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EXECUTIVE SUMMARY 
 
 

Increased life expectancy and lower fertility have led to the aging of India’s population. 
Traditionally, the elderly in India have lived with and received support from their adult 
children. This family support system is eroding, however, due to lower fertility, 
migration from rural to urban areas and the development of more individualistic 
attitudes among the younger generations. 
 
Unlike wealthier countries, India does not have a universal old-age social security 
system. In fact, about 92% of the labor force does not have access to any formal pension 
program.  
 
Given these circumstances, this master’s project aims to answer the policy question: 
 

What is the scope of the problem that the government of India 
faces in meeting the needs of its elderly population between now and 
2050, and could a gradually introduced, universal, pay-as-you-go 
pension system be a feasible part of the solution? 

 
Methodology 
To answer this question, this project had three parts. For Part 1, I compiled projections, 
indicators and statistics that would illuminate the scope of the specific challenges that 
the Indian government could be facing in meeting the needs of its elderly population.  
 
For part 2, I performed a “thought experiment” to determine if a gradually introduced, 
universal, pay-as-you-go pension system would be financially feasible. I calculated 
pension deficits from 2010 to 2050 for a base case and then did a sensitivity analysis 
around it by varying parameters such as the pension benefit level, retirement age, payroll 
tax rate, population projection variant and employment rate. 
 
For part 3, I examined the pension systems of other countries and states within India 
itself to see what lessons India could learn from others. 
 
Findings & Analysis 
 
Part 1- Determining the Scope of the Problem 
 
The elderly population is becoming increasingly more female. Elderly Indian 
women are more likely to be illiterate and widowed than elderly Indian men. They are 
also less likely to be in the workforce. These factors make elderly Indian women 
economically vulnerable, especially given the traditionally patriarchal structure of Indian 
society. 
 
The elderly are still primarily rural, but they are becoming more urban. 
The informal system of family support of the elderly is more likely to break down in 
urban areas, so the increasing urbanization of the elderly population is an important fact 
to keep in mind when designing a pension system. 
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Elderly Indian men have relatively high labor force participation rates. In 
developed countries, the creation of government pension systems has contributed to 
declining labor force participation rates among elderly men, further increasing the cost 
of those pension systems. This unintended consequence should be kept in mind when 
designing a pension system for India. 
 
The elderly in India continue to live overwhelmingly in multigenerational 
households. This fact is important because it suggests that modest pensions could 
serve to support the multigenerational family. Adult children might be more inclined to 
have their adult parents live with them if those parents are making a contribution to 
household finances. This would avoid the need for a larger pension that would enable the 
elderly to live in their own separate households. 
 
Part 2- Evaluating the Feasibility of a Pension System 
After calculating pension deficits for the base case and several variants, and analyzing 
the findings, the following conclusions were reached. 
 
The best performing variants were the ones with the highest employment 
rates. The variants that performed the best (generated the lowest deficits) were those 
that required all workers in the covered population to contribute through payroll taxes to 
the pension system. In essence, the deficits generated in a payroll-tax-based pay-as-you-
go pension system are sensitive to the fraction of the labor force that contributes to the 
system. 
 
The best performing variants were the most unrealistic, policy-wise. The 
four best performing variants, none of which on average generated a deficit, were those 
that 1) required all workers in the covered population to contribute, 2) had a high payroll 
tax rate or 3) had a high retirement age. Although high performing, these variants would 
be difficult to implement from a policy perspective. 
 
Changes in fertility did not reduce deficits, relative to other changes. 
Changes in the fertility rate, which affect the age structure of the population, did not 
reduce deficits relative to the base case as much as changes in retirement age, benefit 
levels, employment rate and payroll tax rate did. 
 
All variants ran a deficit by 2050 (except one). All the variants except one  
eventually ran into the same problem as pension systems in many developed countries—
deficits caused by rising old-age dependency ratios. No variant, except one, was free 
from pension deficits all years from 2010 to 2050. 
  
Part 3- What India Can Learn from Others 
 
Policies should complement, not substitute for, informal family support. 
The overwhelming majority of the elderly in India still live with their adult children, 
which indicates that the joint-family system is still functioning reasonably well. 
Therefore, government policies towards the elderly should try to avoid the risk of simply 
crowding out informal means of support. In countries such as Peru and the Philippines, 
research has shown that every dollar of government pension reduces transfers from adult 
children to their elderly parents by 17-37 cents. Thus, government policies should be 
careful to complement, rather than substitute for, the joint-family system. 
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Universal, flat-rate pensions have benefits and drawbacks. New Zealand has a 
universal, flat-rate pension system funded from general revenues. The main benefit that 
such as system could offer India is that it avoids the complicated administrative task of 
tracking individual workers’ earnings (something which the Indian government does not 
presently have the capacity to do). The main drawback, however, is that it is still a pay-
as-you-system that is vulnerable to population aging. 
 
Developed countries’ pension systems have pitfalls. The pay-as-you-go pension 
systems of many developed countries have their drawbacks. They are vulnerable to 
population aging. Their high taxes have distorted labor markets. They have created 
perverse incentives to drop out the workforce and retire early. They have also proven 
politically difficult to reform. These are all pitfalls that the Indian government should 
keep in mind if it ever chooses to design a universal pension system. 
 
It is possible to transition from a means-tested to a universal pension 
system. Australia initially had a means-tested pension system intended for the elderly 
poor. After 74 years, however, it transitioned to a universal pension system that now 
includes defined-contribution individual accounts. This shows that it could be possible 
for the Indian government to begin initially with a limited means-tested social assistance 
program for the destitute elderly and then later transition to a universal pension system. 
 
Recommendations 
 
Short-term Recommendations 
 
Do not attempt universal coverage. Presently, India simply does not have the 
administrative and infrastructural capacity for a pension system based on workers’ 
earning histories. 
 
Implement effective social assistance programs. For the time being, old-age 
pensions will have to remain largely in the form of social assistance programs targeted 
towards the destitute elderly. The government could implement current social assistance 
programs more effectively by: increasing coverage, phasing out its subsidy for organized 
workers’ formal pensions and redirecting the subsidy funds to social assistance 
programs, and indexing to inflation the benefits of the means-tested National Old Age 
Pension Scheme. 
 
Long-term Recommendations 
 
Improve governance capacity. Given that lack of administrative and infrastructural 
capacities are currently some of the largest obstacles to implementing a universal 
pension system, the Indian government should work to develop the governance capacity 
to one day implement a universal pension system. 
 
Avoid the problems that developed countries have experienced. Any universal 
pension system the government implements should avoid repeating the policy 
weaknesses of the developed countries’ pension systems. These include: vulnerability to 
population aging, high payroll taxes that distort the labor market, perverse incentives to 
leave the workforce and retire early, and difficulties in reforming the system once it is 
established. 
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Recommended Areas for Future Research 
 
Investigate other sources of tax revenue to fund pensions. Pension systems do 
not have to be funded by payroll taxes. They could be funded from sales taxes, income 
taxes and/or corporate taxes. These sources of revenue may be easier for the government 
to collect than payroll taxes. 
 
Investigate other types of pension systems. This project just examined a 
universal, pay-as-you-go system funded from payroll taxes. Obviously, there are other 
ways to structure a pension system. Australia and New Zealand might be models to 
follow. Australia transitioned from a means-tested system to a multi-pillar system that 
includes defined-contribution individual accounts. New Zealand has a universal, flat-rate 
pension funded from general revenues. 
 
Investigate public demand for a universal pension system. Ideally, any 
pension system should have public support. Thus, an interesting area of research could 
involve assessing the Indian public’s interest in, and desire for, a universal pension 
system. 
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POLICY QUESTION 
 
What is the scope of the problem that the government of India faces 
in meeting the needs of its elderly population between now and 
2050, and could a gradually introduced, universal, pay-as-you-go 
pension system be a feasible part of the solution? 
 
 

BACKGROUND 
 
Reasons for Concern 
India may face an aging crisis if it continues on its current trajectory. Over the 
past several decades, four factors have created a scenario in which meeting the 
needs of the elderly population will become increasingly difficult. These four 
factors are 1) increased life expectancy, 2) lower fertility, 3) erosion of the 
traditional multigenerational family structure and 4) lack of a broad-based, 
formal, old-age social security system. 
 
Over the last hundred years, life expectancy in India has increased dramatically. 
During the first decade of the 20th century (1901-1911), life expectancy at birth 
was only 23 years.1 This figure had increased to 32 years at the time of 
independence from the British in 1947 and to 63 years in 2005.2,3 Life expectancy 
at birth is projected to reach 70 by 2025 and 76 by 2050.4  
 
As life expectancy has increased, fertility has decreased. In 1955, the total fertility 
rate was 5.97 children per woman.5 A half century later in 2005, the figure was 
3.07 children per woman.6 The United Nations projects fertility to decline to 2.11 
by 2025 and 1.85 by 2050.7 
 
The consequence of increased life expectancy and lower fertility—brought on, in 
part, through improved healthcare—has been the aging of India’s population.8 In 
2005, 87.5 million elderly people (defined, for the purposes of this project, as 
those 60 or older) lived in India and comprised 7.9% of the total population, an 
increase from 5.6% in 1950.9,10 By 2025, the elderly are expected to comprise 
12.0% of the total population and 20.7% by 2050.11 
                                                 
1 Indiastat database. “Expectation of Life at Birth by Sex (1901-11 to 2011-2016).” 
http://www.indiastat.com/default.asp (accessed Mar. 15, 2006).  
Figure for 1901-1911 was based on Census Actuarial Reports. 
2 Indiastat. “Expectation of Life at Birth…” http://www.indiastat.com/default.asp (accessed Mar. 
15, 2006). 
3 United Nations. http://esa.un.org/unpp/index.asp?panel=2 (accessed Oct. 15, 2005). 
4 United Nations. http://esa.un.org/unpp/index.asp?panel=2 (accessed Oct. 15, 2005). 
5 United Nations. http://esa.un.org/unpp/index.asp?panel=2 (accessed Mar. 15, 2006). 
6 United Nations. http://esa.un.org/unpp/index.asp?panel=2 (accessed Oct. 15, 2005). 
7 United Nations. http://esa.un.org/unpp/index.asp?panel=2 (accessed Mar. 15, 2006). 
8 Goswami, p. 102. 
9 United Nations. http://esa.un.org/unpp/index.asp?panel=2 (accessed Mar. 15, 2006). 
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Because India is such a populous nation, these percentages translate into an 
extremely large number of elderly people. In 2005, one out of every eight of the 
world’s elderly people lived in India, and these 87.5 million elderly Indians 
outnumbered the entire population of Germany.12 India is projected by 2025 to 
have 168 million elderly people and by 2050, to have 330 million—more than the 
total population of the United States in 2006.13,14 
 
Historically, the elderly in India have received support and care from their adult 
children (often their sons) and members of their extended families.15 This 
traditional form of social insurance is eroding, however, due to lower fertility, 
migration from rural to urban areas and the development of more individualistic 
attitudes among the younger generations.16 As life expectancy increases and 
fertility drops, the elderly have fewer children to support them for a longer period 
of time. Additionally, adult children migrate to urban areas, leaving behind their 
parents in rural areas. As adult children have become more independent and 
individualistic in their attitudes, they have also grown less inclined to take care of 
their elderly parents. 
 
Wealthier, industrialized countries have dealt with their aging populations by 
enacting universal social security systems that provide the elderly with pensions. 
Typically, employer and employee taxes on wages finance these pensions in what 
is termed a “pay-as-you-go” system, where workers fund the pensions of the 
current generation of elderly people. These pensions have provided the elderly 
with the means to support themselves financially and maintain independent 
households. Unlike wealthy industrialized countries, however, India does not 
have a universal old-age pension system. In fact, 92% of the labor force does not 
have access to any kind of formal pension program.17 
 
Therefore, as 1) life expectancy rises, 2) fertility rates fall, 3) the traditional 
multigenerational family structure erodes and 4) the lack of a broad-based, old-
age social security system persists, Indians may find it increasingly difficult to 
meet the needs of their elderly population.  
 

                                                                                                                                                 
10 For this project, I have chosen to define the elderly as people age 60 and above because this is 
how most publications about aging in India define it. 
11 United Nations. http://esa.un.org/unpp/index.asp?panel=2 (accessed Mar. 15, 2006). 
12 United Nations. http://esa.un.org/unpp (accessed Mar. 16, 2006). 
13 United Nations. http://esa.un.org/unpp (accessed Mar. 15, 2006). 
14 U.S. Census Bureau. http://www.census.gov/ (accessed Mar. 15, 2006). 
15 Bhat & Dhruvarajan, pp. 624-626. 
16 Bhat & Dhruvarajan, pp. 626-627. 
17 Government of India. http://www.labour.nic.in/ss/overview.html (accessed Oct. 15, 2005).  
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The Current State of Social Security 
The current government-sponsored old-age social security system in India has 
three tiers.18 The first tier consists of mandatory plans for workers in the 
organized sector. The second tier consists of voluntary, tax-preferred savings 
schemes available to workers in both the organized and unorganized sectors. The 
third tier consists of social assistance schemes administered at the national and 
state levels that typically target the destitute elderly. 
 
Before discussing these three tiers, the distinction between the 
organized/unorganized and formal/informal sectors needs to be made. The 
organized sector consists of employers that are required by law to provide 
pensions for their employees.19 Workers in the organized sector include central 
and state government employees.20 They also include those working in private 
firms that are required statutorily to register under the Factories Act, 1948 and 
other subsequently passed laws.21 Firms that are required to register are 
principally those with more than 20 employees, although certain exclusions 
apply.22 In total, about 8-10% of the labor force works in the organized sector.23  
 
Thus, just because a worker is in the formal sector does not necessarily mean that 
he or she is in the organized sector. The firm for which he or she works may not 
be covered in the pertinent legislation that mandates which firms have to provide 
their employees with pensions. For example, a person could work in the formal 
sector at a firm with fewer than 20 employees.  
 
The unorganized sector is the residual of the organized sector.24 Most of the 
workers in the unorganized sector are agricultural workers, but many others are 
construction workers or are self-employed (i.e. street hawkers, etc.).25 The work 
of people in the unorganized sector is often casual or temporary in nature, 
instead of being year-round.26 Only about 40% of workers in the unorganized 
sector earn wages.27 The remaining 60% are typically workers who receive in-
kind compensation and unpaid workers in family businesses. 
 
