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Questionnaire survey on water consumption and
preparedness for water outages at intensive care homes
for the elderly in Japan
Masaki Sagehashi and Michihiro Akiba

ABSTRACT
The status of water consumption and preparedness for water outages at intensive care homes for
the elderly (ICHE) in Japan was investigated by questionnaire. The ICHE is the nursing care facilities
covered by public aid providing long-term care for the elderly in Japan. The daily water consumption
per person admitted to the ICHE was estimated as 425 L (median) and the daily water consumption
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per admitted elderly person and the contributors (i.e., care staff and visitors) was estimated as 253 L
(median). The question from the viewpoint of alternative water supply revealed a high rate of
possessing water receiving tanks. In addition, the possession rate of personal wells was also
clariﬁed. High rates of drinking water storage and portable toilets were conﬁrmed. From the
viewpoint of action procedures, the rates of introduction of disaster training, disaster action manual,
and mutual aid agreement in the event of a disaster with others, all of which took into consideration
water outages, were also clariﬁed. Furthermore, free written comments conﬁrmed that many ICHE
were concerned about toilet care in the event of an emergency.
Key words

| emergency water supply, intensive care homes for the elderly, nationwide
questionnaire in Japan, unit water consumption, water outage

INTRODUCTION
A safe water supply plays an indispensable role in water,

data should account for lifestyle and other cultural differ-

sanitation, and hygiene (WASH) health care activities. The

ences among populations, as well as water consumption

aging of the population is an important consideration

by the care workers themselves.

impinging on water supplies worldwide, and care of the
elderly presents an increasingly urgent social challenge.

The Japanese population is classiﬁed as a super-aging
society (Kido ). Thus, research in Japan can provide

A number of studies have investigated water consump-

up-to-date data on water consumption in elderly care that

tion in elderly care from various viewpoints, e.g., ﬂuid

would be useful in other countries with an aging society.

consumption of the elderly (Chidester & Spangler ;

Information regarding water consumption in daily life in

Gaff et al. ), prevention of dehydration (Presse &

Japan (Mae et al. ), as well as water consumption at

Ferland ), and prevention of infectious diseases in bath-

speciﬁc facilities, such as hospitals (Mochizuki ),

ing (Silk et al. ). In addition to the important ﬁndings of

hotels (Tanaka et al. ), and schools (Nagano ),

these analyses, data regarding routine water consumption –

has been reported previously. However, there have been

such as for daily toilet care, washing of clothes, and room

few studies regarding water consumption in elderly nursing

cleaning – are also required for adequate planning. These

care facilities, e.g., intensive care homes for the elderly
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(ICHE), which is covered by Public Aid Providing

disasters, and the investigations being conducted in this

Long-Term Care to the Elderly (Ogata et al. ). The

area should be of use at the global level.

Japan Sustainable Building Consortium has developed a

The adaptability for water outages can be measured by

Database for Energy Consumption of Commercial Buildings

the level of preparation of alternative water sources and pro-

(Takaguchi et al. ; JSBC ). This database includes

cedures for emergencies, including the provision of training

information regarding water consumption in various types

and emergency manuals. Planning for nursing home evacua-

of buildings. Several studies related to this database clariﬁed

tion is also critical (Castle ). Moreover, many facilities

the water consumption in welfare facilities (Takaguchi et al.

in Japan have been designated welfare refuges, and thus it

, ), and also in ICHE (Sugawara et al. ) per unit

is important to assess the level of preparation for water

area of ﬂoor space was elucidated. In the case of ICHE,

outages at these refuge facilities.

however, further detailed analyses will be needed to clarify

To help in elucidating these issues, and to ensure EWSP

the water consumption per admitted elderly subject. In a

in elderly care, we herein performed a nationwide question-

previous study, we clariﬁed the water consumption in two

naire survey of elderly care facilities in Japan with a focus on

types of elderly care facility in Tokyo (Sagehashi & Akiba

the following items:

). To our knowledge, however, there have been no inves-

1. The amount of water required for care of the elderly.

tigations into the water consumption per elderly admittee in

2. The adaptability for emergencies involving water outages

ICHE throughout Japan. We should note that Sugawara
et al. () did report the water consumption per unit
area of ﬂoor space for an ICHE in the Tohoku region of

from the viewpoints of materials and procedures.
3. The status of water supply for the elderly in the case of an
emergency.

