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The COVID-19 has changed people’s lifestyle from many aspects such as the way

people commute and their attention to health and fitness, and environmental

problems. This report is to understand how residents in Shanghai commute with

difficulties and the environmental sustainability challenges and health issues in the

post-pandemic rehabilitation background. Taking educational institution in Shanghai

as example, this study applied big data techniques with kernel density, Ripley’s K(d)

function and 2SFCA analysis to identify the spatial characteristics and accessibility of

different institution types under different travel modes such as walking. The results

show that the distribution is extremely uneven in Shanghai, area with extreme

concentration is observed. In case of educational workplace, although the

proportion of street-town with moderate or higher accessibility reached 74.34%,

such proportion is only 41.01% for walking mode. Current planning has skewed

commuting around educational sites towards more carbon-intensive travel patterns

and not conducive for keeping fit and health. Besides, households located in the

districts of Chongming, Qingpu and Jinshan commute much longer than those in

other regions. Long commute time and less exercisemay lead to thewider spread of

disease and it’s harmful to residents’ health and sustainable living. In summary, the

findings of this paper regarding commuting to educational sites provide a clearer

understanding of the health and sustainability challenges for policymakers.
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1 Introduction

When the urbanization rate in China reached 51.27% in 2011 and, for the first time, the

number of urban populations exceeded that of rural population for the first time, China has

officially become anurban society.While the large population can provide an abundant source of

labour for the cities, it can also bring specific challenges to public facilities, services, infrastructure,

and other social resources. In addition, traffic congestion and air pollution have become serious

issues. When urban residents spend much time on their way to and from work, i.e., the
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“commuting time” is overly long, negatively affecting sustainable

economic and social development activities. According to the

Family Dynamics Social Tracking survey conducted by the

Chinese Academy of Social Sciences, the average commuting time

of urban residents was 33min in 2011, 35min in 2013, and 38min in

2017, respectively (Song et al., 2017). The increasing commuting time

among urban residents broadly indicates that the separation of work

and residence has become increasingly severe (Nijman &Wei, 2020).

With the massive expansion of the city scale and the evolution of

residential suburbanization, the permanent population continues to

expand to the city’s outer areas. As a result, there is a significant

difference in the spatial expansion of residence and employment. At

the same time, the commuting time of residents is prolonged due to

the increasing distance between the workplace and residence (Huang

et al., 2018). This phenomenon occurs in cities of different types and

sizes throughout China.

China’s megacities currently have two major issues for

commuting: high carbon emissions and unhealthy. In 2020,

the average carbon emission of one-way commuting

transportation for 10,000 people in major cities in China was

5.7 tons/day, which translates into 0.29 tons of carbon emission

per person and annual (round-trip) commuting transportation

based on 250 working days per year. Environmental scholars

such as DeWeese (2022) pointed that short commutes and green

travel help reduce carbon emissions, especially during the

pandemic. The COVID-19 pandemic that began in early

2020 has dramatically changed how people worldwide work

and live, including in China (Pan et al., 2020). As the “post-

pandemic period” has entered, rehabilitation is gradually being

realized across the country. However, implementing effective

planning to achieve healthy and low-carbon transportation is still

a challenge for policymakers (Cheshmehzangi, 2021). In

particular, for different occupational groups, their commuting

modes are different. Ta et al. (2017) divides the Chinese

commuting modes into “reverse commuting from the city

centre to the suburbs”, “lateral commuting between suburban

new towns”, and “long-distance commuting from the suburbs to

the city centre”. These patterns need to be more specifically

identified when it comes to common commuting sites, such as

factories, educational sites and business buildings. Therefore, this

paper chooses a kind of educational workplaces to study. The

reason to choose education workplaces as the research object is

that the current educational site planning is influenced by local

education policies and has formed special commuting patterns.

