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Abstract

We develop a novel structural economic model of overlapping genera-
tions to study wealth accumulation and distribution under the shared
socioeconomic pathways (SSPs). We consider skill-specific wages and
intergenerational wealth transfers as determinants wealth. The model
is calibrated to match the projections of human capital accumula-
tion and economic growth of South Africa in the 21st century. We
find that the wealth gap between the rich and the poor increases
under the SSP3 and SSP4 scenarios which have lower human capi-
tal growth rates. Furthermore, rich households accumulate more wealth
at a faster rate than poor households. In other scenarios, the median
households with mixed skill background are those leading the wealth
accumulation compared to rich households. As a result, the wealth gap
grows slower and the wealth inequality measured by the Gini index
decreases in SSP1, SSP2, and SSP5. Overall, our results highlight the
important role of capital inheritance in the income distribution dynamics.
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1 Introduction

Wealth distribution, inequality and their relationship with economic develop-

ment have been the subject of a dynamic and ever-changing research in the

past few decades (Ahluwalia et al, 1976; Anand and Kanbur, 1993; Stewart,

2016). Adding to this debate is the emergence of “sustainable development”

narrative (Hopwood et al, 2005), the recent concerns over environmental issues

such as climate change, and their broader impacts on economic growth and

socioeconomic inequalities (Doyle and Stiglitz, 2014). Therefore, the relation-

ship between inequality and development is a multifaceted problem which can

be analyzed from the perspective of labor, including skill-biased technologi-

cal change (Acemoglu, 2002) and education (Aghion, 2002), or by considering

macroeconomic factors such as trade between developing and developed coun-

tries (Acemoglu, 2003; Grossman and Helpman, 2018) and climate-induced

migration (Shayegh, 2017).

Furthermore, analysing the prospect of inequality in a broader context of

future socioeconomic development adds yet another layer of complexity to this

evolving concept (Hillebrand, 2008; Rougoor and Van Marrewijk, 2015). One

way to address this problem is through developing scenarios that are capable

of capturing the essential characteristics of future economic growth, human

development, and environmental change in a consistent way (Kok et al, 2015).

Shared Socioeconomic Pathways (SSPs) are a set of five distinct scenarios

developed to describe future social economic scenarios with different challenges

for climate change adaptation and mitigation (O’Neill et al, 2014). Across the

SSPs, inequality is one of the key themes in defining the underlying narratives.

The main drivers of inequality within different SSPs can be identified as tech-

nological growth, economic development (e.g., global and regional GDP), and

demographics factors (e.g., population and education attainment, Samir and
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Lutz, 2017). Although these factors are explicitly quantified within each SSP

and for each single country, income inequality has only been qualified in these

SSPs as part of their narratives, and has not been quantified explicitly in the

form of Gini index or other inequality measures. Recent attempts to quan-

tify inequality within the SSP framework rely on econometric estimation of

country-specific Gini index based on other socioeconomic factors and project

it to the future (Rao et al, 2019). However, this and other similar studies are

mainly focused on income inequality and ignore the broader question of wealth

inequality and the role of capital accumulation and intergenerational transfers

(Wolff, 2002). Other studies have taken yet a different approach by investigat-

ing inequality between the regions (Denniga et al, 2015) and under different

climate change future impacts (King and Harrington, 2018).

Overall and despite a growing interest in this topic, attempts to model

wealth distribution and inequality dynamics have been limited in scope, mainly

because wealth distribution is more complicated to model as wealth is an accu-

mulation process which is very domain specific (Nolan et al, 2021). Wealth

can be transferred horizontally across one generation and among different sub-

populations (Benhabib et al, 2017; Berman et al, 2016) or vertically within

one sub-population from one generation to future generations (Elinder et al,

2018). Some studies use the Pareto distribution theory to capture the inequal-

ity dynamics at the individual level within a generation (Gabaix et al, 2016;

Jones and Kim, 2018). Other studies have used overlapping generation (OLG)

modeling to highlight the importance of considering the joint distribution of

retirement wealth and life earnings in wealth inequality calculations (Hen-

dricks, 2007). There are also studies using a general equilibrium OLG model

to describe the intergenerational links through bequest motives and earning

ability that can explain the wealth accumulation across generations (De Nardi,
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2004) and the wealth dispersion at the retirement age of one generation

(De Nardi and Yang, 2014). Finally, by including labor income and capital

income risk in an OLG framework, Benhabib et al (2011) have modeled the

inter-generational transmission of wealth and show that capital income risk

has a fundamental role in affecting wealth distribution.