Japan.
The provision of an emergency water supply in the event
of a disaster is another important factor in terms of WASH in
health care facilities. Individuals in health care facilities are

METHODS

particularly vulnerable in the event of disasters or other
emergency situations, such as contamination events, and life-

Target facility

line outages can be fatal in such populations. The provision
of safe drinking water in the event of a disaster is thus a top

There are several types of care facilities for the elderly in

priority (Loo et al. ). In fact, the necessity for develop-

Japan. This study focuses on ICHE, which are a type of

ment of an emergency water supply plan (EWSP) at health

health care facility designed for elderly individuals who

care facilities has been pointed out (CDC & AWWA ).

require high-level, long-term nursing care. The ICHE tar-

Finally, it is important to consider in this context that the

geted in the questionnaire survey were selected based on a

elderly are vulnerable to waterborne diseases (Naumova

database provided by the WELNESS Co. (WELNESS

et al. ). In this study, therefore, we focused on emergency

). A total of 5,878 facilities were selected based on the

water supply for the elderly, as well as on elucidation of the

data as of April 2011.

water consumption in elderly care facilities.
Among the world’s nations, Japan has one of the highest

Questionnaire

levels of risk from natural hazard exposure (Welle et al. ).
Various natural events have had a major impact on the

The questionnaire survey was conducted by regular mail. A

elderly in Japan, including the Great East Japan Earthquake

questionnaire entitled ‘Questionnaire Survey on the Ther-

of March 11, 2011. Indeed, this earthquake highlighted the

mal Environment and Water Use/Countermeasures for

vulnerability of the elderly in temporary shelters (Nomura

Water Outages in Intensive Care Homes for the Elderly’

et al. ). As a result of this history, Japan is at the forefront

was mailed to ICHE in November 2013. Note that this

of discussions regarding support for the elderly – including

survey was conducted in combination with a survey about

the provision of emergency water supplies – in the event of

the thermal environment of ICHE (Bando et al. ). The
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The numbers of elderly admittees, working staff and visitors were determined. The unit water consumption per

questionnaire

admitted person was the most important value in this

(Sagehashi & Akiba ) in the Tokyo metropolitan area,

study, and this value was also determined in a previous

whereas the current questionnaire was sent to ICHE located

study performed in Tokyo (Sagehashi & Akiba ). Mean-

in all 47 prefectures of Japan, including Tokyo. In addition,

while, we would like to clarify the unit water consumption

the questionnaire used in the present analysis included more

per person in an ICHE. That is why we determined the num-

detailed items, which permitted more accurate analyses of the

bers of these people.

We

previously

performed

a

similar

water consumption and the preparedness for water outages.

The types of water supply equipment used in each ICHE

The monthly water consumption in July 2013 was taken

are important for understanding the temporary water-

from the water meter. To avoid seasonal differences, the

storage capacity in the case of an emergency. For example,

target month was limited to July. In Japan, many waterworks

some facilities possessed an elevated water tank that could

require payment every two months; in such cases the value

maintain the water supply under conditions of water

per month was determined, and this adjustment was noted.

outage and electric power failure. The survey also asked

To conﬁrm the month of the consumption period, the total

about the possession of a private power generator, which

period was also clariﬁed. Some of the ICHE reported

is needed to power a pump if the stored water cannot be

having two or more water supply methods. To account for

fed by gravity alone.

these multiple sources, data were gathered for all of the sup-

After a disaster, water stockpiles are important for

pliers and the amounts of water from each. In addition, in

coping with water outages in the short term. The question-

the case of multipurpose facilities, the speciﬁc water con-

naire therefore asked about drinking-water stockpiles and

sumption for the ICHE was required.

the availability of portable toilets. If the water supply is

Table 1

|

Questionnaire items analyzed in this study

#

Question item

Detailed description

1

Basic information

Prefecture
Types of buildings/rooming arrangements, etc.
Types of food services/baths and toilets, etc.

