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Abstract: Changes in the road environment of Tianjin were intended to speed up the traffic system and shift bicyclists to the metro, bus 
and car. The metro system was greatly expanded, along with a modernized bus fleet. App-based taxi services were also introduced. In 
2007, travellers to the central area were intercepted to determine the starting point of their trip and their travel mode. The most 
time-efficient trips in 2007 were by bicycle (61%). These trips were re-enacted in 2017 using taxi and metro as it was no longer 
physically possible to replicate most of the original bicycle trips. Trips greater than 5 km in distance were somewhat faster by taxi than 
they were by bicycle, but overall, travel time by taxi was greater than by the bicycle for those same trips in 2007. A network analysis 
of road changes provides explanation why longer trips became more efficient while short trips became less efficient. Travel by metro 
alone was much longer than the other two methods, but the combination of app-based bicycles and metro would render this travel 
method the most efficient. 
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1. Introduction 

Cities in China have undergone major change in the 

road transport system since the late 1990s, in particular 

to support rapid motorization. In less than 20 years, 

major cities largely replaced a transport system 

dominated by non-motorized modes to one with a 

diversity of modes, including the addition of private 

cars, metro, and various forms of shared mobility. The 

major guiding principles for the rebuilding of the road 

system include increasing the throughput of motorized 

vehicles and improving the efficiency of the whole 

system. A reduced role for non-motorized transport, in 

particular the bicycle, has accompanied these 

developments. This comprehensive transformation of 

urban road infrastructure is unprecedented in the 

motorization age. Evidence for the efficacy of various 

components of such new infrastructure is available, but 

there has been little effort to evaluate how such a 

transformed system works as a whole; in particular, 
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how such a reformed road system fulfills the key goal 

of improved efficiency. As the rebuilding effort 

matures across the major, developed cities in China, the 

time is right to review the achievement and to consider 

directions for enhancement. For this examination, we 

turn to the case of Tianjin, which has undergone the 

transformations just described and for which we have 

prior data (2007) to allow a longitudinal analysis, 

which is the ideal way to measure the effectiveness of 

all of the transformations considered together.  

The question posed in the following research is: 

How do the technological enhancements to the Tianjin 

transport system since 2007 contribute to transport 

system efficiency? The principal enhancements are the 

introduction of an arterial road network over the entire 

city, with interchanges and other speed-accelerating 

devices, together with the suppression of many 

at-grade road intersections. The connectivity of the 

non-motorized system has been reduced in an effort to 

eliminate conflict with motorized traffic. 

The implementation of this system has also entailed 

the restructuring of local habitats, to reduce and 
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rationalize the connections with the major road system 

and internalize other movement within residential 

compounds. In Tianjin, as in all major cities in China, 

the explosion of app-based taxi-hailing systems and 

various new technological and regulatory controls, 

have made the transport system increasingly complex 

while offering enhanced choice. At the same time as 

the road system was being “regularized”, the metro 

also underwent a massive buildup. The metro system 

itself was designed to serve the built-up city and with a 

concentration on the core. In this way, Tianjin from the 

mid-2000s set out to make the whole of the city 

accessible by motor vehicles, while promoting a shift 

from the bicycle to the metro [1]. After 2000, many 

cities then engaged in rapid build-up of their metro 

systems, with 42 cities in China actively building 

underground metro systems in 2018. 

Urban trips remain highly complex phenomena in 

cities, dependent on spatial and land use factors, the 

number, type and completeness of the various systems 

of transport available, as well as characteristics of each 

of them [2]. In China, cities have somewhat different 

trajectories with regard to car ownership, metro 

development and non-motorized transport due to 

macro-economic and local transport policies. Tianjin, 

in particular, retained its high share of non-motorized 

transport much longer than did other cities. In 2002, 

bicycle trips made up 52% of all trips over 500 m with 

substantially less in the other major cities around the 

same year including Beijing (30%), Guangzhou (26%), 

Shanghai (38%) and Shenzhen (19%) [3].  

1.1 Efficiency in Public Transport 

Efficiency and system utilities in general are key 

concepts in urban planning in China, although 

operationalization is typically complex and dependent 

on varied local conditions. It is broadly assumed that 

systems operating at higher speeds should deliver 

higher levels of efficiency, because in theory they can 

move more individuals through a given channel in 

given time, and also provide time savings to the 

travelers. 

