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Abstract: The influx of seasonal migrants has a significant impact on public services in destination places
and may reshape the spatial accessibility and equity patterns of park green space (PGS). However, the
two-step floating catchment area (2SFCA) method and its extended forms neglect discrepancies between
the travel behaviors of seasonal migrants and native residents and thus fail to delineate variations in
PGS accessibility and equity in areas with seasonal migrants. To avoid this issue, this study drew on
the case of Sanya, a city with large numbers of Houniao, who are primarily retirees leading seasonal
migration between the north and the south of China. A multi-group, multi-mode Gaussian-based 2SFCA
method was also proposed to evaluate the PGS accessibility and equity before and after the Houniao
influx. The method considered the changes in the COVID-19 restrictions from a refined perspective,
with fine-scale residential areas being the research units and travel time requested from the web map
application programming interface. The results showed that most residential areas were found to have
relatively low PGS accessibility and equity levels, except for those in the south-central and southwestern
urban areas of Sanya. Both the Houniao influx and lifted COVID-19 restrictions affected the spatial
patterns of PGS accessibility and equity. PGS accessibility and equity were decreased by the Houniao
influx, whereas walking and public transport within a few residential areas outside Houniao gathering
spots improved. This study can serve as a basis for the reasonable planning of PGS and other public
services in cities receiving seasonal migrants, such as Sanya.

Keywords: park green space; accessibility; equity; Houniao; multi-group multi-mode two step floating
catchment area method; spatiotemporal analysis; COVID-19

1. Introduction

Seasonal migration, driven by the desire to experience a different culture, enjoy
a milder climate, and benefit from a more affordable cost of living, has emerged as a
widespread global phenomenon [1–3]. This trend has become an important research topic
in the fields of public policy, sociology, and public health [4,5], owing to increased personal
mobility and improved living standards. These seasonal migrants, who annually engage in
pendulum-like mobility between their home and destination places, are also referred to as
snowbirds [6]. In countries like the United States, Canada, and Japan, where the population
of seasonal migrants has reached a significant scale, in-depth analyses have been conducted
regarding the motives behind the seasonal migration [7], the challenges these migrants
encounter in accessing healthcare services at their destination places [4,8], as well as the
precarity and perceived well-being they receive [9]. Additionally, seasonal migrants can
also exert substantial influence on the areas they relocate to, manifesting in shifts in the
energy consumption behaviors of native residents [10], reshaping the spatial patterns of
supply and demand for the public space [11], etc. Given the wide-ranging impacts of
seasonal migrants on the economy, environment, population distribution, landscapes, and
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more in their destination places, researchers have called for the inclusion of considerations
of seasonal migrants in sustainable planning and decision-making processes [12,13].

With the aging of the population and the standards of living of residents improving
continuously in China, internal retired migrants, also called Houniao, are gradually becom-
ing non-negligible. These Houniao generally move seasonally from the cold north to the
south, where the climate and environment are more pleasant, for a short-term residence;
they leave after northern climates warm up, bringing opportunities for the development
of the economic, social, and tourism industries in their destination places [14–16]. Similar
to the challenges faced by other cities receiving seasonal migrants, the seasonal influx of
a large number of Houniao also exerts enormous pressure on the public services at their
destination places, leading to issues such as traffic congestion and public space short-
ages [17]. However, there remains a notable gap in research concerning the variations
in spatiotemporal distribution of population and the impact of these migrants on public
space in destination places, while a series of studies focus on qualitative analyses from the
perspective of seasonal migrants. This lack of investigation results in a lack of theoretical
support for urban planning and the allocation of public service facilities in cities receiving
seasonal migrants.

Promoting the residents’ sense of well-being directly and indirectly, park green space
(PGS), as the main component of public space, provides ecosystem services from both
cultural and environmental perspectives, thereby improving the health of residents while
inspiring them to connect with nature [18,19]. Nevertheless, as urbanization progresses,
urban open space is becoming increasingly fragmented. PGS, which is an essential compo-
nent of the open space, has been separated by urban development into fragments located
in various areas. The fragmentation of open spaces can present challenges in their effi-
cient utilization due to inconvenient transportation between these dispersed areas [20].
Consequently, this situation results in a mismatch between the distribution of population
and PGS, making it more challenging for certain areas to access this sort of open space
compared to others. Moreover, the phenomenon of unequal distribution of resources and
opportunities among different regions is considered within the context of spatial equity
issues, which sparked extensive discussion among researchers.

