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Abstract: Excess commuting is an analytical framework for assessing the jobs-housing spatial relationship and
commuting efficiency. This paper first reviews the origin and evolution of the concept of excess commuting in the
past three decades, and then highlights its strength and weakness when applied to evaluate commuting efficiency.
By placing Bertaud’s commuting model and its spatial structure in Brotchie’s Triangle Model, the paper discusses
various evolution directions caused by the change of jobs-housing spatial relationship. The paper also analyzes the
potentials of excess commuting in assessing urban jobs-housing balance and commuting efficiency. The paper concludes that the excess commuting framework is an important analysis tool for studying the transformation of urban
spatial form and evaluating the optimization of spatial structure. DOI: 10.13813/j.cn11-5141/u.2018.0202-en
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Introduction

Rapid urbanization has led to profound changes in the
jobs-housing spatial relationship in China’s large cities, and
some urban problems such as long commuting and traffic
congestion have also emerged. In the past 10 plus years,
Chinese scholars have been studying urban jobs-housing
spatial relationship and associated commuting phenomenon
by constructing different research frameworks and models
from multiple perspectives [1–10], and furthermore exploring
the underlying mechanism, with the goal to propose corresponding planning strategies. Beyond conducting case studies on large cities in China, Chinese scholars also focused
on the review of the methods and frameworks based on the
western urban spatial research network. Reference [11] reviewed research on jobs-housing balance, and Reference [4]
reviewed the spatial mismatch hypothesis and its research
methods. These reference reviews clarified the concepts,
summarized the logics and thoughts, and laid solid foundations for the research in China. However, the research on the
methods and progress of excess commuting is still less.
Only several studies can be found to study the jobs-housing
spatial relationship in Chinese cities in the framework of
excess commuting, including References [12–14].
As an analytical framework for assessing the
jobs-housing spatial relationship, excess commuting has

been applied by more and more scholars. Since it was initiated 30 years ago, excess commuting has made substantial
progress. Several commuting definitions and indices were
proposed, and excess commuting gradually became a research model to evaluate cities’ jobs-housing balance and
commuting efficiency. Since many scholars and planners
empirically attributed the increasingly severe traffic congestion in large cities in China to the jobs-housing imbalance, it
is critical to conduct a systematic review of excess commuting, which focuses on jobs-housing relationship in spatial configuration and commuting efficiency.
This paper is organized as follows. The first section reviews the key references in a chronological order and sorts
out the entire process of the origin and evolution of excess
commuting. Different commuting models based on
Brotchie’s Triangle Model were analyzed and Bertaud’s
urban spatial structure was verified in the second section.
The third section focused on the potential significance of
excess commuting on the study of Chinese cities’ urban
spatial structure.

1

Research framework of excess commuting

1.1

The establishment of basic concepts

Excess commuting is a research framework that was

______________________________________

Received: 2017-08-16
First author: LIU Xianteng (1975–), male, from Jing’an County, Jiangxi Province, PhD. His main research interests include urban spatial
structure and transportation planning. E-mail: 909116263@qq.com

