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Abstract: We set a model with ordinary elderIy care service and s巴rviceto reduce elderIy care 

levels and to ascertain how these supplies of services are determined. Our paper presents 

derivation by which， if two services are provided by different providers， then the supply of 

service to reduce the elderIy care level is greater than for the case in which the services are 

provided by the same provider. Moreover， our paper presents derivation of the reward of ser-

vices to reduce the elderly car巴levelto minimize the total r巴wardof elderIy care services sup-

ported by government funding. 

Keywords: aging population， elderIy care demand， elderIy care leveJ， elderIy car巴 supply，gov-

ernment expenditure 

JEL Classification: J14， J18 

1. Introduction 

In OECD countries， the ratios of elderly people to the total population are rising. EspeciaIIy; 

the ratio of elderly people in Japan is the highest in the worId. As a result， the total cost of el-

derIy care is high and increasing. It has reached t巴ntrilIion JPY1). The elderIy care cost should 

be controIIed because increased costs require increased taxes and premiums. Households can 

be adversely affected by the burdens of increased taxes and premiums‘ 

In Japan， services intended to reduce the levels of elderIy care are provided to decrease the 

total amount of elderIy care which must be provided. The Japanes巴governmentaims to im-

* This study was conducted as part of the Research Institute of Economy， Trade and Industry (RIETI)目Viewsexpressed 
herein are those of the authors and do not necessarily refIect the opinions of the organizations to which the authors be-
long. We would like to thank the seminar participants and anonymous reviewers for beneficial comments. However， any 
remaining errors are the authors' responsibili与

** Correspondence to: Professor， Kwansei Gakuin University， School ofEconomics， 1-155 Uegahara， Ichiban-Cho， Nishi-
nomiya， Hyogo， 662-8501， japan; e-mail: yasuoka@kwansei.ac.jp 

1) Ministry of Health， Labour and Welfare (MHLW， japan)， "Recent Situation in the Long-Term Care Insurance System 
(Kaigohokenseido wo Meguru Saikin no Doukou ni tsuite) ，" (in japanese) Data are for 2018 
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prove the level of care for elderly people while controlling the total costs of care services. Seon 

(2018) explains that some local governments provide incentive rewards for decreasing elder-

ly care levels. By virtue of that benefit for prevention， the elderly care level is decreased. 

Mor巴over，巴lderlypeople can live independently without care. In fact， demand for elderly care 

S巴rvicesd巴creases.Total costs for elderly care can also be decreased. 

Ourpap巴rpresents an examination ofwhether services to reduce elderly care levels reduce 

the total elderly care cost， or not， using a model that includes巴lderlycare services of two 

types: ordinary elderly care services and services to reduce eld巴rlycare levels. Results dem-

onstrate that， if the reward of the service to reduce the elderly care level is small for these two 

5巴rvicesprovid巴dby diff，巴rentproviders， th巴totalelderly car巴cost(total reward of elderly 

care paid by the government) is lower than in a case in which these services ar巴providedby 

the same provider. Moreover， we derive the rewards obtained from the services to reduce the 

elderly care level and to minimize the total elderly care cost 

Many reports of the related literature， such as those by Lundholm and Ohlsson (1998)， Ta-

bata (2005)， Mizushima (2009)， and Crem巴rand Roeder (2013) describe that a subsidy for 

eld巴rlycare services raises demand for such services. They derive the optimal subsidy level in 

terms ofwelfare. White-Means and Rubin (2004)， Korn and Wred巴 (2013)，Mou and Winer 

(2015)， and Yasuoka (2019) examine elderly care oftwo types: formal care and informal care 

or family care. They also derive how these services' levels are determined. They examine sub-

stitution between the two types of elderly care. Yasuoka (2020) examines determination of 

the wage rate and the labor share in the elderly care service labor market. 

As explained above， studies of many types have been reported‘Nevertheless， few related 

papers describ巴howaservice to reduce elderly care level decreas巴stotal elderly care costs. In 

Japan， reduction of the total elderly care cost is under consideration. The subject warrants ex-

amination for this study. 

