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MACROECONOMIC CONSEQUENCES
OF THE DEMOGRAPHIC AND
EDUCATIONAL CHANGES IN POLAND
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Soon after the start of transition to a market economy in the early 1990s, Poland has
experienced both a dramatic decline in the fertility rate and an increase in the share of
students among young high-school graduates. These two processes significantly changed
the age structure of population and average income characteristics of households. Using a
general equilibrium model with heterogeneous households and uninsured income shocks,
I try to assess the impact of these changes on the Polish economy as a whole and
inequalities within it. I find that, in the long term, the positive effects of the educational
change on output per capita will more than offset the negative impact of lower fertility.
I also show that the educational change increases income and consumption inequalities,
while the fertility change decreases inequality in assets.
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1. INTRODUCTION

Many countries, including most of developed economies, have been facing for
quite some time decreasing mortality, low fertility, and shifts in the population
structure toward older ages. To arrive at this stage, however, population dynamics
had to undergo a remarkable transition from a premodern regime of high mortality
and high fertility.1

Yet, this is not the end of the story. Starting from the 1960s, the fertility
rates have continued to drop even further in a number of countries, eventu-
ally falling below their replacement levels. Some researchers have dubbed this
new phenomenon as the second demographic transition, which was triggered by
the availability of cheap and effective contraception accompanied by ideologi-
cal changes in lifestyle, views on families, self-fulfillment, or the perception of
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women’s rights (Van de Kaa (1987), Lesthaeghe (2007)).2 In some cases, mainly
in Southern and Eastern Europe, the reduction in childbirth was so profound that
the total fertility rate (TFR) eventually approached or even fell below the thresh-
old of 1.3, called the lowest-low fertility.3 In most countries with the lowest-low
fertility, there is evidence of both a delay of childbearing and a low progression
to higher-order births. Apart from the components that are associated with the
second demographic transition, the underlying factors of such a substantial drop
in fertility are the following: an increase in women’s educational attainment, high
economic uncertainty among young adults, insufficient state support of young
parents, and a combination of low level of gender equality at home and high
level of gender equality at the labor market (see i.a. McDonald (2000a,b), Kohler
et al. (2002), Billari (2008), Goldstein et al. (2009)). All of these factors result in
relatively high economic costs of having children.

The decline in fertility has a strong impact on the age structure of popula-
tion and, next to rising longevity, is a primary determinant of population aging.
Aging is a pressing issue in many countries, and its economic consequences are
considered to be significant. First of all, an increase in the old-age dependency
ratio (the ratio of dependents to the working-age population) negatively affects
the public finance, raising concerns about fiscal sustainability, and stability of
pension systems. Second, as individual household characteristics, such as produc-
tivity or propensity to save, vary over the life cycle, changes in the age structure
of population affect many macroeconomic variables, including aggregate output,
consumption, and assets. As population aging also influences the level of public
debt and the real interest rate, it is important for monetary policy. Finally, aging
has redistributive consequences, that is, it affects income, consumption, and assets
inequalities.

Poland is now among the countries with lowest-low fertility. Its TFR started to
deteriorate dramatically in the mid-1980s, and since 2010, it has stabilized slightly
above 1.3 (Figure 1). According to the CA World Factbook, Poland has currently
one of the lowest fertility rates in the world and the third lowest in Europe. If this
trend is continued and no other processes (such as intensified immigration) start
offsetting it, population in Poland is expected to be shrinking at a high pace.

Fortunately for Poland, the observed population aging, and in particular
declining fertility, has been accompanied by an increase in educational attain-
ment. Indeed, another important process, which started in this country in the
early 1990s, is a rising share of students among young high-school graduates.
According to the Polish Households Budget Survey (HBS) from 2013, only less
than 20% of all households’ heads aged 50 years or older have an academic
degree, while for those aged between 25 and 30, the corresponding statistics
is slightly less than 50% (Figure 2).4 Since worker’s individual productivity is
strongly linked to his/her educational attainment level, one can expect positive
effects of this process on the Polish economic performance.

Naturally, for such a large expansion of higher education, the previously
observed relationship between education and productivity might be disrupted.
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FIGURE 1. Total fertility rate in Poland.

Note: Based on the data from the Polish Household Budget Survey 2013. Post secondary education is
included.

FIGURE 2. The share of households whose household head has an academic degree.
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First, there is a threat of educational inflation, that is, a constant rise of mini-
mum credentials required for a given position and the devaluation of degrees and
grades (for more, see Johnson (2003), Hadjar and Becker (2009)). Second, the
rising supply of academy graduates in the labor market might not coincide with
the demand for them and thus amplify the educational mismatch, that is, the share
of overqualified workers.5 All these aspects might negatively impact the educa-
tion premium, but whether this risk will materialize is far from certain. Indeed,
Walker and Zhu (2008), Valletta (2016), and Parro (2017) present examples with
the education premium remaining unchanged or even increasing in the presence
of a strong acceleration of the share of academy graduates.

A boom in tertiary education (educational change) and a rapid fertility decline
(fertility change) emerged in Poland almost simultaneously and with exceptional
intensity. The main objective of this paper is to quantify their macroeconomic
consequences and implications for inequalities. To this end, I develop a general
equilibrium model with heterogeneous agents and incomplete financial markets.
In the model, there is a large number of households in different age cohorts. As
in Gourinchas and Parker (2002), their deterministic productivity profiles differ
between educational groups. I also introduce the education-dependent individ-
ual income processes. The life span is stochastic, and similar to Hubbard and
Judd (1987), the survival probabilities depend on age. During their working life,
households experience uninsured, idiosyncratic shocks, as in Aiyagari (1994).
The model is cast in a small open economy setup, with the domestic interest rate
reacting to changes in foreign debt. The model is calibrated to the Polish economy
and replicates the key specific features of the life cycle characteristics of Polish
households, which are obtained from the household level data from the Polish
HBS. The model-based simulations allow me to assess both the long-term effects
of the fertility and educational changes, and their transitional dynamics.

There is considerable literature that analyzes the macroeconomic and wel-
fare effects of population aging in the US economy (De Nardi et al. (1999),
Storesletten (2000), Krueger and Ludwig (2007), Ludwig et al. (2012)).
Nevertheless, the US has not recently experienced such dramatic changes in the
fertility rate as Poland, and hence the main focus of these studies is rather on the
effects of rising longevity. There are also several papers that deal with pension
system stability in Poland using classical overlapping generaltions models, i.a.,
with no intracohort heterogeneity (see, among others, Hagemejer et al. (2015)).
Only very few studies look at the relationship between population aging and
inequalities (one of the exceptions is Krueger and Ludwig (2007)), and I am not
aware of any for Poland.

An important feature of this study is that it focuses not only on the develop-
ment of fertility, but also on changes in educational attainment. Historically, these
two processes often occurred simultaneously. Therefore, a possible causal rela-
tionship between them has been a subject of several empirical studies, the results
of which are nevertheless not conclusive. For example, while Snopkowski et al.
(2016) and Hansen et al. (2018) confirm that, at least to some extent, an increase in
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educational attainment is responsible for changes in fertility, Diebolt et al. (2016)
find the causal effect of education on fertility to be insignificant. From a the-
oretical perspective, a particularly interesting contribution linking fertility and
education is the Unified Growth Theory (Galor and Weil (1999, 2000)).6 It tries
to explain in one conceptual framework the process of demographic transition
from the Malthusian regime to the recent times. At the heart are the endogenous
decisions concerning both the number of children and their educational attain-
ment. Parents choose how much to invest in their children’s human capital and
thus face the quality–quantity tradeoffs, with the returns on investment in human
capital depending, i.a., on the level of technological progress.7

As the aim of my paper is to quantify the macroeconomic effects of decreased
fertility and increased education, and not their interdependencies, both of these
processes are treated as exogenous. This approach is common in papers that
rely on a similar modeling framework (Gourinchas and Parker (2002), Börsch-
Supan et al. (2006), Díaz-Giménez and Díaz-Saavedra (2009)). What is new in
my study is that the same model is used to examine the impact of changes in
education, a decrease in the fertility rate, and the total impact of both processes,
which ensures comparability of the results for each of these scenarios. Research
that analyzes simultaneously the macroeconomic effects of these two processes
within a life cycle framework is very scarce. The exceptions are Díaz-Giménez
and Díaz-Saavedra (2009) and Catalano and Pezzolla (2016), but none of them
discuss changes in inequality.

The main findings of this paper are the following. First, in the long term, the
positive effect of the educational change on output per capita will more than off-
set the negative impact of lower fertility. Second, a drop in fertility has stronger
negative consequences for Polish output per capita compared to rising longevity.
In contrast, the latter is relatively more important for the long-term response of
the real interest rate and domestic assets. Due to population aging, the Polish real
interest rate should decline, and a significant rise in the contribution rate would
be required in order to keep the pension system balanced. Finally, the educa-
tional change positively impacts income and consumption inequalities, while the
fertility change decreases the inequality of assets.

The rest of the paper is organized as follows. In Section 2, I shortly discuss
the Polish economic developments after the end of the communist regime, with
special emphasis on fertility and education attainment. Section 3 presents the
model and definitions of equilibrium. Section 4 discusses the model assump-
tions and calibration. In Section 5, I present the baseline results, that is, the new
steady states and transitional dynamics. In Section 6, I relax or modify some of
the modeling assumptions and calculate the effects of rising longevity, imperfect
substitution between workers, different interest rate rules, and pension system
design. Section 7 summarizes the main findings and discusses the resulting pol-
icy challenges. The algorithms used to find the model solution are described in
Appendix A.
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2. POLAND AFTER 1990

In 1989, after more than four decades of being a communist state, Poland started
its transition from central planning to a market economy. That was unquestionably
an enormous challenge. The Polish economy was relying on heavy industry and
small-farm, subsidized agriculture, while the service sector was largely neglected.
Production and foreign trade (mainly within the Soviet bloc) was planned by the
state. As a result, the (state-owned) enterprises were often inefficient, uncompeti-
tive, and operated outdated technologies. On the other hand, full employment, low
inequality, and a variety of state-provided welfare rights and benefits (including
childcare services, subsidies, etc.) were guaranteed, at least officially.