© 2018 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

initiated by urban economists to analyze the urban
jobs-housing spatial relationship and its commuting efficiency. This paper conducts a chronological review of the
establishment of excess commuting and its evolution to help
accurately recognize its evaluation potential.
According to Alonso’s monocentric city model, References [15–16] assumed that all jobs are located at the center
of a city and there are no differences in the utilities of
commuting and choosing house locations. Then References
[15–16] compared the theoretical and actual average commuting distances to examine the effectiveness of Alonso’s
model. In a case study of 14 American metropolitan areas
and 27 Japanese cities, it was found that the actual commuting distance is about eight times the theoretical value
predicted by the monocentric model, and their differences
are theoretically insignificant, thus being defined as
‘‘wasteful commuting’’. As a new concept to illustrate the
commuting efficiency, wasteful commuting immediately
spurred the interests of many scholars who actively conducted research on this topic. In the beginning, most discussions focused on whether the monocentric model could
appropriately simulate the actual urban spatial structure
[17–18]
, and whether it could accurately predict the actual
urban commuting behaviors. For example, Reference [19]
pointed out that the ideal monocentric model is inconsistent
with the actual spatial structure of a metropolitan area, and a
polycentric model can model actual commuting behaviors
more reasonably and effectively. Reference [20] questioned
the calculation method used in References [15–16]. It
demonstrated that the assumption of all jobs located at the
center of a city is unnecessary for the calculation of the theoretical minimum average commuting distance. Instead, this
distance can be calculated by minimizing the total transportation cost in the linear programming function, with the
constraint of the numbers of residents, employees and
commuters being equal. This method is called transportation
problem in linear programming (TPLP) method. The difference between the theoretical minimum and actual average commuting distances can then be defined as excess
commuting. The formula to calculate the theoretical minimum average commuting distance is listed in Formula (1):
In Formula (1), Tmin is the minimum average commuting
distance; W is the total number of commuters; Xij is the
number of commuters from zone i to zone j to minimize the
total commuting cost; cij is the commuting distance between
zones i and j; and n and m are the total number of housing
areas and the total number of job areas, respectively.
The constraints for Formula (1) are as follows:

where, Oi is the number of commuters living in zone i,
and Dj is the number of jobs in zoen j.
When Xij represents the actual number of commuters
from zone i to j, Formula (1) calculates the actual average
commuting distance Tact, and then the index of excess
commutingrate Cex can be constructed as Formula (5):
Reference [21] argued that the excess commuting rate
calculated by Formula (1) still had many deficiencies in
evaluating the commuting efficiency and the jobs-housing
spatial relationship in a city: It is significantly affected not
only by modifiable areal units [21], but also by the city size
[22]
. When comparing two cities with different sizes, equal
excess commuting rates calculated using Formula (1) do not
necessarily indicate the commuting efficiency of both cities
is the same. Obviously, the commuting efficiency in the
larger city is higher than that in the smaller one. Therefore,
Reference [22] proposed another new term, maximum average commuting distance Tmax to expand the research
framework of excess commuting. It argued that the urban
commuting efficiency should be determined by the relative
closeness of the actual average commuting distance (in the
form of percentage) between the minimum average commuting distance (lower limit) and the maximum average
①
commuting distance (upper limit) . The index of commuting potential utilized was also constructed:
In the theoretical maximum average commuting mode,
jobs were matched to housing locations to maximize the
total commuting cost, without changing the jobs-housing
spatial distribution. The lower the commuting potential utilized, the higher the urban commuting efficiency. When
calculating the theoretical maximum average commuting
distance Tmax, the TPLP method can still be used because:

Using the theoretical maximum average commuting distance to measure the excess commuting rate was questioned
by Reference [23], because the hypothesis of maximizing
the total commuting cost is contrary to the economic theory
of cost minimization, and it is only an external extremum of
many commuting distance distribution models. Reference
[23] believed that it is more reasonable to measure the urban
commuting efficiency using a random average commuting
distance Trand instead of the maximum average commuting
distance. The random commuting distance is the average
commuting distance when all commuters are assumed not to
consider commuting distances while choosing jobs. Reference [23] proposed two calculation methods: the maximum
entropy method and the Monte Carlo simulation. The maximum entropy method requires a large number of random
samples, which is very difficult in practice. The second
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method is relatively simple, and the formula is as follows:
In the second year after Reference [23] was published,
Reference [24] proposed the concept of proportionally
matched commuting (PMC). With PMC, the proportion of
any jobs in zone j assigned to a residential zone i is proportional to the share of jobs in zone j in the entire region’s
labor market. So the commuting flow of PMC is calculated
as:

