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Abstract 

The Effects of Social Security Reforms on Health, 
Leisure, and Consumption Decisions 

by 

Ellen Renee Read 

Due to demographic changes and policy changes over the years, the Social Security 

system is being pushed towards bankruptcy. Reform of the system is necessary. Many 

papers have studied the effect of Social Security reform on the retirement decision, 

but they have not concentrated on the impact of reform on leisure and consumption 

of health related and health neutral goods. I estimate a stochastic dynamic model of 

demand for consumption, leisure, and health by gmm before and after Social Security 

reforms drawn from the 1983 amendments and solve the model for the optimal values 

of those variables. The reforms discourage leisure and encourage a shift towards 

health consumption. 
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Chapter 1 

Introduction 

Social Security is a government administered program that pays benefits to retired 

workers among others. The majority of the payments are to retired workers, but 

about 40% of the benefits are paid to non-retirees including those receiving disability, 

survivor, and auxiliary benefits for family members. The Social Security system is 

funded by a payroll tax that nearly all workers today pay. It is a pay-as-you-go 

system. The taxes are not collected into a fund that is used to pay today's workers 

benefits tomorrow. Instead, taxes collected today support current retirees. 

Since the Social Security system can be thought of as forced savings, it is interest

ing to examine what effect the program has had on the private savings rate. Feldstein 

(1997) is one study that answers this question. He revisits an earlier paper (Feldstein, 

1974) that examined the displacement of private savings because he wanted to cor

rect a mistake in his calculation of Social Security wealth as well as add additional 

years of data. His results are similar to his earlier paper; one dollar of Social Security 

wealth leads to a $0.02 to $0.03 reduction in private savings. He concludes that in the 

aggregate the Social Security system reduces private savings by almost 60%. That is, 

private savings are only 60% of what they would be if there were no Social Security 

system. Thus, it seems the Social Security system has quite an impact on people's 

retirement saving. Feldstein's approach has been criticized by Aaron (1989) because 

it assumes the benefits and the taxes necessary to pay for them are uncorrelated. 

Another approach used by both Thompson (1983) and Aaron (1982) relates house

holds' private savings or the entire nation's savings to some measure of the present 

value of benefits promised. 
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Two demographic changes are putting an enormous strain on the system. The 

two changes together are sometimes referred to as the "double aging process." One, 

life expectancy at birth has grown over the course of this century as is shown in Table 

1.1. This impacts the Social Security system since benefits must be paid over longer 

and longer life spans. Two, the fertility rate has declined below the replacement level. 

Together, the double aging process means there are more people in the retired age 

group relative to the number of workers. Fewer current workers are having to support 

a growing retiree population. In addition, Social Security benefit levels have increased 

over the life of the system as shown in Table 1.2, reflecting both increases in average 

wages and legislated increases in benefits. 

AT BIRTH 
Male 
Female 

1939-1941 1949-1951 1960 1970 
62.8 66.3 67.4 68.0 
67.3 72.0 74.1 75.6 

Table 1.1 Life Expectancy. Data from U.S 
Bureau of the Census (1976, 1996) 

YEAR BENEFIT 
1960 $74.00 
1965 $83.90 
1970 $118.10 
1975 $207.20 
1980 $341.40 
1985 $478.60 
1990 $602.60 
1995 $719.80 

1979-1981 
70.1 
77.6 

Table 1.2 The Average Monthly Benefit for a Retired Worker. Data from 
Social Security Bulletin Annual Statistical Supplement (1996) 

1990 
71.8 
78.8 

By the late 1970s, it was clear that in the near future the system would be paying 

out more in benefits than it takes in through taxes. 
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The Social Security Bulletin compiles statistics on the revenues and expenditures 

of the Social Security system. The spring 1992 bulletin shows for the Old Age and 

Survivors Insurance trust fund in Table l.A1 that in 1940, $592 million in revenues 

were taken in. This amount had grown to $100 billion by 1980 and $279 billion by 

1990. Expenditures grew over this time period, too. Expenditures were $28 million 

in 1940, $103 billion in 1980, and $223 billion by 1990. While both revenue and 

expenditures grew, expenditures grew at a faster rate. From 1940 to 1980, revenues 

and expenditures increased by 16,787% and 367,351%, respectively. For the time 

period 1940 to 1990, growth in expenditures continued to outpace growth in revenues. 

Revenues and expenditures grew by 46,923% and 795,403%, respectively. 

In addition to the demographic changes, the design of the Social Security sys

tem is contributing to the problem, Barsch-Supan (1992) argues that the calculation 

of benefits paid is a distortion by not being actuarially neutral, and the distortion 

encourages early retirement. Earlier retirement exacerbates the problems caused by 

the demographic changes. A retiree will receive his full retirement benefit only if he 

retires at age 65. If he retires after 65, the benefit is increased, and it is reduced if he 

retires before age 65. In the table below are the percentage of the benefit received at 

each age as a percentage of the full benefit received at age 65. Age 62 is the youngest 

age benefits are paid. 

The first column in Table 1.3 includes the numbers before the 1983 Social Security 

Amendments, the second column is after the reforms, and the last column includes the 

non-distorting percentages that Barsch-Supan calculated assuming a 3% discount fac

tor. These numbers indicate the Social Security system encourages earlier retirement 

with higher benefits, despite the fact that the reforms were an attempt to prevent the 

Social Security system from heading into bankruptcy. 

We face a similar problem today. Although the reforms of 1983 did save the 

Social Security system in the short term, it seems to have only postponed the threat 

of bankruptcy.Some of the reforms suggested today to fix the system require a com-
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AGE BEFORE REFORM AFTER 1983 REFORM NO DISTORTION 
62 
63 
64 
65 
66 
67 
68 
69 
70 

80 77.8 72.6 
86.7 85.2 80.4 
94.4 92.6 89.5 
100 100 100 
103 105.6 112.5 
106 111.1 127.5 
109 120.0 145.9 
112 128.9 168.9 
115 137.8 198.5 

Table 1.3 Benefit received given age of retirement as a percent of the full 
(age 65) retirement benefit. Data from Borsch-Supan (1992) 

pleteoverhaul of the system such as privatizing Social Security. However, the National 

Commission on Social Security Reform that was established under the Reagan admin

istration to provide reform solutions that led to the 1983 reforms did not agree that 

the system itself needed major changes at that time. The changes they recommended 

called for changes within the system to both reduce the money paid out and increase 

the money coming in. 

As seen in the numbers above in Table 1.3, the reforms encourage early retirement 

relatively less than the pre-reform case. An important question is what impact these 

reforms would have on the retirees and their leisure, health and consumption decisions. 

Since the reforms are being phased in slowly, it will take time to see the end result of 

the reforms. They will not be fully in place until 2022. However, some indication of 

the impact of these reforms can be estimated by constructing a structural model and 

fully instituting the reforms into the model. 

While the impact of Social Security on retirement is an issue that has been exam

ined before, as will be discussed further in the next chapter, my dissertation adds to 

the literature by considering the impact of Social Security on various dimensions of 

the retiree's life: consumption of health related and health neutral goods, leisure, and 
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health status. The model is an extension of Sickles and Yazbeck (1998) that explicitly 

accounts for the Social Security system so that the impact of Social Security reforms 

can be examined. It is a structural model with household health production that 

allows health to be determined endogenously and provides insight into the impact 

of health status and health consumption. I use a stochastic dynamic programming 

framework to solve a model assuming an individual maximizes lifetime utility subject 

to budget and time constraints and a health production function by choosing desired 

hours of leisure, and levels of consumption of health and non-health related goods 

and services. The model also incorporates an individual's uncertainty about future 

wealth, financial needs, and health. Furthermore, instead of the usual assumptions of 

temporal and intertemporal separability, I am assuming a transcendental logarithmic 

functional form for the utility and production functions that models the interaction 

between the arguments in a period. Also, there is intertemporal nonseparability in 

the expression of health production. 

Using the Retirement History Survey (RHS), a biennial survey conducted from 

1969 to 1979, I will estimate the model. I will then extend the analysis to examine 

the effect of the 1983 reforms in the calculation of Social Security benefits to see how 

they affect the retirees' decisions. The data set includes detailed information about 

each respondent's earnings history which allows for a recalculation of their benefits 

under different rules for the Social Security system. 

Chapter 2 examines how the system has grown over time both in size and in 

importance to the recipients' income. It also details the relevant rules of the Social 

Security system and how the reforms changed them. Chapter 3 surveys the retirement 

literature and the factors that affect the retirement decision with an emphasis on the 

Social Security system. The model is presented in Chapter 4, and important issues 

about the data set and measurement of the variables are discussed in Chapter 5. The 

results of the estimation of the model are in Chapter 6. Chapter 7 concludes. 
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Chapter 2 

The Social Security System 

2.1 Historical Survey of Social Security 

President Franklin D. Roosevelt wanted a system "that would provide at once security 

against several of the great disturbing factors of life" (Trattner, 1974). In July 1934, he 

created the Committee on Economic Security to develop a social insurance program. 

The committee acted quickly, and Roosevelt had its recommendation by January 

1935. After being introduced and passed in Congress, the Social Security Act became 

law August 14, 1935. In the House there were 371 votes for it and 6 against. The 

Senate was equally lopsided with 77 votes for it and 6 against. The act called for 

old age insurance to be financed by a payroll tax imposed equally on the employer 

and employee beginning January 1, 1937. Included in the act were a federal-state 

system of unemployment insurance, federal aid to the states on a matching basis for 

public assistance to the crippled, the blind and dependent mothers with children, and 

federal money for state and local public health work. 

Social Security originally covered only workers in commerce and industry, but 

coverage expanded several times over the next thirty years. In 1945, Social Security 

combined with the Railroad Retirement program. Regularly employed farm and do

mestic workers were included in 1950, along with non-professional, non-farm workers 

who were self-employed. Just a few years later in 1954, the self-employed farm work

ers and self-employed professionals, other than doctors, were also covered by Social 

Security. 

The expansion continued in the 1960s. First, Americans employed in the U.S. 

but working for a foreign government or international organization were included in 

1960. Then in 1965, interns and self-employed doctors were brought into the system. 
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Ministers and other members of religious orders who did not live with a vow of poverty 

became covered in 1967. 

There have been many other changes to the Social Security system over the years, 

but most of them are technical changes that define the types of coverage and benefits. 

For example, benefits were originally calculated by applying a formula to the Average 

Monthly Wage (AMW). Changes were made to the formula every few years after 1959 

at irregular intervals to reflect changes in the cost of living. In 1972, Congress made 

adjustments for inflation automatic by adjusting the AMW. However, since the AMW 

was already in nominal terms, it was double ndexed for inflation. It was not until 

1977 that the Average Indexed Monthly Earnings (AIME) were first used so that 

earnings were indexed and then inflation could be automatically included. This made 

cost of living adjustments (COLA) automatic. 

One way to see the growth of the Social Security system is by looking at how 

the entire Social Security system, called Old Age, Survivors, and Disability Insurance 

(OASDI), has grown in relation to the GNP. The OASDI includes the retirement 

benefits this dissertation focuses on and payments to survivng spouses, dependent 

children, and disabled workers. In 1940,when Social Security was still in its formative 

years, it was 0.06% of the GNP. By 1955, it grew to 1.25%, and the growth continued 

through 1975 when it reached 4.3%. It stayed at about 4.5% up to 1990. 

2.2 Status of the Elderly 

Clearly, the Social Security system has grown over the last four decades in nearly every 

facet. Not surprisingly, as it has grown, the status of the Social Security recipient has 

changed. The sources of retirement income, the overall level of retirement income, 

and the attachment to the labor force have all changed over time. Furthermore, there 

have been advances in health care that have extended life expectancy, and often the 

quality of life as well. Looking at the Current Population Reports of the Census 
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Bureau and concentrating on the elderly and near elderly age groups, it is evident 

that a larger percentage of the population is reaching older ages. Table 2.1 shows 

that in 1940, 8% of the population were between the ages of 55 and 64 while 7% 

were 65 or over. In 1980, 9% of the population were between the ages of 55 and 

64 while 11% were 65 or over. The oldest age groups are growing the fastest. The 

growth in these population segments is relevant to Social Security. It reflects the 

trend of a larger fraction of the population being Social Security beneficiaries, and, 

consequently, a smaller fraction of the population contributing to the Social Security 

system. It is a trend that is projected to continue in the next century. In total, 15% 

of the population was age 55 or older, but by 2020 it is projected that 33% of the 

population will fit in that category. 

Ages 1940 1980 2020 
55-59 4% 5% 7% 
60-64 4% 4% 7% 
65-69 3% 4% 6% 
70-74 2% 3% 6% 
75+ 2% 4% 7% 

Table 2.1 Age Distribution of Elderly and Near Elderly 1940 and 1980. 
Data from the Current Population Reports of the Census Bureau, 1989 

Social Security is not the only source of retirement income. Hurd (1990) com

piled the distribution of different income sources across households to indicate the 

importance of various income sources. His data covers the beginning and end of the 

Retirement History Survey period that I will use for estimation. As detailed in Table 

2.2, other sources include current wages (often from part time work), private pensions, 

government pensions, and income from assets. The composition of retirement income 

from these sources has changed over time. The change can be seen even over the 

course of the Retirement History Survey. In 1971, 69% of the elderly households had 

no wage income, which means 31% were working at least part time. In this context, 
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elderly is a broad definition that includes those people old enough to qualify for Social 

Security benefits, that is, at least 62 years of age. In 1980, 78% had no wage income, 

so only 22% were working at least part time by then. 

As I will discuss in more detail below, attachment to the labor force has decreased 

over time. As a result, Social Security income has increased in its importance to the 

recipients. According to Hurd (1990), in 1971 49% of the elderly households received 

at least half of their income from Social Security, and for 17% of the households, 

Social Security was at least 90% of their income. By 1980, the number of households 

that received at least half of their income from Social Security grew to 59% while the 

number of households that relied on Social Security for at least 90% of their income 

grew to 23%. Nearly one quarter of all elderly households relied almost exclusively 

on their Social Security benefits by 1980. 

Pensions have also grown some over this time period. In 1971, only 17% of the 

elderly households had any income from private pensions. By 1980, 21% of these 

households had private pension income. Government pensions became somewhat 

more prevalent, too. In 1971, only 6% of the elderly households had government 

pension income while by 1980, 11% did. Although pension coverage grew in this time 

period, it still affected only a small percentage of the elderly households. 

One last source of retirement income is savings, specifically income from assets 

excluding imputed income to housing equity. In 1971, slightly more than half of the 

elderly had no asset income. Omitting housing equity partially explains the high 

percentage of people without asset income. This fell to 41% by 1980. Still, for 93% 

of the elderly households in 1971, asset income accounted for less than half of their 

income, and for 78% it was less than 20% of their income. By 1980, asset income was 

still less than half of their income for 91% of these households and less than 20% of 

the income for 74% of them. It appears that savings is not an important factor for 

retirement income for a large number of elderly households. 
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INCOME CATEGORY: 1971 1980 
Wages 
Total Percentage 100 100 
0 69 78 
1-49 16 12 
50-100 15 10 
90-100 5 2 
Social Security 
Total Percentage 100 100 
0 13 9 
1-49 38 32 
50-100 49 59 
90-100 17 23 
Private Pensions and Annuities 
Total Percentage 100 100 
0 83 79 
1-19 6 10 
20-49 8 9 
50-100 3 2 
Government Pensions 
Total Percentage 100 100 
0 94 89 
1-49 3 7 
50-100 3 4 
Income from Assets 
Total Percentage 100 100 
0 51 41 
1-19 27 33 
20-49 15 17 
50-100 7 9 

Table 2.2 Distribution of various sources of income 
across elderly households. Data from Hurd (1990). 
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Overall, elderly households have shifted toward more reliance on Social Security 

and, for those covered, government and private pensions. While income from assets 

has also been growing, the majority of households still had little or no asset income. 

Earnings income has fallen as well. The elderly's attachment to the labor force appears 

to have been declining over time. 

2.3 Labor Force Participation 

Over the course of this century, the labor force participation rate has fallen for older 

workers. For example, Hurd (1990) finds that the participation rate for men age 65 

and over in 1950 was 46%, and this fell to 16% by 1987. He also sees a similar trend 

at slightly younger ages. For men ages 55 to 59, the participation rate was about 91% 

in 1957, and it had fallen to 80% by 1987. 

This trend of declining labor force participation has been occurring for some time. 

According to the data from the Social Security Administration, 80% of those aged 

65 and over in 1880 were working. That would indicate quite a fall to 46% by 1950. 

However, Ransom and Sutch (1986) question the numbers for the late nineteenth cen

tury. In 1890, the Census Bureau changed its definition of "employed". Originally, a 

person was employed if he was regularly earning money by being active in production. 

In 1890, the definition of employment changed to include those whose income came 

from property, stocks, and bonds. Many of these people would have been considered 

out of the labor force and often retired under the previous definition of employment. 

The Census Bureau later changed back to the original definition of employment. The 

change in 1890 affected the labor force participation rates stated for 1890. It also 

affected the rates stated for 1870 and 1880 since the rates for those years were based 

on a backwards projection from the 1890 rate. Ransom and Sutch recalculated the la

bor force participation rates using a consistent definition of employment. They found 

participation rates of 64% in 1870 and 1880, as opposed to 80%. In 1900, they found 
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a 66% labor force participation rate, 64% in 1930, and 61% in 1937. In other words, 

the rate was fairly consistent in the decades leading up to the beginning of the Social 

Security system. This interpretation of employment history lends credence to the 

view that Social Security has been a primary cause of declining labor participation 

rates as opposed to some other factors predating the Social Security system. 

Examining labor force participation rates of more recent times reveals a pattern 

of decline for older workers. Table 2.3 shows that in 1957, 91% of men aged 55 to 

59 and 53% of those aged 65 to 69 were working. By 1987, the numbers were 80% 

and 26% respectively. Focusing on the shorter time period 1969 to 1979 while the 

Retirement History Survey (RHS) data was collected still shows the declining trend. 

In 1970, 90% of those aged 55 to 59 were working, but this fell to 82% by 1980. For 

men aged 60 to 64, 75% worked in 1970, but only 61% in 1980. Finally, for the men 

aged 65 to 69, 42% worked in 1970, but only 29% in 1980. 

Over time, men are working less at older ages. Social Security likely plays a part 

in the decline, as the corrected data from Ransom and Sutch suggests. Certainly, 

having at least some guaranteed income reduces the need to work to earn money, 

but a deeper understanding of the structure of the Social Security system and the 

Year 55-59 60-64 65-69 70-74 75+ 
1957 91.4 82.9 52.6 * * 
1965 90.2 78.0 43.0 24.8 14.1 
1970 89.5 75.0 41.6 25.2 12.0 
1975 89.4 65.5 31.7 21.1 10.1 
1980 81.7 60.8 28.5 17.9 8.8 
1985 79.6. 55.6 24.5 14.9 7.0 
1987 79.7 54.9 25.8 14.7 7.1 

Table 2.3 Labor Force Participation Rates in 
Percentage Terms. Data from Hurd (1990). 
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calculation of Social Security benefits could yield greater insights into how Social 

Security might lead to declining labor force participation rates. 

2.4 Calculation of Social Security Benefits 

Social Security benefits typically begin when a worker reaches retirement age although 

there are cases when the benefits begin earlier because of death or long term disability 

of the worker. Benefits are calculated from a formula that considers the worker's 

earning history and his age upon retirement. The formula is progressively weighted 

such that a worker who earns low wages for many years gets proportionately higher 

benefits than other workers with higher earnings. For those people in the RHS sample, 

their Social Security benefits calculation starts with the computation of their Average 

Monthly Wage (AMW). First, according to the rules in place at the time of the RHS, 

the number of computation years must be determined, which is found by adding the 

number of years after 1950 up to the year the worker turns 62. Those in this sample 

turn 62 during the years 1968 to 1973. Then divide the sum of the earnings from the 

computation years by the total number of months in the computation years. This is 

the AMW. 

The next step is to convert the AMW to the Primary Insurance Amount (PIA). 

The PIA is the monthly amount that is payable to a retired worker who first applies 

for benefits at the age of 65. It is the PIA that is the base number to which early 

retirement reduction factors and delayed retirement credits are applied. The PIA 

is the same regardless of when one retires, but the monthly benefit received may 

be increased or decreased by credits for late retirement and deductions for early 

retirement, respectively. Calculation of the PIA is a complex function of the AMW. 

For example, in 1975, the PIA was the sum of 129.48% of the first $110 of the 

calculated AMW, 47.10% of the next $290, 44.01% of the next $150, 51.73% of the 

next $100, 28.77% of the next $100, 23.99% of the next $250, and 21.60% of the next 
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$175. Thus, for 1975, if a worker's AMW was $1175 or less, he received an increase in 

his PIA for each additional dollar of his AMW. If his AMW was greater than $1175, 

no additional increase to his PIA is made for the dollars beyond the first $1175. In 

particular, he would receive a 129.48% of the first $110 he earns but only 21.60% of 

the last $175 he earns. 

Once the PIA is calculated, the monthly benefit is some percentage of the PIA 

depending on the age of retirement. A worker from the RHS time period who retires 

at age 65 receives 100% of his PIA. However, a worker who retires between the ages 

of 62 and 64 will receive 5/9% less than the PIA for each month he has retired before 

the age of 65. This is the early retirement reduction factor. For a worker who retires 

at age 62, his benefits are 80% of his PIA. If the worker instead retires after the age 

of 65, he will receive 1/12% increase over his PIA for each month between 65 and 72. 

There is no increase in benefits for retiring after 72 for the workers in the RHS sample. 

The delayed retirement credit for workers reaching 65 in 1993 has been increased to 

about 4% a year, and it is being gradually increased to approximately 8% a year for 

those who will retire after what will then be the full retirement age of 66 in the year 

2009 (Svahn and Ross, 1983). 

A natural question that arises is how many workers choose to retire at an age other 

than 65. According to the Social Security Bulletin's Annual Statistical Supplement 

(1981), 39% of the workers aged 62 to 64 in 1970 who were eligible for benefits were 

currently receiving benefits. For those aged 65 to 71, 80% were currently receiving 

benefits while 100% of those 72 and over were doing so. The same numbers for 1980 

had increased. For those aged 62 to 64, 55% of those eligible were currently receiving 

benefits. The corresponding numbers for ages 65 to 71 and 72 and over were 89% and 

99% respectively. 

Another feature of the Social Security system is the retirement earnings test. 

If a worker is receiving benefits and is still working, his benefits may be reduced 

if his earnings are over a certain level. Social Security was intended to be a social 
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insurance program against the contingency of loss of income due to illness or disability 

as opposed to a payoff for simply being old. Those of retirement age who can and 

want to work are not in need of the social insurance payment, and that is what the 

earnings test is intended to determine. The test is only applied to workers aged 62 

to 69. 

