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MATERNAL EMPLOYMENT 
PREFERENCES IN POLAND AND 
SLOVAKIA

Hana Třísková1)

Abstract
This study examines the preferences of men and women towards maternal employment, focusing on mothers 
with pre-school-age and school-age children in Poland and Slovakia and utilising data from the Family and 
Changing Gender Roles V module (2022) in the International Social Survey Programme. Despite progress in 
achieving gender-equal access to paid leave and the increasing number of pre-school facilities, maternal em-
ployment has remained low in these countries, especially among mothers with children aged 0–2. The results 
indicate that Poles exhibit a stronger preference for mothers with a child under school age staying at home, 
while Slovaks are more supportive of maternal employment, particularly on a part-time basis. For mothers with 
school-age children, full-time employment is broadly supported in both countries. These findings highlight 
persistent cultural barriers in Poland and the positive impact of policy measures implemented in Slovakia to 
increase and support maternal employment.

Keywords: maternal employment, gender roles, traditional and egalitarian attitudes, parental leave, pre-school faci-
lities, family policy, work-life balance
Demografie, 2025, 67(3): 107–123
DOI: https://doi.org/10.54694/dem.0367

1) Charles University, Faculty of Science, Department of Demography and Geodemography; contact: hana.triskova@natur.cuni.cz.

INTRODUCTION
Maternal employment plays a key role in supporting 
gender equality, individual well-being, and family 
economic security. It provides economic autonomy, 
facilitates access to health, pension, and social security 
benefits, and offers opportunities for both social and 
personal development (UNICEF, 1999). In addition to 
being beneficial for child development (e.g. cognitive 
skills or academic achievement), maternal employment 
can promote a more equitable distribution of childcare 
and household responsibilities between partners (e.g. 
Bernal, 2008; Hsin – Felfe, 2014; Brooks-Gunn et al., 
2010; Yu – Lee, 2013). 

The collapse of the communist regime led to ma-
jor political, economic, and social transformations in 
Central European countries, which particularly in- 
fluenced the balance between paid work and child- 
care and domestic responsibilities for women (Saxon-
berg – Sirovátka, 2006). In CEE countries, including 
Poland and Slovakia, the employment of women was 
actively promoted by the state during the commu-
nist era. This state-promoted employment was often 
framed as emancipation, but, in reality, it primarily 
served the economic need for female labour to sus-
tain communist industrial growth (Pascall – Kwak, 
2005; LaFont, 2001).
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Comprehensive social welfare programmes es-
tablished by the governments in these countries fa-
cilitated the return of women to the workforce after 
childbirth. These initiatives included maternity leave 
and accessible, affordable childcare facilities (Hašková 
– Saxonberg, 2016).

The transition to a market economy in the 1990s 
precipitated significant changes in the labour markets 
and social policies in these countries, including mater-
nal employment (Szikra – Tomka, 2009). These changes 
led to increased unemployment rates and economic 
instability (Deacon, 2000). In response to economic 
restructuring, governments consciously chose to limit 
state involvement in family support and adopted re-
familisation policies as part of their welfare reforms 
(Saxonberg – Sirovátka, 2006). 

Cuts were made to public funding for childcare 
services, which resulted in a decline in their avail-
ability and quality (Matynia, 1994). Consequently, 
the absence of affordable and accessible childcare 
options became a barrier to maternal employment 
in numerous Central European countries, as this 
decrease in support made it more challenging for 
mothers to return to work after childbirth (Koucour- 
ková, 2002).

Poland and Slovakia’s accession to the European 
Union in 2004 prompted reforms in parental leave and 
childcare policies, as both countries aligned with EU 
directives supporting work-life balance and gender 
equality (De La Porte et al., 2020; Chieregato, 2020). 
Nevertheless, in Poland and Slovakia, employment 
rates among mothers with children under age two re-
main among the lowest in the OECD (Plomien, 2004), 
partly owing to the length of parental leave and the en-
during strength of traditional gender norms in child-
care and household roles (Thévenon – Solaz, 2013).

Poland and Slovakia were selected for compari-
son owing to their shared socialist past and differing 
trajectories in family policy and gender norms since 
the 1990s. While both countries experienced similar 
ideological frameworks during the communist era, they 
have adopted contrasting approaches in recent decades 
– making them suitable cases for a comparative analy-
sis of public attitudes towards maternal employment.

Previous research has confirmed that public and 
maternal attitudes towards employment in Poland 
reflect a persistent tension between evolving prefer-

ences and structural limitations. Between 1994 and 
2012, Polish mothers increasingly expressed a desire 
to engage in paid work, particularly part-time, yet 
found it difficult to fulfil these preferences because 
of limited labour-market flexibility and a lack of in-
stitutional childcare. At the same time, Poland ex-
perienced a partial resurgence of traditional family 
values and anti-feminist discourse, which may have 
reinforced conservative public attitudes (García-Farol- 
di, 2021). In the case of Slovakia, research shows that 
maternal employment during the first three years 
after childbirth remains relatively low, largely owing 
to structural barriers such as insufficient childcare 
provision, a lack of flexible work arrangements, and 
long parental leave with limited paternal involvement 
(Hídas – Horváthová, 2018).

This study examines the impact of cultural norms, 
gender role attitudes, and sociodemographic fac-
tors on the perception of maternal employment. 
By focusing on the general adult population (men 
and women, childless and with pre-school-age or 
school-age children) the analysis aims to identify 
the differences between Poland and Slovakia, par-
ticularly in relation to traditional versus egalitarian 
perspectives, and people’s preferences for full-time, 
part-time, or no maternal employment depending 
on the child’s age. 

The International Social Survey Programme (ISSP 
2022) provides harmonised, high-quality cross-na-
tional data on public attitudes towards family roles 
and gender norms. Its standardised format makes it 
especially suitable for comparing societal preferences 
across countries with differing cultural and policy con-
texts. The 2022 wave provides the most recent cross-
national data available at the time of writing and al-
lows for post-pandemic insights into public attitudes, 
particularly in the context of recent policy reforms 
implemented in both countries during the 2010s.

The article is structured into four sections. Fol-
lowing the introduction, the theoretical concepts and 
contextual background are presented, encompassing 
gender roles, maternal employment, and paid leave. 
Descriptive statistics and the results of the regression 
analysis are presented in the analytical section. The 
fourth section provides a final review and summary of 
the results of the analysis in the context of the stated 
study objectives. 
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THEORETICAL CONCEPTS
Welfare State Typology and Family Roles
Comparative welfare state research underscores the in-
fluence of policy frameworks on women’s employment 
patterns (Kreyenfield, 2015). While CEE countries are 
considered welfare states today, the term historically 
referred to Western capitalist democracies with high 
living standards (Aidukaite, 2009). 

Esping-Andersen’s typology remains a widely used 
and influential framework in welfare regime theo-
ry, distinguishing three ideal types: liberal regimes 
(e.g. US, UK) with minimal state intervention and 
market reliance; conservative regimes (e.g. Germa-
ny, France) preserving traditional family roles; and 
social-democratic regimes (e.g. Sweden, Denmark) 
promoting equality through universal benefits (Es-
ping-Andersen, 1990). However, this framework was 
not designed with CEE countries in mind, and schol-
ars have long debated how these countries fit into or 
deviate from established typologies (Aspalter et al.,  
2009).

Since the early 1990s, Poland and Slovakia have 
undergone major socioeconomic and political trans-
formations that have reshaped their welfare systems. 
Common challenges included high unemployment, 
falling living standards, and limited funding for ma-
ternal support and childcare infrastructure (Ferra- 
rini – Sjöberg, 2010).

Aidukaite (2011) summarises four major approach-
es to classifying CEE welfare regimes. One perspec-
tive suggests these countries are gradually aligning 
with Esping-Andersen’s conservative or liberal mod-
els. Another views them as forming a distinct ‘post-
communist’ or ‘Eastern European’ regime, marked by 
a blend of socialist legacies (e.g. family-centred care) 
and emerging market features (Fenger, 2007; Aidu-
kaite, 2009). A third strand emphasises similarities 
across CEE countries based on a shared history and 
institutional patterns. The fourth argues for internal 
differentiation, emphasising socioeconomic differ-
ences and unique welfare outcomes that resist simple 
typology (Aidukaite, 2011).

Building on Esping-Andersen, Lewis (1992) in-
troduced a gender-sensitive lens through the male 
breadwinner model. She distinguishes strong male 
breadwinner states, modified models that allow limited 
female employment, and dual-earner/carer regimes 

that promote gender equality through policies like 
universal childcare and parental leave.

Family policies in CEE countries have long 
aimed to support both fertility and maternal em-
ployment. However, cross-country differences per-
sist, both historically and in the post-socialist era, 
complicating any singular classification (Ferrarini 
– Sjöberg, 2010).

The generally accepted classification of family 
policies in CEE countries is the one presented by 
Frejka and Gietel-Basten et al. (2016). They divide 
family policies in these countries into four groups. 
The first of these is the comprehensive family policy 
model, in which the authors include, for example, 
Estonia and Slovenia, and which is characterised by 
accessible and sufficient institutional care for young 
children, support for the employment of mothers with 
children, and a range of other financial and material 
benefits for mothers and fathers. The second group 
of countries, such as the Russian Federation and Be-
larus, represent a pro-natalist policy model, which is 
characterised primarily by efforts to increase fertility, 
especially with the help of generous financial sup-
port. The third model, the temporary male bread-
winner model, to which the authors assign Slovakia 
and the Czech Republic, is characterised by long paid 
parental leave, where institutional care for children 
under the age of three has been virtually abolished in 
these countries. Women/mothers are often discrimi-
nated against in the labour market and finding ways 
to successfully combine childcare and employment 
is difficult. The last model, the conventional fam-
ily policy model, which includes, for example, Po-
land and Hungary, is characterised by a considerable 
amount of existing support for raising and caring for 
young children, but this support is very inadequate, 
and, as with the preceding model, it is difficult for 
mothers in these countries to combine childcare and  
employment.

We compare two countries that differ within this 
typology primarily in terms of financial generosity 
and institutional support: Poland provides relatively 
higher financial assistance to families but offers lim-
ited support for maternal employment, whereas Slo-
vakia offers less financial support and exhibits even 
weaker structural conditions for combining work 
and childcare.
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MATERNAL EMPLOYMENT AND POLICY 
IMPLICATIONS IN POLAND AND 
SLOVAKIA

Table 1 shows the employment rates of women aged 
20–49 by the age of their youngest child in Poland, 
Slovakia, and the EU in 2012 and 2022. In both Po-
land and Slovakia, maternal employment increased 
across all child age groups. In Poland, the employ-
ment rate of mothers with children under six rose 
from 58.4% to 71.3%, and in Slovakia from 34.4% 
to 68.8%. Among mothers of children aged 6–11, in 
Poland their employment rate rose from 72.3% to 

79.5% and in Slovakia from 74.9% to 79.0%. Among 
those with children aged 12 and over, the rates rose 
from 71.9% to 79.5% in Poland and from 74.8% to 
78.2% in Slovakia.

Compared to the EU average, which saw more 
modest increases (e.g. from 60.9% to 67.0% for chil-
dren under six), both countries – especially Slova-
kia – show significant convergence towards or even 
surpass EU levels. The data confirm a continuing 
pattern of higher employment with increasing child 
age, but also point to a narrowing gap across child 
age categories over time.

Family policies are a key determinant in shaping 
women’s employment decisions. They influence the 
ability of women to balance work and family respon-
sibilities by encouraging mothers to remain in or re-
enter the workforce after childbirth (Vuri, 2016). In 
this context, Gornick and Meyers (1997) developed 
a comprehensive framework to analyse the relation-
ship between maternal employment and social poli-
cies, particularly regarding work-family balance. Their 
model emphasises the role of both the availability of 
parental leave and affordable childcare services in 
shaping women’s employment outcomes. Countries 
with generous leave entitlements and robust child-
care systems show higher maternal employment rates, 
as these reduce the work–care conflict. Their theory 
also reflects prevailing cultural attitudes towards gen-
der roles and women’s economic participation (Gor- 
nick – Meyer, 1997).

Since 2010, Poland has introduced significant 
reforms to its system of parental leave. Additional 
maternity leave was introduced and gradually ex-
tended – from two weeks in 2010 to six weeks by 

2013. A key innovation was the introducing the 
possibility for fathers to take a portion of mater-
nity leave once the mother has taken at least 14 
weeks. In 2011, a 2-week paternity leave was add-
ed. A major reform was implemented on 16 June 
2013 granting parents an additional 26 weeks of 
parental leave. In total, families can access up to  
54 weeks of leave, with the option of receiving 80% 
wage compensation for the entire period or 100% dur-
ing the first half and 60% during the second. Initially, 
the reform excluded women who had given birth in 
the first quarter of 2013, but following public protests, 
these mothers were granted access to parental leave as 
well. As of 2016, additional maternity leave and paren-
tal leave were merged into a single category termed 
‘parental leave’. These changes sought to address Po-
land’s low fertility rate, the relatively low employment 
rate among women, and the shortage of formal child-
care services for children under the age of three, while 
also encouraging the greater involvement of fathers 
in early childcare responsibilities (Zajkowska, 2019).

Table 1  The employment rate of women aged 20–49, by age of the youngest child, Poland and Slovakia, in %

Less than 6 years From 6 to 11 years 12 years and over

2012 2022 2012 2022 2012 2022

Poland 58.4 71.3 72.3 79.5 71.9 79.5

Slovakia 34.4 68.8 74.9 79.0 74.8 78.2

EU 60.9 67.0 68.7 75.4 67.8 72.2

Source: Eurostat, 2025.
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In Poland in 2022, the period of maternity leave 
was 20 weeks, with up to 6 weeks to be taken before 
birth and at least 14 weeks required postnatally. Moth-
ers could choose between full compensation (100% 
of prior gross earnings) or a lower flat rate (81.5%), 
which influenced the level of compensation received 
during their subsequent parental leave. Maternity leave 
could be extended in cases of multiple births (up to 
37 weeks) and partially transferred to the father if the 
81.5% option was selected (Kurowska – Godlewska-
Bujok – Michoń, 2023).

Paternity leave offered fathers two weeks of fully 
paid leave at 100% of their average gross earnings, 
available at any point within 12 months after child-
birth, and it could be split into two one-week periods. 
Eligibility mirrored maternity leave requirements. Pa-
rental leave extended to 41 weeks in total, of which 23 
weeks were a shared family entitlement and 18 weeks 
were reserved individually – —nine for the mother 
and 9 for the father. The payment structure depended 
on the earlier maternity leave option: those who re-
ceived 100% during maternity leave were paid 70% 
during parental leave, while those who chose 81.5% 
continued at that same level. Leave was flexible and 
could be divided into up to five periods and extended 
through part-time work (up to 82 weeks proportion-
ally), and it was available until the child reached the 
age of six. In special cases, such as multiple births or 
when the child had a life-threatening condition, leave 
could be extended to 43 or even 67 weeks (Kurowska 
– Godlewska-Bujok – Michoń, 2023).  

Between 2011 and 2022, Slovakia undertook a se-
ries of reforms to strengthen financial support and 
caregiving entitlements for families as well. In 2011, 
maternity leave was extended across several catego-
ries: from 28 to 34 weeks for standard cases, from  
37 to 43 weeks for mothers of multiple children caring 
for mothers caring for at least two children. The mater-
nity benefit was also increased from 55% to 60% of the 
daily assessment base. Subsequent financial improve-
ments followed: in 2016, maternity benefits rose from 
65% to 70% of the daily base, resulting in an effective 
net replacement rate of over 91% of prior income. In 
2017, the benefit was further increased to 75%, allow-
ing most parents to receive nearly 100% of their net 
pre-leave earnings. By 2019, legislative changes allowed 
both parents to receive maternity benefits concurrently 

if the father was caring for one child while the mother 
simultaneously was caring for another. In compliance 
with EU Directive 2019/1158, in 2022 fathers gained the 
right to a two-week paid maternity-type benefit with-
in six weeks of the child’s birth in 2022, regardless of 
whether the mother was receiving maternity or paren-
tal benefits (MPRiPS, 2025). Although Slovakia intro-
duced a daddy quota in 2011, it has remained relatively 
unknown and underutilised. As noted by Dančíková 
(2023b), the policy was originally tailored more for 
adoptive fathers, rather than having been designed to 
promote broader gender equality in caregiving.

In Slovakia, in 2022 maternity leave was set at up to 
34 weeks, with 6–8 weeks taken before childbirth and 
26–28 weeks after. At least 14 weeks were mandatory 
and could not end earlier than six weeks post-birth. 
The benefit amounted to 75% of the mother‘s av-
erage previous net earnings, capped at €1,851 per 
month, and was funded through sickness insurance 
(Dančíková, 2023a).

Paternity leave entitled fathers to 28 weeks of leave 
after the child‘s birth. Within the first six weeks, they 
could take two weeks of compensated paternity leave, 
also at 75% of previous net earnings. Fathers were 
additionally eligible for a non-transferable mater-
nity benefit during the remainder of their leave, by 
which the mother‘s entitlement was correspondingly 
decreased. If not taken concurrently, the maternity 
benefits could still be drawn while the father was on 
paternity leave. Paternity leave could be extended to 
31 weeks for single fathers and 37 weeks if they were 
caring for two or more children. Like maternity ben-
efits, payments were tax-free and funded from sick-
ness insurance (Dančíková, 2023a).

Parental leave was available until a child reached 
the age of three and was non-transferable between 
parents. It could be interrupted and resumed multiple 
times and combined with full- or part-time employ-
ment. The parental allowance, set at €413 per month, 
was available to parents who had previously received 
maternity benefits; those without such an entitlement 
received €301. The benefit was provided to just one 
parent at a time (Dančíková, 2023a).

Another crucial aspect is the expansion of child-
care services, particularly for children under the age 
of three. Table 2 shows the enrolment rates of chil-
dren in early childhood education and care services 
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in Poland, Slovakia, and the OECD, based on their 
age group (0–2 and 3–5 years) for selected years. In 
Poland, the enrolment of children aged 0–2 increased 
from 10.9% in 2012 to 17.1% in 2022. In Slovakia, 
it declined from 4.7% to just 2.6%. In contrast, the 
OECD average for this age group was significantly 
higher at 35.9% in 2022. For children aged 3–5 years, 
enrolment is much higher across all countries. Poland 
reached 87.0% in 2021 and Slovakia 77.4%, and both 
these figures are relatively close to the OECD average 
of 86.4%. Overall, while enrolment rates for children 
aged 3–5 in Poland and Slovakia are comparable to the 
OECD average, participation among the youngest chil-
dren (0–2 years) remains low – especially in Slovakia.

