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Chapter 7
Modeling to Inform Long-Term Care Policy 
and Planning for an Aging Society

John P. Ansah, Victoria Koh, Muhammad Azeem Qureshi, 
and David B. Matchar

Abstract  Demographic changes such as increasing longevity, declining family 
sizes, and increasing female participation in the labor market have implications for 
long-term care (LTC) planning for the elderly. As the population in both developed 
and developing world ages, the prevalence of health conditions such as chronic 
diseases and disabilities increases. Consequently, the proportion of elderly adults 
who require assistance with their daily activities rises. Further, the potential decrease 
in family members available as caregivers implies an increase in the demand for 
alternative LTC arrangements. Planning of LTC services is fraught with dynamic 
complexities. Various issues, such as projecting future need, cost, capacity, and 
quality of care and caregivers—formal and informal—can influence the effective-
ness and efficiency of LTC services. The trends outlined point to the need for a 
comprehensive LTC planning that accounts for all these dynamics changes. This 
chapter aims to demonstrate the use of simulation modeling as a communication 
tool that allows for the LTC complexity to be reduced to its essential elements to 
inform policy for an aging society. The forms of simulation techniques used in the 
planning of LTC policy and services and real-world applications across different 
institutional contexts are discussed. Of particular focus is the application of the 
system dynamics methodology in LTC planning. Three LTC projects using system 
dynamics methodology are presented. Specifically, these LTC projects comprise the 
methodological process in the projection of the number of disabled elderly in 
Singapore accounting for changing educational attainment, the impact of various 
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LTC policies on informal eldercare hours and labor force participation of informal 
caregivers, and the impact of LTC capacity expansion policies on acute care.

Keywords  Simulation • Modeling • System dynamics • Long-term care • Policy • 
Aging • Disability • Caregiving

1  �Introduction

Population aging is a global phenomenon. Worldwide, the population aged 60 and 
above is projected to increase from 901 million in 2015 to 2.1 billion in 2050, rep-
resenting an increase of more than twofold (United Nations 2015). Accompanying 
this demographic shift is a corresponding increase in the prevalence of health condi-
tions, such as chronic diseases and disabilities, and underlying physical, cognitive, 
and sensory limitations (Guay et al. 2014). A chronic disease like Alzheimer’s dis-
ease, for instance, reduces cognitive functioning in elderly individuals, resulting in 
an increasing need for support in their daily activities and even legal guardianship. 
Consequently, the number of elderly adults requiring assistance with their daily 
activities is expected to increase. The amount of care hours required is further com-
pounded by the differing level of dependency between the two elderly cohorts as the 
old–old (aged 80+) are expected to require more assistance due to elevated risks of 
chronic diseases such as depression (Chou and Chi 2005), dementia (Corrada et al. 
2010; Jorm and Jolley 1998), and disability (Berlau et al. 2009) in comparison to the 
young–old (aged 60–79).

Emerging social trends such as declining family units and increasing female par-
ticipation in the labor market are also changing the way care is provided to elderly 
individuals. For several decades, many countries have had below-replacement fertil-
ity. Out of 83 countries with below-replacement fertility during the years 2010–
2015, 25 had fertility below 1.5 children per woman (United Nations 2015). 
Decreasing fertility rates have led to declining family units in many countries. As 
the family has long been the primary source of caregiving to elderly individuals, the 
decrease in household size suggests a potential decrease in the number of caregivers 
available to an elderly individual in need (Spillman and Pezzin 2000). Further, 
increasing female participation in the labor market as a result of educational oppor-
tunities and economic development has also resulted in a decrease in the number of 
potential family caregivers (Spillman and Pezzin 2000), implying an increase in the 
demand for alternative care arrangements.

Owing to the trends outlined above, the development of viable long-term care 
(LTC) policies in response to an increasingly aging society is a high priority. LTC is 
the continuum of medical and social care delivered to individuals who have lost 
some capacity for self-care due to chronic illness; injury; physical, cognitive, or 
mental disability; or other health-related conditions. It encompasses a wide range of 
services such as assisting individuals with activities of daily living (ADLs), 
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instrumental activities of daily living (IADLs), and health maintenance tasks in 
order to maintain or improve their level of physical functioning and quality of life 
(WHO Study Group 2000; Harris-Kojetin et al. 2013). A significant proportion of 
LTC expenditure is financed by the public sector and can account for up to 4% of a 
country’s gross domestic product (GDP) (OECD 2015). Even so, the annual growth 
rate of LTC expenditure has been rising rapidly across many countries and is 
expected to continue to increase due to both demographic and non-demographic 
trends (OECD 2015). Thus, it is imperative that LTC policies be adapted to strike a 
balance between providing adequate assistance and ensuring its fiscal sustainability 
well into the future.

In this light, simulation modeling plays a potentially important role in facilitating 
informed decision-making in the planning of LTC policies. It provides a framework 
for understanding and estimating the plausible impact of proposed strategies before 
their implementation, which can be very expensive or may have unintended conse-
quences (Campbell et  al. 2000). Simulation models may be used as a boundary 
object to engage policymakers and stakeholders in the development of dynamic 
insights into the likely impact of population aging on LTC needs, family dynamics, 
the cost of health and social care, and the labor market (Wenger 1998). Engaging the 
various stakeholders in the development of LTC simulation models lends support to 
the process of understanding the demand for various LTC options in the future and 
the resultant impact on families (caregiving, labor participation, cost). Simulation 
modeling can also circumvent the lack of coordination among the disparate group 
of stakeholders across the medical and social service interface (Peters 2014). 
Insights on how plausible policies may affect outcomes of interests from the per-
spectives of the care recipient (such as quality of LTC services provided) and care-
givers (caregiver education or respite care) as well as policymakers (LTC expenditure, 
building more acute care or LTC facilities) can be generated and consolidated into a 
single framework. Further, modeling not only serves as a tool to support a specific 
decision at one point in time but can also be used to address the challenges of a 
rapidly evolving system (Brailsford et al. 2012). The model structure and data inputs 
can be updated accordingly to remain relevant in new circumstances (Brailsford 
et al. 2011). This chapter discusses the use of analytical techniques to facilitate the 
planning of LTC arrangements for elderly with disabilities.

2  �Long-Term Care Options

LTC can be broadly categorized as formal or informal care and may be provided in 
a variety of settings. Both forms coexist within an LTC system, either complement-
ing or substituting each other, depending on the preferences and level of depen-
dency of the elderly individual. Some common types of LTC services are discussed 
in the section below.

Formal care consists of a series of paid services by trained and licensed profes-
sionals, which may be provided at home, within the community, or an institution. 
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Such care is usually provided by the commercial sector and is governed by regula-
tory boards (Triantafillou et al. 2010; Stuart-Hamilton 2011). Home- and community-
based care is the wide array of formal medical and social services provided within 
a setting that is familiar and comfortable for elderly individuals on a regular basis 
and aims to delay or prevent institutionalization. It is a common feature in many 
systems and has been rapidly expanding due in part to the increasing need, a shift 
from hospital-based care to community care to reduce costs, and also the elderly’s 
preference to stay at home (WHO Study Group 2000). Many elderly with disabili-
ties living within the community will require some form of rehabilitation services, 
which can be accessed in community rehabilitation centers providing physiotherapy 
and occupational therapy. This aims to improve their functional status to the maxi-
mum level medically possible, hence allowing them to regain their ability to per-
form ADLs and remain active in the community. In Singapore, these services may 
be received at the senior care centers. Another type of community care is social day 
care services, where elderly may go to socialize while their family members are at 
work. Often, some form of supervision is provided for these elderly at the care cen-
ter. Social day care services may also be provided in elderly day care centers that 
help support family caregivers to continue caring for their seniors within the com-
munity. Simple programs are usually conducted at the centers, such as exercise to 
help maintain health and functional status, activities like handicraft or karaoke to 
promote social interactions and quality of life, and caregiver support programs. 
Home medical and nursing care can also be provided within the home and commu-
nity setting where health professionals visit the disabled elderly in their homes to 
attend to nonserious medical needs, such as basic consultations. The home- and 
community-based care model in Denmark has been successful in reducing costs by 
diverting care provision back to the community. It is wide-reaching and extensive 
and is often cited as an exemplary model (Stuart and Weinrich 2001).

Institutional-based LTC refers to the services provided outside of the community, 
usually in nursing and residential care facilities that provide accommodation and 
LTC as a package. They include specially designed institutions or hospital-like set-
tings where the predominant service component is LTC and the services are pro-
vided for people with moderate to severe functional restrictions (OECD 2011). 
Some examples of institutional-based LTC are assisted living, nursing homes, and 
hospice care. Assisted living is a housing facility that provides personal care ser-
vices, 24-hour supervision and assistance, and recreational activities and nursing 
care services to elderly adults with disabilities (U.S.  Department of Health and 
Human Services 2003). Such facilities are widespread in the United States, Canada, 
and Sweden. Similarly, nursing homes are residential facilities that provide care to 
elderly with disabilities, but on a more comprehensive level as care recipients usu-
ally require more assistance due to their higher levels of dependency. Hospice care 
for the elderly generally focuses on end-of-life services and can include pain man-
agement and a variety of emotional, spiritual, and physical support.

On the other hand, informal care refers to services provided by nonprofessionals 
that are usually unpaid and is the most dominant form of LTC care (Stuart-Hamilton 
2011; Brodsky et al. 2003). Informal caregivers may be relatives or friends but are 
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most often spouses or adult children, in particular, daughters and daughters-in-law. 
In the United States, 80% of disabled older adults were receiving informal care from 
a spouse or adult child (Spillman and Pezzin 2000). In Japan, most elderly live with 
their sons, and care of the disabled elderly is traditionally the responsibility of the 
daughter-in-law (Campbell and Ikegami 2000). Similarly, women in Europe and 
Korea are more likely to take on the role of informal caregivers (Jang et al. 2012). 
Domestic workers (equivalent to a personal care aide in the United States), although 
paid for their services rendered, may be classified as informal caregivers due to their 
nonprofessional status. The majority of them live with the care recipient and may be 
foreign or local, assisting with personal grooming and ADLs. Often, they also pro-
vide some form of companionship to the disabled elderly. There is a high uptake of 
foreign domestic workers (FDWs) in countries like Hong Kong, Kuwait, Malaysia, 
Qatar, Saudi Arabia, Singapore, and the United Arab Emirates both for domestic 
help and caring for dependents, including the elderly (International Labour Office 
2013). It is estimated that FDWs accounted for 77% of paid caregivers in assisting 
disabled elderly in Singapore (Ku et al. 2013).

Voluntary organizations may also be a source of informal care through the provi-
sion of welfare services to elderly individuals with disabilities. Some common types 
of services include meal delivery, ration distribution, or extending befriending ser-
vices to elderly with disabilities. In addition, some countries with aging populations 
have taken to innovative strategies for informal caregiving to needy elderly. One 
such example is Japan, where healthy elderly are mobilized to provide social sup-
port to their more frail counterparts through various schemes (Hayashi 2015).

3  �Key Issues with LTC Policies

Formulating LTC policies within a population is fraught with dynamic complexities. 
The apparent lack of consensus on the definition of LTC has resulted in a large 
heterogeneity in the way it is provided across space and time, presenting difficulties 
in assessing the magnitude of LTC services and costs. Physical and occupational 
therapy services, for instance, are covered by health insurance in many European 
countries but are considered LTC services in the United States and other countries 
(Swartz et al. 2012). Multiple stakeholders are involved: policymakers, providers, 
care recipients, and their families, all of whom have significant differences in inter-
ests. Thus, LTC policies differ across systems according to cultural expectations, 
economic conditions, and political histories behind the administration and funding 
of social programs within the country (Swartz et al. 2012). Thus, while most LTC 
policies are highly specific to a country, four key policy issues—cost, capacity, quality 
of care, and caregivers—continue to affect the effectiveness and efficiency of various 
LTC policies and have to be carefully considered in designing LTC policies.

Cost/financing: The impending rise of LTC financing makes cost the most important 
policy issue. Whether a country adopts a public, private, or hybrid funding mechanism 
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can affect the financial sustainability of LTC policies into the future. Tax revenues 
are the main source of public financing, which is used to fund various LTC 
approaches such as subsidies, social insurance, and universal coverage (Rodrigues 
2014). Most European countries adopt such approaches (Mot and Aniko 2012). 
While public funding reduces the hefty cost of LTC for an individual through risk 
sharing, the availability of public funding reduces the apparent cost of formal care 
and thus can increase the demand for formal LTC services, even with the availabil-
ity of an informal caregiver (Coughlin et al. 1992). Generous public funding may 
induce demand for LTC and creates incentives for overutilization (Ettner 1994; 
Welch et al. 1996).

