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Abstract

The main aim of this paper is to study the impaxcthe birth rate of specific policies of public
spending. The analysis is framed in an developeshauy in which fertility choices and

economic decisions are interconnected. In particutae study relies on overlapping

generations, habits in consumption and endogendtis tate. This last factor is directly

explained by the preference for children, the eagnocapacity of young people and the
stylized fact of unemployment. The outcome is asatle system dynamics model that is
calibrated for the Portuguese economy from 200@Qt1. A counterfactual exercise with

different alternatives of public spending is impeted in the simulation model. The results
show two divergent aspects: the births do not Vfatye public consumption increases but, they
increase when young people receive subsidies feir tbffspring even when the public

consumption is high. These results also indicaat tthe subsidies are not sufficient to curb the
decreasing trend of births. In addition to thatistainable economic growth is required.
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INTRODUCTION

The exponential population growth, that was onghefcentral concerns in Malthusian’
theory, is not a current issue in many developathtt@es. Nowadays, these countries
face the opposite situation because their fertibtys have fallen below the replacement



level. In addition to this fact, a steady increadgelongevity has imbalanced the

population in these countries. The causes andahseguences of this new composition
require to be interpreted since many economic ®wmist adopted in a specific

demographic context become invalid when the parammeary.

Many researchers agree that economies are affélstedgh several channels by a
growing of population aging. Lee et al. (2001) podit some effects: high costs of
providing benefits for Social Security and Medicaneroblems to ensure the
intergenerational equity of social benefits anditmpal power as consequence of
concentrating great amount of voters on elderlypfEtoHock et al. (2012) assert that
population aging will have dramatic effects on gowveent finances and fertility rates
due to maintenance of the pay-as-you-go pensiaersyslhe seminal paper of Zhang
et al. (2002) emphasizes more effects on the ecgnoegative impact on national
savings and delays in bequests because they agwvaddater and their amount is
diminished due to longer consumption. Later, Zhamgl Zhang in 2005 found,
considering a cross-section analyses, that lifeetgncy has significant positive effects
on the saving rate, and also on the growth ratpeofcapita income, although it also
presents an important negative effect on fertility.

The fertility decline has also attracted the attentf literature though the analyses are
mainly focused on its causes rather than on itseguences. One of them is the
possible shortage of labour force. The issue ishbastal since the quick economic
growth of certain countries could be explained ttage extent by its working-age
population. The situation can be checked on East'#\economies where the working-
age population has soared, from 47 percent in 1®8B4 per cent in 2010, according to
the  United Nations  World Population Prospects  for 0022010
(http://'www.un.org/esa/population/). The effectsfeitility decline on the savings are
studied by Heijdra et al. (2006) and Lee (2001jtslabout the burden of pensions: the
projections of global population are to grow froboat 7 billion today to 9.3 billion in
2050 and 10.1 billion in 2100, while the Old Agepeadency Ratio (the population
aged 65 and over divided by the population agetbZ®) doubles by 2050 and triples
by 2100.

According to UN projectiorfs the rest of major areas in the world, exceptAfica,
will not have a substantial increase of populattbis century. This fact could be
foreseen because of the evolution of fertility sate the world: about 44 percent of the
world population in 1950 had a total fertility ofd@ more children. In 2010, only 1.7
percent of the world population reached that valliee population with sub-
replacement fertility was almost 48 percent of werld population in 2010, which
represented 34 percent of 196 countries. By afdasans countries present the highest
rates whereas Asians will face the most significdetrease of population in the 21st
century. On the other hand, according to Eurosédistics (2011), only three European
countries, Ireland, Iceland and Turkey are not\dlte replacement level in 2009.