One of the primary programmes in this context in 
Poland is the ‘Toddler+’ initiative, launched in 2011 
by the Polish Ministry of Labour and Social Policy. It 
was designed to support the development of childcare 
infrastructure for children under the age of three. The 
programme’s primary objective was to expand access to 
early childhood care by financially supporting munici-
palities in the creation and operation of nursery schools, 
children’s clubs, and day-care facilities. With an initial 

allocation of PLN 40 million, the programme offered co-
financing for the construction, adaptation, furnishings, 
and equipment of childcare facilities (MPRiPS, 2019). 

In 2022, the programme underwent a major reform, 
shifting from an annually operated initiative to a long-
term, multi-year strategy. As part of the new edition, 
the programme was allocated a budget of PLN 5.5 bil-
lion, which is expected to result in the creation of an 
additional 102,000 childcare places for children under 
the age of three. At the time of the reform, Poland had 
approximately 8,000 nurseries and children‘s clubs, 
offering around 228,000 places, a significant increase 
from 2015, when there were fewer than 3,000 facili-
ties providing only 84,000 places (MPRiPS, 2022).

Like in Poland, modifications have also been made 
to the pre-school education system in Slovakia. Slo-
vakia had long been the subject of criticism owing to 
the low enrolment of children in pre-school facili-
ties, as this participation rate had long been one of 
the lowest in Europe (European Commission, 2023). 
A new law introduced in Slovakia in 2021 made pre-
school attendance compulsory for all children who had 
turned age 5 by the month of August in a given year  

Table 2  Enrolment rates in early childhood education and care services in Poland and Slovakia,  
2010–2022, in %2) 3)

0–2 years 3–5 years

2012 2022 20104) 20215)

Poland 10.9 17.1 59.6 87.0

Slovakia 4.7 2.6 71.2 77.4

OECD X 35.9 X 86.4

Source: OECD, Family Database – Enrolment in childcare and pre-school, 2024.

2) �Percentage of children enrolled in early childhood education and care services (ISCED 0 and other registered ECEC services), 0- 
to 2-year-olds – ‘Data for Poland and Slovakia are OECD estimates based on information from EU-SILC. Data refer to children 
using centre-based services (e.g. nurseries or day care centres and pre-schools, both public and private), organised family day 
care, and care services provided by (paid) professional childminders, and exclude those using unpaid informal services provided 
by relatives, friends or neighbours’ (OECD, 2024b).

3) �Percentage of children enrolled in early childhood education and care (ISCED 2011 level 0) or primary education (ISCED 2011 
level 1), 3- to 5-year-olds.

4) Data for the year 2010 were used because they are the earliest available for both Poland and Slovakia.
5) The year 2021 represents the most recent year for which comparable data are available.
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(slovensko.sk, 2021). This policy was implemented 
with the aim of ensuring that children are ready to 
join primary school education by the time they enter 
the formal education system. This compulsory pre-
school year has greatly increased the number of chil-
dren attending pre-school facilities, as every 5-year-old 
is adequately prepared to start school (Ministerstvo 
Financií Slovenskej Republiky, 2022). However, Slo-
vakia continues to face a severe shortage of places for 
children and high fees, a high proportion of children 
living in poverty, regional variations in the quality of 
facilities, and violence among children. The newly 
implemented National Strategy for the Development 
of Early Intervention and early care 2022–2030 aims 
to address these problems (Eurochild, 2023).

HYPOTHESES

In relation to the selected conceptual framework 
and previous research, we formulated the following 
hypotheses:

1. �In line with Frejka and Gietel-Basten‘s typol-
ogy of family policy models, we expect Slovak 
respondents to be more supportive of maternal 
employment – especially part-time – —com-
pared to Polish respondents, reflecting differ-
ing institutional frameworks and gender role 
expectations. Slovakia is classified as a ‘tem-
porary male breadwinner’ model with slightly 
more structural support for combining care and 
work, while Poland belongs to the ‘conventional 
model’, with stronger financial incentives but 
weaker institutional childcare infrastructure. 
These differences are likely to be reflected in 
public attitudes.

2. �Women, younger respondents, and individuals 
with tertiary education will show greater sup-
port for maternal employment than men, older 
individuals, and people with lower educational 
attainment. 

3. �Respondents who believe that both parents are 
equally suited to care for young children will be 
more likely to support maternal employment, 

while those who believe mothers are inherently 
better suited will be less likely to support it. Be-
liefs about parenting roles reflect deeper gender 
ideologies. Traditional beliefs about maternal 
caregiving are strongly associated with a prefer-
ence for stay-at-home motherhood, as shown in 
earlier studies and in our own regression results.

DATA AND METHODS

Data presentation
This study utilises data from the Family and Chang-
ing Gender Roles V module of the International So-
cial Survey Programme (ISSP) in 2022. This module 
covered a wide range of subjects, such as gender ide-
ology, attitudes towards female employment over the 
life-cycle, the gendered division of housework, social 
policy, and the preferred and actual division of paid 
and unpaid work. We used descriptive statistics in 
the first part of the analysis to examine individual 
attitudes towards the employment of mothers with 
a pre-school-age child and mothers whose youngest 
child is of school age in Poland and Slovakia. Table 1 
presents the descriptive statistics for these variables. 
The sample size was 1711 respondents; 921 from Po-
land (437 males, 484 females) and 790 from Slovakia 
(391 males, 399 females). The age range of respondents 
is 18–91 years (18–91 years for males, 18–91 years for 
females). The method of data collection used in both 
countries was CAPI (face-to-face). The sample used 
included a representative stratified clustered sample of 
adults registered as residents in Poland and Slovakia. 

Dependent variables
Our first dependent variable, the workload of a moth-
er with a child under school age6), was derived from 
the following item: Do you think that women should 
work full-time, part-time, or not at all under the fol-
lowing circumstances? – When there is a child under 
school age. Answers were coded into three categories: 
work full-time, work part-time, and stay at home. We 
derived the second dependent variable, the workload 
of a mother whose youngest child is in school7), from 

6) �Under school age means under the age of regular/compulsory school attendance (i.e. 0–5 years).
7) Above school age means aged 6–17 years.
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the following item: Do you think that women should 
work full-time, part-time, or not at all under the fol-
lowing circumstances? – After the youngest child starts 
school. Answers were coded into three categories: work 
full-time, work part-time, and stay at home.

This wide age range represents a limitation, as 
public attitudes towards maternal employment may 
vary depending on the specific age of the child. It is 
likely that respondents will differentiate, for example, 
between mothers of infants and mothers of older pre-
schoolers, or between mothers of young schoolchil-
dren and teenagers. However, the ISSP dataset does 
not allow for more detailed age-specific distinctions.

Independent variables
The selection of independent variables such as 

gender, age, education, and traditional gender role 
beliefs reflects previous studies that have shown these 
factors to be critical in shaping attitudes towards 
maternal employment. The sociodemographic vari-
ables measured as dummies include sex (0 = male 
[Ref.], 1 = female), country (0 = Poland [Ref.], 1 = 
Slovakia), marital status (0 = not married [Ref.],  
1 = married), children in the household by age with 
4 categories (0 = no child, 1 = child (ren) below school 
age, 2 = child(ren) of school age, 3 = both, child(ren) 
below and above school age), and the provider of 
childcare for a child below school age, which was 
constructed from the question ‘People have different 
views on childcare for children under school age. Who 
do you think should primarily provide childcare’ and 
has two categories: 0 = family and other providers, 

1 = state. Age was coded into three categories: 1 = 
18–44 years, 2 = 45–64 years, and 3 = 65+ years. We 
categorised education into two groups: 0 = primary/
secondary, 1 = tertiary.

The variable impact on the family was constructed 
from the statement: ‘All in all, family life suffers when 
the woman[mother] has a full-time job’. It has three 
categories: 1 = agree, 2 = neither agree nor disagree, 3 
= disagree. Which parent is better suited to look after 
children reflects responses to the question ‘Is the moth-
er or the father better suited to look after children’ and 
the answers were recoded into three categories: 1 = The 
mother is much better, 2 = The mother is somewhat 
better, 38) = the mother and father are equally suited. 

Method
To examine preferences regarding the working time 
of mothers with pre-school-age children and those 
whose youngest child is already in school, we ap-
plied a multinomial logistic regression. This statistical 
method makes it possible to compare the likelihood 
of choosing different categories of the dependent vari-
able relative to a designated reference group, while 
simultaneously accounting for multiple predictors. 
We selected ‘stay at home’ as the reference category 
owing to its theoretical importance and prevalence 
in the data. This approach allowed us to explore how 
sociodemographic factors and personal attitudes re-
late to preferences for part-time or full-time employ-
ment, in contrast to the more traditional choice of 
unpaid caregiving. 

18) Due to a lack of responses in categories 4 = Fathers are somewhat better suited and 5 = Fathers are much better suited, these 
responses were recoded as mother and father equally.
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Table 3  Descriptive statistics on the dependent and independent variables

Poland Slovakia

N % N %

Dependent variables        

Workload of a mother with a child under school age        

Full-time 201 21.8% 284 35.9%

Part-time 246 26.7% 331 41.9%

Stay at home 474 51.5% 175 22.2%

Workload of a mother whose youngest child is in school        

Full-time 642 69.7% 512 64.8%

Part-time 226 24.5% 229 29.0%

Stay at home 53 5.8% 49 6.2%

Predictor variables        

Country 921 100.0% 790 100.0%

Sex        

Male 437 47.4% 391 49.5%

Female 484 52.6% 399 50.5%

Age        

18–44 years 339 36.8% 272 34.4%

45–64 years 326 35.4% 302 38.2%

65+ years 256 27.8% 216 27.3%

Education        

Primary/Secondary 705 76.5% 646 81.8%

Tertiary 216 23.5% 144 18.2%

Marital status        

Not married 372 40.4% 371 47.0%

Married 549 59.6% 419 53.0%

Child(ren) in the household by age        

No child 625 67.9% 600 75.9%

Child (ren) below school age 62 6.7% 36 4.6%

Child (ren) above school age 177 19.2% 120 15.2%

Both, child (ren) below and above school age 57 6.2% 34 4.3%

Impact on the family        

Agree 233 25.3% 261 33.0%

Neither agree nor disagree 123 13.4% 181 22.9%

Disagree 565 61.3% 348 44.1%

Which parent better suited to look after children        

Mothers much better 160 17.4% 199 25.2%

Mothers somewhat better 224 24.3% 292 37.0%

Mothers and fathers equally 537 58.3% 299 37.8%

Provider of childcare below school age        

Family and other providers 786 85.3% 323 40.9%

The state 135 14.7% 467 59.1%

N 921 100.0% 790 100.0%

Source: ISSP, 2022.
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RESULTS
Descriptives
Impact on the family
Figure 1 displays the distribution of the answers 
of Polish and Slovak respondents to the question 
‘All in all, family life suffers when the woman has 
a full-time job’. There are statistically significant dif-
ferences in the responses between the two coun-
tries.  Poles (61.3%) are more likely to disagree with 
this statement compared to Slovaks (44.1%). Con-
versely, Slovaks (33.0%) exhibit a greater tenden-
cy to agree with the statement compared to Poles  
(25.2%).

Regarding gender10), a greater proportion of men 
(31.2%) agree with the statement compared to women 
(26.7%). Conversely, 57.8% of women disagree with 
it, in contrast to 48.7% of men.

With respect to age11), the youngest are more likely 
to disagree with the statement (59.2% of those aged 
18–44) compared to the oldest generations (47.5% 
of those aged 65+). In contrast, 23.2% of those aged 
18–44 years agree with the statement, compared to 
35.0% of those aged 65+.

If we look at the differences in attitudes for the 
two countries separately, there is a statistically signifi-
cant12) difference in the attitudes of men and women 
in the case of Poland. Men (30.0%) are more likely 
than women (21.1%) to agree with the statement, 
while women (66.7%) are more likely to reject the 
statement (vs 55.4% of men). No statistically signifi-
cant difference between men and women was found 
for Slovakia.

Statistically significant differences13) among age 
groups were found in the case of Poland, but not 

19) Statistically significant – p-value < 0.000.
10) Statistically significant – p-value < 0.01.
11) Statistically significant – p-value < 0.000.
12) Statistically significant – p-value < 0.01.
13) Statistically significant – p-value < 0.01.

Figure 1  Attitudes to the statement ‘All in all, family life suffers when the woman has a full-time job’, in %9)

Source: ISSP, 2022.
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Slovakia. Here, the group of respondents aged 18–44 
most often disagreed with the statement (68.1%), while 
18.3% of this group agreed. In the case of the oldest 
age group 65+, 54.7% of respondents disagree with 
the statement, while 31.6% agree.

The preferred workload for a mother with a child under 
school age
Figure 2 illustrates the preferred workload for a moth-
er with a child under school age in Poland and Slo-
vakia. Differences in preferences can be observed 
between countries. In Poland, over half (51.5%) of 
respondents believe that a woman should stay at 
home with a pre-school-age child, in Slovakia the pre-
dominant response is that she should work part-time 
(41.9%). The least frequent response among Slovaks 
is that with a child this age she should stay at home 
(22.2%), while in Poland the least frequent response is 
that she should work full-time (21.8%). These results 
indicate significant disparities in opinions regarding 
the employment of women with a pre-school-age 

child, with Poles adhering to a traditional stance that 
a woman should stay at home, while Slovaks tend to 
support women’s employment, both part-time and 
full-time. 

Gender-based differences in preferences are statis-
tically significant.14) Men are more inclined (42.9%) 
than women (33.3%) to endorse the view that a mother 
with a child under school age should stay at home. 
Conversely, women (30.1%) are more inclined than 
men (26.4%) to support full-time time and part-time 
employment (36.6% of women vs 30.7% of men), 
which indicates that women’s attitudes towards the 
employment of mothers with pre-school-age children 
are more progressive.

In terms of age15), statistically significant differ-
ences between age groups were observed. Individuals 
aged 65+ predominantly hold the belief (45.8%) that 
a woman with a child under school age should stay at 
home. One-fourth of respondents in this age category 
think she should work full-time. Respondents in the 
18–44 age group are the ones most inclined to believe 

14) Statistically significant – p-value < 0.000.
15) Statistically insignificant – p-value < 0.000.

Figure 2  The preferred workload for a mother with a child under school age in Poland and Slovakia, in %

Note: Statistically significant – p-value < 0.000.
Source: ISSP, 2022. 
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that a woman with a child under school age should 
work parti-time (39.0%), while 31.6% think she should 
stay at home. Those aged 45–64 are the most likely to 
say women should stay at home (38.2%), while 32.5% 
say they should work part-time. The findings suggest 
that the younger generations endorse at least the par-
tial involvement of women in the labour market when 
they have a pre-school-age child.
 
The preferred workload for a mother whose youngest 
child is in school
While there are differences in preferences between 
countries in the employment of mothers with a pre-
school-age child, the differences are not significant 
for a school-age child. In both Poland (69.7%) and 
Slovakia (64.8%), more than half of the respondents 
believe that a woman with a child of this age should 
work full-time. Approximately a quarter of respond-
ents believe that a woman with a child this age should 
work part-time (see Figure 3).

In terms of gender, there are statistically17) weak 
differences between men and women. Women (70.1%) 
are more likely than men (64.6%) to think that a moth-
er with a school-age child should work full-time, while 
men (7.5%) are more likely than women (4.5%) to 
think that a woman should stay at home.

In terms of age18), respondents aged 18–44 are more 
likely to think a woman should work full-time (70.9%) 
compared to respondents aged 65+ (59.3%), who are 
then more likely to think a woman should stay at home 
(10.0%) than are respondents aged 18–44 (4.1%).

Regression results 
The preferred workload for a mother with a child 
under school age
Model 1 in Table 4 displays the outcomes predicting 
the preferred workload for a mother with a child un-
der school age in 2022. The analysis reveals that Slo-
vaks, compared to Poles, exhibit a greater inclination 
towards both full-time and part-time employment 

16) Statistically insignificant – p-value > 0.05.
17) Statistically significant – p-value < 0.05.
18) Statistically significant – p-value < 0.000.

Figure 316)  The preferred workload for a mother whose youngest child is in school in Poland and Slovakia, in %

Note: Statistically significant – p-value < 0.05.
Source: ISSP, 2022.
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for women with a child under school age. Examin-
ing gender disparities, women demonstrate stronger 
support for part-time work arrangements than men. 
Education emerged as a crucial variable, as respond-
ents with tertiary education are significantly more 
likely to support both full-time and part-time work for 
mothers compared to those with primary or second-
ary education. Other sociodemographic characteris-
tics, such as marital status and the age composition 
of children in the household, were not statistically 
significant. However, age showed a significant effect 
in the case of part-time work preferences: respond-
ents aged 18–44 were more likely to prefer part-time 
employment for mothers with a child under school 
age compared to those aged 65 and older.

Another statistically significant variable is the im-
pact of women’s paid work on the family. Respond-
ents who agree with the statement that ‘All in all, 
family life suffers when a woman has a full-time jobs’ 
are less likely to favour the full-time employment 
of mothers; similarly, those who maintain a neutral 
stance are less inclined to favour full-time employ-
ment compared to those who disagree with the state-
ment. The same results also apply to the part-time 
employment category. Both respondents who agree 
with the statement and those who take an undecid-
ed position are less likely to favour part-time em-
ployment for mothers with a pre-school-age child 
than respondents who disagree with the statement.

Additionally, respondents who believe that moth-
ers are much better suited to look after children are 
significantly less supportive of both full-time and 
part-time employment for mothers. A less extreme 
but still negative association was found among those 
who think mothers are somewhat better suited. Also, 
respondents who think that care for pre-school-age 
children should be provided by the state are more 
likely to support part-time employment for mothers 
with pre-school-age children than those who think 
that care should be provided by the family.

The preferred workload for a mother whose youngest 
child is in school
Model 2 in Table 4 presents the results predicting 
the preferred workload for a mother whose youngest 
child is in school. The results show that a statistically 
significant difference in preferences emerged between 

men and women, with women more likely than men 
to support full-time employment for mothers with 
a child at this age. 

In this model, age becomes significant. Respond-
ents aged 18–44 and 45–64 are more likely to favour 
full-time employment for mothers with a school-age 
child compared to those aged 65+. These age groups 
also show a preference for part-time work. Educa-
tion level again plays a significant role. Respondents 
with tertiary education are more supportive of both 
full-time and part-time employment than those with 
primary/secondary education.

The results show that respondents who believe that 
the family suffers if a woman works full-time are less 
supportive of both full-time and part-time employ-
ment. A weaker but still significant negative associa-
tion is also seen among those who have a neutral atti-
tude towards the statement. Interestingly, respondents 
who perceive mothers as somewhat better suited to 
childcare than fathers are significantly more likely to 
support part-time employment, while those who view 
mothers as much better suited tend to oppose full-time 
employment, though their view on part-time work 
was not significant.