Research on spatial equity of PGS has been mainly carried out by analyzing variations
in PGS accessibility among residents in various regions, with increasing attention being
paid to variations in park accessibility regarding different groups of socioeconomic status,
races, and ages [21–23]. Evaluation methods and indicators within various contexts are
multidisciplinary, including the Lorenz curve and Gini coefficient, Theil index, location
entropy, and others [24–26]. Among these studies, the assessment of spatial equity is mostly
based on spatial accessibility. This is because spatial accessibility is generally regarded as
an indicator of spatial equity [27]. PGS accessibility is interpreted as the resistance residents
overcome while accessing PGS [28]; good PGS accessibility generally implies better access to
PGS resources for residents and, thus, more health benefits gained from PGS [29]. Hence, it
is an essential indicator for identifying underserved areas and evaluating the reasonableness
of PGS planning. Studies on PGS accessibility are abundant across the continents and have
uncovered more detailed insights with the development of measurement methods. In
early studies, researchers defined accessibility as the potential opportunity to access a
service, with a greater emphasis on the relationship between the size of the service and
distance rather than on the service itself [30]. In this context, Hansen [31] proposed a
gravity model based on the gravity model. With the evolution of geographic information
systems (GIS), approaches for measuring spatial accessibility, which incorporate buffer
analysis and network analysis in the accessibility calculation, have witnessed a growing
surge in popularity [32,33]. Nonetheless, the buffer method is inadequate as it overlooks
zigzagging routes of travel, resulting in an underestimated coverage area. Similarly, the
GIS-based network analysis method, while capable of calculating the travel time on actual
road networks for various modes, does not consider the supply and demand between the
PGS and residents. Both approaches fall short of capturing the reliable spatial pattern of
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accessibility. Therefore, the two-step floating catchment area (2SFCA) method proposed by
Luo and Wang [34] has been widely used because it can reliably measure PGS accessibility
from a supply–demand perspective using road networks. Moreover, extended forms
of this method, integrated with extensions of decay functions [35], catchment sizes [36],
competition among demands, and multiple travel modes [37,38], have been developed to
meet the requirements for accessibility in different situations. Recent studies incorporated
emerging web map platforms into accessibility measurements, thereby bridging the gap
caused by subjective speed settings of different travel modes, neglecting complex urban
traffic in the conventional 2SFCA method [39,40], and eventually measuring the PGS
accessibility more accurately.

Many studies have employed the 2SFCA method to assess PGS accessibility; however,
the impact of seasonal migrants has seldom been illustrated. This method remains limited
regarding measuring the PGS accessibility for seasonal migrants in cities. First, although the
research unit has been narrowed down from the municipal districts and census tracts [41,42]
to the traffic analysis zones and communities [43,44], the spatial distribution of the native
population and seasonal migrants at a finer scale remains undetermined. Second, travel
behaviors and PGS demands are assumed to be inconsistent among different groups
of residents; however, the influence of travel mode preferences of different groups on
PGS accessibility cannot be revealed by the existing 2SFCA methods. Third, the distance
thresholds for the catchment size of seasonal migrants are assumed to be different from
those of native residents; hence, conventional practices with empirical thresholds set by
researchers [45] result in inaccurate PGS accessibility that fails to demonstrate the influence
of seasonal migrants.

As a well-known tropical coastal resort in China, Sanya attracts many Houniao, who
migrate there every winter, seeking healthier lifestyles [16]. With inconsistencies in gather-
ing spots and travel mode preferences among native residents, Houniao leads to periodic
fluctuations in the spatial distribution of the population, urban traffic conditions, and PGS
demand, which may affect PGS accessibility and equity. This may exacerbate or alleviate
the PGS supply–demand mismatch, resulting in unfair access to PGS. Therefore, it is of
great importance to study the impact of seasonal migrants on PGS accessibility and equity
in migrant destinations, using Houniao as an example.

Using fine-scale residential areas as research units, this study proposes a modified
2SFCA method for more reliable PGS accessibility and equity under different travel modes
prior to and following seasonal migration. The objectives are to (1) scientifically assess the
PGS accessibility under different travel modes using the proposed method, (2) analyze
the impact of the Houniao influx on the PGS accessibility patterns under different travel
modes, and (3) reveal discrepancies in the PGS equity before and after the Houniao influx
and provide a transferable approach for conducting research on the PGS accessibility while
considering seasonal migrants and multiple travel modes. This method is illustrated and
validated using a case study of the central urban area of Sanya.

2. Study Area

Located at the southern tip of Hainan Island, covering a total land area of 1921 km2

(Figure 1), Sanya is an international tourist city with tropical seaside sceneries. As of 2021,
Sanya has a resident population of 1.03 million, of which the urban population accounts for
71.78%, with a per capita GDP of CNY 81,000, ranking 97th among 293 prefecture-level mu-
nicipalities in China. Moreover, Sanya is not only the second largest city in Hainan Province
but also the city with the most Houniao in China. Specifically, more than 200,000 Houniao
arrive in Sanya to escape the cold during the winter and return to their home places the fol-
lowing year, accounting for about 21% of the native residents reported by the Sanya Tourism
and Culture Broadcasting and Sports Bureau (STCBSB, http://lwj.sanya.gov.cn/wljsite/,
accessed on 20 February 2023). These seasonal migrants have contributed to the develop-
ment of Sanya’s economy and tourism, but they have also placed significant pressure on

http://lwj.sanya.gov.cn/wljsite/
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public services, resulting in traffic congestion and PGS shortage. This issue has garnered
considerable attention from both policymakers and researchers.
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Additionally, unevenness in the distribution of public transport (PT) resources is
apparent in Sanya, with bus lines and stops in the central urban area being relatively dense,
while PT services at the northern, eastern, and western ends are in short supply. With
the construction of the Hainan Free Trade Port, Sanya was given a new position as the
core destination of international tourism and consumption. However, the area of PGS
per capita in Sanya was only 16.2 m2 in 2021, i.e., relatively low compared with cities of
similar population sizes in China. Moreover, the spatial layout and planning of PGS are
unreasonable and cannot yet meet the basic requirements of full coverage in blocks every
500 m, and there is only limited discussion about the fair share of PGS construction results.
Evidently, the huge gap between high-end city positioning and low-level PGS services,
coupled with the seasonal fluctuations in PGS demand, make Sanya an ideal case for this
study.