On the other hand, private insurance schemes and out-of-pocket payments are 
the main sources of private funding mechanisms (Rodrigues 2014). While such 
financing systems may potentially be favorable for the public budget, costs on the 
individuals will be very hefty. Few private LTC insurance schemes are available due 
to the uncertainty about both the probability of an individual needing LTC and the 
costs of such care in the future (Barr 2010). Hence, private LTC insurances face 
various obstacles to implementation, especially due to adverse selection, where 
people with a higher risk of needing LTC will purchase such insurance thus driving 
premiums up (Barr 2010; Comas-Herrera et al. 2012; Rothgang and Engelke 2009). 
Out-of-pocket payments for LTC services are not feasible as the costs are too high. 
Where the cost burden falls onto the individual, the out-of-pocket cost of the LTC 
options available within the system becomes the deciding factor in the uptake rate 
of LTC services as individuals are price sensitive. This might result in individuals 
not receiving appropriate care services as their decision is heavily based on pricing. 
Hybrid systems comprise a combination of public and private funding mechanisms 
such as private insurance schemes and public subsidies. Singapore adopts the 
hybrid funding mechanism for LTC provision, in which payment is a hybrid of 
means-tested subsidies and out-of-pocket payments (Ministry of Health 2015). For 
instance, subsidies are provided to families who hire domestic workers to care for 
elderly with functional disabilities. Each mechanism has its inherent advantage and 
disadvantage, and a thorough understanding is required to draft appropriate LTC 
policies.

It is also worth noting that while the costs of informal care of elderly individuals 
are usually not captured in the market nor measured in the national income account-
ing, the amount is not insignificant. In the United States, for instance, the total 
economic contribution by informal family caregivers was estimated to be US$375 
billion in 2007 (approximately 2.7% of GDP) (Colombo et al. 2011).

Capacity: LTC capacity is taken to be both the physical infrastructure and human 
resources in this context. Planning for LTC capacity is an important and intricate 
task, made complicated by the interface between acute care and LTC (Stone 2000). 
Inadequate LTC capacity can result in an increased utilization of acute care facilities 
as the disabled elderly requiring step-down care are not able to be decanted to an 
appropriate care venue. In Canada, for instance, the lack of access to residential 
LTC was found to be one of the major causes for high volumes of acute care 
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services as many patients no longer need acute services but occupy acute care beds 
waiting for discharge to a more appropriate setting (Canadian Institute for Health 
Information 2009). Due to the large heterogeneity within the LTC system, there is a 
lack of a standard or adequate measure of LTC capacity. Common measures of the 
demand for nursing homes include the ratio of beds per aged population and occu-
pancy rates (DuNah et al. 1995). However, such measures are not robust and do not 
account for important factors such as severity of disability or availability of caregiv-
ers at home.

Similarly, developing and retaining a skilled LTC workforce is not without chal-
lenges. Many LTC workers are not well trained to meet the needs of LTC care 
recipients, having only been minimally exposed to LTC during their curricula or 
clinical placements. Further, once hired, rapid turnover among the LTC labor force 
becomes common due to the high demands of the job and noncompetitive benefits 
(Institute for the Future of Aging Services 2007; Stone 2012), incurring additional 
costs as new personnel will have to be hired and trained for the job. Without a regu-
lar workforce, the quality of care within the LTC facility may be compromised. The 
difficulty in establishing LTC capacity is compounded by the fact that majority of 
LTC needs are met by informal caregivers, and information on this group of caregiv-
ers is often not and cannot be captured in detail.

Quality of care: The quality of care is another important aspect in the provision of 
LTC services and can be attributed to a wide array of factors such as training and 
supervision of formal and informal caregivers and even LTC financing mode. It may 
be measured by the achievement of desired outcomes of care and activities designed 
to improve the processes or the contribution of the underlying structure to that 
achievement, if specific direct links with outcomes are established (Donabedian 
1985). Common quality measures used include structural (e.g., staffing levels), pro-
cess (e.g., appropriate administration of medication), and outcome (e.g., health sta-
tus of care recipients) (Castle and Ferguson 2010; Centers for Medicare and 
Medicaid Services 2016). Regular monitoring and reporting of the quality of care 
within an LTC system are important to all stakeholders involved—funders, provid-
ers, care recipients, and their families. Not only does this act as a reflection of the 
return of investments for funders, reporting quality measures also facilitates the 
decision-making process for care recipients on their LTC options. In addition, 
expectations of quality of care are constantly changing in a dynamic population as 
education and the availability of information increase. Assessing quality of LTC 
regularly can also act as a feedback to providers to help them understand consumer 
demands. However, implementing a uniform measure of the quality of care across 
all boards will prove to be difficult as the responsibility of delivering LTC is vested 
in different agencies.

Many mechanisms have been developed to ensure an acceptable level of 
LTC services. The most basic interventions involve measures to establish basic 
legislation and standards aiming in general at achieving acceptable deployment of 
resources, such as maintaining a stipulated skill mix. In many countries, compliance 
with quality assurance guidelines is required for licensing or remuneration 
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(Centers for Medicare and Medicaid Services; Wiener et al. 2007). Nevertheless, 
many LTC facilities have been found to be operating with poor quality, often due to 
insufficient attention to regulations (Feder et al. 2000). On the other hand, stricter 
enforcements will also increase costs. Maintaining and measuring the quality of care at 
home is just as challenging, if not more due to the lack of regulation. The majority 
of the informal caregivers assume responsibility when an elderly family member 
falls ill and thus usually lack the proper training and education in caregiving. Thus, 
processes and outcomes such as improvement in functional ability or quality of life 
can vary substantially across informal LTC recipients. Enhancing the effectiveness 
of quality tools and extending their reach will remain a considerable challenge for 
policymakers (Feder et al. 2000).

Caregivers: As informal caregivers make up the majority of LTC providers, the 
availability of caregivers is important to LTC planning. Due to changing social 
trends—such as smaller family size, and increased labor market participation, espe-
cially among women—the potential pool of caregivers available is decreasing. 
Hence, the number of care hours required per available informal caregiver is 
expected to increase.

The trend toward a greater demand for care can potentially strain informal care-
givers who are the major source of help for dependent elderly. Caregiving may 
involve difficult tasks and a complex relationship with the care recipient and can 
affect the psychological and physiological well-being of informal family caregivers. 
Evidence suggests that excess caregiver burden is associated with depression 
(Covinsky et al. 2003; van Wijngaarden et al. 2004), the decline in physical health, 
and increased healthcare utilization (Schulz and Beach 1999). Caregiving responsi-
bilities may also compete with participation in the labor market, compromising the 
caregiver’s performance in either role (Josten and de Boer 2015). Caregivers who 
are employed may also find it difficult to maintain work roles while assisting a fam-
ily member as evidenced by their reported missed days, interruptions at work, leaves 
of absence, and reduced productivity because of their caregiving obligations 
(Anastas et al. 1990). Moreover, the competing demands of caregiving can exacer-
bate negative feelings and contribute to increased risk of depression or affect the 
quality of caregiving or labor participation.

Yet, few countries focus on informal caregivers in their LTC policies. Support 
services for this group are usually nonexistent or piecemeal, fragmented, and ad hoc 
at best. Existing policies include education, training, and counseling of families; 
respite care; laws guaranteeing unpaid leave if they have to care for sick relatives; 
and various forms of direct financial support (Brodsky et al. 2003). Technological 
development, albeit still in its nascent stage, can potentially decrease caregiver bur-
den. Technology products currently available serve as assistive devices and can be 
worn on, embedded in, and/or placed in the environment of elderly requiring 
LTC. These devices work to support daily life activities and enrich their quality of 
life, such as bath aids that maintain a constant bath temperature to prevent scalding, 
cognitive orthotics that provides medication reminders, and monitoring systems 
with call buttons that elderly can press during an emergency (Tak et  al. 2010; 
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International Federation on Ageing 2012). In formulating appropriate policies 
for informal caregivers, it is important to thoroughly understand the difficulties 
they face so that adequate support can be provided to them in a sustainable and 
efficient manner.

4  �Survey of LTC Modeling Methods

A variety of modeling methods is used to facilitate the planning of LTC services for 
a given population. The choice of modeling method will depend on a variety of 
factors, such as the research question/purpose of modeling, the ease of application, 
and the availability of data. This section explores some methods commonly used in 
LTC modeling, namely, (a) cell-based macrosimulation, (b) data-driven models, 
(c) Markov models, (d) microsimulation, and (e) system dynamics.

Cell-based macrosimulation: It is a simulation method originally designed by the 
Personal Social Services Research Unit (PSSRU) as part of a PSSRU long-run project 
at the London School of Economics (Comas-Herrera et al. 2003). Cell-based mac-
rosimulation is an aggregate modeling method, usually performed on a spreadsheet, 
in which the population of interest is represented by a cross-classification table 
where the cells represent each possible combination of characteristics considered, 
such as age and gender. This method is widely used in LTC planning as it is rela-
tively straightforward and does not require extensive data. Nevertheless, the model 
can become very large very quickly if there are a lot of characteristics to be included, 
which increases the number of cells in the model.

Data-driven models: Data-driven models require the formulation of mathematical 
equations used to extrapolate LTC demand and supply in the future based on historical 
or current trends. Due to its ease of application, this method is commonly used for 
projections. However, it is generally static and does not account for possible changes 
to the system.

Markov model: Markov models investigate the behavior of a stochastic process at 
discrete time intervals. Such models are well suited for investigating the occurrence 
of events within a closed cohort. In Markov models, the realization of the variable 
in a sequence is estimated based on a stationary set of probabilities associated with 
the likelihood for the variable assuming a particular future value (Winston and 
Goldberg 2004).

Microsimulation: In contrast with macrosimulation, microsimulation models describe 
events and outcomes at an individual level. This allows for the examination of distribu-
tive effects within the population of interest, accounting for heterogeneity in the results. 
Microsimulation modeling is especially useful in LTC planning due to the different 
considerations care recipients might have in their choice of LTC services, such as 
availability of caregiver at home. Microsimulation modeling requires significant time 
commitment due to their complexity and the quantity of data to be processed.
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System dynamics: The systems science methodology of system dynamics depicts 
and simulates dynamic behavior of health, economic, and social mechanism through 
the use of the stock and flow concept, together with delays, nonlinearity, and 
information feedback. A system dynamics model comprises coupled, nonlinear, 
first-order differential (or integral) equations. It applies a top-down approach in 
modeling aggregate decision change process, using aggregate stocks to represent 
groups. Compared with other modeling methods, system dynamics models admit 
more variables on the basis of logic or expert opinion for which solid statistical 
estimates may not be available (Homer and Hirsch 2006). Nonetheless, system 
dynamics models can be very complex as the number of variables and casual relations 
increases. The list of data input can increase rapidly making it difficult to populate.

A survey of LTC modeling techniques is shown in Table 7.1 below. The exam-
ples were chosen to illustrate the use of the various analytical methods in different 
LTC planning contexts.

Planning for LTC services requires a comprehensive understanding of the vari-
ous factors that will affect both the demand for and supply of services. To estimate 
the future demand for LTC services, demographic characteristics of the population, 
such as age and gender distribution, must first be identified. An aging population, 
coupled with an increasing prevalence of disability with age, is likely to see an 
increase in demand for LTC services. The prevalence of disability is key, as elderly 
with more disabilities are likely to require more LTC services. Increasing educa-
tional attainment in the elderly population is also likely to affect the demand for 
LTC services as they become more aware of services available and tend to have a 
higher expectation for health. In addition, changing educational attainment has been 
found to impact incidence and prevalence of disability. Further, it is important to 
have an understanding of the current distribution of LTC service utilization within 
the population, such as the proportion of elderly using home-based services, 
community-based services, or institutional-based services and the predictors of ser-
vice preference. This is especially important as changes in LTC demand are usually 
not uniform across all types of services. The availability of informal caregivers is an 
important consideration as the majority of dependent elderly receive some form of 
informal care. The demand for formal LTC generally increases if there is no infor-
mal caregiver available.

Next, characteristics of the LTC supply have to be clearly understood in order to plan 
for LTC services adequately. Similarly, the distribution of LTC resources/personnel 
has to be disaggregated by LTC service segment, i.e., the number of nurses in 
nursing homes versus the nurses conducting home- or community-based services. 
In addition, when counting LTC personnel, full-time equivalents should be used 
to accurately represent the LTC personnel available to provide the required ser-
vices. It is also worth noting that LTC payment systems can affect the type of LTC 
service demand; one in which payment is heavily dependent on out-of-pocket 
costs is likely to see a higher uptake of home-based services, which are usually 
less costly.
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Ta
bl

e 
7.

1 
Su

rv
ey

 o
f 

m
od

el
in

g 
m

et
ho

ds

Pa
pe

r 
tit

le
 a

nd
 a

ut
ho

r
C

ou
nt

ry
A

im
s/

Q
ue

st
io

n/
O

bj
ec

tiv
e

Fr
am

ew
or

k
Su

m
m

ar
y 

of
 r

es
ul

ts

C
el

l-
ba

se
d 

m
ac

ro
si

m
ul

at
io

n

D
em

an
d 

fo
r 

lo
ng

-t
er

m
 

ca
re

: p
ro

je
ct

io
ns

 o
f 

lo
ng

-t
er

m
 c

ar
e 

fin
an

ce
 f

or
 

el
de

rl
y 

pe
op

le
 

(W
itt

en
be

rg
 e

t a
l. 

