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ABSTRACT ARTICLE HISTORY

The paper uses firm-level data to examine gender wage and pro- Received 13 January 2021
ductivity gaps in the Ethiopian manufacturing sector for the period Accepted 14 December 2022
1996-2010. It investigates gender wage differentials between KEYWORDS

skilled and unskilled workers after controlling for factors affecting Ethiopia; gender wage gap;
average wages. Our findings show significant gender wage and gender productivity gap;
productivity gaps and the segregation of female workers into low- globalization;

paying firms. Controlling for average productivity reduces the mag- manufacturing; sub-Saharan
nitude of the wage gap but does not eliminate it. However, results Africa

using a simultaneaous estimation of wage equation and production

function at a firm-level indicate no significant difference between

the gender wage and productivity gaps. As such, further investiga-

tion into the sources of the dual gaps using matched employer-

employee data is necessary. The Ethiopian government should

focus on skill development to improve the productivity of female

workers and address the segregation of female workers into low-

paying firms.

1. Introduction

The unequal treatment of men and women in the workplace, mainly in terms of wages
and employment has attracted the attention of policymakers, politicians, and economists
worldwide. The employment and earnings gap between men and women in the labor
market have been found to be a result of discrimination of female workers by employers
or differences in the level of human capital among other factors (Blau & Khan, 2000).
Klasen and Lamanna (2009) showed that gender education and employment gaps have
a negative effect on economic growth. Leopold, Ratcheva, and Tyson (2016) argued that
the current global economic gender gap will not be closed for another 170 years if the
current rate of change is maintained. Without doubt, the elimination of gender gap may
improve economic efficiency and economic growth (Appleton, Hoddinott, & Krishnan,
1999). To move towards gender equality worldwide, the United Nations oversaw the
adoption of the 2030 Agenda for Sustainable Development (ASD) in 2015. Gender
equality was included among the 17 sustainable development goals adopted by the 193
United Nations General Assembly countries. Among the main reasons for the adoption
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of the 2030 ASD is that gender inequality continues to be a major issue in developing
countries, particularly in Africa, despite earlier efforts to narrow the problem by the year
2015 under the Millennium Development Goals.

This study aims to contribute to the existing literature by investigating gender wage
and productivity gaps in the Ethiopian manufacturing sector. In addition, the study
investigates gender and skill wage differentials after controlling for the factors affecting
average wages in the sector. Existing studies using Ethiopian data (Appleton et al., 1999;
Fafchamps, Soderbom, & Benhassine, 2009; Kolev & Robles, 2010; Temesgen, 2006) and
other sub-Saharan Africa data (except for the work by Agesa, 1999 for Kenya; Abegaz &
Nene, 2018 for Ghana) did not consider the interplay between productivity and wage
gaps in one framework and the contribution of the former into the latter. We employ two
approaches to address the issue of gender wage and productivity gaps: first, we adopt
a reduced-form wage-setting equation at the firm-level with a control for productivity
proposed by Bartolucci (2014). We estimate the wage equation with and without firm
fixed effects to investigate issues of labor market segregation and to identify the within
firm wage gaps. This approach does not assume perfect competition in the labor market.
Second, we employ the Hellerstein, Neumark, and Troske (1999) approach in which firm
level wage and production equations are estimated simultaneously. Statistical tests are
conducted to evaluate the equality of estimated coefficients across the two equations and
determine whether wage gaps can be explained by productivity gaps.

There are two reasons behind our choice to focus on the manufacturing industry in
the current study. The first reason is that the Ethiopia’s manufacturing sector has been
growing significantly and it is becoming one of the country’s most important sectors. The
manufacturing sector, which accounts for about 4.3% of the national output, grew at
a rate of about 12% per year for the period 2006-2015. The total employment in this
sector grew by more than 400% from less than 40,000 workers to a little over 200,000
workers between 2002 and 2014. The second reason for focusing on this sector has to do
with the availability of data which makes the capture of pay gaps due to gender and skill
differentials possible.