Because most native residents, Houniao, and bus stops are mainly located in the
central urban area of Sanya, our study considered the central urban area of Sanya as the
study area to investigate PGS accessibility and equity. Positioned in the south of Sanya,
covering a land area of 160 km2, the central urban area comprises 44 urban communities
and 22 administrative villages, with a population of 756,700, accounting for 73.4% of the
total population of Sanya.

3. Materials and Methods
3.1. Methodological Framework

As shown in Figure 2, the first component of the framework is data processing, as the
data of the fine-scale population and PGS are key elements in this study, which served as
the demand and supply, respectively. Since the reliability of spatial accessibility depends
on the accuracy of the distribution of population and PGS, the online real estate platform
(OREP) and the internet satellite images are utilized in the data processing. Moreover, the
distribution of population and PGS also indicate the origins and destinations while residents
accessing the PGS so that accurate travel time considering real-time traffic would be requested
from the web map application programming interface (API) before and after the seasonal
influx. The framework includes four travel modes, as revealed by the travel questionnaires
issued by the Sanya Transportation Bureau, where 2479 out of 2513 respondents indicated a
preference for modes of walking, riding, public transport, and driving. Following the data
processing, a modified accessibility model proposed in this study would utilize these data to
precisely calculate the accessibility under different travel modes before and after the seasonal
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migration. To achieve this goal, the travel mode preferences of different groups were collected
through field surveys and incorporated into the model parameters. Subsequently, we delved
into the variations in spatial accessibility before and after the seasonal influx under different
modes. Next, the location entropy model was adopted to obtain the equity index based on
the accessibility indicator. We then explored the discrepancies in spatial equity before and
after the Houniao influx across different modes. This approach is adaptable and can be applied
effectively in other urban settings.
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3.2. Data Processing
3.2.1. Population

In PGS accessibility studies, the fineness of the population distribution determines
the spatial scale. Considering that large demand patterns make it difficult to obtain
reliable PGS accessibility [44,46], this study used a fine-scale residential area to accurately
demonstrate the spatial distribution of seasonal migrants and native residents as the
spatial unit. Specifically, according to the residential land outlined in the Regulatory
Detailed Planning of Central Urban Area of Sanya (http://lr.hainan.gov.cn/, accessed on
15 October 2022), the population within each residential area was precisely estimated in
three scenarios using the OREP Anjuke (https://anjuke.com/, accessed on 15 October
2022), Amap (https://amap.com/, accessed on 15 October 2022), Sanya Statistical Yearbook
(http://tjj.sanya.gov.cn/, accessed on 11 February 2023), and Sanya Homestead Regulations
(http://www.sanya.gov.cn/, accessed on 15 October 2022).

Scenario I: in terms of residential areas located in communities in which OREP
recorded detailed information, residential outlines, numbers of housing units, and proper-
ties for rent and sale were obtained from Amap and OREP, respectively. Then, assuming
only one household in each non-vacant unit, the population within such residential areas
was estimated as follows:

PS1 = (T − RT − SL)× HS (1)

http://lr.hainan.gov.cn/
https://anjuke.com/
https://amap.com/
http://tjj.sanya.gov.cn/
http://www.sanya.gov.cn/
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where PS1 is the estimated population in Scenario I. T is the number of total housing units
according to OREP. RT and SL are the numbers of units for rent and sale, respectively. HS
is the average number of people in each household, which is set to 2.93 according to the
yearbook in this study.

Scenario II: in terms of residential areas located in communities in which OREP did
not record detailed information, building outline and height data were derived from Amap,
which were used to calculate the total floor area. Non-residential building outlines were
excluded based on the non-residential area of interest. Then, populations within such
residential areas were estimated by per capita housing floor area as the following equation:

PS2 =
n

∑
i=1

(BSi × Fi)/HA (2)

where PS2 is the estimated population in Scenario II. n is the number of total building
outlines. BSi is the area of the building outline i. Fi is the number of floors of the building
outline i. HA is the housing floor area per capita. Due to missing statistics in Sanya, the
housing floor area per capita of Hainan Province (34.56 m2) was applied in our study.

Scenario III: in terms of residential areas located at administrative villages, OREP
did not record detailed information. Usually found within central urban areas in China,
these administrative villages are also known as urban villages, which have basically lost
arable land within urban built-up areas under village self-governance and collective own-
ership of rural land. Since Land Administration Law of the People’s Republic of China
(http://www.npc.gov.cn/, accessed on 15 October 2022) stipulates rural homesteads and
rural houses are not allowed to be freely traded, rural settlements were extracted as residen-
tial areas using satellite images, and then buildings inside settlements with an area more
than 175 m2 and total floor area more than 367 m2, which are not supposed to be residential
buildings according to Sanya Homestead Regulations, were screened out. The population
within such residential areas was estimated as per household only owning one house.

Finally, 687 residential areas with a total population of 757,820, which was very close
to the reported population of 756,700, were identified based on such three scenarios. Using
fine-scale residential areas as basic research units is regarded as an effective way to reduce
the error of population estimation. The data on Houniao were derived from the Survey of
Gathering Spot of Houniao issued by STCBSB. Through address matching, we eventually
identified 197,300 Houniao distributed in 124 residential areas in the central urban area
(Figure 3).