Clearly, the organized sector is roughly equivalent to the formal sector, and the 
unorganized sector is roughly equivalent to the informal sector. Nevertheless, it is 
important to note that not everyone in the formal sector is in the organized 
sector. Therefore, for the purposes of this project, I use the terms 
organized/unorganized rather than formal/informal to distinguish between the 
                                                 
18 Goswami, p. 100. 
19 Goswami, p. 97. 
20 World Bank, 2001, p. 14. 
21 Goswami, p. 97, footnote. 
22 Goswami, p. 97, footnote. 
23 Figures for the percentage of workers in the organized sector vary by source, but most place the 
figures between 8 and 10 percent. See: Gov’t of India, “General Overview” and Goswami, p. 99. 
24 Goswami, p. 97, footnote. 
25 Kumar, p. 55. 
26 Kumar, p. 55. 
27 Rajan, p. 157. 
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sectors in which workers have access to mandatory pensions and those in which 
workers do not. 
 
Tier 1: Mandatory Pension Programs 
The first tier, comprising mandatory pension programs, consists of pensions for 
government employees and workers in private firms that are required by law to 
provide pensions (the organized sector). Pensions for central and state 
government employees are typically defined-benefit, pay-as-you-go pensions 
funded out of the central and state governments’ annual revenues.28 Most 
government employees also have access to the Government Provident Scheme 
(GPS), in which workers contribute at least 6% of their earnings and receive a 
lump sum at retirement.29  
 
Workers in private firms have traditionally received their pensions through a 
provident fund—a defined-contribution plan in which a worker receives a lump 
sum upon retirement.30 The largest provident fund is the Employees’ Provident 
Fund (EPF), which covered 21 million workers in 2001.31 There are also a few 
smaller provident funds that cover workers in specific occupations. These smaller 
provident funds covered an additional two million workers in 2001.32 
 
In 1995, part of the EPF was converted into the Employees’ Pension Scheme 
(EPS), a defined-benefit, pay-as-you-go system that provides an annuity upon 
retirement.33,34 For the 5.4% of the labor force that is covered by the EPF and 
EPS, contributions are as follows:35 

• Employees contribute 12% of their monthly wages to the defined- 
contribution EPF.36 (Employees of “sick” firms can pay 10%.)37 

• Employers make a matching contribution of 12% of monthly wages that is 
divided between the EPF and the defined-benefit, pay-as-you-go EPS.38 

• The government contributes an amount equal to 1.16% of employees’ 
monthly wages to the EPS.39 

 
The EPF and EPS are managed by the Employees Provident Fund Organization 
(EPFO), whose Central Board of Trustees include the Minister of Labour, the 
Union Labour Secretary and representatives of the central government, state 
governments, employers and employees.40 

                                                 
28 Goswami, p. 99. 
29 Goswami, p. 99. 
30 Goswami, pp. 97-99. 
31 World Bank, 2001, p. 16. 
32 World Bank, 2001, p. 16. 
33 World Bank, 2001. p. 16. 
34 Goswami, p. 99. 
35 World Bank, 2001, p. 14. 
36 World Bank, 2001, p. 27. 
37 World Bank, 2001, p. 27. 
38 Goswami, p. 98. 
39 Goswami, p. 98. 
40 World Bank, 2001,  p. 17. 
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Tier 2: Voluntary, Tax-Preferred Pension Programs 
The second tier of government-sponsored old-age social security consists of 
voluntary, tax-preferred savings plans available to workers in both the 
unorganized and organized sectors. These plans include the Public Provident 
Fund, financed by voluntary contributions, and annuity-like products that can be 
purchased through the Life Insurance Corporation (LIC) of India.41,42 (India 
nationalized the life insurance industry into the LIC in 1956.43 There are no 
private life insurance companies in India). Less than 1% of the labor force 
participates in any of these voluntary plans.44 The primarily inducement to 
participate in these plans is a reduction in income taxes. Only 2-3% of workers 
actually pay income taxes, however, so this inducement is irrelevant to most 
people.45 
 
Tier 3: Social Assistance Pension Programs 
The third tier of government-sponsored old-age social security is central- and 
state-government social assistance programs. The Indian government enacted in 
1995 a means-tested National Old Age Pension Scheme (NOAPS) that aims to 
provide 75 rupees (about $1.70) per month to 30% of the poorest people over age 
65.46,47,48 In reality, it is reaching 15-20% of the Indian population over age 65.49 
Also, the benefit level of 75 rupees has not changed since 1995; it it not indexed to 
inflation.50 
 
Each state has a ceiling on the number of NOAPS pensions it can disburse, with 
the ceiling for the entire country being 6.9 million in 2003.51 While the entire 
NOAPS program is administered at the national level by the Ministry of Rural 
Development and Employment, it is implemented in the states by village 
panchayats (councils) and municipalities.52 
 
The central government launched in 1999 the Annapurna Programme, which is 
supposed to provide 10 kg (22 lbs.) of rice or wheat each month free to elderly 
destitutes through the existing public distribution system.53 Various 
                                                 
41 World Bank, 2001, p. 14. 
42 Goswami, p. 100. 
43 Kumar, p. 56. 
44 World Bank, 2001, p. 14. 
45 World Bank, 2001, p. 15. 
46 Bhat & Dhruvarajan, p. 633. 
47 The dollar value of the Rs. 75 pension is based on an exchange rate of Rs. 44.16 = US$ 1, the 
average interbank exchange rate in 2005. I have used this exchange rate throughout this analysis, 
unless stated otherwise. 
OANDA, FXHistory: historical currency exchange rates, 
http://www.oanda.com/convert/fxhistory (accessed Mar. 16, 2006). 
48 Goswami, p. 100. 
49 World Bank, 2001, p. 14. 
50 World Bank, 2001, p. 10. 
51 Kumar, p. 60. 
52 Kumar, p. 60. 
53 Kumar, p. 61. 



 6

administrative issues have slowed the implementation of the program, however. 
States are supposed to share the financial cost of implementation, and 18 months 
after the program was initiated, only half of the states had started the program.54 
 
State governments also provide pensions that average 150 rupees ($3.40) per 
month and that cover 5-10% of the elderly population over age 60.55 A pension of 
150 rupees monthly—which amounts to $40.08 annually—is below the 2004 per 
capita gross national product of $620, but as of 2001, it was enough to buy basic 
food supplies through the public distribution system.56,57 Eligibility criteria for 
these pensions vary from state to state, but most programs are targeted to the 
destitute.58 The southwestern state of Kerala has the most extensive pension 
system, with special pensions for widows and landless agricultural workers.59 
 
Emerging Policy Question 
Out of these current circumstances of increased life expectancy, falling birthrates, 
a weakening of the traditional multigenerational family structure and lack of a 
broad-based social security system emerges the public policy problem of how to 
meet the needs of India’s aging population. If the current trajectory continues, 
the challenges of caring for the elderly are likely to grow more acute and pressing. 
Thus, I attempt to address this policy problem by answering the following policy 
question: 

What is the scope of the problem that the government of India 
faces in meeting the needs of its elderly population between 
now and 2050, and could a gradually introduced, universal 
pay-as-you-go pension system be a feasible part of the 
solution? 

 
 
METHODOLOGY 
 
I divided my analysis into three parts: 1) determining the scope of the problem, 2) 
evaluating the feasibility of a gradually introduced, universal, pay-as-you-go 
pension system and 3) examining what India can learn from experiences in other 
nations and individual states within its borders.  
 
Part 1- Determining the Scope of the Problem 
For this portion of my analysis, I aimed to answer the first part of my policy 
question: What is the scope of the problem that the government of India will 
                                                 
54 Kumar, p. 62 
55 Goswami, p. 100. 
56 Kumar, p. 59. 
57 World Bank, Country Data Profile (India), 
http://devdata.worldbank.org/external/CPProfile.asp?SelectedCountry=IND&CCODE=IND&CN
AME=India&PTYPE=CP (accessed Apr. 10, 2006). 
58 Goswami, p. 100. 
59 Kumar, pp. 58-59. 
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face in meeting the needs of its elderly population between now and 2050? To 
do this, I compiled projections, indicators and statistics that illuminate the scope 
of the specific challenges that the Indian government could be facing. These 
included, but were not limited to, projections of old-age dependency ratios, 
fertility and life expectancy, as well as statistics on living arrangements, family 
structure, gender differences and the urban/rural divide.   
 
I paid particular attention to differences between the urban and rural 
populations. Challenges with caring for the elderly may be more severe in urban 
areas because family size may be smaller, the cost of living may be higher and 
societal attitudes towards caring for the elderly may be less traditional. On the 
other hand, the elderly in rural areas may face unique challenges because they 
may be poorer and less likely to have access to any kind of pension system. They 
may also constitute a larger fraction of the population than the elderly do in 
urban areas because of migration of young people from rural to urban areas. 
 
I specifically did not examine the healthcare needs of the elderly because it is 
such a broad topic and because I chose to narrow my scope to income security 
(pensions). 
 
Part 2- Evaluating the Feasibility of a Pension System 
For this part of the analysis, I aimed to answer the second part of my policy 
question: Could a gradually introduced, universal, pay-as-you-go pension 
system be a feasible part of the solution? 
 
To date, a diverse range of policy options have been proposed for meeting the 
needs of India’s elderly population. These range from subsidies and tax 
incentives for adult children to care for their parents, support for voluntary 
organizations that assist the elderly, and enactment of legislation that obligates 
adult children to take care of their parents.60   
 
For the purposes of this project, I decided to conduct a “what if” exercise to 
determine if the policy option of a gradually introduced, universal, pay-as-you-
go, pension system would be financially feasible in India. By “gradually 
introduced” I mean that the pension system would not initially be universal. The 
system would at first cover only a small segment of the elderly population and 
then step-by-step be expanded to cover the entire elderly population.  
 
I did not analyze whether such a program would be politically feasible, or 
whether India will have the administrative and infrastructural capacities to 
implement such a program. I also did not consider how one would determine in 
what order different portions of the elderly population would be targeted as the 
program gradually expanded to cover the entire elderly population. Rather, this 
“thought experiment” simply determines if a gradually introduced, universal, 
pay-as-you-go pension system would be financially feasible given various 

                                                 
60 Bhat & Dhruvarajan, p. 636. 
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population age structures, employment rates, retirement ages, pension premium 
rates and replacement rates.  
 
The results from this evaluation could be valuable to policy planners in India 
because they could provide a preliminary justification for why a universal, pay-
as-you-go pension system might warrant further, more detailed investigation or 
for why such as system may be an option to avoid. In essence, this project was 
exploratory in nature and aimed to give some sense of whether a pension system 
would be financially feasible in India at any time between now and 2050, the 
time horizon I selected for this analysis. (I selected a time horizon extending to 
2050 because that is how far the United Nations’ population projections reach.) I 
defined financial feasibility as a pension system in which revenue from pension 
premiums would be enough to fund pension obligations at a given benefit level 
and coverage level. 
 
My analysis was based on Duke University professor Zeng Yi’s method of 
calculating pension deficits—the difference between total pension premium 
contributions paid by workers and employers and total pension payments to 
retirees.61 This method is based on the principle that contributions from workers 
and employers to a pension fund in a given year t must equal the total pension 
payments made to recipients in that year. This concept is expressed by the basic 
equilibrium equation: 

 ( ) [ ( ) ( )] [ ( ) ( )] ( )P t AW t W t B t AW t R t⋅ ⋅ = ⋅ ⋅  (1) 
 
In Equation (1), P(t) is the pension premium—the proportion of total wages of all 
contributing workers in year t that is contributed to the pension fund; AW(t) is 
the average wage of a contributing worker in year t; W(t) is the total number of 
contributing workers in year t; B(t) is the replacement rate—the ratio of the 
average pension to the average wage of a contributing worker, AW(t), in year t; 
and R(t) is the total number of elderly people receiving a pension in year t. 
 
Through a number of mathematical steps, as detailed in Appendix 1, pension 
deficit as a proportion of total wages of contributing workers can be expressed by 
the equation: 
 
 

2

( )
( ) ( ) ( ) ( )

( )

r t
n t B t d t P t

e t
= ⋅ −  (2) 

 
In Equation (2), n(t) is the pension deficit as a proportion of total wages of 
contributing workers; d2(t) is the old-age dependency ratio in year t—the ratio of 
the total number of persons over the retirement age to the total number of people 
of labor force age; r(t) is retirement rate in year t—the ratio of the number of 
people receiving pensions to the total number of people over the retirement age; 
                                                 
61 Yi, Zeng. “Estimating the Impacts of Demographic and Policy Changes on Pension Deficit.” 
Duke University, 2005. 
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and e(t) is the formal employment rate in year t—the ratio of the number of 
workers contributing to the pension fund to the total number of people of labor 
force age. 
 
Pension deficit can also be expressed as a percentage of GDP (gross domestic 
product) by using the following the equation: 
 
 

2

( )
( ) [ ( ) ( ) ( )] ( )

( )

r t
PD t B t d t P t SG t

e t
= ⋅ −  (3) 

 
In Equation (2), PD(t) is the pension deficit as a percentage of GDP in year t, and 
SG(t) is total wages of contributing workers as a percentage of GDP in year t. 
 
The advantage of Equations 2 and 3 is that they allow one to calculate pension 
deficits based on varying demographic, policy and economic indicators, as shown 
in Table 1. 
 
Table 1: Indicators Used to Calculate Pension Deficits 
Demographic 
Indicators 

Policy Indicators Economic Indicators 

d2(t) (dependency ratio) B(t) (replacement rate) e(t) (employment rate)  
 P(t) (pension premium rate) SG(t) (wages as % of GDP) 
 r(t) (retirement rate)  

  
The variable d2(t) (dependency ratio) is a demographic indicator based on the age 
structure of a population. (It is also based on a policy indicator—the retirement 
age.) B(t) (replacement rate), P(t) (pension premium rate) and  r(t) (retirement 
rate) are policy indicators. SG(t) (wages as a percentage of GDP) and e(t) 
(employment rate) are economic indicators. Therefore, by using demographic 
and economic forecasts, one can calculate pension deficits under varying pension 
policy parameters. (A sample calculation is in Appendix 2.) 
 
For this project, I determined whether a universal, pay-as-you-go pension system 
in India would be financially feasible if gradually introduced under differing 
demographic, economic and policy scenarios. My measure of financial feasibility 
was pension deficit, expressed as a proportion of total wages of participating 
workers (the variable n(t) in Equation 2) and as a percentage of GDP (the 
variable PD(t) in Equation 3). Obviously, the higher the pension deficit, the more 
financially unfeasible a pension system would be under the given demographic, 
economic and policy scenario.  
 
