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ABSTRACT

tnJapan，SeVerai regiOnS are currentiv suffering from

Water Shortage．　However，thereislittie detaiied

information about actuai conditions of water use．　The

Objective of the studYis to clarifY the water demand

StruCtureSin the Ashida river basin，One Of the severe

Water－SCarCe areaS，bY uSing aggregated andindividuai data．

RapidiY grOWingindustrial and municIPal sectors have

SOived the water suppIY－demand problem by transferring water

from agriculturai sector．　This water transfer was the

Pioneering work permitted oniegal basis．　MunicIPai sector

WaS giVen a Priority over other sectors under drought

COnditions．

From anaiYSis of time series of water use，irrigation

water use series show evident seasonai variations．

MunicIPal andindustriai water use series haveincreasing

trends，Weak seasonal variations，and striking depressions

Or negative　コumPS due to droughts．　Thereis no reduction

Of water use due to changein price of water．

MunicIPal andindustrial water demands areinvestigated

in detaii bY uSing data of1，135　estabiishments and　3，200

househoids obtained through the questionnaire surveY．

There are significant differencesin unit water user

which can not be fuilY eXPiained bY Variabies of tYPe Of

estabiishment，industriai product，PreSenCe Or absence of

1V



ground water use and water－uSing appiiances，for groups of

industriai，COmmerCial and pubiic establishments．

Three tYPeS Of residential water demand equations are

tested by al1－POSSibie－regreSSion anaiysis．　A significant

POrtion of the variationin water use can be explained bY

the number of personsin household．and the presence or

absence of ground water use，Of flush－tOilet use，and of

non－domestic water uses around the house．　＝ncome eiasticitY

of O．01t0　0．25is consistent with that derived in the

eariier studY Of Tachikawa city．　Household－Size eiasticitY

Of O．10　t0　0．75is consistent with the previous cross－

SeCtional studies based on individual data．

From cross－SeCtionai and time series data on

individuais，the price elasticities of demand for water are

estimated around zero for most of sectors or groups．

Thereis a spatial differencein demand structure of

residentiai water．　Almost a110f the variation in water use

Per CaPita can be expiained by the uses of ground water and

flushqtoilet．　With theincreasing number of water－uSing

appliances and the decreasing amount of seif－SuPPlied ground

water，both residentiai water usein househ01d and that per

CaPita significantiyincrease．　Withincreasing number of

nuciear famiiies，reSidential water usein househ0id

SlightlY decreases，and both that per capita and the number

Of suppiied householdsincrease．　Totai of residentiai water

usein the municIPality，therefore，SteadiiYincreases．
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工　　工NTRODUCで工ON

1．i Water Supply and Demand ProbiemsinJapan

＝n most economicaiiY advanced countries，the water

demandsin urban areas have rapidlYincreased keeping pace

With growthin urban population，eXPanSion ofindustry and

elevationinliving standard．　ZnJapan，agriculturai

SeCtOr has been utilized a maコOr PrOPOrtion of availabie

Stream Water for aiong time．　The deveiopments of urban

areas andindustrial production，therefore，have caused

the conflictsin water aiiocation with agriculturai sector．

Theinvestigators havelaid the main stress upon the

POiitical and administrative aspects of water allocation

among different sectors，eSPeCiaily between the agriculturai

and the non－agricultural sectors（Shinzawa，K・，1962；Sato，

T．′1965；Moritaki，K．′1966；HanaYama，Y．and Fuse，T．，

1977；Sh土murar H．．1977）．

工t has become difficuit to develop additional suppIY

SOurCe，because the cost of reservoir construction has

drasticaliyincreased and theinhabitantsin submerged

Viiiages have made the strenuous opposition toward dam

COnStruCtion．　Severai regions ofJapan are currentiY

Suffering from water shortage・To soive the water suppIY

and demand problemsin the water－SCarCe areaS，the need for

rationalization of water useis emphasized，but the word

”rationaiization一一is not clearin meaning．



To keep the baiance of water suppiY and demand，the

f0110wing measures were proposed（Shirai，Y．．1971；

Kurosawa，S．，1972；Nakazawa，T．，1974；Hori，K．，1978；

Yamamoto，Z．，1978）：（l）Construction of”estuarY reSerVOir”

at the mouth of the river，（2）Water transfer from

agricultural sector within the basin′（3）”＝nterbasin water

transfer．7，（4）Construction of the duai suppIY SyStem bY

utilizing wastewater．　The water allocationin the basin or

among the basins was studied bv using the sYStem dYnamic

models（Takasao，T．and Zkebuchi，S．，1977；MiYOShi，Z．．et

a1．，1978；Yoshikawa，K．，et a1．，1978）．　＝n these models，

the future water demands were estimated through the

requirement approach．　This approach uses figures for

expected suppiied popuiation（Or SuPPiied units）muitipiied

bY Per CaPita water use（or unit water use）．　Zn the above

investigations，Water management has concentrated on

adjustments to suppIY Side of suppIY－demand equations，With

maコOr emPhasis on modifYing water supply．

On the other hand，the poor water management was

POinted out and the need for developing water management

SYStem WaS StreSSed from the standpoints of regiOnai economy

（Tamaki，A．，1971，1973；Shimazu，T．，1973；Hida，N．，1976；

HanaYama，Y．and Fuse，T．，1977；Sueishi，T．．1978）．

Though the demand management through pricing p01icYis

PrOPOSedin con］unCtion with suppIY management tO SOlve

Water SuPPiy problem（Yasui，M．．1975），thereislittie

2



detailed information about actual conditions of water use．

＝n this respect，for water managemenLin the river basin，

itis strongiY required toinvestigate the water demandsin

detaii，eSPeCiailY the rapidlyincreasingindustriai and

municIPal water demands．

1・2　Generai Characteristics of Water Resources System

A water resources systemis a part of water system and

COnSists of artificiai water sYStemS（Figurel）．　Ztis the

COmbination of structurai faciiities（reservoir，Well，Water

distribution sYStem and s00n）and non－StruCtural means

（waterlaw．water qualitY Standard，Price of water and so

On），Which transforms theinputsinto the desired outputs．

N・A．℡U　R．A　工一　　　　　 ■W－A で．E　R　　　　　 rS　Y．S　T　E　H

SURFACE WATER SYSTEM l．　　　　　　 rfGROUND WA竺ER SYSTEM f－

W　 A　 T　E　 R　　　　 R　 E　 S　 O　U　 R　 C　E　 S　　　　　 S　 Y　 S　T　 E　 M

▲　　　 ∧

Figurel Naturai and artificiai water sYStemS

4th R工VER BAS工N

3rd DEMAND
SECTOR

2nd WATER

USE－UN工で

ist sUB－UNZT

Figure　2　Multi－ievei water resources sYStem
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The water resources sYStemin the river basinis

ObviousIY COmPlex andis decomposedinto various multi－

1evel subsYStemS（Figure　2）．　The first orlowestieveiis

Sub－unit such as rice field，Water－uSing appliance and

Piant．　The secondlevelis water use－unit or decision一

making unit such as farm house，househ0id，COmmerCial and

Public estabiishmentsT and factory・　The thirdievelis

water demand sector such asirrigation，municiPal and

industriai water sYStemS，and the fourth or highestievel

is river basin as a water management unit．

According to the purpose for which the wateris used，

itis classifiedinto municIPal，industriai，irrigation

Water uSeS and s0　0n．　MuniciPal wateris the water suppiied

bY municIPai waterworks and used for urban activities′

inciuding residentia1，COrrmerCiai，Public and a part of

industriai．　Figure　3　represents schematicaliy water usesin

the water use－unit．　Residential water is the water used in

Private residence and apartment house；itis dividedinto

the domestic orind00r uSe and the outdoor use（Figure　3（a））．

The formerincludes the water for drinking，C00king，WaShing，

Sanitary，bathing and s00n．　Thelatter represents the

water for car washing，garden sprinkling and s0　0n．　Figure

3（b）shows the corrunerciai and public water uses．　The water

used bY COmmerCial establishments（department store，

restaurant，hotel，gaS Station and so no）is commerciai

Water．　Public water represents the water utilizedin public

4



（a）Residentiai water use

（C）工ndustriai water use

（b）Commerciai and pubiic

Water uSeS

（d）＝rrigation water use

Figure3　Schematic representation of water uses
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facilities such as civic building，SCh001and hospital．

Zndustriai water represents the water used forindustrial

PrOduction and processing，anditis sometimes considered

as a part of urban water（Figure　3（C日．　Figure　3（d）

illustrates theirrigation water use for crop production．

1．3　Previous Studies of Water Demands

Previous anaiYtical studies of water demands are

reviewed bY the f0iiowing sectors：reSidentiai，industrial，

COmmerCial and public．　＝n brieflY SPeaking，the majoritY Of

water demand anaiyses have been done for forecasting the

future water requirements．

1．3．1　Residentiai Water Demand

AnaiYSis of the residentiai water demandis focused on

determining the demand functions．　For residentiai water

use，the foiiowing expianatorY Variables are used：the

number of personsin househ01d′income orincome surrogate，

the price of water，househ01d techn010gY，etC‥

Tablei summarizes severai previous studies to estimate

the elasticities of price，Ofincome．and of househ01d－Size

for residential demand adcording to the tYPeS Of analYSis

and data．　This tableis obtained on adding Wong－s review

（Wong，S．T．．1972）to the results of thelatest articies・

There are two different tYPeS Of anaiyticai methods：CrOSS－

SeCtionai（CS）and time series（TS）．　Data used for anaiYSis

6
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are dividedinto two tYPeS：the aggregated data on

municipaiities or districts（AD）and theindividual data

On househ01ds（ZD）．

（a）　Anaiyses of residential water demand on the basis of

aggregated data

畏OSt OfY the water demand analYSeS have been done by

using the aggregated data on municiPaiities，becauseitis

easY tO gather data for analYSis．　These data，however，

inevitabiYinciudes a part ofindustriai，COmmerCiai and

Pubiic water－uSeS．

On cross－SeCtionai basis，SeVerai separate functions

for residentiai water demand have been derived．　fIowe，C．W．

and Linaweaver，F．P．Jr．（1967）estimated the separate

demand functions for domestic and sprinkling uses for　39

StudY areaSin the U．S．A‥　The price elasticities were

SignificantlY greater for sprinkling than for domestic

（やOrr23　for domestic，－0．7　for sprinkiingin the drY WeStern

areas，一1．6　for sprinklingin the humid eastern areas）．

Theincome elasticities were O．35　for domestic′　0．4　for

SPrinkiingin the western areas，and1．5　for sprinkiingin

the eastern areas．　Wilisie，R．H．and Pratt，H．L．（1974）

Showed that theincome elasticitY WaS nearly O．8　for singie－

famiiY during both dry and wet seasonsin the Seattle

regiOn．　Morgan，W．、D．and Smoien，J．C．（1976）indicated

that the price eiasticitY WaS nearlv　－0．5　during both drY

and wet seasons and theincome elasticitY WaS greater during

8



Wet SeaSOn than during drY SeaSOn（0．59　to O．67　during wet

season，0．24　to O・28　during drY SeaSOn）in Southern

California．　Linaweaver，F．P．Jr．．Beebe，J．C．and

Shrivan．F．A．（see Howe′　C．W．and Linaweaver′　野．P．Jr．．

1967）′and Frankel，R．J．and Sbouvanav土rakul．p・（1973）

indicated that water use was significantiY affected bY the

factors such as type of rate structure（metered or non－

metered），SeaSOn Of the year，and tYPe Of water service・

Other cross－SeCtional studiesindica七ed the price elasticitY

Of O．01t0　－1．24　and the　土ncome elas七五city O、f　－0．14　七01．03．

＝n the time series anaiY寧eS，the time series data for

price andincome were defiated bY uSing the consumer price

index．　The price elasticitieslaYin the range of　－0・02　t0

－0．63（Rees，J．A．：See Sewell，W．R．D．and Roueche，L．′

1974；Wong′　S●　℡り1972；Young′　R・A・′1973；Sewell′　軋　R・

D．and Roueche，L．，1974）．　Hanke，S．H．（1970）indicated

that both sprinkling and domestic demands were considerablY

reduced after meter installation in Boulder，Colorado．

Wills土e′　R．H．and pratt′　H．工．（1974）Showed that a

Significant decreasein water use occurred everY Year after

the water rateincrease，eSPeCiaily during the summer

SeaSOnin the Seattie reglOn．　Theincome elasticities were

in the wide range of O．00　to O．92（HeadieY，J．C・：See

Wong′　S●　で●′1972トWong′　S・で・′1972；Darr′　Pり　et al・′

1976）．

The cross－SeCtionai and time series studies using the

aggregated dataiead to different resuits・　＝tis very

9



difficult to draw the generalizations on the basis of the

Obtained results．

（b）　AnalYSeS Of residentiai water demand on the basis of
individuai data

Though the necessity for analysis bY uSingindividuai

data on househ01dsis fuiiv recognized，itis not cornmonlY

done because of serious difficultYin obtaining data for

土nd土Ⅴ土duals．

Grima，A．P．（1972）determined the price eiasticitY Of

－0．93　and theincome elasticity of O．56　from the cross－

SeCtional data on　91househ01dsin the Toronto regiOn，and

indicated that price was the most useful mean for residentiai

Water management．

Morgan，W．D．（1973，1974）estimated the water demand

functions bY uSing cross－SeCtionai data for winter on　92

residences，and time series data for　31bimonthlv billing

Periods on　34　residencesin santa Barbara．　Theincome and

household－Size elasticities of domestic demand were in the

ranges of　0．33　t0　0．61，and of O．25　to O．57　from cross－

SeCtionai analYSis．　price elasticity was　－0．49　from time

Series analYSis．

Darr，P．．et al．（1975，1976）investigated residentiai

Water uSein　＝sraei．　For a sampie ofl，892　residences，a

Significant portion of the variationin water use was

expiained by the variables of the number of personsin

famiiY，Cuiturai origin，age Of the head of househ01d′　and

10



famiiYincome．　Zncome elasticitY ranged from O．18　to O．60．

Katzman，M．T．（1977）estimated theincome and price

elasticitiesin penang　＝sland，Malaysia．　A cross－SeCtional

analYSis ofl，400　householdsindicated anincome elasticitY

Of nearlY ZerO foriowincome families and of O．2　to O．4

for higherirlCOme families．　A time series anaiYSis of164

individuals suggested a short－term Price elasticitY Of　－0．1

七〇　一0．2．

＝n the earlier study，Shirnmi，0．（1977）derived the

Water demand functions bY uSing cross－SeCtionai data on　250

householdsin Tachikawa city，Japan．　Heindicated the

income eiasticitY Of around zero and the househ01d－Size

elasticitY Of O．5　to O．6．

The observations used for analysis areiimitedin

number，eXCePt for the few studies（Darr，P．′　et a1．．1975，

1976；Katzman，班．T．，1977）．　Grima（1972）and Morgan（1973）

used the assessed saies value of residence as an income

SurrOgate，and Katzman（1977）used three dummY Variables

representing fourincome categories owing to difficultYin

Obtainingincome data．

1．3．2　Zndustriai，Commercial and Pubiic Water Demands

Though theindustriai，COmmerCiai and pubiic water

uses have been anaivzed bY SeVeralinvestigators，thereis

iittieinformation on the price sensitivitY Of demand．

Turnovsky，S．J．（1969）estimated the price elasticitY

11



for industrial of　－0．5　t0　－0．9　from cross－SeCtionai data of

19　townsin Massachusetts．　De Rooy，J．（1974）showed that

the price elasticities for c001ing，PrOCeSSing and steam

POWer Were SiightiYiess than unitY from data of　301arge

manufacturing piantsin chemicai and aliiedindustriesin

the northern NewJerseY．　The National Commission on Water

QuaiitYin the U．S．A．Showed the price eiasticitY for

industriai：－0．7　for chemicais，－1．4　for paper，－1．4　for

PetrOleum，and　－1．6　for steel（See Lofting，E．M．and Davis，

H．C．，1977）．　Wong，S．T．（1969）Studied the actuai

COndition of industrial water use in detaii in the northern

part of　工11土no土S．

＝nJapan，Ota，Z．（1961）investigated the regionai

difference．in price of water bY uSing the data onindividuai

factories．　Hida．N．（1969）illustrated the waYS Of ground

Water development forindustrYin the Gakunan district

（southern foot of∴Mt．Fuji）．　Shimazu，T．（1971）Studied

the actuai condition of water usein various manufacturing

industries，and pointed out that there was notable

differencein unit water usein m3per value of products

Sh土pped．

Asemann，K．and Wirth，H．（1974a，b）Showed the wide

differencein per capita use among the different tYPeS Of

establishments such as department stores，hoteis，banks and

government　白ffices in Frankfurt am Main，West GermanY．

Lynne′　G．D．，et ai．（1978）indicated that the price

eiasticities were　－1．33　for department store，－0．93　for

12



grocerY StOre and supermarketf　－0・12　t0　－0・24　for motei and

hotel，and　－0．17　for eating and drinking estabiishments from

the data of　230　establishmentsin the Miami area，Fiorida．

1．4　0bjective and Research MethodoiogY Of the StudY

Though the need for demand managementis empha早ized for

SOlving the water supply－demand problemsinJapan as pointed

Outin the eariier section，there are fewinvestigations of

actuai conditions of water use and the change of water demand

structure on the basis ofindividual data．　Furthermore，the

most of previous studies of water demandt Which are reviewed

in the previous section，lead to wideiY different resuits

taking no account of the above一mentioned differencesin

method and data for analysis．

Then，the objective of the studyis to ciarifY the▲

Water demand structures for various sectors by using the

aggregated and theindividuai data．The main stressislaid

upon an analYSis of residentiai water demand，its structure

being remained to be vaguein the previous studies，aCCOunting

for aiarge percentage of total municipai water use・　The

characteristics of variations in water use series are

investigated by using time series data of different sectors・

From theindividuai data obtained through the questionnaire

SurVeY，the relevant factors affecting water uses are

identified，the separate demand functions for water are

determined′　and theincome，Price and househ01d－Size
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elasticities of demand for water are caicuiated．　A

