are not able to generalize the travel patterns
and the relationship between travels and other variables especially for the land use pattern for an
aggregate geographic unit such as the city, county, census tract or traffic analysis zone (TAZ)
level. Antipova et al. (2011) used a multilevel modeling approach which incorporated individual
level data and neighborhood level (TAZ) data to explore the combined effects of socioeconomic
and demographic attributes and land use patterns on the travel time and distance in Baton Rouge
Metropolitan Area in Louisiana. In their study, they applied three models, among which Model 1
examined the effect of individual level spatial factors only, Model 2 added individual
socioeconomic and demographic variables, and Model 3 added neighborhood level
socioeconomic attributes. The spatial factors included land use type where each individual
resided, jobs to workers ratio around an individual respondent’s home and an individual
respondent’s proximity to a high-performing school. Such a multilevel model could provide a
comparison of results between individual and neighborhood level data, suggesting that land use
measurements used here and individual and neighborhood level socioeconomic characteristics
are important and useful to explain the commuting patterns.

Sandow (2008) applied a binary logistic regression model to examine how different
socioeconomic, demographic and geographic factors affect an individual’s travel behaviors in
sparsely populated area in northern Sweden based on a longitudinal set of geo-referenced data. In
the binary logistic regression model, the socioeconomic and demographic independent variables

included age, education level, income level, employment sector, family status, presence of
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children in different age groups and gender; the geographical independent variables contained
employment opportunities and residential density; the dependent variables referred to the short
travel distance (shorter than 50 km) and a long travel distance (longer than 50 km). As a result,
Sandow found that a gendered labor market made women commute shorter distance than men
did. Moreover, besides women, old worker, low-income earners, those with low education levels
were less likely to accept or make a longer commuting distance, which confirmed the conclusion
of previous study (Tkocz and Kristensen, 1994). All of these conclusions could provide much
useful information for policy makers, planners and researchers. For instance, women’s shorter
commutes mean they had more propensities to search job close to home, which would produce a
different employment pattern and then cause occupational segregation. Besides, the areas where
geographical expansions of local markets were likely occur would be to some extent indicated by
the commuting patterns of the highly educated group.

While policy makers, urban planners and researchers pay attention to the commuting
efficiency, excess commuting also became a hotspot in the research of commuting patterns. It
refers to the measure of the extent to which the average actual commuting cost in an urban area
exceeds a theoretical average minimum commuting cost where individuals are, on average,
assumed to commute to their closest possible destination in terms of some measure of separation
e.g. commuting time or commuting distance (Murphy, 2009). Bruce Hamilton (1982) raised the
question whether or not commuting journeys of urban workers were too long or “wasteful”. In
order to test the monocentric urban model that could predict the workers’ commuting journeys,
he made a comparison between the actual average commuting journey length for a group of
workers in the U.S. and the minimum commuting length for those workers, As a result, he found

that the actual average commuting length of those workers was nearly eight times as the
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minimum average commuting journey length, and the difference between this two figure was
“wasteful commuting”.

In White (1988)’s research, unlike the method used by Hamilton (1982), he applied the
assignment model approach to calculate new estimates of the average minimum commuting
journey length predicted by the monocentric urban model. White found that there were three
separate factors resulting in the extra commuting in Hamilton’s measure of wasteful commuting,
which were (1) differences between the spatial distributions of employment concentration and
residential locations; (2) the commuting journeys did not proceed along straight-line routes
because the actually road network was not ubiquitous; (3) the existence of commuting trips that
could be shortened if workers made location adjustments for either jobs or residences. In
conclusion, comparing the estimates from the assignment model and the results from the
monocentric model, he found that only a very small amount of the actual urban commuting was
wasteful.

Frost (1998) considered the applications of an urban zonal travel optimization model that
could estimate the minimum average commuting distance between ideal residences and
workplaces to the actual commuting patterns between residential locations and workplaces in a
group of large British cities in 1981 and 1991. The results suggested that the strongest influence
on increasing commuting length had been the changing urban form, and the significant fractions
in urban structures increased the excess commuting as well.

Besides the studies mentioned above, there are many researches similarly explored the
differences between minimized travel cost and actual travel cost (Hamilton, 1989, Small and
Song, 1992, Giuliano and Small, 1993, Scott et al, 1997). However, Horner (2002) presented an

alternative view of excess commuting based on a theoretical maximum commute calculation
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developed by White (1988). In the study Horner calculated the theoretical minimum and
maximum commutes so that he could look at the commuting capacity of a selection of US cities.
The numerical and visual results showed some details of the relationship between the jobs-
housing balance of a city and its related observed commuting patterns. Moreover, the theoretical
maximization calculation could to some extent reveal the degree of decentralization of urban

form.

2.3 Spatial and Temporal Changes of Travel Pattern

While many studies have examined the relationship between travel patterns and jobs-
housing balance or urban form and land use, especially how the change of latter ones could
affect the former one, there has been very little research that focused on the spatial dynamics of
travel or the spatio-temporal travel patterns and its related variation over a specific period at
either a spatially disaggregated or aggregated scale.

Similarly, Horner (2006) investigated and analyzed the changes in commuting patterns
and land use types in Tallahassee, Florida between 1990 and 2000 by using the CTPP data. In the
model, urban and commuting changes were examined at two scales (the regional scale and local
level) by using the measures of jobs-housing balance, commuting efficiency and other statistics.
The results showed that there was a relatively strong relationship between jobs-housing balance
and observed commuting pattern in 1990 and 2000. Despite the continual expansion and growth
of urban area in the study region, the jobs-housing relationship kept stable during the decade,
suggesting that urban structure remained the same. These findings confirmed the conclusion

made by previous studies (Giuliano and Small, 1993; Sultana, 2002).
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Li et al. (2012) explored the dynamic changes in commuting between 1996 and 2006 for
South East Queensland in Australia by using journey to work data. In their study they
concentrated on identifying the pattern of changes in commuting distance and flows. Two maps,
one for the average commuting distance of each zone and the other for the jobs-housing ratio of
each zone were used to make the comparison and quantitative analysis. In order to assess the
significance of the local relationships between change in jobs-housing ratio and commuting
distance, Local Indicators of Spatial Association (LISA) and local bivariate Moran’s [ statistics
(Anselin, 1995) was used as well. In conclusion, the modeling results demonstrated there were
no dramatic changes in commuting behaviors (commuting distances here) during the decade
although the study area had a rapid growth during that period. However, on the other hand, there
was a strong relationship between the changes in commuting patterns and the changes in jobs-
housing ration at the local scale.

Pendyala et al. (1991) proposed a research to analyze the impact of telecommuting on
spatial and temporal patterns of household travel in California. In temporal aspect, they found
substantially difference between commuting days and telecommuting days not only in trip
making but also in travel distances and highway uses. Furthermore, their spatial analysis had
shown the introduction of telecommuting led to contracted travel space near home among
telecommuters for non-work trips.

