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  PopulaEon	ageing:	!	 longevity	and	the	size	of	cohorts	that	reach	
old	 age	 are	 factors	 that	 shape	 care	 demand	 as	 it	 increases	 the	
overall	prevalence	of	disability,	 its	 severity	and	 the	probability	of	
help	being	required	to	carry	out	acEviEes	of	daily	living	(ADLs).	

  ReducEon	in	family	size:	The	decline	in	the	number	of	children	that	
women	have	and	the	increasing	proporEon	of	women	who	remain	
childless	may	put	the	current	system	of	care	supply	at	risk.	

  The	increase	in	female	labor	force	parEcipaEon	(while	they	provide	
75%	of	informal	care	for	older	people	in	the	case	of	Spain).	

  Policy:	 Ageing	 in	 Place	 (general);	 right	 to	 request	 flexible	 work	
arrangements	 (NZ);	 A	 change	 in	 the	 System	 for	 Autonomy	 and	
A;en<on	to	Dependency	via	the	Dependency	Act	of	2006	(Spain).	

Context: General	
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•  Life	expectancy	increase	at	older	ages																																																					
(LE65	in	1908	♂	10	yrs/♀	11	yrs;	1958	13/15	yrs;	2018	19/23	yrs) 																																		
and	persistent	below	replacement	fer<lity																																									
(since	1981	TFR	below	2.1	and	is	currently	1.3)																																																							
accelera<ng	popula<on	ageing	
	"	last	30	years	number	65+	has	doubled	
	"	increasing	demand	for	health	and	social	care	

	
•  Elderly	care	is	s<ll	mainly	a	family	affair	

"	but	family	structures	are	changing	due	to	fewer	offspring	 	and	
increasing	divorce	rates	&	♀	LFP	has	rapidly	increased.	
(In	1996	36%	of	women	aged	20-64	were	employed	vs	58%	in	2016)	

Context: SPAIN	
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  Objec<ve:	 To	 study	 the	 changing	 balance	 between	 formal	
and	informal	old-age	care	in	Spain	

  Method:	We	do	this	by	using	a	mixed	micro	simulaEon-
agent-based	model	

  Research	ques<ons:	
  what	are	the	determinants	of	informal	(family)	care	supply?	

o 	Effect	of	demographic	change	on	elderly	kinship	networks		
o 	How	have	family	care	dynamics	changed? 	 		

  what	is	the	share	of	informal	care	in	the	total	demand	of	care	
hours	needed	by	elderly	people	

Research objectives and questions	
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  The	 2008	 Survey	 on	 DisabiliEes,	 Personal	 Autonomy	 and	
SituaEons	of	Dependency	(EDAD)	
  To	 obtain	 age-,	 sex-	 and	 educaEon-specific	 levels	 of	 dependency	 and	
transiEon	probabiliEes	to	higher	states	of	dependency	(4	CARE	DEMAND)	
  To	esEmate	hours	of	care		

  Spanish	Labour	Force	Survey		
  To	 obtain	 age-,	 sex-	 and	 educaEon-specific	 levels	 of	 labour	 force	
parEcipaEon	and	 transiEon	 from	one	employment	 status	 to	another	 (4	
CARE	SUPPLY)		

Data	

5/23 NZPC	2019 20/6/2019 



DEMOCARE	
•  Mixed	model	

–  a	classical	microsimula<on	of	kinship	is	used	to	create	a	
populaEon	of	kin	

–  an	Agent-Based-Model	(ABM)	determines	the	needs	of	
hours	of	care	by	elderly	people	and	the	amount	that	can	
be	supplied	by	their	kin	

•  Seven	different	Spanish	birth	cohorts	are	compared	(1908,	
1918,	…,	1968)	

•  Employment	acEvity	and	health	condiEons	are	for	the	year	
2008	

Method	
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A	Microsimula<on	Model	of	Kinship	creates	an	ini<al	set	of	Agents	(1)	

•  Our	MicrosimulaEon	Model	of	Kinship,	developed	in	Object	Pascal	by	
Devolder	(2002),	is	similar	to	CAMSIM	(Cambridge	Simulator),	which	
in	turn	is	derived	from	Le	Bras’	(1982)	BACKFOR.	In	fact,	it	is	so	close	
to	Le	Bras’	model,	that	we	name	it	BACKFOR2.	

