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Abstract

This paper builds a model to deal with dynamic inteletepee between
different countriesO birth rates, mortality rates, populations, wealth accumula
and time distributions between working, leisure and children caring. The mo
shows the role of human capital, technological and preference changes on na
differences in birth rates, mortality rates, time distributions, population change,
wealth accumulation. The economic mechanisms of wealth accumulati
production and trade are based the Solow growth model and-thea®aikiade
model. We ugle utility function proposed by Zhang to describe the behavior ¢
households. We model national and gender differences in human capital, prope
to have children, propensity to use leisure time, and children caring efficiency.
describe the dynano€global economic growth, trade patterns, national difference
in wealth, income, birth rates, mortality rates, and populations with different
equations. We simulate the model to show the motion of the system and identify
existence of equilibriunoimt. We also examine the effects of changes in thi
propensity to have children, the propensity to save, womanQOs propensity to use
womanOs human capital, and womanOs emotional involvement in children car
the dynamics of the global and redtemonomies.

Keywords propensity to have children; birth rate; mortality rate; populatior
growth; gender; international trade; time distribution; wealth accumulation
JEL classification©47, O57
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1INTRODUCTION

This study deals with global dynamerdependendsetween economic
growth, population growth, and inequalities in income and wealth {ooa mbrylti
model with free markets and free ttadeildsatrade model witendogenous
wealth endogenous birth and mortality rates, populationodyriane distributions
between leisure, work and children ceuitey perfectly competitive markets and free
trade.The model is built on the basis of the Solow neoclassical growth model,
Oniki-Uzawa trade model, and some neoclassical growth ithodetiogenous
population. We integrate these approaches by applying the utility function propose
a unique manner by Zhang to determine saving and consumption.

This study is concerned with global economic dynamics with multip
countries. As far as auriryOs economy is concerned, this paper is strong
influenced by the Solow modebldw 1956 Burmeister and Dohell97Q
Azariadis, 199Barro and SaldMartin, 1995. The model of this study is built
within the framework of neoclassical gronahyth&'e follow the Solow model in
modeling economic production and wealth accumulation. Nevertheless, we an:
household behavior by the approach proposed by Zhang (1993). With regarc
capital mobility and trade, our model is based on the negabaghi¢edde model.
According té-indlay(1984) dmost althetrade models developed before the 1960s
are static in the sense that the supplies of factors of production are given and ¢
vary over timén early tradaeodel wittendogenous capitatlaapital movements
is provided by Oniki and Uzawa (1965). They examine trade patterns between
economies in a Hecksebatin model with fixed savings rates. Deardorff and
Hanson (1978) propose a two country trade mode with different savingsates ac
countries. There are some other growth models with international trade (e
Brecher et a2002; Nishimura and Shimomura, 2008; and Shibata, 2005). But
none of these models with endogenous capital accumulation contain endoge
population changelt should be also remarked that most of trade models wit
endogenous capital in the contemporary literature are either limitedunttyo
or small open economies (for instAWoag 1995 Jenserand Wong 1998
Obstfeld and Rogoff, 199R is neasary to deal with trades and growth with an
analytical framework with any number of countries as the world does consist of r
countries and trades occur among multiple countries. Our model is built for :
number of countries.

It isa challenging togizintroduce endogenous population dynamics into
economic trade growth model. Even to describe dynamics of a world economy
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two national economies, it is almost impossible to avoid higher dimensic
nonlinear dynamic analysis. Analysis of highesidimakwlifferential equations
tends to be too complicated with help of computer. This is perhaps a main re.
that most of economic growth theories omit dynamics of population, even thot
interactions between economic growth and population changeeimage be
challenging question in economics even since Malthus pubfishiggshig on the
Principle of Population 1798. This study is to examine dynamic interactions
between wealth accumulation and population dynamics with endogenous birth r
and morthty rates in a muitountry neoclassical growth framework. There are
many factors, such as changes in gender gap in wages, labor market frictions,
structure (Galor and Weil, 1999; Adsera, 2005; Hock and Weil, 2012). Bosi ¢
Seegmuller (2012) ayu heterogeneity of households in terms of capital
endowments, mortality, and costs per survivinyahilttigoandZakarig2013)
examine interactions between fertility choice and expenditures on health in
traditional overlappirgenerations framerk. Another determinant of population
change is mortality rate (Robinson and Srinivasan, 1997; Lancia and Prarolo, 2
This study is influenced by these studies.