COmParison of the resultsin previous and the present

Studiesis drawn，and the temporal change of residential

Water demand structure is discussed on the basis of the

Obtained resuits．

＝n this studY，the Ashida river basinis selected for

the f0110Wing reason・This basinis typiCai one・Of the severe

Water－SCarCe areaSinJapan．　Water demands forindustrial

and municIPai sectors have been rapidlYincreased with

industriaiization and urbanization since1960．　The

MinistrY Of Construction（1973）forecasted the water

shortage of about200miilion m3／Yearin1985for the Bingo

industriai district（inciuding the middle andiower parts

Of the Ashida river basin）．

Data on precIPitation and stream discharge are provided

bY the branch office of the MinistrY Of Constructionin

Fukuyama．　Various kinds of data on water use are suppiied

bY SeVerai departments of government and municiPal offices．

The questionnaire surveYis conducted to obtain data on

SOCio－eCOnOmic．technoIogiCal and behaviorai characteristics

Of water use－units by the writer．　Data of water use series

are obtained from the records of the municIPalities for the

f土scal years through1975　七01977．

14



＝＝　　DESCR＝PTZON OF THE STUDY AREA

2．1　General Conditions of the Ashida River Basin

The Ashida river basinisiocatedin the eastern part

Of Hiroshima prefecture，With a drainage area of about

900km2and a streamlength of90km（Figure4）・The main

river comes out of the Sera highiands and flowsinto the

Znland Sea of Seto through the Fuchu，the Kannabe and the

Fukuyama plains・The maコOr tributaries of the river are

the Mitsugi，the KamiYa，the Takaya and the Seto・

The Ashida river basinis dividedinto three parts：

the upper，the middie and theiower basins・　The upper

basinis made up of highiands，the middle basinis composed

of the Fuchu and the Kahnabe piain岳．and theiower covers

the area between the confiuence of the Ashida and the

TakaYa rivers and the mouth of the Ashida river・

Table　2　glVeS the Ashida river basin andits

environments for each sub－basin．　Thirteen separate

administrative districtsiie entireiy or partlY Within the

Ashida river basin．　TheY are four cities（Fukuyama，Fuchu，

Mihara and Zbara）and nine towns（Yamato，Sera，Kui，Kozan，

Jyoge，Sanwa，Mitsugi，Shin－ichi and Kannabe）．Main part

Of FukuYama CitY OCCuPying thelower basin（except for

Matsunaga，EkiYa，Kamo and Ashida）with a population of

250rOOOis highiY diversifiedindustriai city noted

especia11Y foriron and steei．Fuchu（except for KYOWa）
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A：Mikawa reservoir B：Hattab年ra reSerVOir（Under construction）

C：Ashida estuarY reSerVOir

●　PrecIPitation station l義　Gaglng Station

l．Sera　　　　2．Kozan　　　　3．Jyoge a．Fuchu

4．Mitsug1　　5．Fuchu　　　　6．Kannabe b．Moriwake

7．Fukuyama　　8．Matsunaga c．Yamate

Figure　4　Location map of studY area
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With a popuiation of50，000is anindustriai city noted for

non－ferrous metal，furniture and fixtures．　Zn Kannabe，

textile goods and coated steel are produced，and other

towns are characterized bY agricuituralindustries．

Zn most ofits documented historY，the area has been

dominated by agriculture bothin areai extent andin

POPuiation．　Since aiarge part of the middle and theiower

basins were designated as the Bingoindustriai districtin

1964，SeVeraliarge－SCaie manufacturing piants have been

COnStruCted and regiOnai economy has quicklY developed．

Zn1965，FukuYama CitY（including Matsunaga）had a total

POPulation of　238，000　andindustriai products of about　70

biiiion Yen；in1975　these rose to　330，000　and t0　920

billion yen，reSPeCtiveiY．　Both municIPal andindustrial

Water demands for Fukuyama aiso showed the rapidincrease

from a totai of25million m3in1965t0130million m3in

1975．

Though water demands have rapidlyincreased，there are

OniY tWO reSerVOirsin the basin（Figure4）．　Oneis the

Mikawa reservoirin the upper basin．　The otheris the

Ashida estuary reservoir at the mouth of the river．

Figure　5　schematicaliY rePreSentS the water resources

SyStemSin the middle andlower parts of the basin for

1977．　Most of suppIY SOurCeSiiein the reach between the

Fuchu and the Yamate gaging Stations．　Fourirrigation

Water SuPPiies（Gokamura，Rokujizo，＝mizo and Nanayashiro）．
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T h e　　工　nl a n d S e a o f S e t o

工R：工rrlgation water supply

M：Municipal water supply

＝ND：＝ndustriai water supply

SW三　Surface vater

G汀：Gr01ユnd・Vater

O‥Use un土と

Figure　5　　Schematic representation of water resources system
in the Ashida river basin
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two municipal water supplies（Fukuyama and Fuchu）and two

industriai water suppiies（Rinkai and Kakozeki）Obtain

their water from the Ashida river and the tributaries．　The

Hasuikeindustriai and the Ekiya municIPai water suppiies

are transferred from the NanaYaShiro and the Zmizoirrigation

districts，reSPeCtivelY．　Other municIPai waterworks utiiize

the ground water．

The quantities of water utiiized bY SeCtOrS arelisted

in Tabie　3．　A totai of maximum water right permitted by

River Lawis8．91m3／sec．and the amount of groundwater

PumPed for municIPal andindustrial purposesis roughly

estimated as1．00m3／sec．For agriculturaipurpose．itis

not clear．

Zn the urban area of FukuYama City，industrial，

residential，and cornmercial and pubiic sectors utilized

Table　3　Actuai water use in the Ashida river basin for1977

Surface water Ground water Others

工rr1gation water use

Mun土Cユpal water use

Zndustrial water use

T O t a l

4．78

（14）

1．70

（5）

2．43

（7）

8．91

（26）

1．00貴史

（3）

エrrlg■at土on

reSerVOlrS

＝rrigation

Water

Note：＊　not clear　　　　＊＊　roughiy estimated vaiue

The upper row values represent water usein m3／sec．

Thelower vaiuesin parentheses represent water use divided bY

the drainage areain rnm／month．

Data are provided by the branch office of the Ministry of

Constructionin FukuYama．
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73　％，19％，and8％　of totai water use of2l mi11ion m3

during two months of August and Septemberin1977，

respectiveiY．　Zn spite of Water Shortagein the basin，the

maximumamount of15，000m3／dayis transferred fromFukuyama

t0　0nomichi cities situated　0n the outside of the basin．

Waste discharge from each sYStemin the middie basin

returns to the Ashida river via its tributaries and

irrigation canals．　＝n thelower basin，it does not return

to the Ashida river，but to the Znland Sea of Seto．　HighlY

P011uted wateris recognizedin the tributaries such as the

Suna，the TakaYa，and the Seto rivers（Figure　5）．　Fukuyama

municIPai waterworks．therefore，Obtains water from the

Nakatsuhara source which stands above the confiuence of the

TakaYa river．　P011uted wateris also foundin thelower

PartS Of the NanaYaShiroirrigation canals．

2．2　Water Resources in the Ashida River Basin

Zn general model for water balance of river basin，the

f0110W土ng equat土ons are gユVen．

P－Ea－Ds－DG－DA－dS＝0　‥‥‥‥‥．‥‥‥‥‥・（1）

P－Ea－Ws＝0　‥‥‥‥‥‥．‥‥‥．‥．‥．．‥．‥‥（2）

Where Pis precIPitation，Ea actual evapotranspiration，

Ds stream water discharge，DG grOund water discharge，

DA discharge of artificiai water sYStem（non－return fiow）．

AS changein water storage of the river basin，and Ws water

Surplus．
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There are eight preciPitation stations and three

gaging stations which offeriong－term data（Figure4）．

Mean annuai precipitation（1946－1975）in the basin differs

from station to station，decreasing from west to east：

1，49　mmin Sera，1，334　mmin Fuchu andl，260　mmin

Fukuyama．　The mean precIPitation on the basin for each

month（P）is determined by arithmetic mean method from datd

for eight stations．Actuai evapotranspiration（Ea）is

giVen bY　70　％　of potentiai evapotranspiration determined bY

Penman－s method（＝chikawa，M．，1973；Kayane，＝．，1973）．

Data needed for estimating potential evapotranspiration can

be obtained oniy from the Matsunaga station for1941t0

1970（Japan Meteorologicai AgencY，1972）．　Stream discharge

（Ds）can be，Obtained from the Yamate station for1963　t0

1975．　Ground water discharge（DG）can be negiected′　because

the amount of ground water through the va11eY SeCtion near

the Yamate gaging station was caicuiated as600m3／daY

（0．3　rnm／Year）bY Yamamoto，S．（1965）．　The sum of discharge

Of artificiai water system（DA）and changein storage of

the river basin（AS）is given as residuai．

Tabie　41ists water balance of the Ashida river basin．

There are some differencesin the period of hYdroiogiCai

time series data，but the vaiues can be compared with

acceptable accuracY．　Annuai precipitation（P），aCtual

evapotranspiration（Ea），and water surplus（Ws）account for

averages of1，362mm，634　mm and　728　mm，reSPeCtiveiY・
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Because changein storage（AS）can be neglected forlong

time period′　discharge of artificiai water sYStem（DA）

accounts for average of126　mm／year．

Water surplus（Ws）is considered as the amount of

POtentiai water：reSOurCeS（Sekiguchi，T．and Yoshino．M．M．，

1953；KaYane．＝．，1969）．　Water surpiusis separatedinto

the two elements：direct fiow and base fiow．　Base fiow is

the outfiow from ground water which maY be used without the

COnStruCtion of reservoir．　For water suppIY－demand

management，itis required to evaiuate the quantitY and the

VariabilitY Of suppIY SOurCeSin each month．　The avaiiable

StreaLm Water is defined as minimum fiow for each month

（Figure　6）．　Figure　7　represents monthlY Changes of total

discharge（DF）and minimum discharge（DMF）at the Fuchu

Station，Whichis above most ofintakewires，for1962t01975．

Table　4　Water balance of the Ashida river ba恵in

JAN FEB MAR APR　比良Y JUN JUL AUG SEP OCT NOV．DEC ANNUAL

p　　　　　54　　55　　83　124　126　205　223　107　182　　94　　65　　44　1362

Ea　　・20　　25　　41　59　　75　　77　　90　　94　　66　　43　　25　　19　　　634

Ws　　　　34　　30　　42　　65　　51　128　133　　13　116　　51　　40　　25　　　728

Ds　　　　21　21　26　　53　　49　　77　146　　43　　85　　40　　22　19　　602

DG O O O O O O O O O O O O O

DA＋dS　13　　9　16　12　　2　　51　－13　－30　　31　11　18　　6　　126

Note：P：Precipitation for1946－1975．（＊）

Ea：Actual evapotranspiration for1941－1970．（★★）

Ws：Water surplus．

Ds：Stream water discharge at the Yamate gagin曽　Station for1963－

1975．（★）

DG：Ground water discharge calculated bY Yamamoto．S．（1965）．

DA：Discharge of artificial water system．

AS：Changein storage of the river basin．

Unit in mm．

Data are provided by the branch office of the MinistrY Of

Construction（＊）．and bYJapan Meteor010gical AgencY（1972日★★）．
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Tabie　5　giVeS the mean vaiues and the standard

deviations of total and minimum〉discharges at the Fuchu

Station・Mean value of minimum discharge（DMF）varies from

19rnm／month t029rrtm／month，and the standard deviations of

minimum discharge are greater during theirrigated period

than during the non－irrigated period．　Sugawara，M．（1971）

indicated that the variation of lower stream flow was

greaterin the westernJapan thanin the easternJapan．

Minimum discharge accounts for　27　mm／Year and constitutes

about32　％　of total、discharge of　882mm／Year．

The productive aquiferiiesin the Kannabe plain and

is composed mainlY Of coarse sands and gravels，With

thickness of　20　m．　＝n the Fukuyama plain，With the

development of ground water bYindustrial sector and

Subsequentlowering of the ground water tabie′　the seaward

fiow of grourld water had been decreased．permitting sea

Water tOintrudeinto usable parts of the aquifer．　Ground

Wateris the supplemental suppiY SOurCein the river basin．

Table　5　Discharge at the Fuchu gaging Station for1962－1975

R
　
2
　
6
　
7
　
4

P
　
　
7
　
4
　
　
2
　
⊥

A
　
　
　
（
　
　
　
　
－

ヽ

■

ノ

　

　

　

　

　

　

　

　

ヽ

ノ

ー

R
　
2
　
8
　
　
2
　
8

船
　
4
ほ
　
2
（

ヽ

l

一

′

　

　

　

　

　

　

　

　

　

）

B
　
2
　
4
　
　
9
　
8

E
　
　
3
　
ュ
　
　
ュ

F

　

　

　

　

（

　

　

　

　

′

し

跡
　
3
2
ュ
3
　
ュ
9
8

J

　

　

　

（

　

　

　

′

－

Ⅴ
⊥瓜

8

　

7

　

　

つ

ム

　

ュ

′

l

　

　

　

　

　

　

　

　

（

JUN JUL AUG

ュ
　
6

0
　
0

つ
ん
　
ュ

′
t）

0
　
9

つ

ム

　

8

1

　

（）

2
　
7

9
　
6

2
　
⊥

（
ヽ

l

一

′

2
　
7

2
　
ュ（）

ュ
　
4

ヽ

－

／

　

　

　

　

　

　

　

　

）

9
　
4
　
　
3
　
2

6

　

5

　

　

つ

ム

　

⊥

′
∫
1
t
ヽ
　
　
　
　
　
　
　
　
　
′
し

ヽ

ノ

　

　

　

　

　

　

　

　

）

C

　

5

　

つ

】

　

　

3

　

8

一

E

　

3

　

ュ

　

　

2

D
　
　
　
　
（
　
　
　
　
－

）

　

　

　

　

　

　

　

　

ヽ

－

一

′

V
　
8
　
7
　
2
　
8

0

　

3

　

1

　

　

つ

h

N

　

　

　

′

－

　

　

　

（

）

　

　

　

　

　

　

　

　

ヽ

t

／

で

　

7

　

7

　

7

　

2

C
　
5
　
2
　
　
2
　
ュ

0

　

　

　

　

（

　

　

　

′

－

ヽ

ノ

　

　

　

　

　

　

　

　

）

P
　
4
　
4
　
　
4
　
3

E

 

O

　

7

　

　

つ

ん

　

ュ

S
　
　
ュ
　
（
　
　
　
　
7
－

ANNUAも

882

（281）

278

（72）

Note：DF：Totai discharge at the Fuchu gaging station for1962－1975．

DMF：Minimum discharge at the Fuchu gaging Station for1962－1975．

Valuesin parentheses represent the standard deviations．
Unit in mm．

Data are provided bY the branch office of the MinistrY Of

Constructionin FukuYama．
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2．3　Past Solutions of Water SuppIY－Demand Problemsin the
Ashida River Basin

There are several means to solve the water suppIY and

demand problems．　＝n the present section，the past soiutions

Of water suppiyqdemand problems adoptedin the Ashida river

basin are described．

Figure　8　shows the past water managementin the Ashida

river basin after the second Worid War．　Past means for

SOlving Water PrObiems are classifiedinto two types：

（l）modification of water suppIY，and（2）modification of

Water demand．　The former contains three means：the

development of stream water without the construction of

reservoir，Water tranSfer from agricuitural to non－

agricultural sectors，and the development of stream water

through the construction of reservoir．　Theiatter presents

the restriction on water use under drought conditions．

（l）Modification of water suppl

The Hikawa reservoir forirrigation purpose was

COnStruCted bY the Ministry of Agriculture and ForestrYin

1960，because drought often occurred and　とice crop

PrOduction received great damage．　Zt had an effective

storage capacitY Of8●8Ⅹ106m3and the piannedirrigated

area of　3083．7　ha‥

Zn1953，1961and1963，the rapidly growingindustriai

and municIPal sectors obtained water bY glVing compensations
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to the e女isting water users without the construction of

reserv0ir．　Furthermore′　the Hasuike industriai water

suppIY PurChased the maximum amount of20，000m3／day from

the Nanayashiroirrigation district after1958．　＝n1963，

the Ekiya municiPal water suppiy was transferred from the

Zmizoirrigation district．　Water transferis permitted

OnlY by speciai admission of the water manager under the

01d and the present River Law．　The above two cases were

not permitted bY Water manager．

Bothindustriai and municIPal sectors often withdrew

more water than the quantity of water permitted bY River

Law．　Though the Ministry of Construction as a water manager

had the principle that the water right was giVen tO demand

SeCtOrS With an avaiiabie suppIY SOurCe，it did not take

the strong measure to stop withdrawing．　tn1969，the water

manager was unwilling to giVe a Permission of withdrawal on

COndition of developing neW SuPPIY SOurCe and giVing

Priority to the existing water users．　Such water rightis

SO Cailed TTprovisionai water right”．　＝n1975，the

provisional water right accounted for2．79m3／sec，

representing about a haif of totai water right of　6．06

m3／sec for municipai andindustrial．．A totai of water

right for all sectors accounted for13．171m3／sec（37．9

m／month representing the water right divided bY the

drainage area）during theirrigation period throughJune

to September．　Zt exceeded significantly the mean value of
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minimum discharge of　22　t0　29　mm／month（Table　5）．

