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Abstract:

In recent decades, researchers focus on earnings and what determines it
Education is an important investment tool, which can improve workers’ productivity and
influence economic growth. As an important determinant of labor productivity, it also
therefore has an important influence on earnings. The human capital theory emphasizes
the impact of human capital investment on labor market outcomes. We can identify the
earnings attainment derived from education as the return on an investment. Therefore, the
rate of return to education is known as the average increase in wages associated with one
year increase in education. The basic theoretical model for the human capital is

considered by Mincer (1974), Backer (1964) and Schultz (1961).

There is various statistical inference methods have been applied to return to
education. Inference methods like (OLS, GLS, GLM and MLE) produce an inefficient
estimation of the parameters. Meanwhile, Bayesian inference methods can provide
solutions to many problems in classical inference methods and may fit out them.
Furthermore, model comparison using Bayes factor produce more efficient results than

classical methods (R-squared, AIC,...etc).

The aim of this thesis is to highlight the investigations about the estimates of
returns to education in Palestine. It’s mainly uses Bayesian inference to identify the
relationship between education (schooling) and wage controlling for other variables that
will affect the relationship like gender, experience or age, educational levels, labor sector
and place of residence and compares between OLS and Bayesian estimation. We find that

Bayesian estimation method is more efficient than OLS estimation method since the



X

standard error of the mean for Bayesian method is lower than those found in OLS
method. Finally, we correct for self-selection bias and we find that Bayesian estimation
with Logit Heckman correction differ and greater than from those we’ve got form
Bayesian estimation with Probit Heckman correction and Bayesian estimation without

Heckman correction.



Chapter One

Introduction

Human Capital theory proposing that there are an intrinsic economic effects of
education on both economic levels, i.e. micro and macro levels, that considers the
expenditure on education as a human capital investment. Education is one of the major
factors that affect earrings and wages for workers. Education may affect individual’s life,
participation in many economic activities, productivity of the workers and the overall
economy in several ways. Since the individual who doesn’t have basic education levels
has difficult status to communicate everyone life. As education is a major way to human
capital accumulation, the economic returns to education (RTE) has been one of central
topics in labor economics and economics of education. The view point of individuals and
government for the interest in education come from the importance of education to both.
Government considers education as one of the most important determinants that will
affect gross national product (GDP) in the long run, the person takes into his account cost
and revenue when he will invest in education and compare between them by measuring
the present value. From the standpoint of individuals, the education is considered to them
have a better job with respect to wages, knowledge, job security and other features. The
basic theoretical model for the human capital is considered by Mincer (1974), Backer
(1964) and Schuliz (1961). Accordingly, one can identify the earnings acquisition derived
from education as the return on an investment. Therefore, the rate of return to education

is known as the average increase in wages associated with one year increase in education.



We can use the human capital theory to derive and estimate many indicators such
as the private rate of return to education and the social rate of return to education as well,
where the return to education is not confined to the educated himself. The private rate of
return to education presents the increasing in wages of educated persons by increasing the
worker’s productivity which depends on his knowledge, better skills and deep
understanding of technology of production and accompanied with some economic and
social features and positively effects on the society considered as externalities. The social
rate of return to education indicates the changes in average wages in certain region

because of changes in average schooling levels in that region.

Many researchers estimate Mincer human capital equation using various
statistical inference methods. Linear regression methods like (OLS, GLS, GLM and
MLE) produce an inefficient estimation of the parameters. Meanwhile, Bayesian
inference methods can provide solutions to many problems in classical inference methods
and may fit out them. Furthermore, model comparison using Bayes factor produce more
efficient results than other methods (R-squared, AIC,...etc). OLS and Bayesian
estimation suffer from three problems, self-selection bias (Heckman, 1979), ability bias
(Altonji and Dunn, 1996) and endogeneity problems (Angrist and Kruger, 1991).
Heckman (1976) shows that least square estimator is biased due to self-selection,
especially for the groups that have low participation in the labor force i.e. women. Daoud
(2005) corrects of self-selection bias using Heckman (1976) two-step procedure and he
finds that education increased the labor force participation because years of schooling
dummy coefficient is significant and positive. Moreover, the endogeneity problems

carried out by Heckman and Vytlacil (1998) and Card (2001), they estimate RTE using



instrumental variable methods and vyield an unbiased estimation. But, normality
assumption of errors is restricted since the wage distribution is skewed. Instead of the
usual regression methods (OLS, GLS, ML), Bayesian inference methods help us to avoid
some problems of estimation that exist in usual inference methods and may fit out them.
Block, Hoogerheide and Thurik (2012) apply Bayesian inference using family
background variables as instruments for education; they find different results by relaxing
the strict exclusion restriction on the family background variables, and the width of the
95% posterior interval larger than the size of bias for the education coefficient in the 1V

model.

In this thesis, we aim to estimate the rate of return to education in Palestine using
Palestinian Central Bureau of Statistics (PCBS) quarterly data of Palestinian labor force
survey (PLFS) for the period 2006 — 2011. We mainly use Bayesian inference to identify
the relationship between education (schooling) and wage controlling for other variables
that will affect the relationship like gender, experience or age, educational levels, labor
sector and place of residence and compares between OLS and Bayesian estimation.
Moreover, we aim to find the better predictor of wages among three variables (i.e.
potential experience, age and education levels). We find that Bayesian estimation method
is more efficient than OLS estimation method since the standard error of the mean for
Bayesian method is lower than those found in OLS method. Our results add further
evidence of using age to estimate return to education instead of potential experience and
education levels. Finally, return to education estimated by Bayes and OLS suffer from
self-selection bias. We apply Bayesian inference to Heckman tow-step procedure with

Logit and Probit models to correct for self-selection bias. We find that Bayesian



estimation with Logit Heckman correction differ from and greater than those we’ve got

form Bayesian estimation with Probit Heckman correction and Bayesian estimation

without Heckman correction



Chapter Two

Literature review

The expenditure on the education appears to be an investment in human capital,
based on this, the private returns to education interpreted as the increase of wage on cost
from the increase of years of education by one year. Mincer (1974), Backer (1964) and
Schultz (1961) put the basic theoretical model for the human capital that defines the
education as a human capital, and in this model earnings depend on the years of
schooling, experience (or age), and the square of experience (or age), to be concentrate

on the convex of income function.

Hundreds of studies in many different countries and time periods estimate the
returns to education. Psacharopoulos and Patrinos (2004) review a lot of researches that
estimate the returns to education, and the study concludes that the returns to education are
high in (Sub-Saharan Africa) and it was 37.6%, 24.6%, and 27.8% for primary,
secondary, and tertiary respectively. In another study Psacharopoulos (2009) finds that
there is a negative relationship between RTE and the individual earn from the domestic
product adjusted PPP $. And these provide evidence on the negative tie between RTE and

the levels of income.

Badescu, D’Hombres and Villalba (2011) estimate the private rate of returns to
education using data from 24 analogous European countries and analogous methods
(OLS and OLS controlling for family background variables). They find that the private
rate of return to education vary frequently across the countries (i.e. highest rate in

Portugal (98%) and lowest rate in Sweden (20%)), also they re-estimate it using OLS



controlling the family background variables and they find that the estimation doesn’t
differ considerably. Tansel (1995) indicates that the RTE in Egypt for males increased by
level of schooling, this rate rises from 0.9% with respect to the holders of elementary
education, to 2.7% for the holders of a general secondary education, to 3.1% for the
holders of technical secondary education, to 7.5% for the holders of university degree and
to 11.8% for the holders of a higher university degree. However, the situation is different
for females, where the rates of return on their education 9.9% for primary education,
8.2% for general secondary education and 6.1% for the technical high school, while the
rates was 7.4% for the higher education. This trend although differs from the general
trends in the Arab countries, but it’s largely consistent with the global trends. However,
the study of Salehi-Isfahani et al (2009) compares between the education systems, and
the circumstances of the labor market in Egypt, Turkey, and Iran, and it uses data and
methodology in the same fashion to study the effect of shape of labor market and the
education system on RTE, the study concludes that the RTE is higher in Turkey than in
Iran, and also higher than in Egypt ( 12.4%, 7.6%, 5.4%, respectively for year 2006 of
Egypt and Iran, and 2003 of Turkey). The World Bank (2008) study concludes that there
is a difference in the estimation of RTE. The estimations come from different models for
different countries, and finds that the rate of return to education in the MENA region
ranges from 4.4% for Tunisia, to 8% for Morocco, and the average is 5% for MENA
countries. O'Donghue (1999) finds a result that is consistent with the other international
comparisons, that is, the RTE tend to be diminishing with education level, and that the

RTE for men is less than those for women.



OLS and Bayesian estimation suffer from three problems, self-selection bias
(Heckman, 1979), ability bias (Altonji and Dunn, 1996) and endogeneity problems
(Angrist and Kruger, 1991). Heckman and Vytlacil (1998) and Card (2001) estimate RTE
using instrumental variable methods and yield an unbiased estimation. But, the normality
assumption of errors is restricted since the wage distribution is skewed. Card (1995)
compares between OLS and IV estimates. He considers the distance to college as an
instrument for schooling and rely this to the higher level of education of men who take
about four years of study in college. He finds that the return to education is 13.2% using
instrumental variable compared to those found in OLS 7%. Altonji and Dunn (1996)
indicate that the family educational background is an important factor in determining the
return to education at the individual level. Wolter and Zbinden (2001) used Swiss results
two-page questionnaire! that distributed in 10 Europe countries. They deduce that after
graduation the point estimate of wages are close to the actual wages, while the real wage
gain in the first ten years of vocational experience is significantly less than the
expectation of wage gain, and base on the individual wages and cost expectations the rate
of RTE can be partially interpreted by priority of students, self-assessment of their
academic achievement and their particular job perception. Moreover, men expect

significantly higher wages and higher wage gains than women.

Blundell, Dearden and Sianesi (2001) reviewed alternative methods and models

for estimation RTE, especially the difference between single and multiple treatment

! _see Brunello etal. 2001 for the detailed questionnaire.



models?. They take three methods of estimation which depend on distinct assumptions
(i.e. instrumental variable methods, control function methods and propensity score
matching) for homogenous and heterogeneous® returns models. Regression of log
earnings on schooling using OLS vyields a biased estimation since there is a correlation
between schooling and errors with three sources of bias ability, returns and measurement
error bias. These biases originate from the correlation of the measures of the observable
schooling with the unobservable in the earnings regression. For IV methods of
estimation, we can get a consistent estimator of the returns if we can find an instrument
that is uncorrelated with the unobservable ability, heterogeneity and measurement error
terms but correlated with the true measure of schooling. Also, when the instrument has a
little correlation with the schooling variable, the estimator is said to be efficient.
Moreover, the issue of weak instrument occurred when the sample correlation is very
weak and the true correlation is zero. So that with this situation the 1V estimation will
head for to the biased OLS estimator. In the heterogeneous returns model the 1V estimate
will diverge relying on the type of instrument is used. The control function method (CF)
in a multiple treatment model permits for heterogeneity, however at the expense of the
ability to create a collection of control function that is independently diverse. The
matching method is a nonparametric method that its main objective is to re-set up the
conditions of the trial when we don’t have data. Aside from the loss of information

problem, if the effect of treatment is homogenous, there is no more additional problems

? - One factor model: all schooling can be believed of as an investment in a single homogenous
structure called human capital and the same return obtained from each additional unit.

* - The homogenous returns model considers the rate of return to gross earnings of a specified
human capital investment doesn’t vary among all individuals. Ifthe returns are allowed to vary
among all individuals, then the model is said to be heterogeneous returns model.



appears. A drawback of the CF method is that it is possible to get estimation that yield a
change in the parameter being estimated if the effects vary towards treated individuals, so
that we cannot identify the true parameter. In a single treatment models IV and CF
estimates are higher than those for OLS and the upward bias in returns is caused by
chooses of incorrect instruments, while matching estimates are below IV and CF
estimates, but somewhere between highest and lowest OLS estimates. In multiple
treatment models the OLS estimates are less than the IV estimates. The control function

estimates are higher than the OLS estimates but slightly smaller than the IV estimates.

Angrist and Krueger (1991) aims to estimate the effect of the compulsory
schooling laws in the US. They stratify a classical approach, two stages least squares
method (2SLS), using data sets on individuals from all states of the US in order to form
instrumental variables for years of schooling (i.e. they use date of birth as an instrument),
that take an advantage of students born in distinct quarters, have distinct average of
education. In particular, males born in later quarters are get more education, and more
likely to graduate from high school and earn more than those who are born in earlier
quarters. They find that the season of birth has a slightly effect on the level of education
males lastly achieve, on the relation between the education achievement and the quarter
of birth. This result is justified by the laws of mandatory schooling that instantly some
students want to quit from the school when they achieve the statutory age of drop out and
postsecondary years of education doesn’t affect by the season of birth. Moreover, OLS
and 2SLS result of monetary return to education doesn’t vary salient, and the estimate
differences are not statistically significant. They attribute these differences to some

variables removals or error in measurements, in which the OLS estimates of the return to
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education may encouraged by a downward bias. Their main finding that the laws of
mandatory education are influential in forcing some students to get education.
Hoogerheide and Dijk (2006) reconsidered the analysis of the impact of the schooling on
earnings by Angrist and Krueger (1991). They expanded the methodological and the
experimental way. In the classical approach, they used two methods, i.e. two-stage least
square (2SLS) and limited information maximum likelihood (LIML), in order to discuss
the Angrist- Krueger 1V model using US data in four Census regions. 2SLS estimation
proposes that the US is roughly fully determined by the region south with small
differences between the South and the 2SLS estimates for the US, and the US asymptotic
standard error is not smaller than that for the South. This is may be due to the average
education level for men born in 1930 — 1939 are higher for the other regions than in the
South. Therefore the impact of the laws of mandatory schooling is smaller for the other
regions than the region South, when much students wish to drop out from the school at
once its permit. Thus the impact of quarter of birth in the Southern region is higher;
hence the instruments are more powerful in the South. 2SLS estimator has a problem that
in the case of low instruments it may experience a biased estimation, for the region South
it has a very weak instruments with lower variance however larger bias. However, LIML
estimation leads to overpower of the southern region with small distinction between the

LIML estimates for the south and the US.

Furthermore, Hoogerheide abd Dijk (2006) reviewed the study of Angrist and
Krueger (1991) using two Bayesian approaches; using flat prior of Dreze (1976) and the
Jeffrey’s prior. They find results like the results found from the two classical approaches,

2SLS and LIML. Under the prior of both flat and Jeffiey’s the posterior distribution of
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the parameter for the US is roughly fully determined by the South region, that is, the
discrepancy between the means or medians of the region south and the US is slight, and
the 95% and 50% posterior density intervals and the posterior standard deviation for the
US is not frequently smaller than those for the region South. Under Jefliey’s prior the
posterior results supplemental point that the most powerful instruments in the region
South are the quarters of birth, which is similar to the LIML estimator. The results from
the flat prior estimation are stupendous the same for the estimator of the 2SLS method |,
that is, the posterior mean and the posterior standard deviation are close to those found in
2SLS. They conclude that under using flat prior we will get estimation closer to 2SLS
than to LIML, and under the Jefliey’s prior estimation we will get estimation closer to

those for LIML estimator.

