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Transition Engineering of Megacities with 
Case Study on Commuting in Beijing  
 

Abstract 

Private automobiles have experienced rapid uptake around the world and have transformed 
the concept of personal mobility for the affluent. However, automobile-oriented development 
patterns have demonstrably degraded the quality of the city environment even as suburbs 
offered affordable and popular housing. The economic burden of transport infrastructure, plus 
air pollution and congestion are difficult issues for all cities. Continued growth in personal 
vehicle mobility is not commensurate with transition to low-carbon, sustainable city life. This 
paper explores the nexus of urban form, transport accessibility and quality of life in megacities, 
considering the transition from petrol vehicle to walking, cycle, e-bike and public transport. 
Transition Engineering is an emerging discipline delivering the innovations, designs and shift 
projects that directly reduce carbon emissions and costs while maintaining the transport 
access to essential activities and providing a step up in the quality of life. Beijing was famous 
as the city of bicycles in the 1960’s, but now has chronic vehicle congestion and air pollution. 
The Transition Engineering approach is described and applied to a case study in a Beijing. 
One shift project we propose is a new “Work Unit Retrofit” property development policy. The 
approach highlights a strategic analysis to explore scenarios for shift to active transport activity 
system patterns in the urban form. The project results also provide new ways to communicate 
with policymakers and stakeholders. The results of this research answer the questions of “how” 
the transition to the future low-carbon city could be realized.  

Key words: Energy Transition, Transition Engineering, Future Cities, Sustainable Transport, 
adaptive capacity, urban form, cycling potential, commute trip model 

1. Introduction 
Megacities like Beijing are a new phenomena, the result of unprecedented population 
growth, use of fossil fuel, and construction. Chinese megacities provide the industrial, 
commercial, social and residential needs for tens of millions of people, but their complex 
interconnected systems pose wicked problems for sustainability. New developments are on 
the outermost suburban fringe, and are typified by automobile-dependent sprawling urban 
form which is popular in the market, but which cannot continue to expand indefinitely. China 
is promoting renewable energy, but fossil fuel demand, which comprise 88% of primary 
energy supply, continues to grow. The COP21 international agreement requires rapid and 
dramatic reduction of fossil fuel consumption. The unsustainable trends cannot continue, 
and while China’s total energy demand has plateaued since 2014, the means for transition to 
a sustainable future remains full of unknowns.  

The question for megacities is how can this energy transition be accomplished? The 
infrastructure and properties for the housing and activities of millions of people are already 
built, and billions of kilometers of travel by personal vehicle and bus are required in the 
current urban form. Can substitution of electric vehicles or increased public transport provide 
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the transition without accompanying changes in urban form?  What are the kinds of projects 
that could re-develop the existing inner suburbs in a way that the residents would not need 
fossil fuel for accessing their transport activity systems? This paper presents the rationale of 
approaching the wicked problem of megacities sustainable development using the new 
Transition Engineering approach. The objective of the approach is to discover a shift project 
that provides downshift of fossil fuel use which greatly improving resilience, social factors 
and the economy.  

1.1 Historical Background on Urban Development 
Before 1800, prosperous cities could be quite large, but the normal activity system was at a 
human scale, and accessed by walking. The development of the industrial economy and the 
influx of rural migrants caused a crisis in urban areas around the world. For the first time, large 
numbers of workers did not “live above their shops”. Homes were separated from workplaces 
but usually still connected to markets and public spaces at the street level. The trip to work 
100 years ago most commonly involved walking but also riding a cycle, tram, bus or 
underground. The innovations of tenements and worker’s row houses arrived at about the 
same time that steel structures enabled high-rise commercial and industrial buildings and 
resulted in high density and public transport infrastructure.  

Urbanization over the past 70 years has been dominated by the petrol vehicle suburb and 
diffusion and dispersion of workplaces throughout the city. In the suburb, the home is 
separated from everything except a small number of other homes by distances that can only 
be navigated by petrol motor vehicle. Increasing middle class incomes and prestige ownership 
of personal vehicles have resulted in rapid growth in the number of vehicles in cities. However, 
the development of vehicle-dominated transport networks has occurred at the same time as 
the rise of serious sustainability issues including reduced social and cultural connectedness, 
human health problems and environmental degradation. Suburban urban forms are 
notoriously difficult to serve with public transport. The existing car-suburb urban form of the 
“petrol motor city” will transition into something that works without profligate petrol 
consumption in the future.  The field is coming to the consensus that the costly infrastructure 
dedicated to personal vehicle mobility has actually degraded benefits of urban live and 
accessibility Clark (2013).  

According to the Union of Concerned Scientists (2014), transportation is the largest source 
of air pollution in the United States. It is estimated that road transport is responsible for 23% 
of total greenhouse gas emissions (IPCC, 2007). The combined expenditure on providing 
mobility, e.g. building and maintaining roads and parking, policing, and traffic accident 
response, is typically one of the largest expenses for any city (BUHL et al., 2004; 2013). 
Continued expansion of transport infrastructure in cities to accommodate continuously 
growing vehicle fleets is a “wicked problem” in that more vehicles cause more problems 
which cannot be alleviated by expansion of roadways. Furthermore, associated asset costs 
are likely to continue to rise with the aging of infrastructure and the sprawling tendency in 
vehicle-dominated urban development.  

