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Abstract
The paper offers a new explanation and prediction of empirical relationship between income and 
consumption inequalities and demographic dividend. The framework for the analysis is a modified 
National Transfer Accounts (NTA)-based modelling of the first demographic dividend with 
inequality-adjusted or inequality-discounted economic support ratio (ESR). The model is tested 
for India by calculating the inequality-adjusted demographic dividend (or the growth rate of ESR) 
for the period 2005-2050. The results show that income inequality is not higher than consumption 
one for all ages and these age-specific economic inequalities have remarkable effects on (i) lowering 
the observed age-specific distribution of labour income for select ages and consumption for all ages 
and (ii) reducing the size and duration of demographic dividend due to lower growth rate of ESR. 
In addition, income inequality effects are found to be stronger than consumption inequality effects 
in terms of reducing the size of demographic dividend. These results imply that (a) growth effects 
of the first demographic dividend are upward-biased if unadjusted for the economic inequalities; 
(b) attainment of goals and targets of the reduction in inequalities under UN-SDGs 2030 by 
redistributive economic policies are contributory to the maximization of economic growth through 
the first demographic dividend; and (c) economic inequalities do impact the size and duration 
of demographic dividend. Subject to the availability of data, the modified approach to the first 
demographic dividend calculation in this paper is of relevance for comparative studies between 
India and other countries to draw lessons from mutual experiences and to establish the generality 
of results.
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1. Introduction

India’s age structure transition from present to 2100 shows the highest share of working-age 
population (aged 19-60). If educated, healthy, skillful, gainfully and fully employable, an 
increasing share of working age population shall result in generation of productive income 
and its resultant consumption, savings and investment in the economy. This is contributory 
to higher economic growth in terms of higher growth rate of national income. This process 
of demographically-induced economic growth, driven by age structure transition, is called 
potential demographic dividend. However, in real economies, full economic conditions for 
the realization or reaping potential demographic dividend may not be in place. Consequent-
ly, potential demographic dividend may remain a policy objective or target to be attained.1

Economic inequalities in the distribution of income and consumption are ubiquitous in 
real economies, irrespective of their levels of economic growth and development. The im-
pact of inequalities on welfare, poverty and growth is well studied (Handbook of Income…, 
2000, 2015; Ahluwalia 1976). Also, well known literature is available on ageing and inequal-
ities (income, wealth and health) in different countries (Deaton and Paxson 1998; Ihle and 
Siebert-Meyerhoff 2017; OECD, 2019). However, the impact of inequalities on demographic 
dividend – especially the way inequalities operate through in economic systems and impact 
demographic dividend – is less studied. This research gap is evident, for instance, in stud-
ies on India’s demographic dividend, such as, Narayana (2015), Ladusingh and Narayana 
(2011) and Misra and Mourya (2021).  This calls for modeling the economic inequality ef-
fects on demographic dividend to explain and predict the positive (promotional) or negative 
(deterrent) role of inequalities on demographic dividend. In this paper, the author tries to 
answer this question using the National Transfer Accounts (NTA) methodology.

NTA is a unique methodology that incorporates demographic variables into macroe-
conomic and income distribution analyses. Essentially, NTA provides with an aggregate 
framework for introduction of age into National Income and Product Accounts (NIPA). 
This framework treats an individual as a fundamental unit of analysis and gives quantitative 
estimates of resource inflows (e.g., labour and non-labour incomes) and outflows (e.g., con-
sumption and savings) by age. This approach recognizes that production and consumption 
of goods and services differ by age or age groups. Further, the inflows and outflows are ex-
tended to the public (or general government) and private (i.e., households and corporate) 
sectors and allocation of resources is accounted for transfers and asset-based reallocations. 
Thus, NTA provides an aggregate accounting framework of all inter-age flows of resources 
that is consistent with NIPA in an accounting year.2 Theoretical and empirical studies based 

1	 For instance, India’s National Education Policy 2020 (Government of India 2020a) reflects the needs of 
human capital by emphasizing on investments in education development from the early childhood to 
higher education. If implemented successfully, this policy shall be contributory for reaping India’s future 
demographic dividend.

2	 As per NIPA, the net disposable income for an age group consists of the income earned as part of the productive 
process, net property income earned from holding financial assets and liabilities, net transfers. Net disposable 
income is equal to public and private consumption of the age groups plus saving. Thus, full NTA include savings 
account. Further, a complete set of NTA also includes three additional sub-accounts: an account that documents 
bequests and other wealth transfers; an account of holding gains that incorporates changes in assets prices and 
the value of transfer systems; and a balance sheet that reports both assets and transfer wealth. Boundaries of NTA 
constructions of the savings and other subaccounts are expanded by NTA Network researchers (United Nations 
2013; 51-52 pp). India’s NTA constructions are not yet expanded to the savings and other subaccounts. These 
theoretical foundations of NTA are analysed by Mason and Lee (2011a).  
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on the NTA methodology are diversified in global and country-specific contexts.  These 
studies are published in the seminal work of Lee and Mason (2011b). All knowledge-re-
sources are continuously updated at NTA website (www.ntaccounts.org) for public accessi-
bility at global level.1 These knowledge resources show the policies which can be supported 
by NTA in demographically divergent countries and in different policy areas like population 
ageing, health and education, fiscal sustainability, welfare support systems and COVID-19 
impacts.     