Yu, Kerm and Zhang (2004) estimate RTE using Bayesian inference on quantile
regression and they find that RTE varies toward quantiles of the conditional wage
distribution, RTE is smaller at smaller quantiles than at higher quantiles which indicates
that the spreads in the conditional wage distribution levels is also featured by an increase
in spread not only by a change in location. By this method there is a smaller dispersion in
the wages of less educated employers and we can’t find it by regression. Block,
Hoogerheide and Thurik (2012) apply Bayesian inference using family background
variables as instruments for education; they find different results by relaxing the strict
exclusion restriction on the family background variables, and the width of the 95%
posterior interval larger than the size of bias for the education coefficient in the IV model.
Lubrano and Ndoye (2012) proposed a Bayesian inference for an unconditional quintile

regression model. Using a blend of normal densities they estimate the distribution of log
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wage and this procedure will give us better estimates in the upper tail of the wage
distribution. Their method applied to a Mincer equation using data from the CPS (ORG)
during the period 1992 to 2009 and find that the variation of RTE and gender

discrimination are the main factors that affects the wage inequality.

Arabsheibani and Mussurov (2006) estimate the rate of return to schooling in
Kazakhstan using OLS and IV methods. They use husband’s education and smoking as
instruments and provide estimates for males and females separately. They find significant
estimates using OLS and lower rate of return to education for males 8% compared to
11.5% for females. Also they modify the sample using married males and finds the OLS
estimates is 7.8% which less than the whole sample 8%. They use husband’s education as
instrumental variable and they find that this instrument is valid and the estimate of OLS
of rate of returns is lower than IV estimates by 3.4%. Moreover, they apply 2SLS using
husband’s education and smoking as mstrumental variables and they find results similar
to those found using IV method. However, they modify the sample using married females
and find that OLS estimates of rate of returns 11.9% which close to the result of the
whole sample 11.5%, which is lower than the IV wife’s education estimates 16.7% by
4.8%, and the wife’s smoking is not a valid instrument since the proportion of females
who smoked in both samples, the married and whole samples. The 2SLS estimates for
this sample is less than IV estimates by 3% and greater than OLS estimates by 1.8%.
They use education levels instead of years of schooling variable for males and females
separately and find a low gender differences in returns to vocational and college
qualifications. But, females have lower rates of return with higher levels of education and

males have higher rate of return with higher levels of education. Buchinsky (2001)
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estimates women’s return to schooling in U.S. He use quantile regression (QR) approach
and applies on it a sample selection model. He verifies that the estimates of the sample
selection equation using parametric Probit model are significantly different from those
obtained for a semi-parametric model and that for all age categories and quantiles the
sample selection bias is significant. Moreover, he finds that the returns to education
increased slowly in older groups, but increased extremely for younger groups. Also the
returns are greater at lower quantiles in the starting of the sample period, but in the

termination of the sample period returns are greater at greater quantiles.

There are a few literatures on returns to education in Palestine, especially those
that use Bayesian inference. Angrist (1995, 1996, and 1997) uses data from Israeli
Official statistics to estimate the private rate of return to education in Palestine during the
period 1981 -1991 and he was restricted his studies on males only. His main finding is
that the direction of the private return to education is decreasing with time. He was
attributed this result to an increase in the number of college graduate students during the
eighties of the last century. Sayre (2001) uses the same data used by Angrist. He finds
that the average wages for high school holders are less than for those who have university

holders by 47% in 1981 and this difference is decreased approximately by 15% in 2001.

Least square estimators is biased due to self-selection bias, especially for the
groups that have low participation in the labor force i.e. women, Heckman (1976). Daoud
(2005) used data from Palestinian Central Bureau of Statistics; and he finds that the
return to schooling is smaller for men by doing regression apart for men and women and
during 2001 the gap in returns to schooling was diminished. Moreover, he concludes that

the RTE is low compared with the other countries in the Middle East (i.e. 2.8% in 1999),
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also the private rate of return to education for men (2.8%) is lower than for women (6%);
especially when the model for estimating the RTE is non-linear model in the level of
schooling. Furthermore, he corrects for self-selection bias using Heckman (1976) two-
step procedure and he finds that education increased the labor force participation because
years of schooling dummy coefficient is significant and positive. He justified that
Heckman two-step procedure is useful since z — test of p = 0 is strongly significant and
the self-selection term also significant. He showed that OLS owverestimate the return to
schooling. However, he obtained a negative coefficient of years of schooling for Probit
Heckman correction and solved that by defining dummy variables for educational levels*.
One of the contributions of this thesis is that it finds that Logit Heckman correction yield
positive and higher coefficient of years of schooling than OLS. Daoud and Sadeq (2012)
used quarterly Palestinian labor force data for the period 1996- 2010. They estimate the
private rate of return to schooling and what determine it. They Applied OLS and Hekman
correction to Mincer’s equation for males and females separately. They find that the
private return to schooling is 1.8% - 2.8% for males and 6% - 12% for females, without
using Heckman correction, and the fluctuation increased for this return with Heckman
correction. Moreover, they use educational levels instead of years of schooling for both
males and females. They find that the average difference in daily wages for females
increase markedly for secondary or associate diploma holders compared to illiterates.
However, the average difference in daily wages for males increase markedly for Bachelor

and Master and PhD holders compared to illiterates. Furthermore, they conclude that the

* - Daoud (2005) use schooling dummy variable (0-12, 13-15 and 16 or more). For 13-15 years of
schooling dummy variable worker can acquire 29.5%, 28.16% for the years 1999 and 2001
respectively. For further information see Daoud (2005), page 646.
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difference  between OLS and Heckman correction for females is high since their
participation in labor force is low, while for males the difference is negligible between
them. They also find that after 2007 there is a negative trend and the labor demand of
unskilled labor by Israeli market is the significant determinant of the return to schooling.
Aranki (2006) used the data from Palestinian Central Bureau of Statistics (1999-2003), he
corrects the bias that is resulted from deleting the power variable from wage function
using family background variables. This study confirmed that the RTE in Palestine were
low. Mansour (2010) treats the labor force in Israel as a shock in the labor supply and
finds that it’s negatively affects the wages of unskilled workers and not skilled workers,
which means that closing of Israeli labor markets contributes in raising the return to
education. Tansel and Daoud (2011) compared the private return to education in Palestine
and Turkey. They indicate that the gap in return to education between men and women in
Palestine greater than those in Turkey, also the study found that the return to education
increases by increasing the level of education, which means that the wage curve with
respect to the number of years of schooling is convex and not linear, which is found by
other studies, furthermore the study also found the direction of return to education is

increasing with respect to the time in Turkey, and decreasing in Palestine.
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Chapter Three

Methodology

3.1 Introduction

Recently, Bayesian inference methods have been widely used by researchers in
the field of econometric analysis. The analysis is based on the little rules of probability
which enable the researchers to make inference about the parameter and about the
models. This analysis has the property, on the contrary to the classical approach, which it

takes into account incorporating researcher’s beliefs to the analysis.

Bayesian inference is an alternative way of all statistical inferences (i.e. least
square, ML, Chi-Square testing, ANOVA, ... etc.). The major challenges in order to
make a Bayesian inference about the parameter 6, we have to choose an appropriate prior
P(d) for 6 with the model f(x|f)and an approximate calculation for the

posterior P(8|x).

In this thesis, we will use Palestinian Central Bureau of Statistics (PCBS) data of
Palestinian labor force survey (PLFS) for the period 2006 — 2012, which contain

information on education, wages, and other characteristics.

Based on Mincer (1974) wage equation, our model is given by:

logw, = X8 +IS; + Sx+yx’ + U,

where w; is daily wage (earnings) measure for an individual i, S; represents a
measure of their years of schooling, x; is an experience measure (typically age minus

years of schooling-6) or age, X; is a set of control variables (vector) assumed to affect
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wages (ie. gender, marital status, place of residence,..., etc.) and U; is a disturbance term
representing other unobservable factors which are not be explicity measured, assumed

independent of X; and S;.

Moreover, the thesis will use Bayesian inference to estimate the coefficients that
would identify the effects of education on log-wages. Usage of Bayesian inference can be
vindicated for different reasons; it can be applied in classical inference methods and give
solutions to different problems. Also, uncertainty of the parameter is included and it
allows us to find a posterior distribution by combining prior distributions of the
parameters with probability distribution of the data. Moreover, we prefer a Bayesian
inference because it assumes the parameters as a random variable, thus we proceed with
this procedure and then find the approximate distribution of the parameters. On the
contrary of likelihood, other regression methods (OLS and GLS) and instrumental
variables procedures assume that the residuals are normally distributed using central limit
theorem and provide an inefficient estimation. Thus, Bayesian inference usage can relax

the normality assumption and may lead to find a more efficient estimation.
Bayesian analysis depends on Bayes’ theorem of probability theory, Bayes
(1973). 1It’s given by:

P(yl6) P(6)

P(Bly) = P(r)

Where y(°) represents the set of data, and © represents the set of unknown

parameters. P () is the prior density function of the parameter &. P(y) is the marginal

°-y is multivariate.
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probability density of the data y. P(y|#) is the conditional probability (likelihood)
density function of the data given the unknown parameter &, and finally, P (& | ¥) is the
posterior density function of the parameter & given the data y. we proceed with Bayesian

inference to find out about the relation between two variables based on the principle
Posterior o< Prior X Likelihood,

The posterior distribution can be approximated by Markov Chain Monte Carlo
(MCMC) simulations, where inference can be explored for the posterior distribution. The
linear regression model with Gaussian error can be simulated Using Gibbs sampling®

simulation and it generates a sample from the posterior distribution of this linear model.
The general multiple regression equation is given by:
¥, = 8+ 0 x+6,x,++ B.x,, +u, (3.1.1)
Where:

yi is the dependent variable, Xk is the independent variable for i= 1,2,..., N and k

is the number of independent variables. We want to apply the data on the above equation.

For simplicity we use matrix form to show our estimation method as follows:

LetY bea N X 1 vector of dependent variable

¥ Ty
¥a . . U,

v =1, ., Ubean N x 1 vector of disturbances variable 7. = | . ,
¥y Uy

® - With a multivariate Gaussian prior on the beta vector, and an inverse Gamma prior on the
conditional error variance.
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EI}
6 be the (k+ 1) x 1 vector of coefficients g = 6:1 , and X the
Ek
N X (k+ 1) matrix of
1 x4 o 0 xq
1 x o 0 xg
The independent variables X =
1 xpy - o X,
Hence, the model can be written as ¥ = X8 + U (3.1.2)

Passing with our methodology framework, we introduce some notations.
The one bar over the scripts is to denote to the prior, the two bars over the scripts are to

denote to the posterior and the hat over the scripts is to denote to the OLS estimators.

3.2 The Likelihood Function

Likelihood function is joint probability density function for all the data
conditional on the unknown parameters: P(y|8,a%). In order to obtain the likelihood
function we use the matrix notation and the assumption of the regression and the

probability rules.

In matrix notation, the classical assumptions can be written as:
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The distribution of the error (w) terms is a multivariate normal with 0,, mean and o?1,

covariance matrix, we can write this in notation asu ~ N(0,,c%I,).

e The whole items of independent variable X are fixed; that is they are not random

variables, if otherwise the whole items are independent of u with P(yl|y) probability

. . . . 1
density function, where y is a vector of parameters that doesn’t contain & and — .
ad

In the first assumption, the matrix which contains the variances on the diagonal
and covariances everywhere else is called the variance-covariance matrix for the errors,

and we can write it under the classical assumptions as follows:

var(u,)  covluy,u,) -  covluy,uy)
cov(u, ,u,)  var(u,)
var(u) = . coviu, ,ug)
cov(uy_y ,Uy)
cov(uy ,uy) . var(uy )
gl 0 0
0 o o
= . O’z "
. . amn ':I
0 . T

Or we can write the term war(w)= oI, in tow components which are
var(u) = o*and cﬂt’[ui ruj) =0fori,j=1,2,3,...,Nand f #j.
The second assumption allows us to use conditionally on X and address

1
P(ylX,8,—) considering it the likelihood function; we can eliminate the term X to

facilitate the notation.
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Thus we can write the likelihood function benefiting from the definition of the
multivariate Normal density:
N

'P[J-'FIEJ' %} = I:%?; {exp [_L (y — Xﬂ'}" (v — Xﬂ'}]} (3.2.3)

2
(zm2 o

As with simple regression, likelihood function can be written in terms of OLS

quantities as follows:

PN (3.2.4)
F=xx)"xy (3.2.3)
o2 = -%8) »-xd) (3.2.6)

d

So that the likelihood function can be expressed by using matrix extension:

P16, %) = —5 (%) exp[-2 v x0) xx0r - 30) }{(2)F e[ 2]}

(2m)z

(3.2.7)

3.3 Prior distribution

Prior probabilities do not depend on the data. Accordingly, before seeing the data
the prior summarizes what we know about the parameter and show the information that
we suggest before any new evidence is exposed. So they can take any form. There are
many forms of priors and we want to use the Natural Conjugate Priors. A prior is
conjugate to likelihood if the posterior is in the same class of distributions as prior.

Basically, conjugate priors are like the posterior from some imaginary dataset with a
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diffuse prior. Also, as the likelihood function formula; the natural conjugate priors have

an identical form.

The distribution of & conditional on = is given by:
1 _ 1
P(8] —)~N({@ ,— D)

And the prior distribution of:—1 has the form

1 1 .
P(5)~ 65 )

o

By multiplying P(8| ﬁ} X P(gigj we obtain the form of the posterior

distribution, which appears to be a Normal-Gamma distribution
P(6,%)~NG(@#,D,%.d) (3.3.8)

Note that & is a k- vector which consists of the means of the prior for the k-
regression coefficientsé,, 8,,---,8,, and D is the covariance matrix for the prior with

dimension kx k and have a positive values.

3.4 Posterior distribution

The posterior density P(&|y) is our major interest. The posterior outlines all

information about the parameter & which allow updating the prior information about &
and:—:. The outcome here is the posterior which integrates the data and non-data

information. As we know from the traditional Bayes that the posterior is approximately
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proportional to the likelihood times the prior. So we multiply equations (3.2.7) and

(3.3.8) to obtain the posterior as shown below:

(8 Ei | v) ~NG(8, ﬁ,;:j] (3.4.9)
Where
D=(D"'+x'x)™t (3.4.10)
=D 16+ x'x6) (3.4.11)
d=d+ N (3.4.12)

and implicitly we can define (;_1:'2] by the following equation:

ds?=ds*+ ds’+ (6— 6)[D+ (X'x)'1"(6— ) (3.4.13)

Thus the posterior distribution is summarized by the preceding equations.

Integrating out on Ei , we would get the marginal posterior for & (i.e. using the result

pely) =[P (6.5

y] d:—: ). The marginal posterior for & has a multivariate Normal t-

distribution and we write it as shown below:
8|y ~ t(8,5%,D,d) (3.4.14)

The expected value and variance of 8|y using the definition of the t- distribution

are:

E@ly)=8 (3.4.15)

And
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var(fly) = s D (3.4.16)

In order to find the mean and variance of the errors of the term %hs. Utilizing

form the properties of the Normal-Gamma distribution we have:
:_: ly ~ G(S%jj (3.4.17)

and, hence, we have

-ly) = = (3.4.18)

and

- y) = = (3.4.19)

Equations (3.4.10) and (3.4.19) supply us a closer look at how Bayesian methods
join prior and data information. Researchers dealing with Bayesian analysis prefer to
summarize all information analytically without using integration and no posterior
simulation. So we are interested in dealing with the linear regression with Normal-

Gamma natural conjugate prior where posterior simulation is not required.