Transport poverty has become an issue where cities become segregated and lower income 
people are forced to live in areas outside of the city, often with cost of transport limiting their 
access to jobs and services (Hine, 2004). The scale of urban areas, and the disruption to 
human centric activities caused by massive freeways has been identified as a quality of life 
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issue in cities (Robert, 2006). The shift of mobility to motorized modes means that goods 
movements and access to activities are at risk due to dependence on international oil supply 
(Krumdieck et al., 2010). Research in urban transportation, property and health has been 
increasing for several decades, but there are relatively few transport papers dealing with 
urban transportation systems from the perspective of an energy end-use system (Saunders 
et al., 2008).  

1.2 Energy transition  
Energy transition is a relatively new concept recognizing that historical trends of growth in 
fossil fuel energy consumption will not and cannot continue into the future, that current 
energy supply and end use are unsustainable, and therefore by application of logic, energy 
end uses and supplies must change. While the use of the term “energy transition” has been 
trending, it is most commonly related to policies that support increased renewable energy 
rather than direct reduction of fossil fuel production and reduction in demand for energy 
(Araujo, 2014). Cities in particular have an urgent need for new ideas and innovations to 
help achieve energy transition due to vulnerability to fuel supply disruption as demonstrated 
during the lorry strikes in the UK (Chatterjee and Lyons, 2002). The urban form in modern 
cities was built during the era of very low-cost oil with little supply resilience (Robert, 2011). 
Moreover, China’s modernization is increasingly reliant on imported oil supply, which is a 
serious threat to China’s national security and economic growth. The negative impacts of 
massive motorization in China such as traffic congestion and air pollution are well-known 
(Kenworthy& Hu,2002). Adaptive capacity is a term used in natural hazards engineering to 
describe the ability of essential goods and services to be provided when a disruption occurs. 
However, the study of adaptive capacity as a mechanism for sustainable transport in cities is 
still relatively new (Rendall et al., 2011). 

Although technological innovations such as hydrogen, biofuels and electric vehicles have 
been of interest for energy transition and mitigating greenhouse gas emission, the 
implementation of alternatives to petroleum internal combustion engine vehicles is still far 
away from reality. Active mode transport, walking and cycling, are the most sustainable 
transport modes (Tolley, 2003) with low energy use, health and social benefits and high 
resilience.  

The bicycle has advantages over other travel modes both for people and society. Furthermore, 
the electric bicycle is becoming a very popular transportation mode owing to its greater speed, 
comfort, affordability and extended travel range. Electric cycles also enable people with 
moderate physical stamina, and extends the range of viable conditions for average people to 
include hills and head winds. Low and medium income households have access to electric 
bikes in China. It is estimated there are approximately 250 million electric bikes in China with 
more than 30 million e-bikes produced in 2016 (NBT,2017). However, the policy on the use of 
e-bikes is a controversial issue due to the saftey concerns arising from the on-road, in-traffic 
use of e-bikes in Chinese cities (Du et al., 2013). 

1.3   Relationship between urban form and transport 
A large body of research has focused on the relationships between urban form and transport 
systems. According to Buchanan (1988), urban design is mainly about place-making where 
places are expressions of access to activities. Co-location of housing, work, shops, education 
etc. is the key to sustainable urban development (Montgomery, 1998; Banister et al.,1997). 
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Compact cities with mixed land uses have lower travel demand by petrol cars if people can 
live in the vicinity of their workplaces (Marshall,2008).  

New urbanism includes values for access to essential activities within walking or cycling 
distance where an interconnected network including streets, sidewalks, cycle ways is 
available(Handy, Boarnet, Ewing, & Killingsworth, 2002; Duany, Plater-Zyberk, Krieger, & 
Lennertz, 1991;Katz, Scully, & Bressi, 1994). The travel distance is a critical factor affecting 
commuter mode choice for walking and bicycle (Heinen, Maat, & Van Wee, 2011). The other 
constraints to walking and cycling are accessibility issues such as good quality surfaces, safe 
lighting conditions, traffic controls, and sheltered and clean outdoor environment (Sony & Piotr, 
2005; Pooley & Ebooks, 2013; Saelens & Handy, 2008). The relationships between urban 
form, transport and economic prosperity are well established, the problem is how to transform 
or re-develop an existing urban form.  

1.4 Transition of urban form to low-carbon transport 
There is no consensus in the research on what the development methodologies would be for 
the transition of modern petrol motor cities into sustainable future cities. The recent research 
on “smart cities” using GIS, IT and sensing has so far been somewhat ambiguous in its actual 
outcomes (Grossi and Pianezzi, 2017). Although advances are being made in analytics, there 
is a research gap in how to actually change the city either to adapt to lower travel demand or 
to create the conditions for emergence of the post-personal vehicle urban form (Bibri and 
Krogstie 2017). Research is needed that models transportation access to activities including 
the policy setting, investment prioritization, transport expenditures, enabling of economic 
activity, and behavior adaptive capacity. There are likewise few studies of the priorities and 
opportunities for energy transition in the post-car, post-carbon era (Krumdieck et al, 2010).  

This paper uses the Transition Engineering methodology (Krumdieck, 2011) to discover 
sustainable development opportunities for modern petrol motor cities in the context of the 
wicked problems (He et.al 2007) of energy, urban form, transportation and pollution. Even 
though the private vehicle mode share is lower in China, the very recent urbanization of petrol 
motor suburbs together with the historical socialist and traditional neighborhoods make 
Chinese cities particularly interesting for research. This paper describes the methodology and 
results for application of the Transition Engineering approach to the wicked problem of energy 
transition for work trips by car in Beijing. The resulting shift project is a development 
prospecting and analysis tool to identify the locations where investment in cycle and transit 
infrastructure and re-development of employment and residential properties could most 
effectively provide the adaptive capacity needed to allow a travel demand shift from private 
vehicles. Due to the absence of travel survey data, a concise commuting model based on the 
commuting distance was developed. Using a target 20% mode share shift to cycling, six 
scenarios were explored for property and infrastructure re-development. The resulting 
transition project for a chosen area in the city center is presented. 