An elaborate international study on the demographic dividend in the NTA frame-
work is Mason et al. (2017). This study explains the methodology of modeling and 
estimation of the demographic dividend in international contexts. Demographic divi-
dend is distinguished between the first demographic dividend (FDD) and second demo-
graphic dividend. Using NTA age profiles from 60 countries, and approximating those 
profiles for additional 106 countries, estimates of the FDD for 166 countries have been 
obtained. The results show that at the global level and over the period from 1950 to 
2100, the duration of FDD is about 50 years and contributes to about 0.3 to 0.5 percent-
age points per year to growth in per capita income (measured by income per equivalent 
consumer). Further, the results show interesting inter-continental variations in the du-
ration and contributions. For instance, the duration of FDD for Asia is 58 years and the 
contribution to the growth in per capita income is 0.607 percentage points per year. This 
is a contrast with Africa which has a longer duration (92 years) and a smaller contri-
bution (0.373 percentage points per year) and Europe which has a shorter duration (38 
years) and a lesser contribution (0.376 percentage points per year).  Most recently, using 
NTA first demographic dividend model, Mason et al. (2022) offer evidence for positive 
impact of age structure transition (over the period 2002-2060) on economic growth in 
low and middle income countries but not in high and upper middle countries. Over 
the next 30 years, the differential growth effects of age structure transition may lead to 
convergence in living standards around the world such that “the projected difference in 
population-driven per capita consumption growth between the low-income countries 
and the high-income and upper-middle income countries will be about one percent per 
annum” (Mason et al. 2022: 15)2.

Economic inequalities by socio-economic status (SES) have been studied in NTA frame-
work for different countries. For instance, Rosero-Bixby et al. (2016) have studied the ine-
quality in three Latin American countries (Mexico, Costa Rica and Ecuador at different two 
points). Using NTA profiles, they explain the differences in inequality across countries, na-
ture of redistributive public transfers, inequality by age and impact on population ageing on 
inequality. Their approach calculates the age profiles of labour income and consumption by 
controlling for SES (proxied by education level of household head) of individuals. One sur-
prising finding of this study is negative Gini coefficient for the labour income at younger 
ages in all three countries because the lower SES youngsters have more labour income than 
higher SES persons. In contrast, the consumption Gini is found to be positive for all ages in 
all countries. Overall results shows that population ageing may increase inequalities because 

1	 A new web-based global resources on Demographic Dividend: Investing in Human Capital, jointly hosted by 
John Hopkins Bloomberg School of Public Health and Bill and Melinda Gates Institute for Population and 
Reproductive Health, is available at: https://demographicdividend.org/   

2	 Demographic dividend is analysed in a non-NTA framework as well. See, for instance, Bloom (2012) and Bloom 
et al. (2003).

https://demographicdividend.org/
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inequality in income sources increases by age and retirement pensions and asset income are 
highly unequal.

A latest study on NTA-based economic inequalities by the socio-economic status is 
Donehower et al. (2021). Inequalities are measured by controlling for education status of 
a household head (as a proxy of socio-economic status of households) and distinguished 
by male and female categories and secondary distribution of income through public trans-
fers to answer three interesting questions: 1) what does the generational economy look like 
by age, sex, socioeconomic status, etc.? 2) how different is inequality by age group? 3) are 
transfer systems increasing or decreasing inequality? Using the annual time series data for 
USA for 1981-2018, this study finds evidence for changing inequalities (measured by means 
or medians at each age) in the quintile distribution of labour income, consumption, public 
transfers and other variables. For instance, a comparison of the ratio of 1st quintile to 5th 
quintile distribution of the variables in 1992 and 2017 shows interesting age patterns. First, 
the ratios for distribution of labour income ranged from about 2 to 3 in 1992 and about 2 
to 7 in 2017, especially the ratios rising for older age (60-70 years and above) in 1992. In 
contrast, the ratios for distribution of consumption ranged between 1 and 2 in both years. 
This indicated that the inequality in labour income has a bigger effect than the consumption 
one. Second, in the presence of net public transfers, the ratios for labour income distribution 
decline below 2 in both years. This implied the inequality-reducing effects of public transfer 
system, especially for older ages. 

Inequalities have been studied in India with a focus on income and consumption 
inequalities by various socio-economic dimensions. The latest comprehensive review 
of income, consumption and wealth inequalities in India is Himanshu (2019) in terms 
of horizontal inequalities based on social groups (i.e., caste), class, religion, gender, and 
location (i.e., between rural and urban areas and between states) from 1983 through 
2011-12.  Inequalities have also been studied in India in the context of economic growth 
(Government of India 2020b). This macro approach correlates inequality and per-capita 
income with select socio-economic outcome indicators, such as health, education, life 
expectancy, infant mortality, birth and death rates, fertility rates, crime, drug usage and 
mental health. However, inequalities by age and impact of inequalities on demographic 
dividend are still research gaps in India’s studies on economic inequalities. 

This paper draws lessons from the above NTA literature to offer a new explanation and 
prediction of empirical relationship between the income and consumption inequalities by 
age (in brief, income inequality and consumption inequality) and demographic dividend 
with specific reference to India. Unlike the mentioned above approaches to inequality by 
the socio-economic status, this paper approaches to use the overall inequality by age where 
distribution of an NTA-variable is calculated across all individuals at each age. Overall in-
equality approach is used in Narayana (2021) for analysis of equity of living generations 
in India. This paper uses the overall inequality approach to answering the following new 
research questions on India’s demographic dividend:

a)	 Are there unique patterns of age specific economic inequalities? 
b)	How does inequality relate to and impact the demographic dividend? 
c)	 Will a higher inequality result in shorter and smaller demographic dividend? If yes, 

will income inequality have a stronger effect than consumption inequality on demo-
graphic dividend? 

d)	Will combined effects of income and consumption inequalities be stronger than indi-
vidual inequality effect?
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e)	 What do these analyses imply for growth effects of inequality through the demograph-
ic dividend channel? 

To answer these questions, a modified NTA-based First Demographic Dividend Mod-
el is developed with inequality-adjusted or inequality-discounted Economic Support Ratio 
(ESR). The model is tested for India by calculating the overall inequality-adjusted demo-
graphic dividend (or growth rate of ESR) for 2005-2050. This approach incorporates both 
growth and distributional considerations in the study of demographic dividend and, hence, 
the results have wider implications for design and implementation of broader economic de-
velopment policies. Subject to the comparability of labour income and consumption struc-
tures, nature and degree of inequality, demographic transition, the approach of this paper 
can be replicated in other countries. Both replicative and comparative studies are useful to 
establish the generality of results obtained for India in this paper.            