Our empirical results confirm the presence of significant gender wage and productiv-
ity differentials. Estimates of the average wage equation using OLS show higher wage
gaps than the estimates using the fixed effects model, suggesting segregation of female
workers into low-wage firms. The inclusion of labor productivity and other firm char-
acteristics accounts for a small portion of the gender wage gap. Although the firm-level
wage gap unexplained by average productivity, firm characteristics, and firm fixed effects
imply presence of within firm wage discrimination, further investigation employing
matched employer-employee data is required to make such determination. In contrast,
statistical tests addressing equality of female to male (female-male) wage and productiv-
ity ratios using the Hellerstein et al. (1999) approach show no statistically significant
difference on the two gaps after controlling for sector and region fixed effects. Such
mixed results were also reported in Bartolucci (2014) where the reduced-form wage-
setting equation model showed evidence of wage discrimination against immigrant
workers whereas results using the Hellerstein et al. (1999) approach indicated no wage
discrimination against immigrants. Lastly, we observe that firms that are globally con-
nected through exporting and foreign ownership offer wage premiums for their workers
but play little or no role to narrow the gender wage gap.
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The rest of the study is organized as follows. In the next section, we outline the
empirical evidence on wage and productivity gaps in Ethiopia and sub-Saharan Africa
and identify the gap in the literature that the current study contributes to. Section 3
documents the data and empirical strategy. Section 4 discusses the results and section 5
provides concluding remarks.

2. Empirical evidence on sub-Saharan Africa and Ethiopia

Many developing countries have adopted policies to help reduce gender inequality.
A case in point is Ethiopia, an East African state that has made important improvements
toward universal primary education, gender equality and women empowerment (Kolev
& Robles, 2010; Ogato, 2013). In addition, several higher education reforms were passed
with the goal of reducing education disparities across gender lines (Molla, 2013). Reforms
in family law and land registration were also implemented to improve the position of
women in marriage, divorce, land ownership, paid employment, and related legal and
socio-economic aspects (Hallward-Driemeier & Gajigo, 2015; Kumar & Quisumbing,
2015).

Despite the efforts to reduce the gender gap in education, employment, income, and
political and economic participations, large inequalities continue to exist in Ethiopia.
According to the World Economic Forum (WEF), Ethiopia ranked 100 (out of 115
countries) and 109 (out of 144 countries) with a gender gap index of 0.60 and 0.66 in
2006 and 2016, respectively. In the 2016 WEF report, the country’s overall global gender
gap index was heavily pulled down by the large gaps in two main areas: education
(ranked 132); and economic participation and opportunity (ranked 106). These rankings
suggest that there may be a close link between the gender gaps in educational attainment
and economic participation in this country. A breakdown of the three components of the
gender gap in the economic participation and opportunity category is in order. Within
the economic participation and opportunity category, Ethiopia’s progress in reducing
gaps in the labor force participation rate (ranked 42) was undercut by lower achieve-
ments in other components, most notably wage equality among men and women for
similar work (ranked 105) and the gap in professional and technical work opportunities
(ranked 113). Clearly, Ethiopia has a long way to go before gender equality can be
achieved in the working environment.

From here on, we will focus our attention on the wage equality for similar work
component. We begin by reviewing existing studies on gender wage gap in Ethiopia. To
date, only a handful of studies attempted to quantify and understand the prevailing
gender pay gap in the Ethiopian economy.' Fafchamps et al. (2009), who examined the
link between educational attainment and gender wage differentials based on matched
employer-employee manufacturing data in eleven African countries, showed the exis-
tence of significant gender wage gaps in seven countries including Ethiopia. In addition,
the same study found that education narrowed the gender wage gap in three of the seven