The remainder of this paper is arranged as follows. Section 2 sets th巴model.Section 3 pres-

ents examination of the case before separating services of two types. Section 4 elucidates the 

case after separ丘tingservices of two types. Section 5 compares the results present巴din sec司

tions 3 and 4. Section 6 discusses the model se伐ing.The白nalsection concludes this paper. 

2. Model 

This model economy includes elderly care services oftwo types: ordinary elderly care ser-

vice (Service 1) and a servic巴toreduce the elderly car巴level(Service 2). 

This model economy includes low and high elderly care levels. The unit reward from the 

low and high elderly care levels are d巴finedrespectively as qL and qベwhereqH> qL. This re-

ward is set by the government. 

Only elderly people need Service 2. The Service 2 provider can reduce the elderly care level 

from high to low with probabilityρ(e)2)且 Therein，e denotes the inpl1t ofthe service to reduc巴

the帥均ωelevel. The cost畑山nof Service 2 is assumed byすre2，(O<r)3). p川 abilト

2) Concretely， we consider home support services， nutritional support， health checkups and promotion programs sup-

po目 (eふ exerciseintervention)， and others as Service 2. 

3) For simplicity， we assume a quadr試問印stfunction. We can consider other cost function as ，e'， (1くe).Ifthe costfor 
吋
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匂fρ(ε)is assumed as shown b巴low.

ρ(e) = αe， 0 <α (1) 

In that equation，ρ(e) r巴presentsthe share of the low elderly care level; 0壬t(e):::: 1 is as“ 

sumed. Also，ρ(e) stands for the probability of a lower level of care， and also denotes the 

share relative to the total number ofpeople r巴ceivingcare. Ifρ(e) incr巴asesby a unit， then the 

Service 2 provider can gain reward s， which the government sets. 

3. Before Separating Service 1 and Service 2 

In this case， w巴examinethe case in which one provider provides Service 1 and Service 2. 

Vye define x as the quantity of supply of Service 1. The cost function of Service 1 is assumed by 

すmx2(O<m).Then， thepro侃 functio山 presentedbelow. 

1 0 " ~ 1 π=(ρ(e)qL+(l-ρ(e))qH)x-~ mx2十ρ(e)s一二，e2 (2) 
2 

In tha抗刊吋t同同川E刊叫q中u悶1泊a副蜘ti出IωIOn町on叫1

the prof位itおsoぱfServic巴 1and Service 2. Wit出hmax対imi包zat口10叩nofprof侃i比tfunction (2幻)， on巴 C臼an0油b-

tainx as 

x=去(ρ附 (3) 

In that equation， x depends on e. By substituting (3) into (2)， one can obtain the following 

profit function: 

π=豆長(t(e)qL+(1 到e))qH)2十戸(E)8-tγe2

With maximization of profit function (4)， one obtains e as 

d qH(qH_qL)長
e= 。，_(qH_qL)2去

4. After Separating Service 1 and Service 2 

(4) 

(5) 

In this case， we consider the case in which Service 1 and Service 2 are made availabl巴by

different providers. Then， the profit function of Service 1 can be shown as 

戸 (ρ附 (6) 

Optimal x is given as (3). The profit function of Service 2 can be presented as shown below. 

π=ρ(e)2-÷762 

Optimal e to maximize (7) can be represented as4) 

Service 2 is large for any input， we can consider the case oflarge r and ε 
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e= as -
Y 

5. Comparison of Cases Before and After Separating Services 

(8) 

This section presents a comparison of the case before separating servic巴sand that after 

separating services. With (5) and (8)， ifthe following inequality holds， then the service to 

reduce the elderly care level after separating services shown by (8) is greater than the seト

vice shown by (5). 