Rest of this paper is organized as follows. Section 2 describes the past, present and fu-
ture age structure transition of India over the period 1950-2100. The inequality-adjusted 
NTA-based First Demographic Dividend Model is presented in section 3.  Variables and 
data descriptions are given in section 4. Empirical results are analyzed in section 5. Major 
conclusion and implications are included in section 6.  All tables and figures are sequentially 
given in the Appendix.

2. India’s age structure transition

Data on India’s population by single year age is available from the decennial population cen-
sus reports. The latest Census was conducted in 2011 (Government of India 2011).1 Howe-
ver, long term population projections by singe year age are not available from the published 
census reports.2 To overcome this data limitation and to use a consistent and comparable 
time series data for 1950-2100, we use the latest United Nations population projections by 
single year age (United Nations 2019). Although the projections are available by different 
assumptions of fertility, mortality and migration variants, we use the medium-variant pro-
jections throughout.

To start with, changes in India’s total population size in the period1950-2100 is shown in 
Figure 1 in Appendix. From about 400 million in 1950, India’s total population has increased 
to about 1.40 billion in 2021. This current population size is projected to increase and reach 
a peak at 1.65 billion by 2060 and then decline and reach 1.45 billion by 2100. Along with 
this demographic transition, India shows a remarkable age structure transition in 1950-
2100 as shown in Figure 2 (in Appendix). It is a consequence of demographic transition in 
terms of dynamic interactions between the fertility and mortality. Age structure transition is 
measured by the trends in changing share of children (aged 0-18), working population (aged 
19-60) and the older population (aged 60 and above) in total population of India. A child 
is a person aged 0-18. This is as per Article 1 (definition of the child) of United Nations 
Convention on the Rights of Children or UNCRC (in force since 2 September 1990: India 

1	 Census of India 2021, 16th census – scheduled to be held in 2021 – has been postponed to 2022 due to COVID-19 
pandemic. The processing of Census 2021 results is expected by 2024.

2	 For instance, the latest official population projections for India is from 2011 to 2036 (Government of India 
2020c). These projections are limited to 5-year interval (2011, 2016, 2021, 2026, 2031and 2036) and 17 broad 
age-groups (0-4 years to 80+ years) and by singe-years age from 5 years to 23 years.
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ratified the Convention on 2 December 1992) and 2013 National Policy for Children (Gov-
ernment of India 2013).1 Old age or elderly population comprises the senior citizens aged 
60 and above. This coincides with the official age for retirement for employees in General 
Government, qualifying age for recipients of national social pensions (e.g., Indira Gandhi 
National Old Age Pension) etc.  

Considering the long term age structure transition over 150 years (see Fig. 2 in Appen-
dix) is useful in terms of looking at the current age structure in the light of the past for the 
purpose of future. From 1950 to 1958, share of working-age population in total population 
was the highest as compared to the share of children and the elderly. From 1959 to 1982, 
share of child population was the highest. Since 1983, share of working-age population has 
remained the highest up to now and is projected to be highest up to 2100. For instance, the 
share of working-age population was 47.09 percent in 1983 and increased to 48.57 percent in 
1993, 51.38 percent in 2003, 54.83 percent in 2013 and reached 56.77 percent in 2020. Most 
importantly, the share of working age population is projected to be 50 percent or higher up 
to 2100. In terms of its absolute size, India’s working age population is projected to increase 
from 665 million in 2020 to 717 million in 2100.2 Thus, the estimation of demographic 
dividend is relevant and important for India’s forward-looking economic growth policies.     

In addition, India’s age structure transition (see Fig. 2 in Appendix) is striking in terms of 
declining share of children and rising share of elderly population. For instance, share of child 
(or elderly) population in India’s total population shows a decline (or increase) from 45.54 
(or 5.35) percent in 1950 to 42.87 (or 6.86) percent in 2000, 23.58 (or 19.09) percent in 2050 
and to 18.64 (or 31.72) percent in 2100.  It is important to note that the share of India’s elderly 
population (22.07 percent) will exceed the share of child population (21.97 percent) in 2058. 
India’s elderly population is projected to increase from 138 million in 2020 to 163 million in 
2025 and to 459 million in 2100. Thus, population ageing shall also be important and relevant 
for India’s estimates of demographic dividend as well as forward-looking economic policies.

It is plausible to translate the above age structure transition in terms of dependency tran-
sition in 1950-2100 (see Fig. 3 in Appendix). Dependency transition is measured by the 
child dependency ratio (total child population divided by total working-age population), old 
age dependency ratio (total old age population divided by total working-age population), 
and total dependency ratio (total child and old age population divided by total working-age 
population). Child dependency ratio dominates over the old age dependency ratio up to 
2058 and thereafter the old age dependency ratio dominates over the child dependency ratio 
up to 2100.

In the presence of child labour and positive work-participation rate for elderly, all chil-
dren and elderly may not be strictly considered as dependents. However, using NTA meth-
odology, this can be corrected by calculation of the age profile of labour income and its 
impact on demographic dividend through the economic support ratio. These advantages of 
NTA methodology are elaborated in the following sections.  

1	 This definition of a child coincides with different laws in India, such as, Juvenile Justice Act, 2015 and Protection 
of Children against Sexual Offences Act, 2012. In addition, Indian Contract Act, 1872 prohibits persons below 
18 years to enter into a contract and Mines (Amendment) Act, 1952 prohibits them to work in mines and the 
Building and Other Construction Workers’ (Regulation of Employment and Conditions of Service) Act, 1996 
prohibits them from working in notified building and other construction works.

2	 Working age population includes youth population especially student population who are enrolled in higher education. 
For instance, the latest All India Survey on Higher Education 2019-20 (Government of India 2020d) show that the 
gross enrolment ratio in higher education (or post-secondary education) is 27.1 percent for those aged 18-23. 
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3. Inequality-adjusted demographic dividend model 

3.1. General model
To start with, from the production side, per capita gross domestic product (GDP) can be 
defined as a product of labour productivity (or GDP per employee) and ratio of working 
population to total population (or number of employees per capita as a measure of labour 
force participation ratio).