19
98

)

U
ni

te
d 

K
in

gd
om

To
 p

ro
je

ct
 li

ke
ly

 d
em

an
d 

fo
r 

LT
C

 f
or

 e
ld

er
ly

 p
eo

pl
e 

up
 to

 
th

e 
ye

ar
 2

03
1 

an
d 

as
se

ss
 th

e 
LT

C
 s

er
vi

ce
 r

eq
ui

re
m

en
t a

nd
 

ex
pe

nd
itu

re

PS
SR

U
 c

el
l-

ba
se

d 
m

ac
ro

si
m

ul
at

io
n

Pr
oj

ec
te

d 
el

de
rl

y 
po

pu
la

tio
n 

is
 d

iv
id

ed
 in

to
 

su
bg

ro
up

s 
(c

el
ls

) 
by

 a
ge

, g
en

de
r, 

de
pe

nd
en

cy
, 

ho
us

eh
ol

d 
ty

pe
, h

ou
si

ng
 te

nu
re

, a
nd

 r
ec

ei
pt

 o
f 

in
fo

rm
al

 h
el

p
L

og
is

tic
 r

eg
re

ss
io

n 
te

ch
ni

qu
es

 w
er

e 
ap

pl
ie

d 
to

 
su

rv
ey

 d
at

a 
to

 e
st

im
at

e 
pr

ev
al

en
ce

 o
f 

de
pe

nd
en

cy
, p

ro
ba

bi
lit

y 
of

 s
er

vi
ce

 u
til

iz
at

io
n,

 
an

d 
ot

he
r 

pr
ob

ab
ili

tie
s 

us
ed

 in
 th

e 
m

od
el

T
he

 n
um

be
r 

of
 e

ld
er

ly
 p

eo
pl

e 
is

 e
xp

ec
te

d 
to

 
in

cr
ea

se
, w

ith
 th

e 
ve

ry
 e

ld
er

ly
 p

eo
pl

e 
pr

oj
ec

te
d 

to
 r

is
e 

m
or

e 
ra

pi
dl

y
E

ld
er

ly
 r

eq
ui

ri
ng

 f
or

m
al

 L
T

C
 s

er
vi

ce
s 

ar
e 

ex
pe

ct
ed

 to
 in

cr
ea

se
 b

ut
 d

ep
en

ds
 la

rg
el

y 
on

 
fu

tu
re

 p
at

te
rn

s 
of

 c
ar

e
LT

C
 e

xp
en

di
tu

re
 is

 e
xp

ec
te

d 
to

 in
cr

ea
se

 b
ut

 
w

ill
 b

e 
af

fe
ct

ed
 b

y 
ch

an
ge

s 
su

ch
 a

s 
re

al
 

w
ag

es
, t

he
 e

ffi
ci

en
cy

 o
f 

se
rv

ic
e 

pr
ov

is
io

n,
 e

tc
.

Fu
tu

re
 lo

ng
-t

er
m

 c
ar

e 
ex

pe
nd

itu
re

 in
 G

er
m

an
y,

 
Sp

ai
n,

 I
ta

ly
, a

nd
 th

e 
U

ni
te

d 
K

in
gd

om
 

(C
om

as
-H

er
re

ra
 e

t a
l. 

20
06

)

E
ur

op
e 

(G
er

m
an

y,
 

Sp
ai

n,
 

It
al

y,
 

U
ni

te
d 

K
in

gd
om

)

To
 e

xa
m

in
e 

th
e 

se
ns

iti
vi

ty
 o

f 
th

e 
pr

oj
ec

te
d 

de
m

an
d 

fo
r 

lo
ng

-t
er

m
 c

ar
e 

un
de

r 
di

ff
er

en
t o

ffi
ci

al
 p

op
ul

at
io

n 
pr

oj
ec

tio
ns

C
ou

nt
ry

w
id

e 
m

ac
ro

si
m

ul
at

io
n 

m
od

el
 b

as
ed

 o
n 

th
e 

Pe
rs

on
al

 S
oc

ia
l S

er
vi

ce
s 

R
es

ea
rc

h 
U

ni
t 

(P
SS

R
U

) 
m

od
el

 th
at

 g
en

er
at

es
 e

st
im

at
es

 f
or

 
fu

tu
re

 n
um

be
r 

of
 d

ep
en

de
nt

 e
ld

er
ly

, t
he

 
vo

lu
m

e 
of

 s
er

vi
ce

s 
th

ey
 r

eq
ui

re
, a

nd
 th

e 
ex

pe
nd

itu
re

 o
n 

th
es

e 
se

rv
ic

es
E

ac
h 

ce
ll 

re
pr

es
en

ts
 a

 c
oh

or
t o

f 
in

di
vi

du
al

s 
by

 
ag

e-
ge

nd
er

 c
ha

ra
ct

er
is

tic
s,

 b
ut

 d
if

fe
r 

in
 

de
fin

iti
on

 o
f 

de
pe

nd
en

cy
 c

ha
ra

ct
er

is
tic

s,
 u

se
 o

f 
in

fo
rm

al
 c

ar
e,

 a
nd

 o
th

er
 a

ss
um

pt
io

ns
 o

n 
LT

C
 

us
e 

du
e 

to
 d

if
fe

re
nc

es
 a

m
on

g 
co

un
tr

ie
s

LT
C

 s
ys

te
m

s 
di

ff
er

 a
cr

os
s 

co
un

tr
ie

s
Pr

oj
ec

te
d 

fu
tu

re
 d

em
an

d 
fo

r 
LT

C
 is

 s
en

si
tiv

e 
to

 a
ss

um
pt

io
ns

 a
bo

ut
 th

e 
fu

tu
re

 n
um

be
r 

of
 

el
de

rl
y 

an
d 

fu
tu

re
 d

ep
en

de
nc

y 
ra

te
s

Fu
tu

re
 L

T
C

 e
xp

en
di

tu
re

 is
 h

ig
hl

y 
se

ns
iti

ve
 to

 
th

e 
re

al
 u

ni
t c

os
ts

 o
f 

se
rv

ic
e 

pr
ov

is
io

n 
an

d 
th

e 
av

ai
la

bi
lit

y 
of

 in
fo

rm
al

 c
ar

e

(c
on

tin
ue

d)



Ta
bl

e 
7.

1 
(c

on
tin

ue
d)

L
on

g-
te

rm
 c

ar
e 

co
st

 
dr

iv
er

s 
an

d 
ex

pe
nd

itu
re

 
pr

oj
ec

tio
n 

to
 2

03
6 

in
 

H
on

g 
K

on
g 

(C
hu

ng
 e

t a
l. 

20
09

)

H
on

g 
K

on
g

To
 id

en
tif

y 
ke

y 
co

st
 d

ri
ve

rs
 

an
d 

de
ri

ve
 q

ua
nt

ita
tiv

e 
es

tim
at

e 
of

 L
T

C
 e

xp
en

di
tu

re
 

in
 H

on
g 

K
on

g 
up

 to
 th

e 
ye

ar
 

20
36

A
pp

ro
ac

h 
ba

se
d 

on
 P

SS
R

U
 m

od
el

L
og

is
tic

 r
eg

re
ss

io
n 

w
as

 u
se

d 
to

 d
er

iv
e 

th
e 

pr
ob

ab
ili

ty
 o

f 
in

di
vi

du
al

s 
w

ith
in

 e
ac

h 
ag

e-
ge

nd
er

 s
pe

ci
fic

 c
el

l r
eq

ui
ri

ng
 a

 s
pe

ci
fic

 
se

rv
ic

e

D
em

og
ra

ph
ic

 c
ha

ng
es

 h
av

e 
a 

la
rg

er
 im

pa
ct

 
th

an
 c

ha
ng

es
 in

 u
ni

t c
os

ts
 o

f 
ca

re
 o

n 
ov

er
al

l 
ex

pe
nd

itu
re

LT
C

 e
xp

en
di

tu
re

 is
 e

xp
ec

te
d 

to
 in

cr
ea

se
 b

y 
1.

5%
 o

f 
G

D
P 

to
 3

%
 b

y 
20

36
Sp

en
di

ng
 o

n 
LT

C
 m

ay
 b

e 
co

nt
ai

ne
d 

w
ith

in
 

2.
3–

2.
5%

 o
f 

to
ta

l G
D

P 
in

 2
03

6 
if

 in
st

itu
tio

na
l 

ca
re

 c
ou

ld
 b

e 
su

bs
tit

ut
ed

 b
y 

ho
m

e 
an

d 
da

y 
ca

re
 s

er
vi

ce
s

O
th

er
 e

xa
m

pl
es

 o
f 

m
ac

ro
si

m
ul

at
io

n 
m

od
el

s 
in

cl
ud

e:
 C

om
as

-H
er

re
ra

 e
t a

l. 
(2

00
7)

D
at

a-
dr

iv
en

 m
od

el
s

Po
pu

la
tio

n 
ag

in
g 

in
 

Sw
ed

en
: t

he
 e

ff
ec

t o
f 

ch
an

ge
 in

 e
du

ca
tio

na
l 

co
m

po
si

tio
n 

on
 th

e 
fu

tu
re

 
nu

m
be

r 
of

 o
ld

er
 p

eo
pl

e 
su

ff
er

in
g 

se
ve

re
 il

l-
he

al
th

 
(B

at
lja

n 
et

 a
l. 

20
09

)

Sw
ed

en
To

 in
ve

st
ig

at
e 

ho
w

 c
ha

ng
es

 
in

 e
du

ca
tio

na
l l

ev
el

 o
f 

th
e 

el
de

rl
y 

po
pu

la
tio

n 
m

ay
 

af
fe

ct
 f

ut
ur

e 
pr

ev
al

en
ce

 o
f 

se
ve

re
 il

l-
he

al
th

 o
f 

el
de

rl
y 

in
 

Sw
ed

en

E
du

ca
tio

n 
le

ve
l c

la
ss

ifi
ed

 in
to

 th
re

e 
ca

te
go

ri
es

 
ba

se
d 

up
on

 th
e 

ye
ar

s 
of

 e
du

ca
tio

n 
re

ce
iv

ed
L

og
is

tic
 r

eg
re

ss
io

n 
m

od
el

s 
us

ed
 to

 e
st

im
at

e 
di

ff
er

en
ce

s 
in

 p
re

va
le

nc
e 

of
 s

ev
er

e 
ill

-h
ea

lth
 in

 
di

ff
er

en
t a

ge
, g

en
de

r, 
an

d 
ed

uc
at

io
n 

le
ve

l
Fu

tu
re

 n
um

be
r 

of
 e

ld
er

ly
 w

ith
 s

ev
er

e 
ill

 h
ea

lth
 

pr
oj

ec
te

d 
by

 d
em

og
ra

ph
ic

 e
xt

ra
po

la
tio

n

M
or

ta
lit

y 
di

ff
er

en
tia

ls
 b

y 
ed

uc
at

io
n 

le
ve

l h
av

e 
a 

st
ro

ng
 im

pa
ct

 o
n 

th
e 

si
ze

 o
f 

th
e 

el
de

rl
y 

po
pu

la
tio

n 
an

d 
a 

si
gn

ifi
ca

nt
 im

pa
ct

 o
n 

th
e 

nu
m

be
r 

of
 p

eo
pl

e 
w

ith
 s

ev
er

e 
ill

-h
ea

lth
E

du
ca

tio
na

l c
ha

ng
es

 a
m

on
g 

th
e 

el
de

rl
y 

po
pu

la
tio

n 
sh

ou
ld

 b
e 

co
ns

id
er

ed
 w

he
n 

pr
oj

ec
tin

g 
fu

tu
re

 L
T

C
 d

em
an

d
A

gi
ng

, h
ea

lth
 e

xp
en

di
tu

re
, 

pr
ox

im
ity

 to
 d

ea
th

, a
nd

 
in

co
m

e 
in

 F
in

la
nd

 
(H

Ä
K

ki
ne

n 
et

 a
l. 

20
08

)

Fi
nl

an
d

To
 in

ve
st

ig
at

e 
if

 th
e 

cl
ai

m
 

th
at

 p
op

ul
at

io
n 

ag
in

g 
w

ill
 n

ot
 

ha
ve

 a
 s

ig
ni

fic
an

t i
m

pa
ct

 o
n 

LT
C

/h
ea

lth
ca

re
 e

xp
en

di
tu

re

L
og

it 
m

od
el

 w
as

 u
se

d 
to

 d
er

iv
e 

pr
ob

ab
ili

ty
 o

f 
LT

C
 u

til
iz

at
io

n 
ba

se
d 

on
 p

at
ie

nt
 c

ha
ra

ct
er

is
tic

s
O

rd
in

ar
y 

le
as

t s
qu

ar
e 

re
gr

es
si

on
 m

od
el

 u
se

d 
to

 
es

tim
at

e 
ex

pe
nd

itu
re

B
es

id
es

 a
ge

, t
im

e 
to

 d
ea

th
 in

cr
ea

se
s 

th
e 

pr
ob

ab
ili

ty
 o

f 
be

in
g 

an
 L

T
C

 p
at

ie
nt

 a
nd

 
th

er
eb

y 
ha

s 
an

 im
pa

ct
 o

n 
LT

C
 e

xp
en

di
tu

re

Pr
oj

ec
te

d 
us

e 
of

 
lo

ng
-t

er
m

 c
ar

e 
se

rv
ic

es
 b

y 
en

ro
lle

d 
ve

te
ra

ns
 

(K
in

os
ia

n 
et

 a
l. 