According to the Social Security Bulletin's Annual Statistical Supplement (1977-

1979), in 1967 the maximum amount of annual earnings a worker could earn without 

a reduction in benefits was $1680. Beyond that amount the worker lost $1 of benefits 

for every $2 of income between income of $1680 and $2880. Above $2880, the worker 

lost a dollar in benefits for every additional dollar earned. For 1973, the maximum 

increased to $2100, and the worker lost $1 for every $2 earned above $2100. This 

trend continues for the RHS sample period. In 1977, the earnings test distinguished 

between workers who were under 65 from those 65 and over. Those over 65 had a 

higher maximum limit, but both groups lost $1 in benefits for every $2 in earnings 

beyond the annual limit. The earnings test may seem like an incentive to not work 

or to limit the amount worked, and that may be the case for those very near the 

annual limit. Leonesio (1993) estimates about 2% of those aged 65 to 69 would 

increase their hours worked if the retirement test were eliminated. The response 

is small because of the interaction of the earnings test with other features of the 

Social Security system. On eventual complete retirement, benefits are recalculated to 

adjust for the earlier reduction in benefits. Before the age of 65, this adjustment is 

approximately actuarially fair so that the earnings test should not be a disincentive to 

work. The adjustment after age 65 has not been actuarially fair. Then, the earnings 

test essentially becomes a tax. Since 1983, the earnings test is being adjusted over 

the next 20 years to be more actuarially fair for those over the age of 65. 

The reforms I want to examine are part of the reforms that were enacted in the 

1983 Social Security Act. I want to look at each reform independently, and then 

see the effect of all the reforms together. The reforms are designed to be phased in 
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gradually into the beginning of the next century. The normal retirement age will be 

increased from 65 to 67, while the minimum retirement age will remain at age 62. 

The early retirement reduction factor will stay approximately the same at 6%, but the 

maximum reduction will be increased to 30% at 62 instead of 20% at 62. Before the 

reform, the delayed retirement credit was 1% a year and continued up to a maximum 

of 7% at age 72. The delayed retirement credit will be increased considerably to 

8% a year up to a maximum of 24% at age 70. There are no further increases for 

retirement after the age of 70. The intended effect of these reforms is to encourage 

people to work at later ages. Then, people would be paying into the system for more 

years compared to the pre-reform case, and they would be taking money out for fewer 

years. Before the reforms, the system discouraged work and increased the incentive 

to retire. The reforms were intended to reverse that situation. 

The RHS has been supplemented with the earnings information for the respon

dents. With detailed information on workers' work history, I am not limited to just 

knowing what benefit they received once they retired. The Social Security benefits 

can be calculated for retirement at any age. This allows me to recalculate their Social 

Security benefits under the new "reform" rules, and then see how that level of benefits 

will affect their optimization. 

2.5 Conclusion 

The Social Security system has grown since its inception in 1937. Benefits and cov

erage have both increased. Furthermore, life expectancy has increased, and the dis

tribution of the population is shifting towards the older ages. While people are living 

longer, they are working less at older ages. Labor force participation rates have de

clined. That means more people are starting to receive their Social Security benefits 

at younger ages. All of these factors mean the burden on the Social Security system 

is growing. At the same time, reliance on Social Security benefits has also grown 
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as it has become a larger fraction of the retired household's income. The question 

then becomes, "What impact does the Social Security program have on households' 

decisions?" 
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Chapter 3 

Literature Review 

3.1 Defining Retirement 

The effects of Social Security, as well as other factors, on the retirement decision have 

been examined in many papers, but Social Security's effect on other areas of life of 

the older population has not been studied much. A review of the literature oil the 

Social Security program and its effects is instructive. There is no consensus among 

these papers, but that is understandable since the nature of the models utilized is 

often quite different. Mitchell and Fields (1982) concluded there could be no empirical 

conclusions drawn in their review of the literature. However, in Hurd's {1990) review, 

he finds the Social Security retirement benefits do have a delaying effect on retirement 

although different authors have found different magnitudes. Several of the studies 

have found a small but positive effect on retirement. Fields and Mitchell {1984a) 

looked at the effects of different Social Security reforms. Increasing the retirement 

age from 65 to 68 leads to a delay of 1.6 months for retirement. Raising the delayed 

retirement credit to 6.66%, so that it equals the early retirement reduction factor, 

results in a 0.2 month delay. Increasing the early retirement reduction factor to 15% 

per year is found to cause a 2.9 month delay. Burtless and Moffitt (1985) find slightly 

larger effects. A 20% cut in benefits leads to a 2.4 month delay, and an increase in 

the age of retirement from 65 to 68 leads to a 4.2 month delay. 

One of the reasons for the discrepancies is the lack of an agreed upon definition of 

retirement. There are many different definitions that can be found in the retirement 

literature (Hurd, 1990; Fields and Mitchell, 1984b). Retirement could be defined 

as being out of the labor force. That is, the individual is not currently working or 

looking for a job. This objective definition has been used in Sickles and Taubman 
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(1986), and it is the definition used in the model to be discussed in more detail in the 

next chapter. A subjective definition that has been used is self assessed retirement. 

You are retired if you say you are, even if you still work part time. Berkovec and 

Stern (1991), Hamermesh (1984), and Gustman and Steinmeier (1985) have all relied 

on this definition. Butler, Anderson, and Burkhauser (1989) combined these two 

definitions so that retired individuals were those who both said they were retired and 

were not working any hours. 

Retirement could also be defined by the way it looks. Burtless and Moffitt (1984, 

1985) and Burtless (1986) define retirement as a sudden discontinuous drop in the 

hours of labor supplied. If a worker had been working full time or nearly full time 

(35 hours per week) and then his hours fell to part time work (20 hours per week or 

less) then he is considered retired. Fields and Mitchell (1984 a,b) choose to define 

retirement as leaving your main employer. That is, if an individual has left the job he 

has had for a long time, then he is retired. One last possible definition would be to 

see if the individual is receiving any retirement benefits, which could be either Social 

Security benefits or pension benefits. 

3.2 Reduced Form Models 

The variety of definitions of retirement is not the only difference in this literature. The 

structures of the models differ across studies. Two strands of research can be char

acterized by whether they use a structural model or a reduced form model. Reduced 

form models are effective at breaking down the effects of different factors, but they 

cannot be used to evaluate the effects of a change in the environment such as a reform 

in Social Security. 

Butler, Anderson, and Burkhauser (1989) set up a competing risks model where 

the risk is exiting retirement. There were two ways to exit retirement - getting a 

job or dying. Their goal was to control for unobserved heterogeneity in each state. 



20 

They found that higher Social Security and pension wealth discourage reentry, while 

marriage and the presence of more children to support tended to encourage reentry. 

They also found that reentry becomes more unlikely as the length of time spent in 

retirement grows. 

The effects of health on retirement were examined in Burtless (1987). He was 

looking at the various ways to define health status and had three different subjective 

definitions and one objective definition, which was mortality. He examined the eco

nomic and demographic sources of poor health concentrating on the differences among 

industries and occupation. He found significant differences for reported health across 

jobs. For example, as would be expected, those in mining were more likely to report 

impaired health than those in professional jobs. Also, workers with lower wages and 

no pension plan were more likely to report health problems. Differences in mortality 

were not as important. He speculated that those who claimed health prevented them 

from working may not have been more ill than those in other occupations, but their 

particular jobs may demand more physically. Burtless then estimated the effects of 

health status, industry or occupation, and other factors on employment patterns and 

found that those who report some health impairment were much less likely to be 

employed. 

Madrian (1994) investigated the effect of health insurance on retirement, in par

ticular, how retirement was affected by the presence of health insurance being offered 

by the employer after retirement. One reason this line of research has not been pur

sued more is the lack of good data, and in fact, data caused most of her problems. 

Her data lacked detailed information on pensions. She tried to control for this by 

using dummies for industries and occupations on the assumption that pension policy 

is similar across those dimensions. The problem of leaving out pensions is that they 

are positively correlated with retirement health insurance. That is, a worker who has 

the option of retirement health insurance is very likely to have a pension plan as well. 

She used three data sets - the 1987 National Medical Expenditure Survey and two 
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subsets of the Survey of Income and Program Participation - and ran a truncated 

regression model to account for those who have not retired by the end of the survey 

period. Retirees with retirement health insurance retired 5 to 16 months earlier. She 

also explored the effect on the likelihood of retiring and found those with retirement 

health insurance were 7% to 15% more likely to retire. 

Using a discrete time, discrete state dynamic programming model, Berkovec and 

Stern (1991) showed that a dynamic model was better than a static model at cap

turing the different incentives involved in the retirement decision. Their model was 

a partially reduced form model since they omitted the Social Security system. They 

would need to add the structure of the Social Security benefits to their model to have 

a structural model. 

Blau (1994) examined the labor force transitions of older men in more detail than 

had been done before. Using the RHS, he examined the movements of older men 

among labor force states with quarterly observations. In every quarter from age 55 

on, he measured their labor force state as working full time, working part time, or 

not working. Biannual labor force records miss a substantial number of transitions 

since some of the spells may last for less than two years. To the extent the incidence 

and length of these spells may be sensitive to changes in Social Security and other 

program incentives, an accurate accounting for labor force transitions is necessary for 

policy decisions. While this study was primarily descriptive, he did conduct a reduced 

form analysis and came to three conclusions. First, labor force transitions were more 

frequent than thought. Second, Social Security benefits had large effects on labor force 

transition. He found that quarterly data showed 23.9% of those in the labor force 

exited within three months of turning 65. The hazard rate of retiring in that quarter 

was 2.5 times greater than the hazard rate of the surrounding quarters. Third, he 

found several lagged endogenous variables had important effects on transition rates. 

This included the current duration of the job state, whether the worker had previous 

spells of not working or working part time, and job tenure. 
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Krueger and Pischke (1992) did not support the hypothesis that Social Security 

accounts for a large part of the declining labor force participation rates. They used 

aggregate level data from the March CPS to derive single year cohorts from 1976 to 

1988. They then created a representative individual with constant characteristics in 

each cohort and used this data set to fit several reduced form labor supply models. 

They chose those years because of the 1977 Social Security Act which corrected for 

the double indexation that the amendments in 1972 had inadvertently established. 

To calculate benefits, the average monthly wage (AMW) was computed, and then 

a benefits formula was applied. Congress set the formula to adjust for inflation. 

However, since the AMW was based on nominal wages, the benefits were then double 

indexed for inflation. In 1977, this was corrected by using the AMIE which indexed 

the earnings rather than the AMW. Phasing this in affected those born in 1917 to 

1921, the "notch babies." 

The Social Security Administration decided to continue with the incorrectly in

dexed benefits for those who were already receiving them, and then phase them out 

slowly for new retirees to the correctly indexed amount. Thus, you have people in 

different age cohorts who were essentially the same except some were assigned an 

unanticipated benefits decrease based on their birth year. Krueger and Pischke found 

two big results. One, to prove their aggregate data was sufficient, they compiled data 

from 1968 to 1973 to compare to earlier studies that had used RHS data. They found 

that including age and year dummies wiped out the effect Social Security had on 

delaying retirement and made it statistically insignificant. Second, early retirement 

was not reduced for the notch babies by the decrease in the benefits. They found no 

evidence to suggest reducing benefits would slow down early retirement. In fact, they 

said lower benefits meant a smaller reward for staying attached to the labor force. 

Among other factors they suggest that might be responsible for the trend toward 

early retirement is a reduction in average health among the elderly, although other 

data contradicts this theory. 
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The earnings test was the focus in Reimers and Honig's (1993) study. They 

included men from the RHS sample who were in their career jobs in 1969. The 

earnings test is designed to be actuarially fair up to age 65. If the men were myopic, 

they would mistakenly see the earnings test as a tax between the ages of 62 and 65 

and reduce their hours of work after retiring. Men with foresight would realize any 

benefits lost between 62 and 65 due to the test will be returned upon full retirement 

at age 65 at an actuarially fair rate. Using a hazard model of labor force reentry, they 

found that the earnings test did affect reentry to the labor force. The men appeared 

to respond myopically to current benefits rather than with foresight to Social Security 

wealth. Unfortunately, their results could also be explained by the lack of part time 

jobs. For many men, the option to gradually reduce the hours on the job is not 

available. To work part time often means the need to change jobs, and the wage is 

often much lower. Therefore, men might retire from their career job, reenter the labor 

force part time, and decide to leave the labor force because of the low quality of the 

job or the low wage rate. Reimers and Honig's findings cannot distinguish between 

myopic behavior and the insufficiency of available part time work. 

3.3 Structural Models 

While the reduced form literature is mainly examining what affects the retirement 

decision and how, the structural models are concentrating on the effects of a change 

in the environment, in particular Social Security. Burtless and Moffitt (1984, 1985) 

were concerned with finding at what age an individual chooses retirement and what 

level of work effort he chooses after retirement. They also noted the two peaks at ages 

62 and 65 when the largest portion of people retire. For tractability, they assumed 

the preretirement hours and consumption were fixed as well as postretirement con

sumption. They allowed for working after retiring so that postretirement hours were 

the number of hours of work chosen immediately upon retiring and were assumed to 
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stay at that level. Given this setup, they then examined the effects of the 1983 Social 

Security reforms. The model matched reality by yielding a clustering of retirement 

at 62 and 65 as well as a clustering of wages for those already retired around the 

earnings test's exempt amount. Besides the results of their simulation already men

tioned, they also looked at an elimination of the earnings test and found an increase 

in weekly hours of work from 23 to 34 hours. However, since only 20% of the retiree 

population is working that translates into a mean increase of only 1.3 hours from 3.2 

hours to 4.5 hours. 

Lumsdaine, Stock and Wise (1996) concentrated on trying to capture the huge 

spike at age 65 in the number of people retiring. The economic models in this liter

ature do not capture the magnitude of this spike, although they do show a spike at 

that age. They examined several possible explanations and then discarded them in 

favor of their hypothesis that it is attributable to an age 65 retirement effect. One 

explanation was the gap in health insurance that may exist if a worker retires be

fore the age of 65 which is when he first becomes eligible for Medicare. Looking at 

the data of one firm that has retirement health insurance still showed a spike at 65. 

Further, looking at national data, the same data that Madrian used, they found no 

statistical difference in the hazard rate of retirement between those who have retire

ment health insurance and those who do not. They also looked at other economic 

and demographic attributes, but only found marital status to be a significant deter

minant for retiring at age 65. The economic variables predicted retirement at other 

ages, which implies a strong role for non-economic factors in the retirement decision. 

Therefore, discarding these other potential explanations for the peak at 65 left an 

age 65 retirement effect as an explanation. This effect was defined as the influence of 

custom or accepted practice. To support this hypothesis, they calculated the utility 

cost of retiring at age 65 rather than the optimal age. If the optimal age was 65 then 

the utility cost is zero. For the bottom tenth percentile, the utility cost of retiring at 

age 65 was only 1% to 2%. It did not cost these workers much in terms of utility to 
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choose the customary age of 65 rather than whatever age is optimal for them. They 

concluded then that changes in Social Security and pension plans that made age 65 

retirement less advantageous could overcome an age 65 retirement effect. 

Fields and Mitchell (1984a,b) examined linear regression, logit and non parametric 

models and compared them by looking at a 10% reduction in benefits. All predicted 

a delay in retirement of 0.5 to 1. 7 months. Their work supports the choice view 

of retirement: retirement is a choice dependent on the monetary costs and benefits 

rather than being compelled by health or mandatory retirement. They found that 

economic variables explained about 75% of the variation in retirement ages while 

health variables explained the rest. 

Hamermesh (1984) concentrated on the effects of a longer life span on the retire

ment decision which is an important issue given the demographic changes discussed in 

Chapters 1 and 2. Using the life cycle model framework, he concluded that consump

tion is lower and retirement is delayed when the life span is increased. However, both 

effects are small. He concluded that since the effects were fairly small that means the 

extra years from a longer life are spent in leisure. 

In another structural life cycle model, Gustman and Steinmeier (1985) allowed 

individuals to choose among full time work, part time work at a lower hourly wage, 

and retirement. One problem with this set up is they allowed the individual complete 

flexibility in choosing the number of hours of work that would maximize his utility. 

This assumption does not match up to the real world where part time work can be 

difficult to find, and the hours of work at the full time job usually can not be varied. 

However, their work did go further than that of Burtless and Moffitt's (1984, 1985) 

because they did not require the wage to be constant. Another feature of their model 

was they allowed leisure to be valued more as they aged. They then used their model 

to simulate Social Security reforms. If the retirement age was raised from 65 to 67 

along with an increase in the penalty for retiring at 62, then the peak at 65 was 

reduced, and a new peak formed at 67. For those over 67 there is little effect. An 
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increase in the delayed retirement credit to 8% led to an increase in those 67 and over 

working full time. Finally, they found that a reduction in the earnings test, which 

reduces the penalty for additional work, resulted in a reduction of the peak at 65 and 

an increase in those 65 and over working full time. They characterized these effects 

as small. 

Wilcox (1989) examined the validity of the life cycle model itself. According to the 

life cycle hypothesis, changes in consumption should be independent of predictable 

changes in income. Since Social Security benefit increases were always known at least 

one period ahead of receipt of the increase, consumption should not increase in the 

same period as receipt of the increase. The life cycle hypothesis asserts the predictable 

increase in income will be spread over all periods of consumption. Wilcox says that 

myopia, liquidity constraints, or transaction costs of loans could cause an increase in 

consumption when the income is increased, but any one of these explanations means 

the life cycle model is inappropriate. He found a small but significant increase in 

contemporaneous durable expenditures and retail sales when benefits increase, but 

not a significant increase in nondurable goods. 

From this he rejected the life cycle model, but there are two problems with his 

conclusion. First, he claimed that everyone knows the increase will occur because 

it is announced by the media several months before it occurs. He is assuming that 

everyone at least reads the newspaper or watches the news. Unfortunately, this may 

not be true. Second, the increase is generally less than 10%, and the increase is 

supposed to be an adjustment for inflation. If the true inflation rate were known, the 

adjustment would be a zero increase in real terms. Since the inflation adjustment is 

based on an estimate of inflation that politicians today argue overstates inflation, the 

beneficiaries may not know what the increase means for them in real terms. If the 

benefits are increased 6%, but inflation is at 5%, then there is a real increase of 1%. 

People may have to wait until they receive the increase before they understand what 

it means in real terms. 

' 
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3.4 Other Factors 

3.4.1 Savings and Retirement 

Although my dissertation is not concentrating on the issue of savings and retirement, 

it is of course an important related area of research. Feldstein looked at the issue 

of savings and Social Security from an aggregate point of view. Feldstein (1997) 

revisited his 1974 article that examined how much personal savings is displaced by 

the Social Security system. His later paper extended the length of his sample by 

21 years to include more recent years so that the total sample ranged from 1930 to 

1992. He also made a correction to his calculation of Social Security wealth; the 

error was due to overlooking a change in 1957 in benefits for spouses. Even with the 

changes and additions, he found that his results were similar to his original article. A 

dollar of Social Security wealth reduced private savings and increased consumption 

between $0.02 and $0.03. In 1992, Feldstein measured the Social Security wealth 

at $14,246 billion dollars which translated into approximately a $400 billion dollar 

reduction in savings. Savings were also reduced by the Social Security payroll tax. 

Subtracting the aggregate benefits from the total tax collected in 1992 translated 

to $333 billion in taxes less $282 billion in benefits netting $51 billion. Feldstein 

measured the long run propensity to consume at 0. 70 which would then imply an 

additional reduction in savings of approximately $16 billion. Therefore, personal 

savings were reduced by $416 billion in 1992. Actual savings in 1992 were $248 billion 

which means total savings without Social Security would have been $664 billion. Thus, 

Feldstein concludes Social Security caused a 63% reduction in personal savings. One 

problem with this approach is pointed out by Aaron (1989) because it assumes the 

benefits and the taxes necessary to pay for them are uncorrelated. 

Fabel (1994) investigated why some people have private savings in addition to 

Social Security and why others do not have private savings. He said an individual's 

decision to save depends on the contribution rate into the Social Security program 
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that is set by the government. The contribution rate also induces retirement at a 

certain age and has welfare implications. For each consumer there is a participation 

rate such that the marginal utility of income is just equal to the disutility of working. 

If the government set a rate greater than that, then there would be no private savings. 

It would be better for those consumers to retire after their optimal age because the 

marginal utility of consumption exceeds the disutility of working. As a result, these 

consumers are overinsured in the sense that they accumulate more pensions claims 

to Social Security than is optimal. On the other hand, if the government set its 

rate below the consumer's participation rate, then the consumer would save money, 

retire earlier than optimal, and be underinsured. For these consumers, the trade

off is between gains from reducing the disutility of working and the welfare loss of 

using the second best alternative, savings, since that means they bear the risk of 

involuntary bequests. Fabel has devised an interesting model that seems to explain 

people's savings behavior in the presence of a forced savings program. 

A related issue is how savings are influenced by other government programs. 

Hubbard, Skinner, and Zeldes (1995) investigated the effects of welfare programs 

as opposed to entitlement programs such as Social Security. These welfare programs 

include means based tests on assets. The data showed there were households that 

have virtually no wealth, and this seemed to imply there is heterogeneity in motives 

for savings. This heterogeneity has been offered as criticism of the life cycle model of 

saving. Hubbard, et al. demonstrated the life cycle model was appropriate and can 

predict the wealth accumulation that is actually observed across households. Means 

tests discouraged savings for those households that have low expected lifetime income. 

If a "bad" state of the world occured, low income households faced an implicit tax 

of 100% on their wealth before they could receive welfare. Therefore, the incentive 

to accumulate wealth was much less, and it was utility maximizing to not save in 

the presence of means based tests. Hubbard, et al. concluded that if precautionary 
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motives for savings were incorporated into the life cycle model then the life cycle 

model was still appropriate. 

3.4.2 Endogeneity of Health 

While there has been much work done in the retirement literature with both structural 

and reduced form models, most of this work has assumed health to be exogenous. 

However, there have been a few studies that allowed health to be endogenous. In the 

Butler, Anderson, and Burkhauser (1989) paper mentioned above, they made labor 

supply decisions and health endogenous. 

Although Wolpin (1984) was not looking at retirement, he used the approach that 

an individual maximizes lifetime utility subject to budget and time constraints to 

model health production. He examined life cycle fertility decisions given significant 

infant mortality so that his individuals are facing an uncertain environment. The 

arguments in the utility function were the number of surviving children and con

sumption. He found no replacement effect, which is defined as having more children 

if others die, because the marginal child did not change regardless of how many sur

vived. Mothers would base their childbearing decisions on the randomly drawn taste 

parameter if the costs of childbearing were constant, but since they rose over time, 

the last child that yielded a positive net benefit did not change. 

Sickles and Taubman (1986) also allowed health to be endogenous, and they did 

examine retirement. In particular, they looked at health and retirement decisions of 

the elderly in a structural model which allowed random effects to be correlated over 

time for different individuals. The unobservable health stock was endogenously de

termined, and they allowed health to affect retirement but not the other way around. 

They found that those not eligible for Social Security benefits were far less likely to 

retire which could imply that an increase in the early retirement age from 62 to 64 or 

65 might be a way to induce people to work longer. Also, they found that an increase 

in Social Security benefits like the one that occurred in the 1970s would increase the 
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probability of retiring by 5. 7%, and the probability of being in better health increased 

by nearly 1.8%. 