Our paper contributes to the literature by providing a fresh perspective on

the interplay between income and capital under different socioeconomic con-

ditions laid out by the SSP scenario framework. In particular, we study the

dynamics of wealth inequality and distribution in South Africa in the 21st cen-

tury under five SSPs. We develop an OLG model which follows human capital

accumulation and economic growth trajectories of each SSP, through allocat-

ing skill-specific labor to different sectors and allowing for skill-differentiated

capital inheritance from one generation to next. The contribution of our paper

to the field of sustainable development and inequality is three fold. First, to

the best of our knowledge, we are the first to utilize a structural model (i.e.,

the OLG model) in the SSP framework to analyze the wealth creation and

transfer dynamics. Second, we quantify the heterogeneity in wealth dynamics

among different sub-populations including the richest, the poorest, the aver-

age, and the median households under different SSP scenarios. Third and most

importantly, our model demonstrates the important role of wealth inheritance

in the income distribution dynamics. Indeed, to echo with Piketty and Zuc-

man (2015), we show that in the scenarios where there are slower economic

growth and lower human capital outlook, inequality rises sharply due to much

higher wealth concentration and capital inheritance within the wealthiest sub-

populations. Historical data from the U.S. and Europe also show that the rising

top income share in the U.S. and Europe has mostly been driven by capital

income (Nolan et al, 2021; Piketty et al, 2018; Saez and Zucman, 2016).
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The remaining of the paper is organized as follows. Section 2 provides a

background for wealth inequality in South Africa. Section 3 briefly describes

a sketch of the model (see the Appendix for details). Section 3 describes

the inputs to the model from the SSP scenarios and the results in terms of

wealth distribution and wealth dynamics. Section 4 provides the conclusion

with broader implications of the findings.

2 Wealth Inequality in South Africa

South Africa has suffered centuries of unequal distribution of land, water,

minerals, investment capital, and human capital along racial and ethnic lines

(Wilson, 2011). As a result and despite having a progressive constitution and

a democratic system, it is still suffering from one of the largest inequality gaps

in income distribution in the world (Francis and Webster, 2019). According to

latest available data from the World Bank, the Gini index in South Africa was

at 63 in 2014, the largest among 83 countries with an estimated Gini index

1. While historically, most studies have focused on describing and analysing

income inequality (Leibbrandt et al, 2012), wealth inequality and its pervasive-

ness in the South African society has come under scrutiny only very recently

and as part of a broader debate over government fiscal policies in response to

historic inequalities and recent COVID-19 related economic hardship (Arendse

and Stack, 2018; Chatterjee et al, 2021). Using historical records of tax micro

data, household surveys, and macroeconomic balance sheet statistics, it has

been shown that the top 10 per cent own 86 per cent of aggregate wealth in

South Africa and such high levels of inequality in wealth distribution has stayed

unchanged since the transition from apartheid to democracy (Chatterjee et al,

2020). Some studies have suggested that imposing a wealth tax could address

1see “World Development Indicators” at https://datacatalog.worldbank.org/dataset/world-
development-indicators
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underlying economic inequality and tax deficits to some degree (Arendse and

Stack, 2018). However, the feasibility and effectiveness of such policy propos-

als highly depend on the future socioeconomic and political development in

South Africa which will directly impact the wealth creation, accumulation and

distribution among different sub-populations. This calls for the development

a modeling framework capable of comparing wealth inequality under different

socioeconomic scenarios.

Inheritance tax on the other hand has been regulated in South Africa

through a series of laws including the Administration of Estates Act (Act 66

of 1965), the Wills Act (Act 7 of 1953), the Intestate Succession Act (Act 81

of 1987), and the Estate Duty Act 45 of 1955. According to the Estate Duty

Act, the inheritance applies to the estates whose value exceeds R3.5 million

(about 225,000 USD). The tax rate is 20% for estates up to R30 million (about

2 million USD) and 25% for everything beyond (EXPATICA, 2021). There-

fore, any comprehensive analysis of wealth transfer and inequality in South

Africa should consider not only the inheritance dynamics but the implica-

tions of Estate Duty laws. In this paper, we take a first step in this direction

by introducing a simple model of intergenerational wealth transfer for South

Africa.