Clearly, the results of my project are not intended to be used for accurate, 
actuarial-caliber forecasting. Rather, my objective was to perform an 
investigatory “what if” examination of hypothetical scenarios to determine 
whether a gradually introduced, universal, pay-as-you-go pension system in India 
would be worthy of more detailed, lengthy and sophisticated study by others. 
 



 10 

Values for pension premiums, replacement rates, retirement rates and retirement 
age were parameters that I set myself. Since the pension system would be 
gradually introduced, I initially set the retirement rate at a low level and 
gradually increased it to 1 (100% coverage) by 2050 for the achievement of a 
universal pension system.  

As a note of clarification, even though the mathematical equations for the 
financial feasibility of a pension system are based on taxes as a percentage of 
contributing workers’ payroll, the real-life implementation of such a pension 
system would not necessarily require solely payroll taxes as a source of revenue. 
General revenues or a sales tax, for example, could be used to fund the pension 
system, at least in part. Thus, my calculations are indicative of the revenue 
needed for a pension system expressed as a percentage of participating workers’ 
payroll, but not necessarily collected through solely payroll taxes. 
 
Part 3- Examining What India Can Learn from Others 
For this part of my analysis, I conducted a review of what policies other countries, 
as well as individual states within India, have adopted to meet the needs of their 
elderly populations. Such a review of other countries and states within India may 
provide insight into what types of policies may be successful in India as a whole 
and what types might be pitfalls to avoid.  
 
 
RESULTS & ANALYSIS 
 

Part 1- Determining the Scope of the Problem 
 
Population Aging 
As explained in the background section, rising old-age dependency ratios in India 
are the result of increased life expectancy and reduced fertility. By 2050, life 
expectancy is projected to be more than triple what it was a century and a half 
earlier, as Table 2 on the next page shows.62 

                                                 
62 Data from 1901-1951 is from Indiastat, “Expectation of Life at Birth by Sex (1901-11 to 2011-
2016),” http://www.indiastat.com/default.asp (accessed Mar. 20, 2006). Data from 1950-2050 is 
from the United Nations, “Life expectancy at birth, by sex,” medium variant, 
http://esa.un.org/unpp/index.asp?panel=2 (accessed Mar. 20, 2006). 
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India’s old-age dependency ratios are 
also increasing because of declining 
fertility. Table 3 shows the United 
Nations’ projections for India’s fertility 
rate under four variants.63 In the 
medium variant, fertility is assumed to 
converge upon 1.85 children per woman. 
In the low variant, fertility is projected to 
remain 0.5 children below the medium 
variant and thus reach 1.35 children per 
woman. In the high variant, fertility is 
projected to remain 0.5 children above 
the medium variant and thus reach 2.35 

children per woman. In the constant-fertility variant, fertility remains where it 
was during 2000-2005, which was 3.07 children per woman in India’s case.64 
 

Some sources argue that it is 
entire plausible that the fertility 
rate in India could reach as low as 
1.5 children per woman by 2050.65 
The country’s robust economic 
growth is predicted to reduce 
infant and child mortality and 
drive education levels upwards.66 
As more girls grow up in urban 
areas and attend secondary 
school, fertility will fall below the 
replacement level of 2.1 children 
per woman.67 One scholar argues, 
“all the reasons for the patriarchal 
family in Mediterranean countries 
making it difficult for an educated 
woman to work if she has more 
than one child will apply, possibly 
more strongly in India….”68 

                                                 
63 United Nations, “Total fertility rate,” http://esa.un.org/unpp/index.asp?panel=2 (accessed 
Mar. 20, 2006). 
64 An explanation of the assumptions made in projecting all the fertility variants is at: United 
Nations, “Assumptions… .” http://esa.un.org/unpp/index.asp?panel=4 (accessed Oct. 3, 2005). 
65 Caldwell & Caldwell, p. 10. 
66 Caldwell & Caldwell, p. 9. 
67 Caldwell & Caldwell, p. 9. 
68 Caldwell & Caldwell, pp. 9-10. 

Table 2: Life Expectancy at Birth 

Year Both Sexes Male Female 

1901-11 22.9 22.6 23.3 

1921-31 26.8 26.9 26.6 

1941-51 32.1 32.4 31.7 

1965-70 48.0 48.7 47.3 

1985-90 57.2 57.1 57.5 

2005-10 64.9 63.2 66.7 

2025-30 71.4 69.5 73.5 

2045-50 75.9 73.8 78.1 

Source: Please see footnote 62. 

Table 3: Trends in India's Fertility Rates 

Year Fertility (children per woman) 

1950-55 5.97 

1955-60 5.92 

1965-70 5.69 

1975-80 4.83 

1985-90 4.15 

1995-00 3.43 

  Medium Low High 
Constant 
Fertility 

2005-10 2.76 2.51 3.01 3.07 

2015-20 2.29 1.79 2.79 3.07 

2025-30 1.95 1.45 2.45 3.07 

2035-40 1.85 1.35 2.35 3.07 

2045-50 1.85 1.35 2.35 3.07 

Source: Please see footnote 63. 
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As a result of increased life 
expectancy and reduced 
fertility, old-age dependency 
ratios will increase. Table 4 
shows the dependency ratios 
of the 60 and older 
population to the 15-59 
working-age population 
under different fertility 
variants.69 
 
Gender Differences 
Because females typically 
have higher life expectancies 
then males, females 
outnumber males in most 
countries. India, however, is 

one of a few countries in which males have actually outnumbered females.70 Even 
in old age, men have outnumbered women, although that trend is projected to 
reverse, as shown in Table 5 on the next page.71 The United Nations’ medium-
variant population projection shows that the number of males per 100 females in 
the 60 and older population gradually decreases. After 1980, elderly men no 
longer outnumbered elderly women.  
 
Projections from Rajan, on the other hand, show that males outnumber females 
until 2020, although the sex ratio of males to females does steady decrease from 
1990 onwards.72 The reason for the difference between the two sets of projections 
is unclear. Rajan does acknowledge, however, that his analysis may be distorted 
by age exaggeration among the elderly population.73 Despite the discrepancies 
between the two sets of projections, the overall trend is clear: females are 
becoming an increasingly larger fraction of the elderly population. 

                                                 
69 Dependency ratios were calculated from the United Nations’ population projections, 
http://esa.un.org/unpp (accessed Jan. 23, 2006). 
70 Rajan, p. 25. 
71 Author’s own calculations from demographic data provided by United Nations, 
http://esa.un.org/unpp/index.asp?panel=2 (accessed Mar. 22, 2006) and Rajan, p. 64.  
72 The figures from Rajan are actually for 1961, 1971, 1981, 1991, 2001, 2011 and 2021. India 
conducts its census the first year of every decade (1991, 2001, 2011, etc.). 
73 Rajan. p. 25. 

Table 4: Old-Age Dependency Ratios, 60+/15-59 

Variant: Low Medium High Constant 

Year         

2005 0.13 0.13 0.13 0.13 

2010 0.14 0.14 0.14 0.14 

2015 0.15 0.15 0.15 0.15 

2020 0.17 0.17 0.17 0.17 

2025 0.19 0.19 0.19 0.19 

2030 0.22 0.21 0.21 0.21 

2035 0.25 0.24 0.23 0.22 

2040 0.29 0.26 0.24 0.23 

2045 0.34 0.30 0.27 0.25 

2050 0.40 0.34 0.29 0.27 

Source: Please see footnote 69. 
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The Rural/Urban Divide 
While the Indian population as a whole 
is becoming more urbanized, it can be 
expected that a higher proportion of the 
rural population will be elderly, as 
compared to the urban population. 
Younger generations migrate to urban 
areas to seek increased economic 
opportunity, leaving behind the elderly 
in rural areas. It is possible that the life 
expectancy of the elderly in rural areas 
could be lower than that of the elderly in 
urban areas. It this were true, it could at 
least partially offset the otherwise higher 
proportion of elderly in rural areas. Life 
expectancy by urban/rural residence 
was not readily available, however, so 
this factor was not taken into 
consideration for the purpose of this 
analysis. 

 
Table 6 compares the percentage of the total 
Indian population and elderly Indian 
population that is rural. It also shows 
projections of percentage rural for the total 
population through 2030, based the United 
Nations’ medium-variant projections.74 
 
As Table 6 shows, the elderly are slightly more 
likely to live in a rural area. As explained earlier, 
this trend can reasonably be expected to 
continue as younger generations migrate to 
urban areas in search of greater economic 
opportunities. 
 
Literacy 
Literacy plays a strong role in what sort of jobs 
people can perform. It also helps people access 
important information—such as information 

about healthcare and government programs—because literate people are able to 
read newspapers, posters, leaflets, etc. Therefore, it is important to have some 

                                                 
74 Percentages for total population that is rural are from the United Nations’ medium-variant 
projections at: http://esa.un.org/unpp/ (accessed Feb. 21, 2006). Percentages for the elderly 
population that is rural are from: Rajan, p. 71.  
Note: The figures from Rajan are actually for 1961, 1971, 1981 and 1991. 

Table 5: Sex Ratio for the 60+ Population 

  
Sex Ratio for the 60+ 

Population  
 

  (Males per 100 Females)  

Year UN Rajan  

1950 89.9    

1960 101.3 100.0  

1970 105.3 106.4  

1980 103.2 104.2  

1990 97.4 106.4  

2000 92.5 103.1  

2010 90.4 103.1  

2020 91.9 101.0  

2030 91.3    

2040 89.8    

2050 89.1    

Source: Please see footnotes 71 and 72.  

Table 6: Percentage of Population 
Residing in Rural Areas 

  % Rural 

Year 
Total 

Population 
Elderly 

Population 

1960 82.0 84.9 

1970 80.2 83.4 

1980 76.9 81.3 

1990 74.5 78.1 

2000 72.3   

2010 69.7   

2020 65.3   

2030 58.6   

Source: Please see footnote 74. 
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sense of the literacy levels of the elderly population. Table 7, below, compares 
trends in literacy levels among India’s elderly population and total population.75 
 

Economic Status of 
the Elderly 
In the developed 
countries, the 
introduction of formal 
pension systems has 
been accompanied by 
declining labor force 
participation rates 
among elderly men. In 
India, the labor force 

participation rates of elderly men, particularly those in rural areas, is still quite 
high, although rates have been declining.  
 

Labor force participation rates of 
elderly women are not as high as 
those for men. Among elderly women 
in urban areas, labor force 
participation rates have been falling. 
 
Table 8 shows trends in the labor 
force participation rates of elderly 
men and women by rural/urban 
residence.76 
 
By far, the majority of the elderly 
that are in the workforce in India are 

employed in the agricultural sector. In 1991, 78.6% of elderly workers were in the 
agricultural sector, almost the same level that they were 30 years earlier in 1961, 
when it was 76.0%.77 This fact is important to note because agricultural work is 
physically demanding, which means elderly people with weakening bodies may 
have increasing difficulty engaging in it. On the other hand, agricultural work 
does not require as much literacy as other forms of work, meaning that elderly 
people may be better capable of engaging in it than other forms of work that 
require literacy. 
 

                                                 
75 Percentages for 1961-1991 are from Rajan, pp. 92-95. The percentages for 2003 are estimates 
for the age 15+ population and are from the Central Intelligence Agency’s World Factbook: 
http://www.cia.gov/cia/publications/factbook/geos/in.html#People (accessed Apr. 9, 2006). 
76 Rajan, p. 112. 
77 Rajan, p. 114. 

Table 7: Percentage of Elderly Population That Is Literate 

Year 

Elderly 
(60+) 
Women 

Women 
(all ages) 

Elderly 
(60+) Men Men (all ages) 

1961 4.3 13.0 29.2 34.5 

1981 7.9 24.8 34.8 46.9 

1991 12.7 32.2 33.7 52.8 

2003   48.3   70.2 

Source: Please see footnote 75. 

Table 8: Labor Force Participation Rates of 
Elderly Men and Women in India, by 
Rural/Urban Residence (% in labor force) 

Year 

Elderly 
Rural 
Men 

Elderly 
Rural 
Women 

Elderly 
Urban 
Men 

Elderly 
Urban 
Women 

1961 79.9 24.3 58.4 11.4 

1971 77.4 11.3 55.4 6.4 

1981 69.1 15.9 48.3 6.5 

1991 65.4 19.0 42.9 6.3 

Source: Please see footnote 76. 
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The elderly in India who do not participate in the labor force have been 
categorized as household helpers, pensioners or rentiers, beggars, dependents, 
residents of institutions or other, as shown in Table 9.78 
 

Table 9: Status of Elderly Non-Workers in India (by %) 

  
Household 

Helper 

Pensioner 
or 

Rentier Beggar Dependent 

Resident 
of an 

Institution  Other 

Women             

1981 41.6 4.5 0.5 53.1 0.1 0.2 

1991 38.0 4.3 0.3 56.8 0.0 0.3 

Men             

1981 3.3 25.3 1.5 68.4 0.3 1.1 

1991 3.0 27.0 0.7 67.1 0.2 1.1 

Source: Please see footnote 78. 

 
The category of household helper includes non-working elderly who perform 
household duties in the households in which they reside.79 In 1991, around 40% 
of non-working elderly women actively participated in household tasks, 
indicating that they were assets to the households in which they lived.80 
 
Pensioners and rentiers are non-working elderly who receive pensions or income 
from property or securities, respectively. Dependents require social assistance or 
support, and residents of institutions are typically those living in old-age 
homes.81 
 
When it comes to the economic status of the elderly, the National Sample Survey 
of 1986-1987 found that 34% of the rural elderly surveyed and 29% of the urban 
elderly surveyed were financially independent.82 A 1998 survey found that 40% of 
the elderly lived below the poverty line and 33% lived just above it.83 
 
Family Life 
As Table 10 and Figure 1 on the next page show, elderly women are more likely to 
be widowed than elderly men, and elderly men are more likely to be married than 
elderly women.84 As late as 1991, slightly more than half (54%) of women over 
age 60 were widows, while only about one in six men (15.5%) was a widower. This 
finding about gender differences in marital status is consistent with marital 
status statistics found in other countries, including developed countries. This is 
because in most countries, women have longer life expectancies than men and 
                                                 
78 Rajan, p. 125. 
79 Rajan, p. 38. 
80 Rajan, p. 38. 
81 Rajan, pp. 38-39. 
82 Rajan, p. 37. 
83 Kumar, pp. 47. 
84 Rajan, p. 97. 
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they typically marry men who are older than they are. Thus, they are more likely 
to become widowed in old age than men are. Figure 1 does show, however, that 
the percentage of the elderly who are widowed is declining over time for both 
women and men. This could possibly be due to increased life expectancy. 
 