3.2.2. Park Green Space

PGS is divided into comprehensive, community, theme, and pocket parks based on
the Standard for Planning of Urban Green Space (GB/T 51346-2019) [47] and the Standard
for Classification of Urban Green Space (CJJ/T 85-2017) [48] in China. By screening out
PGS close to the public by field survey, we further identified 11 comprehensive parks,
6 community parks, 3 theme parks, and 13 pocket parks based on the interpretation of
Google Satellite Images and the List of Parks in Sanya (http://dataopen1.sanya.gov.cn/,
accessed on 11 February 2023) released by the Sanya Municipal Housing and Urban–Rural
Development Bureau (Figure 3). Because reaching a PGS entrance is considered as accessing
PGS services [23,27,49], it is essential to identify the exact PGS entrances to assess the PGS
accessibility precisely. Specifically, park gates are identified as entrances if there are fences
surrounding the PGS; otherwise, the intersections of the PGS outline with nearby roads are
recognized as entrances. In our study, a total of 90 PGS entrances were identified.

3.2.3. Travel Time

Road networks from OpenStreetMap and self-designed speed limits have been fre-
quently applied in previous studies, with the timeliness and fineness of road networks
and the subjectivity of road network speed settings having significant impacts on the PGS
accessibility results [23]. Despite setting road network speeds according to the road types

http://www.npc.gov.cn/
http://dataopen1.sanya.gov.cn/
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to simulate real situations [50], biases were still present, with real-time traffic remaining
undetected. Thus, in this study, reliable PGS accessibility was assessed using real-time
travel costs requested from the Amap API.
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The travel time of walking, riding, PT, and driving to PGS was requested using the
centroids of residential areas as origins and PGS entrances as destinations. The PT travel
time refers to the total time spent using PT to get to PGS from residential areas, including
the time spent walking from residential areas to bus stops and from bus stops to PGS
entrances, waiting for the bus, and riding the bus. The study area was in the tropics,
where most residents prefer to ride e-bikes instead of bicycles; therefore, in our study,
residents were assumed to travel by riding e-bikes. Additionally, in the case of multiple
PGS entrances, the shortest time was regarded as the travel time from the residential area
to the PGS.

In December 2022, the coronavirus (COVID-19) lockdown was lifted in most areas
of China; consequently, the number of Houniao in the study area increased. Moreover,
considering that residents tend to visit PGS on the weekend, our study collected travel
time data on 15, 16, 22, and 23 October 2022 and 11, 12, 18, and 19 February 2023 to
investigate the discrepancies in PGS accessibility and equity due to changes in population
and its distribution. These eight days were merely sunny and not holidays. The field study
revealed that residents in the study area were more willing to visit PGS during 7:00–10:00,
14:30–17:30, and 18:00–20:00; hence, travel time data during these three periods under
different travel modes were obtained and regarded as approximations of travel time to PGS
in the morning, afternoon, and evening, respectively.

3.3. Methodology
3.3.1. Assessment of Spatial Accessibility of Park Green Space

Considering the different travel behaviors of residents, Mao and Nekorchuk [38]
proposed the multi-mode 2SFCA (M2SFCA) method, which has been widely used for mea-
suring PGS accessibility under multiple travel modes from a supply–demand perspective.
The accessibility was calculated using the following two steps.
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Step 1: Calculate the ratio of supply to demand.

Rj =
Sj

∑n
m=1 ∑i∈{Dm(ij)<dm} pm × Pi

(3)

where the supply–demand ratio Rj represents the potential area of PGS per capita. Sj is the
area of PGS j. dm is the catchment size of travel mode m. n is the number of travel modes.
Dm(ij) is the travel time from residential area i to PGS j. pm is the proportion of residents
accessing PGS by travel mode m. Pi is the population of the residential area i.

Step 2: Calculate weighted accessibility according to the proportions of different travel modes.

Ai =
∑n

m=1 pm × Pi ×∑j∈{Dm(ij)<dm} Rj

∑n
m=1 pm × Pi

(4)

where Ai is the weighted accessibility of residential area i calculated using the M2SFCA
method. The remaining notations in this equation have the same meanings as in Equation (3).

This method assumes consistent catchment sizes and travel mode preferences. How-
ever, the distribution and travel behaviors of native residents and seasonal migrants in
destination cities exhibit obvious differences. Since cultural gaps have been found between
native residents and Houniao, surveys issued by the STCBSB show that Houniao mainly live
in the southwestern and south-central residential areas of the study area, whereas native
residents are dispersed (Figure 3). Non-commuter travel questionnaires from the Sanya
Transportation Bureau (http://jt.sanya.gov.cn/, accessed on 15 October 2022) and Houniao
travel questionnaires from a survey conducted in June 2022 provided the proportions of
native residents walking (18.5%), riding (53.9%), taking PT (8.3%), and driving (19.3%) to
PGS and Houniao walking (60.9%), riding (15.1%), taking PT (12.4%), and driving (11.6%)
to PGS. Evidently, native residents mainly rode to PGS (followed by driving there), while
Houniao mainly walked to PGS. Therefore, the M2SFCA method is not applicable to cases
involving two groups of people with significantly different travel mode preferences, and it
fails to delineate accessibility patterns under different travel modes [46,51].

To avoid these pitfalls, our study further modified the M2SFCA method to a multi-
group, multi-mode Gaussian-based two-step floating catchment area (MMGa2SFCA)
method to obtain more reliable accessibility patterns under each travel mode before and af-
ter Houniao crowding the study area. Specifically, the proportions of different travel modes
of multiple groups were introduced in the first step of the M2SFCA method, whereas the
conventional second step was deprecated. The detailed steps are as follows.

Step 1: Calculate the supply–demand ratio.

