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mal subsidy scheme for the ECSPs.

Background: Elderly care service projects (ECSPs) aim to provide care services with the help of market forces on the
supply side to satisfy the huge demand of the elderly. Subsidies play an important role in motivating the investors
to invest in the ECSPs immediately. The optimal subsidy scheme should balance the policy costs and the investors’

Methods: Based on the policy background of China, this study applied the real options theory to compare the
effects of construction subsidy and operating subsidy on achieving policy goals from the perspective of uncertain
actual demand. It introduced numerical examples to identify the optimal subsidy scheme and embedded the data
from the Chinese Longitudinal Healthy Longevity Survey (CLHLS) to verify the uncertainty of actual demand.

Results: The results showed that in the context of uncertain actual demand, operating subsidy has greater advan-
tages in reducing investment thresholds, saving subsidy costs and increasing spillover values. Moreover, a sound qual-
ity supervision system, a differentiated operating subsidy scheme and a sustainable growth market demand environ-
ment are conducive to increasing the long-term interests of the government and the investors.

Conclusions: The study emphasized the importance of subsidy selection in the context of uncertain actual demand,
and provided a practical reference for policy designers in China and other developing countries to choose the opti-
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Background

With the rapidly increasing of aging population, there is a
huge demand for elderly care services. It is widely recog-
nized that the role of family as the main elderly caregiver
is being weakened due to socioeconomic changes such as
the miniaturization of family structure [1], the mobility
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of adult children [2], the change of family concept [3]
and the participation of women in labour [4]. As another
traditional provider of elderly care services, the state is
becoming increasingly overwhelmed by the vast demand
volumes. For example, the proportion of Gross Domes-
tic Product spent on elderly care is predicted to more
than double between 2000 and 2050 in the United King-
dom [5]. As a result, some developed countries such as
the United States and Germany have introduced market
forces by developing elderly care service projects (ECSPs)
on the supply side of health and welfare system to provide
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diversified and professional care for the elderly, including
a series of non-medical and medical services [6, 7].

Regarding the issue of elderly care caused by aging,
developing countries are often described as “getting old
before getting rich” As of 2017, more than half of the
world’s population aged 80 and over—the group most in
need of care—lived in developing countries, and one in
four of whom lived in China [8, 9]. Although China has
become the world’s second largest economy, it is still a
major challenge for the government to directly provide
care services to satisfy the huge demand of the elderly
[10]. Many developing countries currently remain in the
initial stages of the construction and development of the
ECSPs, including China. The Chinese government has
formulated subsidy policies to encourage private inves-
tors to actively invest in the ECSPs, so as to achieve the
goal of establishing a market-oriented supply system [11].
These subsidy policies mainly revolve around construc-
tion subsidy and operating subsidy, and subsidy funds are
borne by local governments [11, 12].

However, the uncertainty of actual market demand
increases the risk of investment, which makes many
investors keep a wait-and-see attitude towards the ECSPs
and take the decision to delay investment. At present, the
demand of the elderly for care services is mainly mani-
fested as potential demand, which is the maximum space
and capacity of market demand. When it is transformed
into actual demand in the context of marketization, it
will be disturbed by many economic, social, cultural and
other factors and become uncertain. For example, the
price of private supply is an important factor that hinders
low-income elderly groups from purchasing care services
[13]; the deep-rooted influence of traditional filial piety
makes many elderly people who need formal care reject
institutional providers and choose informal care provided
by family [14]; deviations in the quality of care services
with the impact of marketization lead to a lack of trust to
private providers among the elderly [15]; the unpredict-
ability of the elderly’s future morbidity and disease types
increases the diversity of care service preference [16].

Actual demand and revenue are closely linked in the
market, so uncertain actual demand negatively affects the
interests of the investors, which increases the threshold
of immediate investment. While many studies have con-
firmed and emphasized that the initial development of
the ECSPs is inseparable from the government’s subsidy
incentive and policy guidance, it is obviously not wise for
the government to ignore the subsidy costs of the ECSPs
[17-19]. Achieving the set goals with the least amount
of subsidies should be the concern of the government
in policy selection process. In the context of uncertain
actual demand, the optimal subsidy scheme should bal-
ance the interests of the government and the investors
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to maximize the policy effects of subsidies, that is, to
encourage the investors to invest in the ECSPs immedi-
ately while saving unnecessary policy costs. Therefore, it
is necessary to compare the policy effects of construction
subsidy and operating subsidy to provide constructive
opinions for the government to choose the optimal sub-
sidy scheme.

