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ABSTRACT

This paper investigates how HIV/AIDS has impacted the labor market in South Africa, focusing on its
effect on wages and employment. This is done by matching individual level data with group specific
cumulative AIDS mortality rates. Exploiting the panel nature of the data, I remove individuals whose
productivity is most likely impacted by HIV/AIDS, and find evidence that cumulative AIDS mortality has
led to reductions in wages of between three and six percent for the African population group (Black South
Africans). Furthermore, I also find evidence that the epidemic has lowered employment in South Africa.
This result is concentrated among those with the lowest levels of education and employment. Although
not large in magnitude, these effects are widespread across a significant portion of the population,
contributing to substantial loss of income throughout the South African economy.
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I. Introduction

In 2009, there were an estimated 33 million people living with HIV/AIDS, and two million
people succumbed to the disease. Two-thirds of all HIV-positive individuals and three-fourths of all
AIDS-related deaths are in sub-Saharan Africa. A unique characteristic of this epidemic is that over 90
percent of HIV-positive individuals are adults (Joint United Nations Programme on HIV/AIDS and World
Health Organization, 2010). The substantial loss of adults has the potential for devastating consequences
on the wellbeing of survivors. In 2009, there were over 16 million orphaned children living in sub-
Saharan Africa due to the epidemic (Joint United Nations Programme on HIV/AIDS and World Health
Organization, 2010).

The loss of so many prime-age workers is also thought to impact the aggregate economy as well.
Theoretical work using over-lapping generations models predict that HIV/AIDS will adversely impact
human capital formation leading to a reduction in long term economic growth (Bell et al., 2006; Corrigan
et al., 2005). Using country-level panel data from Africa and exploiting the time-series and cross-
sectional variation in the intensity of the disease, Fortson (2011) found that cohorts with high AIDS
exposure rates complete fewer years of education. The HIV/AIDS epidemic should have an even greater
impact on education in the future as millions of orphaned children are less likely to attend school (Evans
and Miguel, 2007; Case and Ardington, 2006) and will complete fewer years of education (Case and
Ardington, 2000).

The long term consequence of reduced human capital accumulation is slower economic growth
and the evidence suggests the impact of AIDS is already being felt. Surveying the literature between 1992
and 2001 Dixon et al. (2002) determined that HIV/AIDS had already led to reductions in African growth
rates of between two and four percent annually. Recent work by McDonald and Roberts (2006) conclude
that “poor economic performance of [the African] economies over the past 10 to 20 years can be
attributable to the HIV epidemic.” Lorentzen et al. (2008) came to a similar conclusion, although not

specifically examining HIV/AIDS, they note that “adult mortality explains almost all of Africa’s growth



tragedy.” However, after surveying the literature, Haacker (2010) concludes the impact of HIV/AIDS on
growth appears to be small and lower than what is predicted by the work relating health and growth.

In contrast to the negative relationship between HIV/AIDS and growth found in much of the
literature, a provocative article by Young (2005) finds some potential for enhanced economic growth
from the AIDS epidemic. Drawing analogies to work on the wage consequences of the Black Plague,
Young argued that the HIV/AIDS epidemic in sub-Saharan Africa will reduce cohort sizes due to
increased mortality and reduced fertility, which will lead to increased wages and an increase in long run
consumption for the surviving individuals. Acemoglu and Johnson (2007) also find that life expectancy
and per capita income move in opposite directions; however, they acknowledge their results are driven by
diseases that often target the youngest and most vulnerable in the population. They state that, “HIV/AIDS
affects individuals at the peak of their labor productivity and could have a larger negative effect on
economic growth.”

This paper uses individual level data from South Africa to examine the effect that HIV/AIDS has
had on the labor market as a whole, not only for HIV-positive individuals. Recent work by Levinsohn et
al. (2009) finds evidence of considerable reductions in employment for HIV-positive individuals in South
Africa. This work will expand on those conclusions by investigating the effect of the HIV/AIDS epidemic
on both wages and employment for all adults in South Africa affected by the epidemic, not just those who
are HIV-positive. Understanding the effect that HIV/AIDS has had on wages and employment is essential
to being able to properly model and understand how the epidemic is affecting these essential variables.
Theoretical predictions for the effect of HIV/AIDS on both wages and employment are ambiguous.
Reduced life-expectancy due to the epidemic will lead to a reduction in human capital investment within
the workforce by both individuals and firms alike. Alternatively, reduced availability of labor, due to
increased mortality, may lead to an increase in the capital labor ratio and increase marginal labor
productivity, applying upward pressure on wages. For employment, a reduction in total output due to the
epidemic, as documented by the literature (Haacker, 2010), leads to decreased need for labor. This effect
is counterbalanced by the fact that the reduced labor supply inherently increased the likelihood of
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employment for the surviving individuals. In addition to these considerations, firms may be statistically
discriminating against workers in high mortality groups. This would lead to lower levels of hiring and
possibly reduced investment, and lower wages, for individuals who may not be directly affected by the
epidemic, but who share demographic characteristics with high mortality segments of the population.
Characteristics of the HIV/AIDS epidemic, such as those mentioned here, lead to ambiguous predictions
on the direction of the epidemic’s impact. This ambiguity necessitates an empirical study of the
relationship between HIV/AIDS and these key labor market outcomes.

Since the first official case was reported in 1982, prevalence rates for prime-age adults in South
Africa have risen to an estimated 17.8 percent in 2009, one of the highest rates of infection in the world.
Since at least 2001, no other country witnessed more AIDS-caused deaths than South Africa (Joint United
Nations Programme on HIV/AIDS and World Health Organization, 2008 and 2010). In most societies,
log mortality rates are linear in age, a result known as the Gompertz Law of Mortality. In contrast, the
effects of AIDS-caused mortality in South Africa are so dramatic that the annual mortality rate of adult
females younger than 60 peaks between the ages of 30-34. Not coincidently, the reported AIDS-caused
mortality among females peaks in the same 30-34 year-old age bracket. The male AIDS mortality rate
finds its highest point within the 30-44 year-old age range, a group for which the overall mortality rate
doubled from 1997-2004 (Statistics South Africa, 2006).

Data for this project come from two different sources. Earnings and labor market data are
obtained from South Africa’s semi-annual Labor Force Survey (LFS) for the 2001 to 2007 period. The
primary analysis examines whether a rise in within-group mortality rates alters wages and other labor
market outcomes. Although death registration data from South Africa is publicly available, deaths caused
by HIV/AIDS are often mistakenly attributed to alternative causes (Groenewald et al., 2005; Statistics
South Africa, 2006; Birnbaum et al., 2011). I therefore employ estimates of AIDS-caused mortality from
the Actuarial Society of South Africa’s (ASSA) 2008 AIDS and Demographic Model. Section II
demonstrates that this mathematical model successfully matches available HIV prevalence data and
aggregate adult mortality rates. The ASSA2008 model is able to generate a cumulative mortality rate for
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each demographic group for all years of LFS data being utilized in this research, 2001 to 2007. These
cumulative AIDS mortality rates are based off migration adjusted, pre-epidemic, 1985 population data
from the ASSA2008 model. In all, the model is able to generate nearly 2,500 annual group-specific
mortality rates. By 2007, the model estimates ten percent of the adult cohorts’ original 1985 population
(ages 26-61 in 2007) had succumbed to the effects of AIDS. For the African population group that figure
is 20 percent. The sample also takes advantage of the longitudinal nature of the LFS data and the specifics
of how quickly HIV infection transforms into AIDS to construct a sample of workers who are most likely
affected by declines in cohort size but not afflicted by the virus at the time of the survey.

To estimate the effect of cumulative AIDS mortality on wages and employment, I match each
individual observation from the LFS to the appropriate cuamulative AIDS mortality rate, based on gender,
province, birth cohort, and population group. Wages are reported in both exact amounts and within fixed
categories. I construct a maximum likelihood estimation (MLE) model to measure the effect of AIDS
mortality, exploiting data from both types of wage reports. To measure the effect on employment, I utilize
a simple probit model to investigate if AIDS mortality affects the likelihood that an individual is
employed. Both models include a detailed set of controls for age, province, time of survey, education, and
various family characteristics.

Contrary to the predictions of Young (2005), this study finds no evidence that declining cohort
size, caused by AIDS mortality, has increased wages in the South African economy. Furthermore, I find
evidence that the HIV/AIDS epidemic has negatively affected both employment opportunities and wages
of those from high mortality cohorts. This result is most consistent for the African population group,
impacting both men and women. The baseline model estimates that cumulative AIDS mortality has led to
a reduction in wages just over three percent for African males, and nearly six percent for African females.
Alternative point estimates suggest the effect could be even greater. Although this study is not able to
directly address the mechanism through which this is occurring, reduced lifespan due to the widespread
effect of the epidemic could lead to both firms and individuals investing less in their productivity, leading
to falling wages. Additionally, over this time period, some firms operating in South Africa (e.g.
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DaimlerChrysler, Volkswagen, and Anglo American Mining) have taken the initiative to provide their
work force with antiretroviral (ARV) treatment.' Habyarimana et al. (2010) find that the benefits of
treatment for a typical manufacturing firm accounts for 8 to 22 percent of the cost of treatment. It is
possible that some portion of the remaining cost is passed onto the workers in the form of lower wages.

This paper also finds evidence of reduced employment for African males and females due to
cumulative AIDS mortality. I find that cumulative AIDS mortality has reduced employment for these two
groups by 1.5 to 3.5 percentage points. This reduction in employment is driven by the negative
relationship between cumulative AIDS mortality and employment for those with less than a secondary
school diploma. For about 90 percent of these groups, the highest level of education is less than a diploma.
For men and women in both the African and Coloured population groups, there is evidence that education
levels with high employment rates, generally those with diplomas or college degrees may actually have
higher employment rates due to cumulative AIDS mortality. This may be the result of firms’ desire to hire
individuals with low HIV/AIDS risk when filling vacancies. Employment levels for low educated
Africans range from 36 to 58 percent. That means that firms have a large population from which to select
their hires for low skilled work, and possibly the ability to hire low risk individuals. Employment rates for
African and Coloured individuals who have earned at least a diploma are between 70 and 89 percent, and
these individuals make up less than ten percent of the sample. As the labor supply is reduced due to the
high levels of mortality, firms do not have the flexibility to discriminate against high risk workers. This
could lead to increased employment opportunities for all highly educated individuals regardless of their
HIV/AIDS risk.

The paper proceeds as follows. Section II describes the data and provides validation of the
ASSA2008 model’s accuracy in predicting various outcomes. Section III outlines the labor market

divisions that exist in South Africa, also included in the section are means of relevant variables. Section

! http://www.gtz.de/en/themen/uebergreifende-themen/hiv-aids-bekaempfung/3283.htm. GTZ, works with firms to implement
public private partnerships for ARV treatment programs.
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IV presents the empirical model used to estimate the effect of AIDS mortality on wages and employment.

The results are presented in section V, and section VI concludes.

II. Data
a. Wage and Mortality Data

This study uses individual-level data from Statistic South Africa’s (SSA) September 2001 to
September 2007 semiannual Labor Force Survey (LFS). During the sample period, the LFS was
conducted every March and September.” Each survey contains data for about 100,000 individuals from
roughly 30,000 households. The LFS collects demographic information including age, gender, population
group, province of residence, and highest level of educational attainment, among other characteristics.
The survey also collects detailed information regarding employment status, hours worked, earnings, and
occupation.

