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Municipalities are responsible for organizing and financing long-term–care services. These expenditures 

will triple in the next 40 years (to 9.5% of the GDP of Norway). This study seeks to investigate the exposure 

to different risks presented by the built environments of current neighbourhoods and the valuation of the 

benefits attained through the development of lifetime neighbourhoods. Ambient assisted living 

technologies embedded in lifetime neighbourhoods can significantly decrease the risk of falls and other 

accidents. Digital social networks and other support to the community can facilitate inclusion and mitigate 

loneliness. The spatial planning, development, and management of lifetime neighbourhoods with 

embedded ambient intelligence as a risk mitigation strategy in fast ageing cities are of specific interest. We 

wish to evaluate how the development of lifetime neighbourhoods mitigates the risk of accidents and social 

exclusion, thereby creating value for the community. The creation of value by the mitigation of the risk of 

falls, diseases, and social exclusion will be measured with the actuarial present value generated using the 

multiple decrement model approach, which is a novelty. The actuarial present value will provide scientific 

evidence of the benefits of the development and management of various lifetime neighbourhoods and 

housing arrangements. 
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1 INTRODUCTION 

The ageing of the European population is rapidly progressing, 

and the proportion of citizens who are 65+ will surpass one 

quarter by 2040 (EC, 2017). Older adults have different needs 

regarding the safety of their environments and homes. 

According to the World Health Organization (WHO), physical 

and social environments are key determinants of whether 

people can remain healthy, independent and autonomous long 

into their old age. Falls often cause severe injuries and are one 

of the most costly health conditions among older adults. Many 

falls are preventable. Accessibility to an age-friendly 

environment that can accommodate the functional capacities 

of residents and the development of lifetime neighbourhoods 

are important factors that can enable older adults to live longer 

in the community. Creating age-friendly urban environments 

in lifetime neighbourhoods is, therefore, one of the most 

effective approaches to respond to the demographic changes. 

The primary components of a lifetime neighbourhood include: 

(a) support to residents to develop lifetime neighbourhoods – 

especially resident empowerment, (b) access, (c) services and 

amenities, (d) built and natural environments, (e) social 

networks/well-being, (f) housing. 

The European Charter of Fundamental Rights ensures the 

rights of the elderly to lead a life of dignity and independence 

and participate in the social and cultural life (Article 25) as 

well as the right to social and housing assistance to ensure a 

decent existence to all those who lack sufficient resources 

(Article 34(3)).  

Ambient Assisted Living (AAL) refers to concepts, products 

and services that combine new technologies and the social 

environment to improve quality of life at any age. Using 

ambient intelligent technologies enables older adults to live 

independently for as long as possible. Such technologies offer 

an ecosystem of different types of sensors, computers, mobile 

devices, wireless networks and software applications for 

personal healthcare monitoring and telehealth systems. These 

technologies should be used in combination with the 

development of an age-friendly environment in lifetime 

neighbourhoods. Buildings and public spaces without 

obstacles promote the mobility and independence of people 

with declined functional capacities. Families experience less 

stress if their older members have community support and a 

suitable living environment. AAL with ICT support embedded 

in age-friendly neighbourhoods serves as a safe and pleasant 

environment that is adapted to older adults’ functional 
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capacities. An age-friendly environment enables safe mobility, 

and the residents are provided ICT-supported services. AAL 

technologies embedded in lifetime neighbourhoods can create 

value for organisations managing supply networks and 

offering long-term care services (Božič and Dimovski, 2019), 

improve timing of operations (Bogataj and Grubbström,2012).  