The demographic literature appeals to social, exdnand cultural causes to justify the
low fertility rate in many countries during the lakecades. Nevertheless, most authors
usually focus on one or two factors to handle thmlexity around the question. The

! As regards of the last aspect, Dang et al. (26B&gk that spending components sensitize to the age
structure represent between 40 and 60 per cehedbtal public spending.
“World Population Prospects, the 2010 Revision (ltgsa.un.org/unpd)



most significant factor for Nauck (2006) and Tobi(@012) is the direct cost of
childrearing. Galor and Weil (1993) identify the pmptunity cost because of
incompatibilities between employment and childnegwriModern literature suggests that
these costs would be affected by certain elemétask et al. point out a growing old
age dependency ratio. Hoorens et al. (2011) incthdenfluence of several aspects of
society, such as economic conditions, legal prowssiand governmental programmes.
The difficulty of combining paid work with familiatesponsibilities has been studied by
Begall et al. (2011) where the intensions of havoftspring is estimated in 23
European countries depending on the type of wom@bs Schafer et al. (2011)
enumerate other explanations for low fertility: teological progress, the trade-offs
between quality and quantity of childferor the so-called Caldwell hypothesis
associated with changes of patters in intergemeraltitransfers. Bork (2011) finds that
the differences of fertility rates in regions degeon the elasticity of substitution
between offspring and consumption.

This paper constructs a system dynamics model ptiegnto explain the influence of
certain public policies on the birth rate in a gemeociety of a developed country. The
structure of the model takes advantage of the relsions between demography and
economy. Simultaneously, people ages and make ioegif consumption. Also,
young people determine the new births endogeno&gims set wages and the interest
rates. Moreover, a government levies taxes to Giegrensions, unemployment benefits,
public consumption and subsidies encouraging chddhg. Whereas the public budget
always includes pensions and unemployment bendfies,other two items could be
combined or not. Hence, four alternatives, diffeszhby the allocation of the public
finances, are implemented in the simulation modethteck their potential on the birth
rate. The calibration collects some time series da for the Portuguese economy
from 2000 to 2011.

In the causal structure, both the government aadpbtbductive sector are modelled as
usual in the economic literature. However, someeisprelated to households are not so
general. People are distributed by age groups cordmg to the scheme of the
overlapping generations’ modg&lswvhich is mainly accepted. Though, unlike most
papers analysed, the consumptiofi each cohort is determined by accepting habits
formation. It means that agents make current copfomdecisions depending on their
past consumption choices, which is consistent wétain researches (Schafer et al.,
Alonso-Carrera et &(2007), de la Croix et &1(1999), Guariglia et &(2002)). On the
other hand, the fertility choices, which dependyonng people exclusively, are made
by combining three factors: the economic capadityaung people, the preference for

® These authors support that technological progesrses the relation between income and population
growth. The trade-offs between quality and quarititgffspring is consequence of parents’ decisibias
introduce a bias against quantity due to paremspérations.

4 Roughly, 90% of cited papers above use overlapgérgration’s models.

® Consumption is usually determined by solving aadgit optimization problem in which each cohort
maximizes over a horizon, which can be finite ot, ram expected utility subject to its lifetime betlg
constraint. Generally, the result is that the camstion is described by the Euler equations. Inipalgr,
Zhang and Zhang using this procedure obtain a gavevel proportional to labour income.

® These authors defend habits formation in consumptssuming that the offspring form their aspiragio
taking into account the standard of living achiebgdheir parents.

" The paper analyses inherit tastes presenting @mbievidence of the existence of involuntary
transmission of tastes from one generation to éxt one.

8 The authors derive a particular Euler equatiomt#isthing that the consumption depends on labour
income and lagged consumption in addition to oéhements.



having children and the stylized fact of unemplopm&Vhereas the first two factors are
usually handled by the literature when the feytiliate is modelled endogenously, the
third factor introduces the young people’s prospect their future incomieObserving
statistics about the European countries, the irapog of this factor is clear which is
summarized by Hoorens (2011yith economic growth being associated with higher
fertility rates. By considering this third factor, the model is amgwg pro-cyclical
fertility that implies an increase of fertility prosperity and a falling during recessions.