The survey is a rotating panel replacing roughly one-fifth of the households each period, but the
LFS was not designed to follow respondents across waves. The LFS provides household identifiers and
roster numbers which can be combined to create unique individual IDs within each round of the survey.
However, over half of all observations have an individual ID whose population group or gender variables
are not consistent across all observations, making it difficult to link individuals across surveys. In practice,
each observation can be treated as an individual observation within the sample and the lack of consistency
in the individual ID will not pose a problem. Nonetheless, exploiting the panel nature of the dataset is
necessary to ensure that the results are not affected by a negative health bias. Therefore, in order to

properly identify individuals across survey rounds, I create a new set of unique individual IDs that are

2 Data from the LFS closely match important characteristics from the 2007 South African Community Survey (SACS), which
includes over one million observations. Data from SACS was obtained through IPUMS International. The sample means from
the LFS and SACS for working adults aged 27 to 61, in 2007, for some key variables are: the mean level of education for the
African population group in the SACS is 7.9 years of school, in the LFS it is 8.22, the difference in means is smaller for the other
population groups. For the Coloured population group, the employment rate is 62.12 percent in the LFS, and 60.09 percent in the
SACS, the difference in the employment rate across the two surveys is smaller for the Indian and White population groups.
Employment is further apart for Africans, 55 percent in the LFS and 48.79 percent in the SACS, but when the sample is restricted
to observations used in this paper the employment rate in the LFS is 51.2 percent. The fraction of the population made up of each
population group is within one percent, for all four population groups, between the two surveys.

3 Population group contains self reported information on whether the individual is African (Black), Coloured, Indian, or White.
Coloured is an artificial group constructed by the Apartheid Era’s 1950 Population Registraion Act.



assigned by matching characteristics across observations and survey rounds within each household.
Relative to unmatched observations, individuals that I am able to match across survey rounds were born a
year earlier, are six percentage points more likely to be female, have completed about eight-tenths of a
year more schooling, are more likely to be married, and earn higher hourly wages.

For this work, only adults whose birth year is between 1946 and 1980 will be included in the
sample. This restriction is made to focus on individuals who are most likely to actively participate in the
labor market and identify groups most likely impacted by AIDS mortality. The LFS reports income from
an individual’s main occupation at the weekly, monthly, and annual levels. Respondents can either report
their exact income or they can choose to report their income in one of 13 brackets. The monthly and
annual income observations are converted to weekly values and divided by the number of reported hours
worked in the last week to generate an hourly wage rate. The wage for individuals who reported their
incomes categorically is a range between the lower and upper bounds of their income bracket, each
divided by the number of hours worked in the last week. Real wages are constructed by adjusting wages
using monthly Consumer Price Indices (SSA 2008); all values are reported in September 2007 Rand.*

The goal of the paper is to examine how rising mortality rates generated by the AIDS epidemic in
South Africa have impacted the labor market. The key to this exercise is constructing accurate measure of
AIDS-caused mortality for the South African workforce. Unfortunately, South Africa’s death registration
data does not successfully record all deaths due to HIV/AIDS. HIV/AIDS weakens the host’s immune
system and the actual cause of death is often registered to other viruses or infections. An adult mortality
report from SSA (2006) acknowledges that, “the age specific death rates we obtain in this [HIV/AIDS]
section are too low,” and Birnbaum et al. (2011) found that more than 90 percent of AIDS deaths were
misclassified between 1996 and 2006. Due to this underreporting of AIDS mortality, it is necessary to use
an estimate of AIDS-caused mortality from a demographic model. Subsequently, AIDS mortality

estimates from the ASSA2008 AIDS and Demographic Model are used. The model, which was released

4 Observations with wages that are outliers are restricted from the sample by removing outliers in the hours worked and income
variables. Subsistence farmers, individuals who report income from begging, and self employed are not included in calculating
the means of wages or wage regressions, but are included in all other calculations.



in March 2011, creates estimates of year-to-year mortality and HIV prevalence, as well as other outputs.
The model is calibrated using data available through 2007, and includes updated assumptions on the
impact of ARV treatment in South Africa.’

The model’s output can be separated by age, population group, gender, province, and cause
(AIDS or non-AIDS). From the model’s estimates, a cumulative mortality rate is calculated for groups
identified by a unique birth year, province, population group, and gender combination. A unique
cumulative mortality rate is calculated for each group as a moving average around the group’s birth year

using the following equation:

A-1 A-1
2 : 2 .
1 Y oes DEATHSP™t ¥ . .. DEATHS? Y oge DEATHSPH
AIDS Mortalityf = ~ Z L +z L R )
A i=1 P0P1985 P0P1985 i=1 P0P1985

AIDS Mortality is the group specific cumulative mortality rate, ranging from O to 1. The number of birth
years included in the moving average is represented by the variable A. The results in Section V use a
seven year moving average (A=7), three years on either side of the group’s birth year, b. Results using
alternative moving averages are presented in the appendix. The year of the cumulative mortality rate is
denoted, Y. DEATHS are the number of AIDS-caused deaths in each year, 1985 to Y; the cumulative
mortality rate is calculated using the group’s 1985 pre-epidemic population.¢ This is done for each group
and then matched to the appropriate observations from the LFS data. This yields over 2,500 different

mortality estimates for each year, using the 1946-1980 birth cohorts.

b. Quality of the Mortality Data
Although there is no complete estimate of AIDS mortality at the level of aggregation needed for
this paper, it is possible to compare the ASSA2008 model’s predictions regarding HIV prevalence and

overall adult mortality with estimates from other sources. I will compare HIV prevalence estimates from

3> More specific information regarding the ASSA2008 model can be found in the ASSA2008 AIDS and Demographic Models
User Guide.
6 The 1985 population is adjusted for annual migration using group level estimates from the ASSA2008 model.



the model to measurements from the 2005 South African National HIV Prevalence, HIV Incidence,
Behaviour and Communication Survey (HSRC, 2005). This is a nationally representative survey that
measures HIV prevalence by actually testing willing respondents. It is important to note that 30 percent of
respondents who agreed to be interviewed for the survey refused HIV testing. This may bias the HIV
prevalence reported in the survey, although the direction of the bias is not known. HIV prevalence rates
taken from antenatal clinics are often higher than the rates found in the national survey. All results
reported from the survey are weighted to correct for over sampling and non-response for HIV-testing
(HSRC, 2005). In Figures la and 1b the predicted HIV prevalence rates from the ASSA2008 model are
compared with those from the 2005 South African National HIV Prevalence, HIV Incidence, Behaviour
and Communication Survey (HSRC, 2005) for males and females, respectively, broken into five-year age
groups. Further comparisons of HIV prevalence, across population groups and provinces are shown in
Figures 1c and 1d. In general, the model does a good job matching the survey for young males and
females, but tends to overestimate the prevalence for older men and underestimate the prevalence of older
women. The model also successfully matches HIV infection rates across population groups, and other
than Western Cape, the model matches prevalence rates well across the other eight provinces.

The estimates from the ASSA2008 model also successfully replicate the rates of overall mortality
from SSA’s death registration data from the years 1997, and 2007.” The data are first available for 1997,
and the period of this study runs through 2007. It is important that the model successfully estimates early
years of mortality because the variable of interest for this study is the cumulative mortality rate dating
back to 1985, before the onset of HIV/AIDS. The mortality rates calculated from registered deaths are
shown in Figures 2a and 2b, separately for males and females, and compared to the model’s predictions.
As seen in Figure 2, male mortality rates are higher than those for females. The model underestimates
2007 mortality for older females, but overall the model successfully matches the mortality rate patterns in

both 1997 and 2007.

7 Within the model itself, comparisons of mortality data and the model’s estimates are shown for the years between 1997 and
2007. The model does well throughout this time period.
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The model seems to better match available data for younger cohorts. There is some degree of
error for the model’s estimates of HIV prevalence rates for older cohorts of both men and women, and
mortality rates for older women. In section V(b), I will investigate how this may be affecting the
estimated effect of cumulative AIDS mortality on wages by focusing only on the age groups for which the

model best performs.

II1. Labor Market Characteristics and Description of Sample
a. Labor Market Divisions

In South Africa, as one might expect, educational resources and outcomes differ by race (Case
and Deaton, 1999). A lower level of non-white schooling has led to vastly different labor market
outcomes. Kingdon and Knight (2004) showed that Africans are 33.7 percent more likely to be
unemployed than whites, a gap that cannot be fully explained by differences in observable characteristics.
Kingdon and Knight (2004) also found that Coloured individuals are 16.1 percent, Indians 8.4 percent,
less likely to be employed than Whites. Leibbrandt and Woolard (2001) found that household income is
tightly linked to labor market access, further stressing the importance of the unexplained employment gap
seen in Kingdon and Knight (2004).

To better understand the labor market substitutability between the population groups, the
proportion of each population group working in a given occupational category is shown in Figures 3a and
3b, for males and females respectively. As illustrated in Figure 3, the distribution of White occupations,
for both males and females, differs from the non-white groups.® In contrast, African and Coloured groups’
occupations seem to have comparable distributions. However, the populations of the African and
Coloured groups are concentrated in different parts of the country. Eighty-two percent of the Coloured

population resides in the Cape provinces; only 22 percent of the African population lives in the same

8 The Indian population is about one-fourth of the size of the other two minority groups (Coloureds and Whites), and is mainly
concentrated in a single province. For these reasons, this population group is not included in the main analysis.
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three provinces. Furthermore, working in the same broad occupation category does not necessarily mean
the two population groups are labor market substitutes, or are even paid the same wage.

Using LFS data it is possible to determine whether or not individuals from different population
groups are earning similar wages. To compare wage rates, the natural log of wages is regressed on a
dummy for race as well as fixed effects for education level, province, age, marriage status, number of
children, and the time of the survey. The regression results reveal that the non-white groups earn
significantly lower wages than Whites. Furthermore, an F-test of the null assumption that the coefficients
are the same for the African and Coloured population groups can be rejected at the ninety-five percent
confidence level, for both males and females.

Even though each group is being paid different wage rates, it is possible that this could be due to
differing levels of education. This comparison can be made by including an interaction of population
group and education in the above regression. The null hypothesis that the coefficients of the interaction
terms for the African and Coloured groups are the same can again be rejected, at the ninety-five percent
confidence level for females and the ninety-nine percent confidence level for males. This is additional
evidence that the individuals participating in the labor force are not substitutable across population groups
and this paper will proceed using the assumption that Africans, Coloureds, and Whites are operating in

distinct labor markets.

b. South Africa 2001-2007: An Overview

Table 1 presents information for the wage variable used in this paper. Individuals reported wages
in exact amounts, and within one of 13 income brackets. Sample means for each of these categories are
reported in the top panel of Table 1. Categorically reported wages are presented using the mean value of
each individual’s income bracket. The two are then combined to generate the mean for the overall sample
in the bottom row of the top panel. Males consistently receive higher wages than females, across all
population groups, and wages for White workers are considerably higher than African and Coloured
wages. In the bottom panel of Table 1, I present the means of wages for the first (September 2001) and
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last (September 2007) round of the LFS used in this study. All groups see growth in wages over this time
period. The reported wages for both White males and females in the September 2007 round of the survey
are outliers from the trend established by the prior rounds of the survey.’