2

Monthly water consumption with its
reference period (the value in July 2013
was required)

Types of water suppliers (i.e., public water supply, private water supply, others) and
amount of water consumption. Consumption speciﬁcally by the ICHE was required. For
multipurpose facilities or facilities for which the discrete ICHE data were not clear,
allocation was estimated by the number of users or the dedicated area

3

Numbers of admitted persons, working
staff, and visitors per day

Data were required speciﬁcally for the ICHE or ICHE portion of the multipurpose facility
in July 2013

4

Types of water supply equipment used in
the ICHE

Select from the following options: Water receiving tank/Elevated water tank/Direct
connection (Combinations of these systems were expected)
Maintenance condition of the tank, and the possession of a private power generator

5

Possession of alternative water supply

Water well and its potability/An emergency water supply station nearby

6

Stockpiles for water outages

Storing drinking water/Portable toilets

7

Training, manuals, mutual aid
agreements, etc.

Disaster training with consideration for potential water outages/Mutual aid agreement in
the event of a disaster with water outages/Disaster action manual with consideration for
water outages/Assignation of the facility as a welfare refuge

8

Comments, experiences, etc.
(free-text box)

Difﬁculties encountered during past water outages (if any)
Anticipated difﬁculties in the event of a water outage
Special points of consideration regarding the water supply for the elderly in the
case of a disaster
Other particular points
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disrupted for a longer period, possession of an alternative

where Qa [L/(day person-admitted)] and Qc [L/(day person-

water supply becomes important. The respondents were

concerned)] are the unit water consumptions in a month by

thus asked about the availability of a personal well and the

an admitted person and concerned person (i.e., admitted þ

presence of an emergency water supply station nearby. Pot-

workers þ visitors), respectively; q [L] is the monthly water

ability and distance are also important factors for the well

consumption (#2 in Table 1); and na, nw, and nv are the num-

and water supply station, respectively, and were included

bers of persons admitted, working, and visiting, respectively

in the questionnaire.

[person] (#3 in Table 1).

The implementation of training, preparation of a training
manual, and mutual aid agreement with other facilities in the

Countermeasures asked in the questionnaire

event of a disaster are effective for rapid countermeasures in
an emergency situation. Accordingly, the questionnaire also

Any reservoir tanks, stockpiles, or alternative water

elicited responses regarding the status of these factors.

supplies, and any relevant training measures were summar-

Finally, a free-text box was provided to solicit any other

ized. Moreover, some of these variables were summarized

relevant comments and experiences with regard to water

for each region in Japan in order to examine their potential

outages in elderly care facilities. All the collected data

regional dependencies.

were then analyzed and summarized to clarify what
resources might be lacking in each ICHE in the case of a
water outage.

Statistical analysis
Statistical analysis of the results was performed with Microsoft Ofﬁce Excel 2010 (Microsoft Japan Co., Ltd, Tokyo,

ANALYSES

Japan) with the Excel-Toukei Bell Curve (Social Survey
Research Information Co., Ltd, Tokyo, Japan) for the

Water consumption

Mann–Whitney U test and Smirnov–Grubbs test, IBM

For calculation of the unit water consumption, responses
were considered to be valid if they met all of the following
criteria:

SPSS Statistics (IBM Japan, Ltd, Tokyo, Japan) for the Kruskal–Wallis test and the chi-square method, and the multiplatform open source statistical computing software R
(R Development Core Team ) for the bootstrap method.

1. The information on water consumption was clearly
described.
2. The information was representative of the values in July
2013.
3. The numbers of admitted, working, and visiting persons
were clearly described.
4. ICHEs depended only on the public (prefectural or

Ethical considerations
This questionnaire survey was performed with the approval
of the Ethics Committee of the National Institute of Public
Health (NIPH-IBRA#12055 and #12101).

municipal) water supply.
The unit water consumption was calculated by the fol-

RESULTS AND DISCUSSION

lowing equations:
Questionnaire response ratio
(q=31)
Qa ¼
na

(1)
The numbers of sent questionnaires and responses are summarized in Table 2. The questionnaire sheet was sent to

Qc ¼

(q=31)
na þ nw þ nv
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Summary of questionnaires sent and returned