	 Y(t)/N(t) = {Y(t)/L(t)}{L(t)/N(t)} � (1)

To express (1) in growth rate terms, we take logarithms of both sides and differentiate 
with respect to time (t). The resultant equation in terms of growth rate (g) is as follows.

	 g[Y(t)/N(t)] = g[Y(t)/L(t)] + g[L(t)/N(t)]� (2)

What distinguishes the NTA methodology from the general approach to the measure-
ments of variables in (2) is related L(t) and N(t). That is, L(t) = ∑γ(a)P(a,t) is effective 
number of producers at age a and time t; and  N(t) = ∑φ(a)P(a,t) is effective number of 
consumers at age a and time t, where γ(a,t) is productivity age profile at age a and time t 
and φ(a,t) is consumption  age profile at age a and time t, and P(a,t) is total population at 
age a and time t.

As per NTA methodology (United Nations 2013), [L(t)/N(t)] is called Economic Sup-
port Ratio (ESR) or ratio of effective number of producers to effective number of consumers 
of goods and services. Effective number of workers refers to number of workers, adjusted 
for age differences in labour income, to the total population. This measure broadly captures 
the age variations in labour force participation, hours worked, unemployment, and produc-
tivity or wages. Effective number of consumers refers to number of consumers, adjusted 
for age differences in consumption levels, to the total population. Age structure transition 
leads to large shifts in the ESR and interacts with labour productivity to determine the 
economic growth (or growth rate of GDP per effective consumer). A positive growth rate 
of ESR means that the number of effective workers rises per unit of effective number of 
consumers. Thus, ESR is essentially different from the standard demographic dependency 
ratios because the age profile of labour productivity, calculated for measurement of effective 
number of workers, does capture the labour force participation of both children and elderly 
population.

Two types of demographic dividend can be distinguished in (2) depending on how divi-
dends operate through (Mason et al. 2017). 

i)	 First Demographic Dividend (FDD) operates through ESR. That is, given growth rate 
of labour productivity, the period during which growth of support ratio leads to in-
crease economic growth (or growth of GDP per effective consumer).

ii)	Second Demographic Dividend operates through the growth rate of labour produc-
tivity.

However, the focus of this paper is on FDD.1

1	 FDD can be modelled from the consumption side as well. This is given in United Nations (2013:  27). In this case, 
equation (1) is modified as follows: C(t)/N(t) = {(1-s)Y(t)/L(t)}{L(t)/N(t)}, where s is savings rate.
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3.2. Introduction of inequality into the first demographic dividend 
model
Following United Nations (2013: 53), we note that NTA provide the aggregate and per ca-
pita flows for each age or age group but no distributional information within age groups. 
However, inequality is relevant in the FDD model if inequality exists in the age-specific 
distribution of per capita labour income [γ(a,t)] and per capita consumption [φ(a,t)]. Intro-
duction of inequality into FDD model calls for a framework to integrate inequality through 
per capita labour income and consumption. For this purpose, we adjust the labour income 
and consumption profiles for overall inequality by age by multiplying the age profile of per 
capita labour income by (1-Gyat) and age profile of per capita consumption by (1-Gcat), where 
Gyat is Gini coefficient of per capita labour income and Gcat is Gini coefficient of per capita 
consumption at age a and time t.1 As mentioned earlier, overall inequality by age refers to the 
distribution of per capita labour income or consumption calculated across all individuals at 
each age. More generally, the inequality adjustments can be expressed as follows.

First, γ(a,t) is adjustable for income inequality by age [γ(a,t)*]. 

	 γ(a,t)*= γ(a,t) (1-Gyat),� (3)

where Gyat is a measure of inequality (e.g., Gini coefficient) in labour income distribution 
at age a and time t. In the same way, inequality-adjusted per capita consumption [φ(a,t)*] 
results in 

	 φ(a,t)*= φ(a,t)(1-Gcat),� (4)

where Gcat is a measure of inequality (e.g., Gini coefficient) in distribution of per capita con-
sumption at age a and time t.

Using γ(a,t)* in (3) and φ(a,t)* in (4),  the inequality-adjusted effective number of pro-
ducers and consumers can be calculated as follows. 

	 L(t)* =  ∑γ(a,t)*P(a,t)� (5)

	 N(t)* = ∑φ(a,t)*P(a,t)� (6)

where L(t)* is inequality-adjusted effective number of producers, N(t)* is inequality-adjust-
ed effective number of consumers.

Thus, growth effect of inequality-adjusted FDD is measured as follows.

	 g[Y(t)/N(t)]* = g[Y(t)/L(t)]t=0 + g[L(t)*/N(t)*]� (7)

where g[Y(t)/L(t)]t=0 is growth rate of labour productivity evaluated at t=0. This implies that 
growth rate of labour productivity is constant over time. 

1	 This formulation of inequality adjustment by multiplicative factor (1-G) is traceable to Sen’s (Sen 1973) welfare 
function: W=Y(1-G), where Y is per capita income and G is a measure of relative inequality. Or, W is a measure 
of inequality-discounted per capita income or “that level of per capita income which, if shared by all, would 
produce the same welfare (W) as the value of W generated by actual distribution of income” (Sen, 1973: 42).  
Further, UNDP (1993) used this formulation of inequality adjustment to calculate the distribution-adjusted 
Human Development Index. Prados de la Escosura (2017) used this adjustment factor to trace the historical 
evolution of real per capita GDP and Sen’s welfare function from 1850 to 2015 for Spanish economy. 
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Equation (7) is an empirical basis for calculation of the impact of economic inequalities 
on FDD for India. It can be calculated by the following sequential steps.

a)	 Age profiles of per capita labour income and per capita consumption are calculated.
b)	Age specific Gini coefficients are calculated for labour income and consumption.
c)	 Age profile of per capita labour income is adjusted for age-specific Gini coefficient of 

labour income to calculate the inequality-adjusted per capita labour income.
d)	Age profile of per capita consumption is adjusted for age-specific Gini coefficient of 

consumption to calculate the inequality-adjusted per capita consumption.
e)	 Inequality-adjusted per capita labour income and per capita consumption are used to cal-

culate the effective number of producers and consumers and Economic Support Ratio.