The OLS estimate of @is & where the researchers often use. The weighted

average of the OLS estimate and the prior mean, € is equal to the point estimate of

Bayesian model, &, the comparative strength of the prior and data information reflected
by the weights; which is proportional to the data X'¥ and D, and the confidence in the

prior is showed by the term D%,
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The posterior variance (3.4.16) is the basic of Bayesian analysis which combine
both the prior and the data information. For example equation (3.4.10) can be explained
in an informal basis as; the precision of the posterior is the average of data X'X and the

precision of the prior D™, Also we can explain equation (3.4.13) in the same way, that is,

posterior sum of squared errors (352) is the sum of prior sum of squared errors (d 57),
OLS sum of squared errors (ds?®), and a term which measures the conflict between prior
and data information ((§ — 6)' [D+ (X'x)']"*(8 — 6)). Moreover, the Natural
Conjugate Prior reveals that the explanation of the prior appears to be imaginary set (i.e.
d and N play the same role in equations (3.4.12) and (3.4.13), hence, it can be shown that
d can be considered as a prior sample size). Bayesian analysis can be carried out in terms
of two ways, the prior sensitivity and non-informative prior. We perform the prior
sensitivity prior analysis using several priors to present the empirical results. If we get
similar results across all the sensible priors, then we are agree with different beliefs about
the data. If otherwise, that is, we get sensitive results in selecting the priors, then we

haven’t strong evidence on the data in order to be acceptable with several prior visions.

The non-informative prior is the second way of the analysis. This is the prior that
gives us no information and have the smallest effect on the data and final results of
inference. Using the explanation of the natural Conjugate prior in order to guarantee that
the posterior is not supplied by information from the prior we can get the relatively non-
informative prior by considering d being small with respect to N and D large to large

value. So by this discussion and setting d = 0 and setting a small value of D% (ie.
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D~'=mI,, where mis a constant and we will consider it to be equal 0). Thus we find

that:
6, | y~ NG(8,5,— ,d)
2 52

Where
5= x'x)t (3.4.20)
G=0 (3.4.21)
I-n (34.22)

and
ds? = ds? (3.4.23)

We see that these formulas are close to the OLS results and consist of the all
information of the data only. Dealing with this non-informative prior lead us to have an
improper non-informative prior which is cannot be inferable and invalid density. To show

this property, (3.4.20) and (3.4.21) can be vindicated by joining the likelihood with this
prior density; F(E,:T)= g? where o” € (0,0), integrating it over (0,c0), we will

get oo, So that, most Bayesian models face improper non-informative priors.

Often we write the Bayesian prior as:

p (5 ,__) x o2 (3.4.24)
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3.5 Model Comparison

Model comparison is required for a diversity of activities, including variable
selection in regression, will not inform about which model is “true’, but rather about the
preference for the model given the data and other information. These preferences can be
used to choose a single "best' model. Bayesian inferences carry out the analysis of model
comparisons in addition of the inference taken about the parameter. In this section we
compare between models of linear regression using equality restrictions, with two types
of model comparison. First, we begin with the restriction in A, which assess R8 = r to
the other model without this restriction M,. If we put the restrictions R = r on the latest
parameters from M, then we got M, (i.e. we refer to M, as nested in M,). The second type
of model comparison which is the case of non-nested (i.e. by defining another model M,
including X = [ X,,X,] independent variables, doing this, then both A, and M, would be
nested in M3). We want to compare the two models:

M;:y= Xlﬁ',:l} + uy
M, y= X:'S'(:} + u,

Where X, and X, are matrices including fully distinct independent variables. We
can rewrite the previous two models in general as follow:

My, = X;6,+ u; (3.5.25)

Where j = 1,2 referring to the two models, X; is a matrix of independent

variables with dimension N X k;, the k;- vector of the regression coefficients &;; is a

k;- vector and the N-vector errors u; which distributed as Nm(ﬂﬂ.-,ﬁ I:).

d
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By setting v, = ¥, we can handle the analysis of the case of a non-nested model
comparison. Starting with unrestricted model of equation (3.1.1), we can work onM,,

which is assess R& = r , can be handled by assessing the restriction on the independent

variables. M, is unrestricted model, that is, wesety, =y ,X,=Xand &, = &.

For the two models the priors are distributed Normal-Gamma and it can be

written as shown below:

b Ei IM, ~ NG(8,,D,, } .d)) (3.5.26)
And the posteriors densities are given by:
8, Ei ly; ~ NG(8, ﬁ}.,j% .d;) (3.5.27)
Where
D,= (D" + x;'x)7 (3.5.28)
8 =D,(D, 16 + x'x6) (3.5.29)
(3.5.30)

i
Il
i
4=
=

and implicitly we can define 5, through the following equation

(3.5.31)

2 3 -2 2 ] AV T¢D Y Yyd - 8
5 =d5 +dst+ (0,-6,)[(D+ (x'%;) 171746, - 6))

1]

We see from equations (3.5.30) and (3.5.31) results that they are equivalent to the
OLS like equations (3.2.4) — (3.2.6). In either of the two models we will use equations

(3.5.27) — (3.5.31) to proceed the inference of posterior. For each model we can obtain
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the marginal likelihood and the posterior odds ratio. In this case we can write the

marginal likelihood as:

P(y,lm;) = m, (I%ZLD_ (d,°5,7) (35.32)

forj=1,2, where

(D@s)

m; = —— N — (3.5.33)

Also, we can write the posterior odds ratio comparing M, to M,as:

(LA
my |7 ) a5, } T P(M)
PO,, = - () | . (3.5.34)

—dg

(3_} (25,77 POy

In order to calculate the posterior model probability we can use the posterior odds

ratio, P(M;|y), using this criteria:

1

P(M,ly) = :& and P(M,|y) =

PO, 1+ FPOyp

The analysis of the equation (3.5.34) leads us to know the factors that affect the

model comparison and the posterior odds ratio. The first factor is, when the odds

ratio, ':3; , I large, M,is highly supported. The second factor is that the errors sum of

square d,s;* is included in the term EJ-S}-E. It’s a good criterion to determine if the model
fit the data (i.e. the lower value of the errors sum of squares, the model is fit better). From

this point the posterior odds ratio payoff for models that fit better. The third factor is

when there are a greatest consistency between the prior and the information of the data
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which is supported by the posterior odds ratio with ceteris-paribus. Finally, (%) is the

1

ratio of posterior to prior variances that can be explained as the model with high
information from the prior with respect to the information from the posterior generally
more supported, holding other things to be equal. Furthermore, the posterior odds ratio
prefers the models with a few number of parameters, that is, it’s a littleness payoff. We

proceed the model comparison with the tow models that have the same number of

parameters (i.e. &; and % ), and this payoff of littleness is not clear. Otherwise, it’s a

d

serious characteristic of posterior odds ratio. One problem arise when we are dealing with
model comparison is that posterior odds ratio can’t be defined when the prior is non-
informative.

In this section we want to express the non-informative prior disjoint using two
steps. The first step we consider a prior where d = 0 and D~' = ml,. The second step

we define a non-informative prior as one where m is a scalar considered to be zero. The

important result is to consider non-informative priors for — for j = 1,2 and not use it

4

for 6;,. Since the parameter of the error precision exists in both models which explained
similarly. But €., and &, are different in two models. Problems arise when we use

non-informative priors for &;;,'s in the case ofky # k,.
So to be in the secure way, we have to use non-informative prior in the case of

k, = k,. This will shackle a posterior odds ratio in the form

: N
— ':lx'_llx'_”: ':d'_f'_::l ER(ML)

POy, =

(3.5.35)

E N
(|l %2 )2 (ze®) 2P (41y)

Equation (3.5.35) depends on the unit of measurement.
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3.6 Highest Posterior Density Intervals (HPDI)

We are interested in the model testing and comparison with non-informative prior.
To do so there are some techniques can be used. One of them is the HPDI and present
how we can use it in an ad hoc mode in order to compare nested models. HPDIs are a
very common device which can be used with the non-informative prior. In all times it
exists when we are dealing with the posterior estimation. Before showing our analysis we
consider some definitions of the basic connotation with the situation that the vector of
parameters £ in the normal linear regression model. Suppose that the elements of & vector
each belong to the interval (—oe,c0), denote it as# € R, Let w = I(#) be some n vector
of functions of & which is defined over a region,{}, where k = n. Let V' be a subset of 2,
denoted by V' < 1.

Definition (1): credible sets

We say to the setV S Qtis a (1 — a) X 100% credible set with respect to
plwly) if.

p(weVly) = [ p(wly)dw=1-a
Definition (2): Highest Posterior Density Intervals (HPDI)

A (1— a)x100% credible interval for w with the lower area than any other
credible area for w is said to be (1 — a) x 100% the highest posterior density interval
for w.

The researcher must provide HPDI in addition of obtaining the mean posterior

of &;. We interpret HPDI that the researcher is (1 —a) X 100% confident that &; falls in

the HPDI. To show this, we consider the two Normal Linear models as in equation
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(3.1.2) which has an attention to what independent variable included and not included in

the model. Thus the two models become:

and
Mj: 8, %0
As summarized in equations (3.5.26) — (3.5.31) we can perform posterior
inference under M,, and based on the t distrioution we can estimate the 8,'s HPDI. The
criterion to find which model is preferred is that if the zero is contained in HPDI, then we

are preferred M,. If the zero does not contain in HPDI, then we does not prefer M, .
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Chapter Four

4.1 Analysis and Results

4.1.1 Bayesian inference — OLS inference

Mincer (1974) model is the most used model in order to study the human capital
and to estimate the returns to education. This model links daily wages (dependent
variable) with set of predictor variables i.e. age, potential experience, years of schooling,

labor sector and place of residence.
ET].I"I.'J;_ = _ﬁc. + j5’1.5'z- + ﬂ':LX:' + ﬂ:Xﬁz + 'L[:' (4,1,1)

Where W refers to daily wage and we take InW to be able to estimate the rate of
change in daily wage, 5 indicates the years of schooling, X indicates the age or potential
experience and u represents the random error for the model, note that the coefficients

(Bo + 51 11 &7 are constants.

We add to equation (4.1.1) some control variables like place of residence, labor
sector, occupation and /or education qualitative. Since these variables are qualitative
variables we define dummy variables that represent each category for each variable. For
example, the place of residence variable takes three categories (Urban, Rural, and Camp),
so we can define and enter a dummy variable that represents who is reside in Camp and
take a value of 1 and O otherwise. By this way we can interpret this dummy variable as
the average difference of daily wage between Camp residence and non-Camp residence.
We are interested in three models. We use potential experience in the first model i.e. the

reference model. Hence, equation (4.1.1) can be expressed by:
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InW, = iy + 515+ 15’2552 + aypexp; + azpexp;’ + sex +yqyld; + yotd; + yard; + yaad; +
Ysvd; + Yemd; + yywbgd; + yecad; + ysgd; + yielsd; +u;

(4.1.2)

In the second model we use age instead of potential experience. Hence, equation

(4.1.1) can be expressed by:

InW; = ffp + 515: + ﬁ’ZSEE +aqage; + a; agef + sex +yqld; + yotd; +yard; + yaad; +
ysvd; + yemd; + yowbgd; + ygcad; + yogd; + y1pisd; +1u;

4.1.3)

In the third model we use potential experience and replace years of schooling (S)
and squared years of schooling (S?) variables by dummy variables of educational levels.

Hence, equation (4.1.1) can be expressed by:

ET].I'V;_ = .ﬁl} + ﬁlitdt + ﬂ:ﬂrﬂrdi + ﬁaedi + ﬁq_.sdi + ﬁEﬂ’ddi + ﬁﬁbﬂ-di + ﬁ?hddt + ﬂsmﬂ-di +
Baphd; + aypexp + azpexp;’ + sex +yqld; + yotd; + yard; + yaad; + ysvd; + yemd; +
yewbgd; + ygoad; + ysgd; + yyoisd; + u;

(4.1.4)

Where:

pexp: potential experience (= age — years of schooling — 6).
e pexp’: squared potential experience.

e |d: dummy variable takes a value of 1 for legislators, senior officials and

managers category and O for the remaining categories.

e td: dummy variable takes a value of 1 for professionals, technical, associate and

clerks category and O for the remaining categories.
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rd: dummy variable takes a value of 1 for service, shop and market workers

category and O for the remaining categories.

ad: dummy variable takes a value of 1 for skilled agriculture and fishery workers

category and O for the remaining categories.

vd: dummy variable takes a value of 1 for craft and related trade workers category

and 0 for the remaining categories.

md: dummy variable takes a value of 1 for plant and machine operators and

assemblers category and O for the remaining categories.

whbgd: dummy variable takes a value of 1 for West Bank region category and 0 for

Gaza Strip region.

cad: dummy variable takes a value of 1 for Camp residence category and O for the

remaining categories.

gd: dummy variable takes a value of 1 for employees in national government

category and O for the remaining categories.

isd: dummy variable takes a value of 1 for Israel and the settlements category and

0 for the remaining categories.

ltd: dummy variable takes a value of 1 for whose education attainment is literate

category and O for the remaining categories.

crd: dummy variable takes a value of 1 for whose education attainment is can read

and write category and O for the remaining categories.
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e ed: dummy variable takes a value of 1 for whose education attainment is

elementary category and O for the remaining categories.

e sd: dummy variable takes a value of 1 for whose education attainment is

secondary category and O for the remaining categories.

e add: dummy variable takes a wvalue of 1 for whose education attainment is

associated diploma category and 0 for the remaining categories.

e bad: dummy variable takes a value of 1 for whose education attainment is BA/

BSc category and O for the remaining categories.

e hdd: dummy variable takes a value of 1 for whose education attainment is higher

diploma category and O for the remaining categories.

e mad: dummy variable takes a value of 1 for whose education attainment is master

degree category and O for the remaining categories.

e phd: dummy variable takes a value of 1 for whose education attainment is Ph.D

category and O for the remaining categories.

Note that the preparatory educational level is considered as the reference category
for education. Moreover, the elementary occupation is the reference category for

occupation.

We will apply OLS and Bayesian linear Regressions on equations (2), (3) and (4)
,using R software, for each quarter for the years 2006-2011 which provides us a fairly
long time series data to compare between the estimates and standard error for the three

equations. These equations can be applied only on paid workers (W; observed only for
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this category) and the estimates OLS and Bayesian regression will be biased or confined
to paid employees category and doesn’t take into account who doesn’t participate in labor
force; since the wage paid or offers they receive doesn’t exceed the reservation wage

even the individual accept to enter the labor market.