•  BACKFOR2	is	used	to	create	a	group	of	persons	from	the	same	birth	
cohort	named	‘egos’	
–  Each	ego	has	a	complete	network	of	living	kin	(partner,	siblings,	

children	and	their	partners,	grandchildren)	who	are	all	possible	care	
providers	and	who	age	with	egos	

–  We	follow	the	egos		and	their	kin	as	they	age	from	50	unEl	death	

Method: Step 1	

Devolder,	D.	2002.	"Effects	of	the	European	late	marriage	pa;ern	on	kinship.	A	study	using	a	microsimulaEon	model."	In	When	dad	
died.	Individuals	and	Families	Coping	with	Family	Stress	in	Past	Socie5es,	edited	by	R	Derosas	and	M	Oris,	325-350.	Bern:	Peter	Lang.	
Le	Bras,	H.	(1982)	"EvoluEon	des	liens	de	famille	au	cours	de	l'existence",	in		INED	(ed.),	Les	âges	de	la	vie.	Actes	du	colloque	
na5onal	de	démographie,	volume	1,	Paris,	INED	-	Presses	Universitaires	de	France:	27-45.	
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Demographic	indicators	of	7	Spanish	birth	cohorts	

Cohort	 Total	
Fer<lity	
Rate	

Age	at	
first	

marriage	

Parity	progression	ra<os	 Life	Expectancy	at	
birth	

First	child	 Second	
child	

Third	and	+	
child	

Women	 Men	

1908	 2.74	 26.5	 0.75	 0.87	 0.67	 52	 49	
1918	 2.54	 27.0	 0.78	 0.83	 0.62	 55	 51	
1928	 2.52	 26.5	 0.82	 0.85	 0.59	 60	 55	
1938	 2.60	 25.8	 0.86	 0.89	 0.56	 65	 61	
1948	 2.27	 25.5	 0.87	 0.88	 0.45	 72	 69	
1958	 1.82	 27.0	 0.85	 0.80	 0.31	 78	 76	
1968	 1.53	 29.0	 0.79	 0.73	 0.22	 85	 83	

Method: Step 1	

A	Microsimula<on	Model	of	Kinship	creates	an	ini<al	set	of	Agents	(2)	
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Around	10	000	agents	are	created	(egos),	each	one	with	a	network	of	
close	kin	(for	a	total	populaEon	of	around	60	000	persons)	

women	 men	 marriage	 offspring	

Method: Step 1	

A	Microsimula<on	Model	of	Kinship	creates	an	ini<al	set	of	Agents	(3)	
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ABM	follows	agents	from	age	50	un<l	their	death	(1)	

•  Agent-Based-Model	wri;en	in	NetLogo	
•  Setup	phase:	read	kin	networks,	disability	and	economic	acEvity	

tables,…	
•  Update	phase:	at	each	Eck	(year):	

–  individuals	are	exposed	to	compeEng	risks:	
•  of	falling	into	a	higher	disability	state	
•  of	transiEon	towards	other	states	of	labour	force	parEcipaEon	

–  The	demand	(needs)	for	hours	of	care	of	disabled	egos	and	the	supply	
of	informal	care	available	in	the	kin	network	is	evaluated	at	each	Eck	

•  End	phase:	the	last	ego	alive	dies	

Method: Step 2	
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ABM	follows	agents	from	age	50	un<l	their	death	(2):	setup	phase	

Import	
populaEon	
• egos	and	their	kin	
networks	

Import	disability	
tables	
•  levels	&	transiEon	
probabiilEes	

Import	economic	
acEvity	tables	
•  levels	&	transiEon	
probabiliEes	

Import	care	
tables	

Set	iniEal	individual	
characterisEcs	
• educaEon	
• disability	
•  labour	force	parEcipaEon	

Method: Step 2	

11/23 NZPC	2019 20/6/2019 



Import	
populaEon	
• egos	and	their	kin	
networks	

Import	disability	
tables	
•  levels	&	transiEon	
probabiliEes	

Import	economic	
acEvity	tables	
•  levels	&	transiEon	
probabiliEes	

Import	care	
tables	

Set	iniEal	individual	
characterisEcs	
• educaEon	
• disability	
•  labour	force	parEcipaEon	