Another study made by Chen et al. (2010) focused on the spatial and temporal changes of
travel patterns in Central Texas. Based on the journey to work data provided by CTPP, they
analyzed the changes of the distribution of travelling workers, the change of average travel time,
the change of inter-county travel flows and the change of traffic volume on the routes in the

study area. In particular, the calculation of traffic volume was achieved by assigning the number
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of vehicles to road segments based on the shortest paths between origins and destinations. As a
result, the spatial and temporal changes of travel patterns had been fully examined from four

aspects mentioned above.

2.4 Travel Pattern, Traffic Problem, Public Transportation Ridership in Beijing

Due to the different situation in China, the travel patterns in Chinese rapid growing cities
tend to be more complex compared to patterns in the US and European cities. Zhao et al. (2009)
and Zhao et al. (2011) explored the impact of the jobs-housing balance and urban growth on
travel patterns. They found that in the transformation era the jobs-housing balance had a
significant relationship with worker’s travel time. The higher the jobs-housing balance is, the
shorter the workers’ commuting time would be. In addition, the clustered and compact urban
development in planned sub-centers is likely to reduce workers’ need for long-distance travelling.
Zhao et al. (2010) used location choice theory to analyze individual travel behavior, especially
the choice of destination. In the study they applied the multinomial logit model that incorporated
people’s socioeconomic characteristics and urban form to explore their impact on travel pattern.
They found urban expansion and trend in improving transport service and accessibility in the
expansion areas will be likely to increase both travel distance and time, and cause traffic
congestion in the urban center.

In Wang and Chai (2009)’s study, Danwei, a special work unit was taken into account
when examining the relationship between travel patterns and jobs-housing balance. They found
workers living in Danwei had different travel pattern from those who lived in houses from the
market sources, indicating that the market-oriented reform in Chinese cities might have increased

travel demand. Ling et al. (2010) conducted a study that concluded the temporal and spatial
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features and the rules of travelling in Beijing. In the study five types of spatial travelling between
workplace and residence were divided: internal commuting, inward commuting, reverse
commuting, side commuting and cross commuting. Ling et al. also constructed three layers:
commuting, employment and residence, and then analyzed their spatial and temporal changes so
as to extract the economic and social characteristics of development that revealed by commuting
patterns in Beijing.

However, although many studies had examined the relationship between travel pattern
and urban form, socioeconomic characteristics and job-housing balance, no previous studies
were made to explore the traffic flow distribution and congestion in the peak hours in a major
Chinese city, particularly the rapid growing city such as Beijing. Moreover, nothing of spatial

travel patterns and their changes over time was seen in the literature either.
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CHAPTER 3
METHODOLOGY

3.1 Study Area and Data

The city of Beijing is China’s capital. Consisting of 18 districts at the time of the study
period, Beijing has a land area of 16,410 square kilometers, and its total population was 15.38
million in 2005 and 19.61 million in 2010 (BSB [Beijing Statistic Bureau]). Travel flow data
were collected by individual surveys, and then they were aggregated for 1118 Traffic Analysis
Zones (TAZ) in 2005 and 1911 TAZs in 2010. Beijing has been undergoing rapid growth both in
urban structure and facilities since the early 1980s. As a result, the transportation network in
Beijing has changed considerably between 2005 and 2010. In this study, the road networks of the
whole city in these two time periods are presented, and the travel flow data was assigned to the
road networks in order to analyze the spatial and temporal changes.

| also have road datasets of Beijing in 2010 and 2005. The road dataset of 2005 was
digitized based on the remote sensing images of Beijing in 2005 by Beijing, and the one of 2010
came from the online open source. As a result, there are differences in the reliability and the
accuracy between the two datasets. The dataset of 2005 provides only road features, and there is
no other information about the road name and road type. The dataset of 2010 includes all kinds
of roads in Beijing, such as expressways (equal to the interstate highway in the United States),
primary roads, secondary roads, ring roads, residential roads and so on. However, as mentioned
in Objective 1, there are data quality issues in road direction, road connection and the topology

that need to be manually checked, evaluated and processed in the Geodatabase in ArcGIS.
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Beyond that, the speed and capacity information for the 2010 dataset is unavailable. A good way
to solve

this problem is to collect this information by the road classification. Detailed processing
procedure can be read in the following section. Moreover, based on the online street map of
Beijing in 2010, a few roads that were missed in the original dataset of 2010 would be added.

The quality of the road dataset for 2005 is more limited than the one for 2010; for
example, it did not provide any information about the road direction, speed limit, practical
capacity and even road classification. Thus, | compared the two datasets carefully, and then
constructed a revised 2005 dataset based on the 2010 dataset but omitting data for roads
constructed after 2005.

The trip flow data for 2005 and 2010 was collected by transportation surveys. They
represented the trips between given origin to destination pairs that were made during a normal
week day in 2005 and 2010 respectively with all kinds of transportation modes. In this study, the
patterns of travel by cars were examined specifically. The information on modal split of cars in

both years is given in Table 1:

Table 1 Shares of Motorized Trip mode in 2005 and 2010

Mode 2005 (%) 2010 (%)
Employer-provided bus 2.25 2.18
Private car 15.60 28.02
Employer-provided car 3.18 2.40
Taxi 1.75 1.99
Total 22.78 34.59
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3.2 Interpolation of Spatial Flow Data

Spatial interpolation has been widely used to mediate the spatial data between
inconsistent zoning schemes, or improve the spatial granularity of data. However, traditional
spatial interpolation methods that only deal with point or area data are not suitable for
interpolating flow or line data which represent the spatial interactions between geographic units.
There are many research studies that have been performed for point and areal interpolation (Lam
1983, Burrough 1986, Flowerdew and Green 1994, Goodchild et al. 1993, Fisher and Langford
1995). One of the simplest and most popular interpolation methods is called the areal weighting
interpolation method, which was developed by Lam (1983), Flowerdew and Green (1992) and
Goodchild et al. (1993). Assuming the data are uniformly distributed in the source zones, this
method could result in a fraction of data in the source zone to a target zone, in proportion to the
intersection area between the target zone and the source zone. The mathematical definition of the

Equations for this method can be seen as below:

YsAs
Yy =261 Asnz 1)
YA
Ye = Ag (2)

Where, Y;= data in the target zone, Y = data in the source zone, Asnz = areas of the

intersection between source and target zone, A = areas of the source zone, A; = areas of the

target zone and n = total number of source zones.