CONCLUSION

This study examined public attitudes towards maternal 
employment in Poland and Slovakia using data from 
the 2022 ISSP module on Family and Changing Gen-
der Roles. The main objective was to explore whether, 
and how, sociodemographic factors, beliefs about car-
egiving roles, and the national context shape support 
for the employment of mothers with pre-school-age 
and school-age children.

The results confirm that attitudes towards maternal 
employment remain differentiated along both cultural 
and structural lines. In line with our first hypothesis, 
Slovak respondents were significantly more likely than 
Polish respondents to support maternal employment – 
both  full-time and part-time – but this difference was 
only observed in relation to mothers of pre-school-
age children. No statistically significant difference was 
found between the two countries in attitudes towards 
the employment of mothers of school-age children.

The second hypothesis was also supported. Gender, 
age, and education proved to be significant predictors 
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Table 4  Results of the multinomial logistic regression (odds ratios)

 

Model 1: Preferred workload for 
a mother with a child  

under school age

Model 2: Preferred workload  
for a mother whose youngest 

child is in school

Work full-time 
(ref. stay at 

home)

Work part-time 
(ref. stay at 

home)

Work full-time 
(ref. stay at 

home)

Work part-time 
(ref. stay at 

home)

Country        

Poland Ref Ref Ref Ref

Slovakia 9.406*** 5.055*** 1.164 1.137

Sex        

Male Ref Ref Ref Ref

Female 1.285 1.524*** 1.623* 1.496

Age        

18–44 years 1.160 1.704** 2.281* 1.974*

45–64 years 1.119 1.237 2.311** 1.713*

65+ years Ref Ref Ref Ref

Education        

Primary/Secondary Ref Ref Ref Ref

Tertiary 2.799*** 2.435*** 5.350*** 3.463*

Marital status        

Not married Ref Ref Ref Ref

Married 1.266 1.128 1.189 1.012

Child (ren) in the household by age        

No child (ren) 1.506 0.891 1.677 1.325

Child (ren) below school age 1.278 0.648 1.671 1.146

Child (ren) above school age 1.222 0.780 0.969 0.668

Both, child (ren) below and above school age Ref Ref Ref Ref

Impact on the family        

Agree 0.112*** 0.426*** 0.114*** 0.418**

Neither agree nor disagree 0.252*** 0.628** 0.271*** 0.623

Disagree Ref Ref Ref Ref

Parent better suited to look after children        

Mothers much better 0.190*** 0.462*** 0.423*** 0.628

Mothers somewhat better 0.455*** 0.995 1.510 1.882*

Mothers and fathers equally Ref Ref Ref Ref

Provider of childcare below school age        

Family and other providers Ref Ref

The state 1.188 1.400*

N 1,711 1,711

Nagelkerke R 0.328 0.190

Source: ISSP, 2022.
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of support. Women, younger respondents, and those 
with higher levels of education were more likely to 
support maternal employment, which is consistent 
with findings from previous studies.

The third hypothesis focused on the role of indi-
vidual beliefs about caregiving. The analysis showed 
that respondents who believe that both parents are 
equally suited to provide care are substantially more 
likely to support maternal employment. In contrast, 
those who see mothers as the primary caregivers were 
more likely to oppose it, especially in the case of pre-
school-age children.

These attitudinal differences also reflect broader 
value orientations and cultural expectations shaped 

by both institutional arrangements and post-socialist 
legacies. As discussed earlier, both Poland and Slovakia 
inherited a legacy of high female labour force partici-
pation from the socialist era. However, in the decades 
following 1989, their trajectories diverged. Slovakia 
introduced policy measures that, while not fully sup-
portive of dual-earner families, allowed for a certain 
level of reconciliation between work and care – placing 
it within Frejka and Gietel-Basten’s ‘temporary male 
breadwinner’ model. In contrast, Poland followed 
a more conservative path, with policy emphasising 
maternal care and financial support for families, but 
offering limited institutional childcare, which places 
it in the ‘conventional’ model.
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PROBABILISTIC INTERVALS 
AROUND POPULATION FORECASTS: 
A NEW APPROACH WITH 
A SUBNATIONAL EXAMPLE USING 
WASHINGTON STATE COUNTIES
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Abstract
Population forecasts produced by governments at all levels are used in the public sector, the private sector, 
and by researchers. They have been primarily produced using deterministic methods. This paper shows how 
a method for producing measures of uncertainty can be applied to existing subnational population forecasts 
while meeting several important criteria, including the concept of utility. The paper includes an assessment of 
the efficacy of the method by: (1) examining the change in uncertainty intervals it produces by population size 
and population growth rate; and (2) comparing the width and temporal change of the uncertainty intervals 
it produces to the width and temporal change of uncertainty intervals produced by a Bayesian approach. The 
approach follows the logic of the Espenshade-Tayman method for producing confidence intervals in conjunc-
tion with ARIMA equations to construct a probabilistic interval around the total populations forecasted from 
the Cohort Component Method, the typical approach used by demographers. The paper finds that population 
size and population growth rate are related to the width of the forecast intervals, with size being the stronger 
predictor, and the intervals from the proposed method are not dissimilar to those produced by a Bayesian ap-
proach. This approach appears to be well-suited for generating probabilistic population forecasts in the United 
States and elsewhere where these forecasts are routinely produced. It has a higher level of utility, is simpler, 
and is more accessible to those tasked with producing measures of uncertainty around population forecasts.
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INTRODUCTION
As Wu et al. (2023) observe, population forecasts 
produced by governments at all levels are used in the 
public sector, the private sector, and by researchers. 
However, until recently, these widely used forecasts 
have primarily been produced using deterministic 
methods in conjunction with the Cohort Compo-
nent Method (CCM) and its algebraic equivalent, 
the Cohort Change Ratio (CCR) approach (see Ap-
pendix A) − a practice consistent with an observa-
tion made by Baker, Alcantara, and Ruan (2011: 10): 
“Demographic modeling occurs without considera-
tion of statistical uncertainty.” They noted that this 
oversight applied specifically to population forecast-
ing. Regarding subnational forecasting, we find that 
the exception to their observation consists of five 
studies that have presented methods for develop-
ing probabilistic population forecasts: Cameron and 
Poot (2011); Swanson and Beck (1994); Swanson and 
Tayman (2014); Wilson (2012); and Yu et al. (2023). 
Notably, four of these studies link probabilistic uncer-
tainty to the CCM approach (Cameron – Poot, 2011; 
Wilson, 2012; Yu et al., 2023) or the CCR approach 
(Swanson – Tayman, 2014). The linkage found in 
these four studies is significant because it means that 
the measures of uncertainty are linked to the funda-
mental demography equation, whereby a population 
at a given point in time, Pt+k, is equal to the popula-
tion at an earlier point in time, Pt, to which is added 
the births and in-migrants that occur between time 
t and time t+k, and to which is subtracted the deaths 
and out-migrants that occur during this same time 
period (Baker et al., 2017: 251–252).

The fundamental equation is the cornerstone of 
demographic theory (Canudas-Romo et al., 2008; 
Swanson et al., 2023) and the foundation upon which 
the CCM rests (Baker et al., 2017: 23–24; Burch, 2018). 
A probabilistic approach to population forecasting 
based on this theoretical foundation yields benefits not 
found in methods lacking this foundation (e.g., Burch, 
2018; Land, 1986). This observation is also consistent 
with one made by Swanson et al. (2023), who argue 
that a given method’s strengths and weaknesses largely 
stem from four sources: (1) its correspondence to the 
process by which a population moves forward in time; 
(2) the information available relevant to these dynam-
ics; (3) the time and resources available to assemble 

relevant information and generate a forecast; and (4) 
the information needed from the forecast.

Like their counterparts in the private sector and at 
the national level, state and local demographers are 
constrained by resources and time. Because of these 
constraints, Tayman and Swanson (1996) pointed out 
the importance of considering the concept of utility in 
producing population forecasts. Swanson, Burch, and 
Tedrow (1996) added more specificity to this issue by 
introducing the “triple constraint” perspective, which 
can be applied to population forecasting:

1. �Performance specification – the explanatory/
predictive precision sufficient to support a given 
decision-making situation. 

2. �Time – the schedule requirements under which 
the performance specification must be accom-
plished.

3. �Resources – the budget requirements under 
which the performance specification must be 
accomplished.

The performance specification is directly related to 
the four sources identified by Swanson et al. (2023), 
as well as the strengths and weaknesses of a given ap-
proach to forecasting, such as the time and resource 
specifications. 

It is important to note that population forecasting 
is considered to be part of applied demography (Swan-
son – Burch – Tedrow, 1996), where problems come 
not from demographic theory or empirical research 
traditions but from a person (or set of persons) in 
government, business, or some other organizational 
sector who needs demographic analysis to assist him 
or her in making good, informed decisions. A corollary 
identified by Swanson, Burch, and Tedrow (1996) is that 
the decision-making process is client-driven in that 
the definition of the problem and an adequate answer 
are determined primarily by the decision-maker, not 
by the demographer or demographic research tradi-
tions. This corollary means that the primary audience 
for population forecasts comprises decision-makers 
and their constituents, not professors and academic 
researchers − two groups to which the triple constraint 
perspective applies, but differently. Professors and aca-
demic researchers pursue ever-improved knowledge, 
more precise and reliable measurements, better theo-
retical systems, and more refined techniques. They see 
costs and time as constraints to overcome to achieve 
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high performance specification levels. Decision-mak-
ers are interested in acquiring the minimal amount 
of information needed to make correct decisions. 
They want to optimize the performance specification 
within the constraints generated by time and resource 
limitations. This latter view underlies the approach to 
generating uncertainty information we present here.

Turning to the five exceptions, we start with Cam-
eron and Poot (2011), who developed a stochastic 
method for subnational population forecasts. They 
applied it to five demographically distinct administra-
tive areas within the Waikato region of New Zealand. 
The uncertainty measures found in this approach 
are generated around the components of population 
change, which means this approach is linked to the 
fundamental population equation. Their results are 
compared to official subnational deterministic fore-
casts, which revealed the instability of migration as 
a component of population change.

Swanson and Beck (1994) proposed a lagged re-
gression-based method to generate short-term county 
population forecasts. It is based on modifying the 
ratio-correlation method of population estimation 
and partly on earlier work by Swanson (1989). The 
modified ratio-correlation method produces forecasts 
without requiring substantial data and intensive in-
tellectual labor inputs. Tests found that this approach 
delivered accurate forecasts (Swanson – Beck, 1994).

Swanson and Tayman (2014) examined state-lev-
el forecasts using a lagged regression approach in 
conjunction with the Cohort Change Ratio Method 
(CCR). As Baker et al. (2017) discuss, the CCR ap-
proach is algebraically equivalent to the CCM ap-
proach but uses cohort change ratios to capture mor-
tality and migration; and to capture fertility, it uses 
child-adult ratios. This equivalency means the CCR 
approach is linked to the fundamental population 
equation. Swanson and Tayman (2014) found that the 
uncertainty measures associated with their lagged-
regression CCR approach were not too wide in that 
they captured reported totals and age groups in ac-
cordance with expectations.

Wilson (2012) used the empirical approach to devel-
op uncertainty measures for the subnational forecasts 
he constructed in Australia. It is based on empirical 
analyses of errors from past forecasts (Smith – Tayman 
– Swanson, 2013; Stoto, 1983). Although not a formal 

method for generating uncertainty measures, it is valid 
and Wilson applied it to CCM forecasts, which means 
that they are linked to the fundamental population 
equation. Importantly, Wilson’s application provides 
uncertainty measures for age groups. This work has 
a precedent in which Wilson (2005) applied time series 
methods and judgment to develop uncertainty meas-
ures for New Zealand’s national population forecasts.

Using the 39 counties of Washington state as an 
example, Yu et al. (2023) show that a Bayesian ap-
proach can be used in conjunction with the CCM to 
provide probabilistic county-level population fore-
casts. Like Wilson (2012), this approach measures 
uncertainty for age groups. To our knowledge, this 
is the first application of Bayesian inference to the 
CCM approach for projecting county populations. It 
is a seminal contribution. However, using experience 
as a guide, we also believe that it will take time for this 
approach to be widely adopted by the state and local 
demography communities, in part because Bayesian 
inference can be complex, effortful, opaque, and even 
counter-intuitive (Goodwin, 2015).

This paper adds to the sparse literature on sub-
national probabilistic population forecasting that has 
been reviewed here by describing a new approach for 
constructing uncertainty measures that is relatively 
simple and can be linked directly to either the CCM 
or CCR approach. Importantly, unlike Bayesian infer-
ence, we believe this new approach is likely to meet 
essential evaluation criteria routinely used by state and 
local demographers (Smith – Tayman – Swanson, 2013: 
301–322), such as low production costs (particularly 
staff time), application and explanation ease, a high 
level of face validity, and intuitive. The approach we 
propose employs the ARIMA method in conjunc-
tion with work by Espenshade and Tayman (1982) to 
translate the uncertainty information in the ARIMA 
method’s forecast to the population forecast provided 
by the CCM approach.

DATA

Following Yu et al. (2023), we use data for the 39 
Washington state counties to demonstrate our new 
approach to placing probabilistic intervals around 
forecasts produced using CCM. We also evaluate 
our new approach by comparing its results to those  
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reported by Yu et al. (2023). Figure 1 provides a map 
of Washington’s counties. According to the 2020 de-
cennial census, Washington state had a population of 
7.7 million, the thirteenth largest state in the U.S. Its 
growth rate between 2010 and 2020 was 14.6%, the 
seventh fastest growth rate among states. Washing-
ton’s 39 counties reflect a broad range of population 
sizes and growth rates and provide a diverse data 
set for evaluating the new approach, which places 
intervals around CCM forecasts. According to the 

2020 decennial census, the average county popu-
lation was 197,571, ranging from 2,286 in Garfield 
County to 2,267,675 in King County. Forty-six per-
cent of the counties were smaller than 50,000, and 
only three counties exceeded 500,000 persons. The 
average county growth rate from 2010–2020 was 
9.5%, ranging from –4.9% in Ferry County to 23.8% 
in Franklin County. Eight counties (20%) experienced 
growth rates below 5%, and seven counties (18%) ex-
perienced growth rates above 15%.

We use annual intercensal estimates from 1960 to 
2020 produced by the Forecasting Division of the Of-
fice of Financial Management (OFM) to implement 
the ARIMA model (Washington, 2024). Intercensal 
estimates are developed between census years and 
are considered more accurate than other estimates 
because either decennial census counts by the U.S. 
Census Bureau or state-certified special census counts 
on both sides bracket them. The intercensal estimates 
are based on the housing unit method (e.g., Swan- 
son – Tayman, 2012: 137–164). The housing unit meth-

od assumes that the change in the number of people 
varies with the change in the number of housing units 
and counts of the population living in group quarters 
facilities, as reported to OFM by local governments 
and institutions over the decade.

We launched the forecasts from 2020 to match 
the launch year (2020) of the 2022 Growth Man-
agement Act (GMA) county forecasts (Washington, 
2022). These GMA forecasts contain scenario-based, 
not probability-based, intervals around the medium 
forecast and have a 30-year forecast horizon to 2050. 

Figure 1  Washingon State Counties

Source: Washington Association of County Officials (https://countyofficials.org/192/County-Map)
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Population forecasts for the GMA are produced every 
five years and developed with county officials. Direct-
ed by state statute (House Bill 1241), OFM prepares 
a reasonable range of possible population growth for 
Washington state’s counties. County officials, also 
by law, are responsible for selecting a 20-year GMA 
planning target from within the range of high and low 
prepared by OFM. 

Our approach follows the logic of the Espenshade-
Tayman method (Espenshade – Tayman, 1982) for 
producing confidence intervals around postcensal 
population estimates by age. Their method employs 
time-series regression equations to construct proba-
bilistic intervals around age-specific death rates over 
a postcensal estimation period. These results, com-
bined with the number of deaths during this period 
and the most recent census counts, were translated 
into confidence intervals around the corresponding 
estimated age structure. Our use of the Espenshade-
Tayman method is not unique. It has been employed 
by Swanson (1989) and Roe, Swanson, and Carlson 
(1992) in demographic applications.

Our approach uses ARIMA models to generate 
confidence intervals around population densities.3) 
We use “density” because the Espenshade-Tayman 
(1982) method for translating uncertainty informa-
tion does so from an estimated “rate,” which in this 
case is the “rate” of population density. Other “rates” 
could be used, such as the ratio of the population to 
the number of housing units. However, using the land 
area as the denominator provides a virtually constant 
denominator over time, thereby reducing the effort in 
assembling the “rate” data. It also serves as a stabilizing 
element regarding the use of ARIMA in that it damp-
ens the effect of short-term population fluctuations 
more effectively than, say, housing units, which also 
can fluctuate over time and not always in concert with 
population fluctuations.

Three steps are needed to generate a confidence 
interval around the GMA point forecast produced by 

the CCM, which we label here as “GMAPOP.” First, 
ARIMA models produce a point forecast for popula-
tion density (which we label here as “PFPD”), along 
with a lower limit (which we label here as “LLPD”), 
and an upper limit (which we label here as “ULPD”) 
for each county and Washington state. Second, rela-
tive differences (proportions) are determined for each 
lower limit (which we label here as “RLLPD”) and 
upper limit (which we label here as “RULPD”). These 
relative differences are found as follows:

RLLPD = (LLPD – PFPD) / PFPD and	 (1)
RULPD = (ULPD – PFPD) / PFPD.	 (2)
The third and final step translates the confidence 

intervals generated by the ARIMA county “density” 
forecasts to the medium GMA county forecasts to 
produce confidence intervals around the CCM point 
total population forecast (GMAPOP):

�LLPOP = GMAPOP – (RLLPD × GMAPOP) 
and	 (3)
UUPLP = GMAPOP + (RULPD × GMAPOP).	(4)
Appendix B contains the three different forecasts 

used in the ARIMA approach to measuring uncer-
tainty in forecasts for Washington state and its 39 
counties, and the Appendix B includes a numerical 
example of equations 1 through 4. Forecasts for 2030, 
2040, and 2050 (10-to-30-year horizon lengths) are 
shown in three tables: Table B1 contains the ARIMA 
population density forecast and 95% confidence limits; 
Table B2 contains the GMA point forecast; and Table 
B3 includes the GMA point forecast and the translated 
95% confidence limits.

Underlying the Espenshade-Tayman method is 
the idea that a sample is taken from a population of 
interest. In this case, the ARIMA results represent the 
sample, and the CCM forecasts represent the popula-
tion. This interpretation is derived from the idea of 
a “superpopulation” (Hartley – Sielken, 1975; Sam-
path, 2005; Swanson – Tayman, 2012: 32–33). This 
concept can be traced back to Deming and Stephan 
(1941), who observed that even a complete census, 

3) �It is more common to use the term “forecast interval” or “prediction interval” in the context of forecasting, because a “confidence 
interval,” strictly speaking, applies to a sample (Swanson – Tayman, 2014: 204). However, underlying our approach is the concept 
of a “super population,” which describes a population as one sample from the infinity of populations (Deming – Stephan, 1941). 
Viewing a forecast as a sample leads us to choose “confidence interval” rather than forecast or prediction interval because it dis-
tinguishes the new approach from those discussed in the Introduction.
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for scientific generalizations, describes a population 
that is but one of the infinities of populations that will 
result by chance from the same underlying social and 
economic causal systems. It is a theoretical concept 
that we use to simplify the application of statistical 
uncertainty to a population forecast that is considered 
a statistical model in this context. 