3.4.3 Uncertainty 

One last issue that has been touched on in this literature is uncertainty. Most of 

the work has assumed an environment of certainty where the individuals know their 

life expectancy, wage rate, part time wage rates, Social Security and pension bene

fits, and other variables. As mentioned, Wolpin's (1984) model was in an environ

ment of uncertainty about infant survival. In the retirement literature, Berkovec and 

Stern (1991) allowed limited uncertainty about future values although health status 

is known for the rest of the individual's life. Burtless (1986) set up a model that 

assumed certainty but then had an unanticipated change in the Social Security ben

efits. He wanted to determine how much of the benefits increase that occurred in 

the early 1970s accounted for the drop in labor force participation rates. He found 

that Social Security had a small effect on retirement of a 0.17 year reduction in the 

retirement age. Other causes of the fall in labor force participation rates that they 

discussed were rising personal wealth levels, higher unemployment levels in the period 

after 1970, and changing attitudes toward retirement. 

Sickles and Yazbeck (1998) combined a structural model with endogeneity of 

health and uncertainty. It is a structural model that looked at the demand for leisure 

and the production of health. An individual faced uncertainty about wealth, financial 

needs, health, and job opportunities, and they assumed rational expectations to deal 

with the uncertainty. They did not maintain the usual assumptions of temporal and 

intertemporal separability. Instead, they chose a functional form that modeled the 

interaction between the arguments in a particular period, and there was intertemporal 

nonseparability in health. 

I add Social Security benefits explicitly to Sickles and Yazbeck (1998) model which 

makes it possible to examine the impact of changes in Social Security benefits on 
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leisure, consumption, and health consumption decisions rather than focus on how this 

changes the retirement date as much of the literature has. Furthermore, unlike other 

models in this literature, it does not require temporal and intertemporal separbility 

while it allows health status to be endogenously determined. Sickles and Yazbeck 

concentrated on leisure demand and health production, but not on Social Security 

benefits or the impact of changes in Social Security benefits on leisure demand and 

health production. Finally, I solve the model for the optimal values for consumption, 

health consumption, and leisure before and after the reforms. 
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Chapter 4 

Model 

In this chapter, I detail the stochastic dynamic model of demand for consumption, 

leisure, and health. With the parameters estimated using generalized method of 

moments (gmm), I calculate several elasticities that will reveal the impact of Social 

Security reforms. Two of the elasticities are derived from the health production 

function. The elasticity of the amount of leisure desired and health production can 

be affected by the trade-off between retiring now and enjoying leisure or possibly 

receiving higher Social Security benefits by retiring later. Similarly, the elasticity of 

health consumption and health production is affected by the amount of leisure taken 

to produce health and the impact that has on income and Social Security. These trade

off's are at the core of the model, and the goal is to untangle their effects. Income 

and Social Security are affected by the amount of leisure taken. Health consumption 

and non-health consumption are affected by income. Health production is affected 

by health consumption and leisure. The model below captures these simultaneous 

relationships. 

Each individual chooses consumption of health and non-health related goods and 

leisure at each stage of the life cycle to maximize 
D 

E:L,aT-t U(CT,T~,HT) (4.1) 

where CT is the real consumption of health neutral goods, r; is hours of leisure, HT 

is health status, ,8 is a discount factor equal to (t!r) where r is the real interest rate, 

and D is the end of life. The utility function, U, is a twice differentiable concave 

function which is increasing in all of its arguments. 
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The utility function is maximized with respect to several constraints. The budget 

constraint each period is defined as 

At+l = l't(At + WtT~ + ZtSt- Ct- P~C~) (4.2) 

where At is real assets at the beginning of period t, It = (1 + rt), Wt is the real wage 

rate that is assumed to be exogenous, Ttw is the hours of work, and pthCf are the 

real out of pocket expenditures on health care. The variable Zt indicates whether 

the individual is eligible to receive Social Security benefits in period t. When the 

individual is at least 62 years old and is no longer working, Zt is equal to one and 

is zero otherwise. Implicit in this definition of Zt is the assumption that retirement 

means the individual does not work. The current level of Social Security benefits is 

St. It is the amount of benefits an individual could expect if he retired in period t. 

The price of the health neutral goods is the numeraire price. Assume Wt and rt-l are 

both known to the individual at the beginning of period t, but the future realizations 

are not. Also, in keeping with most of the relevant literature, I am assuming there 

are no bequests for this individual so that Ao+l = 0. Including the possibility of 

bequests would be a good extension of the model, but it is not the issue I am focusing 

on now. 

Health status is determined dynamically by 

Ht = Hp,t (kt C~, T!) + aat (4.3) 

where Hp,t is the current investment in health, kt is the ratio of total health related 

consumption to out of pocket related consumption, a is a measure of the importance of 

past health on the current health status, and at is described below. Health production 

depends positively on consumption of health related goods and leisure. Leisure could 

be taking time off to go to the doctor, taking vacations to relax, spending time in 

hobbies or exercise, and other such activities. Health is produced this period by using 

two inputs, the current investment in health and the stock of past health that has 

been produced over the lifetime. Therefore, a can be thought of as the technical 

rate of substitution between the current investment in health and the stock of past 
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investments in health. Temporal nonseparability is introduced by defining health 

production in this way whcih includes a distributed lag of past health in at. 

The law of motion for at is 

at, = ( 1 - 1J )a.t,-1 + Hp,t-1 (4.4) 

where 17 measures the rate of depreciation of the influence of past health on current 

utility. 

Social Security benefits accrue by 

St+l = St + f(wt+1Tt+1)· (4.5) 

That is, the Social Security benefit an individual is eligible for next period depends 

on the current level and any adjustment necessary to reflect earnings next period. 

Benefit calculations were discussed in detail in Chapter 2. The calculation starts 

with determining an individual's Average Monthly Wage (AMW). The first dollar of 

income yields more than $1 in benefits. This percentage decreases as income grows 

until $1 of income yields approximately $.20. Income beyond that level does not 

increase benefits. This linear function is concave in income. 

Finally, a person can either be working or enjoying leisure. That is, the time 

allocation constraint is 

(4.6) 

The individual's maximization problem is set up as a dynamic programming prob

lem. The value function at time t is 

Vt(At, at, Ht) - Max[U(Ct, T!, Ht) 

+ ,BEVt+l(At+t, at+t, Ht+1)] (4.7) 

where Vt is a function of the state variables At, at, and Ht. The first order conditions 

with respect to Ct, T!, and Cf are 

Et[Uc(t)- .B'YtVl+l] = 0 

Et[UH(t)ktHp,ch(t) + ,BktV!+lHp,Ch(t)- .B'YtP~Vl+l] = 0 

(4.8) 

(4.9) 



Et(U~(t) + Un(t)Hp,Tl(t) + f3Vd+ 1Hp,Tl(t) 

f3/tWtVl+l- f3/tZtfTI(WtTt)Vj+ 1 ] = 0. 
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(4.10) 

The function fTI ( WtTtw) is how Social Security benefits are affected by changing 

leisure. For example, assume an individual who retires in 1969 qualifies for $1200 

in benefits a year. If he instead waits until 1971, the benefits level will be increased 

up until age 72. The change in benefits between the two years can be used to ap

proximate fTI(wtTt). It enters the expression only when Zt = 1 which is when the 

individual is at least 62 and no longer working. Therefore, fTI ( WtTtw) represents the 

cost of taking leisure and retiring in period t. It is the additional benefits foregone 

by retiring in period t. 

Using the envelope theorem and the law of iterated expectations, we can write Vl 

and v; as 

Vt E f3Vt+l E f32yt+2 
A = t/t A = t/t/t+l A (4.11) 

(4.12) 

With these three equations we can substitute the value functions out of the first order 

conditions. Take equation ( 4.8) at period t+ 1 and multiply it by It and f3. 

Etf3/tUc(t + 1) = Etf32/t/t+tVl+2 • 

Equation (4.11) allows us to rewrite (4.13) as 

Next, equation ( 4.8) can be substituted into ( 4.9) yielding 

Et[Un(t)ktHp,ch(t) + f3ktVd+l Hp,Ch- pthUc(t)] = 0. 

Equation (4.12) implies 

Etf3V!+l = Eta:f3Uk+1 + [(1- 7J)f3][Etf3V!+2]. 

(4.13) 

(4.14) 

( 4.15) 

(4.16) 

Rewrite (4.15) at time t+1 and solve for Vat+2 • Substitute this solution into (4.16) to 

yield a solution for v;+l which can be substituted back into ( 4.9) 
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Et[UH(t)ktHp,Ch(t) pthUc(t) + f3ktHp,Ch(t)[o:UH(t + 1) 

- [(1-71)][UH(t + 1)- Uc(t + 1 )P~+l )]]. (4.17) 
kt+lHp,ch(t + 1) 

For the remaining FOC first substitute equation (4.8) into (4.10) to get 

Et[UTI(t) + UH(t)Hp,T'(t) + f3V:+1 Hp,T'(t) 

-WtUc(t)- ztfT'(wtTt')Uc] = 0. 

Take equation (4.15) at period t and solve for f3V;+1 

E ayt+t = E P~UcNa(t) - U (t) 
W a tktHp, Ch(t) H . 

Taking (4.18) and (4.19) together produces 

(4.18) 

(4.19) 

( 4.20) 

After all of the substitutions have been made, the first order conditions can then 

be expressed as 

Et[Uc(t)- f37tUc(t + 1)] = 0 (4.21) 

(4.23) 

The first FOC is the familiar expression that the marginal utility today is equal to 

the present discounted value of the marginal utility tomorrow. 
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These three FOC can be estimated once a functional form is specified for both the 

utility function and the health production function. As seen above, the FOC have 

zero expectations, and this implies that for realizations of future random variables, 

[Uc(t)- !3/tUc(t + 1)] = ft,t+l (4.24) 

(4.26) 

where ft+l = ( ft,t+l! t 2,t+l! t 3,t+1) is a vector of forecast errors. Assuming rational 

expectations means that Et( ft+t) = 0. Therefore, the forecast errors are orthogonal 

to the information set of period t. 

In the third FOC, the fourth term is the cost of retiring now and giving up the 

additional increase in benefits that comes from delaying retirement. While Social 

Security benefits only enter one of the three FOC, they impact all of the parame

ters. Social Security's impact is clearer when the functional form of the utility and 

the health production function are specified. Following Sickles and Yazbeck (1997), 

assume transcendental logarithmic functional forms for the utility funtion and the 

health production function. The utility function can be written as 

U(C?, Tj, Ht) - (tlnC? + (2lnTj + (3lnHt + (4ln C?lnTj (4.27) 

+(sln C? ln Ht + (sln Tj ln Ht + ~ (ln C?? + ~ (ln Ti? 

+ (9 (lnHt? 
2 

with corresponding marginal utilities 

Uco = ((t + (4lnTj + (slnHt + (7lnC?)/C? (4.28) 



u H = ((a + (s ln c~ + (sln Ti + (gln Ht) I Ht 

Ur' = ((2 + (4ln C~ + (sln Ht + (sln T})jT}. 

The health production function is 

Hvt(ktc;, T/) = r1ln ktc; + r2ln Ti + r31n ktc; ln T/ 
+ ~4 (ln ktC;)2 + ~5 (ln T}) 2 

with marginal products 

Hp,ktCh = (f1 + falnTt1 + f4lnktCth)/ktCth 

Hv,T' = (f2 + f3ln ktCth + fsln T/)/T}. 
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(4.29) 

( 4.30) 

( 4.31) 

(4.32) 

(4.33) 

The marginal utility functions and the marginal products can be substituted into the 

FOC in equations (4.21), (4.22), and (4.23). Then the FOC are parameterized by 

Bo = ((1, (2, (a, (4, (s, (s, (1, (s, (g, f1, f2, fa, f4, fs, a, 'f/, {3). 

The gmm estimator can be illustrated next. The choice of instruments for the gmm 

estimation can exploit the implication of rational expectations that the variables in 

the information set at timet are orthogonal to ft+I· Let Xit be the vector of variables 

entering the ith individual's FOC in period t. Then the (1 x 3) system of ( 4.24) 

- (4.26) can be expressed as f(Xit,Bo) = fi,t+I· Rational expectations implies that 

E[f(Xit, Bo) 0 Zit] = 0, where Zit is a (1 x h) matrix of elements of the information 

set nit· Derive the population orthogonality conditions for the years that the panel 

data are available by averaging over time 
1 T 

E T l:[f(Xit, Bo) 0 Zit] = E[M(Xi, Zi, Bo)]. ( 4.34) 
t=l 

To move from the population to the sample, average over the random sample of 

individuals 
1 N 

ON( Bo) = N l:[M(Xi, Zi, Bo)]. 
i=l 

The gmm estimates of ()0 are defined as 

where WN is the symmetric positive definite weighting matrix 
N 

WN = Si/ = [2: M(Xi, zi, Oo)' M(Xi, zi, Bo)t1 

i=l 

( 4.35) 

( 4.36) 
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and where consistent first step estimates of the parameters, 00 , are based on setting 

the weighting matrix W N to the identity matrix. The asymptotic covariance matrix 

for the gmm estimator is 
N 

<I>= (D~Si/ DN)-I, DN = 'lJ8M(Xi, zi, Bo)f80o). (4.37) 
i=l 
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Chapter 5 

Data 

5.1 Retirement History Survey 

The data set I am using to test this model and to simulate the Social Security reforms 

is the Retirement History Survey (RHS). The RHS was a panel data set collected by 

the Social Security Administration from 1969 to 1979 in six biennial surveys. It was a 

nationwide survey of a random sample of 11,000 heads of households, 7000 couples and 

4000 unmarried individuals, that were between the ages of 58 to 63 in 1969. The RHS 

covered a multitude of issues; each year of the survey included nearly 200 questions, 

and many of those were made up of several parts. It thoroughly investigated the 

respondents' last and current jobs, health status and medical expenses, consumption 

expenditures, and some information on income. Most importantly for the purpose of 

this study, the RHS has been augmented with data from the Social Security files on 

the respondents' earnings since 1951 and dates of death. This augmented data set 

has been used in previous studies by Sickles and Taubman (1986) and Behrman, et 

al. (1991). This information makes it possible to calculate the amount of the benefits 

a person qualifies for even if they are not currently taking benefits. Relying only on 

respondents' reports of the benefits they are receiving causes an obvious selectivity 

problem. In that case, the only respondents that have benefits information are the 

ones currently receiving benefits. There is no information for the ones not yet receiving 

benefits. This situation would make it difficult to discern the effects of changes in 

benefits since data on the benefits a respondent qualifies for may not be revealed. It 

is the information on the respondents' earnings histories that allows me to simulate 

what the benefits would have been under different rules. 
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I am only including males in my sample. For one reason, the sample of females 

is small since the wives were not asked the full range of questions their husbands 

were. In particular, questions on their health status were not gathered consistently. 

For another, the female retirement decision appears to be based on different factors 

from the males, particularly if they are married. This issue, as well as other issues 

concerning the different variables used in the model, deserve more discussion. 

5.2 Women and Retirement 

The retirement decision of women who are not married depends on many of the 

same factors that affect men's decisions. However, women who are married behave 

differently. This is an important and complex issue that requires a separate study of 

its own, one that is beyond the scope of this paper. Weaver (1994) is a great review 

of the literature in this area. He surveyed thirteen different studies written from 1980 

to 1994 using various data sets that cover women near retirement in the 1970s and 

1980s. Some findings were largely consistent across the studies. First, married women 

who have high pension or Social Security wealth tend to retire later. This is counter 

to what is expected since people with higher wealth usually choose to retire earlier. 

However, women were relying on their spouses' Social Security benefits rather than 

their own since the spousal benefits have been higher historically. This could change 

in the future since there are now more women working longer at higher wage jobs 

(lams, 1993). The use of wealth measures captures both wealth effects and reward

for-work effort (wage). For married women, the latter effect appears to dominate; 

thus higher pensions appear to mean later retirement. 

Another important factor for predicting the retirement behavior of married women 

is the age difference between the husband and wife. The larger the age difference 

(husband being older) the earlier the woman retires. There is evidence that a married 

couple often retires at nearly the same time. Using the National Longitudinal Survey 
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of Mature Women (NLSMW), Gustman and Steinmeier (1994) showed husbands and 

wives tended to retire at about the same time. A third factor that influenced a 

woman's retirement decision is the health status of her husband. If his health was 

poor she was more likely to keep working. Although some of the researchers in this 

area expected a woman to be more likely to retire early so that she could take care of 

her husband, it appears this is not the case. It is likely the wife continues to work so 

that she can continue to have health insurance for either herself or the both of them, 

and perhaps for the additional income as well. Ideally, the retirement decision should 

be modeled as a joint decision for married couples. 

This is an interesting area that will require more research in the future. Since 

women's participation in the labor force has increased, women in these later cohorts 

may retire for different reasons than the women in the cohorts covered by the data 

sets we already have. Unfortunately, the data in the RHS on women is not complete, 

particularly if they are not heads of households, and therefore I am including only 

men in my estimation. Furthermore, including women would add even more hetero

geneity to the sample since women often respond to non-economic incentives in their 

retirement decisions as discussed above. The Health and Retirement Study (HRS) 

started in 1992, and it will continue until 2004 following 5000 couples and 2400 un

married individuals ages 51 to 61 as of 1992. The Social Security records will again 

be appended to the survey. One major improvement over its predecessor (RHS) is 

that the married women are independently surveyed and asked the same questions as 

their husbands. 

5.3 Leisure 

Measuring leisure is a potential problem. One way to define leisure is to subtract the 

actual number of hours worked in a year from the total number of hours available. 

This definition is consistent with the time constraint of the model in equation (4.6). 
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The actual number of hours worked, and thus the number of hours of leisure, is a 

discrete variable. However, the model is set up for continuous time and continuous 

state space optimization. 

Hotz and Miller (1993) and Hotz, Miller, Sanders, and Smith (1994) do offer 

alternative estimators to deal with the problem of leisure's discrete nature. Their es

timators are for dynamic models of discrete choice. Hotz and Miller estimate a model 

of fertility choice in which couples choose whether to use contraception, sterilization, 

or no method. To use their conditional choice probability estimator, they represent 

the valuation function as a weighted sum of the possible utility streams that may 

occur. The weights are the conditional probabilities of the choices that come from 

sequential optimization. Hotz, Miller, et al. discuss a related estimator for a more 

general case. In the first paper, within the discrete choice being made, at least one 

of the two options were terminal. That is, when a terminal decision is chosen, there 

is no subsequent actions. Using the first paper's example, if the couple chooses ster

ilization then no more episodes of fertility have to be considered when representing 

the valuation function. The second paper develops a conditional choice simulation 

estimator for dynamic discrete choice models that do not have the terminal state 

property. 

For me to use either estimator would require changes in the model. It would have 

to be recast as a dynamic discrete choice model. However, the state variable must 

have a finite number of values. One of the state variables in the model in the previous 

chapter is assets. Although assets may have a finite number of values ranging from 

zero to the maximum amount of the richest respondent, the number of possible values 

is very large. It is too large for this estimation method to handle. In addition, the 

estimator is difficult to apply to a model with three state and three control variables. 

To keep my model in its present form with all of its complexity, it would be better 

to construct a continuous leisure variable. Following Sickles and Yazbeck (1998), an 

estimate of average desired hours of leisure can be constructed from the RHS by tobit 
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regressions using the 1969 data. The variables included in this regression are personal 

characteristics, information on the type of job, and Social Security benefits. From 

these estimates, the future values of average desired leisure can be imputed. 

5.4 Health Status 

Health status presents another measurement challenge. Sickles and Taubman (1986) 

provide an excellent overview of the literature on the measurement of health status. 

There are two ways to measure health status, subjectively and objectively. Subjective 

measures ask for the respondent's opinion in order to describe his health. For exam

ple, a respondent may be asked to rate his health relative to others his age. Another 

example is asking the respondent if his health is the reason he retired. Empirical sup

port for subjective measures has been found by both Ferraro (1980) and Mossey and 

Shapiro (1982). Subjective health assessments by the elderly were highly correlated 

with the ratings by physicians. 

Subjective measures do have some problems. They cannot be used to make com

parisons across individuals the way it can be done with a standardized scale. Also, 

social and financial reasons make a person more likely to say health is the reason 

for retirement. For one thing, health problems are a socially acceptable reason to 

retire. For another, some retirement benefits may depend on a person's health sta

tus. Anderson and Burkhauser (1985) concluded there were problems when they only 

used subjective self-assessed measures of health in their model that jointly determined 

health and retirement. They found that the influence of health on labor cessation 
t 

was overestimated while the importance of wages was underestimated. 

Daly and Bound (1996) used subjective measures of health to conduct an m

depth exploration of which factors encourage workers to keep working after the onset 

of a self-reported health limitation. The first wave of the Health and Retirement 

Study (HRS) included a module with retrospective questions on changes made by 
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both employers and employees after the onset of a health limitation. The worker 

coul.d adapt by reducing his job demands through changing jobs, changing employers, 

or changing both. Employers could make accommodations to the employee that 

allow him to continue working even with the health limitation. Daly and Bound 

used multinomiallogit analysis and divided the sample into three possible groups -

those who stayed with the employer after the onset of the health limitation, those 

who changed employers, and those who left the labor force. This study supports 

the anecdotal evidence that employers often make changes to accommodate their 

employees. At the onset of the limitation, a majority continued to work. Of these, 

a majority stayed with the same employer. For more than a third of these, the 

employers made changes to accommodate the employees. 

Another way to measure health status is with an objective measure. A common 

objective measure is mortality. However, while it is clear whether or not someone died 

in a time period, this measure is not perfect. Someone who dies suddenly from an 

accident or some diseases does not have their labor supply decision affected by poor 

health. That is, death does not necessarily mean a period of waning health preceded 

it. Therefore, it is possible that there is not always a consistent relationship between 

a person's health status and his mortality. 

Both subjective and objective measures capture important information as to the 

health status of an individual. Rather than choosing between these two measures, an 

index can be constructed that uses both subjective and objective measures. Bound 

(1991) examined labor supply models and their sensitivity to different health mea

sures. Using both subjective self-assessed measures and an objective measure, he 

concluded that both measures caused biases but in opposite directions. 

Kaplan and Bush (1982), Kaplan and Anderson (1988), and Anderson, et al. 

(1989) developed the Quality of Well Being Index (QWB). The index combines four 

scales that measure mobility, physical activity, social activity, and symptom/problem 

complexes. The first three scales capture objective information on daily functioning, 
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and the fourth scale captures information on subjective complaints. All four scales 

are integrated into one index by weighting the various levels within and among the 

scales as shown in Table 5.1. 

The weights come from Kaplan and Anderson. They surveyed a random sample of 

1025 people to rate the desirability of various health conditions for each of the scales. 

These shadow values of health conditions were robust across various subsamples. It is 

these shadow values that are used in the formation of the QWB index. QWB ranges 

from 0 to 1 and is defined as QWB = 1 + CPX +MOB + PAC + SAC where CPX 

is the symptom/problem complex, MOB is the mobility scale, PAC is the physical 

activity scale, and SAC is the social activity scale. 