There are various measures of transport system 

efficiency, including time efficiency, accessibility, and 

planning efficiency or completeness and integration. 

Our concern is with the first of these, time efficiency, 

because this parameter can take a preponderant role in 

choice. Time is often represented in utility as the 

reciprocal of some measure of generalized travel time. 

Generalized travel time is composed of actual travel 

time and the degree of uncertainty about travel time [4]. 

Since most urban travel is time-constrained, 

predictability is very important in ensuring observance 

of a schedule. Time constraints, which naturally 

militate in favour of time economies, and time 

minimization in low productivity activity generally 

support this representation of travel utility from the 

user’s perspective. Ultimately, urban residents’ travel 

mode choices reflect personal utility [5].  

At the urban scale, considerations of time-related 

utility are only part of the larger spatial plan, which 

itself has major consequences on the amount of energy 

consumed; in other words, the number of motor 

vehicles on the roads [6]. Travel by automobile might 

be explicitly favored in the planning [7] but also a 

claimed form of TOD (transport-oriented development) 

that favours the urban rail system according to some 

authors [8]. For others, this acclaimed TOD in China is 

simply a way to facilitate further motorization [9]. To 

the extent that such a node-network system is 

implemented as the main activity structure of the city, it 

might obviate the purpose of a single, integrated 

bicycle system, as existed widely in China prior to 

motorization.  

Planning has favored automobile access in new 

development in China [7], which has meant the 

widening of many existing urban roads. These larger 

travel spaces have a thermal environment that is much 

less attractive to non-motorized travel [10]. In general, 

transport planners hold that higher speeds also allow 

for the possibility of greater throughput for a given 

channel, although this actually depends to a 
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considerable extent on traffic density. To achieve this 

desired greater throughput, the plan is drawn for the 

higher speeds of motor vehicles, not for the speeds of 

non-motorized users. 

In this study, we reproduce the trips reported at a 

random intercept study at four central locations [1]. In 

that study, the question was the likelihood of bicyclists, 

who dominated the transport system, switching to the 

metro, based on a utility function. The bus was 

eliminated from comparison since it was generally 

slower than the bicycle over the entire city within the 

Third Ring Road at that time. In 2017, the metro 

system has seen substantial growth, while the road 

environment has undergone transformation in favor of 

motorized transport. As a consequence, personal car 

transport has grown while the bicycle has declined. It is 

no longer possible to use a bicycle to execute many of 

the trips recorded in 2007 because of many physical 

barriers and the reconfiguration of the road system. It is 

widely held that the app-based taxi is the most 

time-efficient way to travel at present in Tianjin and 

consequently this mode has seen massive growth in 

numbers of vehicles and trips. The question is whether 

the public or app-based taxi can execute the trips of the 

original survey in more efficient manner to destination 

than the mode chosen in the earlier survey, the bicycle. 

At the same time, in consideration of an intensive 

build-up of the metro system to 8 operating lines, we 

ask whether the metro now offers a more time-efficient 

way to destination than those original bicycle-based 

trips. 

1.2 The Planned Shift to Motorized Modes 

In the early 2000s, the bicycle continued to dominate 

the transport system in Tianjin; for example, 52% of 

trips more than 500 m were by bicycle in 2002 [11]. 

The bicycle system could be considered complete in 

that all roads, including the three Ring Roads, were 

useable by bicycles. 

The dominance of bicycles in many local streets led 

to motor vehicles following the pace and trajectory of 

the bicycles. Taxis were just 4% of the reported trips in 

the survey, in keeping with figures for Tianjin at that 

time. In the 2007 study, the bicycle out-performed the 

bus for same-distance travel on nearly all the city 

within the Third Ring Road, at the time the limit of the 

contiguous urban area. The bus generally had low and 

declining patronage. Mode shares changed 

dramatically from 2012, with non-motorized transport 

decreasing to a tiny proportion of its level before the 

year 2000 (Fig. 1). That decline accompanies a rapid 

rise in the number of privately owned cars. In 2015, 

there were 19.5 private cars per 100 persons in Tianjin 

[12], still well below the level in Beijing or Guangzhou. 