ARIMA MODELS

Univariate ARIMA (Auto-Regressive Integrated Mov-
ing Average) time series models are the basis for the 
new approach for placing confidence intervals around 
CCM total population forecasts. The ARIMA model is 
described by Box and Jenkins (1976). It been used in 
the analysis and forecast of business, economic, and 
demographic variables (e.g., Box et al., 2016; Hynd-
man – Athanasopoulos, 2024: Chapter 9; Montgom-
ery – Kulahci, 2016). In recent years, ARIMA models 
have been developed using deep learning techniques 
(Gridin, 2022). Examples of its use in demographic 
forecasting include McNown et al. (1995); Pflaum-
er (1992); Swanson (2019); Tayman, Smith, and Lin 
(2007); and Zakria and Muhammad (2009). ARIMA 
models attempt to uncover the stochastic processes 
that generate a historical data series. The most gen-
eral ARIMA model is usually written as ARIMA (p, 
d, q), where p is the order of the autoregression, d 
is the degree of differencing, and q is the order of 
the moving average. The autoregressive process has 
a memory in the sense that it is based on the corre-
lation of each value of a variable with all preceding 
values. The moving average represents a “shock” to the 
system − an event with a substantial but short-lived 
impact on the time series pattern. The differencing 
process creates a stationary time series (i.e., one with 
a constant mean and variance over time). The d-value 
must be determined first because a stationary series is 
required to correctly identify the autoregressive and 
moving average processes.

We use the augmented Dickey-Fuller test (Dickey 
– Fuller, 1979) to identify the differencing required to 
achieve a stationary time series. The null hypothesis of 
this test is that a unit root is present in the time series, 
and the alternative hypothesis is that the time series is 
stationary. The patterns of the autocorrelation (ACF) 
and partial autocorrelation functions (PACF) are used 
to find the correct values for p and q (Brockwell – 
Davis, 2016: Chapter 3), and the autoregressive and 
moving average parameters have to be statistically 
significant. An adequate ARIMA model will have 
random residuals and the smallest possible values for 
p, d, or q. The Ljung-Box test (Ljung – Box, 1979) is 
used to evaluate the residuals of the estimated ARIMA 
model. The null hypothesis of this test is that the 
residuals are randomly distributed, and the alternative 
hypothesis is that the residuals are correlated with 
one another.

RESULTS

Table 1 presents selected statistics from the ARIMA 
models for each county and Washington state as 
a whole. The time series from 1960–2020 for all 39 
counties and the state as a whole required differenc-
ing to become stationary. A significant Dickey-Fuller 
statistic (p ≤ 0.10) based on first differences indicated 
a d = 1 in 29 counties and the state as a whole. The 
remaining ten counties required a second difference 
(difference of the first differences) in order  to reject 
the null hypothesis of the presence of a unit root.4) 

There is variation in the ARIMA parameters across 
counties. The most common specification was a model 
that contained only a first-order autoregressive term 
(19 counties). Nine counties contain only a first-order 
moving average term, while additional nine coun-
ties along with Washington state as a whole contain 
both first-order autoregressive and first-order mov-
ing average terms. Two counties have no autoregres-
sive or moving average terms, referred to as random 
walk models. All counties and Washington state have 

4) �With the complete time series (1960–2020), Ferry County required a second difference to make the series stationary (Dickey Fuller 
p = 0.001). An ARIMA (1,2,1) for Ferry County showed illogical interval widths as the lower limit turned and stayed negative 
from 22- to 30-year forecast horizons. A graph comparing the first and second differences suggested that the non-stationarity 
in the time series occurred between 1960 and 1969. Table 1 shows that the restricted sample required only a first difference to 
achieve stationary (Dickey Fuller p = 0.036).
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Ljung-Box p-values that exceed 0.10, indicating ran-
dom residuals in all.

We conduct three analyses. First, we investigate the 
range of uncertainty in the county forecasts by analyz-
ing county-specific half-widths (a half-width is defined 
as the width of the entire uncertainty interval divided 
by two). Second, to compare the examples discussed 
by Yu et al. (2023), Ferry, King, and Whitman coun-
ties, and Washington state as a whole, we compare 
their Bayesian-based intervals to our ARIMA-based 
intervals. We also include in the comparison the de-
terministic scenario-based intervals from the GMA 
forecasts. Finally, this analysis consists of a preliminary 
investigation of the effect of population size, growth 
rate, and horizon length on interval width.

Range of Uncertainty Across Counties
We begin by presenting the range of uncertainty in 
the county forecasts by analyzing half-widths (a half-
width is defined as the width of the entire uncertainty 
interval divided by two.  It represents the distance for 
the point estimate to either the upper or lower limit 
of the confidence interval) for 10-, 20-, and 30-year 
forecast horizons, as shown in Table 2. This Table 
also includes various summary measures of the half-
width distribution across the counties for each of the 
three forecast horizons. As expected, the confidence 
intervals get wider with an increase in the forecast 
horizon for every county, as seen in the rise in the 
half-widths going from 10-year to 30-year forecast 
horizons. The percentage increases in the half-widths 
comparing the 10-year and 30-year forecast horizons 
range from 35.4% in Island County to 303.7% in Oka-

nogan County; the average percent increase across 
counties is 111.1 (data not shown).

The summary measures of the half-widths tell 
a similar story: the average half-width increases from 
10.5% in the 10-year forecast to 24.5% in the 30-year 
forecast, an increase of 133.3%. The half-width distri-
butions are right skewed as the median half-widths 
are less than the mean half-widths in all forecast 
horizons. In the 10-year horizon, two counties have 
half-widths that exceed 20%. In the 20-year horizon, 
six counties have half-widths that exceed 35%, and 
in the 30-year horizon, six counties have half-widths 
that exceed 50%. The averages recomputed removing 
these cases are close to the median values reported 
in Table 2. Along with the average half-widths, the 
half-width variability across counties also increases 
with longer forecast horizons, with the coefficient 
of variation (abbreviated as “CV” in Table 2) rising 
from 48.3% in the 10-year forecast horizon to 75.5% 
in the 30-year forecast horizon. The direct relation-
ship between the degree of forecast uncertainty and 
the length of the forecast horizon is well known. To 
our knowledge, this is the first study to empirically 
show that the variability of uncertainty also increases 
with the length of the forecast horizon.

A higher value of the d parameter causes wider 
ARIMA intervals and intervals that increase more rap-
idly with lengthening forecast horizons. For example, 
forecasts from an ARIMA model with first differences 
follow a linear trend, while forecasts from an ARIMA 
model with second differences will follow a quadratic 
trend (Hyndman – Athanasopoulos, 2024: Chapter 9; 
Tayman – Smith – Lin, 2007). 
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Table 1  ARIMA Equations, Washington State and Counties

    Coefficients  Dickey Fuller Test
p-Value

County ARIMA 
Specification

Auto 
Regressive p-Value Moving 

Average p-Value First 
Difference

Second 
Difference

Ljung-Box
p-Value

Adams (1,1,1) –0.430 0.001 –0.961 0.000 0.008   0.173

Asotin (1,1,0) 0.338 0.004     0.009   0.159

Benton (1,1,0) 0.814 0.000     0.005   0.546

Chelan (0,2,1)     0.628 0.000 0.135 0.000 0.485

Clallam (1,1,0) 0.560 0.000     0.055   0.857

Clark (0,2,1)     0.277 0.031 0.202 0.001 0.857

Columbia (1,1,0) –0.209 0.100     0.006   0.890

Cowlitz (1,1,0) 0.580 0.000     0.014   0.124

Douglas (1,1,0) 0.347 0.004     0.002   0.285

Ferrya (1,1,1) 0.857 0.000 0.558 0.004 0.036   0.120

Franklin (1,2,0) –0.350 0.004     0.424 0.001 0.841

Garfield (0,1,1)     –0.441 0.000 0.003   0.168

Grant (0,2,1)     0.776 0.000 0.171 0.000 0.211

Grays Harbor (0,1,1)     –0.700 0.000 0.004   0.358

Island (1,1,0) 0.224 0.077     0.024   0.766

Jefferson (0,2,1)     0.550 0.000 0.143 0.001 0.112

King (1,1,1) 0.558 0.000 –0.355 0.031 0.023   0.629

Kitsap (1,1,0) 0.459 0.000     0.065   0.387

Kittitas (1,2,1) 0.494 0.003 0.887 0.000 0.531 0.000 0.827

Klickitat (0,2,1)     0.540 0.000 0.141 0.002 0.231

Lewis (1,1,0) 0.436 0.000     0.006   0.739

Lincoln (0,2,1)     0.584 0.000 0.120 0.000 0.111

Mason (1,1,0) 0.733 0.000     0.087   0.365

Okanogan (0,2,1)     0.487 0.000 0.132 0.001 0.897

Pacific (1,1,0) 0.244 0.051     0.019   0.838

Pend Oreille (1,1,1) 0.924 0.000 0.331 0.020 0.047   0.132

Pierce (1,1,0) 0.341 0.005     0.002   0.492

San Juan (1,1,0) 0.638 0.000     0.012   0.500

Skagit (1,1,1) 0.902 0.000 0.390 0.010 0.105   0.608

Skamania (0,1,0)         0.002   0.256

Snohomish (1,1,0) 0.705 0.000     0.016   0.106

Spokane (1,1,0) 704 0.000     0.097   0.925

Stevens (1,1,0) 0.823 0.000     0.077   0.150

Thurston (1,1,0) 0.584 0.000     0.004   0.219

Wahkiakum (0,1,0)         0.004   0.113

Walla Walla (1,1,1) 0.820 0.000 0.622 0.013 0.034   0.265

Whatcom (1,1,0) 0.719 0.000     0.056   0.955

Whitman (1,2,1) –0.343 0.024 0.664 0.000 0.176 0.000 0.941

Yakima (1,1,1) 0.932 0.000 0.450 0.001 0.099   0.722

Washington (1,1,1) 0.687 0.000 –0.340 0.022 0.014   0.396

Note: a) The ARIMA model for Ferry County used an annual time series from 1970 to 2020, ten years shorter used for the other counties (see Footnote 4).
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Table 2  95% Half-Widths, ARIMA Alternative by Horizon Length Washington State and Counties, 2030–2050a)

Notes: �a) Calculated from Appendix Table B3 – Half Width = (High – Low) / 2 / Point Forecast × 100. 
b) Std. Dev. / Mean × 100.

  Horizon Length

County 10-Year 20-year 30-year

Adams 6.0% 8.0% 9.3%

Asotin 6.9% 9.0% 10.3%

Benton 13.0% 19.6% 23.3%

Chelan 11.5% 28.0% 43.9%

Clallam 7.8% 10.4% 11.8%

Clark 12.2% 24.3% 38.9%

Columbia 7.8% 12.5% 15.1%

Cowlitz 5.9% 8.2% 9.5%

Douglas 6.4% 8.2% 9.2%

Ferry 20.6% 29.7% 35.0%

Franklin 17.6% 37.7% 57.8%

Garfield 28.3% 41.4% 53.7%

Grant 12.6% 24.4% 36.7%

Grays Harbor 6.4% 8.6% 10.1%

Island 7.7% 9.5% 10.5%

Jefferson 16.0% 35.3% 56.1%

King 6.9% 9.3% 10.7%

Kitsap 8.6% 11.0% 12.2%

Kittitas 10.8% 19.1% 27.1%

Klickitat 17.4% 37.3% 58.2%

Lewis 5.4% 7.1% 8.1%

Lincoln 16.3% 38.2% 64.4%

Mason 8.7% 12.0% 13.7%

Okanogan 16.5% 39.2% 66.5%

Pacific 6.6% 8.7% 10.0%

Pend Oreille 17.0% 31.1% 40.9%

Pierce 5.2% 6.6% 7.4%

San Juan 10.7% 14.1% 15.6%

Skagit 10.2% 17.1% 21.6%

Skamania 6.5% 8.9% 9.2%

Snohomish 7.4% 10.1% 11.5%

Spokane 7.2% 10.3% 12.1%

Stevens 13.8% 21.4% 25.4%

Thurston 5.5% 7.2% 8.0%

Wahkiakum 11.0% 15.3% 17.9%

Walla Walla 6.6% 9.7% 11.7%

Whatcom 6.9% 9.7% 11.1%

Whitman 11.9% 25.7% 41.0%

Yakima 7.4% 13.7% 18.4%

Washington 5.5% 7.8% 8.9%

 

  Summary Statistics, Counties

Mean 10.5% 17.9% 24.5%

Median 8.6% 12.5% 15.1%

Std. Dev. 5.1% 11.1% 18.5%

CVb) 48.3% 61.8% 75.5%
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Turning to a verbal description of Figure 2, we first 
note that the average half-width for ARIMA models 
with first differences (the darker columns) is smaller 
than ARIMA models with second differences (the 
lighter columns) in all forecast years. Moreover, the 
gap between them increases with the lengthening of 
the forecast horizon. In 2030, the average half-widths 
are relatively similar (9.3% for d = 1 vs 10.9% for d = 
2). By 2050, the gap has widened considerably (16.0 vs 

23.2%). Put another way, the average of the half-width 
for ARIMA models with first differences increased by 
173% compared to an increase of 214% for ARIMA 
models with second differences. In addition, the in-
crease in the variability of the average half-width was 
much more significant for the ARIMA models with 
second differences. The percentage increase in the 
coefficients of variation from 2030 to 2050 is 122% 
(ARIMA with d = 1) and 211% (ARIMA with d = 2).

Comparison to Other Uncertainty Intervals for 
Selected Areas
As a means of evaluating the performance of our pro-
posed method, we compare our forecast results to: (1) 
those that correspond with the results discussed by Yu 
et al. (2023), which are for Ferry, King and Whitman 
counties and the state of Washington as a whole; and 
(2) the judgmental intervals (the “low” and “high” val-

ues) that were placed by the OFM forecasters around 
their “middle” range projections (which were selected 
as the GMA forecasts) for all of the counties and the 
state as a whole. The comparisons are based on the 
“half-widths” of confidence intervals in Table 3. We 
focus on the “narrowness” of the half-widths because 
95% confidence intervals may produce widths so wide 
as to be useless (Swanson – Tayman, 2014). 

Figure 2  Average Half-Width by Difference Parameter
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Regarding Ferry County, Table 3 shows that the con-
fidence intervals (half-widths) are widest for our ap-
proach (labeled as “ARIMA Based”) for all horizon 
lengths, and those for the Bayes CCM approach (la-
beled as “Bayes CCM”) are the narrowest for all three 
horizon lengths. The GMA judgmental half-width 
(labeled “GMA Forecast”) falls between the other 
two approaches but tends to be closer to the Bayes 
CCM than ours. For all three approaches, the widths 
increase over time, per the expectation that forecast 
uncertainty increases as the horizon lengthens.
For King County at the 10-year horizon, the confi-
dence intervals produced by our method are slightly 
narrower than the intervals reported both for the 
Bayesian method and those reported by OFM for the 
GMA forecast and substantially narrower at 20 and 30 
years. The GMA intervals are somewhat narrower than 
the Bayes intervals at the 30-year horizon lengths but 
are not as narrow as our approach at any of the three 
horizon lengths. As was the case for Ferry County, 
the widths increase over time for all three approaches.

For Whitman County, the Bayes CCM approach 
produces the narrowest widths for all three horizon 
lengths. The GMA intervals are narrower than the in-
tervals for our approach at all three horizon lengths, 
and those differences increase with the horizon length 
(2.6 percentage points for a 10-year horizon and 26.7 
percentage points for a 30-year horizon).5) It should 
be noted, however, that Yu et al. (2023) held the age 
groups associated with college attendance constant in 
counties such as Whitman, where these populations 
significantly impact the county’s overall age struc-
ture. Once again, the widths increase over time for 
all three approaches.
Considering Washington state as a whole, the intervals 
for the Bayes CCM approach are the narrowest for the 
10- and 20-year horizon lengths, while our approach 
produces the narrowest interval for the 30-year hori-
zon length. The GMA boundaries produce the widest 
intervals across all three horizon lengths by a sizable 
margin. Once again, the widths increase over time for 
all three approaches.

Table 3  95% Half Width by Method and Horizon Length, Selected Counties and Washington Statea)

Ferry County King County

Horizon 
Length

GMAb)

Forecast
Bayesc) 

CCM
ARIMAd) 

Based
Horizon 
Length

GMA
Forecast

Bayes
CCM

ARIMA
Based

10 years 11.8% 9.7% 20.6% 10 years 10.6% 7.0% 6.9%

20 Years 21.6% 19.1% 29.7% 20 Years 15.2% 14.2% 9.3%

30 Years 32.0% 28.2% 35.0% 30 Years 19.3% 21.0% 10.7%

 

Whitman County Washington State

Horizon 
Length

GMA
Forecast 

Bayes
CCM

ARIMA
Based

Horizon 
Length

GMA
Forecast 

Bayes
CCM

ARIMA
Base

10 years 9.3% 4.9% 11.9% 10 years 9.6% 3.0% 5.5%

20 Years 11.8% 8.8% 25.7% 20 Years 13.4% 6.3% 7.8%

30 Years 14.3% 12.6% 41.0% 30 Years 16.6% 9.7% 8.9%

Note: a) Half Width = (High – Low) / 2 / Point Forecast × 100.
Sources: �b) Washington (2022). 

c) Yu, et, al. (2023). 
d) Computed from Appendix Table B3.

5) �Whitman county’s ARIMA model required second differences; and as expected, its interval width increased much faster than the 
other areas whose ARIMA models required first differences. From the 10-year to 30-year horizons, Whitman’s half-width inc-
reased by 240% compared to 60% or 70% for the other two counties and Washington state.
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These comparisons suggest that our approach pro-
duces uncertainty measures for county population 
forecasts similar to those generated by the Bayes CCM 
approach. Moreover, we find that all three approaches 
produce uncertainty intervals that are not so wide as 
to be useless, which is a point brought up by Swan-
son and Tayman (2016) in an earlier examination of 
forecast uncertainty. 
Another example of the viability of our approach is 
Ferry County, which has the smallest population of 
the three counties. It has a 2020 population of 7,178 
and a forecasted 2050 population of 6,986 (Washing-
ton, 2022). To see a 10-year horizon length half-width 
of 20.6 % and a half-width of 35.0% for the 30-year 
horizon length per our approach is not unexpected. 
Moreover, except for the 30-year horizon for Whit-
man County, all three methods across all three hori-
zon lengths produce the widest uncertainty intervals 
in Ferry County, with the smallest population.