The information in the RHS can be used to construct the last three scales for 

the objective part of the index. However, the first scale for the subjective part of 

the index has to be modified to fit the data available. People's ratings of their 

health relative to others their age are used for the subjective measure. The four 

options are health better, health same, or health worse relative to others, or the 

respondent died during the sample period. To these four ratings, the Kaplan and 

Anderson symptom/problem complex weights can be assigned: the negative of the 

symptom/problem complex weight for health better, zero for health the same, the 

symptom/problem complex weight for health worse, and -1 for those who died. The 

QWB index is then scaled so that it ranges between 1 and 2. 

5.5 Consumption 

The RHS collected information on the consumption of the respondents. Included 

in the survey are questions about entertainment, gifts, doctor bills, and other areas 

of consumption. Non-health consumption ( Ct) is net of housing expenditures, food, 

clothing, and medical expenses. All medical costs and the cost of health insurance 

are included in the health consumption variable ( Cf). The RHS included detailed 
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Step 
Number Index Definition Weight 

MOBILITY SCALE 
1 No limitation for health reasons 0.000 

2 Did not drive a car, health related; did not ride -0.062 
in a car; and/or did not use public transportation, 
health related; or had or would have used more 
help than usual for age to use public 
transportation, health related 

3 In hospital -0.090 

PHYSICAL ACTIVITY SCALE 
1 No limitations for health reasons 0.000 

2 In wheelchair, moved or controlled movement -0.060 
of wheelchair, moved without help from 
someone else; had trouble or did not try to lift, 
stoop, bend over, or use stairs or inclines, health 
related; and/or limped, used a cane, crutches, or 
walker, health related; and/or had any other 
physical limitation in walking, or did not try to 
walk as far or as fast as others the same age 
are able, health related 

3 In wheelchair, did not move or control the -0.077 
movement of wheelchair without help from 
someone else, or in bed, chair, or couch for 
most or all of the day, health related 

SOCIAL ACTIVITY SCALE 
1 No limitations for health reasons 0.000 

2 Limited in other (e.g. recreational) role activity, -0.610 
health related 

3 Limited in major (primary) role activity, health -0.610 
related 

4 Performed no major role activity, health related, -0.610 
but did perform self-care activities 

5 Performed no major role activity, health related, -0.106 
and did not perform or had more help than 
usual in performance of one or more self care 
activities, health related 

Table 5.1 Quality of Well-Being 
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questions on all hospital stays, up to and including nine stays. No one in the sample 

had nine stays in one year. Also in the survey are questions about doctor bills, the 

cost of prescription and non-prescription drugs, and any other medical costs. For 

all of these categories, the RHS asked how much the respondent paid personally and 

what was the total cost. The difference, if any, is covered by health insurance. From 

this information it is possible to calculate the health consumption variable ( ct) as 

the total out-of-pocket expenditure. 

Out-of-pocket costs are important for the budget constraint because it is this 

amount that is actually being spent by the individual and, if health insurance is 

present, may be less than the total medical costs. However, in the determination of the 

health status (Ht), it is the entire amount of medical care purchased that is important, 

regardless of what percentage is paid for out-of-pocket. Beyond the effect of health 

insurance on health status, it also plays a role in the retirement decision. Not much 

work has been done in this area, largely because of the lack of good data. However, 

Madrian (1994) managed to piece together three data sets to conduct her analysis on 

post-retirement health insurance. The need for health insurance increases as a person 

ages since the probability of illness grows with age. If an individual loses his health 

insurance by retiring early, that could be a deterrent to early retirement. In fact, 

Madrian found that the people who have employer provided post-retirement health 

insurance did in fact retire earlier by about 5 to 16 months. The RHS does not include 

information on whether an individual has employer provided post-retirement health 

insurance as an option. Lack of this information could lead to an understatement of 

the effects of the various reforms on early retirement if some of the respondents are 

constrained by health insurance needs. 

In the model, health status is a combination of health consumption and leisure 

time in both the present and past periods. This dynamic model estimated with panel 

data bypasses a potential problem - reverse causality. The early studies on the impact 

of health consumption on health status relied on cross sectional data. The results 
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showed that health consumption has a negative effect on health status, but this is 

counter-intuitive. It implies that the more an individual takes care of his health, 

the worse his health is. However, at any one point in time, those who are very sick 

consume a lot of medical care and may not get better. This is the negative relationship 

the cross sectional data revealed. A dynamic model that uses data over time as in a 

panel data set can capture the positive relationship of health consumption on health 

status over time. The above argument also holds true for the impact of leisure on 

health status. 

5.6 Pensions 

As discussed in Section 2.2, pension coverage has been growing, but approximately 

80% of the population were not covered by private pensions in 1980. Concerning 

government pensions, 90% of the population were not covered at that time. The 

growth of pension coverage continued into the 1980s. Hurd (1990) found that by 

1984, half of those in the private sectors had pensions, and 83% of those in the public 

sector had pensions. However, during the time of the RHS, pension coverage was less 

common. Perhaps for this reason, the RHS did not collect good, detailed information 

on pensiOns. 

Defined contribution and defined benefits are the two primary types of pensions. 

Defined contribution pensions take the contributions from the employer and employee 

and invest them in some financial assets. The benefits level then depends on the 

performance of the assets. Defined benefits pensions pay benefits that are determined 

by the employee's earnings, the number of years at the firm, and the retirement 

age. Studying the incentive effects of pensions on the retirement decision is complex 

because incentives can differ across plans. Incentives can also vary within the same 

plan due to individual employee differences in earnings, age and years of employment. 

Gustman, Mitchell, et al. (1994) explored these issues in their survey of the literature 
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on pensiOns. Insufficient data is and has been an obstacle to empirical research in this 

area. Gustman and Mitchell (1992) discuss what kind of data is needed for future 

research. The HRS may solve some of the data problems because employer-provided 

pension data will be included. 

Ruhm (1994) compared the work and retirement patterns for two cohorts of males 

ages 58 to 63 in 1969 and 1989. He found several reasons to question the notion 

that pensions play a large role in the decline of labor force participation. First, 

although those with pensions do seem to respond to the retirement incentives set 

up in their pensin plan, pension coverage is not broad. Second, nonpension wealth is 

highly correlated with pensions which makes it difficult to untangle the effects without 

better data. Higher income individuals are more likely to have pensions. Third, the 

incentives from the interaction of Social Security and pensions are not clear. Fourth, 

defined benefit plans have disincentives to work, but there has been a shift towards 

defined contribution plans which have more age-neutral effects on retirement. Even 

if pensions did not play a large role during the RHS, the lack of pension data may 

lead to an understatement of the effect of the reforms since those with pensions will 

respond to pension incentives left out of my model. 

5.7 Variables for Instruments 

The RHS allows calculation of the necessary variables such as consumption, health, 

and leisure as discussed above. For the gmm estimation, there is also a need for 

variables to serve as instruments. Individual differences are controlled for with the 

instrumental variables such as occupation and others. Table 5.2 shows the means 

of the variables used. Educational attainment is one instrument with a mean just 

below 10. Age is also used as an instrument. Marital status is represented by dummy 

variables for married, widowed, and divorced or separated. Never married is the 

omitted category. The vast majority of the respondents were married. A dummy 



VARIABLE (per year) 

Leisure 
Social Security benefits (monthly) 
Health Status 
Consumption 
Health Consumption 
Education 
Married 
Divorced/Separated 
Black 
Professional 
Managerial 
Age 
Number in household 
Wage 

MEAN STANDARD DEVIATION 

4751.65 
1570.80 
2.64 
1782.70 
320.31 
9.75 
0.77 
0.03 
0.09 
0.19 
0.16 
65.36 
2.35 
5.01 

1928.19 
1610.20 
0.29 
2791.10 
726.11 
3.61 
0.42 
0.17 
0.29 
0.39 
0.36 
3.82 
1.18 
5.06 

Table 5.2 Means of Variables 
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for race is included with the instrument for black. Job characteristics of the longest 

occupation held are included as dummy variables for those in the professions and 

management jobs. Respondents whose longest occupations are in the military or in 

farming are deleted. The number of people in the household is used, and it has a mean 

of 2.3. The contemporaneous value of the hourly wage for those who are working is 

also included while the hourly wage on the last job held is used for those not working. 

Finally, to account for any differences over the years time dummies for 1969, 1971, 

1973, 1975, and 1977 are included. 
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Chapter 6 

Results 

The model is tested under four conditions. First, I examine it using the Social Security 

rules that were in effect at the time of the RHS survey. This is the pre-reform case. 

Next, I recalculate the Social Security benefits using the rules of the reforms of the 

1983 Social Security Act. I look at the impact of two of these reforms individually as 

well as the -impact of all of the reforms together. The 1983 Social Security reforms 

consisted of three major changes to the calculation of the benefits. The retirement 

age is increased to 67, while the delayed retirement credit is increased to 8% a year. 

The early retirement reduction factor is changed to 6% for a maximum of 30% at 

age 62. I then look at the impact of the first two reforms individually but not the 

impact of changing the early retirement reduction factor. The third reform by itself 

is not substantially different from the pre-reform case and is thus not considered 

individualy. Before the reform, the early retirement reduction factor is 6.67% a year 

for a maximum of 20% at age 62. 

6.1 Effects on Health Production 

Two elasticity measures are useful for comparing the effects of the reforms. They 

demonstrate the impact a change in health consumption or leisure has on health 

status. First, the health related consumption elasticity of health production is defined 

as EC H = M P0 h c;;. Then the desired leisure elasticity of health production is 

defined similarly as ET = M PT' r;. Including the Social Security system in the 

model as I have done adds an additional cost of retiring. Taking leisure now and 

retiring means a lower benefits level, as long as the recipient is below the age of 72, 

because of the early retirement reduction factor and the delayed retirement credit 
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that are part of the benefits calculation. Changing the cost of leisure will impact the 

labor/leisure choice and thereby affect these two elasticity measures. 

Before any reforms, the health related consumption elasticity of health production 

(ECH) is positive and ranges from 0.019 to 0.032 (Table 6.5). Sickles and Yazbeck 

(1997), who do not consider the Social Security system explicitly, find this elasticity 

ranges from 0.031 to 0.046. Including the Social Security system as I have done 

should lower this elasticity because it takes in account the additional cost of taking 

leisure now and retiring. If leisure is more costly, it should be reduced. The price 

of leisure is higher relative to the price of health consumption, therefore, additional 

health consumption is substituted for leisure since it is relatively cheaper. Increasing 

health consumption should lead to a decrease in the marginal productivity of health 

consumption, and this causes a decrease in ECH. Before any reforms, ECHis similar 

across the different cohorts. Over time there is a general increase in ECH. Health 

consumption has a slightly larger effect on health production over time. 

Desired leisure elasticity of health production (ET) is nearly unitary elastic and 

ranges from 0.907 to 1.046 (Table 6.9). In Sickles and Yazbeck (1997), it ranged from 

0.59 to 0.69. The increase in ET after including the additional cost of retiring through 

the Social Security system is expected. Since the cost of leisure is higher, less of it 

should be consumed. The marginal productivity of leisure is therefore higher, and 

this leads to an increase in ET. The pattern of ET across cohorts is interesting and 

robust across the different reforms. It increases over the cohorts in 1969 and 1971. 

Leisure leads to more health production over the older cohorts. It also increases over 

the cohorts aged 58 to 61 for the remaining years. However, cohorts 62 and 63 are 

much lower. Over time, ET increases for each cohort which implies leisure is more 

important to health production as people age. 

Increasing the retirement age to 67 leaves ECH in the same range as in the pre

reform case. It is less volatile and ranges only from 0.020 to 0.029 (Table 6. 7). 

Examining this reform alone, it should have a small effect on the cost of retiring so it 
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is expected that it would have a small effect on ECH. Before the reform, full retirement 

age is 65, and the early retirement reduction factor is 6.6% a year for a maximum 

of 20% reduction at age 62. After the reform, the maximum reduction is 30% at 

age 62 which implies a 6% early retirement reduction factor each year. Although the 

early retirement reduction factor is slightly lower each year, it is applied for two more 

years so the result is lower benefits by retiring early in the reform case. Therefore, 

early retirement is more costly after the reform. If the cost of retiring is a little 

higher then less leisure should be taken since it is more costly. The price of leisure 

is higher relative to the price of health consumption, and that leads to an increase 

in the relatively cheaper health consumption. Increasing health consumption reduces 

the productivity of health. The overall effect on ECH is small, but it does not range 

as high as before the reform. 

This reform has a small effect on ET as well. ET increases slightly to range 

between 0.913 to 1.052 (Table 6.11). Since the cost of retiring is slightly higher that 

encourages a reduction of leisure. Thus, the marginal productivity of leisure is higher, 

and this leads to the slight increase in ET that we see. The pattern across cohorts 

and across time is unchanged. 

Changing the delayed retirement credit to 8% has a larger impact on ECH. Again, 

this reform causes the cost of taking leisure to increase (Table 6.6). ECH ranges from 

nearly zero to 0.0099 which does not even overlap with the pre-reform case. However, 

health consumption still has a positive effect on healthiness. Across cohorts, ECH is 

about the same, and over time it vacillates but increases as before. 

This reform also has a larger impact on ET compared to changing the retirement 

age (Table 6.10). Since this reform increases the cost of retiring, then less leisure 

should be taken. The increase in the marginal productivity of leisure results in an 

increase in ET. ET ranges from 0.929 to 1.071. The pattern across cohorts and across 

time is the same as before. 
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Finally, applying all the reforms together has an expected but interesting effect 

on ECH (Table 6.8). Since the reforms individually increase the cost of retirement, 

it is expected that they increase the cost of retirement when applied all together. 

Therefore, ECH should decrease, and that is what the numbers show. In fact, ECH 

is negative ranging from -0.079 to -0.072. Additional health consumption negatively 

impacts health production. If the reforms discourage taking leisure, then health 

consumption must be increased. However, health consumption is increased beyond 

the point of negative returns. This effect is stronger over time as ECH decreases over 

time. 

The effect of all the reforms on ET is also interesting (Table 6.12). Although the 

cost of retirement is higher, ET is lower than in the pre-reform case ranging from 

0.8863 to 1.0234. Decreasing the amount of leisure taken may dominate the increase 

in the marginal productivity of leisure in the calculation of ET. The pattern of ET 

across cohorts and across time is unchanged. 

6.2 Dynamics of Health Production 

The estimates of a and 7J provide insights into the dynamics of health production. a 

captures the importance of past health in current utility, and 7J represents the rate 

of depreciation of the influence of past health on current utility. These change only 

slightly from the pre-reform case over the various reforms. a is originally 0.0987 

(Table 6.1), and after all the reforms it is 0.0975 (Table 6.4). These low values for a 

reveal that past health is not very important to people's current well being. Similarly, 

1J is originally (Table 6.1) 0.3076, and after the reforms it is 0.3033 (Table 6.4). This 

means that approximately a third of the past stock of health is depreciated each 

period. Looking at how these numbers have changed over the different reforms, it 

would seem that Social Security reforms have little effect on the importance placed 

on past health in health production. 
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Two other ways of looking at these measures provide additional insights, although 

again there is little change after the reforms. ~gives the implied weight on current 

health in current utility. For the pre-reform case, it is 0.7571, and after the reforms 

it is 0. 7567. Clearly, current health status is more important than health status last 

period or any earlier periods. Another way to see this is by looking at the ratio ~. 

This ratio measures the relative importance of past health to current health. Before 

the reforms, ~ is 0.3209. Past health status is only a third as important as today's 

health status. After the reforms, this ratio is nearly the same at 0.3215. Therefore, 

the Social Security reforms do not appear to have a significant effect on how people 

rate current and past health in today's utility. 

6.3 Effects on Utility 

The effects on the marginal utility of consumption are small. Before the reforms, it 

ranges from -0.000063 to 0.000020 (Table 6.13), and afterward it ranges from -0.000053 

to 0.000086 (Table 6.16) which is a slight increase that shifts towards being more 

positive. Originally, MUC decreased over cohorts and over time, but for the case that 

increase the DRC and for the case with all the reforms, MUC increases over cohorts 

and decreases over time. Since the overall impact of the reforms should increase the 

cost of retiring, it must be that older cohorts are helped by that in some way. It could 

be that the negative effect of increasing the cost of retiring is felt more in earlier years. 

It could also be due to a shift in consumption patterns. If discouraging leisure now 

leads to more health consumption as a substitute, then perhaps consumption shifts 

some from non-health consumption to health consumption. MUC is more positive 

for the case where DRC is increased which supports this explanation. Perhaps the 

increase in the DRC increases the cost of retirement enough so that the shift to health 

consumption is more pronounced at older ages resulting in higher MUC. 
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Looking at another elasticity measure incorporating consumption and utility may 

offer additional insights. The non-health consumption elasticity of utility is defined 

as EUC = MUc a;. Originally, EUC ranges from -0.0368 to 0.0053 (Table 6.17). It is 

generally negative after 1969 and decreases across cohorts and over time. As a result 

of the reforms, there could be a shift in the pattern of consumption toward health 

consumption as discussed above. This should lead to an increase in the marginal 

utility of consumption. However, looking at how MUC actually changed, there is a 

very slight increase. Therefore, the decrease in consumption could dominate and lead 

to a decrease in EUC. This in fact is what appears to happen after all the reforms 

are enacted, and EUC ranges from -0.2681 to -0.0113 (Table 6.20). 

Before the reforms, marginal utility of leisure is generally negative ranging from 

-0.000156 to nearly zero (Table 6.21). This could indicate that they were taking too 

much leisure before the Social Security reforms. MUT decreased across cohorts and 

slightly decreased across time. After the reforms, MUT is generally positive ranging 

from nearly zero to 0.000038 (Table 6.24). If the reforms make the cost of leisure 

higher, then leisure should be reduced resulting in a higher marginal utility of leisure. 

The pattern across cohorts is more complicated. It decreases over cohorts in 1969 

and 1971. Then it continues to decrease over the 58 to 61 cohorts for the remaining 

years. However, MUT rises for cohort 62 in 1973 til1979. The pattern across cohorts 

62 and 63 in 1973 to 1979 is also increasing. For the older cohorts MUT is higher in 

later years. Over time MUT decreases, so additional utility is less valuable as they 

age. However, it vacillates between larger and smaller numbers. 

The desired leisure elasticity of utility is defined as EUT = MUr' I:. Before the 

reforms it is negative ranging from -0.1536 to nearly zero (Table 6.25). As expected, 

EUT becomes more positive as a result of the reforms since the reforms make leisure 

more costly. After all of the reforms, EUT is between 0.0350 and 0.0708 (Table 6.28). 

Again it follows a complicated pattern over time and over cohorts. It generally is 

increasing over cohorts, except for the cohorts 62 and 63 which decrease from 1973 
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to 1979. Over time, it is generally increasing, but still vacillating, for the younger 

cohorts but it decreases, although still vacillating, for cohorts 62 and 63. 

The final argument in the utility function is health. The marginal utility of health 

originally ranges from -0.0203 to 0.0361 (Table 6.29). MUH becomes more positive for 

each of the two reforms (Tables 6.30 and 6.31). With the cost of leisure higher, health 

consumption should increase since health consumption is a substitute for leisure in 

the production of health. Since MUH has increased for each of the two reforms, that 

may imply the end result of more health consumption (Ch)on health status (H) is 

negative. Looking at the case with all of the reforms together, MUH is both more 

negative and more positive spanning from -0.0367 to 0.0485 (Table 6.32). In general, 

MUH decreases over time indicating that health status contributes less to utility as 

they age. It also decreases across cohorts, but with vacillations from positive to 

negative numbers. 

The health elasticity of utility originally ranges from nearly zero to 0.0521, and 

is defined by EUH = MUn~ (Table 6.33). For the first reform that increases the 

retirement age, the end result of EUH is negative (Table 6.35). It seems that the 

increase in MUH is outweighed by the decrease in healthiness. On the other hand, 

the increase in the DRC leads to a more positive EUH where the increase in MUH 

must dominate (Table 6.34). All of the reforms together then yield a EUH that 

is both more positive and more negative than in the original case spanning form -

0.0316 to 0.1044 (Table 6.36). Again, EUH decreases across cohorts and across time. 

The vacillations across time range from positive to negative numbers, but the overall 

pattern is decreasing. 

Burtless (1987) investigated occupational effects on health. He found that men 

worked longer in occupations that were less demanding physically such as managerial 

and professional jobs. The converse is true in physically demanding industries such as 

mining, manufacturing, and construction. Although it varies across industries, there 

does seem to be a link between health and leisure. Those who have poor health relative 
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to the physical demands of their job prefer to retire and take leisure. Working longer 

eventually leads to poor health. The timing is affected by the occupation. Individual 

differences among those included in my estimation have been controlled for by the 

choice of instrumental variables such as dummies for the longest occupation. 

6.4 Solution of the Model 

Solving for the time path of optimal values of the control variables before and after 

the reforms and comparing them to the actual amounts chosen yields further insight 

into the impact of the Social Security reforms. Recall the three FOC estimated in 

Chapter 4. 

Et[Uc(t)- ,B"YtUc(t + 1)] = 0 (6.1) 

(6.2) 

(6.3) 

As can be seen, the control variables as well as other variables in these three 

equations are measured at time periods t and t+ 1. To solve for the control variables, 

one option is to solve forward for the future values of C, Ch, and T 1• However, the 

third FOC does not have any variables at time period t+ 1. Solving the model is 

thus impossible because there are three unknowns and two equations. However, this 

problem is easily remedied by solving backwards for C, Ch, and T 1• Solving the model 

is then possible since there are three unknowns and three equations. 

The control variables can be solved for the years 1969 to 1977. The values of C77 , 

C¢7 , and TJ7 depend on C19 , C¢9 , and TJ9 • Therefore, solving the model using the 
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RHS data set means the optimal solution values will range over the years 1969 and 

1977. 

To solve for the optimal values, the parameters from estimating the model with 

gmm 

Oo = ((t, (2, (3, (4, (s, (6, (7, (s, (g, ft, f2, f3, f4, fs, a, TJ, {3) 

and the actual values in the data for the other variables are plugged into the FOC 

leaving only C, Ch, and T 1 as unknowns. The system of three equations can then be 

solved for the optimal values of consumption, health consumption, and leisure. The 

data is divided by the different age cohorts as before when the elasticty measures 

were derived. Optimal values for each cohort in each year can then be found. 

Three different cases are considered and compared. First, the actual values of 

consumption, health consumption, and leisure are collected (Table 6.37). The model 

is then solved for the optimal values for the other two cases. In the second case, the 

model is solved for the optimal values before the Social Security reforms (Table 6.38). 

In the third case, the model is solved including the impact of the Social Security 

reforms (Table 6.39). 

Looking first at the actual values, actual average consumption generally increases 

over time and decreases across cohorts, ranging from $1184 to $2213. Actual average 

health consumption is considerably less and ranges from $195 to $391. The pattern 

is weaker but it generally increases across time and decreases slightly across cohorts. 

Actual average desired leisure increases over time and over cohorts as should be 

expected. It ranges from 3558 hours to 6448 hours. 

The optimal values for the pre-reform case for consumption fluctuate so that it 

is difficult to detect a strong pattern. The lifecycle theory of consumption suggests 

that people tend to smooth their consumption over their lifetime so people may 

choose to differ from the optimal value in order to maintain an even consumption 

level. Looking at the average optimal consumption is a little more informative. On 

average, optimal consumption is higher than actual consumption while optimal health 
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consumption is less than actual health consumption. It seems that a shift from non

health consumption to more health consumption would be an improvement. The 

optimal amount of leisure on average would indicate that most people would be 

better off fully retired although the average actual hours of desired leisure indicate 

many people are still working at least part time. 