'Other empirical studies attempted to address the limited progress in narrowing the educational gap irrespective of the
wider reforms undertaken thus far (Haile, 2018; Molla, 2013). Besides, attempts have been made to understand the
overall gender inequality problem in Ethiopia (Bayeh, 2016; Dea, 2016) and investigate the impact of reforms in family
law and land registration on the socio-economic activities of women (Hallward-Driemeier & Gajigo, 2015; Kumar &
Quisumbing, 2015).
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countries with Ethiopia being one of the four countries in which education did not
appear to narrow the gender wage gap. The study by Kolev and Robles (2010) also linked
education to the gender wage gap in Ethiopia. Kolev and Robles (2010), using the 2005
Ethiopian Labor Force Survey data, showed that female workers earned 66% of male
hourly wages and that at least 14% of the gap can be explained by education gap between
men and women. Similarly, Temesgen (2006) estimated wage differentials for a sample of
workers from Ethiopia’s urban manufacturing sector. The study argued that the existence
of gender wage gap was mainly driven by the discriminatory component, 60%, with the
treatment component arising from human capital differentials being responsible for the
other 40%.

Studies using data from other Sub-Saharan Africa countries also sought to understand
the reasons behind wage inequality issues in the region. Glick and Sahn (1997) examined
earnings of men and women in self-employment, private sector employment and public
sector employment in Guinea. The authors found that differences in characteristics such
as education and experience were responsible for about 45% and 25% of the male-female
earnings gap in self-employment and public sector employment, respectively. Their
results also showed that women earned more than their male counterparts in the private
sector. Agesa (1999) who estimated the gender earnings gap for Kenyan urban workers
showed evidence of a considerable pay gap. The author also found that the pay gap is
mainly due to discrimination by urban employers. Similarly, Siphambe and Thokweng-
Bakwena (2001) showed that most of the gender wage gap in Botswana’s public sector
was mainly due to differences in male and female characteristics and that the wage gap in
the private sector was driven by unequal treatment between men and women.

Amongst studies focusing on manufacturing industries, Nordman and Wolf (2009)
used matched employer-employee data to examine wage gaps in seven African countries.
The authors found significant gender wage gaps in Mauritius and Morocco, while no
evidence was found in Benin, Kenya, Madagascar, Senegal and Uganda. Jones (2001)
concluded that the wage gaps among workers of different educational backgrounds in the
Ghanaian manufacturing industry were due to productivity differentials. Further, Van
Biesebroeck (2011) compared wage and productivity gaps arising from disparities in
human capital in the manufacturing industries of each of the following countries: Kenya;
Zimbabwe; and Tanzania. Findings showed that productivity premiums associated with
worker characteristics were equal to the corresponding wage premiums in Zimbabwe
(the most developed country in the sample), but not in Tanzania (the least developed
country), while results were intermediate for Kenya. Abegaz and Nene (2018) showed
evidence of significant gender wage and productivity gaps in the Ghanaian manufactur-
ing industry.

The foregoing studies showed that gender wage gap continues to be an issue in several
sub-Saharan Africa countries including Ethiopia. Despite the large consensus on the
existence of significant gender wage inequalities in the region, empirical evidence is
scarce. Among the key areas lacking empirical investigation include the dual presence of
wage and productivity gaps and evaluating the residual wage differentials accounting for
worker selection (market segregation) and productivity. Thus, the current study aims to
contribute to the existing literature in filling this gap by examining the gender wage and
productivity gaps in the Ethiopian manufacturing sector.
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3. Data and empirical strategy

3.1. Data

This study uses a census-based firm-level manufacturing data collected by the Ethiopian
Central Statistics Agency (CSA) for the period 1996-2010. The data consist of about
12,800 firm/year observations. The data covers all medium and large size, power-driven
manufacturing establishments employing at least ten workers. It contains detailed plant-
level characteristics regarding production, wages and salaries, employment, investment,
export sales, and other related factors. A few other studies used the same dataset to
examine problems relating to production, export, and the expansion of the Ethiopian
economy and its manufacturing sector.

The Ethiopian manufacturing industry is largely dominated by labor-intensive production
technologies and firms mainly producing light manufacturing goods. According to the 2010
manufacturing survey report, the sectoral distribution of firms shows that food and bev-
erages, non-metallic minerals, furniture, and fabricated metal (except machinery and equip-
ment) account for 26%, 22%, 13%, and 7% of all the manufacturing plants in the country,
respectively. In terms of employment share, the food and beverages industry take the lead,
followed by textile, non-metallic minerals, and rubber and plastic industrial groups. Table 1

Table 1. Descriptive statistics of firm characteristics from the large and medium manufacturing
surveys, 1996-2010.

