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Abstract: We set a model with ordinary elderly care service and service to reduce elderly 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 elderly 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 care level to minimize the total reward of elderly care services sup-

ported by government funding.
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1. Introduction

In OECD countries, the ratios of elderly people to the total population are rising. Especially,
the ratio of elderly people in Japan is the highest in the world. As a result, the total cost of el-
derly care is high and increasing. It has reached ten trillion JPY?. The elderly care cost should
be controlled 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 elderly care are provided to decrease the
total amount of elderly care which must be provided. The Japanese government aims to im-
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prove the level of care for elderly people while controllfng 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.
Moreover, elderly people can live independently without care. In fact, demand for elderly care
services decreases. Total costs for elderly care can also be decreased.

Our paper presents an examination of whether services to reduce elderly care levels reduce
the total elderly care cost, or not, using a model that includes elderly care services of two
types: ordinary elderly care services and services to reduce elderly care levels. Results dem-
onstrate that, if the reward of the service to reduce the elderly care level is small for these two
services provided by different providers, the total elderly care cost (total reward of elderly
care paid by the government) is lower than in a case in which these services are provided by
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 Cremer and Roeder (2013) describe that a subsidy for
elderly care services raises demand for such services. They derive the optimal subsidy level in
terms of welfare. White-Means and Rubin (2004), Korn and Wrede (2013), Mou and Winer
(2015), and Yasuoka (2019) examine elderly care of two 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 describe how a service to reduce elderly care level decreases total 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 the model. Section 3 pres-
ents examination of the case before separating services of two types. Section 4 elucidates the
case after separating services of two types. Section 5 compares the results presented in sec-
tions 3 and 4. Section 6 discusses the model setting. The final section concludes this paper.

2. Model

This model economy includes elderly care services of two types: ordinary elderly care ser-
vice (Service 1) and a service to reduce the elderly care 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 defined respectively as g~ and ¢, where ¢ > ¢". 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 probability p(¢)?. Therein, ¢ denotes the input of the service to reduce
the elderly care level. The cost function of Service 2 is assumed by 7}'62, (0<7)¥. Probabili-

2) Concretely, we consider home support services, nutritional support, health checkups and promotion programs sup-
port (e.g. exercise intervention), and others as Service 2.
3) For simplicity, we assume a quadratic cost function. We can consider other cost function as 7¢°, (1<e). If the cost for
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ty p(e) is assumed as shown below.
ple) =ae, 0<a &D)

In that equation, p(e) represents the share of the low elderly care level; 0<p(e) <1 is as-
sumed. Also, p(e) stands for the probability of a lower level of care, and also denotes the
share relative to the total number of people receiving care. If p(e) increases by a unit, then the

Service 2 provider can gain reward [, which the government sets.
3. Before Separating Service 1 and Service 2

In this case, we examine the case in which one provider provides Service 1 and Service 2.
We define x as the quantity of supply of Service 1. The cost function of Service 1 is assumed by

%mxz (0<m). Then, the profit function is presented below.

r=(ple)g*+(1 —p(e))q”)x——é-mxz-kp(e) ~%7ez @)

In that equation, (p(e)g"+ (1—p(e)) qH)x——;—mxz and p(e)[)’~%yez respectively represent
the profits of Service 1 and Service 2. With maximization of profit function (2), one can ob-

tain r as
r=-(p(e)g*+(1—p(e)g"). ®)

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

profit function:

1 1
7Z=W(p(e)qL+(1 —ple)g™)?+ple) ——2-7@2. @
With maximization of profit function (4), one obtains ¢ as
af—q"(q" — qL)%
e= pra (5)
_ H__ L\2 %
r=(g" =g’

4. After Separating Service 1 and Service 2
In this case, we consider the case in which Service 1 and Service 2 are made available by
different providers. Then, the profit function of Service 1 can be shown as
7r=(p(e)qL+(1—p(e))q”)x—%mrz. ©)
Optimal x is given as (3). The profit function of Service 2 can be presented as shown below.
m=ple) —%;@2 @)

Optimal ¢ to maximize (7) can be represented as¥

Service 2 is large for any input, we can consider the case of large y and €.
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o= ®

5. Comparison of Cases Before and After Separating Services

This section presents a comparison of the case before separating services and that after
separating services. With (5) and (8), if the following inequality holds, then the service to
reduce the elderly care level after separating services shown by (8) is greater than the ser-
vice shown by (5).