Impact of Population Size and Growth Rate on 
Interval Width
It has been established by ex-post evaluations that 
population size and growth rate affect forecast preci-
sion and bias (see Smith – Tayman – Swanson, 2013: 
338–341 for a review of these findings). Consistent 
with these results and adding to them, we find that: 

1. �Forecast precision improves as population size 
increases, but this relationship weakens or dis-
appears once the population reaches a certain 
size. However, population size has no predict-
able relationship with forecast bias. 

2. �Population growth rate affects both forecast 
precision and bias. Forecast precision is great-
est for areas with small population changes, and 
declines as growth rates deviate in both a posi-
tive and negative direction from these low levels. 

3. �Bias is also strongly affected by differences in 
population growth rates. Areas losing popula-
tion tend to be under-forecasted, whereas rap-
idly growing areas tend to be over-forecasted.

Now that we have shown our method produces in-
tervals that are consistent with the idea that forecast 
interval width should increase temporally in conjunc-
tion with the increase in uncertainty expected as one 
looks further into the future, we turn to an exami-
nation of the effect that population size and growth 

rate have on forecast interval width. A review of the 
literature shows that such an examination has not yet 
been conducted with any specificity. To this end, we 
use a regression framework with the half-width as the 
dependent variable and population size and growth 
rate as the dependent variables, following the approach 
used in Tayman, Smith, and Rayer (2011). Separate 
models are estimated for 10- 20- and 30-year forecast 
horizons using single-variable regressions containing 
population size and growth rate and multiple regres-
sions with both variables. Population size is measured 
at each forecast horizon, and growth rate is the percent 
change from 2020 to each forecast horizon.
We analyzed the functional form of the two inde-
pendent variables at each forecast horizon length 
using graphs and the adjusted multiple coefficient of 
determination (adjR2). The adjustment to the multi-
ple coefficient of determination takes into account the 
complexity of a given regression model relative to the 
complexity of its input data (Poston – Conde – Field, 
2024: 137–138). We determined the same functional 
form was appropriate for each horizon length. We il-
lustrate this process using the 10-year forecast horizon, 
but the information for the 20- and 30-year horizons 
is available from us. Figure 3 shows the relationship 
between the natural log of population size (x axis) and 
half-width (y axis) for counties in Washington state 
at the 10-year forecast horizon. We use the natural 
log of the population to accommodate the skewed 
distribution of population size, which in 2030 ranges 
from 2,247 in Garfield County to 2,487,380 in King 
County. Also, the natural log of the population is more 
closely associated with the half-width than the un-
logged population. In a single variable regression, the 
logged population has an adjR2 of 0.272 compared to 
0.067 for the unlogged value. As can be seen in Figure 
3, the relationship tends to weaken around a popu-
lation size of 36,000 (exp (ln (10.5)), suggesting the 
need for a squared term. However, adding a squared 
term slightly increases the adjR2 from 0.213 to 0.231, 
which is not statistically significant.
Figure 4 shows the relationship between the decen-
nial growth rate (x axis) and half-width (y axis) for 
counties in Washington state at the 10-year forecast 
horizon. The natural log of growth rate specifica-
tion did not add to the explained variation of the 
half-width beyond the unlogged growth rate; both 
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specifications had an adjR2 of 0.056. Growth rate and 
half-width rate have a u-shaped relationship with 
the half-width. Adding the squared term raises the 
adjR2 substantially compared to an equation without it  
(0.006 vs 0.119).

The regression statistics are shown in Table 4, with 
the top two sections showing the adjR2. The explana-
tory power of the models declines as the horizon 
length increases, similar to the results of Tayman, 
Smith, and Rayer (2011). However, contrary to the 

Figure 3  Relationship Between Ln(Population Size) and Half-Width, 2030

Figure 4  Relationship Between Population Growth Rate and Half-Width, 2030
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  Adjusted R2

Model 10-Year 20-Year 30-Year

Ln (Size) 0.213 0.122 0.076

Growth Rate, Growth Rate2 0.119 0.064 0.036

Ln (Size), Growth Rate, Growth Rate2 0.267 0.166 0.104

 

  Reduction in R2 From Size and Growth Rate Model

Model 10-Year 20-Year 30-Year

Ln (Size) –20.2% –26.5% –26.9%

Growth Rate, Growth Rate2 –55.4% –61.4% –65.4%

 

  Unstandardized Regression Coefficients

Variables 10-Year 20-Year 30-Year

Constant 0.291** 0.514** –0.719**

Ln (Size) –0.016** –0.031** –0.045*

Growth Rate –0.539 –0.365 –0.255

Growth Rate2 4.548* 2.051 1.254

Table 4  Regression Models Predicting Half-With By Horizon Length Adjusted R2  
and Unstandarized Regression Coefficients

literature on population forecast error, population 
size has greater explanatory power than popula-
tion growth rate in explaining the width of fore-
cast intervals. The adjR2 declines between –20% and  
–27% when the model includes only population size 

compared to the model that consists of both size and 
growth rate. The decline in adjR2 is substantially great-
er when the model contains only growth rate, ranging 
from –65% in the 30-year forecast horizon to –55% 
in the 10-year forecast  horizon.

The last panel in Table 4 shows the regression coeffi-
cients for the model, containing both size and growth 
rate. The results for population size and growth rate 
are consistent across horizon lengths. The coefficients 
have the same signs, but their magnitudes vary less 
for population size than for population growth rate. 
The signs of the size coefficients are consistent with 
changes both in half-width and population size. They 
are also consistent with the parabolic relationship 
between growth rate and half-width. Half-width de-
creases as population losses moderate and increases 
as growth rates accelerate. Most coefficients are not 

statistically significant, partly due to the small sample 
size (39) and the number of variables in the regression 
equation. Four of the nine size and growth rate coef-
ficients across all horizon years on the independent 
variables are significant at the 0.10 level. Three of the 
four significant coefficients are found in the popula-
tion size variable.

DISCUSSION

The approach we propose can be linked directly not 
only to the CCM method but also to its algebraic 

Note: * P < 0.10, ** P < 0.05.
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equivalent, the CCR method. Unlike the approach 
found in Swanson and Beck (1994), neither the CCM 
nor the CCR approach is inherently conjoined with 
a method for generating statistical uncertainty. Thus, 
we believe this linkage represents a step forward on 
the path to generating probabilistic forecasts based on 
the fundamental population equation. In addition, this 
new approach is simpler than the methods described 
by Cameron and Poot (2011) and Wilson (2012) and 
far simpler than the Bayes CCM approach described 
by Yu et al. (2023). Moreover, it is neither opaque nor 
counter-intuitive, criticisms directed at Bayesian meth-
ods by Goodwin (2015). Notably, the ARIMA method 
is widely available in software packages used by state 
and local demographers and is more in line with their 
existing programming and other skills. They also have 
historical data that will support the construction of 
county ARIMA forecasts.
Analysis of the interval widths (as measured by the 
half-widths) is consistent with the expectation that 
probabilistic forecast intervals widen with increases 
in the forecast horizon. We found that the variability 
of the uncertainty across counties also increases as 
the forecast horizon increases. This represents a novel 
finding in that it does not appear in the literature. We 
examined the well-known non-linear relationships 
between population size and growth rate and forecast 
accuracy and bias using regression techniques with 
half-width as the dependent variable. Population size 
had a logarithmic relationship with half-width, and 
growth rate had a parabolic relationship (linear and 
squared terms). Interval width declined with increases 
in population size, but the interval width plateaued 
when counties reached a population of 36,000 or so. 
Interval widths were narrowest for slow-changing 
counties and increased as counties increased their rate 
of population decline or population increase. These 
findings are consistent with the relationships between 
population size and growth rate with forecast accuracy. 
What differs is that population size has a more sub-
stantial effect than population growth rate on interval 
width. The opposite occurs in the relationships with 
forecast accuracy. Keep in mind, however, these find-
ings are based on a sample made up of the 39 counties 
in Washington state. They should be investigated in 
a larger sample of U.S. counties.

The strength of relationships between, on the one 
hand, population size and growth rate with, on the 
other, interval width was relatively weak and became 
weaker as the forecast horizon lengthened. Although 
not shown, the addition of a  dummy variable 
representing counties with first and second-difference 
ARIMA models into the regression equations 
markedly raised the explained variance. Unlike the 
equations without the dummy variable, the explained 
variance increased as the forecast horizon lengthened. 
These results suggest that ARIMA model specification 
may be a more critical factor in explaining interval 
width than population size and growth rate. Future 
research should investigate and quantify the impact 
of these and other factors on interval widths from 
ARIMA models.
The approach we propose does not produce uncer-
tainty intervals by age and gender, births, death, and 
migration, which are produced by the Bayes CCM 
approach described by Yu et al. (2023) and the CCR 
approach discussed by Swanson and Tayman (2014). 
Neither the Bayes CCM nor our approach, however, 
considers uncertainty in the input data themselves, 
a similarity also shared with the work by Cameron 
and Poot (2011), Swanson and Tayman (2014), and 
Wilson (2012). However, as Yu et al. (2023) implied, 
these are not likely to be among the most important 
sources of uncertainty for data in the United States 
and other countries where subnational population 
forecasts are routinely produced.
Regarding our approach not providing uncertainty 
intervals by age and gender, Deming’s (1950: 127–134) 
“error propagation” was used to translate uncertainty 
in age group intervals found in the regression-based 
CCR forecasts reported by Swanson and Tayman 
(2014) to the total populations in question. In different 
forms, “error propagation” has been used by Alho 
and Spencer (2005), Espenshade and Tayman (1982), 
and Hansen, Hurwitz, and Madow (1953), among 
others. It may be possible to reverse-engineer error 
propagation and develop uncertainty measures by age 
and gender using our approach. It may be worthwhile 
to explore this possibility As an approximation, 
one could generate age uncertainty intervals by 
controlling the county “low” and “high” numbers 
in the 2017 GMA series to their corresponding 95% 
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lower and upper limits, respectively, of our proposed  
approach. 

CONCLUSION

Smith, Tayman, and Swanson (2002: 373) opined that 
future research should focus increasingly on measuring 
uncertainty in population forecasts. Machine learning 
and AI may be significant in these endeavors (Baker – 
Swanson – Tayman, 2023). They noted that while such 
research may not directly improve forecast accuracy, 
it will enhance our understanding of the uncertainty 
inherent in population forecasts. They stated that this 
change would imply a shift from “population projec-
tions” to “population forecasts,” a guideline we have 
followed in this paper.
In closing, we argue that the approach we propose 
and have described in this paper is well-suited for 
generating probabilistic subnational population fore-
casts in the United States and elsewhere where these 
forecasts are routinely produced. Because it can be 
applied to both the CCM and the CCR approach-

es, our method for producing forecast uncertainty 
information provides a path to a reasonable level 
of forecast accuracy as identified by Swanson et al. 
(2023). It also has the potential to optimize forecast 
utility, which as described in the Introduction is in 
accordance with the “triple constraint perspective” 
that underlies our approach. None of this is meant 
to imply that forecast uncertainty measures derived 
from ARIMA models using the Espenshade-Tayman 
method are more accurate than those generated from 
a Bayesian method. Rather, the findings herein sug-
gest that our approach has a higher level of utility 
than a Bayesian approach while providing forecast 
intervals that are similar in width relative to both 
population size and forecast horizon length. As such, 
it offers a viable alternative to the Bayesian approach 
in that our results indicate that it produces similar 
measures of uncertainty, is simpler to implement, and, 
at this point in time, is likely to be more accessible 
to many of those who have been tasked to produce 
formal measures of uncertainty for their population  
forecasts.
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APPENDIX

Appendix A: The Cohort Component 
Method of Population Projection
As its name suggests, the Cohort Component Method 
(CCM) requires the application of the components of 
population change – fertility, mortality, and migration 
to the age-gender structure at the projection’s launch 
year (George et al., 2004; Smith – Tayman, – Swanson, 
2013: 155–182; Yusuf – Martins – Swanson, 2014: 
231–253). There are three components of change in 
a population: mortality, fertility, and migration. The 
overall growth or decline of a population is determined 
by the interplay among these three components. The 
exact nature of this interplay can be formalized in the 
basic demographic equation:

	 Pl – Pb = B – D + IM – OM	 [1]

Where Pl is the population at the end of the time 
period; Pb is the population at the beginning of the 
time period; and B, D, IM, and OM are the number of 
births, deaths, in-migrants, and out-migrants during 
the time period, respectively. The difference between 
the number of births and the number of deaths is 
called natural change (B – D); it represents popula-
tion growth coming from within the population itself. 
It may be either positive or negative, depending on 
whether births exceed deaths or deaths exceed births. 
The difference between the number of in-migrants 
and the number of out-migrants is called net migra-
tion (IM – OM); it represents population growth com-
ing from the movement of people into and out of the 
area. It may be either positive or negative, depending 
on whether in-migrants exceed out-migrants or out-
migrants exceed in-migrants. 
The basic demographic equation can also be extended 
to apply to age groups, age-sex groups, and age-sex-
race groups, as well as age-sex-ethnicity groups. This 
type of extension forms the logical basis of the and can 
be used to project a population into the future by age, 
age and sex, or by age, sex, and race. Once launched, 
these components (which are frequently modified as 
the projection moves into the future based on assump-
tions about their direction) are applied to the resulting 
age-gender structure at each cycle of the projection. 

The Cohort Change Ratio Method of 
Population Projection 
Unlike the CCM approach, its algebraic equivalent 
(Baker et al., 2017: 251–252).  The Cohort Change 
Ratio (CCR) method does not apply the separate com-
ponents of population change to the age-sex structure 
at the launch year. Instead, it computes cohort change 
ratios (CCRs) using two counts of the age-structure 
in question, typically five or ten years apart, which 
directly capture mortality and migration. The fertility 
component uses a “child-adult ratio” from the most 
recent age structure data or a “child-woman ratio” for 
a projection by gender. It is well- suited for generat-
ing a projection of the population of the world, per 
the framework found in Swanson et al. (2023): (1) 
It corresponds to the dynamics by which a popula-
tion moves forward in time; (2) there is information 
available relevant to these dynamics; (3) the time and 
resources needed to assemble relevant information 
and generate a projection is minimal; and (4) the in-
formation needed from the projection is generated 
by the CCR method.

The CCR method moves a population by age (and 
sex) from time t to time t+k using cohort-change ratios 
(CCRs) computed from data in the two most recent 
data points (e.g., censuses or estimates). It consists 
of two steps. The first uses existing data to develop 
CCRs, and the second applies the CCRs to the cohorts 
of the launch year population to move them into the 
future. The formula for the first step, the development 
of a CCR, is:

	 nCCRx,i = nPx,i,t / nPx–k,i,t–k,	 [2]

where 
nPx,i,t is the population aged x to x+n in area i at the 

most recent census/estimate (t), 
nPx–k,i,t–k is the population aged x–k to x–k+n in area 

i at the 2nd most recent 
census/estimate (t–k), 
k is the number of years between the most recent 

census/estimate at time t 
   for area i and the census/estimate preceding it for 
area i at time t–k.
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The basic formula for the second step, moving the 
cohorts of a population into the future, is:

	 nPx+k,i,t+k = (nCCRx,i ) × (nPx,i,t),	 [3]

where 
nPx+k,i,t+k is the population aged x+k to x+k+n in 

area i at time t+k
Given the nature of the CCRs, they cannot be cal-

culated for the youngest age group (e.g., ages 0–4 if 
it is a five-year projection cycle; 0–9 if it is a ten-year 
projection cycle), because this cohort came into exist-
ence after the census/estimate data collected at time 
t–k. To project the youngest age group, we use the 
“Child-Adult Ratio” (CAR), where the number in the 
youngest age group at time t is divided by the number 
of adults at time t who are of childbearing age (e.g., 
15–44). It does not require any data beyond what is 
available in the census/estimate sets of successive data.

The CAR equation for projecting the population 
aged 0–4 is:

Population 0–4: 5P 0,t+k = (5P0,t / 30P 15,t) × (30P15,t+k),	 [4]

where 
P is the population, 
t is the year of the most recent census, and
t+k is the estimation year.

Projections of the oldest open-ended age group 
differ slightly from the CCR projections for the age 
groups beyond age 10 up to the oldest open-ended 
age group. If, for example, the final closed age group 
is 80–84, with 85+ as the terminal open-ended age 
group, then calculations for the CCRi,x+ require the 
summation of the three oldest age groups to get the 
population age 75+ at time t–k:

	 ∞CCR75,i,t  = ∞P85,i,t / ∞P75,i,t–k 	 [5]
 

The formula for estimating the population of 85+ of 
area i for the year t+k is:

	 ∞P85,i,t+k = (∞CCR75,i,t) × (∞P75,i,t).	 [6]

Appendix B: Forecasts Used in the 
ARIMA Approach to Measuring 
Uncertainty 

Three different forecasts are used in the ARIMA 
approach to measure forecast uncertainty in the county 
and Washington state forecasts. Table B1 provides the 
population density forecasts for 2030, 2040, and 2050 
by county and Washington state generated by the 
ARIMA method described in the paper. This Table 
also provides the land area of each county and Wash-
ington state. Table B2 provides the medium series of 
2022 GMA (CCM) forecasts by county in 2030, 2040, 
and 2050, as well as for Washington state. These are 
the point forecasts used in translating the density 
confidence intervals to population confidence inter-
vals. Finally, Table B3 shows the translation result. It 
provides the medium series GMA (CCM) forecasts by 
county for 2030, 2040, and 2050, as well as for Wash-
ington state, along with their 95% confidence intervals. 

Forecast intervals for the 2030 Adams County 
population illustrate the ARIMA-based approach to 
measuring uncertainty. The lower limit, point fore-
cast, and upper limit for the population density from 
Table B1 are 10.9, 11.6, and 12.3. respectively. Based 
on these densities, the relative distance between the 
limits and point forecast is derived by:

Lower Limit Distance (10.9 – 11.6) / 11.6 = 
–0.060345 and

Upper Limit Distance (12.3 – 11. 6) / 11.6 = 
0.060345.