20
07

)

U
ni

te
d 

St
at

es
To

 p
ro

je
ct

 L
T

C
 s

er
vi

ce
 

us
ag

e 
by

 e
nr

ol
le

d 
ve

te
ra

ns
R

an
do

m
 s

am
pl

e 
of

 th
e 

M
ed

ic
ar

e-
el

ig
ib

le
 

V
et

er
an

s 
A

ff
ai

rs
 (

V
A

) 
po

pu
la

tio
n 

w
as

 u
se

d 
to

 
st

an
da

rd
iz

e 
th

e 
A

D
L

 a
nd

 I
A

D
L

 d
is

ab
ili

ty
 

le
ve

ls
 a

nd
 L

T
C

 u
se

R
at

es
 w

er
e 

ap
pl

ie
d 

to
 p

ro
je

ct
ed

 V
A

 p
op

ul
at

io
n

T
he

 n
um

be
r 

of
 o

ld
es

t v
et

er
an

s 
w

ill
 d

ou
bl

e,
 

re
su

lti
ng

 in
 a

 2
0–

25
%

 in
cr

ea
se

 in
 d

em
an

d 
fo

r 
bo

th
 n

ur
si

ng
 h

om
e 

an
d 

ho
m

e-
 a

nd
 

co
m

m
un

ity
-b

as
ed

 s
er

vi
ce

s
Fo

r 
an

y 
gi

ve
n 

le
ve

l o
f 

di
sa

bi
lit

y,
 a

ge
 a

nd
 

m
ar

ita
l s

ta
tu

s 
ar

e 
si

gn
ifi

ca
nt

 p
re

di
ct

or
s 

of
 u

se
 

of
 e

ith
er

 ty
pe

 o
f 

fo
rm

al
 L

T
C

 s
er

vi
ce

Pa
pe

r 
tit

le
 a

nd
 a

ut
ho

r
C

ou
nt

ry
A

im
s/

Q
ue

st
io

n/
O

bj
ec

tiv
e

Fr
am

ew
or

k
Su

m
m

ar
y 

of
 r

es
ul

ts



O
th

er
 e

xa
m

pl
es

 o
f 

da
ta

-d
ri

ve
n 

m
od

el
s 

in
cl

ud
e:

 L
ag

er
gr

en
 (

20
05

),
 M

an
to

n 
et

 a
l. 

(2
00

7)
, a

nd
 M

ac
do

na
ld

 a
nd

 C
oo

pe
r 

(2
00

7)
M

ar
ko

v 
m

od
el

s

A
 s

im
ul

at
io

n 
m

od
el

 f
or

 
ca

pa
ci

ty
 p

la
nn

in
g 

in
 

co
m

m
un

ity
 c

ar
e 

(P
at

ri
ck

 
et

 a
l. 

20
15

)

C
an

ad
a

To
 d

ev
el

op
 a

 s
im

ul
at

io
n 

m
od

el
 th

at
 d

et
er

m
in

es
 th

e 
ne

ce
ss

ar
y 

do
w

ns
tr

ea
m

 
ca

pa
ci

ty
 in

 L
T

C
 in

 o
rd

er
 to

 
m

ai
nt

ai
n 

sm
oo

th
 p

at
ie

nt
 fl

ow
 

ou
t o

f 
th

e 
ho

sp
ita

ls
 w

hi
le

 
st

ill
 m

ai
nt

ai
ni

ng
 w

ai
t t

im
e 

ta
rg

et
s 

fo
r 

th
os

e 
ac

ce
ss

in
g 

LT
C

 d
ir

ec
tly

 f
ro

m
 th

e 
co

m
m

un
ity

M
ar

ko
v 

de
ci

si
on

 p
ro

ce
ss

D
em

an
d 

w
as

 d
if

fe
re

nt
ia

te
d 

by
 lo

ca
tio

n,
 L

T
C

 
fa

ci
lit

y 
pr

ef
er

en
ce

s,
 a

cc
om

m
od

at
io

n 
ty

pe
 

re
qu

ir
em

en
t, 

pr
io

ri
ty

, a
nd

 b
y 

el
ig

ib
ili

ty
 f

or
 

su
pp

or
tiv

e 
ho

us
in

g
D

em
an

d 
w

as
 m

od
el

ed
 a

s 
a 

no
n-

st
at

io
na

ry
 

Po
is

so
n 

pr
oc

es
s 

du
e 

to
 a

 s
tr

on
g 

da
y-

of
-t

he
-

w
ee

k 
ef

fe
ct

If
 d

em
an

d 
fo

r 
LT

C
 in

 a
cu

te
 h

os
pi

ta
ls

 r
ea

ch
es

 a
 

“t
ri

gg
er

 v
al

ue
,”

 h
os

pi
ta

ls
 h

av
e 

pr
io

ri
ty

 a
cc

es
s 

to
 a

va
ila

bl
e 

LT
C

 b
ed

s

B
ot

h 
th

e 
ce

ns
us

 ta
rg

et
s 

in
 th

e 
ho

sp
ita

ls
 a

nd
 

w
ai

t t
im

e 
ta

rg
et

 f
or

 c
om

m
un

ity
 c

lie
nt

s 
ca

nn
ot

 
be

 m
et

 u
nd

er
 th

e 
cu

rr
en

t d
em

an
d 

an
d 

ca
pa

ci
ty

U
si

ng
 a

 “
tr

ig
ge

r 
po

lic
y”

 is
 u

se
fu

l t
o 

m
ee

t 
ce

ns
us

 ta
rg

et
 in

 th
e 

ho
sp

ita
l, 

w
hi

le
 w

ai
t t

im
es

 
fo

r 
co

m
m

un
ity

 c
lie

nt
s 

ar
e 

ex
pe

ct
ed

 to
 s

ta
bi

liz
e 

w
el

l a
bo

ve
 th

e 
ta

rg
et

 o
f 

90
 d

ay
s,

 r
eg

ar
dl

es
s 

of
 

im
pl

em
en

ta
tio

n 
of

 p
ol

ic
y

M
od

el
in

g 
th

e 
de

m
an

d 
fo

r 
lo

ng
-t

er
m

 c
ar

e 
se

rv
ic

es
 

un
de

r 
un

ce
rt

ai
n 

in
fo

rm
at

io
n 

(C
ar

do
so

 
et

 a
l. 

20
12

)

Po
rt

ug
al

To
 d

ev
el

op
 a

 s
im

ul
at

io
n 

m
od

el
 to

 p
re

di
ct

 a
nn

ua
l 

de
m

an
d 

fo
r 

LT
C

 s
er

vi
ce

s 
to

 
in

fo
rm

 p
la

nn
in

g 
of

 th
es

e 
se

rv
ic

es
 a

t t
he

 s
m

al
l a

re
a

M
ar

ko
v 

cy
cl

e 
tr

ee
 s

tr
uc

tu
re

Sh
or

t-
te

rm
 d

ec
is

io
n 

tr
ee

 p
re

di
ct

s 
th

e 
nu

m
be

r 
of

 in
di

vi
du

al
s 

in
 n

ee
d 

of
 L

T
C

 in
 th

e 
fir

st
 y

ea
r 

ba
se

d 
on

 p
re

va
le

nc
e 

ra
te

s
L

on
g-

te
rm

 M
ar

ko
v 

m
od

el
 d

efi
ne

s 
ho

w
 L

T
C

 
ne

ed
s 

to
 e

vo
lv

e 
ov

er
 ti

m
e,

 b
as

ed
 o

n 
in

ci
de

nc
e 

an
d 

m
or

ta
lit

y
Se

ns
iti

vi
ty

 a
na

ly
si

s 
w

as
 p

er
fo

rm
ed

 u
si

ng
 th

e 
M

on
te

 C
ar

lo
 s

im
ul

at
io

n

M
od

el
 w

as
 v

al
id

at
ed

 u
si

ng
 p

as
t d

at
a 

an
d 

ke
y 

in
te

rn
at

io
na

l fi
gu

re
s 

an
d 

ap
pl

ie
d 

to
 P

or
tu

ga
l a

t 
th

e 
L

is
bo

n 
bo

ro
ug

h 
le

ve
l

R
es

ul
ts

 s
ho

w
 th

at
 th

e 
m

od
el

 p
ro

vi
de

s 
in

fo
rm

at
io

n 
cr

iti
ca

l f
or

 in
fo

rm
in

g 
th

e 
pl

an
ni

ng
 

an
d 

fin
an

ci
ng

 o
f 

LT
C

 n
et

w
or

ks
D

if
fe

re
nt

 c
hr

on
ic

 d
is

ea
se

s 
re

su
lt 

in
 d

if
fe

re
nt

 
le

ve
ls

 o
f 

LT
C

 n
ee

ds

Se
lf

-r
at

ed
 h

ea
lth

 s
ta

tu
s 

tr
an

si
tio

n 
an

d 
lo

ng
-t

er
m

 
ca

re
 n

ee
d 

of
 th

e 
ol

de
st

 
C

hi
ne

se
 (

Pe
ng

 e
t a

l. 
20

10
)

C
hi

na
To

 p
ro

je
ct

 th
e 

fu
tu

re
 n

ee
d 

of
 

LT
C

 d
ue

 to
 c

ha
ng

es
 in

 
de

m
og

ra
ph

y 
an

d 
he

al
th

 
st

at
us

 a
m

on
g 

th
e 

ol
de

st
 

C
hi

ne
se

M
ar

ko
v 

tr
an

si
tio

n
H

ea
lth

 s
ta

tu
s 

tr
an

si
tio

n 
pr

ob
ab

ili
tie

s 
m

od
el

ed
 

as
 a

 n
on

ho
m

og
en

eo
us

 M
ar

ko
v 

pr
oc

es
s

LT
C

 d
em

an
d 

is
 th

e 
pr

od
uc

t o
f p

er
so

ns
 a

ge
d 

80
+

 
an

d 
un

he
al

th
y 

lif
e 

(d
iff

er
en

ce
 b

et
w

ee
n 

re
m

ai
ni

ng
 

ye
ar

s 
of

 li
fe

 a
nd

 d
is

co
un

te
d 

ye
ar

s 
of

 h
ea

lth
y 

lif
e)

LT
C

 e
xp

en
di

tu
re

s 
ca

lc
ul

at
ed

 b
y 

m
ul

tip
ly

in
g 

un
he

al
th

y 
pe

rs
on

-y
ea

rs
 to

 a
nn

ua
l a

ve
ra

ge
 

ex
pe

nd
itu

re
 o

f 
ca

re

T
he

 n
um

be
r 

of
 p

er
so

ns
 a

ge
d 

80
+

 w
ill

 in
cr

ea
se

 
fr

om
 2

01
0 

to
 2

05
0,

 w
ith

 f
em

al
e 

ca
re

 n
ee

ds
 

ri
si

ng
 m

or
e 

th
an

 th
at

 f
or

 m
al

es
To

ta
l c

ar
e 

ex
pe

nd
itu

re
 w

ill
 r

is
e 

fr
om

 8
3.

52
 

hu
nd

re
d 

m
ill

io
n 

do
lla

rs
 in

 2
01

0 
to

 4
25

.3
0 

hu
nd

re
d 

m
ill

io
n 

do
lla

rs
 in

 2
05

0

(c
on

tin
ue

d)



Ta
bl

e 
7.

1 
(c

on
tin

ue
d)

O
th

er
 e

xa
m

pl
es

 o
f 

M
ar

ko
v 

m
od

el
s 

in
cl

ud
e:

 C
ha

he
d 

et
 a

l. 
(2

01
1)

, H
ar

e 
et

 a
l. 