H
B< —L—Z‘Z-é,ﬁq——qLT 9

The following inequality holds. The supply of the service to reduce the elderly care level be-
fore separating services is greater than in the case after separating services.

B> — s (10)
a*(g"—¢")

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 Service 1 exists. 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-
ed from a high level to low level is given as p, =p(e) '—-a—ﬁ. The conditions to have p; <1 can
be expressed as shown below>. 7

B=<vy/d : av

If reward S is given as shown in (11), then the following proposition can be established.
Proposition 1 With #<y/d’ 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.
T%H‘T<BS7’/02=>Q”+QL<4H@QL<0
a*(q”—q")
However, this inequality contradicts 0 <¢"®. (Q.E.D.)

aB—q"(g" — g% .
4) Becauseof0<p(e) <1,0<a———— ™ <1 and <98 <1 must hold.
y— (qH _ qL)za_ 7
. m
aB—q”(q”—q‘)% ,
+—. The probability given as (8) can be expressed as p,=p(e) =a7[?.

m

5) (9) is given as Lp>
4 r—(q

_ L H(,H_ L1y &
aB—q"(¢" —q")

Also, Lp< is given. The probability given as (5) can be shown as p,=p(e)=

r—(g"— gL
2
a*B—q"(¢" — gL
T Then one can verify that p, <p, and 0<p,<1 hold.
r—(g"— QL)ZW
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Proposition 1 shows that it is necessary that 5 always hold (9). Then; the supply of services
to reduce the elderly care level after separating services is greater than that before separating
services: separating Service 1 and Service 2 is desirable to raise the supply of the service and
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 before separating services.

Moreover, after separating services, the service to reduce the elderly care level (Service 2)
can reduce the total reward for elderly care paid by the government. We define the total re-
ward for elderly care paid by the government after separating services and that before sepa-
rating services respectively as G, and G,. If p(e) is given, then the total reward for elderly care

paid by the government G(p(e)) is
Glp(e)=—-(a"—ple) g~ gD+ p(e)8

R {(p(e) —b?+ (q—f,"_;;)z— b?},

m

12)

2
2 H( H__ 1\ &
o 2 a*—q"(¢"—q")——
where bE< Hq = :nﬂ AV ) Definingplzg——b’ and p,= Zm , one
¢"—q"  2(¢"—¢" 4 (g — gL
r—\q q m

can obtain G;=G(p,) and G,= G(p,) because of (12). Then, because of p, >p, and (12), the
following proposition can be established.

Proposition 2 If reward S<A", then one can obtain G, <G,. If the reward f>§", then one
can obtain G, > G,. 8" is defined as shown below. '

2

" q”(q”——qL%%;
qH_qL+ H e @
- a’ a® ;

2
(. H_ 128
r—@" =g P

Proof G(p(e)) is a quadratic function of p(e) and is a convex downward parabola. There-
fore, the symmetry axis of this parabola is given as p(e) =b and p, > p,. The following can be

obtained.

6) Proposition 1 is generalized to nonlinear p(¢). One can assume that p(¢) is weakly increasing and not too convex, be-
cause p’(¢) =0 and p” (e) < L ltis noteworthy that p(e) € [0,1] always holds. Equation (4) is maximized when

é(p(e)cf + {1 —ple)g™)p (e)(g"—g") + ' (e)B—re=0 @)

holds. Also, Equation (7) is maximized when
p@B—re=0 ()]
holds. Because %(p(e) gt (1—=p(e)) g™’ (&) (¢ —¢™) <0 holds and p’ (¢) B— 7e is decreasing with ¢, optimized ¢ in

equation (a) is always less than that in equation (b).
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(£ 6> p1, Gi < Gs. X
pr2<b<p1andb>ﬂ‘—2ti’i,c;l<cz. Itp>Latbe 151“’2 Gi<Go.