improve efficiency and effectiveness and thereby decrease 

their operational costs which subsequently influences their 

sustainability (Peterlin et al., 2018). When developing home 

care service systems timing of operations is of utmost 

importance for preserving health and wellbeing of users so 

appropriate supply networks need to be developed (Usenik, 

and Bogataj,2005). Delays in the provision of services from 

the realisation of risk (events leading to poor health and 

disability) must be taken into consideration (Bogataj, M. and 

Bogataj, L., 2004). Location o service centers influencethe 

delays (Kovačić el. Al., 2015).  Therefore, location of service 

centres in the neighbourhood is extremely significant 

(Grubbström et al., 2010). This is important since the ageing 

and shrinking of the workforce will reduce available human 

resources in lifetime neighbourhoods (Žnidaršič and 

Dimovski, 2009; Grah et al., 2018; Dimovski, Grah and 

Colnar, 2019), where a shortage of nurses is expected to 

present a special challenge. An improvement in education can 

significantly increase the productivity and sustainability of 

supply systems (Peterlin et al., 2018) especially when 

supported by smart technologies (Arh, Jerman-Blažič and 

Dimovski, 2012). Ambient assisted technologies can provide 

interactive learning environments (Škerlavaj and Dimovski, 

2007) and support the development of knowledge-intensive 

learning environments (Škerlavaj el al., 2010). It enables the 

faster dissemination and acquisition of knowledge in 

organisations providing facilities and services to older adults. 

Intra-organisational learning (Dimovski et al., 2008) could 

contribute to a faster adaptation of ambient technologies and 

the development of personalised long-term care services in 

lifetime neighbourhoods that cater to the needs of older adults 

with declining functional capacities and improve their 

wellbeing while reducing the cost of services due to improved 

organisational performance (Dimovski and Škerlavaj, 2005; 

Hernaus, Škerlavaj and Dimovski, 2008). Optimal 

investments in supply networks need to be considered  

(Kovačić, Usenik, Bogataj, 2017).  The possible 

development of Ambient Assisted living in Germany is 

described by Marsiske et al. (2010).  

Several international covenants impose a binding obligation 

on the EU member states to fulfil the right to housing, such as 

the Universal Declaration of Human Rights (UN General 

Assembly, 1948) in Article 25 and the International Covenant 

on Economic, Social and Cultural Rights (UN General 

Assembly, 1966) in Article 11(1). According to the General 

Comment No. 4 on Adequate Housing, the right to housing is 

a right enjoyed by all individuals (UN Committee on 

Economic, Social and Cultural Rights, 1991). Although the 

General Comments are not binding, they impose a binding 

obligation on the state to fulfil the right to appropriately built 

housing units. The state’s progressive commitments to take 

steps towards the full realisation of the right to proper housing 

was reaffirmed in the Mohamed Ben Djazia and Naouel Bellili 

v. Spain case.  

According to our research undertaken in 2018, most of the 

municipality residents (58%) do not have experiences with a 

decline in functional capacities. They do not have a friend or 

family member who is dependent on the help of others. From 

this, we can conclude that a survey that includes the entire 

population in the sample is not properly constructed to capture 

the preferences of older adults who are dependent on the help 

of others. Demand for AAL housing to meet the needs of older 

adults with decreasing functional capacities could be 

calculated using the multiple decrement model. Therefore, we 

can determine the required structure of housing stock on the 

basis of the multiple decrement approaches developed by 

Bogataj et al. (2016), using the principles of actuarial 

mathematics (Gerber, 1997). 

2 THE MULTIPLE DECREMENT MODEL  

Functional capacities, both physical and cognitive, develop 

during childhood. The peak is reached in early adulthood, 

after which it starts to decline. Some earlier and others later, 

individuals reach the threshold when they need to find a more 

suitable living environment or move to a nursing home, both 

of which are associated with higher expenditures.  

 

Figure 1: Supporting environment and decreasing the 

thresholds of functional capacities 

AAL support environment accommodates functional decline 

of residents and supports mitigation of age-relates risk 

realisation of which is leading to ill health and disability  ( falls 

and) and therefore enables older adults with declining 

functional capacities to stay longer in the community, and 

therefore postpone or even prevent reallocation to nursing 

homes (t0  → t1). This is shown by movement from point A to 

point B and consequently by movement thresholds 

downwards. 

An individual’s independence and autonomy do not depend 

exclusively on their physical and cognitive abilities but also on 

the environment (Drobne and Bogataj, 2005, 2012, 2013, 

2015, 2017; Drobne et al., 2011, 2011a, Bogataj et al., 2011, 

2012; Lisec et al., 2008). The investments in specialised 

housing should be determined systematically (Janež et al., 

2016, 2018; Janež and Bogataj, 2018). 

The rate of decline is largely dependent on and linked to one’s 

way of life and external social, environmental and economic 

factors. 