(2
00

9)
, a

nd
 K

ar
ls

so
n 

et
 a

l. 
(2

00
6)

M
ic

ro
si

m
ul

at
io

n

H
ou

se
ho

ld
 p

ro
je

ct
io

n 
an

d 
its

 a
pp

lic
at

io
n 

to
 h

ea
lth

-/
lo

ng
-t

er
m

 c
ar

e 
ex

pe
nd

itu
re

s 
in

 J
ap

an
 

us
in

g 
IN

A
H

SI
M

-I
I 

(F
uk

aw
a 

20
11

)

Ja
pa

n
To

 p
ro

je
ct

 h
ea

lth
 a

nd
 L

T
C

 
ex

pe
nd

itu
re

 f
or

 th
e 

ye
ar

s 
20

10
–2

05
0 

in
 J

ap
an

D
yn

am
ic

 m
ic

ro
si

m
ul

at
io

n
M

ov
em

en
t o

f 
an

 in
di

vi
du

al
 to

 a
n 

in
st

itu
tio

n 
is

 
de

pe
nd

en
t o

n 
ag

e,
 m

ar
ita

l s
ta

tu
s,

 a
nd

 
de

pe
nd

en
cy

 o
f 

th
e 

el
de

rl
y

Fu
tu

re
 c

os
ts

 d
er

iv
ed

 b
y 

ap
pl

yi
ng

 f
ut

ur
e 

ag
e-

sp
ec

ifi
c 

po
pu

la
tio

n 
pr

oj
ec

tio
ns

 f
or

 e
ac

h 
of

 
th

e 
LT

C
 in

su
ra

nc
e 

ba
nd

R
at

io
 o

f 
el

de
rl

y 
pa

re
nt

s 
to

 a
du

lt 
ch

ild
re

n 
is

 
ex

pe
ct

ed
 to

 in
cr

ea
se

 r
em

ar
ka

bl
y

T
he

 p
ro

po
rt

io
n 

of
 e

ld
er

ly
 w

ho
 s

ta
y 

in
 

in
st

itu
tio

ns
 w

ill
 s

te
ad

ily
 in

cr
ea

se
 u

nt
il 

20
50

T
he

 s
um

 o
f 

he
al

th
 a

nd
 L

T
C

 e
xp

en
di

tu
re

 w
ill

 
in

cr
ea

se
 f

ro
m

 7
.7

%
 o

f 
G

D
P 

in
 2

01
0 

to
 1

1%
 o

f 
G

D
P 

by
 2

04
0,

 la
rg

el
y 

du
e 

to
 in

cr
ea

se
d 

LT
C

 
sp

en
di

ng
Pr

oj
ec

tin
g 

th
e 

ne
ed

 f
or

 
fo

rm
al

 a
nd

 in
fo

rm
al

 a
ge

d 
ca

re
 in

 A
us

tr
al

ia
: a

 
dy

na
m

ic
 m

ic
ro

si
m

ul
at

io
n 

ap
pr

oa
ch

 (
N

ep
al

 e
t a

l. 
20

11
)

A
us

tr
al

ia
To

 p
ro

je
ct

 th
e 

ne
ed

 a
nd

 u
se

 
of

 L
T

C
 s

er
vi

ce
s 

by
 e

ld
er

ly
 

in
di

vi
du

al
s 

in
 A

us
tr

al
ia

 o
ve

r 
th

e 
pe

ri
od

 2
00

1–
20

51

D
yn

am
ic

 m
ic

ro
si

m
ul

at
io

n
M

od
el

 p
ro

je
ct

s 
fu

tu
re

 d
em

og
ra

ph
ic

, s
oc

ia
l, 

an
d 

ec
on

om
ic

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
A

us
tr

al
ia

n 
po

pu
la

tio
n 

ov
er

 5
0 

ye
ar

s
M

od
el

 a
cc

ou
nt

s 
fo

r 
fu

tu
re

 tr
en

ds
 in

 th
e 

su
pp

ly
 

of
 L

T
C

 s
er

vi
ce

s 
an

d 
is

 u
se

d 
to

 d
et

er
m

in
e 

th
e 

ex
ce

ss
 d

em
an

d 
fo

r 
LT

C
 s

er
vi

ce
s 

by
 ty

pe
 o

f 
se

rv
ic

e

N
um

be
r 

of
 e

ld
er

ly
 w

ith
 s

om
e 

fo
rm

 o
f 

di
sa

bi
lit

y 
is

 p
ro

je
ct

ed
 to

 in
cr

ea
se

 th
re

e 
tim

es
 

by
 2

05
1

U
nm

et
 n

ee
d 

fo
r 

in
fo

rm
al

 c
ar

e 
w

ill
 in

cr
ea

se
 

m
or

e 
th

an
 tw

of
ol

d,
 w

hi
le

 u
nm

et
 n

ee
d 

fo
r 

fo
rm

al
 h

om
e 

se
rv

ic
es

 w
ill

 r
ea

ch
 5

0%
 b

y 
en

d 
of

 p
ro

je
ct

io
n 

pe
ri

od

Pr
oj

ec
tin

g 
th

e 
fu

tu
re

 
av

ai
la

bi
lit

y 
of

 th
e 

in
fo

rm
al

 s
up

po
rt

 n
et

w
or

k 
of

 th
e 

el
de

rl
y 

po
pu

la
tio

n 
an

d 
as

se
ss

in
g 

its
 im

pa
ct

 
on

 h
om

e 
ca

re
 s

er
vi

ce
s 

(C
ar

ri
èr

e 
et

 a
l. 

20
08

)

C
an

ad
a

To
 p

ro
je

ct
 th

e 
fu

tu
re

 
av

ai
la

bi
lit

y 
of

 in
fo

rm
al

 
su

pp
or

t n
et

w
or

k 
to

 m
ee

t t
he

 
ne

ed
 f

or
 a

ss
is

ta
nc

e 
in

 
pe

rf
or

m
in

g 
ev

er
yd

ay
 

ac
tiv

iti
es

 a
m

on
g 

th
e 

di
sa

bl
ed

 
el

de
rl

y 
po

pu
la

tio
n 

fr
om

 
20

00
 to

 2
03

1

D
yn

am
ic

 m
ic

ro
si

m
ul

at
io

n
L

og
is

tic
 r

eg
re

ss
io

ns
 w

er
e 

pe
rf

or
m

ed
 to

 
co

m
pu

te
 d

is
ab

ili
ty

 p
ro

ba
bi

lit
ie

s,
 p

ro
ba

bi
lit

y 
of

 
re

qu
ir

in
g 

as
si

st
an

ce
 a

nd
 p

ro
ba

bi
lit

y 
of

 u
si

ng
 

LT
C

 s
er

vi
ce

s
E

st
im

at
ed

 p
ro

ba
bi

lit
ie

s 
ar

e 
su

bs
eq

ue
nt

ly
 

ap
pl

ie
d 

to
 th

e 
po

pu
la

tio
n 

pr
oj

ec
tio

n 
ge

ne
ra

te
d 

by
 th

e 
L

if
eP

at
hs

 m
od

el
, a

 d
yn

am
ic

 s
im

ul
at

io
n 

m
od

el

E
ld

er
ly

 p
op

ul
at

io
n 

w
ith

ou
t a

ny
 s

ur
vi

vi
ng

 
ch

ild
re

n 
is

 p
ro

je
ct

ed
 to

 d
ec

re
as

e 
un

til
 2

02
1 

an
d 

ri
se

s 
to

 th
e 

20
01

 le
ve

l o
nl

y 
in

 2
03

6
T

he
 p

ro
po

rt
io

n 
of

 e
ld

er
ly

 li
vi

ng
 a

lo
ne

 r
em

ai
ns

 
re

la
tiv

el
y 

st
ab

le
. C

on
se

qu
en

tly
, a

 g
re

at
er

 
pr

op
or

tio
n 

of
 e

ld
er

ly
 li

vi
ng

 w
ith

 a
 s

po
us

e 
w

ou
ld

 r
el

ie
ve

 s
om

e 
of

 th
e 

pr
es

su
re

 o
n 

th
e 

fo
rm

al
 n

et
w

or
k

A
ve

ra
ge

 a
nn

ua
l g

ro
w

th
 r

at
e 

of
 th

e 
nu

m
be

r 
of

 
di

sa
bl

ed
 e

ld
er

ly
 n

ee
di

ng
 a

ss
is

ta
nc

e 
pr

oj
ec

te
d 

to
 b

e 
2.

5%

Pa
pe

r 
tit

le
 a

nd
 a

ut
ho

r
C

ou
nt

ry
A

im
s/

Q
ue

st
io

n/
O

bj
ec

tiv
e

Fr
am

ew
or

k
Su

m
m

ar
y 

of
 r

es
ul

ts



O
th

er
 e

xa
m

pl
es

 o
f 

m
ic

ro
si

m
ul

at
io

n 
m

od
el

s 
in

cl
ud

e:
 J

oh
ns

on
 e

t a
l. 

(2
00

7)
, F

ra
kt

 a
nd

 P
iz

er
 (

20
01

),
 a

nd
 G

ri
m

al
do

 e
t a

l. 
(2

01
4)

Sy
st

em
 d

yn
am

ic
s

Sy
st

em
 d

yn
am

ic
s 

m
od

el
in

g 
fo

r 
lo

ng
-t

er
m

 
ca

re
 p

ol
ic

y 
(K

im
 a

nd
 

G
og

gi
 2

00
5)

U
ni

te
d 

St
at

es
To

 d
ev

el
op

 a
 s

ys
te

m
 

dy
na

m
ic

s 
m

od
el

 to
 in

fo
rm

 
LT

C
 p

ol
ic

y 
in

 th
e 

U
ni

te
d 

St
at

es
, p

ar
tic

ul
ar

ly
 to

 
ex

pl
or

e 
th

e 
im

pa
ct

 o
f 

po
lic

ie
s 

fo
r 

a 
si

ng
le

 p
oi

nt
 o

f 
en

tr
y 

in
to

 th
e 

LT
C

 s
ys

te
m

A
gi

ng
 c

ha
in

 m
od

el
 a

nd
 s

in
gl

e 
po

in
t o

f 
en

tr
y 

(S
PO

E
) 

m
od

el
 th

at
 c

on
si

de
r 

th
e 

he
al

th
 s

ta
tu

s 
of

 s
en

io
rs

, c
os

ts
, d

em
an

d,
 q

ua
lit

y 
of

 L
T

C
, a

nd
 

ca
re

gi
ve

r 
po

pu
la

tio
n

M
od

el
 u

se
s 

sy
nt

he
tic

 d
at

a 
to

 tr
ac

k 
se

ni
or

s’
 

m
ov

em
en

t a
nd

 c
os

ts
 w

ith
in

 th
e 

LT
C

 s
ys

te
m

Sy
st

em
 d

yn
am

ic
s 

is
 a

 u
se

fu
l t

oo
l i

n 
ex

pl
ai

ni
ng

 
th

e 
re

la
tio

ns
hi

ps
 b

et
w

ee
n 

fa
ct

or
s 

th
at

 a
ff

ec
t 

LT
C

 p
ol

ic
ie

s

M
od

el
in

g 
of

 H
am

ps
hi

re
 

A
du

lt 
Se

rv
ic

es
—

ge
ar

in
g 

up
 f

or
 f

ut
ur

e 
de

m
an

ds
 

(D
es

ai
 e

t a
l. 

20
08

)

U
ni

te
d 

K
in

gd
om

To
 in

ve
st

ig
at

e 
fu

tu
re

 d
em

an
d 

fr
om

 o
ld

er
 p

eo
pl

e 
fo

r 
so

ci
al

 
ca

re
 s

er
vi

ce
s 

in
 H

am
ps

hi
re

, 
U

K

G
ro

up
 c

ol
la

bo
ra

tiv
e 

m
od

el
 b

ui
ld

in
g

A
ge

, i
ni

tia
l r

ef
er

ra
l, 

an
d 

in
iti

al
 a

ss
es

sm
en

t 
w

er
e 

fo
un

d 
to

 b
e 

ke
y 

fa
ct

or
s 

af
fe

ct
in

g 
so

ci
al

 
ca

re
 n

ee
d

Su
pp

ly
 o

f 
ca

re
 w

as
 d

is
ag

gr
eg

at
ed

 in
to

 1
3 

ca
re

 
ty

pe
s 

an
d 

di
ff

er
en

t s
ce

na
ri

os
 r

eg
ar

di
ng

 th
e 

tr
an

si
tio

n 
be

tw
ee

n 
ca

re
 ty

pe
s 

w
er

e 
te

st
ed

D
em

an
d 

fo
r 

ca
re

 w
ill

 in
cr

ea
se

 c
on

si
de

ra
bl

y,
 

pa
rt

ic
ul

ar
ly

 a
m

on
g 

cl
ie

nt
s 

ol
de

r 
th

an
 8

5 
ye

ar
s

Pr
ov

id
in

g 
ca

re
 o

nl
y 

to
 c

ri
tic

al
 c

lie
nt

s 
w

ill
 

re
du

ce
 th

e 
nu

m
be

rs
 r

ec
ei

vi
ng

 c
ar

e 
bu

t n
ot

 a
 

pr
op

or
tio

na
te

 d
ec

re
as

e 
in

 th
e 

nu
m

be
r 

of
 c

ar
e 

pa
ck

ag
es

Sa
vi

ng
s 

m
ay

 b
e 

ac
hi

ev
ed

 b
y 

va
ry

in
g 

th
e 

pr
op

or
tio

ns
 o

f 
qu

al
ifi

ed
 c

ar
e 

w
or

ke
rs

 a
nd

 
un

qu
al

ifi
ed

 c
ar

e 
w

or
ke

rs
O

th
er

 e
xa

m
pl

es
 o

f 
sy

st
em

 d
yn

am
ic

s 
m

od
el

s 
in

cl
ud

e:
 E

ld
ab

i e
t a

l. 
(2

00
0)

 a
nd

 B
ay

er
 e

t a
l. 