Our study is strongly influenced by the literature of the neoclassical gro
theory anthe literature of population growth and economic development. A uniqt
contribution of this paper is to model population growth of multiple countries in tf
framework of the Solow growth model with endogenous wealth accumulation .
gender time distribah between work, leisure and children caring. The pape
analyzes the link between wealth growth, economic growth, gender division of [;
and population growtfthe physical capital accumulation is built on the Solow
growth model. The birth rate and alityt rate dynamics are influenced by the
Haavelmo population model and the Hclier fertility choice model. We
synthesize these dynamic mechanisms in a compact framework, applyini
alternative utility function proposed by Zhang (1993). The mackelally a
synthesis of ZhangOs two models. Zhang (1992) develops a model of global
model with capital accumulation and international trade. Zhang (2015) develog
growth model with endogenous population with a homogenous household. ~
paper is ganized as follows. Section 2 introduces the basiwithogehlth
accumulation angbpulation dynamicSection 3 simulates the model. Section 4
carries out comparative dynamic analysis with regard to some.faeati@iess
concludes the study
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2THEBASIC MODEL

The model is a synthesis of the two models by Zhang (1992, 2015). -
production aspects are based on the Solow growtlsalogd!966). The world
consists af countries. Countries are indexeg,by=1,...J. All the countries
producethe internationallilomogenous capital gagdch national economy has
one sector, producing a single commodity for consumption and investment.
country | capital depreciates at @enstant exponential rage which is

independent of the manner of Tk assumption follows the traditional ©niki
Uzawa trade moditeda and Onal992) show that most of trade models with
endogenous capital are structured lika-Qaakva trade model and its various
extensions with one capital good. Like Zhang (1992), we also follow this traditic
analytical framewordouseholds own assets of the economy and distribute the
incomes to consume and s@ke. poduction sectorasecapital and labor.
Exchanges take place in perfectly competitive markets. Factor markets work
factors are inelastically supplied and the available factors are fully utilized at
moment. Saving is undertaken only by households, which itrgdliesuthiags of
firms are distributed in the form of payments to factors of production. We omit t
possibility of hoarding of output in the form ofpnaductive inventories held by
households. We require savings and investment to be equal anadmgepbett
prices be measured in terms of the capital good and the price of the capital gc
unit. We denote wage and interest ratefpwndr, (¢), respectively, in theh

country. In the &e trade system, the interest rate is identical throughout the wol
economy, i.e:(t) =r,(t). Households own assets of the economy and distribut

their incomes to conspton, child bearingand wealth accumulatiofhe
population of each gends homogeneous. We assumeatitataamily consists of
husband, wife and childrél the families are identiddle use subscripts1

andg = 2 to stand for man and woman respecivelyseV, (r) to stand for the
population of each gender in courjtrCountry j has the populatioBNj(t).
We use(j, ¢)to index a person of gengén country j. LetT,(t) andT,(t)
stand for work timend time spent on taking care of chitdrép, ¢) andN;(t)

for country;j Os flow of labor servicesimsietet for production. We ha\fe(t)
as follows
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N, (1) = ST, T 0« h, TLON @, =10 3, )

j=1

where}, is the level of human capital of persdp, ¢).

The production sectom country j
The productionsector uses capital and labor as inptKg(zl)etand fothe

coital stockemployed by country at timef. We take on the following formhaf t
production function

Fl)=AK ON"E), .7, >0, ", +7, =1, )

where F, (t) isthe outputeveland A, / ;,and/ , are parameters. Markets

are competitive; thus labor and capital earn their marginal piteeluoeginal
conditions are

—afFj(t) t—ﬁfF"(t) w (t)=h wlt
”(t)"'é/g = Kj(t) ) W,()— __;(t) ) jq()_hjq j( ) ©)

Consumer behaviors

We use anltrnative approach to household proposed by ZB88g (
Households decidiene distributionconsumption level obmmody, number of
children, and amount of saving. To describe behavior of consumers, we denol
familywealth bij (t) Perfamilycurrentincome from the interggtymenaind the

wage paymesid
v, () = (O (€) + |, T, (€) + by, T ), ).