Reported in the top panel in Table 2 are 2007 population statistics and the sample means for key
non-wage variables. About 80 percent of South Africa’s 2007 population is African. The two largest
minority population groups are Coloured and White, each make up about 9 percent of the country’s
population. Statistics for the Indian population group, which is approximately one-fourth the size of the
other two minority populations and located mainly in KwaZulu-Natal province, are not reported. Changes
over the period of this sample are again presented in the bottom panel. As can be seen in Table 2,
employment and education are much higher for the White population group. Both African males and
females received less education and have lower employment rates than their Coloured and White
counterparts; however, the level of education is not greatly lagging behind the means for Coloured males
and females.'® Employment rates for African males and females, as well as Coloured females, are
exceedingly low. More than 40 percent of all of these groups are unemployed, just over 60 percent of
African females included in this sample are without work. From the bottom panel in Table 2, the data
show that employment increased for most groups over this time period, and the increase was greatest for
African men and women.

Despite the positive economic growth over this period, the estimated annual AIDS mortality rate
in South Africa more than doubled. The cumulative AIDS mortality rates from 1985-2001 and 1985-2007
are displayed in the bottom panel of Table 2. These mortality rates show that roughly 80 percent of all
AIDS mortality in South Africa between 1985 and 2007 occurred after 2001. Between 1985 and 2007, the
1946 to 1980 birth cohorts lost an estimated ten percent of their pre-HIV/AIDS population due to the

epidemic. The mean for this variable, for each population group and gender category, is shown at the top

9 Both White males and females did see small wage growth over this time period, but exact reports for White males and
categorical reports for White females in the last survey round fall far above the trend. These wage figures where generated by
larger weights given to the higher earning respondents in the last round of the survey. This pattern is consistent for respondents
not included in the sample. In the March 2007 round of the survey, the mean wage for White males included in the sample was
68 rand per hour; for White females the mean wage was 47 rand per hour.

10 Education data after the 12" grade is limited to diploma and degree acquisition, not years of schooling.
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of the table. Although HIV prevalence is greater for women in general, cumulative mortality rate for
African men is slightly higher than for African women. This is due to greater effectiveness of
interventions, such as HIV/AIDS awareness education, affecting the behavior of females within the model.
A further example of why this may be occurring is the slow take up of ARV treatment by African males;
as late as 2006, African men remained less likely to take up the life saving treatment.'!

In Figure 4a, I report the male cumulative AIDS mortality rates from 1985 to 2007 for each birth
cohort. The same information is reported for women in Figure 4b. In each graph, the average cumulative
AIDS mortality rate for each birth cohort is presented for three population groups: African, Coloured, and
White. The peak cumulative AIDS mortality rates are for African males born in 1964 and African females
born in 1968. These birth cohorts have lost 37 and 32 percent of their pre-HIV/AIDS population due to
AIDS mortality, respectively. The Coloured and White population groups had substantially lower AIDS
mortality rates, peaking at levels less than one-sixth of the African’s peak. The cumulative AIDS
mortality rates for both White males and females over this time period are below one-half of a percent. As
a result, the analysis in this paper will focus on the effect that AIDS mortality has had on the African and

Coloured population groups.

IV. Estimation Strategy

This paper investigates the effect of cumulative AIDS mortality on the labor market in South
Africa. I focus on the effect of AIDS mortality on both wages and employment from 2001 to 2007. To
investigate the impact of the cumulative AIDS mortality on these outcomes, I utilize data on synthetic
cohorts over time, using a within-group model. The empirical model will be estimated for four different
groups representing distinct labor markets: two population groups (African and Coloured) by gender.
First, I investigate the impact on wages. The dependant variable of interest is the natural log of hourly

wages defined as yi,,» where the subscripts identify individuals (i) from cohort (c) living in province (p)

1 http://www.plusnews.org/IndepthMain.aspx 2InDepthID=40&ReportID=70991. PlusNews is the global online HIV and AIDS
news service of the United Nations Integrated Regional Information Networks (IRIN).
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observed in time period (). The basic relationship between log wages and observed characteristics is
given by the equation:

Yiept = @ + AIDSMOTt et T+ Wicps + 0 + Ut + Eicpe- 2)
The covariate of interest is the cumulative AIDS mortality rate (defined as AIDSmort.,;) and this variable
ranges in value from O to 1. A coefficient on 7 of 0.1 would represent a one-tenth of a percent increase in

wages for each percentage point increase in cumulative AIDS mortality. Included in all estimates are

fixed effects for province and year, represented as Hp and g, respectively. The vector wig includes

characteristics about the individual, such as, indicator variables for marital status, the number of children
living in a household, the language spoken at home, month of the survey, and highest level of education
completed. To capture the time series pattern in wages for workers a third-order age polynomial is also
included. The results do not depend on the order of the polynomial. Finally, although there is variation
across workers in birth cohorts, birth year is a linear combination of age and year, only two of these three
variables can be included.

If hourly wages were reported for all workers, equation (2) could easily be estimated using
ordinary least squares (OLS). However, the incomes used to construct the measure of hourly wages are
not reported in exact amounts for all respondents. Respondents unwilling or unable to report incomes in
exact rand are then shown a series of categorical options used to define income. For respondents that
reported income categorically, I divide the range in incomes by the hours worked to generate a range in
hourly wages. Assuming the underlying log wages and the ranges in wages are generated by the same
equation, we can employ a maximum likelihood estimation strategy to estimate the components of the
wage equation.

For simplicity, let the i subscript represent data across individuals and let x;/ represent all the

covariates on the right hand side of equation (2) and re-write the equation as,

yi = x;8 +¢& where g ~N[0,02]. 3)
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Within the sample, there are two types of respondents: those who reported exact hourly wages (Di=1) and
those who reported income categorically (Di=0). For individuals that report income as a single number,
their hourly wage can be constructed and the PDF for ¢;, for individual i, is given by the equation,

fe =0 (2)= o (25) “@

where ¢(e) is the standard normal PDF. For individuals who categorically report their income, the

natural log of their wage is between an upper and lower bound, denoted as y}* and yil, respectively. The
probability that a wage is between these two values is given by the equation,
Pr(yl <yi<yt) =Prv <y¥) = Pr(yi < i), )

which, given the assumption that the errors are normally distributed, can be written as:

Vi — xi.B) _ o (3’1‘ - xiﬁ)_ (6)

Priyt <y, <y) = ( o o

Where ®(e) is the standard normal CDF. Combining data for these two groups of people, the parameters

for equation (2) can be estimated by a single log-likelihood function:

N — U _ L .
InL(Bly,X) = Zln Dl.(aiqs(}’lcr—xlﬁ))_l_(l_l)i) q)<yl leﬂ>_q)<yl xlﬁ> s

& e Ue

i=1
The model is estimated by a quasi-Newton search algorithm and the Hessian is estimated by a procedure
suggested by Berndt, Hall, Hall and Hausman (1974). To allow for within group correlation in
observations, a Huber-White type procedure for maximum likelihood outlined by Liang and Zeger (1986)
is used to calculate the covariance matrix. In this case, correlation is allowed within a specific
cohort/province cell, which is the dimension over which the covariate of interest varies. All program for
equation (7) are written in Matlab and available from the author on request.

For the second part of the study, I will use a probit model to estimate the effect of cumulative
AIDS mortality on employment. The same set of covariates that were used to estimate the log-likelihood

function will be used here. The outcome of interest is the variable EMP;.,;, which is an indicator variable
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that equals one if the individual is employed, and zero otherwise. The subscripts are defined as above and
the probit equation estimates the probability of employment which is defined as the equation:

Pr(EMP;cpr = 1) = ®[a + AIDSMort o0 + WicpeY + 0 + 1ie]- ()
Where @[] is the standard normal CDF and all variables are defined as above in equation (2). As with
the model outlined in equation (7), the model is estimated allowing for arbitrary correlation in observation
within a cohort/province cell and marginal effects from the probit model are reported for the covariate of

interest.

V. Results
a. The Effect of AIDS Mortality on Wages: Full Matched Sample

The estimated effect of cumulative AIDS mortality on wages, as estimated by equation (7), is
presented in Table 3; each value represents estimates from a separate model. All results presented in this
paper are estimated using an AIDS mortality rate constructed with a 7-year moving average. In Table 3,
standard errors are reported in parentheses, and calculated allowing for within-group correlation in
outcomes (e.g., clustered) with groups defined by birth cohort, province, gender, and population groups.
The results are robust to changing the size of the moving average, the variable A in equation (1).

The baseline estimates are displayed in Panel A of Table 3. The estimates in Panel A are
calculated with the sample of observations that are matched on observable characteristics across survey
rounds. This sample has two major assets, matching individuals across survey rounds increases the
likelihood that the sample is comprised of healthy individuals who remained well enough to be included
in the survey over multiple rounds. This sample is also comprised of observations whose data were
recorded accurately enough to be matched across survey rounds. Every individual included in Panel A
was active in the sample for at least two rounds. The drawback of this sample is that its characteristics
differ from individuals who are not matched across survey rounds. Matched individuals earn higher
wages, are slightly older, and have about eight-tenths of a year more schooling. There is no consistent

difference between the matched and unmatched individuals in terms of employment rates.
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The results in Panel A of Table 3 demonstrate there is no positive impact of AIDS mortality on
wages, and suggest that the epidemic has actually led to lower wages for laborers in South Africa.
Estimates for African males and females, as well as Coloured males, are statistically significant and
negative. Evaluated at the sample mean, the estimate for African males suggests the cumulative AIDS
mortality has led to a 3.09 percent reduction in wages. The same analysis suggests a reduction in wages of
5.89 percent for African females and 4.47 percent for Coloured males. The point estimate for Coloured
females is statistically insignificant and small in magnitude.

Although the sample used in Panel A is comprised only of individuals who are observed across
multiple waves, there may continue to be downward pressure on wages from the inclusion of workers
whose productivity is reduced due to illness. Thirumurthy et al. (2008) and Habyarimana et al. (2010)
both found evidence of a rapid reduction in worker productivity as health deteriorates due to HIV/AIDS.
Focusing on data from Bostwana, Habyariamana et al. (2010) found that worker absenteeism increases in
the final months before receiving ARV treatment. Data from Western Kenya in Thirumurthy et al. (2008)
showed there is a rapid decrease in hours worked and labor force participation during the eight weeks
immediately prior to receiving ARV treatment. The ARV treatment in clinics examined by Thirmurthy et
al. (2008) is administered when patients are clinically considered to have developed AIDS. However, an
individual lives in the asymptomatic stage of HIV for an average of ten years.'> The evidence presented
by both of these studies suggests that an individual’s ability to actively participate in the labor market
does not slowly decline, but rather, rapidly deteriorates.

Unfortunately, most waves of the LFS do not include information on worker health. As an
alternative strategy, the characteristics of the HIV/AIDS virus and the panel design of the data are
exploited to remove potentially weakened workers. Specifically, whether or not an individual remains in
the dataset for multiple periods can be observed using the previously explained technique to match
individuals across surveys. Using the information from Thirmurthy et al. (2008) and Habyariamana et al.