3.3. Operational model
In the absence of time series data for calculation of the age profiles of labour productivity, 
consumption, and inequalities, they may be assumed as time-invariant or constant over time 
from the benchmark year. That is, γ(a,t) = γ(a), φ(a,t) = φ(a), Gcat = Gca, Gyat = Gya, for all t in 
equation (2) through equation (7). Under these assumptions, the equations for calculation 
of FDD are as follows.

	 g[Y(t)/N(t)] = g[Y(t)/L(t)]t=0 + g[L(t)/N(t)]� (8)

	 g[Y(t)/N(t)]** = g[Y(t)/L(t)]t=0 + g[L(t)**/N(t)**]� (9)
where

γ(a)**= γ(a)(1-Gya);
φ(a)**= φ(a)(1-Gca);
L(t)** =  ∑γ(a)**P(a,t) is inequality-adjusted effective number of producers calculated 

with time invariant γ(a) and Gya in γ(a)**;
N(t)** = ∑φ(a)**P(a,t) is inequality-adjusted effective number of consumers calculated 

with time invariant φ(a) and Gca in φ(a)**;
and all other notations are the same as before.
Equation (9) explicitly shows that the inequalities affect growth but not vice versa. This 

simple formulation assumes away the reverse effects of growth on inequality.  Further, 
growth effects of FDD are captured without inequalities in equation (8) and with inequali-
ties in equation (9). The difference in results based on equation (8) and (9) for a given year 
is accountable for the growth effects of inequalities through FDD.  However, the empirical 
results of this paper must be qualified by these assumptions in the formulation of (8) and (9). 

Using equations (8) and (9), FDD is calculated up to 2050 from the benchmark year 2004-
05.  Next, equations (8) and (9) are recalculated from the new benchmark year 2011-12. The 
new benchmark year 2011-12 rescales the age profiles of labour income and consumption in 
2011-12 using the age shapes of 2004-05. Thus, the difference in results of FDD from 2005 
to 2050 and 2012-2050, based on equations (8) and (9), shows the impact of benchmark 
estimates on the size and duration of FDD for the comparable years.  

4. Variables and data descriptions

To implement the operational model in section 3.3 above, data are required for measure-
ment of variables and parameters relating to (a) age profiles of per capita labour income 
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and consumption, (b) age-specific income and consumption inequalities, (c) growth rate of 
labour productivity and (d) population by single year age from 2004-05 to 2050. Description 
of variables and data sources and data limitations for these calculations are explained below.

Chapter 3 in NTA Manual (United Nations 2013) gives a detailed description of the 
methodology for: a) calculation of macro controls or control totals which are aggregate 
measures of economic flows as measured by gross disposable income in the System of Na-
tional Accounts (SNA); b) steps in calculation of aggregate and per capita age profiles of var-
iables using micro level and nationally representative surveys; and c) adjustments for macro 
controls to ensure consistency with survey-based estimates of age profiles. Macro controls 
are used to scale NTA age profiles so that the NTA macro controls match the estimates from 
the SNA. We follow this NTA methodology for the calculation of per capita age profiles of 
labour income and consumption. We do not repeat these methodological details here but 
focus on describing India’s databases for the calculations of age profiles of labour income 
and consumption. Further, we develop our methodology for calculations of: a) age profiles 
of inequalities in labour income and consumption; and b) growth rate of aggregate labour 
productivity. For all measurements, population data is taken from the latest United Nations 
population projections by single year age and medium-variant (United Nations 2019).

4.1. Age profile of per capita labour income
Macro control for labour income is sum of: a) compensation of employees; b) 2/3 of mixed 
income; and c) net compensation of employees from rest-of-world. Data for calculation of 
macro control of labour income in 2004-05 is National Accounts Statistics (Central Statis-
tical Office 2015). Aggregate age profile of labour income is calculated based on individual 
income from wages and salaries and household income from self-employment (i.e., farm 
income and non-farm business income) in 2004-05 using the unit level data from the India 
Human Development Survey 2005 (Desai and Vanneman 2017). This is a micro data on 
households and individuals from a nationally representative sample of 41,554 households 
comprising 215,754 individuals, spread over 1,503 villages and 971 urban neighbourhoods. 
Aggregate age profile of self-employment income at household level is calculated by alloca-
ting self-employment income of household to individuals in a household who reported as 
self-employed, using the age profile of mean earnings of employees. Given the macro adju-
sted age profile of aggregate labour income, per capita age profile is calculated by dividing 
it by age-specific population in 2004-05. Aggregate age profile of labour income in 2011-12 
is calculated by up-scaling the age profile of aggregate labour income in 2004-05 to macro 
control of labour income in 2011-12. Per capita age profile of labour income in 2011-12 is 
calculated by dividing aggregate labour income profile by age specific population in 2011-
12. Data for calculation of macro control of labour income in 2011-12 is National Accounts 
Statistics (Central Statistical Office 2018).

4.2. Age profile of per capita consumption
Aggregate age profiles of public and private consumption are separately calculated by edu-
cation, health and other consumption. Next, aggregate public and private consumptions are 
summed and age profile of per capita consumption is obtained. Macro control for calculati-
on of private consumption is Private Final Consumption Expenditure on education, health 
and others. Households account in India’s National Accounts Statistics (in the framework of 
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SNA) includes Non-profit Institutions Serving Households (NPISHs). Thus, macro controls 
for private consumption includes consumption of both households and NPISHs. Macro 
control for calculation of public consumption is Government Final Consumption Expen-
diture. This refers to sum of individual (education and health) consumption and collective 
consumption (or public consumption). Source of data for these macro controls in 2004-05 is 
the National Accounts Statistics (Central Statistical Office 2018). Databases used for calcu-
lation of age profiles include India Human Development Survey 2005 (Desai and Vanneman 
2017), National Sample Survey on Health Care, Morbidity and Conditions of Aged in India 
in 2004 and National Sample Survey Organization (July 2004 to June 2005) on Status of 
Education and Vocational Training in India 2004–2005 (for details, see (Narayana 2018)). 