After the reforms the optimal values of consumption, health consumption and 

leisure have changed a little. Optimal average consumption in the later years and older 

cohorts is closer to the actual consumption before the reforms. In the earlier years and 

younger cohorts optimal consumption is quite high relative to actual consumption. 

Optimal health consumption after the reforms has increased quite a bit from the 

optimal health consumption before the reforms. In general it would be optimal after 

the reforms to consume more health related goods than were actually consumed. Like 

both consumption measures, the optimal desired leisure after the reforms is quite high 

in 1969 and 1971. For the rest of the time, optimal desired leisure is much lower than 

in the pre-reform case, and in the later years and older cohorts, the optimal amount 

of desired leisure after the reforms is less than what is actually taken. In Figures 6.1, 

6.2, and 6.3 each of these cases are graphed for consumption, health consumption, 

and leisure, respectively. 

6.5 Conclusion 

After estimating the model, it is clear that the overall effect of the reforms is to make 

the price of leisure relatively more costly. As a result, people reduce the amount of 

leisure they are taking and increase the relatively cheaper health consumption. Before 

the reforms, MUT is negative which indicates they were taking more leisure than was 

optimal. It would seem then that reforms that would encourage reducing leisure may 

be an improvement, and this is seen in EUT which is positive after the reforms. 
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Looking at the effects on health production, we see ET increases over time for 

every cohort so leisure's importance to health production grows as people age. If 

the reforms make leisure more costly, it could have repercussions on health status. In 

fact, when all the reforms are instituted, ECH turns negative which indicates negative 

returns to health consumption. Further, it can be seen that the increase in health 

consumption has a negative impact on health status since MUH decreases after the 

reforms that encourage substitution of health consumption for leisure. 

Solving the model for the optimal values of consumption, health consumption, and 

desired leisure confirms the finding that after the reforms it is optimal to shift away 

from leisure and towards health consumption. A comparison of the optimal amounts 

before and after the reforms indicates an increase in health consumption would be 

optimal. The optimal values show a shift from non-health related consumption to 

health consumption. Further, except for the extreme values of the early years, the 

optimal amount of desired leisure after the reforms is less than before the reforms. 

The most intereting result is the optimal average values after the reforms are close 

to the actual values. This suggests the people may have anticipated the reforms. The 

debate about Social Security reforms had been going on for some time. People may 

have adjusted their behavior to conform to the changes that appeared likely to occur. 

The reforms should be successful in discouraging leisure, and therefore retirement. 

The cost of this delay would be an increased demand for health consumption goods 

and a decreased demand for non-health related goods. 
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Table 6.1 Original Case 
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Table 6.2 Retirement Age Increased to 67 
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Table 6.3 Delayed Retirement Credit Increased to Eight Percent 
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I I Cohort 
Year~~58~~-5~9~--6~0--~l ~61~~~6~2~~6~3~ 

1969 .0243 .0239 .0236 .0247 .0249 .0246 
(.0004) (.0005) (.0005) (.0005) (.0005) (.0005) 

1971 .0251 .0255 .0245 .0257 .0259 .0234 
(.0005) (.0005) (.0005) (.0006) ( .0005) (.0005) 

1973 .0208 .0214 .0204 .0186 .0185 .0187 
(.0005) (.0005) (.0005) (.0005) (.0005) (.0005) 

1975 .0324 .0308 .0325 .0321 .0305 .0308 
(.0007) (.0007) (.0007) (.0008) (.0007) (.0008) 

1977 .0256 .0255 .0258 .0256 .0255 .0249 
(.0005) (.0006) (.0005) (.0011) (.0005) (.0006) 

1979 .0277 .0282 .0290 .0287 .0286 .0284 
(.0009) (.0006) (.0006) (.0007) (.0006) (.0007) 

Table 6.5 Original Case (ECH) 
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I I Cohort 
Yearr-=58~~~5=9~~~60~~~~6=1--~~6=2~--6=3~ 

1969 .0045 .0043 .0040 .0048 .0049 .0047 
(.0003) (.0003) (.0003) (.0003) (.0003) (.0003) 

1971 .0048 .0051 .0045 .0052 .0054 .0039 
(.0003) (.0003) (.0003) (.0003) (.0003) (.0003) 

1973 .0023 .0027 .0022 .0012 .0010 .0011 
(.0003) ( .0003) (.0003) (.0003) (.0003) (.0003) 

1975 .0096 .0087 .0099 .0098 .0085 .0086 
(.0001) ( .0004) ( .0004) (.0005) ( .0004) (.0004) 

1977 .0056 .0055 .0061 .0059 .0055 .0049 
(.0003) (.0003) (.0003) (.0003) (.0003) (.0003) 

1979 .0066 .0068 .0075 .0075 .0067 .0065 
(.0002) (.0004) (.0004) (.0004) (.0004) (.0004) 

Table 6.6 Delayed Retirement Credit Increased to Eight Percent (ECH) 
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I I Cohort 
Yearr-=58~~~5~9~~6=0~~,-=61~~~6~2--~~63~ 

1969 .0228 .0226 .0225 .0232 .0234 .0233 
(.0002) (.0003) (.0003) (.0003) (.0003) (.0003) 

1971 .0234 .0238 .0234 .0242 .0244 .0233 
(.0003) (.0003) (.0003) (.0003) (.0003) (.0003) 

1973 .0213 .0216 .0213 .0207 .0201 .0203 
(.0003) (.0003) (.0003) (.0003) (.0003) (.0003) 

1975 .0278 .0270 .0285 .0285 .0266 .0268 
(.0004) (.0004) (.0004) (.0005) (.0004) (.0005) 

1977 .0246 .0248 .0255 .0257 .0241 .0237 
(.0003) (.0003) (.0003) (.0003) (.0003) (.0004) 

1979 .0267 .0272 .0285 .0285 .0267 .0266 
(.0003) (.0003) (.0004) (.0004) ( .0004) ( .0005) 

Table 6. 7 Retirement Age Increased to 67 (ECH) 
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I I Cohort 
Year~~58~~~5~9~~6~0~~~ -=61~~~6~2~~6~3~ 

1969 -.0725 -.0725 -.0727 -.0727 -.0728 -.0729 
(.0002) (.0002) (.0002) (.0002) (.0002) (.0002) 

1971 -.0737 -.0741 -.0741 -.0746 -.0745 -.0748 
(.0002) (.0002) (.0002) (.0002) (.0002) (.0003) 

1973 -.0738 -.0735 -.0736 -.0739 -.0733 -.0739 
(.0002) (.0002) (.0002) (.0002) ( .0002) (.0002) 

1975 -.0727 -.0727 -.0729 -.0729 -.0721 -.0725 
(.0002) (.0002) (.0002) (.0002) (.0002) (.0002) 

1977 -.0733 -.0740 -.0737 -.0741 -.0728 -.0737 
(.0002) (.0002) (.0002) (.0003) (.0002) (.0003) 

1979 -.0772 -.0777 -.0786 -.0786 -.0782 -.0785 
(.0003) (.0003) (.0003) (.0003) (.0003) (.0003) 

Table 6.8 All Reforms (ECH) 
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I I Cohort 
Yearr-=ss~~~5~9~~6=o~~l-=61~~~6~2~~~63~ 

1969 .9065 .9085 .9118 .9132 .9174 .9198 
(.0023) (.0027) (.0026) (.0031) (.0029) ( .0032) 

1971 .9241 .9303 .9340 .9414 .9434 .9542 
(.0029) (.0032) (.0032) (.0035) (.0035) (.0036) 

1973 .9297 .9286 .9361 .9479 .9301 .9361 
(.0029) (.0031) (.0031) (.0033) (.0036) (.0041) 

1975 .9198 .9239 .9391 .9443 .9111 .9157 
(.0031) (.0028) (.0032) (.0035) (.0038) (.0047) 

1977 .9418 .9544 .9657 .9769 .9258 .9317 
(.0029) (.0033) (.0035) (.0038) (.0045) (.0050) 

1979 1.0020 1.0133 1.0415 1.0459 .9971 1.0008 
(.0037) (.0042) (.0043) (.0046) (.0057) (.0064) 

Table 6.9 Original Case (ET) 

I 
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I I Cohort 
Year~-=58~~~5~9--~~60~~~~6~1--~~6~2~--6=3~ 

1969 .9291 .9311 .9344 .9359 .9402 .9426 
(.0024) (.0028) (.0027) (.0032) (.0030) (.0033) 

1971 .9471 .9535 .9571 .9648 .9668 .9776 
(.0029) (.0033) (.0032) (.0036) (.0036) (.0037) 

1973 .9525 .9514 .9590 .9708 .9527 .9589 
(.0029) (.0031) (.0032) (.0034) (.0036) (.0042) 

1975 .9431 .9472 .9627 .9679 .9341 .9388 
(.0031) (.0029) (.0032) (.0036) (.0041) (.0048) 

1977 .9651 .9778 .9892 1.0007 .9487 .9548 
(.0029) (.0034) (.0035) (.0039) (.0046) (.0051) 

1979 1.0266 1.0381 1.0669 1.0713 1.0219 1.0256 
(.0038) (.0042) (.0044) (.0047) (.0058) (.0065) 

Table 6.10 Delayed Retirement Credit Increased to Eight Percent (ET) 
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I I Cohort 
Year~-=58~~~5~9--~~60~~~~6=1--~~6~2~~6=3~ 

1969 .9134 .9154 .9185 .9202 .9244 .9266 
(.0024) (.0027) (.0027) ( .0031) (.0029) (.0033) 

1971 .9312 .9375 .9408 .9485 .9505 .9607 
(.0024) (.0033) (.0032) (.0035) (.0036) (.0036) 

1973 .9357 .9348 .9420 .9532 .9356 .9417 
(.0029) ( .0031) ( .0031) (.0033) ( .0036) (.0041) 

1975 .9283 .9320 .9473 .9524 .9192 .9238 
( .0031) (.0029) (.0032) (.0035) ( .0038) (.0047) 

1977 .9487 .9611 .9722 .9833 .9327 .9386 
(.0029) (.0034) (.0035) (.0039) (.0045) (.0050) 

1979 1.0091 1.0205 1.0486 1.0528 1.0048 1.0084 
(.0037) (.0042) (.0043) (.0046) (.0056) (.0064) 

Table 6.11 Retirement Age Increased to 67 (ET) 
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I I Cohort 
Year~~58~~~5~9~--6~0~~~~61~~~6~2--~~63~ 

1969 .8863 .8884 .8917 .8929 .8971 .8994 
(.0023) (.0026) (.0026) (.0030) (.0028) ( .0032) 

1971 .9035 .9096 .9134 .9205 .9225 .9336 
(.0028) (.0032) (.0031) (.0034) (.0035) (.0035) 

1973 .9098 .9087 .9163 .9283 .9107 .9165 
(.0028) (.0030) ( .0031) (.0033) (.0035) ( .0040) 

1975 .8981 .9025 .9173 .9225 .8899 .8943 
(.0030) (.0028) (.0031) (.0032) (.0040) (.0046) 

1977 .9212 .9335 .9448 .9560 .9052 .9111 
(.0028) (.0033) (.0034) (.0038) (.0044) (.0050) 

1979 .9800 .9911 1.0190 1.0234 .9749 .9785 
(.0036) (.0041) (.0042) (.0045) (.0056) (.0063) 

Table 6.12 All Reforms (ET) 
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I I Cohort 
Year~~5~8~~~s=9--~~6=o--~l--~6~1--~~6=2--~~6=3~ 

1969 .000020 .000018 .000018 .000017 .000006 .000009 
(.000002) (.000002) (.000002) (.000003) (.000001) (.000002) 

1971 .000006 .000003 .000004 .000002 -.000004 -.000007 
(.000002) (.000001) (.000002) (.000001) (.000001) (.000002) 

1973 .000009 .000005 -.000004 -.000018 .000006 .000014 
(.000002) (.000002) (.000002) (.000003) (.000001) (.000007) 

1975 -.000003 -.000004 -.000010 -.000014 -.000003 -.000003 
(.000001) (.000001) (.000001) (.000002) (.000002) (.000002) 

1977 -.000022 -.000025 -.000051 -.000063 .000004 .000014 
(.000002) (.000002) (.000003) (.000004) (.000007) (.000008) 

1979 -.000022 -.000027 -.000040 -.000051 -.000003 -.000012 
(.000001) (.000002) (.000002) (.000003) (.000006) (.000004) 

Table 6.13 Original Case (MUC) 
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I I Cohort 
Year~--s~s~~~s=9~~~6=o--~l--~6=1--~~6=2--~~6=3~ 

1969 .000021 .000017 .000017 .000031 .000021 .000026 
(.000006) (.000006) (.000006) (.000008) (.000006) (.000007) 

1971 .000011 .000015 .000021 .000027 .000011 .000025 
(.000006) (.000006) (.000007) (.000008) (.000006) (.000008) 

1973 .000025 .000015 .000021 .000027 .000011 .000025 
(.000006) (.000007) (.000007) (.000009) (.000009) (.000010) 

1975 -.000010 -.000007 -.000005 -.000002 -.000009 -.000012 
(.000002) (.000004) (.000004) (.000006) (.000004) (.000002) 

1977 -.000008 -.000008 -.000003 .000013 .000021 .000037 
(.000005) (.000006) (.000007) (.000009) (.000009) (.000010) 

1979 - -.000038 -.000035 -.000044 -.000023 -.000019 -.000021 
(.000004) (.000005) (.000003) (.000007) (.000007) (.000006) 

Table 6.14 Delayed Retirement Credit Increased to Eight Percent (MUC) 
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I I Cohort 
Yearr~5=s~~~5=9~~~6=o--~~--~6~1--~~6=2--~~6=3~ 

1969 .000015 .000012 .000012 .000015 .000003 .000007 
(.000003) (.000003) (.000003) (.000004) (.000002) (.000003) 

1971 .000005 .000004 .000006 .000005 -.000003 -.000002 
(.000002) (.000002) (.000003) (.000003) (.000001) (.000002) 

1973 .000006 .000004 -.000002 -.000009 .000012 .000020 
(.000002) (.000002) (.000003) (.000003) (.000005) (.000007) 

1975 -.000006 -.000006 -.000011 -.000014 -.000006 -.000007 
(.000001) (.000001) (.000001) (.000001) (.000002) (.000002) 

1977 -.000025 -.000028 -.000046 -.000053 .000003 .000013 
(.000001) (.000002) (.000002) (.000003) (.000007) (.000008) 

1979 -.000032 -.000035 -.000048 -.000052 -.000013 -.000021 
(.000001) (.000001) (.000001) (.000002) (.000006) ( .000003) 

Table 6.15 Retirement Age Increased to 67 (MUC) 
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I I Cohort 
Yearr~s=s~~~s=9~~~6=o--~~--~6~1--~~6=2--~~6=3~ 

1969 .000018 .000012 .000012 .000032 .000020 .000027 
(.000008) ( .000008) (.000008) (.000010) ( .000009) ( .000009) 

1971 .000011 .000017 .000024 .000033 .000013 .000033 
(.000007) (.000008) (.000009) ( .000011) ( .000008) (.000010) 

1973 .000024 .000036 .000039 .000069 .000073 .000086 
( .000008) (.000009) (.000009) (.000012) (.000012) (.000013) 

1975 -.000014 -.000010 -.000005 -.000001 -.000012 -.000017 
( .000003) ( .000005) ( .000006) ( .000008) (.000005) ( .000003) 

1977 -.000009 -.000009 .000006 .000032 .000022 .000039 
(.000007) ( .000008) (.000010) (.000013) ( .000011) (.000012) 

1979 -.000050 -.000046 -.000053 -.000023 -.000031 -.000032 
(.000006) (.000006) (.000006) (.000010) ( .000008) (.000009) 

Table 6.16 All Reforms (MUC) 
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I I Cohort 
Yearr~5=s--~~5=9--~-6~0~~~--~61--~~6~2--~-6-3~ 

1969 .00525 .00455 .00428 .00359 .00317 .00114 
(.00038) (.00040) (.00047) ( .00049) (.00038) (.00052) 

1971 -.00962 -.01002 -.01187 -.01300 -.01495 -.01898 
(.00044) (.00050) (.00054) (.00058) (.00058) ( .00069) 

1973 .00020 .000150 -.00196 -.00638 -.00048 .00104 
(.00045) ( .00049) (.00051) (.00055) (.00106) (.00135) 

1975 -.01658 -.01955 -.02809 -.03176 -.01975 -.01865 
( .00053) ( .00063) ( .00065) (.00077) (.00147) (.00017) 

1977 -.01150 -.01362 -.02298 -.02647 -.00605 -.00269 

( .00050) (.00061) (.00060) ( .00064) (.00170) (.00199) 

1979 -.02133 -.02393 -.03420 -.03683 -.01288 -.01200 

( .00058) (.00072) (.00067) ( .00072) (.00190) (.00206) 

Table 6.17 Original Case (EUC) 
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I I Cohort 
Year~~58~~~5~9--~~60~~~--6~1--~-6~2~--6=3~ 

1969 -.0114 -.0110 -.0727 -.0102 -.0108 -.0090 
(.0006) (.0006) (.0003) (.0007) (.0006) (.0007) 

1971 -.0767 -.0730 -.0715 -.0704 -.0692 -.0676 
(.0012) (.0014) (.0014) (.0014) ( .0013) (.0015) 

1973 -.0088 -.0074 -.0070 -.0072 -.0052 -.0030 
(.0006) ( .0006) (.0006) (.0007) (.0007) (.0008) 

1975 -.0792 -.0779 -.0762 -.0750 -.0727 -.0716 
(.0014) ( .0015) (.0015) (.0015) (.0014) (.0016) 

1977 -.0189 -.0186 -.0179 -.0181 -.0134 -.0114 
(.0006) (.0006) (.0007) (.0007) (.0008) ( .0010) 

1979 -.0308 -.0300 -.0304 -.0296 -.0250 -.0242 
(.0005) (.0006) (.0006) (.0007) (.0010) (.0008) 

Table 6.18 Delayed Retirement Credit Increased to Eight Percent (EUC) 
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I I Cohort 
Yearr~s~s--.-~5=9~~-e=o~~~--=61~~~6~2--~~6~3~ 

1969 .00102 .00111 .00097 .00118 .00177 .00143 
(.00015) (.00017) (.00019) ( .00020) (.00014) ( .00020) 

1971 .001190 .01147 .01152 .01152 .01173 .01198 
(.00021) (.00024) (.00025) ( .00026) ( .00023) ( .00026) 

1973 .00124 .000119 .000179 .000263 -.00010 .00128 
(.00017) (.00017) (.00018) (.00019) (.00040) (.00050) 

1975 .01283 .01308 .01388 .01405 -.00041 .00895 
( .00022) ( .00025) ( .00022) (.00024) (.00062) ( .00056) 

1977 .00519 .00550 .00685 .00742 -.00041 -.00203 
(.00014) (.00016) (.00016) (.00016) ( .00062) (.00073) 

1979 .00858 .00880 .01030 .01049 .00203 .00170 

(.00012) (.00014) (.00014) (.00016) ( .00065) (.00071) 

Table 6.19 Retirement Age Increased to 67 (EUC) 
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I I Cohort 
Yearr-=58~~~5~9~~6~0~~~-=61~~~6~2--~~63~ 

1969 -.0317 -.0306 -.0284 -.0299 -.0290 -.0247 
(.0015) (.0016) (.0014) (.0016) (.0016) (.0016) 

1971 -.2502 -.2563 -.2279 -.2248 -.2160 -.2131 
(.0055) (.0196) (.0051) (.0054) (.0049) (.0058) 

1973 -.0248 -.0210 -.0192 -.0188 -.0163 -.0113 
(.0015) (.0015) (.0016) (.0018) (.0018) (.0017) 

1975 -.2681 -.2663 -.2589 -.2463 -.2369 -.2356 
(.0087) (.0092) (.0089) ( .0069) (.0062) (.0071) 

1977 -.0465 -.0452 -.0411 -.0409 -.0362 -.0334 
(.0016) (.0016) (.0017) (.0019) (.0018) (.0023) 

1979 -.0759 -.0735 -.0723 -.0698 -.0658 -.0642 
(.0015) (.0017) (.0015) (.0018) (.0018) (.0020) 

Table 6.20 All Reforms (EUC) 
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I I Cohort 
Yearr--s=s~~~5=9~~~6=o--~j--~6~1--~~6=2--~~6=3~ 

1969 -.000014 -.000012 -.000011 -.000012 0.000009 -.000006 
(.000001) ( .000001) (.000001) (.000001) (.000001) ( .000001) 

1971 -.000093 -.000088 -.000081 -.000079 -.000074 -.000065 
(.000002) (.000002) (.000002) ( .000002) ( .000002) ( .000002) 

1973 -.000008 -.000005 -.000001 -.000003 -.000013 -.000017 
(.000001) (.000001) (.000001) ( .000001) ( .000002) ( .000003) 

1975 -.000081 -.000074 -.000059 -.000055 -.000140 -.000156 
(.000002) (.000002) (.000002) (.000002) (.000008) (.000010) 

1977 -.000010 -.000007 -.000004 -.000001 -.000051 -.000057 
( .000001) (.000001) ( .000001) ( .000001) (.000005) (.000005) 

1979 -.000017 -.000014 -.000008 -.000006 -.000080 -.000082 
( .000001) ( .000003) (.000001) ( .000001) (.000006) ( .000006) 

Table 6.21 Original Case (MUT) 
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I I Cohort 
Yearr--5~8~-.--5=9~-.--6=0~~~--~61~~--~6-2--~--6-3~ 

1969 .000143 .000142 .000142 .000141 .000135 .000136 
(.000001) (.000001) (.000001) (.000001) (.000001) ( .000001) 

1971 .000107 .000108 .000106 .000105 .000103 .000099 
(.000001) (.000001) (.000001) (.000001) (.000001) (.000001) 

1973 .000138 .000137 .000131 .000124 .000144 .000152 
(.000001) (.000001) (.000001) (.000001) (.000003) (.000004) 

1975 .000099 .000097 .000088 .000085 .000108 .000112 
(.000001) (.000001) (.000001) (.000001) (.000002) (.000003) 

1977 .000114 .000112 .000098 .000094 .000151 .000163 

(.000001) (.000001) (.000001) ( .000001) (.000004) (.000006) 

1979 .000100 .000098 .000085 .000082 .000142 .000144 

(.000001) (.000001) (.000001) (.000001) (.000004) ( .000005) 

Table 6.22 Delayed Retirement Credit Increased to Eight Percent (MUT) 
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I I Cohort 
Yearr--s=s~~~s=9~~~6=o--~l--~6~1--~~6~2--~~6~3~ 

1969 -.000702 -.000691 -.000691 -.000687 -.000652 -.000651 
(.000006) (.000007) (.000008) (.000008) (.000006) (.000008) 

1971 -.000763 -.000750 -.000724 -.000713 -.000687 -.000643 
(.000007) (.000009) (.000009) (.000010) (.000008) (.000086) 