In all megacities of China, most educational institutions need to

be distributed to serve nearby families. In case of Shanghai, the

government divided residential areas into different parts and

stipulate that different educational institutions will be

responsible for the education of students in these residential

areas. It is worth noting that in China, children often go to school

not only by themselves, but also accompanied by their parents or

elders, normally via transportation modes of walking, bus or car

(Gao et al., 2017; Ma et al., 2019). Therefore, commuting

behaviour in this paper refers to the behaviour of students

and accompanied family members from their homes to

educational institutions and back. Because the majority of

students in educational workplaces are young people, they are

also more vulnerable to the impact of the epidemic, which makes

commuting in this place more of a concern. But there is still rare

discussion about the sustainability and health challenges of

commuting in such workplaces. Therefore, in case of a kind

of educational workplace, this paper aims to explore the issues in

the current urban planning and propose corresponding planning

suggestions to build a healthier and low-carbon commute. The

aim of this research is to show current policymakers how

variations on the sustainability and health issues facing

commuting in different workplaces can be understood at the

planning level, and to provide an exploratory case.

To implement this exploratory study, we select the research

methods of applying multi-source data. With the development

of big data technology, point of interest (POI) data, vehicle GPS

data, public transportation IC card data, mobile phone

signalling data, and other data have good space-time

continuity and are widely available in different cities,

providing new possibilities for the realization of commuting

monitoring (Jiao et al., 2015). Liu et al. (2020) identified

commuting trips and analysed their spatial characteristics

based on TAXI GPS trajectories data. Kuang et al. (2015)

used public transport swipe card data combined with bus

GPS data to analyse the job-housing relationship and

commuting trips in Beijing and evaluate the spatial

difference of job-housing separation. However, using GPS

data to carry out commuting research can only obtain the

commuting characteristics of part of the travel modes. There

are systematic deviations in the analysis of the commuting

characteristics of the whole city. Therefore, it is necessary to

use the advantages of different spatial data. In order to select the

specific data for analysis, we first determined the study area of

this paper as Shanghai, a city with a large number of commuting

populations and a representative city of China’s commuting

problem. The urban space of Shanghai is located in China

between 120°52 ‘and 122°12′ east longitude and 30°40′ and

31°53′ north latitude. In Shanghai, commuting has always

been a huge problem plaguing the operation of the city.

Based on 1% population sampling data, Zhao and Cao

(2020) found that the separation of employment and

residence across districts and counties was apparent in

Shanghai. The commuting flow of the employed people in

the city is mainly from the suburbs to the central city and

from the outer suburbs to the inner suburbs, and the average

commuting time is 42 min. Shanghai’s commuting

phenomenon is also replicated in China’s megacities such as

Beijing, Shenzhen, and Tianjin (Xu et al., 2019). Therefore,

some scholars suggest that the study of Shanghai can provide a

reference for other megacities in China (Zhuo et al., 2016).

However, it must be noted here that the conclusions may not
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apply to other country contexts, considering transportation

infrastructure, population density, etc. (Giménez-Nadal et al.,

2020). In the research on Shanghai, scholars such as Gan et al.

(2020) extracted mobile phone data from multi-day activity

chains and used it to identify people facing high risk of infection

during commuting. At the same time, they found that the way

people commute has started to change during the pandemic. Li

et al. (2021) obtained the road traffic speed data of Shanghai for

3 months through Baidu Maps. It is found that these changes in

commuting modes are affected by migrant populations under

the epidemic, and different regions are affected to different

degrees. With similar datasets, Xiao et al. (2022) also pointed

out that the different influences of pandemic on the use of

public transportation. However, to understand these

differences, Qiu et al. (2022) and Huang et al. (2022)

proposed the help of POI data. Huang et al. (2022) pointed

out that the distribution of CO2 emissions was closely related to

POI and land use data, and evaluated the situation of Shanghai

based on the two types of data. It is verified that more details can

be observed based on POI. Qiu et al. (2022) further clarified the

importance of POI data in understanding travel between

different places. Qiu et al. (2022) found that because of the

unreasonable spatial distribution of green sport space (GSS)

enjoyed by residents in Shanghai, people in some areas need to

spend more commuting time to obtain corresponding services.

This reveals the practical value of using POI data to understand

commuting problems. Qiu et al. (2022) believed that POI data

have advantages in understanding urban travel due to its

openness, timeliness and diversity of data processing.

Therefore, the specific research question of this paper is how

to understand the sustainability and health issues in Shanghai

educational workplaces with the help of advanced POI data.