3 Modeling Inequality in the SSP framework

We model the directed technical change with labor reallocation in an over-

lapping generations model (OLG) (Diamond, 1965; Galor, 2011; Casey et al,

2019). We use the population, education, and economic output projections

under five SSP scenarios to calibrate our model. Each SSP scenario is developed

around a very distinct narrative about the future technological and socioeco-

nomic growth and their interaction with the environment. SSP2 represents the
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middle-of-the-road scenario with medium population development and eco-

nomic growth. SSP1 is the sustainability pathway where inequality is lessened,

and technological change is directed to the environmental aspect. SSP5 is a

scenario with high human capital and technological growth based on fossil-fuel

development. SSP3 and SSP4 are the two rocky pathways to sustainability

where in SSP3, there is a rapid growth in population but lower investment

in human capital, and a slower economic growth. SSP4 narrates an unequal

regional economic/technological development.

Our model assumes two economic sectors: agriculture and non-agriculture.

Each sector uses a specific type of labor (i.e., low-skilled labor in agricul-

ture and high-skilled labor in non-agriculture). Individuals in this model live

through two periods of 20-year length. They are children in the first period

requiring parental resources for their education, and in the second period they

are adults working and earning income and capital inheritance spending them

on their consumption and raising children. The model is solved by maximizing

parents’ utility coming from their own consumption, capital they pass to their

children, and their children’s future wages. In the production side, labor and

aggregated capital are the main inputs to the production in each sector while

technological progress grows exogenously in each sector according to their cal-

ibrated growth rate under different SSP scenarios. Depending on their skill

level, individuals inherit both productive and non-productive capitals from

their parents. Their wealth therefore, comprises these inherited capitals from

their parents and their own skill-specific wages. This model is able to capture

the creation of wealth and its transfer from one generation to another. The

detailed model is presented in the Appendix.
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4 Results

In this section, we present the results of the simulation of wealth dynamics

in a stylized case of a developing country (South Africa) under 5 SSPs. We

calibrate our economic model to replicate the economic output and human

capital accumulation projections under these five scenarios in South Africa

(Lutz et al, 2014). Figure 1 demonstrates the key inputs into the model: GDP

under five SSP scenarios which provides the growth rate of technological change

in equation 16 in the Appendix, and the high-skilled to low-skilled labor ratio

under the SSP scenarios which helps us solve the parents’ utility optimization

equation at each period. Since each SSP scenario represents a distinct economic

and human capital growth path, we expect the outcome of our OLG model

indicate significant variations in wealth distribution and inequality across the

SSP scenarios. For example, SSP1 represents the a sustainable pathway. As

shown in panel (a) in figure 1, GDP grows substantially in this scenario while as

shown in panel (b) the ratio of high-skilled to low-skilled labor reaches around

10. In contrast, more unequal SSPs such as SSP3 and SSP4 are associated

with regional conflicts and disparities in economic opportunities which result

in lower economic growth rates and stagnating human capital accumulation.
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Fig. 1: The socioeconomic projections under the SSP scenarios in South Africa
from 2000 to 2100. (a) GDP, and (b) high-skilled to low-skilled labor ratio
from the Wittgenstein Centre projections (Lutz et al, 2014).

4.1 Wealth distribution

The model starts in year 2000 with two sub-populations of low-skilled and high-

skilled adults. Each adult then can have two types of children which generates 4

different types of adults in year 2020. Continuing this trend to 2100, there will

be 64 sub-populations by the end of the century with mixed skill background.

Within each generation we identify 4 sub-populations to showcase the results

of our analysis: the richest group with purely high-skilled lineage, the poorest

with purely low-skilled lineage, the average and the median sub-populations.

The set of the results in figure 2 demonstrates the wealth dynamics over 5

generations in South Africa for each SSP scenario. Panel (a) in figure 2 shows

the evolution of wealth among the wealthiest people under each SSP scenario.

These results indicate that the accumulated wealth of the rich is about 130

times their initial wealth by the end of the century under SSP5. Interestingly,

the rich will increase their wealth by a factor of 100 under SSP3 which is

higher than the 80, 70, and 40 fold increases resulted in SSP2, SSP1, and SSP4

respectively. If we compare this pattern with the wealth growth among the

poorest group in panel (b), we can make two observations:
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• The wealth grows much slower among the poor compared to the rich over

generations and under all SSP scenarios. For example, in SSP5 the wealth

only grows by a factor of 45 among the poor compared to 130 among the

rich.

• While both the rich and the poor enjoy a fast growth of wealth under SSP5,

the second fastest growth in wealth for the rich happens under SSP3 while

for the poor it happens under SSP1 and SSP2.

As a result, we expect to see the wealth gap between the rich and the poor

grows faster under SSP3 compared to other scenarios (see panel (a) in figure

4).

While focusing on the richest and the poorest sub-populations can pro-

vide some useful insights into the growing inequality between theses groups,

it does not show how the wealth is distributed among other sub-populations.

