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Abstract

Background: The two-step floating catchment area (2SFCA) method, which is one of the most widely used methods
for measuring healthcare spatial accessibility, defines the catchment area of each facility as the area within a certain
distance from the facility. However, in some cases, the service utilization behavior is constrained by administrative
boundaries, therefore the definition of catchment area within a certain distance may be inappropriate.

Methods: In this study, we aim to propose a modification of the 2SFCA method for measuring spatial accessibility to
healthcare services in a system constrained by administrative boundaries. The proposed method defines the catchment
areas of healthcare facilities within certain administrative units. The method is applied in a case study of the healthcare
services in Yanqing District of Beijing, China. Three types of healthcare facilities, including general hospitals, community
healthcare centers and stations, are included.

Results: Based on the sensitivity analysis of the distance-decay parameter β, result of the β = 1 scenario is relatively
appropriate and is utilized for further analysis. The difference between spatial accessibility with or without constraint of
administrative boundary is relatively significant. The results of the proposed model show that the village-level spatial
accessibility to healthcare services shows a significant disparity, and the uneven distribution of general hospitals is the
main cause.

Conclusions: The constraint of administrative boundary has a significant impact on healthcare accessibility, which
verifies the validity of the modification proposed by this study in empirical studies. The empirical results also lead to
policy recommendations to improve healthcare equity in the study area. At the town-level, the improvement of equity
in healthcare accessibility could be achieved in two ways. First, the sizes of community healthcare centers in towns with
small accessibility scores should be expanded. Second, new general hospitals can be built in the eastern part of Yanqing
District. Within each town, to improve the equity in healthcare accessibility, community healthcare stations should be
expanded or newly built in the periphery villages.
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Background
Spatial accessibility has been widely applied as a scien-
tific method for assessing the distribution of public ser-
vices such as healthcare services [1–3]. It can be used to
measure the disparities in the opportunities to access
healthcare services among various population groups or
regions [2, 4]. Among the methods for measuring spatial
accessibility to healthcare services, the two-step floating
catchment area (2SFCA) method is one of the most
widely used methods [2, 4]. However, in the definitions
on catchment area in traditional 2SFCA method and the
existing variants, interactions between demanders and
facilities can cross administrative boundaries, which is
not appropriate in some cases. This study aims to
propose a modified form of 2SFCA method for measur-
ing spatial accessibility to healthcare services in a system
constrained by administrative boundary.
Spatial accessibility emphasizes either or both of the

following two factors: one is the spatial impedance be-
tween demand and supply, and the other is the availabil-
ity of services (i.e. the amount of supply that is available
to a population group) [1]. Distance to the closest facility
and ratio of supply to demand are two simple traditional
measures [5]. The former emphasizes the spatial imped-
ance a demander has to overcome to obtain services, but
it is not taken into account the capacities of facilities
and the possibility that a demander visits multiple facil-
ities [6, 7]. In contrast, the measurement of supply-
demand ratio emphasizes the availability of services by
calculating ratio of supply to demand in a certain region
(usually defined as administrative units), but it fails to
take into account the spatial impedance [1].
Some more comprehensive methods have been devel-

oped for measuring spatial accessibility. Hansen [8] pro-
posed a gravity-based potential model to measure
accessibility to jobs in 1959, which considers both the
spatial impedance between demand and supply and the
capacity of facilities. Joseph et al. [9] improved the potential
model by further incorporating the factors on the demand
side. 2SFCA method was first proposed by Radke et al.
[10] and named by Luo et al. [11]. Essentially, 2SFCA
method is a kind of gravity-based measure, though it takes
a dichotomous distance-decay function [11]. Various im-
provements have been developed for the basic form of
2SFCA, such as improvements in various (discrete or con-
tinuous) distance-decay functions [12–14], variable catch-
ment areas [15–17], the competition effects among
demanders or facilities [18–20], and improvements that in-
corporate multiple transportation modes [21, 22]. All of
these improvements greatly strengthen the rationality of
2SFCA method and its applicability for different scenarios.
In the 2SFCA method, the catchment area of a facility

is defined as the area within a certain physical distance/
travel time from the facility [23]. Most variants of