Region

Prefecture

Number
sent

Number
returned

Response
rate

Hokkaido

Hokkaido

280

43

15.4

Tohoku

Aomori, Iwate, Akita, Miyagi, Yamagata, Fukushima

586

113

19.3

Kanto

Ibaraki, Tochigi, Gunma, Chiba, Kanagawa, Yamanashi, Saitama, Tokyo

1,479

166

11.2

Shinetsu/Hokuriku

Nagano, Fukui, Toyama, Ishikawa, Niigata

464

86

18.5

Tokai

Shizuoka, Aichi, Gifu, Mie

563

63

11.2

Kinki

Wakayama, Nara, Kyoto, Osaka, Hyogo, Shiga

928

103

11.1

Chugoku

Okayama, Tottori, Hiroshima, Shimane, Yamaguchi

478

60

12.6

Shikoku

Tokushima, Ehime, Kagawa, Kochi

274

34

12.4

Kyushu/Okinawa

Fukuoka, Saga, Nagasaki, Oita, Kumamoto, Miyazaki, Kagoshima, Okinawa

Total

Types of water supply

826

99

12.0

5,878

767

13.0

were eliminated from Qa and Qc, respectively, and the
ranges of 85.6–1,420.1 L/(day person admitted) (n ¼ 292)

A total of 86.9% of the responding ICHE used the public

for Qa, and 33.1–704.2. L/(day person admitted) (n ¼ 219)

(prefectural or municipal) water supply. In addition,

for Qc were obtained.

among those using public water supplies, 73.7% (64.0% of

A comparison of these values with those in the literature

the total responding ICHE) were supplied by ‘waterworks’

is shown in Table 3. Our previous study (Sagehashi & Akiba

(large-scale water supply utilities providing water to more

) indicated that the median value of Qa in ICHE in

than 5,000 people), while 10.0% were supplied by ‘simpliﬁed

Tokyo was 411 [L/(day person)], which was comparable to

waterworks’ (small-scale water supply utilities providing

the results obtained in this study. The water consumption

water to between 101 and 5,000 people). Although the effec-

in daily life was comparable to Qc, indicating that the

tive response rate was low, 12.2% of the responding ICHE

water consumption per person (admittee, staff, or visitor)

were using a private water supply; approximately half and

in the ICHE was the same as that in daily life in an apart-

a quarter of the ICHE in this category used wells and a pri-

ment. Moreover, the Qa in ICHE was roughly half that in

vate water supply facility, respectively. These values were

hospitals on a per bed basis.

equivalent to 6.0% and 3.4% of the total responding ICHE.

The water consumption per unit area of ﬂoor was calculated for comparison with the values in the literature. The

Water consumption

samples used for the calculation of Qa (n ¼ 292) were
used. The annual value was obtained by multiplying the

After screening the responses according to the above-

monthly value by 12. Considering the effective answers,

described criteria, the numbers of responses that permitted

the number of samples was 262. The results indicated a

the calculation of water consumption were 302 and 228 for

median of 4.1 m3/(m2 year) and average of 4.7 m3/

Qa and Qc, respectively. On the other hand, because the

(m2 year). This median value was comparable to the value

values were written by hand, in some cases there were unu-

of 4.5 m3/(m2 year) reported for ICHE in the Tohoku

sual values caused by human error that had to be

region (Sugawara et al. ), but slightly higher than the

eliminated to avoid statistical error. In the present study,

value of 3.73 m3/(m2 year) for welfare facilities (Takaguchi

Qa and Qc did not follow the normal distribution as

et al. ). Sugawara et al. () reported that the water

judged by the histograms. The outliers were then elimi-

consumption in ICHE was higher than that in other

nated by the Smirnov–Grubbs method with reference to

welfare facilities. These comparisons show the validity of

ln(Qa) and ln(Qc). As a result, 10 and 9 of the outliers

this study.
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Comparison of water consumption in the present study and the literature

Facility

Value
a

Unit

Details

Reference

ICHE

425 (407–449 )

L/(day person
admitted)

Median, n ¼ 292; July 2013, throughout Japan

This study

ICHE

253 (238–265a)

L/(day person
concernedb)

Median, n ¼ 219; July 2013, throughout Japan

This study

ICHE

411

L/(day person
admitted)

Median, n ¼ 13; October 2012, Tokyo

Sagehashi & Akiba
()

Elderly welfare
facilities

431

L/(day person
admitted)

Median, n ¼ 19; October 2012, Tokyo

Sagehashi & Akiba
()

Apartment house

100–411

L/(day house)

Single life, n ¼ 7; January and July in 1993, Tokyo

Mae et al. ()

Hotel

672.6c

L/(day room)

City hotel, June–September 2005, Kyoto

Tanaka et al. ()

3

Hotel

307.8

m /(year room)

n ¼ 137; Investigation in FY2008, throughout Japan
(¼843.2 L/(day room))

Okano et al. ()

Hospital

890

L/(day bed)