In panels (c) and (d) we provide wealth dynamics among the median and the

average sub-populations. We observe that while both groups follow similar

ranking of SSP scenarios in terms of wealth growth (i.e., SSP5 with the high-

est followed by SSP1 and SSP2 in the middle and SSP3 and SSP4 with the

lowest growth rates), the wealth grows by about 4 to 5 times faster among the

median populations than the average group.
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Fig. 2: Intergenerational wealth growth among different sub-populations
under different SSPs: (a) richest, (b) poorest, (c) average, and (d)median. The
results are reported as ratio of each sub-population’s wealth in each generation
to their initial wealth in year 2000.

Another way of looking at these findings is by comparing the wealth growth

among different sub-populations under each SSP scenario. Figure 3 compares

the intergenerational wealth dynamic of the rich, the poor, the median, and

the average groups under different SSP scenarios. While the rich’s wealth accu-

mulation is dominant under SSP3 and SSP4, the median group dominates

wealth accumulation trends under SSP1, SSP2, and SSP5. This heterogeneity

in wealth accumulation patterns has a broader impact on wealth distribution

and inequality. As the rich group accumulates more wealth under SSP3 and

SSP4 compared to other sub-populations, the wealth gap grows wider in these

scenarios. On the other hand, the fast growth of wealth among the median

group under SSP1, SSP2, and SSP5 helps close the wealth gap and improve

inequality in wealth distribution under these scenarios.
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Fig. 3: Intergenerational wealth growth across SSP scenarios for different sub-
populations: (a) SSP1, (b) SSP2, (c) SSP3, (d) SSP4, and (e) SSP5. The results
are reported as ratio of each sub-population’s wealth in each generation to
their initial wealth in year 2000.

4.2 Capital inheritance and wealth inequality

One of the features of the proposed OLG model is that the ratio of wages of

high-skilled to low-skilled labor is constant and equal to the ratio of child-

rearing cost as shown in equation (A24) in the Appendix. As a result, the

inheritance inequality, and not the income inequality, can be identified as

the main driver of the growing wealth gap between different sub-populations.
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Figure 4 shows the distribution of capital inheritance across different genera-

tions and SSP scenarios. All scenarios start with a large inequality in capital

inheritance in year 2000 which reflects the real situation in South Africa. In the

second generation, while a small minority of about 12% inherits about 70% of

the available capital, other sub-populations stay in the lower end of the capi-

tal transfer. In the third generation, we start witnessing a reduction in wealth

transfer among the richest families in SSP3 and SSP4 compared to other SSPs

while larger portion of the population also fall to the bottom of the inheritance

order. In the fourth generation, the sub-populations with lower inherited cap-

ital comprise smaller portions of the total population in SSP3 and SSP4 while

larger portions of the population start inheriting medium size capitals in SSP1

and SSP5. In the fifth and sixth generations, this trend is even more visible:

SSP1, SSP2, and SSP5 have more scattered capital inheritance across differ-

ent sub-populations which keeps improving the inequality gap while in SSP3

only a very small portion of the population keep receiving capital inheritance.

On the other hand, the overall inherited capital SSP4 falls sharply across all

population groups.



Springer Nature 2021 LATEX template

14

Fig. 4: Distribution of capital inheritance across generations and SSP
scenarios.

These capital inheritance trends constitute wealth inequalities in figure 5.

As shown here, the wealth distribution in SSP1, SSP2, and SSP5 becomes

more and more equal from the first to the last generation. However the initial

inequality, observed in the first generation, persists in SSP3 and SSP4 and

the shape of the Lorenz curve remains intact despite the emergence of new

sub-populations in higher generations.
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Fig. 5: Lorenz curves showing the wealth distribution across generations and
SSP scenarios.

Furthermore, as figure 6 demonstrates, economic growth and human capital

development factors can play a significant role in wealth creation and distri-

bution across different SSP scenarios. Panel (a) demonstrate the wealth ratio

between the richest and the poorest sub-populations in each generation for

each SSP. While SSP1 and SSP5 demonstrate slight increase in the wealth gap,

SSP3 and SSP4 are experiencing a rapid growth in wealth difference between

the rich and the poor. The overall inequality however, does not only depend

on the wealth gap between the two extreme ends of the spectrum, but also
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on how the wealth is distributed across different sub-populations. Panel (b)

shows the evolution of the Gini index for each SSP. While the Gini index drops

in SSP1 and SSP5 as a result of closing the wealth gap between the rich and

the poor, it remains high under SSP3 and SSP4 indicating a slower growth of

wealth among the median population in these scenarios.