F<7qH 
α2(qH _qL) (9) 

The following inequality holds. The supply of the service to reduce the elderly care level be司

fore separating services is greater than in the cas巴afters巴paratingservices. 

s> --::z7H(10)  
α(qH _ qL) 

Generally， the total profit of Service 1 and Service 2 before separating services is greater 

than the case after separating services because the externality by which Service 2 negatively 

affects Servic巴1exists. Also， the case before separating services considers the externality in 

profit maximization. 

If e is given as (8)， then the probability that the service can reduce the elderly care provid舗

G“ 

ed from a high level to low level is given asρ1三 ρ(e)=~ß. The conditions to have Pl:$ 1 can 

be expressed as shown below5). 
y 

F三 y/α2 (11) 

Ifrewardsis given as shown in (11)， then th巴followingproposition can be established. 

Proposition 1 With s三y/a2， the inequality (10) cannot hold. 

Proof We prove the proposition by contradiction. If s holds (10)， then we would be able to 

obtain the following inequality. 

yqH L¥"<s:$Y/a2二争 qH+ qL < qH C} qL < 0 
a2(qH _qL) 

However， this inequality contradicts 0 < qL 6). (Q.E.D.) 

日目 _qH (qH _ qL)~:!._ _20 

4) Because of 0三ρ(e)三三1，0:三a ， 壬1and 0:::;と L 三三1musthold. 
yー (qH-qL)2fJ

0s_qH(qH_qL)と
5) ゆ)is giv…与β> _;，. . Tl叫robabilitygiven as伶)can be四 pressed叫弓匂)=手β

I Yー (qH_q叩玄
0's -qH(qH _qL)手

Also， -:;-β< _;" is given. The probab山 tygiven as (5) can be shown as九三戸(e)= 
I y_  (qH _qL戸手ァ

_2 

a2s_qH(qH_qL)竺ァ
J… Then one can verify that P2 < p， and 0:::;ρ2:::;1 hold. 

7一(qH-qL)2fJ

60 



Service for Decreasing Elderly Care Levels and Supply System 

Proposition 1 shows that it is necessary that s always hold (9). Then， the supply of s巴rVlces

to r巴duceth巴巴lderlycare level after separating services is greater than that b巴foreseparating 

services: separating Service 1 and Service 2 is desirable to raise the supply ofth巴 serviceand 

to reduce the elderly care level. Then， because of (3)， the ordinary elderly care service (Ser-

vice 1) in the case after separating services is less than that b巴foreseparating s巴rVlces.

Moreover， after s巴paratingservices， the service to reduce the elderly care level (Service 2) 

can reduce the total reward for elderly care paid by the gov巴rnment.We define the total re-

ward for elderly care paid by the government after separating services and that before sep仕

rating services respectively as G1 and Gz. If 1う(e)is given， then the total reward for elderly care 

paid by the government G(t(e)) is 

G{作))=去{qH 削e)(qH_qL糾戸{e)s

一 {qH_qL)2ffLf_¥ 1¥?'( 月H ¥2 1?1 
一一一一一一Hρ(e)-b)2+(_H'i _L) -b2~ 

l - ¥ q" -q-! J 

/ ¥2d F  qH(qH-qL)21 
(qH ms ¥ 

here b三(一一一一 J. DefiningÞ1=~ß andtz= 
¥ qH _qL 2{qH_q引 y. y一(qH-qL)27t

(12) 

can obtain G1 = G(九)and Gz = G(tz) because of (12). Then， because ofム>ρ2and (12)， the 

following proposition can be estab!ished. 

Proposition 2 Ifreward s<s*， then one can obtain G1 < G2・Ifthe reward s> s*， th巴none 

can obtain G1> G2・s*isdefined as shown below. 

~H qH(qH-qL)4 
2一言L-7十 …り

r q- y_{qH_qL)2与
rさ… _2 山

(13) 

2 - 2 十二一十一一一一一ニ2{qH _qL)2 I Y 
7一(qH_qL)2号

Proof G(ρ(e)) is a quadratic function ofρ(e) and is a convex downward parabola. There-

fore， the symmetry axis of this parabola is given as jう(e)=b andρ1>ρ2・Thefollowing can be 

obtained. 