工n1973，the storage capacitY Of the mikawa reservoir

wasincreased by3．35Ⅹ106m3．The additionai work

enabled the Rinkaiindustrial water supply t0　0btain a

reguiar water right of O．695m3／sec．＝n1976，Water

transfer was done from agr土cultural to mun土clpal sectOrS．

MunicIPai sector obtained a storage capacitY Of5・38Ⅹ106

m3and a totai of regularwater right of1．059m3／sec．

Both casesin1973　and1976Were the piOneering work

Permitted oniegai basis．

＝n1977，the Ashida estuary reservoir with an effective

storage capacity of5Ⅹ106m3was completed at the mouth of

the river．　The regular water right was giVen atl．968

m3／sec forindustriai．Though aiarge quantitY Ofwaterwas

transferred．the municIPal andindustrial sectors have even

now the provisionai water right ofl．158m3／sec．The

Hattabara reservoir with an effective storage capacity of

60Ⅹ106m3is under constructionin the upper basint and

it takes more YearS tO COmPlete．　The unit cost of water

StOrage COntinues toincrease rapidlY．　工t becomes difficult

to soive the water suppIY－demand probiem bYincreasing suppIY

through the construction of gigantic reservoirs．

（2）Modification of water demand

itis verYimportant for water management to a110Cate

Water tO Various sectors under drought conditions．　Most of
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Water uSerSin the basin experienced a severe droughtin

Summer Of1973．　The concerned users and municiPal offices

Organized themseivesinto cornmittee on water a110Cation・

The MinistrY Of Construction as water manager did not

particiPatein this cornmittee・

Figure　9　Shows the conditions of water allocation under

droughtin1973．　The storage of the Mikawa reservoir

decreased t00niY7Ⅹ105m3in August19・The Nanayashiro

irrigation and the Rinkaiindustriai water supplies

drasticaiiy reduced the amount of withdrawals．　For FukuYama

municIPal water suppIY，a Striking decreasein withdrawai

WaS nOt found．　Though the agricuiturai sector was giVen a

Priority over other sectors，it transferred the prioritY tO

municipai．　The factorY PrOducingiron and steel received

a great damage on account of restriction on water use．
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ZZ＝　ANALYSZS OF TZME SERZES OF WATER USE

A time series record provides usefulinformation on

PaSt Water uSe and water managementin the future．　The

Objective of the present chapteris to anaiyze the water

demand structures bY uSing the time／series data of water

use for demand sectors．　＝n the first section，the water

demand functions are determined from the annual data of

water use and socio－eCOnOmic factors．　＝n the second

SeCtion，the seasonal and daiiY Variations of water use

series are clarified．

3．1　AnalYSis of Annuai Series of Water Use

The amount of water used forindustriai and municIPal

isinfluenced by factors such as the number of water use－

units，theindustriai products，the consumer or business

income．the price of water，the technoiogiCal conditions，

and the physical conditions．

Here，tO eVaiuate the effects of the above factors on

Water uSe′　the f01iowing two water demand models are tested

usingiinear andlog．1inear equations．

Model A

Y＝aO＋alXl＋a2Ⅹ2………………………（3）

Model B

log Y＝bo＋bllogXl＋b2109Ⅹ2……………‥（4）

Orlog Y＝bo＋b110gXl＋b2Ⅹ2　………………‥（5）
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Where Yis the annualwater user Xl Variabie associating

with the size of activities such as the number of use－units

and theindustriai product，and X2the price of water or

the dummY Variable representing the effect of drought on

Water use．

The water demand functions are determined for the

f0110Wing sectors which offer availabie annuai series data

of water use and other variables．　TheY are：（1）Fukuyama

municipai water use（totai），（2）FukuYamaindustriai water

use（Sum　Of Rinkai and Hasuikeindustrial water uses），

（3）FukuYamaindustriai water use（oniy Rinkaiindustriai

Water uSe），（4）Fuchu municipal water use（total and parts

Of municipai water use）．　Fuchu municipai water useis

dividedinto five groups：reSidentiai；COmmerCial（except

for civic buiiding，SChooi，hospital，bank and hotei）；

Civic buiiding and sch001；manufacturingindustrY；hospital，

bank and hotei．

The combinations of variabies and the period of records

are giVenin Tabie　6．　＝n this table，WUis annual water use，

NM the number of metered units，NS the number of use－units，

ZP theindustriai product deflated bY uSing the wh01esale

priceindex（100　for1970），PDC the price of water defiated

bY uSing the consumer priceindex（100　for1970），PDW the

Price of water defiated bY the wh01esaie priceindex・　The

Wh01esale and consumer priceindices are obtained through

一一A charted survey ofJapan－t（Yano，Z．，1978）．
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Zn summer of1973，Water uSerSin the river basin

experienced severe drought asillustratedin the previous

Chapter，and Dis dummY Variable representing the effect of

drought on water use（O for1965－1972，1for1973－1976）．

The data of consumer and business income are not availabie．

Tabies　7　and　8　glVe the regression analYSis bY uSing

linear equation（3）．and by usinglog－linear equation（4）

Or（5），reSPeCtiveiY．　For ali of sectors with the exception

Of（4－f）hospitai，bank and hotel（a part of Fuchu municipal

Water use），aiarge portion of the variationin annuai water

use can be expiained bY the variables of the number of

metered units（NM）or use－units（NS），Or the industriai

PrOduct（ZP）．　The coefficient of the deflated price of

Water（PDC and PDW）differs■significanti宴　from zero at the　5

PerCentievelin the oniy case of（1）FukuYama municipal

Water uSe．　Zn generai，the changein price of water does

not significantlY affect the amount of water used on the

aggregatedievel．　The coefficients of D′　rePreSenting the

effect of drought on water use．are negative values and

SignificantlY differ from zero at the　5　％levei for（2）

FukuYamaindustriai water use（Rinkai and Hasuike），and

for（3）Fukuyamaindustriai water use（Rinkai）・

FigureiOiilustrates the observed values of annuai

Water uSe and the values calculated from the respective

demand equations for demand sectors（Tables　7　and　8）．

Zn the cases of FukuYamaindustrial water uses（FigureiO
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（1）Fuku ama municIPai water use
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Figure10　The observed vaiues and the calculated
Vaiues of annuai water use
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（4）Fuchu munici al water use
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（4）Fuchu municipal water use
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（2）and（3）），the retarded growthsin observed water use

are recognized after1973，When the severe drought occurred

and the oil crisis outbroke．　The dummY Variables of D are

thelarger negative values，and thisノfact suggests that the

conservation of industrial water has been made since1973．

Table　9　contains the elasticities of water demand′

defined as the percentage changein quantitY COnSumed

associated with1％　changein a giVen Variable，On the

aggregatedievel・The elasticitY Of demandis evaluated at

the mean values of variablein theiinear equation．　Zn the

log－linear equation，the constant elasticitY Of demandis

given as the regression coefficient・The eiasticities of

Tabie　9　Elasticities of water demand on the aggregatedievel

Elasticity of demand

NM　　　　　■NS ZP PDC PDW

Fukuyama municェpal

TOtal

FukuYamaindustrial

R土nka土　＆　Hasu土ke

R土nkai

Fuchu mun土clpal

TOtal

Residentiai

comerc土al♯

C土vic buildエng
＆　SChooI

Manufacturing
industries

望0麗主語1′bank

1．33☆☆　　1．17☆★

to工．41東女　七01．29☆☆

1．45☆☆

tol．53★宋

1．54東大

to1．．59女史

1．36☆宋

tol．55★☆

to

☆
【
　
⊥
れ
　
■
☆
∵
貴

大
　
カ
　
東
大

3

5

0

つ

ム

0
1
8
8

●

　

　

●

　

　

　

●

　

　

●

つ
ん
つ
ん
0
0

1．33☆☆

tol．35東大

1．17☆☆

0．78☆★

tol．01東女

＿0．25¢

七〇一0．45☆

＠

－0．01

＠

－0．19

＠

t。＝8：圭圭
一0．27

七0－0．47

Note：　NM：the number of metered　units NS：the nuITber of use－units

＝P：industrial product deflated by the wh01esaie priceindex

PDC：the price of water deflated b少

PDW：the price of water deflated by

＃　except for civic buiiding，SChool，

＊＊　significantlY different from zero

★
＋
・
C
・
（
p

SignificantlY different from zero

Significantly different from zero

not ava土1畠ble・
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the wholesale priceindex
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at thel percentlevel．

at the　5　percentlevel．

at the10percentievei．



demand with respect to the number of metered units or

use－units（NM or NS），Or theindustriai product（ZP）are

SiightiY greater than unitY for FukuYama and Fuchu

municipal water uses（total），and nearlY unitY for

Fukuyamaindustriai water uses．　Ztis remarkabie that

the eiasticity of demand with respect to the number of

metered units（NM）is greater than two for civic buiiding

and school．　Theiong－term Price elasticities of water

demand are caicuiated as　－0．25　and　－0．45　for total of

FukuYama municIPairwater use．but no significant price

eiasticitYis derived for other sectors．

3．2　Characteristics of Temporal Variationsin water Use

Series

As a water use series seems to have evident seasonai

and daily variations，itisimportant to ciarifY the

SeaSOnal and daiiY fiuctuations of water use series・

＝n this section，the seasonai and daiiy variations of water

use series areinvestigated bY uSing monthlY and daiiy

series data of water use．

3．2．1　Seasonai Variationsin MonthlY Water Use Series

＝n general，the behavior of time series data reflects

the combined effects of the trend，CYClical，SeaSOnai，and

random components of the series．

A time series can be represented bY the f0110Wing

muitiplicative relationship．
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Ⅹ（t）＝　T（t）・C（t）・S（t）・R（t）………………．（6）

where X（t）is water usein m3／sec′　T（t）trend componentin

m3／sec，C（t）cYClicai variationin percent，S（t）seasonai

Variationin percent，R（t）random variationin percent，and

t－th time in month．

A method ofiink－reiatives deveioped by W．M．Persons

（See Takeuchi，K．．1971）is used for the f0110Wing reason．

Thereis no wide differencein the results obtained bY

different methods for anaiYZing time series data．　This

method does not require tedious calcuiations，and can

SeParate Water uSe Seriesinto seasonai and other components

Without difficuitY．　The approachin studYing the structure

Of water use seriesis based on detecting the seasonai

COmPOnent bY Calcuiating the seasonai variationin percent

S（t）for each month，and removing the seasonai component

from original series x（t）．　The detaiied procedures of the

method can be referred to other books on demand forecasting

（e．9．，でakeuch土．K．．1971）．

Three types of water use data are assembled for the

PreSent analYSis．　TheY are data forirrigation，municiPai

andindustriai water uses．　Long－term data for other uses

are not available．　Four sets of data forirrigation water

use（Gokamura，Rokujizo，＝mizo and NanaYaShiro）are provided

bY the branch office of the Ministry of Constructionin

FukuYama．　Two sets of data for municiPal water use

（Fukuyama and Fuchu）and two sets forindustrial water use
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（Hasuike and Rinkai）are obtained from the water departments

Of the respective municIPalities．

The seasonal variations in different water uses are

Shown bothin TabieiO andin Figureli．　Theiocation of

SuPPIY SOurCeSis givenin Figure　5．　Figures12　to15

iilustrate the monthlY Water uSe Series X（t）ofirrigation，

FukuYama municIPai，Fuchu municiPai，andindustrial water

suppiies（On thelower part），and their specific series

TCR（t）removing the seasonai component from originai series

X（t）（on the upper part），reSPeCtiveiY．　The specific

Series TCR（t）are given as the originai series x（t）divided

bY the seasonai variation S（t）．

MonthiY Series ofirrigation water use have evident

SeaSOnai fiuctuation．　Seasonai variations are greater

during theirrigation period（June to September）than during

the non－irrigation period（October to MaY）．　The seasonai

Variations range from　34　％　to195　％　for Gokamura，from　58　％

to180　％　for Rokujizo．from49　％　to　212　％　for　＝mizo′　and

from　67　％　t0163　％　for NanaYaShiro．　For the NanaYaShiro

irrigation water suppIY，Water uSe Series had a depression

due to droughtin summer of1973（Figure12）．

＝n case of FukuYama municキ・Pai water use，the seasQnai

Variations of each suppiy source changein the same manner

as those of totai water use．　Total of water use shows the

Slightiyiarger vaiue ofl16　％in summer and the slightlY
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Smaiier of　90　％in winter．　Theincreasing trend and the

negative　コumPin summer of1973　are foundin tota10f water

use series（Figure13）．　This negative　コumP aiso reflects

the severe droughtin1973．　Though the price of water was

riseninJune1965，in May1973，andin AuguSt1976，nO

Significant reduction of water use was recognized・Both

Water uSe Series of Kusado and Zzuhara sources show the

SlightiY decreasing trends after drought．　For Nakatsuhara

SOurCe．mOnthlY Withdrawaiis stillincreasing graduallY．

For Fuchu municIPai water suppIY，the seasonai

Variations range from　91％　to113　％　for totai of water use．

The seasonai variations differ verY markediY amOng the

SuPPIY SOurCeS．　Th畠　vaiues of Yodo and Mezaki sources are

greaterin summer thanin winter．　On the contrarY，those

Of Deguchi source are smailerin summer thanin winter．

Thisis due to the decreasing avaiiabie water of the Deguchi

riverin the summer season．　Ztisinteresting to note that

thereis no depressionin summer of1973　and no reduction

Of withdrawai due to price change（Figure14）．

Forindustrial water suppiies，the seasonai variations

in water use series changein the similar pattern as those

in total municiPal water use．　＝t varies from　92　％　t0109　％

for Rinkai，and from　89　％　t0111％　for Hasuike．　Rinkai

industriai water suppIY（on the upper of Figure15）has a

rapidlYincreasing tendencY，and striking negative　コumP

With high randomness due to droughtsin1973　and1974．
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Hasuikeindustrial water use series（on thelower of Figure

15）has a wavY trend and a small randomness．

3．2．2　Daily Variationsin Water Use Series

Figure16iiiustrates the monthiY Variations of daiiY

Withdrawals bY SeCtOrS for1972　to1977・　Daily series of

Water uSe are nOt avaiiable for Fuchu citY．　The

COefficient of variation of daiiY Withdrawalis giVen aS

the standard deviation divided by the mean value for each

month．　The coefficients of variation range from O．02　to

l．65　forirrigation，from O．00　to O．65　for municipai（Kusado

source and Onomichi deiivered），from O．02　to O．17　for

municipai（Nakatsuhara and　＝2：uhara sources），from O．24　to

O．55　forindustrial（Hasuike），and from O．02　to O．58　for

industrial（Rinkai）．

High daiiY fiuctuations ofirrigation water uses are

Pa芝tlY due to poor management of withdrawai．　For FukuYama

municIPai water suppIY，theY all have usualiY Smaii daiiY

fluctuations．　Zn summer of1973，the peaksin the

coefficients of variation are found for　王くusado SOurCe and

the water transferred to Onomichi city，but theY are nOt

recognized for Zzuhara and Nakatsuhara sources．　Water use

for Rinkai shows severai peaksin August1973，JanuarY

1974，June1974，August and December1977．　These peaks are

mainiY due to droughts．　For Hasuikeindustriai water

SuPPIY，Water uSe has high dailY fluctuation．　＝t refiects

the decreasein withdrawal everY Weekend．
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＝V ANALYSZS OF WATER DEMANDS：A SAMPLE SURVEY

＝n the preceding chapter，the water demand structures

areinvestigated by using the aggregated data on water use・

＝n this chapter，the actual water demand structures for

industriai arld municIPai sectors are ciarifiedin detaii

On the basis ofindividual data obtained through the

questionnaire surveY．　The first section treats the water

demandsin manufacturingindustrY，COrrmerCiai and public

establishments utilizing alarge quantitY Of water．　The

SeCOnd section deais with the water demandin private

residence and apartment house．

4．1　＝ndustrial，Commercial and Public Water Demands

4．1．1　The Questionnaire SurveY and Sampiing Design

The anaiYSis of the present sectionis based on tWO

investigations・The firstis a surveY Of water use series

for1，135　estabiishments representing　5．6　％　of a1120，427

establishmentsin Fukuyama and Fuchu cities（Sampie　＝in

Tabieii）．　This figureincludes181manufacturing

industries and　954　commerciai and pubiic establishments．

FukuYama（1）and（3）include ali the establishments

SuPPiied with aiarge quantitY Of municIPal andindustrial

Water．　Fukuyama（2）and（4）represent the samples which

PrOVide the additionai data・　The manufacturingindustries

are classifiedinto severai groups on the basis of the

Standard　＝ndustriai Classification forJapan（JS＝C），and
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Tabieil Distribution of observations for questionnaire

SurVeY for manufacturingindustries，COmmerCiai

and public establishments

Sample　工　　　Sample　工工

Manufacturing

industries

Fukuyama（1）

Fukuyama（2）

Fuchu

Commercial and public FukuYama（3）

establishments FukuYama（4）

Fuchu

で　〇　七　a l

127

20

34

736

123

95

il81；…巨9

i9541；；j208

1′135　　　　　　　　277

Note；FukuYama（1）＆（3）：the establishments suppiied withiarge quantitY

Of municIPai andindustrial water

Fukuyama（2）＆（4）：the additionai observed establishments

Tabie12　Groups ofindustrial，COmmerCiai and pubiic
establishments

Manufacturingindustries

18，19　　Food and kindred products

20

21

2
　
3
　
4
　
5
　
6
　
7
　
8
　
9
　
0
　
ュ
　
2
　
3
　
4
　
5
　
6
　
7
　
8
　
9

2
　
2
　
2
　
2
　
2
　
2
　
2
　
2
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3
　
3

Textile mill products，eXCePt aPParei and other finished products
made from fabrics and similar materiais