2SFCA use this definition of catchment area following
the original form of 2SFCA. Jamtsho et al. [23] proposed
a new nearest-neighbor method for delineating catch-
ment areas, which assumes each demand node only se-
lects a finite number of nearest facilities. In the above
two kinds of definitions on catchment area, interactions
between demanders and facilities can cross administra-
tive boundaries.
However, in some cases, the service utilization behav-

ior may be constrained within administrative boundaries.
For example, the primary healthcare services in China
are usually provided within a certain level of administra-
tive boundaries, which the medical insurance is tied to.
The nine-year compulsory education in China is another
example. The compulsory education services are pro-
vided at the school district’s level which are usually in
accord with administrative boundaries in rural China.
Such cases can also be found in other countries (includ-
ing western countries). For example, the catchment
areas of hospitals in Finland are divided based on ad-
ministrative districts [24]. In such cases, the catchment
areas of facilities should be linked to administrative
boundaries. If the constraint of administrative boundary
is neglected in such cases, the result of accessibility ana-
lysis would be biased.
To date, the constraint of administrative boundary on

healthcare accessibility has not been considered in exist-
ing improvements of 2SFCA method. This study aims to
contribute to the literature by filling this gap. A modified
form of 2SFCA is developed, within which services of a
facility can only be accessed and utilized by demanders
within a certain administrative boundary. The proposed
model will be applied for measuring the spatial accessi-
bility to the healthcare services in Yanqing District of
Beijing, China. A comparison will be conducted between
the results of the proposed model and the common
2SFCA model, to reveal the impact of the constraint of
administrative boundary on accessibility results. The em-
pirical findings could provide knowledge-based sugges-
tions for the decision-making of healthcare service
allocation in Yanqing District. The proposed method
could be applied for measuring spatial accessibility of
other types of public services and in other regions.

Methods
The generalized 2SFCA framework
The 2SFCA method measures the spatial accessibility by
two steps. In the first step, it searches all the demand
nodes within the catchment areas of each facility, then
calculates supply-to-demand ratios for each facility, i.e.
the average supply per potential service user. In the sec-
ond step, it adds up the supply-to-demand ratios of all
facilities located in the catchment area of each demand
node. The sum of supply-to-demand ratios for each
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demand node is its spatial accessibility score. The ori-
ginal form of 2SFCA adopts a dichotomous distance
decay function, supposing the demanders within catch-
ment areas share equal accessibility while the demanders
outside catchment areas are completely inaccessible to
services. Several extensions of 2SFCA have been devel-
oped with respect to the distance-decay function. Differ-
ent forms of distance-decay functions are incorporated
into the 2SFCA framework, which can be uniformly
expressed by a generalized 2SFCA framework (G2SFCA)
[4]. It is mathematically succinct but integrates the po-
tential model and 2SFCA with various distance-decay
functions. Therefore, our analysis is built on the basis of
the G2SFCA framework. It can be expressed as:

Ai ¼
X

j

Sjf dij
� �

X
k
Pkf dkj

� � ð1Þ

where Ai is the accessibility at demand node i, Sj is the
capacity of supply at location j, Pk is the demand
amount, dij(dkj) is the distance or travel time between
i(k) and j, f is a general distance-decay function. Specific-
ally, Ai refers to the amount of accessible supplies per
demander at the demand node i.
The distance-decay function f can take various forms,

such as the dichotomous form of the original 2SFCA
[11], the Gaussian form [13] and the kernel density form
[14]. In this study, the gravity-style power function is
adopted as the distance-decay function, following Wang
et al’s and Tao et al’s studies [25, 26]. The power func-
tion is widely employed by gravity model in spatial inter-
action modelling and has superiority in mathematical
simplicity of modelling compared with other alternatives.
The distance-decay function f can be written as:

f dij
� � ¼ d−β

ij ; dij≤d0

0; dij > d0

(
ð2Þ

where dij is the distance or travel time between i and j, β
is the distance-decay parameter, d0 is the size of catch-
ment area of facilities.