6) Proposition 1 is generalized to nonlinear t(e). One can assume that jう(e)is weakly increasing and not too convex， be-
cau吋(山oandt"(e)くす Itis noteworthy th州市川山aysholds. Equa伽付)is maximized when 

去(刷ρ〆仰(ω附e

holds目A刈ls叩0，Equation (7η) isma蹴ximize“dwhen
戸，(e)β-re = 0 (b) 

holds. Be回四かωqL+(l 内 ))qH)戸市)ザ♂)<0刷 s叫 '(e)s-re山 re副 ngwith e， optimized e in 
equation (a) is always less than that in equation (b) 
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Ifb>戸1，G1<G2

ムムムIfh<b<ρlandb>ーす一三，G1<G2・

ムムムIf P2<b<ρlandb<ー 2一三，G1>G2・

牛争 lH Ifb>一-E-，G1<G2・

h十h
Ifb<一万一一，G1>G2・

Ifb<ρ2， G1 > G2・

Because ofthis condition and simple calculation， we can obtain Proposition 2司 (Q.E.D.)

The total profit of Service 1 and Service 2 before separating services is great巴rthan the to-

tal profit after separating services. The supply of ordinary elderly care service x after separat-

ing services is smaller than the supply before separating services. The supply of s巴rviceto re-

duce elderly care 1巴vele before separating services is less than the supply after separating 

services司 Theseresults are attributed to the externality7). As long as the firm considers the 

negative externality by which Service 2 decreases the profit of Service 1， the total profit is 

maximiz巴dat the case before separating services. Therefore， it is not good to separat巴services

oftwo句rpes

However， if one considers the total reward of elderly care paid by the government， then the 

case a仕erseparating services is desirable. In Japan， slowing or decreasing the total reward of 

elderly care paid by the government is necessary. With s < s七thetotal reward of elderly care 

after separating services is less than in the case before separating services. A governm巴nt

seeking to reduce the total reward of elderly care should separate the services， depending on 

the value of s. 
The total reward of eld巴rlycare services supported by the government after separating ser-

vices can be represented as shown below. 

( _H (qH -qL)a2 0¥2 

-¥'1 γ り α2s2 (14) 
H=(ρ(e)qL十 (1-p(e)) qH)Xサ(e)β一、'---+~

Y 

The value of s to minimize th巴 totalreward of elderly care service can be derived as s= 

7(qH _qL)qH 2 because of立互=0 8). An increase in m and a or a decrease in y r官ducess
ym+(qH-qL)2a2 u c;¥，.aU;:":;Vl 3s -

。H
h that~一一=0 holds. An increase in m means an increase in cost for Service 1. An inc陀 ase

δF 
a raises the population share of low level of elderly care. If the population share of low level of 

elderly care is large， the larger level of s is inefficient in terms of a decrease in the population 

share of high level of elderly care. An increase in (qH -l) does not always raise s such that 

3H _... 0' _ ^  • • ...  n • •• 3H 一一一二oholds9). If y is large or m is small， then s to hold一一一=0 is large. That is， if the cost 3 s ~ ..~._~ ... I .~ ._. b~ ~. "" .~ ~..._..， ，..~..，._.. ，~..~.- 3 s 

7) lntegration of each service sector internalizes the externali与 Thetotal profit of service sectors is maximized. Howev-
er， even if the service sector is separated， then one can obtain the result that a decrease in the reward after separating 
service sector s makes e reach the le叩 1before separating出eserVlce sec旬E

(qH一内H{1十 2(1+-(qH_ qL)'~.~? ..2 i i 
¥'1 '-f l'i ¥ ¥. ， y問ー (qH_ qL)'a' J J 

8) 山 cons伽如ase山叩t山 erv同 weca吋 t叫ー 川十、(qH_qL)γ )a s  
aH =n ~rn \， T ym一(qH_qL)γ/ 
ds V 
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of elderly care of Service 1 is small or that of Service 2 is large， then the subsidy for Service 2 

can be efficient to cut the total reward of elderly care servic巴.