Jang and Yao (2011) developed a spatial interpolation model to convert spatial flows
among spatial units in one zoning scheme to those in another scheme. This method can be used
to bring spatial travel flow data of two time periods onto a common zoning scheme. Similarly as

the areal weighting interpolation mentioned above, this method assumed that the origins and
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destinations of all the trips were uniformly distributed in zones. The Equation that calculates the
trips between i and j in the target zoning scheme based on the travel flow information in source

zoning scheme is presented as below:

Fjj = X1 Xj=a [P PP+ T} (3.1)
Subject to:
snt

T % (3.2)
A?nt

PP = A_I;; -

Where, Fitj = travel flow of target zone scheme, i = origin unit of flow in source scheme, j =
destination unit of flow in source scheme, O = number of origin location, D = number of
destination location, Tg = travel flow of source zone scheme, P = proportion of origin areas of

the intersection between origin unit in source and origin area in target, P? = proportion of

destination areas of the intersection between destination unit in source and destination area in

target, A$0't = areas of origin flow unit in the intersection between source and target zone, A5 =

areas of source zone in original unit of flow, Aj)*= areas of destination flow unit in the
intersection between source and target zone, and Af = areas of source zone in destination unit of

flow.
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Figure 2 Spatial zoning scheme of TAZs in 2010
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The toolbox for spatial interpolation in ArcGIS programmed in python was created based

on the algorithm above.

3.3 Traffic Assignment

For many transportation planning objectives such as to determine facility needs and costs
and benefits, to obtain good aggregate network measures and reasonable travel flows, and to
identify heavily congested routes or alleviate the excess commuting problem, it is essential to
know the number of travelers or trips on each route and link of the transportation network. For
these reasons researchers can also examine the travel patterns by undertaking the trip assignment
model. In this study, | will assign the traffic flows generated in rush hours of morning and
afternoon between each origin and destination pair to both 2005 and 2010 road network, and then
analyze the spatial pattern and temporal changes.

In early years, the Chicago Area Transportation Study (CATS) researchers tried to
estimate the number of cars on each route for both local street system and freeway system with
diversion curves. When working with complex networks, they used the Moore algorithm to
determine shortest paths by which they could assigned all traffic to roads, and this was called All
or Nothing Assignment since either all of the traffic flows from origins to destinations along a
route or it does not.

Wardrop (1952) first found Equilibrium Traffic Assignment method, which assumes that
players select a route that minimizes the time or cost incurred in its traversal. In the model,
Wardrop stated two principles that formalize the notion of equilibrium: The journey times on all
the routes actually used are equal, and less than those which would be experienced by a single

vehicle on any unused route; At equilibrium the average journey time is minimum. Traffic flows
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satisfying the first are generally referred to as flows at “User Equilibrium” (UE) state, and flows
satisfying Wardrop’s second principle are referred to as flows at “Social Optimum” (SO) state.
In the traffic analysis, Wardrop’s equilibrium model is frequently used for the prediction of
traffic patterns in the network in order to predict or potentially prevent the congestion on the
roads. Later on, based on these two principles, Beckmann, McGuire and Winsten (1956)
formulated and analyzed the first static mathematical model of origin-destination flows and user-
equilibrium route flows for a congested road network, which allowed the computation of both
the UE and SO states.

Although many researchers criticized Wardrop and Beckmann’s equilibrium assignment
model, and then proposed their own arguably improved models (YurriNesterov et al. 2003),
Wardrop and Beckmann’s models are still regarded a reference assignment model used by traffic
analysts to model real traffic network around the world. However, it is clear that if the
equilibrium algorithm for traffic assignment cannot result in flows that resemble the actual
observed flows, it would be worthless. In the past years, many studies had been performed to
examine the validity of equilibrium traffic assign models. Huber et al.(1968) carried out a work
by using data from the cities of Pittsburgh, PA., and Raleigh, NC, to forecast traffic based on
both travel time and distance parameters using various diversion curves. Since they applied the
“All or Nothing” trip assignment model in the research which could not produce the equilibrium
flows, the conclusion they made were not satisfactory enough to support Wardrop’s first
principle. Florian and Nguyen (1976) used an equilibrium trip assignment to assign traffic to the
roads network of City of Winnipeg, Canada. By comparing the predicted results from the model

and the observed results, they found that the differences between predicted and observed values
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were only partially attributable to limitation of the model. Overall, the validity of the equilibrium
method was well established, especially for traffic in peak hour.

Almaani (1988) proposed a study to explore trip assignment procedures using the Bureau
of public roads function that incorporates the free flow travel time and the volume/capacity ratio
raised to the fourth power in order to compute for congestion. The applicability of three
assignment algorithms (All or nothing method, Stochastic incremental method and User-
equilibrium method) were compared, and user-equilibrium was proved to better assign flows on
aggregate networks.

Some other researchers paid attention to the ways to connect aggregated zones and the
road network data in the static traffic assignment. Sheffi (1985) defined the centroid of traffic
zone as the representation of an aggregation of all the actual origins and destinations within its
zone. Recently, Qian and Zhang (2012) tried to investigate the influence of centroid connectors
on the results of static traffic assignment with three different networks. Large fluctuations on
resultant link volumes, maximum volume capacity (V/C) ratios, average V/C and total travel
time were observed when random connector selection had been put.

I will use the user equilibrium assignment method to assign the traffic flow to road
network of Beijing in this study. The user equilibrium assignment is based on Wardrop’s first
principle, which states that no driver can unilaterally reduce his/her travel costs by shifting to
another route. It can be written for a given O-D pair as:
filck —u) = 0:Vk(4)
cx — u = 0: Vk(5)

Where, f; is the flow on path k, ¢, is the travel cost on path k, and u is the minimum cost.

Equation (2) can have two states:

30



(1). Ifc, —u =0, from the equation (4) f,, = 0. This means that all used paths will have same
travel time.

(2). Ifc, —u=> 0, then from equation (4) f; = 0. This means that all unused path will have travel
time greater than the minimum cost path.

There are three assumptions in User Equilibrium Assignment:

(1). Users have perfect knowledge of the path or travel cost on a road network and will choose
the best route;

(2). Travel time on a given link is a function of the flow on that link only;

(3). Travel time functions are positive and increasing.

As listed above, these behavioral assumptions on the individual level will eventually
create an equilibrium at the system (or network) level, and the flows on links will be in
equilibrium as well when no trip-maker can improve his/her travel time by unilaterally shifting to
another because the travel time of links not carrying the flow is greater than the minimum O-D
travel time.

The second assumption considers travel time on link to be flow-varying. As the flow
increases towards the capacity of the stream, the average stream speed reduces from the free flow
speed to the speed corresponding to the maximum flow. The relation between the link flow and

link impedance is called the link cost function, and is given by the equation as shown below:

to = 1+ (%) 16)

Where, t, and x is the travel time and flow, respectively on the link, ¢, is the free flow
travel time, and k is the practical capacity of the link. The parameters a and S are specific the
type of link and is to be calibrated from the field data. In the absence of any field data, following

values could be assumed: « = 0.15and g = 4.0.
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The equilibrium problem of flow on the network is equivalent to the following nonlinear
mathematical optimization program:
Minimize Z = %, [t (xg)dx,(7)
Subjectto Yi fi® = qys: VT, 5(8)
Xqa = X Xs 2k Oan fii° : Va 9)

7S >0: Vk,r,s (10)

Xq=20:a€A (11)
Where, k is the path, x, refers to equilibrium flows in link a, t, refers to travel time on link a,

+* is the flow on path k connecting O-D pair r-s, g, is trip rate between r and s.