The Adams County 2030 Growth Management 
population “point” forecast is 22,565, as shown 
in Table B2. The confidence intervals around 
the 2030 population point forecast shown in 
Table B3 are derived by:

Lower Limit Population 22,565 + (–0.060345 × 
22,565) = 21,203 and

Lower Limit Population 22,565 + (0.060345 × 
22,565) = 23,927.
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    2030 2040 2050

County Land Areab) LL95% Point UL95% LL95% Point UL95% LL95% Point UL95%

Adams 1,924 10.9 11.6 12.3 11.5 12.5 13.5 12.1 13.4 14.6

Asotin 636 35.2 37.8 40.4 37.0 40.6 44.3 39.0 43.5 48.0

Benton 1,703 121.6 139.7 157.8 124.5 154.9 185.3 130.2 169.7 209.2

Chelan 2,921 26.2 30.1 33.1 23.9 33.2 42.5 20.3 36.2 52.1

Clallam 1,745 45.1 48.9 52.7 48.1 53.7 59.3 51.6 58.5 65.4

Clark 628 868.3 988.9 1,109.4 876.3 1,157.4 1,438.5 833.0 1,363.4 1,893.8

Columbia 869 4.1 4.5 4.8 3.8 4.4 4.9 3.6 4.3 4.9

Cowlitz 1,139 99.1 105.3 111.6 103.6 112.8 122.0 108.8 120.2 131.6

Douglas 1,820 24.7 26.4 28.1 26.8 29.2 31.6 29.0 32.0 34.9

Ferry 2,210 2.7 3.4 4.1 2.6 3.7 4.8 2.6 4.0 5.4

Franklin 1,242 77.7 94.3 110.9 69.0 110.7 152.4 53.6 127.1 200.6

Garfield 710 2.2 3.0 3.9 1.7 2.9 4.1 1.2 2.7 4.1

Grant 2,676 36.5 41.8 47.0 35.1 46.5 57.8 32.4 51.2 70.0

Grays Harbor 1,917 38.5 41.2 43.8 39.2 42.9 46.6 40.1 44.6 49.1

Island 209 439.3 475.8 512.8 484.6 535.6 586.7 533.2 595.4 657.7

Jefferson 1,808 16.8 20.0 23.2 14.1 21.8 29.5 10.3 23.6 36.8

King 2,126 1,101.4 1,182.8 1,264.1 1,163.0 1,282.5 1,402.0 1,234.0 1,382.2 1,530.4

Kitsap 396 718.9 786.2 853.5 780.8 877.1 973.3 849.6 968.0 1,086.3

Kittitas 2,297 21.1 23.7 26.2 21.7 26.9 32.0 21.9 30.1 38.2

Klickitat 1,871 11.4 13.8 16.2 9.6 15.4 21.1 7.1 17.0 26.9

Lewis 2,408 35.2 37.2 39.2 37.3 40.1 43.0 39.6 43.1 46.6

Lincoln 2,313 4.1 4.9 5.7 3.2 5.1 7.1 2.0 5.2 8.7

Mason 961 70.5 77.2 83.9 76.4 86.8 97.2 83.2 96.4 109.6

Okanogan 5,273 6.8 8.2 9.5 5.1 8.3 11.6 2.9 8.5 14.2

Pacific 974 23.9 25.6 27.3 24.8 27.1 29.5 25.8 28.6 31.5

Pend Oreille 1,400 8.5 10.3 12.0 7.7 11.1 14.6 7.1 12.1 17.0

Pierce 1,675 579.3 610.9 642.4 626.5 671.0 715.5 676.7 731.2 785.6

San Juan 175 105.3 117.9 130.6 115.1 133.9 152.8 126.5 150.0 173.4

Skagit 1,735 75.4 83.9 92.5 77.0 92.9 108.8 79.8 101.7 123.7

Skamania 1,658 7.2 7.7 8.2 7.7 8.4 9.2 8.3 9.2 10.0

Snohomish 2,090 419.6 453.2 486.7 456.5 508.0 559.5 498.1 562.8 627.5

Spokane 1,764 311.5 335.6 359.8 323.7 360.8 397.9 339.1 385.7 432.7

Stevens 2,477 17.8 20.7 23.5 18.0 22.9 27.8 18.8 25.2 31.6

Thurston 727 439.8 465.4 490.9 485.9 523.4 560.9 535.0 581.4 627.9

Wahkiakum 264 15.3 17.2 19.1 15.0 17.7 20.4 14.9 18.2 21.4

Walla Walla 1,271 48.9 52.3 55.8 50.0 55.4 60.8 51.6 58.5 65.3

Whatcom 2,120 112.0 120.4 128.7 120.7 133.6 146.5 130.6 146.9 163.2

Whitman 2,159 21.0 23.9 26.7 18.9 25.5 32.0 16.0 27.1 38.2

Yakima 4,296 59.2 63.9 68.7 59.2 68.6 78.0 60.0 73.5 87.1

Washington 66,589 122.6 129.8 137.0 131.3 142.4 153.4 141.0 154.9 168.7

Table B1  ARIMA Population Density Forecasts, Washington State and Counties, 2030–2050a)

Note: a) Population per square mile.
Source: b) Land area in square miles (Washington, 2020); Also see discussion in text.
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Table B2  2022 GMA Medium Forecasts, Washington State and Counties, 2030–2050

Source: Washington, 2022

County 2030 2040 2050

Adams 22,565 24,387 26,100

Asotin 23,214 23,815 24,111

Benton 235,177 262,587 288,887

Chelan 85,889 91,914 97,195

Clallam 81,791 85,374 87,800

Clark 583,307 660,653 735,724

Columbia 3,806 3,625 3,366

Cowlitz 118,309 125,320 130,993

Douglas 47,750 52,256 56,461

Ferry 7,239 7,169 6,986

Franklin 114,907 132,930 150,970

Garfield 2,247 2,172 2,061

Grant 111,367 123,116 134,321

Grays Harbor 77,203 77,614 76,892

Island 93,670 99,870 105,250

Jefferson 36,226 39,170 41,719

King 2,487,380 2,690,851 2,879,176

Kitsap 297,608 317,694 335,268

Kittitas 52,091 57,521 62,643

Klickitat 24,511 26,059 27,376

Lewis 87,746 92,313 95,871

Lincoln 11,270 11,459 11,496

Mason 72,981 79,792 85,947

Okanogan 43,676 44,660 45,101

Pacific 24,475 25,033 25,183

Pend Oreille 14,442 15,311 16,009

Pierce 1,015,395 1,104,062 1,186,146

San Juan 19,986 22,046 23,957

Skagit 142,805 155,142 166,281

Skamania 12,529 13,322 14,006

Snohomish 935,370 1,039,254 1,138,649

Spokane 587,377 630,994 669,671

Stevens 50,215 53,502 56,278

Thurston 333,783 371,542 407,392

Wahkiakum 4,713 4,925 5,070

Walla Walla 64,977 66,695 67,645

Whatcom 254,158 280,275 304,836

Whitman 49,489 50,698 51,459

Yakima 271,120 283,351 293,279

Washington 8,502,764 9,248,473 9,937,575
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2030 2040 2050

County LL95% Point UL95% LL95% Point UL95% LL95% Point UL95%

Adams 21,203 22,565 23,927 22,436 24,387 26,338 23,568 26,100 28,437

Asotin 21,617 23,214 24,811 21,703 23,815 25,985 21,617 24,111 26,605

Benton 204,707 235,177 265,647 211,053 262,587 314,121 221,645 288,887 356,129

Chelan 74,761 85,889 94,449 66,167 91,914 117,661 54,504 97,195 139,886

Clallam 75,435 81,791 88,147 76,471 85,374 94,277 77,444 87,800 98,156

Clark 512,171 583,307 654,384 500,199 660,653 821,107 449,507 735,724 1,021,941

Columbia 3,468 3,806 4,060 3,131 3,625 4,037 2,818 3,366 3,836

Cowlitz 111,343 118,309 125,387 115,099 125,320 135,541 118,569 130,993 143,417

Douglas 44,675 47,750 50,825 47,961 52,256 56,551 51,168 56,461 61,578

Ferry 5,749 7,239 8,729 5,038 7,169 9,300 4,541 6,986 9,431

Franklin 94,679 114,907 135,135 82,856 132,930 183,004 63,666 150,970 238,274

Garfield 1,648 2,247 2,921 1,273 2,172 3,071 916 2,061 3,130

Grant 97,246 111,367 125,221 92,933 123,116 153,035 85,000 134,321 183,642

Grays Harbor 72,144 77,203 82,075 70,920 77,614 84,308 69,134 76,892 84,650

Island 86,484 93,670 100,954 90,360 99,870 109,398 94,255 105,250 116,263

Jefferson 30,430 36,226 42,022 25,335 39,170 53,005 18,208 41,719 65,053

King 2,316,199 2,487,380 2,658,351 2,440,125 2,690,851 2,941,577 2,570,470 2,879,176 3,187,882

Kitsap 272,132 297,608 323,084 282,813 317,694 352,539 294,260 335,268 376,241

Kittitas 46,376 52,091 57,586 46,402 57,521 68,426 45,577 62,643 79,500

Klickitat 20,248 24,511 28,774 16,245 26,059 35,704 11,434 27,376 43,318

Lewis 83,028 87,746 92,464 85,867 92,313 98,989 88,086 95,871 103,656

Lincoln 9,430 11,270 13,110 7,190 11,459 15,953 4,422 11,496 19,234

Mason 66,647 72,981 79,315 70,232 79,792 89,352 74,178 85,947 97,716

Okanogan 36,219 43,676 50,600 27,442 44,660 62,416 15,387 45,101 75,345

Pacific 22,850 24,475 26,100 22,908 25,033 27,250 22,718 25,183 27,737

Pend Oreille 11,918 14,442 16,826 10,621 15,311 20,139 9,394 16,009 22,492

Pierce 962,872 1,015,395 1,067,752 1,030,842 1,104,062 1,177,282 1,097,737 1,186,146 1,274,393

San Juan 17,850 19,986 22,139 18,951 22,046 25,158 20,204 23,957 27,694

Skagit 128,337 142,805 157,443 128,589 155,142 181,695 130,474 166,281 202,251

Skamania 11,715 12,529 13,343 12,212 13,322 14,591 12,636 14,006 15,224

Snohomish 866,022 935,370 1,004,511 933,897 1,039,254 1,144,611 1,007,749 1,138,649 1,269,549

Spokane 545,196 587,377 629,733 566,111 630,994 695,877 588,762 669,671 751,275

Stevens 43,180 50,215 57,007 42,054 53,502 64,950 41,985 56,278 70,571

Thurston 315,423 333,783 352,071 344,922 371,542 398,162 374,879 407,392 439,975

Wahkiakum 4,192 4,713 5,234 4,174 4,925 5,676 4,151 5,070 5,961

Walla Walla 60,753 64,977 69,325 60,194 66,695 73,196 59,666 67,645 75,508

Whatcom 236,426 254,158 271,679 253,213 280,275 307,337 271,011 304,836 338,661

Whitman 43,484 49,489 55,287 37,576 50,698 63,621 30,382 51,459 72,536

Yakima 251,178 271,120 291,486 244,524 283,351 322,178 239,411 293,279 347,546

Washington 8,031,116 8,502,764 8,974,412 8,527,560 9,248,473 9,962,892 9,045,824 9,937,575 10,822,911

Table B3  ARIMA 95% Intervals Applied to the GMA Medium Forecasts, Washington State and Counties, 
2030–2050

Sources: Data from Tables B1 and B2, calculations of intervals by authors.
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The 2025 (eng)aging! Conference & 
Technology Fair
The eighth edition of the (eng)aging!1) international conference on population ageing associated with 
a technology fair, took place in Prague and was streamed online on 5–6 June 2025. The event was attended 
by 105 participants from 18 countries, bringing together policymakers, researchers, practitioners, civil 
society leaders, and technology innovators. The conference was held under the auspices of Marian Jurečka, 
Minister of Labour and Social Affairs of the Czech Republic, and Alexandra Udženija, Councillor of the 
City of Prague, and was co-organised by the Active Aging Centre and the KEYNOTE company.

The 2025 edition of the conference explored the 
central theme of Intergenerational Cohesion and 
featured four keynote lectures by leading international 
experts. Kai Leichsenring (European Centre for Social 
Welfare Policy and Research, Vienna) opened with 
“Aspects of Intergenerational Cohesion in the Context of 
Longevity – Towards a Caring Society?”, urging a shift 
from crisis narratives to constructive agendas centred 
on fairness and solidarity. “We must move away from 
crisis narratives and towards a constructive agenda 
centred on intergenerational fairness and a caring 
society,” he stated. Ruth Šormová (ŽIVOT 90, CZ) 
delivered “Old Age Belongs with Us: Dignity, Autonomy, 
Fellowship, Support”, highlighting that ageing should 
be seen as central to community life rather than 
marginal. “Old age belongs at the centre of our 
communities, not at their margins,” she emphasised, 
outlining four pillars for dignified ageing. Lisa Warth 
(United Nations Economic Commission for Europe, 
Geneva) in her keynote “Harnessing Intergenerational 
Solidarity: Regional Perspectives on Ageing Policy” 
underlined that solidarity must underpin ageing 
policy. “Intergenerational solidarity is a cornerstone 
of ageing policy—demographic change requires 
cooperation between generations, not competition,” 
she noted, while presenting best practices across 
the region. Kristina Barczik (University of Applied 
Sciences – CBS with EUFH, Gemeinsam Digital e.V.) 
concluded with “The Door to the Digital World is Open 

– A Look at Future Technologies for Successful Ageing 
and the Importance of Entering the Digital World 
Together”. She highlighted that digital participation 
is now a prerequisite for equitable ageing: “The door 
to the digital world is open, but many older adults 
cannot step through it unaided.”

Thematic sessions covered a wide spectrum of 
topics, from family dynamics and dependency to 
caregiving, loneliness, and social integration. Merril 
Silverstein, Betti Bayer, Mareike Bünning, and Mariana 
Buciuceanu-Vrabie discussed intergenerational support 
within families and the role of public services in 
sustaining care. Tornike Gavasheli, Marcela Petrová 
Kafková, Lisa Joanne Klasen, and Martin Lakomý 
examined caregiving practices, online and offline social 
relations, and the impact of crises such as COVID-19 
on loneliness and social integration. Sessions under 
the title Redefining Old Age focused on identity, 
transitions, discrimination, and social bonds. Leyla 
Mavi, Mirko Sporket, and Alexandra Husivargová 
Theofanidis addressed identity and transitions into 
retirement and health. Lucie Vidovićová, Frederike 
Gerdes, Marlen Drewitz, and Laura Romeu Gordo 
explored ageism, loneliness, and the socio-economic 
implications of late-career caregiving. Finally, three 
sessions on Intergenerational Solidarity and Economic 
Resilience in an Aging Society gathered contributions 
from Oleksandr Poliakov, Dmytro Shushpanov, 
Elena Șoldan, Iryna Kurylo, Joseb Archvadze, Oliver 

1) �The long-term (eng)aging! project focuses on fostering a society-wide debate about accelerating demographic change and po-
pulation ageing. The project aims to stimulate a constructive discussion about these trends and to look for ways to make use of 
them for the benefit of society. 
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Pozvánka na konferenci RELIK 2025
Katedra demografie Fakulty informatiky a statistiky 
Vysoké školy ekonomické v Praze srdečně zve od-
bornou i širší veřejnost na 17. ročník mezinárod-
ní vědecké konference Reprodukce lidského kapi- 
tálu – vzájemné vazby a souvislosti (RELIK 2025), 
která se uskuteční ve dnech 13.–14. listopadu 2025 
v prostorách VŠE v Praze.

Konference RELIK je již řadu let tradiční a oblíbe-
nou událostí, která spojuje akademické pracovníky, 
studenty, představitele veřejných institucí i nezis-
kových organizací a také zájemce z komerční sféry. 
Atmosféra setkání bývá přátelská a otevřená diskusi, 
což umožňuje navazování nových spoluprací i sdílení 
inspirativních zkušeností.

Jednacími jazyky konference budou čeština, slo-
venština a angličtina. Součástí programu je i speciální 
sekce „Mladí vědci“, která dává prostor studentům, 

doktorandům a začínajícím badatelům pro prezen-
taci jejich výzkumu.

Účast na konferenci je bezplatná. Přijaté příspěv-
ky budou publikovány v recenzovaném sborníku 
s ISBN, jenž bude zaslán k indexaci do databáze Web 
of Science.

Organizátoři se těší na všechny účastníky a zvou 
k aktivnímu zapojení do tohoto tradičního setkání, kte-
ré každoročně potvrzuje, že spojení odbornosti a přá-
telské atmosféry je tou nejlepší cestou k inspirativní 
výměně názorů i k rozvoji demografického výzkumu.

Více informací včetně důležitých termínů nalez-
nete na webových stránkách konference relik.vse.cz.

Jana Vrabcová

Platt, Olga Gagauz, Artiom Samohvalov, and Izabela 
Warwas, discussing health, skills, wartime resilience, 
pension systems, and intergenerational fairness in the 
context of demographic change.

The associated Technology Fair highlighted how 
gaming, virtual reality, and communication technolo-
gies can enhance quality of life, independence, and 
social connectedness in later life, while also serving 
as practical tools for caregivers and health profes-
sionals. Among the presenters were Jaroslav Cibulka 
(Czech Technical University), Markéta Zakurdajeva 
and Natálie Nevřelová (National Institute of Mental 
Health, CZ), Ármin Kondor (University of Pannonia, 
HU), Peter Grajcar (SK), and Vasillii Moigne (CZ). 
The Fair was opened by Kristina Barczik’s keynote 
and moderated by Professor Olga Štěpánková (Czech 
Technical University). Like the main programme, it 
was streamed online, allowing broad international 
participation.

The event was co-organised by the Active Ageing 
Centre and the KEYNOTE company.

The partners of the conference were the Interna-
tional Visegrad Fund, Czech-German Future Fund, 
Liaison Office of the Free State of Saxony and Česká 
spořitelna.

Detailed outputs from the Conference & Technol-
ogy Fair, including a report, photo and video gallery, 
and presentation materials, are available at www.en-
gagingprague.com.

SAVE THE DATE – The 9th edition of the (eng)ag-
ing! Conference & Technology Fair will take place 
in Prague in May 14 –15, 2026, and will again be 
streamed online.

Martin Špáta
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THE DEMOGRAPHIC DIVIDEND 
AND DEMOGRAPHIC WINDOW OF 
OPPORTUNITY: A CROSS-NATIONAL 
COMPARATIVE ANALYSIS

Elena Şoldan1)

Abstract
This study presents an empirical analysis of the demographic dividend (DD) and the demographic window 
of opportunity (DWO), examining their distinct roles in analysing the economic implications of age-specific 
population dynamics. The study proposes a mixed-methods approach that combines National Transfer Ac-
counts (NTA) with a demographic assessment of the beneficial period – the DWO. Through an empirical 
analysis, the study illustrates the distinctions between the demographic dividend (DD) and the demographic 
window of opportunity (DWO). Drawing on evidence from eight selected countries, the study reveals time 
lags between the opening of the DWO and the emergence of the DD, as well as cross-country variations in the 
magnitude of both the DWO and the DD. The proposed analytical framework offers a replicable model for 
evaluating population dynamics within the context of the demographic dividend. 