Rj =
Sj

∑
p
g=1 ∑n

m=1 ∑i∈{Dm(ij)<dgm} pgm × Pgi × G
(

Dgm(ij)
) (5)

where dgm is the catchment size of travel mode m of group g. pgm is the proportion of group
g accessing the PGS by travel mode m. Pgi is the population of group g of residential area i.
G
(

Dgm(ij)
)

is a Gaussian distance decay function expressed in Equation (6):

G
(

Dgm(ij)
)
=


exp
(
− 1

2×
Dm(ij)2

d2
gm

)
−exp(− 1

2 )

1−exp(− 1
2 )

, Dm(ij) ≤ dgm

0 , Dm(ij) > dgm

(6)

The time tolerance thresholds dgm of native residents walking (30 min), riding (18 min),
taking PT (20 min), and driving (15 min) to the PGS and Houniao walking (15 min), riding
(5 min), PT (10 min), and driving (8 min) to the PGS were set according to household
surveys [52] and Houniao travel questionnaires.

http://jt.sanya.gov.cn/
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Step 2: Calculate the PGS accessibility under each travel mode.

Ami = ∑p
g=1 ∑

j∈{Dm(ij)<dgm}

Pgi

Pi
× Rj × G

(
Dgm(ij)

)
(7)

where Ami is the accessibility of residential area i under travel mode m. Pi is the total
population of the residential area i.

3.3.2. Assessment of Spatial Equity of Park Green Space

Who benefits and why are important questions in the study of urban service delivery,
as is the method of measuring equity [53]. Regarding accessing public services, spatial
equity can be defined as the degree to which facilities are distributed in an equal way [54].
In this study, PGS equity refers to relative equality while considering the PGS demand of
different groups of people with varying travel mode preferences and PGS distribution. As
spatial PGS accessibility can evaluate the convenience of residents accessing PGS from their
residences, it can further assess the spatial PGS equity by comparing it to the average. The
PGS accessibility under each travel mode measured by the MMGa2SFCA was introduced
into the location entropy model proposed by Rong et al. [26] to measure the spatial PGS
equity, as shown in Equation (8):

Emi =
Ami

∑
q
i=1 Ami/q

(8)

where Emi is the spatial equity index of residential area i under travel mode m, and q is
the total number of demand points. The demand point is supplied with an above-average
PGS within the research scope when Emi > 1; otherwise, PGS is undersupplied for the
demand point. Referring to the classification by Rong et al. [26], the spatial equity index
was further divided into five levels to explore discrepancies in spatial PGS equity (Table 1).
Among them, the relatively low and extremely low levels imply that the PGS accessibility
for residents within these areas is below average.

Table 1. Spatial PGS equity classification and meanings.

Levels Ei Meaning

I Emi ≥ 10 PGS equity of extremely high level
I 10 > Emi ≥ 1.5 PGS equity of relatively high level

III 1.5 > Emi ≥ 1 PGS equity of medium level
IV 1 > Emi ≥ 0.5 PGS equity of relatively low level
V 0.5 > Emi ≥ 0 PGS equity of extremely low level

4. Results
4.1. Travel Time under Different Modes

Figure 4 shows the average travel time of residents accessing PGS from residences
under different travel modes in the morning, afternoon, and evening before (October 2022)
and after (February 2023) the influx of Houniao. The impact of real-time traffic on weekend
travel time was mainly reflected under the PT and driving modes, with the overall average
travel time varying with the peak hours. In terms of the average travel time under the
walking and riding modes, pedestrians and riders were hardly affected by real-time traffic,
and the travel time under the walking and riding modes requested by Amap did not vary
over time. By comparing the average time among different travel modes during each single
period, the average travel time under the PT mode was found to be lower than that under
the walking mode but much higher than those under the riding and driving modes. This
was related to the poor PT services in Sanya: First, bus stops were unreasonably allocated,
with a high density in the central urban area while being scarce in the northern, eastern,
and western ends and far away from the residential areas and PGS entrances. This resulted
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in a significant increase in the time spent accessing the bus stop. Second, bus service was
considered to have a low frequency, which resulted in a long waiting time.
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Figure 4. Statistics for the average travel time to all PGS under four travel modes during three periods
requested from Amap Web Map Application Programming Interface (API) in October 2022 and
February 2023.

Apparent discrepancies in the average travel time were found before and after the
Houniao influx. Owing to the hot weather and intense sunlight, native residents preferred
conducting recreational activities in the evening, leading to worse traffic conditions in the
evening than in the morning and afternoon in October 2022, when nearly all residents
were native. Thus, the average time consumption under the PT and driving modes were in
descending order in the evening, morning, and afternoon. In February 2023, the average
travel time of driving to PGS increased compared to October 2022, while those of walking,
riding, and PT decreased. The population of the residential areas consisted of natives
and Houniao during the tourist season, and weather conditions, such as temperature and
sunlight, were more pleasant compared to those in October 2022. Residents were willing
to conduct recreational activities during these three periods, leading to worsened traffic
conditions and increased average travel time due to congestion. Moreover, as China lifted
most COVID-19 restrictions in December 2022, roads and compounds were no longer
closed. Residents could take advantage of shortcuts and the nearest gates of compounds to
PGS, resulting in less average time spent walking and riding. Although traffic congestion
worsened in February 2023, optimized bus lines and less time consumption in the walking
phase led to a lower average travel time of PT.