Most of the existing studies discussed the benefit opti-
mization of stakeholders in the ECSPs from the per-
spective of financing model [20], profit model [21] and
management model [22]. In the process of searching for
the optimal subsidy scheme, many researchers ignored
the influence of actual demand on the stakeholders’” deci-
sion-making. Although some scholars used Monte Carlo
simulation integrated model [23], discrete event simula-
tion model [24] and robust optimization model [25] to
describe, predict and resist the uncertainty of demand
respectively, they did not focus on the issue of private
investment decision-making. In the field of investment,
discounted cash flow model and net present value model
were applied in many studies to estimate the value of
investment options [26, 27]. However, neither of the two
models is applicable to investigate dynamic conditions,
and they are limited to situations without uncertainty
[28]. Few studies have explored the policy efficiency of
subsidy schemes for the ECSPs in stimulating the inves-
tors’ immediate investment from the perspective of
uncertain actual demand.

Real options model is more suitable for the real mar-
ket and can deal with the issue of strategy selection under
the uncertain situation [29, 30]. It has become a com-
mon approach to evaluate available options for the inves-
tors and to optimize the time of decision-making in the
condition of uncertain demand [31, 32]. With the rise of
emerging industries, it has also been employed to opti-
mize the government’s policies, such as the choices of
subsidy schemes and the measures of price controls in
the new energy industry [33, 34]. Our study employed
the real options theory to analyse the difference between
construction subsidy and operating subsidy in the realiza-
tion of policy objectives under the situation of uncertain
actual demand, and put forward suggestions on subsidy
selection and mechanism optimization. Based on China’s
policy experience, the results theoretically clarified the
impact of uncertain actual demand on the interests of the
government and the investors, and provided a practical
reference for the optimal selection of subsidy schemes for
the ECSPs in China and other developing countries.

Following the description of subsidy policies, devel-
opment bottlenecks and investment thresholds of the
ECSPs, the real options model was constructed and the
mathematical results within the two schemes of con-
struction subsidy and operating subsidy were presented.
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Then, numerical examples were introduced to identify
the optimal subsidy scheme, and the data from the Chi-
nese Longitudinal Healthy Longevity Survey (CLHLS)
was embedded to verify the uncertainty of actual
demand. Finally, policy implications and limitations of
the findings were discussed, and main conclusions of the
study were summarized.

The ECSPs in China

Subsidy policies for the ECSPs

As the gap between supply and demand continues to
widen, relying solely on the financial strength from the
government is insufficient to satisfy the huge demand of
the elderly for professional and diversified care services
[10]. The fundamental idea of supply-side reform in the
healthcare field is to increase the diversity of providers
and shift to a market-oriented supply system [35]. Faced
with the grim situation of elderly care services insuffi-
ciency, the Chinese government adopts the supply-side
reform model to encourage private investors to actively
participate in the provision of elderly care services. The
national and local governments have introduced a series
of subsidy policies to motivate the investors to invest
in the ECSPs in recent years. As shown in Fig. 1, these
subsidy policies mainly include construction subsidy
and operating subsidy: the former is a one-time subsidy
on a per-bed basis and the latter is a price subsidy on a
per-elder basis [11]. The policies aim to achieve that an
elderly person with the actual care services demand can
get a nursing bed provided by the investors.

The national government mainly plays a guiding or
commanding role in the formulation of subsidy poli-
cies, and the subsidy funds in the implementation stage
come from the local government finance. Therefore, vari-
ations in the levels of local economic development lead
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to variations in the standards and priorities of subsi-
dies [12, 17]. Although there are regional distinctions in
subsidies, they share the same mission: to stimulate the
investors’ immediate investment while reducing unnec-
essary subsidy costs. Studies have shown that various
subsidy schemes can encourage the private investment
and promote the development of healthcare industry, but
it remains ambiguous which scheme is more efficient in
motivating the investors’ immediate participation [19,
40]. To achieve the goals of subsidy policies, it is neces-
sary to distinguish the policy effects of construction sub-
sidy and operating subsidy, so as to offer implications for
the government to choose the optimal subsidy scheme.