The economic theory indicates that the income curve is concave down in age or
experience, and the individual reaches the maximum value of income in his middle age.
Supported results of this theory in tables 4.1, 4.2 and 4.3 in Appendix for the models (1),
(2) and (3) respectively indicate that OLS and Bayesian regression methods estimates of
the mean are approximately the same but the standard error estimates of the mean using
Bayesian method is less than the standard error estimates of the mean using OLS method.
Thus, we conclude that Bayesian regression method is more efficient than OLS method.
This result fits the results of Block, Hoogerheide and Thurik (2012). That is, the posterior
standard error is less than OLS standard error. Also, we find that the coefficient of
squared years of schooling is positive and significant in most quarters for each of the two
methods, which means that there is a nonlinear relation between daily wages and years of
schooling and it indicates that the difference in wages for each year of schooling is low
for lower levels of education but high for higher levels of education. Also we find that the
coefficient of squared potential experience in model (1) and the coefficient of squared
age in model (2) are negative and significant in most quarters for each of the two
methods, which means that the relationship between daily wages and age or experience is
concave. This result compatible to the results found of Tansel and Daoud (2011). They

show that the relation between wages and years of schooling is convex and not linear.
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In Model (3) we use the educational levels which will help us to see the concavity
of income curve and to find out at what level of education the rate of return to schooling
is higher. Results in Table 4.3 in Appendix indicate that the coefficients of illiterates, can
reads and writes, elementary, secondary, associate diploma, Bachelor and Master dummy
variables are significant, while the coefficients of higher diploma and PhD dummy
variables are not significant in most of the quarters in each of the two methods of
estimation. This Table indicates that the average differences in daily wages for workers is
increasing for levels secondary, Bachelor and Master, compared to preparatory level.
This underlines the concavity of the income curve with educational levels. For higher
diploma and PhD level, the low number of observations having these degrees increases
the standard error. This implies that the coefficients of higher diploma and PhD are non-
significant in many cases. Here we review the interpretation of the coefficient of dummy

variables of educational levels.

e The average daily wage for illiterates is lower than preparatory degree holders by

2.0% - 20.5%.

e The Average daily wage for can reads and writes is lower than preparatory degree

holders by 2.0% - 7.6%.

e The Average daily wage for elementary holders is lower than preparatory degree

holders by 1.5% - 4.6%.

e The Average daily wage for secondary is higher than preparatory degree holders

by 1.5% - 5.5%.
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e The Average daily wage for associate diploma holders is higher than preparatory

degree holders by 2.8% - 6.5%.

e The Average daily wage for Bachelor holders is higher than preparatory degree

holders by 3.7% - 12.8%.

e The Average daily wage for Masters is higher than preparatory degree holders by

8.6% - 26%.

4.1.2 Model Comparison

In model comparison we are interested to find which model is better. We compare
between the three models considered in our analysis. We show in table 4.4 the values of
R squared for OLS estimates and the values of log Bayes Factor (BF) for Bayesian
estimation, in each quarter for each model. By considering model (1) as the reference
model, we find in most of the quarters that R squared for the second model (2) is greater
than the other two models, so we conclude that model (2) is the better model using OLS.
Also, Bayes Factor for each quarter indicates that model (2) is the most preferred for
other models. Moreover, we find that model (1) is better than model (3) in Bayesian
method since BF for model (1) is greater than those for model (3). Meanwhile Model (3)
Is better than model (1) since R squared for model (3) is greater than those for model (1)
in some quarters, but model (1) was found better in some other cases. Anyway, R-
squared of models (1) and (3) are very close, but less than model (2). This result indicates
that age is a better predictor of wages than experience. Moreover, years of schooling is
found a better predictor than educational levels. This result is confirmed using R- squared

and Bayes Factor. However, Bayes factor may find different results if the difference
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between R-squared of two models (1 and 3) is very small. Daoud and Sadeq (2012) use
age instead of potential experience in Mincer equation and they justify the usage of age
since the adjusted R-squared for the model that contains age is higher than the adjusted

R-squared for the model that contains the potential experience.
4.1.3 HPDI

To find out which variable has a significant relation with the natural logarithm of
daily wages. We use the t-test in OLS and HPDI in Bayesian regressions. Tables 4.5, 4.6
and 4.7 show the HPDI for each variable in regression equation for each of the three
models. HPDI criterion says that if the O is not contained in interval, then there is a
statistically significant relationship between the dependent variable and the predictor
variable, otherwise there is no significant relationship between them. Our results of HPDI
are similar to the t-test results, that is, the variables that are statistically significant in

OLS method are statistically significant using Bayesian method.

4.2 Heckman Correction using Legit and Probit Models

OLS and Bayesian estimation suffer from three problems, self-selection bias
(Heckman, 1979), ability bias (Altonji and Dunn, 1996) and endogeneity problems
(Angrist and Kruger, 1991). In this thesis, we try to correct the problem of self-selection

bias. We apply Bayesian inference to Heckman’s (1976) two-step procedure in order to
correct this problem using Logit and Probit models. We define a dummy variable
(emd) that takes a value of 1 for wage employed persons and O for unemployed and out
of labor force persons. We add some variables like marital status and place of residence

to Logit and Probit models and we drop occupation and status in employment variables.
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We regress (emd) on years of schooling, squared years of schooling, age, squared age,
marital status, region and camp residence variables. Furthermore, to find out which
model best fits and predicts daily wages, we compare between Bayesian estimation with
Heckman Logit model and Bayesian estimation with Heckman Prebit model using
Bayes Factor. The estimated model using Bayesian inference without Heckman

correction is not included in model comparison since it suffers from selectivity bias.

We review Heckman’s (1976) two-step procedure. Individuals decide to
participate in the labor force if the market wage (w7 exceeds the reservation wage (w*).

We observe w if w = w* and if otherwise we do not observe it. Define a dummy

variable (H) that takes a value of 1 for employed individuals and O otherwise,

H=Ky+u,; =0 (4.2.1)

W, =XF + dug (4.2.2)

Where H is observed only if w = w= this equation is named by participation
equation; which links participation with set of variables (&) that affect individual’s
decision to work like number of children and marital status ... etc. Equation (4.2.1)
estimated simultaneously with equation (4.2.2) and with self-selection, Heckman (1976).
After that, Heckman added to equation (4.1.1) some independent variables (&) that exist
in equation (4.2.1) multiplied by their coefficients and Invers Mills’s ratio, 4. Using

Heckman correction on equation (4.1.1) it becomes:

InW, = B, + BX, + AK,y + d, (4.2.3)
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Where A = p &, , &, indicates the standard error of equation (4.2.2), p indicates
the coefficient of correlation of residuals in equation (4.2.1) and residuals in equation
(4.2.2). X represents the set of independent variables mentioned in equation (4.1.3) and K
represents some variables that will affect individual’s participation in the labor force like
marital status, residence in camp and household size, Daoud (1999) and Daoud and

Sadeq (2012).

Estimation results of Heckman correction using Logit model indicate that the
estimated coefficient of years of schooling is greater than those we’ve got from Bayesian
and OLS estimation and it is positive. However, estimation results of Heckman correction
using Probit model indicate that the coefficient of years of schooling slightly differs
from those we’ve got form Bayesian and OLS estimation and it is negative in most of the
quarters. Tables 4.8 and 4.9 show the estimation results of Heckman correction Logit
and Probit models respectively. Daoud and Sadeq (2012) find that Heckman correction
does not vary from OLS estimates of return to schooling for males. However, they find
that the difference in estimates of return to schooling for females using Heckman
correction is higher compared to OLS estimates and they vindicate this high difference by

lower participation rate in the labor force for females’ .

Table 4.10 represents model comparison using Bayes factor between Bayesian
estimation with Logit Heckman correction and Frobit Heckman correction. We find that
applying Logit Heckman correction using Bayesian inference is the best model to predict

individual’s wages and estimates of return to education.

" - According to PCBS Labor force survey (2011), labor force participation rate is 66.8% of males
and 14.7% of females.
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4.3 Conclusions and Recommendations

We conclude that Bayesian inference method produce more efficient estimation
than OLS inference method. The posterior standard error using Bayesian inference is less
than the standard error of the mean using OLS. Moreover, usage of age in Mincer (1974)
human capital equation is better than usage of potential experience and education levels.
Since in either of the two methods R-squared and Bayes factor in the model that consists
of age is greater than those found in the other two models used in this thesis. Therefore,

age is a better predictor of wages.

Estimation results of daily wages equation indicate that the wages equation is
convex with respect to the years of schooling in both models (1) and (2). And this means

that the private rate of return to schooling increase with the level of education.

Moreover, in order to correct for self-selection bias, we contribute that Logit
Heckman correction using Bayesian inference do a good job of estimation and it is better

than Probit Heckman correction and Bayesian inference with no Heckman correction.

For future research consideration we can estimate the return to education using
panel data of Palestinian labor force for the period 1995 — 2012. Furthermore, we can use

two level hierarchical models in order to estimate the social return to education.

Since OLS and Bayesian inference on linear regression models of wages suffer
from endogeneity and ability bias in addition to self-selection bias, we recommend for

further research in Bayesian methods of solving bias.
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Table 4.1 continued
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Table 4.1 continued
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Table 4.1 continued

(50200000 | #2SC0 feuss 180000000 | 60 | rewds T00000 | S50 | rewds _ §I00000 | Soiz0 | rewds
8710000 | 86500- | 1100 SBYI0000 | 756600 | 9LAT00 EESTO000 | L06B00- | HCSIO0 JEEN0000 | K000 | GCETO0 | teono0- | PR
(800000 | 76950- | SC08000 £0800000 | ST8Y0- | SHB000 TE6R00000 | #1SP0- | 6L63000 9EEL00000 | 96250 | LLELO0D pea
10010000 | 86E00- | 649700 16910000 | 79900- | TL900 TIL0000 | €0900- | 769700 LPST0000 | [998000- | 87STO0 | €BSR00C0- | S
960900000 | L20T0- | 96C9000 697900000 | LOTO- | 899000 960100000 | TILE0- | T07L000 878500000 | S6TT0- | 818000 pag
£6310000 | #EITO | L06700 (970000 | %10 | 9600 88000000 | €IET0 | #0100 8LLT0000 | 880T0 | T6LI00 pu
{51000 | L6ET0- | 86HT00 0000 | wT0- | 9EST00 SeIo00 | 9%r0- | IO OLET0000 | SITO- | €9€700 pe
8770000 TE00 <800 T67I0000 | 8810 | S6vIO0 8000 | M0 | #8HI00 (160000 | 9EET0 | 9ET00 p
T6ET0000 | €ECTO | 40700 1070000 | Se¥T0 | HIKI00 8wionn | 6600 | 79vI00 pLaoonn | TET0 | TI00 p
§5T0000 | 9090 | 8100 (570000 SEOT0 | 894100 £970000 | ¥SE600 | 879100 erl0000 | 686E00 | Lel0n0 Ul
§pLa0000 | 8STT0 L1700 8EVT0000 670 | LS00 790000 | L6700 | 799200 £9570000 | STLO0 | #BSC00
GSE%00000 | 68400 | 81E000 679900000 | 8100 | TH9000 SEB00000 | EeLE00 | €6L9000 (98900000 | SB0S00 | TEBS000 a5
L590000°0- | 6858000000 758000000010 | SL7E0000'0- | 858000000 {1960000000°0 | €£200000- 996000000 ECRL0000000°0 | S8790000°0- | 798L00000°0 JRIEN
87990000 | 959%0000 | €vSS0000 | TEH000000 | 60ZT0000- | 8K9K0000 | TISIO000- | SLTSO00000 | SOT00000 | P6TS0000 | E8TG00000 | ZEEXO00000 | 8STON0 | SEEHOOND i3
po0T000 | #9970000 £S1000000 | €790000 | 9910000 99.1000000 | L66K0000 | 6£7000°0 91ST000000 | 7680000 | TST0000 [
6YST00- | 9606000 CETE00000 | 8pLEO00- | €TTE000 | 699€000- | THEE00000 | SOWCOO'0- | TEEEOO0 | OO0 | HESCOOOO0 | L9TTO0- | 987000 §
9%SY {8100 16810000 vy | S8I00 SRI0000 | WLy | 8L6T00 (8910000 | 8¢Sy | 89100 e
ouagssoleg | soleg | Joudissio | S0 [dowsissofeg | sofeg [iowdisiol S0 [lousdssoheg| seheg [owalsio [ S0 [dowsissakeg| safeg [oueissiof  S10 .
0 0 0 10
8+ DED + PSI-+ DB + U + DB+ PA+ I+ P+ P|+ X35 + 70X3d + X3+ 75+ [0USI3A = MU :T ]3O ‘6007 Ieak




53

PRET00000 | Sesorsz0 | zewdls 15700000 | 600£0 feuwsdls PEST0000 | 6060 | zewds 70 0 T Lewdls

18570000 | T9686010- | L9100 SYOI0000° | 5900 | €900 (90000 | L6vS00- | €19100 (630000 | T8500- | GESI00 p

950600000 | LLT660S0- | 4016000 §IEe00000 | Ewow0- | L9¢6000 pIe0000 | 8O- | €676000 (EB00000 | 8890~ | 8LBO00 | wLI00 | ped

(510000 | 60L6700- | €8100 E610000 | 1500 | 706100 F6I0000 | 6L8L00- | 706100 900000 | 0 | wooo | gmae | Pl

196900000 | 7895T0- | 6563000 6000000 | 67T~ | 980000 S0L00000 | 60T0- | €000 679900000 | 6T~ | 679000

§67C0000 | ¥9BLSTTO | T€R00 SECO000 | 90TT0 {00 f0zco000 | wIt0 | 70 L£070000 1o 150200

E900000 | 9TLTECT0- | 8E9T00 9810000 | 815800 #8100 00000 | TL800- | 189100 900000 | 8O- 69100

98500000 | STGLTO | T6ST00 790000 | TI90 6E9100 (6900000 | €70 | LE9T00 16770000 1o 667700

9090000 | 68SBZET0 | TSI00 SSI0000 | 6670 94100 §SI0000 | 60TO | 96100 SLAI000 | 6300 6100

£6970000 | 60600 | 69100 1920000 | 808€00 | 65LI00 Fei000 | o100 | TeLi00 PS9I0000 | #7000 | 15900

6670000 | L0900 | #I0E00 9060000 | €LL600 | 58000 TI6C0000 | €600 | SEe00 | ¢ISE00 | wSO0000 | 78900 | 95000

£6900000 | T0@6R00 | 6889000 SCTL00000° | 8L7H00 | TR0L000 SOTZ00O00 | 190200 | €904000 889900000 | €900 | 8v%9000

£08600000000 | 2400000 | 66000000 (5600000000 | 6€770000°0- |~ £TS6000000 8896000000010 | 285¥00000'0- | SEL6000000 | L€400000'0- | 936300000000 | 799600000 | TE06O000N0

9505000000 | C€LZ0000 | SL0S0000 | 91970000 | 9TISO000 | €SLLO0OD- | SHISOO0 | [8L000C- | €BZS000000 | STOTOOT- | COES0000 SU6000000 | (600000 | f¥6K0000

(927000000 | ££260000 | L0000 8031000000 | 7710000 | - 10870000 ToZ1000000 | TSCT0000 | ¥8L0000° | [0CTO000 | 9697000000 | 6£050000 | 68970000

ELEE00000° | vLHETO0- | 9EE000 (97600000 | TLv6000- | SGHEOOQ | SBEEOD- | GBEEO0O00 | OTSTO00 | SEEO00 | w06COO0 | S6TEOOO0O | 9609000- | 6BIE0D

pO0I0000 | 69700 | L0000 6020000 865t £80200 8010000 | LSSY T20u00 60670000 LSy £06100
loualssafeq | soleg | lowalsio | S10  [Jouaassoheg| saleg | Joudisio S0 [louagssokeg| <ofeg |iowasio| S0 [Jowdisseheg | saleg | oudnssio | S10 )
Jalen
0 £0 0 10
[+ P+ PS1+ P3GM-+ DU+ PE+ P+ DA+ 3+ |+ XS+ 70X + A + 75+ oupsiak= Mu) T PO 0701 I3

Table 4.1 continued



54

Table 4.1 continued

85700000 9L0£0 {eusdls 187700000 81670 feuss THS000000 | T07€0 teusdls THS700000 TED teusls

9190000 | 9e8s00- 509100 98STO000 | ¥90%00- | 9LSH00 £910000 | $LESOO- | €19700 TE9T0000 e 129100

16600000 Lz 0 DLEG00 S600000° | 8SH0- | TST6000 L71600000 | 890 16000 9600000 | TLH0- | BLI6000

peoI0000 | E0ER00- 106100 GEBTO000 | €BES00- | T8I0 SBRI0000 | CS0800- | 98100 SIBI00 |  LE8T00- | C68100 98700
(2000000 | 69600- | 6T0L000 116900000 qro- 1163000 9E6900000 |  SHTO- | ¥E6N00 SE6900000 | TeSTO- | 69000

9120000 8L0600 7o 86120000 %600 €100 £8120000 £09r0 861200 ST20000 66910 THa00

60510000 Fe0r0- £6v100 9510000 L0 PE9100 pLOIO000 | 8BTTO- | 899700 90810000 pe10- 68L100

$7910000 66970 609100 SpST0000 110 55700 $IST0000 1000 875700 66570000 TR0 09100

9410000 65010 67100 1510000 STEro 14100 S610000 18710 60ST00 L5ST0000 98E10 194100

£070000 87400 #0100 8970000 180700 119100 000000 | 78600 1100 £10000 £1600 L69100

18L70000 886700 908200 16900000 £55700 S0 GEBTO000 | 69800 | 898700 9870000 1070 698200

86100000 | Tew00 9574000 TL00000 56200 8504000 BUTL00000 | HTSE00 | LOTLO00 9ITL00000 | 880 | BL0L000

66000000000 | L9E€00000- | 6£86000001 (99600000000 | €0ZE00000- | STS6000000 £0/600000000° | TT200000- | 7SL600000 89600000000 | £5670000°0- | 5896000000

SRTS000000 | SHTI000- | HOES0000 PI7S000000 | 87660000~ | TETS0000 60ES000000 | €E0T000- | 6TESO000 LL5000000 | £9780000- | 670000

TIBI000000 | 880000 | 0810000 ELLTO00000 |  EETIO00 | 99L70000 997000000 | €S.0000 | 6SLT0000 TLLT000000 | 7810000 | Y9L0000

L67E00000 | CETIO0- | L8¥E000 6YE00000 | 79T00- | 6EREO00 LSEE00000 | 6656000~ | LFEE000 LE600000 | L086000- | T9EE000

{20000 9y S0T200 £0720000 [£2) 90700 91020000 () 600200 12000000 8y #1000

lougissaleg | soleg [ Joudisl0 | S0 [Joudassaleq | saleg  [Jowdisio | Sl [Joudissafeq | saleg [ Jowdissio | 10 [Joudassakeq |  sokeg [ Joudissio | <10 .