Substituting Formula (9) into Formula (1), it can be
shown after some mathematical deviations that the formula
to calculate the average commuting distance in accordance
with the PMC model is equivalent to that in accordance
with the random commuting model using the Monte Carlo
simulation [25].
Based on the concept of random average commuting distance proposed by Reference [24], Reference [26] put forward two distinct excess commuting indices: commuting
economy (Ce) and normalized commuting economy (CNe).
The commuting economy was introduced to measure the
cost savings of the actual commuting mode relative to the
random commuting mode. A larger commuting economy
value indicates more commuting costs are saved and the
commuting efficiency is higher. Normalized commuting
economy was introduced to measure the proportion of the
excess commuting (the difference between the actual and
the minimum average commuting distances) to the commuting potential (the difference between the random and the
theoretical minimum average commuting distances). A
smaller normalized commuting economy value indicates
that the actual average commuting distance is closer to the
theoretical minimum commuting distance, the commuting
potential utilized is lower, and the commuting savings are
higher. The formulas for the two indices are as follows:

So far, based on the four basic concepts and the four indices of commuting efficiency, the overall framework to
study excess commuting is basically completed. Fig. 1
clearly represents the relationship among these concepts and
indices, and makes them easy to understand.

Fig. 1 Schematic representation of concepts and indices in the
excess commuting framework

1.2

The interpretation potential of indices

There are four basic concepts in the framework of excess
commuting: the actual average commuting distance Tact, the
theoretical minimum average commuting distance Tmin, the
theoretical maximum average commuting distance Tmax and
the random average commuting distance Trand. They all describe commuting modes in which each job is matched to a
resident, with the given spatial distribution of jobs and
housing. Among the four concepts, the theoretical minimum
commuting, the theoretical maximum commuting and the
random commuting are all fictitious, and they are introduced to measure the commuting efficiency of a city by
comparing with the actual commuting. An implicit premise
is that jobs and housing can be exchanged or replaced indiscriminately without considering the commuters’ own
socio-economic characteristics and the jobs’ types and requirements. Then given spatial distribution of jobs and
housing, jobs are spatially matched to housing based on
certain rules: The minimum commuting is to minimize the
total commuting cost, the maximum commuting is to maximize the total commuting cost, and the random commuting
is to match randomly without considering commuting costs.
The actual average commuting distance is an observed value that reflects the actual commuting behaviors under the
actual spatial correspondences between jobs and housing. It
is a combination of various factors, such as the matching of
commuters’ own socio-economic characteristics and jobs’
types and requirements, the distribution of transport facilities and the degree of commuters’ access to employment
information.
The theoretical minimum commuting is to match jobs to
the closest housing, and it reflects the degree of
jobs-housing balance, that is how far to travel on average to
get a job. A smaller value indicates a potentially higher degree of jobs-housing balance, and a larger value indicates a
lower degree. This is more reasonable than statically determining the degree of jobs-housing balance by comparing
the number of jobs and commuters (that is, the ratio of jobs
②
to housing) in a zone .
The theoretical maximum average commuting distance is
to measure the commuting mode dominated by cross-city
traffic. Its value is mainly affected by the size of a city: The
larger the city size, the larger the value. Together with the
theoretical minimum average commuting distance, they
constitute the upper and lower limits in the calculations of
excess commuting, and both the actual and the random
commuting distances fall within this range. According to an
empirical study of more than 30 cities in Canada [25], the
theoretical maximum average commuting distance is highly
correlated to the random commuting distance (R = 0.99),
and the ratio is relatively stable at about 1.28. Therefore,
when measuring excess commuting or comparing
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commuting efficiencies, it is both theoretically and empirically logical to replace the theoretical maximum average
commuting distance with the random commuting distance.
The four secondary indices: excess commuting rate (Cex),
commuting economy (Ce), normalized commuting economy
(CNe) and commuting potential utilized (Cu) are used to describe the commuting efficiency from different perspectives,
with the given jobs-housing spatial distribution pattern. The
excess commuting rate compares the difference between the
actual commuting and the theoretical minimum commuting,
and measures the reduction in actual commuting when adjusting the spatial correspondence between jobs and housing. The commuting potential utilized measures the excess
commuting as a proportion of the commuting distance range
defined by the theoretical minimum and maximum commuting distances. It takes into account the city size, and
therefore can be used for horizontal comparisons of commuting efficiencies in cities of different sizes. The commuting economy explains the degree of residents’ optimization
in matching jobs and housing, in relative to random matching. It implicitly indicates the residents’ savings in transportation costs of commuting behaviors. The normalized
commuting economy is similar to the commuting potential
utilized, but it measures the commuting behaviors (already
considered cost savings) as a proportion of the commuting
distance range defined by the theoretical minimum and the
random commuting distances, and it focuses on the magnitude of commuting cost savings.