National Hospital, n ¼ 98; Investigation in March
1986

Mochizuki ()

Hospital

407.9

L/(day bed)

Average, n ¼ 404; Investigation in FY2008,
throughout Japan

Okano et al. ()

ICHE

4.11 (median),
4.73 (average)

m3/(m2 year)

July 2013, n ¼ 262; throughout Japan

This study

ICHE

4.5

m3/(m2 year)

Investigation in FY2007, 2008; Tohoku Region

Sugawara et al. ()

3

2

Welfare facilities

3.29

m /(m year)

April 2007–March 2008; throughout Japan

Takaguchi et al. ()

Welfare facilities

3.73

m3/(m2 year)

April 2008–March 2009; throughout Japan

Takaguchi et al. ()

a

95% conﬁdence interval.

b

Person concerned ¼ admitted person þ working staffs þ visitors.

c

Average stay ¼1.732 (persons/(day room)).

In addition, Qa and Qc were summarized according

differences, observed in this study. The average household

to the region, and regional differences were examined by

in Japan uses 28% of its total water consumptions for

the Kruskal–Wallis test. The results conﬁrmed regional

toilets, 24% for bathing, 23% for cooking, 16% for

differences for Qa (p < 0.05) but not for Qc (p ¼ 0.06).

laundry, and 9% for other (MLIT ). Additional investi-

The median values of Qa and Qc with conﬁdence intervals

gations targeting individual ICHE are needed to clarify the

for each region calculated by the bootstrap method are

rates of water usage, but this is outside the scope of this

shown in Figure 1. Here, the results for Japan as a whole

study. In the present study, we limited our analysis to the

are also shown. The results indicate that Qa was lower in

effects of the type of ICHE on water consumption. Water

Hokkaido, Tohoku, and Shikoku, but higher in the Kinki

consumption may be affected by the scale of the ICHE,

and Tokai regions. However, no such tendencies were

care style, bathing style, food serving method, and the

observed in Qc except for the Kinki region. Due to the limit-

degree of nursing requirements. Here, we examined the

ations of the data, the reason for this difference is not clear,

dependency of Qa on each of these factors; as summari-

and further studies will be needed to conﬁrm these particu-

zed in Table 4, the results indicated that there were no

lar ﬁndings.

signiﬁcant differences in Qa related to any of these

It is important to determine the factors that strongly

factors. There was a slight trend toward a correlation

affect water consumption in elderly care, and there is a

between water consumption and the scale and bathing

possibility that these factors were responsible for the

styles of the ICHE, but this relation was not statistically

variety of water consumption levels, including regional

signiﬁcant.
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possessed a water receiving and/or elevated water tank.
This was comparable to the value of 74.8% obtained in
Tokyo by Sagehashi & Akiba (), who concluded that
the utilization of the tanks in an emergency was feasible.
The status of maintenance of these tanks is also shown
in Figure 2(a). High implementation rates of maintenance
activities were observed, although 1.7%, 5.3%, and 0.9% of
ICHE did not measure the tank water quality, did not
undergo tank inspections by an inspection institute, and
did not clean their tanks, respectively. It is thus crucial
that information be disseminated regarding the importance
of tank maintenance, not only for daily use but also as a
countermeasure for use in an emergency. In addition, careful attention must be paid to the quality of the water stocked
in the receiving tank for long periods. The advantages of
both direct connection and water receiving tanks according
to the needs of each institute should also be discussed.
We also sought to clarify how many of the ICHE that
had a water receiving tank had a private power generator,
which would be needed to run an electrical pump in the
case of a blackout. We found that 17.7% of the ICHE
having a water receiving tank did not have a private
power generator. Therefore, alternative methods for drawing water from the tank should also be considered.
A personal water well can also play an important role as
an alternative water supply in the case of a water outage. The
availability of a personal well in ICHE was analyzed only for
Figure 1

|

those ICHE who clearly answered that they use the public
Unit water consumption per person admitted (a) and concerned (b) in ICHE as
estimated by the bootstrap method. Whiskers indicate the 2.5–97.5 percentile;

water supply (n ¼ 568), and the results are shown in Figure

boxes indicate the 25th–75th percentile; the line in each box indicates the

2(b), along with the potability of the water. The results indi-

median.

cated that 9.3% of the ICHE possessed a personal well, and
83.5% of these ICHEs with a well possessed a private