All firms Exporting Foreign-owned

Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
In(Real Wage Per Worker) 7.95 0.86 8.45 0.67 8.42 0.92
Share of Female Employees 0.30 0.20 0.33 0.21 0.31 0.22
Share of Unskilled workers 0.38 0.22 0.38 0.20 0.35 0.21
Share of Unskilled Female Workers 0.45 0.37 0.57 0.30 0.47 0.35
Share of Unskilled Male Workers 0.63 0.24 0.59 0.21 0.64 0.24
Share of Imported Materials 0.36 0.40 0.26 0.30 0.53 0.43
In(Output) 13.90 2.11 16.56 1.70 14.90 2.00
In(Total workers) 3.51 1.36 5.25 1.42 3.98 1.19
In(Capital) 13.10 2.69 15.73 2.03 14.34 2.07
In(Materials) 13.17 2.22 15.79 1.75 14.07 2.10
In(Capital/Labor) 9.48 2.15 10.45 1.60 10.27 1.60
Age 14.83 15.16 23.04 20.77 18.80 18.62
# Firm/Year Obs 12,832 671 629

Source: Computed from CSA’s annual manufacturing surveys for the years 1996-2010.

Notes: Columns (1) and (2) present the mean and standard deviation of the variables computed based on all firms in the
surveys, columns (3) and (4) are for exporting firms, and columns (5) and (6) are foreign-owned firms. The variable real
wage per worker is based on the firm-level total wage bill divided by the total number of permanent employees. The
average wage bill is then deflated using the consumer price index (CPI) retrieved from the World Bank’s World
Development Indicators (WDI) database. Capital is the fixed assets of the firm at the end of the fiscal year deflated using
fixed capital formation deflator from the WDI database. Output is the total value of production in a fiscal year and
materials is the total value of material inputs used in the production process. Both output and materials are deflated
using the implicit price deflator for the large and medium manufacturing sector from the Ethiopian Ministry of Finance
and Economic Development (MoFED). Data on skill level of employees is not available for the year 2010. The shares of
unskilled female and male workers are computed separately out of the total female and total male workers,
respectively.

The data was used by Bigsten and Gebreeyesus (2007), Gebreeyesus (2008), Shiferaw (2009), Bigsten and Gebreeyesus
(2009), and others to examine firm growth, productivity, firm turnover, export performance, and related issues.
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reports the summary statistics of variables in the analysis. It shows that about 4.4% of the
establishments are exporting and that a similar percentage of firms are fully or partially
owned by foreign entities. This shows that the Ethiopian manufacturing sector is character-
ized by limited interactions with the rest of the world in terms of exporting and foreign
ownership.

The female employment share among exporting firms is 3% higher than the overall
average of 30%. Besides, the share of unskilled male workers is higher than that of
unskilled female workers for all firms and foreign-owned firms. This observation is
different for exporting firms where there is no significant gender difference in the
share of unskilled workers. However, on average, exporting firms have a higher share
of unskilled workers suggesting that they create more production-level jobs that require
less skill and educational attainment. With respect to wages, the average real wage of
workers is higher among exporting and foreign-owned firms.

In terms of size, capital intensity, and production levels, exporting and foreign-owned
firms have clear advantages. Exporting firms are large (hire more workers), capital-intensive,
and more productive than others. The average number of workers among the exporting
firms is 457 workers, whereas among foreign-owned firms is 114 workers and the aggregate
average for the sector is 105 workers. The descriptive statistics also show that older firms are
more likely to be exporters and owned partially or fully by foreign companies. This could be
due to the privatization of previously state-owned companies following the regime change in
1991. The share of imported materials is higher among foreign-owned firms, while it is lower
among exporting firms compared to the sector average. This may suggest that exporting
firms use more domestic raw materials than the foreign-owned ones.