ABM	follows	agents	from	age	50	un<l	their	death	(2):	setup	phase	

Method: Step 2	
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demography (Grow et al., 2017), such as spatial demography (Schelling, 1971; Heiland, 2003) studies 
of marriage and transition to parenthood (Aparicio Diaz 2010; Aparicio Diaz et al. 2011), in fertility 
policies (Fent et al. 2013), in migration (Benenson et al. 2003; Klabunde and Willekens, 2016; 
Willekens, 2017) and in health and social care (Noble et al. 2012). 
Methodology and data 
 

Agent-based modeling (ABM) is a powerful simulation modeling technique applied for understanding 
how the dynamics of biological, social, and other complex systems arise from the characteristics and 
behaviors of the agents making up these systems. While it is no longer a new approach, the use of 
ABMs has become more exciting as it has matured: mistakes have been made and corrected and we 
now have convenient tools for building models (Railsback and Grimm, 2012). For this study, we 
developed a ABM for studying old-age care needs. We estimate the supply and demand of informal 
and formal care as a result of the aging process and changes in family structures and family relations. 
The system is modeled as a collection of unique and autonomous entities called agents that usually 
interact with each other as well as with their local environment. Each agent has characteristics such as 
age, marital status, number of children, education, activity and disability level. Interacting locally 
means that agents usually do not interact with all other agents but only with relatives. Being 
autonomous implies that each agent individually assesses its situation and makes decisions on the 
basis of a set of established rules. 
Our ABM, which we’ve named Democare, is implemented with the software package NetLogo 5.3, a 
Java-based programming environment especially designed for AMB development and simulation of 
natural and social phenomena. Our model is cohort based. Each run of the model starts with a cohort 
of 10,000 agents called EGO, who are 50 years old and whose life we simulate until their death. The 
cohort is representative  for the year 2008. We chose that year as the 2008 Survey on Disability, 
Personal Autonomy and Dependency Situations (EDAD08) is the main data source used to obtain the 
EGO’s health and educational profile and the hours of care they require and potential carers can 
provide. We reconstruct the close family of the initial population of EGOs using a micro simulation 
model of Kinship (Devolder, 2003). Based on nuptiality, fertility and mortality average levels of past 
decades, each EGOs has, at age 50, a certain probability of having a living spouse, and if it the case, 
corresponding probabilities of having living children, sons- or daughters-in-law and grandchildren. For 
each individual, the micro-simulation model determines the ages relative to that of the EGO, the age at 
union, the age at childbirth, as well as the age at death in order to determine whether and how many 
relatives are alive and susceptible to be a caregiver for EGO. All individuals have a specific 
educational level assigned to them, according to distributions observed in EDAD08. 
The lifecycle of each EGO and her/his relatives is simulated until the death of EGO. Each year all the 
individuals are at risk of falling into different states of dependency. For example Figure 1 gives the 
proportion of men and women in the highest state of dependency, by age and educational level 
according to EDAD08. We derive a set of yearly transition probabilities from the corresponding 
proportion for three states of dependency and these probabilities and these proportions are used to 
determine for each projected year whether EGOs or their relatives are in a state of dependency, and if 
so, its degree. 
 

Figure 1. Proportion of men and women in the highest state of dependency, by age and by 
educational level, according to the 2008 Spanish Survey of Disability 
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The same kind of logic is applied to determine whether EGOs or his/her relatives are working, from 
tables of activities, function of age, the educational level and the level of dependency, obtained from 
the same 2008 Spanish Survey. Table 1 provides a summary of this information. 
 
Table 1. Distribution of population by activity status, and by sex, educational level, state of 
dependency, according to the 2008 Spanish Survey of Disability 

 
Men Women 

 
High Medium Low High Medium Low 

2+ADL 
      Inactive 80% 89% 95% 81% 94% 95% 

Active half time 6% 3% 2% 7% 2% 2% 
Active full time 13% 8% 3% 12% 4% 3% 
IADL1ADL 

      Inactive 68% 76% 94% 70% 84% 94% 
Active half time 11% 9% 2% 10% 6% 3% 
Active full time 21% 14% 5% 20% 10% 3% 
Discap without dep 

      Inactive 44% 65% 77% 54% 76% 90% 
Active half time 21% 13% 9% 20% 11% 4% 
Active full time 35% 22% 14% 26% 13% 6% 
No discapacity 

      Inactive 23% 29% 46% 38% 60% 77% 
Active half time 3% 3% 2% 13% 13% 9% 
Active full time 74% 69% 52% 49% 28% 14% 
 