The fledgling metro system in 2007 offered 15% of 

bicyclists time savings of 15 minutes or more if they 

could ride to the nearest metro station and drop their 

bicycles there. The destinations—in our case, the 

intercept locations for our participants—were all metro 

stations so there was minimal egress time. Of course, 

the reality is that real egress time to destination is likely 

to approach access time, with consequent further 

reductions in the numbers of bicyclists who could 

benefit from time savings by including part of the trip 

on metro. 

The metro was under rapid development with the 

stated intention on the part of the Tianjin authorities 

that there should be a considerable shift of bicyclists to 

the metro. It was widely held that bicycles slowed 

down the traffic system and introduced high levels of 

conflict. The metro system in 2017 consists of six lines 

within the Third Ring Road, for a total of 86 stations, 

including extensions beyond the Third Ring Road. 

When lines 5 and 6 come into operation soon, there will 

be additional 77 stations. Ridership increased 

considerably as lines were added in 2012. At the same 

time, the number of privately owned vehicles also 

increased much faster than the permanent population 

(Fig. 2). It is well recognized that this promotion of 

private car ownership was and is part of the 

government’s promotion of consumerism. There is  

also popular support for the car mode in the context of a  
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Fig. 1  The evolution in transport mode in Tianjin.  
 

 
Fig. 2  Population, car ownership and metro evolution.  
 

restructured city. In 2012, 88% of young people 

surveyed in the Yangtze River Delta believed that a 

private car would enable them to travel faster, while  

58% believed that having a car would be necessary in 

future [13]. In Tianjin a combination of disincentives to 

use the bicycle and major increases in road provisions 

for cars induced the demand for more car provisions.  

1.3 A Reformed Road System 

The basic layout of the Tianjin road system was 

preserved, while certain key roads were straightened 

and widened to make a complete, connected grid. 

Previous roads that were largely undifferentiated and 

without barriers, consisted of two-way movement of 

vehicles and bicycles with no markings and with 

informal commercial or leisure activities curbside. 

While intersection controls had been introduced some 

years earlier, they were often ignored in 2007, when the 

first study was conducted. The roads were widened to 8, 

10 or 12 lanes, typically with three parallel fences, 

separating the bi-directional movement and 

non-motorized traffic from motor traffic. In this way, 

all turning traffic was restricted to the intersection. 

More light phases were introduced at level crossings to 
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separate cross-movements. Many intersections saw the 

introduction of fly-overs or full-blown interchanges 

with continuous movement in all directions (Fig. 3). 

Bicycle routes were typically re-introduced in the 

liminal space of these new arterials and with crossings 

now incorporated with a reduced number of pedestrian 

crossings. 

Fences to contain bicycle movement in the liminal 

space and to restrict left- and U-turns for vehicles were 

introduced after 2006. These fences were uninterrupted 

between major intersections, such that bicyclists could 

no longer use minor streets to travel directly to their 

destinations. They are now required to travel to the 

major intersection and wait for the green phase to 

proceed to the next major arterial. New residential 

habitat typically takes the form of a superblock that is 

often gated, with the two exits located at the mid-point 

along an arterial, in keeping with good engineering 

practice for the management of car traffic. Pedestrians 

and bicyclists must also use these exit locations from 

residential compounds, which entail a longer route to 

destination. These new habitats replace a highly 

connected street system that also connected directly to 

the major road infrastructure.  

In the following, we analyze how the road system 

was reformed in the effort to promote the domination 

of faster-moving motor traffic. For this purpose, we use 

NAIN (normalized angular integration) [14], an 

advance on earlier methods that considered only 

topological distance [15]. NAIN measures the degree 

of fragmentation or integration of the road 

system—lower values reflect fragmentation while 

higher values integration. NAIN is expressed in the 

following way: 

NAIN_r = (NC_r)1.2/ATD_r 

where, NAIN_r denotes the normalized angular 

integration at metric radius of r, ATD_r indicates 

angular total depth at r. Angular total depth of each 

street segment measures the sum of angular distance 

from this street segment to all other segments within a 

certain radius. NC_r is the count of street segments 

within a given radius at node r. 
 