Keywords: demographic window of opportunity, demographic dividend, NTA, age structure, support ratio
Demografie, 2025, 67(3): 150–166
DOI: https://doi.org/10.54694/dem.0363

1) �Department of Demography and Geodemography, Faculty of Science, Charles University, Prague, Czech Republic; National 
Institute for Economic Research, Academy of Economic Studies of Moldova, Chisinau, Republic of Moldova, contact: elena.
sholdan@gmail.com.

INTRODUCTION
The analysis of population age structure and its mac-
roeconomic implications has become a central theme 
in demographic and developmental research, partic-
ularly in light of ongoing demographic global shifts. 
This interest has been reinforced by the emergence of 
the concept of the demographic dividend (DD). When 
a nation reaches a specific age structure in which the 
working-age population predominates over other age 
groups, economic growth can be accelerated – an effect 
called the demographic dividend. The complexity of 

the impact of demographic change on economic out-
comes, however, framed in the demographic dividend 
concept, requires careful consideration. 

Within the framework of the demographic transi-
tion, the point at which the working-age population 
prevails is referred to as the demographic window 
of opportunity (DWO). Despite the wide use of the 
demographic dividend concept in development dis-
course, however, the period in which the age struc-
ture becomes favourable – the demographic window 
of opportunity (DWO) – remains underutilised. The 
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DWO is frequently treated as synonymous or inter-
changeable with the DD, leading to analytical simpli-
fications and policy ambiguities. As a result, existing 
frameworks often fail to capture the timing, interac-
tion, and variability of both the DWO and the DD 
phenomena across diverse national contexts.

This study builds upon previous conceptual work 
(Șoldan, 2023a) that distinguishes the DWO and DD 
as interconnected yet distinct phenomena. Exploring 
this matter further, the present article develops and 
applies a revised analytical framework that combines 
the demographic approach and the National Transfer 
Accounts (NTA) methodology to assess both the DD 
and DWO. Using comparative evidence from eight 
countries – Singapore, South Korea, Brazil, Mexico, 
Ireland, Slovakia, Moldova, and Georgia – the study 
investigates the timing, magnitude, and the overlap 
of the DWO and the DD. The findings contribute to 
the literature by clarifying conceptual boundaries of 
DD and the DWO and providing a replicable tool of 
analysis across diverse national contexts.

A DISCUSSION OF THE LITERATURE

The emergence of the demographic dividend concept 
has changed the way economic development and the 
population are viewed and has become the dominant 
paradigm in the population and development debate 
(Pace – Ham-Chande eds., 2016). Moreover, the con-
cept of the demographic dividend has become increas-
ingly prominent in public discussions of internation-
al development as a particular way of looking at the 
effects of current demographic changes on economic 
development (Lutz et al., 2019).  

The idea of the demographic dividend emerged in 
the late 1990s, when Bloom and Williamson (1998) ex-
plained the economic miracle of East Asia, attributing 
about one-third of its accelerated economic growth 
to the demographic factor. The explanation of demo-
graphic dynamics provided by the demographic tran-
sition and its potential effect has given rise to a large 
body of literature analysing the phenomenon of the 
demographic dividend from different perspectives, 
including the various variables and factors by which 
a favourable age structure can accelerate economic 
development (Pace – Ham-Chande eds., 2016). Re-
viewing the demographic dividend a decade later, 

Williamson (2013) discussed a wider range of aspects 
of the demographic dividend, including emigration, 
the brain drain, poverty, and inequality, drawing at-
tention to its complexity. Kelley and Schmidt (2005), 
for example, advanced the demographic dividend 
debate by decomposing the model into the labour 
participation rate effect and the productivity effect. 
While the participation rate effect captures income 
gains from increased labour force participation at 
a constant productivity level, the productivity effect 
reflects broader influences such as economies of scale, 
population density, life-cycle savings and investment 
responses, and human capital (ibid.). 

The National Transfer Account (NTA) framework 
is used to analyse the demographic dividend due to its 
ability to capture variations in labour force participa-
tion and wealth accumulation, while distinguishing 
between the first and second demographic dividends. 
The increase in the working-age population determines 
the labour participation effect, referred to as the first 
demographic dividend (DD1), while the productivity 
effect of the demographic dividend, i.e. the growth in 
output per worker, represents the second demographic 
dividend (DD2) (Dramani – Oga, 2017; Mason et al., 
2017; Prskawetz – Sambt, 2014). This second demo-
graphic dividend is typically identified after the first 
demographic dividend (Lee – Mason, 2006), although 
they may overlap (ibid.).

Since its inception, the concept of the demographic 
window of opportunity has been closely linked to that 
of demographic dividend. Growing interest in age-re-
lated population change and its positive economic 
implications led the United Nations to formalise the 
window of opportunity in 2004. It is defined as the 
period during which the proportion of children and 
young people under 15 falls below 30 per cent, and 
the proportion of people aged 65 and over is still be-
low 15 per cent (United Nations, 2004). For several 
decades (usually 30–40 years), the proportion of the 
population of working age is particularly pronounced, 
usually between 40 and 60 per cent. According to this 
method, most European countries entered the demo-
graphic window before 1950 and are now exiting it, 
while many African countries will not enter the demo-
graphic window until 2045 or even later (ibid.). Vallin 
(2005) also used population projections to analyse 
the phenomenon of the demographic window, while 
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M. Carella and A. Parant (2016) assessed the DWO 
in Mediterranean countries using different methods. 
Despite these analyses, the focus on the DWO as 
a demographically specific period remains relatively 
uncommon, especially when compared to the exten-
sive literature on DD. 

A key issue in the literature is the tendency to treat 
the DD and the DWO as interchangeable concepts, 
which has led to conceptual and analytical inconsis-
tencies. In this regard, a meta-analysis of the DWO 
and DD definitions and interpretations has been un-
dertaken more recently (Șoldan, 2023a). Moreover, the 
question of the difference between the demographic 
dividend and the demographic window of opportunity 
is not just one of conceptual confusion, as it also has 
implications for the need to revise the frameworks for 
the analysis of the DWO and the DD. This is because 
the method selected for analysing the demographic 
dividend can influence its interpretation and, conse-
quently, the policies formulated to achieve the demo-
graphic dividend (Williamson, 2013).  

A review work on the demographic dividend, 
which includes methods for its assessment, has been 
published by Oosthuizen and Magero (2021) and by 
James (2018). While describing the primary meth-
odologies for assessing the demographic dividend, 
Oosthuizen and Magero ask to what extent a specific 
methodological framework, given country-specific 
issues, can provide proper guidance for policy formu-
lation for achieving the demographic dividend. In his 
review, James concluded that while every method has 
its strengths and weaknesses, there are two important 
aspects of the demographic dividend that attention 
should also be paid to: first, the aspect of timing, that 
is, when the specific age-structure occurs, and second, 
assessing the causality between age-structure changes 
and economic impact. Against this background, and 
based on earlier reviews of the DD and the DWO, 
the study proposes the following revised definitions:

➢ �The demographic window of opportunity 
(DWO) represents a specific period when the 
dynamics of the working-age population pre-

dominate over the dependent age groups (chil-
dren and the elderly), creating favourable demo-
graphic conditions for economic development.

➢ �The demographic dividend (DD) is the accel-
erated economic development resulting from 
a specific population age structure, realised un-
der supportive institutional conditions.

This study empirically explores the distinctions 
between the demographic window of opportunity and 
the demographic dividend by applying a revised meth-
odological framework within a comparative analysis.

THE AIM OF THE STUDY AND 
THE RESEARCH QUESTIONS

This article aims to present a revised methodological 
framework for the demographic dividend and the 
window of opportunity, employing both the NTA and 
demographic approaches to observe the distinctions 
between the two phenomena. 

To address this aim, the following key questions 
are examined:
1. �How has the DWO manifested itself in selected 

countries?
2. �What are the differences in the dynamics of 

the demographic and economic support ratio 
indicators?

3. �What are the dynamics of the DWO as opposed 
to the first, second, and combined demographic 
dividends in selected countries?

METHODS AND DATA

Methods 
This article presents a revised methodological frame-
work for the analysis of the DD and the DWO. It 
incorporates, in addition to the NTA approach2) for 
estimating the DD, the demographic assessment of the 
beneficial period of the DWO. The presented frame-
work aims to compare the DD and the DWO based 
on empirical data from selected countries.

2) �The demographic dividend, i.e. the economic gain resulting from demographic changes, can be assessed through various ap-
proaches, and the NTA represents one such method (see Oosthuizen and Magero, 2021; James, 2018). 
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Assessing the demographic dividend (DD) – the 
NTA approach
Accounting for the DD requires assessing the inter-
linkage between age-structure dynamics and econom-
ic characteristics. The NTA methodology presents 
the mainstreaming framework for assessing the DD, 
and the economic support ratio (ESR) represents the 
main proxy.3) This composite indicator captures the 
characteristics of the population’s age-specific pro-
duction and consumption patterns (Abio et al., 2023). 
The economic support ratio is defined as the ratio of 
the effective number of producers (L) to the effective 
number of consumers (N):

where y (x) is the age-specific weight of production;  
c (x) is the age-specific weight of consumption; and 
P(x, t) is the population of age x in year t. The eco-
nomic support ratio is then used to assess the demo-
graphic dividend (Mason et al., 2017). 

To estimate the DD, the NTA approach utilises 
the decompositional model (James, 2018). Per capita 
income is written as:

  

where per capita income Y/N is determined by 
workforce participation (L/N) and productivity (Y/L); 
Y, L, and N stand for income, workers, and total pop-
ulation, respectively. Further, the income per effective 
consumer, y(t) = Y(t)/N(t), can be written as a func-
tion of two multiplicative factors:

where ESR(t) = L(t)/N(t) is the ratio of the number 
of effective workers to the number of effective con-
sumers, and yl(t) = Y(t)/L(t) is the average income per 
worker (Dramani − Oga, 2017).  Assuming gr is the 
growth rate, the logarithmic transformation of these 
identities can be expressed as follows:

The growth rate in income per effective consumer  
gr [y(t)] is the sum of the rate of growth of the eco-
nomic support ratio gr [ESR(t)] and the rate of growth 
in income per worker gr [yl(t). Assuming a constant 
income per worker, the growth of the economic sup-
port ratio equals the growth rate of effective labour 
less the growth rate of the number of effective con-
sumers:

 

Accordingly, the demographic dividend occurs when 
the effective number of producers is growing more 
rapidly than the effective number of consumers, and 
the growth rate of the economic support ratio is pos-
itive (ibid.). 
This methodological description refers to the calcu-
lation of the labour supply effect and defines what is 
referred to as the first demographic dividend (DD1). 
The full extent of the DD in this methodological 
framework, outside of the compositional effects of 
increasing the productive population over the total 
population, is completed with the productivity ef-
fect (Mason et al., 2017). In the NTA approach, the 
productivity effect is called the second demograph-
ic dividend (DD2) and is assessed through lifetime 
savings and wealth effects. The methodology of the 
first demographic dividend outlined above and of the 
second demographic dividend in the NTA approach is 
described in detail in Mason et al. (2017). The second 
dividend is the expected capital accumulation due 
to the increase in life expectancy, the size of which 
will depend on the accumulation of savings and the 
shift in the age profile of wealth (Mason, 2005, cited 
in James, 2018). The NTA flows allow the second de-
mographic dividend to be estimated on the basis of 
some assumptions about macroeconomic variables 
(Oosthuizen – Magero, 2021).

Assessing the demographic window of opportunity 
(DWO) 
The demographic window of opportunity (DWO) 
is a purely demographic phenomenon, defined by 

3) �The primary aim of the NTA methodology is not to measure demographic dividends directly, but to map the flows of economic 
resources across age groups. However, its structure—disaggregating economic flows by age—allows for the estimation of both 
first and second demographic dividends.
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the configuration of a population’s age structure and 
particularly by the balance between the working-age 
population and dependent age groups. The standard 
threshold for the working-age population is typically 
set at ages 15–64, according to the United Nations 
(2004), though alternative definitions may also be 
used. While various methods exist for assessing the 
DWO, this study adopts a growth rate approach, in 
line with the NTA approach, and proposes two com-
plementary methods to assess the DWO. 

The first method is the comparative growth rate 
method, where the DWO is the period during which 
the growth rate of the working-age population (15–
64 years) exceeds the combined growth rates of the 
dependent age groups (0–14 and 65+ years)4). This 
method is expressed as:

DWO phase = gr [(15–64 years)% > gr (0–14 years) 
+ gr (65 + years)]%

It captures the dynamic demographic advantage as 
it emerges and intensifies, reflecting shifts in popula-
tion shares by age groups but also in the dynamics of 
age-structure change.

The second approach is the support ratio growth 
method, which focuses on the dynamics of the sup-
port ratio (SR). 

Proxies to assess the demographic window of op-
portunity are demographic indicators such as the 
support ratio and the dependency ratios (James, 2018; 
Oosthuizen – Magero, 2021). These metrics are used 
to assess the predominance of the working-age popu-
lation within a society. A higher ratio implies a lower 
dependency burden and potentially more economic 
output per capita. 

The NTA framework uses the Economic Support 
Ratio (ESR) as its core indicator for assessing the de-
mographic dividend as described above. It shows the 
ratio between effective producers and consumers based 

on age-specific profiles of production and consump-
tion. To reflect purely the demographic structure and 
isolate the age composition effect, this study intro-
duces the Support Ratio (SR), which is calculated as:

 

An increase in the support ratio will indicate the 
positive event of the opening and occurrence of  
the period of the demographic window of opportunity. 
Despite relying on distinct metrics – the first focusing 
on population share-specific growth dynamics and 
the second on the support ratio – their empirical ap-
plication suggests that the periods identified by both 
methods coincide (Șoldan, 2024). Such convergence 
of the two methods might not typically be observed in 
analyses of the demographic window of opportunity, 
where methodological differences often result in di-
vergent timelines for the DWO. This observation adds 
to the relevance of dynamic approaches for identifying 
the DWO and suggests the potential value of a tem-
porally sensitive analytical framework.

Furthermore, the trends of the first and second 
demographic dividends, as accounted for using the 
NTA methodology, are compared with those of the 
demographic window of opportunity (DWO), which is 
assessed based on the growth rate of the support ratio 
(SR). The inclusion of the latter enables the integration 
of DWO trends into the analysis of the first and second 
demographic dividends, resulting in a unified analyti-
cal framework that encompasses both DWO and DD.

Data 
This analysis draws on the World Population Prospects 
(2022) and the National Transfer Accounts (NTA) 
data series (2022) to examine age-structure dynamics 
– specifically the demographic window of opportu-
nity (DWO) and its potential economic effect – the 
demographic dividend (DD).5) While the NTA data 

4) �The method stems from the initial findings on the economic implications of age-related population dynamics (Bloom and Willi-
amson, 1998), as well as from the review by James (2018).

5) �A more precise assessment of demographic dividends would ideally rely on national-level projections and national NTA estimates. 
However, the objective of this article is to propose a replicable comparative framework, and such consistency across countries 
requires harmonised and internationally available data – for which national-level NTA projections are often not available or re-
main incomplete for many countries.
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are employed to assess the DD, the World Population 
Prospects are used to identify and analyse the DWO. 
The two datasets are compatible for the analysis, as 
the latest NTA series has been aligned with the 2022 
revision of the World Population Prospects (www.
ntaccounts.org).

Country selection 
The study includes eight countries, which were selected 
to reflect diverse regional experiences and trajectories 
of the demographic transition and realisation of the 
demographic dividend. The sample comprises two 
countries from each of four distinct regions: East Asia 
(Singapore and South Korea), Latin America (Brazil 
and Mexico), Western and Central Europe (Ireland 
and Slovakia), and post-Soviet Eastern Europe (Mol-
dova and Georgia).

The selection of the countries was based on their 
comparability in terms of the onset of their demo-
graphic transition, which occurred after 1950. This 
criterion ensured that the analytical basis for exam-
ining the dynamics of the demographic window of 
opportunity (DWO) and the demographic dividend 
(DD) was within a relatively comparable economic 
context. The comparative analysis covers the period 
1950–2050, which allows for cross-national compar-
isons at different stages of the demographic transi-
tion and makes it possible to trace the evolution of 
both the DD1 and the DD2 in relation to the DWO, 
both before and after the demographic transition. 
Moreover, the diversity of countries allows for the 
representation of varying outcomes in terms of the 
realisation of the demographic dividend, as shown 
 in prior studies:

• �Singapore and South Korea illustrate success-
ful experiences of significant economic boosts 
during their demographic transition, like other 
East Asian tigers, representing a hallmark ex-
ample of DD achievement (Bloom et al., 2003; 
Bloom – Williamson, 1998). 

• �Brazil and Mexico offer contrasting examples 
in which, despite the demographic transition 
occurring in the same period, the beneficial pe-
riod remained underutilised (Bloom et al., 2003). 

• �Ireland and Slovakia provide a European com-
parative base – with Ireland representing a case 
of the efficient harnessing of the DWO (the ‘Celt-

ic Tiger’) (ibid.), and Slovakia presenting more 
moderate results (Șoldan, 2023b).

• �Moldova and Georgia both represent post-Sovi-
et contexts and exemplify specific demographic 
dynamics shaped by their respective political and 
economic transitions, offering distinct compar-
ative insights.

The cross-country selection enables an empirical 
comparison across regional, institutional, and demo-
graphic dimensions, demonstrating the application of 
a replicable methodology that supports the integration 
of the DWO into DD estimation, in alignment with 
the NTA approach.

RESULTS

The demographic window of opportunity in 
selected countries
Age-specific population dynamics during the de-
mographic transition shape the configuration of the 
demographic window of opportunity (DWO). Specif-
ically, changes in the proportion of working-age and 
dependent populations over time serve as proxies for 
identifying the DWO. The DWO is identified as the 
period during which the growth rate of the work-
ing-age population exceeds that of the dependent 
population (see Figures 1 and 2). This period also 
corresponds to a positive growth rate of the support 
ratio (SR) (see below). However, this method also 
offers additional insights by allowing the separate 
dynamics of the working-age and dependent popu-
lations to be examined.

Figures 1 and 2 present the demographic window 
of opportunity for the selected countries. What is ob-
served here is that while in the two Latin American 
countries, Brazil and Mexico, the magnitude of the 
DWO is indeed smaller than in the two Asian coun-
tries, the dynamics of the dependent population also 
vary significantly. While the size of the working-age 
population remains large, in Singapore and South Ko-
rea, the growth rate of the dependent population during 
the period of the DWO actually decreased, registering 
negative values. By contrast, in Mexico and Brazil, the 
pace of the decrease in the dependent population was 
small, leading to a less pronounced DWO. Likewise, 
in Singapore, South Korea, Ireland, and Slovakia, the 
dynamics of the dependent population growth rate 
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Figure 1  The existence of the demographic window of opportunity between 1950 and 2050 – selected East 
Asian and Latin American countries (%)
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Source: World Population Prospects (2022) of the UN DESA; author’s calculations. 
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Figure 2  The existence of the demographic window of opportunity between 1950 and 2050 – selected 
European countries (%)
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registered negative values, which gave rise to a pro-
nounced DWO. 