(2
00

7)



198

5  �Application of System Dynamics Modeling in LTC 
Planning in Singapore

Singapore, a city-state in Southeast Asia, with a population of 5.4 million (World 
Economic Outlook Database 2014), is aging rapidly. The population aged 65 and 
above in Singapore is projected to rise by 207% from 2010 to 2050 (Asher and 
Nandy 2008). Coupled with declining fertility rates and decreasing family units, the 
old-age dependency ratio is expected to increase from 12% in 2007 to 56% in 2050 
(Ducanes and Abella 2008). Further, a proportion of the elderly population will 
develop disabilities that require significant contributions of care hours from skilled 
(e.g., nurses and physical therapists) and unskilled (e.g., family members and 
FDWs) caregivers. A study by Ng et al. revealed that the prevalence of at least one 
activity of daily living in Singaporeans aged 60 and older was 10.8% (Ng et  al. 
2006). Government efforts to encourage self-care and active aging and cohort 
effects related to improved living environment may modulate the need for caregiv-
ing but may not substantially reduce the need for people and services to care for 
dependent elders. Consequently, a number of policy concerns regarding LTC and 
population aging in Singapore have arisen.

First, there is a need to project the future number of dependent elderly in 
Singapore in order to facilitate planning of appropriate care services according to 
their care needs. Since the majority of dependent elderly are cared for by family 
members at home, a thorough understanding of the impact of informal caregiving is 
apt. This is especially pertinent in light of the many evident negative impacts of 
caregiving. One such impact is the potential role strain between caring for a depen-
dent elderly and work responsibilities, which will affect caregiver labor market par-
ticipation. Another negative impact would be identifying the impact of care on 
depression and physical health among caregivers, as excessive caregiving has been 
found to increase depression and healthcare utilization among caregivers.

Apart from informal caregiving by family members, alternative LTC options are 
available for elderly care recipients and their families. They may be broadly classi-
fied into the following three categories: (1) home- and community-based services, 
(2) FDWs, and (3) nursing homes.

5.1  �Home- and Community-Based Services

In Singapore, home- and community-based services consist of a continuum of inte-
grated care for senior citizens, including day rehabilitation centers, day care centers 
for dementia patients, home medical and nursing care, and home help. Other com-
munity support services are also available, such as meal delivery, laundry service, 
and accompaniment to the clinic or hospital. In 2014, there were 16 community 
facilities that provided dementia day care, 57 day rehabilitation centers/day care 
centers, 20 home care providers offering home nursing, and 15 providers offering 
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home medical services (Ministry of Health 2016). In addition, there were 59 senior 
activity centers across the island (Singapore Department of Statistics 2016) and are 
expected to increase in number over the years. However, the relative attractiveness 
of home- and community-based services is limited by a variety of factors, such as 
transportation difficulties to and from community centers, high service costs, incon-
veniently located facilities, social connectedness, and service quality (Mehta 2005). 
To improve access to home- and community-based services, the Ministry of Health 
in Singapore relaxed eligibility requirements to expand subsidies for families of 
elders with disability (Ministry of Health 2013). In addition, subsidies for service 
providers have been increased to scale up services and enhance care quality.

5.2  �Foreign Domestic Workers

Employers of FDWs in Singapore can apply for grants and concessions on levy pay-
ment for households with elderly or persons with disabilities. Approximately 17% 
of households employ an FDW to help with a dependent elder, and 49% of those 
with an ADL-limited elder in need of human assistance employ an FDW (Ansah 
et al. 2013). This allows the elderly to remain in the comfort of their own homes and 
is a substantially less costly option compared to nursing homes. Despite concerns 
about the lack of proper training in caring for frail elderly among FDW (Tai 2013) 
and the development of a maid dependency syndrome (Rahman 2005), the Singapore 
government has enhanced subsidies to employ FDWs for eldercare (Ministry of 
Social and Family Development 2012). The recent introduction of an SGD120 
monthly grant to families with a per capita income of up to SGD2,200 to offset the 
expenses of employing an FDW to care for a frail older person is likely to result in 
an increase in preference for and dependence on FDWs (Ministry of Health 2012). 
The Singapore government has projected the demand for FDWs to increase from 
198,000 in 2011 to 300,000 in 2030, largely due to their role in childcare and elder-
care (National Population and Talent Division 2012).

5.3  �Nursing Homes

Nursing homes offer another alternative to elderly with significant ADL limitations 
and require constant care. Nursing homes provide help with custodial (e.g., bathing, 
dressing, eating) and skilled care (e.g., medical monitoring, treatments) and admit 
care recipients according to their level of disability and social support. In 2014, 
there were 66 nursing homes, either private or run by voluntary welfare organiza-
tions, with a total capacity of 10,780 beds (Ministry of Health 2016), all of which 
are occupied. Some of these nursing homes also offer respite care for elderly over 
short periods while their caregivers are away.

7  Modeling to Inform Long-Term Care Policy and Planning for an Aging Society
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The next section presents various case studies on the use of systems science 
modeling methodology of system dynamics to inform LTC planning. The method-
ology was chosen due to its ability to explore the impact of various factors on the 
outcome variable. Specifically, three aspects of LTC planning are presented: the 
methodological process in the projection of the number of disabled elderly in 
Singapore accounting for changing educational attainment, the impact of various 
LTC policies on informal eldercare hours and labor force participation of informal 
caregivers, and the impact of LTC capacity expansion policies on acute care.

6  �Case Study 1: Modeling LTC Needs and Demands

The future elderly population in Singapore is expected to be better educated due to 
a legacy of an effective and expansive education policy in the 1970s and 1980s 
(Publishing, O 2011). A higher level of education is associated with lower levels of 
disability, morbidity, and mortality (Samir and Lentzner 2010; Winkleby et  al. 
1992). Hence, in projecting LTC needs and demand in future, it is important to 
understand the effects of changing educational attainment on LTC demand within 
the elderly population.

6.1  �Methods

To investigate potential differences in the future number of Singaporean elderly 
with functional disability with and without accounting for a changing educational 
composition, two dynamic multistate population models—one not accounting for 
educational composition (Fig.  7.1) and the other accounting for educational 

Fig. 7.1  Dynamic multistate population model not accounting for education. Population model 
with fertility rates, mortality rates, and disability transition probabilities that are not education 
specific
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composition in disability transition probabilities, fertility rates, and mortality rates 
(Fig. 7.2)—were constructed using Vensim DSS (Ventana Inc.). A detailed descrip-
tion of the models can be found elsewhere (Ansah et al. 2015).

Fig. 7.2  Dynamic multistate population model accounting for education. Population model with 
education-specific fertility rates, mortality rates, and disability transition probabilities

7  Modeling to Inform Long-Term Care Policy and Planning for an Aging Society
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For brevity, the models were continuous time compartment models with explicit 
population stock and required standard demographic data as well as estimates of the 
following transition probabilities: from active to functional disability, from func-
tional disability to active, from active to death, and from functional disability to 
death. Demographic data was obtained from the Department of Statistics Singapore. 
Transition and retention probabilities (probability of remaining in the same state) 
were estimated from two waves of a nationally representative survey of community-
dwelling Singaporeans aged ≥60 years (N = 4,990)—Wave 1, referred to as the 
Social Isolation, Health, and Lifestyles Survey (SIHLS), conducted in 2009, and 
Wave 2, referred to as the Panel on Health and Aging of Singaporean Elderly 
(PHASE), conducted in 2011. The SIHLS was conducted in 2009 by the Ministry 
of Community Development, Youth, and Sports (MCYS).1 Sampling methodology 
and survey details of the SIHLS are available elsewhere (Malhotra et al. 2010).

In the model not accounting for educational composition, the Singapore popula-
tion (comprising Singapore citizens and permanent residents) was divided into three 
groups: population under 60, active (functionally able) elderly, and functionally dis-
abled elderly. Each group was disaggregated by age and gender. The model allows 
for transition between the active and functional disability states by elderly 
Singaporeans or outflow from either state as they die. Disability transition probabil-
ity estimates used here were not education specific.

In the model accounting for education, fertility rates, mortality rates, and dis-
ability transition probabilities used were education specific. The education transi-
tion assumes that changes in education by age and gender are unidirectional, i.e., 
over time, people can only remain at their current educational level or move to a 
higher educational level and cannot move backward. Similar to the previous model, 
the low education and high education groups were each divided into three groups, 
the population under 60, active elderly, and functionally disabled elderly, all of 
which were disaggregated by age and gender.

The aging process was common to both models, through which the surviving 
population in each age cohort transitions to the subsequent cohort except for the 
final age cohort (aged 100 and over).

6.2  �Data and Estimation of Transition Probabilities

Transition probabilities between active and functional disability states and from 
active and functional disability states to death were estimated from longitudinal data 
for the overall sample as well as separately for those with low education and for 
those with high education. For the overall sample, Eq.  7.1, with age and sex as 
covariates, was used in the dynamic multistate population model not accounting for 
educational composition. For those with low and high education, respectively, 

1 In November 2012, the MCYS was restructured to become the Ministry of Social and Family 
Development (MSF).
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Eq. 7.2, with age, sex, and education as covariates, was used in the dynamic multi-
state population model accounting for educational composition. The equations were 
solved through two multinomial logistic regression models using the “multinom” 
function in R (R Development Core Team 2013).
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(7.2)

Pij is the disability transition probability from the current state i to state j (i ≠ j), 
where i is active or functional disability and j is active functional disability or death.

As suggested by the equations, the disability transition probabilities were disag-
gregated according to age (single age cohort from age 60 to age 100+) and gender; 
for Eq.  7.2, disability transition probabilities were additionally disaggregated by 
education.

6.3  �Probabilistic Sensitivity Analysis

The bootstrap method was used to estimate the distribution of disability transition 
probabilities to obtain the 95% confidence interval around the point estimates. 
Sampling weights were first standardized and then used as probabilities to draw boot-
strap samples using the “sample” function in R (v3.0.2). This process was repeated 
300 times. Next, disability transition probabilities were estimated using the 300 sam-
ples with the two multinomial logistic regression models. Based on the 300 sets of 
estimated disability transition probabilities, the distribution of age-sex-(education)-
specific disability transition probabilities and 95% confidence intervals were obtained.

6.4  �Results

6.4.1  �Transition Probabilities by Age, Gender, and Education

For males and females at all ages, overall as well as by education, transition proba-
bilities from active to functional disability, and from both active and functional dis-
ability states to death increased with age, while recovery from functional disability 
decreased with age. Comparing the two education groups, for both males and 
females at all ages, those with low education had a higher incidence of functional 
disability, lower recovery from functional disability, and higher probability of mor-
tality for both active and functional disability states than those with high education.
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6.4.2  �Forecasting the Number of Elderly with Functional Disability

Accounting for educational composition, the total elderly population was projected 
to increase 486% from about 345,800  in 2000 to approximately 1.68 million by 
2040 (Table 7.2); of these 1.68 million elderly in 2040, approximately 95% were 
expected to have high education compared to 40% in 2000. In contrast, not account-
ing for educational composition, the total elderly population in Singapore was pro-
jected to increase 429% from about 345,800 in 2000 to about 1.48 million by 2040 
(Table 7.2). Probabilistic sensitivity analysis indicated a 98% likelihood that not 
accounting for educational composition overestimates the young–old with a func-
tional disability by 2040. The 95% confidence range for the effect of accounting for 
educational composition was an overestimation of the proportion of young–old with 
a functional disability between 0.25% and 6% of total elderly by 2040.

For the old–old, not accounting for educational composition was projected to 
underestimate the old–old by 20% in the year 2040. Accounting for educational 
composition, the proportion of old–old with functional disability is projected to 
increase from 40.8% of the total elderly with disability in 2000 to 64.4% in 2040; in 
the meantime, not accounting for educational composition, the proportion of the 
old–old with functional disability is projected to increase from 40.8% in 2000 to 
49.4% in 2040. For the old–old, probabilistic sensitivity analysis suggested an 86% 
chance at 2040 that not accounting for educational composition will underestimate 
the old–old with a functional disability; the likely underestimation was estimated to 
be as much as 9.4% of total elderly in 2040 at a 95% confidence level.

6.5  �Insights Gained

The findings from this study reinforce the significance of considering educational 
composition in projections of the number of people with functional disability and in 
this context have illustrated the importance of differentiating the complex dynamic 
effects of disability onset and recovery on the young–old and old–old. In the case of 
Singapore, the most salient impact of the changing educational composition of the 
elderly population will be a small population of young–old with functional disabil-
ity and a larger population of old–old with functional disability. With this in mind, 
policymakers, especially in countries like China, South Korea, Thailand, and 
Singapore where future elderly are projected to be significantly more educated, 
should be aware of the potential value in further tracking the relationship between 
socioeconomic factors such as education and needs, related to functional disability. 
Policymakers would also benefit from a proactive approach that considers the effect 
of education on future disability and demographic changes when planning health-
care services and designing labor market policies.
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7  �Case Study 2: Projecting the Effects of LTC Policy 
on the Labor Market Participation of Primary Informal 
Family Caregivers

To project the possible effects of potential LTC policies under consideration in 
Singapore on labor market participation of primary informal family caregivers to 
elderly with disability, information on the prevalence of having one or more ADL 
limitations needing human assistance and the proportion of elderly with one to two, 
three to four, and five or more ADL limitations needing human assistance was 
obtained from SIHLS. The Singapore Survey on Informal Caregiving (SSIC), on 
the other hand, provided the necessary data on informal caregiving. The MCYS 
conducted the SSIC between 2010 and 2011, interviewing 1,190 dyads of 
community-dwelling care recipients (i.e., Singaporeans ≥75 years receiving human 
assistance for at least one ADL limitation) and their primary informal caregiver (i.e., 
an unpaid family member or friend who is mainly involved in providing care or 
ensuring the provision of care to the care recipient). The sampling methodology and 
survey details of the SIHLS (Malhotra et al. 2010) and the SSIC (Malhotra et al. 
2012) are available from the literature as cited. Data on the capacity of home- and 
community-based services and nursing homes were obtained from publicly avail-
able sources (Singapore Department of Statistics 2015; Ministry of Health 1997). 
Other population and demographic data used in the model were acquired from the 
Singapore Department of Statistics. In the absence of available published data for 
model parameters, estimates were obtained from local LTC experts and policy.

