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With the continuous aging of society, the demand among elderly citizens for care facilities is increasing. The accessibility

of elderly care facilities is a significant indicator for evaluating whether the layout of urban elderly care facilities is

reasonable, and research on the spatial accessibility of related facilities has become an important academic issue.
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1. Introduction

Prominent population growth in urban cities and the aging of society are two trends in cities worldwide, especially those in

developing countries . To some degree, population aging is a sign of progress in social development, but it also puts

great pressure on social pensions. Nowadays, the aging of the population is a common concern of the international

community. The global proportion of the population aged 65 and older rose from 5% in 1960 to 9% in 2018 and is

expected to rise to 16% by 2050, when nearly 80% of the elderly population will be living in developing countries . The

rapid growth of the elderly population has become a prominent and global phenomenon, including in developed countries

such as Canada  and Japan  and developing countries such as Thailand. Since the 21st century, the aging process in

China has accelerated significantly and the problem of elderly care has become increasingly prominent. With the increase

in aging and the burden of family retirement, there is a growing demand for elderly care facilities. According to the data of

the seventh population census , the fertility rate of China’s population continues to decline, the proportion of the elderly

population continues to rise, and the age which people reach is increasing. Compared with developed countries, China’s

aging population is characterized by a large scale, rapid growth rate, and aging beyond their wealth.

Spatial accessibility is an important reference indicator to determine whether the layout of various facilities is reasonable.

Lee and Kim pointed out that the reasonable layout of public health facilities is crucial to their service quality and

satisfaction, and is one of the basic needs of residents . Therefore, it is vital to analyze the accessibility of elderly care

facilities for elderly residents in different communities. In addition, since the demand for elderly care facilities varies in

space and time , understanding the variation in demand can help decision makers to better arrange the geographical

distribution of facilities and the related service hours. Therefore, scientific accessibility analysis is the basis for judging the

variability of regional elderly services and optimizing the spatial allocation of resources. Spatial accessibility includes three

basic elements: population, service supply level, and distance. The two most commonly used models for accessibility

evaluation are the potential model and the two-step floating catchment area method (2SFCA) model. Xi’an is an important

city in the development of Western China. At present, under the active guidance of national policies, elderly care facilities

are developing rapidly in terms of quantity and quality, but the problem of an unbalanced supply–demand structure is still

prominent. Therefore, the application of scientific methods to evaluate the spatial accessibility of Xi’an elderly care

facilities can help researchers to better understand the layout of elderly care facilities and alleviate the problems brought

by the aging society. According to Sunwei Liu , the results of a comparison of the 2SFCA and other potential models to

evaluate community facility accessibility in Beilin District, Xi’an, China, demonstrated that the 2SFCA model was more

suitable for short-distance walking scenarios because it represented the actual usage of community care facilities.

2. Two-Step Floating Catchment Area (2SFCA) Model

The two-step floating catchment area (2SFCA) model measures spatial accessibility in two steps. First, it determines the

number of people in the neighborhoods near each elderly care facility to calculate the supply–demand ratio within the

search radius. Then, for each residential area, it searches all elderly care facilities within the threshold travel time and

determines the supply–demand ratio to derive the accessibility value of the residential area. The 2SFCA method is widely

used for the evaluation of accessibility in public service facilities such as healthcare services , schools, elderly care

facilities, and green spaces, where the green-space-accessibility-related studies have become a research hotspot in

recent years , and the Gaussian 2SFCA method is generally used.
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The previous literature shows that improvements in the 2SFCA model in recent years have focused on four aspects: the

first aspect is to extend the model by adding spatial decay weights; Luo and Qi developed an enhanced 2SFCA (E2SFCA)

model . This model divides travel time into discrete time periods and assigns different weights to the different time

periods. Other researchers use continuous functions such as kernel density  or Gaussian function to calculate the

weights. The second aspect is to adjust the search radius based on specific accessibility factors, such as population

density and facility level . For example, if the population density is low in some areas of the study area and the

conventional search radius cannot cover the effective residential areas, then the search radius is reset. The third area of

focus is to extend the supply-and-demand model embedded in 2SFCA , which takes into account the competition

between facilities and considers that the demand for care in one facility is influenced by the nearby facilities, thus affecting

the specific choice of the person. Combining the Huff model with the 2SFCA model (Luo, 2014) , a modified 2SFCA

model was proposed , which calculates the paired supply ratio for each population unit and hospital. These models add

choice weights to each healthcare facility to simulate the population’s preferences. The fourth aspect focuses on the travel

behavior from the location of the population to the corresponding supply point location. Langford  argued that patients

using different modes of transportation should have different travel time thresholds, and they modified the 2SFCA model

to calculate the separate supply–demand ratios for different modes of transportation.

Although the model has been continuously improved by scholars over the years, most studies still analyze the

accessibility of the facilities in terms of administrative areas. These studies mainly use census data to represent the

number of inhabitants, assuming that the population of an area is evenly distributed and remains constant over time;

meanwhile, in order to simplify the model, most studies do not take factors of the actual road network characteristics into

account, which means that the entire supply–demand relationship is static and limited to the residential area of each

potential demand object. This leads to the problem of uncertain geography , resulting in an inaccurate measurement of

spatial accessibility . This issue is particularly important for analyzing the demand for sensitive services in medical-type

elderly care facilities and other similar contexts. When more urgent services are needed, the elderly population needs to

be served from a geographic setting in their current location, as characterized by a specific road network. Therefore,

assuming that all groups of the elderly population in the study area are potential service users, the researchers expect the

relevant institutional accessibility values to vary according to different road network characteristics, taking into account the

factor that the elderly population’s mode of travel is primarily walking. The researchers adjusted the catchment radius

thresholds based on this characteristic. In the neighborhood unit theory, created by American sociologist Clarence Perry in

1929 when he developed the New York Regional Plan, the ideal radius of a neighborhood is between 400 m and 800 m,

where 800 m corresponds to about a 10 min walk . Considering that elderly people can be slower than healthy younger

people in terms of walking speed, the study by Padeiro  concluded that the maximum acceptable time it should take for

an elderly person to walk to the nearest pharmacy is 15 min by asking 30 elderly people; at an average speed of 0.8 m/s,

an elderly person will walk 720 m in 15 min, which is less than 800 m. Based on the above neighborhood unit theory and

the walking range of the elderly population, the mathematical model in this research sets 800 m as the threshold value.
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