1.3 Vertical comparison of changes in actual
commuting distances
In a given urban form and spatial structure, the theoretical minimum, the theoretical maximum, and the random
average commuting distances are all fixed. Meanwhile, the
residents’ jobs-housing spatial relationship and their commuting behaviors are a response to the established urban
environment. Without changing the urban form, the actual
commuting distance can be shifted to the left or to the right
(Fig. 1) if it is affected by certain socio-economic policies
(e.g., reducing jobs search costs, reducing housing replacement costs, and reducing travel costs). The extent of left and
right movements can reflect the effectiveness of a policy in
influencing the efficiency of urban commuting. So, Reference [30] proposed a measurement method to diagnose
whether the commuting efficiency has been optimized.
Based on the spatial interaction model, an index was developed to measure the effort to reduce the actual commuting
distance of a city to a preset level. For an established urban
form, the entropy of the actual commuting distance is first
calculated, the entropy of the reduced commuting distance
is then calculated, and the difference between the two is the
effort to reduce the actual commuting distance to a predetermined commuting distance. The formulas to calculate

entropy are as follows:

In Formula (13), H1 is the entropy for the actual commuting distance and H2 is the entropy for the reduced commuting distance. By comparing the entropy before and after
reducing the actual commuting distance, this index
measures the degree of effort required to reduce the actual
commuting distance. This index does not consider the specific values of the theoretical minimum, the theoretical
maximum, and the random average commuting distances. It
only reflects the effort required to adjust the jobs-housing
spatial correspondence given the existing urban form (Fig.
2, from commuting mode A to commuting mode B), which
is the effectiveness that can be achieved by a non-spatial
planning policy.
In summary, it is appropriate to use different concepts
and indices to evaluate certain aspects of urban commuting
efficiency. The minimum average commuting distance
(Tmin) is used when determining whether the spatial distribution of jobs-housing is balanced. The excess commuting
rate (Cex) is used when investigating whether commuting
behaviors match with the urban form. The normalized
commuting economy (Cne) and the commuting potential
utilized (Cu) are used to measure how the residents’ commuting behaviors respond to the separation and scattered
distribution of jobs and housing. The commuting economy
(Ce) is used when evaluating the impact of commuting distance on the choice of residents’ jobs and housing locations.
And the index “effort’’ is used when reducing the actual
commuting distance and measuring the flexibility of the
existing urban form.
The above reference reviews summarize the studies on
the explanation potential of excess commuting, and all the
studies are based on the hypothesis of the ‘‘established
jobs-housing spatial distribution structure and pattern’’. It
requires further exploration to study what evolutionary
trend excess commuting will present if the jobs-housing
spatial distribution changes. Although References [25, 31]
reviewed and summarized existing studies, and they did not
discuss much detail about the relationship between excess
commuting and the urban form and structure. The following
chapter is motivated to fulfill this research gap.

Fig. 2

Changes in the jobs-housing spatial relationship
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2 Excess commuting metrics under different
spatial structures
As a carrier of social and economic activities, cities will
inevitably undergo spatial changes with socio-economic
development and transformation, such as the expansion of
urban areas and the spatial redistribution of job and housing
activities. Many scholars have conducted research on how
the spatial structure evolves, what is the direction of evolution, whether the theoretical minimum commuting distance
increases or decreases, and how the actual average commuting distance changes.