The task of a deep restructuring of the Polish economy was even more challeng-
ing and imperative due to the macroeconomic crisis in 1989 with hyperinflation,
shortages, soaring external debt, and nearly depleted foreign exchange reserves.
In 1990, a set of radical reforms, called the “Balcerowicz Plan” (after the name of
the minister of finance) or “Shock Therapy”, was introduced. It involved eliminat-
ing price controls and most of subsidies, putting limits on an extensive wage rise,
large devaluation of the Polish exchange rate, cutting back or eliminating trade
barriers, and reforming the National Bank of Poland (NBP), that stopped granting
subsidized loans to state-owned enterprises and raised the interest rates. Fiscal and
monetary tightening relatively soon stabilized inflation, eliminated fiscal deficit,
and ensured currency convertibility. Yet, all of this did not come without costs,
from which the major one was a substantial rise in unemployment.8 In the follow-
ing years, Poland continued structural reforms that modernized its economy and
in 2004 the country became a member of the European Union (EU).

In the rest of this section, I give a brief overview of the Polish economy after
1990. Special attention is put on the two processes that are the main focus of this
paper, namely, an educational boom and fertility decline. All cited statistics come
from the official sources, including the Polish Central Statistical Office (CSO),
Eurostat, and World Bank.

Macroeconomic developments. Since 1992, Poland experienced stable and rela-
tively fast growth of output and consumption. Real GDP (gross domestic product)
was growing on average at 3.6% annually between 2000 and 2015. Poland was
also the only country in the EU that did not report a fall in GDP during the Great
Recession in 2009. The Polish economy was supported by the inflow of foreign
capital, including structural funds from the EU, and free access to the EU market.
Due to fast convergence that was accompanied by complex structural and social
changes, Polish transition is widely perceived as a success story (World Bank
Group, 2017).

The major struggle of the Polish economy after 1990 was high unemployment.
It grew rapidly at the beginning of the transition to a market economy, peaking at
above 16% in 1994. The economic slowdown in 2000–2004 was another period
of high unemployment. In 2002, about more than one-fifth of all Poles willing
to work were unemployed. Since 2005, unemployment has been systematically
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decreasing (with the exception of the Great Recession), and in 2017, it stood
below 5%, that is, at the lowest level since the transition. Although Polish labor
market conditions are much better now compared to the 1990s and 2000s, there
are still some unresolved issues. One of the major concerns is temporary employ-
ment, whose share remains one of the highest in the EU. Moreover, with relatively
low labor force participation of older workers and rapid population aging, Polish
labor supply is expected to shrink considerably in the future.9

Poland’s accession to the EU in 2004, together with a difficult situation on
the labor market in the early 2000s, triggered labor migration. According to the
official estimates, at the end of 2017, more than two and a half million Poles
were abroad for more than three months. The outflow of Polish workers and
rapid population aging resulted in labor shortages. In recent years, however, they
have been compensated by temporary immigration, mostly from Ukraine. For
lack of comprehensive unified data sources, the scale of this inflow is difficult to
quantify (Roszkowska et al. (2017)). According to the NBP report (Chmielewska
et al. (2018)), in the first three quarters of 2017, there were around 900 thousand
Ukrainian migrants in Poland.

Another important challenge has been the presence of the informal sector.
However, the share of the Polish shadow economy in GDP has been system-
atically declining since 1991 and now constitutes between 6 and 24% of GDP,
depending on the estimation method (Medina and Schneider (2018)). It is hence
still higher than observed in the Western EU countries.

Inequalities. Between 1990 and 2005, Poland experienced a significant rise
in income inequality, which is mainly attributed to two factors: the economic
transition process and cyclical fluctuations (Keane and Prasad (2002), Newell and
Socha (2007), Brzeziński et al. (2013)). Indeed, expansion of the private sector
changed the determinants of wages. They became more volatile, better linked to
individual productivity, and the education premium increased. The second factor
behind rising income inequality was high unemployment during the economic
slowdown in 1998–2002.

Since then, income inequality in Poland has been stable or even slightly
decreasing. In 2017, the Gini coefficient for income after taxes and transfers stood
at 0.3, which points to a relatively high level of income equality.10 Similarly,
according to the Polish survey of household finance, net-wealth inequality in
Poland is moderate compared to euro-area countries (Grejcz and Żółkiewski
(2017)).

Fertility patterns. When the process of transition to a market economy began,
Poland had already undergone all of the four stages of the demographic tran-
sition. Indeed, after a period of decline, its fertility rate was generally stable
between 1970 and 1985 and stood on average at 2.2, while the life expectancy
increased significantly compared to the first half of the 20th century (see Figure 1
and Mackenbach (2013)).11
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It was only later—during the 1990s—when the Polish TFR decreased further
from 2.2 to the levels associated with the lowest-low fertility. A reduction in
childbearing following transition to a market economy was a common feature
among postcommunist countries. Frejka (2008) distinguishes three main reasons
of decreasing fertility in the postcommunist countries in the 1990s: economic cri-
sis at the early stage of transition, the diffusion of western values and lifestyles,
and institutional conditions specific to a market economy (such as, among oth-
ers, job insecurity, expensive housing, or new career opportunities). According to
Kotowska et al. (2008), the major driver of the observed shift in Polish fertility
behavior was the changing role of the state. It was no longer a provider of cer-
tain services and social benefits, and thus, some of its responsibilities had to be
taken over by individual households. The new labor market conditions made jobs
more insecure, unemployment risk grew, especially for women, and households
economic situation became more uncertain. Adding to that missing state response
in form of a proper family policy, households found it hard to reconcile work and
family. Mishtal (2009) also highlights the difficult situation of Polish women on
the labor market as a factor that makes them postpone or forego childbearing.
However, in recent years, the labor market improved significantly, new family
benefits were introduced, but fertility remained low.

Regarding the diffusion of western values, as stated by Kotowska et al. (2008),
the ideological change in Poland was relatively slow, although there were some
signs of an increase in childbearing age or the acceptance of cohabitation, espe-
cially for younger cohorts (see also Matysiak (2009)). Recent data show that both
the mean age of women at birth of a first child and the proportion of live births
outside marriage continue to rise. The former reached 27.2 in 2016 compared to
24.5 in 2000, and the latter increased from 12.2 to 25% in a similar period. It
might indicate that the ideological change keeps progressing.

The postponement of childbearing results in underestimated values of the TFR.
However, after 2010, the speed of growth of the childbearing age slowed down to
slightly more than one month per year. According to rough calculations, it should
depress the current TFR by about one-twelfth, which still points to relatively low
fertility (Goldstein et al. (2009)). Other arguments that support the thesis that
the decline in childbearing in Poland is not just a temporary phenomenon are
the following. First, Polish women still have their children at a relatively young
age compared to other European countries. Second, the age of 30 is seen as an
ultimate deadline (a biological limitation) for having a first child by many Polish
women (Matysiak (2009)).

Finally, more educated women (parents) in Poland tend to have fewer chil-
dren, and interestingly, this pattern was also present during the communist period
(Brzozowska (2014), Osiewalska (2017)).

Tertiary education. During the communist era with a centrally planned econ-
omy, dominated by industrial and agricultural sectors, there was neither demand
nor government’s desire to support the expansion of tertiary education. Thus, the
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share of academic graduates reminded low. It all changed in the 1990s, when the
educational boom started, and the gross enrollment ratio in tertiary education in
Poland increased from 20% in 1990 to 67% in 2016.

Investment in higher education was encouraged by a large increase in the edu-
cation premium. Indeed, Keane and Prasad (2006) document a significant rise
in the premium at the beginning of the 1990s, resulting from both more com-
petitive wage settings and increasing demand for skilled labor. Adamczyk and
Jarecki (2008) show that the returns to education also rose between 2000 and
2004. As for the period 2005–2010, the empirical literature is not that conclusive.
While Majchrowska and Roszkowska (2014) point to an increase in the educa-
tion premium, Gajderowicz et al. (2012) claim that it declined between 2007 and
2009.

Educational attainment is an important factor that shapes individual earnings,
and it does so not only through the education premium. The individual income
process of Polish households with an academic degree is found to be more persis-
tent, compared to that for the rest of Polish households (Kolasa, 2017). It means
that past earnings affect current income more strongly for the group of more
educated individuals.12

3. MODEL DESCRIPTION

To analyze the fertility and educational changes, I use a small open economy
general equilibrium model. The model economy is populated by heterogeneous
households, who differ in age, educational attainment, wealth, and productiv-
ity. Households face mortality risk and are hit by uninsured individual income
shocks. They smooth consumption by accumulating assets. These are claims on
physical capital and foreign assets. Households obligatorily participate in a pay-
as-you-go pension system, that is balanced via adjustments in the contribution
rate. Consistently with the small open economy assumption, the real interest rate
is a sum of exogenous and endogenous components, where the latter responds to
the economy’s foreign debt.