Modeling constraint of administrative boundary
A modification with respect to the delineation of catch-
ment areas is made based on the generalized 2SFCA
framework, to model the constraint of administrative
boundary on spatial accessibility. The modified model
can be written as:

Ai ¼
X

j∈Fi

Sjf dij
� �

X
k∈Dj

Pk f dkj
� � ð3Þ

where Fi denotes the set of facilities within the catch-
ment area of demand node i, Dj denotes the set of

demand nodes within the catchment area of facility j,
and other variables confirm to formula (1). Particularly,
the catchment area is delineated by a certain level of ad-
ministrative boundaries. In another word, Fj denotes the
set of facilities within the same administrative unit with
the demand node i, and Dj denotes the set of demand
nodes within the same administrative unit with the facil-
ity j. From this, the distance-decay function can be
modified as:

f dij
� � ¼ d−β

ij ; j∈Fi or i∈Dj

0; otherwise

(
ð4Þ

where all variables are the same with formula (2) and
(3). The distance-decay parameter β can take various
values by conducting a sensitivity analysis, since any sin-
gle value of β is more or less arbitrary.
The method can be demonstrated by Fig. 1. There are

three levels of healthcare facilities in this case, the gen-
eral hospitals (GHs), the community healthcare centers
(CHCs), and the community healthcare stations (CHSs),
which is the typical healthcare system in the suburban
and rural areas in China. The GHs provide healthcare
services for the whole district. The CHCs are configured
at the township level. Each CHC covers the demanders
in the whole town. The CHSs, corresponding to the low-
est level, are configured at the village level. Theoretically,
the CHSs should be located in each village. In reality,
however, not every village has a CHS due to geograph-
ical and economic reasons. Therefore, CHSs have to
provide healthcare services across village boundaries but
within the town-level boundaries.
In this case, there are two-level administrative

boundaries delineating the catchment areas of health-
care facilities. The town-level boundaries delineate the
catchment areas of CHCs and CHSs, and the district-
level boundaries delineate the catchment areas of the
general hospitals.
In the case presented in Fig. 1, each of the two towns

(A and B) has a CHC, while only village A3 and village
B2 have CHSs. Both CHCs and CHSs can be accessed
by all villages within the town-level administrative
boundaries. The catchment of the GH covers the whole
district. Therefore, though the GH is located outside of
the town A and B, the villages in both towns can access
to the services provided by the GH. In the demand node
side, taking village A2 as an example, it can access one
CHS and one CHC in town A as well as the GH outside
of the town A. However, A2 cannot access to the CHC
in town B, though it is quite close to A2.
In this study, the calculations of both the traditional

and modified 2SFCA method are conducted by pro-
gramming in MATLAB (version 2015a).
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Case study
Study area
Yanqing District is located in the northwest of Beijing.
Its area size is 1994 km2 and the permanent population
was 316,000 in 2014. The whole district is constituted by
15 subdistrict-level administrative units (i.e. towns). The
district center, where the local district government is lo-
cated, is in Yanqing Town (Fig. 2).
The list of the healthcare facilities as well as their locations

and numbers of physicians are obtained from the website of
the Health and Family Planning Commission of Beijing
Yanqing District [27]. The list was updated in July, 2016.
The village-level population data are from the sixth census
data in 2010 provided by the local government, which is the
latest available population data at the village level.
There are three levels of healthcare facilities in Yanq-

ing. Each level of healthcare services is corresponding to
a certain level of administrative boundary. There are two
general hospitals in Yanqing, namely, the People’s hos-
pital of Yanqing and the Yanqing traditional Chinese
medicine hospital, providing healthcare services for the
whole district. There are 15 CHCs in Yanqing. Among
the 396 villages, 54 villages have CHSs. The CHCs and
CHSs provide services within the town boundary in
which they are located. Therefore, the situation in Yanq-
ing District is a typical example in Fig. 1. The service
capabilities of these healthcare facilities are represented
by the number of physicians.

Road network processing
The road network is digitized by using ArcGIS (version
10.3) based on existing main roads in the comprehensive

transportation planning map of Yanqing District.
Using the constructed road network, we utilize the
OD Matrix tool in Network Analysis toolbox of Arc-
GIS to calculate the nearest travel distance from each
demand node to each facility via the road network as
travel cost to access to healthcare services. Note that
this road network connects most major settlements,
but it is incapable of connecting a considerable part
of villages, which are also demand nodes adopted in
this study.
In addition, the OD Matrix tool ignores the distance

from endpoints to road network. In reality, however, all
villages (demand nodes) and healthcare facilities should
be connected to road network by either high-level or
low-level roads. Therefore, travel distance departing
from/arriving to those endpoints (demand nodes/facil-
ities) not connected to any road would be omitted. As a
result, the estimated travel distance would be under-
estimated. The further the endpoint is away from the
nearest road, the more significant the under-estimation
is. The reason is that the obtained road network data
does not contain all roads in reality, especially those
low-level roads, thus failed to connect all demand nodes
and facilities.
To address the under-estimation problem, we use the

‘connecting to lines’ tool of TransCAD software (version
4.5) to generate new lines connecting the separated end-
points to road network. The new lines generated by
‘connecting to lines’ tool are then integrated into the
road network. By doing so, all endpoints are connected
to road network, and the distance from endpoint to road
network is taken into account.

Fig. 1 Illustration graph of the catchment areas delineated by administrative boundaries
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Scenario setting
Due to lack of relative information to set a best value of
the distance-decay parameter β, a sensitivity analysis is
needed to compare accessibility results for different β
values. Two scenarios where β = 1 and 2 are employed
to investigate the impact of parameter values on results
of this study.
In addition, to investigate the impact of constraint of

administrative boundaries on accessibility patterns, a
comparison between the accessibility results of the pro-
posed model (with constraint) and the results of the
common model (without constraint) are carried out. To
conduct an analysis of the common 2SFCA model, in
addition to the distance-decay parameter β, the size of
catchment area is also required to assign a value. For the
convenience of comparison, the value of β is set as 1,
and the result is compared with the scenario of with-
constraint when β = 1. The size of catchment area
should be comparable with the scenario of with-
constraint. As for the GHs, the catchment area is set as
the whole scope of the study area, which is the same as
the scenario of with-constraint. As a result, the differ-
ence between the accessibility of two scenarios is actu-
ally the difference between accessibility to CHCs and
CHSs. As for the CHCs and CHSs, the size of catchment
area is set according to the average area of townships
(132.7 km2). If assuming the shape of a township is cir-
cle, the radius corresponding to the average area is

6.5 km. Therefore, the size of catchment area of CHCs
and CHSs is set as 6.5 km, which is comparable with the
with-constraint scenario.

Results
Results of overall accessibility
Based on the village-level population data and the exist-
ing three-level healthcare facilities, the proposed method
has been applied to measure the spatial accessibility to
healthcare facilities in Yanqing District. Two scenarios,
where the value of distance-decay parameter is 1 and 2
respectively, are both calculated (Fig. 3).
The results show that the distributions of spatial ac-

cessibility to healthcare facilities in the two scenarios are
quite similar, both showing significant differences among
spatial accessibility at the village level. In both scenarios,
the spatial accessibility in the surrounding area of dis-
trict center, namely Yanqing Town and Shenjiaying
Town, is prominently higher than other areas. Moreover,
the village-level accessibility is relatively even in these
two towns. One reason is that there are more CHCs and
CHSs in this area, and these facilities spread out over
the whole area, enabling all the demand nodes in the
two towns access to considerable CHCs and CHSs. The
other reason is the proximity to the two GHs enabling
the demand nodes in the two towns have better accessi-
bility to healthcare service to GHs than demand nodes
in other towns.

Fig. 2 Distribution of population and healthcare facilities in Yanqing District
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In contrast, in the other 13 towns, the village-level
spatial accessibility to healthcare service shows signifi-
cant difference within each town. The majority of the
villages have relatively poor accessibility to healthcare
services except a few villages where the CHCs and CHSs
are located. This is because of the uneven distribution of
the CHCs and CHSs in each of the 13 towns, and
healthcare resources are spatially aggregated within each
town’s scope.
Besides the dominant similarity above, the results of

two scenarios also present slight differences. In the β = 1
scenario, the range of accessibility scores varies from

0.0005 to 0.04 (Fig. 3a); while in the β = 2 scenario, the
range increases dramatically, with a minimum of 0.001
and a maximum of 0.17 (Fig. 3b). To more explicitly
compare the results of the two scenarios, the difference
of each demand node’s accessibility is calculated (the ac-
cessibility β = 2 minus the accessibility β = 1). Thus, a
positive difference indicates that the accessibility is bet-
ter when β is larger. The accessibility differences are
shown in Fig. 4. By comparing the distribution of acces-
sibility differences and the distribution of healthcare fa-
cilities (Fig. 2), the results show that the positive
accessibility differences are distributed in the areas close

Fig. 3 Spatial accessibility to healthcare facilities in Yanqing District when (a) β=1 or (b) β=2
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to the facilities. When the parameter β is larger, the de-
mand nodes near facilities tend to have better accessibil-
ity scores. In another word, a larger β has a stronger
distance-decay effect on the spatial accessibility, which
confirms to the general knowledge and conclusions of
most existing studies.
The disparity of accessibility can be measured by cal-

culating the Gini coefficient (Gc) corresponding Lorenz
curve. The Lorenz curves of both scenarios are shown in
Fig. 5. The equality line denotes a completely even dis-
tribution of accessibility to healthcare services, i.e. each
demand node has an equal accessibility. A larger area
between Lorenz curve and the equality line indicates a
larger disparity in accessibility, as well as a larger Gini
coefficient. It is shown in Fig. 5 that the Lorenz curve (β
= 2) is further away from the equality line than the Lo-
renz curve (β = 1), and the corresponding Gini coeffi-
cients are 0.74 and 0.41 respectively. It indicates that the
spatial disparities of accessibility in both scenarios reach a
relatively high level. Furthermore, when the distance-
decay parameter β is larger, the disparity of accessibility is
more significant. It again confirms that a larger β means a
stronger distance-decay effect on accessibility. The sensi-
tivity analysis helps set the value of the parameter in ac-
cordance with the healthcare service utilization behavior.
Based on the sensitivity analysis, when β = 2, the dis-

parity in accessibility is overly larger. Sixty percent of
healthcare accessibility is assigned to less than 10% of

demand nodes. In addition, demand nodes with the
highest accessibility are highly concentrated surrounding
the healthcare facilities. Therefore, results of the β = 2
scenario may overestimate the disparity of accessibility
and the distance-decay effect in this case. In the follow-
ing subsections, results of the β = 1 scenario will be uti-
lized for further analysis.

Distribution of CHC, CHS and GH accessibility
In this part, the accessibility to CHCs, CHSs and GHs
are analyzed separately. Only the β = 1 scenario is ana-
lyzed based on the result of sensitivity analysis. Figure 6
shows the distribution of the accessibility to CHCs and
CHSs in Yanqing District. The CHCs and CHSs in each
town provide services for villages within the town
boundaries. The distribution of accessibility within each
town shows difference, but the degree of difference var-
ies in each town. In towns with less CHCs and CHSs
and more disperse distribution of villages, such as Qian-
jiadian, Zhenzhuquan, Xiangying, Jiuxian, Yongning and
Jingzhuang, the spatial difference of accessibility is more
significant. The accessibility is relatively high for resi-
dents in the villages located surrounding the CHCs and
CHSs, while the villages far away from the CHCs and
CHSs are with relatively poor accessibility. In contrast,
in towns with more CHCs and CHSs and relatively con-
centrated contribution of villages, such as Shenjiaying,
Liubinpu, Dazhuangke, Dayushu and Zhangshanying,

Fig. 4 The difference in spatial accessibility between β = 1 scenario and β = 2 scenario
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the distribution of accessibility is relatively even. The
distribution pattern of spatial accessibility shows that the
total amount of health care resources in a town affect its
spatial equity.
The accessibility level of each town shows similar pat-

tern in Fig. 6. A further comparison is conducted by cal-
culating the population-weighted average accessibility of
each town. As shown in Fig. 7, the weighted average
CHC and CHS accessibility of each town ranges from
0.00122 (Yanqing Town) to 0.00333 (Sihai Town), with a

relatively small coefficient of variation (ratio of standard
deviation to mean) of 0.212. The above analyses indicate
that the CHC and CHS accessibility is relatively even at
the town-level, but shows significant spatial variations in
certain towns.
Differing from the distribution of CHC and CHS ac-

cessibility, the distribution of accessibility to GHs shows
a significant uneven pattern, decreasing gradually out-
wards from the district center (Fig. 8). The reason is that
both GHs are located in the district center, which is in