The rest of the paper is organised as follows.tFirgpresents the justification of the
causal interrelations between the agents’ decidimkiag part in the economy. Then, it
is characterized a benchmark simulation model. dinaysis of simulation results is
carried out in the fourth section. The last sectwontains some final comments and
remarks.

THE STRUCTURE OF THE MODEL

In any economy, households, a productive sector armgbvernment make several
decisions that affect each one of the others amdurn, everyone responds to new
situations by adopting new decisions. Therefore,apents’ behaviour over time could
be explained using causal relationships. This @edletails the framework in which the
agents act. Figure 1 shows the different causailioglships arising in the decision
making processes.

Population

In order to systematize certain characteristicpapulation, people are assembled in
four cohorts corresponding to various stages efifife. The cohorts will be referred to
childhood, young age, middle age and old age. ifeedohort collects people from the
birth to 20. The second one picks up people fr@o245. People from 45 to 65 years
old are together in the third cohort and, finatlye people aged 65 and over are in the
fourth cohort. People progress through the agectstre. Nevertheless, anyone could
leave the system at any time according to a deaibapility that is the unit when
people reach the end of the last cohort.

Nobody within a cohort is special. Everybody make same decisions and they are
affected, in the same way, by the decisions ofréis& Nevertheless, decisions are not
permanent and can change at any time. Likewisglpdeelonging to different cohorts
could adopt different decisions.

Birth rate

Only people belonging to the second cohort are ldapaf having children who are
incorporated into the first generation. The modsduanes that the fertility choices are
based on three elements: the economic capacitpufig/ people to face the costs of
childrearing, the preference for having children éime young people’s prospects about
the future. Whereas the first and the second faotarence positively on the flow of
births, the third one is formed by using the ssdifact of unemployment.

Although the literature considers several factorsxplain the behaviour of the fertility
rate, the three selected aspects can explaindoga extent its evolution. In fact, most
authors agree that the cost of childrearing angtb&erence for children are essential to

° As far as we know, all studies model fertility sirering that labour market is in equilibrium, thés
no unemployment and the economy does not go throeggssions and expansions.
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characterize the fertility rate. The consensus att@ir importance is clear although the
relative influence of each one of them can changs eonsidering the same autfor
The inclusion of the third factor tries to capttine influence of the economic situation
on the decision of having offspring. Admitting prgelical fertility if the economy has
high unemployment, which characterizes phases adsmon, the families’ prospects
about current and future disposable income decreBisat uncertainty encourages
people to postpone childbearing. The opposite wmawill appear with a low
unemployment rate.
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Figure 1: Interrelations among the decision malkiragesses

The preference would indicate both the maximumtaedninimum number of children
that parents would like to have under realistionter Goldstein et al. (2003) assert that
parents desire at least two or more children. Hiismation is the most recurrent
response in the surveys across Europe. Howevesge thaswers contrast with the
statistics (see Eurostat) where the decline off¢hidity rates is evident. On the other
hand, the preference must be considered as athadl@haracteristic. This feature is not
difficult to justify because the parents’ desiread to be shared. In fact, people in a
same territorial, social and economic environmemdtto behave in a similar way.
There are multiple examples. Hoorens et al. paimtaofact related to immigratioithe
data reveal that the fertility trends of many greupf foreign-born women tend to
converge with the average of native women. In Sweties happened typically within
two years of arriving, although with some differeesponses among specific countries
of origin.

19 For example, Hock et al. formulate two fertilittea. One designates the private fertility rate ted
other one is chosen by a social planner. Both delhe childbearing cost and the preference fddieh
though the relative weight of each element is diffiein the two formulations.



Mortality rates

All generations face mortality risk and consequgrghch element of a cohort can die
before it reaches the next cohort. Unlike the ssidhat set the survival probabilities
endogenously, the model establishes these probabilities exaggnexcept for that
associated to the elderly assuming constant meaktances for this cohort.