3.1. Households

The model economy is inhabited by a continuum of households. Households
either have or do not have an academic degree (h = 1 or h = 0), and their level
of education is exogenous and predetermined. The less educated individuals enter
the model at the age of 20 ( j = 20), the more educated at the age of 25 ( j = 25),
both with no financial assets. The share of individuals with an academic degree
might vary between cohorts and for a cohort aged 25 it is denoted by ph

t . All
households work until the age of 65 ( j = 65), and then they retire and live up to
the maximum age of 85. The conditional survival probability (sj) depends on age
so that an individual lives at least up to the age of m with probability Sm = �m

i=20si.
Each period a new cohort aged 20 is born, and the size of this cohort is 1 + nt

times the mass of people born in the previous period.
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Labor income. Each period working-age households receive an endowment of
efficiency labor units described by the following formula:

z(h, j, eh) = z̄(h, j)eh. (1)

and hence it consists of two components. The first one z̄(h, j) is determinis-
tic and depends on age j and the level of education h, so that more educated
households are on average more productive within their age group. The second
component eh is stochastic and follows a Markov process. Thus, it is independent
and identically distributed across individuals with the same educational attain-
ment level h. The conditional probability matrix takes a form πh

kl = P(eh = el
h|eh =

ek
h), where πh

kl ≥ 0 and
∑N

l=1 πh
kl = 1 for each k, l = 1, 2 . . . , N and ek

h, el
h ∈ Eh =

{e1
h, e2

h, . . . , eN
h }. Although there is no direct unemployment in the model, it is

incorporated in the structure of productivity shocks.
Pension payments received by households are a fraction of wages earned just

before retirement, that is at the age of 65.
As a result, total net labor income at time t is summarized by the formula:

yt(h, j, eh) =
{

(1 − τt)wtz(h, j, eh) for j ≤ 65,

(1 − τt)wtθ z̄(h, j = 65)eh( j = 65) for j > 65,
(2)

where wt is the wage rate per efficiency unit of labor, τt stands for the contribution
rate, and θ is the replacement rate.

The time t share of households with age j, educational attainment level h and
hit by productivity shock el

h is denoted by μt(h, j, eh = el
h). Aggregates by certain

characteristics are defined by dropping them from the bracket.

Preferences. The period utility depends on consumption c in the following way:

u(c) = log(c). (3)

Thus, the risk aversion parameter σ = −cu′′(c)/u′(c) equals one, that is the value
recommended by Chetty (2006).

Budget constraint. During their lifetime, households accumulate assets denoted
by at(h, j, eh). The corresponding rate of return equals rt. Each period and for each
household, the following budget constraint is satisfied:

(1 + rt)at(h, j − 1, eh) + yt(h, j, eh) + trt = a′
t(h, j, eh) + ct(h, j, eh), (4)

where trt stands for accidental bequests, assumed to be equally distributed over
surviving households.

Household decision problem. The household’s maximization problem at time i
is the following:

maxEt

∞∑
i=t

β i−tSj+i−tu(ci(h, j + i − t, eh)), (5)
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subject to (4) and to ci(h, j + i − t, eh) > 0 for all i ≥ t, where the future real-
izations of wi, ri, τi, tri for i = t, t + 1, . . . are known. Sj+i−t is a probability of
survival up to the age of j + i − t.

3.2. Government

The role of the government is reduced to collect contributions, which finance
pension expenditures, and to redistribute accidental bequests. The contribution
rate balancing the pension system satisfies

(1 − τt) ∗
∑
j>j0

∑
h∈H

N∑
l=1

pen(h, eh( j = 65) = el
h) ∗ μt(h, j, eh( j = 65) = el

h) =

= τt

∑
j≤j0

∑
h∈H

N∑
l=1

z(h, j, eh = el
h) ∗ μt(h, j, eh = el

h), (6)

pen(h, eh( j = 65)) = θ ∗ z̄(h, j = 65) ∗ eh( j = 65). (7)

3.3. Firms

Firms are competitive in the product and factor markets. They are identical and
produce final homogeneous good (Yt) according to the Cobb–Douglas technology
and with constant returns to scale:

Yt = Kα
t (GtLt)

1−α , (8)

where Gt stands for aggregate productivity, which increases at a constant annual
pace g, Kt is the aggregate capital, Lt denotes the aggregate labor input, and α is
a capital share in production. Capital depreciates at a constant rate δ and factor
prices equal their marginal products:

∂Yt/∂Lt = wt and ∂Yt/∂Kt = rt + δ. (9)

3.4. Interest Rate Rule

Following Schmitt-Grohé and Uribe (2003), the domestic real interest rate equals
world interest rate (r∗) plus a risk premium. The latter reacts to changes in the
foreign debt in a way described in the formula:

rt = r∗ + φ

(
exp

(
Kt − At

Yt

)
− 1

)
, (10)

where At stands for aggregate households assets.

3.5. Equilibrium

In the next subsections, I will present two definitions of equilibrium: a general
competitive equilibrium and its special case—a stationary equilibrium. Since in
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the model both population and technology are nonstationary, it is convenient to
define equilibrium using appropriately detrended variables. I will use the fol-
lowing transformations: c̃t(h, j, eh, a) = ct(h, j, eh, a) ∗ (1 + g)20−j, ã′

t(h, j, eh, a) =
a′

t(h, j, eh, a) ∗ (1 + g)20−j, t̃rt = trt ∗ (1 + g)20−j, Ỹ t = Yt/ (GtNt), L̃t = Lt/Nt, K̃t =
Kt/ (GtNt) , w̃t = wt/Gt, where Nt is the size of population.

3.5.1. Competitive equilibrium. Let μt(h, j, eh, a) be a probability measure in
time t defined on X = H × J × Eh × [0, ∞). Then, given the initial condition μ0

and ã′
0(h, j, eh, a), a competitive equilibrium for the model economy is the sets

of household’s policy functions {c̃t(h, j, eh, a), ã′
t(h, j, eh, a)}∞t=1, probability mea-

sures {μt}∞t=1, a vector of factor prices {w̃t, rt}∞t=1, a vector of contribution rates and
accidental bequests {τt, t̃rt}∞t=1, a vector of macroeconomic aggregates {K̃t, L̃t}∞t=1,
and a function Qt governing the changes in household distribution over X, such
that the following conditions hold:

1. The values of aggregate variables result from households’ individual choices:

L̃t =
∫

z(h, j, eh)dμt, (11)

Ãt = (Nt−1/Nt) (1 + g)−1
∫

ã′
t−1(h, j, eh, a)dμt−1, (12)

C̃t =
∫

c̃t(h, j, eh, a)dμt, (13)

t̃rt = (Nt−1/Nt) (1 + g)−1
∫

(1 + rt)(1 − sj)ã
′
t−1(h, j, eh, a)dμt−1. (14)

2. The contribution rate τt satisfies (6).
3. Factor prices are equal to their marginal products:

∂Ỹ t/∂L̃t = w̃t and ∂Ỹ t/∂K̃t = rt + δ. (15)

4. Domestic real interest rate rt satisfies rt = r∗ + φ ∗
(

exp
(

K̃t−Ãt
Ỹ t

)
− 1

)
.

5. Given the vectors {w̃t, rt}∞t=1 and {τt, t̃rt}∞t=1, households optimally choose c̃t

and ã′
t.

6. Aggregate resource constraint holds (Ĩt stands for investments at time t)

Ỹt + (1 + rt)(Ãt − K̃t) − (1 + g) (Nt+1/Nt) (Ãt+1 − K̃t+1) = C̃t + Ĩt, (16)

Ĩt = (Nt+1/Nt) (1 + g)K̃t+1 − (1 − δ)K̃t. (17)

7. Population distribution changes according to the rule:

μt+1 =
∫

X
Qtdμt. (18)
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The function Q, defined on the four-dimensional set X, is determined by dis-
tributions over educational level, age, productivity shocks, and assets. It also
depends on an exogenous vector {ph

t , nt}∞t=1 and survival probabilities sj, j ∈ J.

3.5.2. Stationary equilibrium. If all aggregate variables in the model are con-
stant over time, we can speak of a stationary equilibrium. The formal definition
is presented below. Assume that ph

t = ph and nt = n for all t = 0, 1, . . . . Let
μ(h, j, eh,a) be a probability measure defined on X = H × J × Eh × [0, ∞). A
stationary competitive equilibrium for the model economy is the sets of house-
hold’s policy functions c̃(h, j, eh, a) and ã′(h, j, eh, a), probability measure μ,
factor prices (w̃, r), contribution rate and the value of accidental bequests (τ , t̃r),
macroeconomic aggregates (K̃, L̃), and a function Q, such that the following
conditions hold:

1. The values of aggregate variables result from households’ individual choices:

L̃ =
∫

z(h, j, eh)dμ, (19)

Ã = (1 + n)−1(1 + g)−1
∫

ã′(h, j, eh, a)dμ, (20)

C̃ =
∫

c̃(h, j, eh, a)dμ, (21)

t̃r = (1 + n)−1(1 + g)−1
∫

(1 + r)(1 − sj)ã
′(h, j, eh, a)dμ. (22)

2. The contribution rate τ satisfies (6).
3. Factor prices are equal to their marginal products:

∂Ỹ/∂L̃ = w̃ and ∂Ỹ/∂K̃ = r + δ. (23)

4. Domestic real interest rate r satisfies r = r∗ + φ ∗
(

exp
(

K̃−Ã
Ỹ

)
− 1

)
.

5. Given w̃, r, τ , and t̃r, households optimally choose c̃ and ã.
6. Aggregate resource constraint holds

Ỹ + (r − (1 + n)(1 + g) + 1) ∗ (Ã − K̃) = C̃ + Ĩ, (24)

Ĩ = K̃ ∗ (δ + (1 + n)(1 + g) − 1). (25)

7. The population distribution is constant over time:

μ =
∫

X
Qdμ. (26)

Since the model does not have a closed form solution, an equilibrium has to be
found numerically. The algorithms used for finding transitional dynamics and
stationary equilibria are described in Appendix A.
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4. MODEL DISCUSSION AND CALIBRATION

The model is design to study the macroeconomic and redistributive impact of
changes in educational attainment and fertility. More specifically, I use it to study
transition from the equilibrium with low educational attainment (low ph) and high
population growth (high n) to the equilibrium with high educational attainment
(high ph) and low population growth (low n). The model is calibrated to the Polish
economy and simulations start in 1990.