4.2. Park Green Space Accessibility before and after the Houniao Influx
4.2.1. Discrepancy in the Average Park Green Space Accessibility

Figure 5 shows the discrepancies in the average PGS accessibility in the morning,
afternoon, and evening before and after the Houniao influx. In terms of different travel
modes in the study area, the PGS accessibility through driving was the best, followed by
that through riding. Accessibility under four modes was from 6.540 to 8.954 and from
5.718 to 6.782 before and after the Houniao influx, respectively. PGS accessibility through
PT was from 0.633 to 0.779; it was the worst, and only approximately one-third of that
through walking. In terms of different stages, the Houniao influx led to a dramatic increase
in PGS demand, resulting in an overall decline in the average PGS accessibility; however,
the degrees of decline were not consistent across modes. Specifically, first, the average
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travel time under the driving mode increased significantly; thus, the driving mode had
the greatest decrease in average PGS accessibility, which decreased by two units in the
afternoon and evening. Second, since both groups of residents could barely access PGS
through PT, the average PGS accessibility decreased slightly after the Houniao influx. Third,
although the average travel time under the walking and riding modes decreased after
lifting the COVID-19 lockdown, their PGS accessibility declined due to the surge in PGS
demand caused by Houniao. In terms of different periods, the average PGS accessibility
through driving was in descending order in the morning, afternoon, and evening before the
Houniao influx and in the afternoon, morning, and evening after the Houniao influx, thereby
reflecting the comprehensive impact of changes in population and traffic conditions on the
PGS accessibility. In the evening, the PGS accessibility through walking and riding was the
best; however, like PT, the average PGS accessibility changes within the three periods were
not obvious.
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4.2.2. Spatiotemporal Variation in Park Green Space Accessibility

Most residents within the study area were more willing to access PGS in the evening,
while PGS accessibility did not vary much across the three periods except for driving.
Hence, spatial accessibility patterns in the evening, which were the most representative,
were analyzed to explore the spatiotemporal variations in PGS accessibility before and after
the Houniao influx (Figure 6).

In terms of the different travel modes, residential areas with high PGS accessibility
through walking, riding, and driving were mainly located in the south-central and south-
western parts of the study area in October 2022, and the farther from these two areas a
residential area was, the lower PGS accessibility it had. Regarding these two parts of the
study area, the south-central part is regarded as the core area of the city, accommodating
an abundant population with 21 parks providing sufficient PGS. The southwestern part is
located in the well-known Sanya Bay National Tourism Resort Area, which has nine parks
and a small population with a relatively sufficient PGS supply. In February 2023, the PGS
accessibility in these two areas decreased by an average of 1.529 after the influx of Houniao.
Because more Houniao crowded the southwestern part than the south-central part of the
study area, while the former had a lower PGS supply than the latter, the average PGS
accessibility in residential areas in the southwestern part decreased by 3.314, which was
more than the decrease in residential areas in the south-central part. Specifically, in the
southwestern area, out of 61 residential areas, there were 42 residential areas under the
driving mode (69%), 38 residential areas under the riding mode (62%), and 25 residential
areas under the walking mode (41%) with downgraded PGS accessibility levels after the
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Houniao crowding the study area. In the south-central area, out of 139 residential areas, the
numbers of residential areas that had lower accessibility levels after the influx of Houniao
were 48, 24, and 13 under the driving mode (35%), the riding mode (17%), and the walking
mode (9%), respectively. Although the PGS accessibility in most residential areas in other
regions deteriorated, that in a few residential areas located at the edge of the central urban
area and in the old communities of the southwestern part improved slightly because of
slight decreases in the average travel time and the fact that they were not the main Houniao
gathering spots.
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In contrast to other travel modes, residential areas with high PGS accessibility were
only located in the southwestern part in October 2022. In the aspect of the variation in
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PGS accessibility level, 20 out of 61 residential areas and 19 out of 139 residential areas
were found with lower levels in the southwestern part and the central-south part of the
study area, respectively, after the Houniao influx. However, the PGS accessibility through
PT improved in a few residential areas by February 2023. This was mainly because most
COVID-19 restrictions were lifted, and residents could choose compound gates that were
closer or more convenient for taking PT to the PGS, thereby reducing the travel time in
the walking phases. Nevertheless, the long waiting time and distances from bus stops to
park entrances made PT the worst travel mode in terms of PGS accessibility. In addition,
owing to the lifting of most COVID-19 restrictions, the PGS accessibility through walking
in residential areas located in the central part of the study area and not within the Houniao
gathering spots improved, as residents could take more convenient routes to access PGS.