2. Transition Engineering methodology applied to 
personal transport in cities 

Transition Engineering is an emerging discipline that employs interdisciplinary exploration and 
quantitative analysis of the unsustainable aspects of existing systems, particularly the use of 
fossil fuels (Krumdieck, 2013).  The direct requirement of Transition Engineering for urban 
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transport activity systems is to identify viable change projects that deliver a required reduction 
of fossil fuel use, and provide adaptive capacity for existing systems that use fossil fuel 
(Krumdieck, 2014). The Transition Engineering approach is different in that it seeks to discover 
changes to existing systems that result in the capacity to adapt behavior and use less fossil 
fuel, rather than seeking substitutions in technology or energy supplies that allow continuation 
without disruption of existing systems.  

The preliminary step is to “define the wicked problem”, which in this case means working on 
particular aspect of the wicked problem within the system context of a particular city. The 
approach for TE of cities focuses on personal vehicle transport and clear targets for petroleum 
use reduction to meet climate change imperatives set forth in the COP21 Paris agreement 
(UNFCC, 2015). Wicked problems are existing systems which provide desired services yet 
are not sustainable. They are also difficult to change, and yet must change.  

Figure 1 illustrates the seven steps of research, analysis and design used in the TE 
methodology (Krumdieck, 2012). Adaptive capacity within the existing system is seen as a 
resource that can be measured and utilized. The methodology aims to change an existing 
system to one that does not require fossil fuel while maintaining economic activity participation. 
The TE methodology has seven steps that must involve both engineering analysis and 
interdisciplinary investigation.  

 

Figure 1. Transition Engineering methodology with seven steps of research, analysis, modelling, brainstorming 
and design used to discover engineering shift projects. 

 

Step 1 – Research History of Policy, Technology and Sociology:  The history of the transport 
network and the access to activity systems is studied to understand the reasons for historical 
trends.  The method is to research the work commute trip travel demand in the city 100 years 
ago. Of course, travel survey data was not collected a century ago, but study of old maps and 
the urban geography, including locations of different land uses and industries and 
infrastructure can provide valuable insights and talking points for stakeholders. This first step 
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also includes research into the changes that have occurred over the intervening years and 
analysis to understand why the trends occurred.  

Step 2 – Create a Picture of the Current System and Stakeholders: The current technologies, 
energy supplies and behaviors are then studied to understand how the activity system 
depends on energy and the costs. Government travel surveys and GIS data are ideal but are 
not always available. In our research we have used models to fill in missing data. The current 
stakeholder picture also includes social and environmental issues which present pressures for 
change such as congestion and pollution. We also research current government policies.  

Step 3 – Quantitative Analysis of Future Scenarios: Scenarios are developed from current 
policy and popular ideas to identify which future trends have unsustainable risks if business 
as usual were to carry on without remedial changes. Analysis of the scenarios is done using 
modelling of the physical systems, estimating lifecycle cost, and evaluating the probability of 
success in meeting the policy goals. Another aspect of the future analysis is to identify the 
Forward Operating Environment for the particular system. What are the hard constraints that 
affect the long-term future of the system? For motor vehicle transport the most salient 
constraint is the international agreements to reduce greenhouse gas emissions. Quantitative 
analysis of future scenarios evaluates the adaptive capacity of each scenario and the 
probability that the set of policy, technology and infrastructure developments could meet the 
emissions reduction target.  

Step 4 – Long-Term 100 Year Future Concepts: Unsustainable trends at some point trigger 
changes, and thus the future city does not lie along the path of continuous trends of growth 
from today. What is the future city like? A brainstorm process, where path-break conceptions 
of what the city is like 100 years from now are generated on the basis of resource availability 
and engineering feasibility. The future casting work requires a new kind of interdisciplinary 
creativity and communication. The concepts generated should necessarily be narrative in 
nature, but add a new dimension to the stakeholder discussions about current policy decisions.  

Step 5 – Back casting: The differences between the innovative path-break concept and the 
current activity system can be studied through the back casting procedure. Back casting is a 
well-known process of comparative analysis. It can be done in a narrative way that stimulates 
thinking, ideation and creativity. Back casting is the culmination of the first five steps to provide 
the innovation space where new ideas can form.  

Step 6 – Disruptive Discoveries of Shift Projects: The next step is to brainstorm and explore 
shift projects. Shift projects are real development projects that change the activity system in a 
way that is along a transition pathway to the future city. The shift project will meet the 
conditions of the constraints identified in the forward operating environment. The shift project 
is normally a new business enterprise which may involve an innovation in technology or 
communications. New policies are normally associated with the shift project. The shift project 
must be something that can be carried out at the current time, and the project plan must 
include learning and improvement cycles.  

Step 7 – System Transition Exploration: Finally, the activity system is examined in light of the 
changes that would occur with widespread success and uptake of the shift project in order to 
illuminate the various transition projects that would arise from new business opportunities 
developed around the possible shift projects. The system exploration refers to the interrelated 
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factors particularly policy, education, economies of scale, environmental quality, social 
benefits, etc.  

3. Case study on commuting in Beijing  
Travel from residence to work is essential for well-being, and is highly reliant on motorized 
travel in high-income countries (Poumanyvong, Kaneko, & Dhakal, 2012). In Beijing the share 
of work trips is still relatively high (52%, BJTRC 2014). Work trips have regular patterns which 
people do not wish to change because they must arrive at their employment at an appointed 
time. 