Given macro adjustment, aggregate age profile of consumption is divided by age-specific 
population to calculate the per capita age profile in 2004-05. Age profile in 2011-12 is cal-
culated by up-scaling the age profile of aggregate consumption in 2004-05 to macro control 
of consumption in 2011-12 (Central Statistical Office 2018). Per capita age profile of con-
sumption in 2011-12 is calculated by dividing aggregate consumption profile by age specific 
population in 2011-12.

4.3. Age profile of inequality in labour income
Age profile of labour income inequality is calculated by age specific Gini coefficient. Using 
the age distribution of individual worker’s total labour income from wages and salaries from 
all types of employment, age-specific Gini coefficient is calculated for 2004-05 and 2011-12. 
Databases for these calculations are NSS 61st Round in 2004-05 (comprising 602,833 enume-
rated persons) and NSS 68th Round in 2011-12 (comprising 456,999 enumerated persons) 
on Employment and Unemployment Situation in India.

4.4. Age profile of inequality in consumption
Age profile of consumption inequality refers to age-specific Gini coefficient. It is calculated 
in three steps. First, monthly per capita consumption expenditure (MPCE) at i-th age is cal-
culated by dividing total household consumption expenditure on the Mixed Recall Period 
basis by household size and assigning this per capita household consumption expenditure 
equally to all household members regardless of their age.1 Second, MPCE by age is calcu-
lated using the age distribution of MPCE. Third, Gini coefficient of MPCE is calculated 
for each age. Databases for these calculations are NSS 61st Round in 2004-05 (comprising 
123,624 households) and NSS 68th Round in 2011-12 (comprising 101,651 households) on 
Consumer Expenditure in India.

4.5. Growth rate of labour productivity
Labour productivity or output per worker is measured by Gross Value Added (GVA) at con-
stant prices. Growth of labour productivity in 2004-05 is calculated by Compound Annual 
Growth Rate (%) of GVA (at 1999-00 prices) between 1999-00 and 2004-05. Data for this is 

1	 Mixed Recall Period refers to the household consumption expenditure over 365 days recall period on five 
infrequently purchased non-food items (clothing, footwear, education, medical care (institutional), and durable 
goods) and 30 days recall period on the rest of items.
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sourced from Planning Commission (2008). The calculated value of growth of labour pro-
ductivity per year is 3.01 percent (in 2004-05). In the same way, growth of labour produc-
tivity in 2011-12 is calculated by Compound Annual Growth Rate (%) of GVA (at 2004-05 
prices) between 2004-05 and 2011-12. Data for this calculation is taken from three sources: 
a) GVA from Central Statistical Office (2018); b) workforce data for 2004-05 from Planning 
Commission (2008); c) workforce data for 2011-12 from State of Working India (2018). The 
calculated value of growth of labour productivity per year is 6.90 percent (in 2011-12).1

5. Empirical results 

Two sets of empirical results are presented and analyzed: 1) basic results by age profiles of 
labour income, consumption and inequalities for 2004-05 and 2011-12; 2) analytical results 
on the FDD with inequalities over the period 2005 to 2050.

5.1. Basic results on age profiles

5.1.1. Age profiles of income and consumption
Figure 4 in Appendix shows the results of per capita age profiles of labour income and con-
sumption for 2004-05 and 2011-12. The levels of variables in 2011-12 are higher for every age 
than in 2004-05 because the profiles are calculated by up-scaling the age-profile in 2004-05 for 
the macro controls in 2011-12. It is important to note that age profiles of labour income do not 
touch the horizontal-axis for the older ages (or after 60 years). This is mainly due to prevalence 
of unorganised and informal, and self-employed works, in which the elderly individuals are 
engaged.  Thus, the presence of both formal and informal employment in India’s labour market 
is implied in the age profile of labour income. The age profile of per capita consumption shows 
a steep rise from young to early working ages and stabilizes for middle working ages and older 
ages. The per capita labour income peaks at age 54 in 2004-05 and 51 in 2011-12. This peak per 
capita labour income is Rs.46,406 in 2004-05 and Rs.108,941 in 2011-12. On the other hand, 
the per capita consumption increases rapidly from young to working ages and peaks at age 24 
in 2004-05 (Rs.27,182) and at age 22 in 2011-12 (Rs.64,138). Thus, the crossing age from the 
net consumers to the net producers is from 26 years to 60 years in 2004-05 and from 25 years 
to 60 years in 2011-12 (see Fig. 4 in Appendix). 

The results in Figure 4 (see Appendix) are fundamental for the entire analyses of the FDD 
because income inequality, consumption inequality, and inequality-adjusted and inequali-
ty- unadjusted per capita age profiles of labour income and consumption are essential for 
calculation of ESR in equations (8) and (9).

5.1.2. Age profile of income inequality
Age profile of income inequality, measured by inequality in distribution of labour income 
by single year age, is shown in Figure 5 in Appendix. This age-specific income inequality 

1	 The reference years for calculation of growth of labour productivity are the base years for the estimation of India’s 
national income. For instance, over the period 1999-00 to 2011-12, three official base years were used: 1999-
00, 2004-05 and 2011-12. Thus, growth of labour productivity is calculated between 1999-00 and 2004-05 and 
between 2004-05 and 2011-12, using the base years’ prices in 1999-00 and 2004-05 respectively.
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(or Gini coefficients) shows the magnitude of intra-age inequality in total labour income in 
respective years. The age profiles are smoothed by the moving average method for graphical 
purposes. For all FDD calculation purposes, however, the unsmoothed profiles are used. 