This paper takes Shanghai as the research area, uses a kind of

educational workplace as the case, and obtains POI data of

8,373 workplaces through Python. Using the kernel density and

Ripley’s K(d) function, the spatial distribution pattern of

education institutions was analysed. This paper identifies the

spatial clustering characteristics of different category

institutions and analyses the commute accessibility under

different travel modes based on the Two-step floating

catchment area method (2SFCA). In this way, the

transportation carbon-density and health risks can be

understood by evaluating the spatial characteristics and

commuting accessibility.

To summarize, for the government, how to solve the problem of

high carbon emissions and COVID-19 risks in daily commuting has

become important topics (Gao et al., 2018). As can be seen from the

previous discussion, the current trend of relevant research is to use

multi-source data, especially localized open-source databases, to

obtain timely data. Although there are many studies using these

local data, and they focus on things like industrial development, and

enterprise accessibility, few of them have been used to understand

traffic problems and to promote public health in the context of

COVID-19. Therefore, this paper taking educational workplace as an

example, conducts a study on commuting in Shanghai and lays a

foundation for related research. In this way, we can pay attention to

the high carbon and unhealthy issues of Shanghai’s traffic commuting,

which will complement the problem of lack of attention and

timeliness in past studies.

2 Methods

2.1 POI cases: Classification

This study chooses the POI data of language education

institutions as the study cases. China’s education level cannot be

directly divided according to the international standard ISCED, which

has been explained in previous studies (Gruijters et al., 2019).

Considering the complexity of education in China, this paper

classifies English teaching places after considering the place

number and the cognitive stage of human beings from early

childhood. The first stage is Enlightenment Education, mainly

because most of the learning in this period was enlightenment

learning, and the leading group who were educated were children.

The second stage is Campus Compulsory Education, which is for

teenagers. It is because English education in China is Compulsory in

elementary, junior, and senior high schools. The third stage is for the

adult, mainly college students and various social groups, who learn

English mainly for study abroad and employment. Through such

classification, the purpose of learning, the age, and the characteristics

of the learning place can be clearly divided. The Enlightenment

Education (POI Quantity: 3,496): Kindergarten, Children’s English

Training Institutions. Campus Compulsory Education (POIQuantity:

2,513): Elementary, Middle, and High school. University and

Continuing Education (POI Quantity: 2,364): Universities, English

institutions for BEC/IELTS/TOEFL, and Adult English Education

institutions. The spatial distribution characteristics of three types of

8,373 related educational institutions were studied. Kernel density

Analysis was used to visualize the global distribution, Ripley’s K(d)

function was used to conductMulti-Distance Spatial Cluster Analysis,

and location entropy was used to analyse the current accessibility.

2.2 Kernel density estimation

Kernel Density Estimation (KDE) is a spatial Density analysis

method based on the clustering algorithm of data Density

function (Chen, 2015). It can intuitively and accurately reflect

the relative concentration degree of the measured values of

elements in the continuous region. Its formula is as follows:

f(x) � ∑n

i�1
1
h2
k(s − ci

h
) (1)

Among which, f(x) is the kernel density function value at

the distance, k is the spatial weight, h is the search radius, ci is the

Frontiers in Environmental Science frontiersin.org03

Shen 10.3389/fenvs.2022.1037363

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1037363


core intermediate element i, and n is the number of samples

whose distance from position s is less than or equal to h. Points

near the centre are given a higher weight, and the weight

decreases with the increase of distance, resulting in a smooth

surface with a larger median value and a smaller peripheral value.

2.3 Ripley’s K (d) function

This paper uses Ripley’s K(d) function to analyse the spatial

agglomeration of education institutions at different spatial scales

in Shanghai. In general, K(d) function is transformed to maintain

variance stability and L(r) index is constructed to judge the

distribution of observation points. The formula is as follows:

L(r) �
��������������
A∑n

i�1∑n
j�1Wij(r)
πn2

√
− r (2)

Where, A is the area of the study area, n is the number of

mechanisms, r is the distance scale, and Wij(r) is the distance
between institution i and institution jwithin the distance range r.