3.1 (Step 1) History of the work commute in Being 
One hundred years ago, the vast majority of work trips were done by walking as shown in 
Figure 2. After World War II bicycles became available and rapidly replaced walking for work 
trips. According to BJTRC (2015), the bike mode share for work trips in Beijing has recently 
declined dramatically from 62.7% in 1986 to 12.6% in 2014. The car mode share gradually 
increased peaking at 34.2% in 2010 and then declining slightly owing to the implementation 
of car use restriction policies by the municipal government of Beijing since 2009. Recent 
introduction of subways has provided a popular mode choice.  

After the founding of the People’s Republic of China in 1949, China began to adopt a new 
urban development pattern—the Work unit (Danwei)—with resemblance to the Soviet Union’s 
socialist urbanism. Danwei provide access to employment, education, community activities 
and all services within walking and cycling distance (Wang & Chai, 2009). In a centrally-
planned economy, the state is responsible for the basic necessities of workers including 
employment, housing, education, recreation and medical services. Accordingly, Each work 
unit has multi-functions of production as well as residence and social welfare (Chai, 2014). 
Prior to the economic reform starting from 1978, the Danwei was pervasive in nearly every 
Chinese city as the basic organization cell to manage employee daily life and to manage 
resource allocation, production organization and social governance (Liu 2000; He, 2003).  

 

Figure 2. Map of Beijing around 1900 and Historical trend of travel mode split in Beijing 
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The integrated nature of the Danwei spatial structure within walking distance is shown in 
Figure 3. The most important feature of work unit consists in the localized residence around 
the administrative area of enterprise or as close to the working place as possible. Ma et al. 
(2011) reported the probability of motorized travel of current work unit residents in Beijing is 
about 33%, relatively lower than non-work unit residents. The Danwei urban form leaves the 
employees no choice but to live in the staff apartments because there actually are no land 
markets in China as the central government owned all properties (Wang & Chai, 2009).  

After the housing reforms of 1998, the state would not build work units any more, and all the 
amenities such as schools, hospitals and parks either became independent or were consigned 
to local city council for governance. The commercial residential community has emerged with 
the social transformation and urbanization, and people have relocated to suburban areas for 
affordable housing. High housing prices in the city center resulted in a job-housing imbalance 
and long-distance commutes (Zhou, Zhang et al., 2014).  

The built area of Beijing has expanded significantly from 454km2 in 1993 to 1401 km2 in 2015, 
resulting in the growth of average travel distance over recent decades. For example, it is 
reported by Wen et al. (2012) that nearly 75% of commuters in Beijing now travel more than 
5 km for work. It should also be noted that in 1993, China became a net oil-importing country, 
and currently more than half of oil supply is imported. The increasing oil imports pose a 
tremendous threat to China’s growth in view of the uncertainty of import cost and the 
geopolitical risks from primary oil exporters in Middle East (Zhang, Ji, & Fan, 2013). Chinese 
policy currently prioritizes energy security, climate change mitigation and environmental 
pollution abatement.  

 

Figure 3. A classical Danwei work unit design in the city center of Beijing (Source: drawn by authors with the 
Open Street Map Data) 

3.2 (Step 2) Present: Work commuting trip distribution 
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The concentration of employment is now in the city centre and the petrol motor suburbs have 
developed in areas around the historical outer boundary. There are several single-function 
residential areas in the north of Beijing where the job opportunities are limited but the residents 
are abundant such as Huilongguan and Tiantongyuan. The average commute time in Beijing 
is around 38 minutes, and 43.7 % of commuters spend more than 40 minutes on commuting 
Meng(2009).  

Travel distance is a significant factor affecting traveler’s travel mode. The travel distance ( ∆𝑟) 
distribution can be approximated by a power-law spatial probability distribution as presented 
in equation (1), with the highest probability occurring in a few frequently visited locations 
(Gonzalez, Hidalgo, & Barabasi, 2008). 

 𝑃(∆𝑟) = (∆𝑟 + ∆𝑟())*𝑒)∆,/.  (1) 

Where P(Dr) is the probability function, exponent β = 1.75 + 0.15, 𝛥𝑟( = 1.5	km and cutoff 
values K = 400km for training dataset D1, or K = 80km for training dataset D2. 

Based on the housing information registration published by municipal government of Beijing, 
10,000 sample data were secured with sample residents home address and their workplaces. 
After data mining and geocoding, the geographical distribution of home-workplace pairs for a 
sample of residents living in a study region were mapped out with the assistance of ArcGIS 
system. The fitting analysis by Origin software shows that the characteristics of commuting 
distance in different regions present similar cumulative density distribution curves. The 
Rayleigh distribution function was employed to the commuting distance distribution:  

																																																																						𝐹5(𝑟) = 1 − exp	(−𝑟:/2𝜆5
:) (2) 

where r is the distance from an origin zone i, Fi(r) is the proportion of commuters working within 
distance r from origin i, and 𝜆5 is the fit parameter for zone i. The geographical distribution of 
workplaces for a sample of residents living in the city center of Beijing with distance-based 
distribution curves are shown in Figure 4. As is shown in the figure, the relative frequency 
curve looks like a multiple peak distribution, which is difficult to fit with an explicit mathematical 
function. Whereas the cumulative density function (CDF) exhibits a good regularity and can 
be fitted with Rayleigh distribution function. 

The distance-based travel mode split in Beijing are given in Table 1. The current commute 
characteristics by private car in Beijing can be calculated from equation (3). 