Fig. 6: Impact of climate change on wealth gap and capital gap in South
Africa from 2000 to 2100. (a) wealth gap between the richest and the poorest
individual in each generation, and (b) capital gap between the richest and the
poorest individuals in each generation.

4.2.1 The impact of inheritance tax

We can investigate the impact of inheritance tax (i.e., the Estate Duty Act in

South Africa) on intergenerational wealth inequality by comparing the results

of our modeling exercise with and without implementing the inheritance tax.

The results shown in table 1 indicate that the implementation of the Estate

Duty Act has a positive but very limited impact on closing the wealth inequal-

ity among the future generations in South Africa in certain SSP scenarios. In

this table the Gini coefficients are reported for year 2100 for the two cases with

and without the inheritance tax.
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Table 1: Estate Duty Act impact on Gini

Scenario With Tax Without Tax ∆ Gini

SSP1 0.392 0.404 1.2%
SSP2 0.436 0.447 1.1%
SSP3 0.595 0.599 0.4%
SSP4 0.535 0.539 0.4%
SSP5 0.377 0.395 1.8%

5 Discussion and conclusion

In this paper, we study the evolution of income inequality and wealth dis-

tribution in South Africa in the 21st century under 5 shared socioeconomic

pathways (SSPs). By constructing a simple but powerful structural model

of household dynamics through an overlapping generation model, we capture

the human capital accumulation and economic growth dynamics underlying

different SSP scenarios. We develop an endogenous mechanism for wealth accu-

mulation through wages and and intergenerational capital inheritance. Our

model shows that the gap between the wealthiest and the poorest increases

rapidly over generations under SSP3 and SSP4 scenarios due to the slow accu-

mulation of human capital and lower economic growth rates. Higher number

of low-skilled labor in these scenarios translates into lower wages and lower

wealth creation among the low-skilled and low-income groups.

On the other hand, the fast growth of wealth among median groups under

SSP1, SSP2, and SSP5 means the groups with mixed background (e.g., high-

skilled children of low-skilled parents) have a better chance of catching up with

their peers in the richest sub-population. Therefore, as we observe in panel

(b) in figure 4, the wealth inequality measured by the Gini index is shrinking

under these scenarios.

Overall, our model demonstrates the important role of wealth inheritance

in the income distribution dynamics. In line with Piketty and Zucman (2015)

who argue the long-run concentration and inheritance will continue to rise
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because of the slowdown of economic growth and the rising competition to

attract capital, we show that this increasing wealth concentration trend is

more severe in scenarios with slower economic growth and lower human capital

accumulation outlook. Therefore, our paper contributes to this argument by

providing a theoretical framework to account for wealth creation dynamics

within different economic sectors and among different socioeconomic groups.

Our proposed framework could also be used to model the long-term impact

of inheritance tax on inequality across generations as the idea of wealth taxa-

tion has started to gain more traction among academic community and policy

makers in recent years (Kindermann et al, 2020). Another potential exten-

sion is to include the link between capital return and environmental factors

such as climate change, and investigate the inequality dynamics in this set-

ting as SSP scenarios have an underlying assumptions about sustainability and

environmental considerations. Nevertheless, we hope our current contribution

paves the way for future research in the field of inequality and sustainable

development.
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Appendix A Model description

In our model individuals live for 2 periods and can be either high-skilled (s)

or low-skilled (u) depending on the education level assigned by their parents.

Each period lasts for 20 years and the model runs for 100 years from year 2000

to year 2100. In the first period of their lives, the individuals are children that

only consume parental wealth. In our model, a child of type j consumes τ j units

of their parent’s wealth which is different for children with different skill lev-

els. In the second period of their life, they will be adults working in one of the

economic sectors and earn wages in addition to the capital they have inherited

from their parents. In this period, they work, consume goods, and will have

their own children. The objective of each individual is to maximize lifetime util-

ity of their consumption, the capital inheritance passed to their children, and

the children’s future well-being. Parents achieve this goal by making consump-

tion, inheritance, and fertility decisions. The consumption and production are

distinguished by their type (agricultural (a) or non-agricultural (b)) while the

capital is either productive (p) or non-productive (n). The productive capital

consists of agricultural and non-agricultural capitals that will be aggregated

across population in each generation and will be used for economic production

in each sector.