As it was discussed in Section 2, in the 1990s, Poland went through transi-
tion to a market economy, and its income per capita started converging toward
the levels observed in Western Europe. These processes had a significant impact
on economic developments in the country. Studying them, however, is beyond
the scope of this paper, so the model abstracts from them. It will not replicate,
in particular, the inflow of foreign capital or dramatic swings in macroeconomic
variables, including GDP and unemployment, in the early 1990s. The goal instead
is to capture the key features of the economy after most of the transition shock is
absorbed. This is because, even though the simulations start in 1990, their con-
siderable horizon covers the future. It is then a deliberate decision not to calibrate
the model to the early 1990s and, thus, not to introduce estimates that reflect only
temporary effects of transformation.

Both the educational boom and fertility decline are exogenous in the model.
This approach is typical in papers that rely on comparable modeling techniques
and are designed to study macroeconomic consequences of selected processes,
and not their underlying causes (Gourinchas and Parker (2002), Börsch-Supan
et al. (2006), Díaz-Giménez and Díaz-Saavedra (2009)).

As it is also common in this line of literature, the model abstracts from
international migration. From the Polish perspective, the two important flows
since 2000 are the outflow of Polish workers after the EU accession and the
recent inflow of Ukrainian workers. While analyzing separately, their impact on
the Polish economy might be substantial, but as they largely offset each other,
their joint effect is much less profound, at least over the medium run. Moreover,
before incorporating migration into the model, the scale and future trends of
Ukrainian immigration need to be assessed, and this is itself a challenging task,
warranting a separate study.

There is also no endogenous choice of working hours in the model.
Nevertheless, this assumption is quite in line with the characteristics of the Polish
labor market. According to the Polish Labor Force Survey, in the second quarter
of 2016, only 7% of employees were part-time workers, from which around half
would prefer to work full-time if possible. It is also consistent with evidence on
the discrepancy between workers’ actual and desired number of working hours
(see Wyszyński (2016)).

For the questions raised in this paper, replicating the key characteristics of
income distribution is crucial. Therefore, in the model, the life cycle income pro-
file and the individual income process are calibrated very carefully based on the
empirical evidence from Polish household level data. Importantly, the calibration
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TABLE 1. Educational structure of population during
the educational change

Share of households with an academic degree
Periods in a group aged 25–29

before 1995 0.180
1995–1999 0.225
2000–2004 0.300
2005–2009 0.375
2010–2014 0.450
after 2014 0.480

explicitly distinguishes between more and less educated individuals. In the rest of
this section, I discuss these calibration choices in more detail.

4.1. Calibration

I consider the following four scenarios for stationary equilibria (steady states):

• Scenario 1 baseline—low share of households with an academic degree, high
population growth rate (ph = 18%, n = 0.9%),

• Scenario 2 educational change—high share of households with an academic
degree, high population growth rate (ph = 48%, n = 0.9%),

• Scenario 3 fertility change—low share of households with an academic degree,
low population growth rate (ph = 18%, n = −0.6%),

• Scenario 4 educational and fertility changes—high share of households with
an academic degree, low population growth rate (ph = 48%, n = −0.6%).

Between scenario 1 and one of the scenarios from 2 to 4, the model economy
is assumed to undergo transitional dynamics, during which vector {(ph

t , nt)}t0
t=1

evolves as described below. In the case of the educational change, the popula-
tion growth rate remains constant and equals to that in the baseline scenario,
but the share of more educated households gradually changes as described in
Table 1. During the fertility change, there are no shifts in the educational struc-
ture of the population, but nt changes permanently in 1990 and remains at the
new level afterwards. Both the assumed population growth rates and the shares
of more educated households match the empirical data for Poland. The former is
based on the Eurostat historical data (mean for 1960–1990) and its projections
(for 2066–2080), and the latter corresponds to statistics taken from the Polish
HBS (Figure 2).13

Regarding the model structural parameters, the assumed values are summarized
in Table 2. The replacement rate θ and the world real interest rate r∗ match the
observed averages, while the aggregate productivity growth rate g corresponds to
the European Commission’s long-term projection of total factor productivity for
Poland.
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TABLE 2. Model calibration

Parameters Values Sources

Discount factor β 0.977
Capital share in production function α 0.307
Depreciation rate δ 0.08
Replacement rate θ 43% OECD (Organisation for Economic Co-operation and Development)

Pension at Glance 2015
Aggregate productivity growth rate g 1.4% European Commission Aging Report 2015

Projected mean for the period 2013–2060
Interest rate risk premium φ 0.0232
Global real interest rate r∗ 2.3% OECD 1956–2015

Inflation-adjusted long-term interest rate in the US
Income process

Households with an academic degree

Autocorrelation coefficient ρ 0.92 Kolasa (2017)
Variance of the permanent component of income σ 2

μ 0.02 Kolasa (2017)
Variance of the transitory component of income σ 2

ε 0.167 Calibrated to the Gini coeff.: 0.303 (OECD 2012)

Households without an academic degree

Autocorrelation coefficient ρ 0.82 Kolasa (2017)
Variance of the permanent component of income σ 2

μ 0.02 Kolasa (2017)
Variance of the transitory component of income σ 2

ε 0.167 Calibrated to the Gini coeff.: 0.303 (OECD 2012)
Productivity over the life cycle Average income profile, Kolasa (2017)
Survival probabilities Eurostat 2012
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The deterministic component of life cycle productivity is approximated by
average household income over the life cycle, estimated for Poland by Kolasa
(2017). As regards the stochastic component of income, it is assumed that its
logarithm (uij) is given by the following process:

uij = εij + vij, (27)

vij = ρvi,j−1 + μij, (28)

εij ∼ N(0, σ 2
ε ), μij ∼ N(0, σ 2

μ), εij⊥μij i.i.d., vi0 = 0, Ei(uij) = 0. (29)

To solve the model, this process needs to be discretized. For the permanent income
shock (vij), I use the Tauchen and Hussey (1991) method and assume three states.
The transitory income shock (εij) takes two values: −σε and σε with equal proba-
bility. Parameters ρ and σμ of the income process are taken from Kolasa (2017),
and σε is calibrated to match the Gini coefficient for Poland.

The discount factor β, the share of capital in production function α, and the
debt elasticity of the domestic interest rate φ are calibrated to target the share
of consumption in output, risk premium, and international investment position in
the baseline scenario. The resulting parameters are close to the values present in
the literature. Finally, the rate of depreciation δ is set at the mean of the estimates
taken in life cycle models calibrated for Poland (Rubaszek (2012), Makarski et al.
(2016)).

The model period corresponds to five years, which translates into fourteen
cohorts of households. All parameters in Table 2 are reported on an annual basis,
so, when necessary, they are transformed to match the five-year windows.

The aggregate statistics for Poland are quite well matched by the model (see
Table 3). It is worth noting that despite its simplicity, the model does a good job
at matching the life cycle profiles of consumption (Figure 3).

5. MODEL IMPLICATIONS

In this section, I present the main findings that were obtained using the previously
described model. I start with transitional dynamics and then compare the steady
states before and after the changes. The last subsection is exclusively devoted to
the development of inequalities.

5.1. Educational Change

Transitional dynamics (from scenario 1 to scenario 2). In the case of the edu-
cational boom, changes in the educational structure of population start from
younger households, while within older individuals the old (lower) share of edu-
cated workers still persists. From a macroeconomic perspective, we observe an
increase in productivity of young workers, which translates into higher effective
labor supply, higher output, and slightly lower wage per efficiency unit (Figure 4).
Changes in effective labor supply are followed by an increase in capital demand.
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TABLE 3. Steady-state characteristics

Model Data

Consumption to output ratio 0.74 0.74∗

Investment to output ratio 0.25 0.25∗

Net foreign assets to output ratio −0.56 −0.56∗∗

Interest rate risk premium 1.8% 1.9%∗∗∗

Gini coefficient for workers 0.28 0.30∗∗∗∗

Sources: ∗Nonfinancial national accounts 2004–2015, without government
expenditures.
∗∗Balance of payments statistics and nonfinancial national accounts 2004–2014.
∗∗∗Federal Reserve System and OECD data 2001–2014, the difference between
the Polish and the US inflation-adjusted 10-year government bonds yields.
∗∗∗∗OECD data 2012, based on net income with transfers.
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Note: Profiles are scaled with means equal one. The model profiles correspond to the baseline scenario,
while the empirical profiles are calculated on the basis of Kolasa (2017) estimates.

FIGURE 3. Life cycle consumption profiles, model, and data.

Domestic assets are slightly higher (more educated individuals save more, even
at the early stage of their life cycle); nevertheless, a significant part of capital
has to be financed from abroad. In response for higher debt, the domestic interest
rate goes up. During the initial periods of the educational change, pension system
revenues increase but pension expenditures remain unchanged, which results in a
lower contribution rate.

In the later phases of the educational change (after 2030), the higher share of
more educated individuals is also observed for older cohorts, and the economy
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Note: Changes to the baseline scenario. nt = 0.9%, ph = 18% before 1995, ph = 22.5% 1995–1999,
ph = 30.0% 2000–2004, ph = 37.5% 2005–2009, ph = 45.0% 2010–2014, ph = 48.0% 2015 and after.

FIGURE 4. Educational change—transitional dynamics.

gradually converges to the new steady state. The contribution rate and wage per
efficiency unit are steadily increasing, the domestic interest rate is declining, and
the net foreign investment position is improving, until they come back to the levels
close to the baseline scenario.