																																						𝐶>
?@ = 𝑃> × (1 − 𝑒𝑥𝑝(−𝑑5:/(2𝜆>:)))× 𝑇F

?@  (i=1,2,3,4)           (3) 

Where 𝐶>
?@  is the number of car trips in a specified distance bin 𝑑5 from an origin j, 𝑃>	 is the 

employed population of origin j, 𝑇F
?@   is the car mode share in the 𝑑5 from origin j. Distance bins 

d1=0-2km, d2=2-5km,d3=5-10km, d4>10km. 
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Figure 4. The GIS data for work commute flows for residents living in the central business sub-district and 

working around the city with observed data, relative frequency vs. cumulative distribution function.  

 

 

Table 1. Distance-based travel mode split in Beijing (Source: Huang Shu-sen et al. (2008)) 

Travel distance Travel mode split (%) 

 Walk Bike Bus Subway Car Others 

𝑑G(0 - 2 km) 56.40 29.08 3.05 0.02 7.60 3.54 
𝑑:(2 - 5 km) 4.50 30.04 30.51 0.81 30.17 2.33 
𝑑H(5 -10 km) 0.41 14.03 40.37 8.51 42.14 0.81 
𝑑I(> 10 km) 0.00 5.10 30.37 14.32 52.20 14.37 

 

3.3 (Step 3) Exploring future scenarios and path-break future concepts 
Complex systems, including cities can be described using feedback control theory (Krumdieck 
& Hamm, 2009)  Commuter decisions are generally made on the basis of habit and history, 
realizing quality objectives for safety, security and sustainability. If the system is working 
properly, then there is no pressure for behavior change. If the infrastructure or available 
technology change, then new ways of achieving the quality objectives can be learned or 
discovered and behavior can adapt quickly. Scenarios are investigated with quantitative 
modelling in Transition Engineering analysis. Scenarios of built environment, technology and 
behavior are generated and arranged into a matrix, because certain behavior attributes in a 
particular infrastructure setting produce different travel demand and energy use.  

P=1-exp(-r2/2b2)  
(b=7.02)

R2=0.94

10km 
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• Development options generation. The future possible development scenarios can be 
obtained through government master plan, participatory methods, surveys etc. The 
development options can be separated according to the attributes of development, say 
the physical system changes (infrastructure, urban form, transport system) along the 
columns, and the policies or technologies changes along the rows.  

• List a series of possible individual behavior changes under different development 
scenarios to form the possibility space. Some obviously impracticable options might be 
eliminated if necessary.  

• Assign the proportion to each behavior typology to form a combination of feasible 
options until the target is achieved. The proportion can be randomly assigned or set as 
appropriate. 

• Calculate the risk of each combination of behavior changes in the context of 
development scenarios. Assess the relative costs of each feasible options including 
infrastructure cost, operation cost, personalized cost etc., which can be designated by a 
number of dollar signs in the cells (see table 6).  

• Assess the possibility to reach the target for each combination of behavior changes 
based on the surveys, social values and conditions. The possibility might be ranked as: 
Likely, possible, unlikely, no possibility. 

• Rank the overall risks to activity participation and the cost for changes once the target is 
achieved, say using the following colors: 
Ø Green   Low Cost, no motorization required, Low Risk, Renewable Resources, 

recyclable, Long Life, Enhances Learning, Improves Community, Improves Health   
Ø Yellow   Affordable, medium motorization required, Moderate Risk, Limited use of 

Finite Resources, Reusable, No Negative Social Impacts   
Ø Red   High Cost, high motorization required, High Risk, does not improve Health, Not 

fit with Social Values 
• Use the resultant opportunity space to communicate which development scenarios and 

behavior changes could represent the possible development paths to meet the 
development goals. 

3.3.1 Government policy and scenarios 
Since 2008, Beijing municipal government has imposed the "odd-even" license plate 
restrictions to contain the rapid growth of car use and cope with the increasingly serious 
congestions and pollutions, which means half of private cars are banned from use every other 
day. Hence some car-driving commuters have to change their travel patterns to maintain 
commuting activity participation. In addition, it has been postulated by municipal government 
that the cycling travel mode share of Beijing should increase to 20% in the next few decades 
(BMCT, 2015). However the car restriction policies have had marginal effect on the rise of 
cycling mode share in Beijing (Zhao, 2014).  

3.3.2 Test Case Transition of Yuetan Sub-District 
Yuetan sub-district is a conventional work unit area in the city center of Beijing with 140,000 
population and 70,000 employment opportunities where some state organizations and 
government agencies are concentrated with old staff apartments nearby. Figure 5 shows the 
built environment is characterized by 4 or 5-storey apartments with several high-rise apartment 
buildings situated beside the corridor roads. Based on the calculation from equation (2), there 
is a relatively higher proportion of short-distance (<5km) work trips for this region, nearly 40% 
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of local residents can commute by walk or bike, which means Yuetan sub-district has great 
potentials to adapt to active mode development. The distance-based car trips characteristics 
in this area can be calculated with local travel mode split data. Due to the absence of travel 
survey data, the city-level travel split data in Beijing was applied into this region assuming that 
the current bike mode share in Yuetan is 12.6%. 

3.3.3 Develop the Possibility Space 

Table 2 is the possibility space matrix for the target of achieving 20% cycle mode share by 
2025. The first scenario represents no change either in travel behavior or urban form. 
Scenarios 2 and 5 represent investment in cycleway infrastructure, and Scenario 3 and 6 
investment explore private investment in developing housing in a designated work unit area. 
Scenario 4 looks at no infrastructure change, but high rate of electric bike promotion. For ‘Work 
unit retrofit’ scenarios, it is proposed that small portion of employees working in this region but 
living in suburbs can live in new staff apartments built by governments, enterprises or property 
developers.  