Fig. 5 Lorenz curves of accessibility to healthcare services of two scenarios

Fig. 6 Accessibility to CHCs and CHSs in Yanqing District when β = 1
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the Yanqing Town. Accordingly, as shown in Fig. 7, the
GH accessibilities of the towns surrounding the district
center are higher than those in the eastern part of the
district, which are relatively far away from the district
center. The weighted average GH accessibility of each
town ranges from 0.00022 (Qianjiadian Town) to
0.00716 (Yanqing Town). The coefficient of variation of

town-level GH accessibility is 1.299, indicating a rela-
tively high variation of GH accessibility among towns.
The overall accessibility including CHC, CHS and GH

accessibility is also calculated for each town (Fig. 7). The
overall accessibility of Yanqing Town is much larger
than other towns, while the overall accessibility of the
other 14 towns is relatively even. The coefficient of

Fig. 7 Average accessibility of towns to CHCs, CHSs and GHs when β = 1

Fig. 8 Accessibility to GHs in Yanqing District when β = 1
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variation of town-level overall accessibility is 0.378. If
Yanqing Town is excluded, the coefficient of variation of
overall accessibility sharply decreases to 0.169, which is
even smaller than the coefficient of variation of CHC
and CHS accessibility. In a word, the small quantity and
highly uneven distribution of GHs result in an obvious
disparity in GH accessibility, which is the main cause of
the disparity in overall accessibility.

Comparison of accessibility with or without constraint of
administrative boundary
Figure 9 shows the difference between spatial accessibil-
ity with or without constraint of administrative bound-
ary (the with-constraint accessibility minus the without-
constraint accessibility). The difference ranges from
−0.006 to 0.006. Considering the mean of the without-
constraint accessibility to CHCs and CHSs is 0.00149
and the range is from 0 to 0.02, this difference between
two scenarios is relatively large. That is to say, the con-
straint of administrative boundary has a significant im-
pact on healthcare accessibility.
Since the townships have quite different areas and

their shapes are highly irregular, the distribution of ac-
cessibility difference does not show a regular pattern. In
some townships, the accessibility differences of the vil-
lages that are close to the boundary are negative. In
some other townships, the negative accessibility differ-
ences appear in the central villages. Therefore, if the

constraint of administrative boundary is neglected in ac-
cessibility analysis in a case where this constraint actu-
ally exists, the bias of the accessibility result may exist. It
is difficult to judge where the bias is positive and where
the bias is negative. As our results show, however, the
degree of this bias can be non-negligible. Therefore, the
improvement made by this study in modeling constraint
of administrative boundary in healthcare accessibility
analysis is proven to be significant.

Discussions
The main goal of this study is to develop a modified
form of 2SFCA taking into account the constraint of ad-
ministrative boundary on healthcare accessibility. The
modification made by the proposed model is with re-
spect to the definition on catchment areas of healthcare
facilities. In the existing definitions of catchment areas
in spatial accessibility literature, interactions between de-
manders and facilities can cross administrative boundar-
ies [9, 11, 23]. The only exception is the measurement of
supply-demand ratio, which calculates ratio of supply to
demand in a certain region, usually administrative units
[1]. However, the supply-demand ratio cannot reflect the
impact of spatial separation between demanders and fa-
cilities, and is unable to measure the disparity in accessi-
bility within each administrative unit. Moreover, in the
supply-demand ratio method, only the administrative
boundaries of demand nodes are considered having

Fig. 9 Difference between spatial accessibility with or without constraint of administrative boundary
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constraint effects on accessibility. In practice, as demon-
strated in the second section as well as this case study,
there may be multi-level administrative boundaries that
affect the utilization behavior of healthcare services. The
constraint of administrative boundary may also exist in
other public services, e.g. education facilities. Therefore,
the modified 2SFCA model proposed in this study can
contribute for measuring the spatial accessibility of vari-
ous types of public services.
In addition, as this case study in Yanqing District,