If L(r) >0, indicates that the distribution of education

institutions shows a spatial agglomeration trend; When L(r) =
0, the mechanism space shows random distribution trend;

L(r) <0 indicates that the distribution space of the

mechanism presents a diffusion trend.

2.4 Two-step floating catchment area
method (2SFCA)

The Two-step floating catchment area method (2SFCA)

is widely used in spatial accessibility analysis of public

service facilities. It explores the area by moving twice and

then analyses the service’s supply capacity and actual

demand. Its advantage lies in taking into account the

supply capacity of the supply point and the demand value

of the demand point and introducing the distance or time

threshold, fully considering the supply and demand, time

cost, and other information (Xu et al., 2015; Higgs et al.,

2017). Besides, the 2SFCA increases the influence of the

distance attenuation factor to calculate spatial reachability

more accurately (Mazumdar et al., 2014; Ma et al., 2019). To

this end, this paper adopts time cost to set the threshold, and

the specific steps are as follows:

Step 1. For each institution j, search the number of people d in

all streets k within the range of timeDk from institution j, assign

weights using Gaussian equation and sum these weighted

populations to calculate the supply/demand ratio as Rj:

Rj � sj∑k⊂{dkj ≤ d0} G(dkj, d0)Dk

(3)

G(dkj, d0) represents the distance attenuation function of

Gauss equation for the influence of institutions on spatial

elements, and the formula is as follows

G(dkj, d0) � e
1
2*(dH/d0)2 − e−1/2

1 − e−1/2
, dkj ≤ d0 (4)

Step 2: For each residential area i, search for all educational

institutions j within the distance from i to time d. Add all the

supply and demand ratios Rj together to obtain the reachability

Ai of point i:

Ai � ∑
k⊂{dkj≤ d0} G(dkj, d0)Rj (5)

3 Results

3.1 Overall characteristics

3.1.1 Inner dense and outer sparse
According to the obtained geospatial coordinate data of

institutions in Shanghai, the results of statistical

visualization show that institutions within the outer ring

high-speed area are more densely distributed, while those

outside the outer ring high-speed area are more dispersed.

From a regional perspective, the absolute number of

FIGURE 1
General map of kernel density.
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institutions in the Pudong New Area of Shanghai is the

largest, 1,659, accounting for 19.81% of the total institutions,

while the absolute number of institutions in Jinshan District

is the most minor, 167, accounting for 1.99% of the total.

Based on each district’s geographical area and location

factors, it can be found that institutions in Shanghai

present an unbalanced spatial distribution feature of

“close inside and thin outside.” Hongkou district, Yangpu

District, Xuhui District, the eastern part of Changning

District, and the western part of Pudong New District are

the core areas of Shanghai’s spatial pattern of institutions.

3.1.2 Spatial structure
The spatial agglomeration characteristics of institutions were

determined using the kernel density analysis method. The results

show that institutions in Shanghai show a multi-centre spatial

agglomeration structure along the Huangpu River. In other

words, a large-scale high-concentration core and several

secondary concentration cores are grouped in each district

(Figure 1). The results show that institutions in Shanghai tend

to be located in the urban and district centres where economic

activities are more developed. The reason for this is to make full

use of the geographical advantages of these regions, which have a

strong flow of people.

3.2 Spatial distribution of different types

3.2.1 Quantity information
There are 8,373 institutions in the main urban area of

Shanghai, including 3,496 institutions for early childhood

enlightenment, 2,513 institutions for compulsory education,

and 2,364 institutions for higher language training,

accounting for 41.75%, 30.01% and 28.24% of the total,

respectively. It can be seen that in the number of

institutions in Shanghai, the proportion of preschool

enlightenment is the highest. Compulsory education and

University and Continuing institutions accounted for

58.25%. From the proportion, it can be seen that

preventing and controlling the pandemic in Shanghai is

challenging. Specifically, the dominant population in the

educational workplaces tends to be more vulnerable to

COVID due to being younger. At the same time, they are

students need people to accompany during commute,

especially in the context of the epidemic. Commuting

around such workplaces tends to have nearly double the

carbon emissions due to shuttles of their family members

(e.g., parents), making this become the most carbon-

intensive commuting form. Based on this understanding,

in the following research, we will focus on the differences

between the three groups and pay attention to their health

and sustainability aspects. By looking at the agglomerations

of workplaces, we can identify those areas with the most

commuting, and these areas tend to have higher health risks.