Figure 5 (see Appendix) shows a remarkable variation in income inequality in a lifecycle 
context. That is, inequality is positive in younger ages (≤ 18 years), possibly due to the pres-
ence of child labour (≤ 14 years) and rises from younger to working ages. Inequality starts 
declining for the elderly ages (≥ 60 years). These age patterns of inequality are comparable 
between 2004-05 and 2011-12 although they show a decline in 2011-12 for all ages except a 
rise for few elderly ages from age 87. 

Interestingly, the calculated value of Gini coefficient within the elderly (≥ 60 years) is 
0.421 in 2011-12. This is lower than the Gini coefficient for all age (0.514). This result is in 
contrast with results in other international studies. For instance, OECD (2019) reported the 
income inequality for two age groups: the elderly (aged over 65 years) and total population 
(all ages) for 36 OECD countries and BRICS countries in G20 countries. Our result of Gini 
coefficient for the elderly is higher than all OECD countries except Mexico (0.500) and our 
Gini coefficient for all ages is higher than all OECD countries. As compared to other BRICS 
countries, except China, India’s income inequality is higher. However, these comparisons 
should be treated as merely qualitative because of the differences in definition and measure-
ment of income and inequality. For instance, our definition of income is limited to earnings 
and self-employed income and OECD (2019) includes income from work, private occupa-
tional transfers, and capital income.  

5.1.3. Age profile of consumption inequality
Age profiles of consumption inequality by single year age in 2004-05 and 2011-12 are given 
in Figure 6 in Appendix. The Gini coefficients show the magnitude of intra-age inequality 
in distribution of consumption in respective years. In general, inequalities increase from the 
younger ages to working and older ages. Further, inequalities show high variations at the 
older ages as compared to the young and working ages. Or, variations in consumption ine-
qualities in each year of the older age are remarkable and consumption inequalities strongly 
matter for the older persons. 

Consumption inequalities are higher in 2011-12 than in 2004-05 up to age 16 years. From 
age 17 years, inequalities in 2011-12 are higher or lower by specific ages. For instance, con-
sumption inequalities are lower in 2011-12 for following ages: 17-19 years, 27-29 years, 38-
42 years and from 81-90 years except for age 82 and 85. 

5.1.4. Comparability of income inequality and consumption inequality by age
A higher income inequality than consumption inequality is a general finding in many stu-
dies on inequalities in India including in the recent studies by Himanshu (2019) and Gradin, 
Wu (2020). The main reasons for higher income inequality include the following: a) mix of 
income data by location (rural and urban) and occupation (informal and formal employ-
ment); b) under-reporting of income; and c) exclusion of top income in the households 
surveys. 

Our calculations of age-specific inequalities show that, unlike the labour income inequal-
ity which is zero up to age 7 (see Fig. 5 in Appendix), consumption inequality is non-zero 
for all ages (see Fig. 6 in Appendix). This implies that the income inequality is not higher 
than consumption one at every age. For instance, consumption inequality is higher than 
income inequality up to age 23 and after age 70. In general, the age groups 0-23 and 71-90 
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include the dependent ages. Alternatively, this result shows that income inequality is higher 
than consumption inequality from age 24 years to 60 years which includes the working age 
population. Thus, age specific inequality measurements shows that the nature and mag-
nitude of income and consumption inequalities vary by age and income inequality is not 
higher than consumption inequality for all ages.  This result is in contrast with the general 
findings of the above mentioned non-age specific inequality studies on India. Further, this 
result of age-specific variations in inequalities has important implications on inequality-ad-
justed demographic dividend because it captures the interactive effects of inequalities and 
age structure transition through the growth rate of ESR.

5.1.5. Inequality-adjusted age profiles of labour income and consumption 
Figure 7 (see Appendix) shows the inequality-adjusted age profiles of per capita labour in-
come and consumption in 2004-05 and 2011-12. These profiles are calculated by using the 
profiles from Figure 4 and Figure 5 (see Appendix) in the frameworks of equations (3) and 
(4). Due to the presence of age specific differences in population size, income, consumption 
and inequalities (except for age group 0-16 years in labour income inequalities), the level 
and shape of per capita labour income and consumption in Figure 7 are less and different 
than in Figure 4 (see Appendix). In particular, the shape of age profiles in Figure 7 is mainly 
determined by age patterns of inequalities in Figure 5 (see Appendix). Thus, the inequali-
ty-adjusted age profiles of labour income and consumption in Figure 7 are different in levels 
and shapes than unadjusted profiles in Figure 4 (see Appendix). 

Figure 4 and Figure 7 (see Appendix) are important for calculation of ESR and, hence, 
FDD in 2004-05 and 2011-12 if adjusted or unadjusted for the inequalities. Sensitivity of an-
alytical results of FDD to these adjustments and un-adjustments to inequalities are analyzed 
in the following section.   

5.2. Assessment of inequality-adjusted first demographic dividend 
Analytical results on the FDD are calculated in the presence of both labour income and con-
sumption inequalities and either labour income or consumption inequality.  

Using the equations (8) and (9), and age profiles in 2004-05, the results of FDD from 
2005 to 2050 are given in Table 1 in Appendix. The calculated ESR and its growth rate are 
distinguished between the inequality-unadjusted and inequality-adjusted. The results are 
reported for each year. The values of ESR and its growth rate are highest when adjusted for 
the consumption-inequality. Or, the FDD is highest and longest (37 years: from 2006 to 
2042). In contrast, the values of ESR and growth rate of ESR are lowest, and the duration of 
FDD is shortest (35 years: from 2006 to 2040), if adjusted for the labour income inequality. 
These results can be explained by the impact of inequalities on ESR in equation (9). That is, if 
adjusted for consumption inequality, and other things being equal, the value of ESR is higher 
because the effective number of consumers is smaller. In contrast, the effective number of 
producers is smaller and ESR is lesser, if adjusted for labour income inequality.  