In Moldova and Georgia, these dynamics are quite 
specific. A decrease in both age groups at different pac-
es produces a DWO for a small period between 1964 
and 1979 in Moldova and between 1970 and 1987 in 
Georgia (Fig. 2). The population started to decrease 
after 1990 in both countries. However, the demograph-
ic situation remains beneficial, as the working-age 
population is decreasing at a slower pace than that of 
the dependent population, with a DWO between 1990 
and 2011 in Moldova and between 1998 and 2012 in 
Georgia (Fig. 2).

Demographic and economic support ratio 
dynamics in selected countries
Demographic and economic support ratios serve as 
proxies for analysing the demographic window of 
opportunity and the demographic dividend. A pos-
itive growth rate in the support ratio (SR) indicates 
the opening of the demographic window of oppor-
tunity (DWO), while a positive growth rate in the 
economic support ratio reflects the first demographic 
dividend (DD1).

Figures 3 and 4 illustrate the demographic window 
of opportunity (DWO) and the first demographic div-
idend (DD1) for the selected countries. The DWO and 
the DD1 in Singapore, South Korea, Mexico, and Brazil 
are presented as two separate processes. A key observa-
tion is that the DWO tends to emerge earlier than the 
DD1, which aligns with the generally accepted idea that 
labour market adjustments require time, even though 
the DWO has opened. Thus, even if the demographi-
cally beneficial period has occurred, the dynamics of 
the ESR may exhibit different trends. Following the 
opening of the DWO, the demographic dividend may 
occur with different delays and with varying intensi-
ties as observed in Figures 3 and 4. Hence, Singapore 
and South Korea have registered important DDs that 
exceed the magnitude of their DWOs (Fig. 3).  

Usually, in the literature, the Asian tigers are com-
pared with Latin American countries, which, having 
experienced the demographic transition in the same 
period, have lost the possibility of gaining the demo-
graphic dividend. Indeed, unlike the Asian Tigers, the 
DD in Mexico and Brazil is much smaller than that in 
East Asian countries (Fig. 3). Nevertheless, the DWO 

in selected Latin American countries is also much 
smaller than the magnitude of the DWO in the two 
selected Asian countries. This finding shows that dif-
ferences in the configuration and the DWO can also 
influence the magnitude of the DD. 

The configuration of the DWO compared to the DD 
for the selected European countries exhibits the same 
trends, except for Ireland. As in the Asian tigers, the 
Celtic tiger‘s DD is more pronounced than the DWO, 
but what is specific to Ireland is that its DWO and DD1 
periods occur concurrently. It seems that the dynamics 
of the economic support ratio responded well to the 
demographic dynamics, with good harnessing of the 
beneficial period of the DWO in this country (Fig. 4).

For Slovakia, Moldova, and Georgia, the compari-
son of the DD and the DWO presents the same pattern 
as for the other countries: the magnitude of the DD1 
will depend on the magnitude of the DWO, and the 
DD1 will occur sometime later after the demographic 
window opens. In these countries, the beneficial peri-
od, with its fluctuating cohort flows, led to more than 
one DWO (Fig. 4). The magnitude of the beneficial 
period in Brazil and Mexico was much smaller than in 
Ireland, Singapore, or South Korea. Notably, in Georgia 
and Moldova, the first demographic dividend (DD1) 
is smaller even relative to the demographic window 
of opportunity (DWO), indicating that the potential 
benefits of the window were harnessed to a limited 
extent. Thus, comparing the SR and the ESR demon-
strates their utility for analysing the DD. Except for 
Ireland, the DD1 occurs after the DWO in all the se-
lected countries, showing the challenges for market 
and institutional adaptation to harness the beneficial 
period. Further, the ESR dynamics observed in Singa-
pore, South Korea, and Ireland suggest a well-adapted 
response to demographic changes, marked by a high 
level of attainment of DD1. In contrast to these coun-
tries, Moldova, Georgia, and Slovakia present a small 
demographic dividend, which is determined not on-
ly by the smaller magnitude of the DWO but also by 
the lower growth rate of the ESR compared with the 
magnitude of the DWO.

The demographic dividends and demographic 
window of opportunity in selected countries
This study compares the DWO period with the dynam-
ics of both DD1 and DD2, as well as with the combined 
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Figure 3  Growth rates of the demographic and economic support ratios – selected East Asian and Latin 
American countries

Source: World Population Prospects (2022) of the UN DESA and NTA Network (2022), NTA Indicators, accessed 15.08.2024, www.ntaccounts.org;  
author’s calculations.
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Source: World Population Prospects (2022) of the UN DESA and NTA Network (2022), NTA Indicators, accessed 15.08.2024, www.ntaccounts.org; author’s 
calculations.

Figure 4  Growth rates of the demographic and economic support ratios – selected European countries
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Figure 5  The combined demographic dividend (DD), the first and second demographic dividends (DD1 and 
DD2), and the support ratio (SR) growth rate – selected East Asian and Latin American countries, 1950–2050 (%)

Source: World Population Prospects (2022) of the UN DESA (author’s calculations) and the NTA Network (2022) (NTA Indicators accessed on 15.08.2024,  
www.ntaccounts.org).
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Figure 6  The combined demographic dividend (DD), the first and second demographic dividends (DD1 and 
DD2), and the support ratio (SR) growth rate – selected European countries, 1950–2050 (%)

Source: World Population Prospects (2022) of the UN DESA (author’s calculations) and the NTA Network (2022) (NTA Indicators accessed on 15.08.2024,  
www.ntaccounts.org). 
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demographic dividend (DD1 plus DD2) (Figs. 5 and 
6). The overall DD is more than the compositional ef-
fect of the increase in the participation rate (DD1), but 
is also the result of the effect of an increase in produc-
tivity (DD2). The second demographic dividend (DD2) 
is not directly related to age-structure dynamics, and 
that is why the particular aim here is to observe this 
productivity effect during the DWO period. 

As can be observed, the magnitude of the over-
all demographic dividend (DD) varied considerably 
between the selected countries. These differences 
also result from the level of the DD2 (Figs. 5 and 
6). Therefore, as well as the specific configuration of 
the DWO in selected countries, the extent to which 
the DWO is harnessed and the level of DD attained 
will depend on the level of the productivity effect 
(i.e. the second demographic dividend) during this 
period. In the countries that, during the DWO, ob-
tained a higher level of DD (Singapore, South Korea, 
Brazil, Ireland, and Slovakia), the productivity effect 
has also been important. Similarly, in the countries 
that had a negative or insignificant productivity ef-
fect (Moldova, Georgia, Mexico, Brazil), the overall 
DD was much smaller compared with the magni-
tude of the DWO, and, as such, the DD was not fully  
realised. 

It is also possible to observe a continuation of the 
DD resulting from the high level of the DD2 for each 
of the selected countries after the DWO is closed. This 
high productivity effect offsets the negative effect of 
the age structure after the period of the DWO for the 
selected countries (Figs. 5 and 6). The factors deter-
mining these productivity effects may vary signifi-
cantly across countries, depending on their economic 
structure, levels of human capital, migration patterns, 
remittances and other context-specific variables. What 
remains essential for the analysis, however, is that the 
second demographic dividend constitutes an import-
ant component in assessing the overall demographic 
dividend during the DWO period.

DISCUSSION

In contrast to the mainstream literature, this study 
proposes an analytical framework that demon-
strates that the demographic window of opportunity 
(DWO) and the demographic dividend (DD) do not 

necessarily align in timing or magnitude, thereby 
reinforcing the conceptual distinction between the 
two (James, 2018; Șoldan, 2023a). In this empirical 
analysis of the DD and the DWO, the DWO tends 
to emerge earlier than the DD, suggesting that insti-
tutions, labour markets, and broader systems must 
adjust to the evolving age structure in order for the 
DD to be achieved.

The comparison between the DWO and the DD 
provides additional insight into our understanding of 
the factors that determine the differences in the level 
of the DD achieved across countries. While it is often 
suggested that countries perform differently in terms 
of the DD attained because of the policies they imple-
ment, the findings here indicate that the configuration 
of the DWO and the specific patterns of age-structure 
dynamics also play a central role. Once the DWO 
opens, its duration and magnitude directly influence 
the size and timing of the DD1, as the analytical frame-
work used in this analysis demonstrates. This further 
supports the integration of demographic indicators, 
such as the demographic support ratio, alongside the 
NTA approach in DD assessments.

The level of the DD2 – understood as the pro-
ductivity-related component of the demographic 
dividend – proves to be a key explanatory factor for 
the differing degrees of DD realised during the DWO 
period in the selected countries. The effect of the DD2 
can be quite substantial, as evidenced by the selected 
countries. It thus confirms the above statement that 
the demographic dividend is more than just an effect 
of increased labour force participation. How countries 
respond to the need to increase productivity will in-
fluence the extent to which the favourable period of 
the demographic window of opportunity (DWO) can 
be used to offset the negative effects of age structure 
dynamics that follow. 

It should be noted that assessing the DWO and 
the DD is not just a methodological or conceptual 
concern. It is a practical matter with implications for 
the state and its ability to understand, anticipate, and 
respond to demographic change. Whether states take 
(full) advantage of the demographically favourable pe-
riod depends on whether they are able to respond to 
demographic change with the necessary policies and 
programmes – this is the core idea of the demographic 
dividend and its non-deterministic nature. 
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Estimating the DWO remains relatively straight-
forward because of its inherently demographic nature. 
One of the advantages of demographic phenomena is 
their considerable predictability, even over long pe-
riods. By contrast, economic forecasts tend to be less 
precise, especially in the case of long-term projections. 
Many factors influence the course of economic devel-
opment, making it more difficult to predict. Irrespec-
tive of the method used to assess the DD, whether it 
is the National Transfer Accounts (NTA) method or 
some other approach, such estimates are quite hypo-
thetical and will vary according to the method chosen. 
When examining fluctuations in the age structure and, 
in particular, the phenomenon known as the DWO, 
these assessments can serve as preliminary tools for 
decision-making at the government level.

CONCLUSIONS

This study offers a comparative analysis of the demo-
graphic dividend (DD) and the demographic window 
of opportunity (DWO) across selected countries. The 
estimation of DD using the National Transfer Accounts 
(NTA) methodology was complemented by a demo-
graphic approach that identifies the DWO, enabling 
a more integrated assessment. The empirical findings 
confirm that DD and DWO are distinct phenomena, 
each following its own trajectory.

DD have inherent policy implications. Achieving 
the demographic dividend requires that governments 
respond to the demographically favourable period with 
development policies – covering areas such as health, 
education, and labour market adjustments (Bloom et 
al., 2003). The distinction is important: referring to 
the ‘demographic dividend’ (i.e. economic growth ac-
celeration resulting from a favourable demographic 
phase) as the ‘demographic window of opportunity’ 
(i.e. the period itself) risks obscuring the need for such 
targeted adjustments and policy design.

Representing the DD and the DWO within the 
proposed integrated framework makes it possible to 
capture additional tendencies for future policy in-
sights. (i) The favourable period of the demographic 
window of opportunity (DWO) typically precedes the 
realisation of the first demographic dividend (DD1), 
as time is required for labour market adjustments. 
Anticipating such age-specific dynamics can help pol-
icymakers mitigate this delay. In a wider perspective, 
the introduction of the DWO analysis aims to under-
line the strategic relevance of age-specific population 
dynamics in development planning for achieving the 
DD. (ii) Cross-country differences between the mag-
nitude of the DWO and the level of the DD are shaped 
by each country’s specific conditions during the DWO 
period. While some contexts are supportive, others 
may not be. This entails further policy research and 
a policy design that enables a supportive environment. 
Further, (iii) the proposed method of integrating the 
demographic window of opportunity (DWO) into 
analysis of the demographic dividend (DD) enables 
a more nuanced understanding of cross-country dif-
ferences observed within the NTA framework. These 
differences are not solely the result of economic or 
institutional factors but also reflect the specific dy-
namics of age structures – an aspect often overlooked 
when the focus is exclusively on DD estimations. The 
study shows that countries that achieve a significant 
demographic dividend typically experience a pro-
nounced DWO, and, conversely, limited demographic 
dividends are often associated with weaker demo-
graphic windows. While the magnitude of the DWO 
is not a policy-driven factor, the role of the DWO in 
shaping the demographic dividend suggests that age 
structure dynamics specifically should be taken into 
account in developmental discourse and compara-
tive analyses to support more balanced and realis-
tic policy expectations regarding the demographic  
dividend.
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SUMMARY

This study examines the demographic dividend (DD) and the demographic window of opportunity (DWO) 
as interconnected yet distinct phenomena. Often treated as synonymous in the mainstream literature, this 
analysis draws attention to their distinctiveness, as the temporal and magnitude dynamics of each one differ.
The research drew evidence from eight countries: Singapore, South Korea, Brazil, Mexico, Ireland, Slovakia, 
Moldova, and Georgia. The comparative evidence presents the differences between the DWO and the DD, 
which are manifested to varying degrees in the selected countries. The evidence for the selected countries 
shows that the DWO often precedes the DD, suggesting that for the economic benefit to occur, markets and 
institutions first need time to adapt.
The study follows the trends of the demographic dividend as calculated using the NTA approach. Two demo-
graphic dividends are distinguished: the DD1 and the DD2. Unlike the DD1, which is largely determined by the 
dynamics of the working-age population, the DD2 is indirectly linked to the dynamics of the age structure. The 
second demographic dividend (DD2) can significantly contribute to the total demographic dividend during the 
demographic window of opportunity and in the period that follows, due to its foundation in productivity gains.
This study sought to present a revised analytical framework for the demographic dividend and the demograph-
ic window of opportunity, employing, along with the NTA approach to the assessment of the demographic 
dividend, a demographic approach to assessing population age-structure dynamics. The revised framework 
incorporates, along with the economic support ratio, the demographic support ratio for the assessment of the 
two phenomena. 
The article contributes to the debate on the topic by refining the conceptual distinction between the DWO 
and the DD and demonstrating the importance of demographic timing in policy planning. The proposed an-
alytical framework provides a replicable model for assessing population dynamics in the context of the de-
mographic dividend. 
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A. TEXTY (v textovém editoru MS Word)
1.� �V�nastavení�odstavce�používejte�pouze�zarovnání�VLEVO�
(na�levou�zarážku).

2.� �Vyznačování�v�odstavci�(kurzívou,�tučně)�a�používání�
indexů�bude�do�sazby�korektně�přeneseno.

3.� �Nepoužívejte�(v�nastavení�vypněte)�funkci,�která�nuceně�
přesunuje�do�další�řádky�jednohláskové�předložky�a�spojky

� (a,�s,�z,�v,�k�apod.),�jež�by�jinak�vyšly�na�konec�řádku.�Textový
� editor�vsune�do�textu�programové�informace�o�tomto�tzv.
� nuceném�dělení,�které�nelze�jinak�než�pracně�odstranit.

B. GRAFY, OBRAZOVÉ SOUBORY
1.� �Pro�zpracování�grafů�je�kromě�požadovaného�typu�(sloup-
cový,�spojnicový,�bodový�apod.)�nutné�připojit�zdrojová�
data�v�programu�Excel.

2.� �Všechny�obrazové�soubory�–�např.�mapy,�fotografie�uklá-
dejte�mimo�textový�soubor�samostatně�ve�formátech�*.tif,�
*.jpg,�*.eps�s�odkazem�v�textu�(graf�1,�schéma�1�apod.).

3.� �Pro�další�technologické�zpracování�je�důležité,�aby�bitma-
pové�soubory�měly�ve�velikosti�1:1�rozlišení�300�dpi.

C. PRAVIDLA CITACÍ A POPISKY
Pokud�má�dokument�přiděleno�doi,�musí�být�v�citaci�uvedeno.
Příklady základních druhů citací:

Monografie
Roubíček, V. 1997. Úvod do demografie. Praha: Codex 
Bohemia. (U publikace s více než třemi autory se uvádí  

jen příjmení prvního autora, za ním následuje zkratka 
a kol., u zahraničních publikací et al.)
Hantrais, L. (ed.). 2000. Gendered Policies in Europe. 
Reconciling Employment and Family Life. London: 
Macmillan Press.
Potraty. 2005. Praha: Ústav zdravotnických informací  
a statistiky.

Články v časopisech
 Dudová, R. – Vohlídalová, M. 2018. Muži a ženy pečující 
o seniory v rodině. Sociologický časopis, 54(2), s. 219–252.
https://doi.org/10.13060/00380288.2018.54.2.400.

Články ve sbornících
Daly, M. 2004. Rodinná politika v evropských zemích.  
In Perspektivy rodinné  politiky v ČR, s. 62–71. Praha:  
MPSV ČR. 

Elektronické dokumenty
Je�třeba�uvést:�
1.� Specifikaci�média�(on-line,�databáze,�datový�soubor)
2.� Datum�stažení�(cit.�29.�10.�2005)
3.� Webovou�adresu�(dostupné�z:�http://www.csu.gov.cz)

Přednášky z konferencí
Maur, E. Problémy studia migrací v českých zemích v ra-
ném novověku. Příspěvek přednesený na konferenci Dějiny 
migrací v českých zemích v novověku. Praha, 14. 10. 2005.

Seznam literatury a odkazy
Jednotlivé�položky�jsou�řazeny�podle�abecedy,�více�prací�
od�téhož�autora�je�řazeno�sestupně�od�nejstarší�k�nejnovější.�
Pokud�má�autor�v�seznamu�v�jednom�roce�více�pložek,�rozlišují�
se�přidáním�písmen�a,�b,�c...�za�rok�vydání.
Příklad:�
Syrovátka, A. 1962a. Úrazy v domácnosti. Česká pediatrie, 
17, s. 750–753.
Syrovátka, A. 1962b. Úmrtnost dětí v českých zemích na 
dopravní úrazy. Časopis lékařů českých, 101, s. 1513–1517.

Odkazy v textu na seznam literatury 
(Srb, 2004); (Srb, 2004: 36–37); (Syrovátka a kol., 1984); 
(Dudová – Vohlídalová, 2018)

Popisky tabulek a grafů (dodat v češtině a angličtině)
Tab. 1: Pohyb obyvatelstva, 1990–2010; Population and vital 
statistics, 1990–2010
Graf 1: Relativní věková struktura cizinců a obyvatelstva ČR 
celkem, 31. 12. 2009; Relative age distribution of foreigners 
and total population of CR, 31 Dec 2009

D. DOPORUČENÁ STRUKTURA ČASOPISU
Viz:�https://csu.gov.cz/pokyny_pro_autory.
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