0 £0 0 0
P34 DB+ PS1 + PIGM + P+ P8+ PA+ PA+ P+ |+ X35+ 70430 + X3 + 75 + 0UDSIaA= MU TJRPO :TT0C Jeak




55

OLS and Bayes

ing

lts for daily wages for model 2 us

: Estimation resu

Table 4.2

(safeg pue §10) UOIIELS? J0 SPOLIALI M) 34} J0 YDBR U] 84S J0 [313] 30UBPIJU03 B Je JUEDIJIUS)S A|[EdISIFeIS & aney anjq Ui papeys S|j3)

100000 | 8z | zewds 81£100000 | 89070 zewdss TIL00000 | 9YSTL0T0 | gewdls
L670000 | S06600- | 7S6C00 | 9r6v00- | 960000 | 6vTHOD- | 96000 | TLCOO- | CCCE0000 | SLL6S60C- | C0CE00 9L€e0000 | 9TTT0- | 99€EE00
C10£00000 | LCCEC- | THOLOOO U86900000 | ¥EED- | ST0L00D 950200000 | 9S9vSTEQ- | 680£000 PROL00000 | 900 | €100
EPLI0000 | C6ST00- | S9TLI00 | 98GTO0- | SS9T0000 | 919%00- | 8E9I00 ELT0000 | C0z6SS0°0- | TTLT00 (£10000 | 9Ec00- | €0100 EEEC00-
996500000 | 6CS00- | 865000 168500000 |  CTL0C- | 685000 506500000 | 9v€SSTT0- | 8685000 L76500000 |  61T0- | 7765000
LEBT0000 | 876600 | YS8100 9210000 | 870000 | LLLT00 LELT0000 | £009550°0 | €SLT00 6810000 | S#TL00 | 908100
£0T0000 | ¥¥¥B00- | 650100 LIET0000 | 95900~ | SOETO0 66010000 | TTC79e00- | L8100 (0710000 | 669%0°0- | 6800
POET0000 | w0TO | 89€100 TZET0000 | €80T0 | SCET00 SET0000 | BIGEITTO | SSETOD 99€10000 | 11010 T9€100
p9z10000 | 95800 | 9LTI00 SPCI0000 | [S600 | LSTIO0 (8C70000 | 98E6L00 | 56100 E0ET0000 | S0cL00 | SIETOO
E0rI0000 | 66200 | €OYI00 SBET0000 | 8100 | BETOO | 8BYTO0 | WLEDOOOD | TEGEGCOO | wLETOD (6ET0000 | LETH0O0 | T6EI00 %
5060000 £95T0 | 9L0E00 (5060000 | 89200 | SLOEOO | 9200 | 86C0000 | Lt9T200 | ¥OOEOD | #7200 | 89LT0000 | €2S800- | 6LL00
ST6500000 | £S#800 | 8685000 £68500000 |  €TLy00 | S8S000 £98500000 | 9€¥9S€00 | 85000 568500000 | £88200 | L8500
605600000000 | 86£50000°0- | 8756000000 752600000000 8200000~ | €£C600000°0 LE60000000°0 | 8¢20000°0- | 8866000000 12660000000°0( 979500000- | 6EE600000°0
9EEL000000 | 837000 | SEL0000 TPIL000000 | 6E0E000 | 9STL0000 £92£000000 | 85967000 | LLTL000T £97£000000 | 8609000 | £92£0000
670000000 | ST200000 | ¥8Y1000°0 | 2££T00000 | £9¥T000000 | LSE90000- | T9¥1000°0 | 6T£90000°0-| €97700000°0 | T0ZE000C- | LS¥10000 pLF1000000 | €ETT0000- | 89¥10000 | £770000-
(/9700000 | ¥LLL000 | S92000 (E9700000 |  THTIO0 | ST9L000 685000000 | 8968100 | 78SCO00 819200000 | 85100 | 1192000
66970000 ey | €69100 be9T0000 | [v6200 | 689700 (5910000 | T89zE9CY | 99100 (9970000 |  €€TY 9597010
jouggssafeg | soheg | owe1ssi0 |  S10  [Joudissafeq | seleg  [owelsSio | 10 [dowsissaheg | safeq [Joudisi0 | 10 [Jowdissakeq| sakeq | Joudis§i0 510 i
70 £0 0 10
D3 + PO+ PSI-+ P3GM + UL+ e+ PA+ )+ P} +p| + X35 + 7938 + 938 + 75 + |oyasiak=Mu :7j3p0IN 9007 Jeah

safieg pue $10 Buisn uoijenb3 sa3e Ajteq Joj SHSaY UOReWSI :7'p 3|deL




56

Table 4.2 continued

89100000 | 6e0091z0 | ewls BI0000 | weo | reusls B0 | sm0r0 | w600 SROT00000 | T10w00 | zeuds
B0SE0000. | @vstIor0- | (94600 I IESIEET CNIETEEED TU870000 | 9860z00- | #3820
Qo0 | gt - | 764000 EHIETEED 100000 | wzee- | 70600 918900000 | €36L62E0- | S0600
89910000 | s0uss000 | 769300 | vessoo0 | gorgooo0 | esomo | 269i00 6990000 | w00 | 706300 §910000 | [iRl600- | 99100
STO900000 | 898669¢ 0- | 6099000 STIO000 | 100 | L019000 EE6500000 | eLe600- | 206100 18500000 | 60958600 | G730
LE8T0000 | 6636000 | SG8100 w00 | w00 | 63100 6910000 | 68010000 | 706500 15910000 | 17908900 | 199100
6EZI0000 | zecsaor- | Geaso0 TNIETEET 600000 | sero- | 706M00 89110000 | 20ct/9T0- | TST00
BI000 | 669800 | 64100 BLEIO00 | 0600 | EI00 16000 | sswo | aem0o WEI00 | v06CT0 | SET00
BIETO00 | 19890400 | 166100 670000 | ve1800 | Lzi00 §7000 | 00 [ E0i00 ETI0000 | S6CCI00 | #2100
Lomo00 | sess000 | 900 | Tero0 | wERIO000 | weso0 | wepioo LS00 | €700 | 9Lem0g S ETIET
66370000 | ba00ge00 | 2200 %00 | usi00 | a0 7E000 | 100 | 800 8820000 | 06100 | L3600
08300000 | 15905600 | 1873000 10000 | Sw00 | es1s00o SIGS00000 | 908500 | 706S000 08500000 | £660500 | SRISO00
066000000010 | T64T0000- | EZ66000000 596000000010 | 603800000- | 2296000000 ELSG000000010 | 8v9£0000°0- | 7656000000 COEGO00000010 | 20100070 | 8600000
L0000 | /060100 | 26440000 960000000 | 14000 | TISLO00D BEPL000000 | 15000 | 7590000 622000000 | 6192000 | £0€L0000
TASTON000._ | 3/590000 | 59610000 OST000000. | £5¢0000 | 4510000 URIOO000_| €1620000 | 99470000 ESHIO0N000 | 16520000 | £4T0000
TEST00000 | SERI000- | 780000 SO000 | W00 | 842000 | 6000 | 600000 | bA000 | 79000 | 9000 | SGGAO00000 | e6TGEOD0 | 8SSZO00 | 866000
810000 | 190965 | 18100 IR 191000 | ey | 9000 N IEREEET
Jlouanssaleg | saleg [lowaissio|  S10 | Joudassaleg | saleg  [Jowaissio|  S10 [ Jowddssakeg | saheg [Jowdissio | 10 [ Jowsassaleg [ sakeg  [Jouaissi0| S0
L 0 0 a Jayery
Ieah

D3+ DB+ PSI+ PBOM + UL+ P+ PA+ P+ P) +P|+ X3S + 733 + 386 + 75 + |0yasIak=mu| :7|3pop /007




57

Table 4.2 continued

876100000 | 80220 zewsss 118700000 | 670 Tewsys £000000 18100 Tewsys 924100000 | 8€TZ86T0 | Zewsi
60S€0000° | CL€T0- | 68vE0D EvIE0000 | LIETO- | €TTE00 0960000 | SEOTO- | TSE0D £9T€0000 | ¥927890°0- | 8HTE00 ps
TELL00000 | LT9T0- | €9LL00T0 pSTL00000 | 692C0- | L8TL00O (47800000 | 8E€0- | 8028000 {CEL0000'0 | 96000€C- | €SELO0TD pea
9910000 | 60£K00 | €y9100 LE910000 | SE6E00 | T9100 LTLT0000 | ¢e6t00- | 669700 1970000 | T9TLET00 | S6ST00 | ¥8€C00 | Psl
€L900000 | €E6E0- | 9TL9000 120900000 | €Sv90°0- | 909000 S0EL00000 | 6950- | 667L00°0 83900000 | TS0CLIY0- | 8€9000 pagm
7600000 | TESR00 | 150000 e610000 | 780600 | v6l00 6070000 | TSESO0 | €90200 LT8100010 | L6TChS00 | €€8T00 pw
6SPI0000 | SLEBOO- | SWETO0 LTI0000 | 9€80°0- | 8SCI00 €6C10000 | 8ecT0- | T8C100 9710000 | yW¥69TT0- | LBTT00 pe
TCST0000 | v0CT0 | 925700 8LET0000 | ([STBO0 | €BETO0 €8710000 | TSv600 | 68¥10°0 GSET0000 | 8TLT8800 | 9ET00 A
LE7000°0 €010 £8€10°0 (EC10000 | STTT0 | ¥vCI00 9L€T0000 | SET6O0 | 6£100 LiC10000 | 90608L0°0 | 6STTO0 p
ELVT0000 | 8LOWOO | CLKTO0 (710000 | 99¥500 | TI¥T00 9¢ST0000 | L9€900 | 1eT00 LBET0000 | SBTOTTO0 | 98€TO0 | €T7100 | P
97670000 | L91800 | Tv6C00 €L920000 | 8v6600 | 692010 16620000 90170 | 896200 €0920000 | S9£9L00°C- | #¥920'0 | 90zL00C- | PI
€6C900000 | €6TH00 | L9000 66500000 | 6SK00 | 965000 975900000 | #0500 | €¢9900°0 £709000 | S8vEbO0 | 8665000 X35
9£660000000°0 | 98580000°0- | 666000000 ££560000000°0 | 77630000°0- | £95600000°0 T#07000000°0 | SS£80000°0- | £70T0000°0 £89600000°0° | LZTT000°0- | 90-350L'6 {38e
67££000000 | 79Y9000 | ¥ELLOOOD 95€£000000 | SK090010 | 69€L0000 5608000000 | 689000 | 71780000 €95L000°0 | 6952L00°0 | £LSLOOOT0 ae
197000000 | £6SL000°0 | €097000'0 157000000 | 86870000 | €0ST000'0 791000000 | ¥8950000°0 | LE9T0000 | £9T¥00000 | €0STOO0D | ELTL000D | 96570000 [
£06200000 | PLTV000- | 66800010 9£200000 | €ESTO00- | €SLT000 | 9v000- | TL6T00000 | 80¥SO00 | €967000 €0L0000 | 758€5000- | 9692000 )
9810000 L9y 18100 69£70000 ey £9L100 14670000 8y 7€6100 8EL100 | T8LL069W | CELTO0 ERET]
louajssoeg | saleg | JowdsS10 | 10 | Jouddssoleg | soleg [ ouaisS10 | S10 | Jousisssleg | ssleg [ Jowdissio $10 louaissaleg | safeg  |10u31sS10| 10 i
70 £0 0 10
P34 + PSI + P3GM + PW + B+ PA+ P+ P} +P| + X3S + 7338 + 338 + 75 + oysIak=Mu] ZPPOW 800C Jeak




58

Table 4.2 continued

990200000 | ST0 reuwsys 980000000 | €es0 | zewdls T00000 | bisz0 | gewdls (L0000 | 68€TOTT0 | zewds

6LPT0000 | TST900- | L100 SByI0000 | 900T°0- | SLKTO0 EEST0000 | 1EDO- | €ETSIO0 BEET0000 | TSSOZ00- | SEET00

8L6L00000 | L6950- | 208000 £00800000 | LT8Y°0- | EvT80010 £E6300000 | 9TSHO- | 8L680010 (EEL00000 | LTTTOES0- | TLeL000

66970000 | 99%0°0- | 7897000 6910000 | LE6SO0- | EL9T00 TILI0000 | TLE90'0- | #6910 9pST0000 | S9LCSTO0- | 6CSTO0 | 974T00-
967900000 | L20T0- | 679000 £§900000 | LLOVO- | $9¥9000 10700000 | CILE0- | 6600000 678500000 | LES00CT0- | E8S000