Apparel and other finished products made from fabrics and

S土milar mater土als

Lutnber and wood products，eXCePt furniture

Furniture and fixtures

Puip，PaPer and paper worked products

Pubiishing，Printing and、a11iedindustries

Chemicais and aiiied products

Petroleum and coal products

Rubber products

Leather，leather products，and fur skin

Ceramic．stone and clay products

エron and steel

Non－ferrous metals and products

Fabricated metai products

＝ndustriai machinery，eXCePt eiectrical machinery

Eiectricdl machinerY，equiPment and sqpplies

Transportation equiPment

precision mach土nery

Ordnance and accessaries

Misceiianeous manufacturingindustries

Commercial and public establishments
ュ

　

2

　

3

　

4

　

5

　

6

　

7

　

8

　

0

ノ

　

0

　

　

9

ュ
　
　
9

Department store andlarge－SCale shop

Retail shop

Restaurant and tea room

Financial and insurance businesses

Hotei and motel

Government and municiPal offices

Various kinds of sch001

Hospital

Gas station

Others

Unidentified
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the commercial and public establishments are also divided

With some consideration dfJS＝C．　Groups o’findustrial，

COmmerCial and public establishments areindicatedin Tabie

12．　The water use data are transcribed from meter b00ks

Of the1975，1976　and1977　fiscal years．

The secpndis a questionnaire surveY t00btain

information on the actual condition of water uses for

industriai，COmnerCial and public（see APPEND＝CES A and B）．

A maii questionnaire surveY Of1，135　establishment was

COnducted from February to March1978．　A number of　277，

representing　25　％　of all theinvestigated estabiishments，

WaS COmPleted．　This figureincludes　69　manufacturing

industries and　208　Cornmerciai and pubiic establishments

（Sample　＝＝in Tableil）．

4．1．2　Resuits of the SurveY

（a）　Generai characteristics ofindustrial，COmmerCiai and

Public water uses

Figure17　shows the distributions of bimonthlY Water

use series through1975　t01977　by groups for Sampiel．

＝n this figure，the hights of th寧　Various barsindicate the

reiative frequenciesin the variousintervals．　Table13

represents the seasonal variations giVen aS bimonthly mean

Vaiues divided by the annual mean．　＝n general，the seasonai

fluctuations are greaterin commercial and pubiic water uses

thaninindustrial water use・The f0110Wing groups have clearly

the seasonai variations with the maximum of132　％　t0140　％
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Zndustrial water use for Fukuyama（l）

Commercial　＆Public water uses for Fuchu

Zndustrial water use for Fuchu

Ⅰ　n m lV V V王　！．ⅠI nI　王V V V工　l　　Ⅱ　　m lV V Vl

．m　1975　　　　　　　1976　　　　　　　1977
Relative frequency

Figure17（continued）

Table13　Seasonal variations ofindustrial，COmm畠rcial

and public water uses for1975　to1977
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in surnmer and the minimum of　74　％　to　88　％in winter．　TheY

are Groupsi（department store andlarge－SCale shop），2

（retaii shop），3（restaurant and tea room），4（financial and

insurance businesses）and　7（sch001）．　These groupsiargelY

COntribute to the summerincreasein municIPai water use．

The other groups（5，6，8　and　9）have the seasonai variations

with the maximum of107　％　to l13　％in summer and the minimum

Of　86　亀　t0　96　亀　土n winter．

The actuai conditions of water use in and around the

factories areinvestigated by using theindividual data．

Table14indicates the questionnaire surveY reSuits of

industrial water use bY grOuPS．　Answers to questions are

Plural．　Aimost all of manufacturingindustries are supplied

With municIPal water and some are supplied with alarge

amount of industriai water．　Ground water is utilized for

PiantIOPerationin several factories of FukuYama CitY，and

most of factories utilize ground waterin Fuchu citY．　The

53　factories，rePreSenting neariY　80　％　of　69　factories，uSe

the recircuiated waterin and around the factories，and

about　40　％　for piant operation．　Sea wateris utiiized for

Piant operationin a factory producingiron and steei．

Water conservation bY CO01ing tower for air conditioning

is donein around　70　％　of ali manufacturingindustries．

Ztis serious for water quality management that some

industries discharge their wastewater directlyinto naturai

Water SyStem Without treating and softening・
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Figure18　Shows the water uses forindustrial

PrOduction and processinginli factories utilizing more

than200m3／daY．Values with asterisk represent water use

in m3／daY，and other vaiues are the percentages of totai

Water uSe．　The water use for product c001ing and product

WaShing constitutes　70　％　toiOO　％　of total water usein

most of factories．　Factory”A一一　producingiron and steel

utiiizes water for product cooling repeatedlY．

Next，the actual condtions of water use for commercial

and pubiic areinvestigated．　The resuits on commerciai and

Public estabiishments areiistedin Table15．　Answers to

questions are also plurai．　Ali the commercial and pubiic

estabiishments are suppiied with municIPal water and two

government and municIPai offices are suppiied with

industriai water．・About one－tenth of establishments

utilizes ground water，and most of them have fiush－tOilets

With pubiic sewer or septic tank．　The recirculated water

is used for air conditioningin neariY　55　％　of　208

estabiishments．　A nu血ber of　27　sch00ls（group　7），Which

is　66　％　of ali theinvestigated sch00is，has swimming p00ls，

and ali gas stations（group　9）have car washers．

Tabie16indicates the surveY reSuits on water－SaVing

measure，tyPe Of fiush－tOilet and water shortage．　Water－

SaVingis donein around　40　％　of totai cornmercial and

Public establishments，andin about　50　％　of totai

manufacturingindustriesin various ways．　Manufacturing
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industries make severalimprovementsin water－uSing piants

and appliances，and commerciai and pubiic establishments

exercise mainly contr01of water－uSing．　The water－SaVing

toilet for maie sexis commonly usedin about　70　％　of　225

establishments with fiush－tOilet，and the water－SaVing

toilet for both sexes in one－half of them．　About twentv

PerCent Of totai establishments are experiencedin various

kinds of water shortage，but onlv the fewin drought

hazards．　Restriction on water useis adopted toward a

Table16　Water－SaVing and water shortage for questionnaire surveY
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Note：Answers to questions are plurai・

The values represent the frequencies・
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large－SCaie factorY TIAt一，Which utilizes about　60　％　of total

Water uSein the urban area of Fukuyama city．

（b）　Unit water uses forindustrial，COmmerCiai and public
estabiishments

The factors affecting the unit water use areidentified

bY meanS Of anaiysis of variance forindustrial，COmmerCial

and pubiic．　Figure19iilustrates unit water uses（1）and

（2）for　55　manufacturingindustries，Which provide avaiiable

data for caiculating unit water uses．　Unit water use（l）

lm3／miiiion Yen／Year］is the quantitY Of water use divided

by theindustriai product，and unit water use（2）【m3／person／

Year］is the quantitY Of water use divided bY the number of

workers．　There are wide differences in both unit water

uses．　These differences can not be fullY eXPlained by

Variables such as the tYPeS Of factory，the differencein

Size of estabiishment（industrial product），and the

PreSenCe Or absence of ground water use．

Tabie17　giVeS the mean values and the standard

deviations of unit water uses（1）and（2）by groups of

manufacturingindustries，and aisoindicates the resuits of

anaiysis of variance．　on the basis of analysis of variance，

the variationin unit water use（1）Can be partialiY

explained bY the tYPe Of manufacturingindustrY．

Tabie181ists the unit water uses for various groups

Of commerciai and public establishments，Which offer
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Tabie17　Unit water uses（l）and（2）bY grOuPS Of

manufacturingindustry

（l）Fukuyama manufacturingindustries
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S・S・：Sum Of squares DF：the degrees of freedom

M．S．：－mean Square F：the variance ratio

＊＊　Significantiy different from zero at thel percentleve1．

＊　significantiY different fro癒zero at the　5percentlevei．

（1）water use dividedby theindustriaiproduct（m3／106yen／Year）

（2）water use divided by the nurnber of persons（m3／person／Year）
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avaiiable data of water use，the number of workers，and the

number of guests and students．　Water use per capita（A）is

the quantity of water use divided bv the number of workers，

and water use per capita（B）is the quantitY Of water use

divided bY the nu血ber of workers，gueStS and students．

There are wide variationsin water use per capita for aii

groups．　Even for sch00is（group　7），the unit water uses

（A）and（B）iie unexpectediYin the wide ranges ofli．l to

59．0m3／person／2months，and of1．09t05．95m3／person／

2　months，reSPeCtiveiY．　On the basis of anaiYSis of

Variance．a portion of the variationsin both water use per

CaPitais expiained bY the tYPe Of estabiishment for

FukuYama CitY．　For Fuchu city，On the other hand，it can

not be explained bY the type of estabiishment．

Toidentify the factors causing the differencein unit

Water uSe，analYSis of varianceis done for　39　sch00is

（group　7）of FukuYama City．　Tabie19　contains the mean

Vaiues and the standard deviations of water use per capita

（A）and（B）bY the type of sch001（for aii the schooIs），

With or without swimming p001（for aii the sch00is），With

Or Without dormitorY（for aii the scho0ls），With or without

SWimming p001（for sch00is with flush－tOilet，Without

dormitory），and by the type of fiush－tOiiet（for14

eiementarY SCh001S with flush－tOilet and sw mming p001，

Without dormitorY）．　From an．analysis of variance′　the

Variationsin water use per capita（A）and（B）can be
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Tabie18　Unit water uses（A）and（B）bY grOuPS Of commercial

and public establishments

（1）Fukuyama commercial and public establishments
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Note：Groupl．2，‥．．9：See Tabie12

S・S・：Sum Of squares DF：the degrees of freedom

H・S・‥　mean Square F：the variance ratio

＊＊　significantiY different from zero at thel percentlevel・

＊　significantlY different from zero at the　5percentlevel・

（A）：Water uSe divided by the number of workers

（m3／person／2months）

（B）：Water uSe divided bY the nurnber of workers，gueStS and

students（m3／person／2months）
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Tabie19　Unit water uses（A）and（B）by subgroups of sch001

（1）でypes of school
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S．S．

Between　　　　1324

W土thin　　　　　4162

でota1　　　　　　5485

F　＝　2．16く：

F
　
5
　
4

D
　
　
　
3

39

Note：Type　7－1：EiementarY SChoo1

7－3：High schoo1
7－5；こProfessional school

（2）W土th or without sw土m止ng pOOl

S．S．　　　DF M．S．

17．2　　　　　5　　　　3．45

23．9　　　　33　　　　0．73

41．2　　　　38

F　＝　4．75★★

7－2：Junior high schoo1

7－4：College　＆　junior coilege

7－6：Kindergart色n

Water use per c卑pita（A）

W土th

Sample

SI Ze

28

Without　　　　　　12

Hean S．D．

39．3　　　　11．3

32．9　　　　12．6

Water use per capita（B）

Hean S．D．

2．28　　　　0．74

2．25　　　1．56

S土s of variance

S．S．

Between　　　　　　344

W土th土n　　　　　5141

で0ta1　　　　　　5485

F　＝　2．55

F
　
ュ
　
8
　
9

D

　

　

　

つ

J

　

3

（3）With or without dormitorY

S．S．

0．01

41．17

41．17

F　＝　0．01
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Water use per capita（A）

With

Sa叩ple

SIZe

2

Without　　　　　　38

Mean S．D．

47．2　　　　16．8

36．8　　　　11．6

Water use per capita（B）

Mean S．D．

5．42　　　　0．76

2．10　　　　0．74

Analysis of variance

S．S．

Between　　　　　　203

Witbin　　　　　5283

でOta1　　　　　　5485

F　＝1．46
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Table19（continued）

（4）With or without swirnming pooi（for sch001S with fiush－tOiiet，

Without dorm土tOry）

Water use per capita（A）

W土th

S卑mple

SI Ze

27

Without　　　　　　10

Mean S．D．

39．5　　　　11．3

30．0　　　　10．4

Water use per capita（B）

Mean S．D．

2．23　　　　0．71

1．62　　　　0．51

Analysis of var土ance

S．S．

Between　　　　　　664

W土th土n　　　　　4312

でota1　　　　　　4976

F　三　5．39☆

F
　
ュ
　
5
　
6

D
　
　
3
　
3

S．S．

2．68

14．79

17．47

F　＝　6．15★

F
　
ュ
　
4
　
5

D
　
　
3
　
3

（5）TYPe Of flush－tOilet（for elementary scho01S with flush－tOilet，

W土th swiming pOOl，Without dorm土tory）

Water use per capita（A）

Water－SaV土ng

type

Water－WaSting

type

Sample

SIZe

9

5

Mean S．D．

42．2　　　　　9．6

48．5　　　　　6．3

Water use per capita（B）

Hean S．D．

2．03　　　　0．50

2．50　　　　0．30

AnalYSis of variance

S．S．

Between　　　　　126

W土th土n　　　　　　900

でOtal lO26

F　＝1．68

F
　
ュ
　
つ
ー
3

D

　

　

⊥

　

ュ

Note：S．S．：Sum Of squares

M．S．：mean Square

＊＊　significantiY different

＊　significantiy different

¢　Significantly different

Q not ava土1able

（A）：．Water uSe dividedbY

（m3／person／2months）

（B）：Water uSe divided by

S．S．

0．73

2．36

3．09

F　＝　3．71¢

F
　
ュ
　
2
　
3

D

　

　

工

　

ュ

DF：the degr寧eS Of freedom

F：the variance rat土o

from zero at thel percentleve1．

from zero at the　5　percent levei．

from zero at the10percentlevel．

the number of workers

the number of workers，gueStS and

students（m3／person／2months）
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Partiy expiained bY the tYPe Of schooi，and the presence or

absence of dormitorY．　For　36　0r　37　scho0is with flush－

toilet，Without dormitorY，the presence or absence of

SW mming po0l significantlY affects the unit water use．

Tabie　20　contains the resuits of the regression of

Water use per capita（B）on the two explanatorY Variabies

for　36　0r　35　schooIs with fiush－tOiiet，Without dormitorY．

Ztisinteresting to note that the regression coefficient

Of alr rePreSenting the size of schooil has a negative

Vaiue．　＝tindicates that the water use per capita decreases

With theincreasing number of teachers and students．

Furthermore，the14　elementarY SCh00ls（with flush－

toilet，Without dormitorY）are dividedinto two groups to

evaluate the effect of different tYPeS Of flush－tOiiet on

Water uSe．　The water use per capita（B）accounts for

average of2．03m3／person／2months for eiementary sch00ls

with water－SaVing toilet，and average of2．50m3／person／

Tabie　20　Water demand equations for sch001

S．ch00ls with fiush－tOilet，Without dorm土tOry

Y＝ao＋alXl＋a2Ⅹ2　　　1呵Y＝bo＋bll09Ⅹ1＋b2Ⅹ2

Y：Water uSe Per CaPita（B）in m3万erson／2months
Xl：the nurnber of teachers and students

X2：durnmY Variable（l＝With swiming po01，0＝Without swirrming p001）

ao al　東女a2柚　R F d・f・

（1）．1．914　－0．0005　0．719　．544　6．92貴女　33

（2・58日3・11と★
（2）1．860－0．000遷★0．608．5788．02柚　32

（2．73日3．41）

bo bl★★　b2…　R F

O．636　－0．167　0．165　．6019．34資★

（2．97）（3．68）

0．602－0．15竜★0．15王女．6129．59…

（3．06）（3．72）

Note‥（l）36　sch00is（inciuding c01lege）　（2）35　sch00ls（except for c011ege）

ai，bi：the regression coefficient

the vaiuein parenthesis：t一Value

R：the muitiple correlation coefficient

F：the variance ratio d．f．：the degrees of freedom

＊＊　SicTnificantly different from zero at thei percentlevel．
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2months for eiementary sch001S with water－WaSting toiiet

（Tabie19（5））・Thereis a differencein water use per

CaPita（B）by the tYPe Of flush－tOiiet．

（C）　Price sensitivities ofindustria1，COrnmerCial and

Pubiic water demands

Zn general，lCOnSumer reSPOnSe tO a giVen Variableis

COnVenientiY meaSured bY the concept of elasticitY Of

demand・The price eiasticitY Of demand（Ep）is the relative

Changein quantitY With a changein price′　anditis giVen

as f01lows：

Ep＝（帥u／Wu）／（8Pr／pr）……‥……………・（フ）

Where Wuis the water usein establishment and Pr the price

Of water．　G00ds whose eiasticitYis greater than unitY are

Said to bein eiastic demand′　and those whose eiasticitYis

less than unitYinineiastic demand．

To estimate the price eiasticity of demand for・・Water，

the water demand functions are determined for groups of

estabiishment bY uSing cross－SeCtional data onindividuals．

The demand function inciudes variabies such as the

industriai products，the number of workers，the number of

WOrkers，Students and guests，and the price of water．

Though severai tYPeS Of demand models are tested by using

iinear andlog－linear equationsT all of the regression

COefficients of price are not significantlY from zero at

the lO　％　level．
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To evaiuate the effect of price change on water use′

the annuai water uses before and after changing rate

SChedule are compared bY the tYPeS Of establishment．　The

municIPai water rates were changedin August1976　for

FukuYama，andin April1976　for Fuchu．　The　01d and the new

Water rate SCheduies and the percentage changes are

indicatedin Table　21．　Table　22　contains a comparison of

mean water uses before and after changing municiPal water

rate for estabiishment．　On the aggregatedievei，the

reduction of mean water use is found for a11sectors．

The reduction of water use accounts for　96．2m3／use－unit／

Yearin cornmercial and pubiic estabiishments（Fukuyama（3日，

for220．2m3／use－unit／Yearin commerciai and pubiic（Fuchu），

and for3．8m3／use－unit／yearin manufacturingindustries

（Fuchu）．　For commerciai and public establishmentsin

FukuYama（3），however，the decreasing water useis recognized

for the tYPeS Of establishment with the exception of typel

（department store andiarge－SCale shop），tyPe　2（retail

Shop），tYPe　5（h〔）tel and motei），and tYPe　7（scho01）．

The unexpected positive sign Of changein water use

indicates that water demand depends not so much upon the

Price of water as upon the other variables for the above

groups of establishment．
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Tabie　21　The　01d and the new water rate scheduies