4.3. Park Green Space Equity before and after Influx of Houniao
4.3.1. Variation in Park Green Space Equity

Figure 7 illustrates the proportions of residents with different PGS equity levels under
multiple travel modes in the evening at two different stages. More than 50% of the residents
were at relatively low (IV) and extremely low (V) levels, with percentages ranging between
50.6% and 78.6% for all modes before the Houniao influx. The PGS equity under the driving,
riding, and PT modes deteriorated after the Houniao influx, whereas the PGS equity under
the walking mode improved slightly. The PGS equity under the PT mode was the worst,
with the proportion of the level extremely low being much higher than those of the other
modes. Little change was found after the Houniao influx, meaning that approximately 63%
of residents had extremely difficult access to PGS through PT. Relatively low and extremely
low levels accounted for approximately 65% of the walking mode. Specifically, 46.6% of
residents under the walking mode were at extremely low PGS equity levels before the
Houniao influx. The proportion decreased to 41.1% owing to convenience improvement by
easing the COVID-19 restrictions, although the average PGS accessibility declined after the
Houniao influx. Before the Houniao influx, the PGS equity under the driving mode was the
best, followed by that under riding, with 32.6% and 36.1% of residents, respectively, being
at an extremely low level. These proportions increased to 38.6% and 39.3% for the driving
and riding modes, respectively, after Houniao crowded Sanya.
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In terms of the high levels of PGS equity, the shares of relatively high and extremely
high levels declined to varying degrees after the Houniao influx. Extremely high levels of
PGS equity only existed under the PT mode, and the proportion of extremely and relatively
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high levels accounted for 18%, which was similar to that under the walking mode but
worse than those under the driving and riding modes. The results revealed that the PT
convenience varied greatly across regions, leading to significant variations in the PGS
equity under the PT mode. The proportion of extremely high levels of PGS equity under the
riding mode significantly decreased from 31.4% to 27.6%, whereas only a slight decrease
was found for that under the driving mode.

4.3.2. Spatiotemporal Variation in Park Green Space Equity

In terms of the spatial distribution of PGS equity (Figure 8), residential areas with better
PGS equity levels were mainly located in the south-central and southwestern areas under
the walking, riding, and driving modes, whereas those with worse equity levels were mostly
located in other areas far from the above regions. Under the PT mode, residential areas with
better PGS equity levels were mainly distributed in the southwestern area, whereas some
were scattered in the south-central and eastern areas. PGS accessibility in residential areas
with good PGS equity within these three regions was above average despite the fact that the
average PGS accessibility through PT was the worst among the four modes.

ISPRS Int. J. Geo-Inf. 2023, 12, x FOR PEER REVIEW 16 of 21 
 

 

in the southwestern, southcentral, and southeastern areas where Houniao gathered. This 
was mainly because the time tolerance thresholds of Houniao under all modes were lower 
than those of the native residents. Larger proportions of Houniao resulted in smaller 
weighted PGS accessibility in residential areas, leading to a downgrade in PGS equity. As 
the average PGS accessibility decreased, the PGS equity in a few residential areas, which 
had slightly increased PGS accessibility under the walking and PT modes and were lo-
cated in the old communities of the southwestern areas and the edge of the central urban 
area with a small proportion of Houniao, significantly improved.  

 
Figure 8. Comparison of the spatial distributions of different levels of spatial PGS equity during the 
evening period under four modes in October 2022 and February 2023: (a) walking; (b) riding; (c) 
public transport; (d) driving. 

Figure 8. Comparison of the spatial distributions of different levels of spatial PGS equity during
the evening period under four modes in October 2022 and February 2023: (a) walking; (b) riding;
(c) public transport; (d) driving.



ISPRS Int. J. Geo-Inf. 2023, 12, 423 15 of 19

The exploration of spatial discrepancies in PGS equity between the two stages revealed
a significant downgrade in the PGS equity level in residential areas with large numbers
of Houniao, especially under the walking and riding modes, which were scattered in the
southwestern, southcentral, and southeastern areas where Houniao gathered. This was
mainly because the time tolerance thresholds of Houniao under all modes were lower than
those of the native residents. Larger proportions of Houniao resulted in smaller weighted
PGS accessibility in residential areas, leading to a downgrade in PGS equity. As the average
PGS accessibility decreased, the PGS equity in a few residential areas, which had slightly
increased PGS accessibility under the walking and PT modes and were located in the old
communities of the southwestern areas and the edge of the central urban area with a small
proportion of Houniao, significantly improved.

5. Discussion

Population distribution and travel mode choices are key factors affecting PGS accessi-
bility. Regarding cities where populations vary seasonally, discrepancies in the composition
and distribution of the population at different times and in the travel behaviors of the
natives and seasonal migrants result in seasonal variations in PGS accessibility. However,
the impacts of different resident groups on PGS accessibility and equity have not received
much attention. Moreover, the accuracy of travel time, which changes significantly due to
the influx of seasonal migrants, is crucial for reliable PGS accessibility measurements. Thus,
fine-scale population distribution and travel mode preferences are essential for obtaining
more reliable PGS accessibility via the web map API [39,55–57].

Discrepancies in travel mode preferences were found between the natives and Houniao
within the research scope of the tropical resort of Sanya. In February 2023, road traffic
conditions and population distribution had changed significantly compared to the case in
October 2022, owing to the Houniao influx and the lifted COVID-19 restrictions. Therefore,
the MMGa2SFCA method was proposed in this study to accurately assess changes in
PGS accessibility and equity in cities receiving seasonal migrants, with fine-scale spatial
units of residential areas presenting population distribution, real-time traffic from the web
map API, and travel mode preferences from surveys and official statistics. The average
travel time of PT and driving varied with the peak hours, which is in agreement with
previous studies [55,56]. In line with the general characteristics of undeveloped areas
without significant topographic relief, the order of the average travel time of each mode
was driving, riding, PT, and walking, thereby corroborating the findings of a previous
study [39]. The Houniao influx resulted in increased travel time of driving, while the
travel time of walking, riding, and PT decreased significantly due to the lifting of the
COVID-19 restrictions that reopened roads and side entrances of compounds. Assessing
PGS accessibility with accurate travel time, which considered real-time traffic and the PT
and travel mode behaviors of different groups of residents, outperformed offline network
analysis, which ignored the travel behaviors of residents. This finding further substantiates
the merits of web maps for PGS accessibility research.