6. Discussion 

This section provides a precise description of the model setup and other details. For these 

analyses， production is determined so that“Price=Marginal Cost，" as in a perfectly competitive 

market for the provision of care services. According to data from the Ministry of Health， La-

bour and Welfare (MHLW， Japan)， "the average accruing source retained earnings per special 

care facility is approximately JPY 310 million and the average actual retained earnings per 

special care facility is approximately JPY 160 million，" which means that profits are accrued 

and retained10). In reality， each provider maximizes its profit margin， given the official price of 

care fees set by the governm巴nt.The remainder， which pays the salaries of care staff and other 

costs， is saved by the provider11). 

Because the price is set by the government， the price does not change depending on the 

supply of services in an oligopolistic market instead of a perfectly competitive one. Therefore， 

the profit maximization probl巴mis solved in the same way as it is solved in a perfectly com-

petitive market， with the price as a given. 

N ext， we consider whether it is better to provide care services by integrating sectors or sep-

arating them with regard to care service providers. As the analyses presented herein show， 

when care services are provided by sector-integrated providers， the supply of Service 2 that 

reduces the level of care required is smaller than that provided by sector-separated providers圃

The total cost of care (G or lfJ is higher. Therefore， the implication of the results of this pa-

per is that separate provision is desirable in terms of reducing th巴totalcost of elderly care 

paid by the government. However， as presented herein， the total cost of巴lderlycare can be re-

duced even in a case with provid巴rswho integrate the sectors by setting the reward for Ser-

vice 2 as s 12). 

7. Conclusion 

First， a model with elderly care services of two types is s巴t:an ordinary elderly care service 

and a service to reduce the elderly care level. Then we examine determination of the supply of 

S巴rvicesof twoザpesb巴foreand after separating the two services. Results show that the sup-

i) _r{qH_qL)qH 

ym十 {qH_qL)'a' _______LL'_  rqH{rmー (qH_qL)'a') 
9) With differentiation of '''' 0" '~ '1， ，~ ，we can obtain 'J{qH _ qL) ， ，， ~~au uu.au. {rm十(qH_ qL)' a')' 

10) Ministry ofHealth， Labour and Welfare (MHLW， japan)，“Retained Earnings in Special Care Homes (Tokubetsu 

Yougo Roujin Houmu no Naibu Ryuho ni tsuite (in japanese))" 

11) Because social welfare and medical corporations are not for-profit corporations， it印 uldbe considered as the quan-

tity supplied under zero profit conditions rather than profit maximizing behavior， in which case the quantity supplied 

would be determined according to "Price =Average Cost，" However， given that the actual data show profits and the re-

sulting retained earnings， profit-maximizing behavior is considered for the analyses presented herein 

12) There exists a reward for the supply of services which reduces the care level， for instance， that of the Tokyo Metro司

politan Government， japan， To匂oMetropolitan Government，“lmprovement of Care and Promotion of Business (Youkai-
godotou Kaizen Sokushin jigyo (in japanese) )". 
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ply of services to reduce the eld巴rlycare level ザterseparati時 servicesis greater than in the 

case b々foreseparating services. The ordinary elderly car巴 servicelevel is lower than in the 

case before separating services. The total profit of the two services b買foreseparating services 

is greater than that a戸erseparating services. 

However， the total cost of elderly care services a仕erseparating services is less than in the 

case before separating services if the reward for a unit of service to reduce the elderly care 

level is smaller than a certain level. This result demonstrates that a government can control 

the total cost of elderly care services. Taken together， the results obtain巴dfrom this study in-

dicate that the government must set a reward system of elderly care services and must devote 

consideration to how elderly car巴servicesshould be manag巴d.
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