=
prz<b<p1andb<£l%_£2—,Gl>Gz. Ifb<p1—?f)i, G.>Go.
1£b< ps,Gy> Gs.

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

The total profit of Service 1 and Service 2 before separating services is greater than 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 service to re-
duce elderly care level e before separating services is less than the supply after separating
services. These results are attributed to the externality”). As long as the firm considers the
negative externality by which Service 2 decreases the profit of Service 1, the total profit is
maximized at the case before separating services. Therefore, it is not good to separate services
of two types.

However, if one considers the total reward of elderly care paid by the government, then the
case after separating services is desirable. In Japan, slowing or decreasing the total reward of
elderly care paid by the government is necessary. With 8< 8", the total reward of elderly care
after separating services is less than in the case before separating services. A government
seeking to reduce the total reward of elderly care should separate the services, depending on
the value of 5.

The total reward of elderly care services supported by the government after separating ser-
vices can be represented as shown below. V
(QH_ l¢"—q)e’ B)z 2p2

14 aB (14)

+
m 4

H=(ple)g"+1—ple))g®)x+ple)f=

The value of 8 to minimize the total reward of elderly care service can be derived as f=

7(¢"—q")q" 0H _ o A ,
= ) i
vm+ (7 — gV because of 8 0 ®. An increase in m and ¢ or a decrease in 7 reduces

oH

such that —=5-=0 holds. An increase in # means an increase in cost for Service 1. An increase
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 £ is inefficient in terms of a decrease in the population
share of high level of elderly care. An increase in (¢”—¢") does not always raise £ such that
%——0 holds9) If 7 is large or m is small, then /3 to hold T —0 is large. That is, if the cost

7) Integration of each service sector internalizes the externality. The total 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 ¢ reach the level before separating the service sector.

(qﬂ_qb)q”(l +2(1 +%)>

8) If we consider the case of integrated service, we can obtain f= @ — ¢V’ as
9H Zm(l +— v )
a5 " e
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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 service.
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 retained?%. In reality, each provider maximizes its profit margin, given the official price of
care fees set by the government. The remainder, which pays the salaries of care staff and other
costs, is saved by the provider!?,

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 problem is solved in the same way as it is solved in a perfectly com-
petitive market, with the price as a given.

Next, 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.
The total cost of care (Gor H) is higher. Therefore, the implication of the results of this pa-
per is that separate provision is desirable in terms of reducing the total cost of elderly care
paid by the government. However, as presented herein, the total cost of elderly care can be re-
duced even in a case with providers who integrate the sectors by setting the reward for Ser-

vice 2 as 812
7. Conclusion
First, a model with elderly care services of two types is set: an ordinary elderly care service

and a service to reduce the elderly care level. Then we examine determination of the supply of
services of two types before and after separating the two services. Results show that the sup-

r(g"—q")q” . :
. . L ym+ (qH — ql.)aaz ) ‘)’l]ﬁ (ym _ (qH _ qL)zaz)
th differentiati ——
9) With differentiation of 3@ =) , we can obtain Gm+ (" — gV

10) Ministry of Health, 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 could be 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-
politan Government, Japan. Tokyo Metropolitan Government, “Improvement of Care and Promotion of Business (Youkai-

godotou Kaizen Sokushin Jigyo (in Japanese))”.
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ply of services to reduce the elderly care level after sepz;rating services is greater than in the
case before separating services. The ordinary elderly; care service level is lower than in the
case before separating services. The total profit of the two services before separating services
is greater than that after separating services.

However, the total cost of elderly care services after separating 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 obtained from this study in-
dicate that the government must set a reward system of elderly care services and must devote
consideration to how elderly care services should be managed.
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