ADLs, as described in the SSIC, include bathing, dressing and undressing, eat-
ing, toileting, getting in and out of bed, walking, and taking care of appearance, 
whereas IADLs include using the telephone, getting to places out of walking dis-
tance, shopping, preparing meals, doing housework, taking medication, and han-
dling money. The number of hours per week they helped the care recipient with one 
or more ADL or IADL was reported by primary informal caregivers in the SSIC. In 
the same questionnaire, they also reported the number of eldercare hours per week 
provided by other family members or FDWs. Eldercare hours provided by the pri-
mary informal family caregiver were calculated by subtracting the eldercare hours 
provided by FDWs, other family members, and friends from the total reported 
eldercare hours. Eldercare hours provided by the primary informal family caregiver 
per week were then stratified by the care recipient’s number of ADL limitations.

7.1  �Impact of Caregiving on Labor Supply

The impact of informal caregiving on the labor supply is not straightforward. While 
the severity of a person’s disability affects the need for caregiving and may hence 
affect caregivers’ decisions to withdraw from or remain in the labor force, labor 
market opportunities that individuals are exposed to may also influence their 

J.P. Ansah et al.



207

decisions to give care full time. For instance, those who currently have jobs face the 
opportunity cost of loss of income so they may be less inclined to spend more time 
on caregiving, whereas those who are not in the labor market may be more available 
to provide caregiving. To address this issue of endogeneity, a two-stage-least-square 
(TSLS) probit regression was used (Imbens and Angrist 1994), an instrumental vari-
ables approach that has been used to correct for endogeneity in other studies involv-
ing cross-sectional data (Bolin et al. 2008; Heitmueller 2007). In this study, ADL 
limitation categories (one to two, three to four (ADL1), and five or more ADL limi-
tations (ADL2)) were chosen as instruments, as they are likely to be highly corre-
lated to caregiving hours (CGH) but not directly correlated with labor force 
participation (LFP). In the regression models, we controlled a vector of exogenous 
variables (XL) including gender, ethnicity (Chinese or non-Chinese), and marital 
status (married or not), having at least upper secondary education and having a five-
room or bigger flat or private house using Eq. 7.3 and Eq. 7.4:

          Stage (1)   CGH = a1 + a2ADL1 + a3ADL2 + β1XL + ε� (7.3)

          Stage (2)    P LFP f a a CGH XL( ) = + + + >( )1 2 2 0 b d � (7.4)

where the probability that the individual is in the labor market is a function, f(.), of 
their caregiving hours, exogenous control variables, and a vector of unobservable 
characteristics. CGH  is the predicted value of caregiving hours from stage 1 
regression.

With the exception of caregiving hours and age, all other covariates were coded 
as categorical variables in the models. In five extreme cases where the caregivers 
reported spending more than 112 h per week on ADL- and IADL-related care, we 
recorded the caregiving hours to 112 h per week (i.e., 16 per day). Primary informal 
family caregivers who had never been employed were excluded in the analysis as 
they were unlikely to have any attachment to the labor market. Primary informal 
family caregivers who provided care to more than one person were also excluded to 
ensure reasonable comparability of all persons in the study sample. Since FDWs, 
when employed, were shown to provide about 70% of caregiving hours in our study 
sample, we also performed the same analysis excluding care recipients who were 
receiving help with at least one ADL or IADS from an FDW. All the regression 
analyses were conducted using STATA version 13 (StataCorp, College Station, TX).

7.2  �Dynamic Simulation Model: LTC Model

The LTC model presented herein is a deterministic, differential, and algebraic 
equation-type model built using the system dynamics methodology (Sterman 2000) 
combining local and expert evidence and insights from previous research (Homer 
and Hirsch 2006; Sterman 1984). The first step in creating an LTC model involves 
developing a conceptual model that uses the system dynamics iconography of stocks 
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and flows. This conceptual model features several interacting elements, which 
describes essential interdependence and information feedbacks among ADL-limited 
elderly individuals, primary informal family caregivers, LTC services, and policies 
that simulate the reference modes (i.e., the behavior pattern of key variables). In this 
study, ten LTC experts—including healthcare planners from the Ministry of Health, 
patient placement agency representatives, home- and community-based service 
coordinators, and nursing home managers—verified the model structure, bringing 
evidence and expert knowledge to support strategic LTC policy issues. Following 
verification, the model was parameterized using publicly available data; experts pro-
vide plausible estimates when data for a model parameter are unavailable. Finally, 
this model was implemented as a computer simulation using Vensim simulation 
software (Ventana Systems, Harvard, MA). The potential policy alternatives in this 
study were tested and the insights gained were shared with the experts.

The LTC model used in this study consists of two sub-models: the population 
sub-model and the care arrangement sub-model. Since the population model which 
includes the health state of the elderly has been discussed previously in the case 
study on LTC needs and demand, we will focus on the care arrangement sub-
model  (Fig. 7.3). These sub-models provide simulations of Singapore’s resident 
population, trends in ADL disability among older adults, care arrangements for 
ADL-limited elderly requiring human assistance, and the impact of caregiving on 
the labor market participation of primary informal family caregivers. The model 
structures permit the validation of its internal structure and assumptions.

7.2.1  �Care Arrangement Sub-model 

A detailed description of the care arrangement sub-model is provided in the refer-
ence as cited (Ansah et al. 2016). In this sub-model, ADL-limited elderly requiring 
human assistance have five possible care arrangements: a nursing home, at home 
with home- and community-based services, at home with care provided by an FDW, 
at home with home- and community-based services and care provided by an FDW, 
and at home without any paid services. All individuals who reside at home may 
receive informal care (i.e., care from primary informal family caregivers and other 
family members and friends). The model allows individuals to move from one care 
arrangement to another based on preference, care needs, and the availability and 
capacity of services. It is assumed that available nursing home beds go to elderly 
individuals with the highest numbers of ADL limitations. In contrast, elderly indi-
viduals with any level of disability can choose to reside at home with or without 
paid services and/or make use of home- and community-based services. Elderly 
individuals residing at home are disaggregated by subscript into elderly with and 
without paid services (FDW).

Other assumptions include the following: nursing homes provide all eldercare 
hours for residents, and primary care hours of caregivers using home- and 
community-based services is approximately half of primary caregiver hours 
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provided by caregivers living at home without home- and community-based ser-
vices. According to the SSIC, 49% of families with an elderly individual having at 
least one ADL limitation needing human assistance employ an FDW. On average, 
an FDW provides an estimated 70% of total ADL and IADL eldercare hours. 
Furthermore, SSIC data indicate that eldercare hours provided by families and 
friends were found to vary by disability. The model assumes that family members 
and friends (but not primary informal family caregivers) provide the elderly who 
have low and high levels of disability with 43% and 29% of total informal elder-
care hours, respectively. To calculate the primary informal family caregiver hours 
by the level of ADL, the number of eldercare hours provided by formal services 
and other family members and friends is subtracted from total eldercare hours pro-
vided to elderly individuals with ADL and IADL needs after adjusting for disability 
level. To calculate labor market participation of primary informal family caregivers, 
the number of primary informal family caregivers likely to withdraw from the labor 
market is estimated using the following information: the predicted probability of 
employment from the instrumental variable regression, the estimated eldercare 

Fig. 7.3  Care arrangement model
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hours provided by primary informal family caregivers, and the number of likely 
employable caregivers for elderly individuals with ADL limitations requiring 
human assistance without FDW.

7.3  �Scenario and Policy Simulations

	(a)	 No LTC services scenario: This scenario is a counterfactual simulation in which 
all LTC services are assumed to be absent, and care burden is assumed to fall 
entirely on the family.

	(b)	 Current LTC policy: This policy simulates planned or expected increases in 
nursing home capacity, the attractiveness of home- and community-based ser-
vices, and the ability of families to employ an FDW to assist with eldercare. 
Under this policy, nursing home capacity increases from 9,300 to 22,400 beds 
between 2013 and 2030. Moreover, it is assumed to increase to 30% by 2030 
from 20% in 2013. In addition, the proportion of families with ADL-limited 
elderly employing an FDW to assist with eldercare is increased from 49% in 
2013 to 60% by 2030.

	(c)	 Pro-home- and community-based services policy option: This policy option is 
identical to scenario (b) except for a significant relative increase in the attractive-
ness of home- and community-based services causing the uptake of home- and 
community-based services to increase from 20% in 2013 to 80% by 2030. This 
alternative policy option emphasizes home- and community-based services as 
an LTC option without limiting the availability of nursing homes and FDWs.

	(d)	 Pro-FDW policy option: In this scenario, nursing home capacity and the attrac-
tiveness of home- and community-based services increase as they would in the 
current LTC policy; however, the use of FDWs to assist with eldercare is empha-
sized. The proportion of families employing an FDW to provide eldercare 
increases from 49% in 2013 to 80% by 2030.

	(e)	 Pro-nursing home policy option: Under this policy option, it is assumed that 
nursing home capacity begins to expand in 2013 such that all elderly individu-
als with five or more ADL limitations who qualify for nursing home placement 
are placed in a nursing home—a situation that is held constant over the simula-
tion time. Meanwhile, the attractiveness of home- and community-based ser-
vices and the proportion of families employing an FDW to assist with eldercare 
increase according to the current policy.

	(f)	 Combined policy option (“all-in”): Under the “all-in” policy, the “pro-home- 
and community-based services,” “pro-FDW,” and “pro-nursing home” policy 
options are implemented simultaneously. An increase in the attractiveness of 
home- and community-based services causes its uptake rate to rise from 20% in 
2013 to 80% by 2030. The proportion of families with an FDW assisting with 
eldercare increases from 49% to 80% over the simulation time, whereas the 
capacity of nursing homes is expanded such that from 2013 to 2030, all elderly 
individuals with five or more ADL limitations reside in a nursing home.
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7.4  �Results

From 2013 to 2030, the number of care recipient—primary informal family care-
giver dyads—is projected to increase from 45,000 to 89,900. Meanwhile, employed 
and employable primary informal family caregivers are projected to increase from 
29,400 to 58,800 individuals.

The instrumental variable regression suggested that at 10, 20, and 40 primary 
eldercare hours per week, the percentage point reduction in labor market participa-
tion is estimated to be 11%, 22%, and 55%, respectively, for caregivers without 
FDWs providing eldercare; however, for primary caregivers with FDWs providing 
eldercare, no association was found between caregiving hours and dropping out of 
labor market. If no LTC services are available, by 2030, 28.2% of primary informal 
family caregivers (representing an estimated 1.01% of the total domestic labor sup-
ply (Rosman et al. 2012)) are projected to withdraw from the labor market due to 
caregiving (Table 7.3). The current LTC policy reduces the percentage of primary 
informal family caregivers dropping out of the labor market to 3.6% by 2030; under 
this policy, approximately 22,400 more primary informal family caregivers (or 
0.9% of the total domestic labor supply) either remain employed or return to the 
labor market. The pro-home- and community-based services and pro-FDW policy 
options are projected to provide slight decreases (to 2.8% and 2.4% [0.1% and 
0.09% of the total domestic labor supply] by 2030, respectively) relative to the cur-
rent LTC policy, while the pro-nursing home and all-in policy options more signifi-
cantly reduce primary informal family caregiver withdrawal to 3.5 and 1.6% (0.13% 
and 0.06% of the total domestic labor supply) by 2030, respectively.

The current LTC policy and the alternative policy options are projected to require 
more workers to implement than the number of primary informal family caregivers 
they enable to participate in the labor market (Table 7.3). For every primary infor-
mal family caregiver who returns to the labor market under the current LTC policy, 
1.8 new paid workers are required in order to implement the policy and provide care 

Table 7.3  Projected primary informal family caregiver labor market withdrawal, labor required, 
and work hours lost

LTC 
interventions

Caregivers in 
labor market

Increase in 
caregivers 
working

New paid labor 
to implement 
policy

Percentage 
of caregivers 
dropping 
out

Labor 
requirement 
ratio

2020 2030 2020 2030 2020 2030 2020 2030 2020 2030

No LTC 
services

21,218 33,187 – – – – 28.3 28.2 – –

Current 
policy

36,246 55,652 15,028 22,465 26,187 41,674 4.7 3.6 1.7 1.8

Pro-HCBS 36,874 56,332 15,656 23,145 26,743 43,591 3.7 2.8 1.7 1.8
Pro-FDW 37,389 56,681 16,171 23,494 34,514 53,803 2.8 2.4 2.1 2.3
Pro-nursing 
home

36,722 55,660 15,504 22,473 20,671 34,567 3.9 3.5 1.3 1.5

All-in 37,630 57,406 16,412 24,219 28,862 47,771 2.4 1.6 1.7 2.0
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to the care recipient (hence a labor requirement ratio of 1.8). The pro-home- and 
community-based service policy option yields the same labor requirement ratio of 
1.8. In contrast, the pro-nursing home policy option is projected to yield the lowest 
labor requirement ratio (1.5), whereas the pro-FDW and all-in policy options require 
the most new paid workers to implement and thus have the highest labor require-
ment ratios (2.3 and 2.0, respectively).