Productive system

Firms yield a final good by using a technology tmatuires capital and labour.

Additionally, the outcome depends on how efficihrd factors are used. The final good
can either be consumed by households or the gowsrnar it can also be invested in
the productive system. The labour force is the faimn belonging to the second and
third cohort. The physical capital coincides wilte twealth saved by the population.
Besides, it is assumed that the physical capitéisudepreciation. The time dedicated
(hours worked) to the productive sector is remuieerdy a wage whereas the price of
capital is the interest rate. These prices arem@ted by firms at its contribution to the

final production.

Unemployment

It is clear that unemployment is an omnipreseniuteaof modern economies. There are
numerous theories that try to explain its causesdRy of the wages is one of the most
recurrent to interpret the phenomenon. However,whges in this model are paid at
marginal product, then there are no rigidities aheyefore the wages cannot be the
cause of unemployment. Its existence in the modeldcbe justified by the occurrence
of different kind of shocks as in Givens (2011) Henn et al? (2010), though the
analysis of that formation is out of scope of tp@per. Nevertheless, in spite of
considering the unemployment as an exogenous Veyials behaviour might be
modelled by using feedback processes in which utmmment generates a response of
unemployment to its own padt The formulation of that process might require the
construction of a specific econometric model focheapecific unemployment rate time
series.

Unemployment benefits and pensions

Both young people and middle aged people dedic&tecton of time to the productive

system. Consequently, they receive a wage thatetisbg the productive system.

However, certain percentage of these people coeldiemployed. In that case, they
would receive unemployment benefits whose amousetidy the governement. On the
other hand, people belonging to the fourth cohortndt work; they are retired and

receive a pension that is set by the governmeweils

1 Jones (2001) sets the survival probabilities ddimgnon income per capita and other measures of
development.

12 Givens considers several shocks. One is a techicaloshock that affect family’s capital, anothereo
influences the productive system and the last amgact on the family preferences. In Haan et al. the
shocks affect productivity and unemployment.

3 1t is observed by both empirical and theoreticald®s that the unemployment rates have an
asymmetric behavior: unemployment rate grows fasta@rng recessions than it decreases during
expansions. That dynamics, which is evidenced itaceEuropean unemployment rates, is explained by
means of feedback processes by Akram (2005) fowhlpr Burgess (1992) for UK and Franchi et al.
(2011) for Spain.



Wealth

Individuals belonging to the first stage of life dot have any wealth. Their expenses
are covered by their parents. Nevertheless, thergavent might subsidize a fraction of
these expenses depending on the public budget: paents, who belong to the second
cohort, allocate their net income to three itemkeirt own consumption, the
consumption of their offspring and their savingople in the third and fourth cohort
allocate their net income to their own consumptam their saving. Thavealth
accumulated by the population in the second, thimd fourth cohort is lent to the
productive sector. That is why these people receamtal income. On the other hand,
when people progress from one generation to néxeiy wealth goes in the same
direction. However, when people die, their wealthnherited by their offspring who
belong to the previous cohort. There are exceptionshese transfers of wealth. One
corresponds to the individuals who are in theistfistage of life that cannot either
transfer or receive any wealth. The second oneheman individual in the second
generation dies. In that case, their wealth issfieaned to their own generation. This
assumption should not be considered exceptional faiher as an altruist
intergenerational transfer from parents, belonginthe third cohort, to their offspring.