1973 -.000665 -.000650 -.000611 -.000566 -.000713 -.000767 
(.000008) (.000008) (.000008) (.000008) (.000020) (.000026) 

1975 -.000688 -.000655 -.000571 -.000549 -.000912 -.000977 
(.000007) (.000007) (.000007) (.000009) (.000033) (.000039) 

1977 -.000554 -.000537 -.000453 -.000426 -.000863 -.000942 
(.000006) (.000006) (.000006) (.000005) (.000033) ( .000039) 

1979 -.000511 -.000492 -.000415 -.000394 -.000912 -.000926 
( .000005) (.000006) (.000006) (.000007) (.000038) (.000042) 

Table 6.23 Retirement Age Increased to 67 (MUT) 
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I I Cohort 
Yearr~5~8~~~5~9--~-=6o~~~ ~6=1~~~6~2--~~6~3~ 

1969 .000037 .000037 .000038 .000037 .000037 .000037 
(.000001) (.000001) (.000001) (.000001) (.000001) (.000001) 

1971 .000017 .000018 .000018 .000018 .000019 .000020 
(.000001) (.000001) (.000001) (.000001) (.000001) (.000001) 

1973 .000037 .000038 .000037 .000036 .000036 .000036 
(.000001) (.000001) (.000001) (.000001) (.000001) (.000001) 

1975 .000016 .000017 .000017 .000028 .000004 .000002 
(.000001) (.000001) (.000001) (.000001) ( .000001) (.000002) 

1977 .000032 .000031 .000029 .000028 .000028 .000029 
(.000001) (.000001) (.000001) (.000001) (.000001) (.000001) 

1979 .000028 .000027 .000025 .000025 .000022 .000022 
(.000001) (.000001) (.000001) (.000001) (.000001) (.000001) 

Table 6.24 All Reforms (MUT) 
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I I Cohort 
Yearr-=58~~~5~9--~~60~~~--6~1--~-6-2~--6-3~ 

1969 -.0179 -.0158 -.0135 -.0137 -.0097 -.0047 
(.0014) ( .0015) (.0014) (.0017) (.0017) (.0017) 

1971 -.1536 -.1448 -.1406 -.1366 -.1329 -.1253 
(.0025) (.0029) (.0029) ( .0031) (.0030) ( .0034) 

1973 -.0055 -.0006 .0064 .0129 .0073 .0108 
(.0016) ( .0017) (.0017) (.0019) (.0020) (.0022) 

1975 -.1512 -.1472 -.1366 -.1318 -.1383 -.1363 
(.0029) ( .0031) (.0033) (.0034) (.0031) (.0035) 

1977 -.0130 -.0092 .0071 .0119 -.0100 -.0104 
(.0018) ( .0018) (.0019) ( .0021) (.0024) (.0027) 

1979 -.0328 -.0269 -.0135 -.0073 -.0334 -.0323 
(.0016) (.0018) ( .0017) (.0020) (.0023) (.0026) 

Table 6.25 Original Case (EUT) 
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I I Cohort 
Yearr-=58~~~5=9--~~60~~~--6~1--~-6-2~--6~3~ 

1969 .1201 .1206 .1210 .1211 .1220 .1230 
(.0003) (.0003) (.0003) (.0004) (.0003) (.0004) 

1971 .1027 .1041 .1054 .1062 .1069 .1094 
(.0004) ( .0004) (.0004) (.0005) (.0004) (.0005) 

1973 .1227 .1236 .1252 .1269 .1246 .1247 
(.0003) (.0003) (.0003) (.0004) (.0005) (.0006) 

1975 .1055 .1068 .1106 .1118 .1039 .1031 
(.0004) (.0004) (.0004) (.0004) (.0008) (.0010) 

1977 .1224 .1232 .1267 .1277 .1199 .1194 
(.0003) (.0003) (.0003) (.0004) (.0007) (.0007) 

1979 .1198 .1209 .1239 .1253 .1151 .1151 
(.0003) (.0003) (.0003) (.0004) (.0008) (.0008) 

Table 6.26 Delayed Retirement Credit Increased to Eight Percent (EUT) 
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I I Cohort 
Yearr~58~.-~5~9~--6~0~~~~6~1~~6~2--~~63~ 

1969 .3147 .3131 .3124 .3121 .3083 .3068 
(.0007) (.0007) (.0008) (.0009) ( .0008) ( .0009) 

1971 .3388 .3362 .3321 .3302 .3268 .3198 
(.0009) (.0011) (.0011) (.0012) (.0011) (.0012) 

1973 .3084 .3061 .3007 .2946 .3077 .3107 
(.0009) (.0009) (.0009) (.0009) (.0020) (.0025) 

1975 .3288 .3241 .3117 .3007 .3488 .3552 
(.0010) (.0010) (.0010) (.0012) (.0039) (.0046) 

1977 .2976 .2948 .2824 .2784 .3207 .3267 
(.0008) (.0009) (.0008) (.0009) (.0033) (.0038) 

1979 .2947 .2913 .2794 .2758 .3287 .3299 
(.0008) (.0009) (.0009) (.0010) (.0039) (.0043) 

Table 6.27 Retirement Age Increased to 67 (EUT) 
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I I Cohort 
Year~-=58~~~5~9~--6~0~~~~6~1~--6~2--~~63~ 

1969 .0555 .0561 .0568 .0569 .0584 .0596 
(.0004) (.0004) (.0004) (.0004) (.0004) (.0005) 

1971 .0327 .0350 .0375 .0390 .0407 .0448 
(.0006) (.0007) (.0006) (.0007) (.0007) (.0008) 

1973 .0593 .0605 .0631 .0659 .0625 .0627 
( .0004) (.0005) (.0005) (.0005) (.0007) (.0008) 

1975 .0364 .0392 .0466 .0495 .0372 .0363 
( .0007) ( .0007) (.0007) (.0007) (.0014) (.0016) 

1977 .0614 .0629 .0688 .0709 .0586 .0578 
(.0004) (.0005) (.0005) (.0005) ( .0010) (.0011) 

1979 .0611 .0630 .0686 .0708 .0559 .0559 
(.0004) (.0005) (.0005) (.0005) (.0011) (.0012) 

Table 6.28 All Reforms (EUT) 
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I I Cohort 
Yearr~58~.-~5~9~~6~0~~I-=6~1~~6~2--~~63~ 

1969 .0122 .0114 .0100 .0098 .0093 .0080 
(.0011) (.0012) (.0012) (.0014) (.0013) (.0014) 

1971 .0271 .0236 .0230 .0201 .0201 .0171 
(.0013) (.0015) (.0014) (.0015) (.0016) (.0016) 

1973 .0025 .0039 .0014 -.0006 .0030 -.0013 
(.0013) (.0014) (.0014) (.0015) (.0014) (.0016) 

1975 .0341 .0340 .0310 .0301 .0361 .0336 
(.0013) (.0012) (.0013) (.0014) (.0012) (.0014) 

1977 .0084 .0040 .0046 .0015 .0103 .0044 
(.0001) (.0015) (.0015) (.0017) (.0015) (.0017) 

1979 -.0101 -.0138 -.0197 -.0203 -.0168 -.0913 
(.0017) (.0019) (.0019) (.0021) (.0020) (.0022) 

Table 6.29 Original Case (MUH) 
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I I Cohort 
Yearr-=ss~~~s=9~~~60~~~~6=1--~~6~2~--6=3~ 

1969 .1067 .1064 .1057 .1056 .1061 .1058 
(.0008) (.0009) (.0009) (.0010) ( .0009) (.0008) 

1971 .1020 .1006 .1011 .0995 .1004 .0999 
(.0010) (.0011) (.0010) (.0011) (.0011) (.0011) 

1973 .1013 .1031 .1026 .1028 .1037 .1006 
(.0009) ( .0010) (.0010) (.0010) (.0010) (.0011) 

1975 .1096 .1107 .1113 .1118 .1121 .1099 
(.0009) (.0008) (.0009) (.0010) (.0009) (.0011) 

1977 .1070 .1044 .1086 .1074 .1076 .1023 
(.0009) ( .0010) ( .0010) ( .0012) (.0011) (.0013) 

1979 .0913 .0897 .0887 .0895 .0837 .0817 
(.0012) (.0014) (.0014) (.0015) (.0015) (.0017) 

Table 6.30 Delayed Retirement Credit Increased to Eight Percent (MUH) 
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I I Cohort 
Yearr-=ss~~~5~9~~6=o~~l-=61~~~6~2--~~63~ 

1969 .0576 .0565 .0548 .0547 .0536 .0514 
(.0011) (.0013) (.0012) (.0014) (.0014) (.0015) 

1971 .1042 .0991 .0978 .0946 .0938 .0897 
(.0015) (.0017) (.0016) (.0017) (.0017) (.0019) 

1973 .0467 .0468 .0436 .0408 .0444 .0397 
(.0014) (.0014) (.0014) (.0016) (.0015) (.0016) 

1975 .1093 .1085 .1039 .1023 .1090 .1066 
(.0015) (.0015) (.0016) (.0017) (.0015) (.0017) 

1977 .0555 .0511 .0491 .0459 .0558 .0500 
(.0014) (.0015) (.0015) (.0018) (.0016) (.0039) 

-1979 .0457 .0415 .0348 .0330 .0392 .0366 
(.0017) (.0018) (.0019) (.0020) (.0020) (.0022) 

Table 6.31 Retirement Age Increased to 67 (MUH) 
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I I Cohort 
Year~~58~~~5=9--~~60~~~~6~1--~~62~~~6~3~ 

1969 -.0017 -.0030 -.0049 -.0052 -.0065 -.0089 
(.0013) (.0015) (.0014) (.0016) ( .0016) (.0017) 

1971 .0427 .0372 .0357 .0319 .0310 .0261 
( .0016) (.0019) (.0018) ( .0019) (.0019) (.0020) 

1973 -.0143 -.0139 -.0179 -.0214 -.0165 -.0216 
(.0015) ( .0016) (.0016) ( .0018) (.0017) (.0019) 

1975 .0482 .0471 .0413 .0393 .0485 .0460 
(.0016) (.0017) (.0017) (.0018) (.0017) (.0019) 

1977 -.0065 -.0119 -.0146 -.0187 -.0050 -.0111 
(.0015) ( .0017) (.0018) (.0020) (.0018) (.0021) 

1979 -.0209 -.0258 -.0346 -.0367 -.0269 -.0298 
(.0019) (.0021) (.0022) (.0024) ( .0023) (.0026) 

Table 6.32 All Reforms (MUH) 
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I I Cohort 
Year~-=58~~~5~9~--6~0~~~~61~~~6~2--~~63~ 

1969 .0122 .0191 .0161 .0174 .0164 .0148 
(.0011) (.0016) ( .0016) (.0018) (.0017) (.0018) 

1971 .0271 .0359 .0230 .0312 .0318 .0279 
(.0013) (.0020) (.0014) (.0020) (.0020) (.0021) 

1973 .0025 .0094 .0062 .0041 .0082 .0027 
(.0013) (.0017) (.0017) (.0019) (.0018) (.0019) 

1975 .0506 .0503 .0477 .0469 .0521 .0486 
(.0017) (.0017) (.0018) (.0019) (.0017) (.0020) 

1977 .0153 .0099 .0109 .0076 .0176 .0103 
(.0016) (.0018) (.0018) (.0020) (.0018) (.0021) 

1979 -.0069 0.0013 -.0184 -.0188 -.0150 -.0177 
(.0019) (.0021) (.0020) (.0022) (.0022) (.0024) 

Table 6.33 Original Case (EUH) 
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I I Cohort 
Year~-=ss~~~s=9--~~60~~~~6=1--~~6~2~~6=3~ 

1969 .0727 .0726 .0716 .0720 .0718 .0714 
(.0007) ( .0008) (.0007) (.0008) (.0008) (.0008) 

1971 .0780 .0763 .0758 .0742 .0744 .0728 
(.0009) (.0010) ( .0010) (.0010) (.0010) (.0010) 

1973 .0677 .0690 .0680 .0674 .0689 .0664 
(.0007) (.0008) (.0008) (.0008) (.0008) (.0009) 

1975 .0844 .0840 .0829 .0824 .0842 .0825 
( .0009) (.0009) ( .0009) (.0009) (.0009) (.0010) 

1977 .0707 .0682 .0698 .0685 .0716 .0679 
(.0007) (.0008) (.0008) (.0009) (.0008) (.0010) 

1979 .0584 .0568 .0545 .0548 .0534 .0522 
(.0009) (.0009) (.0009) (.0010) (.0010) (.0010) 

Table 6.34 Delayed Retirement Credit Increased to Eight Percent (EUH) 
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I I bohort 
Year~-=58~~-5~9--~-60--~j--6-1--~-6-2----6-3~ 

1969 -.0219 -.0215 -.0207 -.0211 -.0203 -.0196 
(.0005) (.0005) (.0005) (.0006) (.0005) (.0006) 

1971 -.0374 -.0357 -.0345 -.0335 -.0330 -.0305 
(.0006) (.0007) (.0006) (.0007) (.0007) (.0007) 

1973 -.0178 -.0178 -.0163 -.0151 -.0175 -.0161 
(.0005) (.0005) (.0005) (.0006) (.0006) (.0007) 

1975 -.0383 -.0372 -.0341 -.0333 -.0426 -.0428 
(.0006) (.0006) (.0006) (.0006) (.0010) (.0012) 

1977 -.0197 -.0180 -.0166 -.0155 -.0233 -.0213 
(.0005) (.0005) (.0005) (.0006) (.0008) (.0009) 

1979 -.0155 -.0141 -.0114 -.0108 -.1071 -.0165 
(.0005) (.0006) (.0005) (.0006) (.0009) (.0009) 

Table 6.35 Retirement Age Increased to 67 (EUH) 
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I I Cohort 
Year~--58~~-5-9--~-60--~l--6_1 _____ 6_2----6-3~ 

1969 .0024 .0014 -.0015 -.0005 -.0023 -.0050 
(.0015) (.0017) (.0016) (.0018) (.0018) ( .0018) 

1971 .0876 .0823 .0725 .0671 .0638 .0563 
(.0032) (.0045) ( .0031) (.0033) ( .0031) (.0033) 

1973 -.0111 -.0108 -.0152 -.0185 -.0135 -.0192 
( .0016) ( .0017) ( .0017) (.0019) (.0019) (.0019) 

1975 .1044 .0999 .0904 .0826 .0935 .0916 
( .0040) (.0043) (.0043) (.0038) (.0033) ( .0040) 

1977 -.0019 -.0077 -.0107 -.0146 -.0001 -.0061 
(.0017) (.0019) ( .0018) (.0020) (.0019) ( .0023) 

1979 -.0157 -.0206 -.0298 -.0316 -.0213 -.0239 
(.0018) (.0020) (.0019) ( .0021) (.0022) (.0024) 

Table 6.36 All Reforms (EUH) 
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I Yr /Age I 58 I 59 I 60 I 61 I 62 I 63 I AVG I 
c 1410 1458 1285 1390 1348 1355 1374 

1969 Ch 288 292 286 309 316 315 301 
Tl 3558 3604 3646 3683 3824 3909 3704 
c 1848 1856 1637 1733 1705 1518 1731 

1971 Ch 357 401 372 391 368 317 368 
Tl 3617 3696 3857 3944 4099 4433 3941 
c 1407 1286 1184 1214 1175 1174 1240 

1973 Ch 271 266 252 213 195 207 234 
Tl 3847 3945 4230 4588 4471 4627 4285 
c 1824 1628 1505 1537 1512 1554 1593 

1975 ch 321 318 301 279 256 271 291 
Tl 4138 4414 5053 5386 4959 5123 4846 
c 2213 1938 1810 1840 1832 1905 1923 

1977 Ch 367 366 347 341 317 329 345 
Tl 4820 5111 6018 6448 5535 5569 5584 
c 1740 1633 1484 1542 1532 1501 

AVG Ch 321 329 312 307 290 288 
Tl 3996 4154 4561 4810 4578 4732 

Table 6.37 Actual Values 
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I Yr/Age j58 j59 j6o j61 j62 IAVG 
c 8888 113 984 1497 482 504 2078 

1969 Ch 29 220 165 101 84 65 111 
Tl 83,220 1998 10,442 17,762 6728 5891 21,004 
c 1010 2158 3668 2774 3336 3868 2802 

1971 Ch 222 11 10 42 17 55 60 
Tl 6022 24,188 8411 7042 7387 9311 10,394 
c 4879 2779 2874 1397 6361 3658 

1973 Ch 8 14 4 346 11 NC 77 
Tl 9345 7755 7837 5102 18,636 9736 
c 925 913 2571 3616 700 5889 2436 

1975 Ch 79 63 47 55 38 8 48 
Tl 5190 4954 11,106 10,809 5061 17,210 9055 
c 3938 1853 2896 

1977 Ch 2399 NC NC NC 460 NC 1430 
Tl 10,144 5584 7864 
c 3928 1491 2524 2321 2546 3420 

AVG Ch 547 77 57 136 122 43 
Tl 22,784 9724 9444 10,179 8679 10,804 

Table 6.38 Optimal Pre-Reform Values 
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I Yr/Age I 58 ls9 lao 161 j62 j63 I AVG 
c 16,633 18,996 13,382 17,091 3194 1647 11,824 

1969 ch 2128 2454 2510 2107 2265 1030 2082 
Tl 40,728 45,588 36,260 43,689 7964 4521 29,792 
c 76,071 12,606 2393 30,357 

1971 ch 3292 4548 NC NC NC 149 2663 
Tl 142,680 24,143 5516 57,446 
c 1698 1380 1240 1387 639 1269 

1973 Ch 215 NC 220 638 132 579 357 
Tl 4396 4623 4815 4764 4130 4546 
c 1674 2087 447 1552 838 1320 

1975 ch NC 286 115 843 226 749 444 
Tl 4478 5955 3910 5005 4319 4733 
c 412 2357 6078 857 2146 132 1997 

1977 ch 960 306 111 522 309 131 400 
Tl 2327 3374 13,923 3036 6136 293 4848 
c 23,704 8908 5732 4909 2070 1130 

AVG ch 1649 1899 739 1028 733 528 
Tl 47,533 19,396 15,190 13,863 5967 3756 

Table 6.39 Optimal Reform Values 
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Chapter 7 

Conclusion 

A structural model makes it possible to examine the impact on the beneficiaries of 

three of the key reforms of the 1983 Social Security Amendments. This model adds 

to the literature because it allows the individuals to face uncertainty about finances 

and health. Further, since health status is endogenous, the interplay of changes in 

Social Security benefits and its impact on health and leisure is possible. The decision 

to retire is complex and depends on trade off's between how much leisure to take and 

how much non-health and health consumption is desired. 

Changes in the Social Security system combined with demographic changes to 

require reform of the Social Security system in order for it to continue. Coverage has 

expanded since the inception of the program in the late 1930s, and this helped the 

system since more and more people were paying into it. However, the benefit levels 

have more than doubled from 1950 to 1980. At the same time, life expectancy has 

grown. Men have gained about 9 years over the years 1940 to 1990 while women have 

gained about 11 years in the same time period. Both of these factors have increased 

the amount the system must pay out and do, in part, explain why the system has 

been in danger of bankruptcy. In addition, the importance of Social Security as a 

percentage of individuals' income has been increasing making failure of the system 

more intolerable. 

Soon after the 1983 reforms, the situation for Social Security did seem improved. 

In 1986, the Social Security revenues were $217 billion while the benefits paid out 

were only $202 billion, leaving a $15 billion margin (Hardy, 1987). In addition, there 

was already $32 billion in reserves, so the total balance was $4 7 billion. However, even 

with the large surplus, the long range projection did not look good. The system was 
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predicted to have shortfalls starting in 2040. Today, the projection for the shortfall 

has been moved up a decade to the 2030s. 

There are two ways for the Social Security sytem to save money. One is to increase 

revenue, and the other is to decrease the rate that benefits are paid out. The 1983 

reforms were projected to do both. They are only now being phased in, thus we will 

only know in the coming years if the reforms really do lower the costs. 

When the reforms were passed, included was a mandate by Congress for the 

Department of Health and Human Services (1986) to do a report on the effect of 

increasing the retirement age on those who work in jobs with high requirements for 

physical labor and for those in ill health. Due to the early retirement reduction 

factor, if workers do not delay retirement after the new full retirement age is 67, 

and other income sources remain unchanged, then the average reduction in total 

income at retirement for workers with physically demanding jobs and/or in ill health 

is estimated to be 6% to 7%. The report also determined that the retirees in these 

two categories are the least likely to increase savings to offset any potential reduction 

in Social Security benefits. Further, the research suggests they are unlikely to extend 

their working lives substantially in response to the increase of the retirement age. If 

this report turns out to be accurate, this group of workers may bear a big share of 

the cost of these reforms in the guise of lower benefits by not retiring later. However, 

on average this cost is only a 7% income reduction. 

Essentially, the reforms raise the price of leisure. The increase in Social Security 

benefits for delaying retirement is larger after the reforms so that choosing to retire 

now means giving up more in future benefits than was the case before the reforms. 

The results from estimation of the model indicate a shift from leisure and consumption 

towards health consumption is optimal. Therefore, the incentives have been altered 

so that people are encouraged to continue working which may reduce the burden 

on the Social Security system. However, the shift towards health consumption and 
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its impact on the health care system in general and Medicare in particular could 

potentially create new problems. 