(2010), the assumption can be made that if a person was participating in the labor force and is located in

12 http://www.avert.org/stages-hiv-aids.htm
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the dataset again at least six months in the future (i.e. the next survey round) they were healthy in the
previous observation(s). While this is far from a perfect way to control for the health of the work force, it
will likely reduce the sample to a fundamentally healthier group.

To remove potentially contaminated observations, I include only the first observation of
individuals who are observed up to two and a half years later. Although well over half of the observations
are lost, this technique guarantees that every respondent was alive at least six months after the interview
was conducted. The estimation is then redone using this subsample and the results are reported in Panel B
of Table 3.

If the results in Panel B are consistently more positive than the baseline results in Panel A, once
potentially ill individuals have been removed, then this would indicate the results in Panel A are possibly
contaminated by including workers whose productivity has been reduced due to AIDS. However, we see
that the results presented in Panel B are not systematically higher than the baseline results in Panel A. In
fact, the results are very similar to those from the baseline estimates and slightly more negative. This is
suggestive that bias from the health of the worker should not be a concern in the baseline model.

A second potential concern is that the results may be biased due to the selection of the matched
sample. There are two main concerns with the unmatched sample. First, I may not be able to follow the
unmatched observations across survey waves due to data recording errors. For many observations within
a single household, key demographic characteristics (e.g. age, gender, population group, etc.) do not
match across survey waves. It is not possible to separate which instances are caused by poor data
recording and which observations are new to the sample. For this reason, unmatched observations have
been removed from the main sample. Second, unmatched individuals could be leaving the sample, which
would make them inherently different from the individuals that I am able to match across survey waves.
To allay the first concern to the greatest degree possible, I assume that the first time an enumerator
interviews the household all the information recorded is likely to be correct, and in following rounds of
the survey the likelihood that an individual’s characteristics may be misreported increases. With this
assumption, I re-estimate the model including only the first time an unmatched observation’s household
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was interviewed. These estimates are reported in Panel C of Table 3. The estimates for Coloured males
and females differ from the top two panels, but continue to show no evidence of AIDS mortality leading
to increased wages. More importantly, the estimates for African men and women are similar to the results
in the top two panels and statistically significant. This suggests the results for the African population
group found in Panel A are not a construct of the matched sample, and thus providing additional evidence

of a negative relationship between AIDS mortality and wages in South Africa.

b. The Effect of AIDS Mortality on Wages: Removing Older Cohorts

As Figures land 2 demonstrate, the ASSA2008 model does a good job matching overall HIV
prevalence rates and adult mortality. However, for older individuals the model has a much higher degree
of error. Estimates of HIV prevalence for both men and women over 45 years-old are at least 23 percent
different than the 2005 National Survey. The same pattern is true with the ASSA2008 model’s estimates
in relation to death registration data for women of the same age group. It is not possible to verify whether
the model is wrong, because both the national survey and the death registration data have their drawbacks,
but there is a noticeable change in the ASSA2008’s estimations relative to the available data for both men
and women over 45 years-old.

To investigate whether data for these older cohorts alters the basic estimates, I rerun the log-
likelihood model using only cohorts born after 1960. These estimates are presented in Table 4 and the
structure of the table follows the same pattern of estimates presented in Table 3. These results again show
evidence that cumulative AIDS mortality has led to lower wages in South Africa.

Results for the entire matched sample of post-1960 cohorts are presented in Panel A. The point
estimate for Coloured females is positive but statistically insignificant. The point estimate for Coloured
males remains negative and similar to the point estimate in Table 3, but is not statistically significant. The
estimates for African males and females are larger than those from the full matched sample, and are again

negative and statistically significant. The estimates evaluated at the sample mean suggest that camulative
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AIDS mortality has reduced wages of African males by 11.3 percent, and African females have seen
cumulative AIDS mortality reduce their wages by ten percent.

The results in Panel B again check for a negative health bias. When restricting the sample to the
individual’s first observation, the estimates show no signs of a negative health bias. Panel C again shows
estimates for unmatched observations using only observations from the first time an individual’s
household is included in the sample. The estimates in Panel C of Table 4 produce similar results to those
from the previous table. Estimates for Coloured males and females again differ from the results in the top
two panels. Neither coefficient provides evidence of a statistically significant or qualitatively important
positive relationship between cumulative AIDS mortality and wages. The coefficients for the unmatched
African males and females are again similar to the estimates from Panel A and Panel B and remain
statistically significant and negative. Restricting the model to the ages for which it best performs yields
increasingly robust evidence that cumulative AIDS mortality has led to reduced wages for African men

and women in South Africa.

c. The Effect of AIDS Mortality on Wages: By Education Level

To further investigate the effect of cumulative AIDS mortality on wages, I examine the effect
across different levels of education. To do this I create indicator variables for five education levels and
add AIDS mortality/education level interactions to the model. I use information from UNESCO’s 1961
International Yearbook of Education and 1981 Statistical Yearbook to construct the education groups.
Education level one refers to the completion of primary school. Level two refers to students who entered
secondary school and completed mandatory schooling which was nine years of education for those living
in areas with compulsory schooling laws. The third level of education refers to students who completed
more than the mandatory time in school, but failed to earn a diploma or certificate. As seen in the top
panel of Table 5, over 90 percent of the sample fits into one of these three categories, this is true for every

population group, gender category. Education level 4 is comprised of those who earned a diploma or
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certificate; this group makes up about seven percent of the sample. The fifth education level includes
individuals with a college degree, about two percent of the sample.

With the inclusion of the education and AIDS mortality interactions described above, I again use
equation (7), the log-likelihood function, to estimate the effect of AIDS mortality on wages. The results
are presented in Table 6. For African males and females, and Coloured males, the results are statically
significant and negative for the third education level, and negative and statistically significant across
multiple education levels. The effect of AIDS mortality for Coloured females is negative and statistically
significant for the second education level, but not statistically significant for the other education levels."

When the sample is restricted to only observations born after 1960, not shown, the results for
African males and females become increasingly negative. In this sample, estimates on the AIDS mortality
interactions are negative and statistically significant for all five education levels for African men and
women. The results for Coloured males are similar to those shown in Table 6, but the interaction term for
the third education level is no longer significant, while the result for second education level is negative
and statistically significant. For Coloured females there remains no effect across most education levels,
the only statistically significant interaction is a positive effect for diploma earners.

Across both sets of estimates, using the full matched sample and the sample restricted to younger
birth cohorts, there is a consistent negative relationship between AIDS mortality and wages. Of the 40
point estimates produced by the two sets of regressions most show a negative relationship between AIDS
mortality and education, and there is evidence of this effect across all levels of schooling. The results are

strongest for African males and females.

d. The Effect of AIDS Mortality on Employment
The previously discussed regressions show evidence that cumulative AIDS mortality is having a

negative impact on wages in South Africa. Another fundamental way that the HIV/AIDS epidemic may

13 Using a likelihood ratio test, the null hypothesis that the five AIDS mortality, education group interactions are equal to zero
can be rejected for all four columns.
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be affecting the labor market is by impacting individual’s ability to find employment. To investigate the
effect of AIDS mortality on employment, I construct a dichotomous variable and set the variable equal to
one if the individual reports being employed, and zero otherwise. I then estimate the probit model
represented by equation (8), while controlling for the same set of covariates used in the previous estimates.
In addition, the LFS asks the unemployed respondents for the reason they are not working, to ensure the
employment estimates are not the result of individuals unable to work I also remove observations which
report not working due to “illness, invalid, disabled, or being unable to work.” The standard errors
reported allow for within-group correlation in outcomes (e.g., clustered) with groups again defined by
birth cohort, province, gender, and population group. The marginal effect of the probit model is reported
in Table 7.

Panel A reports the results for all cohorts from the matched sample. The estimate for African
males suggests a reduction in employment due to AIDS mortality, and is significant at the ninety percent
confidence level. The estimates for the first observation of the matched sample are shown in Panel B, and
the estimates for the first household observation of the unmatched responses are shown in Panel C. The
results for both African males and females are negative and statistically significant in Panel B and Panel
C. The results for the sample restricted to cohorts born after 1960 are shown in Panel D. The result for
African males is no longer statistically significant at the ninety percent confidence level, but the point
estimate remains similar to that from Panel A. The estimate for African females is again negative and
statistically significant in Panel D.'* Evaluated at the sample mean, the statistically significant point
estimates for African men range from a reduction in employment of 1.52 to 3.44 percentage points, for
African females the range is from 1.96 to 3.11 percentage points. The estimates for the Coloured
population group are often statistically insignificant. However, the estimates for Coloured females more
closely resemble the estimates for the African males and females. The results in the following tables will

present a potential explanation for the negative impact that AIDS mortality is having on employment for

14 For the sample of cohorts born after 1960 the first observation estimates, both matched and unmatched, are statistically
significant for African males and females. The results for these alternate samples are available on request.
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African males, African females, and possibly Coloured females, and why the point estimates for Coloured
males tend to be positive.

As shown in the lower panel of Table 5, African males and females, as well as Coloured females,
have a similar pattern of employment. Individuals in the first three education groups, those without a
diploma, have extremely low rates of employment. African males in the three lowest education groups are
employed at a rate between 54 and 58 percent, African females at a rate of 36 or 37 percent. Only
between 40 and 44 percent of Coloured females who did not complete more than the required amount of
school are employed, and about six in ten of those who completed more than the compulsory level of
schooling without a diploma are employed. For all three of these groups employment dramatically jumps
for individuals who have obtained at least a diploma. The top two education levels have employment rates
above 70 percent across all columns in Table 5, some being as high as 89 percent. In contrast to the
pattern of employment experienced by the other groups, employment is high across all levels of education
for Coloured males, never falling below 68 percent.

To investigate the effect of cumulative AIDS mortality on employment for each level of
education I employ the same set of covariates used to estimate the effect on wages, and estimate a probit
model. I report the marginal probit results in Table 8. Across all four columns a pattern emerges when the
estimated effect is compared to the corresponding employment rate shown in Table 5. For most education
levels with employment around 60 percent or below, the effect of AIDS mortality on employment is
negative. However, the effect of AIDS mortality on employment, for most levels of education with
employment around 70 percent or above, is positive. This pattern is maintained for every statistically
significant coefficient, and holds for all but one point estimates with very low significance, education
level one for Coloured males.

Restricting the sample to the cohorts for which the model better matches the data, those born after
1960, only enhances this pattern. The results are shown in Table 9. For African males and females the
results are statistically significant for all five education categories. The effect for the first three education
categories is negative, and then becomes positive for the more educated and higher employed education
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levels. The pattern is similar for the statistically significant estimates in column (4), for Coloured females.
For Coloured males, the null hypothesis that all AIDS mortality interactions are equal to zero can no
longer be rejected.