Table 10: Marital Status of the Elderly (60+) in India (by %)    

  1961 1971 1981 1991 

  Married Widowed Married Widowed Married Widowed Married Widowed 

Women 23.7 75.4 30.0 69.2 34.9 64.3 44.2 54.0 

Men 69.1 27.5 74.7 22.4 78.2 19.4 80.7 15.5 

Source: Please see footnote 84.     
 

Figure 1: Martial Status of the Elderly (60+) in India
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Source: Please see footnote 84.

 
 
The elderly in India overwhelmingly live with family members, as statistics from 
the National Sample Survey, 1986-87 in Table 11 show.85 Very few elderly Indians 
live alone, particularly women. Less than 1% of elderly Indian women live alone. 
 
Table 12, based on survey data, provides further detail on the family structure of 
households with elderly people.86 The majority of elderly people (85%) lived in 
multigenerational households. In fact, 74% lived in 3-4 generation households. 
 

                                                 
85 Bhat & Dhruvarajan, p. 629. 
86 Sokolovsky, Table 4. 
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Table 11: Living Arrangements of Elderly in India, 1986-
1987 (by %) 

  
With 

Family Alone 
Old-Age 
Home 

Non-
Relatives 

By Sex      

Men 88.0 11.2 0.6 0.2 

Women 98.5 0.7 0.6 0.2 

By Residence      

Rural 93.0 6.0 0.7 0.2 

Urban 94.6 4.6 0.3 0.2 

Source: Please see footnote 85. 

 
Table 12: Family Structure of Elderly 
Indians, ~1991 

Household Type   % 

Multigenerational* 85.1 

  2-Generation 8.7 

  3-4 Generation 73.7 

  Skipped-Generation 2.7 

Single 3.0 

Elderly Couple Only 1.0 

Nuclear- Elderly Parent(s) and 
Unmarried Child(ren) 

10.0 

* Multigenerational households are those in 

which the elderly live with their married 
children and/or grandchildren. 

Source: See footnote 86. 

 
In sum, these statistics show that increasing life expectancy and decreasing 
fertility will be increasing old-age dependency ratios in India, leading to 
population aging. This elderly population is becoming increasingly more female. 
This is important to know because elderly women have lower rates of literacy 
than elderly men, and they are more likely to be widowed. These factors make 
them economically vulnerable, especially in a traditionally patriarchal society. A 
sizable fraction of elderly women do provide household help in the homes in 
which they reside, however. This makes them a valuable asset to those 
households. 
 
Members of the elderly population are more likely to live in a rural area than 
someone from the population at large. The overall trend, nonetheless, is that the 
elderly population is becoming more urban, although it is still majority rural. The 
joint-family system of informal support for the elderly is more likely to break 



 18

down in urban areas, so the increasing urbanization of the elderly population is 
an important fact to keep in mind.87 
 
Elderly men in India still have relatively high labor force participation rates, with 
the rate being 61% in 1991.88 This fact should be kept in mind when designing a 
pension system since pension systems in developed countries have had the 
unintended consequence of lowering elderly men’s labor force participation rates, 
thereby increasing the cost of those pension systems. 
 
The elderly in India still tend to live overwhelmingly in multigenerational 
households, and very few—particularly among women—live alone. This would 
suggest that policies that created incentives for adult children to continue 
supporting their elderly parents might work well, rather than policies that tried to 
give the elderly a generous enough pension to be able to live alone. Perhaps if 
elderly people were able to make a contribution to household finances through a 
modest pension, their adult children would be more inclined to have them co-
residing with them. Such a policy would be supporting the traditional 
multigenerational household rather than breaking it apart and substituting for it. 
 
Part 2- Evaluating the Feasibility of a Pension System 
I calculated pension deficits for a base case, and then did a sensitivity analysis 
around it. Pension deficits were expressed as both a percentage of contributing 
workers’ wages and as a percentage of GDP.  
 

Base Case 

• The age structure of the population is based on the medium-fertility variant 
population projections from the United Nations.89 

• The retirement age is initially 60 and abruptly increases to 65 in 2030. 
• Labor force entry is at age 15. 
• The replacement rate, R(t), is 60% for those in the organized sector and 70% 

for those in the unorganized sector. 
• The pension premium, P(t), is 12% of the wages of contributing workers. 
• The retirement rate, r(t), increases in five-year increments from 2010 to 2050 

as follows: 0.10, 0.15, 0.25, 0.35, 0.35, 0.5, 0.67, 0.83, 1.00. 
• In the first year (2010), 8% of the labor force contributes to the system. 
• The employment rate, e(t), increases at the same rate that urbanization is 

projected to increase (2.53 percentage points every five years). 
 
An explanation of why these parameters were chosen for the base case is in 
Appendix 3. 
 
                                                 
87 World Bank, 1994, p. 71. 
88 Rajan, p. 112. 
89 United Nations. http://esa.un.org/unpp 
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Variants 
1. Lower the replacement rate, R(t) 

a) Lower the replacement rate to 45% for those in the organized sector 
and 50% for those in the unorganized sector (similar to replacement 
rates in Mexico).90 

b) Lower the replacement rate to 50% for those in the organized sector 
and 60% for those in the unorganized sector (similar to replacement 
rates in the United States).91 

c) Set the replacement rate equal to 0.12*(# of contributing workers/# of 
recipients) 

2. Vary population projection variants:  
a) Low-Fertility 
b) High-Fertility  
c) Constant-Fertility 

3. Increase the retirement age:  
a) 65 years 
b) 70 years 

4. Vary the employment rate, e(t):  
a) Everyone in the urban labor force contributes 
b) Everyone in the total labor force contributes 
c) Increase the employment rate one percentage point each year 

5. Limit the system to just urbanites (rural people neither contribute to the 
system nor receive pensions) 

6. Increase the pension premium, P(t) 
a) 18% 
b) 24% 

 
An explanation of why these variants were chosen for the sensitivity analysis is in 
Appendix 3. 
 
Appendix 4 shows a sample calculation of pension deficits for the base case. 
 
Findings 
Appendices 5 and 6 list pension deficits as a percentage of contributing workers’ 
wages and as a percentage of GDP, respectively, for every fifth year of every 
variant. Negative deficits are surpluses—instances in which revenues collected 
from contributing workers exceeded pensions paid to retirees. 
 
Appendix 7 lists in detail the calculation of pension deficits for each variant. 

                                                 
90 GAO, p. 41. 
91 GAO, p. 43. 
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To compare the financial feasibility of the variants, I ranked them by average 
annual deficit (expressed as percentage of contributing workers’ wages), as 
shown in Table 13.  
 
Table 13: Variants Ranked by Average Annual Deficit 

Variant Description 
Average Annual 

Deficit* 

2a Low-Fertility Variant 7.4% 

Base Base Case 6.1% 

2b High-Fertility Variant 5.1% 

2c Constant-Fertility Variant 4.5% 

3a Retirement Age = 65 3.9% 

1b 
Replacement Rate = 50% for organized sector 
and 60% for unorganized sector (Similar to U.S.) 3.4% 

1a 

Replacement Rate = 45% for organized sector 
and 50% for unorganized sector (Similar to 
Mexico) 1.1% 

4a Everyone in the Urban Labor Force Contributes 0.4% 

6a Pension Premium = 18% 0.1% 

4c 
Employment Rate Increases 1 Percentage Point 
Annually 0.1% 

1c 
Replacement Rate = 
0.12*(contributors/recipients) 0.0% 

3b Retirement Age = 70 -2.2% 

6b Pension Premium = 24% -5.9% 

5 Only Urbanites Contribute and Receive Pensions -6.8% 

4b Everyone in the Labor Force Contributes -6.8% 

* Deficits expressed as a percentage of contributing workers' wages. 

 
Based on the rankings by average annual deficit, the variants fell naturally into 
four rough groups:  

• Negative deficits (surpluses) 
• Low deficits (0-1.1%) 
• Medium deficits (3.4-4.5%) 
• High deficits (5.1% and above) 

 
Table 14 below categorizes the variants by group. 
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Table 14: Variants Grouped by Level of Average Annual Pension Deficit* 
Negative 
Deficits 
(Surpluses) 

• Everyone in the labor force contributes 

• Only urbanites contribute and receive pensions 

• 24% pension premium 

• Retirement age of 70 

Low Deficits 
(0 - 1.1%) 

• Replacement rate = 0.12 * (# of contributors /# of recipients) 

• Employment rate increases 1 percentage point annually 

• 18% pension premium 

• Everyone in the urban labor force contributes 

• 45% and 50% replacement rates 

Medium 
Deficits 
(3.4% - 4.5%) 

• 50% and 60% replacement rates 

• Retirement age of 65 

• Constant-Fertility Variant 
High Deficits 
(5.1% and above) 

• High-Fertility Variant 

• Base Case 

• Low-Fertility Variant 
* Deficits expressed as a percentage of contributing workers’ wages. 
 
Analysis 
The best performers had the highest employment rates. The variants 
that performed the best fiscally were those that required all workers in the 
covered population to contribute. Variant 4b, which required everyone in the 
entire India labor force to contribute, and Variant 5, which limited the system to 
just the urban population (with all urban workers contributing), both generated 
an average 6.8% surplus each year.  
 
In essence, higher employment rates (the variable e(t) in the pension deficit 
equation) make the pension system more financially viable. Even Variant 4c, in 
which the employment rate increased one percentage point annually (five 
percentage points in every five-year period), had a lower deficit than the base 
case, in which the employment rate increased 2.53 percentage points every five 
years. 
 
The conclusion to be reached is that the deficits generated by a pay-as-you-go 
pension system are sensitive to the employment rate—the fraction of the labor 
force that contributes to the pension system.  
 
The best performers were the most unrealistic, policy-wise. As shown 
in Tables 13 and 14, the four best performing variants (those in the negative 
deficits category) were those that 1) required all workers in the covered 
population to contribute, 2) had a high premium (24%) or 3) had a high 
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retirement age (70). These are also the variants that would be the most 
unrealistic policy-wise.  
 
At this point in India’s development, taxing all workers in the labor force or even 
just all workers in the urban labor force, is unrealistic, given that about 90% of 
the labor force is in the unorganized sector. Additionally, 60% of workers in the 
unorganized sector do not even earn wages that could be taxed. Thus, instituting 
a system of payroll deductions would simply not be administratively or 
infrastructurally feasible at this point in India’s development.  
 
Additionally, the percentage of India’s labor force that is in the organized sector—
in which it would be administratively the easiest to tax payroll—is expected to 
remain stagnant or even decline.92 This factor would make the establishment of a 
universal pay-as-you-go system even more unfeasible since it weakens the 
argument that the Indian government could enact a universal pension system at 
some point in the future when the country was more developed and had a larger 
organized sector. 
 
The high performing variants with the 24% premium and 70-year retirement age 
pose their own difficulties in terms of feasibility. While a 24% pension premium 
is what workers in the organized sector currently pay, it is uncertain whether 
such a high premium would be tolerable among the unorganized sector, where 
wages are about 46% of those in the organized sector.93,94 Even if the premiums 
had a progressive structure, with high-income workers paying more than 24% 
and low-income workers paying less than 24%, it is uncertain how high of a 
premium workers of different incomes would be willing to tolerate. 
 
As for a retirement age of 70, it is quite high, but it is not unprecedented. In 1889, 
Germany established a pension system in which the retirement age was 70 (at a 
time when male life expectancy at birth was less than 45).95,96 On the other hand, 
life expectancy in India is currently about 63, and is not expected to reach 70 
until sometime between 2020 and 2025.97 
 
Changes in fertility do not reduce deficits, relative to other changes. 
Changes in fertility do not reduce deficits substantially, relative to changes in 
retirement age, replacement rates, employment rate and pension premium. As 
shown in Table 13, the low-fertility variant, the base case (which uses the 
medium-fertility variant), the high-fertility variant and the constant-fertility 
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variant had the four highest average annual deficits. Thus, deficits are not as 
sensitive to changes in fertility as they are to changes in policy and economic 
indicators. 
 
All variants ran a deficit by 2050 (except one). The base case and 
variants showed that a gradually introduced, universal, pay-as-you-go pension 
system in India would eventually run into the same problem as those in 
developed countries—deficits caused by increasing dependency ratios. No 
scenario, except Variant 1c, was free from pension deficits in all years from 2010 
to 2050. At the very least, each variant had a deficit in 2050, as shown in 
Appendix 5.  
 
In Variant 1c, the replacement rate equaled 0.12*(# of contributing workers/# of 
recipients), which mathematically always generates a zero deficit. In the case of 
this variant, however, the replacement rates fell quite low in later years. In 2045, 
it was 17% of the average contributing worker’s wages and in 2050 it was 14%, as 
shown in Appendix 7. 
 
Varying policy parameters yielded expected results. As expected, 
higher pension premiums, higher retirement ages and lower replacement rates 
yielded lower deficits. Pension deficits decreased as the premium was raised from 
12% in the base case to 18% and 24% in Variants 6a and 6b, respectively. 
Similarly, pension deficits decreased as the retirement age was raised from 60/65 
in the base case to 65 and 70 in Variants 3a and 3b, respectively. Deficits also 
decreased as the replacement rates were reduced from 60% for the organized 
sector and 70% for the unorganized sector in the base case to 50% and 60% in 
Variant 1b and 45% and 50% in Variant 1a. 
 