Potential water supply and sanitation in the case of an

power generator. Although the number of respondents who

emergency

left this item blank was not negligible, we conjecture that
most of these respondents did not use their wells for drinking

If an ICHE has a water receiving tank, a certain amount of

water. Similarly, a non-negligible number of ICHE did not

water can be made available in the case of a water outage. In

have a private power generator (14.6%), and therefore it

the case of elevated tanks, the water can be supplied by

would be necessary to consider methods for drawing water

means of gravity alone. The effectiveness of a water receiv-

from the well in the case of a power outage.

ing tank in the case of an earthquake has been reported
(Suzuki et al. ).
The types of water supply equipment used in the ICHE

Analysis using the chi-square method indicated that
there were regional differences in the rate of water well
possession by ICHE. Simple regression analysis revealed a

are summarized in Figure 2(a). Although 22.2% of ICHE did

signiﬁcant relationship between the dependency of the

not respond to this item, 70.7% responded that they

water supply utility on groundwater ( JWWA ) and the
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Statistical analysis of the relation between water consumption of ICHE characteristics

Item

Categorization

Analysis methods and resultant p value

Scale of institute

Number of admitted persons is <50, 50–59.9, 60–69.9, 70–79.9, 80–89.9,
90–99.9, or >100

Kruskal–Wallis test, p ¼ 0.221

Care type

Unit carea or conventional multiple beds in a room

Mann–Whitney U test, p ¼ 0.949;
Kolmogorov–Smirnov test, p ¼ 0.681

Bathing style

Possession of personal bath (individual bath, mechanical bath, and shower
bath) or notb

Mann–Whitney U test, p ¼ 0.208;
Kolmogorov–Smirnov test, p ¼ 0.229

Food service

Foods cooked in ICHE or not

Mann–Whitney U test, p ¼ 0.793;
Kolmogorov–Smirnov test, p ¼ 0.631

Nursing care level

<4 or 4c

Mann–Whitney U test, p ¼ 0.401;
Kolmogorov–Smirnov test, p ¼ 0.713

a

Akiba & Park (2012).

b

All of the targeted ICHE responded that they have communal baths.

c

The degree of nursing care requirement in Japan. Judged from 1 (light) to 5 (heavy).

rate of water well possession in each region (R2 > 0.5, p <

that water supply coverage is one of the key factors for build-

0.01). These observations indicated that this difference

ing an emergency water supply station near an ICHE. High

may be related to the regional hydrological characteristics.

storage rates of drinking water (83.7% for all answers; 86.3%

Of course, much as for the water receiving tanks, it is

for answers excluding ‘unknown’) and portable toilets

also necessary to understand the quality of the water in

(90.5% for all answers; 93.2% for answers excluding

the wells. The conditions of the surrounding groundwater

‘unknown’) were indicated. The chi-square method revealed

may change following an earthquake, and thus there is a

that there were regional differences in drinking water sto-

possibility of drastic changes in water quality between

rage but no regional differences for the availability of

before and after an earthquake. The use of well water in

portable toilets. The high and uniform rate of portable

the case of an emergency should be based on a guarantee

toilet availability may suggest that portable toilets were in

of its safety.

everyday use at these facilities The median volume of drink-

The status of the presence of a nearby emergency water

ing water stored was sufﬁcient for 3.8 days of use, whereas

supply station, and the storage of drinking water and porta-

the average numbers of portable toilets and excreta collect-

ble toilets in each ICHE are summarized. The number of

ing bags per admitted person were 0.18 (median, n ¼ 421)

ICHE answering ‘yes’ regarding the presence of an emer-

and 1.1 (median, n ¼ 47), respectively.

gency water supply station was low (16.4% for all answers;
29.8% for answers excluding ‘unknown’). A high percentage

Action planning

of ICHE responded ‘unknown’ to this item (42.4%). The
average distance from an ICHE to a station was 2 km.