The relationship between employment rates and cumulative AIDS mortality could yield substantial
insight to how the labor market in South Africa is responding to the HIV/AIDS epidemic. A vast majority
of the population fits into one of the lower three education groups, which also have elevated levels of
unemployment for all groups except Coloured males. As firms make hiring decisions, or are in a situation
where they must replace a worker affected by the epidemic, they may be consciously avoiding taking on
additional costs associated with individuals who are part of high AIDS mortality segments of the
population. In occupations that can be filled by low skilled individuals, the firms have an abundance of
excess labor to select from and may have the ability to select individuals with lower risk to fill their
vacancies. Firms with jobs requiring highly educated individuals likely do not have the same luxury.
These populations are rather small to begin with, and some education levels have employment as high as
89 percent. It is important to note that the level of employment itself seems to be the most important
factor. The lower education levels of Coloured males consist of a large population, but still exhibit a
positive effect of AIDS mortality on employment. For these highly employed groups there are only
relatively few unemployed individuals to fill vacant positions. As the labor supply dwindles due to
continued AIDS mortality, firms have fewer unemployed individuals to choose from, the likelihood that a

firm hires an individual from a high risk group only increases as the labor supply is further reduced.

VI. Conclusion

The paper provides a first look at the effect of the HIV/AIDS epidemic on the labor market of an
entire population, not only those afflicted with the disease. This paper uses nationally representative data
to examine the effect that AIDS-caused mortality has had on wages and employment in South Africa. To
identify the effect, data from South Africa’s Labor Force Survey are used to measure labor market

outcomes and matched with estimates from the ASSA2008 AIDS and Demographic Model. The study
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finds no evidence that reduced labor supply, due to increased AIDS mortality, has led to higher wages.
This finding is a sharp contrast to the predictions made by Young (2005). In fact, the evidence presented
in this paper suggests that wages have declined due to the epidemic.

Adding to the negative economic impact of reduced wages, cumulative AIDS mortality has also
led to reduced employment for both African genders. The reduction in employment is concentrated
among the lowest educated populations. Although the magnitude of the effect, reductions in wages of
three to six percent, and in employment of 1.5 to 3.5 percentage points, is not insurmountable for the
South African economy, it is clear that the effect of the epidemic expands beyond the HIV positive
population. Furthermore, the evidence presented in this paper suggests that the effect of HIV/AIDS on
wages and employment is decidedly unambiguous.

A quick back of the envelope calculation can be done using the effects estimated from the sample
mean in earlier sections of this paper. Based on 2007 population estimates from SSA, and using a middle
of the road two percentage point reduction in employment for African men and women, over 368,000
fewer people were employed in 2007 due to the epidemic. Assuming a 40 hour work week, and 50
working weeks per year, lost earnings for 2007 can be estimated. With reductions in wages of three
percent for African males, and six percent for African females, added to the lost wages of the 368,000
unemployed, lost household earnings in 2007 total roughly US$4.6 billion. This equates to about 1.7
percent of South African GDP in 2007.'5 Although the size of the effect is modest, the breadth of the

epidemic’s impact reverberates throughout South Africa.

15 Based on the September 1, 2007 exchange rate. Source: xe.com. GDP information is from the International Monetary Fund.

26



References

Actuarial Soceity of South Africa. 2011. ASSA2008 AIDS and Demographic Model. Cape Town, South
Africa: Actuarial Society of South Africa.

Acemoglu, Daron, and Simon Johnson. 2007. “Disease and Development: The Effect of Life Expectancy
on Economic Growth.” Journal of Political Economy, 115(6): 925-985.

Ainsworth, Martha, and Deon Filmer. 2006. “Inequalities in Children’s Schooling: AIDS, Orphanhood,
Poverty, and Gender.” World Development, 34(6): 1099-1128.

Bell, Clive, Shantanyanan Devarajan, and Hans Gersbach. 2006. “The Long-Run Economic Costs of
AIDS: A Model with an Application to South Africa.” World Bank Economic Review, 20(1): 55-
89.

Berndt, Ernst R., Bronwyn H. Hall, Robert E. Hall, and Jerry A. Hausman. 1974. “Estimation and
Inference in Nonlinear Structural Models.” Annals of Economic and Social Measurement, 3(4):
653-665.

Birnbaum, Jeanette Kurian, Christopher JL. Murray, and Rafael Lozano. 2011. “Exposing misclassified
HIV/AIDS deaths in South Africa.” Bulletin of the World Health Organization, 89: 278-285.

Bloom, David, and Ajay Mahal. 1997. “Does the AIDS epidemic Threaten Economic Growth?” Journal
of Econometrics, 77: 105-124.

Bhorat, Haroon. 2004. “Labour Market Challenges in the Post-Apartheid South Africa.” South African
Journal of Economics, 72(5): 940-977.

Casale, Daniela, Colette Muller, and Dorrit Posel. 2004. “Two Million Net New Jobs: A Reconsideration
of the Rise in Employment in South Africa, 1995-2003.” South African Journal of Economics,
72(5): 978-1002.

Case, Anne, and Angus Deaton. 1999. “School Inputs and Educational Outcomes in South Africa.”
Quarterly Journal of Economics, 114(3): 1047-1084.

Case, Anne, and Cally Ardington. 2006. “The Impact of Parental Death on School Outcomes:
Longitudinal Evidence from South Africa.” Demography, 43(3): 401-420.

Centre for Actuarial Reseach. 2006. “The Demographic Impact of HIV/AIDS in South Africa: National
and Provincial Indicators for 2006.” Cape Town, South Africa: Centre for Actuarial Reseach,

South African Medical Research Council and Actuarial Society of South Africa.

Cogneau, Denis, and Michael Grimm. 2008. “The Impact of AIDS Mortality on the Distribution of
Income in Cote d’Ivoire.” Journal of African Economies, 17(5): 688-728.

Corrigan, Paul, Gerhard Glomm, and Fabio Mendez. 2005. “AIDS Crisis and Growth.” Journal of
Development Economics, 77(1): 107-124.

Crankshaw, Owen. 1997. Race, Class, and the Changing Division of Labour Under Apartheid. New
York: Routledge.

27



Dixon, Simon, Scott McDonald, and Jennifer Roberts. 2002. “The Impact of HIV and AIDS on Africa’s
Economic Development.” British Medical Journal, 324: 232-234.

Evans, David K., and Edward Miguel. 2007. “Orphans and Schooling in Africa: A Longitudinal Analysis.”
Demography, 44(1): 35-57.

Fortson, Jane. 2009. “HIV/AIDS and Fertility.” American Economic Journal: Applied Economics, 1(3):
170-194.

Fortson, Jane. 2011. “Mortality Risk and Human Capital Investment: The Impact of HIV/AIDS in sub-
Saharan Africa.” Review of Economics and Statistics, 93(1): 1-15.

Foster, James, Joel Greer, and Erik Thorbecke. 1984. “A Class of Decomposable Poverty Measures.”
Econometrica, 52(3): 761-766.

Frijters, Paul. 1999. “Hiring on the Basis of Expected Producivity in a South African Clothing Firm.”
Oxford Economic Papers, 51(2): 345-354.

Groenewald, Pam, Nadine Nannan, David Bourne, Ria Laubscher, and Debbie Bradshaw. 2005.
“Identifying Deaths from AIDS in South Africa.” AIDS, 19(2): 193-201.

Haacker, Markus. 2010. “HIV/AIDS, Economic Growth, Inequality.” The Socioeconomic Dimensions of
HIV/AIDS in Africa: Challenges, Opportunities, and Misconceptions. Cornell University Press,
Ithica, NY: 12-41.

Habyarimana, James, Bekezela Mbakile, and Cristian Pop-Eleches. 2010. “The Impact of HIV/AIDS and
ARV Treatment on Worker Absenteeism: Implications for African Firms.” Journal of Human
Resources, 45(4): 809-839.

Hargreaves, James, and Judith Glynn. 2002. “Educational Attainment and HIV-1 Infection in Developing
Countries: A Systematic Review.” Tropical Medicine and International Health, 7(6): 489-498.

Human Sciences Research Council. 2005. “South African National HIV Prevalence, HIV Incidence,
Behaviour and Communication Survey.” Cape Town, South Africa: Human Sciences Research
Council.

Juhn, Chinhui, Sebnem Kalemli-Ozcan, and Belgi Turan. 2008. “HIV and Fertility in Africa: First
Evidence from Population Based Surveys.” National Bureau of Economic Research Working
Paper 14248.

Joint United Nations Programme on HIV/AIDS and World Health Organization. 2008. “2008 Report on
the Global AIDS Epidemic: HIV and AIDS Estimates and Data, 2007 and 2001.” Geneva,
Switzerland: UNAIDS and WHO.

Joint United Nations Programme on HIV/AIDS and World Health Organization. 2010. “UNAIDS Report
on the Global AIDS Epidemic 2010.” Geneva, Switzerland: UNAIDS and WHO.

Kalemli-Ozcan, Sebnem and Belgi Turan. 2010. “HIV and Fertility Revisited.” Journal of Development
Economics, forthcoming.

28



Kingdon, Geeta, and John Knight. 2004. “Race and the Incidence of Unemployment in South Africa.”
Review of Development Economics, 8(2): 198-222.

Kingdon, Geeta, and John Knight. 2007. “Unemployment in South Africa, 1995-2003: Causes, Problems
and Policies.” Journal of African Economies, 16(5): 813-848.

Leibbrandt, Murray, and Ingrid Woolard. 2001. “The Labour Market and Household Income Inequality in

South Africa: Existing Evidence and New Panel Data.” Journal of International Development,
13(6): 671-689.

Leibbrandt, Murray, James Levinsohn, and Justin McCray. 2005. “Income in South Africa since the fall
of Apartheid.” National Bureau of Economic Research Working Paper 11384.

Leite, Phillippe, Terry McKinley, and Rafael Gurerreiro Osorio. 2006. “The Post-Apartheid Evolution
of Earnings Inequality in South Africa, 1995-2004.” International Poverty Centre Working Paper
32.

Levinsohn, James, Zoe McLaren, Olive Shisana, and Khangelani Zuma. 2009. “HIV Status and Labor
Market Participation in South Africa.” Working Paper.

Lewis, Jr., Stephen. 1990. The Economics of Apartheid. New York: Council on Foreign Relations.

Liang, Kung-Lee and Scott L. Zeger. 1986. “Longitudinal data analysis using generalized linear models.”
Biometrika, 73(1): 13-22.

Lipton, Merle. 1985. Capitalism and Apartheid: South Africa 1910-1984. Totowa, New Jersey: Rowman
& Allanheld Publishers.

Lorentzen, Peter, John McMillan, and Romain Wacziarg. 2008. “Death and Development.” Journal of
Economic Growth, 13(1): 81-124.

Lundahl, Mats. 1992. Apartheid in Theory and Practice: an Economic Analysis. Boulder Colorado:
Westview Press.

McDonald, Scott, and Jennifer Roberts. 2006. “AIDS and Economic Growth: A Human Capital
Approach.” Journal of Development Economics, 80: 228-250.

Posel, Dorrit and Daniela Casale. 2005. “Who replies in brackets and what are the implications for
earnings estimates? An analysis of earnings data from South Africa.” Economics Research South
Africa Working Paper No. 7.

Sen, Amartya. 1976. “An Ordinal Approach to Measurement.” Econometrica, 44(2): 219-231.

Statisitcs South Africa. 2006. “Adult mortality (age 15-64) based on death notification data in South
Africa: 1997-2004.” Report No. 03-09-05. Pretoria: Statistics South Africa.