Part 3- What India Can Learn from Others 
 
Complement; Don’t Substitute 
The overwhelming majority of the elderly in India still live with their adult 
children, which indicates that the joint-family system of informal support is still 
functioning reasonably well, even if experiencing increasing strain. Therefore, 
government policies should be careful not to speed forward the day of reckoning 
of the joint-family system. In other words, government policies towards the 
elderly should try to avoid the risk of simply crowding out informal means of 
support. They should complement, rather than substitute for, the joint-family 
system. This is especially true since ambitious formal programs could potentially 
fail because of the government’s limited administrative capacities, particularly in 
taxing workers.98 

Quantitative analysis of formal pension systems in other developing countries has 
shown that government pensions partially substitute for support from family 
members. In Peru, for example, the country’s pay-as-you-go social security 

                                                 
98 World Bank, 1994, p. 71. 
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system covered 40% of the labor force in 1985.99 Surveys showed that this formal 
system coexisted with informal means of support from adult children.100 
Researchers simulated how much more private transfers from young to old would 
have been in the absence of the social security system.101 The simulations showed 
that for every dollar in benefits to the elderly, private transfers from young to old 
decreased by 17 cents, leaving a net 83 cents in benefits to the elderly.102  

Similarly, a study of the Philippines—where social security coverage is lower than 
it is in Peru—showed that for every dollar increase in pension benefits from the 
government, private transfers reduced by 37 cents, leaving a net 63 cents in 
benefits to the elderly.103 Thus, in implementing a formal old-age social security 
system, the Indian government should keep in mind that pensions could crowd 
out transfers that adult children would have otherwise made to their elderly 
parents.  

On the hand, there is always the possibility that small pensions may complement 
family support. If an elderly parent where able to make a contribution to 
household finances through a government pension, adult children might feel 
more inclined to having that elderly parent live with them. For example, the 
southwestern Indian state of Kerala has a means-tested pension for agricultural 
workers that complements, rather than substitutes for, informal support from 
family members.104 A monthly pension of $1.50 (in 1994 dollars) is paid to elderly 
agricultural workers with a yearly income (including that of spouse and 
unmarried children) below $50 (in 1994 dollars).105 This pension is low enough 
that an elderly person still needs the support of family members.106 Thus, the 
pension, in effect, assists families in taking care of their elderly members by 
subsidizing the cost of home care.107 

Other countries have also used housing assistance, supportive services and 
financial assistance to complement, rather than substitute for, informal care of 
the elderly. Housing assistance has taken the form of prioritizing the families of 
elderly people in housing assignments. For example, in Malaysia, ground-floor 
housing has been prioritized for families with elderly members, while in 
Singapore, priority in housing assignments has been to families willing to live 
adjacent to their elderly relatives.108 In other countries, families have been 
provided with financial assistance in adapting their homes to accommodate an 
elderly person. In Cyprus, families with elderly members can receive financial 
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assistance to add an extra room to a home.109 Japan has offered low-interest 
loans for families who wish to remodel a home so that it better suits an elderly 
relative.110 

Some countries provide supportive services that offer respite to families who 
provide care for elderly members. Multi-purpose day centers in Thailand have 
offered day care, healthcare and counseling.111 Clubs de ancianos in Argentina 
have offered recreational opportunities and healthcare.112 Such supportive 
services relieve caregivers and give them time to attend to other matters, such as 
important errands they have to run.113 This sort of respite care is one of the forms 
of support that caregivers most frequently request.114 

Some countries have also offered tax rebates and tax deductions to adult children 
who care for their parents.115 As explained earlier, however, only 2-3% of Indian 
workers pay income taxes, so it is unclear whether tax incentives would be 
effective in encouraging people to reside with their elderly parents. 

The Pros & Cons of Flat Pensions 
Provision of a universal, flat-rate pension funded from general revenues may 
potentially be simpler for the Indian government to implement than an earnings-
related pension system. The primary benefit of a flat pension benefit is that it 
would not require much recordkeeping and high-level administrative capacity.116 
Also, by providing a minimum basic pension (the World Bank has mentioned 
20% of the average wage as a possible amount), it avoids the disincentives to 
work and save that often plague earnings-related pensions.117  

New Zealand has a universal, flat-rate pension funded from general revenues.118, 
119 To receive it, a person just has to meet retirement age and residency 
requirements.120 In India, a simple system such as this could obviate the 
complicated administrative task of tracking the earnings histories of individual 
workers. Also, it would enable women—who often remain out of the labor force as 
homemakers—to receive pensions to which they otherwise would not be entitled 
under an earnings-related system.  
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A universal, flat-rate pension presents its own challenges, however. Since it is 
funded out of general revenues, it is still essentially pay-as-you-go in the sense 
that tax revenue generated in any given year is used to pay the pensions of the 
elderly population living in that year. Thus, such a system is still vulnerable to 
population aging. As the elderly become a larger fraction of the total population, 
it will be increasingly more difficult to pay each and every one of them a pension.  

Furthermore, when compared to a means-tested pension, a universal, flat-rate 
pension could be more expensive since all of the elderly are receiving a pension, 
regardless of their income levels.121 Additionally, the transaction costs of 
providing small pensions to every elderly person could be high.122 

Developed Countries’ Plans Have Pitfalls 
Developed countries, such as those in Europe, are beginning to feel the strain that 
their rapidly growing elderly populations are placing on their pension systems. 
Given that India is likely to have a rapidly growing elderly population too—albeit 
at a later time—India has much to learn from the pitfalls of developed countries’ 
pension systems. These pitfalls include: increasing deficits as the population 
ages, labor market distortions, people’s leaving the labor force at earlier ages and 
the political difficulties of reforming a deeply entrenched pay-as-you-go system. 
 
As a population ages due to increased life expectancy and reduced fertility, old-
age dependency ratios rise and working-age adults must be taxed at increasing 
rates to maintain pension benefits for the growing elderly population. Thus, the 
sustainability of pay-as-you-go pension systems is jeopardized by population 
aging. Given that the statistics in Part 1 of this analysis show that old-age 
dependency ratios in India will be rising, it is important that any potential 
pension system minimize its vulnerability to population aging, or else India could 
find itself in a predicament similar to that being experienced by many European 
countries at present. 

Another pitfall to avoid is large taxes (pension premiums) that distort the labor 
market. Firms hire fewer employees when the cost of hiring a new worker 
increases. Additionally, when taxes are high, workers have more incentive to 
remain in the black market or engage in informal work so that they can avoid 
paying taxes. In Italy, high taxes—including a high pension premium rate of 
32.7%—are thought to be one factor contributing to the country’s high 
unemployment rates and lack of competitiveness.123,124 

One unintended perverse incentive of government pension systems is that it 
reduces workforce participation among elderly people and those nearing 
retirement age. In the developed countries, the labor force participation rates of 
men aged 55-64 and those aged 65+ have steadily declined since the introduction 
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of government pension systems. Some countries even created inducements to 
retire early in the hopes that it would expand job opportunities for younger 
workers just entering the workforce. 

In India, 61% of elderly men were still in the workforce as late as 1991.125 Any 
pension system implemented in India should try to maintain the relatively high 
labor force participation rates of the elderly and avoid incentives to drop out of 
the labor force earlier than necessary. Doing so would minimize the costs of the 
system and lessen some of the strain imposed by population aging. 

Another pitfall to avoid is the establishment of a pension system that is difficult 
to reform or dismantle. While many policymakers in developed countries have 
long been aware of the problems that population aging will cause, they have had 
difficulties making reforms or adopting new systems, such as funded systems 
based on individual accounts. People come to feel vested in pay-as-you-go 
systems through the taxes they pay. They base their retirement plans on the 
security of expecting a certain pension from the government. When a substantial 
fraction of the working-age population has so many “sunk costs” paid into a 
particular pension system, it becomes politically difficult to change. 

For example, in the United States, the current administration of President George 
W. Bush has a proposed fully funded individual accounts as a reform option. 
Advocacy groups such as the AARP (formerly known as the American Association 
of Retired Persons) have vociferously opposed this reform, however, and, to date, 
the proposal for individual accounts has not substantially advanced.126  

One should note that one of the most politically difficult pension reforms to make 
is raising the retirement age. While it might make policy sense to index the 
retirement age to life expectancy, so that people do not spend increasing fractions 
of their lives in a state of dependency on the government, the reality is that most 
people prefer to retire as soon as they can.  

Transitioning from a Means-Tested to Universal System 
The World Bank has argued that a social safety net is required for the elderly 
poor in India.127 In the short run, it advises against a universal system based on 
compulsory savings.128 

One country that did have a means-tested pension system and then later 
transitioned to a universal one is Australia. In 1909, it established a system that 
provided a weekly pension equivalent to about $1—funded from general 
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revenues—to low-income elderly people.129 Roughly 15% of the elderly population 
received this means-tested pension.130 The qualifying age was 65 for men and 60 
for women, at a time when life expectancy was 55 for men and 59 for women.131 

As time progressed, the Australian government loosened the means-tested 
eligibility requirements, and by 1983 almost everyone over age 69 was receiving 
the means-tested pension.132 A major recession in 1983 and the anticipation of 
population aging in the 21st century were the impetus for pension reforms that 
began in 1983.133 Today, Australia has a universal pension system composed of 
three tiers: a means-tested flat pension, defined-contribution individual accounts 
financed by employer taxes and voluntary, tax-deductible private savings.134 

The example of Australia shows that it is possible for a country to begin with a 
means-tested pension system that targets the destitute elderly and then later 
transition to a universal, mandatory system as it develops economically. 
 
 
RECOMMENDATIONS 
 

Short-term Recommendations 
 
Do not attempt universal coverage. In the short term, it would not be 
practical to have a universal pension system. Presently, India simply does not 
have the administrative and infrastructural capacity for a pension system based 
on workers’ earning histories. Additionally, the labor force would be very difficult 
to tax. The overwhelming majority of workers are in the unorganized sector, and 
most do not even earn wages. The World Bank reached a similar conclusion in 
2001 when it said, “Universal coverage in India’s compulsory retirement savings 
system is neither practical nor advisable in the short run.”135 
 
Implement effective social assistance programs. For the time being, 
government pensions in India will have to remain largely in the form of social 
assistance. Many adults are simply too poor to save during their working years; 
all their earnings must go towards meeting immediate daily needs. Also for many 
poor people, liquidity is an important need, and one that limits retirement saving. 
Poor people often use their meager savings for educating their children, covering 
medical expenses, getting through bouts of unemployment, paying for their 
children’s weddings, etc. 
 

                                                 
129 Karson, slide 7. 
130 Karson, slide 7. 
131 Karson, slide 7. 
132 Karson, slide 8. 
133 Karson, slide 9. 
134 Carey, pp. 9-11. 
135 World Bank, 2001, p. 68. 



 29

As mentioned earlier in the background section, India does have a means-tested 
National Old Age Pension Scheme (NOAPS) and its Annapurna Programme 
(which provides 10 kg of rice or wheat monthly to the elderly poor). Many states 
also have their own assistance programs for the destitute elderly. Estimates are 
that national social assistance programs reach less than one third of the elderly 
who live in poverty.136 Thus, one recommendation is that the Indian government 
should strive to implement more effectively NOAPS and other assistance 
programs. 
 
For example, the World bank estimates that doubling the benefit level of the 
National Old Age Pension Scheme or doubling the number of recipients would 
cost only 0.04-0.05% of GDP in the short run.137 Coincidentally, this is 
approximately the same amount that the government currently contributes to the 
Employees’ Pension Scheme (EPS) in the form of 1.16% of participating workers’ 
monthly wages.138 Thus, the government is spending roughly the same amount 
on subsidies for pensions of relatively well paid workers in the organized sector 
as it is on social assistance for the destitute elderly.139 From an equity standpoint, 
welfare could be improved by phasing out this subsidy and redirecting it to 
poverty relief for the elderly. 
 
Another way to improve social assistance programs would be to index benefits to 
inflation. Currently, the NOAPS benefit has been at 75 rupees monthly since 
1995.140 In real terms, the benefit is falling every year. 
 
As discussed in the Part 3 of the Findings & Analysis section, any social assistance 
programs that are implemented should be careful to complement, rather than 
crowd out, traditional family support of the elderly. In the case of social 
assistance to destitute elderly, this should not be too much of a concern. Most of 
the elderly in India live with their adult children, and elderly people who are poor 
are likely to have adult children who are poor. Thus, if a small pension did reduce 
transfers from poor adult children to poor elderly parents, this reduction would 
only serve to benefit poor families, which is not especially problematic from an 
equity standpoint. The reduction in transfers induced by a modest pension would 
essentially be a homecare subsidy for poor adult children. 
 
Long-term Recommendations 
 
Improve governance capacity. The effectiveness of any pension system is 
ultimately doing to depend on how well it is administered. While it is 
recommended that the Indian government, in the short term, work on more 
effectively implementing social assistance programs for the elderly poor, it is 
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recommended that in the long term it work on building the governance capacity 
needed to one day implement an effective universal, pension system.  
 
To create the environment necessary for the future implementation of a universal 
pension system, the Indian government should focus its long-term efforts on:  
• Improving its capacity to collect payroll taxes and keep earnings records, 
• Promoting economic development that may bring more people into the formal 

sector where it will be easier to enforce a system of compulsory saving, 
• Creating trustworthy savings institutions that are easily accessible to people in 

both urban and rural areas and 
• Establishing and enforcing regulations on banks, insurance companies and 

other financial institutions so that people will have trust in them. 
 
Avoid the problems of developed countries. When it comes to the 
establishment of a universal pension system in the long term, there is much the 
Indian government can learn from the experiences of the developed countries.  
 
The first would be to avoid a universal, pay-as-you-go system funded from payroll 
taxes. None of the variants modeled in Part 2 were free from deficits (except the 
case of “replacement rate = 0.12*(# of contributing workers/# of recipients)). 
Most had deficits greater than 10% of contributing workers’ wages by 2050. 
Given how politically and financially difficult it is to change a payroll-tax-based 
pay-as-you-go system once it is established, establishment of a universal, pay-as-
you-go pension system could one day result in India’s facing the very 
predicament in which the developed countries are currently mired. 
 
As discussed in Part 3 of the Findings & Analysis section, any universal pension 
system that the government implements should also try to avoid: 
• Vulnerability to population aging,  
• High payroll taxes that distort the labor market, 
• Perverse incentives to leave the workforce and retire early and 
• Difficulties in reforming the system once it is established. 
 
Recommended Areas for Future Research 
 
Investigate other sources of tax revenue to fund pensions. This project 
evaluated the financial feasibility of a universal, pay-as-you-go pension system 
that was funded by payroll taxes. Since the Indian government’s lack of 
administrative and infrastructural capacity to levy payroll taxes was the main 
impediment to the implementation of such a system, future research could 
investigate what other sources of tax revenue might be. Some possibilities include 
sales taxes, income taxes, corporate taxes or some combination. Research would 
have to determine if other forms of taxation could bring in the needed revenue for 
a pension system, and whether the government would have the capacity to collect 
tax revenue from those sources.  
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Investigate other types of pensions. This project examined just a universal, 
pay-as-you-go pension system funded from payroll taxes. Other types of pension 
systems do exist, however, and they could be more suitable for India than a 
payroll-tax-financed pay-as-you-go system.  
 