The PGS accessibility in most residential areas decreased owing to the Houniao in-
flux, whereas lifting the COVID-19 restrictions improved the PGS accessibility through
walking and PT. This is another finding of our study indicating that COVID-19 restric-
tions apparently hindered the access to PGS by residents within the research scope. Since
visiting parks was beneficial for both physical and mental health during the COVID-19
pandemic [58], minimizing restricted areas without causing significant inconvenience to
residents accessing PGS is suggested for future public health policies.

Residential areas with higher PGS equity levels were concentrated in the south-central
and southwestern parts of the study area, whereas those in suburban areas far from the
core areas and lacking PGS and PT resources were characterized by difficulty in accessing
PGS conveniently, which corroborated previous conclusions [27,59]. More than half of the
population had relatively low PGS equity levels under each travel mode before and after
the Houniao influx, indicating poor PGS equity in the study area. The influx of Houniao
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significantly downgraded the PGS equity levels in most residential areas. Moreover, the
PGS equity levels in residential areas with large Houniao proportions were more likely to be
downgraded, especially under the walking and riding modes. This new finding suggests
that Houniao are the more vulnerable group between the two while accessing PGS due to
their travel mode preferences.

Seasonal migrants are increasingly prevalent worldwide and confer benefits on the
development of cities receiving them, particularly within the realms of the social, economic,
and tourism sectors. Nevertheless, policymakers in such cities are supposed to be aware
of the challenges resulting from the influx of seasonal migrants. We argue that more
attention should be paid to the accurate assessment of periodic fluctuation in the spatial
patterns of accessibility and equity of PGS under different travel modes. The policy and
practice recommendations for Sanya and other cities that experience substantial influxes
of seasonal migrants could be summarized based on the findings: policymakers need
to consider the impact of the thousands of seasonal migrants on PGS accessibility and
equity with regard to PT and PGS planning to improve the efficiency of residents while
accessing PGS. Specifically, to address the issue of poor PGS accessibility and equity under
the PT mode in Sanya, it is essential to expand the existing public transportation system
by introducing additional routes, increasing frequency, and strategically adding more
stops near the compound gates and PGS entrances for buses. This should be performed
while concurrently implementing measures to alleviate traffic congestion. Such initiatives
are instrumental in rectifying PGS inequity resulting from the uneven distribution of PT
resources. While specific situations may vary from city to city, it is generally advisable
to enhance the efficiency of public transportation. This is because public transportation
is commonly one of the preferred modes of motorized travel for seasonal migrants in
most cases. Regarding PGS’s undersupply within the research scope, it is crucial to tackle
the inequity stemming from the uneven distribution of PGS. This can be achieved by
providing additional PGS in the northern and western regions of the study area, as well
as the gathering places of Houniao. For other cities facing similar challenges, it is highly
recommended to begin with accurate identification of spatial accessibility and equity
patterns of PGS under different modes, implementing the methods outlined in this study
as a transferable framework. Subsequently, efforts should be concentrated on the provision
of PGS in places characterized by low accessibility and equity levels.

Our study has several limitations. First, socioeconomic characteristics were not in-
cluded in the PGS equity analysis, as residents with different social characteristics may have
different travel behaviors and time tolerance thresholds [60]. Second, this study did not
consider the impact of PGS qualities, such as attractiveness, service quality, and levels of
PGS, on PGS accessibility. In general, the better the attractiveness, service quality, and levels
of PGS, the larger the service radius of the PGS, which could change the PGS accessibility
patterns [46,51,57]. Third, while walk–transit–walk was considered by utilizing the web
map API, there was a lack of research on other intermodal travel options, such as various
combinations of cycling and transit [61]. This study investigated the impact of seasonal
migrants with travel mode preferences different from those of native residents on PGS
accessibility and equity under multiple travel modes. In future research, PGS equity under
multiple travel modes will be further evaluated from the perspective of the socioeconomic
characteristics of different people, the quality of PGS services, and intermodal travel.

6. Conclusions

Because the travel mode preferences of Houniao are different from those of native
residents, our study implemented the MMGa2SFCA method proposed above to investigate
the PGS accessibility and equity and their variations before and after the Houniao influx with
fine-scale population distribution and accurate travel time requested from the OREP and
web map API, respectively, using the central urban area of Sanya as a case study. The results
highlight that the PGS accessibility of residents with different travel mode preferences
and time tolerance thresholds could be accurately assessed under the travel modes of
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walking, riding, public transport, and driving, which could help policymakers improve
PGS equity patterns. More than half of the residents in the study area had relatively low
PGS accessibility and equity under each travel mode, especially under the walking and PT
modes. In the context of the lifting of COVID-19 restrictions, the Houniao influx significantly
decreased the PGS accessibility and equity of riding and driving, while the PGS accessibility
and equity in a few residential areas located outside Houniao gathering areas improved
under the walking and PT modes. This study presents a transferable framework that allows
cities confronting similar challenges to attain precise assessments of spatial accessibility
and equity of PGS. Additionally, it enables the investigation of their variations before
and after the influx of seasonal migrants, offering valuable insights for policymakers to
make informed and rational PGS planning decisions. Moreover, this study has important
theoretical implications for cities like Sanya regarding responding reasonably to seasonal
changes in the urban population, formulating sustainable public policy, and scientifically
allocating PGS and PT resources, which is of great reference value for PGS planning in
cities with seasonal migrants who have travel mode preferences different from those of the
native residents.
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