 
 

 
Fig. 3  Transformation in the road system in the effort to promote efficiency (c2000 left, c2017 right).  
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In highly integrated road systems, one location is 

closer to another in topological terms, while more 

fragmented road systems require more circuitous travel, 

which creates greater topological distance, as well as 

greater metric distance in the majority of cases, 

between points. 

Overall, at 2 to 5 km trip distance, there is a marked 

decline in integration of the road system in Tianjin 

between 2004 and 2017 (Fig. 4). In real terms, this 

means that distances between any two points at this 

spatial scale increase. At the larger urban scale, there is 

greater integration, which presumably facilitates faster 

movement between any two points at this larger urban 

scale beyond 5 km radius from the origin point. Table 1 

summarizes the results of this analysis. There is a 

decline in the maximum value of NAIN up to 5 km, but 

average radii values are increasing. This is because 

there was a great deal of infill in the city in the 

intervening years and formerly small-scale urban fabric 

was  replaced with large-scale  modern grids. In effect, 
 

 
Fig. 4  The integration analysis of the road system of Tianjin in 2007 and 2017. Darker lines are more integrated. 
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Table 1  Changes in NAIN values between 2004 and 2017 in Tianjin. 

Spatial scale (m)       

 2,000 3,000 5,000 7,500 10,000 15,000 

2004       

Mean NAIN 1.151 1.168 1.194 1.22 1.21 1.171 

Max NAIN 2.232 2.186 2.084 2.002 1.896 1.700 

2017       

Mean NAIN 1.166 1.219 1.292 1.31 1.323 1.321 

Max NAIN 2.196 2.055 2.034 1.968 1.935 1.835 
 

transport planning traded less integration at the local 

scale for greater integration at the larger urban scale, 

which should have reduced travel time between points 

at greater urban distance. As will be seen later, travel 

speeds are indeed greater for those pairs of points at 

greater distance from each other, while points close in 

space result in much slower motor vehicle speeds. The 

question that this re-ordering of the road system in 

Tianjin raises is whether these efficiency measures do 

indeed improve on travel times overall, using the 

reputedly fastest means available, the app-based taxi. 

Secondly, we can investigate travel time between those 

same origin-destination pairs by a much expanded 

metro system, to see whether such trips offer time 

savings over the original bicycle trips. 

2. Methods and Materials 

The present study focuses on a single measure of 

overall efficiency—the time to execute a trip from a 

declared origin to a destination. Such time will be 

broken into parts in the case of the app-based car or the 

metro. There is the access time waiting for the 

responding car driver, or the walk to the metro entrance, 

either of which may constitute a major part of the total 

time. The main objective is to see the quantitative 

difference in the performance of the prevailing 

alternative transport systems between 2007 and 2017, 

in terms of time efficiency. The 2007 study was a 

pedestrian intercept with questionnaire at 4 central 

locations, all future metro station locations. For the 

2017 data, an assistant went to the origin location and 

opened the taxi-hailing app. From this moment there is 

time until the assistant enters the motor vehicle. The 

trip in the car is recorded using a GPS emitter in real 

time (Codoon®). Finally, the trips are also “executed” 

through the walk plus metro combination using an 

online app (http://www.tjgdjt.com). Times and 

distances were extracted for descriptive and correlation 

analyses. The main result of the study is the time 

efficiency of trips executed by bicycle and their 

equivalents by metro in 2007, and those same trips 

again in 2017.  

In the 2007 study, two research assistants intercepted 

passersby, who provided their starting location before 

coming to the central location of the survey. Typically, 

the starting location was home. Smaller proportions of 

reported trips were by public bus, metro and on foot, 

than for reported bicycle trips. A shortest duration trip 

criterion was used to find the likely trajectory. Mean 

travel speed was determined by sampling executed 

trips. In the present study, the origin-destination pairs 

are now subject to new modes of transport: a 

much-increased metro system, and Didi, the app-based 

chauffeured car, and the regular taxi when available. 

The reworked layout clearly favors higher speeds as 

well as increased vehicular volume over a territory with 

much more even accessibility overall but where the 

bicycle now plays a minor role. 