We cally, (t) the current income in the senseittitames from consumersO

payment for efforts and consumersO current earnings from ownership of wealtt
total value of wealth tlaatfamilycan selto purchase goods and to sacpidd to
k;(t). Here, we assume that seling anchgbuyealth can be conducted
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instantaneously without any transactionTtestisposable income per faisgiwen
by

B(0)=y, )+ &,(0). (@

Let n, (t) andp, (¢) stand for the birth rate and the cost of Auturding to

Soares (2005) parents' utility depends not only on their surviving offspring, but
on length of each surviving child's lifeSpowing Zhan(R015), we assume that
children will have the same level of wealth as that of tHa pddstndn to the time
spent on childrerné cost of the parent is given by

pbj(t)= nj (t)lzj (t) )

Here,we neglect other costs sughuahases of goods and serWees
consider the following relation between fertility rate and the parentOs time on re
children

Y_}q (t) = "jq n; (t)’ "jq 10 (6)

The specified function form implies that if the parents want more childre
they spend more time on child caringlifidgés formatioms a strictrequiremenas
child cang tends to exhibit increasing return to scale. For instance, the time per ¢
tends to fall as the family has more chlogimes and housing are shared among
family members. In this stage of modedlimgsumeonstant return to scale because
thisassumption makes the analysis mathematically tractable.

The householdistribute the total available budget between ,sg\ing
consumption of goods(t), and bearing childrep, (t). The budget comaint is

P (t)cj (t)"' S (t) + lzj (t)nj (t)= Y’J(t) (7)

We consider that except work and child caring, parents also have their lei
We denote the leisure timeeafsor(j, g)by T, (r). Each persds faced with the
following time constraint
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T,0)+ T,0)+ T,0)= 17, ®)

whereT, is the total available time M@surework andchildren caring
Substituting (8) into (7) yields

pt)e; (t) + s;(t) + k; O)n; (1) + T W)w,,6) + T Ow () + T @wia ) + T (w, () = v, ¢
9)

where

Y (t) = (1 + r(t))lzj (t) + (le(t) + sz(t))To-

The righthand side is the OpotentialO income tfamnilyean obtain by
spending all the available time on work. THeardftside is the suwh the

consumption cost, the savingyppertunitycost of bearing childreamd opportunity
cost of leisurtnsert (6) in (9)

¢,(t)+5,(e)+ ,(0)n, () + T, (0w, (1) + T, (), (0) = 7,0). (0)

where

W (t)" k) +hw(t), h " /h,+7,h,.
The variabl@ () is he opportunity cost of children fostelvig.assume
that the parentsO utility is dependent on the number of children. Wetdbsume
utility is dependent an(), s, (t), 7, (¢), andn,(r) as follows

U,(t) = ¢ (0)s7 (T ()75 e)n (o),
whereZ  is called the propensity to constimehe propensity to own wealth,,
the gendey's propensity taise leisure timand / ;; the propensity to have childrieme
firstorder condition of aximizing/ (1) subject t¢13)yields
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=550 0= 45,0, 7,0= 27 00220
where
1

8 &S0, A 8IHy " &I ] I, %G8

J " 1 '
$}o 70t 0t et o

The birth and mortality rates and population dynamics
According to the definitions, the population change follows

N,0= 01 4 6,0
(12

whee n (¢) andd (¢) are respectively the birth rate and mortality rate. Our

modelling of birth and mortality rates is influenced by different ideas in the literatur
economic growth and population changeH@gagelmol954; Razin and B2ion,
1975;Stutzer 1980; Yip and Zhang, 1997; €hal. 2012; and Tournemaine and
Luangaram, 2012). Following Zhang (2015), we assume that the mortality rat
negatively related to the disposable income in the following way

(13)

where™, | 0, a, = 0. We cally; the mortality rate parameter. AthénHaavelmt

model, an improvement in living conditions implies that people live longer. ka(e)t(

takes account of possible influences of the population on mortality. For instanc
population is overpopulated, environiaelgteriorated. We may take account of this
environmental effects by the term. In this case, it is reasonabletocogifgositive.

should be noted that the sigh, @ generally ambiguous irsémese that the population r
also have a positive impact on mortality. Insert (10) and (13) in (12)

1C
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Nj(t)=[vj % t)_2 N ]Nj(t). a9

The equation describes the population dynamics.

Wealth dynamics
We now find dynamics of wealth accumulation. According to the defﬁ?(m')zn

the change in the householdOs wealth is given by

)= 5,0 - K 0= 45,0)- K 0 (19

The value of physical wealth and capital
The value of global physical capital is equal to the value of global wealth

lej (0N, (t) = K (). (16)

Global capital being fully employed
The assumption that the global capital is fully employed implies

| ()= K(). (17)

j=

Demand forand supply of goods
As the global output is the sum of the net savings and the depreciation
capital, we have

S0 KO+ #4K Q=1 £)

(18)

11
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where St) " K(t)+ 1 # K(t) is the sum of theet saving and

depreciation and

B,(t)= (K, (t) - K, {t)r(t) (19)

WhenB, (t)is positive (negative), we say that cquistrin trade surplus
(deficit). WherB, () is zero, country/ s trade is in balance.