3.3.4 Cycle-oriented adaptation rules 

There is no previous study of travel behavior adaptation to land use changes. Also, there was 
no travel survey data in Beijing regarding travel behavior changes when faced with restricted 
car use. The likelihood of travel by bicycle or e-bike is sensitive to travel distance (Ming & 
John, 2016). The majority of cycling distances are within 5 km, with less than 20% cycle travel 
more than 5 km. Survey data for e-bike users shows that the travel distance curve peaks at 
around 8 km (Mao et al., 2007). In a survey in the United States between 2012 and 2013, 
about 11% of people moved house, of which 20% gave job-related reasons (David, 2014). 
Using these considerations, the change limits for different development scenarios are 
estimated as shown in Table 3. 
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Figure 5. Current built environment characteristics of Yuetan sub-district with 3D map demonstration 

Table 2. Scenarios for development options targeted at 20% cycle mode share 

Profile

Area: 4.04 km2

Population: 140,000
Employment: 70,000
Building structure: 4-5 storey 
apartment
Building age: 1950s, 1960s

Target:

20% cycle mode share by 2025

Current commuting distance 
distribution:

P d = 1 − exp	(−d+/2λ+)

λ=4.95 for Yuetan sub-district

The proportion of short 
distance(<5km) trips is:

P(5)=1-exp(-52/2(4.95)2)=0.4

  Urban form and land use changes   
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Target: 
20% cycle 
mode (by 
trips) 

Current Built 
Environment 

Cycle way 
infrastructure 

Work unit retrofit 

Business 
as Usual 

Scenario 1: 
● No change to 
physical environment.  
● High ownership of 
bike. 

 

Scenario 2: 
● High ownership of 
bike. 
● Regional cycle way 
infrastructure along the 
existing local roads. 

Scenario 3: 
● Staff apartment 
development for 3% 
employees working in this 
region but living further away. 
● Local pedestrian path and 
cycle way redevelopment. 

Electric 
Bike 
Promotion 

Scenario 4: 
● No change to 
physical environment. 
● High ownership of e-
bike.   

Scenario 5: 
● High speed e-bike 
way infrastructure. 
● Regional cycle way 
improvement 
●High e-bike 
ownership.  

Scenario 6: 
● Staff apartment 
development for 3% 
employees working in this 
region but living further away. 
● Short length local 
pedestrian path and cycle 
way improvements 
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Table 3. Car trip change limitation for development scenarios based on distance bins 
Adaptation 
options 

Maximum transition probability of car trips 
d1(0-2km) d2 (2-5km) d3 (5-10km) d4(>10km) 

Scenario 1 Mode shift:  75%  
Move closer: 0 
Chang job: 0 

Mode shift: 20% 
Move closer:  0 
Chang job: 0 

Mode shift: 5% 
Move closer: 0 
Chang job: 0 

Mode shift: 0 
Move closer: 5% 
Chang job: 5% 

Scenario 2 Mode shift: 100% 
Move closer: 0 
Chang job: 0 

Mode shift: 30% 
Move closer: 0 
Chang job: 0 

Mode shift: 10% 
Move closer:  0 
Chang job: 0 

Mode shift: 5% 
Move closer:  5% 
Chang job: 5% 

Scenario 3 Mode shift: 75% 
Move closer:  0 
Chang job: 0 

Mode shift: 20% 
Move closer:  0 
Chang job: 0 

Mode shift: 5% 
Move closer:  10% 
Chang job: 0 

Mode shift: 0 
Move closer: 10% 
Chang job: 5% 

Scenario 4 Mode shift: 100% 
Move closer: 0 
Chang job: 0 

Mode shift: 50% 
Move closer: 0 
Chang job: 0 

Mode shift: 30% 
Move closer:  5% 
Chang job: 0 

Mode shift: 20% 
Move closer:  5% 
Chang job: 5% 

Scenario 5 Mode shift: 100% 
Move closer: 0 
Chang job: 0 

Mode shift: 75% 
Move closer: 0 
Chang job: 0 

Mode shift: 50% 
Move closer: 0 
Chang job: 0 

Mode shift: 30% 
Move closer:  5% 
Chang job: 5% 

Scenario 6 Mode shift: 100% 
Move closer:  0 
Chang job: 0 

Mode shift: 50% 
Move closer:  0 
Chang job: 0 

Mode shift: 30% 
Move closer:  10% 
Chang job: 0 

Mode shift: 20% 
Move closer: 10% 
Chang job: 5% 

 

3.3.5 Adaptation options priority 

The individual adaptation options for different scenario conditions were evaluated. A Monte 
Carlo method was applied to calculate the probability, cost and impact of adaptation to each 
scenario. The current distance-resolved car trip characteristics for the study area are obtained 
using equation (3), then the possible car driving reductions in a certain distance bin are 
evaluated following the sequence as below.  

Step 1: Random mode shift to bike or e-bike in 0-2 km(d1) car trips. 
Step 2: Random mode shift to bike or e-bike in 2-5 km (d2) car trips. 
Step 3: Random mode shift to bike or e-bike in 5-10 km (d3) car trips. 

If the target can’t be achieved after mode shift, then for long distance (>5km) car trips, 
randomly select: 

Step 4: A fraction of local residents or employees moves to live closer to their 
workplaces.  
Step 5: A fraction of local residents or employees have to change their careers to find 
workplaces closer to their houses.    