Knowing (a) the possible and (b) desired options of older 

inhabitants to move in an AAL housing unit, we shall model 

the demographic structure of lifetime neighbourhoods and 
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therefore demand for new and more accommodative housing 

stock with embedded AAL technologies. 

The migrations should be monitored and reported based on the 

functional capacities of residents. Figure 1 shows the graph of 

migrations among AAL-supported dwellings that will be 

under consideration. The notation in the diagram is the 

following (see the details in Bogataj et al., 2016): adFH – 

adapted family house, FH – family home, SH – independent 

living housing: sheltered housing and HwC – AAL-supported 

housing units with care. 

We denote the initial state as state 0 and the decrement which 

requires dwelling in lifetime neighbourhood of type j by the 

line of the graph from this parent node to the state (child node) 

j, j = 1, 2, ..., m. On this graph, we describe the probabilities of 

transition (move in the lifetime neighbourhood) from the state 

0 to further states to the child node (state) j ϵ H or in general 

from the parent node to the child node j at various ages. The 

probabilities depend on the age structure, functional capacities, 

preferences to move and the financial abilities and support 

networks of the potential users. All paths determine the 

required dynamics for constructing the appropriate capacity of 

the AAL network and available dwellings in lifetime 

neighbourhood of type j; it implies the inventories of AAL-

supported housing units in the process that should be 

completed in the lifetime neighbourhood at the time 

forecasted. In the multiple decrement setup, transitions 

between any two states from i to j, i > j = 1, 2, ..., m are not 

possible (directed graph) (see the basics in Gerber, 1997 and 

some advanced solutions in Deshmukh, 2012).  

The transitions are successive according to the functional 

capacities, capacities of the neighbourhood AAL system, the 

available intensity of care and available AAL-supported 

housing in the neighbourhood. We will denote i = 0: FH family 

dwelling with fully functional and autonomous residents 

without the need for care; 

i = 1: AAL-supported homecare in the adopted family home 

(adFH);  

i = 2: AAL-supported housing unit in sheltered housing 

campus (SH);  

i = 3: AAL-supported housing unit with available care services 

(HwC); and  

i = 4: nursing home (NH); i = 5 dead (D). 

 

We will denote the type of housing unit in which the resident 

is currently residing with i (i = 0 to 4); and the type of housing 

unit to which the resident is moving due to declining functional 

capacity with j (resettlement from the type of facility i to j; j = 

1 to 5). The details of the migrations can be modelled as a 

directed graph in Figure 1, as simplified in Figure 2. Based on 

the demographic statistics including the population’s income, 

one can calculate the expected needs of older adults in the 

studied area and the probabilities of transitions among the 

different types of dwellings. Such transitions can be financed 

by personal insurance products, properly developed reverse 

mortgage schemes or on the basis of national insurance 

schemes (Bogataj et al., 2015, 2016)  

To successfully forecast the different dwelling needs of seniors 

– and, therefore, the optimal structure of the housing stock – 

based on the decreasing functional capacities of residents and 

the effective demand, we must know the probability 

distribution of Ti(x), the time that a senior resident will spend 

in the dwelling of type i, iH. 

We suppose that the resident moves to the type of housing unit 

that optimally suits their functional capacities. The probability 

of transition in the model should be calculated based on the 

results of surveying the elderly and the observations of moving 

from one dwelling type to another if the supply is high enough 

and the state subsidies are adequate. 

 

Figure 2: The graph of different paths between different types 

of dwellings from the existing home (EH) to nursing home 

(NH) in the multiple decrement model 

In a multiple decrement setup, transitions between any two 

states from i to j, i  j=1, 2, …, m are not possible (directed 

graph). However, in a multi-state transition, we can also 

assume such reverse transitions of functional capacities (see 

advanced solutions in Deshmukh, 2012); therefore, the use of 

housing stock can also be modelled with a multi-state 

transition model, which is not the case below. 

 

Figure 2: Admissible transitions of older adults from/to type of 

housing unit  

The probability qx
(i,j) of moving from facility type i to facility 

type j due to declining functional ability for resident aged x is 

denoted as follows:  

𝑞𝑥
(𝑖,𝑗)

=
𝑀𝑥

(𝑖,𝑗)

𝑆𝑥
(𝑖) ; j =1, 2, 3, 4; j > i                          (1) 
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Where Mx
(i,j) is the number of residents who move from i to j, 

and Sx
(i) is the total number of residents who were previously 

living in i-1. Here, px
(i) is probability of staying in the dwelling.  