2.1

Brotchie’s Triangle Model

The study of urban commuting mode under different urban spatial forms and structures has been the main topic of
urban geography and urban economics. Reference [31] for
the first time used the Brotchie’s Triangle Model to analyze
excess commuting under different urban spatial structures
and simulated the corresponding excess commuting indicators of the four commuting modes under various scenarios.
Reference [32] has applied the Brotchie’s Triangle Model to
the horizontal and vertical empirical comparisons of three
cities and three time points in Canada.
The Brotchie’s Triangle Model proposed by Reference
[33]was a research framework originally used to analyze
urban decentralized development and travel mode under the
reform of traffic technology. This framework can provide
useful insights when analyzing the relationship between
urban spatial structure changes and residents’ travel behaviors. Fig. 3 is a diagram of Brotchie’s Triangle Model,
which shows the relationship between the dispersion degree
of land use and travel distance. The horizontal axis shows
the extent of land use dispersion, and the synergy degree of
jobs and housing dispersion (see Formula (14) for the calculation of x): 0 means that all jobs are concentrated at the
city center, and 1 means that jobs and housing activities are
③
decentralized and they are matched exactly . The vertical
axis represents the travel distance: 0 represents the travel
distance is right at 0, and D represents the diameter of the
urban built-up area, that is, the maximum travel distance
when all jobs-housing activities are evenly distributed with
a certain density. For cities with similar number of commuters, the smaller the average jobs (housing) density, the
larger the D.

In Formula (14), x is the synergy degree of jobs and
housing dispersion; E is the total number of jobs; ej is the
number of jobs in zone j; H is the total number of residents;
hj is the number of residents living in zone j; and dj is the
distance (in km) from the city center to zone j. If it is a

study in which each resident has a matching job, there is H
= E.
Among the three vertices of the triangle, Point A represents the average travel distance when all jobs are at the city
center, and the corresponding travel distance of A is about
the radius of the built-up area. Point B indicates that job and
housing activities are completely dispersed. The residents’
choice of jobs and housing locations does not consider
transportation costs, and all commuters choose the farthest
jobs; therefore, the commuting distance is the largest at
Point B. Point C means that all commuters choose the nearest jobs so that the transportation cost is the lowest. Segment BC is perpendicular to the horizontal axis and
represents the impact of travel cost on the average commuting distance. At Point C, the commuting cost is infinite, so
all commuters choose the nearest jobs and make the average
commuting distance the minimum. At Point B, the impact of
travel cost on the commuting distance is zero, and all commuters choose the farthest jobs, which contributes to the
maximum commuting distance. For all the commuting distances between Point B and Point C, the closer to Point C,
the greater the impact of travel costs on the actual commuting distance. The three vertices A, B and C respectively
represent three extreme commuting patterns under three
different spatial structures of a city, and the actual urban
commuting pattern must fall in the triangle region.

2.2
Analysis of excess
Brotchie’s Triangle Model

commuting

within

When Fig. 1 is rotated 90° counterclockwise and then
moves to segment BC in Fig. 3, the four points of the vertical line can represent the average commuting distances corresponding to the four commuting modes under a certain
spatial form (see Fig. 4). As mentioned in the first chapter,
under the established jobs-housing spatial distribution, the
theoretical maximum, the theoretical minimum, and the
random average commuting distances are also fixed. The
movement (increase or decrease) of actual average commuting distance reflects the direction and extent of the impact of transportation costs on commuting distances. This
triangle model can be used to discuss the changes in excess
commuting under different jobs-housing distribution patterns and spatial structures.

Fig. 3
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Brotchie’s Triangle Model