3.4 Evaluate and Process Road datasets
3.4.1 Collect Road Information

TransCAD 5.0 was used to perform the User Equilibrium trip assignment method so as to
visualize the travel patterns with the road network in Beijing for 2005 and 2010. The required
attributes for the User Equilibrium assignment in TransCAD are free flow travel time and road
capacity. My original road dataset for 2010 only provided information on road class and
directional flow (one-way vs. two-way flow). Based on Code for design of urban road
engineering in China and road functional classification in Beijing, | assigned the speed limit, the
number of lanes, and road capacity to each link. For those major classes, including motorway,
trunk way and primary road, their exact numbers of lanes were cross-checked by Google map.
The road classification and attributes can be seen in the Table 2. Due to the differences in the
traffic situation and the design objective of road network between China and the United States,

the road classification is more complicated in China. The expressway and motorway (ring road)
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in China function like the interstate highway and local highway in the U.S. respectively, while

the trunk way represents the national primary road.

Table 2 Road Attributes by Road Classification in Beijing

Type Example Lanes Speed limit Capacity/Lane/Hour Total
(Km/h) Capacity
Expressway  Jingjin 4 90 1800 7200
Expressway
Beijing- 3 100 1800 5400
Chengde
Expressway
Airport 3 120 1800 5400
Expressway
Jinshen 3 110 1800 5400
Expressway
Jingkai 3 110 1800 5400
Expressway
Other 3 110 1800 5400
Expressway
6"Ring Road 2 120 1800 3600
Ring Road 4"Ring Road 4 80 1600 6400
2" Ring Road, 3 80 1600 4800
3%and 5" Ring 3 100 1600 4800

Road
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Primary Wanshou Rd, 3 60 1600 4800

XidanNanjie
Secondary 2 40 1300 2600
Tertiary 1 30 1300 1300
Residential 1 20 1100 1100
Track 1 30 1300 1300
Unclassified 1 30 1300 1300
Special Links  Motorway_link 1 80 1600 1600
Trunk_link 1 60 1400 1400
Primary_link 1 60 1400 1400
Secondary_link 1 40 1300 1300
Tertiary_link 1 30 1300 1300

3.4.2 Topology Check and Correction

After collecting the required road attributes of for User Equilibrium Traffic Assignment,
it is necessary to check and correct the topology of road network in ArcGIS in order to ensure the
correct connectivity. There are four kinds of topology errors in my network: dangles, overlapped
links, pseudo nodes on links and intersections. ArcGIS online street map was used as the base
map to check these problems.

In the topology network, a line from one layer must not overlap lines from the same layer.

To find out and delete the overlapped lines, in the topology check in Geodatabase, the rule “Must
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Not Overlap’ was used, and then I manually removed the overlapping line segment that was
causing the errors.

In the next step, | went to the pseudo nodes problem. Lines that connect to another line
are said to have pseudo nodes, which will result in the disconnection between those lines in the
network. In the topology checking, the rule “Must Not Have Pseudo Nodes” was implemented,
and the error points were fixed by merging them to the longest lines.

Due to the inaccuracy in the road dataset, the endpoints of some roads in the network did
not touch with the lines nearby, while in the actual case they should have connected them. By
implementing the rule “Must Not Have Dangles”, all the dangles were located. Based on the
Beijing Street Map in ArcGIS Online, I manually extend the dangling end of line features to the
roads that they should have connected with.

At last, since the major classification of the roads in the dataset are created as one way
road, it is important to determine the real intersections among all the crossing lines, particularly
for the motorways and trunk ways. Although, some roads, pass across each other on the map,
they did not intersect or connect each in reality. By implementing the rule “Must Not Intersect or
Touch Interior”, I excluded all the intersections which were not supposed to be the connection

point, then split the rest.

3.4.3 Direction Validation
Another problem | encountered is the direction of the links. In my dataset, not all of the
roads are created as one way. With the exception of the major roads, the others represent the bi-

direction ways. For those one way links, the direction they represent in the network should match
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the direction from their start point to end point. With the base map from ArcGIS Online, |

finished checking and correcting all the directions for one way roads.

3.4.4 Data Analysis

After the road data evaluation and processing, spatial interpolation of travel flows in 2005,
and traffic assignment in the road network of 2005 and 2010, the spatial and temporal changes of
travel patterns in Beijing between 2005 and 2010 was investigated and analyzed from the

following aspects.

3.4.5 Distribution of Trip Production and Trip Attraction

With the results from interpolating travel flows of 2005 based on 2010 TAZ zones, the
distribution map of trip production and trip attraction for both years was made so that we can
explore the spatial patterns about where the travels originated and ended. Furthermore, the
changes of trip production and attraction was computed and mapped as well in order to identify
the areas that experienced an increase or decrease of trip production and trip attraction from 2005

to 2010 in Beijing.

3.4.6 Average travel time

Once the additional road data has been fully collected, and the topology has been
correctly checked, the travel time in the peak hour between each origin and destination pair can
be computed after the traffic assignment. Consequently, the maps showing the average travel

time in the morning peak hour (7:00 am to 8:00am) of each TAZ was generated.
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3.4.7Analysis of traffic assignment

The traffic assignment will assign traffic flows to routes in the road network. As a result,
the traffic volumes on the road segments as well as the volume to capacity ratio can be easily
computed. The spatial and temporal changes of travel pattern can be visualized and then

analyzed.
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CHAPTER 4
RESULTS
4.1 Roads Datasets of 2005 and 2010
Between the years 2005 and 2010, although many new roads have been constructed, most of
them are secondary, tertiary or residential roads. Figure 3 shows the road network with

classification in Beijing.
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Figure 3 Road network of Beijing between 2005 and 2010
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The changes between 2005 and 2010 are presented as green in the map above. These
green lines include west 6" Ring Road, Airport South Expressway, Jing Jin Expressway and Jing
Ping Expressway. All of these roads belong to the city expressway.