The informal care supply is function of the maximum number of hours per week available for EGO's 
relatives (his or her partner as well as children and their own direct family (which are the daughters-in-
law, sons-in-law and grandchildren of EGO). The maximum number of hours of informal care that an 
agent can deliver per week is dependent on his/her own varying characteristics, such as his /her age, 
labor market activity and disability level (see table 2). We work with the assumption that each 
children's family agent will provide informal care to both parents in case that they both need it. Thus, 
there is a direct interaction between EGO and his/her partner because they both compete for the 
informal care supply provided by their children and families. In the case that both need care, the 
children's family supply is distributed proportionally according to the number of hours needed 
depending on their disability level. The informal care demand is quantified by the number of hours per 
week requested by EGOs, depending again on their age and dependency level. Our model then 
estimates the demand for formal (at-home or institutional) care in a simple way: it is the EGO´s care 
needs that cannot be satisfied by their family (first by their partner and, afterwards, by their children 
and family). If part or all of the demand for care of EGO cannot be supplied by his/her family, then it is 
assumed that it will be satisfied by formal care. For example, if an EGO male agent at age 90 years is 
in a state of severe disability (Dep3), he will require 80 hours of care per week. Lets say that he lives 
with his 82-years-old wife who has a less severe disability (Dep2), but nevertheless requires 30 hours 
per week of care. In terms of care provision, suppose that their children and children's family can only 
deliver up to 90 hours of care per week. These 90 hours of care supply are then proportionally 
distributed in the following way: EGO receives 65h27m (80/(80+30))*90 and his wife 24h32m 
(30/(80+30))*90, and the remaining 14h33m of care required by the EGO are satisfied by formal care. 
We are only interested in results regarding the EGOs because they are our representative population. 
Table 2: Net numbers of hours of care needed or available, according to age, level of 
dependency and labour force activity 
Activity status Amax Amin Dep0 Dep1 Dep2 Dep3 
Not employed 0 4 -20 -20 -30 -80 
 5 10 -10 -20 -30 -80 
 11 16 -5 -16 -30 -80 
 17 25 60 30 -30 -80 
 26 64 60 30 -30 -80 
 65 79 60 30 -30 -80 
 80 110 60 30 -30 -80 
Employed part-time 17 25 45 22.5 -30 -80 
 26 64 45 22.5 -30 -80 
Employed full-time 17 25 30 15 -30 -80 
 26 64 30 15 -30 -80 
Age range: Amax-Amin;; level of disability: without disability (Dep0), has a disability but is not considered 
dependent (Dep1); has at least 1 ADL or an IADL (Dep2); has at least 2 ADL (Dep3). Values are still preliminary. 

ABM	follows	agents	from	age	50	un<l	their	death	(2):	setup	phase	
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Age group LFP Good health Dependency status 
   Low Medium High 
Less than 5 years Inactive -20 -20 -30 -80 
5 to 11 years Inactive -10 -18 -30 -80 
12-16 years Inactive -5 -16 -30 -80 
Adults Inactive 60 30 -30 -80 
 Part-time 45 22.5 -30 -80 

 Full-time 30 15 -30 -80 
 

Weekly	hours	of	care,	according	to	age,	labour	force	par<cipa<on	(LFP)	and	
dependency	status.	Demand	(nega<ve	values)	and	supply	(posi<ve	values)	used	in	the	
ABM	model	

ABM	follows	agents	from	age	50	un<l	their	death	(2):	setup	phase	

Method: Step 2	



•  At	each	Eck	(year)	demand	and	supply	of	care	at	the	family	level	is	
evaluated	

•  Demand:	hours	of	care	needed	by	elderly	persons	(egos),	depending	
on	their:	
–  gender	
–  disability	state	
–  economic	acEvity	state	
–  educaEonal	level	

•  Supply:	informal	care	provided	by	kin	depending	on:	
–  their	own	individual	characterisEcs	
–  care	needs	of	their	own	family		

•  Formal	care	=	Demand	by	egos	–	total	supply	of	hours	of	care	
available	for	ego	in	the	family	(partner,	children	and	children-in-law)	

•  End	phase:	the	last	ego	alive	dies	

ABM	follows	agents	from	age	50	un<l	their	death	(3):	update	phase	

Method: Step 2	
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ABM	follows	agents	from	age	50	un<l	their	death	(3):	update	phase	

Method: Step 2	
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Demand	for	care:	effects	of	change	in	the	demographic	regime	(1)	