Development bottlenecks of the ECSPs

The theory behind marketization is that competition can
force providers to develop products that are cheaper,
more flexible and more consumer-oriented. In the United
Kingdom, the United States and Germany, most provid-
ers of elderly care services are privately-owned [6, 7].
However, the development of China’s ECSPs is still in
the stage of “crossing the river by feeling the stones” [6].
The ECSPs have the characteristics of high initial invest-
ment and long payback period. In the absence of subsidy
incentives, the financial pressure on private investors
will extinguish their enthusiasm for investment. And the
uncertainty of actual demand for elderly care services
directly has a negative impact on the cash flow of invest-
ment. A clear market positioning may help the investors
set the types of service products for specific customer
groups, thereby ensuring the profitability of the pro-
jects. In China, commercial institutions are more willing
to provide professional elderly care services for mid- to
high-end groups in modern cities such as Tianjin, Beijing
and Shenzhen, as shown in Fig. 2.

Local government:

Measures for the Administration of
Subsidy Funds for the Construction
and Operating of Private Elderly
Care Institutions in Taiyuan, Shanxi
Projects and the ECSPs —Construction Subsidy &
—Operating Subsidy Operating Subsidy

I I

National government:
Notice on Accelerating
the Construction of Health

National government:

Opinions on Establishing and
Improving Comprehensive
Supervision System to Promote
the High-quality Development of
—Construction Subsidy & Elderly Care Service

Operating Subsidy — Construction Subsidy

I I

Local government:

Notice on Implementation
Measures of Subsidy Funds
for Elderly Care Service in
Hangzhou, Zhejiang

2014 I 2015

National government:
Opinions on Encouraging
Private Capital to Participate in
Elderly Care Service Industry
—Construction Subsidy &
Operating Subsidy

2016

l 2017

Local government:

Opinions on Comprehensively
Liberalizing Elderly Care Service
Market and Further Promoting the
Development of Elderly Care Service
Industry in Beijing —Operating Subsidy

2018 I 2019

National government:
Opinions on Further Expanding
the Supply and Consumption of
Elderly Care Service

— Construction Subsidy &
Operating Subsidy

2020  Year

Fig. 1 National and local governments'subsidy policies for the investors in the ECSPs in China [36-39]
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Tianjin Wuqing District Second
Nursing Home
e Construction time: 2013
Service: healthcare, assisted
living, professional nursing
Scale: 600 beds
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Beijing Shuangjin Golden Heights
Construction time: 2012
Service: healthcare,
rehabilitation care, memory

Scale: 439 beds
Price: 9800-15600 ( CNY/

Shenzhen Shared Community
and Hu Ming De Home Care
Construction time: 2017
Service: community care center,
home care

Scale: 42 beds

Price: 12460-17360 ( CNY/
month)

Price: 1500-5000 (China Yuan,
CNY/month)

Mid-end
Fig. 2 Examples of the ECSPs in China [9]

High-end

However, the ECSPs have both commercial and pub-
lic attributes. When formulating subsidy policies, the
government should also consider how to encourage the
investors to expand the scope of service supply, so as to
establish an inclusive elderly care service supply system.
Subsidy policies do encourage some investors to invest in
the ECSPs, but at present, the scope of the elderly groups
served by these projects is limited and the quality of care
services provided varies greatly [18]. The inherent profit-
seeking motives of private investors make it easy for them
to neglect or intentionally reduce the quality of products
in the face of commercial interests. Many studies have
emphasized the importance of quality supervision of
the ECSPs and have explored some practical measures,
such as optimizing the ex ante control mechanism [41],

diversifying the supervision subjects [42] and reducing
the information asymmetry between supply and demand
[43]. Therefore, appropriate selection and rational design
of subsidy schemes are very necessary to realize the
industrialization and sustainable development of the
ECSPs.

Investment thresholds of the ECSPs

Although the demand for elderly care services has the
huge overall scale and growth potential, the uncertainty
of actual market demand makes the economically or
financially rational investors postpone investment deci-
sions and take a wait-and-see attitude to ensure that the
benefits of investment will not be lost. As shown in Fig. 3,
when the actual demand Q, is less than the trigger value

Subsidy

policies Trigger

P

Q[ < Qt*

Private investment
Development

of the ECSPs

Actual
market demand

Qt Z Qt*

o

Government value

Fig. 3 Intervention process of subsidy policies for the ECSPs in China

Deferred
investment

Immediate
investment

Investors

\/

No action
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Q}, ie, Qs < Qf, the investors will delay investment deci-
sions; only when Q; > Qj, will investment decisions be
exercised immediately. Subsidies are designed to decrease
the threshold of investment Qj, thereby motivating the
investors to participate immediately. From the govern-
ment’s standpoint, the public benefits derived from the
investors’ immediate investment should offset the costs
of subsidies. As a result, excessive subsidies should be
revised to prevent unnecessary financial burdens, espe-
cially for the areas that are relatively underdeveloped. The
key point for policymakers is to seek a subsidy scheme in
the context of uncertain actual demand, which can stim-
ulate immediate investment and save subsidy costs.