At each step the generated cycling mode share is calculated and compared with the cycle 
mode target. In each step, the number and type of changes are recorded for subsequent 
impact analysis and cost estimation. After running 10000 times, the total number of iterations 
that meet the target is summed up to compute the probability, cost and risk for each adaptation 
option. 
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The algorithm used in python script is illustrated in Figure 6. Where r is a random decimal 
with the limitation as assigned in Table 2. 𝐶>

?@ is the current number of car trips in different 

distance bins that can be calculated from equation (3). 𝛥𝐶>
?@is the changed car trips by local 

residents. 𝐵K is the current cycle mode share (12.6%)  ∑ ∑ ∑ 𝑇𝐶>
?@

KMNMO  is the sum of 
generated cycling trips through mode shifting, moving or changing job. n is the number of 
iterations that meet the target. 

 
Figure 7.  Flowchart of algorithm for analyzing car mode shift to bike and e-bike, and probability of meeting the 

set target in different scenarios. 

3.3.6 Impact analysis 

The car trip changes in each distance bin are used to calculate the impact on individual level 
commute activity participation under different development scenarios. In order to quantify the 
impact of car trip changes on personal commuting comfort and societal wellbeing, some 
weighting metrics are rationally defined as presented in Table 4. The impact weight of shift to 
e-bike is assigned bigger than bike considering the associated safety issues and embedded 
energy consumption entailed by the use of electric bike. Then the method for calculating the 
degree of impact is presented in equation (4): 

Start
i= 0

Generate a random number r
(r < 1)

Calculate Δ!"
#$=r!"

#$

%&+
∑ ∑ ∑ ()*

+$,*-.-/
01234	26789 > target

Current commute trips by car in different distance bins
!"#$ = ;"	×(1 − @AB(−C7D/(2E"D)))×F)#$

i=i+1

Scenario 
input with 
change 

limitation

n=n+1
Risk calculation
Cost estimation

End 
i=10000

Probability=n/10000

r is less than limitation

Yes

Yes

No

No
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                                                                       I=∑ 𝑇𝐶>
?@ ∗ 𝑊G((((

R /10000 (4) 

Where I is the average impact index of car trips change in order to achieve the specified target, 
𝑇𝐶>

?@  is the car trips in a distance bin 𝑑5that are changed by mode shift, relocation or job 
transfer. 

Table 4. Weight assignment for adaptation options. 
 

Adaptation 
options 

Mode shift 
to bike 

Mode shift to 
e-bike 

Move closer 
to workplace 

Change job 

Impact rating W1 = 1 W2 = 2 W3 = 3 W4 = 4 

 

3.3.7 Cost estimation 

The cost estimation for developing projects uses the comparative cost analysis. Basically, the 
number of people involved in adaption changes could be regarded as the primary indicator to 
assess the cost for infrastructure development.  

3.3.8   Results  

The possibilities of achieving the specified target of 20% cycle mode share under the six 
scenarios were calculated respectively as shown in Table 5. The relative merits of six 
development scenarios are shown in Table 6. It can be seen that the changes in urban 
transport system has significant impact on potential cycling mode share.  

Table 5. Possibility of achieving the specified cycle mode share target for different 
development scenarios 

 

 

 

 

 

Table 6. The opportunity space for scenarios showing possibility, impact and cost analysis 

Cycle Target Possibility to achieve the target in different development scenarios 
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

20.0% 0 19.7% 92.0% 74.7% 90.8% 93.4% 

  Urban Form and Land Use Changes 
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For scenario 1, if no changes in current urban form and transport system, it is impossible to 
increase cycle trips to the desired target even if all the adaptation options are exhausted 
because the long travel distance and lack of cycling infrastructure restrain the adaptation to 
cycling mode. For scenario 2, the improvement of cycling environment contributes little to the 
rise of cycling mode share. By contrast, the adoption of electric bike seems to be able to realize 
the target but with relatively high risks in terms of safety issues and embedded energy 
consumption. Nevertheless, the Electric bike still would be a better alternative for substitution 
of medium-distance car trips if the financial resources are limited. It is highly possible to realize 
low carbon travel by implementing “work unit retrofit”, however the relative cost for 
infrastructure and operation is a challenging issue taking account of the high land price in the 
city center and the affordability issues for living in work unit. On the other hand, redevelopment 
of attractive areas in the city could contribute to economic growth and increased quality of life. 

3.4 (Step 4) Path-break concepts 100 years in the future 
The forward operating environment is characterized by the one or two things we know for sure 
about the future. We know that Beijing will continue to be a major Chinese megacity for the 
next century. We know that the general layout of the city will remain the same and that the 
historical and cultural landmarks will remain. We also know that in 2100 the supply of 
petroleum will either be exhausted or carefully guarded and reserved for only critically 
important uses. Use of petrol and individual vehicles for work commuting will be an untenable 
use of resources, and personal trips in the urban activity system will not require fuel. Thus, we 
know something about the life in Beijing in the future, the air quality will be much better than 
today. The streets and roads will be more than sufficient to carry the walking and cycle demand, 
and more trees will have been planted along the streets. The people will all be able to access 
their work if their residence is within walking, cycle or e-cycle distance, or within cycle distance 
to a public transit system supplied by renewable energy. The rural areas can provide the food 
and materials needed in the megacity, but the rail and ship connections must be viable.  