As discussed in Part 3 of the Findings & Analysis section, New Zealand has a 
universal, flat-rate pension funded from general revenues. While it is still pay-as-
you-go and therefore vulnerable to population aging, it does avoid the 
administrative challenge of collecting payroll taxes and tracking individual 
workers’ lifetime earnings. Thus, its replicability in India may be a fruitful area of 
research. 
 
Similarly, Australia’s pension system may be another area for fruitful research. As 
discussed in Part 3 of the Findings & Analysis section, Australia transitioned 
from a mean-tested system to a universal one that has both a means-tested 
component and universal, defined-contribution individual accounts. Given that 
the short-term recommendation is for India to have social assistance programs 
targeted to the destitute elderly, it would be interesting to research whether India 
could make the transition to a universal system at a later date when the 
government had improved governance capacity and the country was more 
economically developed. 
 
Investigate public demand for a universal pension system. In a 
democratic country, a public policy is unlikely to take hold if it does not receive 
public support. One interesting area of research could involve assessing the 
Indian public’s interest in, and desire for, a universal pension system.141 
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 Appendix 1: Derivation of Pension Deficit Equations 

 
 

Adapted from: 
Zeng, Yi. “Estimating the Impacts of Demography and Policy Changes on Pension 

Deficit.” Duke University, Center for Demography Studies, 2005. 
 
Variables 
• W(t) = the total number of workers contributing to a pension system in year t 
• R(t) = the total number of elderly people receiving a pension in year t 
• d(t) = the ratio of total number of retirees to total number of contributing workers in 

year t; 
( )

( )
( )

R t
d t

W t
=  

• AW(t) = the average wage of a contributing worker in year t  
• P(t) = the pension premium—the proportion of total wages of all contributing 

workers in year t that is contributed to the pension fund  
• B(t) = the replacement rate—the ratio of the average pension to average wage of a 

contributing worker, AW(t), in year t  
 
If the total amount of the pension-fund premium contributions by workers and 
employers is equal to total pension payments to retirees in year t, then the following 
basic equilibrium equation is held:  
 

( ) [ ( ) ( )] [ ( ) ( )] ( )P t AW t W t B t AW t R t⋅ ⋅ = ⋅ ⋅  
 

In essence, money paid into the pension system by workers and employers must equal 
the pensions paid out to retirees. 
 
Dividing both sides of the above equation by ( ) ( )AW t W t⋅ , we get:  
 

 ( ) ( ) ( )P t B t d t= ⋅  (1) 
 
Let n(t) denote the ratio of pension deficit (the difference between total pension 
premium contributions by workers and employers and the total pension payments to 
retirees) to the total wages of participating workers in year t. The variable n(t) will be 
positive if the pension fund has a deficit, zero if the pension fund is balanced or negative 
if the pension fund has a surplus. Thus, the following equation is held: 
 

( ) [ ( ) ( )] ( ) ( ) ( ) [ ( ) ( )] ( )P t AW t W t n t AW t W t B t AW t R t⋅ ⋅ + ⋅ ⋅ = ⋅ ⋅  
 
Dividing the both sides of the above equation by ( ) ( )AW t W t⋅ , we get:   

 
( ) ( ) ( ) ( )P t n t B t d t+ = ⋅  

 
 ( ) ( ) ( ) ( )n t B t d t P t= ⋅ −  (2) 
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The retirees-to-workers ratio, d(t), in Equation 2 is extremely difficult to predict. But, we 
can express d(t) as the ratio of two more easily predictable variables. Let d2(t) denote 
the old-age dependency ratio—the ratio of the total number of elderly persons over the 
retirement age to the total number of persons of labor force age in year t. The variable 
d2(t) can be derived from commonly available existing population forecasts. However, 
because not all persons over the retirement age are retired and receive pensions, and 
because not all persons of labor force age work for wages and participate in the pension 
system, d2(t) and d(t) are not equal to each other. Equation 2 can be rewritten as: 
 

2
2

( )
( ) ( ) ( ) ( )

( )

d t
n t B t d t P t

d t
= ⋅ −  

 

2

( )

( )

d t

d t
=

ages forcelabor  of persons ofnumber  total
age retirement minimumover  persons ofnumber  total

 workersofnumber  total
retirees ofnumber  total

 

We can rearrange the components of 
2

( )

( )

d t

d t
 to make it easier for interpretation,  

 

2

( )

( )

d t

d t
= 

ages forcelabor   of  persons ofnumber  total
 workersofnumber  total

age retirement minimumover  persons ofnumber  total
retirees ofnumber  total

 

 
Let r(t) denote the retirement rate in year t (the ratio of the number of people receiving 
pensions to the total number of people over the retirement age in year t), which is the 
numerator on the right side of the above equation. Let e(t) denote the formal 
employment rate (the ratio of the number of workers contributing to the pension fund to 
the total number of people of labor force age in year t), which is the denominator on the 
right side of the above equation. Thus,  
 

 
2

( )
( ) ( ) ( ) ( )

( )

r t
n t B t d t P t

e t
= ⋅ −  (3) 

 
We can go one step further to estimate PD(t), the pension deficit as a percentage of GDP 
in year t, through multiplying n(t) by SG(T), the total wages of contributing workers as a 
percentage of GDP in year t: 
 

 
2

( )
( ) [ ( ) ( ) ( )] ( )

( )

r t
PD t B t d t P t SG t

e t
= ⋅ −  (4) 
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Appendix 2: Example Pension Deficit Calculation 
 
 

Demographic Indicator 
• Dependency Ratio (Population 60+/Population 15-59) 

d2(t) = 0.14 
Calculated from UN population projection (medium variant) for 2010 
(http://esa.un.org/unpp). 

 
Policy Indicators 
• Retirement Rate (Fraction of 60+ Population Receiving Pension) 

r(t) = 0.1 
Based an initial 10% of the elderly population receiving a pension 

 
• Replacement Rate (Ratio of Average Pension to Average Wage of Contributing 

Worker) 
B(t) = 0.6 
A rate proposed in a World Bank report.142 

 
• Pension Premium (Proportion of Wages Contributed to Pension Fund) 

P(t) = 0.12 
A premium proposed in a World Bank report.143 

 
Economic Indicators 
• Employment Rate (Ratio of Contributing Workers to People of Labor Force Age) 

e(t) = 0.05 
Based on an initial 5% of people of labor force age contributing to the system.144 

 
• Wages of contributing workers as % of GDP 

SG(t) = 0.06 
Assumes that total wages are 70% of GDP and that the proportion of wages earned by 
contributing workers is equal to their proportion in the labor force.145 

 
 
Pension Deficit as % of GDP 
 
Substituting into the formula: 
 

2

( )
( ) [ ( ) ( ) ( )] ( )

( )

r t
PD t B t d t P t SG t

e t
= ⋅ −  

 
PD(t) = 0.00288 
 
Pension deficit is 0.288% of GDP.

                                                 
142 World Bank, 2001, p. 53. 
143 World Bank, 2001, p. 56. 
144 An explanation of why 5% was selected for the initial employment rate is on p. 39. 
145 For a more detailed explanation of how SG(t) was calculated, please see page. 43. 
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Appendix 3: Explanation for the Base Case’s and Variants’ Parameters 
 
 

Base Case 
• The age structure of the population is based on the medium-variant population 

projections from the United Nations.146 
• The retirement age is initially set at 60 and abruptly increases to 65 in 2030. 
• Labor force entry is at age 15. 
• The replacement rate is 60% for those in the organized sector and 70% for those in 

the unorganized sector. 
• The pension premium is 12% of the wages of contributing workers. 
• The fraction of the elderly population receiving a pension increases in five-year 

increments from 2010 to 2050 as follows: 0.10, 0.15, 0.25, 0.35, 0.35, 0.5, 0.67, 0.83, 
1.00. 

• In the first year (2010), 8% of labor force contributes to the system. 
• The employment rate increases at the same rate that urbanization is projected to 

increase (2.53 percentage points every five years). 
 
Retirement Age 
I initially set the retirement age at 60 because it is the commonly accepted retirement 
age I came across in most of my readings about the elderly in India. Additionally, life 
expectancy in India in 2005 was only 63.147 I increased the retirement age to 65 to 
2030—halfway through the 40-year period over which I modeled the pension system—
because of increasing life expectancy and because developed countries are gradually 
increasing their retirement ages towards 65, and even higher.148 (Life expectancy in India 
in 2030 is projected to be 71.149) The reason I increased the retirement age abruptly in 
2030 rather than gradually is that I do not have the data and technical know how to 
phase in gradually a retirement age increase. 
 
Replacement Rate, R(t) 
I set the replacement rate at 60% for those in the organized sector because that was the 
replacement rate used in a World Bank Indian pension reform illustration.150 I set the 
replacement rate at 70% for workers in the unorganized sector in order to have a 
progressive benefit structure that would be advantageous to low-income workers. 
 
Pension Premium Rate, P(t) 
I set the pension premium rate at 12% because that was the pension premium used in a 
World Bank Indian pension reform illustration.151 
 
Retirement Rate, r(t) 
I initially had 10% of the retirement-age population receiving a pension because this 
percentage corresponds to the high-end estimate of the percentage of workers who are in 

                                                 
146 United Nations. http://esa.un.org/unpp 
147 United Nations. http://esa.un.org/unpp (accessed Mar. 15, 2006). 
148 The U.S. Social Security Administration is in the process of gradually increasing the U.S. 
retirement age from 65 to 67 . http://www.ssa.gov/retire2/agereduction.htm (accessed Mar. 16, 
2006). 
149 United Nations. http://esa.un.org/unpp (accessed Mar. 16, 2006). 
150 World Bank, 2001, p. 53. 
151 World Bank, 2001, p. 56. 
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the organized sector.152 (I presumed that it would be administratively easiest to start 
providing pensions to people who had retired from the organized sector.) I chose the 
high-end estimate rather than the low-end estimate in order to err on the conservative 
side in my deficit calculations. 
 
I had the increase in the retirement rate start with a five percentage-point increase 
between 2010 and 2015 and then gradually increase to a 17 percentage-point increase 
between 2045 and 2050 because implementation would realistically be slow at first and 
then become more rapid as the country developed and infrastructure improved. Between 
2025 and 2030 the fraction receiving a pension did not increase because with an 
increased retirement age of 65 in 2030, no new recipients would enter the system. 
(Anyone turning 60 between 2026 and 2030 would have to wait until at least 2031 to 
start receiving a pension.) 
 
Employment Rate, e(t) 
In the first year (2010) just 8% of the labor force contributes to the system because this 
percentage corresponds to the low-end estimate of the percentage of workers who are in 
the organized sector. (Taxing workers outside the organized sector would be difficult 
since their work is typically casual in nature and because many in the unorganized sector 
do not even earn wages.) I chose the low-end estimate rather than the high-end estimate 
in order to err on the conservative side in my deficit calculations. 
 
In calculating the initial employment rate for 2010, I multiplied the International Labour 
Organization’s projection for percentage of the labor force age population that would be 
economically active in 2010 (61%) with the 8% of the labor force that is in the organized 
sector.153 
 
I had the employment rate increase at the same rate that urbanization is projected to 
increase because I could not find any projections for growth of the organized and/or 
formal sectors. Since workers in the organized sector are overwhelmingly likely to be 
urban, I took UN projections (medium variant) for the increase in the fraction of the 
Indian population that is urban and fit a linear trend line to it.154 The slope was a 2.53 
percentage point increase for every five-year interval (R2 = 0.9771). Thus, I used this 
same slope for the rate of increase of the employment rate. In other words, the 
employment rate increased 2.53 percentage points every five years. 
 
Because I was not attempting to make actuarially precise calculations, I neglected to 
factor unemployment rates into my calculations of the employment rate. 
 

                                                 
152 The various documents I read in preparing this analysis place the fraction of labor force that is 
in the organized sector anywhere from 8% (Govt. of India, “General Overview”) to 10% (Goswami, 
p. 99). 
153 International Labour Organization. “Total and Economically Active Population / Estimates 
and Projections, 1980-2020.” http://laborsta.ilo.org/ (accessed Feb. 21, 2006).  
The ILO only makes projections of the economically active population through 2020, so I had the  
percentage for 2020 apply to years beyond 2020. 
154 United Nations. http://esa.un.org/unpp (accessed Mar. 4, 2006). 
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Variants 
1. Vary the replacement rate, R(t) 

a. Lower the replacement rate to 45% for those in the organized sector and 50% 
for those in the unorganized sector (similar to replacement rates in the 
Mexico). 

b. Lower the replacement rate to 50% for those in the organized sector and 60% 
for those in the unorganized sector (similar to replacement rates in the 
United States). 

c. Set the replacement rate to 0.12*(# of contributing workers/# of recipients). 
2. Vary the population projection variants:  

a) Low-Fertility 
b) High-Fertility  
c) Constant-fertility 

3. Increase the retirement age:  
a) 65 years 
b) 70 years 

4. Vary the employment rate, e(t):  
a) Everyone in the urban labor force contributes 
b) Everyone in the total labor force contributes 
c) Increase the employment rate one percentage point each year 

5. Limit the system to just urbanites (rural people neither contribute to the system nor 
receive pensions) 

6. Increase the pension premium, P(t) 
a) 18% 
b) 24% 

 
Variant 1a- Mexican Replacement Rates 
In Mexico, the replacement rate for those making the average wage is 45%.155 For those 
making 50% of the average wage, it is 50%.156 Thus, I used these replacement rates for 
the organized and unorganized sectors, respectively, in Variant 1. 
 

Variant 1b- U.S. Replacement Rates 
In the U.S. Social Security system, the replacement rate for those making the average 
wage is 51%.157 For those making 50% of the average wage, it is 61%.158 Thus, I used 50% 
and 60% replacement rates for the organized and unorganized sectors, respectively, in 
Variant 2. 
 
Variant 1c- Automatically Adjusting Replacement Rate 
I set the replacement rate equal to 0.12*(# of contributing workers/# of recipients) so 
that as dependency ratios, employment rates and retirement rates changed over time, 
the replacement rate would automatically adjust to generate a pension deficit of zero. 
The ratio of the number of contributing workers to the number of recipients was 
calculated by dividing the employment rate by the retirement rate and the old-age 
dependency ratio. 
 