In the data processing, all the overlapped lines were removed by using the split tool in
ArcGIS. The pseudo points had been carefully validated as well. Based on the street map from
ArcGIS online, pseudo points that should have connected the nearest lines were correctly
extended. Beyond that, all the intersections of one-way roads also were evaluated and checked.
In the real case, ramps and overpasses play very important roles in connecting different kinds of
roads in the complex transport network of Beijing. In topology checking, the real intersections
were split as nodes, while other intersections where overpasses existed were kept as
disconnection. After the fixing process, the number of the links in the road network for both

years can be seen in Table 3:

Table 3 Numbers of Road Links in the Dataset of 2005 and 2010

Year Number of Links
2005 27396
2010 27786

4.2 Python Scripting Interpolation Tool for ArcGIS
There are two parts for this spatial interpolation tool. The first part deals with the
calculation of the proportion in equation (3.2) and equation (3.3). The second part is used to

calculate the interpolated flow between O-D pairs under the target or new zoning system.
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4.2.1 Proportion Calculator

With the Union Function in ArcGIS, users can easily perform a geometric union of the
source zoning feature and target zoning feature. In the attribute table of the output feature class,
all the information from the source zoning feature and target zoning feature were recorded. As a
result, each feature in the output feature class has information about the TAZ ID for both years.
Based on the information in the field of TAZ ID, the proportion was calculated and then

recorded in a new field created in the process. The interface of this script tool can be seen in

Figure 4.
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Figure 4 Interface of “Percentage Calculator” of the Spatial Interpolation Tool

There are five parameters that need to be pre-defined in order to get the proportions.
“Input” refers to the resulted shapefile of the union function. “Output” will be the new shapefile
whose attribute table will be sorted in ascending order by the values of ID of the traffic analysis

zone in source zoning system. “TAZID” is the field that records the ID of the traffic analysis
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zones in the input file. “FieldName 1 is the name of the new field that records the areas of each
traffic analysis zone in the source zoning system in the output, and “FieldName 2” is the name
of the other new field recording the proportion in the output file. When the calculation has been

finished, the message was written into the result window to inform the end of the running.

4.2.2 Spatial Interpolation

After the calculation of proportion, the interpolated flow in the target zoning system can
be easily computed by this script tool. The input files needed in this tool should be the output of
the last tool and a DBF table that records the information of flow between each O-D pair in the

source zoning system. The output of this tool will be either a DBF table created in ArcGIS or a

TXT file.
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Figure 5 Interface of Spatial Interpolation Tool
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There are ten parameters that need to be pre-defined in this tool script. “Workspace”
refers to the folder that the output DBF table will be put into. “Input” refers to the result obtained
from the first tool script. “Output” is the result that will be sorted in ascending order by the
traffic analysis zones ID in the target zoning system; “TAZID 1” refers to the field in the input
file that records the ID of each traffic analysis zone in the target zoning system. “TAZID 2”
refers to the field in the input file that records the ID of each traffic analysis zone in the source
zoning system. “Flowtable” should be the DBF table that records the information of flow
between each O-D pair in the source zoning system. “Origin” should be the field that records the
ID of each origin in the source zoning system. “Destination” should be the field that records the
ID of each destination in the source zoning system. “Flow” should be the field that records the
flow data between each O-D pair.

In the result window, the message will be added when the sorting has finished, the DBF
table has been created. Moreover, another message will be added when the calculation of the
flows started from the specific origin ID has been made to inform the user how much does the

calculation finish.

4.2.3 Interpolation Results

After the spatial interpolation, the zoning system in 2005 was transferred to the scheme
of 2010, and the flows between 1118 traffic analysis zones in 2005 have been converted to new
flows between 1911 TAZs. There are 1911*1911 records of flows between each O-D pair in the

output DBF file in Figure 6:
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Figure 6 Example of output of the Spatial Interpolation Tool

4.3 Trip Production and Attraction in 2005 and 2010

Table 4 gives us information about total trip generation and trips by motorized mode in
morning peak. Between 2005 and 2010, the number of trips with all kinds of mode on a weekday
in Beijing increased from 22,181,347 to 47,891,946. In 2005 and 2010, trips occurring between
7:00am and 8:00am account for 19.1% and 21.0% of all trips respectively. Also, in this period,
the share of motorized mode (excluding bus mode) increased drastically from 22.78% to 34.59%.
As a result, in 2005 and 2010, trips by motorized means occurring in the morning peak account
for 965,105 and 3,478,823 respectively.

In order to interpret the travel patterns effectively, the city of Beijing were divided into
two parts: The areas inside of the 6" ring road are called urban core areas, and the rest that is

outside of the 6" ring road is called peripheral areas.
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Table 4Trip Generation by Motorized Mode in Morning Peak in 2005 and 2010

2005 2010
Trip generation (all modes) 22,181,347 47,891,946
Morning Peak (7:00-8:00am) 19.1% 21%
Share of motorized mode 22.78% 34.59%
Total 965,105 3,478,823

4.3.1 Trip Production in 2005 and 2010

Figure 7 is a choropleth map of trip production of each TAZ using the natural break
classification method. In the trip production map, the darker color of the TAZ represents the
higher number of trip production. In 2005, most of the trips generated inside of the 5th ring road,
accounting for a percentage of 78.91 of total trips, and trips generated within the 6" ring road
accounted for 90.25% of total trips. Besides the urban core areas, TAZs in the west of Beijing
that were close to the 6™ ring road also had a high trip production. In the morning peak (from
7:00 to 8:00am) of a normal weekday in 2005, there were only 26 TAZs out of 1911 TAZs that
produced more than 4100 trips, and most of these TAZs are located in the center of Beijing. The
TAZ zones located near the intersection between ring roads, expressways and primary roads also
have high trip production which might be due to the high accessibility to the transport network.
Besides the urban center, some suburb centers located in the outside areas of 6™ ring road had a

higher trip production than other peripheral areas as well.
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Table 5Percent of trips generated within the area to total trips in 2005 and 2010

Year 2" Ring Road 3 RingRoad 4™RingRoad 5" RingRoad 6" Ring Road
2005 23.38% 47.86% 66.11% 78.91% 90.25%
2010 9.54% 21.84% 36.74% 51.04% 75.31%

In 2010, there were more areas that had high trip productions than there were in 2005. In
addition to TAZs with high trip productions located within 5™ ring road, other clusters with high
trip production appeared around the 6™ ring road, and also extended along with major roads.
Unlike 2005, the TAZs with the highest trip production were located dispersedly in the periphery
of suburb centers in the southwest, northwest and east of Beijing instead of the urban center,
indicating the extensive development of suburbs over the 5 years. Trips that generated inside of
the 5™ and 6™ ring road accounted for 51.04% and 75.31% of the total trips respectively, with

decreases of 27.87% and 14.94% over the 5 years.
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Figure 7 Trip production in Beijing in 2005
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Figure 8 Trip production in Beijing in 2010
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4.3.2 Trip Attraction in 2005 and 2010

Trip Attraction in 2005
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Figure 9 Trip attraction in Beijing in 2005

In 2005, the pattern of trip attraction in Beijing is very similar to the pattern of trip

production that same year. The areas with high trip attraction located in the urban center, as well
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as some small suburb centers. There were only 27 TAZs out of 1911 that attracted more than

4000 trips, among which most of them are located within 5" ring road.