3.5 (Step 5) Back casting 
The back-casting analysis simply looks at what is different from the path-break concept and 
what is the same. Using the 100-year perspective it is clear that construction of further 
suburban personal motor-vehicle oriented developments is not wise use of resources. In the 
back-casting view, we see that what the people in the future have is access to residential 
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Target: 20% 
cycle mode 

Current Urban 
Form 

Cycle Ways 
Infrastructure 

Work Unit Retrofit 

 

Business as 
Usual 

Scenario 1 

No possibility 

--_ 

Scenario 2 

Unlikely 

$$ 

Scenario 3 
Likely 
$$$$ 

Electric Bike 

Promotion 

Scenario 4 

Possible 

$ 

Scenario 5 

Likely  

$$$ 

Scenario 6 
Likely 

$$$$ 
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housing within proximity to their work and at a price that is commensurate with their incomes. 
They have developments of work and other activities in an integrated manner. The thing we 
need in order to start to transition toward the low-carbon and sustainable future is a way to 
identify the housing, work and other property developments that are needed in order to 
integrate areas and make them accessible without vehicles, and the ways to help people find 
a place they can afford near their workplace.    

 

3.6 (Step 6) Discovering and designing a shift project 
The work unit redesign could have a positive return in property development and provide the 
cycle lifestyle. Scenario 6 becomes the shift project as it is the most advantageous and is 
achievable. The short length cycle way in local area is enough to meet the target, and the 
regional cycle way improvement along the existing local roads increases access for local 
residents. However, for the additional employees, there is no more space for building new 
apartments in the city center due to the limitation of land resources. Therefore, a 
redevelopment scheme for part of the old apartments is proposed to accommodate the 
additional employees. Based on the calculation results (see Table 7), it is estimated that simply 
by adding 5-8 more floors to 15 existing apartments, the requirement for accommodating 
additional employees could be satisfied. 

Table 7. The required changes for ‘Work Unit Retrofit’ option in Scenario 6 

Additional employees 
required to live in Yuetan 

Required cycle way 
infrastructure for local residents 

Required accommodation 
for added employees 

70000 * 0.03 = 2100 

 

66 km regional cycle way 
improvement along the existing 
local roads 

Redevelopment for 15 
apartments by adding 5-8 
more stories  
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Figure 8. The map of redevelopment scheme with regional cycleway improvement and added stories for the 

selected 15 apartments 

The ideal place for redevelopment could be identified by minimum energy transport activity 
(META) analysis if sufficient GIS data is available (Rendall et al., 2014).  In our research,15 
apartments were randomly selected as the shift project for achieving the target. For illustrative 
purpose, the 3D map of the redevelopment area was depicted with ArcGIS CityEngine toolsets 
as shown in Figure 8. The 3D maps are simply the diagrams of Yuetan sub-district with a 
number of buildings lacking owing to the limitation of data availability. 

3.7 (Step 7) Transition of other systems and policies 
The shift project of refurbishing and adding to apartment complexes in selected areas of the 
city could be made a policy priority and would not be a major challenge for the Chinese 
construction industry. What we do see as the challenge to this new type of property 
development is the connection of the investment to the demand for the right type of housing 

Before After 

  

Redevelopment Quarter 
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in the location where it is needed and with the integration of cycle infrastructure and other 
actives and services like schools. We propose future work to build models of the “transition 
city” and user interfaces that let employers connect with workers and property managers to 
identify the best locations for retrofit investments. There are many other layers of consideration 
that should be included to optimize the investment of construction resources. For example, 
old buildings that have poor energy efficiency and poor passive features could be targeted for 
retrofit. The amenity of the environment around the retrofit buildings are important to transition 
from the vehicle to the walking and cycling modes, particularly by planting trees and providing 
shelter and street lighting.  

4. Conclusion 
The urban form and transport system are critical to economic and social participation in activity 
systems. Accessibility of destinations plays a major role in determining travel behavior patterns. 
Currently the dominant transport engineering methods and urban planning are mainly 
centered on automobile-based mobility with the assumption that the car ownership would 
increase, the urban land area would expand and the fossil fuel consumption is not constrained. 
However, it is clear that this perspective favors unsustainable development. In China, massive 
urbanization has led to rapid increase in motorized travel mode, and the accompanying severe 
transport issues and environmental pollution. The risk of oil supply-demand disparity and the 
problems of car-dominated developments relying on high energy consumption are likely to be 
severe obstacles for China to overcome.  

In this paper we used the new Transition Engineering methodology to discover possibilities for 
transition of Beijing. The methodology led to the work to develop several analysis tools to 
characterize transport activity systems in megacities, and to model travel behavior adaptation 
to help understanding urban future development directions. The adaptation process was 
simulated based on the available travel survey data or defined rules until the target is reached. 
In the end the comprehensive results with multiple dimensions such as possibility, risk and 
cost are tabulated to give a comprehensive insight into the comparison among the proposed 
development schemes. 

The analysis tools needed for the sustainable development were developed and used in a 
case study to identify the best opportunity for investment and redevelopment in a chosen area. 
In this respect, six development options that might contribute to the achievement of cycle 
mode share target of 20% for a particular region were explored. Cycle way infrastructure and 
the redesign of a traditional work unit were chosen as options. The number and type of 
changes are tracked to calculate the impact and cost resulting from the scenarios. A shift 
project of 15 apartment buildings redeveloped with additional 5-8 stores was presented for 
illustration of the results of the case study for the Yuetan sub-district in Beijing. This paper 
detailed the development of the modeling engine and the strategic analysis of prioritization of 
redevelopment areas, but the development of the customer-employer interface application 
that could use the model and the development of policies that would support and accelerate 
the behavior transition and the property development transition are left for future works.  

In conclusion, this research moved beyond the conventional framework for the study of 
urban transport systems or the monitoring of smart cities by proposing a new methodology for 
transition of existing urban forms. This transition requires an integrated, systems design and 
development of new integrated engineering tools. Most importantly, the transition engineering 
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methodology led to an innovation – a new kind of property development project and an 
application using integrated GIS data, transport accessibility modeling, property data and 
policy incentive modeling.   
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