Fig. 4 Analysis of excess commuting based on Brotchie’s Triangle Model

In Fig. 4, if the size of the city’s jobs (residents) is constant (the triangle ABC is constant), and the jobs-housing
spatial distribution and structure change from Scenario 1
(x1) to Scenario 2 (x2), the following analyses can be made:
1) When x2 > x1, the synergy degree of jobs-housing spatial distribution is improving, and the commuting potential
capacity (Tmax−Tmin) is increasing, which means the diversity of matching jobs and housing activities is also increasing.
2) When T2min < T1min, the minimum commuting distance
is decreasing, which means that the possibility of
jobs-housing balance is increasing from the quantitative
point of view.
3) In Scenario 2, as analyzed above, if the actual commuting distance evolves from T2'act to T2act, non-spatial socio-economic policies (such as lowering housing
replacement costs or increasing travel costs) reduce the actual average commuting distance by affecting residents’
choices on jobs and housing locations, and the efficiency of
urban commuting has been improved.
4) The change of the actual commuting distance has
many possibilities, from T1act to T2act, T2'act or T2''act. When it
evolves from T1act to T2'act, the evolution of spatial forms
causes an increase in the actual commuting distance. If it
evolves from T1act to T2act or T2''act, the evolution of spatial
forms causes a decrease in the actual commuting distance,
but the magnitude is different. If it falls to T2act, the excess
commuting rate (Ce) of Scenario 2 is greater than that of
Scenario 1. To maintain the excess commuting rate for Scenario 1, the actual average commuting distance must drastically drop to T2''act.

Triangle Model (see Fig. 5).
It is assumed that the housing locations are evenly distributed in the built-up areas with a certain density, and the
spatial distribution of all jobs can be classified into three
situations: monocentric, acentric and polycentric. For the
monocentric structure of jobs (see Point A in Fig. 5), all
commuter trips are centripetal, and the spatial structure and
travel mode are represented by graph a. When the spatial
structure of jobs spreads out from a single center outward
until job activities are also distributed evenly as housing
activities, there are two modes. One is to spread along the
line AB, which means that most commuters are commuting
through the city and residents commute to the farthest jobs.
This travel mode is represented by graph b. The other is to
spread along the line AC, which means that most commutes
choose the nearest jobs to minimize the commuting cost,
and the average commuting distance is close to the minimum. This travel mode is represented by graph c.
Different polycentric patterns emerge while jobs spread
out to different extents. In this paper, it is assumed for the
demonstration purpose that there are two kinds of synergy
between the spatial distribution of job and housing activities. When x = 0.5, Tmin is relatively large; Tmax is relatively
small; the jobs-housing balance is low; the commuting potential (Tmax−Tmin) is small; and the excess commuting rate
is low. The spatial structure and travel mode for x = 0.5 is
represented by graph d. When x = 0.8, Tmin declines, Tmax
increases, and the jobs-housing balance, as well as the
commuting potential, increases. The spatial structures and
travel modes are represented by graphs e and f. In the case
of graph e, there are many cross-city commuting trips, so
the actual commuting distance increases and the excess
commuting rate rises quickly. In the case of graph f, traffic
organization is better, residents choose the nearest jobs, and
the actual average commuting distance decreases. However,
it cannot be determined whether the excess commuting rate
rises or falls, which depends on the specific jobs-housing
spatial correspondence.

2.3
Spatial structure and travel mode in
Brotchie’s Triangle Model
Brotchie’s Triangle Model is a useful analytical tool to
help understand urban spatial structure and residents’ travel
modes comprehensively and profoundly, and it can provide
accurate insights on spatial forms and structures. This paper
discusses the Bertaud’s urban spatial structure and travel
mode proposed in Reference [34] within the Brotchie’s

Fig. 5 The representation of the type of urban commuting spatial
structure
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In summary, when applying the research framework of
excess commuting to assess whether the transformation of
urban spatial structure has reduced the average commuting
distance, the following points need to be noticed to ensure
correct analyses.
1) Changes in city size and population density. When the
urban population grows, one growth mode is to maintain the
original density and to enlarge the urban areas. In this mode,
Point A of the Brotchie’s Triangle Model moves up, and the
maximum average commuting distance also increases. The
other growth mode is to keep the urban area unchanged, and
to accommodate the new population by increasing the population density. In this mode, Point A and the maximum
average commuting distance both remain unchanged.
2) If the population size and density do not change but
the jobs-housing spatial distribution has changed, the synergy degree of jobs-housing spatial distribution must be
considered, and the excess commuting rate could potentially
increase with the increased synergy degree of jobs-housing
spatial distribution.
3) The synergy degree of jobs-housing spatial distribution determines the jobs-housing balance. The spatial
one-to-one correspondence is affected by non-spatial socioeconomic factors, which in turn affects the actual average
commuting distance.