Real options theory is derived from an options valu-
ation technique [44, 45]. It is essentially a stochastic
dynamic framework which involves three assumptions:
market uncertainty, cost irreversibility and delay abil-
ity [46]. This theory recognizes the option value of wait-
ing and emphasizes the flexibility of management [46].
Its model considers investment timing and opportunity
costs which are not included in traditional methods,
such as discounted cash flow model and net present
value model [47]. Many researchers have used it under
uncertain conditions to analyse the equilibrium strate-
gies of stakeholders [48, 49], compare the implementa-
tion effects of different policies [50, 51] and optimize the
decision-making of the investors [52, 53]. In the context
of uncertain actual demand, our study also employed
the real options theory to explore the difference between
construction subsidy and operating subsidy of the ECSPs
in achieving the policy goals, and then provided practical
implications for the government’s policy choices.

Model

Basic real options model

Considering that the ECSPs can be irreversibly initiated
at time ¢, the investment costs I, can be treated as sunk
costs, and the construction of the projects is considered
to be completed immediately [46]. Since the benefits of
the ECSPs are dependent on the cash flow W, during the
operation time At, it is plausible to use the expectation
E[] to express these benefits. The investors in the ECSPs
are risk neutral. When they invest in the ECSPs at time ¢,
the net expected value of the projects V(-) can be formu-
lated under the risk-neutral probability measure:

t+At
V(Q)=E [ / e "D Wids — jul 1)
t

where r is the discount rate or the risk-free interest rate,
and g is the premium cost coefficient associated with
the physical health status of the elderly receiving care
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services, because the costs of providing services for self-
care, semi-disabled and disabled elderly are different [12].

The ECSPs have both commercial and public attributes,
so that the price of elderly care services can be regulated
and controlled by the government. Therefore, the uncer-
tainty of price is less than that of actual market demand.
For simplicity and without loss of generality, the investors
are assumed to be price takers. As an elderly person with
the actual care services demand should get a nursing bed
provided by the investors at the policy level, the actual
demand of the elderly is described as the actual demand
for nursing beds in this study. If no subsidy is provided,
the cash flow W, is the product of the price of elderly
care services P and the actual demand Q, , which can be
expressed as:

W, =PeQ (2)

The elderly’s actual demand for institutional care ser-
vices is uncertain, which is affected by many factors, such
as economic conditions, cultural biases and health status.
Geometric Brownian motion (GBM) is a common tech-
nique used by researchers to model the changing process
of demand [54-56]. Our study also employed the GBM
to describe the uncertain actual demand Q, faced by the
investors in the ECSPs. The expression can be presented
as:

dQr = aQedt + 0 Qedz(2) (3)

where a and ¢ are risk-neutral drift and volatility of actual
demand respectively, dz(t) is the increment of the Wiener
process, dz(t) = e;v/dt, and g, is a normally distributed
random variable with zero mean and unit standard devia-
tion, ie., &~N(0,1). For the convenience of solving the
model, our study supposed that the operation time of the
ECSPs is the whole lifetime T (T'> At) and the construc-
tion of the projects can be completed at time ;. Then, the
expected value of Q, can be obtained as:

E(Q) = Qo ee™ (4)

Faced with the uncertainty of actual demand, the eco-
nomically or financially rational investors can decide
whether to invest immediately or to postpone the invest-
ment to obtain a more stable cash flow [46]. Namely, they
have an investment option and its value F(-) can be given
as:

FOp = | oan [max(V(Q) 0] Q<
T v 0> 0
(5)

The value of the option to invest in the ECSPs F(Q,) will
not produce any cash flow until investment decisions are
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implemented. The investment will occur only when the
actual demand reaches or exceeds the trigger value. That
is, unless Q; > Qf, investment decisions will always be
delayed by the investors. Returns of holding investment
opportunity in dt is the capital expected increment rate r.
F(Q,) should meet the Bellman Equation as below [46]:

rF(Qp)dt = E[dF(Qy)] (6)

According to the Ito’s Lemma, dF(Q,) is expanded and
the differential equation can be derived from Eq. (3) [30].
Then, the following equation is obtained as:

92F(Qy) 0F(Qy)
212 _
o Qt aQtZ + (V 6)Qlf aQt

—rF(Q) =0
7)

where §=r—a is the rate of return shortfall, which
stands for the income gap between holding and exercis-
ing the option. §=0 means that holding the option has
no opportunity cost and the investors are unlikely to
invest, so our study assumed that r> a.