                                                 
155 GAO, p. 41. 
156 GAO, p. 41. 
157 GAO, p. 43. 
158 GAO, p. 43. 
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Variant 4a- Everyone in the Labor Force Contributes 
This variant is just to see what sort of deficits arise if the pension system is similar to 
those in developed countries, in which virtually everyone who works must contribute. 
 
Variant 4b- Everyone in the Urban Labor Force Contributes 
I based this variant on the presumption that it would be administratively easier to collect 
contributions from those in the urban labor force. Pensions in this variant, however, 
would be distributed to elderly people in both urban and rural areas. 
 
Variant 4c- Varying Employment Rate’s Rate of Growth 
I had the employment rate increase by one percentage point each year (five percentage 
points for very five-year interval), just to see how sensitive pension deficits would be to 
more rapid growth in the employment rate. 
 
Variant 5- Limit the System to Just Urbanites 
I presumed that it might be administratively easier to implement a pension system that 
was just limited to urban areas. Additionally, the urban elderly might be more in need of 
a pension since it is in urban areas where the traditional, multigenerational family 
structure is likely to erode first. In essence, the rural population neither contributes 
revenues to the pension system nor receives pensions in this variant. Thus, this variant 
does not represent a universal pension system. 
 
Variants 6a and 6b- Increasing the Pension Premium 
I chose to set the pension premium to 24% in Variant 6b since that is the combined 
percentage of wages that most workers in the organized sector currently pay towards the 
EFP and EPS programs in which they participate.159 I also selected 18% for the pension 
premium in Variant 6a since 18% is halfway between the base case’s 12% and Variant 
6b’s 24%. 

                                                 
159 World Bank, 2001, p. 27. 
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Appendix 4: Sample Deficit Calculation for Base Case 
 
 

Year

Dependency 

Ratio Retirement Rate

Replacement 

Rate

Pension 

Premium

Employment 

Rate

Wages as % 

of GDP

Retirement 

Age

Working Age 

Begins At

Population Above 

Retirement 

Age/Working-Age 

Population

Fraction of 

Retirement-Age 

Population Receiving 

Pension

Ratio of Average 

Pension to 

Average  Wage

Proportion of 

Wages 

Contributed to 

Pension Fund

Ratio of 

Contributing 

Workers to People 

of Labor Force Age

Pension Deficit as % 

of GDP

Pension Deficit as 

% of Wages of 

Contributing 

Workers

d 2 (t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t)

2010 60 15 0.1385 0.100 0.34 0.12 0.05 0.06 -0.001 -0.025

2015 60 15 0.1508 0.150 0.34 0.12 0.07 0.09 -0.001 -0.018

2020 60 15 0.1687 0.250 0.34 0.12 0.10 0.11 0.003 0.025

2025 60 15 0.1898 0.350 0.35 0.12 0.12 0.14 0.009 0.066

2030 65 15 0.1364 0.350 0.36 0.12 0.15 0.17 -0.001 -0.007

2035 65 15 0.1552 0.500 0.36 0.12 0.18 0.20 0.008 0.041

2040 65 15 0.1757 0.670 0.37 0.12 0.20 0.23 0.023 0.098

2045 65 15 0.1951 0.830 0.38 0.12 0.23 0.26 0.039 0.151

2050 65 15 0.2222 1.000 0.38 0.12 0.25 0.29 0.064 0.220

ResultDemographic Indicator Policy Indicators Economic Indicators

 
 
Note about Replacement Rate, B(t) 
The replacement rate (as a percentage of the average contributing worker’s wages) was the weighted average of the organized and 
unorganized sector’s replacement rates. I took the average wage in the unorganized sector to be 46% of that in the organized sector 
because the wage differentials between the informal and formal sectors (the best proxy I could find) are supposed to be 49% for men 
and 43% for women (with 46% between halfway between these two figures).160  
 
Since I am not intending to be actuarially precise, I set the percentage of retirees who were from the organized sector in any given 
year equal to the employment rate five years earlier (e.g., in 2025, the percentage of retirees who were from the organized sector 
equaled the employment rate in 2020). (For 2010, I had the percentage of retirees who were from the organized sector equal the 

                                                 
160 Good Jobs, Bad Jobs, No Jobs, p. 16. http://www.epinet.org/books/good_jobs_bad_jobs_no_jobs_(web).pdf (accessed Mar. 16, 2006). 
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employment rate in that same year, 2010.) I did this because the employment rate would be approximately equal to percentage of the 
labor force age population that was in the organized sector.   
 
For example, in 2025 in the base case, the replacement rate is 35% based on the following calculation: 
 

R(t) = 0.6*0.1 + 0.7*0.46*(1-0.1) = 0.35 
 
The “0.6*0.1” part is the 60% replacement rate for the 10% of the retirees who are from the organized sector. (The 10% comes from 
the employment rate in 2020.) The “0.7*0.46*(1-0.1)” part came from the 70% replacement for the 90% (1-0.1) of retirees who are 
from the unorganized sector and whose average wages were approximately 46% of those in the organized sector. 
 
Note about SG(t) 
The estimates of pension deficit as a percentage of GDP, PD(t),  should be considered rough and preliminary. I was not able to find a 
certain figure for SG(t), wages as percentage of GDP. The best figure I could find was 69.1%.161 On one hand, this figure is from 1980, 
but on the other hand, the fraction of national income coming from labor and capital is thought to be constant over long periods of 
time.162 Thus, for the time being, I have rounded the 69.1% figure to 70% and have based my PD(t) calculations on SG(t) remaining 
constant at 70%. 
 
Also, since not everyone in the labor force is contributing to the pension system, I have multiplied SG(t) by the ratio of the 
employment rate, e(t), to percentage of the labor force age population that is economically active. I did this based on the very rough 
assumption that the percentage of total wage income attributable to contributing workers is equal to their percentage of the labor 
force (which is calculated by dividing the employment rate, e(t), by percentage of the labor force age population that is economically 
active).163 Clearly, however, contributing workers are likely to have higher wages than that average worker in the labor force. 
Therefore, the wages of contributing workers should constitute a higher percentage of total wages than simply the employment rate. 
Without more information about wage distribution, however, I cannot make a reliable estimate of just what that percentage would be.  
 

                                                 
161 Gollin, p. 470. 
162 Gollin, p. 458. 
163 Estimates of the percentage of the labor force age population that is economically active is available at: 
International Labour Organization. “Total and Economically Active Population / Estimates and Projections, 1980-2020.” http://laborsta.ilo.org/ 
(accessed Feb. 21, 2006). 
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Varying Replacement Rates 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (Replacement Rate = 60% for organized 

sector and 70% for unorganized sector) -2.5% -1.8% 2.5% 6.6% -0.7% 4.1% 9.8% 15.1% 22.0% 6.1%

Replacement Rate = 45% for organized sector and 

50% for unorganized sector (Similar to Mexico) -5.2% -4.7% -1.5% 1.4% -3.8% -0.4% 3.8% 7.7% 12.7% 1.1%

Replacement Rate = 50% for organized sector and 

60% for unorganized sector (Similar to U.S.) -3.9% -3.2% 0.4% 3.9% -2.3% 1.7% 6.5% 11.0% 16.9% 3.4%

Varying Population Projections 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (Medium Variant) -2.5% -1.8% 2.5% 6.6% -0.7% 4.1% 9.8% 15.1% 22.0% 6.1%

Low Variant -2.5% -1.8% 2.5% 6.9% -0.3% 5.0% 11.6% 18.2% 27.2% 7.4%

High Variant -2.5% -1.8% 2.5% 6.4% -1.0% 3.3% 8.2% 12.5% 17.9% 5.1%

Constant-Fertility Variant -2.5% -1.8% 2.5% 6.4% -1.1% 3.0% 7.4% 11.0% 15.1% 4.5%

Varying Retirement Ages 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (Retirement age shifts from 60 to 65 in 

2030.) -2.5% -1.8% 2.5% 6.6% -0.7% 4.1% 9.8% 15.1% 22.0% 6.1%

Retirement Age = 65 -5.9% -5.6% -3.0% -0.3% -0.7% 4.1% 9.8% 15.1% 22.0% 3.9%

Retirement Age = 70 -8.4% -8.2% -6.7% -5.1% -5.2% -2.2% 1.4% 5.2% 9.2% -2.2%

Varying Employment Rate, e(t) 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (Increases at Rate of Urbanization) -2.5% -1.8% 2.5% 6.6% -0.7% 4.1% 9.8% 15.1% 22.0% 6.1%

Increases 1 Percentage Point Annually -2.5% -4.3% -2.1% 0.1% -4.8% -1.8% 1.7% 5.0% 9.4% 0.1%

Everyone in the Urban Labor Force Contributes -9.2% -7.7% -4.5% -1.0% -4.6% -0.6% 4.6% 9.9% 16.9% 0.4%

Everyone in the Labor Force Contributes -11.2% -10.8% -9.6% -8.2% -9.2% -7.3% -4.8% -1.9% 2.2% -6.8%

Varying Pension Premium, P(t) 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (12%) -2.5% -1.8% 2.5% 6.6% -0.7% 4.1% 9.8% 15.1% 22.0% 6.1%

Pension Premium = 18% -8.5% -7.8% -3.5% 0.6% -6.7% -1.9% 3.8% 9.1% 16.0% 0.1%

Pension Premium = 24% -14.5% -13.8% -9.5% -5.4% -12.7% -7.9% -2.2% 3.1% 10.0% -5.9%

Limiting System to Urbanites 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case -2.5% -1.8% 2.5% 6.6% -0.7% 4.1% 9.8% 15.1% 22.0% 6.1%

Only Urbanites Contribute and Receive Pensions -11.2% -10.8% -9.6% -8.2% -9.2% -7.3% -4.8% -1.9% 2.2% -6.8%

Appendix 5: Pension Deficits as Percentage of Contributing Workers' Wages
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Varying Replacement Rates 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (Replacement Rate = 60% for organized 

sector and 70% for unorganized sector) -0.1% -0.1% 0.3% 0.9% -0.1% 0.8% 2.3% 3.9% 6.4% 1.6%

Replacement Rate = 45% for organized sector and 

50% for unorganized sector (Similar to Mexico) -0.3% -0.4% -0.2% 0.2% -0.7% -0.1% 0.9% 2.0% 3.7% 0.6%

Replacement Rate = 50% for organized sector and 

60% for unorganized sector (Similar to U.S.) -0.2% -0.3% 0.0% 0.6% -0.4% 0.3% 1.5% 2.9% 4.9% 1.0%

Varying Population Projections 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (Medium Variant) -0.1% -0.1% 0.3% 0.9% -0.1% 0.8% 2.3% 3.9% 6.4% 1.6%

Low Variant -0.1% -0.1% 0.3% 1.0% -0.1% 1.0% 2.7% 4.8% 7.9% 1.9%

High Variant -0.1% -0.1% 0.3% 0.9% -0.2% 0.7% 1.9% 3.3% 5.2% 1.3%

Constant-Fertility Variant -0.1% -0.1% 0.3% 0.9% -0.2% 0.6% 1.7% 2.9% 4.4% 1.1%

Varying Retirement Ages 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (Retirement age shifts from 60 to 65 in 

2030.) -0.1% -0.1% 0.3% 0.9% -0.1% 0.8% 2.3% 3.9% 6.4% 1.6%

Retirement Age = 65 -0.3% -0.5% -0.3% 0.0% -0.1% 0.8% 2.3% 3.9% 6.4% 1.4%

Retirement Age = 70 -0.5% -0.7% -0.8% -0.7% -0.9% -0.5% 0.3% 1.4% 2.7% 0.0%

Varying Employment Rate, e(t) 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (Increases at Rate of Urbanization) -0.1% -0.1% 0.3% 0.9% -0.1% 0.8% 2.3% 3.9% 6.4% 1.6%

Increases 1 Percentage Point Annually -0.1% -0.5% -0.4% 0.0% -1.4% -0.6% 0.7% 2.3% 4.9% 0.5%

Everyone in the Urban Labor Force Contributes -2.0% -1.7% -1.1% -0.3% -1.3% -0.2% 1.5% 3.4% 6.1% 0.5%

Everyone in the Labor Force Contributes -7.9% -7.5% -6.7% -5.7% -6.4% -5.1% -3.3% -1.3% 1.5% -4.7%

Varying Pension Premium, P(t) 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case (12%) -0.1% -0.1% 0.3% 0.9% -0.1% 0.8% 2.3% 3.9% 6.4% 1.6%

Pension Premium = 18% -0.5% -0.7% -0.4% 0.1% -1.2% -0.4% 0.9% 2.4% 4.7% 0.5%

Pension Premium = 24% -0.8% -1.2% -1.1% -0.8% -2.2% -1.6% -0.5% 0.8% 2.9% -0.5%

Limiting System to Urbanites 2010 2015 2020 2025 2030 2035 2040 2045 2050 Average

Base Case -0.1% -0.1% 0.3% 0.9% -0.1% 0.8% 2.3% 3.9% 6.4% 1.6%

Only Urbanites Contribute and Receive Pensions -2.4% -2.4% -2.3% -2.2% -2.7% -2.3% -1.6% -0.6% 0.8% -1.7%

Appendix 6: Pension Deficits as a Percentage of GDP



 46 

Appendix 7: Calculation of Pension Deficits for Each Variant 
 

  Demographic Indicator Policy Indicators Economic Indicators Result 

     
Dependency 

Ratio  
Retirement 

Rate 
Replacement 

Rate 
Pension 
Premium 

Employment 
Rate      

 Year 
Retirement 

Age 

Working 
Age 

Begins At 

Population 
Above 

Retirement 
Age/Working-
Age Population 

Fraction of 
Retirement-Age 

Population 
Receiving 
Pension 

Ratio of Average 
Pension to Average 

Wage 

Proportion of 
Wages 

Contributed to 
Pension Fund 

Ratio of 
Contributing 
Workers to 

People of Labor 
Force Age 

Wages 
as % 
of 

GDP  

Pension 
Deficit as % 

of GDP 

Pension 
Deficit as % 
of Wages of 
Contributing 
Workers 

      d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

BASE CASE 

2010 60 15 0.1385 0.100 0.34 0.12 0.05 0.06 -0.001 -0.025 

2015 60 15 0.1508 0.150 0.34 0.12 0.07 0.09 -0.001 -0.018 

2020 60 15 0.1687 0.250 0.34 0.12 0.10 0.11 0.003 0.025 

2025 60 15 0.1898 0.350 0.35 0.12 0.12 0.14 0.009 0.066 

2030 65 15 0.1364 0.350 0.36 0.12 0.15 0.17 -0.001 -0.007 

2035 65 15 0.1552 0.500 0.36 0.12 0.18 0.20 0.008 0.041 

2040 65 15 0.1757 0.670 0.37 0.12 0.20 0.23 0.023 0.098 

2045 65 15 0.1951 0.830 0.38 0.12 0.23 0.26 0.039 0.151 

2050 65 15 0.2222 1.000 0.38 0.12 0.25 0.29 0.064 0.220 
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Appendix 7, continued 
 