Probability	of	being	alive	AND	in	state	of	dependency	according	to	cohort	
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↑	in	life	expectancy	auer	age	50	
is	the	main	factor	behind	the		
↑in	the	number	of	dependents	

e50	in	dependency	state	by	birth	cohort	
Cohort	 1928	 1938	 1948	 1958	 1968	
e50	 2.5	 2.9	 3.4	 4.9	 6.3	

Results	
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Demand	for	care:	effects	of	change	in	the	demographic	regime	(2)	

Informal	care:	Propor<on	of	care	needed	by	dependents	covered	by	the	family	

↑	in	proporEon	of	informal	care	from	cohorts	1908	to	48	due	to	↓in	widowhood	
↓	in	proporEon	of	informal	care	from	cohorts	1948-	before	age	60	due	to	the	fall	of	
ferElity	and	higher	childlessness	
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Demand	for	care:	effects	of	change	in	the	demographic	regime	(3)	

Propor<on	of	care	needed	by	dependents	and	given	by	the	partner,	children,	or	
by	persons	external	to	the	family	(formal	care).	1908	and	1968	cohorts	by	sex.	
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Results	
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Results	
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  Declining fertility and increasing infertility, coupled with greater labour 
force participation and lower willingness of women to assume the role of 
main carer, called for a real transformation of the care system for both 
today’s and future’s elderly, who will have a smaller family network. 

  However, little variation has been observed in recent years in who 
assumes the role of primary caregiver: mostly informal and from the 
family. 

Discussion and conclusions (1)	
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  The ABM model is developed in order to determine whether families can 
cope with the increasing demand for elderly care in terms of 
demographic and other factors that constraint the availability of 
informal care. Possibly useful for the formulation of public policies. 

  Improvements we plan to introduce in our model are: 
  Evolution in time of the disability and dependence risks (useful for projections) 
  Possibility of health improvement 
  Physical distance between children and parents 
  Divorce (for current elderly cohorts, still of little importance) 

  Additional analyses: different scenarios with “what if’s”, e.g.: 
  What if women’s LFP equals that of men’s? 
  What if everyone is higher educated? 
  What if age-specific dependency declines annually by some %? 
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Thank you  
 
Whakawhetai ki a koutou 

jspijker@ced.uab.es 

Twitter: @popageing 

 

Jeroen Spijker  



Results – Kin and the residential situation of the main carer. 
Spain, 1999 and 2008. 

Sources: EDDES 1999 and  EDAD 2008. #Resident in households, i.e. excludes people in institutions. 

Elderly# aged 65-79 with a disability Elderly# aged 80+ with a disability 
1999 2008 1999 2008 

Co-
residence 

Lives 
elsewhere 

Co-
residence 

Lives 
elsewhere 

Co-
residence 

Lives 
elsewhere 

Co-
residence 

Lives 
elsewhere 

Husband 24.4% … 26.0% 0.1% 4.7% … 6.5% … 
Wife 27.8% … 29.1% 0.1% 11.4% … 11.7% … 
Daughter 24.1% 37.0% 22.3% 44.0% 45.6% 36.2% 44.8% 43.5% 
Son 6.5% 4.0% 8.8% 7.1% 7.8% 4.7% 9.2% 7.6% 
Daughter-in-law 4.0% 6.3% 2.7% 2.7% 8.9% 7.7% 8.3% 4.8% 
Other informal 11.3% 19.6% 7.8% 15.7% 18.5% 15.2% 12.1% 11.8% 

Total informal 98.0% 66.9% ↓ 96.8% 69.6% 97.0% 63.8% ↑ 92.5% 67.7% 
N 363524 112259 359071 68235 304810 100140 447122 126636 

Employee 1.6% 24.3% 3.2% 20.3% 2.5% 25.6% 7.5% 20.5% 
Social services 0.4% 8.8% … 10.1% 0.5% 10.6% … 11.8% 

Total formal 2.0% 33.1% ↓ 3.2% 30.4% 3.0% 36.2% ≈ 7.5% 32.3% 
N 7740 55492 11792 32155 9493 56911 36205 60521 

Total with known relation 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
N 370964 167751 370863 105899 314564 157052 483327 187157 

↑ ↑ Unknown relation 66349 166618 166618 36816 86431 

Total N 605064 ↑ 643379 643379 508432 ↑ 756914 
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