Basic fee Block

in yen　　　0－7　　8弓0
01d　　　　　290　　　　　　0　　　　　　0

FukuYama New　　　400　　　　√／0　　　　0

38★

Fuchu

01d　　　　　380

（750）

New　　　　　500

（1000）

0　　　　　60

0　　　　　80

32★　　　　　　　　　　　33★

（33丈）

ratein yen／m3

1ト15　16－20　21－（m3）

40　　　　　45　　　　　55

60　　　　　70　　　　　90

50★　　　　56★　　　　64☆

60　　　　　60　　　　　60

80　　　　　80　　　　　80

33☆　　　　33☆　　　　33★

Note；　Valuesin parentheses represent the basic fee forindustriai，

COrnmerCial and pubiic establishments．

＊　Percentage changein price of water．

Water rates were changedin August1976　for FukuYama，and

土n April1976　for Fuchu．

Tabie　22　Mean water uses before and after changing Water

rate scheduie for manufacturing，COrnmerCiai

and pubiic estabiishments

Mean water use per use－unit

（m3／use－unit／Year）

Before changing After changing Difference

rate schedule rate scheduie

Commerciai and public establishments

Fukuyama（3）　　　　8080．5

ュ
　
2
　
3
　
4
　
5
　
6
　
7
　
8
　
9
　
0
　
9

工
　
9

Fuchu

13　828．9

2　540．9

4　344．9

4　502．1

15　607．4

19　383．8

9　049．3

13　815．6

3　858．9

9　506．4

3　936．4

3　515．8

Manufacturingindustries

Fuchu　　　　　　　　　　　　7　277．9

7　984．3

14　436．1

2　601．4

4　232．7

4136．1

15　627．5

18　695．0

9　512．4

13　775．6

3　667．9

9185．2

3　862．1

3　295．6

7　274．1

2
●

69

2
　
5
　
2
　
0
　
9
　
8
　
⊥
　
0
　
0
　
2
　
3

●

　

　

　

●

　

　

　

●

　

　

　

●

　

　

●

　

　

　

●

　

　

●

　

　

　

●

　

　

　

●

　

　

●

　

　

　

●

7
　
0
　
2
　
6
　
9
　
8
　
3
　
0
　
ェ
　
ュ
　
4

0
　
6
　
ュ
　
6
　
ュ
　
8
　
6
　
4
　
9
　
2
　
7

6
　
＋
　
ュ
　
3
　
＋
　
6
　
4
－
⊥
　
3
－

＋
　
　
　
l
　
－
　
　
－
＋
　
　
　
】
　
－

220．2

ー3．8

Note：1，2′‥．，99represent the type of commercial and pubiic

establishments：See Table12
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4．2　Res土dential Water Demand

4．2．l Hodels for AnaiYSis of Residential Water Demand

The amount of water use by dwelling unitin a giVen

time period was a function of the number of water－uSing

appiiancesin and around the house and the probabilitY Of

turning on those appliances（Grima，A．P．，1972）．　This

functionai relationship can be shown aS foiiows：

Rwu三　∑　d土＝　∑　n土Wi pi　‥……………‥（8）

Where Rwuis the residential water usein household．di the

amount of water used bY aPPlianceir ni the number of

appliances of typei，Wi the rate of water uSed bY aPPiiance

i，Pi the probability of turning on the appliancei，and m

the number of appiiance tYPeS．

Ztis verY difficult to have completeinformation on

the values of ni，Wi，Pi and m for alarge number of

households．　Forinstance，the measurement of the rate and

quantitY Of water used bY aPPiiances can be obtained bY

using fiow meters，but this method can not be used because

Of theiaborious and expensiveinvestigation．

＝n this section，the amount ofinformation required to

estimate the residentiai water demand equationis repiaced

bY a Smaii number of relevant explanatory variables．　The

factors affecting the residential water use are ciassified

into four groups：PhYSical（temperature，PreCipitation，

evapotranspiration，．．．），SOCio－eCOnOmic（the number of

PerSOnSin househ0ld．famiiYincome，dwelling tYPe，Price
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Of water，・・・），teChn010gicai（water－uSing appliances，Water

PreSSure，・‥）′　and behaviorai（probabiiitY Of turning on

the appliances，Whether or not saving water，．．．）．

The probiemin anaiYZing water demandsis toidentifY

the reievant variables．　Because thereis no significant

SPatial differencein climatic condition through this studY

area，the phYSical factors can be negiected．　＝n the eariier

Study，Sh mmi，0．（1977）derived the residentiai water

demand functions for households suppiied only with municIPal

Water．　A portion of the variationin water use was

；eXPiained bY the number of personsin househoid′　and the

dummY Variables representing the presence or absence of bath，

fiush－tOilet and water－SaVing．

＝n the present study′　the f0110Wing three tYPeS Of

residentiai watef demand modeis with dummY Variables are

tested usingiinear equations．

Modei Ais hypothesized that：

Rwu　＝　f（Np，Np2，Gw，Nrwu，Bt，Wash，Tl，Dw，Othu，工nc）…‥（9）

and specificaliY that：

餌u＝ao＋aiNp＋a2Np2＋a3Gw＋a4Nrwu＋a5Bt

＋早6Wash＋a7Ti＋a8Dw＋a90thu＋aiO＝nc…・（10）

where Rwuis the residentiaiwater usein m3／househ01d／Year，

Np the number of personsin househoid，Np2　the number of

babies（under two YearS　01d）in househ01d′　Znc theincome

in miilion Yen／househoid／year，and the others dummY

Variables．
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That　土S．

Gw　　＝lif the household uses ground water，

＝　0　0therwise；

Nrwu　＝1if wateris used for non－reSidential purposes，

＝　0　0therw土se；

Bt　　＝i if the household has a bath，

＝　0　0therwise；

Wash　＝iif the househ01d has a washing machine′

＝　0　0therw土se；

Tl　　＝i if the household has a fiush－tOiiet，

＝　0　0therwise；

Dw　　＝lif the househ01dis a single unit，

＝　0　0therw土se．

Othu　＝lif wateris used for other residential purposes

（such as pond．dish washer．‥．），

＝　0　0therwise，

and ai（i＝0，1，．‥．10）represent regression coefficients．

Regression coefficients of ai，a2，a4′Aa5，a6，a7and a9

are expected to be positive′　and a3is expected to be

negative．

it is so difficult t0　0btain the income data that the

Observations supplied for anaiysis areiimitedin number，

and theyinciudeinevitabiy some of households using a

large amount of water for non－reSidential purposes．

Next，the househoids which use their water onlY for

residentiai purposes（Nrwu＝0，Bt＝1）are anaiYZed．
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Modei Bis hYPOthesized that：

Rwu　＝　f（Np，Gw，Swl，Sw2，Ti，Dw′Othu）……………．（11）

and spec土f土cally that：

Rwu＝bo＋biNp＋b2Gw＋b3Swl＋b4Sw2

＋b5Tl＋b6Dw＋b70thu………‥（12）

Where Swi and Sw2　are the durnmY Variabies on water－SaVing．

That　土S′

Swl　＝lif water for bathingis used repeatedlY，

＝　0　0therwise；

Sw2　＝if the water for bathingis used←for washing，

＝　0　0therwise．

and other variables are defined as before．　Regression

COefficients of bl，b5，b6and b7are eXPeCted to be

POSitive′andb2t b3and b4tO be negative・

Moreover，the househ01ds without babies utiiizing

Water彗OniY for residentiaipurposes（Np2＝0′Nrwu＝0，Bt＝1）

are anaiYZed．

Modei Cis hYPOthesi2：ed that：

Rwu　＝　f（Np，Gw．Tl，Othu，＝nc，Pr）…………………（13）

and specificailY that：

餌u＝Co＋cINp＋C2Gw＋C3で1＋C40thu

＋C5工nc＋C6pr…………・（14）

Where Pris average price of water，Whichis giVen aS the

totai fee of water divided bY the amount of water used，

and oもher variables are defined before．　All of the

regression coefficients with the exception of c2and c6are

82



expected to be positive．

The above demand equations are tested by ai1－POSSible－

regression method．　A11－POSSibie－regreSSioninvoives

Calculating regression equations having everY POSSible

COmbination of the expianatory variables．

The eiasticitY Of demandis the reiative changein

quantitY With a changein a giVen Variable．　The eiasticities

Of price（Ep）・Ofincome（Ei）・andofhouseh01d－Size（ENp）

for residentiai water demand are giVen aS fo110WS：

Ep＝（8餌u／餌u）／（8pr／pr）…………………・（15）

E・＝（8Rwu／Rwu）／（8工nc／工nc）………………‥（16）

ENp＝（aRwu／如u）／（8Np／Np）…………………・（17）

Where Rwuis the residential water usein househ01d′　Pr the

Price of water，＝nc the famiiyincome，and Np the number of

persons　土n househ01d．

4・2．2　The Questionnaire SurveY and Sampiing Design

The questionnaire was designed to obtaininformation

On the factors which have any effect on residentiai water

use（see APPEND＝X C）．　A questionnaire surveY Of　3，200

households was donein the f0110Wing waY（Tabie　23　and

F土gure　20）．

Ten eiementarY SChool districts werq Chosenin the

lower and middle parts of the basin（A，B．C，D and Ein

theiower basin；F，G，H′　＝　andJin the middie basin）．

Districts A・and Bliein the centrai part，C and Din the
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Table　23　Distribution of observations for questionnaire

SurVey for residential water use

District Sampie　＝　　Sarnple　工＝　　Sample　工ZZ Sample ZV

A
 
B
 
C
 
D
 
E
 
F
 
G
 
H
　
工
　
J
 
X

工
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0
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ュ
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0
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8
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7
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つ
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・
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208

Note：　A，B，C，D′E，F，G，H，Z，J：elementarY SCh001districts

K：data obtained through mail questionnaire surveY

L：Staffs of m血uyama waterworksin thelower basin

M：Staffs of FukuYama WaterWOrksin the middle basin

N：A′B，C′D′E　＆　L

p：工　＆∵K

0：F′G′H，工．J．K　＆　H

Q；F．G′H，工，J．＆　■K

Figure20　Location map of sampling districts for

questionnaire surveY Of residential water use
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new residential area．and Ein the suburban area of

FukuYama CitY．　District Zliesih the central part of Fuchu

CitY．　Other districts arein the rurai areas（Fin Kam0．

Gin Kannabe，Hin EkiYa，Jin Shin－ichi）．　A questionnaire

SurVeY Of　2，623　househoids was conductedin the above ten

districts from August t0　0ctober1977．　This survey has the

advantage of providing aiarge number of sets of data，but

the disadvantage of having a bias in sampling data on the

age of the head and the tYPe Of occupation．　To make up for

the above weak point of the surveY，tWO queStionnaires were

distributed to each pupii．　Oneis for his own familY and

another fdr his neighbor without pupiis．

As七he questionnaire was formulated t0　0btain the

answer，s name andincome，aiarge number of persons refused

to answer questions，eSPeCiaiiyin Fuchu citY．　Therefore，

the additional questionnaire survey was conducted・　The

additionai data were obtained from　290　househoids（district

Kin the new residential area of Fuchu city）through maii

questionnaire surveY，and from　287　staffs of FukuYama

WaterWOrks（Lin the lower basin，出in the middle basin）．

The water use series of individual househ01ds were

transcribed from meter books of respective municIPaiities

for the1975，1976　and1977　fiscal YearS．　The water meters

Were read everY One tO tWO mOnths．

Sample　＝is al10f　3，200　househ01ds for questionnaire

SurVeY and the number of households for district ranges

t
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from　91to　322．　The number of avaiiabie data differs

markedlY amOng different questions．　Sample Hinciudes

l，716　househ01ds which are supplied with municIPal water

and offer availabie data on water use series，rePreSenting

54　％　of aii the observations．　Sample Z＝＝includes　795

househ01ds for anaivsis bY mOdei A，Sample ZVisi，592

households for analysis bY mOdei B，and Sampie Vis　673

households for anaiYSis bY mOdel C．　Samples H＝，ZV and V

represent　25　％，50　％，and　21％　of all the　3，200　0bservations，

respectiveiY．

4．2．3　Results of the Survey

（a）　Generai eharacteristics of residential water use

Variables for residentiai water use are presentedin

Table　24．　Tabie　25　giVeS the mean vaiues of variables and

Figure　21represents the resuits of quaiitative variabies

for Sample Z．

The mean nu血ber of personsin household（Np）ranges

from　3．93in the district K t0　4．92in the district F．

Theiarger values are partiallY due toiackingin small

Sユzed househ01ds．　・

The mean values ofincome（Znc）arein the ranges of

3．3　t0　4．4　miilion Yen／household／Year．

The mean values of the number of babies（under two

YearS　01d；Np2）areiargerin the districts of L and M than

in other districts（0．25in L，0．28in M；0．Ol t0　0．12in
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Table　24　Variables of residential water use for

questionnaire surveY

No．　　　NuIT由er of observations

Np Number of personsin househ01d

エnc Zncomein househoid（miliion yen／househ01d／Year）

如u Residentialwater demand（m3／househ01d／year）
Rwua Average residentiai water demand（m3／househoid／2months）

Rwus Sumer residential water demand（m3／househoid／2months）

Rwuw Winter residentiai water d．emand（m3／househ01d／2months）
つ

ム

　

S

叩
P
W
　
伽

Number of persons under2　YearS Oidin household

A dummy varidbie taking the valuelif the householdis

SuPPlied with pubLic watet and beingヱerO Otherwise

A durnmY Variable takinq the valuel’if the household uses

ground water and being zero otherwise

Nrwu A dummY Variabie taking the valueiif wateris used for

non－reSidential purposes and being zero otherwise

Bt A dummY Variable taking the valuelif the household has a

bath and being zero otherwise

SwI A dumy variabie taking the valuelif water for bathingis

used repeatedlY and being zer00themise

Sw2　　　A durnmY Variabie taking the valueiif the used water for

bathingis reused for washing and being zero otherwise

Wash A dummY Variabie taking the vaiuelif the household has a

WaShing machine and being zero otherwise

TI A durnmY Variable taking the vaiuelif the household has a

flush－tOiiet and being zer00therwis学

Dw A dqmmy variabie taking the vaiuelif the houseis single

unit and being zero otherwise

Spr A dummy variable taking the vaiueiif wateris used for

garden sprirkling and being zer00therwise

Carw A dmy variabie taking the valuelif wateris used for
Car WaShing and being zer00therwise

Othu A dumY Variabie taking the valuelif wateris used for

Other residential purposes and being zero otherwise

Pw A durrmY Variable taking the valuelif public water rate

is felt to be expensive and being zer00therwise

S／a Rwus／Rwua

W／a Rwuw／Rwua

脚C Residentialwater demandper capita（m3／person／year）
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Others）・This difference can be expiained bY the

differencein age of the headin househ0ld．

Most of households are supplied with municIPai water

（Pws）as main source，With the exception of districtJ．

Ground water（Gw）is more widelY uSedin the rurai

districts（such as F，G，H．J and M）thanin the urban

districts（such as A，B，C，D．E，Z，女and L）．Especiallv

in the districtJ，grOund water（Gw〉is utilized as main

SOurCe in about a haif of households．

1n the urban districts of A，B and Z，Wateris used

for non－reSidential purposes（Nrwu），thatis，for

COmmerCial activities．

Table　25　mean values of variables for Sampie　＝
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Aimost aii of househoids have bath（Bt）and washing

machine（Wash）．　Water－SaVing type of washing machineis

used in about one fourth of househ01ds．

Fiush－tOiiet（Tl）with pubiic seweris used more

Wideiyin the main part of FukuYama CitY（A，B，C and D）・

tn－Other urban and rurai areas，flush－tOilet is utiiized

in14　％　to　40　％　of total househ01ds．

＝n the new residentiai areas（such as C，D and K），

Water－SaVing（Swi：uSing water for bathing repeatedlY）is

done in more than　20！of househ01ds．　The used water for

bathingis used for washing ciothesin　57　％　t0　82　％　of

households（Sw2）．

Singie unit house（Dw）accounts for more than　80　％　of

total residences for each district．

The wateris used for garden sprinkiingin about　60　％

to　90　％　of residences，andis often usedin one fifth of

residences．

About three quarters of househ01ds have cars．　Car

WaShing with hosesis donein　21％　t0　44　％　of househ01ds

and with bucket（water－SaVing）in　6　％　t013　％（Carw）．

Oniy　7　％　t016　％　of households have other types of

Water－uSing appiiances such as pond，air conditioner and

dish washer．

More than a half of househoids feei the charge of water

and pubiic sewer Hreasonable”，but　20　t0　4’O percent of

househoids answer　一一expensiveH．
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The mean vaiues of Pws，Gw and TI show the wide