The data have some issues and limitations. A few of those issues are discussed next. First,
the data lacks detailed employee characteristics that goes beyond skill and gender composi-
tion. It is not matched with employee survey data to allow estimations of worker-level wage
regression equation and to aggregate the human capital characteristics of workers such as
education, experience, occupation, and age for estimations at the firm-level. Second, incon-
sistencies regarding year of establishment were observed for some firms across different
survey years. We took the mode of the establishment year for such firms to compute their age.
Third, data regarding temporary employees are incomplete or inconsistent. As such, we were
not able to determine the full-time equivalence of seasonal workers. Therefore, the number of
employees and the gender and skill composition of workers are computed based on the
number of permanent employees.

3.2. Estimating wage and productivity differentials

As highlighted earlier, our study examines the factors affecting firm-level wage gaps. We
address the effects of productivity, selection of workers (firm heterogeneity), and other
firm characteristics. We employ two approaches: a single firm-level wage cost regression
equation proposed by Bartolucci (2014) and a simultaneous regression of wage and
production equations using the Hellerstein et al. (1999) approach.



JOURNAL OF APPLIED ECONOMICS (&) 7

3.2.1. Linear wage regrssion

In the first approach, we examine the wage gap using a linear wage regression equation
including the share of female workers as a regressor to capture the gender wage gap. The
linear firm-level per-worker wage regression equation is defined as:

ln(wit) = o+ ySFit + Z/ﬂ + €t (1)

>

where w; is firm i’s per-worker average wage bill at time ¢, SF;; is the employment share
of female workers, and the vector Z controls for firm-level characteristics including
globalization factors and sector and location fixed effects. The main variable of interest
is SF; which captures the effects of an increase in the employment share of female
workers on the firm-level average wage bill. A negative coefficient shows the existence of
gender wage differentials in favor of male workers. Such an outcome shows that the
average wage deteriorates as more women join the labor force of a firm and reflect
a situation where women are paid less than the average.

Initially, we estimate this equation using the Ordinary Least Squares (OLS) method
without control for firm fixed effects. The estimated coefficient of the female employ-
ment share captures the overall gender wage differential. Next, we estimate the regression
equation using the panel fixed effects model to control for firm heterogeneity and
determine the within firm wage gap. This model exploits the within-firm variation of
the female-male composition of workers across time to identify wage gap within a firm.
The difference between the OLS estimate (overall gap) and the fixed effects estimate
(within firm gap) is informative about market segregation leading to sorting of workers
in the manufacturing sector (Bartolucci, 2014; Kampelmann & Rycx, 2016). A positive
difference suggests selection of female workers into high-wage firms and vice versa.

In this approach, we also control for productivity using the log of output per worker as
a regressor. Bartolucci (2014) proposed the inclusion of average productivity in the wage
cost equation to overcome three notable assumptions of the Hellerstein et al. (1999)
approach: perfectly competitive labor market, linear relationship between productivity
and wages, and assumption regarding the functional form of the production function.
The Bartolucci (2014) approach neither assumes a perfectly competitive labor market nor
that relative wages are equal to relative productivity (allows wage-productivity elasticity
to be different from one). This approach has been used in recent studies including
Garnero, Rycx, and Terraz (2020) to study the effect of firm-level collective agreements
on wages and Kampelmann and Rycx (2016) to study wage discrimination against
immigrants. It provides a more flexible strategy to examine the extent of wage gaps
after controlling for productivity, labor market segregation, and other firm
characteristics.

The above linear wage regression equation assumes perfect substitution between
female and male workers in the production function. However, substitutability between
the two groups may depend on the skill levels. Accordingly, we can implement a detailed
classification of the workforce by skill levels and modify the wage cost equation as
follows:

1n<Wit) — a4 Y1SFifilled + YZSFiutnskilled + ))3SMl‘utnSkilled +Z/ﬁ + ey, (2)
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where SEsklled is the share of skilled female workers in the total employment of firm i at
time ¢, SFmkilled g the share of unskilled female workers, and SMuskilled s the share of
unskilled male workers. