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Visualization of the relationship between the geographic distribution of
day service facilities for the elderly and local elderly residents using a
geographic information system
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Abstract
Objectives: The aim of this study was to investigate the relationship between the geographic distribution of day
service facilities for the elderly and local elderly residents, and the status of facilities providing services as viewed

from the geographic distribution of users.
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Methods: The study area was Tokorozawa City, Saitama, Japan, in which the study targeted 25 day service facilities
for the elderly. We used the Voronoi tessellation to determine the facilities nearest to an elderly person’s residence,
by ascertaining the distance of the users’ residences from the facilities with consideration given to distance by
road. This data was integrated with the addresses of the facilities on a geographic information system in order to
examine geographic maldistribution.

Results: Geographic maldistribution was observed in the relationship between area of service of facilities and
the number of elderly residents in need of support or care. The “covered number of elderly residents in need of
support or care” were few in the northwestern part of the city and many in the southern part. Further, in the
south, the area assumed to be involved in the provision of services by a single facility (i.e., the area of the Voronoi
area) was also large. Moreover, in an evaluation of the geographic access to day service facilities for the elderly
among local elderly residents, around half of the elderly persons resided in areas <1,000 m from the nearest
facility.

In a case study of the geographic distribution of users of a day service facility for the elderly, it was estimated
that 40% of the elderly resided persons in areas >2,000 m from the facility they used.

Conclusion: It was visually clear that the geographic distribution of day service facilities for the elderly was
uneven. Moreover, the use of the methodology applied in this study can serve as a major reference for policy

makers when planning and evaluating regional welfare policies and activities for the elderly.

Keyword: Geographic information system; long-term care insurance; day service facilities for the elderly;

geographic distribution; visualization

Introduction

Among the various policies that have been
designed in response to Japan's aging society, one
of the largest reforms in recent years was the
establishment of the long-term care insurance (LTCI)
system in April 2000"”. This program ensures that
all Japanese citizens who are 65 years old and above
are eligible for benefits (institutional and community-
based services, but not money) based on physical and
mental disabilities?. The computer-aided standardized
needs assessment used in this study categorizes
people into seven levels. With the implementation of
this system, there was a major shift in the priority
toward home-based welfare, with a further shift
toward “pick-and-choose welfare” based on individual
choice. Further, ever since the establishment of the
LTCI system, there has been a significant increase
in the number of LTCI users. This increase has been
attributed to the increase in the aging rate and home
care service users.

In general, a greater demand for home-care
services, due to the demand for welfare services, is

expected in the future. The insurance and welfare
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policies among the elderly that have been undertaken
hitherto have lacked a geographic focus, such as
computing numerical infrastructure targets based on
relative population ratios”.

Recently, a number of reports pertaining to the
geographic distribution of medical care facilities and
the use of these facilities by local residents have
been published. In addition to reports stating that
the geographic accessibility of medical care facilities
affects the use of these facilities by local residents,
there have been numerous reports investigating the
geographic distribution of local health care plans by
medical care facilities®”.

Among home-care services, day service facilities
for the elderly may be used on a daily basis by
those who require support or care The location or
geographic accessibility of such facilities is perceived
as a very important factor from the perspective of
potential users.

Nevertheless, there exist relatively few reported
investigations on geographic accessibility vis-a-vis
the current location of day service facilities for the

elderly compared with the number of related reports
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investigating health care facilities.

This study investigates the current infrastructure of
long-term care welfare services from the perspective
of the geographic distribution of day service facilities
for the elderly among local residents, as well as the
current status of services provided by the facilities
from the perspective of the geographic distribution of

the users.

Materials and Methods

Study area

The study area was Tokorozawa City, Saitama, Japan
(Fig. 1, Table 1, area: 71.99 km2; population: 337,883;
population density: 4,626 inhabitants/km2; population
of individuals of 65 years and above: 54,966; aging
rate: 16% ).

A large geographic variation was seen in the certified
number of elderly residents in need of support or
care among the 14 daily living areas that were
publicized by the city authorities. While the area
with the largest population had 858 persons, the area
with the smallest population had 284 persons (Fig. 2).
The percentage of the certified population in need of
support or care was an estimated 15% in each area.
There are 25 day service facilities for the elderly
in the city; the service areas for 14 comprehensive
regional support centers were set up in accordance

with the daily living areas'?.