A.1 Preferences

The adult utility function has two components: immediate consumption and

future children’s wages based on their skill and gender. This captures the

altruistic attitude of parents:

v(cat , c
b
t , H

p
t+1, H

n
t+1, n

u
t , n

s
t ) = γ1 ln(cat ) + γ2 ln(cbt) (A1)

+ γ3 ln(Hp
t+1) + γ4 ln(Hn

t+1)
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+ (1− γ1 − γ2 − γ3 − γ4)ln
( ∑

i=u,s

ni
t w

i
t+1

)
,

where ni
t is the number of children with skill level i, cjt is consumption of

good j that can be either agricultural (a) or non-agricultural (b). The inter-

generational wealth transfer on the other hand, can be in the form of either

productive capital Hp
t+1 including agricultural and non-agricultural capital, or

non-productive capital Hn
t+1 such as real estate investments that are passed to

the next generation. Future wages of children with skill level i is denoted by

wi
t+1. Parents have preferences over own consumption, their children’s inher-

itance, and the children’s expected lifetime earnings. We normalize the price

of the agricultural good to derive the budget constraint corresponding to (A1)

for every adult:

cat + P b
t cbt +Hp

t+1 +Hn
t+1 = (1−

∑

i=u,s

ni
t τ

i)
[
wt + (1 + ρt − δ)kt
︸ ︷︷ ︸

Ωt

]
(A2)

where τ i is the portion of parental time spent on raising a child with skill level

i, the price of non-agricultural good is denoted by P b
t . Each adult’s wealth

(Ωt) is measured by their wage wt and the level of capital they own kt. The

capital is used in production and yields ρt as rent while δ accounts for capital

depreciation.

The cumulative productive or non-productive capital available in each

generation can be obtained from

K̄p
t+1 = Hp

t+1 Nt (A3)

K̄n
t+1 = Hn

t+1 Nt
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where Nt is the adult population at time t and K̄p
t+1 and K̄n

t+1 are aggregated

productive and non-productive capital inherited from the parents of each gen-

eration. The productive capital K̄p
t+1 will be further divided into agricultural

and non-agricultural capital and will be used in the production of goods in

each sector:

K̄p
t+1 = K̄a

t+1 + K̄b
t+1 (A4)

A.1.1 Inheritance Tax

The inheritance tax (Tax) is calculated according to the Estate Duty Act

in South Africa and will be applied to the non-productive inheritable capital

Hn
t+1:

Taxt+1 = 0, if Hn
t+1 < 225k (A5)

Taxt+1 = 20%× (Hn
t+1 − 225k), if 225k < Hn

t+1 < 2m

Taxt+1 = 355k + 25%× (Hn
t+1 − 2m), if 2m < Hn

t+1

The net non-productive inheritable capital after tax is calculated as

Hnn
t+1 = Hn

t+1 − Taxt+1 (A6)

The productive and non-productive inheritance will be divided among the

children of each parent proportional to the time required for their education.

For a child with skill level i we have

ki,pt+1 =
Hp

t+1 τ i

nu
t τu + ns

t τ s
(A7)

ki,nt+1 =
Hnn

t+1 τ i

nu
t τu + ns

t τ s
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The total capital allocated to each individual with skill level i therefore, is the

sum of these two inherited capitals:

kit+1 = ki,pt+1 + ki,nt+1 (A8)

Maximization of equation (A1) subject to equation (A2) yields:

cat = γ1 Ωt (A9)

P b
t cbt = γ2 Ωt (A10)

Hp
t+1 = γ3 Ωt (A11)

Hn
t+1 = γ4 Ωt (A12)

τut nu
t + τ st ns

t = 1− γ1 − γ2 − γ3 − γ4. (A13)

Equations (A9)-(A13) demonstrate several important characteristics of the

model. First, equation (A13) shows the quantity-quality trade-off in raising

children. Because we have τ st > τut and the portion of resources devoted to

raising children (1−
∑4

n=1 γn) is constant at each time period, individuals must

decide between investing in smaller number of children but with higher skills

and higher potential income and having a greater number of total children

with lower skills and lower potential income. Second, comparing equations

(A11) and (A12), the following relationship holds between the optimal level of

agricultural and non-agricultural capital transferred to the next generation:

Hp
t+1

Hn
t+1

=
γ3
γ4

(A14)
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Finally, for individuals to have both types of children, it must be the case

that:

τ r =
τ s

τu
=

ws
t+1

wu
t+1

= wr
t+1 (A15)

This equation shows that at each time step the ratio of wages of labor is

equal to the ratio of child rearing costs.