Clearly, the 1983 Social Security Amendments did not solve all of the problems 

because we are again facing the possibility of bankruptcy of the system in the next 

40 years. Although this new crisis is receiving much attention and discussion, the 

politicians are not indicating through their action any desire for a serious attempt 

to solve this problem. One issue that is central to finding a solution is coming to 

a clear definition of what the goals of the Social Security system are. Originally, it 

was intended to be a safety net to supplement the income of those who lived more 

years than they could continue to work. This would translate in today's terms into 

increasing the retirement age much higher than 67. In 1990, life expectancy for males 

was approximately 72 years and for females approximately 79 years. Increasing the 

retirement age to at least 72, and perhaps 75, would come closer to the original design 

of the system in the 1930s. It was not thought of as a complete retirement package 

in which approximately 20% of the elderly population would rely almost exclusively 

on Social Security benefits for their income. If our expectations of the Social Security 

system are scaled back and individual responsibility for financial retirement planning 

is emphasized, then Social Security may be able to successfully continue. Otherwise, 

the financial requirements to sustain it may become so great that it fails and must 

be replaced with a new system. 
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.1 GMM Estimation 

IMPLICIT REAL*8 (A-H,O-Z) 

REAL*4 DATA,AG 

EXTERNAL DFP 

c EXTERNAL POWELL 

EXTERNAL FUNC1 

C***************************************************** 

c 

c 
c 

c 

CHARACTER*8 ALABEL(15) 

DATA ALABEL/'TL','H','COTL','COH', 'TLH', 

1 'C02', 'TL2', 'H2', 'CH', 'TLP', 'CHTLP', 

2 'CH2','TLP2' ,'ALPHA' ,'ETA'/ 

C NEXT ARE DATA ARRAYS 

c 

c 

DIMENSION B(15),SPD(15,15),FPD(15) 

DIMENSION DATA(5359,6,21),AG(6) 

COMMON/USER1/DATA,AG 

COMMON/USER2/NOB,NTIME,NIV,neq 

COMMON/USER3/IFLAG1 

COMMON/USER4/S(33,33) 

C FOR NEXT 7 CARDS SEE HANDBOOK 
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c 

COMMON/BFIDIF/FDFRAC,FDMIN 

COMMON/BLNSR/STEP1,STPACC,NLNSR 

COMMON/BSPD/ISPD 

COMMON/BNOBS/NOBS 

COMMON/BOPT/IVER,LT,IFP,ISP,NLOOP,IST,ILOOP 

COMMON/BPRINT/IPT,NFILE,NDIG,NPUNCH,JPT,MFILE 

COMMON/BREAD/NREAD 

COMMON/BINPUT/INFLAG 

COMMON/BSTACK/AINT(500) 

COMMON/BSTAK/NQ,NTOP 

COMMON/BSTOP/NVAR1,ISTOP(3) 

COMMON/BTRAT/ITRFLG 

C*** OPEN files used in program. 

c 
open(8,file='gmmnew2.dat') 

open(10,file='gmmnew2.findings') 

open(11,file='gmmnew2.dump') 

open(12,file='gmmnew2.readee') 

open(14,file='ssbenc.fort') 

open(13,file='final.fort') 

open(19,file='gmmnew2.start5') 

open(20,file='gmmnew2.start') 

open(22,file='gmmnew2.covar') 

open(21,file='gmmnew2.output') 

call dflt 

ITERL= 100 

c ITERL=1 
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c ITERL=30 

ITRFLG=O 

MAX=O 

IVER=1 

IFP=2 

STEP1=.5 

ACC=1.0D-15 

ISP=2 

C IST=1 

NP=15 

NSIZE=NP*NP 

NQ=NP*NP+S*NP 

NQ=500 

C************************* 

c 

c 

NIV=11 

neq=3 

IORTHOG=neq*niv 

NTIME=6 

NOB=5359 

C************************* 

c 

NREAD=12 

NPUNCH=11 

C SET TO 0 IF NO READ FROM UNIT 12 AND 1 OTHERWISE 

c 

INFLAG=O 
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c 
NVAR=21 

c 
C READ IN THE DATA (NEED TO FIX THE FORMAT STATEMENT) 

C (NEED TO GET THE EXACT # OF OBSERVATIONS ) 

DO 1001 I=1, NOB 

DO 1001 J=1, NTIME 

READ (13,999) (DATA(I,J,K),K=1,NVAR) 

c write(8,9999) (data(i,j,k),k=1,nvar) 

9997 FORMAT(2X,2I4,2E13.5) 

9999 FORMAT(2X,2I4,3F6.3,F7.0,F6.3,F6.2,F7.0,F6.1,F4.0,6F3.0, 

1 F8.4,2F4.0,F3.0,F8.2, F10.2) 

999 FORMAT(2F5.3,F5.2,F6.0,F4.2,F5.2,F5.0,F6.1,F2.0,6F1.0,F7.4, 

1 2F2.0,F4.1,F1.0,F7.2) 

c read in the new social security data from ssben.fort 

c 

c 

read(14,1997) data(i,j,16) 

1997 format(f10.0) 

c print 1997, data(i,j,19) 

c 

C*************** 
1001 CONTINUE 

c IF(NOB.GT.O) GOTO 9923 

C SET UP THE DISCOUNT RATE 

AG(1)=1.015 

AG(2)=1.020 

116 



c 

AG(3)=1.004 

AG(4)=.966 

AG(5)=.998 

AG(6)=.991 

C DFP ALGORITHM 

c 
28 FORMAT(SX,E13.5) 
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C*****SET UP DFP CALLING PARAMETERS (NEED TO FINDOUT WHAT TO START WITH 

DO 1990 I=1,NP 

C READ(20,1002) K,B(I) 

c READ(21,1009) K,B(I) 

1990 CONTINUE 

C*********************************** 

IVER=2 

IFP=2 

STEP1=.5 

IST=1 

C*****SET IFLAG1 = 0 IF CALCULATING A NEW WEIGHTING MATRIX

C 

IFLAG1=1 

C************************************************************** 

C*****WRITE OUT A NEW WEIGHTING MATRIX BASED ON THE GMM ESTIMATES*** 

C*************** 

c CALL FUNC1(B,NP,F) 

c PRINT 28, F 

c DO 7654 I=1,33 

c READ(22,7653) K, (S(I,J),J=l,I) 
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C WRITE(22,7653) I,(S(I,J),J=1,I) 

7653 FORMAT(2X,I4,8E13.5,/,6X,8E13.5/,6X,8E13.5,/,6X,8E13.5,/,6X, 

1 8E13.5) 

7654 CONTINUE 

c IF(NOB.GT.O) GOTO 9923 

c DO 19 I=1,30 

c DO 19 J=I,30 

c 19 S(I,J)=S(J,I) 

C************************************* 

C************* 

c CALL FUNC1(B,NP,F) 

c print 28, f 

C************* 

c CALL OPT(B, NP, F, POWELL, ITERL, MAX, IER, ACC, FUNC1, ALABEL) 

c IF(NOB.GT.O) GOTO 9923 

IVER=1 

IFP=3 

IST=2 

STEP1=.5 

b(1)=-2.2098062581D-01 

b(2)=-1.0572803434D+OO 

b(3)=-1.2367398707D-01 

b(4)= 2.5052618003D-02 

b(5)=-2.0830893294D-02 

b(6)=-6.5109872822D-03 

b(7)= 8.7697318369D-02 

b(8)= 1.1474635864D+OO 

b(9)=-1.5516310770D-01 



b(10)= 

1 1.17079443550-01 

b(11)= 

1 3.52449265230-03 

b(12)= 

1 3.68868685720-02 

b(13)= 

1 2.91866849880-01 

b(12)= 

1 3.14833137310-01 

b(13)= 

1 -5.54890715180-01 

b(14)= 3.1483313731d-01 

b(15)= -5.5489071518d-01 

b(1)=-.2171 

b(2)=-1.0573 

b(3)=- .1108 

b(4)=0.0231 

b(5)=-.0185 

b(S)=-.0137 

b(7)=.1220 

b(8)=1.1473 

b(9)=-.1604 

b(10)=.1164 

b(11)=.0051 

b(12)=.0405 

b(13)=.2863 

b(14)=.3146 
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b(15)=-.5547 

c call func1(b,np,sse) 

c print 28,sse 

c if(nob.gt.O) goto 9923 

c 

c 

c 

c 

c 

c 

c 

c 

CALL OPT(B,NP,F,DFP,ITERL,MAX,IER,ACC,FUNC1,ALABEL) 

CALL PUNCH(B,NP) 

CALL OPTOUT(3) 

CALL OPTMOV(1,SPD,NSIZE) 

IF(NOB.GT.O) GOTO 9923 

DO 1000 I=1,NP 

SE = DSQRT(-SPD(I,I)) 

TR = B(I)/SE 

COV=-SPD(I,NP) 

TR=O. 

COV=O. 

C WRITE(21,1002) I,B(I),TR,COV 

1002 FORMAT(5X,I4,3E13.5) 

1000 CONTINUE 

9923 continue 

CALL FP(B, NP, F, FPD, FUNC1) 

DO 765 I=1,NP 

WRITE(21,1009) I,B(I),FPD(I) 

1009 FORMAT(5X,I4,2D30.23) 

765 CONTINUE 

C**** Close files 

close(8) 

close(12) 

close(13) 
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c 

close(14) 

close(19) 

close(22) 

close(21) 

STOP 

END 

SUBROUTINE FUNC1(B,NP,SSE,•) 

IMPLICIT REAL•S (A-H,O-Z) 

REAL*4 DATA,AG,F1,F2,F3 

1 ,LTL, LH, LC, LCH, LTL1, LH1, LCl, LCHl 

DIMENSION B(NP),DATA(5359,6,21),AG(6),INOB(5359) 

DIMENSION F1(5359,6,11),F2(5359,6,11),F3(5359,6,11) 
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1 ,ORTHOG(45),F11(15),F22(15),F33(15),S(33,33),PH(6),WD(6) 

c 

C COMMUNICATE DATA TO THE FUNCTION 

C SUBROUTINE 

c 

COMMON/USERl/DATA,AG 

COMMON/USER2/NOB,NTIME,NIV,neq 

COMMON/USER3/IFLAG1 

COMMON/USER4/S 

NTIME1•NTIME-1 

XTIME1•NTIME1 

XNOB=NOB 

NIVTW0=2•NIV 



IORTIIG=NIV•neq 

C SET BETA, ALPHA, ETA AND NORMALIZE Bl 

c 

ALPHA=B(14)**2 

ETA=B(15)**2 

BETA=0.95 

Bl=l.ODO 

C B2=B(1)**2 

C B3=B(2)**2 

c 

B2=B(1) 

B3=B(2) 

C SET UP THE REAL PRICE OF HEALTII CONSUMPTION 

PH(1)=0.869 

PH(2)=0.891 

PH(3)=0.874 

PH(4)=0.883 

PH(5)=0.941 

PH{6)=0.930 

c 

C SET UP THE REAL WAGE DEFLATOR 

WD(1)=1. 0 

WD(2)=0.906 

WD(3)=0.827 

WD(4)=0.682 

WD(5)=0.606 

WD(6)=0.506 

c 
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c 

DO 1 K = 1,NIV 

DO 1 I = 1,NOB 

DO 1 J = 1,NTIME1 

F1(I,J,K)=O.O 

F2(I,J,K)=O.O 

1 F3(I,J,K)=O.O 

DO 2 K = 1,NIV 

DO 2 I = 1,NOB 

IFLAG=O 

DO 2 J = 1,NTIME1 

C DELETE PEOPLE AFTER THEY DIE 

c 

c 

IF(IFLAG.EQ.l) GOTO 2 

INOB(I)=J 

IF(DATA(I,J,20).EQ.1.0) IFLAG=1 

C********************** 

AKT=DATA(I,J,21) 

AKT1=DATA(I,J+1,21) 

C********************** 
ss=data(i,j, 16) 

C********************** 

LTL = DATA(I,J,1) 

LH = DATA(I,J,2) 

LC = DATA(I,J,3) 

C = DATA(I,J,4) 

H = DATA(I,J,5) 
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LCH = DATA(I,J,6) 

CH = DATA(I,J,7) 

TL = DATA(I,J,S) 

LTLl = DATA(I,J+1,1) 

LH1 = DATA(I,J+1,2) 

LC1 = DATA(I,J+1,3) 

C1 = DATA(I,J+1,4) 

H1 = DATA(I,J+1,5) 

LCH1 = DATA(I,J+1,6) 

CH1 = DATA(I,J+1,7) 

TL1 = DATA(I,J+1,8) 

WT = DATA(I,J,16)*WD(J) 

PHT = PH(J) 

PHT1 = PH(J+1) 

C***************************************** 

HCHT = (B(9)+.B(11)*LTL+B(12)*(DLOG(AKT)+LCH) )/CH 

HCHT1 = (B(9)+B(11)•LTL1+B(12)*(DLOG(AKT1)+LCH1))/CH1 

HTLT = (8(10) + B(11)•(DLOG(AKT)+LCH) + B(13)*LTL)/TL 

UTLT= (B(1) + B(3)*LC + B(S)*LH + B(7)•LTL)/TL 

UHT = ((B(2)+B(4)*LC+B(S)*LTL+B(8)*LH)/H) 

UHT1 = ((B(2)+B(4)*LC1+B(S)*LTL1+B(8)*LH1)/H1) 

UCT = ((Bl+B(3)*LTL+B(4)*LH+B(6)*LC)/C) 

UCT1 = ((B1+B(3)*LTL1+B(4)*LH1+B(6)*LC1)/C1) 

C***************************************** * 
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F1(I,J,K)•F1(I,J,K)+ (UCT- BETA*AG(l)*UCT1)*DATA(I,J,8+K) 

F2(I,J,K)•F2(I,J,K)+ (UHT*HCHT•AKT- UCT•PHT + 

1 BETA*HCHT*AKT•( (ALPHA-(1.0DO-ETA))•(UHT1 -

2 (UCT1*PHT1)/(HCHT1*AKT1))))•DATA(I,J,8+K) 



f3(i,j,k)-f3(i,j,k)+ 

1 (utlt - ss•uct + (UCT•PHT•KI'LT) I (HCHT•AKT) -

1 WT•UCT )•DATA(I,J,8+K) 

c•••••••••••••••••••••••••••••••••••••••••••••••••••••• 
9998 FORMAT(2X,2I4,2X,5E13.5,/,12X,5E13.5) 

2 continue 

DO 5 K=1,NIV 

DO 5 I=1,NOB 

ASUM=O.O 

BSUM=O.O 

CSUM=O.O 

JEND=INOB(I) 

DO 4 J=1,JEND 

ASUM=ASUM+F1(I,J,K) 

BSUM=BSUM+F2(I,J,K) 

CSUM=CSUM+F3(I,J,K) 

4 CONTINUE 

XIT=JEND 

F1(I,6,K)=ASUM/XIT 

F2(I,6,K)•BSUM/XIT 

F3(I,6,K)=CSUM/XIT 

5 CONTINUE 

c IF(IFLAG1.EQ.1) GOTO 15 

c 

C CALCULATE THE WEIGHTING MATRIX 

c 

C THIS JUST SETS THE MATRIX TO AN IDENTITY 

c 
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-·~ 

c 

DO 21 I=l,IORTHG 

DO 21 J=1,IORTHG 

S(I,J)=O.ODO 

IF(I.EQ.J) S(I,J)=1.0DO 

21 CONTINUE 

LOOP OVER THE COVARIANCE MATRIX CALCULATION 

C************************* 

IF(NOB.GT.O) GOTO 15 

C************************* 

c 

DO 17 I=1,IORTHG 

DO 17 J=I,IORTHG 

ASUM=O.ODO 

DO 18 JJ=1,NOB 

IF((I.LE.NIV).ANO.(J.LE.NIV)) ASUM=ASUM+F1(JJ,6,I)•F1(JJ,6,J) 

IF((I.LE.NIV).AND.(J.GT.NIV).AND.(J.LE.NIVTWO)) ASUM=ASUM+ 

1 F1(JJ,6,I)•F2(JJ,6,J-NIV) 

IF((I.LE.NIV).ANO.(J.GT.NIVTWO)) ASUM=ASUM+F1(JJ,6,I)* 

1 F3(JJ,6,J-NIVTWO) 

IF((I.GT.NIV).ANO.(I.LE.NIVTWO).AND.(J.GT.NIV).AND.(J.LE.NIVTWO)) 

1 ASUM=ASUM+F2(JJ,6,I-NIV)•F2(JJ,6,J-NIV) 

IF((I.GT.NIV).AND.(I.LE.NIVTWO).AND.(J.GT.NIVTWO)) ASUM=ASUM+ 

1 F2(JJ,6,I-NIV)•F3(JJ,6,J-NIVTWO) 

IF((I.GT.NIVTWO).AND.(J.GT.NIVTWO)) ASUM=ASUM+F3(JJ,6,I-NIVTWO)* 

1 F3(JJ,6,J-NIVTWO) 

18 CONTINUE 

17 S(I,J)=ASUM/XNOB 

DO 19 I=1,IORTHG 



c 

c 

DO 19 J=1,I 

19 S{I,J)=S{J,I) 

CALL INVERT{S,IORTHG,IORTHG) 

15 CONTINUE 

C END OF WEIGHTING MATRIX CALCULATION 

DO 7 K=1,NIV 

ASUM=O.O 

BSUM=O.O 

CSUM=O.O 

DO 6 I=1,NOB 

ASUM=ASUM+F1{I,6,K) 

BSUM=BSUM+F2{I,6,K) 

6 CSUM•CSUM+F3{I,6,K) 

F11{K)•ASUM/XNOB 

F22(K)=BSUM/XNOB 

F33(K)=CSUM/XNOB 

7.CONTINUE 

.DO 8 K=l,IORTHG 

IF{K.LE.NIV) ORTHOG(K)=Fll(K) 

IF(K.GT.NIVTWO) GOTO 9 

ORTHOG(K)=F22(K-NIV) 

IF{K) 8,8,8 

9 ORTHOG(K)=F33(K-NIVTWO) 

8 CONTINUE 

SSE=O.O 

DO 10 I=l,IORTHG 
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c 

c 

c 

c 

DO 10 J=1,IORTHG 

10 SSE=SSE+ORTHOG(I)•S(I,J)•ORTHOG(J) 

SSE=-SSE 

11 CONTINUE 

RETURN 

END 

SUBROUTINE INVERT (A,NMAX,N) 

IMPLICIT REAL•S (A-H,O-Z) 

DIMENSION A(NMAX,NMAX) 

DIMENSION L(SO),M(SO) 

DIMENSION A(1,1),L(1),M(1) 

D=1.0 

DO 80 K=1,N 

L(K)=K 

M(K)=K 

BIGA=A(K,K) 

DO 20 I=K,N 

DO 20 J•K,N 

IF (DABS(BIGA) - DABS(A(I,J))) 10,20,20 

10 BIGA=A(I,J) 

L(K)=I 

M(K)=J 

20 CONTINUE 

J=L(K) 
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IF (L(K)-K)35,35,25 

25 DO 30 I=1,N 

HOLD=-A(K,I) 

A(K,I)=A(J,I) 

30 A(J,I)=HOLD 

35 I=M(K) 

IF (M(K)-K)45,45,37 

37 DO 40 J=1,N 

HOLD=-A(J,K) 

A(J,K)=A(J,I) 

40 A(J,I)=HOLD 

45 DO 55 I=1,N 

46 IF (I-K)50,55,50 

50 A(I,K)=A(I,K)/(-A(K,K)) 

55 CONTINUE 

DO 65 I=1,N 

DO 65 J=1,N 

56 IF (I-K)57,65,57 

57 IF (J-K)60,65,60 

60 A(I,J)=A(I,K)*A(K,J)+A(I,J) 

65 CONTINUE 

DO 75 J=1,N 

68 IF (J-K)70,75,70 ' 

70 A(K,J)=A(K,J)/A(K,K) 

75 CONTINUE 

D=D•A(K,K) 

A(K,K)=1.0/A(K,K) 

80 CONTINUE 
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K=N 

100 K-=(K-1) 

IF (K)150,150,103 

103 I=L(K) 

IF (I-K)120,120,105 

105 DO 110 J=1,N 

HOLD=A(J,K) 

A(J,K)=-A(J,I) 

110 A(J,I)=HOLD 

120 J=M(K) 

IF (J-K)100,100,125 

125 DO 130 I=1,N 

HOLD=A(K,I) 

A(K,I)=-A(J,I) 

130 A(J,I)=HOLD 

GO TO 100 

150 RETURN 

END 
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.2 Calculation of Elasticities 

I**** THIS PROGRAM CALCULATES MU AND MP AND ELASTICITIES ****I 

libname rhslib 'lvetllellereadlrhs'; 

DATA ONE ; 

SET rhslib.HEALTH; 

KEEP ID H69 H71 H73 H75 H77; 

DATA TWO; 

SET rhslib.R6979P; 

KEEP ID YEAR MONTH MS69 MS71 MS73 MS75 MS77 MS79 

SSBEN69 SSBEN71 SSBEN73 SSBEN75 SSBEN77 

OCCLG69 OCCLG71 EDUC69 MARR WID DIVSEP BLACK; 

DATA THREE; 

SET rhslib.FIRST; 

KEEP ID AGE69 SEX69 

NOPHH69 NOPHH71 NOPHH73 NOPHH75 NOPHH77 NOPHH79 

CONTOR71 

CONTS071 

AAGIFT71 

AAENT71 

ANFG73 

AATRAN73 

AATRIP73 

AAUTIL73 

CONTOR75 

CONTS075 

AAGIFT75 

AAENT75 
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--~ 

HW69 

RET69 

HW71 

RETT1 

HW73 

RET73 

TMCPR73 

HW75 

RET75 

AAHI75 

HW77 

RET77 

TMCPR77 

HW79 

RETT9 
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MOB69 MOB71 MOB73 MOB75 MOB77 MOB79 PAC69 PAC71 PAC73 PAC75 PAC77 

PAC79 SAC69 SAC71 SAC73 SAC75 SAC77 SAC79 

C69 CH69 C71 CH71 CH73 C75 C77 CH77 C79 CH79 

DATA FOUR SET rhslib.H79; 

DATA FIVE SET rhslib.WG; 

DATA SIX; SET rhslib.KT; 

DATA SEVEN; SET rhslib.SS; 

DATA ALL; 

MERGE ONE TWO THREE FOUR FIVE SIX SEVEN; BY ID; 

************ COHORT SELECTION ********; 

IF AGE69 = 58; 

****** SELLECTING THE SEX ******; 

IF SEX69 = 1; 

********************************; 

****** CREATING THE LONGEST OCCUPATION VARIABLES ******; 

IF OCCLG69 = -9 THEN OCCLG69 = OCCLG71; 

IF OCCLG69 = -9 THEN DELETE; 

IF OCCLG69 = THEN DELETE; 

OCCLG=OCCLG69; 

IF OCCLG EQ 1 OR OCCLG EQ 2 THEN PROFESS=1; ELSE PROFESS=O; 

IF OCCLG EQ 4 OR OCCLG EQ 5 THEN CLRK=1; ELSE CLRK=O; 

IF OCCLG EQ 6 OR OCCLG EQ 7 OR OCCLG EQ 8 THEN SKILL=l;ELSE SKILL=O; 



IF OCCLG EQ 3 THEN MANAG=1; ELSE MANAG=O; 

IF OCCLG EQ 9 OR OCCLG = 10 OR OCCLG EQ 11 THEN UNSKL= 1 ; 

ELSE UNSKL=O; 

IF CLRK= 1 OR SKILL= 1 OR UNSKL= 1 THEN OTHER= 1; ELSE OTHER =0; 

IF OCCLG EQ 12 OR OCCLG EQ 13 THEN FARM = 1; ELSE FARM = 0; 

IF OCCLG EQ 14 THEN MILITAR= 1; ELSE MILITAR=O; 

IF FARM = 1 THEN DELETE; 

IF MILITAR=1 THEN DELETE; 

*IF OTHER = 1 THEN DELETE; 

*********************************************************; 

IF K69 = THEN K69 = 

IF K71 = THEN K71 = 

IF K73 = THEN K73 = 

IF K75 = THEN K75 = 

IF K77 = THEN K77 = 

IF K79 = THEN K79 = 

IF HW79 NE . , 

IF HW77 NE . , 

IF HW75 NE . , 

IF HW73 NE . , 

HNW69 =112 - HW69; 

HNW71 =112 - HW71; 

HNW73 =112 - HW73; 

HNW75 =112 - HW75; 

HNW77 =112 - HW77; 

HNW79 =112 - HW79; 

1; 

1; 

1• 
' 

1; 

1; 

1; 

*****FIX HEALTH VARIABLES••••· 
' 
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IF H69 = . THEN H69 = 2; 

IF H75 < 0 THEN H75 • 2; 

IF YEAR NE . THEN H79 • 4; 

CPX69 = 0; 

CPX71 = 0; 