The general solution of Eq. (7) takes the form
F(Qy) = Alel + Angz, where f3; and 3, are positive and
negative solutions of the following equation:

1
2

1
502;8(;3 ~D+@r—8p—r=0 (8)

which yields:

2
=s-mry(F-a) +E1
. ©)
b=tz (5 -b) + % <0
To ensure that starting to invest is optimized, the Eq. (7)
should also satisfy the following boundary conditions:

lim F(Q,) =0 Ay=0

Q=0 5, _ PQI(1-eT)

F(Q)) = V(Q)) = (Al =SE - (10)
F(Q)=V'(Q) paQ ! = 15

Equations QlimoF (Qs) =0 and F (Q’tk) = V(Q;“) repre-
=

sent the value-matching condition, which means that the
option value will be equal to the net expected value when
the option is exercised. Equation F'(Q}) = V'(Qj) repre-
sents the smooth-pasting condition, which means that the
option value is smooth and continuous. According to these
boundary conditions, the minimum critical value Qj (trig-
ger/threshold value) that triggers the investors to invest in
the ECSPs can be obtained as:

Q* _ 181 . CSMI[
-1 P(1—edT)

(11)
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and then the value of the option to invest in the
ECSPs F(Q,) can be given as:

ul, (&)m

B1—1\ Qf

PQ; (1—e77T)
8

Qt<QZk
Q> Q;

F(Qy) = (12)

—

When Q; < Qj, the value of the option to invest in the
ECSPs F(Q,) will be the value to wait; when Q; > Q7,
investment decisions will be executed, and F(Q, will
become the net expected value. Therefore, if actual
demand is sufficient to induce investment, the value
function (payoff) of investment can be described as:

_ PQ(1—eT) ul
= & T K

T
V(Q) =E [ / e " Wedt — pl, 5
0

(13)

Real options model embedded subsidies
Scheme 1 Construction subsidy

Construction subsidy is a one-time subsidy on a per-
bed basis. An adequate construction subsidy, fixed in
the initial stage of the ECSPs, can encourage the inves-
tors to execute their investment decisions. When con-
struction subsidy is provided, the investment costs
I will be composed by the initial input costs I, and
the amount of subsidy actually received, which can be
described as:

It/ =1t — pN;Scs (14)

where S, denotes the amount of construction subsidy
for each nursing bed, N, represents the construction or
investment scale, i.e., the number of nursing beds sup-
plied by the investors, and p (0<p<1) is the subsidy
adjustment coefficient affected by the government’s
supervision on construction quality.
In this scheme, the trigger value QY is converted to:
* B1 Iy — pNsScs)

ST B —1" Pl—e?)

(15)

Through replacing Q}; with Q, in Eq. (15), S is derived
as:

Qt<Qf

16
QtZQf( )

Lo _ pi=1 g PQ(1—eT)
Ses = (;)NS B1 PN

the value of the option to invest in the ECSPs F,(Q,) can
be given as:

i —pNySes) ( Q )’31
Fs(Qr) = =1 &

PQ;(1—e=°T
PU=) 4yl — pNySes)

Q < Qfs

QL’ > Q:s
(17)
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and the net expected value of the ECSPs V_(Q,) can be
calculated as:

PQ(1—e°T)

5 (18)

Ves(Qp) = — iy — pNsScs)
Scheme 2 Operating subsidy
Operating subsidy is a price subsidy on a per-elder
basis. When it is provided to the investors, the cash flow
of the ECSPs will be increased to W/ which is composed
by the conventional cash flow W, and the amount of sub-

sidy actually received. W/ can be represented by:

Wt/ = (P+95ps)Qt (19)

where S, denotes the amount of operating subsidy for
caring each elderly, 8 (0 <8 <1) is the subsidy adjustment
coefficient affected by the government’s supervision on
service quality.