SPatial differences′　but thereis no remarkabie difference

in the mean values hOf other variables．

The mean vaiues of each variable・fo芸Sampie H（the

househ01ds with the avaiiable data on water use series）are

giVenin Table　26．Mean values of water uses（Rwua，Rwus

and Rwuw）are gr苧aterin the urban areas thanin the rural

areas・A comparison of two tables（Tabies　25　and26）shows

that most of mean vaiues of variables are very simiiar．

Bimonthly changes of water use for1975to1977（Sampie

H）areiiiustratedin Figures　22　and23．The hights of the

Tabie　26　mean values of variabies for Sample Z＝

District A B C D E

No．　　187　176　152　260　235
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Various barsin Figure　22indicate the reiative frequencies

in the various intervals．　The water use series show evident

SeaSOnal fluctuations，and the maコOr PartS Of househ01ds

have the standard deviations of below5m3／two months and

the coefficients of variation of O．l to O．3（Figure　24）．

Table　27　represents the seasonal variations giVen aS

bimonthiy mean vaiues divided by the annual mean for1975

to i977．　The seasonal variations for residentiai water use

Show the minimum of　78　％　to　87　％in winter and the maximum

Ofl14　％　t0130　％in summer．　Zn general，the seasonai

Variationsin water use are greaterin the rurai areas than

in the urban areas．

Table　27　Seasonal variations of residentiai water use

for Sample　ェ工　from1975　七01977

District

A
 
B
 
C
 
D
 
E
 
F
 
G
 
H
　
工
　
J
 
K
＋
T
］
　
M

6
　
6
　
7
　
5
　
3
　
5
　
8
　
0
　
9
　
9
　
6
　
　
4
　
7

エ
　
8
　
8
　
8
　
8
　
8
　
8
　
9
　
8
　
8
　
7
　
8
　
　
8
　
8

p e r　　土　　o d

エ工　　　　　エエ工　　　　　　ェV

97　　　　109　　　　116

98　　　　1ユ2　　　　114

103　　　　116　　　　111

103　　　　117　　　　111

96　　　　116　　　　118

94　　　　108　　　　124

101　　　　130　　　　100

99　　　　　107　　　　122

105　　　　125　　　　109

96　　　　115　　　　117

103　　　　　124　　　　　109

96　　　　111　　　　119

98　　　　118　　　　114

9
　
7
3
　
2
8
　
0
3
　
3
　
5
　
8
　
8
　
9
4

V
　
9
　
9
9
　
9
9
　
0
9
　
0
8
　
9
8
　
9
9

ュ
　
　
　
工

工
　
3
　
3
　
0
　
2
　
9
　
0
　
8
　
0
　
7
　
5
　
0

V
　
9
　
9
9
　
9
8
　
9
7
　
9
8
　
9
9

Note：　A，B，C，‥．，M：SurVeY districts；See Table　23　and Figure　20

工：February and March

工工工：June andJuly

V：October and Novernber

Unitin percent．
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（b）　Factors affecting residential water demand for model A

The water demand functions are deterTnined from sets of

data for Sampie HZ by surveYed districts．　＝nJthe districts

Of H．＝，J and H，however，the demand functions are not

determined．because the observations used for this anaiysis

areiimitedin number．　Furthermore，the observations are

dividedinto two subgroups：Subgroup Nin thelower basin

（districts of A，B，C，D．E and L；538　households）and

Subgroup Oin the middle basin（districts of F，G，H，Z，J，

E∴and M；257　households）．

Tabie　281ists the mean values of variabies for Sampie

ZZZ．　The mean vaiues of water uses（Rwu and Rwc）are

greaterin thelower basin（subgroup N）thanin the middle

basin（subgroup O）．　There are wide differences－in variabies

SuCh as use of ground water（Gw）and use of flush－tOiiet

（で1）．

Table　29　giVeS the simplelinear correiations between

the dependent variabie and ten explanatorY Variables for

Sample ZH．　The better singleindicators，eaCh accouIlted

for　25　％　of variance of water use（thatis，the simpie

COrrelation coefficient of more than O．50），are Nrwu for

districts A and B，Gw and Tl for district K，and Np for

district L．

The regression analysis using modei A for Sample HZ

islistedin Tabie　30．　Each regression equationis selected

among all equations having every possible combination of a
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Tabie　28　Hean vaiues of variables for Sample Z工＝

District No．　餌　　鱒p

A
 
B
 
C
 
D
 
E
 
F
 
G
 
X
丁
も

71　338．3　4．94

75　391．7　4．95

75　312．14．03

143　292．14．27

83　273．8　4．72

52　243．5　4．69

76　264．4　4．71

57　197．7　3．96

・91　251．8　4．36
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wat昌r use（Rwu）and explanatory variables
for Sample　エ工工

District Np Np2　　Gw Nrwu Bt
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B
 
C
 
D
 
E
 
F
 
G
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N
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giVen number of explanatory variables．　A used criterion

is to select the equation yielding theiargest vaiue of

multipie correlation coefficient（R）and the expected

SignS Of regression coeffictients．

Table　3l represents the”bestff equations for∴Modei A

Which are noionger expiaining a significant amount of the

remaining unexpiained variation bY adding another variabie．

The standardized regression coefficients（Al，A2・‥・′AiO）

are given by the foilowing equation（Okuno．T．，1977）．

A土＝a土（Sx土／SRwu）………………………・（18）

Where Aiis the standardized regression coefficient of

Variable Xir ai the regression coefficient of Xir Sxi the

Standard deviation of Xit and SRwu the standard deviation

Of residential water use（Rwu）．

The explanatorY Variables for modei A are summarized

in Tabie　32．　The vaiues represent the order ofimportance

（thatis，l represents the mostimportant variabie＿With

thelargest absoiute value of the standardized regression

coefficient，2　the next，．．．）．　There are various

combinations ofimportant factors affecting residential

water demand for each sample group・　＝n generair the ma］Or

factors affecting residential water demand are the number

of personsin househ01d押p），the presence or absence of

non－reSidentiai water use（Nrwu），Of fiush－tOilet（Ti），

and of other residentiai water use（Othu），and familY

income（＝nc）in thelower part of basin．＝n the middie
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Table　32　ExpianatorY Variabies for residential water

demand for SamplelZZ

District

A
 
B
 
C
 
D
 
E
 
F
 
G
 
K
 
L
 
N
 
O
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つ
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－
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6

Explanatory var土ables

Gw Nrwu Bt Wash TI Dw

2　　　1

1

4

ュ
　
4
　
ュ
　
4
　
　
6
　
工

3
　
ュ
　
3

4

2　　　5

1　　　7

2　　　7　　　5

3
　
ュ
　
ュ
　
4
　
3
　
ュ
　
つ
ん
　
つ
ん
　
　
つ
ー
3

6
　
5

7

5

Cn
　
　
4
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4
　
3
　
6
　
7
　
5
　
6

T
J

ub

　

3

　

　

2

　

つ

ん

　

つ

ん

　

5

tO

5 4

Note：　N：A，B，C，D．E　＆　L O：F，G，H′＝，J，K　＆　M

District A，B，．．．，0：See Table　23　and Figure　20

For explanation of other sYmboIs：See Table　24

1，2，3，．．．：the order ofimportance（thatis，l the most

important variabie with thelargest absoiute value of the

Standardized regression coefficient，2　the next，．．．）

basin，the maコOr factors are the number of personsin

household（Np），and the presence or absence of ground water

use（Gw）′　Of rlOn－reSidentiai water use（Nrwu），and of

fiush－tOiiet use（Tl）．

（C）　Factors affecting residential water demand for model B

The mean values of variables for Sample ZV areiisted

in Table　33．　Spatial differencesin the mean values are

foundin the variables of residentiai water use（Rwu or

Rwc），uSe Of ground water（Gw）and use of fiush－tOilet（Tl）・

Tabie　34　Shows the simpleiinear correiations between

the dependent variable and seven expianatorY Variables for
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Table　33　Mean vaiues of variabies for Sample　＝Ⅴ

District N0．　Rwu Np

A
 
B
 
C
 
D
 
E
 
F
 
G
 
H
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も
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126　334．3　5．02

143　321．14．14
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131　217．7　4．85

147　253．5　4．75

49　228．9　4．47
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W2　で1　　Dw Othu RwC

65　．70　．93

64　．85　．94

66　．97　．99

66　．761．00

64　．23　．89

66　．21　．98

66　．14　．94

78　．121．00

70　．401．00

65　．19　．97

82　．40　．91

66　．36　．94

p　　　　　97　209．5　4．08　．251．00　．16　．78　．40　．94

．11　60．8

．08　66．6

．19　77．6

．12　67．0

．07　58．1

．09　44．9

．05　53．4

．10　51．2

．03　52．1

．06　38．9

．04　50．9

．09　56．2

．04　51．3

Note：p；工　＆　■K

For explanation of other sYmboIs：See Tabie　24

District A，B，．．．，P；See Table　23　and Figure　20

Tabie　34　Simple correlation coefficientsi between residential

wat昌r use（Rwu）and expianatorY Variables for
Sample　工Ⅴ
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．23　－．40　　　＠　　－．01　－．18　．47　．10 ．08

Note：　p：工　＆　K

For explanation of sYmboIs：See Table　24

＠　not avaiiabie
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Sampie ZV．　Sampie　＝Vis the observations for analvsis using

modei B with two dummy variables on water－SaVing（Swi and

Sw2）．

The regressionr analYSis of residential water demand

for modei Bis presentedin Table　35．　Each equationis

Selected among ali equations with a giVen number of

expianatory．variabies on the basis of criterion as

mentioned before．　The”best一一　equations for model B and the

Standardized regression coefficients（Bi，B2，・・・tB7）are

giVenin Table　36．

The explanatorY Variables for model B are summarized

in Table　37．　The vaiuesin this tabie present the same as

in Table　32．

Tabie　37　Expianatory variabies for residentiai water

demand for Sample ZV

District

A
∵
B
 
C
 
D
 
E
二
F
 
G
 
H
 
I
 
J
 
K
 
L
 
p

恥
　
2
1
3
2
1
3
2
2
3
2
3
　
ュ
3

Explanatory variables

Gw SwI Sw2　　Tl

4　　　　6

6

4

4

5

2

4　　　　5

ュ
　
⊥
　
　
3
　
2

5

　

4

　

亡

コ

　

5

　

3

2

4
　
5

1

2

2

1

2

ュ

ュ

ー

ュ

3

2

　

2

ュ

加

　

5

5

3
　
　
　
　
5

uh
　
3
3
　
ユ
　
2
　
4
4
　
3

七〇

4
　
　
　
　
4

Note：　P：工　＆　K

District A，B，．‥，P：See Tabie　23　and Figure

For explanation of other sYmb01S：See Tabie

l．2′3，・・・：the order ofimportance（thatis，

0
　
4
　
1

2
　
2

the most

important variable with thelargest abs01ute value of the

Standardized regression coefficient，2　the next，‥．）
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エn general，the residentiai water useis affected by the

Variables of the number of personsin household（Np），the

PreSenCe Or absence of ground water use（Gw）and fiush－

toilet use（Ti）in the middle basin，and by the variabies

Of the number of personsin household（Np），the presence or

absence of flush－tOilet use（Ti）and other residentiaL

Water uSe（Othu）in thelower basin．　A part of the

Variationsin water use can not be explained bY the

Variables usedin this analysis．

（d）　Factors affecting residentiai water demand for model C

The residential water demand functionsinciuding the

Price variable are determined from the cross－SeCtionai data

for Sample V．　Sample Vincludes　673　househoids without

babies，Without non－reSidentiai・・Water uSe，With bathroom

（Np2＝9，Nrwu＝0，Bt＝l）・　The demand functions are not

determined for each surveYed district because of thelimited

number of available data setS for anaiYSis．　The present

SChedules for municIPai water rate areindicatedin Table　21．

Table　38　contains the mean values of variables and the

regression anaiYSis using model C for　673　househ01dsin the

lower and middie basins，for　465　househ01dsin the10Wer

basin，and for　208　householdsin the middie basin．　Each

equationi畠　selected among aii equations with a glVen

number of explanatory variabies on the basis of above

mentioned criterion．　All of the regression equations are
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Tabie　38　Mean values of variabies and residential water

demand equations for Sampie V（Model C）

Model C

Rwu＝Co＋cINp＋C2Gw＋C3Ti＋C40thu＋C5＝nc＋C6Pr

Variable Rwu Np Gw T1　　0thu　　＝nc Pr

（TOtal）　　　266．2　　4．42　　0．11　0．56　　0．10　　3．15　　59．1

He甲（Lower）　　284・8　4・41　0・06　0・71　0・12　3・20　57．5
（Middle）　十　224．5　　4．45　　0．24　　0．25　　0．06　　3．03　　62．9

・
3
　
5
　
8

0
　
7
　
6
　
0

N
　
6
　
4
　
2

Co CI C2　　C3

TOtal（except for∴M）

1　　211．5　　　　　　　　　　　　　96．8

（0．47）

2　　113．5　　22．2　　　　　　　96．4

（0．24）　　　　（0．47）

3　　114．0　　24．9　－65．9　　87．4

（0．27）巨0．20）（0．42）

C5　　C6

4　　111．8・　24．8　－69．1　　84．4　　46．2

（0．27）ト0．21）（0．41）（0．14）
5　　　92．9　　24．5　－69．7　　81．2　　46．3　　　7．0

（0．26）ト0．21）（0．39）

IJOWer basin（A，B．C，D，E　＆L）

1　　220．4 91．0

（0．14）（0．08）

（0．40）

2　　120．7　　23．1　　　　　　　87．9

（0．24）　　　　（0．39）

3　　116．0　　23．4　　　　　　　　85．8　　40．3

（0．24）　　　　（0．38）（0．13）

4　　116．1　　24．4　－47．3　　82．4　　43．2

（0．25）ト0．11）（0．36）（0．14）
5　　　88．1　　24．3　－51．0　　78．4　　43．0　　　9．8

（0．25）ト0．11）（0．35）（0．14）（0．11）

Middie basin

1　　203．8

2　　220．1

3　　104．9

4　　123．8

5　　125．5

6　　123．1

（F．G，H′工．J　＆K）

84．1

（0．39）

－62．3　　77．6

ト0．28）（0．36）
26．5　－77．5　　81．4

（0．35）ト0．35ト（0．38）

26．7　－67．6　　91．1

（0．35日十0．31）（0．43）
25．8　－70．1　　90．3

ー0．4

ト0．23）
44．9　　　　　　　－0．4

（0．34）（－0．32）（0．42）（0．11）　　　（－0．23）

25．7　－69．9　　89．7　　45．1　　0．9　－0．4

（0．34）ト0．32）（0．42）（0．11）（0．01）ト0．23）

R F

．465　185．5☆☆　671

．523　126．3貴女　670

．558　100．9東女　669

．574　　82．3☆★　668

．580　　67．6大女　667

．405　　90．8貴女　463

．470　　65．3☆＊　462

．487　　47．8大女　461

．498　　38．0東女　460

．510　　32．2東女　459

．393　　37．6大女　206

．485　　31．6東女　205

．595　　37．3大衆　204

．635　　34．2☆☆　203

．644　　28．7☆★　202

．645　　23．8★★　201

Note： Ci：the regression coefficient

the valuein parenthesis：the standardized regression coefficient

R：the multiple correlation coefficient

F：the variance ratio d．f．：the degrees of freedom

＊＊　significantlY different from zero at thel percentievel．
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SignificantlY different from zero at the1％ievei・　The

regression coefficients of the price of water（C6）・however・

Show the negative sign Oniyin the middle basin・　The price

Of water does not affect water use in residence．

（e）　Eiasticities of residential water demand from cross－
Sectionai data on individuals

Zn theiinear demand function Y＝f（Ⅹ1・Ⅹ2・・‥′Xi），the

eiasticity of demand（Exi）is given by the f0ilowing

function of Y and X土・

Ex土＝（8Y／Y）／（aX土／Ⅹ土）＝（8Y／eX土）／（Ⅹi／Y）…‥…（19）

Where（∂Y／8Ⅹi）is the regression coefficient of Xi・Here′

the eiasticitY Of demandis evaiuated at the mean values of

respective variabies．

Tabie　39　Househoid－Size．income and price eiasticities

of residentiai water demand from individual data

Househ01d－Size eiasticitY

D土str土ct

A
 
B
 
C
 
D
 
E
 
F
 
G
 
H
エ
J
 
K
 
L
 
M
 
N
 
O
 
p
－
（
ゞ

TOtal

Sample　工工工　　工V V

0
　
6
5
　
7
　
ュ
　
8
　
3
　
　
　
　
　
　
　
8
　
0

ュ
　
3
　
2
　
ュ
　
6
　
2
　
6
　
　
　
　
　
　
4
　
6

．

．

．

　

●

　

●

　

●

　

．

ぬ

）

　

8

㌧

　

招

－

・

・

招

、

0
　
0
　
0
　
0
　
0
　
0
　
0
　
　
　
　
　
　
　
0
　
0

0
　
0
8
　
9
　
5
　
5
　
6
　
6
　
5
　
3
　
9
　
6

5
　
5
　
3
　
2
　
7
　
3
　
3
　
3
　
4
　
4
　
4
　
5

．

　

．

．

　

．

　

●

　

．

　

●

　

　

●

　

　

●

　

　

●

　

　

●

　

・

申

0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0
　
0

＠

申

＠

＠

＠

＠

申

噂

や

＠

＠

＠

＠

工nqome　　　　‡）r土ce
elastititY elastic

工工エ　　　　　V V

0
　
0
　
0
　
0
　
0
　
0
　
0

0

ュ
8
ュ
9
ュ
5
2
5
2
0
工
0
0
6
日

．
．
．
．
●
●
●
招
）
申
爵
）
＠
・
β
）

0．39　　　　　＠　　　　　0．38　　　　0．23

0．45　　　　8　　　　　　＠　　　　　0．01

＠　　　　　0．47　　　　＠　　　　　　＠

＠　　　　　　申　　　　　0．51　　　　¢

＠　　　　　　＠　　　　　0．41　　　　β

＠　　　　　　昏

＠　　　　　　＠

＠　　　　　　＠

＠　　　　　　申

¢　　　　■　¢

＠　　　　　　¢

＠　　　　　　＠

¢　　　　　　＠

＠　　　　　　＠

＠　　　　　　＠

¢　　　　　　＠

＠　　　　　　＠

＠　　　　　　8

0．11　　　　＠

＠　　　　　　＠

＠　　　　　　＠

0．01　　　－0．11

0．08　　　　　担

Note：　District A，B．．．．，Q：See Table　23　and Figure　20

Sampie Z＝工．＝Ⅴ′　Ⅴ：See Tabie　23　　　＠　not available

ElasticitY Of demandis・eVaiuated at the mean．
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Table　39　shows the househ01d－Size，income and price

eiasticities evaiuated at the mean of respective variabies．

The househ01d－Size eiasticities from cross－SeCtionai

individual data arein the ranges of O．10　to O．63　for

Sampie　＝＝＝，Of O．29　to O．75　for Sample　＝V，and of O．38　to

O．51for Sampie V．　Zncome elasticities range from O．Ol

to O．25　for Sample　＝＝＝，and from O．Ol to O．11for Sampie V．

The price eiasticitYis　－0．11in the middle basin for

Sampie V．

（f）　Price sensitivity of residentiai water demand

Responses to the following questionsindicate the

Price sensitivitY Of water demand；

…Do YOu uSe Water for bathing repeatediy？lf

一’Do YOu uSe the used water for washing clothes？一’