In most of the existing neighbourhoods, AAL-embedded 

technologies and AAL-supported specialised housing units for 

older adults with declining functional capacities are not 

available. After a decline in functional capacities, the only 

options are home care and nursing homes. When older adults 

are no longer able to live in their family home, they have to 

move to a nursing home. In this case, we have the following 

transition matrix:  

𝑃𝑥,𝜏 =

[
 
 
 
 
 𝑝𝑥

(0)
𝑞𝑥

(0,1)
0 0 𝑞𝑥

(0,4)
𝑞𝑥

(0,5)

0 𝑝𝑥
(1)

0 0 𝑞𝑥
(1,4)

𝑞𝑥
(1,5)

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

0 0 0 0 𝑝𝑥
(4)

𝑞𝑥
(4,5)

]
 
 
 
 
 

𝜏

(2)  

When we introduce AAL-supported specialised housing for 

independent living (sheltered homes) and assisted living 

(housing with care), we increase the options and the transition 

matrix becomes as follows: 

𝑃𝑥,𝜏 =

[
 
 
 
 
 
 𝑝𝑥

(0)
𝑞𝑥

(0,1)
𝑞𝑥

(0,2)
𝑞𝑥

(0,3)
𝑞𝑥

(0,4)
𝑞𝑥

(0,5)

0 𝑝𝑥
(1)

𝑞𝑥
(1,2)

𝑞𝑥
(1,3)

𝑞𝑥
(1,4)

𝑞𝑥
(1,5)

0 0 𝑝𝑥
(2)

𝑞𝑥
(2,3)

𝑞𝑥
(2,4)

𝑞𝑥
(2,5)

0 0 0 𝑝𝑥
(3)

𝑞𝑥
(3,4)

𝑞𝑥
(3,5)

0 0 0 0 𝑝𝑥
(4)

𝑞𝑥
(4,5)

]
 
 
 
 
 
 

𝜏

(3) (1)1 

 

The final allocation of residents by the type of housing unit for 

each cohort (x years old) in the year  is described by the vector 

(i)Sx, , which represents the sum of the number of residents 

moving in different types of dwellings within the 

neighbourhood. 

Where the migrations are added according to the gravity model 

presented by Janež et al. (2016, 2018) and Janež and Bogataj 

(2018), and the allocation of residents is by the type of facility 

for the studied cohort in the year +1 (when they are x+1 years 

old). 

𝑆𝑥+1,𝜏+1 = 𝑆𝑥,𝜏𝑃𝑥,𝜏 = 

= [𝑆𝑥
(0)

 𝑆𝑥
(1)

 𝑆𝑥
(2)

 𝑆𝑥
(3)

 𝑆𝑥
(4)

 ]
𝜏
∙

[
 
 
 
 
 
 𝑝𝑥

(0)
𝑞𝑥

(0,1)
𝑞𝑥

(0,2)
𝑞𝑥

(0,3)
𝑞𝑥

(0,4)
𝑞𝑥

(0,5)

0 𝑝𝑥
(1)

𝑞𝑥
(1,2)

𝑞𝑥
(1,3)

𝑞𝑥
(1,4)

𝑞𝑥
(1,5)

0 0 𝑝𝑥
(2)

𝑞𝑥
(2,3)

𝑞𝑥
(2,4)

𝑞𝑥
(2,5)

0 0 0 𝑝𝑥
(3)

𝑞𝑥
(3,4)

𝑞𝑥
(3,5)

0 0 0 0 𝑝𝑥
(4)

𝑞𝑥
(4,5)

]
 
 
 
 
 
 

𝜏

= 

= [𝑆𝑥+1
(0)

 𝑆𝑥+1
(1)

 𝑆𝑥+1
(2)

 𝑆𝑥+1
(3)

 𝑆𝑥+1
(4)

 ]
𝜏+1

                             (4) 

(2) 

 

(3) 

We can subsequently evaluate lifetime expenditures for long-

term care in normal neighbourhoods and AAL-supported 

lifetime neighbourhoods with actuarial present value. 