By comparison we can know the difference in risk between

the different categories. By calculating the accessibility

around places, we can know the accessibility level of

children and accompanying family members under

different transportation modes during commuting, and

know whether the current transportation planning is

conducive to residents choosing more low-carbon and

low-risk travel modes such as walking.

FIGURE 2
Kernel density of institutions in Shanghai. (A) University and Continuing Education, (B) Campus Compulsory Education, (C) Enlightenment
Education.
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3.2.2 Difference in agglomerations
The agglomeration distribution of various institutions in

Shanghai presents different patterns of polycentric

agglomeration distribution (Figure 2). The kernel density of

each type of institution shows that: Early childhood

enlightenment institutions in Shanghai present a wide range

of “core cluster” distribution characteristics. Clusters gather at

the core urban area, forming a large-scale cluster area.

Compulsory institutions show the distribution characteristics

of “multi-core and decentralized agglomeration,” and there is

no apparent density core in the urban areas outside the outer ring

expressway of Shanghai. The spatial distribution structure of

single polarization is prominent. There are three evident density

cores of universities and continuing education institutions on the

west bank of the Huangpu River, and their performance is

relatively balanced. The structure is between enlightenment

institutions and compulsory institutions. The results show that

compared with the overall distribution of the city, the more basic

and generalized social education needs are, the more balanced

and connected the polycentric layout is. The more

comprehensive and particularized the social education needs

are, the more characteristic of a single center and island.

According to this feature, the government can prioritize

prevention inspection through spatial distribution.

3.2.3 Spatial agglomeration scales
Based on Ripley’s K function, this paper analyses the

spatial agglomeration characteristics of various institutions

at different distance scales and further explores the location

characteristics of various institutions. The results show that

different types of institutions have different spatial scale

agglomeration characteristics, and the scale range of

location choice is also different. As shown in Figure 3,

within the observation scale of 6 km, the observed value

curve of the L(r) function is always above the expected value

curve. Within this range, the actual observed value is above

the upper limit of the Monte Cato simulation. The results

show that all kinds of institutions have significant spatial

agglomeration characteristics. From the overall trend of

L(R) function curve, with the increase of distance, all

kinds of institutions show the trend characteristic of “fast

strengthening at a short distance, slow weakening at a long

distance.” However, the distance corresponding to its peak

value indicates that the distance threshold of location

selection of institutions is different. Among them, the

peak distance of institutions of university and continuing

education is 4000m, indicating that such institutions have

the characteristics of large-scale agglomeration and an

extensive range of location selection. The peak distance

FIGURE 3
Results of Ripley’s L(r) function. (A) Enlightenment Education, (B) Campus Compulsory Education, (C) University and Continuing Education.
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between enlightenment and compulsory education

institutions is close to 3,500m, indicating that these two

institutions have a smaller scale of agglomeration and a

smaller range of location selection.

3.3 Spatial accessibility based on three
modes of transportation

In the analysis, we consider the Shanghai traffic network

data set. These include bus lines and stops, urban roads, and

walking routes. These data came from Baidu Maps, which is

open access. The ArcGIS platform was used for digitizing and

manually setting the 300 m straight line distance as the service

radius of the bus station and defined 30 km/h as the bus’s

average speed. According to Open Street Map data of different

road grades and urban road grade standards, the vehicle speed

was determined as 60 km/h on the express road, 40 km/h on the

main road, 30 km/h on the secondary road, and 20 km/h on the

branch road. Then, the OD time cost matrix of different urban

roads is simulated in ArcGIS, and the spatial accessibility

coefficients of institutions under different traffic modes are

calculated.