We have thus built the dynamic mdtdedn be seehat the model is a
unification of the neoclassical growth theory, the neoclassical growth model with t
and some ideas in the literature of population dynamics with ZhangOs approach
household behavior. For instance, the Solow model, thealewssesstor growth
trade model, and tHaavelmo model can be considered as special cases of our m
Moreover, as our model is based on the seckmewrelinathematical models and
includes some features which no other single theoretical mondelvexplauld be
able to explain some interactions which other formal models fail t&/expban.
examine dynamics of the model.

3THE DYNAMICS AND ITS PROPERTIES

This section examines dynamics of the model. First, we introduce

We show that the dynamics can be expressed by differential equations

2(t), %, (c); and (N, (t)) as the variables. Heke(t)} ! (i, (t), ..., k, (t)):

Lemma
The dynamics of the economic system is gbyerned

12
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4(0) =1 40, 4, 0 V,0))),
k() =2,0). &0 Q). j=2....7,
N(0)= A0, 4,0 Q) J=1, ., (20)

where!  (t)and! (r) are functions af (¢), (K, (t)) and(N; (t)) defined in
the AppendixMoreover, all the other variables are determined as fungtiphs of
(k, () and(N;, (t)): r(t) andw,(t) by (A2) 'k (r)by (A13) ! N,(:) by (A7)
7,(0) by (A3) ! ¢,(t), s,(t), T,,(t), andn, (t) by (11) !T,(t)by (6) ! T, (r)by
(A6) ! K(t) by (A7) F,(t) by (2).

The differential equations system (202 hasriables. As demonsttan

the Appendix, the expressions are complicated. It is difficult to explicitly interg
economic implications of the equations. We simulate the model to illustrate behe
of the system. We specify the parameters as follows

" =025 b =05, a =04, /,,=/,=005 /=006 T,=24

il il i ff §of off §OOF Quft Q5
%L'?‘zizgll" $hy,! = %— i‘:‘zz"gl' gzo'_égz' % $ 0! = §055'1 % ':§-6i1
§760‘3 !' %-8!' %‘31'I g} g%'sz %-5' §}630 g%) 2" a)so'l §7cp 5 %30! %-7!'
110 0.1 120 1 v, 0.02 1 A o 5
R v S il A el i v
/6310rI % 16~ %320! %-18!' gﬂs " %-035" §7031! @9-1!' §7632 " %-2!'
(21)

For the same gender, courfry human capital is higher than coRftsy
and country2 Os human capital is higher than coB@sy The total productivity
factors vary between countiteshould be remarked that although the specified
values are not based on empirical observations, the choice does not seem

-
1<
~
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unrealistic. In many studies (for instance, Miles and088pt#\b2ét al 2007) the
value of in the CobHDouglas production function is approximai8lyThe

relative propensities are listed as follows

Ut QT G QI guf QA0
$)1. $0.3921 §),1  $0.342 $)3, $0.2871
S01=20031 30 =24l 3 =dons).
’11| $0065| $'21| $0075| $'31i $OO92I

St Spossh Fph Fgosh b Fptoa

Country1Os propsity to have children is lower than cou®s and
country2 Os propensity to have children is lower than &DatrBoth man and
woman of countrg have the highestopensities to stay at home. Courias
the highest propensity to save. The father has lower propensity to pursue leisure
the mothern regard to the preference parameters, what are important in our study
their relative va¢s.To follow the motion of the system, we specify the initial
conditions

z,(0)= 0238, k,(0)=34, k(0)=10, N,(0)=91200, N,(0)=39900, N,(0)=22900.

The simulation result is plotted in Figure 1. The population grows from i
low initial condition. As the population rate rises, the mortality ratecseatsog.
The labor force is increased and the wage rates are reduced. The falling wag
reduce the opportunity cost of children fostering, resulting in the rise of birth ré
The rising in birth rate is associated with rising in both manOsrébsl tmoenaf
children fostering. As the income falls, both men and women work longer ho
Their leisure hours are reduced. The national wealth and output are increase
association with rising labor force. Nevertheless, both consumption level and w
per household are reduced. Some studies confirm that there is a decline ¢
fertility rate alone the process of economic devel@@mertirk, 199&hrlich
and Lui 1997; Galor, 201Eyom Figure 1 we can see that relations betweer
consumption anirth rates vary for different groups in different stages of econonr
growth.

14