7.5  �Insights Gained

In short, policymakers are faced with a difficult decision: scale-up LTC services, 
implying increases in the labor requirement ratio and accepting more foreign immi-
gration, or accept reduced primary informal family caregivers labor market partici-
pation, which may result in decreased family income and greater dependency on the 
state. Future work to estimate the opportunity cost of primary informal family care-
givers returning to or remaining in the labor market relative to the workers hired to 
provide LTC would be useful in helping policymakers weigh the economic impact 
of the different policies considered herein. In addition, if LTC policies were to target 
only employed primary informal family caregivers or those who are likely to par-
ticipate in the labor market, such as those who have been employed in the past, then 
the labor market participation of primary informal family caregivers may be greater.

8  �Case Study 3: Exploring the Implications of LTC Capacity 
Response Policies on Acute Care Capacity

Keeping pace with rising demand for LTC poses a key challenge for health systems 
and policymakers, who may be slow to scale up capacity. Given that Singapore is 
likely to face increasing demand for both acute and LTC services, this case study 
examines the dynamic impact of different LTC capacity response policies, which 
differ in the amount of time over which LTC capacity is increased, on acute care 
utilization and the demand for LTC and acute care professionals. Based on discus-
sions with human resource planners from the Singapore Ministry of Health as well 
as care providers, patient placement agencies, and representatives of LTC services, 
another system dynamics model (Sterman 2000; Forrester 1961) was developed to 
capture and represent the interaction between older persons with disabilities and the 
capacity of the healthcare system to provide care. The model presented herein rep-
resents the demand and supply of LTC services in order to understand the impact of 
a demand-supply gap on acute care utilization and the demand for healthcare pro-
fessionals (Fig. 7.4; see paper (Ansah et al. 2014) for a complete list of model equa-
tions and inputs). The model boundary excluded variables that do not contribute to 
the dynamic complexity arising from the interactions of the system parts over time 
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(e.g., the demand for acute services from acute care patients not receiving LTC) so 
as to not detract from the patterns and interrelationships of interest. The model is 
simulated in continuous time with a solution interval of 1/16 year, while results are 
presented on a per-year basis.

In this model, the population of interest is comprised of elderly individuals (aged 
65 years and older) who have functional limitations that require human assistance. 
Naturally, admission to LTC facilities depends on the availability of such facilities 
and can increase only when LTC capacity increases. LTC capacity (supply) is mod-
eled as a delayed response (reflective of the time required to change capacity) to the 
number of people needing LTC services (demand). A shorter delay results in a quick 
increase in LTC capacity, and a longer delay leads to a slower increase.

Acute care visits are modeled as the sum of acute care visits by LTC patients 
(those who require LTC services and receive them) and people needing LTC but not 
receiving LTC services. The number of acute care visits by LTC patients and those 
needing LTC but not receiving LTC services is a function of the number of patients 
in the respective groups and how often individuals within these groups utilize acute 
care services. For both groups, acute care visits occur at specified, constant rates.

Fig. 7.4  Simplified model structure
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The number of LTC professionals needed is modeled as a function of the number 
of LTC patients and the LTC patients-to-staff ratio. In contrast, the number of acute 
care professionals needed is calculated by dividing the total number of acute care 
visits by the acute care visit-to-staff ratio. The total number of healthcare profes-
sionals needed is modeled as the sum of the number of acute care professionals and 
LTC professionals needed.

Healthcare professionals are distributed among venues according to demand. 
Venues with the highest demand for healthcare professionals receive a greater pro-
portion of allocated healthcare professionals. Based on input concerning profes-
sional preferences from individuals familiar with the healthcare system in Singapore, 
when availability in both the acute and LTC sectors exist, healthcare professionals 
prefer working in acute care over LTC. This is represented in the model as an acute 
care bias, reflecting the relative flow of healthcare professionals to acute care versus 
LTC. Meanwhile, the availability of healthcare professionals changes in response to 
demand (total healthcare professionals needed) and the time required to train health-
care professionals.

8.1  �Assumptions

In the model, LTC patients are presumed to have relatively low acute care utilization 
(0.5 visits per person per year; Table 7.4) (Penning 1995), whereas those needing 
LTC but not receiving LTC services have a relatively high acute care utilization (2.0 
visits per person per year). Those needing LTC but not receiving LTC services due 
to capacity constraints are assumed to reside at home without external services and 
make use of acute services for reasons that LTC might address more appropriately 

Table 7.4  Model parameter values and ranges for sensitivity analysis

Parameter Value Range Unit Distribution

Time to change LTC capacity 10 5.0–15 Year Uniform
LTC admission time 1 0.5–1.5 Year Uniform
Acute care visits per person with 
LTC needs who receives LTC

0.5 0.25–
0.75

Visit/patient/year Uniform

Acute care visits per person with 
LTC needs not receiving LTC

2 1.0–3.0 Visit/patient/year Uniform

Acute care patient–staff ratio 5 2.5–7.5 Patient/worker Uniform
LTC patient–staff ratio 5 2.5–7.5 Patient/worker Uniform
Time to train healthcare 
professionals

2 1.0–3.0 Year Uniform

Acute care bias 1.2 0.6–1.8 Dimensionless Uniform
Adjustment time 1 0.5–1.5 Year Uniform
Persons with LTC needsa 100 – Patient –
Normal acute care visitsa 10 – Visit/year –

aSensitivity analysis not performed
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(i.e., effectively and at lower cost). In addition, it is assumed that there is no con-
straint on the supply of healthcare professionals other than training delay, which is 
a blended value that averages across physicians, nurses, and support staff and 
includes both hiring from abroad and education.

8.2  �Steady State

Since this model is intended for policy exploration, stylized numbers are used for 
the population and their care needs. To make it easier to discern policy effects, the 
model is initialized in a steady state (i.e., a hypothetical situation in which LTC and 
acute care demand and supply are equal). To initialize the model in a steady state, 
the following three assumptions are made: first, the number of people needing LTC 
remains constant over the simulation time; second, all individuals who need LTC 
receive LTC services; and third, the number of available healthcare professionals is 
equal to the total number of healthcare professionals needed. It is important to note 
that the initialized steady state is a dynamic equilibrium. It is numerically sensitive 
to model parameters but the consequent model behavior is not.

8.3  �Policy Experimentation

The steady state is disturbed by gradually increasing the number of people needing 
LTC from 100 to 200 by year 30 starting from year 5, a scenario likely reflective of 
a country with an aging population. Under this demand change scenario, the effects 
of the following LTC capacity policies are studied: (a) keeping LTC capacity con-
stant (“static,” implemented by making the “time to change LTC capacity” param-
eter unresponsive to changes in LTC demand), (b) adjusting LTC capacity slowly 
assuming an adjustment time of 10 years (“slow adjustment”), (c) adjusting LTC 
capacity quickly assuming an adjustment time of 2.5 years (“quick adjustment”), 
and (d) anticipating the likely demand for LTC in the future and adjusting LTC 
capacity assuming an adjustment time of 1 year (“proactive adjustment”) and 
healthcare professionals adjustment time of 0.075 years.

8.4  �Parameter Sensitivity Analysis

Sensitivity analysis was performed to identify how changes in model parameters 
affected model outputs. Using one-way sensitivity analysis (Saltelli et al. 2000), the 
value for each model parameter was varied by ±50%, and a uniform distribution for 
each parameter range was assumed. The model was run 100 times for each param-
eter. Each run drew a parameter value from a uniform distribution. Next, a 
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regression model using outcomes from the sensitivity analysis was used to estimate 
the effect of each parameter change on the outcome variables. The regression model 
assumed a linear functional relationship between dependent (i.e., a deficit of acute 
care professionals, a deficit of LTC professionals, total acute care visits, and total 
healthcare professionals needed) and independent variables.

8.5  �Results

Figure 7.5a–d depicts the impact of the different LTC capacity response policies on 
total acute care visits, the total number of healthcare professionals needed, and the 
deficit of LTC and acute care professionals, respectively.

If LTC capacity remains constant as the demand for LTC rises, by year 30, total 
acute care visits per year and the total number of healthcare professionals needed 
will increase by 333% and 125%, respectively, under the stylized conditions 
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Fig. 7.5  Effects of long-term care capacity response policies on: (a) total acute care visits, (b) 
total healthcare professionals needed, (c) deficit of LTC professionals, and (d) deficit of acute care 
professionals

J.P. Ansah et al.



217

(Fig. 7.5a, b). A significant deficit of healthcare professionals in the LTC and acute 
care venues is also observed over the short and long terms (Fig. 7.5c, d).

Alternatively, if LTC capacity is increased slowly in response to an increase in 
LTC demand, by 2030, total acute care visits per year and the number of healthcare 
professionals needed increase by a smaller percentage, 183% and 106%, respec-
tively (Fig.  7.5a, b). Although a deficit of LTC and acute care professionals is 
observed over the simulation time, the deficit is smaller compared to the “static” 
policy (Fig. 7.5c, d).

Meanwhile, if LTC capacity is increased quickly, then the number of patients in 
LTC increases, and by 2030 the total acute care visits per year and the total number 
of healthcare professionals needed increase by just 102 and 94% (Fig.  7.5a, b). 
Moreover, a smaller deficit in LTC and acute care professionals is observed over 
both the short and long terms (Fig. 7.5c, d).

The smallest percentage increases in total acute care visits and total healthcare 
professionals needed are observed when LTC capacity is increased proactively 
(Fig.  7.5a, b); total acute care visits and total healthcare professionals needed 
increase by 93% and 95%, respectively. The smallest deficits of LTC and acute care 
healthcare professionals are also observed under this response policy (Fig. 7.5c, d).

The deficit of acute care professionals is most sensitive to the “acute care bias” 
and the “time to change LTC capacity” parameter, as indicated by the standardized 
coefficient in the regression results (Ansah et al. 2014). This outcome is also rela-
tively sensitive to the number of acute care visits per person with and without 
LTC. The regression analysis also suggests that the deficit of LTC professionals is 
sensitive to all model parameters except for the “admission to LTC.” The “acute care 
bias” and the “time to train healthcare professionals” are the most important param-
eters insofar as projecting the likely behavior of the deficit of LTC professionals. 
The “total acute care visit” outcome was found to be sensitive to the following 
parameters: “LTC capacity adjustment time,” “LTC admission time,” and the “num-
ber of acute care visits per person with/without LTC.” Lastly, the number of total 
healthcare professionals needed was sensitive to all model parameters except for the 
“time required to train healthcare professionals,” the “acute care bias,” and the “time 
to change LTC capacity” parameters.

8.6  �Insights Gained

Inadequate supply of LTC capacity tends to shift care demands to acute care facili-
ties and increases total care needs. This suggests that if policymakers place more 
emphasis on the demand for acute care and less on the demand for LTC, they are 
likely to overbuild acute care facilities and fill them with patients with LTC needs. 
The results of the policy interventions presented herein highlight the need for poli-
cymakers to be proactive in responding to LTC demand, lest acute care utilization 
and significant deficits of healthcare professionals arise. Consequences of delay 
could, for example, lead to increased healthcare expenditure and longer wait lists 
for LTC and acute care patients.
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This case study provides a clear explanation of why healthcare professional 
shortages might exist in LTC facilities regardless of what the policy for expanding 
these facilities may be. This is important to understand because, if policymakers 
choose to restrict the expansion of LTC facilities due to staffing concerns, they are 
likely to exacerbate difficulties in staffing within the LTC sector.

In light of these results, policymakers should consider the dynamic relationship 
that exists between the LTC and acute care sectors. Policymakers should understand 
that, when implementing policies designed to affect LTC directly, such policies tend 
to affect acute care venues as well. In addition, these results highlight the impor-
tance of forecasting future LTC demand and scaling up capacity quickly so as to 
avoid deficits of healthcare professionals. Finally, policymakers should also con-
sider the likely impact that placing constraints on LTC service expansion may have 
on factors not represented in the model, such as the increased burden that family 
caregivers for older individuals with disabilities may experience.

9  �Conclusion

In planning for future LTC arrangements in an aging society, simulation modeling 
can be used as an a communication tool as well as exploratory framework to search 
for leverage policies and evaluate the impact of future policies on specific outcomes 
of interest. This facilitates the understanding of the conditions required for success-
ful policy implementation. System dynamics, in particular, is a highly suitable 
methodology for LTC planning in a dynamic context where demographic and sys-
tem changes are expected.
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