3

issues found in the analysis. For example, the research
framework of excess commuting has the evaluation potential to analyze whether to regulate by land use planning or
to adjust through market mechanisms.
Excess commuting has great potential for assessing the
jobs-housing balance in the field of urban jobs-housing relationship. It must be noted that for more than 30 years after
the concept was proposed, to make it more analytical and
interpretive, many scholars have continuously presupposed
different assumptions on the basis of their predecessors. On
one hand, these presuppositions make the excess commuting framework more comprehensive in theoretical explanation; on the other hand, the separation between theory and
reality increases due to the increase of presuppositions. For
example, excess commuting investigates individual commuters, while the reality is that a family is one commuting
unit and both husband and wife could be employed. Then
how to measure the separation of jobs and housing in this
case? Another example is that there are different types of
jobs, and some commuters have multiple jobs and workplaces. Then how to measure the jobs-housing relationship
in this case? In addition, how to investigate more and more
flexible commuters who can work from home due to the
development of information technology? All these questions
provide space for researchers to improve the framework,
and also point out the directions for future research.

Conclusion

Urban spatial structure is the most important concept in
urban geography and planning. Few previous studies have
been found to intensively discuss the spatial structure based
on commuting flow and the potential excess commuting. In
this paper, these two highly abstract morphological concepts
are put together to discuss their interrelationship and the
complexity of what they can reveal. However, excess commuting is still the most important research framework for
China’s jobs-housing imbalance study during the transition
of socio-economic development and rapid urbanization. It
not only helps accurately assess the existing jobs-housing
spatial relationship and the potential degree of jobs-housing
imbalance, but also provides a clear picture of what various
measures can achieve. For example, excess commuting can
be used to analyze the potential of redistributing
jobs-housing spatial forms through planning, and the efforts
required to adjust jobs-housing spatial correspondence by
implementing certain socio-economic policies (reducing
jobs search costs, reducing housing replacement costs, and
reducing travel costs)
Jobs-housing balance is usually one of the goals in urban-rural master plans. In the period when the urban spatial
forms and structures are still undergoing dramatic changes,
the achievement of this goal requires an analysis of the
jobs-housing spatial relationship and the commuting situation, and proposing corresponding solutions to address the

① The difference between the maximum average commuting distance (Tmax) and the minimum average commuting distance (Tmin) is defined
as the commuting potential.
② Planners represented by Robert Cervero usually adopt
jobs-housing ratio (that is, the ratio of the number of jobs to commuters in
a given geographic area) to determine the degree of jobs-housing balance
in a city. It is believed that when the ratio is between 0.8 and 1.2, the area is
considered to be balanced. According to this method, the geographical
scope becomes the key to determining the jobs-housing balance [27–28]. The
larger the scale, the higher the degree of balance; the smaller the scale, the
lower the balance and the self-sufficiency; that is, the results vary greatly
depending on different geographical scales. Therefore, some scholars proposed three levels of measurement: macroscopic, mesoscopic, and microscopic [29]. This metric method is greatly affected by the modifiable areal
unit, because in a larger statistical area, even if the jobs-housing balance is
high, the actual commuting distance may be large; and in a smaller statistical area, the low degree of jobs-housing balance does not necessarily mean
that the actual average commuting distance is large. It is inappropriate to
measure jobs-housing balance using jobs-housing ratio, which statically
studies the ratio of jobs to residents in a statistical area to evaluate the
jobs-housing spatial relationship, and does not take into consideration the
commuting behaviors.
③ In a city that aims for agglomeration economic effects, in theory,
the degree of dispersion of jobs is less than that of housing. Therefore, the
value of “x” will not be greater than 1. The situation where the value of “x”
is greater than 1 will only occur in the cities before the industrial revolution
or in rural areas.
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