A.2 Production

We adopt a standard two-factor Cobb-Douglas production function with cap-

ital and labor as inputs of the production. The profit maximization in each

sector can be written as

Max
{
Y a
t − wu

t Lu
t

}
(A16)

s.t. Y a
t = Aa

t (Lu,a
t )α (K̄a

t )
1−α

Max
{
P b
t Y b

t − ws
t Ls

t

}
(A17)

s.t. Y b
t = Ab

t (Ls,b
t )β (K̄b

t )
1−β

where Y a
t and Y b

t are outputs in agricultural and non-agricultural sectors

respectively. Li
t is the number of labor with skill level i. Total factor of pro-

ductivity (TFP) or technological change in sector j is defined as Aj
t , and K̄j

t is

the aggregated capital of type j allocated to production in sector j as defined

in equation (A4). T

Technological change in both sectors evolves exogenously following an expo-

nential growth model with the growth rate of η which is equal to the growth



Springer Nature 2021 LATEX template

24

rate of total output under each SSP scenario:

Aj
t = (1 + η) Aj

t−1 , j = a, b (A18)

The number of labor with skill level i will be calculated from multiplying the

adult population Nt with their number of children with education level i:

Li
t+1 = Nt n

i
t , i = u, s (A19)

Wages of labor with different skill levels can be calculated in each sector by

solving maximization problems in equations (A16) and (A17):

wu
t = α Aa

t (Lu
t )

α−1 (K̄a
t )

1−α, (A20)

ws
t = P b

t β Ab
t (Ls

t )
β−1 (K̄b

t )
1−β (A21)

Similarly, capital rent can be calculated as

ρat = (1− α) Aa
t (Lu

t )
α (K̄a

t )
−α, (A22)

ρbt = P b
t (1− β) Ab

t (Ls
t )

β (K̄b
t )

−β . (A23)

To solve the model, it is necessary to find the number of children of each skill

level (i.e., ni
t for i = u, s). Combining equations (A20) to (A21) will give us

ws
t

wu
t

= P b
t

β

α

(Ab
t

Aa
t

)( (Ls
t )

β−1

(Lu
t )

α−1

) (K̄b
t )

1−β

(K̄a
t )

1−α
= τ r (A24)
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Similarly we can use the fact that the capital rent is equal in both sectors

and by dividing equations (A22) and (A23) we have

ρbt
ρat

= P b
t

(1− β

1− α

) (Ab
t

Aa
t

) (Ls
t )

β

(Lu
t )

α

(K̄b
t )

−β

(K̄a
t )

−α
= 1 (A25)

which can be re-written as:

P b
t

(1− β

1− α

) (Y b
t

Y a
t

) ( K̄b
t

K̄a
t

)
−1

= 1 (A26)

Now by comparing equations (A24) and (A25) we have

( β

1− β

) (1− α

α

) (Ls
t

Lu
t

)
−1 ( K̄b

t

K̄a
t

)

= τ r (A27)

A.3 Model calibration

To run the model we use the parameter values specified in table (A1). For

the calibration of the model we use the initial values of some variables in year

2000. We specify these values in blue in the following equations. The assigned

values of these variables come from table (A2) at the end.

Table A1: Key parameters of the OLG model

Name Description Value

α Agricultural output elasticity of labor 0.8
β Non-agricultural output elasticity of labor 0.4
δ Capital depreciation rate 10%
γ1 Utility coefficient of agri. consumption 0.2
γ2 Utility coefficient of non-agri. consumption 0.2
γ3 Utility coefficient of productive inheritance 0.2
γ4 Utility coefficient of non-productive inheritance 0.2
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We start the calibration procedure by calculating the ratio of child raring

costs τ r which is obtained from applying equation (A15) to the wages of high-

skilled and low-skilled labor in year 2000:

τ r = wr
2000 (A28)

Next, given the number of high-skilled and low-skilled labor in year 2000, from

equation (A27) we can obtain the ratio of non-agriculture to agriculture capital

in year 2000:

K̄r
2000 =

(K̄b
2000

K̄a
2000

)

=
(1− β

β

) ( α

1− α

) (Ls
2000

Lu
2000

) (
τ r
)
−1

(A29)

Given the ratio of non-agricultural to agricultural output Y r
2000 =

Y b

2000

Y a

2000

, we can

compute the relative price of non-agricultural output (i.e., assuming P a
2000 = 1)

from equation (A26)

P b
2000 =

(1− α

1− β

) (

Y r
2000

)
−1 (K̄b

2000

K̄a
2000

)

(A30)

Having the relative price of non-agricultural output we can calculate the

amount of agricultural and non-agricultural output from the following

equations:

Y a
2000 =

Y2000

(1 + P b
2000 Y r

2000)
(A31)

Y b
2000 =

(Y2000 − Y a
2000)

P b
2000

(A32)

To calculate the amount of capital in each category, we first divide the total

available capital in year 2000 between productive and non-productive capital
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according to equation (A14):