16810000 | 9v0TO | 806100 19610000 | 87110 | 6L6700 68020000 | 8TI0 | 607200 9LLI0000 | SHe00TO | T6L100

#ISI0000 | 89p1°0- | SI00 (9570000 | SSHT0- | 8ESI00 68710000 | 886T0- | 9LFIO0 LLETO000 | SBLYOTLTO- | ¥9€T00

E8YI0000 | Ev9T0 | 881100 porI0000 | 10 §100 SeuI0000 | LLETO | 69100 PIETON0 | TH9TOTTO | 6TET00

£6ET0000 | S9TT0 | 908100 BOrI0000 | TSUTO | 78000 {SPI0000 | LLOTO | 999100 9LTI0000 | TLEOLOTO | L8TI00

89510000 | 6L1900 | (96100 69510000 | THOTO | 895100 61910000 | €05600 | 819100 {10000 | L960€K00 |  8THI00

PELT0000 | 8TTO | 95L200 9e5e0000 | T6IT0 | HbI00 67920000 | 69SL00 | 6v9200 19500000 | T9¢78L00 | TLST00

69€900000 | 8000 | TSES000 897900000 | T68€00 | 6vH9000 198900000 | 8vSE00 | T¥B9000 (88500000 | ¥SE6SHO0 | L8900

LEOTO000000 | £8980000'0- | 660700000 96000000010 | 865500000~ | 8€070000°0 671700000010 { 296€0000°0- | TSTI00000 £5760000000°0 | L00T000'0- | 9L+600000°0

GE030000010 | 8%000 | 61080000 7908000000 | €857000 | 85080000 (8880000010 | ¥9T000 | £068000°0 EBEL000000 | LL¥6900'0 | 96EL0000

£851000000 | 8507000 | LLSTO000 9851000000 | TCESO000 | 6£S10000 £0£7000000 | 775K0000 | 96910000 SSp1000000 | 7580000 | 6H¥T0000

916000000 | Y00 | 8062000 (66700000 | 162000~ | 662000 | 9TECO00- | BLIEOOODD | SHT60000- | S9TE000 |T0V80000-| S99200000 | S6666000- | 8992000

Q10000 | 98y | 1H8I00 96810000 | vy | 688100 S66T0000 | €TLY | 686100 (8970000 | SS8ET9Fy | 189700

jougssafeg [ saleg [Jowdissio | s10 [ Jowsssafeg | seleg [ doweisio | s10  [Jouenssofeg | soleg  [lowessio| 10 | Joudasseleg [ sofeg | dowsisio | 10 -

0 0 0 m
3+ DB + DS + PBGM + DU + B+ PA -+ DL+ PA + | + X3S + 798 + 338 + 75 + OUSIBA=MU :ZJ3PO 600C 1eak




59

Table 4.2 continued

(86700000 | S¥870 Lewdls 675200000 |  800€0 Leuwsis pES700000 |  6L020 6EC700000 | #HLC0 Teuwss
18910000 | CTIT0- L5700 Sh910000 | 66390°0- | SE9TO0 (7910000 | 789S00- | 79100 96510000 | 9LbS00- | 9eST00 B
£90600000 | €075~ | TOT6000 816600000 | P90~ | 99660010 71600000 | 6SLHO0- | T6T6000 877800000 | 6850- | ELTO00 pea
SBI0000 | v6veOD- | €E8T00 (7610000 | 1€9S00- | bOIO0 610000 | S6c800- | 506100 P9LT0000 | 568200 | 9HLI00 sl
196900000 | 89570~ | €S69000 760400000 | Lt8T0- | €80L000 67000000 | 80LT0- | 0L000 679900000 | 8LST0- | #v990010 pag
16720000 | 68110 | CT€C00 £6e20000 | 8vIT0 15700 £0720000 | L9070 £qza00 48020000 1010 550000 pu
990000 | [8LT0- | TESTO0 89810000 | 8C630°0- | CH8TO0 1070000 | SL0600- | 989700 (070000 | ETTT0- | 69700 pe
68510000 | 98910 | S6STO0 LE970000 | 69510 £p9100 9910000 | €69T°0 w9100 6710000 | LLETO | €05700 mp
60510000 | SLTTO | ESTO0 £9970000 |  L8ET0 8991010 19570000 010 999100 6ym0000 | TIC800 | €6vT00 p
(8910000 | €Zb600 | 89100 69210000 | 8LE00 | 8uLIO0 EILI0000 | 8800 | TILI00 £P9T0000 | 16900 | #9100 Ul
94670000 | TSTL00 | 666000 LY0E0000 | 708600 | TLOEOO 66870000 |  LpE00 {06000 | TZSE00 | 6CST0000 | 8ThL00 | 8¥SC00 fl
L56900000 | T9%00 | 869000 91200000 | 76800 | LTTL000 (ET200000 | €8I0 | €TTLO00 902900000 | 12200 | (8990010 JEN
§2170000000 | 608L0000°0- | 87700000 67170000000 | 60670000°0- | TSTT0000°0 pLTT0000000 | 879200000+ | 9LT70000°0 16010000000 | T68L0000°0- | ¥60700000 {9
7928000000 | 6€8E000 | 89L8000°0 1068000000 | 9T£T000 | L7680000 ST76000000 | ¥7L0000 | €760000 | 6200000 | 6848000000  909%00°0 | €0S8000°0 aBe
£7000000 | 880000 | €6970000 vEL1000000 | 96050000 | 97£T000°0 LTL7000000 | 370000 | L0000 | 8€L70000 | €€9700000°0 | ([6T50000 | 979T000°0 [
T6TE00000 | S0TTO0- | C8TE000 97600000 | 7957000~ | TSTEO00 | 99hC000- | STTE00000 | 96c7000 | LOZEO00 | ¢BEC000 | LOEOOOOQ | €0L00C- | 6T0E000 S
87020000 1597 120000 18020000 8LSY £20700 15020000 1951 560000 £1670000 9%sh L06700 EIET]
louaissokeg [ safeg [ Joudissio loupissakeg [ safeg | Joud1ssI0 §0 [loudissofeg| soleg [ owdisio | S0 [Jowdissoleg| soleg  [JoudisSio | S10 .
0 £0 0 0
3+ e+ SI+ P3G+ LU+ PR+ PA+ P+ P +|+ XS+ 7338 + 388 + 75 +0YDSI3A=MU] 7 3O 010 1eak




60

Table 4.2 continued

995700000 | L0E0 | zewss GLOTO0000 | Ll6T0 | rewdls §200000 | 160 | zewdls j5200000 | TIE0 | rewds
S1970000 | LS0900- | €09100 GBSI0000 | CToo00- | wLSIO0 (2970000 | SESS00- | TI9100 TE910000 | 7L¢T0- | 79700 pé
§1€600000 | €EH0- | LE6O0O £67600000 | 9v0- | 8vT6000 SyT600000 | 89%0- | 8676000 SCI600000 | TLLy0- | TL76000 ped
£0670000 | 166900- | 106700 8E8T0000 | 88900- | 618100 S8810000 | 675800~ | 998100 pI610000 | 8CEE00- | S68700 psl
(C0L00000° | LL9600- | 70L000 £16900000 | CSTIO- | L069000 p6%00000 | TSPTO0- | €69000 LE6300000 | €6STO- | 669000 pgn
S6120000 | ST800 | 9%ea00 (6720000 | Svi600 | 872700 (8120000 | ¥SI0 | 20e700 peecooon | 8EHT0 | hee00 pu
11570000 | €80T°0- | 96¥100 (590000 | 8T0- | 969100 LL970000 | 8CETO- | 799100 80810000 | ¥8ST0- | T6L100 pe
81910000 | 910 | £€9100 67510000 | 6010 | SSST00 81570000 | 8L6TO | ¥ESIOO £0970000 | 9870 | 609100 p
§r10000 | 766600 | S6RI00 (900000 | ¥9TT0 | 9L#100 SI0000 | 6ECTO | 414700 1550000 | LEETO | 995700 p
56970000 | t6TS00 | 169100 69970000 | 80%00 | 899100 (6970000 | ©/8%00 | T69100 68970000 | 6€7600 | 889700 Ul
ELLTO000 | 99700 | S6LT00 78920000 | €0v200 | S0L200 £C870000 | v9.700 | 9¥8C00 pE8L0000 | 60070 | 958200
STCL0000 | 8600 | 90L000 (ET00000 | T6SC00 | €77L000 PRIL00000 | 9TTE00 | S97L000 8ETL00000 | ¥8THO0 | BTTLOO0 Xas
6L170000000 | S0-36L6°9- | 787700000 L77000000°0 | S0-3976S- | 647100000 8170000000 | L8570000°0- | €8T70000°0 £917000000°0 | S0-3205'S- (997700000 (ade
S8T600000°0 | 187000 | 60000 SE6300000°0 | 6067000 | TS680000 £1C600000°0 | 987000 | 67760000 | L9€T000 | 96060000010 | LL8TOO0 | TTI60000 e
9EL7000000 | 99830000 | 6¢L70000 10£700000°0 | 9777000 | 6910000 60£700000°0 | 88920000 { 20£T0000 BILI000000 | 63020000 | LOLT0000 {S
96CE00000 | €TTTO0- | 88TE000 97CE00000 | TISTO0- | 8ETE000 {E00000 | 8588000 | T6TE000 60CE00000 | T7800°0- | €000 S
86020000 | <8Sw | 160200 68020000 | 9€9% | 8L0700 8020000 | 95T | 720000 p070000° | 955y | €E0C00 o
jougssofeg | soleg |iounsio | S0 [Jowsassofeg [ soheg [iowdissio| S0 [Jowsassokeq | seheg  [iowdisiof 10 | Jowedssoheg | safeg  [louaissio|  S10 -
0 {0 0 10
D8+ P8D +PSI + P3O + DU+ DB+ P+ L+ ) + ] + X85 + 7338 + 388 + 75 + joy2sIak=Mu] 13O T10¢ eak




61

tion results for daily wages for model 3 using OLS and Bayes

Esti

Table 4.3

(saAeg pue §10) uonEWIIS JO SPOYIBW OM) BY) JO YIB3 Ul %G JO [3A3] BIUBPIJUOD B Je JUBIIIUSIS A|[aNISIIES B 3ARY BN|q Ul Papeys S|[3)
801100000 | 8v1z0 | zewsss PILI00000 | 89070 rewsls 800100000 | T/0z0 | rewds 100000 | zzizo | zewds
67620000 | 606v00- | 956200 9620000 | vb00- | €S6200 | 00 | 6LTE0000 | TI9600- | 60700 ZEEE0000 | 9ETTO- | 96600
186900000 | 8TE0- | E40L00°0 956900000 |  EE0- 20000 92000000 | ¥SIE0- [ 7604000 200£00000 | €S0£0- | 6£0000
16210000 | evz100- | 9u100 | eorioo- | w9000 | Suzvo0- | 869100 VIZT0000 | fzs00- | 1100 90210000 | 620200 | 204100
980900000 | ST€S00- | 9965000 £20900000 | 1100~ | 5065000 820900000 | 9szr0- | 7165000 S50900000 | 8170 | 8665000
E7810000 | [66600 | £S8100 9910000 | 6vpL00 | 94100 PLI0000 | 121900 | SL100 9L10000 | 695,00 | 08100
65010000 | £67600- | 850100 BOETO000 | 86900- | EOETO0 98210000 | €vE00- | +82000 88ET0000 | 80vb00- | 98ET00
8L€T0000 | 96010 | [9€100 VEETOOD0 | sTITO [ EZE00 £9€T0000 | €9TT0 [ 7S€100 69€T0000 | 95010 | 8SET00
6v270000 | 182600 | S/2100 TETI0000 | storo [ 57100 69770000 | 8€800 [ S62100 88210000 | 6500 | SIEI00
92510000 | 9200 | [28100 68710000 | 871100 [ 69100 01100 | S8#T0000 [ 7v6200 | S84700 16710000 | S.19000- | 76¥100 [ €99000- |
890€0000 | GISTO | 71600 €90E0000 | [1€C00 | €ITE00 | €0EC00 | T6670000 [ 768100 | Cy0£00 £8/20000 | STOTO- | 628200
BI6S00000 | 998v00 | £06500°0 68500000 | ©/0500 | 8850000 £58500000 | v00K00 | Sb8S000 68500000 | (16600 | 7885000
100800000000 85520000°0- [ 708000000 S6L£00000000] 6/8800000°0- | 478000000 | £86800000°0- [6T6£0000000°0] £7€£00000°0- | 156£00000°0 | 92£00000°0- 698200000000 Z2¥£0000°0- | 6000000
67E7000000 | 8912000 | 69€4000°0 1127000000 | 051000 | 8240000 97EV000000 | S£2S0000 [ S9ER000'0 | €vES000°0 | 92000000 | L1000 | 49ER0000
8660000 | (SeL00 | S6600 | STh00 | 66060000 | €60TO | S61600 66070 | €6/60000 | 6010 | 88/600 12680000 | vsT0 | 996800
86780000 | TEITO | T6vb00 8L6V0000 | ¥61600 | EL6V00 61970000 | 99010 | #19%0°0 pp0000 | 76610 | 6ERVO0
11000 | TpE00 | v9TTO | Sewe00 | 4801000 | 4bILO0- [ 8AOTO 8317000 | 77200 18000 | vECC00 | 2007000 | 650 [ S6ITO [ T96T0 |
97ST0000 | 695800 | 155100 68710000 | 9€0T0 [ w6vT00 60570000 | 15800 [ €15100 87510000 | Ss1T0 | €€sion
vp910000 | S6v100 | 979100 | 805100 | £6ST0000 [ €0ze00 | 6/S100 £8570000 | 8200 | 995700 80970000 | €56200 | 65100 | S9€200 |
117800000 | 698100 | 9¥8000 S87800000 | S/7€00 | €€8000 SPS800000 | Se6700 | 698000 (pS800000 | S/ST00 | 9658000
TEEL00000 | ¥ESZOO- | 99€400°0 612£00000 | [€8500- | 757000 66T/00000 | 896E00- | £62/000 LLTL00000 | 995100 | ZIEL000
68800000 | 71¢s00- | Sv68000 866800000 | 1/5500- | 9506000 179800000 | TE0L00- | £498000 159800000 | (6500~ | 418000
£8910000 | 6zr0- | 799100 WIT0000 | v9T0r 129100 V1910000 | 9v0z0- | 165100 26910000 | zzsro- | 719100
00000 | 5y 6ET100 2110000 68 21100 8ITI0000 | evv [ 920000 TETI0000 |  arv | 6ETT00
Jou3)s sakeg sakeg 101315 §10 Jou3')s sakeg saleg 1011935 §10 $10 10413°)s Saheg saleg 1011935 §10 $10 J10413°)s Sakeg saleg  [Joua1SS10 $10 ey
0 €0 4] 10
P3 +PeI +PSI + PSGM + PW + P + PA+ Pl +P) + P + X3S +7dXad + dxad + PY+PEUHPPY+DEA+PPEHPSHIB+II+PI|=MU| :E[3POIN 9007 Jeak

saheg pue $70 Suisn uonenb3 sagep Ajieq Joj Snsay UONeWIST i€y djqe ]




62

Table 4.3 continued

88100000 | 9TZS9TZ0 zewdss 698100000 9Wwezo Tewdis €ELT00000 | 8060C0 Tewdis 689700000 9070 zewds

[9PE0000 | T8YS660'0- |  P6YEDD 5620000 €910 86200 68£20000 | L#0960°0- S1820°0 820000 STTL0°0- 98200

[89£00000 | 6897VE0- | ¥9LL000 662200000 L0920 LEL00 866900000 | 8TZLZ€0- | €90L00'0 58900000 962€°0- 169000

95910000 | ZT08¥TO0 | 99100 96970000 199700 169700 TE9T00 | 85970000 | 9vSLVOQ- £€99100 19970000 T62€0°0- 999100

89/90000'0 | 88€689€°0- | T€9900°0 62900000 wo'o- 7219000 90900000 | 696€60°0- | S¥6S00°0 $6500000 6€860°0- GEBS00'0
Sp8T00010 | 76579500 | 9S8T0°0 8910000 §E0900 89100 10470000 | T8vEL0'0 TTL100 89970000 116L00 199100