Figure 10 Trip attraction in Beijing in 2010
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Similarly, the pattern of trip attraction in 2010 was similar to the pattern of trip

production in the same year. Many clusters of highest trip attraction TAZ zones tended to occur
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in the suburb areas. Although the number of TAZs with medium trip attraction in the urban

center increased greatly, the percentage of total trip attraction tended to decrease.

4.3.3 Changes in Trip Production and Trip Attraction

In the map above, the yellow color represents a decrease in trip production between 2005
and 2010, while purple refers to an increase in trip production. The darker the yellow, the greater
the decrease in trip production will get, while as the purple gets darker, the larger the increase in
trip production occurs. Many TAZ zones in the central area of Beijing undertook a huge decrease
in trip production. Some TAZ zones in the northern areas had fewer trip productions during the 5
years as well. Meanwhile, many areas near the 6" ring road had an increase in trip production. In
the outward and suburb areas, the distribution of clusters of areas that experienced a growth in
trip production matched the distribution of clusters of high trip production or attraction zones.

The pattern of changes in trip attraction between 2005 and 2010 is a little different from
the pattern of changes in trip production. While the central areas had experienced a decrease in
trip attraction, the outward zones tended to attract more trips. On the other hand, the zones that
had the biggest increase in trip attraction are located on the fringe of suburbs, indicating a rapid
economic development and urban growth. In the northern Beijing, most areas had only a small
increase or even decrease in trip attraction, which means they had little progress in the urban

development.
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Figure 11 Changes of trip production in TAZ level in Beijing between 2005 and 2010
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Figure 12 Changes of trip attraction in TAZ level in Beijing between 2005 and 2010




4.3.4 Changes of Travel Time in Morning Peak

With the explosive growth in the trip production and trip attraction among TAZs between
2005 and 2010, the average travel time of TAZs in Beijing in the morning peak increased from
41.5 to 57.2 minutes. In 2005, average travel time of most TAZs within the 5t ring road in
morning peak was less than 37 minutes, and average travel time of most TAZs within the 6" ring
road was less than 46 minutes.

In 2010, the TAZs that have the lowest average travel time in the morning peak are
located east of the urban center because there were several new expressways constructed
between 2005 and 2010. The average travel time of most TAZs within the 6"ring road in
morning peak was less than 60 minutes.

Between 2005 and 2010, almost all the areas had experienced increases in average travel
time in the morning peak, and only 50 TAZs out of 1911 TAZs that are located east of Beijing
had experienced a decrease in average travel time. The average travel time of most of the areas
inside the 5™ ring road and the areas between the northern 5™ ring road and the northern 6" ring
road increased from 15 to 25 minutes, while the average travel time of other areas within the 6™
ring road increased less than 15 minutes. Only a small proportion of TAZs (9) had extremely
huge increases in average travel time which were more than 60 minutes in the morning peak
between 2005 and 2010, 7 of them were inside of the 6" ring road, and 2 were in the peripheral
areas. The distribution of areas that had huge increases in travel time also corresponded with the
distribution of high trip production and attraction between the 5 years.

There is an outlier whose average travel time increased more than 130 minutes in the
northwest of Beijing due to the modifiable area unit problem. The greater area will have longer

centroid connector to the road network. While the TAZ in the northwest of Beijing had high trip
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production and attraction, the travel time will be extremely high on the long centroid connector

because the traffic volume would exceed the capacity of the centroid connector tremendously
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Figure 13 Average travel time in the morning peak, 2005
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Figure 14 Average travel time in the morning peak, 2010
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Figure 15 Changes of average travel time in the morning peak between 2005 and 2010

4.4 Traffic Assignment and Changes
In this study, since the trip data were collected by individual survey, it was difficult to
determine the exact number of people on every bus trip; In addition, as the bus routes were fixed

in urban areas of Beijing, bus trips were not made by the shortest path between origins and
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destinations, it is inappropriate to assign the trips made by bus with the user equilibrium trip
assignment method. Thus, although the bus mode is one of the important travel means for
citizens of Beijing, we did not take trips made by bus into account in the trip assignment.
Moreover, since Beijing is the cultural, economic and political center of China, there is a large
amount of visitors from other areas coming to and travelling within the city everyday by all kinds
of motorized transportation means. This will greatly contributes to the traffic congestion as well.
Consequently, due to the two omissions mentioned above, we considered the value of 0.75
volume/capacity ratio as a critical index which represents the traffic congestion on the road.

In the morning peak of 2005, all the traffic congestion happened on the roads in the
center of the urban areas, and there was little congestion on other roads in the peripheral areas. In
2010, traffic congestion happened even on most of the segments of 6™ ring road. The V/C ratio
on most roads within the 6" ring road exceeded 1 or even 1.5, indicating the existence of heavy
traffic problems in the urban core areas every morning in Beijing.

From Figure 18, it is clear that the expressways and ring roads had experienced the
biggest increases in traffic flow in the morning peak. The decrease in traffic flow only happened
to a small portion of the roads, most of which are tertiary roads or residential roads.

For the urban core areas, the mode shares of motorized transportation means were higher
than shares in peripheral areas. Thus, the trips by cars and taxis produced in the urban core areas
were calculated and assigned to the roads in the urban core areas specifically. The mode shares

of both years are listed in the table below:
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Table 6 Motorized Mode Shares in the Urban Core Areas in 2005 and 2010

Mode 2005 % 2010 %
Car 23.2 34.2
Taxi 8.8 6.6
Metro 3.6 115
Bicycle 38.5 16.4
Bus 22.9 28.2
Other 3.0 31
Total 100 100

and expressways within the 4™ ring road, as well as the north part of the 5™ ring road in the
morning peak of 2005. The worst traffic congestion occurred on the 2™ ring road, and the
volume/capacity ratio on many segment of the 2™ ring road could even reach more than 2. There

was little traffic congestion on the tertiary and residential roads.

within the 6" ring road compared to 2005. In the morning peak the traffic volumes exceeded the
road capacities much more on the major roads, including all the primary roads, the secondary
roads, the expressways, the 2™ ring road, the 3" ring road, the 4" ring road, the 5" ring road and

most of the segments of the 6" ring road. On the other hand, there was little traffic congestion on

the residential roads.
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It is obvious that the traffic congestion mainly happened on the primary roads, ring roads

In 2010, more severe traffic congestion occurred everywhere in the urban core areas
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Figure 16 Distribution of traffic flow and VVolume/Capacity in the morning peak, 2005
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Figure 17 Distribution of traffic flow and VVolume/Capacity in the morning peak, 2010
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In 2005, peripheral areas located outside of the 6™ ring road only contributed less than 10%
of the total trip production in Beijing, and most of the trip productions of peripheral areas were
made to urban core destinations. From Figure 19it is clear that most of the peripheral areas
around the 6™ ring road had high proportion of trip production to urban core destinations. On the
other hand, most of the urban areas had high proportion of trip production to urban core
destinations.

In 2010, because of the urban expansion and the proliferation of suburb areas, areas that
are located outside of the 6" ring road developed tremendously, contributing nearly 25% of the
total trip production in Beijing. Compared to 2005, there was a decrease in areas that had high
proportion of trip production to urban core destinations outside of the 6" ring road. The suburb
centers in the northeast, northwest and southwest of peripheral Beijing with high trip productions
had a low proportion of trip production to urban core destinations, which means most of their
trips generated and ended within the same areas. Moreover, according to the Figure 20, some
areas in the northeast of the urban core tended to produce more trips to peripheral destinations,
indicating the high attraction from peripheral suburb centers.

The high proportion of trips to the urban core destinations to total trips in the northern
and southwestern areas in 2005 and 2010 was caused by the small number problem. The trip
productions in those areas were the lowest among other peripheral areas, and almost all the

productions were made to the urban core destinations.
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Figure 22 Proportion of trips made to urban core destinations in peripheral area, 2005
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CHAPTER 5
CONCLUSION AND DISCUSSIONS

5.1 Summary of Major Findings

The study developed methods and conducted an empirical study of recent paternal
changes of traffic in Beijing. In this study, three major objectives have been achieved. For the
objective 1, the road dataset of Beijing in 2005 was digitized based on the remote sensing images
by the government department in Beijing. The accuracy of the digitization is low as it only
included the major roads in 2005, including expressways, ring roads and primary roads. However,
it failed to exclude the railways in the digitization. In addition to that, besides the major roads,
many residential roads and local roads were missed as well. On the other hand, the dataset in
2010 was contributed by volunteers in the online open street map. The accuracy of the road
dataset in 2010 was evaluated and validated with the Google map. | used the dataset of 2005
digitized based on the remote sensing images as a reference, then created a new road dataset of
2005 by removing the roads built after 2005 in the 2010 dataset. The year of construction of the
removed roads had been double checked by online source. The topology errors and the road
direction for the one-way roads had also been fully checked before they can be used to perform
the network analysis. The road datasets of Beijing in 2005 and 2010 were updated and validated
with the information from expertise knowledge and the Code for design of urban road
engineering in China, and road functional classification in Beijing. For the objective2, a spatial
interpolation toolbox with user interface in ArcGIS had been developed based on python
scripting in order to interpolate the traffic flow data into a common spatial zoning scheme. The

spatial zoning scheme in 2010 was used as common scheme due to its consistency with the
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recent development in Beijing. With the road networks in 2005 and 2010 that include necessary
attributes and the interpolated traffic flow data, the User Equilibrium Traffic Assignment was
applied to assign traffic flow to roads, and then spatial and temporal traffic pattern were mapped
and analyzed.

From 2005 to 2010, there was an explosive growth in trip generation in Beijing. In 2005,
most of the trip production and trip attraction concentrated on the central areas surrounded by the
5" ring road, and the rest of them were mainly generated in the suburb centers in the west and
north of the 6" ring road. This centralized trip distribution revealed the concentrated urban form
of Beijing in 2005.

In 2010, the trip distribution became more dispersed than it was in 2005. The areas that
had high trip production and attraction extended from central areas and suburb centers to the
outside areas. In the meantime, the highest trip production and attraction occurred in the
peripheral areas of the suburb centers in the southwest, northwest and northeast of Beijing
instead of the central areas. These procedures indicated both rapid urban expansion and
suburbanization over the 5 years in Beijing.

Most of the decline in trip production and attraction over the 5 years occurs on the central
areas inside of the 3"ring road and suburb centers. The areas that were along with the 3", 4" and
5" ring roads, expressways and primary roads, and areas around the suburb centers had
experienced the biggest increases in trip production and trip attraction.

The average travel time in the morning peak increased from 41.5 to 57.2 minutes during
the 5 years. Most areas inside of the 5™ ring road had experienced increases from 15 to 25

minutes in the average peak travel time. Due to the construction of the expressway from urban
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core areas to the eastern suburb areas, the average travel time in the eastern suburb areas
decreased.

In 2005, more than 90% of the trip productions and attractions were made within the
central areas of Beijing, and most of the trip productions in the peripheral areas were made to
urban core destinations. In 2010, the peripheral areas contributed to more trip productions and
attractions. Instead of the urban core destinations, most of the trips generated in the peripheral
areas were made to peripheral destinations. Many areas in the northeast and southeast urban core
areas had low proportion of trip productions to urban core destinations, indicating that most of
their trips were attracted by the peripheral urban centers. All of these trends imply the rapid
urban growth from areas circled by the 5" ring road to the peripheral areas outside the 6" ring
road, as well as the suburbanization in the northeast, northwest and southwest of peripheral
Beijing.

In 2005, the traffic flow in the morning peak on most of the major roads within the 4"
ring road had exceeded the road capacity, resulting in mediate traffic congestion in central urban
areas. There was not too much excess traffic flow on other types of roads, such as tertiary roads
and residential roads in peripheral areas. In 2010, as the trip generation increased greatly, there
was an explosive growth in traffic flow on the roads within the 6" ring road, which caused a
much broader area where traffic congestion occurred. In the urban core areas within the 6" ring
road, traffic congestion mainly happened to ring roads, expressways, primary roads and
secondary roads. During the 5 years, the traffic flow on most of the roads, particularly the major
roads, had increased greatly, while the residential roads in the central areas tended to receive

fewer flows.

71



Changes of travel patterns over the 5 years between 2005 and 2010 provided views of
urban development, urban lifestyle, and traffic problems in Beijing. With more and more trips
produced and attracted in Beijing, the size of urban and suburb areas in Beijing had largely
expanded. Meanwhile new suburb centers had greatly developed. The new urban structure and
the increasing trips resulted in more complicated traffic patterns on roads. Severe traffic
congestion which mainly occurred on major roads radiated from the 4™ ring road to the 6" ring
road. Consequently the average travel time in peak hours increased greatly.

Overall, by examining the spatial distribution of trip production and trip attraction in
2005 and 2010, as well as the their changes over the 5 years, it is easy to find out that most travel
activities in Beijing occurred and ended within the urban core areas, particularly inside of the 4™
ring road areas in 2005, and the travel activities became more dispersed by spreading out towards
the eastern and the western areas either near the 6™ ring road or in suburbs in 2010. The change
patterns of trip production and trip attraction and the between 2005 and 2010 also show us the
spatial variation trend of travel activities. The exploration of traffic flow distributions for both
years was achieved with the User Equilibrium assignment method, suggesting that the traffic
congestion occurred and increased explosively on the major roads over the 5 years. Based on the
spatial interpolation, the trip flow data were successfully interpolated to a common aggregated
zoning scheme (scheme of 2010), which makes the analysis of changes in traffic flow
distribution available. As a result, only a few local roads received reduce in the traffic flow,
while most of the high class roads experienced increases.

During the past decade, motor vehicles have become an increasingly important
contributor to air pollution in major Chinese cities. Walsh (2000) estimates that motor source are

contributing approximately 45-60% of the NOy emissions and about 85% of the CO emissions in
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typical Chinese cities. The rapid increase of vehicular emission is especially obvious in Beijing
as the number of vehicles and trips boomed. Panis et al. (2006) found that the frequent
acceleration and deceleration movements of motor vehicles would significantly increase the
pollutant emissions. As a result, the densities of air pollutant emitted by motor vehicles tended to
be extremely high in areas where severe traffic congestion happened because of the frequent
acceleration and deceleration movements in the slow speed. One of the effective methods to
alleviate the traffic congestion and reduce the air pollution is to encourage the turnover rate of
high-use public fleets (taxis and buses) (Oliver et al. 2009).

The traffic distribution in peak hours is also useful when the government needs to
respond to accidents or emergencies. Based on the information about the average speed, average
travel time and V/C ratio of road segments under both normal and congested condition the
government could set up the emergency response sites which could effectively cover certain
service areas and access accidents in the shortest time. Moreover, the government could also
build special passes which are limited to emergency-responding use in areas where the severe
traffic congestions are likely to occur.

The major cause of the congestion in Beijing is the rapid increase in the number of motor
vehicles in recent years. However, other factors, such as parking on roads, improper driving
behaviors, frequent infrastructure construction and road maintenance also make a contribution to
the traffic congestion. The tourism will also aggravate the traffic congestion in Beijing as well.
Beijing attracts more and more tourists year by year, though a large proportion of the tourists
prefer to travel by subway within the city, others will contribute to the tremendous increase in
the traffic volume on the roads connecting the famous tourism sites. The potential way to

alleviate this negative impact is to encourage people use their bikes instead of cars and buses,
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and update or build bike routes, as well as increase the amount of bike parking available. It is
also important for the government to strengthen the transportation management and improve the
traffic law enforcement.

Although the trip production and trip attraction tended to be more dispersed in 2010 than
it was in 2005, the urban core areas still produced and attracted most of the trips, making the
traffic congestion concentrate on the major roads in the central areas. If the reconstruction and
redevelopment in the urban core areas can be strictly controlled with a certain scale, the radiating
increasing trend of daily travel demand through the major roads will be reduced. Since the urban
sprawl between 2005 and 2010 can cause trip length to increase, obviously, it is very important
to develop new urban areas or suburb centers multi-functionally in order to reduce the average
travel time. For example, the distribution of housing and work place should be balanced, and the
service infrastructure and necessary facilities should be well-planned.

The spatial interpolation tool provides an effective way to analyze the changes of traffic
flow distribution as well as the travel patterns between 2005 and 2010. As the road network
grows, it is difficult to directly obtain the changes of traffic flow on the road segments because of
the difference between datasets from different years. By interpolating the spatial flows based on
the same spatial zoning scheme the changes of flows can be easily computed, and the changes of
traffic flow can be assigned to roads. Moreover, the spatial interpolation will be useful in
examining the relationship between travel patterns and the socio-economic or demographic
characteristics of traveler and predicting the travel demand in the future, or the relationship with
variables, such as air pollution or land use. Sometimes, data by different socio-economic
categories in some areas are available only at a certain level which represents the finest spatial

aggregation, this interpolation tool will be able to convert flow data to different levels of spatial
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aggregation, which will make the investigation of the relationship between travel patterns and

socio-economic characteristics possible.

5.2 Limitations and Future Research Avenue

There are several limitations in this study. Since the flow data were collected by each
geographic unit (TAZ), the mode share and time share were obtained for the whole city and the
whole urban core area. It is inevitable that the accuracy will be decreased when the broad scale
mode shares and time shares are applied to every geographic unit. The spatial flow data and
mode share should be gathered specifically by each geographic unit so that the results of trip
generation and traffic assignment can be improved.

The important attributes of roads in Beijing were obtained and assigned by their
classification only, which brought much uncertainty to the road capacity. As a result, the
volume/capacity in peak hours might be somewhat underestimated or overestimated. In order to
improve the accuracy of the traffic assignment and the reliability of the analysis, it is essential to
validate the information of each road in Beijing. In this case, much manual work is needed to fill
the gaps of road information. The number of lanes, speed limit and road capacity should be
checked by field investigation.

The road network dataset for 2005 needs to be refined as it was derived directly from
removing the major roads constructed between 2005 and 2010. However, because of the
Olympic Games held in 2008, Beijing government not only built several expressways and
primary roads, the city also built or reconstructed many secondary, tertiary and residential roads
after 2005. In order to improve the accuracy of traffic distribution in 2005, the differences of

roads by all categories should be taken into consideration based on ground truth data.
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The parameters in the travel cost function used in this study were obtained from the US
highway network. New parameters which are suitable for the road network of Beijing should be
calibrated by field data.

In addition, due to the aggregation of trips into traffic analysis zones and the loading of
the trips at centroids, the discontinuity in road volume near the centroid connector and unrealistic
assignments in the neighborhood of the centroid connectors will be resulted in inevitably.
Consequently the modifiable area unit problem occurred when calculating the average time of
spatial units (TAZ) in the morning peak based by adding the travel time on the road segments
connecting TAZs under congestion. The broader of the level of aggregation will result in the
greater the sizes of the zones. Thus, the centroid connectors of the zones with greater sizes will
be longer as well. In such case, the calculation of the average travel time in zones with greater
sizes will be less inaccurate. The metropolitan Beijing has large differences in TAZ sizes in the
urban core and suburban areas, and the average travel time in the urban core areas would be
much more reliable due to the MAUP.

Another limitation of the trip assignment is that the intrazonal trips did not enter the
transportation system. Normally larger zones produce more intrazonal trips and thus less trips on
the network. The smaller zones with fewer roads coded in the network and fewer intrazonal trips
will result in over assignment while the larger zones with more roads coded and intrazonal trips
will result in under assignment.

If the socio-economic data aggregated in certain spatial level for Beijing were available
for 2005 and 2010, the traffic flow data could be interpolated to the corresponding spatial zoning
scheme of socio-economic data with the spatial interpolation tool. In the next step the

relationship between travel patterns and socio-economic development will be fully examined by
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certain statistic regression analysis so that we could obtain a better understanding of that how the
travel patterns will be affected by the economic or social development between these 5 years in
Beijing, which will help us to predict the travel patterns and travel demand in the future years.
Based on the previous findings from the analysis for 2005 and 2010, and new findings for future
years, planners and decision makers will be able to improve or develop a more effective
transportation system that will provide high quality transportation services at a reasonable cost
with minimal environment impact in the future. This is quite important for Beijing which is
undergoing severe traffic problems (congestion and highest travel cost), air pollution and even
land use imbalance. It is meaningful to carry out such analysis on travel patterns in order to
develop information to help make decisions on the future development and management of

transportation systems in urban areas.
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