The propensity to consume of an individual household does not change much.
In the short term, it decreases only slightly due to higher interest rate despite
an expected rise in bequests. Therefore, the dynamics of macrovariables reflects
mainly changes in composition of population between better and less educated
workers.

New steady state. When the economy reaches its new steady state, there is a
higher share of more educated (and on average more productive) individuals in all
age groups compared to the situation before changes. This higher effective labor
supply results in an increase in the main macroeconomic aggregates (Table 4).
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TABLE 4. New steady states—compared to the baseline scenario (no. 1)

Scenario 2 Scenario 3 Scenario 4

Educational Fertility Educational and
change change fertility changes

�y per capita (%) 16.4 −10.2 4.6
�c per capita (%) 16.3 −6.0 9.4
�a per capita (%) 17.0 −5.7 10.4
�i per capita (%) 16.7 −24.7 −12.1
�nfa/y (pp) 0.4 5.1 5.6
�r (pp) 0.0 −0.2 −0.2

�c per household
With an academic degree (%) 0.2 −6.7 −6.5
Without an academic degree (%) 0.4 −6.1 −5.7

�a per household
With an academic degree (%) −1.3 −6.4 −7.8
Without an academic degree (%) −1.7 −6.8 −8.7

�l per household (income)
With an academic degree (%) −0.2 −11.0 −11.0
Without an academic degree (%) −0.2 −10.3 −10.4

�τ (contribution rate, pp) 0.3 5.6 5.8
�w (wage per productivity unit, %) 0.1 1.0 1.1
�Gini (income of workers,

in scale 0–100) 1.9 0.1 1.9
�Gini (assets, in scale 0–100) 1.0 −2.1 −1.0

According to the model, after the educational change output per capita is more
than 16% bigger than in the baseline scenario. Consumption, investment, and
assets grow by similar magnitude. As a result, in the long term, the domestic
interest rate stabilizes at the baseline scenario’s level. There is no permanent shift
in the contribution rate either.

The new (higher) ratio of educated, and thus better paid, households in the pop-
ulation is responsible for a rise in inequalities. Indeed, the income Gini coefficient
increases from 0.28 to 0.30 in the model (Table 5).

Households make their consumption-saving decisions not only based on their
individual characteristics, but also on the expected realizations of the domestic
interest rate, wage, and the contribution rate. The model indicates that these vari-
ables should not change significantly in the long term. Therefore, the steady-state
life cycle profiles of income, consumption, and assets, analyzed separately for
more and less educated households, do not move much (Figures 5, 6, and 7). Let
us take a “newborn” household with or without an academic degree. Its economic
situation before and after the educational change would be about the same, so
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TABLE 5. Macroeconomic aggregates, different scenarios

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Baseline, Educational Fertility Educational
before change change and fertility

changes changes

C/Y(%) 73.7 73.7 77.2 77.1
I/Y (%) 25.2 25.3 21.1 21.2
nfa/Y(%) −56.3 −55.9 −51.2 −50.7
Gini (income of workers,
in scale 0–100) 28.2 30.1 28.3 30.1
Gini (assets, in scale 0–100) 58.5 59.5 56.4 57.5

the substantial increase in macroeconomic variables observed after the transition
results almost entirely from the changes in educational structure.

An interesting question is how the educational change affects less educated
households. What they gain in the new steady state are higher bequests. In the
model, it is assumed that bequests are equally distributed. However, in real-
ity, there exists an association between parents’ and their children’s education
(Black et al. (2005), Ermisch and Pronzato (2010)). In the extreme case, house-
holds might inherit only from individuals with the same educational level and
the economic situation of less educated households might not improve at all.
By assuming equally distributed bequests, the model might also underestimate
changes in income inequality. As the propensity to consume is lower for more
educated households, the long-term increase in assets (consumption) might also
be larger (smaller) than that indicated by the model.

5.2. Fertility Change

Transitional dynamics (from scenario 1 to scenario 3). During the fertility change,
(effective) labor supply steadily declines. It causes, on the one hand, an upward
trend in wage per efficiency unit, but, on the other hand, deterioration in output per
capita and demand for capital (Figure 8). Therefore, demand for foreign capital
also decreases and so does the domestic interest rate. Finally, as expected, the
share of pension expenditure in output has an upward trend, which results in a
rising contribution rate.

New steady state. In the new steady state, the old dependency ratio is higher
and the effective labor supply is lower compared to the baseline scenario. As a
consequence, output per capita is 10% lower (Table 4). Since households start to
consume their assets relatively late in the life cycle, a smaller decline is expected
for assets (slightly less than 6%). As a result, domestic debt shrinks and the
domestic interest rate falls by 0.2 pp. With lower labor supply, less investment
is required and its share in output drops from 25 to 21% (Table 5).
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Note: Scenario 1: ph = 18% n = 0.9% Scenario 2: ph = 48% n = 0.9% Scenario 3: ph = 18% n =
−0.6% Scenario 4: ph = 48% n = −0.6%.

FIGURE 5. Life cycle consumption profiles, different scenarios.

One of the most disturbing questions associated with population aging is how
it would affect the pension system. In the model, pension expenditures always
equal pension revenues, which is ensured by the adjustments in the contribution
rate. The fertility change increases the contribution rate substantially, that is by
5.6 pp. As a result, in the new steady state, households earn, consume, and save
proportionally less over the life cycle (Figures 5, 6, and 7).

The fertility change significantly affects assets inequality. The associated Gini
coefficient is 2.1 pp smaller compared to the situation before changes.

5.3. Educational and Fertility Changes

Transitional dynamics (from scenario 1 to scenario 4). In the case of both changes,
one can notice the divergent trends imposed by the fertility shift and the educa-
tional boom (Figure 9). Due to the fertility change, the share of workers in the
population decreases, but, thanks to the educational change, those who enter the
labor market are more productive. Eventually output per capita increases, but the
pace of this increase is smaller than in the case of the educational change alone.
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Note: Scenario 1: ph = 18% n = 0.9% Scenario 2: ph = 48% n = 0.9% Scenario 3: ph = 18% n =
−0.6% Scenario 4: ph = 48% n = −0.6%.

FIGURE 6. Life cycle assets profiles, different scenarios.

Similarly to the fertility change, in the case of both processes occurring simulta-
neously, the net foreign assets position shows an upward trend, the interest rate is
declining, and the contribution rate is rising.

New steady state. In the new steady state, output per capita is higher by 4.6%
compared to the baseline scenario. Consumption and assets rise more than twice
as much. Therefore, the aggregate variables indicate a general improvement of
households’ economic situation. However, income and consumption per house-
hold by educational attainment are lower in the new steady state regardless of the
level of education. This can also be seen in the life cycle profiles of more and less
educated households, both of which shift downwards compared to the baseline.
What worsens households’ situation is a higher contribution rate, which increases
by 5.8 pp. in the new steady state.

Lower effective labor supply leads to a decline in demand for capital, which
improves the net foreign assets position and slightly (by 0.2 pp) decreases the
domestic interest rate in the long term. Finally, when it comes to inequalities,
they increase for income but fall in the case of assets.
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Note: Scenario 1: ph = 18% n = 0.9%. Scenario 2: ph = 48% n = 0.9%. Scenario 3: ph = 18% n =
−0.6%. Scenario 4: ph = 48% n = −0.6%.

FIGURE 7. Life cycle income profiles, different scenarios.

5.4. Impact on Inequalities

To examine the changes in the distribution of income, consumption, and assets
in more detail, I use several inequality measures, the exact formulas of which are
presented in Table 6. The outcomes are depicted in Figures 10–13. According to
all analyzed indices, the effect of the fertility change on income inequality is neg-
ligible. However, the model indicates that during the educational change income
inequality continuously rises until 2060.14 The Theil (1967) decomposition shows
that the main source of the variation in income distribution is inequality within
educational groups, but what causes the major increase in income inequality are
changes in between group inequality. Eventually, in the new steady state (scenario
4), the Gini coefficient is 1.9 pp higher than in the baseline scenario.

Similarly, consumption and assets inequalities are also higher in the long term
due to the educational change. However, between 1990 and 2020, the model pre-
dicts their decline. During that period, the share of young educated households is
increasing at the expense of young but less educated individuals. Since consump-
tion and accumulated assets increase over the life cycle (at least up to a certain
age), the higher share of young individuals among all educated workers translates
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Note: Changes to the baseline scenario. nt = 0.9% before 1990, nt = −0.6% after 1990, ph = 0.18%.

FIGURE 8. Fertility change—transitional dynamics.

into lower mean consumption and assets within this group. The opposite is true
for less educated households, where the share of young workers decreases. As a
result, the between-groups inequality shrinks.

In contrast to income and consumption inequalities, the variation in assets dis-
tribution is significantly and negatively affected by the lower fertility. The impact
of the fertility change is stronger than that of the educational change, which results
in a lower value of the Gini coefficient in the new steady state (scenario 4). In
the case of assets distribution, there is a substantial share of households with no
assets. It constitutes around one-fifth of the population in the baseline scenario,
and it drops by 4 pp after the fertility change. This substantial shift accounts for a
large part of the decline in assets inequality.
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Note: Changes to the baseline scenario. ph = 18% before 1995, ph = 22.5% 1995–1999, ph = 30.0%
2000–2004, ph = 37.5% 2005–2009, ph = 45.0% 2010–2014, ph = 48.0% 2015 and after, nt = 0.9%
before 1990, nt = −0.6% after 1990.

FIGURE 9. Educational and fertility changes—transitional dynamics.