Disaster training, manuals, and mutual aid agreements are

Regional differences were conﬁrmed only for ‘yes’ or ‘no’

also essential as countermeasures for emergency situations.

responses by the chi-square method. The results indicated

The status of training and manuals is summarized in

that there were no regional differences. The percentage of

Figure 3. With regard to disaster training, 95.6% of the

ICHE that had access to a nearby emergency water supply

ICHE answered that they had introduced disaster training

station was high in the Kanto area. The rate was especially

and 31.1% of these (or 29.7% of the total ICHE) took

high in the Tokyo area (61.9%), with an average distance

water outages into consideration. A high implementation

of only 1.1 km. Much as in the regression analysis for

rate was found for training itself, and awareness of the

water wells, a regression curve with high reliability (R2 >

importance of countermeasures for water outages was a

0.5, p < 0.01) was obtained between water supply coverage

key factor. The rate of disaster action manual preparation

and the presence of a nearby water supply station, indicating

was 39.2%, and 49.5% of the ICHE that had prepared
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Water receiving systems and water wells in ICHE. (a) Types of water receiving systems in ICHE. WRT: water receiving tank; EWT: elevated water tank; DC: direct connection. (b)
Possession rate and potability of personal wells, and possession rate of private power generators in ICHE using the public water supply.

such manuals (or 29.7% for all responding ICHE) took

local municipality. The counterparts in the remaining

water outages into consideration.

cases included related facilities and local communities.

The status of mutual aid agreements in the event of a dis-

We also examined the differences in the above prepared-

aster involving water outages is also shown in Figure 3. Such

ness factors between the ICHE that were designated welfare

agreements were introduced in 18.0% of the ICHE. In about

refuges and the ICHE that were not. This can be thought of

half the cases, the counterpart in the agreement was the

as a complete survey, because all of the ICHE listed in the
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Introduction status of disaster training, action manuals with consideration for water outage, and mutual aid agreements in the event of a disaster involving water outage.

referenced database (WELNESS ) were included. Thus,

where zα is the two-tailed α point of the standard normal dis-

in the case of estimating proportion, an approximate 100

tribution, f is the sampling fraction (¼ n/N, where n is the

(1–α)% two-side conﬁdence interval for p, the rate of con-

sample size and N is the population), and q ¼ (1p). The

cerned answers could be calculated by Equation (3)

results are shown in Figure 4. The length of each bar indi-

(Barnett ) as follows:

cates the 95% conﬁdence interval calculated by Equation

rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
(1  f)pq
p ± za ×
n1
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Experience of water outage
The rates of water outage in each region and throughout
Japan are shown in Figure 5. The results indicated that
13.0% of responding ICHE (13.5% when excluding ICHE
that provided no response for this item) had experiences
of water outage, and eight had experienced multiple water
outages. Moreover, judging from the period of occurrence,
the Great East Japan Earthquake caused water outages in
5.7% of the responding ICHE. The rate was high especially
in the Tohoku (34.5%) and Kanto (10.2%) regions, where
the effects of the Great East Japan Earthquake were critical.
On the other hand, the rates of water outages with causes
other than earthquakes were 4.3% throughout Japan and
0–12.7% in each region.
Figure 4

|

Differences in the preparedness status of each water-outage countermeasure
between welfare refuges and non-welfare refuges. Y: yes; N: no.

The durations of water outages were calculated both for
the cases in March 2011, when the Great East Japan Earthquake occurred, and those classiﬁed as ‘other than March

action manuals). Our results suggested that the combined

2011’. Among the cases classiﬁed as ‘other than March

experience of welfare refuges in making these preparations

2011’, four outliers with outages lasting more than 9 days

is an important resource that should be shared among

were eliminated based on the results of Smirnov–Grubbs

other institutions.

test. Outage events for which no duration was provided

Figure 5

|

Actual water-outage experiences. The period of occurrence is given in parentheses. Y: yes; N: no.
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were not considered. The mean ± SD (standard deviation)

times. There was no clear difference in the rate of implemen-

duration of water outages that were attributable to the

tation between the March 2011 cases and the other cases.

Great East Japan Earthquake was 4.5 ± 4.5 days, which

About 60% of the total water outages were supported by

was more than three times larger than the mean duration

emergency water supplies, and roughly three-quarters of

of outages not due to this major earthquake (i.e., cases not

these were provided by water wagons.

occurring in March 2011; the mean was 1.4 days, and the
maximum was 4 days for these cases). The profound effects

Write-in comments on emergency water supplies for

of large-scale disasters are evident in these values, and the

the elderly

countermeasures for large-scale disasters should be chosen
with such potentially devastating effects in mind.
In addition, the emergency water supply-implemen-