In this scheme, the trigger value Qj,; is converted to:

B1 N Ly e
Br—1" (P+0S,)(1—e7)

Qs = (20)
Through replacing Qy with Q, in Eq. (20), S, is derived
as:

Q < Qf
Q> Q;

(21)
the value of the option to invest in the ECSPs F,(Q,) can
be given as:

B1 ° Spdy ___P
Sps =< Al 6Q;(1—e=0T) 0
0

5
22! Q
Fys(Qr) = ﬂl—tl(Q?;) Q < Qs
b Qi (P+6Sps) (1—e~°T) "
—5——=—ul; Q= Qs
(22)

and the net expected value of the ECSPs V,,(Q,) can be
calculated as:

Q¢ (P +60Sys) (1 —e7°T)

5 (23)

Vps(Qt) =

—

Findings The government’s quality supervision plays
an important role in the construction and development
of the ECSPs. In Scheme 1 and Scheme 2, the larger val-
ues of subsidy adjustment coefficients p and 6 are, the
more beneficial they will be to decrease the trigger value
Q; and subsidy level S or S, and to increase the net
expected value of the ECSPs V(Q,).

The investors’ market positioning for the consumer
group affects the option value and investment thresholds.

Page 7 of 13

The premium cost coefficient 4 associated with the physi-
cal health status of the elderly receiving care services, the
value of the option to invest in the ECSPs F(Q,) (Q: < Q)
and the trigger value Qj show a positive correlation.

Subsidy policies have positive effects on encouraging the
investors to implement their investment decisions imme-
diately. Both construction subsidy and operating subsidy
contribute to decreasing the trigger value Q. To identify
the optimal subsidy from the two schemes, our study
introduced numerical examples in the next part.

Numerical examples

Data and assumptions

Since exogenous factors such as market management
forms and land use policies have regional disparities, our
study didn’t use the cost-benefit data of project cases in
a certain area, but chose the simplified and generalized
data to simulate a common project case. It makes the
model more reproducible and adaptable, and focuses on
the uncertainty of actual demand and the optimal selec-
tion of subsidy schemes. Table 1 shows the input data
used to visualize the model results. The values of these
variables and parameters are collected and compiled
from previous studies, governmental documents and
existing databases.

The data on costs, prices, lifetime and scale involved
in the ECSPs are collected from relevant studies [9, 57,
58], and the amount of subsidies is based on some poli-
cies of local governments [36, 38]. Considering that the
government can adjust subsidies according to the quality
of projects and services, adjustment coefficients of con-
struction subsidy and operating subsidy are respectively
assumed: p=0.9, §=0.9. By collecting existing numerical
examples, the premium cost coefficient can be calculated
as u=1.2 [43]. Referring to similar studies, the risk-free
interest rate is set as r=0.1 [59, 60].

According to the studies on the demand under the
GBM characteristics, the values of risk-neutral drift rate
a and volatility rate ¢ can be estimated using the Maxi-
mum Likelihood Estimation [60-62]. The risk-neutral
drift rate is calculated by ,=(Q,—Q,_))/Q,_,, and
o = w/Ay, where w is the mean of w,;, Q, represents the
variable value at the end of one period, and Ay denotes
the time interval in units of years. The risk-neutral vola-
tility rate is calculated by

k= \/1/(n —2)e 2’7711 (w; — @)? and o= k/Ay, where n

i=

is the number of observations.

The CLHLS covers the largest number of the oldest-old
in China, which is conducted in half of cities and coun-
ties in 23 provinces throughout China. The reliability and
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Table 1 Input data for variables and parameters

Variables/Parameters Description Units Values

l Investment costs CNY 60,000,000
P Price of elderly care services CNY/year 36,000

T Whole lifetime of the ECSPs year 30

N, Construction or Investment scale bed 300

Ses Construction subsidy CNY/bed 12,000

Sps Operating subsidy CNY/person/year 4800

0 Construction subsidy adjustment coefficient _ 0.90
6 Operating subsidy adjustment coefficient _ 0.90
u Premium cost coefficient _ 1.20
r Risk-free interest rate _ 0.10
a Risk-neutral drift rate _ 0.005

o Risk-neutral volatility rate _ 0.12

Table 2 The relevant data from the CLHLS

Year Total Livingin Proportion w; (n=38) (wj — 5)2
(Ay~3) valid nursing (%— Q)

samples homes
1998 9093 457 5.03 _ _
2000 11,199 784 7.00 0.39 0.14
2002 16,064 740 461 —0.34 0.13
2005 15,638 422 2.70 —041 0.19
2008 16,954 308 1.82 —033 0.12
2011 9638 207 215 0.18 0.03
2014 7020 198 2.82 0.31 0.09
2018 15,549 574 3.69 0.31 0.09

validity of the data from the CLHLS have been proven
by many studies in the field of health and aging [63-65].
Our study used its eight waves of publicly released data-
sets comprising the years of 1998, 2000, 2002, 2005, 2008,
2011, 2014, and 2018 to estimate the drift and volatil-
ity terms. Since proportional data can reflect the overall
change characteristics of the data more comprehensively
than numerical data, the proportion of elderly people liv-
ing in nursing homes in each wave of survey is converted
into Q, as shown in Table 2. Then, a=0.005 and 6=10.12
can be obtained.