Savings

Apart from people in the first cohort, the popudatitries to accumulate wealth. The
assumption is not a controversial matter becauseoahtries around the world save.
However, the savings rates vary among them, evetheénsame country they may
change dramatically over time. According to theistias cited by Tobing, from 1980 to
2000, the differences became too ltigg average gross domestic savings rates in Benin
and Burkina Faso were 1% and 2.6%, while Malaysia &ingapore were 36% and
45.1%, respectivelyn spite such differencethe mean and standard deviation of gross
domestic savings rates for 109 countries during pleeiod were relatively constant,
around 19% and 9%, respectively

Although people try to save, it does not mean timatcohorts will actually save. During
certain periods of time they could (dis)save. Iis tinodel such situation would occur
when people is adapting their consumption level tivop of disposable income. On the
other hand, the model also assumes that the tolrdrtis the stage in life where people
are wealthier. The reasons are simple becaus@disration have been accumulating
wealth during their stay in the second cohort. Addally, they earn a wage and do not
have to support their offspring expenses. Therefdhe third generation would
accumulate more wealth than the second generatidrthee fourth generation since a
pension is considered lower than a wage.

A controversial aspect is related to whether tdedy save or not. Furthermore, in case
they do it, why do they do it? In this regard, Bloet al. (2003) state that people save
when they are young to finance consumption durhngrtretirement. Therefore, the
elderly (dis)save. However, these same authorst pointhat aged people might save
too*. That possibility is corroborated by the evideirtenany countries. For example,
in East Asia, from 1950 to 1990, the savings raiereased at every age (OCDE
statistics).

* The authors state that there is a boost to saviigm life expectancy increases, but this boost is
temporary and is subsequently offset by a risimjagle dependency rate as people age. They alst asse
that when the age structure reaches equilibriutnsasngs should be zero.



A recurrent motive used by the literature to explthe observed saving patterns in
elderly people is the parental altruism. In thistamce, Laitner and Juster (1996) find
that 50 percent of individuals save in order tovéean estate. Alonso-Carrera et al.
include more motives such as strategic behaviooy;of-giving or existence of
incomplete annuity markets. Nevertheless, Nishiyg@@02) and Blackburn (2005)
point out that bequest could be only accidentahffirecautionary savings behaviour in
an uncertainty environment.

The model assumes that elderly people save andebtgare accidental. Therefore, it is
required to determine the amount saved by eachrtdfimat can be done by specifying
the consumption levels because of the relationbkigveen consumption and saving.
Admitting habits in consumption, the current conption of each cohort will depend

on two factors: the past consumption level and terent disposable income.

Fluctuations in consumption are due to variationdisposable income, which includes
not only the net capital but also the net laboaome.

Fiscal Policy

The government levies taxes on consumption, cagitdllabour income. The periodic
payments obtained by these items finance the pgpknding, which is integrated by
pensions, unemployment benefits, and possibly, ipulnsumption and subsidies
aimed at childbearing. It is assumed that the puilidget must be balanced over time
to avoid deficit.

The next section formulates the causal relatiorsskigfined by means of non-linear
expressions. Likewise, it specifies the set of patars and the initial conditions of
levels.

SIMULATION MODEL

The calibration considers some data from the Pogsg econonly. The initial
distribution of population by age has the samegeages as Portugal had in 2000 (see
Table 1); the employment rates coincides with thartprly historical time series for
this country from 2000 to 2011 (OECD). This timeriesg is modelled by an
autoregressive moving average proteda this way, the employment rate is explained
by a feedback process in which certain past vadfiesnployment determine the current
value. By using that econometric model, the timgeseis extended for two more
years’. These adjustments make that the simulation mieaglto select the quarter as
the unit of time and a temporal horizon of 56 gera;t 48 quarters from 2000 to 2011
and eight quarters from 2012 to 2013.

The model does not distinguish between males amdblés and the population
pyramids are symmetric. The parameters linking epateration with the next assume
that people within each cohort is distributed by #ye homogeneously. Admitting that
the mortality rate affecting elderly people coulnryduring the simulation horizon, the

!> The Portuguese economy has certain characteristitsthe model reflects: the birth rate has gone
declining progressively in this century though fhapulation grows as consequence of an increase of
longevity.

6 programs TRAMO and SEATS have been employed (wdeves) for the econometric time series
analysis.