Analytical methods

We analyzed the data in the following three stages:
(1) investigation of the relationship between day
service facilities for the elderly, provision areas,
and the certified number of elderly residents in
need of support or care; (2) evaluation of geographic
access to day service facilities for the elderly among
local elderly residents; and (3) a case study on the
geographic distribution of elderly day service facility
users.

These analyses were made using the data in Table
2. The data presented in Table 2 can be obtained
without having to apply special methods. The
analysis in each of the three stages is described in

the following.
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1. Relationship between day service facilities for the
elderly, provision areas, and the number of elderly
residents in need of support or care

First, we collected data sets of the addresses of
day service facilities for the elderly, an area map of
Tokorozawa City, the certified number of elderly
residents in need of support or care, and the daily
living area (Table 2). This data was then integrated
into a geographic information system (GIS) using
ArcView (ArcGIS ver. 9.1) obtained from ESRI Inc.
(California City, CA, USA).

To determine the facility nearest to an elderly
person’s residence using the ArcGIS ver. 9.1, Voronoi
tessellation, which assumed that each facility was
the center, was applied. Voronoi tessellation is a
mathematical method that, by drawing a vertical
bisector toward a straight line that links two points
that are next to each other on a plane, divides the
domain nearest to each point. The figure resulting
from the Voronoi tessellation is called the Voronoi
diagram. In this study, wherein multiple facilities
set on a plane generate points, a division is made
from the nearest generating point within the
entire city area. The generating point of each area
obtained using the Voronoi tessellation shows that
the area “at a random point within the area (ie. a
random residence of a facility user) is the nearest
in a straight-line distance.” Further, areal weighting
interpolation was used to compute the certified
number of elderly residents in need of support or
care within the cell of each facility. We assumed that
these calculated values “covered number of elderly
residents in need of support or care.” The areal
weighting interpolation is a method whereby it is
hypothesized that the population is evenly distributed
within a single area, and when a certain area has
been divided into two or more areas according
to each areal ratio using Voronoi tessellation, the
population is divided among those divided areas. The
Areal Weighting Interpolation Totaling Tool ver.
1 (Exceed Corp. Saitama, Japan) was used for this

purpose.
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Table 1. Demographical characteristics

facilities

Daily living arca 65 years old and above %Eé%ﬁifi%’éﬁ%ﬁlg? Aging rate
Male Female Total care
A 2,297 2,603 4,900 760 18.4
B 1,994 2,984 4,978 858 16.2
C 1,985 2,637 4,622 763 16.2
D 1,321 1,585 2,906 404 19.1
E 1,641 1,976 3,617 557 17.4
F 1,531 1,779 3,310 494 15.8
G 2,448 2,837 5,285 820 15.0
H 2,270 2,706 4,976 760 15.6
I 1,900 2,399 4,299 672 153
J 1,072 1,350 2,422 284 15.6
K 1,964 2,411 4375 703 19.5
L 800 1,018 1,818 376 9.5
M 1,756 2,005 3,761 583 17.5
N 1,752 1,945 3,697 570 17.1
Total 24,731 30,235 54,966 8,604 16.2
Table 2. Data sets
Data base Date of issue Source
(DAddresses of day service July, 2006 List of companies concerned with Long-Term Care Insurance in

Tokorozawa city
(Department of Long-Term Care Insurance, Tokorozawa city)

@Area map of Tokorozawa

City

February, 2003

Digital map 2500 Kanto-2 (Geographical survey institute, Japan)

@The Certified number of June, 2006 Plan of Health and welfare plan for the elderly and Long-Term Care
elderly residents in need of Insurance services in Tokorozawa city

support or care (Department of Long-Term Care Insurance, Tokorozawa city)

@Daily living area March, 2006 Plan of Health and welfare plan for the elderly and the Long-Term Care

Insurance service in Tokorozawa city
(Department of Long-Term Care Insurance, Tokorozawa city)

®Entire city map of
Tokorozawa city

February, 2003

Digital map 2500 Kanto-2 (Geographical survey institute, Japan)

®Road map of Tokorozawa
city

February, 2003

Digital map 2500 Kanto-2 (Geographical survey institute, Japan)

@Population of Tokorozawa
city

April, 2000

Census mesh data (Japan Statistical Association)
[533953 Tokorozawa+ 533954 Shiki=533963 Southern part of Kawagoe |

®Addresses of users of
Facility

December, 2006

From research facility

(QResidential map of
Tokorozawa city

December, 2004

Residential map 200602 Saitama eastern and western parts of Tokorozawa
(Zenrin Co, Japan)

Analysis1 (@D, @, @, @), Analysis 2(D, ®, ®, @), Analysis3(D, @, ®, @)
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2. Evaluation of geographic access to day service
facilities for the elderly among local elderly residents
First, data sets of the addresses of day service
facilities for the elderly, an area map of Tokorozawa
City, a Tokorozawa City road map, and Tokorozawa
City population data were tabulated (Table 2). Using
these data sets, the Network Analyst function of
ArcGIS ver. 9.1 was used to calculate, in five stages
( <500 m, 500-1,000 m, 1,000-1,500 m, 1,500-2,000 m,
>2,000 m), the distance areas from the facilities taking
into consideration the distance via road.

Next, population data was entered into the GIS using
grid square statistics from the National Census
data for the year 2000 (Japan Statistical Association,
Tokyo, Japan). Then, the Areal Weighting
Interpolation Totaling Tool ver. 1 was used to
calculate the number of elderly residents (population
of individuals of 65 years and above) for each of the
five stages and the overall number of residents in the

city.

3. Case study on the geographic distribution of elderly
day service facility users

Among the day service facilities for the elderly
within the city, Facility No. 1 in Fig. 2 and Table
3 was selected. The fixed number of users of this
facility was 45 in December 2006. The procedure of
the present study was reviewed and approved by
the staff. The subjects were then informed about
the study, and were requested to sign an informed
consent form. Further, this study was approved
by the Ethical Committee of the School of Human
Sciences, Waseda University.

The subjects included 70 users who gave informed
consent for this study. We did not use personal
information such as users’ names, gender, or age.
We used only the addresses for plotting on the map,
confirmed by the lot number information. The data
sets are shown in Table 2, and the address of the
facility was displayed on the GIS.

Next, a map displaying each town (machi) and
district (cho) of the entire area was entered and
displayed. Based on the address data of the users,

a comparison of the city’s east portion and western
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areas (Zenrin Residential Map 200602 SAITAMA,
Zenrin Co. Ltd., Fukuoka, Japan) was made and
displayed on the GIS with a road map. Using the
Network Analyst function of ArcGIS ver. 9.1, we
calculated, in the five stages, the distance areas from
facilities with consideration of the distance via road.
Finally, keeping the facility as the center, the distance
areas and map information of users were displayed
on the GIS.

Results
1. Relationship between day service facility for the
elderly, provision areas, and the number of elderly
residents in need of support or care
The locations that served as generating points after
applying the Voronoi tessellation to the locations of
day service facilities for the elderly in the city are
shown in Fig. 3 and Table 3. The certified number
of elderly residentse in need of support or care
(the covered number of elderly residents in need of
support or care) within Voronoi areas is also shown.
Geographic deviation was observed in the day
service facilities located in the city such that there
are many such facilities in the northwestern part
of the city, but few in the southeastern part. The
maximum number of covered elderly residents
in need of support or care was 1,121, while the
minimum was b7. Geographic differences were
confirmed, with few such numbers (the minimum,
57) in the northwestern part of the city and many
in the southern part. Further, in the south, the area
assumed to be involved in the provision of services
by a single facility (ie. the area of the Voronol area)

was also large.

2. Evaluation of geographic access to day service
facilities for the elderly among local elderly residents
The population of local elderly residents was
estimated at 43,131 persons based on grid square
statistics values using areal weighting interpolation.
The population of local elderly residents in the five
stages was arranged according to the road distances
with each facility serving as a center, and are as
follows: <500 m: 6,910 persons (16.0 % ); 500-1,000 m:
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17,187 persons (39.8% ); 1,000-1,500 m: 12,310 persons
(28.5%); 1,500-2,000 m: 4,561 persons (10.6%); >2,000 m:
2,163 persons (5.0% ) (Fig. 4).

Table 3. Capacity of day service facilities for the elderly and the covered number of elderly
residents in need of support or care*

Num. of Capacity The covered District Num. of Capacity The covered District
Facility number of elderly Facility number of elderly
residents in need residents in need
of support or of support or
care™® care*
1 40 554 A 14 25 384 J
2 15 117 A 15 40 57 K
3 40 1,121 B 16 30 116 K
4 40 545 C 17 10 110 K
5 9 191 C 18 30 100 K
6 18 330 D 19 40 89 L
7 43 808 E 20 40 205 L
8 25 338 F 21 6 526 M
9 30 613 F 22 40 129 N
10 40 614 G 23 30 142 N
11 20 591 H 24 40 84 N
12 30 312 I 25 25 83 N
13 45 439 I Total 751 43,131

*The number of elderly residents needing support or care in each Voronoi diagram

Tokorozawa City, Saitama Prefecture, Japan

Fig. 1 Study area
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Day service facilities for the elderly

1050 1 2 kilometer

The certificated number of elderly residents in need of support or care : Total : 8,604
Max.: District “B”: 858 Min. : District ”J”:294

Fig. 2 Day service facilities for the elderly and daily living areas

N
W
S
@ Day service facilities for the elderly
The number of elderly residents in need of support or
care in Voronoi diagram
Max.: Facility Number 3
1050 1 2 kilometer Min.: Facility Number 15
N N

Fig. 3 The city represented by Voronoi diagrams
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Facilities

Distance from

Population of 65

1050 1

2 kilometer

facility (meters) years old and above %
1 0~500 6,910 16.0
1 500~1,000 17,187 39.8
B 1,000~1,500 12,310 28.5
I 1,500~2,000 4,561 10.6
C1 2,0000ver 2,163 5.0
Total 43,131 100

Fig. 4 Geographical accessibility to day service facilities for the elderly using road map
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Furthermore, it was estimated that in the eastern,
western, and central parts of the city, some elderly
persons resided at a distance of 1,500 m or more
from the nearest facility. Overall, it was deduced that
around half of the elderly persons resided in areas

<1,000 m from the nearest facility.

3. Case study on the geographic distribution of users
of a day service facility for the elderly

Following is the current status of geographic
distribution of 70 users of a day service facility
located in the northeastern part of the city: <500 m: 5
persons (7.1% ); 500-1,000 m: 20 persons (28.6% ); 1,000
-1,500 m: 10 persons (14.3% ); 1,500-2,000 m: 4persons
(5.7% ); >2,000 m: 31 persons (44.3% ) (Fig. 5).

Discussion

In the process of planning for the construction of
public and commercial facilities, it is necessary to
consider the user accessibility of those facilities. GIS
enables comprehensive management and information
processing with regard to the geographic location,
as well as the visual display of such information.
Moreover, since it enables the analysis of spatial
factors, GIS is widely used not only in resource
management™ and land use planningl4) but also in

15, 16, 17)

environmental pollution ) planning of health care

facilities™
20, 21)

. and decision-making in public health
services
This study, we investigated the current status of the
long-term care welfare service infrastructure from
the perspective of the geographic distribution of day
service facilities for the elderly among local elderly
residents, as well as the current status of services
provided by facilities from the perspective of the
geographic distribution of users.

First, in terms of the relationship between the day
service facilities for the elderly within Tokorozawa
City and the geographic distribution of elderly
residents, regional differences were observed in the
number of elderly residents in need of support or
care who were covered by each facility. In the city’
s northwestern part, the covered numbers were

less than that in the southern area. Furthermore, on
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including the central area of the city, the covered
numbers were comparatively larger. A regional
difference was also observed for the respective
areas assumed to be responsible for the provision
of services by a single facility (i.e., the area of the
Voronoi area). In this regard, the southern part of
the city is large. For residents of an area with a
large number of covered elderly residents in need of
support or care, it is possible that, considering the
fixed number of users of a facility within that area,
such residents are unable to fully utilize their area’s
facility services. In other words, it is possible that the
needy are unable to use the services of the nearest
facility. Moreover, one could imagine that when a
covered area is large, the distance between some
users’ residence and the services may also be large.
The users of a day care facility generally utilize
the transport service provided by the facility, and
depending on the extent of care required, an increase
in transport distance and time could increase the
physical and mental burdens of users. In fact, when
an elderly person desires to use a facility located far
from his or her residence, there may be instances
when the person has to refrain from using the
facility because of the transportation cost. From this
perspective alone, the use of a nearby facility is ideal.
Increased transport distance and time could also
increase the physical and mental burden of those in
charge of transportation at these facilities.

It is believed that, while expanding the number
of users of a facility or establishing a new facility,
priority should be given to improving areas
maldistribution area such as those shown in this
study. In the Voronoi division based on direct distance
from a facility, since the population distribution
characteristics within a district thus divided were
not taken into consideration”, actual road distances
were used in this study, which has not been done in

% that investigated the geographic

previous studies
accessibility of day service facilities.

Thus, this study investigated the relationship
between the distance from facilities and the
geographic distribution of local elderly residents. We

found that around half the individuals who were 65
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years old and above resided within 1,000 m of the
nearest facility. Visual clarification also illustrated the
existence of users who reside in the area outside the
(i.e., farther than) 2,000 m distance. The estimated
population of elderly persons calculated from
grid square statistics values using area weighting
interpolation was 43,131 persons; however, the
actual elderly population was 40,404 persons. Areal
weighting interpolation is a method used to estimate
a population of an area based on population data such
as census data. This error was assumed to have
been due to the characteristics of this method *.

Although this study clarified the number of elderly
persons residing at relative distances from a facility,
some individuals may not be able to use the nearest
facility for a variety of reasons. Moreover, previous
studies have not clarified how far away users reside
from the facilities they actually use.

This study focused on the one-day service facilities
within the city and investigated the actual usefulness
of that day service facility for the elderly from the
aspect of the geographic distribution of users.

Approximately 60 % of the users were residents
within the daily living area where the facility
was located. In fact, a trend with regard to the
nearest facility was observed. Certain cases where
were observed in which users lived side-by-side
as neighbors. The distance of users’ residences
from a facility does not seem to be the only factor
responsible for whether or not they will use the
services of that facility; other likely factors include
the content of the facility services and users’ desire
to use services together with a neighbor.

Future studies should include cases where the
nearest day service facility is not being used, with
a detailed analysis of the underlying reasons. Such
research would not only contribute to future facility
infrastructural planning within Tokorozawa City
but would also contribute to the overall provision of
improved facility services. It will also be necessary
to supplement the data set with road-related
information such as that of one-way streets and
speed limits, investigation regarding optimization,

and efficiency improvements in transport routes
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for users. This information would be beneficial to
people responsible for operating the facilities. Despite
the above-mentioned limitations, the use of the
methodology employed in this study can serve as a
major reference for policy makers while planning and
evaluating regional welfare policies and activities for
the elderly population. In addition, this methodology
could also be used by facility operators in designing

strategies to ensure that their services are used.

Acknowledgments
This study was supported by Pfizer Health Research
Foundation and the Waseda University Grant for

Special Research Projects.

References

1) Campbell JC, Ikegami N. Long-term care insurance
comes to Japan. Health Aff. 2000;19:26-39.

2) Campbell JC, Ikegami N. Japan's radical reform of
long-term care. Soc Policy Adm. 2003;37:21-34.

3) Eto M. Public involvement in social policy reform.
Seen from the perspective of Japan's elderly-care
insurance scheme. ] Soc Policy. 2001;30:17-36.

4) Tkegami N, Cambell JC. Choice, policy logics and
problems in the design of long-term care systems.
Soc Policy Adm. 2002;36:719-634.

Izuhara M. Social inequality under a new social

Sy

contract: Long-term care in Japan. Soc Policy
Adm. 2003;37:395-410.

Tsutsui T, Muramatsu N. Care-needs certification

\Sp

in the long-term care insurance system of Japan. J
Am Geriatr Soc. 2005;53:522-7.

7) Tkuta K, Yamashita T. A study on disposition of
home visit nursing/home help office and their
service providing areas. Med Care. 2005;42:191-
202. (in Japanese)

8) Joseph AE, Bantock PR. Measuring potential
physical accessibility to general practitioners in
rural areas. Soc Sci Med. 1982;16:85-90.

9) Haynes RM. The geography of health services in
Britain. Croom Helm. 1986.

10) Fubiana C, Ishii T, Suzuki Y, et al. Forecasting
accessibility to pediatric healthcare services in
Chiba City using GIS. Jpn ] Hyg. 2006;61:239.



HABEFMZE. 45 26 % 2 5. Bulletin of Social Medicine, Vol.26(2) 2009

11) Hirao T. Jitsunari K, Suzuki T.et al. Evaluation
of pediatric service in Kagawa Prefecture with a
geographical information system. Shikoku ] Public
Health Society. 2005;50:146-150. (in Japanese)

12) The plan of health-welfare of the aged and nursing
care insurance (version 3). Saitama: Tokorozawa
City. 2006; 39-47. (in Japanese)

13) Miller C. The use of a GIS to compare the land
areas captured by very basic and complex
wellhead protection area models. ] Environ
Health. 2005;68:21-28.

14) Park S, Egbert SL. Assessment of erodibility
indices for conservation reserve program lands in
southwestern Kansas using satellite imagery and
GIS techniques. Environ Manage. 2005;36:886-898.

15) Zhou DM, Radke ], Tian YQ, Xu JC, Mu L. A model
supported by GIS for locating and quantifying
PMZ25 emission originated from residential wood
burning. ] Environ Sci. 2005;17:861-865.

16) Mindell J, Barrowcliffe R. Linking environmental
effects to health impacts: a computer modeling
approach for air pollution. ] Epidemiol Community
Health. 2005;59:1092-1098.

17) Dubnov ], Barchana M, Rishpon S, Leventhal A,
Segal I, Carel R, Portnov BA. Estimating the effect
of air pollution from a coal-fired power station on
the development of children's pulmonary function.
Environ Res. 2007;103:87-98.

18) Sherman JE, Spencer ], Preisser ]S, Gesler WM,
Arcury TA. A suite of methods for representing
activity space in a healthcare accessibility study.
Int J Health Geogr. 2005;4:24.

19) Tim US. The application of GIS in environmental
health science: opportunities and limitations.
Environmental Research. 1995;71:75-88.

20) Kaneko Y, Takano T, Nakamura K, Hukuda Y,
Watanabe M, Uji K. Visual localization of community
health needs to rational decision-making in public
health services. Health Place. 2003,9:241-251.

21) Reissman DB, Staley F, Curtis GB, Kaufmann RB.
Use of geographic information system technology
to aid Health Department decision making about
childhood lead poisoning prevention activities.
Environ Health Perspect. 2001;109:89-94.

_85_

22) Takahashi M, Odagiri Y, Uchida H. Evaluation of
geographical accessibility to day service facilities
for the elderly with care needs with a Geographic
Information System(GIS): a case study of Kofu
city. Bulletin the Faculty of Nursing in Yamanashi
Prefectural University. 2006:8:1-8. (in Japanese)

23) Kitajima T, Kitagawa T, Cho KI, Noyama O.

=

Attempt to estimate geographical accessibility
to day service facilities among the elderly with
a geographical information system. Jpn. J. Public
Health. 2001;48:613-619. (in Japanese)

24) Noyama O, Kitajima T. A study of relation between

Rassy

using day service facilities for the elderly and a
distance from facilities. J Social Sciences of Kyorin
University. 2004:20:42-52. (in Japanese)

25) Noyama O, Kitajima T. A study of factor in using
day service facilities for the elderly. J Social Sciences
of Kyorin University. 2005;2:1-13. (in Japanese)

26) Sadahiro Y. Errors in areal weighting interpolation
between incompatible zonal systems. Theory and
Application of GIS. 1999:7:1-9. (in Japanese)



HEESFE. 4 26 % 2 5. Bulletin of Social Medicine, Vol.26(2) 2009

_86_