By applying 2SFCA, the institutions in Shanghai in

2020 and the latest resident population of Shanghai Street/

Towns in 2021 were analysed. Under the three travel modes, the

spatial accessibility of institutions in Shanghai is graded

(Figure 4). In the case of Car travel, the proportion of street-

town with moderate or higher accessibility reached 74.34%,

which was higher than 59.42% of bus travel and 41.01% of

walking. This suggests that current transportation planning is

more convenient for cars and buses that still dominant by fossil

fuel consumption and does not encourage low-carbon and less

risky travel modes such as walking. The reason for this pattern

can be found by observing Figure 4. According to Figure 4, the

accessibility of Car transportation mode develops along the

Huangpu River in an axial direction of “northeast to the

southwest” and forms a “dual-core” pattern. With

Changzheng Town of Putuo District and Fangsong Street of

Songjiang District as the core, it develops into two cluster areas

with high-value accessibility. There are 68 streets/towns with

moderate or higher accessibility, mainly distributed in Baoshan,

Hongkou, Jiading, and Pudong districts. Thirty-three low-

accessibility streets are concentrated in the outer suburbs of

Chongming, Qingpu, and Jinshan Districts. The main reason is

that the area of streets and towns is relatively large, the density

of the road network is relatively low, and the distribution of

institutions is insufficient. Therefore, this means that people are

less likely to choose more sustainable and healthy modes of

travel and have to adopt more energy intensive modes of travel

due to the unequal and unreasonable distribution of educational

institutions. But even so, it is difficult to achieve adequate

accessibility in some areas, which also reflects the lack of

educational institutions.

FIGURE 4
Spatial accessibility classification diagram of institutions. (A) Walking accessibility (B) Bus accessibility (C) Car accessibility.
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4 Discussion and conclusion

According to the Family Dynamics Social Tracking survey

conducted by the Chinese Academy of Social Sciences, from

2011 to 2017, the average commuting time in Shanghai

remained above 49 min. Our results on commuting

accessibility indicate that education institutions are currently

widely distributed and that most areas can provide efficient

travel and access. However, the current planning does not take

enough into account the environmental protection and health

issues of travel. The transport mode with the highest

accessibility is still car (74.34%), while walking has the

lowest accessibility (only 41.01%). This means that the vast

majority of residents are constrained by the disproportionate

distribution of educational sites and have to choose more

carbon-intensive commuting options. The sustainability issue

of such commutes becomes even more salient when parents are

considered for accompanied commuting. Besides, for the

districts of Chongming, Qingpu, and Jinshan in the outer

suburbs, commutes here are longer and farther than those in

other areas. These three areas perform poorly on the

accessibility index, which means the residents produce

higher transportation emissions and face higher health risks.

This also indicates insufficient transportation facilities and

education resources in these three areas. Although the

simulation mechanism in this paper is simple, we believe

that it is sufficient to reflect the fundamental law and

provide a working direction for healthier and low-carbon

commuter control. In view of the results drawn in this

paper, we propose the following suggestions for commuting

to educational places, both for students and employees: 1) In the

short term, the government should set up lines for living in the

outer suburbs of Chongming, Qingpu, and Jinshan to provide

collective transportation. Shanghai Jiao Tong University, for

example, is currently piloting an online booking innovative

transportation method to provide students and teachers living

in Minhang and other places with the most efficient way to help

them commute during the pandemic. However, similar

practices are still lacking, and given the government’s focus

on pandemic prevention in urban areas, the commuting

situation of people in rural areas needs to be given equal

attention. 2) In the long run, the government needs to adjust

the number and distribution of different educational places and

consider fewer cost-benefits problems. In particular, the

number of educational institutions in the suburbs needs to

increase. It can be seen from the results of this paper that

commuting to educational places is also closely related to

educational equity. 3) The government should set public

ownership-related policies, such as giving the accessibility of

poor areas certain subsidies through public ownership to

strengthen the construction and improve pandemic control.

Due to the limited existing models in analysing POI data and

the limited data accessibility in other countries, only a brief

exploration was conducted in the present study. The used model

used was simple, and no comparison was made before and after

the pandemic. In future studies, variables and actual conditions

will be considered, and the impact of the pandemic will be

explored more deeply as suggested by Mastoi et al. (2022),

Rana (2021) and Waheed (2021). The main purpose of this

report is to draw the attention of scholars to the application of

timely data for commuting planning in cities, especially mega-

cities. At the same time, sustainability and health issues should be

considered in future commuting planning.
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