Beijing, China shows, the modified 2SFCA method pro-
duces significantly different results with the traditional
2SFCA method as expected. The difference between the
accessibility scores of the modified and traditional
2SFCA method shows an irregular pattern, due to the ir-
regular shapes of administrative boundaries. The differ-
ence verifies the validity of the modified model in
empirical studies. In cases where the constraint of ad-
ministrative boundary on public services utilization be-
havior exists, traditional 2SFCA and its existing variants
would lead to biased results. However, it should be
noted that the modified 2SFCA method is a complement
rather than a substitute to the existing methods. The
modified model is only superior in situations with con-
straint of administrative boundary.
Existing studies have applied the potential model [28],

2SFCA [29], Enhanced 2SFCA [30] or Kernel Density
2SFCA [31] to measure spatial accessibility to healthcare
services in China. None of these studies have considered
the constraint effect of administrative boundary on
healthcare accessibility. Our findings suggest that the re-
sults of these studies may be biased, due to the lack of
the constraint of administrative boundary. The modified
2SFCA method proposed in this study can improve the
measurement of healthcare accessibility in China.
Based on the empirical results, discussions on the

spatial configuration of healthcare facilities can also be
conducted. The GHs are aimed to provide healthcare
services for the whole district, while the CHCs and
CHSs provide services for the villages in each town. The
CHCs are usually located close to the town govern-
ments. The CHSs are configured in certain villages. The
sizes of CHCs are usually much larger than the CHSs.
The sizes of CHSs are relatively even with several physi-
cians at each station.
As for the CHSs, more attention should be paid to the

towns with significant spatial difference of CHC and
CHS accessibility, such as Qianjiadian, Zhenzhuquan,
Xiangying, Jiuxian, Yongning and Jingzhuang. The
spatial differences in CHC and CHS accessibility in these
towns are mainly related to the distribution of CHSs,
since the locations of CHCs are relatively fixed near the
town governments. To reduce the spatial differences in
CHC and CHS accessibility in these towns, more CHSs

should be increased and dispersedly distributed in vil-
lages far away from existing CHSs as well as CHCs.
Since the capacity of CHSs is negligible compared with

CHCs, the town-level CHC and CHS accessibility is
mainly related to the sizes of the CHCs. In addition, the
GHs are the dominate healthcare facilities in Yanqing
District, but the distribution of accessibility to GHs is
quite uneven due to the concentrated distribution of
GHs. Therefore, the variation in overall healthcare ac-
cessibility at the town-level could be reduced in two
ways. First, the sizes of CHCs in towns with small acces-
sibility scores should be expanded. Second, new GHs
can be built in the eastern part of Yanqing District. Tak-
ing into account the economic development levels and
transportation conditions in the eastern towns, Yongn-
ing Town could be a potential location for a newly-built
GH, which can significantly improve the healthcare ac-
cessibility in the eastern part of Yanqing District.

Conclusions
This study has proposed a modification of the 2SFCA
method for measuring spatial accessibility to healthcare
services with constraint of administrative boundary. This
modification could be helpful in cases where the admin-
istrative boundaries have constraint effect on the catch-
ment areas of healthcare facilities and other types of
public facilities.
The method has been applied in a case study of the

healthcare services in Yanqing District of Beijing, China.
The results show that the constraint of administrative
boundary has a significant impact on healthcare accessi-
bility, and confirm the significance of the modification
proposed by this study. The results can also contribute
for the planning-making of healthcare service resources
allocation in the study area. Discussions have been con-
ducted on how to optimize the spatial configuration of
hierarchical healthcare facilities in order to improve the
spatial equity of healthcare accessibility in the study
area. At the town-level, the improvement of equity in
healthcare accessibility could be achieved in two ways.
First, the sizes of CHCs in towns with small accessibility
scores should be expanded. Second, new GHs can be
built in the eastern part of Yanqing District (e.g. in
Yongning Town). Within each town, to improve the
equity in healthcare accessibility, CHSs should be ex-
panded or newly built in the periphery villages.
There are still some limitations in this study. Only

road network distance is used to measure travel cost due
to the lack of data with respect to actual travel time. Ac-
tual travel time OD matrix considering various transpor-
tation modes can make the results more accurate. The
potential diversity of healthcare service demanders (e.g.
different age groups) is also not involved in this study.
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