6. ALTERNATIVE MODEL ASSUMPTIONS

This section aims to expand the analysis of different model assumptions. First, I
define the demographic change by combining the fertility change with the pro-
cess of rising longevity and study its long-term impact on the Polish economy.
Second, I allow the less and more educated workers to be imperfect substitutes.
Next, to examine the importance of assumptions associated with the interest rate,
two extreme cases are considered: a closed economy, and an open economy with
no interest rate risk premium. Finally, the effects of the educational and fertility
changes are quantified for an economy in which the replacement rate adjusts to
balance the pension system with a fixed contribution rate.
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TABLE 6. Definitions of the selected inequality measures

Measures Formulas

Gini
(∑N

i=0

∑N
j=0 fk(k(i)) ∗ fk(k( j)) ∗ |k(i) − k( j)|

)
...

index ...
/ (

2 ∗ ∑N
j=0

∑N
i=0 k(i)fk(k(i))

)
,

where fk- density function on the set K = {k(0), k(1), . . . , k(N)}
Theil index

∑N
i=0 fk(k(i)) ∗ k(i)

μ
log

(
k(i)
μ

)
,

Decomposition: where μ = ∑N
i=0 fk(k(i)) ∗ k(i), log—the natural logarithm

- Inequality
∑M

m=1 sm ∗
(∑N

i=0 fk|m(k(i)) ∗ k(i)
μm

log
(

k(i)
μm

))
,

within groups where sm =
(∑N

i=0 fk(k(i)) ∗ k(i) ∗ Im(k(i))
) / (∑N

i=0 fk(k(i)) ∗ k(i)
)

M—the number of groups m ⊂ K, μm—mean for the group m,
fk|m—conditional density function, Im—characteristic
function of the set m

- Inequality
∑M

m=1 sm log
(

μm
μ

)
between groups

Hoover index 1
2 ∗ ∑N

i=0 | fk(k(i))∗k(i)
ktotal

− fk(k(i))|,
(Robin Hood index) where ktotal = ∑N

i=0 fk(k(i)) ∗ k(i)

20:20 The ratio between a mean of a quintile with the highest values of k
and a mean of a a quintile with the lowest values of k

Higher life expectancy. Until now, I here analyzed only one component of
the demographic change occurring in Poland, which is lower fertility. However,
another important source of population aging is rising life expectancy. I do not
include rising longevity in the main simulations for the following reasons. First,
both processes, that is, the fertility decline and the rising share of university grad-
uates, occurred in Poland more or less in the same periods. The time needed by
the economy to converge to the new steady state in these two cases is also roughly
the same. On the other hand, it is difficult to determine when and/or whether life
expectancy would finally stabilize. The available projections point to their contin-
uous rise at least up to the year 2080. Therefore, this process has a clearly different
time horizon. Another argument in favor of narrowing the study to fertility and
educational attainment is their possible causal relation.

In order to quantify the effect of rising longevity on the Polish economy, I com-
pare the economy with higher survival probabilities to the baseline scenario. The
new mortality tables correspond to the Eurostat projections for the year 2080.
According to the model, an increase in life expectancy translates into a higher
share of pensioners and, thus, a decline in output per capita by 3.9% and an
increase in the contribution rate of 3.0 pp (column 2 of Table 7). Therefore, when
it comes to changes in aggregate output, the effect of rising longevity is not as

https://doi.org/10.1017/S1365100519000944 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100519000944


2020 ALEKSANDRA KOLASA

Note: Before 1995: ph = 18%, 1995–1999: ph = 22.5%, 2000–2004: ph = 30.0%, 2005–2009: ph =
45.0%, 2010–2014: ph = 45.0%, ph = 45.0%, 2015 and after: ph = 48.0%, nt = 0.9%. Gini index
(left panel): dark blue line—labor income (inc. pensioners), green line—labor income (only work-
ers), red line—labor income and bequests, blue line—disposable income. Gini index (right panel):
dark blue line—consumption, green line—assets. Theil index: dark blue line—all households, green
line—households with an academic degree, red line—households without an academic degree.
Decomposition of Theil index: pink—within groups, yellow—between groups. 20:20 and Hoover
index: dark blue line—income, green line—consumption. If not specified income consists of labor
income and pensions.

FIGURE 10. Changes in inequalities, educational change.

substantial as of fertility decline. Nevertheless, their combined negative impact on
output cannot be compensated by higher productivity imposed by the educational
change (column 4 of Table 7).

Moreover, an increase in life expectancy significantly and positively affects
domestic assets. As a consequence, in the new steady state, net foreign assets
position improves and the domestic interest rate declines by 0.6 pp, that is stronger
than in the case of fertility shift.15
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Note: ph = 18%, before 1990: nt = 0.9%, after 1990: nt = −0.6%. Gini index (left panel): dark
blue line—labor income (inc. pensioners), green line—labor income (only workers), red line—labor
income and bequests, blue line—disposable income. Gini index (right panel): dark blue line—
consumption, green line—assets. Theil index: dark blue line—all households, green line—households
with an academic degree, red line—households without an academic degree. Decomposition of Theil
index: pink—within groups, yellow—between groups. 20:20 and Hoover index: dark blue line—
income, green line—consumption. If not specified income consists of labor income and pensions.

FIGURE 11. Changes in inequalities, fertility change.

Imperfect substitution between less and more educated workers. In the model, the
aggregate effective labor supply is a simple summation of the productivity of indi-
vidual workers. However, as pointed in many studies (see i.a. Krusell et al. (2000),
Caselli and Coleman (2006), Ottaviano and Peri (2012)), people with different
level of educational attainment are not necessarily perfect substitutes in the labor
market. In order to quantify to what extent the results presented so far are sensi-
tive to the assumption of perfect substitution between workers, I recalculate the
effects of the educational change, but this time the effective labor supply is aggre-
gated using the following constant elasticity of substitution function (Ottaviano
and Peri (2012)):
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Note: Before 1995: ph = 18%, 1995–1999: ph = 22.5%, 2000–2004: ph = 30.0%, 2005–2009: ph =
45.0%, 2010–2014: ph = 45.0%, ph = 45.0%, 2015 and after: ph = 48.0%, before 1990: nt = 0.9%,
after 1990: nt = −0.6%. Gini index (left panel): dark blue line—labor income (inc. pensioners),
green line—labor income (only workers), red line—labor income and bequests, blue line—disposable
income. Gini index (right panel): dark blue line—consumption, green line—assets. Theil index: dark
blue line—all households, green line—households with an academic degree, red line—households
without an academic degree. Decomposition of Theil index: pink—within groups, yellow—between
groups. 20:20 and Hoover index: dark blue line—income, green line—consumption. If not specified
income consists of labor income and pensions.

FIGURE 12. Changes in inequalities, educational and fertility changes.

L =
(
μ

1/σy
y

(
L1

)(σy−1)/σy + (1 − μy)1/σy
(
L0

)(σy−1)/σy
)(σy/(σy−1)

. (30)

In the above formula, L1 and L0 stands for aggregated labor supply of more
and less educated households, while μy and σy are parameters, where the lat-
ter equals the elasticity of substitution between workers with and without an
academic degree. Following Krusell et al. (2000), σy is calibrated at 1.67.

https://doi.org/10.1017/S1365100519000944 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100519000944


DEMOGRAPHIC AND EDUCATIONAL CHANGES IN POLAND 2023

Note: Income consists of labor income and pensions.

FIGURE 13. Changes in inequalities, summary.

In the case of σy → ∞ or μy = L1

L1+L0 , equation (30) simplifies to L = L1 + L0,
that is the form used in the main simulations of this paper. In the above situa-
tion, wage per efficiency unit is the same for more and less educated workers:
1 = (

w1
)
/
(
w0

) = (
∂Y/∂

(
L1

))
/
(
∂Y/∂

(
L0

))
and the reason why households

with higher educational attainment earn more is that they are on average more
productive in all kinds of jobs.

The reality, however, is not that simple and there is a certain demand for work-
ers with different skills. The structure of this demand depends among others
things on the level of economic development. In the presence of imperfect substi-
tution, we can think of optimal allocation, in which case L1 and L0 should satisfy
μy = L1

L1+L0 , and that is what I assume for the model economy before the changes.
Thus, the initial steady state is identical to what was previously called the baseline
scenario (Table 5).

During the educational change, the labor market structure might respond to
changes in workers educational attainment and, as a result, the relative demand
for more and less educated workers might adjust. In the new steady state, one
can think of two extreme cases. In the first one, labor is optimally allocated
between low- and high-skilled jobs (model adjustment 5), so the effect of the
educational change is the same as in the main simulations. In the second one,
there are no shifts in relative demand (μy does not change at all during the tran-
sition, model adjustment 1) and the existing imbalance reduces the benefits of
educational change. In this exercise, I also consider three additional scenarios,
with different μy.
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TABLE 7. New steady states, including higher survival probabilities, compared
to the baseline scenario (no. 1)

Fertility Educational and
change demographic

and changes
Higher unchanged (that including
survival survival higher survival

probabilities probabilities probabilities)

�y per capita (%) −3.9 −10.2 −2.8
�c per capita (%) −5.2 −6.0 0.8
�a per capita (%) 9.8 −5.7 18.8
�i per capita (%) 2.0 −24.7 −12.6
�nfa/y (pp) 14.5 5.1 22.8
�r (pp) −0.6 −0.2 −0.8
�c per household
With an academic degree (%) −5.0 −6.7 −13.6
Without an academic degree (%) −5.4 −6.1 −13.6
�a per household
With an academic degree (%) 14.5 −6.4 2.8
Without an academic degree (%) 11.6 −6.8 −0.1
�l per household (income)
With an academic degree (%) −4.4 −11.0 −17.6
Without an academic degree (%) −3.9 −10.3 −16.5
�τ (contribution rate, pp) 3.0 5.6 10.3
�w (wage per productivity unit, %) 2.7 1.0 4.1
�Gini (income of workers,
in scale 0–100) 0.0 0.1 1.8
�Gini (assets, in scale 0–100) −1.4 −2.1 −3.6

The change in the educational structure of population occurring in Poland is
so dramatic that with little or no adjustments in labor demand, there will be a
substantial deficit of less educated workers in the future. Therefore, the positive
impact of the educational change, i.a., on output per capita will be notably reduced
(Tables 8 and 9). Moreover, the relative wage per efficiency unit of more and less
educated individuals will change greatly in favor of the latter, so that in the new
steady-state households without an academic degree will earn more, even taking
into account the differences in productivity. Since in reality the level of educa-
tional attainment is not given exogenously but is subject to individual’s choice,
this situation will not persist in the long term. Nevertheless, it is important to note
that the positive impact of the educational change might materialize with some
lags.