The optimal care services and the housing stock for an older 

adult with decreasing functional capacity depends on the 

following: legal systems, fiscal systems, financial mechanisms 

and system of long-term care provisions and insurance. 

 

The following notation will be used: 

 

𝑃𝑥
𝐿𝑇𝐶  Single premium for LTC insurance for person  

x years old 

𝐿𝑇𝐶𝑎𝑥̈ Actuarial present value of lifetime expenditures 

for LTC services for person x years old 

𝑝𝑥𝑗  Probability that a person who is x years old  

will survive j years 

𝑝𝑥
𝑙𝑡𝑐(𝑖)

 Probability that person x years old is in  

the category of care i 

ci Yearly expenditure for LTC services  

in the category of care i 

ir Interest rate 

𝜗 =
1

1 + 𝑖𝑟
 

Discount rate 

HS Housing stock without specialised housing  

for older adults and age-friendly public spaces 

in a typical neighbourhood 

HSAAL AAL-supported housing stock for  

indented living (SH) and assisted living (HwC) 

with age-friendly public spaces  

in a lifetime neighbourhood 

 

 

𝑝𝑥+𝑗
𝑙𝑡𝑐 𝑥 =

𝑆𝑥
(𝑥)

𝑆𝑥

(0)
+𝑆

𝑥

(1)
+𝑆𝑥

(2)
+𝑆𝑥

(3)
+𝑆𝑥

(4)
   (5) 

The actuarial present value of LTC expenditure of a person x 

years old who is dependent on the help of others living in the 

current neighbourhood can be calculated as follows: 

 

𝐿𝑇𝐶𝑎̈𝑥(𝐻𝑆) = 

∑ 𝑝𝑥𝑗

100−𝑥

𝑗=0

∙ 𝜗
𝑗

∙ (𝑝𝑥+𝑗
𝑙𝑡𝑐 𝐼 ∙ 𝑐1 + 𝑝𝑥+𝑗

𝑙𝑡𝑐 𝐼𝐼 ∙ 𝑐2 + 𝑝𝑥+𝑗
𝑙𝑡𝑐 𝐼𝐼𝐼 ∙ 𝑐3 ) 

 

(6) 

The actuarial present value of the LTC expenditure of a person 

x years old who is dependent on the help of others and living 

in a lifetime neighbourhood can be written as follows: 

𝐿𝑇𝐶𝑎̈𝑥(𝐻𝑆𝐴𝐴𝐿) = 

∑ 𝑝𝑥𝑗

100−𝑥

𝑗=0

∙ 𝜗
𝑗

∙ (𝑝𝑥+𝑗
𝐻𝐶 𝑐1 + 𝑝𝑥+𝑗

𝐼𝐿 𝑐2 + 𝑝𝑥+𝑗
𝐴𝐿 𝑐3 + 𝑝𝑥+𝑗

𝑁𝐻 𝑐4 ) 

Lifetime neighbourhoods can create value for the community 

through the savings of public long-term care insurance or other 

public expenditures connected with long-term care provision.  

𝐿𝑇𝐶𝑎̈𝑥(𝐻𝑆) −  𝐿𝑇𝐶𝑎̈𝑥(𝐻𝑆𝐴𝐴𝐿) 

Savings can be invested in the development of an AAL system 

and age-friendly public spaces for the transformation of the 

existing neighbourhood to a lifetime neighbourhood. 
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3 CONCLUSION 

The organisation of care for older adults in AAL-supported 

lifetime neighbourhoods reduces the risk of falls, social 

exclusion and loneliness, which postpones the need to move to 

nursing homes and substantially decrease the cost of health 

care and long-term care for older adults. Knowing the housing 

preferences of residents with declining functional capacities 

and who are dependent on the help of others, we can better 

forecast the demand for different types of housing units in 

lifetime neighbourhoods with embedded ambient intelligence, 

facility management and care networks. When an older adult 

is confronted with the barriers of built environment in public 

spaces and within their dwellings that they cannot negotiate, 

their preferences can change. The availability of a suitable 

specialised housing unit with embedded AAL technologies in 

their neighbourhood can also influence the decision on 

reallocation within the neighbourhood instead of moving to a 

nursing home. The dynamics of migration and tenure in the 

community can be measured with the multiple decrement 

model presented in this paper. 
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