Numerical results

Matrix Laboratory software is used to solve the model
and present the outcomes. Figure 4 simulates the uncer-
tain actual demand with time ¢ on the x-axis and actual
demand Q, on the y-axis. The path of Q, is plotted by
embedding the value group of (¢=0.005,0=0.12). It
clearly shows that the actual demand is rising in volatil-
ity. Since the actual demand directly affects the cash flow

obtained by the investors, the ECSPs will be an attractive
investment option when the actual demand reaches or
exceeds a certain level.

Figure 5 sets the values of F(-) and V() on the y-axis
and selects Q, € (150,300) on the x-axis. The trigger value
of investment is determined by the tangency point of
F() and V(:). When no subsidy is provided, its value is
Q; = 272; when subsidies are provided in Scheme 1 and
Scheme 2, the tangency point moves to the left and the
value decreases to Q; = 257 and Qy = 243 respectively.
Moreover, the curves of F(-) and V(-) move up in both
schemes. Then, Q; > Qf > Qj, F,(Q)>F(Q)>F(Q)
and V,(Q) > V(Q,) > V(Q,) are obtained.

The results show that subsidies can decrease the trigger
value of investment, increase the option value and the net
expected value of the ECSPs. In other words, subsidies can
act as incentives for the investors to invest immediately.
However, different forms of subsidies can lead to different
policy effects. The choice of subsidy schemes is important
for policymakers to achieve the established goals. Accord-
ing to the results shown in Fig. 5, operating subsidy is more
effective than construction subsidy in this regard.

Figure 6 depicts the subsidy value on the y-axis
and the actual demand Q,€(50,300) on the x-axis.
To highlight the fluctuation of actual demand,
(¢=0.001,0=0.06) is added as a reference group. As
the values of a and o decrease, the curves of S, and S,
move down accordingly, and the trigger value of invest-
ment decreases from Q] = 272 to Qf = 240. Therefore,
from the perspective of saving policy costs and stimu-
lating immediate investment, the uncertainty of actual
demand should be timely concerned by the government
when formulating subsidy policies.

The curves of S, and S, show a downward trend with
the actual demand increasing. When the actual demand



Song et al. BMC Geriatrics (2022) 22:49

Page 9 of 13

Fig.4 Sample path of actual demand
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reaches the investment threshold Qj, the values of S
and S, drop to zero. In this process, operating sub-
sidy is always lower than construction subsidy, which
explains that operating subsidy is more conducive to
saving policy costs. Therefore, in the context of uncer-
tain actual demand, the choice of subsidy schemes does
have an impact on policy costs. The results also con-
form that when the actual demand reaches the trigger
value, subsidies will no longer be needed.

To display the spillover effects of subsidies on F(-)
and V(-), Figs. 7 and 8 set the values of F,(Q,) — F(Q,),
Fps(Qt) - F(Q;) ’ Vcs(Qt) - V(Q;) and Vps(Qt) - V(Qt) on
the y-axis. These values can be interpreted as the spill-
over benefits from subsidies for the investors. Accord-
ing to the results in the two figures, the spillover

benefits from operating subsidy are always higher than
those from construction subsidy with actual demand
fluctuating. And as shown in Fig. 8, the curve of
V,(Q) — V(Q,) shows an increasing trend. The results
imply that compared with construction subsidy, oper-
ating subsidy is more adaptable to the uncertainty of
actual demand and is more beneficial to the investors
in the long run.

Discussion

Formulating subsidy policies to promote the development
of the ECSPs is an important means for the government
to leverage market forces to provide care services for the
elderly under the supply-side reform model. Our study
applied the real option theory to establish a mathematical
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model for comparing the effects of subsidy policies, and
introduced numerical examples to identify the optimal
subsidy scheme and to verify the uncertainty of actual
demand. The results showed that operating subsidy is
more effective than construction subsidy in stimulating
the investors’ immediate investment, saving policy costs
and increasing spillover value of subsidy policy. The study
not only presented a theoretical framework for analysing
the dynamic changes of the investors’ investment strate-
gies for the ECSPs in the face of uncertain actual demand,
but also provided a practical and directional reference for
the government’s optimal subsidy selection.