Estimated times for the most recent trip in 2007 were 

obtained from participants and the trace of their trip 

was verified with a GPS with travel time estimated 

from manual estimations from the field. For these 

parameters, averages were derived from multiple trips 

executed by walking, bicycling and bus. Metro times 

were obtained from the metro corporation. Taxi times 

were given by a local taxi company, with average 
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operating speed at 28.8 km/h for the trip duration. 

3. Results 

We assume that the time for departure is decided in 

advance, such that at imminent departure, the transport 

mode is immediately engaged. In the case of the 

bicycle, typically stored at the bottom of the access 

stairway in the residential block or in a yard adjacent to 

the building, the rider may need only a few moments to 

be in the saddle and cycling. In the case of app-based 

taxi hailing, we assume that equivalent imminent 

departure is engaging the app. Thus, there is a wait time 

for the taxi in those cases where a call was made. The 

period of hailing, confirming and waiting for the taxi, 

up to the point of embarkation, averaged 3.5 minutes, 

or 25% of the total time until the taxi arrived at 

destination. In 12% of the cases, eye contact with a taxi 

on the street initiated the use of the taxi, coded “0” for 

access time, although there is some time to identify any 

available taxis on the street, flag them and bring them 

roadside. These measures constitute a conservative 

estimate of the amount of time required for the above 

trips, which seems a good initial position for evaluating 

their usefulness to movement. Later enhancements 

could measure these transitional times that are typically 

discounted in travel time surveys. 

By hailing app, the waiting time averaged 3.5 min 

and the total trip was 24.8 (SD = 11.1). The trips by 

bicycle in 2007 averaged 19.8 min (SD = 19.3) at the 

same bicycle speed estimations for both periods. 

However, we know that the 2017 environment includes 

more delays and more detours for car-based travel, 

although long, unobstructed runs. We could also 

compare the two years and two modes by considering 

travel speed. With the wait time incorporated in the 

travel time, and with the use of the GIS, we obtain 

average travel speed, which is then adjusted for the 

variable waiting time. The travel speed for the taxi 

option was 4.14 m/s (SD = 1.57; n = 392). The bicycle 

in the 2007 conditions would travel at 4.31 m/s on 

average across the O-D pairs. The bicycle is faster than 

the app-based taxi or regular taxi. 

It is well recognized that road-based traffic is subject 

to unpredictable delay due to congestion and incidents. 

Although there have been attempts at providing 

real-time information to drivers with regard to road 

conditions, such information is often based on small 

samples. For example, GPS-equipped taxis are used to 

estimate local travel speed, that is then converted into a 

real-time display of the road condition; however, travel 

speed may not be a good gauge of congestion 

conditions. In our study, 333 of 392 taxi trips followed 

the shortest distance trip, using the simple network 

representation of roads. Some of the remainder were 

longer than is represented by the network because of 

traffic prohibitions for left- and U-turns. A small 

proportion of trips were not distance-minimized 

because they opted to travel some of the distance on the 

peripheral highway system. It is apparent, in particular, 

that taxi-drivers did not rely on real-time traffic 

information as supplied by Baidu and the local 

government, to make itinerary decisions, but opted for 

the distance-minimized route. 

Of the 392 taxi rides, 160 are faster than the bicycle 

option, which has relatively limited velocity range, for 

most conditions of riding and with typical city bicycles. 

However, this still means that well over half the taxi 

trips were slower than a bicycle had been. When access 

time is included, the car option in the form of the taxi 

becomes more time-efficient after 6 km of ride, or 48% 

of trips with destinations at the centre of the city. As 

suggested by the network analysis above, speeds 

increase beyond the 5 km range from origin. For 

example, mean speed for taxis with trips under 5 km 

distance is 3.9 m/s, but 4.9 m/s from 5 to 8 km distance. 

Trips longer than 8 km have a mean speed of 5.8 m/s. 

As suggested above, it remains somewhat faster to hail 

a taxi for longer trips, that is those trips traversing more 

than half the diameter of the built-up city. There 

nevertheless remains considerable doubt that the trip 

will in fact be faster even if the averages suggest this is 

the case. Minimum measured travelling speed in a taxi 
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is just 0.35 the maximum speed without any obvious 

pattern to the location of local congestion, according to 

our 2017 survey. 