LTCT0000 | 6THTL6TO- | 92TT00 65770000 9pLT0- 851100 LL0TO000 | LL69TT0- 9£010'0 S110000 96570 6v110°0
SppT0000 | £L79960°0 | ZEWTO0 #6€7000'0 6€L60°0 8¢100 60€10000 | LL6LETO 66100 65€70000 S19T0 6v€10°0
€0€70000 | t1€6L0°0 €100 4270000 68300 L2100 L6TT0000 | +1971T°0 a4} LT270000 60010 En210°0

80910000 | LT6T020°0 19100 % TyST0000 SESHO'0 £7S1010 pLPT0000 | TESS90'0 SLYT00 970000 672000 19v10°0 E
LTLZ0000 | 76605500 | 6SLZ0°0 §9£20000 9£0£0°0 18200 8820000 | 69€€L00 626700 7620000 6€0L0°0 L6200

867900000 | 89yS6v0°0 | 9879000 597900000 26500 9519000 £€16500000 | 6¥1790°0 £065000 08500000 9500 16£500'0

£9€800000000 | 76070000~ | TO¥8000000 957800000000 | 820500000~ | 8878000000 S218000000010] 9€0000°0- | 9578000000 9762000000010 956500000~ | 6762000000

6957000000 | SCLbPO00 | T9¥0000 SIp000000 | 6952000 | SSKP0000 66E7000000 | £0YT000 | 6EVY0000 SZEY00000 892000 | S9€v000°0

95060000 | STEEILTO | ¥S060°0 £€866000'0 86£0°0 816600 £€0700'0 LLEISTO €010 65660000 80LT0 696600
SGLp0000 | SYPLELTO | 90LHO'0 86750000 L6910 61500 70000 | 979800 LEVH0'0 10270000 5§10 61500
9121000 | 9S1SS0°0- 60210 E 68L60000 8LT0 87L60°0 89/80000 | 90vTTT0 97£80°0 87880000 165L0°0 56£80'0 509200
70910000 | €T9TE0T'0 | T19T0°0 £570000 L0800 ESTO0 6770000 907990'0 S6v10°0 6170000 E80°0 96100
€L70000 | 9SLbETO0 |  TTLT00 E 61970000 £€00200 109700 910200 | S09T0000 | T9zL000 L8ST0°0 E 2910000 785000 909100 | S965000
6800000 | 9TZ6EE00 | T006O00 629800000 161200 9298000 GES800000 | 81€2010 £858000 £8£80000°0 602200 EV800°0

L£L00000 | L06070°C- | T08LOO0 71500000 | 99020°0- 7SL00°0 €0€£00000 | T90SZ00- | LEELOO'D T2£00000 60€0°0- ShL00'0

75600000 | 6€8TCH00- | €6560010 879600000 | 9€€E00- £096000 679800000 | £/97€0°0- 128000 87800000 | 886700 #€5800'0

#8L10000 | L98£00°0- 79L100 LL8E00°0- | TRLTO000 89v50°0- 61100 #£910000 | LEV0600- 159100 7910000 y10T0- £€0910°0
GCT10000 | L0890€Ly |  ¥ETIO0 9770000 €8y L1100 LETTO000 | 1668TY'Y #1100 81770000 8Tt SCIT0°0

JoL)s sakeg | safeg J0U15610 J0U)s sakeg soleg J0U915610 JoLys sakeg | soleg J0U15610 10 10U3)s sakeg sakeg 10415610 10 ey

0 €0 40} 0
P8+ PBI +PSI +PEGM + U + PB + PA+ I + P} +P| + X3S +7cXad + X3l + PYC-+PBUIPPY+PRA+PPEHPSHIR+PII+PI=MU] €[3PON £00T Jeak




63

Table 4.3 continued

ST6100000 1700 zewdls 808100000 | #6120 teuwsdis S70000000 | 780 fewdls 97£100000 | 83610 Teusls
699€0000 | 98ET0- | 961E00 66060000 |  SCETO- 87100 89960000 |  TEOTO- L85€00 TETE0000 | T9K900- | [STE00 pB
€69L00000 | 1970~ | 69LL000 971L00000 | 9T | C6TL000 €1800000 TLEE0- | 1128000 S6CL00000 |  8660- | S9ELOOD pe)
910000 | €20500 | Tv9T00 €C910000 | 81ZK00 | 619700 £10000 SEC00- (69100 | TLET00- | 86SI0000 | 88000 | S64T00 psl
898900000 |  8T6ED- | L9000 (07900000 | 86€900- | 809000 8upLO0000 |  (6950- | 8TEL000 979900000 | 910+ | S099000 pagh
9070000 | €95600 | 750000 TE610000 | 126600 16100 15070000 | 00900 150200 810000 | Tev900 | SEBT00 pu
9ppI0000 | YSLL00- | #AI00 8SCI0000 | ELLLOC- | LSTIOO 8710000 were 6L7100 89210000 |  96070- 197100 pe
6eSI0000 | 68210 ¥es100 E6E10000 |  £E0600 | TSET00 10970000 |  €96600 981100 (LE10000 | TIL600 9100 pA
PSET0000 | #6010 E8E10°0 81210000 SLT0 100 9ET0000 19600 68100 CECI0000 | 69800 | 657100 p
(0910000 | TvEE00 | 909700 £0STO000 | 691500 | 605700 67910000 | 818700 679100 E6rI0000 | 69€TO0 | E6YIO0 | wwETO0 | P
ET600000 | €500 | 696200 8920000 60600 | STLA00 86600000 | 758600 586700 PE970000 | 8/S000- | 9/9700 | 6885000- | P
87900000 | 6900 | 79000 £96500000 1900 9965000 889900000 | 05500 | €TS9000 (10900000 | t¥6¥00 | 1009000 XS
b2780000000°0 | 90€70000°0- | 5578000000 240800000000 | 76500000+ | 2078000000 £9880000000°0 | 60650000°0- | £63800000°0 267800000000 | 201200000~ | 778000000 tdad
STSP000000 | £9TT000 | €95#000'0 £25000000 | 9281000 | 60E¥0000 8L000000 | 9vEC000 | SZ870000 6997000000 | S¥ECOD0 | 80SH0000 drad
SE0T000 6110 SE0T'0 S2T0 anooo {68100 o 568100 | pETI000 999900 VETT0 1900 | 64160000 £9170 941600 pud
20150000 10970 960500 €1670000 90020 16900 66770000 18LT0 837700 9v6€0000 7910 LE6E00 pew
5907000 900 69010 SELI00 {01000 120900 90010 be0S00 | BETI000 81000 TETT0 E9TI000 | £179000- | 9SIT0 % PRy
62510000 18010 985100 81510000 66010 a1y 80910000 | 491800 S19100 86710000 90010 B0ST00 Peq
96L10000 | v69500 | LILI00 €6S10000 | 9€LS00 | SST00 (4210000 | 606700 (52100 96910000 | 10800 | 819100 ppe
906800000 | 981900 | 1568000 VECB00000 | LTth00 | 6LT000 6IE600000 | 9BE200 | LL£6000 (99800000 | TI000 | S698000 ps
6¢8/00000 | S90TO0- | 898000 | €S0100- | €TwL00000 | ve6v0O0 | THHLO00 | 8E0S000 | TSIB00000 | S979L000- | TBIS000 | 705.000- | €8y00000 | TTI00- | €75000 E pa
BOL600000 | 9€TE00- | SL6000 897600000 | 8L0T00- | €S6000 | TO0C- | B0OTOOOD | vLTC00- | 41000 966800000 | 00 6706000 po
€e810000 | /95500 18100 19210000 | 895700- | 6€100 (6810000 | 96€L00- | 698100 EILI0000 | €SSC00- | 769100 | veST00- | P
1210000 AT 617100 ¥LI10000 4] TETI00 8710000 SI6Y 887100 64110000 8Ly (81100 v
losggssofeq | seleg | Joud1s§10 $10 losagssafeg | sateg | uowsassio [ S0 |Joudisseleg | seheg | owdis§i0 S0 [Joudisseeg [ sofeg  [Jowadssio | S10 .
0 £0 44 0
D3+ D +PS1 + BN+ U + R + PA-+ I + P+ P| + X3S +70ad + G2 + PUDRULDDU+DEGHDREAPSHDRDIOHI=NU) “CIBpON 8007 e




64

Table 4.3 continued

£50000000 | ersto [ ewds 180000000 | 9Le6sT0 | ewdis STZ00000 | wisz0 | pewss (o0 | corco | qewds
90000 | (%00 [ w0 99910000 | 19900010+ | 844100 HTHIEECEET oreloon0 | ewocoo- | azemoo | zoo- | 98
76100000 | 18950 | (208000 691800000 | 196v18y0- | L478000 639800000 | 81sv0- | 7868000 Te00000 | t6ese- | eselooo
7910000 | v78c00- | 89100 90910000 | e89es00- | 19100 %930000 | 00 | 769100 TESI0000 | 86ni000- | 6500 | 869L000- | P
8900000 | 8010 | 103000 103900000 | €RL0T0- | 44000 65700000 | s1c0- | T2n000 86500000 | SerT0- | 7984000
86810000 | 8910 [ 806100 89610000 | S6rLzr0 [ 46100 76000000 | esero [ 9omaoo 700000 | cro | e6Li00
SI0000 | sere- | e6ni00 Le510000 | sTIIvT0- [ OSH00 §m00 | tsere- | uaioo 90000 | stre | wem0o
86910000 | 190 [ 80100 60510000 | 6990970 | £6v100 SI0000 | 7oro [ 89100 600000 | vser0 | giemno
G D 98610000 | £SsqIsT0 [ SToi00 g0 | etro | w00 1900000 | evtro | esuioo
19930000 | 19900 [ 699100 15930000 | €210070 | 959100 THIESRIEEET 10530000 | eew00 | Tisw0o
pSL0000 | sit0 | 800 SERI0000 | ssouraro | 900 wsu000 | 1000 | 989200 99610000 | 189000 | 609700
6SE900000 | siSi00 | 1963000 £51900000_| 9191700 | €000 8900000 | Stse00 | ves9000 819500000 | 11500 | 185000
8688000000000 | £/8£00000- | 7488000000 68000000010 | £520000°0- | 6788000000 486000000010 | 01200000- | 6066000000 408000000010 | 20900000- | 408000000
199000000 | 6+0000 | €1Zp0000 | $9SE0000 | £S3000000 | TIhO00- | £b0000 | 8erb000(- | G6TSDO0000 | 2970000 | ShTS0000 | Zost0000 | GEER000000 | Geioo0 | Ls0ooo
9080000 | tecro [ ooso0 | 96ero [ soso000 | 96eseso [ se00 | sove00 | Guieoow0 [ w0 [ cmso0 | unoro | e6sB0000 [ 19er0 [ e8se00
15990000 | v6700 [ TS990 8590000 | 89001110 | 415000 (650000 | 6110 | 9800 utoon0 | sro | sem0o
oo | oo [ omoro | ovecso0 | 40e60000 | /o0s6e00 | o600 | w600 | €600 | o0 [ 100 [ 9eeco0 | SesBoa00 | cos00- [ 98800
6890000 | vs0r0 [ eqbioo 65910000 | 90682600 | €5v100 THIETRIEED 9090000 | Saes00 | G000
810000 | 96Lc00 [ 669100 16390000 | 91051900 | 819100 780000 | eeso00 | #9100 £510000 | sve00 | 9g5100
9800000 | €18600 | 8000 8800000 | v5/95000 | 8183000 71600000 | 08800 | /986000 800000 | 9600 | 68000
65600000 | /v | 1664000 630800000 | 2344100 | 6608000 699800000 | zi6000- | G6va000 [ esisoo0- | /0600000 | 9ewvo00 | 8eelo00 | sswoo0 | pe
108600000 | 186100 | 986000 71010000 | Seca/000- | 0800 | 9504000 | GR0I0000 | 87e%000- | 760I00 | eve000- | USB800000 | 906000 | 6668000 | ecteon0 | po
0610000 | 1100 | ais100 | wiczo0 | 90610000 | 19000+ | 18800 | waiz00- | GEROOO0 | 9600 | 773200 se0000 | eoom00 | gmmoo | 9omoo | p
80000 | wrv [ 600 010000 | vieniery | €12i00 THIEEEEEETD g0 | ey | sumoo
104375 Safieg sakeg JoUIS 10 S10 104915 Safleg safeg JoURISS10 S10 10415 Safleg sakeg 1049115 §10 S10 1011375 sahieg sokeg JoURIS 10 S10 ey
LY £0 0 0
D3+ PRI + PSI + P3OM + Wi + DB + PA+ P+ P} + | + X3S +7cxad + Ol + PUCPELUHDPUHPRC+DPRHDSHIB+PIHI =MU] :S[3POIN 6007 Jeak




65

Table 4.3 continued

6/£200000 9870 zewdis 15200000 800€0 zewsls 65200000 6L0€0 zewds 9€7200000 9LT0 zewsis

19570000 86070~ L5100 (T910000 | ¥LL900- | 69100 €0970000 €LES00- | ST9T00 81510000 1500- €570

10600000 £605°0- 6076000 897600000 | T¥O¥0- | TLEGOO'D 760600000 T8L5°0- | L6T600°0 881800000 | (9850 878000

L€810000 L8700 168100 E £06T0000 | 860500~ | 206100 80670000 68L20'0- | €06T0°0 6vL10000 | T€6100- | SbLT0'0 E pst
€07£0000°0 89520~ 9969000 £0670000 | 860500~ | L60L00°0 961£0000°0 L0T0- | ¥S0L000 69900000 SLST0- | 999000

86070000 8110 1€000 10720000 a0 Ir20'0 1220000 95170 oo 1020000 8110 €5020'0

€97000'0 U 69100 1810000 | 8Y#80°0- 18100 98910000 ¥IL800- | 89100 16910000 ae 69700

90970000 1910 165100 65910000 S1910 19100 €5910000 18LT0 6£910'0 11570000 68Y10 5100

16710000 95€T0 s100 G€S10000 010 995100 1€510000 EIT0 £9510'0 19770000 61600 | 16100

69£10000 6070 SLLTO0 S¥810000 £9050°0 58700 €7810000 12900 818100 €7L10000 198000 | 8vL100

16670000 L0800 S0E0'0 £0€000°0 49010 6TTE00 80620000 ETrr00 996200 952000°0 19€800 | ¥6520°0

96900000 180500 £6900'0 €1£00000 6ETV00 | ¥TTL000 971200000 81200 | 60T£00°0 169900000 | S6.200 | 1899000
209600000000 | STTv0000°0- | £€9600000°0 €6/60000000°0 | SYEZ0000'0- | 8786000000 86600000000 | 55850000000°0{ Z00T0000°0 |65080000000°0-| 92600000000 | 8Z€0000°0- | 626000000

1605000000 | t0ST0000 | LETS0000 | S8STOO00 | 9TS000000 | 98€8000°0- | L0ZS0000 | ¥OEB0000- | BOESO00000 | ¥6IT000- | 9SES000 9v6v000000 | PLEE0000 | TE6V0000 | TSPE000'D
96880000 1SEL00°0 68800 9/8/00°0 | TT880000 9€TI00 | £0880°0 86980000 810 £6580'0 67880000 1740 18800

1Ip0000 €510 ET90'0 STrv0000 68010 STrP0'0 60770000 979100 107700 819100 69570000 69600 | €9S0'0 | 889€00 | pew
19560000 557900 505600 16960000 | ¥6980°0- | €€960'0 9€680000 186500 188800 L6€50°0 851800000 | 8LT/00- | 801800 | €97L00- | PPY
15510000 £5900 195100 90910000 62900 19700 87910000 ¥89€0°0 {9100 19570000 16/500 | 995100