7 TSW, a Windows version of TRAMO-SEATS, provideseth forecasts with different trends. This
paper considers the medium option.



model decreases the data provided by Lee (201ghtlsli This author asserts thide

record’s country life expectancy for females hasrbimcreasing linearly from 1840 to
2000 at the pace of 2.4 years per decade or 24sypar century, and similarly for
males The mortality rates affecting the rest of cohoame common values in

development economies in 2000.

Table 1: Portugal population by age groups
Afos | Total Children Young Middle Elderly
2000 | 10225838 2340621| 3815962 2413173 1 656 082
22.8% 37.3% 23.6% 16.3%
2001 | 10293 000 2311052 3848 124 2 440 896 19882
2002 | 10368 410 2290113 3882 780 2 473 455 10822
2003 | 10441070 2272 814 3 909 669 2510123 14888
2004 | 10501 970 2 255 498 3 924 965 2 545 540 19875
2005 | 10549 420 2 240 304 3922 789 2586 012 13860
2006 | 10584 340 2229183 3906 113 2 629 690 13829
2007 | 10608 330 2217710 3882 549 2 668 851 12889
2008 | 10 622 000 2 205 000 3853 000 2 704 000 10860
2009 | 10632 000 2190 000 3817 000 2 736 000 10889
2010 | 10637 713 2182 410 3818 542 2 737 500Q 12829
2011 | 10636 979 2 175 460 3819622 2 740 300 1 901 597
20.4% 35.9% 25.7% 18%

Source: Eurostat (2000-2009) and Instituto de EstalPortugal

The working hours per worker are the unity. Thentedogy of production is Cobb-
Douglasg® with elasticity for labour 0.65. The total prodivity factor is taken from the

time series for Portugal from 2000 to 261IAMECO Database-ECFIN-European
CommissioR’). This time series is also modelled by an aut@ssjve moving average
process and extended for two more years.

Labour income includes unemployment benefits (3@% quarterly wage). A pension
is 40% of a quarterly wage. The benchmark modelrass that the jobless are
distributed equally between the second and thd ttohort. The initial levels of wealth
are set in order to achieve a value close to 3%atefest rate. The initial Gini index is
0.34 indicating an appropriate wealth distributtbough slightly below Portugal index
in 2000 (0.35).

The initial consumption in the cohorts is set agdir functions of the initial disposable
income (0.95 for young people, 0.75 for middle agedple and 0.85 for the fourth
cohort). The assumption about the habits in consiemgpecifies the values during the

'8 The Cobb-Douglas production function is the maistely used by demographic literature.

' The Portuguese productivity was modelled by apregressive moving average process and extended
for two years in the same way it was done for thenoployment rate.

20 http://ec.europa.eu/economy_finance/db_indicaaonsto




remainder of the simulation: the current consunmptioincides with the consumption in
the previous period unless the net income vanethis case, the consumption will vary
a percentage of the variation suffered by themzime.

The three factors influencing the fertility rateeagrouped in two elements which are
taken in conjunction. The first one indicates th@imum percentage specified by the
preference. The second element is adding to teedime. It is defined by a function,

which is limited by the maximum value of the prefece. The function depends on two
components affecting young people: the prospeatsitatihe future and their current

economic capacity. The prospects are formulatechégns of an exponential smoothing
of the unemployment rate. The economic capacitgquantified by the savings-per

capita consumption ratio. The variables that detfigeratio are referred to young people
thought the per capita consumption also includespthpulation in the first cohort. The

underlying fact is that young people are able teehas many children as the ratio
determines. In this way, it is not necessary tecipéhe cost of a new child as in Hock

et al. since it coincides with the current costlofdrearing.

Finally, the government uses an only tax rate th&rantees surplus in the public
finances during the simulation. In the benchmarldebothe public budget is allocated
to the pensions and the unemployment benefits.