CPX73 = 0; 

CPX75 = 0; 

CPX77 = 0; 

CPX79 = 0; 

IF H69 • 3 THEN CPX69 = -0.5; 

IF H69 = 2 THEN CPX69 = -0.3; 

IF H11 = 3 THEN CPX71 = -0.5; 

IF H71 = 2 THEN CPX71 = -0.3; 

IF H73 = 3 THEN CPX73 = -0.5; 

IF H73 = 2 THEN CPX73 = -0.3; 

IF H15 = 3 THEN CPX75 = -0.5; 

IF H75 = 2 THEN CPX75 = -0.3; 

IF H17 = 3 THEN CPX77 = -0.5; 

IF H17 .= 2 _THEN CPX77 = -0.3; 

IF H19·= 3 THEN CPX79 = -0.5; 

IF H79 = 2 THEN CPX79 = -0.3; 

W69 = 3 + MOB69 + PAC69 + SAC69 + CPX69 

W11 = 3 + MOB71 + PAC71 + SAC71 + CPX71 

W13 = 3 + MOB73 + PAC73 + SAC73 + CPX73 

W15 • 3 + MOB75 + PAC75 + SAC75 + CPX75 

W11 = 3 + MOB77 + PAC77 + SAC77 + CPX77 

W19 = 3 + MOB79 + PAC79 + SAC79 + CPX79 

IF H69 = 4 THEN W69 = 2; 

134 



IF H71 = 4 THEN W71 = 2; 

IF H73 = 4 THEN W73 = 2; 

IF H75 = 4 THEN W75 = 2; 

IF H77 = 4 THEN W77 • 2; 

IF H79 = 4 THEN W79 = 2; 

*****************************; 

IF EDUC69 < 0 THEN EDUC69 = 0; 

IF MARR = THEN MARR•O; 

IF WID =. THEN WID =0; 

IF DIVSEP = . THEN DIVSEP = 0; 

IF BLACK = . THEN BLACK = 0; 

Y=EXP ( . 0672) ; 

SSBEN79 = SSBEN77•Y; 

****** DIVIDING INCOME VARIABLES BY 1000 ******; 

SSBEN691=SSBEN69/1000; 

SSBEN711=SSBEN71/1000; 

SSBEN731=SSBEN73/1000; 

SSBEN751=SSBEN75/1000; 

SSBEN771=SSBEN77/1000; 

SSBEN791=SSBEN79/1000; 

***********************************************; 

****** TO BE FIXED ******; 

•F MS69 < 0 

****** TEST *********; 

•ROC PRINT ; *V AR EDUC69 

****** END TEST *****; 

****** FIX MISSING VARIABLES ******************; 

CONTOR73 = (CONTOR71 + CONTOR75) I 2; 
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CONTS073 = (CONTS071 + CONTS075) I 2; 

AAGIFT73 = (AAGIFT71 + AAGIFT75) I 2; 

AAENT73 = (AAENT71 + AAENT75) I 2; 

TMCPR75 = (TMCPR73 + TMCPR77) I 2; 

TMC75 = (TMC73 + TMC77) I 2; 

IF TMCPR75 > 0 THEN K75 = (TMC75 I TMCPR75); ELSE K75 = 1; 

***********************************************; 

****** CONSTRUCTION OF CONSUMPTION VARIABLES **********; 
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C73 = CONTOR73 + CONTS073 + AAGIFT73 + AAENT73 + ANFG73 + AATRAN73; 

AAVAC73 + AATRIP73 + AAUTIL73 

CH75 = AAHI75 + TMCPR75; 

*****CREATING THE LEISURE VARIABLE FOR THE CENSORED OBS***; 

HWP69 = -2820.23- 2.91711*BLACK + 4.76561*MARR- 0.472277•WID 

- 0.530136•DIVSEP - 9.68894•EDUC69 + 99.6633•AGE69 

+'9.01986*PROFESS + 4.84465•MANAG - 204.823*SSBEN691 

- 0.872121*(AGE69•AGE69) - 0.0627491•(EDUC69•EDUC69) 

- 0.105462*(SSBEN691*SSBEN691) + 3.38969•(AGE69*SSBEN691) 

+ 0.186249*(AGE69•EDUC69)- 0.0490307•(EDUC69*SSBEN691); 

HWP71 = -2820.23 - 2.91711•BLACK + 4.76561*MARR- 0.472277•WID 

- 0.530136•DIVSEP - 9.68894*EDUC69 + 99.6633•(AGE69+2) 

+ 9.01986*PROFESS + 4.84465*MANAG - 204.823*SSBEN711 

- 0.872121•((AGE69+2)*(AGE69+2)) - 0.0627491•(EDUC69•EDUC69) 

- 0.105462•(SSBEN711•SSBEN711) + 3.38969•((AGE69+2)*SSBEN711) 

+ 0.186249•((AGE69+2)•EDUC69)- 0.0490307•(EDUC69•SSBEN711); 

HWP73 = -2820.23 - 2.91711•BLACK + 4.76561*MARR - 0.472277•WID 

- 0.530136•DIVSEP - 9.68894•EDUC69 + 99.6633•(AGE69+4) 
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+ 9.01986•PROFESS + 4.84465•MANAG - 204.823•SSBEN731 

- 0.872121•((AGE69+4)•(AGE69+4)) - 0.0627491•(EDUC69•EDUC69) 

- 0.105462•(SSBEN731•SSBEN731) + 3.38969•((AGE69+4)•SSBEN731) 

+ 0.186249•((AGE69+4)•EDUC69)- 0.0490307•(EDUC69•SSBEN731); 

HWP75 = -2820.23 • 2.91711•BLACK + 4.76561•MARR- 0.472277•WID 

- 0.530136•DIVSEP - 9.68894•EDUC69 + 99.6633•(AGE69+6) 

+ 9.01986•PROFESS + 4.84465•MANAG - 204.823•SSBEN751 

- 0.872121•((AGE69+6)•(AGE69+6)) - 0.0627491•(EDUC69•EDUC69) 

- 0.105462•(SSBEN751•SSBEN751) + 3.38969•((AGE69+6)•SSBEN751) 

+ 0.186249•((AGE69+6)•EDUC69)- 0.0490307•(EDUC69•SSBEN751); 

HWP77 = -2820.23 - 2.91711•BLACK + 4.76561•MARR- 0.472277•WID 

- 0.530136•DIVSEP - 9.68894•EDUC69 + 99.6633•(AGE69+8) 

+ 9.01986•PROFESS + 4.84465•MANAG - 204.823•SSBEN771 

- 0.872121•((AGE69+8)•(AGE69+8)) - 0.0627491•(EDUC69•EDUC69) 

- 0.105462•(SSBEN771•SSBEN771) + 3.38969•((AGE69+8)•SSBEN771) 

+ 0.186249•((AGE69+8)•EDUC69)- 0.0490307•(EDUC69•SSBEN771); 

HWP79 = -2820.23 - 2.91711•BLACK + 4.76561•MARR- 0.472277•WID 

- 0.530136•DIVSEP- 9.68894•EDUC69 + 99.6633•(AGE69+10) 

+ 9.01986•PROFESS + 4.84465•MANAG - 204.823•SSBEN791 

- 0.872121•((AGE69+10)•(AGE69+10)) - 0.0627491•(EDUC69•EDUC69) 

- 0.105462•(SSBEN791•SSBEN791) + 3.38969•((AGE69+10)•SSBEN791) 

+ 0.186249•((AGE69+10)•EDUC69)- 0.0490307•(EDUC69•SSBEN791); 

IF HNW69 = 112 THEN HNW69 = 112-HWP69; 

IF HNW71 = 112 THEN HNW71 = 112-HWP71; 

IF HNW73 = 112 THEN HNW73 = 112-HWP73; 

IF HNW75 = 112 THEN HNW75 = 112-HWP75; 

IF HNW77 = 112 THEN HNW77 = 112-HWP77; 

IF HNW79 = 112 THEN HNW79 = 112-HWP79; 



IF HN\169 < 14 THEN HN\169 = 14 

IF HNW71 < 14 THEN HNW71 = 14 

IF HNW73 < 14 THEN HNW73 = 14 

IF HNW75 < 14 THEN HNW75 = 14 

IF HNW77 < 14 THEN HNW77 = 14 

IF HNW79 < 14 THEN HNW79 = 14 

IF HN\169 > 170 THEN HN\169 = 169 

IF HN\171 > 170 THEN HN\171 = 173 

IF HNW73 > 170 THEN HNW73 = 175 

IF HN\175 > 170 THEN HNW75 = 177 

IF HNW77 > 170 THEN HNW77 = 179 

IF HN\179 > 170 THEN HNW79 = 180 

HNW69 = HNW69•52; 

HNW71 = HNW71•52; 

HN\173 = HNW73•52; 

HN\175 = HNW75•52; 

HNW77 = HNW77*52; 

HNW79 = HNW79•52; 

****** CONSTRUCTION OF THE LOG OF THE DEP VARIABLES; 

LH69 = LOG(W69); 

LH71 = LOG(W71); 

LH73 = LOG(W73); 

LH75 = LOG(W75); 

LH77 = LOG(W77); 

LH79 = LOG(W79); 

LHW69 = LOG(HNW69); 

LHW71 = LOG(HNW71); 

LHW73 = LOG(HN\173); 
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LHW15 = LOG(HNW75); 

LHW17 = LOG(HNW77); 

LHW19 = LOG(HNW79); 

C69 = 100 + C69; 

C71 = 100 + C71; 

C73 = 100 + C73; 

C75 = 100 + C75; 

C77 = 100 + C77; 

C79 = 100 + C79; 

LC69 = LOG(C69); 

LC71 = LOG(C71); 

LC73 = LOG(C73); 

LC75 = LOG(C75); 

LC77 = LOG(C77); 

LC79 = LOG(C79); 

CH69 = 40 + CH69; 

CH71 = 40 + CH71; 

CH73 = 40 + CH73; 

CH75 = 40 + CH75; 

CH77 = 40 + CH77; 

CH79 = 40 + CH79; 

LCH69 = LOG(CH69); 

LCH71 = LOG(CH71); 

LCH73 = LOG(CH73); 

LCH75 = LOG(CH75); 

LCH77 = LOG(CH77); 

LCH79 = LOG(CH79); 

***************************************; 
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DATA A; 

SET ALL; 

IDL=(ID*100) + 69; 

•F RET69 = 0; 

SSBEN1=SSD69; 

AGE = AGE69; 

H=W69; 

HNW=HNW69; 

C=C69; 

CH=CH69; 

NOPHH=NOPHH69; 

LH=LH69; 

LHW=LHW69; 

LC=LC69; 

LCH=LCH69; 

CEN =0; 

WG=WG69; 

K=K69; 

XI2= -0.2163958; 

XI3= -1. 057 4599; 

XI4= -0.1145024; 

XIS= 0.0250926; 

XI6= -0.0286883; 

XI7= -0.0112929; 

XIS= 0.1254389; 

XI9= 1.1470587; 

GAMMA1= -0.1615729; 
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GAHMA2= 0.1164689; 

GAMMA3= 0.0030349; 

GAMMA4= 0.0387756; 

GAMMAS= 0.2865672; 

U = (LC + XI2•LHW + XI3•LH + XI4•LC•LHW + XIS•LC•LH + XI6•LHW•LH 

+ (XI712)*LC•LC + (XI812)*LHW*LHW + (XI912)•LH•LH); 

UCO = (1 + XI4•LHW + XIS•LH + XI7•LC)IC; 

UH = (XI3 + XIS•LC + XI6•LHW + XI9*LH)IH; 

UT = (XI2 + XI4•LC + XI6•LH+XI8•LHW)IHNW; 

MPCH = (GAMMA1 + GAMMA3*LHW + GAMMA4•LCH)ICH; • 

MPT = (GAMMA2 + GAMMAS•LHW + GAMMA3•LCH)IHNW; 

EUC = UCO * (CIU); 

EUH = UH * (HIU); 

EUT = UT * (HNWIU) ; 

ECH =MPCH•(CHIH) 

ET = MPT•(HNWIH); 

I• 

if ·uco < 0 then uco=O; 

if ut < 0 then-ut=O; 

•I 
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PROC MEANS V AR U UCO UH UT MPCH MPT EUC EUH EUT ECH ET WG K CH; 

DATA B; 

SET ALL; 

IF 69<= YEAR <71 THEN CEN = 1; ELSE CEN = 0; 

IF CEN = 1 THEN DELETE; 

•F RET71 = 0; 



IDL•(ID•100) + 71; 

SSBEN1=SSD71; 

AGE = AGE69 + 2; 

H=W71; 

HNW•HNW71; 

C=C71; 

CH=CH71; 

NOPHH=NOPHH71; 

LH=LH71; 

LHW=LHW71; 

LC=LC71; 

LCH=LCH71; 

WG=WG71; 

K=K71; 

XI2= -0.21639S8; 

XI3= -1.0S74S99; 

XI4= -0.114S024; 

XIS= ·0.02S0926; 

XI6= -0.0286883; 

XI7= -0.0112929; 

XIS= 0.12S4389; 

XI9= 1.1470S87; 

GAMMA1= -0.161S729; 

GAMMA2= 0.1164689; 

GAMMA3= 0.0030349; 

GAMMA4= 0.03877S6; 

GAMMAS= 0.286S672; 
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U = (LC + XI2•LHW + XI3•LH + XI4•LC•LHW + XIS•LC•LH + XI6•LHW•LH 

+ (XI7/2)•LC•LC + (XI8/2)•LHW•LHW + (XI9/2)•LH•LH); 

UCO = (1 + XI4•LHW + XIS•LH + XI7•LC)/C; 

UH = (XI3 + XIS•LC + XI6•LHW + XI9•LH)/H; 

UT = (XI2 + XI4*LC + XI6•LH+XIS•LHW)/HNW; 

MPCH = (GAMMA1 + GAMMA3*LHW + GAMMA4•LCH)/CH; 

MPT = ( GAMMA2 + GAMMAS•LHW + GAMMA3•LCH) /HNW; 

EUC = UCO * (C/U); 

EUH = UH * (H/U); 

EUT = UT * (HNW/U) ; 

ECH =MPCH•(CH/H) 

ET = MPT•(HNW/H); 

PROC MEANS ; V AR U UCO UH UT MPCH MPT EUC EUH EUT ECH ET WG k ch; 

DATA C; 

SET ALL; 

IF 69<= YEAR <73 THEN CEN = 1 ; ELSE CEN == 0; 

IF CEN = 1 THEN DELETE; 

IDL=(ID*100) + 73; 

SSBEN1=SSD73; 

AGE = AGE69 +4; 

H=W73; 

HNW=HNW73; 

C=C73; 

CH=CH73; 

NOPHH=NOPHH73; 

LH=LH73; 



LHW=LHW73; 

LC=LC73; 

LCH=LCH73; 

WG=WG73; 

K=K73; 

XI2= -0.21639S8; 

XI3= -1.0S74S99; 

XI4= -0.114S024; 

XIS= 0.02S0926; 

XI6= -0.0286883; 

XI7= -0.0112929; 

XIS= 0~12S4389; 

XI9= 1.1470S87; 

GAMMA1= -0.161S729; 

GAMMA2= 0.1164689; 

GAMMA3= 0.0030349; 

GAMMA4= 0.03877S6; 

GAMMAS= 0.286S672; 

U = (LC + XI2•LHW + XI3•LH + XI4•LC*LHW + XIS•LC•LH + XI6•LHW•LH 

+ (XI7/2)*LC•LC + (XI8/2)•LHW•LHW + (XI9/2)•LH•LH); 

UCO = (1 + XI4*LHW + XIS•LH + XI7•LC)/C; 

UH = (XI3 + XIS•LC + XI6•LHW + XI9*LH)/H; 

UT = (XI2 + XI4•LC + XI6•LH+XI8•LHW)/HNW; 

MPCH = (GAMMA1 + GAMMA3•LHW + GAMMA4•LCH)/CH; 

MPT = (GAMMA2 + GAMMAS•LHW + GAMMA3*LCH)/HNW; 

EUC = UCO * (C/U); 
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EUH = UH * (H/U); 

EUT = UT * (HNW/U) ; 

ECH =MPCH*.(CH/H) 

ET = MPT*(HNW/H); 

PROC MEANS ; VAR U UCO UH UT MPCH MPT EUC EUH EUT ECH ET WG k ch; 

DATA D; 

SET ALL; 

IF 69<= YEAR <75 THEN CEN = 1; ELSE CEN = 0; 

IF CEN = 1 THEN DELETE; 

IDL=(ID*100) + 75; 

SSBEN1=SSD75; 

AGE = AGE69 + 6; 

H='W75; 

HNW=HNW75; 

C=C75; 

CH=CH75; 

NOPHH=NOPHH75; 

LH=LH75; 

LHW=LH'W75 ; 

LC=LC75; 

LCH=LCH75; 

WG=WG75; 

K=K75; 

XI2=- -0.2163958; 

XI3= -1.0574599; 

XI4= -0.1145024; 

XIS= 0.0250926; 
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XI6= -0.0286883; 

XI7= -0.0112929; 

XIS= 0.1254389; 

XI9= 1.1470587; 

GAMMA1= -0.1615729; 

GAMMA2= 0.1164689; 

GAMMA3= 0.0030349; 

GAMMA4= 0.0387756; 

GAMMAS= 0.2865672; 

U = (LC + XI2*LHW + XI3•LH + XI4*LC*LHW + XIS•LC*LH + XI6*LHW*LH 

+ (XI7/2)*LC*LC + (XI8/2)*LHW*LHW + (XI9/2)•LH*LH); 

UCO = (1 + XI4*LHW + XIS*LH + XI7•LC)/C; 

UH = (XI3 + XIS*LC + XI6•LHW +_XI9•LH)/H; 

UT = (XI2 + XI4*LC + XI6*LH+XI8*LHW)/HNW; 

MPCH = (GAMMA1 + GAMMA3*LHW + GAMMA4*LCH)/CH; 

MPT = ( GAMMA2 + GAMMAS•LHW + GAMMA3*LCH) /HNW; 

EUC = UCO * (C/U); 

EUH = UH * (H/U); 

EUT = UT * (HNW/U); 

ECH =MPCH* ( CH/H) 

ET = MPT* (HNW/H) ; 

PROC MEANS ; VAR U UCO UH UT MPCH MPT EUC EUH EUT ECH ET WG k ch; 

DATA E; 

SET ALL; 

IF 69<= YEAR <77 THEN CEN = 1 ; ELSE CEN =0; 
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U = (LC + XI2•LHW + XI3•LH + XI4•LC•LHW + XIS•LC•LH + XI6•LHW•LH 

+ (XI7/2)*LC•LC + (XI8/2)•LHW•LHW + (XI9/2)*LH*LH); 

UCO = (1 + XI4*LHW + XIS•LH + XI7•LC)/C; 

UCO = (1 + XI4•LHW + XIS•LH + XI7•LC)/C; 

UH = (XI3 + XIS•LC + XI6•LHW + XI9•LH)/H; 

UT = (XI2 + XI4•LC + XI6•LH+XI8•LHW)/HNW; 

MPCH = (GAMMA1 + GAMMA3•LHW + GAMMA4•LCH)/CH; 

MPT = (GAMMA2 + GAMMAS•LHW + GAMMA3•LCH)/HNW; 

EUC = UCO * (C/U); 

EUH = UH * (H/U); 

EUT = UT * (HNW/U); 

ECH =MPCH•(CH/H) 

ET = MPT•(HNW/H); 

PROC MEANS ; V AR U UCO UH UT MPCH MPT EUC EUH EUT ECH ET WG k ch; 

DATA F; 

SET ALL; 

IF 69<= YEAR <79 THEN CEN = 1 ; ELSE CEN = 0; 

IF CEN = 1 THEN DELETE; 

IDL=(ID*100) + 79; 

SSBEN1=SSD79; 

AGE= AGE69 +10; 

H=W79; 

HNW=HNW79; 

C=C79; 

CH=CH79; 
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+ (B*K*((Gl + G3•LOG(L)+G4•LOG(K•CH))/ (K•CH)))* (A•((P3+P5•LOG(C1)+P6•LOG 

+P9•LOG(H1)/H1)) -((1-E)*(((P3+P5•LOG(Cl) +P6*LOG(Ll)+ P9*LOG(Hl))/Hl) 

-((PH•((l+P4*LOG(Ll)+P5•LOG(Hl) +P7•LOG(Cl))/Cl))/ 

(Kl•((Gl + G3•LOG(Ll)+G4*LOG(Kl*CH1)/(K1*CH1)))))))); 

eq.three = ((P2 + P4*LOG(C) + P6•LOG(H) + P8•LOG(L))/L} + ((P3+P5•LOG(C) 

+P6•LOG(L)+P9•LOG(H))/H}*((G2 + G3*LOG(K•CH) + G5*LOG(L))/L) 

- W•(((l+ P4•LOG(L) +P5•LOG(H) + P7•LOG(C))/C)) -

S•((l+ P4•LOG(L) +P5•LOG(H) + P7•LOG(C))/Cl) 

- (((P3+P5•LOG(C)+P6*LOG(L)+ P9•LOG(H))/H) -

((PH•((l+P4•LOG(L)+P5•LOG(H)+P7•LOG(C))/C))/(K•((Gl+G3•LOG(L) 

+G4•LOG(K•CH))/K•CH)))*((G2+G3•LOG(K*CH)+G5•LOG(L))/L)); 

******SOLVE*******; 



EUC = UCO * (C/U); 

EUH = UH * (H/U); 

EUT = UT * (HNW /U) ; 

ECH =MPCH•(CH/H) ; 

ET = MPT• (HNW /H) ; 
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PROC MEANS ; V AR U UCO UH UT MPCH MPT EUC EUH EUT ECH ET WG k ch; 

run; 



.3 Solution of the Model 

libname rhslib 1 /vet1/elleread/rhs 1 ; 

title1 1 Cohort 58, 1969-1979, After the reforms 1 ; 

proc model data=rhslib.con58; 

exogenous S H W PH D K C1 CH1 L1 PH1 K1 H1; 

ENDOGENOUS C CH L; 

parameters A=.099 B=.095 E=.31 

p2 = -0.2163958 p3 = -1.0574599 

p4 = -0.1145024 p5 = 0.0250926 

p6 = -0.0286883 p7 = -0.0112929 p8 = 0.1254389 

p9 = 1.1470587 g1 = -0.1615729 g2 = 0.1164689 

g3 = 0.0030349 g4 = 0.0387756 g5 = 0.2865672; 

**********THE FOC***************; 
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eq.one=((1 + P4*Log(L) + PS*LOG(H) + P7*LOG(C))/C) - ((B*D + P4*LOG(L1) + 

P5*LOG(H1)+ P7*LOG(C1))/C1); 

eq.two = ((P3 + PS*LOG(C) + P6*LOG(L) + P9*LOG(H))/H)*K*((G1 +GS*LOG(L) 

+ G4*LOG(K*CH)/K*CH)) - PH*((1 + P4*LOG(L) + PS*LOG(H) +P7*LOG(C))/C) 



solve C L CH I out=equilib stats theil 

maxiter=1500 CONVERGE•SE-2 solveprint; 

run; 
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