For the investors, operating subsidy is more attractive
for them to invest in the ECSPs immediately, as it can sig-
nificantly increase the option value and the net expected
value of investment in the context of uncertain actual
demand. Moreover, operating subsidy is directly related
to the cash flow of the ECSPs, which can effectively alle-
viate the risk of income caused by the uncertainty of
actual demand, thereby enhancing the investors’ invest-
ment confidence and driving them to execute investment
decisions immediately. According to our research results,
the actual demand curve shows an upward trend in fluc-
tuation. Therefore, with the increase of actual demand
in the future, the investors will get a higher spillover
net expected value from operating subsidy than from
construction subsidy, which is beneficial to increase the
long-term interests of investing in the ECSPs.

For the government, operating subsidy has greater
advantages than construction subsidy in terms of reduc-
ing investment thresholds and saving policy costs.
Operating subsidy can lower investment thresholds
even more, thus triggering immediate investment more
quickly. While it is true that throwing substantial finan-
cial subsidies into the ECSPs can stimulate a lot of imme-
diate investment, avoiding unnecessary subsidy costs is
also a manifestation of the government’s responsibility
to the public interests. Operating subsidy appears to be
more conducive to achieving the policy goals at the lower
policy costs. Moreover, by adding a reference group to
the parameter values of uncertainty, the study high-
lighted the policy adaptability of operating subsidy to the
uncertainty of actual demand. Operating subsidy based
on actual demand can effectively reduce the number of
vacant beds in the ECSPs and encourage the investors to
expand the scope of service supply, thereby promoting
the ECSPs’ development towards a more inclusive direc-
tion. The results emphasized the importance of policy
choices.

Additionally, the results showed that the government
should pay attention to the quality supervision of the
ECSPs, the market positioning of the consumer group
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and the long-term growth of actual market demand.
Measures that can improve the quality supervision sys-
tem should be taken, especially something regarding
medical and health care, such as technical audit of pro-
fessional nursing equipment and qualification assess-
ment of practitioners [18]. Investment costs vary with
the self-care ability of the elderly receiving care services.
It is worth popularizing that local governments such as
Beijing and Hangzhou have adopted differentiated oper-
ating subsidy scheme according to the health statue of
the elderly served by the projects [36, 37]. Some policies
that can increase the affordability of the elderly should be
emphasized, such as improving the level and coverage of
old-age insurance, providing payment vouchers for the
oldest-old, and establishing a long-term care insurance
system [12]. The implementation of these policies can
be conducive to creating a sustainable growth market
demand environment for the ECSPs.

China’s policy experience provides a paradigm for
many developing countries that are devoting to intro-
ducing market forces through the ECSPs to provide
elderly care services. Our study verified the uncertainty
of actual demand and clarified its impact on the inter-
ests of the government and the investors in the initial
stage of the ECSPs. The results emphasized the impor-
tance of subsidy intervention in stimulating immediate
investment and the advantages of operating subsidy in
the context of uncertain actual demand. However, there
are also some limitations that deserve to be improved
in the future. Firstly, this study verified the uncertainty
of actual demand, but it didn’t analyse the main driving
forces behind it in detail to further explore the space of
policy optimization. Secondly, the aim of this study is
to provide more reproducible and adaptable policy sug-
gestions for the ECSPs, so the regional variables and
the data of typical cases are not introduced into the real
options model and numerical examples, which can be
further explored after more complete and appropriate
data are collected.

Conclusions

Rapidly aging of the population spawns a huge demand
for elderly care services. Under the supply-side reform
model, motivating private investors to invest in the
ECSPs immediately to satisfy the vast demand vol-
umes with fewer subsidy costs is the government’s
policy goals. The study showed that operating subsidy
is more effective in achieving these policy objectives
than construction subsidy in the context of uncertain
actual demand. Moreover, a sound quality supervision
system, a differentiated operating subsidy scheme and
a sustainable growth market demand environment are
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conducive to increasing the interests of the govern-
ment and the investors in the long term. The results
not only provided directional guidance and opinions
for the sustainable development of the ECSPs in China,
but also presented empirical paradigms for policy
designers in other developing countries that expect to
use market forces to deal with the demand of elderly
care services.
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