Replacement rate is 45% for organized sector and 50% for unorganized sector. (Similar to Mexico) 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.24 0.12 0.05 0.06 -0.003 -0.052 

2015 60 15 0.1508 0.150 0.24 0.12 0.07 0.09 -0.004 -0.047 

2020 60 15 0.1687 0.250 0.25 0.12 0.10 0.11 -0.002 -0.015 

2025 60 15 0.1898 0.350 0.25 0.12 0.12 0.14 0.002 0.014 

2030 65 15 0.1364 0.350 0.26 0.12 0.15 0.17 -0.007 -0.038 

2035 65 15 0.1552 0.500 0.26 0.12 0.18 0.20 -0.001 -0.004 

2040 65 15 0.1757 0.670 0.27 0.12 0.20 0.23 0.009 0.038 

2045 65 15 0.1951 0.830 0.27 0.12 0.23 0.26 0.020 0.077 

2050 65 15 0.2222 1.000 0.28 0.12 0.25 0.29 0.037 0.127 

                      

Replacement rate is 50% for organized sector and 60% for unorganized sector. (Similar to U.S.) 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.29 0.12 0.05 0.06 -0.002 -0.039 

2015 60 15 0.1508 0.150 0.29 0.12 0.07 0.09 -0.003 -0.032 

2020 60 15 0.1687 0.250 0.29 0.12 0.10 0.11 0.000 0.004 

2025 60 15 0.1898 0.350 0.30 0.12 0.12 0.14 0.006 0.039 

2030 65 15 0.1364 0.350 0.30 0.12 0.15 0.17 -0.004 -0.023 

2035 65 15 0.1552 0.500 0.31 0.12 0.18 0.20 0.003 0.017 

2040 65 15 0.1757 0.670 0.32 0.12 0.20 0.23 0.015 0.065 

2045 65 15 0.1951 0.830 0.32 0.12 0.23 0.26 0.029 0.110 

2050 65 15 0.2222 1.000 0.33 0.12 0.25 0.29 0.049 0.169 
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Appendix 7, continued 
 
Replacement Rate = 0.12*(Contributors/Retirees) 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.42 0.12 0.05 0.06 0.000 0.000 

2015 60 15 0.1508 0.150 0.39 0.12 0.07 0.09 0.000 0.000 

2020 60 15 0.1687 0.250 0.28 0.12 0.10 0.11 0.000 0.000 

2025 60 15 0.1898 0.350 0.23 0.12 0.12 0.14 0.000 0.000 

2030 65 15 0.1364 0.350 0.38 0.12 0.15 0.17 0.000 0.000 

2035 65 15 0.1552 0.500 0.27 0.12 0.18 0.20 0.000 0.000 

2040 65 15 0.1757 0.670 0.20 0.12 0.20 0.23 0.000 0.000 

2045 65 15 0.1951 0.830 0.17 0.12 0.23 0.26 0.000 0.000 

2050 65 15 0.2222 1.000 0.14 0.12 0.25 0.29 0.000 0.000 

                      

Low-Fertility Variant 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.34 0.12 0.05 0.06 -0.001 -0.025 

2015 60 15 0.1508 0.150 0.34 0.12 0.07 0.09 -0.001 -0.018 

2020 60 15 0.1687 0.250 0.34 0.12 0.10 0.11 0.003 0.025 

2025 60 15 0.1921 0.350 0.35 0.12 0.12 0.14 0.010 0.069 

2030 65 15 0.1405 0.350 0.36 0.12 0.15 0.17 -0.001 -0.003 

2035 65 15 0.1638 0.500 0.36 0.12 0.18 0.20 0.010 0.050 

2040 65 15 0.1902 0.670 0.37 0.12 0.20 0.23 0.027 0.116 

2045 65 15 0.2173 0.830 0.38 0.12 0.23 0.26 0.048 0.182 

2050 65 15 0.2561 1.000 0.38 0.12 0.25 0.29 0.079 0.272 
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Appendix 7, continued 
 
High-Fertility Variant 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.34 0.12 0.05 0.06 -0.001 -0.025 

2015 60 15 0.1508 0.150 0.34 0.12 0.07 0.09 -0.001 -0.018 

2020 60 15 0.1687 0.250 0.34 0.12 0.10 0.11 0.003 0.025 

2025 60 15 0.1876 0.350 0.35 0.12 0.12 0.14 0.009 0.064 

2030 65 15 0.1324 0.350 0.36 0.12 0.15 0.17 -0.002 -0.010 

2035 65 15 0.1474 0.500 0.36 0.12 0.18 0.20 0.007 0.033 

2040 65 15 0.1632 0.670 0.37 0.12 0.20 0.23 0.019 0.082 

2045 65 15 0.1768 0.830 0.38 0.12 0.23 0.26 0.033 0.125 

2050 65 15 0.1952 1.000 0.38 0.12 0.25 0.29 0.052 0.179 

                      

Constant-Fertility Variant 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.34 0.12 0.05 0.06 -0.001 -0.025 

2015 60 15 0.1508 0.150 0.34 0.12 0.07 0.09 -0.001 -0.018 

2020 60 15 0.1687 0.250 0.34 0.12 0.10 0.11 0.003 0.025 

2025 60 15 0.1871 0.350 0.35 0.12 0.12 0.14 0.009 0.064 

2030 65 15 0.1313 0.350 0.36 0.12 0.15 0.17 -0.002 -0.011 

2035 65 15 0.1445 0.500 0.36 0.12 0.18 0.20 0.006 0.030 

2040 65 15 0.1570 0.670 0.37 0.12 0.20 0.23 0.017 0.074 

2045 65 15 0.1657 0.830 0.38 0.12 0.23 0.26 0.029 0.110 

2050 65 15 0.1772 1.000 0.38 0.12 0.25 0.29 0.044 0.151 
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Appendix 7, continued 
 
Retirement Age = 65 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 65 15 0.0880 0.100 0.34 0.12 0.05 0.06 -0.003 -0.059 

2015 65 15 0.0942 0.150 0.34 0.12 0.07 0.09 -0.005 -0.056 

2020 65 15 0.1049 0.250 0.34 0.12 0.10 0.11 -0.003 -0.030 

2025 65 15 0.1195 0.350 0.35 0.12 0.12 0.14 0.000 -0.003 

2030 65 15 0.1364 0.350 0.36 0.12 0.15 0.17 -0.001 -0.007 

2035 65 15 0.1552 0.500 0.36 0.12 0.18 0.20 0.008 0.041 

2040 65 15 0.1757 0.670 0.37 0.12 0.20 0.23 0.023 0.098 

2045 65 15 0.1951 0.830 0.38 0.12 0.23 0.26 0.039 0.151 

2050 65 15 0.2222 1.000 0.38 0.12 0.25 0.29 0.064 0.220 

                      

Retirement Age = 70 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 70 15 0.0525 0.100 0.34 0.12 0.05 0.06 -0.005 -0.084 

2015 70 15 0.0561 0.150 0.34 0.12 0.07 0.09 -0.007 -0.082 

2020 70 15 0.0615 0.250 0.34 0.12 0.10 0.11 -0.008 -0.067 

2025 70 15 0.0699 0.350 0.35 0.12 0.12 0.14 -0.007 -0.051 

2030 70 15 0.0812 0.350 0.36 0.12 0.15 0.17 -0.009 -0.052 

2035 70 15 0.0940 0.500 0.36 0.12 0.18 0.20 -0.005 -0.022 

2040 70 15 0.1084 0.670 0.37 0.12 0.20 0.23 0.003 0.014 

2045 70 15 0.1239 0.830 0.38 0.12 0.23 0.26 0.014 0.052 

2050 70 15 0.1382 1.000 0.38 0.12 0.25 0.29 0.027 0.092 
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Appendix 7, continued 
 
Everyone in the Urban Labor Force Contributes 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.37 0.12 0.19 0.21 -0.020 -0.092 

2015 60 15 0.1508 0.150 0.37 0.12 0.20 0.23 -0.017 -0.077 

2020 60 15 0.1687 0.250 0.38 0.12 0.21 0.24 -0.011 -0.045 

2025 60 15 0.1898 0.350 0.38 0.12 0.23 0.26 -0.003 -0.010 

2030 65 15 0.1364 0.350 0.39 0.12 0.25 0.29 -0.013 -0.046 

2035 65 15 0.1552 0.500 0.39 0.12 0.27 0.31 -0.002 -0.006 

2040 65 15 0.1757 0.670 0.40 0.12 0.28 0.33 0.015 0.046 

2045 65 15 0.1951 0.830 0.40 0.12 0.30 0.34 0.034 0.099 

2050 65 15 0.2222 1.000 0.40 0.12 0.31 0.36 0.061 0.169 

                      

Everyone in the Labor Force Contributes 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.34 0.12 0.61 0.70 -0.079 -0.112 

2015 60 15 0.1508 0.150 0.34 0.12 0.61 0.70 -0.075 -0.108 

2020 60 15 0.1687 0.250 0.34 0.12 0.61 0.70 -0.067 -0.096 

2025 60 15 0.1898 0.350 0.35 0.12 0.61 0.70 -0.057 -0.082 

2030 65 15 0.1364 0.350 0.36 0.12 0.60 0.70 -0.064 -0.092 

2035 65 15 0.1552 0.500 0.36 0.12 0.60 0.70 -0.051 -0.073 

2040 65 15 0.1757 0.670 0.37 0.12 0.60 0.70 -0.033 -0.048 

2045 65 15 0.1951 0.830 0.38 0.12 0.60 0.70 -0.013 -0.019 

2050 65 15 0.2222 1.000 0.38 0.12 0.60 0.70 0.015 0.022 
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Appendix 7, continued 
 
Employment Rate Increases by 1 Percentage Point Annually  

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.34 0.12 0.05 0.06 -0.001 -0.025 

2015 60 15 0.1508 0.150 0.34 0.12 0.10 0.11 -0.005 -0.043 

2020 60 15 0.1687 0.250 0.35 0.12 0.15 0.17 -0.004 -0.021 

2025 60 15 0.1898 0.350 0.36 0.12 0.20 0.23 0.000 0.001 

2030 65 15 0.1364 0.350 0.38 0.12 0.25 0.29 -0.014 -0.048 

2035 65 15 0.1552 0.500 0.39 0.12 0.30 0.35 -0.006 -0.018 

2040 65 15 0.1757 0.670 0.41 0.12 0.35 0.40 0.007 0.017 

2045 65 15 0.1951 0.830 0.42 0.12 0.40 0.46 0.023 0.050 

2050 65 15 0.2222 1.000 0.43 0.12 0.45 0.52 0.049 0.094 

                      

Only Urbanites Contribute & Receive (Rural population is completely excluded.) 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.030 0.34 0.12 0.19 0.21 -0.024 -0.112 

2015 60 15 0.1508 0.048 0.34 0.12 0.20 0.23 -0.024 -0.108 

2020 60 15 0.1687 0.087 0.34 0.12 0.21 0.24 -0.023 -0.096 

2025 60 15 0.1898 0.132 0.35 0.12 0.23 0.26 -0.022 -0.082 

2030 65 15 0.1364 0.145 0.36 0.12 0.25 0.29 -0.027 -0.092 

2035 65 15 0.1552 0.220 0.36 0.12 0.27 0.31 -0.023 -0.073 

2040 65 15 0.1757 0.311 0.37 0.12 0.28 0.33 -0.016 -0.048 

2045 65 15 0.1951 0.407 0.38 0.12 0.30 0.34 -0.006 -0.019 

2050 65 15 0.2222 0.515 0.38 0.12 0.31 0.36 0.008 0.022 
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Appendix 7, continued 
 
Pension Premium = 18% 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.34 0.18 0.05 0.06 -0.005 -0.085 

2015 60 15 0.1508 0.150 0.34 0.18 0.07 0.09 -0.007 -0.078 

2020 60 15 0.1687 0.250 0.34 0.18 0.10 0.11 -0.004 -0.035 

2025 60 15 0.1898 0.350 0.35 0.18 0.12 0.14 0.001 0.006 

2030 65 15 0.1364 0.350 0.36 0.18 0.15 0.17 -0.012 -0.067 

2035 65 15 0.1552 0.500 0.36 0.18 0.18 0.20 -0.004 -0.019 

2040 65 15 0.1757 0.670 0.37 0.18 0.20 0.23 0.009 0.038 

2045 65 15 0.1951 0.830 0.38 0.18 0.23 0.26 0.024 0.091 

2050 65 15 0.2222 1.000 0.38 0.18 0.25 0.29 0.047 0.160 

                      

Pension Premium =24%                 

   d2(t) r(t) B(t) P(t) e(t) SG(t) PD(t) n(t) 

2010 60 15 0.1385 0.100 0.34 0.24 0.05 0.06 -0.008 -0.145 

2015 60 15 0.1508 0.150 0.34 0.24 0.07 0.09 -0.012 -0.138 

2020 60 15 0.1687 0.250 0.34 0.24 0.10 0.11 -0.011 -0.095 

2025 60 15 0.1898 0.350 0.35 0.24 0.12 0.14 -0.008 -0.054 

2030 65 15 0.1364 0.350 0.36 0.24 0.15 0.17 -0.022 -0.127 

2035 65 15 0.1552 0.500 0.36 0.24 0.18 0.20 -0.016 -0.079 

2040 65 15 0.1757 0.670 0.37 0.24 0.20 0.23 -0.005 -0.022 

2045 65 15 0.1951 0.830 0.38 0.24 0.23 0.26 0.008 0.031 

2050 65 15 0.2222 1.000 0.38 0.24 0.25 0.29 0.029 0.100 
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