Validation

During the different stages of model’s developmeatjous possibilities for parameters
and functions were researched. Those analyses nbicogaie an effective knowledge of
the responds of model and its sensitivities. Séwahdations were carried out: the
structure assessment test, the dimensional comsystest, the extreme conditions under
bound$' and sensitivity (see Barlas (1996), Sterman (2008dditionally, the
population percentages by age groups provided éypé&mchmark simulation model are
closely Portuguese data. In accordance with thesalts, the model was considered a
useful tool for the analyses.

COUNTERFACTUAL EXERCICES

The benchmark model shows a slow but constantraeci the population in the first
and second cohort, in the same way as Portugatwide, the same pattern as Portugal
for the rest of the cohorts is observed: a grathakase of both middle age people and
the elderly people. In particular, the elderly gréaster than the middle age ones.
Summing up, the population grows slowly during siraulation.

Taking the benchmark model as reference, a sinounla&xercise is proposed to find out
whether an increase of public spending varies thulation in the first cohort. Three

new scenarios are considered. In the first onegtvernment earmarked 25% of GDP
to public consumption; in the second one, subsidiesouraging childbearing are

implemented (10% of wage per child) and finallye third scenario includes both items
together. It is clear that the financing of the ngolicies requires an increase of taxes
since the public finances must remain without defitigure 2 contains the paths of the
population percentages in the first cohort for ther scenarios and the tax rates that
ensure public surplus during the simulation. Figgishows the evolution in the cohorts

2! The model cannot hold arbitrary extreme conditibesause it does not consider special circumstances
which require particular policies.
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of the standards of living, which is quantified the per capita net consumption (Y
stands for first and second cohort, M for the tlwothiort and O for the fourth cohort).
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Figure 3: Standards of living in the cohorts

Public consumption

The introduction of the public consumption does alb¢r the population percentages
reached in the benchmark model (see Figure 2). Gélmviour could be consequence
of the tax rate that grows as the public consumptioes it. The growth of taxes entails
a decrease of net consumptions and, consequehdysdvings also decreases in all
cohorts. That reaction has more consequence togypeaple because the savings-per
capita consumption ratio affecting the birth ragmains more or less constant.
Therefore, young people would have the same numbehildren as the benchmark
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model since the costs of childrearing decrease théhsame pace as the available
resources decrease as well. Figure 3 shows thadtémelards of living in all cohorts
(paths 3) are lower than the benchmark model (@3tksie to the taxes growth.

Subsidies

Subsidizing childbearing and certain aspects linkedhildrearing is a common policy
in many countries, including Portugal. For exampbeople could receive direct
subsidies to lighten the costs of childrearing fitmnce the offspring education, to
proportionate medical services, etc.

Without modifying the public consumption level dfet benchmark model, the third
scenario increases the public spending by implemgrdirect subsidies, which are
received by young people. The simulation resultsasthat the subsidies stimulate the
births as long as they are perceived by young eaplsavings. On the contrary, if
subsidies are an additional item of the young pEsptllisposable income, then the
population in the first cohort does not vary sigrahtly with regard to the benchmark
model. The financing of subsidies require a ligftewth of taxes and, then the standards
of living in the third and the fourth cohort deceaslightly. Although both the taxes
and the births increase, the standard of living yfoung people and their offspring
increase progressively. That fact is consequende@faspects: subsidies improve the
young people's wealth and the payments must ineraasthe births grow. Figure 4
collects the evolution of the population percentagehe first cohort for different
percentages of the wage. The paths show that ttte fate increases as the payment
earmarked to subsidies is higher.