Hp
2000 =

γ3
(γ3 + γ4)

K2000 (A33)

Hn
2000 =

γ4
(γ3 + γ4)

K2000 (A34)

The non-agriculture capital and agriculture capital are then derived from the

productive capital:

K̄b
2000 =

K̄r
2000

(1 + K̄r
2000)

Hp
2000 (A35)

K̄a
2000 =

1

(1 + K̄r
2000)

Hp
2000 (A36)

The initial level of total factor productivity (TFP) in each sector is

Ab
2000 =

Y b
2000

(Ls
2000)

β (K̄b
2000)

1−β
(A37)

Aa
2000 =

Y a
2000

(Lu
2000)

α (K̄a
2000)

1−α
(A38)

We use the projection of GDP in 2100 to calculate the average growth rate

of technology in both sectors

Assp
g =

(Y ssp
2100

Y2000

)1/5

− 1 (A39)

where Assp
g is the 20-year growth rate of TFP in both sectors.

The initial low-skilled and high-skilled wages, and the capital rent are

calculated using equations (A20), (A21), and (A22) respectively

wu
2000 = α Aa

2000 (Lu
2000)

α−1 (K̄a
2000)

1−α, (A40)
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ws
2000 = P b

2000 β Ab
2000 (Ls

2000)
β−1 (K̄b

t )
1−β (A41)

ρ2000 = (1− α) Aa
2000 (Lu

2000)
α (K̄a

2000)
−α, (A42)

Finally, we calibrate the model to generate the initial Gini index of South

Africa in year 2000. We first calculate the wealth share of low-skilled labor

Su
2000 by subtracting the initial Gini from the low-skilled share of total labor

Su
2000 =

( Lu
2000

Lu
2000 + Ls

2000

)

−Gini2000/100 (A43)

Therefore, the allocation of the initial capital between low-skilled and high-

skilled labor (Ku
2000 and Ks

2000) is done by solving the following equations

simultaneously

Su
2000

1− Su
2000

=
Lu
2000

(
wu

2000 + (1 + ρ2000 − δ)Ku
2000

)

Ls
2000

(
ws

2000 + (1 + ρ2000 − δ)Ks
2000

) , (A44)

K2000 = Ku
2000 +Ks

2000 (A45)

Table (A2) shows the values assigned for the key parameters of the model

and the initial values of the variables for the calibration procedure.

Solution

At any time step t, parents are deciding about the key variables of the model,

including:

• Lu
t : the number of low-skilled adults in the agricultural sector,

• Ls
t : the number of high-skilled adults in the non-agricultural sector,

•
K̄b

t

K̄a

t

: the ratio of inherited aggregated non-agricultural to agricultural capital.
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To find these variables, we consider equations (A13) and (A27) in addition

to the skill ratio
Ls

t

Lu

t

provided from SSP projections.

Table A2: Initial values used for calibration of the OLG model

Name Description Value

wr

2000
High-skilled to Low-skilled wage ratio1 22600/4380

Ls

2000
High-skilled labor population (million)2 7.5873

Lu

2000
Low-skilled labor population (million)2 22.0983

Y r

2000
ratio of non-agricultural3 to agricultural4 output 0.17/0.03

Y2000 Total economic output (billion USD 2005)2 336.204
K2000 Total capital (billion USD 2005)5 0.15745×Y2000

Gini2000 Gini index6 63
Y 1

2100
Total output projection under SSP1 (billion USD 2005)2 2881.139

Y 2

2100
Total output projection under SSP2 (billion USD 2005)2 2850.145

Y 3

2100
Total output projection under SSP3 (billion USD 2005)2 1985.057

Y 4

2100
Total output projection under SSP4 (billion USD 2005)2 1164.627

Y 5

2100
Total output projection under SSP5 (billion USD 2005)2 5270.895

1Trading Economics:
https://tradingeconomics.com/south-africa/indicators
2IIASA SSP Database:
https://tntcat.iiasa.ac.at/SspDb
3The World Bank Database (share of agriculture value added as % of GDP):
https://data.worldbank.org/indicator/NV.AGR.TOTL.ZS?locations=ZA
4The World Bank Database (share of manufacturing value added as % of GDP):
https://data.worldbank.org/indicator/NV.IND.MANF.ZS?locations=ZA
5The World Bank Database (Gross capital formation as % of GDP):
https://data.worldbank.org/indicator/NE.GDI.TOTL.ZS?locations=ZA
6The World Bank Database (Gini index):
https://data.worldbank.org/indicator/SI.POV.GINI?locations=ZA
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