Statistics South Africa. 2007. “Mid-year population estimates: 2007.” Pretoria, South Africa: Statistics
South Africa.

Statistics South Africa. 2008. “Income and Expenditure of Households 2005/2006: Analysis of Results.”
Pretoria, South Africa: Statistics South Africa.

29



Statistics South Africa. 2009. “Mortality and Causes of Death in South Aftrica, 2007: Findings from Death
Notification.” Pretoria, South Africa: Statistics South Africa.

Thirumurthy, Harsha, Joshua Graff Zivin, and Markus Goldstein. 2008. “The Economic Impact of AIDS
Treatment: Labor Supply in Western Kenya.” Journal of Human Resources, 43(3): 511-552.

United Nations Educational, Scientific, and Cultural Organization (UNESCO). 1961. International Year
Book of Education, 23:340-345.

United Nations Educational, Scientific, and Cultural Organization (UNESCO). 1981. Statistical Yearbook.

Vermaak, Claire. “The Impact of Multiple Imputation of Coarsened Data on Estimates on the Working
Poor in South Africa.” UNU-WIDER Working Paper No. 2010/86.

Weil, David. 2007. “Accounting for the Effect of Health on Economic Growth.” Quarterly Journal of
Economics, 122(3): 1265-1306.

Woolard, Ingrid, and Chris Woolard. Earnings Inequality in South Africa 1995-2003. Human Sciences
Research Council Employment, Growth and Development Initiative, Occasional Paper 1.

Yamaguchi, Futoshi, Thabani Buthelezi, and Myriam Velia. 2008. “Impacts of Prime-age Adult Mortality
on Labor Supply: Evidence from Adolescents and Women in South Aftrica.” Oxford Bulletin of
Economics and Statistics, 70(3): 375-398.

Young, Alwyn. 2005. “The Gift of the Dying: the Tragedy of AIDS and the Welfare of Future African
Generations.” Quarterly Journal of Economics, 120(2): 423-466.

Young, Alwyn. 2007. “In Sorrow to Bring Forth Children: Fertility Amidst the Plague of HIV.” Journal
of Economic Growth, 12(4): 283-327.

30



Figure 1a - Male 2005 HIV Prevalence Rates by 5-year age groups
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Figure 1b - Female 2005 HIV Prevalence Rates by 5-year age groups
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Figure 1c - 2005 HIV Prevalence Rates by Population Group
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Figure 1d - 2005 HIV Prevalence Rates by Province
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Figure 2 - Mortality rates (per 100,000) from ASSA2003 model and SSA death registration data, by
5-year age groups, in 1997 and 2004.
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Figure 4 - Cumulative AIDS mortality rate (1985-2007), by birth cohort, as a portion of the birth

cohort’s migration adjusted 1985 population, using 7 year moving averages
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Table 1 — Means of wage variable, by population group and gender

African Coloured White
a. Overall Sample Means Male Female Male Female Male Female
Only Exact Wage Reports
Wage (9.2007 Rand) 15.22 13.09 17.64 15.16 53.83 37.08
(0.148) (0.135) (0.300) (0.315) (1.506) (0.650)

Income Reported in Brackets — Using Midpoint of Brackets

Wage (9.2007 Rand) 31.34 30.33 35.71 28.23 73.80 53.78
(1.003) (0.958) (0.918) (0.755) (1.624) (5.354)

Combining all Wage Reports — Using Midpoint of Brackets

Wage (9.2007 Rand) 18.62 16.55 23.44 19.51 65.32 46.82
(0.255) (0.236) (0.381) (0.350) (1.124) (3.234)
African Coloured White
b. Change Throughout Sample Male Female Male Female Male Female

Combining all Wage Reports — Using Midpoint of Brackets

9.2001 Wage (9.2007 Rand) 16.49 14.30 21.05 17.08 62.65 39.53
(0.472) (0.476) (1.018) (0.746) (4.008) (1.647)

9.2007 Wage (9.2007 Rand) 22.57 18.37 26.03 25.39 79.15 90.97
(1.515) (0.666) (2.305) (2.859) (7.716) (37.72)

All means are calculated using the sample from the baseline regression in Table 3. Standard errors in parenthesis. All income and hours worked outliers are excluded. Also
excluded from wage calculations are self-employed, observations with income reported from begging, and subsistence farmers.

36



Table 2 — Means of selected variables, by population and gender

African Coloured White
a. Overall Sample Means Male Female Male Female Male Female
2007 Population 18,775,600 19,304,300 2,081,500 2,163,500 2,130,600 2,221,500
Cumulative Group- 0.127 0.120 0.012 0.015 0.002 0.004
Specific AIDS Mortality (5.5¢e-4) (3.7e-4) (1.4e-4) (1.5e-4) (2.7e-5) (6.7e-5)
Employment 0.580 0.391 0.742 0.528 0.894 0.662
(0.002) (0.002) (0.005) (0.005) (0.004) (0.006)
Age 37.48 37.99 38.84 38.95 40.96 40.82
(0.044) (0.038) (0.107) (0.097) (0.133) (0.131)
Highest Grade Level 8.768 8.405 9.095 8.959 12.75 12.55
(0.018) (0.016) (0.035) (0.032) (0.030) (0.029)
African Coloured White
b. Change Throughout Sample Male Female Male Female Male Female
2001 Cumulative Group- 0.043 0.044 0.003 0.004 0.001 0.001
Specific AIDS Mortality (5.7e-4) (3.9e-4) (1.3e-4) (1.3e-4) (2.6e-5) (3.2e-5)
2007 Cumulative Group- 0.220 0.196 0.025 0.029 0.004 0.007
Specific AIDS Mortality (1.9e-3) (1.3e-3) (5.9e-4) (6.1e-4) (1.3e-4) (2.8¢e-4)
9.2001 Employment 0.510 0.352 0.700 0.505 0.893 0.639
(0.008) (0.007) (0.017) (0.018) (0.014) (0.022)
9.2007 Employment 0.637 0.423 0.735 0.519 0.877 0.724
(0.010) (0.008) (0.019) (0.021) (0.030) (0.043)

All means calculated after removing income and hours worked outliers. Standard errors in parenthesis. Sample includes self-employed, observations with income reported
from begging, and subsistence farmers. Cumulative group-specific AIDS Mortality corresponds to the cumulative AIDS mortality rate from 1985 to the year of observation,
using a seven year moving average. AIDS mortality in the following tables refers to the same cumulative AIDS mortality rate. Population statistics are from Statistics South
Africa’s “Mid-year population estimates: 2007.”
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Table 3 - Effect of AIDS mortality on wages

Male Female
African Coloured African Coloured
€)) @) 3 (G)
A. Matched Observations
AIDS Mortality -0.24 3% -3.728%3* -0.491 ** -0.171
(0.082) (1.629) (0.199) (1.082)
Observations 35,189 11,243 31,439 10,111
B. Matched Observations — First Observation Only
AIDS Mortality -0.349%* -5.530%%* -0.671%+%* -0.549
(0.160) (1.935) (0.242) (1.647)
Observations 13,276 4,104 11,495 3,601
C. Unmatched Observations — First Observation Only
AIDS Mortality -0.23]%* 0.214 -0.566%** -2.657*
(0.102) (2.017) (0.182) (1.461)
Observations 21,669 4,084 15,143 3,251

#4% p<0.01, ** p<0.05, * p<0.1. Estimates generated using the log-likelihood function described in equation (7).
Standard errors are reported in parenthesis, and calculated allowing for arbitrary within-group correlation in
outcomes (e.g., clustered) using the procedure suggested by Liang and Zeger (1986). The dependent variable is the
natural log of wages adjusted for inflation to September 2007 Rand. AIDS Mortality is a cohort specific cumulative
AIDS mortality rate from 1985 to the time of the observation, based on the cohort’s migration adjusted 1985
population. Includes indicator variables for each level of education, marital status, number of children in the
household, language spoken at home, a third order age polynomial, and fixed effects for province, month, and year.
Income and hours worked outliers, self-employed, observations with income reported from begging, and subsistence
farmers are not included in the sample. Weighted using sampling weights from LFS, adjusted to sum to number of
observations each survey round.
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Table 4 - Effect of AIDS mortality on wages, birth years > 1960

Male Female
African Coloured African Coloured
€)) 2 (€)] (C)
A. Matched Observations
AIDS Mortality -0.890¢** -3.467 -0.8407%** 1.505
(0.154) (2.413) (0.193) (1.235)
Observations 24,674 7,876 21,034 7,487
B. Matched Observations — First Only
AIDS Mortality -1.136%** -4.828 -1.261%%* 1.080
(0.202) (3.087) (0.259) (1.879)
Observations 9,265 2,866 7,686 2,666
C. Unmatched Observations — First Only
AIDS Mortality -0.9207%** -0.348 -0.671%** -0.662
(0.152) (2.727) (0.239) (1.857)
Observations 15,474 2,913 10,658 2,412

#4% p<0.01, ** p<0.05, * p<0.1. Estimates generated using the log-likelihood function described in equation (7).
Standard errors are reported in parenthesis, and calculated allowing for arbitrary within-group correlation in
outcomes (e.g., clustered) using the procedure suggested by Liang and Zeger (1986). The dependent variable is the
natural log of wages adjusted for inflation to September 2007 Rand. AIDS Mortality is a cohort specific camulative
AIDS mortality rate from 1985 to the time of the observation, based on the cohort’s migration adjusted 1985
population. Includes indicator variables for each level of education, marital status, number of children in the
household, language spoken at home, a third order age polynomial, and fixed effects for province, month, and year.
Income and hours worked outliers, self-employed, observations with income reported from begging, and subsistence
farmers are not included in the sample. Weighted using sampling weights from LFS, adjusted to sum to number of
observations each survey round.

Table 5 - Population and Employment by Education Group

Male Female
African Coloured African Coloured
(1) (2 3) “4)
A. Percent of group at each level
Ed Group 1 0.316 0.271 0.336 0.291
Ed Group 2 0.164 0.207 0.166 0.228
Ed Group 3 0.425 0.438 0.399 0.392
Ed Group 4 0.065 0.063 0.075 0.073
Ed Group 5 0.029 0.021 0.024 0.015
B. Employment Rate
Ed Group 1 0.541 0.679 0.364 0.409
Ed Group 2 0.554 0.686 0.373 0.445
Ed Group 3 0.581 0.800 0.361 0.608
Ed Group 4 0.806 0.887 0.719 0.873
Ed Group 5 0.889 0.874 0.865 0.887

Income and hours worked outliers are excluded.