In this survey we also modeled travel time from the 

origin and using walk mode and metro. In this case, the 

mean trip time is 35.2 minutes, of which 26.4 minutes 

is access and egress time on foot. Such access walks 

average 1.1 km (SD = 0.7). This walk distance is long 

in relation to planning standards and the findings of 

several empirical studies of metro access in China [16, 

17]. The median access distance to a metro entrance in 

our case is 879 m, which may explain why a substantial 

proportion of the residential environment of Tianjin 

does not have rapid access to the metro system.  

However, the metro can also be seen as a healthy 

alternative. Considering the access times on foot, 

access time at local bicycle speeds is about one-third 

that of walk time. If a shared bicycle system is offered, 

there is still some access and delivery time, but access 

may be without any wait time. The total travel could be 

reduced to 18.8 minutes, which is faster than the 

bicycle or the taxi service for the majority of 

origin-destination pairs. Of course, this assumes a 

bicycle is immediately available at the residential 

location and can be deposited at destination. In this 

case, with the bicycle as the primary access mode, the 

metro becomes the most time-efficient means for the 

majority of trips.  

The frequency distribution by time is also of interest; 

in particular, to know whether the time gains through 

modal shift occur at particular distances and times from 

destination areas. Efficiency improves as the taxi trip 

lengthens, such that trips over 6 km will on average, be 

more efficient than bicycles for this travel distance. 

Although it is beyond the purposes of the present 

paper, we should also consider the time savings 

themselves and perhaps in relation to other aspects of 

travel experience. How important are 6 min time 

savings on average, when the saving requires a shift 

from one mode to another? How do we perceive and 

evaluate these times spent in transit? Are there other 

aspects of the systems that favor one over the other in 

the perceptions of users? We did not explore these 

issues, because we were focused on the primary 

measurement of system efficiency, measured as time. 

However, the previous study in Shanghai [18] revealed 

many of the reasons for the preference to use a bicycle, 

which included but were not limited to time economies. 

A similar result was seen in the large urban study also 

in Shanghai [19], where bicyclists generally found 

riding a bicycle to be comfortable, or at least more 

comfortable than the public transport alternatives. 

4. Discussion 

In the 2007 results, bus trips were significantly 

longer than bicycle trips, although only about 20% 

overall. The bus was used for as many short-distance 

trips as long. Given that just 5% of the participants 

walked, we could surmise that many proceeded to 

bicycle for relatively short distances. In 2017, bicycle 

use has declined dramatically while car use has 

increased dramatically. Occasionally severe congestion 

and reduced air quality have accompanied this increase. 

Through a complex interaction of road reconfiguration, 

higher motor traffic volumes and prescribed routing, 

the bicycle share has dropped to about 13%.  

The metro was hardly an option to the great majority 

of bicyclists in 2007, but in 2017, it represented a 

greater option, providing quicker access than the 

original bicycle for 41% of participants. If bicycle were 

available to the metro station, then the metro would 

perform better than other mode options. The difficulty 

is the provision of a feeder system for bicycles that 

could operate locally but generally over the entire city, 

as predicted by Mobike and ofo, the industry leaders in 

app-based bicycle services. The answer to the problem 

of redistribution of shared bicycles, by these operators, 

is to flood the city with shared bicycles. Otherwise, the 

original private bicycle provides the best service. 

Despite the efforts of these operators, bicycle use 

remains low in Tianjin.  

Classical reasoning suggests such a rebuild of the 
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entire transport system based on a different modal split 

and technologies will bring much increased efficiency. 

However, such supply-minded optimism is now 

tempered with the knowledge that such increased 

supply brings induced demand. If the city is built up for 

the car, then cars will tend to proliferate and be used. It 

might appear a solution to promote several 

infrastructure systems simultaneously as many Chinese 

cities are currently trying to do. However, the 

infrastructures themselves do not combine easily, 

which means that optimal networks for much travel 

cannot be realized. The assumption of a fault-free and 

balanced system serving all needs simultaneously is a 

big one. The question is whether such a system can 

ever be optimal, or whether our overall optimal system 

is really the combination of several sub-optimal 

solutions. 