一’What db you think of the charge of water？Expensive，

reasonabie or cheap？一一

Tables　40　and　41present the answers to the above

questions，for　2，407　households which offer avaiiable data

On Price sensitivity of water．　The three valuesin

Parenthesis on theleft of Tabie　40indicate the variabies

On the price of water（Pr），and water saving（Swl and Sw2）．

Pris the’answer for the third question and the values of

1，2　and　3　denote”the price of wateris cheap．’′

”reasonable一㌧　and”expensiveTf，reSPeCtivelv．　＝n the sample

Of　2，407　households，156　answer f－the price of wateris
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Table40　Relationship betveen the price of water and

Water－SaVing for househ01ds suppiied with

municiPal water for each district

District A B C D E F G H Z J K L M Total

No．　　　：256　274183　295　295152　278175117　76　66171　69　2．407
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Note：（Pr SwI Sw2）on the left of the table：

Pr＝lif the price of wateris cheap，Pr＝2if reasonabie，

Pr＝3if expensive．

Swi，Sw2＝Oif the answeris．’no一㌧　Swl，Sw2＝iif the answeris．一yes”．

Districts A，B，‥．M：See Table23　and Figure　20

Swl is done in12．6％　of all househ01ds：See Table　24

Sw2is done in　63．6％　of all households：See Tabie　24

Table　41　The obtained and the expected frequencies

P r　土　c e o f w a t e r

Cheap Reasonabie

（Pr＝1）　　　　　（Pr＝2）

Swl　＝　0　　　　　132

Swl　＝1　　　　　　24

でOtal　　　　　　　156

Sw2　＝　0　　　　　　　54

Sw2　＝1　　　　　102

でOtal　　　　　　　156

ユ36　　1．201ヱ・′ヱ9g

20　　　　169　　エアj

l′370

57　　　　503　　499

99　　　　867　　β7ユ

1．370

Expens土Ve

（pr＝3）
で0tal

771　770　　2′104

110　　ユユユ　　　　　303

881　　　　　　2′407

2
Ⅹ　＝1．22

319　　32ユ　　　　876

562　　56（フ　　1－531

881　　　　　　2，407

2

Ⅹ　＝　0．70

Note：　132124′‥・：the obtained frequencY

136，20′・・．：the expected frequencY

Swl，Sw2：See Tabie　24
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Cheap”（Pr＝1），1，370’■reasonable一一（Pr＝2），and　881

”expensive”（Pr＝3）．　For SwI concerned with the first

question，the values of O andl mean’’no”and’’yesfT

respectiveiY．　Sw2is the answer for the second question，

and the vaiues of O andl mean”no”and”YeS”respectivelY．

A nu血ber of　303　househoids，rePreSenting12．6　％　of a11

2，407　househ01ds，uSe Water for bathing repeatediy（Swi＝l）．

Zn the new residential areas（such as districts C，D and K），

Water SaVing（Swl＝l）is donein more than　20　％　of aii

households．　A number of1，531households，rePreSenting

63．6　％　of ail househ01ds，utiiize the used water for washing

clothes（Sw2＝1）．

The hYPOthesis that the two descrete variabies，Water－

SaVing（Swi or Sw2）and the price of water（Pr），are

independentis tested at the O．05　significantievel．　The

Obtained and the expected frequencies are shown for Swi and

Pr（in the upper of Table　41），and for Sw2　and Pr（in the

iower of Table41）．The chi square（Ⅹ2）statistic′Which

indicates the descrepancY between the obtained frequencies

and the expected frequencies，is caicuiated．　Thelarger

the chi square statistic，the strongeris theindependence

in the sample．　The vaiues of the chi square statistic are

1．22　for Swi and Pr，and O．70　for Sw2　and Pr．　The obtained

Values of chi square are based upon tWO degrees of freedom．

Since the obtained vaiues areiess than the appropriate

value of　5．99　for the O．05levei，the hypothesisis not
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rejected．　The resuit suggests that thereis no correiation

between the price of water and water－SaVing，thatis，the

Wateris not considered as a commodity for househoid．

To ascertain the effect bf the water rate increase on

Water uSe′　the annual water uses before and after changlng

Water rate are COmPared（Tabie　42）．　The oid and the new

Water rate SCheduies and the percentage changes are glVen

in Table　2工．　The water rates were risen about　60　％in

FukuYama and　30　％in Fuchu．　Thereis a differencein

reaction to price change among districts卜thatis，the

reductions in water use are foundin the districts of A，B，

C and K，but notin the districts of D′　E′　F，H．I and L．

Table42　Hean water uses before and after changing Water rate

SChedule for S亘mpie Zエ

M e a n

District Before changing

rate schedule

A
 
B
 
C
 
D
 
E
 
F
 
H
エ
X
T
．
L

364．1（76．5）

438．1（87．1）

344．8（82．5）

288．3（67．8）

288．7（62．1）

203．8（41．8）

217．9（48．2）

222．2（49．5）

184．9（47．0）

250．3（57．3）

W a t e r u s e

After changing

rate schedule

360．7（75．8）

437．1（86．9）

342．3（81．9）

291．5（68．6）

298．0（64．1）

214．5（44．0）

233．6（51．7）

226．2（50．4）

181．2（46．1）

254．1（58．1）

′Difference

－3．4　ト0．7）
－1．0（－0．2）

－2．5　ト0．6）
＋3．2（＋0．8）

＋9．3（＋2．0）

＋10．7（＋2．2）

＋15．7（＋3．5）

＋4．0（＋0．9）

－3．7（－0．9）

＋3．8（＋0．8）

Note：District A，B′・・，L：See Tabie23　and Figure20

The values represent mean wateと∫use per householdin

h3／bousehold／year．

The vaiuesin parentheses represent mean water use per capitain

m3／person／Year．
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V DZSCUSS＝ON

Zn the preceding chapters，the water demands were

analYZedin detail for various sectors．　The present

Chapter contains the discussion based on the maコOr findings

Of the past and the presentinvestigations．　The first

SeCtion deais with several features of water demands and

Water management through pricing poiicy，and the second

SeCtion contains change of residentiai water demand structure

With urbanization．

5．l Severai Features of Water Demands and Water Management

through Pricing p01icy

（a）　Variationsin water use series

Water use series data fluctuatein different patterns

Of behavior．　工rrigation water use series show evident

SeaSd■nal fiuctuations．　MunicIPal water use series have

Steadilyincreasing trends and smali seasonal fluctuations．

Zndustriai water use series have rapidiYincreasing tendencY

and severai striking depressions．　Theseincreasing trends

in municIPai andindustrial water uses reflect the

increasing number of use－units andindustrial product・

Negative〕umPSin water uses are found for municIPal and

industriaiin summer of1973．　The depressions and negative

コumPS are nOt due to changein price of water，but due to

droug■htS．
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The seasonai variations in water use are different

among the demand sectors from monthiY Series data of water

use．　The seasonai variations vary from34　％　－　67　％　during

the non－irrigation period to163　％　－　212！during the

irrigation period forirrigation，from90　％in winter t0

113　％　－116　％in summer for municIPal，and from　89　％　－

92　％　in winter to iO9　％　－111％　in summer for industriai．

From th．eindividuai data．the seasonai variations of

bimonthlY Water uSe range from　88　％　t0107　％　forindustrial，

from　85　％　t0129　％　for commerciai and public，and from　78　％

－J）87一％in　豆inter to114　％　－130　％in summer for residential．

Among cornmerciai and pubiic establishments，department

StOre，large－SCaie shop，retail shop，reStaurant，tea rOOm，

financial．andinsurance businesses，and scho011argeiY

COntribute to the summerincreasein municIPai water use，

reflecting the uses of air conditioners and swimming p00Is．

The siightiYincreaseinindustrial water use during surnmer

is due to that the wateris used repeatedlY for product

COOiing and water useis restricted under drought conditions．

（b）　Factors affecting water demands

An analYSis of water demands usingindividuai data

indicates that there are wide differences in unit water use

for different groups．　Forindustrial water use．these

differences were previousIYindicated bY Shimazu，T・（1971），

and they can not be fullY eXPlained by variabies such as
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the tYPe Of manufacturipgindustrY，the differencein

industrial product，and the presence or absence of ground

Water uSe．　There are also wide differences in unit water

use for the tYPeS Of commerciai and pubiic establishments．

For schooIs，a POrtion of the variationin unit water use

Can be explained bY the type of schooi，the presence’or

absence of water－uSing appiiances（dormitorY and swimming

POOl），and the number of teachers and students．

From a cross－SeCtional analYSis of resiaentiai water

demand，a Significant portion of the variationin water use

Can be explained bY the variabies of the number of persons

in household，the presence or absence of ground water use′

the presence or absence of flush－tOilet use and the presence

Or absence of non－domestic water use around the house．

Aimost a110f househoids have bath and washing machine which

require alarge amount of water．　The obtained results agree

entirely with the eariier studY Of Tachikawa citY（Shimmi，0．．

1977）．

Theiarge unexpiained portion of the variatiQn SuggeStS

that water demands are markediYinfluenced by the factors，

Which are not consideredin this analysis，SuCh as the

technological conditions and the way of water use．　Therefore′

there are great possibilities of reductionin water use bY

technologiCaiinnovations and changing the waY Of water use．
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（C）　Eiasticities of water demand

On the早ggregatedievei，the elasticities of water

demand with respect to the number of use－units orindustriai

PrOduct are around unitY forindustrial，and greater than

unitY for residential，COrrmerCiai and public．　＝tindicates

that the unit water use increases for aii sectors with the

exception ofindustrial．

Theincome eiasticity of residentiai water demand

ranges from O．Ol to O．25　for Sample ZH，from O．Ol to O．11

for Sampie V．　Zncome does not explain the variationin

Water uSe．　This figureis consistent with the elasticities

derivedin the past cross－SeCtional studies usingindividuai

data（Katzman．軋T．，1977；Shirnmi仁0．，1977），butiower than

Other studies（Grirpa，A．P．′し1972；Morgan，W・D．，1973；

Darr，P．′　et al．′1976；Gibbs，K．C．．1978）．　This difference

is partlY due to the fact that the assessed sales values of

residence or the aggregatedincome data are used as

individualincome data by Grima（1972），Morgan（1973）and

Gibbs（1978）．　The househ01d－Size eiasticities are in the

ranges of O．10　t0　0．63　for Sample HZ，Of O．29　t0　0．75　for

SampielV．and of O．38　t0　0．51for Sample V．　These ranges

are consistent with other cross－SeCtionai studies（Grima，A．

P．，1972；MOrgan，W．D．′1973；Sh mm土，0．，1977）．

Anaivses of annuai and monthlY Water uSe Series

indicate that thereis no significant reduction of water

use reflecting water rateincrease and water demandis not
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SenSitive to price under the present pricelevei．　The price

elasticitY On the aggregatedlevelis not caicuiatedin aii

SeCtOrS With the exception of total use of FukuYama municiPai

Water uSe．　The price eiasticitYis calcuiated as　－0．25　and

－0．45．

From a cross－SeCtional analYSis of water demands bY

using theindividual data，the price eiasticity for

residentiai is　－0．11in the middie basin．　For other sectors，

the price elasticities are not derived．

A comparison of mean water uses before and after

increasing water rateindicates that the reduction of water

use due to rateincreaseis not aiwaYS reCOgnized for all

SeCtOrS Or grOuPS．　For manufacturingindustrY，and

COmmerCial and：1Public estabiishments，the water demand

depends not so much upon the price of water as other

Variables．　For residentiai，thereis a differencein

reaction to price change between the urban and the rurai

areas．Judging from the above resuits，the price elasticity

Of water demandis estimated as around zero at present・

Fo・r COmmerCiai，Public andindustriai water demands，

these price eiasticities are significantiYiower than those

derivedin the cross－SeCtional studies usingindividuai

data（De RooY，J．，1974；Nationai Commission on Water

QuaiitYin the U．S．A．：See Lofting，E．壬4・and Davis，H・C・，

1977；Lynne，G．D．，et a1．，1978）．For residential water

demand，PreVious cross－SeCtionai studies usingindividual
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data provide different price eiasticities of　－0・93（Grima，

A．P．，1972）and of　－0．51toi・’8．62（Gibbrs．K．C．，1978），

and cross－SeCtionai studies using the aggregated data

indicate the price eiasticity of O．01t0　－1．24．

There are wide different results among the　もypes of

analysis and data for anaiysis（time series or cross－

SeCtional anaiYSis，aggregated orindividual data）．

Zn general，the price elasticitY derived on cross－SeCtionai

basisis greater than that on time series basis．　The price

elasticities on the aggregatedlevei varY mOre WideiY than

those on the individual level．　This difference can be

explained from the fact that cross－SeCtional data are devoid

Of dYnamicinformation about the effects of price change on

Water uSer and that the aggregated data do not alwaYS refiect

theindividual consumer response to price change．

（d），Water management through pricing p01icY

The pricing p01icy was proposed to be an effective

tool for residentiai water management bY Grima，A．P．（1972）

and Yasui，M．（1975）．　The price elasticitY’Of residential

Water demand on the time series basis is greaterin the

arid region thanin the humid region（－0．49in the arid

regiOn bv Morganl W・D・′1974；－0・l t0　－0・2　and around zero

in the humid regiOn bY Katzmanr M・T・r1977　andin the

PreSent StudY，reSPeCtiveiY）．These different eiasticities

are explained from the fact that the sprinkling demand with
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high price eiasticitY COnStitutes a significant portion of

residentiai water demandin the arid regiOn and the domestic

demand withlow price eiasticitY COnStitutes aiarge

PrOPOrtion of residentiai water demandin the humid regiOn．

＝n the U．S．A．，the flat or’the decreasing block rate

StruCtureis widely used．　Thereis a vast differencein

Water uSe between metered and non一metered flat rate areas

（Howe，C．W．and Linaweaver，F．P．Jr．，1967）．　The water

de叩and was significantlY reduced bY theintroduction of

metering（Hanke，S．H．′1970；Russel，．C．，AreY，D．and

Kates，R．：See Holtz，D．and Sebastian，S．，1978；Greenberg，

M．R．and Hordon，R．M．，1976）．　The above facts are due

to that the sprinkiing demand with high price sensitivitY

COnStitutes a significant portion of residential water

demand．　Therefore，itis stronglY required to change the

rate structure from flat or decreasing biock rate to

increasing biock rate．

＝nJapan，On the▲Other hand′　the flat andincreasing

block rate or the flat and uniform rate structure＿is

adoptedin most of municIPaiities．　Because the domestic

demand withiow price sensitivity accounts for alarge

POrtion of totai residential water use，the price elasticitY

for residentialis caicuiated as around zero．　The10W Price

eiasticitY Of demand sug■geStS that the price of water does

not affect the water demand and pricing policYis not an

effective mean to modifY Water demand under the presentiow
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Price．　However，it maY be an effective t001for water

demand management under the high price structure or under

the condition that the non－domestic demand with hfgh price

SenSitivitY aCCOuntS for aiarge proportion of total water

use．　Thereis a need for estimating the price elasticities

under dYnami9COnditions for alarge number of

municiPaiities at differentieveis of water price・

Other usefui means of modification of demand are done

in the Ashida river basin．　They are（l）reuse of water，

（2）recYCle of water，（3）techn01bgical’：innovations，and

（4）restriction on water use under drought conditionsin

thelowerlevel such as househ01ds，factories，COmmerCial

and pubiic establishments・

5．2　Change of Residentiai Water Demand Structure with
Urban土zat土on

Zn this section，the temporai change of residential

water demand structure is ciarified on the basis of obtained

resultS．

The Np and Rwu relations are determined by districts

in order to consider aninfiuence of urbanization，Whichis

Characterized bY theincreasing number of nuciear familiesl

the spread of water－uSing appiiances，and the change of

SuPPIY SOurCe from ground water to public water，On

residentiai water use．　Model D represents the Np and Rwu

relations．
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帥u＝do＋dlNp・‥‥‥・‥‥‥‥・‥・‥‥‥‥‥‥（15）

where Rwuis the residentiai water usein househoid（m3／

household／Year），Np the number of personsin househoid，and

do′dl regreSSion coefficients・

Tabie　43　contains the mean values of Rwu．Np，Gw，Bt，

Tl and∴Rwc and the regression analysis for modei D（Sample

＝Ⅴ）for each surveY district．　Regression result of Tachikawa

CitYis givenin the eariier studY（Shimmi，0．，1977）．

Zn generai，the slope of Np－Rwu relation（dl）is greaterin

the lower（urban）basin than in themiddie（rural）basin．

Spatial differences are foundin the variabies of Gw and Tl

for SampleIV．

Table　43　Th畠mean values of variabies and the regression
anaiYSis for model D（Sample ZV）