How has the Polish labor market adjusted to changes in education so far? One
way to look at it is through the education premium. The ratio of mean dispos-
able income of more educated households to less educated individuals increased
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TABLE 8. New steady states, the educational change and imperfect substitution between more and less educated workers

Model Model Model Model Model
adjustment 1 adjustment 2 adjustment 3 adjustment 4 adjustment 5

μy 0.241 0.324 0.407 0.489 0.572

C/Y (%) 73.7 73.7 73.7 73.7 73.7
I/Y (%) 25.2 25.2 25.2 25.2 25.2
nfa/Y (%) −56.3 −56.1 −56.0 −56.0 −55.9
The ratio of mean consumption between 70.0 88.8 109.2 132.6 160.9
households with and without an academic degree (%)
The ratio of mean income between 69.3 88.6 109.8 134.1 163.7
households with and without an academic degree (%)
The ratio of mean assets between 71.8 92.2 114.7 140.9 172.7
households with and without an academic degree (%)
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TABLE 9. New steady states, educational change and imperfect substitution between more and less educated
workers—compared to the baseline scenario (no. 1)

Model Model Model Model Model
adjustment 1 adjustment 2 adjustment 3 adjustment 4 adjustment 5

μy 0.241 0.324 0.407 0.489 0.572

�y per capita (%) 0.8 7.8 12.6 15.4 16.4
�c per capita (%) 0.8 7.8 12.5 15.4 16.4
�a per capita (%) 1.0 8.1 13.0 15.9 17.0
�i per capita (%) 0.9 7.9 12.8 15.7 16.7
�nfa/y (pp) 0.2 0.3 0.3 0.4 0.5
�r (pp) 0.0 0.0 0.0 0.0 0.0
�c per household
With an academic degree (%) −44.3 −31.3 −19.5 −9.0 0.2
Without an academic degree (%) 28.3 24.9 18.9 10.7 0.4
�a per household
With an academic degree (%) −46.1 −33.0 −21.2 −10.6 −1.3
Without an academic degree (%) 29.3 25.1 18.3 9.3 −1.7
�l per household (income)
With an academic degree (%) −45.3 −32.1 −20.2 −9.5 −0.2
Without an academic degree (%) 29.2 25.5 19.1 10.5 −0.2
�τ (contribution rate, pp) 0.1 0.1 0.2 0.2 0.3
�w1 (wage per productivity unit, %) −45.3 −32.0 −20.0 −9.3 0.1
�w0 (wage per productivity unit, %) 29.4 25.7 19.3 10.7 0.1

https://doi.org/10.1017/S1365100519000944 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1365100519000944


DEMOGRAPHIC AND EDUCATIONAL CHANGES IN POLAND 2027

TABLE 10. Changes in the ratio of income
between households with and without an aca-
demic degree

Year �(income1/income0), %

2000
2005 4.6
2010 −5.4
2014 −5.0

Notes: Based on the data from the Polish Household Budget
Survey. The disposable equivalent income, that is, the house-
hold’s income divided by the squared number of the household’s
members, is used. The values of income1 and income0 equal the
means from the means of income for more and less educated
households calculated for the following age groups: 25–30 year
olds, 30–35 year olds,. . . , 60–65 year olds.

TABLE 11. Changes in the ratio of wages (per productivity unit) between house-
holds with and without an academic degree: �(w1/w0), imperfect substitution
between more and less educated workers

Model Model Model Model Model
adjustment adjustment adjustment adjustment adjustment

1 2 3 4 5

μy 0.241 0.324 0.407 0.489 0.572

Years
2010–2014 (%) −10.0 −8.3 −6.7 −5.3 −3.9

Notes: In calculations, the impact of the fertility change on labor supply and its structure is included.

between 2000 and 2005 and declined afterwards (Table 10).16 If we compare the
pace of change of the ratio in question with the model’s implications, we can
conclude that so far the model adjustment 4 gives the most accurate predictions
(Table 10 and 11).17 Therefore, if this trend continues, the positive impact of
the educational change on GDP obtained in the main simulations should not be
significantly overestimated.

Closed economy. If we change the assumptions about the interest rate and con-
sider a closed economy with no borrowing from abroad, in the initial steady state
(before changes), the interest rate would be 0.4 pp higher. This translates into a
higher level of domestic assets and slightly lower assets inequality (Table 12).
Households consume less per capita and their consumption is not that smooth
over the life cycle (Figure 14). With the higher interest rate, demand for capi-
tal is lower, and so do output per capita and effective wage. Although the initial
steady states differ, the estimated impact of educational and demographic changes
remains roughly as in the main simulations (column 3 in Table 13).
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TABLE 12. Steady states before changes and different model
assumptions, compared to the baseline scenario (no. 1)

Closed No interest rate
economy risk premium

�y per capita (%) −1.9 9.2
�c per capita (%) 1.0 2.7
�a per capita (%) 17.7 −47.5
�i per capita (%) −6.0 33.4
�nfa/y (pp) 56.3 −177.3
�r (pp) 0.4 −1.8
�w (wage per productivity unit, %) −1.9 9.2
�Gini (assets, in scale 0-100) −1.9 7.7

FIGURE 14. Life cycle consumption of households with an academic degree, different
model assumptions.

No interest rate risk premium. In an open economy with no risk premium
and no borrowing constraints, capital is cheaper (r = r∗) and so the demand
for it is higher. Therefore, in contrast to the closed economy, in this case, we
observe higher output, consumption, and investment per capita. On the other
hand, lower interest rate translates into lower, but more unequally distributed,
domestic assets, and significantly higher indebtedness (Table 12). With no inter-
est rate risk premium, the household life cycle profiles change, so that young
individuals consume relatively more. Since the interest rate does not adjust to
changes in net foreign assets, the negative impact of the fertility change on output
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TABLE 13. The long-term impact of the educational and fertility changes,
different model assumptions

Main Closed No interest rate Fixed
model economy risk premium contribution

rate

�y per capita (%) 4.6 4.8 3.4 7.0
�c per capita (%) 9.4 9.9 6.4 11.3
�a per capita (%) 10.4 8.0 19.8 26.9
�i per capita (%) −12.1 −11.4 −15.1 −5.1
�nfa/y (pp) 5.6 0.1 17.1 18.9
�r (pp) −0.2 −0.3 0.0 −0.7
�c per household
With an academic degree (%) −6.5 −5.9 −9.2 −5.1
Without an academic degree (%) −5.7 −5.1 −8.5 −3.8
�a per household
With an academic degree (%) −7.8 −8.9 −1.3 6.3
Without an academic degree (%) −8.7 −10.2 −1.1 3.1
�l per household (income)
With an academic degree (%) −11.0 −10.9 −12.0 −9.0
Without an academic degree (%) −10.4 −10.2 −11.4 −8.2
�τ (contribution rate, pp) 5.8 5.8 5.8 0.0
�w (wage per productivity unit, %) 1.1 1.3 0.0 3.5
�Gini (income of workers,
in scale 0–100) 1.9 1.9 1.9 1.9
�Gini (assets, in scale 0–100) −1.0 −1.1 −1.1 −1.3

is stronger compared to the results of the main simulations (Figure 14 and column
4 in Table 13).

Constant contribution rate. The negative impact of the fertility change on out-
put, consumption and assets would be much smaller if the contribution rate (τ )
was fixed and, in order to balance the pension system, the replacement rate (θ )
was used (column 5 in Table 13). In this case, households would respond to
the expected lower pensions by accumulating more assets, which, in turn, would
improve net foreign assets position and lower the interest rate (by 0.7 pp compared
to 0.2 pp in the main simulations). Thus, in this case, the output deterioration
would not be that substantial. Nevertheless, since cutting the pensions expendi-
tures is not the preferred option for the current generations (see Kudrna et al.
(2019)), implementing this alternative pension system would be difficult.

7. CONCLUSIONS

This paper investigates the demographic and educational changes in Poland
within a general equilibrium framework with heterogeneous agents and idiosyn-
cratic uninsured productivity shocks.
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According to the results, both permanently lower fertility and rising longevity
have a significant impact on macroeconomic variables, which include lower equi-
librium real interest rate, notably higher contribution rate and deterioration in
output and investment per capita. Fortunately, the positive effect of increased
productivity due to the educational change should more than offset the nega-
tive consequences of falling fertility on output per capita. Nevertheless, if the
total impact of population aging (i.e., lower fertility and rising life expectancy)
is included, the net effects become negative. Importantly, one should not expect
dramatic shifts in inequalities. Due to the educational change, income and con-
sumption inequalities rise modestly, while fertility decline translates into the
slightly more equal distribution of assets.