Percentage childhood Tax rate
28 [ 0.13 1
22.10 0.1125
g 2141 0.095
20.71 0.0775
20.01 0.06 i
0 10 20 30 40 50 0 20 40
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Subsidies 5% = = =
Subsidies 4 4 <+
Benchmark 5 = d

Figure 4: Population percentages in the first cband tax rates with different subsidies

Public consumption and subsidies
The fourth scenario includes both public consunmpaad subsidies in the benchmark
model. The percentages dedicated to them as wtikedseatment are the same as those
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given individually. The simulation results show iamprovement in the birth rate that
exceeds the values attained when the benchmarklmateincludes subsidies. This
last fact could be explained from the reaction led birth rate to different feedback
loops affecting the making decision processes@fytiung people. On the one hand, the
highest level of taxation makes the standard ahdjvin all cohorts diminish and,
therefore, the savings reacts in the same diredionsequently, the birth rate moves in
the same direction as the ratio. On the other hahdn subsidies are implemented, the
young people's savings increase because they eorteeim as savings. Therefore, the
births grow. The final result is a growth of birtbice per capital net consumption has
fallen, which is know from the results of the sed@tenario. Moreover, the process of
growth is reinforced over time because more biethtsil higher payments for subsidies.
Figure 5 shows that if the policy of subsidies igimmained, then an increase of public
consumptions determines a slight growth of birthewever, the growth of births is
higher when the subsidies increase. Comparing th whe benchmark model, the
standards of living in all the cohorts decreaseythre inversely classified to the tax
rates associated.

Childhood percentage Tax rate
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Figure 5: Population percentages in the first cohnd tax rates in the fourth scenario

If it is pretended that workers finance the pulgansions, the burden of taxes could
become unbearable for them when generations are batdnced. Due to the
discouraging results provided by the scenarios, sewunterfactual conditions were
analysed. Imagining an ideal situation without upkazyment and high productivity, the
benchmark model still responds with decreasinghbirtHowever, in this ideal
environment, the introduction of subsidies achiemesncrease of the population in the
first cohort.

CONCLUSIONS

When the demographic process in developed counsrié€kled, the decline in fertility
is probably the most studied stylized fact. Althbubgere are a wide variety of reasons,
generally the explanations for that include thefgrence for having children and the
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cost of childrearing. Whereas the former elemeedds on cultural and ideological
characteristics, the last one clearly relates emgnand demography. These economic
and demographic feedbacks are the starting poiah&tyse the birth rate from a multi-
causal approach. In the economy, four populatioa @gups, a government and a
productive sector take part. Depending on the agepg the population makes choices
of fertility and consumption; the government leviages, makes decisions about public
consumption and sets unemployment benefits andiggensThe productive sector
determines the wages and the interest rates. Ilii@ddo these features, the model
assumes that the economic activity could not belestaver time and the unemployment
rate would be an index of the situation. The aldttan of the making decision
processes produces a versatile system dynamicsl mmodsich is possible to analyse
the responses to different scenarios in a simpldractable way.

Although, the decline of fertility is very commoact in many developed countries,
each country has a different pace and reacts iffexeht way to incentives. Knowing
that aspect, the model adopts the behaviour of ieab variables from Portuguese
economy: quarterly unemployment rates and proditiesv Likewise, the simulation
model is initiated with percentage distributionRartugal in 2000. Taking into account
these time series and initial values, four situsiovith different public spending are
implemented. The simulation results show intuitifacts though also some
counterintuitive ones. It is clear that births abbk adversely affected by an increase of
public consumption since it involves a tax risettha turn, would decrease the net
consumption. It is also understandable that subsigositively affect the birth rate as
they increase the savings rate in the second coHowever, if the model considers
both outputs jointly, it responds with a growthlofths higher than expected with that
level of subsidies. Moreover, if the amount dedidatio subsidies grows, the impact of
the public consumption on the births is higher. Seheesults as well as the option of
explaining them from a feedback processes view ghevpotential of system dynamics
in this kind of analysis.

The versatility of the model would allow anyoneei@sted to introduce additional
elements in the economy. For example, in ordethtwten the distance with Portugal
households and government could have certain l&veebt. Likewise, the calibration
might be adjusted for other countries or the ideam ®e widen considering the
framework of an open economy.
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