Table 6 Effects of AIDS mortality on wages — by education level

Male Female
African Coloured African Coloured
M 2 3 @
AIDS Mortality*---
---*Ed Group 1 0.083 -5.833%: 0.065 -1.490
(0.168) (2.920) (0.249) (2.129)
---* Ed Group 2 -0.064 -5.118 -0.499%** -4.142%%%
(0.174) (3.277) (0.254) (1.596)
---* Ed Group 3 -0.424 %% -3.980%* -0.740%%* -0.718
(0.131) (1.719) (0.206) (1.145)
---* Ed Group 4 -0.596°%** 3.623 -0.785%%* 2.606
(0.216) (2.470) (0.287) (1.857)
---* Ed Group 5 -0.431 1.008 -0.279 -0.890
0.214) (8.222) (0.334) (3.161)
Joint Significance:
Test Statistic (X?) 51.02 34.22 73.58 18.98
P-value 0.000 0.000 0.000 0.002
Ed Group 2 0.335%:%:* 0.417%*%* 0.374 %% 0.319%:**
(0.030) (0.041) (0.031) (0.041)
Ed Group 3 0.759%*:* 0.879%##:* 0.876%** 0.819%:*
(0.028) (0.042) (0.031) (0.034)
Ed Group 4 1.748%** 1.480%** 2.110%** 1.44Q%**
0.041) (0.058) (0.042) (0.057)
Ed Group 5 2.21 8% 1,783k 2.456%:%* 1.725%:%%
(0.044) (0.100) 0.047) (0.092)
Observations 35,189 11,243 31,439 10,111

#4% p<0.01, ** p<0.05, * p<0.1. Estimates generated using the log-likelihood function described in equation
(7). Standard errors are reported in parenthesis, and calculated allowing for arbitrary within-group correlation
in outcomes (e.g., clustered) using the procedure suggested by Liang and Zeger (1986). The dependent
variable is the natural log of wages adjusted for inflation to September 2007 Rand. AIDS Mortality is a cohort
specific cumulative AIDS mortality rate from 1985 to the time of the observation, based on the cohort’s
migration adjusted 1985 population. Includes indicator variables for marital status, number of children in the
household, language spoken at home, a third order age polynomial, and fixed effects for province, month, and
year. Income and hours worked outliers, self-employed, observations with income reported from begging, and
subsistence farmers are not included in the sample. Education group 1, individuals not completing more than
primary school, is used as the reference group for the education group dummy variables. Weighted using
sampling weights from LFS, adjusted to sum to number of observations each survey round.
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Table 7 - Effect of AIDS mortality on Employment

Male Female
African Coloured African Coloured
€)) 2 (€] @
A. Matched Observations — All Birth Cohorts
AIDS Mortality -0.120%* 1.630 -0.121 -1.494
(0.068) (1.156) (0.086) (1.037)
Observations 76,581 17,673 105,647 22,261
B. Matched Observations — First Only
AIDS Mortality -0.267%%* 2.462% -0.163* -3.392%:*
(0.089) (1.302) (0.094) (1.406)
Observations 28,971 6,393 38,974 7,928
C. Unmatched Observations — First Only
AIDS Mortality -0.27 1% 0.619 -0.203%%* -0.119
(0.066) (1.164) (0.073) (1.383)
Observations 65,588 11,910 77,715 14,008
D. Matched Observations - Only Birth Cohorts after 1960
AIDS Mortality -0.148 1.843 -0.259%3* -1.326
(0.104) (1.264) (0.102) (1.411)
Observations 54,073 11,797 74,771 15,070

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Estimates generated using probit model
described in equation (8), marginal results reported. The dependent variable is a binomial variable equal to 1 if
employed. AIDS Mortality is a cohort specific cumulative AIDS mortality rate from 1985 to the time of the
observation, based on the cohort’s migration adjusted 1985 population. Includes indicator variables for each level of
education, marital status, number of children in the household, language spoken at home, a third order age
polynomial, and fixed effects for province, month, and year. Income and hours worked outliers and respondents
unable to work due to “illness, invalid, disabled, or being disabled” are excluded. Weighted using sampling weights
from LFS.
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Table 8 Effects of AIDS mortality on employment — by education level

Female
African Coloured African Coloured
@® @) €)] @
AIDS Mortality*---
---*Ed Group 1 -0.226%* -0.160 -0.098 -3.632%%*
(0.089) (1.437) (0.086) (1.217)
---* Ed Group 2 -0.105 0.987 -0.2971 *** -3.049%*
(0.088) (1.307) (0.105) (1.365)
---* Ed Group 3 -0.057 2.451%* -0.168* -0.595
(0.076) (1.406) (0.100) (1.223)
---* Ed Group 4 0.004 3.395 0.446%:** 7.230%*
(0.168) (2.380) (0.127) (3.145)
---* Ed Group 5 0.305 3.617 0.626** 0.006
(0.248) (3.441) (0.270) (4.965)
Joint Significance:
Test Statistic (X?) 9.48 9.76 36.19 23.55
P-value 0.092 0.082 0.000 0.000
Ed Group 2 0.004 -0.016 0.072%:%* 0.008
(0.015) (0.025) (0.012) (0.029)
Ed Group 3 0.061**:* 0.055%* 0.103 %3 0.110%:**
(0.014) (0.021) (0.013) (0.024)
Ed Group 4 0.233%#*3* 0.106%** 0.353 %% 0.298**
(0.018) (0.031) (0.019) (0.038)
Ed Group 5 0.265%:*:* 0.096 0.463:** 0.365%:**
(0.023) (0.075) (0.022) (0.033)
Observations 76,581 17,673 105,647 22,261

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Estimates generated using probit
model described in equation (8), marginal results reported. The dependent variable is a binomial variable
equal to 1 if employed. AIDS Mortality is a cohort specific cumulative AIDS mortality rate from 1985 to the
time of the observation, based on the cohort’s migration adjusted 1985 population. Includes indicator
variables for marital status, number of children in the household, language spoken at home, a third order age

polynomial, and fixed effects for province, month, and year. Income and hours worked outliers are excluded.

Education group 1, individuals not completing more than primary school, is used as the reference group for
the education group dummy variables. Weighted using sampling weights from LFS.
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Table 9 Effects of AIDS mortality on employment — by education level, birth year > 1960

Male Female
African Coloured African Coloured
(1) 2) 3 @
AIDS Mortality*---
---*Ed Group 1 -0.419%* 0.613 -0.349%** -4.092%**
0.117) (1.663) (0.101) (1.567)
---* Ed Group 2 -0.1571%* 0.957 -0.406%** -2.725%*
(0.130) (1.664) (0.125) (1.502)
---* Ed Group 3 -0.034* 1.960 -0.220* -0.488
(0.112) (1.468) (0.119) (1.633)
---* Ed Group 4 0.301%*:* 3.426 0.626%** 6.770*
(0.190) (2.650) (0.148) (3.575)
---* Ed Group 5 0.912%*3* 4.475 0.816%* -0.696
0.317) (3.048) (0.333) (5.554)
Joint Significance:
Test Statistic (X?) 49.48 5.18 77.03 18.24
P-value 0.000 0.395 0.000 0.003
Ed Group 2 -0.016 -0.031 0.033** -0.026
(0.018) (0.032) (0.016) (0.035)
Ed Group 3 0.039%** 0.033 0.049%*3* 0.104 %%
(0.016) (0.025) (0.015) (0.027)
Ed Group 4 0.202%*3* 0.102%* 0.249%%* 0.276%**
(0.020) (0.034) (0.025) (0.046)
Ed Group 5 0.22] %% 0.128%#:%:* 0.394 %% 0.319%:**
(0.032) (0.027) (0.038) (0.040)
Observations 54,073 11,797 74,771 15,070

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Estimates generated using probit
model described in equation (8), marginal results reported. The dependent variable is a binomial variable
equal to 1 if employed. AIDS Mortality is a cohort specific cumulative AIDS mortality rate from 1985 to the
time of the observation, based on the cohort’s migration adjusted 1985 population. Includes indicator
variables for marital status, number of children in the household, language spoken at home, a third order age
polynomial, and fixed effects for province, month, and year. Income and hours worked outliers are excluded.
Education group 1, individuals not completing more than primary school, is used as the reference group for
the education group dummy variables. Weighted using sampling weights from LFS.



Appendix

Table A1 2007 South African Population, by Province and Population Group

African Coloured Indian White
Western Cape 1,642,682 2,518,160 70,813 875,829
Eastern Cape 6,317,041 406,684 17,072 281,923
Northern Cape 373,666 419,125 1,892 76,025
Free State 2,255,037 78,837 7,095 243,096
KwaZulu-Natal 7,799,811 106,588 773,362 423,109
North West 3,592,720 73,632 12,832 185,557
Gauteng 7,872,599 378,699 295,350 1,741,762
Mpumalanga 2,994,674 29,368 15,701 238,424
Limpopo 4,938,169 9,540 8,127 98,097
South Africa 37,786,399 4,020,633 1,202,244 4,163,822

Note: Values from 2007 South African Community Survey, obtained through IPUMS.

Table A2 Effects of AIDS mortality on wages

Male Female
African Coloured African Coloured
€)) 2 3) “
A. Three Year Moving Average
AIDS Mortality -0.231%%* -3.620%* -0.473%* -0.091
(0.114) (1.573) (0.188) (1.045)
B. Five Year Moving Average
AIDS Mortality -0.236%* -3.668%* -0.482%* -0.127
(0.117) (1.596) (0.193) (1.060)
C. Second Order Age Polynomial
AIDS Mortality -0.225%%* -3.704%%* -0.397* -0.863
(0.112) (1.416) (0.208) (0.996)
D. Fourth Order Age Polynomial
AIDS Mortality — -0.323%%* -2.751 -0.502%%* 0.054
(0.087) (1.756) (0.202) (1.137)
Observations 35,189 11,243 31,439 10,111

**% p<0.01, ** p<0.05, * p<0.1. Estimates generated using the log-likelihood function described in equation

(7). Standard errors are reported in parenthesis, and calculated allowing for arbitrary within-group correlation
in outcomes (e.g., clustered) using the procedure suggested by Liang and Zeger (1986). The dependent
variable is the natural log of wages adjusted for inflation to September 2007 Rand. AIDS Mortality is a cohort
specific cumulative AIDS mortality rate from 1985 to the time of the observation, based on the cohort’s

migration adjusted 1985 population. Includes indicator variables for each level of education, marital status,
number of children in the household, language spoken at home, a third order age polynomial, and fixed effects

for province, month, and year. Income and hours worked outliers, self-employed, observations with income

reported from begging, and subsistence farmers are not included in the sample. Weighted using sampling
weights from LFS, adjusted to sum to number of observations each survey round.
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Table A3 - Effect of AIDS mortality on wages:
Only observations before last time an individual is observed

Male Female
African Coloured African Coloured
(1) @)) 3 (€]
A. Matched Sample — All Birth Cohorts
AIDS Mortality -0.108 -2.017 -0.346 0.875
(0.144) (1.789) (0.220) (1.264)
Observations 21,593 7,133 19,539 6,449
B. Matched Sample - Only Birth Cohorts after 1960
AIDS Mortality -0.928%*** -1.121 -0.742%** -4.257**
(0.189) (2.637) (0.229) (2.416)
Observations 15,070 4,987 12,891 4,750

##% p<0.01, ** p<0.05, * p<0.1. Estimates generated using the log-likelihood function described in equation (7).
Standard errors are reported in parenthesis, and calculated allowing for arbitrary within-group correlation in
outcomes (e.g., clustered) using the procedure suggested by Liang and Zeger (1986). The dependent variable is the
natural log of wages adjusted for inflation to September 2007 Rand. AIDS Mortality is a cohort specific cumulative
AIDS mortality rate from 1985 to the time of the observation, based on the cohort’s migration adjusted 1985
population. Includes indicator variables for each level of education, marital status, number of children in the
household, language spoken at home, a third order age polynomial, and fixed effects for province, month, and year.
Income and hours worked outliers, self-employed, observations with income reported from begging, and subsistence
farmers are not included in the sample. Weighted using sampling weights from LFS, adjusted to sum to number of
observations each survey round.