District N0．　Rwu

A
 
B
 
C
 
D
 
E
 
F
 
G
 
H
　
エ
　
J
 
R

159　289．3

126　334．3

143　321．1

255　284．2

200　264．4

131217．7

147　253．5

49　228．9

30　236．2

63185．4

67197．5
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162．111．4

164．218．8

144．318．0

189．410．3

194．7　－2．0

127．818．0

．30015．48☆女

．38121．04貴女

．27011．07★女

．167　7．23☆貴

．43145．03☆★

．139　2．54

．212　6．85★★

．266　3．57

．133　0．50

．018　0．02

．217　3．22
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1　　　119　245．5　4．37　．131．00　．36　56．2　　117．9　29．2．467　32．98★★117

p　　　　97　209．5　4．08　．251．00　．40　51．3　　　132．718．8．235　5．55大　　95

でよchikaw威250248．5　3．77．00．86．6265．9　　99．933．4．483　75．80…248

Note；A，B．・・・．P：See Table23　and Figure　20

R：the multipie correiation coefficient

F：the variance ratio d．f．；the degrees of freedom

＊＊　Significantly different from zero at thel percentlevel・

＊　significantiy different from zero at the　5　percentlevel．

For explanation of other synboisニ　See Table24

＠：Regression resuitin Tachikawa city after Shimmi，0．（1977）．
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Figure　25　Reiationship between residential vater use

and expianatory variables on aggregatedievel
for Sample　工V

For explanation of variables：See Table　24
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The reiations betWeen the dependent andindependent

Variabies on the aggregatedlevel are giVenin Figure　25．

by piotting the mean values for sampiing districts for

Sample　＝Ⅴ（Tabie　33）．　Higher correlations are found

between water use（Rwu or Rwc）and Gw or Tl，but not

between water use（Rwu or Rwc）and Np．

Figure　26iiiustrates the piotted data of residential

Water uSe Per CaPita（Rwc）・aS a function of the variabies of

ground water use（Gw）and fiush－tOilet use（Tl）for Sampie

＝Vin the Ashida river basin and Tachikawa citY（Tabie　43）．

Rurol

一

D

L

⊃

∝

Urbon

●J【38．9）

●Fは4．9）

Rwc：ResidenticllwQter use
Pe「C（コPitcL

（m3／PerSOn／yeGr）

●Kf50．91

机51．2）
●

Gf53月

引58．1）

しく56．2）
●

‡（521）

DJ670）

B旧66）●

TQChikcLWQ

【659）

Figure　26　Residentiai water use per capita（Rwc）as a function

Of ground water use（Gw）and flush－tOilet use（Tl）

On aggregatedノlevel（Sample　＝Ⅴ）．

Note：District A，B′．‥．L：See Table　23　and Figure　20

127



The f0ilowing demand function for model Eis determined

from the aggregated data on surveyed districts．

伽C＝eo＋eiGw＋e2Tl……………………（16）

where Rwcis residential water use per capita（m3／person／

Year），given as Rwu divided bY Np，Gw the ground water use，

Tl the fiush－tOilet usel and eo′el，e2are regreSSion

COefficients．

Table　44　contains the regression analYSis and the mean

Values of Rwc，Gw and Tl on the aggregatedlevel．　The

upper（1）is the demand function for12　5urveYed districts

in this studY area，and thelower（2）is the demand equation

for13　districtsinciuding Tachikawa citY．

The model for13　districts is

Rwc　＝　51．46　－　26．23　Gw　＋　21．85　で1…………．（17）

Aimost ali of the variationsin water use per capita（Rwc）

Table　44　The regression analysis and the mean values of Rwc，

Gw and Tl on the aggregatedievel for Sample ZV

Rwc Gw　　　で1

Mean Mean Mean

lS．D．】【S．D．HS．D．】

56．48　0．18　0．44

【10．05日0．19日0．29】

57．20　0．16　0．46

【9．98日0．19日0．28】

eo el e2　　R F d・f・

51．35　－25．91★☆　21．79☆兼．960　59．25☆女　　9

（4．61）（5．81）

51．46　－26．23★宋　21．85大女．962　62．49★＊　10

（4．98）（6．12）

Note：ei：the regression coefficient

the vaiuein parenthesis：t－Value

R：the multipie correlation coefficient

F：the variance ratio d．f．：the degrees of freedom

＊＊　Significantiy different from zero at thei percentlevei・

（l）Districts A，B′C，D，E′F，G，H，工′J，K　＆　L

（2）Districts A，B，C，D，E，F，G，H，＝，J，K，L＆Tachikawa（Shimmi，0．．1977）
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Can be explained bY the two variables of ground water use

（Gw）and flush－tOilet use（Tl）．

The observed values of water use per capita（Rwc）and

the values calcuiated from the above equation　沌wc）are

shownin Figure27．The caicuiated vaiue of鮎cisiess

than the observed value in the new residentiai district of

C，and greater thanin the centrai part of cities such as

d土str土ctS A，B and　工．

The spatial differencein residentiai water demand

StruCtureis summarizedin Figure　28．　＝tis possibie to

Rwc　＝　51．46　－　26．23　Gw　＋　21．85　Tl Rwc　＝　Rwc

【
治
乱
＼
u
。
S
冨
モ
M
丘
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議
叫
。
当
て
可
A
p
β
書
n
U
T
8

0bservedvalue of伽C【m3／person／year］

Figure　27　Comparison of observed and caiculated residential

Water uSeS Per CaPita from the aggregated data

On SurVeYed districts

Districts A，B，‥．．L：See Table　23　and Figure　20
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COnSider this spatiai difference as the temporai change

Of demand structure．　Urbanization with respect to the

residentiai water useis characterized bY the change of

SuPPIY SOurCe from self－SuPPlied ground water to pubiic

Water，the spread of water－uSing appliances，theincreasing

number of nuclear families and so on．　Reiationship between

the residentiai water use（Rwu）and the number of occupants

（Np）isillustratedin thelower of Figure　28．　The slope
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Figure　28　Spatiai differencein residentiai water

demand structure
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Of Np一餌u relations（bl）becomes steeper with theincreasing

number of water－uSing appiiances and the decreasing amount

Of seif－SuPPiied ground water．　Withincreasing number of

nuciear famiiies，reSidentiai water usein household（Rwu）

SiightiY decreases，and residential water use per capita

（Rwc）and the number of suppiied householdsincreas占．・

Total of residentiai water usein the municIPaiitY，

therefore，Steadilyincreases．　The household－Size elasticity

liesin the range of O．3　to O．7，and theincome and price

elasticities are around zero．

Because thereislittie possibilitY Ofintroducing

different kinds of water－uSing appliances，itis expected

that the Np－Rwu reiationin the urbanized area（Gw＝0′　Ti＝1）

does not significantiy change．　Further anaiYSis both on

CrOSS－SeCtionai and on time seires bases wiil provide the

accurateinformation about temporal change of residential

Water demand structure．
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VI SUM班ARY AND CONCLUSZONS

ZnJapan′it has become difficuit to s0ive the water

SuPPIY－demand probiems byincreasing suppIY，and several

regiOnS are CurrentlY Suffering from water shortage．

However，thereisiittle detaiiedinformation about actuai

COnditions of water use．　＝n the present studY，thg water

demand structures in the Ashida river basin，One Of the

SeVere Water－SCarCe areaSinJapan，are Clarified by using

both the aggregated and theindividual data．

The main streSSislaid upon an、analYSis of residentiai

Water demand．　The characteristics of variations in water

use series areinvestigated by using the time series data

On demand sectors．　From the individual data obtained

through the questionnaire surveY COnducted by the writer，

the relevant factors affecting water uses areidentified′

the separate demand functions are determined′　and the

eiasticities of demand for water are derived．

Stream wateris the princiPal suppIY SOurCe for various

Water demandsin the Ashida river basin．　The rapidlY

growingindustrial and municIPai sectorshave s01ved the water

SuPPiy－demand problem by transferring Water from

agricuitural sector．　This water transfer was the

PiOneering work permitted oniegal basis．　Under drought

COnditions，the concerned users and municiPal offices

Organized themselvesinto the committee on water allocation，
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and municIPai water use was giVen a Priority over other

Water uSeS．

The analYSis of annual，mOnthlY and dailY Series of

Water uSeieads to the foilowing conclusions．

Zrrigation water use series show evident seasonai

Variations．　MunicIPai water use series have steadiiY

increasing trends and small seasonai fluctuations．

Zndustriai water use series have rapidiYincreasing

tendencY and severai striking depressions．　Negative jumps

in municIPai andindustrial water uses are foundin surnmer

Of1973．　0n the basis of the determined demand functions

for water，theseincreasing trends reflect theincreasing

number of use－units and the growingindustriai production．

The depressions and negative　コumPS are nOt due to changein

Price of water，but due to droughts．

A cross－SeCtionai analYSis of water demands using

individual dataleads to the foilowing conclusions．

The seasonal variations of bimonthlY Water uSe Vary

from　88　％　to107　％　forindustriai，from　85　％　to129　％　for

COmmerCial and pubiic．and from　78　％　－　87　％in winter t0

114　％　－130　％in surnmer for residential．　Among commerciai

and public establishments，department store，iarge－SCaie

Shop，retaii shop，reStaurant，tea r00m，financial and

insurance businesses，and schoollargeiY COntribute to the
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Summerincreasein municiPal water demand．

There are significant differencesin■unit water use

for groups ofindustriai，COmmerCial and public

estabiishments．　For manufacturingindustries，theY Can nOt

be fuilY eXPlained by variables of the type ofindustry，

the differenceinindustriai product，and the presence or

absence of ground water use．　For sch00ls，a POrtion of

the variationin pe工∵CaPita water use can be expiained by

Variabies of the type of sch001ン　the presence or absence of

Water－uSing appiiances（i．e．．dormitorY，SWirnming p001）．

and the number of teachers and students．　Theiarge

uhexpia．ined portion suggests that water useis markediy

infiuenced bY factors of techno10giCal conditions and the

Way Of water user Which are not consideredin this anaiYSis・

Therefore，there are great possibilities of reductionin

Water uSe．

A significant portion of the variationin residential

Water uSe Can be expiained bY the variabies of the nuねber

Of personsin househ01d′　the presence or absence of ground

Water uSe．0f fiush－tOilet，and of non－domestic water uses

around the house．

＝ncome eiasticitY Of O．Ol t0　0．25is consistent with

that derivedin the eariier studY Of Tachikawa citv．

Househ01d－Size eiasticity of O・10　t0　0・75is consistent

with the previous cross－SeCtionai studies based on

individuai data．
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From time series data on demand sectors，the water

demandis not sensitive to price and the price elasticitY

is caiculated as　－0・25　and　－0・45　for FukuYama municIPal water

use．　For Qther sectors，the price eiasticities are not

der土ved．

From cross－SeCtional data onindividualst the price

elasticitYis calcuiated as　－0．11in the middle basin for

residentiai，anditis not derived forindustrial，

COrnmerCiai and public．

A comparison of mean water uses before and after water

rate increase indicates that the reduction of water use is

not aiways recognized for aii sectors or groups．

The price eiasticities of demand for water are

estimated as around zero for most of sectors．　These

figures are significantlYiower than those derivedin the

PreViPuS Studies・Thelow price sensitivitYindicates that

Pricing policYis not an effective mean to modifY Water

demand under the presentiow pricelevei．　Thereis a need

for estimating the price eiasticities at different price

levels．

Thereis a spatiai differencein demand structure of

residentiai water．　Almost ail of the variation in water use

Per・．CaPita can be explained bY the uses of ground water and

fiush－tOilet．　＝tis possibie to consider the spatial

difference as the temporai change of demand structure．
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Urbanization with respect to the residentiai water useis

Characterized bY the change of suppIY SOurCe from seif－

SuPPiied ground water to public water，the spread of water－

using appliances and theincreasing number of nuciear

famiiies．　With theincreasing number of water－uSing

appiiances and the decreasing amount of seif－SuPPiied

ground water，both residentiai water usein househ01d and

that per capita significantlyincrease．　Withincreasing

number of nuciear families，reSidentiai water usein

househ0ld siightly decreases，and both that per capita and

the number of suppiied househ01dsincrease．．　Totai of

residential water usein the municiPalitY，therefore，

SteadiiYincreases．Because thereisiittie possibilitY一

〇fintroduqing different kinds of water†uSing appiiances，

itis expected that the water demand structure does not

Change significantlvin the urbanized area．
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APPEND工ⅩA：＝NDUSTRエAL WATER USE QUESTlONNA＝RES

1．Name ofindustry：

2．Address：

3．Person contacted：

4．TYPe OfindustrY（Zndustriai classification by Census of Manufacture）：

5．pr土nclpal prpdlユCtS：

6．When was YOur Orlglnal piant constructed at this site？

7．Total number of emploYeeSin piant todaY：

8．工ndustrialland acquired：

9．Value of products shipped：

10．Water utilization

Source　of　supply で　〇　七＿a＿1－

＝ndustrial water　use
工nddstr土al 工ncbrporate　＿prpddct
boiler　feed Linto product C001土ng

工ndustr土al

Water SuPPly
Municlpal

Wateヱ・＿Sppply
Self－SupPlied

Surface water
Seif－SuPpiied

ground water
Rec土rculated－

Water
S＿eif－SuPPlied ‾

Sea Water

（Quantities‾used in plant operation）

Non－industr土alWash土n一g Air
Others Sub ．total ．　　l

Process COnd土t土on土ng W畠ter　use
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APPEND工X A（continued）

11．Do you recYCle water for plant qperation？

12．Do Y01ユhave fiush－tOilet？

Zf YeS，indicate the tYPe Of flush－tOiiet bY Checks．

High tank with public sewer High tank with septic tank

Low tank with pubiic sewer Low tank with septic tank

13．Do you have？

Co01ing tower for air conditioning？

Dining room？　　　　　Swirnming p001？　　　　Pond？

Bathr00m？　　　　　　　Car washer？　　　　　　　Garden splinkler？

Washing machine？　　Other water－uSing appiiances？

14．Water return（＝ndicate bY Checks）

＝ndustriaiwater　use ．Non一土ndustr土al
forplant∴Operatlon Water　uSeS

Public sewer

aftdr treating
Surface water

after treating
Publicsewer

non－treating
Surfaとewater．

non－treating

15．Do you make anY efforts to save water？

16．Has、yOur eStablishment ever been affected bY a Water Shortage？

Zf yes，What made you aware of the shortage？And when？
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APPENDZⅩB：COMMERC＝AL AND PUBLZC WATER USE QUEST＝ONNAZRES

1．Name of estabiishment：

2．Address：

3．Person contacted：

4．でype of establlshment；

5．When was YOur WOrk established？

6．1Land aquired and fl00r SPaCe：

7．Totai nu‡rber of workers：

8．Number of guests，Students and patients：

9．SuppIY SOurCe and water utilization

Source　of　supply Quantities■uSed purpose
工ndus出土a土■water supply　－

Mun土clpal vater supply
Seif－SuPPlied　surfac早Water

Self－SupPlied ground water
Redirculated－Water

Self－SuPf）lied‾Sea Water

10．Do you have flush－tOiiet？

Zf YeS，indicate the tYPe Of flush－tOilet by checks．

High tank with public sewer High tank with septic tank

Low tank with pubiic sewer Low tank with septic tank

ll．Do you have？

Co01ing tower for air conditioning？

Dining room？　　　　　Swimming pool？　　　　Pond？

Bathroom？　　　　　　　Car washer？　　　　　　　Garden sprinkier？

Washing machine？　　Other water－uSing appiiances？

12．Water return（indicate bY Checks）

Public sewer after treating Surface water after treating

Public sewer non－treating Surface water non－treating

13．Do YOu make any efforts to save water？

14．Has your estabiishment ever been affected bY a Water Shortage？

＝f yes，What made YOu aWare Of the shortage？　And when？

15．0niy for hotel and motei（＝ndicate by checks）

Number of r00mS：

Bathroom：　　　　Common use Zndividuai use

Toiiet：　　　　　　Common use　　　　　＝ndividuai use
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APPENDZⅩ　C：RES＝DENT＝AL WATER USE QUESTtONNAZRES

1．Name：

2．Address：

3．How manY PeOPleiivein your house？

4．How manYiiving一〇ut emploYeeS and day sch01arslivein YOur house？

5．How many babies under two years　01dlivein YOur house？

6．Main and slb water suppIY SOurCeS（＝ndicate bY Checks）：

Pubiic water suppIY Seif－SuPPlied ground water

Zrrigation canai and runne1

7．Do YOu uSe Water for non－reSidential purposes？

8．Do YOu have a bath tub？

Zf YeS，how often do you bathein the summer？

＝f YeS，do YOu uSe Water for bathing repeatedlY？

＝n the winter？

1f yes．do YOu uSe the used water for washing cIothes？

9．Do YOu have a washing machine？

Zf YeS，indicate the tYPe Of washing machine by check．

Water－SaVing tYPe Water－WaSting tYPe

10．How often do you wash clothesin a week？

ll・Do YOu make anY efforts to save water for washing？

12．TYPe Of toilet（＝ndicate by checks）：

Fiush－tOiiet with public sewer Flush－tOilet with septic tank

13．Type of dwelling unit（＝ndicate bY Check）：

Single unit house Apartment house

14．How often do you water your garden？

15．Do you have a car？

Zf YeS，indicate the way of car washing bY Check．

With hoses

OutS土de of

16．Do you have

17．How much　土S

18．What do you

Expensive

19．How much　土S

20．What do you

Expensive

in your house With a bucketin YOur house

YOur house（i．e．，gaS Station，etC．）

Other water－uSing appiiances？

the charge Of water？

think of the charge of water？（＝ndicate bY Check）

Reasonabie Cheap

the charge of public sewer？

think of the charge of public sewer？（＝ndicate by check）

Reasonable Cheap

21．How muchis YOur familyincome？

22．Zndicate the series data of water use．
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