Respondents were asked to write in the most important problems in regard to water outages, and their responses are

tation status was also calculated both for the cases

summarized in Figure 6(a). Here, answers that can be con-

occurring in March 2011 and those occurring at other

sidered as ‘sanitation and hygiene’ were categorized as toilet

Figure 6

|

Items that cause problems in the case of water outage (a) and anticipated difﬁculties under conditions of water outage (b).
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and hand washing. Answers that said ‘all things cause problems’

When respondents were asked to provide ‘particular

were counted for all items. Most of the ICHE responded that toi-

points that should be considered regarding water supply

lets were the primary problem, followed by food and drink. The

for the elderly in the case of a disaster,’ they raised concerns

preparation of a stockyard for the emergency water supply was

about health maintenance, such as avoiding the develop-

also noted as a problem. As mentioned above, 60% of ICHE that

ment and spread of infectious diseases, and dehydration.

suffered water outages had emergency water supplies, and

In addition, the use of thickening agents and the importance

tapped into them. Thus the method of storage for emergency

of maintaining a comfortable temperature were also men-

water supplies is quite important.

tioned as points to be noted for hydration among the elderly.

Keyword extraction was performed for the write-in item
about ‘anticipated difﬁculties in the event of a water outage.’

Future perspectives

The following words were extracted: food and drink, toilet
(sanitary), hygiene (e.g., cleanliness, hand washing, etc.),

The daily water consumption in elderly care in ICHE in

laundry and cleaning, physical condition management

Japan was clariﬁed in this study. This is the most signiﬁcant

(e.g., communicable diseases, oral care, etc.), bathing, and

outcome of this study, and will be useful for elderly care

daily operation (e.g., lack of manpower for extra transpor-

planning from the viewpoint of the water supply. At the

tation of water, air conditioning, etc.). The total number of

same time, the data on the critical volume of water needed

effective answers for this question was 471, and the percen-

for an emergency should also be helpful. In fact, many disas-

tages of this total that included words related to the

ter manuals have indicated the amount of drinking water to

respective categories were calculated as shown in Figure

be prepared (e.g., CDC ; Tokyo Metropolitan Govern-

6(b). Toilet (sanitary) was the factor of greatest concern

ment ). On the other hand, data will be needed about

(76%), followed by food and drink (65%). There was also

the consumption of water not only for drinking but also

concern about bathing (40%) and hygiene (32%).

for sanitary and hygiene managements, since many of the

The top three items in Figure 6(a) and 6(b) are the same,

elderly in ICHE will require nursing care during a disaster.

with the problem of toilets eliciting the greatest concern in

To

both cases. Other notable answers were concerns regarding

measures, more detailed information on water consumption,

the disposal of waste from portable toilets. The preparation

including a breakdown of the different uses of water, will be

rate of portable toilets was high, although this concern should

needed in the future. It will be particularly important to clar-

be kept in mind, and rational countermeasures for toilet care,

ify the amount of consumption related to toilet care. Water

including waste disposal, should always be considered.

for hand washing must also be considered, due to its impor-

In addition, 20.8% of effective answers to the question

improve

the

practicality

of

disaster-preparedness

tance in preventing communicable diseases.

‘particular points that should be considered regarding water

In addition, the possibility of using a water receiving

supply for the elderly in the case of a disaster’ (n ¼ 342),

tank as an alternative water source was noted. The impor-

and 17.6% of ‘other particular points’ (n ¼ 108) indicated

tance of water quality management and monitoring, as

concern about dehydration and other health effects caused

well as a safe method to obtain water from the tank under

by the shortage of water intake. In the Niigata Chuetsu Earth-

conditions of a power outage should be considered. The

quake that occurred in 2004, there were reports of

same can be said with regard to personal water wells. Con-

dehydration-derived thromboses caused by victims forgoing

current with the promotion of emergency water supply

ﬂuid intake in order to avoid having to use the inconvenient

stations, it is important to increase the awareness of such

toilets (i.e., narrow, large step, and squat toilet) in the refuge

stations. In addition, the distance to a water supply station

(Kato & Nagahara ). This problem would thus be

is also an important factor. What constitutes a reasonable

indirectly related to the importance of preparing sufﬁcient

distance should be clariﬁed in future studies.

and convenient toilets. Other answers included the lack of

The advantages of providing disaster training, preparing

a stockyard, the freezing of stored water in cold weather,

disaster manuals, and making mutual aid agreements in the

and the difﬁculty of transporting large water tanks.

event of a disaster were also clariﬁed. These advanced
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