Table A4 Effects of AIDS mortality on wages — by education level, birth year > 1960

Male Female
African Coloured African Coloured
(D (@) 3 (G)
AIDS Mortality*---
---*Ed Group 1 -0.711%** -5.925%* -0.452* 0.921
(0.206) (3.402) (0.266) (2.548)
---* Ed Group 2 -0.781%** -8.639%* -0.673%* -0.408
0.213) (4.192) (0.288) (1.930)
---* Ed Group 3 -0.955%** -3.589 -0.839%** 0.437
(0.170) (2.347) (0.207) (1.385)
---* Ed Group 4 -1.265%** 2.317 -1.404%%** 6.14 1 %%
(0.265) (3.056) (0.329) (2.049)
---* Ed Group 5 -0.650%* -2.259 -1.127%** -1.358
(0.263) (7.135) (0.389) (3.113)
Joint Significance:
Test Statistic (X?) 73.90 28.96 56.38 16.63
P-value 0.000 0.000 0.000 0.005
Ed Group 2 0.270%** 0.412%%** 0.289%:*3 0.304
(0.034) (0.046) (0.054) (0.050)
Ed Group 3 0.688*** 0.878%** 0.767*** 0.834
(0.033) (0.050) (0.050) (0.037)
Ed Group 4 1.720%** 1.498%*** 2.128%%* 1.380
(0.049) (0.066) (0.062) (0.063)
Ed Group 5 2.17 1%k 1.82] 3k 2.549%:%3% 1.744
(0.050) (0.098) (0.073) 0.107)
Observations 24,674 7,876 21,034 7,487

*#% p<0.01, ** p<0.05, * p<0.1. Estimates generated using the log-likelihood function described in equation
(7). Standard errors are reported in parenthesis, and calculated allowing for arbitrary within-group correlation
in outcomes (e.g., clustered) using the procedure suggested by Liang and Zeger (1986). The dependent
variable is the natural log of wages adjusted for inflation to September 2007 Rand. AIDS Mortality is a cohort
specific cumulative AIDS mortality rate from 1985 to the time of the observation, based on the cohort’s
migration adjusted 1985 population. Includes indicator variables for marital status, number of children in the
household, language spoken at home, a third order age polynomial, and fixed effects for province, month, and
year. Income and hours worked outliers, self-employed, observations with income reported from begging, and
subsistence farmers are not included in the sample. Education group 1, individuals not completing more than
primary school, is used as the reference group for the education group dummy variables. Weighted using
sampling weights from LFS, adjusted to sum to number of observations each survey round.



Table AS Effects of AIDS mortality on wages — baseline model

Female
African Coloured African Coloured
€)) @)) 3 @
AIDS Mortality -0.243 %% -3.728%* -0.491** -0.171
(0.082) (1.629) (0.199) (1.082)
Age 0.092 %3 0.092 0.209%:* 0.180%**3*
(0.025) (0.080) (0.037) (0.067)
Age "2 -0.001 -0.001 -0.004 %% -0.003*
(0.001) (0.002) (0.001) (0.002)
Agen3 0.000 0.000 0.000022 %3 0.000
(0.000) (0.000) (0.000008) (0.000)
Reference Year is 2001
Year = 2002 -0.076%%** -0.108*%* -0.021 -0.097**
(0.019) (0.030) (0.020) (0.030)
Year = 2003 -0.035%* -0.047 0.015 -0.054
(0.020) (0.033) (0.023) (0.035)
Year = 2004 0.038* 0.023 0.115%** 0.069*
(0.021) (0.039) (0.026) (0.042)
Year = 2005 -0.004 0.023 0.051* 0.021
(0.021) (0.045) (0.030) (0.045)
Year = 2006 0.066%** 0.087** 0.168*** 0.072
(0.023) (0.043) (0.036) (0.048)
Year = 2007 0.077%** 0.100* 0.195%* 0.148%**
(0.024) (0.052) (0.042) (0.058)
Reference Province is Western Cape
Eastern Cape -0.214 %% -0.114%%* -0.406%** -0.252 %%
(0.027) (0.037) (0.038) (0.032)
Northern Cape 0.111%* -0.194 %% -0.302°%%* -0.296°%**
(0.043) (0.052) (0.106) (0.055)
Free State -0.180%** 0.187#:*% -0.395°%%* 0.047
(0.031) (0.070) (0.048) (0.043)
KwaZulu-Natal 0.060* -0.205%%** -0.282%%* -0.456%**
(0.033) (0.048) (0.048) 0.041)
North West 0.020 -0.029 -0.303%** -0.100
(0.032) (0.063) (0.046) (0.070)
Gauteng 0.241%#%* 0.21 3% 0.028 0.254 %%
(0.030) (0.046) (0.042) (0.038)
Mpumalanga 0.053 0.136 -0.299%##* -0.051
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Limpopo

Reference Highest Level of Education Completed is No Schooling

Grade R

“Reception Year”

Grade 1

Grade 2

Grade 3

Grade 4

Grade 5

Grade 6

Grade 7

Grade 8

Grade 9

Grade 10

Grade 11

Grade 12

No Diploma

Certificate or Diploma
< Grade 12

Certificate or Diploma
With Grade 12

Bachelors Degree

Graduate Degree

(0.033) (0.193) (0.051)
-0.189%** [2 obs -0.558***
(0.034) dropped] (0.049)
0.145 0.053 0.102
(0.110) (0.294) (0.108)
0.048 -0.005 -0.022
(0.063) (0.145) (0.079)

0.174%%* 0.240%* 0.058
(0.046) (0.107) (0.061)
0.303*%#* 0.465%** 0.108*:*
(0.031) (0.087) (0.045)
0.361%*%* 0.347%** 0.129%#*
(0.028) (0.081) (0.041)
0.423%%%* 0.392%#* 0.173%%*
(0.027) (0.080) (0.043)
0.448*%* 0.478%:* 0.257%%:*
(0.025) (0.064) (0.040)
0.52]%*%* 0.612%*:* 0.314%*
(0.023) (0.063) (0.036)
0.634%%#* 0.804 % 0.470%**
(0.023) (0.059) (0.034)
0.723%%* 0.918%** 0.517%%**
(0.025) (0.061) (0.037)
0.830%*%* 1.105%%*%* 0.674%**
(0.022) (0.055) (0.036)
0.856%%#* 1.128%*%* 0.699%#**
(0.024) (0.063) (0.037)
1.224 %% 1.537%%** 1.209%*3*
(0.020) (0.058) (0.034)
1.800%*%* 1.826%** 2.069%**
(0.037) (0.084) (0.042)
2.060%** 2.115%*% 2.219%*%
(0.024) (0.063) (0.037)
2.495% %% 2.3071%** 2.624 %%
(0.029) (0.079) (0.040)
2.577%** 2.435% % 2.550%**
(0.052) (0.173) (0.053)

(0.176)
0.075
(0.333)
0.377
(0.351)

0.085
(0.153)

0.265
(0.187)

0.213
(0.151)

0.228%*
(0.098)

0.4027%#%*
(0.077)

0.392%%*
(0.081)

0.565%#*
(0.073)

0.635%#*
(0.074)

0.757#%*
(0.076)

0.931#**
(0.078)

1.074%#*
(0.076)

1,482
(0.076)

1.854#%*
(0.091)

1.977%%%
(0.085)

221 %%
(0.095)

2.065%**
(0.193)
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Reference Month is March

September

Reference Language is Afrikaans

English

Ndebele

Xhosa

Zulu

Northern Sotho

Sotho

Tswana

Swazi

Venda

Tsonga

Other

Reference Status is Unmarried

Married

Reference is No Children < 15 Living in the Household

1 Child

2 Children

3 Children

4 Children

0.039%* 0.021%
(0.008) 0.012)
0.101* 0.387#x
(0.062) (0.026)
-0.084
(0.055)

0.016 0.143
(0.048) (0.189)
-0.081%* ~0.582%
(0.048) (0.105)
-0.084%

(0.049)

0.139%%%  .0.673%k*
(0.048) (0.174)
-0.068 0488
(0.047) 0.121)

~0.155%#*
(0.054)

0207k
(0.052)

-0.089*
(0.051)

-0.083 0.470% %
(0.074) (0.107)
0.165%+* 0.168%*
(0.010) (0.030)
0,042 0.060%*
(0.011) (0.028)
-0.059%# 0.071%*
(0.012) (0.032)

~0.05 1% -0.009
(0.014) (0.035)

~0.172% % 0.008
(0.019) (0.046)

0.016%*
(0.008)

0.047
(0.100)

-0.135
(0.089)

0.217#%%
(0.083)

-0.150%
(0.082)

-0.145%
(0.081)

-0.289%**
(0.081)

-0.145%
(0.081)

0231+
(0.093)

-0.291##
(0.085)

-0.144*
(0.084)

-0.175
(0.126)

0.083%%%*
(0.014)

0.047#**
(0.016)

0,044
(0.016)

0.030*
(0.018)

0063
(0.022)

0.044%%%
(0.013)

0.484%%+
(0.025)

-0.153
(0.232)

0.197
0.221)

-0.509%**
(0.092)

-0.439
(0.436)

0.330
(0.473)

0.060%*
(0.026)

0.039
(0.027)

-0.057*
(0.032)

0.011
(0.036)

-0.079%*
(0.038)
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5 Children -0.210%** 0.095 -0.092%** -0.169%**

(0.028) (0.075) (0.034) (0.067)
6 Children -0.210%** -0.032 -0.143%:%* -0.650%3**
(0.046) (0.114) (0.044) (0.076)
7 Children -0.204 %3 -0.201* -0.109 -0.120
(0.073) (0.114) (0.080) (0.202)
8 Children -0.420%** 0.028 -0.048 -0.105
(0.093) (0.383) (0.076) (0.246)
9 (or more) children 0.102 0.649 -0.329%* 0.328
(0.188) (1.057) (0.142) (0.892)
10 or more children 0.029 [Included in -0.125 0.428
(0.134) 9 or more] (0.186) (0.718)
Observations 35,189 11,243 31,439 10,111

##% p<0.01, ** p<0.05, * p<0.1. Estimates generated using the log-likelihood function described in equation (7).
Standard errors are reported in parenthesis, and calculated allowing for arbitrary within-group correlation in
outcomes (e.g., clustered) using the procedure suggested by Liang and Zeger (1986). The dependent variable is
the natural log of wages adjusted for inflation to September 2007 Rand. AIDS Mortality is a cohort specific
cumulative AIDS mortality rate from 1985 to the time of the observation, based on the cohort’s migration
adjusted 1985 population. Includes indicator variables for each level of education, marital status, number of
children in the household, language spoken at home, a third order age polynomial, and fixed effects for province,
month, and year. Income and hours worked outliers, self-employed, observations with income reported from
begging, and subsistence farmers are not included in the sample. Weighted using sampling weights from LFS,
adjusted to sum to number of observations each survey round. Cells with too few observations, mainly certain
categories of the language spoken at home variable, are grouped together to enable estimation of equation (7).