Tianjin was well known as a relatively compact city 

with a dense road network over its history. It was the 

first city in China to develop a comprehensive tram 

system, open in 1907, which was abandoned in the 

early 1970s in favour of a bus system. In the time span 

2007 to 2015, the number of privately owned motor 

vehicles in Tianjin increased 151%. Bus riders 

remained stagnant from 1992 to 2003, but then bus 

passengers doubled in the next period to 2015, as 

Tianjiners abandoned the bicycle. Metro patronage 

growth has been even more dramatic, ten times higher 

in 2015 than in 2007, but still only 256 M trips in the 

year. The rapid growth in public transport ridership, 

with the consequent decline in bicycle use, comes at the 

price of efficiency, however. 

The rapid emergence of taxi-hailing apps has led to a 

rapid increase in the number of chauffeur-driven 

vehicles on the road in cities in China, leading to 

serious concerns about loads on the roads. While it is 

true that the hailed taxi reduces the demand for short- 

and long-term parking, vehicles circulate with at least 

part of their time unoccupied. They also wait roadside 

for potential customers, reducing road capacity and 

impeding other activities such as goods-loading, as 

well as bicycle and pedestrian movement.  

The average taxi speed in the 2017 study was 17.2 

km/h, compared with the average speed of 28.8 km/h in 

2007. The decline in speed is in part due to local 

congestion as suggested above, but also because level 

intersection crossings are now more complex, 

involving the separation of different directional 

movements and longer delay time for the greater 

number of controlled intersections. Although there has 

been a concerted attempt to create free-flow conditions 

at some major intersections, as shown in Fig. 3, the 

elimination of lighted intersection controls has not 

compensated for overall loss of efficiency.  

The time differences between the original trips by 

bicycle in Tianjin and the re-enactment of the trip using 

a taxi and simulation of the same trip via metro reveal 

that the bicycle was and potentially still is the fastest 

surface mode for internal trips. We can safely 

generalize to say that the introduction of motor vehicles 

and the transport infrastructure that enabled it, have 

reduced the speeds and increased travel time for the 

general population across the city. Even in the context 

of a somewhat larger urban population and higher 

levels of mobility today, the new transport 

infrastructure does not address the basic needs of 

people to get to locations by minimizing time. Rather, 

it privileges certain modes—private cars and taxis as 

well as goods transport—by supplying capacity, in the 

process lowering the efficiency of the whole transport 

system. 

Today, 8 lines of metro are built and the planned 

road system is mainly in place. The metro has not 

prevented the decline in car speeds from their 2007 

levels. As a result, it is difficult to imagine that the 

present transport system can accommodate the further 

expansion of the car fleet—which now exceeds 2 

M—if not to see the reduction in its use. The local 

introduction of a shared bicycle, as presently operated, 

poses difficulties as a viable replacement for the 

walking trip access to the metro station for some trips. 

There are several limitations to the present study. 
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We have no estimate for how time savings might be 

traded for comfort or minimized effort. It would not be 

correct at this stage to infer likely modal shift based on 

time savings alone. The original itineraries were 

obtained from the 2007 participants, but travel time by 

bicycle was estimated from field trials. Cycling speed 

was based on averaged speeds of sample trips executed 

in 2007 in a road environment dominated by bicycles 

and adapted to them. In 2017, that kind of street 

environment had given way to a highly regulated and 

motorized road environment where bicycle speeds are 

likely lower overall than in 2007; however, we used the 

2007 speed in the present comparison. We also did not 

execute the same trips by bicycle in 2017. Although in 

theory the trips could be executed, they rarely would 

have the same trajectory and involve more deviation 

from a straight line because of traffic regulations and 

barriers. 

In the context of ongoing efforts to re-introduce 

non-motorized transport to Chinese cities—shared 

bicycle systems, efforts to build TOD—the issues are 

at more than one scale. In this study we looked at the 

impact of transportation system interventions on travel 

time for typical intra-urban trips. A further step would 

involve investigating the impact of large-scale 

concepts for the organization of non-motorized 

transport in the city.  
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