The currently occurring changes in the ratio of more to less educated workers
are rather substantial. Therefore, making a labor demand and supply compatible
produces a challenge for the economy. The empirical evidence on the education
premium suggests that so far Poland has been doing pretty well in meeting this
goal, but for the economy to enjoy the benefits of the educational boom, this
trend needs to be continued. In particular, it is essential that skills gained by
academic graduates address market needs. For meeting this goal, the following
actions are important: monitoring the quality of education, promoting fields of
study that equip graduates with the most in-demand skills, and providing assis-
tance for students that would help them choose an appropriate career/education
path. Another crucial task is to secure a friendly and compatible environment for
foreign investment and to support local businesses, which create jobs that fit with
the educational structure of local labor force.

Population aging puts a pressure on the Polish pension system. According to
my results, in order to keep the replacement rate unchanged, the contribution rate
will have to be more than 10 pp higher in the long term. As a result, the house-
holds’ consumption over the life cycle would be significantly lower compared
to the situation before the changes. Therefore, appropriate reforms of the pen-
sion system should be considered. On the one hand, both raising the retirement
age and/or cutting the replacement rates would increase the effectiveness of the
Polish economy, measured by output per capita. On the other hand, the problem
is more complicated and, for instance, lower replacement rates cause a significant
welfare loss of current generations (Nishiyama, 2015).

NOTES

1. For the foundations and possible causes of the demographic transition, refer to Landry (1987),
Coale (1989), Chesnais (1992), Caldwell (1976), Kirk (1996), Galor and Weil (2000), Woods (2000),
Demeny and McNicoll (2003).

2. Whether this shift in fertility trends is indeed so distinct from what was observed in the past is
disputable. See for example Bailey et al. (2014).

3. The reason for distinguishing this particular threshold is that it implies a reduction of the annual
number of births by 50% and a halving of the population size in less than 45 years (Billari (2008), pp.
2–3).
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4. Similarly, according to the World Bank Database, the ratio of those who at least completed
short-cycle tertiary education among population aged 25 and older dobbled between 2002 and 2014,
increasing from 12% to 24%.

5. For studies on over-education, see among others Leuven and Oosterbeek (2011), Galasi (2008),
Walker and Zhu (2005), Groot and Maasen Van Den Brink (1997), Li et al. (2008), Budria and Moro-
Egido (2008).

6. Another important (earlier) paper is Becker et al. (1990), where the authors link returns on
human capital with fertility choices.

7. The quantative simulations of the model can be found, i.a., in Lagerlöf (2006) and Cervellati
and Sunde (2015). In the latter, the authors also find that the mortality environment might be one of the
explanations for why the timing of the take-off of the demographic transition differs so much across
countries.

8. Various aspects of the Polish economic transition and different viewpoints are presented, among
others, in Sachs (1992), Gomułka (2016), Balcerowicz (1997), Kołodko (1992).

9. For a more detailed discussion on the challenges facing the Polish labor market, see
Lewandowski and Magda (2018).

10. The presented estimate comes from the Polish CSO calculations based on the HBS.
11. One exception when a surge in TFR was observed was in the mid-1980s and was related to

echo boomers.
12. The same result was obtained for Sweden (Flodén and Lindé (2001)) but is not present in the

US data (Cooper and Zhu (2016)).
13. The values presented in Table 1 are based on the cross-section observed in 2013. More educated

households are those whose household head has an academic degree. The underlying assumption made
in Table 1 is that from the age of 24 the educational structure of a cohort does not change much over
time.

14. Due to a finite set of income realizations, the graph of quintile ratio might have steps.
15. Carvalho et al. (2016) also estimate a lower equilibrium interest rate due to population aging.
16. Similar estimates can be obtained, when instead of disposable income the labor and self-

employed income is used.
17. Here I assume the smooth adjustment process, that is, the linear trajectory of parameter μy.
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A: APPENDIX

A.1. ALGORITHM FOR FINDING STATIONARY EQUILIBRIUM

Let the space for households’ assets be limited to a grid A = {0, a1, a2, . . . , aM} ⊂ [0, ∞)
with aM large enough not to constitute a constraint for the optimization problem. In order
to cover all household choices of ã′, also those laying between the grid points, the golden
section search method is applied. Given ph and n, the rules of finding stationary equilibrium
are the following.

1. Set the starting value for r and t̃r.
2. Based on equations (6) and (23), calculate the wage rate w̃, contribution rate τ ,

demand for aggregate capital K̃, and aggregate labor units. For the last one use the
following formula:

L̃ =
∑
h∈H

∑
j∈J

N∑
l=1

z(h, j, eh = el
h)μ(h, j, eh = el

h). (A1)

3. Given r, τ , w̃ and t̃r, and using backward induction, solve the household’s optimiza-
tion problem (5) and find policy functions c̃(h, j, eh, a), ã′(h, j, eh, a) for h ∈ H, j ∈
J, eh ∈ Eh, a ∈ A.

4. Calculate aggregate output Ỹ , next period assets Ã, and bequest ˜tr based on the
following equations:

Ỹ = K̃αL̃1−α , (A2)

Ã = (1 + n)−1(1 + g)−1
∑
h∈H

∑
j∈J

N∑
l=1

∑
a∈A

μ(h, j, eh = el
h, a) ∗ ã′(h, j, eh, a), (A3)

t̃r = (1 + n)−1(1 + g)−1
∑
h∈H

∑
j∈J

N∑
l=1

∑
a∈A

(1 + r)(1 − sj) ∗ μ(h, j, eh = el
h, a) ∗ ã′(h, j, eh, a).

(A4)
5. Check whether the value of t̃r is the same as assumed and whether r satisfies r =

r∗ + φ ∗ (exp( K̃−Ã′
Ỹ

) − 1). If yes, the equilibrium is found. Otherwise, go back to step
1 and update r and t̃r.

A.2. ALGORITHM FOR FINDING TRANSITIONAL DYNAMICS

In the case of a stationary equilibrium, it was assumed that ph and n are constant. Let
us now consider a situation in which initially (at time t = 0) the model economy is in a
stationary equilibrium with parameters (ph,old, nold). At time t = 1 an unexpected change
occurs that can be described by a new set of parameters {(ph

t , nt)}∞
t=1, which for t > t0 stabi-

lize at the new levels (ph,new, nnew). Before the model economy achieves the new stationary
equilibrium, it goes through transitional dynamics, during which all general equilibrium
conditions described in Subsection 3.5.1 need to be satisfied. It is assumed that at time
t = 1 households learn {(ph

t , nt)}t0
t=1 and (ph,new, nnew). Below I present the algorithm of how
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to find the transitional dynamics from the stationary equilibrium (ph,old, nold) to the one
described by (ph,new, nnew), along the path given by {(ph

t , nt)}t0
t=1.

1. Using the algorithm from Subsection A.1, find a stationary equilibrium for the pair
(ph,new, nnew) and corresponding levels of τ new, w̃new and t̃r

new
.

2. Set period t1 > t0 at which the new stationary equilibrium is to be achieved. Set the
maximum number of iterations N0. Set the number of iterations (iter) to zero.

3. Increase the number of iterations (iter = iter + 1). Guess the starting values for {rt}t1
t=1

and {t̃rt}t1
t=1.

4. Calculate {w̃t}t1
t=1, {τt}t1

t=1 and {K̃t}t1
t=1 based on the previous guesses, equations (6)

and (15), and L̃t = ∑
h∈H

∑
j∈J

∑N
l=1 z(h, j, eh = el

h)μt(h, j, eh = el
h).

5. Given {rt, w̃t, τt, t̃rt}∞
t=1, for all periods t = 1, 2, . . . , t1 solve the households max-

imization problem (5) using backward induction and find policy functions
c̃t(h, j, eh, a), ã′

t(h, j, eh, a) for h ∈ H, j ∈ J, eh ∈ Eh, a ∈ A.18

6. Calculate aggregate output, aggregate next period assets and bequests using the
following formulas:

Ỹ t = K̃α
t L̃1−α

t , (A5)

Ãt+1 = (Nt/Nt+1) (1 + g)−1
∑
h∈H

∑
j∈J

N∑
l=1

∑
a∈A

μt(h, j, eh = el
h, a) ∗ ã′

t(h, j, eh, a), (A6)

t̃rt+1 = (Nt/Nt+1) (1 + g)−1
∑
h∈H

∑
j∈J

N∑
l=1

∑
a∈A

(1 + rt+1)(1 − sj) ∗ μt(h, j, eh

= el
h, a) ∗ ã′

t(h, j, eh, a).

(A7)

7. Check whether the starting values {rt}t1
t=1 satisfy rt = r∗ + φ ∗ (exp( K̃t−Ãt

Ỹ t
) − 1) and

whether {t̃rt}t1
t=1 are consistent with aggregates calculated in the previous step. If yes,

the transitional dynamics is found. Otherwise, if iter ≤ N0, go back to step 3 and
update the vectors {rt}t1

t=1 and {t̃rt}t1
t=1. If iter > N0 and transitional dynamics is not

yet found, go back to step 2 and increase t1.

https://doi.org/10.1017/S1365100519000944 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100519000944

	MACROECONOMIC CONSEQUENCES OF THE DEMOGRAPHIC AND EDUCATIONAL CHANGES IN POLAND AFTER 1990
	INTRODUCTION
	POLAND AFTER 1990
	MODEL DESCRIPTION
	Households
	Government 
	Firms
	Interest Rate Rule
	Equilibrium

	MODEL DISCUSSION AND CALIBRATION
	Calibration

	MODEL IMPLICATIONS
	Educational Change
	Fertility Change
	Educational and Fertility Changes
	Impact on Inequalities

	ALTERNATIVE MODEL ASSUMPTIONS
	CONCLUSIONS
	APPENDIX
	ALGORITHM FOR FINDING STATIONARY EQUILIBRIUM
	ALGORITHM FOR FINDING TRANSITIONAL DYNAMICS