However, if adjusted for labour income inequality as well as consumption inequality, the 
values of ESR and growth rate of ESR are smaller but duration of demographic dividend is 
longer than when unadjusted for the inequalities. This implies that economic inequalities do 
matter in terms of the size and duration of India’s FDD in the period 2005-2050. Moreover, 
income inequality has a stronger effect on reducing the size and duration of FDD than con-
sumption inequality.
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Table 2 in Appendix presents the dynamics of FDD from 2011 to 2050 using the age pro-
file for 2011-12. Qualitatively, these results are comparable to the results of FDD from 2005 
to 2050 in Table 1 in Appendix. At the same time, key differences in these results are also 
evident. First, the size of FDD from 2012 to 2050 is higher in all the inequality-adjusted or 
inequality-unadjusted scenarios. The higher results are due to many factors including higher 
labour income and consumption, lower labour income and consumption inequalities for 
many ages, and higher population size by age (except for age 0-3 years). Second, the duration 
of the FDD is shortened by two years in all scenarios in Table 2.

Using the data presented in Table 1 and Table 2 (see Appendix), and constant labour 
productivity growth rate at 3.01 per cent in 2004-05 and 6.90 per cent in 2011-12, eco-
nomic growth rates, i.e., g[Y(t)/N(t)] in equation (8) and g[Y(t)/N(t)]** in equation (9) are 
calculated. The results are shown in Appendix in Figure 8 for 2006-2050 and in Figure 9 
for 2012-2050. In these figures, the values in the Y-axis is the  sum of productivity growth 
rate and  growth rate of ESR in Table 1 for Figure 8 and in Table 2 for Figure 9. Due to the 
constancy of productivity growth rates, the growth effects of inequality are mainly deter-
mined by the FDD or growth rate of ESR under scenarios in Table 1 and Table 2. These 
results imply that the growth rates are upward-biased if ESR is unadjusted for inequali-
ty.  For instance, the growth effects are higher if unadjusted for both the inequalities and 
labour income inequality. However, growth effects of unadjusted ESR do not dominate 
inequality-adjusted ESR throughout. This is due to interactive effects of both age structure 
transition and differential inequality in labour income and consumption by age. Thus, 
inequalities do impact on the size and duration of the FDD and, hence, economic growth 
in India.

6. Conclusion and policy implications

This paper offers a new explanation and prediction of empirical relationship between 
income and consumption inequalities and NTA-based FDD model for India. The results 
show that India’s first demographic dividend (FDD) size and duration over the period 
2005-2050 have six important determinants: 1) growth rate of aggregate labour pro-
ductivity; 2) age profile of labour productivity; 3) age profile of consumption; 4) labour 
income inequality by age; 5) consumption inequality by age; 6) age structure transition. 
Overall results indicate that the inequalities have remarkable effects on (i) lowering the 
age-specific distribution of labour income for select ages and consumption for all ages, 
and (ii) reducing the size of demographic dividend due to lesser growth rate of economic 
support ratio (ESR). Income inequality effects are found to be stronger than consump-
tion inequality effects in terms of reducing demographic dividend. These results imply 
that the growth effects of FDD are upward-biased if unadjusted for the economic ine-
qualities. Thus, economic inequality does matter for India’s first demographic dividend 
realization.

The empirical results also imply that the attainment of reduction in inequalities by redis-
tributive economic policies and investments in human capital for increasing the effective 
number of consumers are contributory to maximization of economic growth through FDD 
channel. For instance, in the framework of UN-SDGs 2030, redistributive and human capi-
tal investment policies for attainment of targets under the following goals, among other, are 
contributory to reduction in inequality and increase economic growth: Goal 1 (No Poverty), 
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Goal 2 (Zero Hunger), Goal 3 (Good Health and Well-being), Goal 4 (Quality Education), 
Goal 5 (Gender Equality), Goal 8 (Decent Work and Economic Growth) and Goal 10 (Re-
duced Inequalities). However, a detailed study is needed to link between the attainments of 
targets under these goals, inequalities and FDD for India. This analysis may also have im-
portant implications on explaining and predicting the economic and demographic factors 
which influence the growth rate of labour productivity, age profile of labour productivity, 
age profile of consumption, labour income inequality by age, consumption inequality by age, 
and age structure transition.1

If distribution of income and consumption change in the process of economic growth 
and demographic transition, the nature and degree of inequalities by age may also change. 
These dynamic implications can be captured in this paper if a time series of age profiles of 
labour income and consumption and inequalities in their distribution can be calculated. 
Subject to the availability of data in future, these time series calculations of the age profiles 
can be attempted. This shall be useful to offer either supporting or confronting evidence for 
India’s growth effects of inequality through FDD tested in this paper.

Economic inequalities in this paper are calculated without controlling for any socio-eco-
nomic status of individuals. Given the socio-economic diversity and disparities, and if con-
trolled for education or other socio-economic status, a future study of inequalities by age 
may offer new insights into income, consumption and other NTA variables. 

Subject to the comparability of labour income and consumption structures, nature and 
degree of inequality, and demographic transition, the approach of this paper can be replicat-
ed for comparative studies in developing countries. These include the BRICS countries who 
are members of NTA Global Research Network and have constructed NTA profiles. Such 
replicative and comparative studies will be useful in terms of establishing the generality of 
results obtained for India in this paper. 
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Figure 1. Total population of India, 1950-2100. Source: author’s calculations based on United Nations 
(2019) data.

Figure 2. Age structure transition, India, 1950-2100. Source: author’s calculations based on United 
Nations (2019) data.
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Figure 3. Dependency transition, India, 1950-2100. Source: author’s calculations based on United 
Nations (2019) data.

Figure 4. Age profiles of per capita labour income and consumption, India, 2004-05 and 2011-12. 
Source: author’s calculations.
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Figure 5. Age-specific Gini coefficient for per capita labour income, India, 2004-05 and 2011-12. 
Source: author’s calculations.

Figure 6. Age-specific Gini coefficients for per capita consumption, India, 2004-05 and 2011-12. 
Source: author’s calculations.
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Figure 7. Inequality-adjusted per capita age profiles of labour income and consumption, India, 2004-
05 and 2011-12. Source: author’s calculations.

Figure 8. Growth effects of inequality through FDD, India, 2006-2050. Source: author’s calculations.
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