£V810000 129200 18100 99200 20610000 950200 | T188I00 | TL0Z00 | 98810000 €SES000 | 998100 | T0SS000 20810000 10700 BL100 | 180200
87600000 81€50°0 €96000 808600000 | T6CS00 | 6S8600°0 196600000 T69€0°0 200100 5600000 T0£500 | T0€600°0

15800000 805100 1848000 % 6800000 | 6950000 | 968000 | 9€6900010 | €£8800000 | TI6Z000 | 8068000 | 6v0E000 | 60EB00000 | LOZZO0 | ZvEBOO'0

8010000 89€20°0 6010'0 VETT0000 | 891000~ | THII00 | €L97000- | 6£0T0000 96100- | 980700 80010000 | 7966000 | PIOTOO | 6E¥6000 | P4
{z0000 ¥6200 560200 E LLTZ0000 | 148000 ST200 | YEPBOO'0- | 99120000 681900~ | LETZ00 1020000 | 16850000 | 86100 | S98%000- | M
20€70000 9y TI€10'0 6T€10000 909 8T€T0'0 TE€T0000 1851 THET00 65210000 1% 197100

Joua’)s safeg safeg | Joud1sS10 510 loupssaeg | sefeg  [uousisS10|  S10 louds sakeg sokeg [ Joua1s$10 $10 Jouajssafeg | sefeg  [Jowdlssio | S10 -

0 £0 4] 10
P8 + PeD + S| + PAGM + PUi + P + PA+ P+ P} +P| + X3S +7dxadl + dXadl + PUCl+PELI+PPUY+PECHPPE+PSHPA+PII+PY=MU] :€[3POI 0TOT Jeak




66

Table 4.3 continued
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Table 4.4: Model Comparison between three models using R-squared and Bayes Factor

year 2006: Model Comarison
Quarter |Q1 Q2 Q3 Q4
Modell  [Model2 [Model3 [Modell [Model2 [Model3 [Modell [Model2 |Model3 |Modell |Model2 |Model3
Modell | 1.00E+00| 3.17E-02(2.10E+07| 1.00E+00| 1.19E-01(2.87E+09| 1.00E+00| 7.56E-02|3.38E+09| 1.00E+00| 4.89E-04(2.85E+10
Model2 | 3.16E+01[1.00E+00|6.62E+08| 8.38E+00| 1.00E+00|2.40E+10| 1.32E+01|1.00E+00|4.46E+10| 2.04E+03|1.00E+00|5.82E+13
Model3 4.77E-08| 1.51E-09| 1.00E+00| 3.49E-10| 4.16E-11|1.00E+00| 2.96E-10| 2.24E-11|1.00E+00| 3.51E-11| 1.72E-14|1.00E+00
R-Squared R-Squared R-Squared R-Squared
Modell 0.08538 0.08682 0.0892 0.084111
Model2 0.08558 0.08694 0.08935 0.08457
Model3 0.08602 0.08715 0.08953 0.08429
year 2007: Model Comarison
Quarter |Q1 Q2 Q3 Q4
Modell  [Model2 [Model3 [Modell [Model2 [Model3 [Modell [Model2 |Model3 |Modell |Model2 |Model3
Modell | 1.00E+00| 3.34E-11(2.14E+14| 1.00E+00| 5.94E-08(1.69E+16( 1.00E+00| 5.37E-08|8.18E+13| 1.00E+00| 2.42E-12(1.43E+13
Model2 | 2.99E+10|1.00E+00(6.39E+24| 1.68E+07|1.00E+00|2.84E+23| 1.86E+07|1.00E+00|1.52E+21| 4.13E+11|1.00E+00|5.89E+24
Model3 4.68E-15| 1.56E-25(1.00E+00| 5.93E-17| 3.52E-24|1.00E+00( 1.22E-14| 6.56E-22|1.00E+00| 7.00E-14| 1.70E-25]1.00E+00
R-Squared R-Squared R-Squared R-Squared
Modell 0.1009 0.09385 0.06413 0.1667
Model2 0.1024 0.09488 0.06521 0.1684
Model3 0.1006 0.09322 0.06379 0.1665
year 2008: Model Comarison
Quarter |Q1 Q2 Q3 Q4
Modell [Model2 [Model3 [Modell [Model2 [Model3 [Modell [Model2 |Model3 |Modell |Model2 |Model3
Modell | 1.00E+00| 4.01E-11{2.90E+16| 1.00E+00| 8.63E-04|1.38E+08| 1.00E+00| 3.60E-08| 1.94E+07| 1.00E+00| 1.17E-08|3.21E+09
Model2 | 2.50E+10|1.00E+00|7.24E+26| 1.16E+03|1.00E+00|1.60E+11| 2.78E+07|1.00E+00|5.41E+14| 8.52E+07(1.00E+00(2.73E+17
Model3 | 3.45E-17| 1.38E-27|1.00E+00| 7.25E-09| 6.26E-12(1.00E+00| 5.14E-08| 1.85E-15|1.00E+00| 3.12E-10| 3.66E-18|1.00E+00
R-Squared R-Squared R-Squared R-Squared
Modell 0.1871 0.229 0.05309 0.1478
Model2 0.1886 0.2294 0.05419 0.149
Model3 0.1865 0.2295 0.0537 0.1481
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year 2009: Model Comarison
Quarter Q1 Q2 Q3 Q4
Modell | Model2 | Model3 | Modell | Model2 | Model3 | Modell | Model2 | Model3 | Modell | Model2 | Model3
Model1 | 1.00E+00 | 1.52E-10 | 3.77E+12| 1.00E+00 | 1.30E-01 | 5.196+09 | 1.00E+00 | 3.85E-04 | 1.24E+10| 1.00E+00 | 1.41E-09 | 7.58E+08
Model2 | 6.56E+09 | 1.00E+00|2.47E+22 | 7.71E+00 [ 1.00E+00 | 4.00E+10( 2.60E+03 |1.00E+00|3.22E+13| 7.11E+08 |1.00E+00 | 5.39E+17
Model3 | 2.66E-13 | 4.05E-23 | 1.00E+00 | 1.93E-10 | 2.50E-11 [ 1.00E+00 | 8.06E-11 |3.10E-14 | 1.00E+00| 1.32E-09 | 1.85E-18 | 1.00E+00
R-Squared R-Squared R-Squared R-Squared
Modell | 0.01679 0.1651 0.1236 0.1603
Model2 | 0.1692 0.1652 0.1241 0.1614
Model3 | 0.1678 0.1653 0.1238 0.1606
year 2010: Model Comarison
Quarter Q Q2 Q3 Q4
Modell | Model2 | Model3 | Modell | Model2 | Model3 | Modell | Model2 | Model3 | Modell | Model2 | Model3
Model1 | 1.00E+00 | 1.65E-08 | 6.78E+06 | 1.00E+00 | 8.04E-02 [ 3.13E+09 | 1.00E+00 | 2.54E-03 |4.30E+08 | 1.00E+00 | 1.06E-05 | 6.10E+09
Model2 | 6.04E+07 | 1.00E+00 | 4.10E+14 | 1.24E+01 [ 1.00E+00 [ 3.90E+10( 3.93E+02 |1.00E+00|1.69E+11| 9.41E+04 |1.00E+00 |5.74E+14
Model3 | 1.47E-07 | 2.44E-15|1.00E+00 | 3.19E-10 | 2.56E-11 [ 1.00E+00| 2.33E-09 |5.92€-12 | 1.0OE+00| 1.64E-10 | 1.74E-15 | 1.00E+00
R-Squared R-Squared R-Squared R-Squared
Modell | 0.161 0.1055 0.1082 0.1498
Model2 | 0.162 0.1056 0.1085 0.1505
Model3 | 0.1617 0.1058 0.1086 0.1501
year 2011: Model Comarison
Quarter Q1 Q Q3 Q4
Modell | Model2 | Model3 | Modell | Model2 | Model3 | Modell | Model2 | Model3 | Modell | Model2 | Model3
Model1 | 1.00E+00 | 1.27E-03| 6.38E+04| 1.00E+00 | 4.88E-03| 6.15E+10{ 1.00E+00 | 4.35E-04| 9.41E+13| 1.00E+00 | 7.94E-06| 1.24E+11
Model2 |  7.86E+02| 1.00E+00 | 5.01E+07| 2.05E+02| 1.00E+00 | 1.26E+13|  2.30E+03| 1.00E+00 | 2.16E+17| 1.26E+05| 1.00E+00 | 1.57E+16
Model3 |  1.57E-05| 2.00E-08( 1.00E+00| 1.63E-11| 7.94E-14| 1.00E+00|  1.06E-14| 4.62E-18|1.00E+00| 8.04E-12| 6.38E-17| 1.00E+00
R-Squared R-Squared R-Squared R-Squared
Modell | 0.1103 0.104 0.1017 0.08793
Model2 | 0.1106 0.1043 0.1022 0.08866
Model3 | 0.1112 0.10411 0.1014 0.8799
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HPDI for each variable in Model 1.

Table 4.5
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Table 4.5 continued
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Table 4.6 continued
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10-300°C | T0-3LE'T | T0-388'T | TO-3€T'T | T0-310°C | T0-39€'T | T0-3L9°T | T0-3L0°T | T0-300°C | TO-ILET | TO-388T | T0-3€CT | 10-310°C | TO-39€T | T0-1L9T | T0-IL0T | A
T0-34S°T | ¢0-318'6 | T0-399°T | T0-390°T | T0-3SE'T | C0-3€0°L | TO-ITTT | CO-22E'S | T0-3LS'T | ¢0-318'6 | 10-399°T | T0-390°T | T0-3SE'T | C0-3EH°L | TO-ITTT | CO-qCES |
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HPDI for each variable in Model 3.
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Table 4.7 continued
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Table 4.7 continued
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Table 4.10: Comparison between Logit Heckman Correction and Probit Heckman Correction

year 2006: Model Comarison
Quarter Q1 Q2 Q3 Q4
HL HP HL HP HL HP HL HP
HL 1.00E+00| 5.94E+20| 1.00E+00| 1.09E+20| 1.00E+00| 3.83E+18| 1.00E+00| 7.03E+15
HP 1.68E-21| 1.00E+00| 9.14E-21|1.00E+00| 2.61E-19|1.00E+00| 1.42E-16|1.00E+00
2007: Model Comarison
Quarter |Q1 Q2 Q3 Q4
HL HP HL HP HL HP HL HP
HL 1.00E+00| 2.83E+16| 1.00E+00| 3.07E+08| 1.00E+00| 5.07E+09| 1.00E+00| 3.91E+08
HP 3.53E-17|1.00E+00| 3.26E-09| 1.00E+00| 1.97E-10| 1.00E+00| 2.56E-09| 1.00E+00
2008: Model Comparison
Quarter |Q1 Q2 Q3 Q4
HL HP HL HP HL HP HL HP
HL 1.00E+00| 1.71E+08| 1.00E+00| 1.03E+13| 1.00E+00|4.28E+21| 1.00E+00| 1.60E+11
HP 5.84E-09(1.00E+00| 9.75E-14| 1.00E+00| 2.34E-22| 1.00E+00| 6.25E-12(1.00E+00
2009: Model Comparison
Quarter Ql Q2 Q3 Q4
HL HP HL HP HL HP HL HP
HL 1.00E+00| 175.714|1.00E+00|{ 71153.2|1.00E+00|3.06E+13|1.00E+00|1.57E+19
HP 5.69E-03|1.00E+00| 1.41E-05| 1.00E+00| 3.26E-14| 1.00E+00| 6.37E-20| 1.00E+00
2010: Model Comparison
Quarter Ql Q2 Q3 Q4
HL HP HL HP HL HP HL HP
HL 1.00E+00| 2.88E+11| 1.00E+00| 1.95E+09| 1.00E+00| 46601.6|1.00E+00|8.03E+11
HP 3.48E-12(1.00E+00| 5.13E-10| 1.00E+00( 2.15E-05| 1.00E+00| 1.25E-12(1.00E+00
2011: Model Comparison
Quarter Ql Q2 Q3 Q4
HL HP HL HP HL HP HL HP
HL 1.00E+00| 2.47E+19| 1.00E+00| 3.83E+13| 1.00E+00| 1.42E+13| 1.00E+00| 1.59E+15

HP

4.05E-20| 1.00E+00

2.61E-14|1.00E+00

7.05E-14(1.00E+00

6.30E-16| 1.00E+00
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Appendix B

R Codes and Commands

e Libraries usedin our analysis,
MCMCpack, MASS and LearnBayes.

e Import Data

dat=read.table("'C:\\Users\\Mohsen\\Dropbox\\Photos\\mystudy\\thesis\LF SD\\excellfsda

ta\\lfsdata2006Q1.csv", header=T, sep=",")
e OLS regression

ols= Im(Inw ~ yerschol + s2 + pexp + pexp2 + sex + Id + td + rd + vd + ad + md + wbgd

+isd + cad + gd, data = dat).
e Bayesian linear regression

> Posterior= MCMCrgress(Inw ~ yerschol + s2 + pexp + pexp2 + sex + ld + td + rd + vd

+ad +md +wbgd + isd + cad + gd, data = dat)
e Bayes Factor

> ml<-MCMCregress(formula = Inw ~ yerschol + s2 + pexp + pexp2 + sex + Id + td + rd
+vd +ad + md +wbgd + isd + cad + gd, data = dat, mcmc = 10000, b0 =0, BO=0.1, cO
=2,d0=0.11, marginal.likelihood = "Chib95")

> m2<-MCMCregress(formula = Inw ~ yerschol +s2 + age + age2 + sex+1Id +td +rd +
vd +ad + md + wbgd + isd + cad + gd, data = dat, mcmc = 10000, b0 =0, B0=0.1, c0 =
2,d0 =0.11, marginal.likelihood ="Chib95")
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> m3<-MCMCregress(Inw~ ltd+crd+ed+sd+add+bad+hdd+mad+phd + pexp + pexp2 +
sex+1Id +td +rd + vd + ad + md + whgd + isd + cad + gd, data=dat, mcmc=10000, b0=0,
B0=0.1, c0=2,d0=0.11, marginal.likelihood="Chib95™")

> BF<-BayesFactor(ml,m2,m3)
> summary(BF)

e HPDI
> HPDIQ1m2<-HPDinterval(m2, prob=0.95)

> HPDIQ1m2

e Heckman Logit Correction
> logistic<-glm(emd~ yerschol +s2 + age + age2 + sex + msd+ wbgd + cad,
family=binomial( link = "logit" ), data=dat)

> p= fitted(logistic)
> logit=log(p/(1-p))
> summary(logistic)

> HLQ16<-MCMCregress(lnw ~ yerschol +s2 +age +age2 +sex +Id + td +rd + vd +
ad + md + wbgd + isd + cad + gd+logit, marginal.likelihood="Chib95" data=dat)

> summary(HLQ16)

e Heckman Probit Correction
> logistic<-glm(emd~ yerschol +s2 + age + age2 + sex + msd+ whgd + cad,
family=binomial( link =" probit "), data=dat)

> p= fitted(logistic)
> probit =log(p/(1-p))
> summary(logistic)

> HLQ16<-MCMCregress(lnw ~ yerschol +s2 +age +age2 +sex +Id + td +rd + vd +
ad + md + wbgd + isd + cad + gd+probit, marginal.likelihood="Chib95",data=dat)

> summary(HPQ16)



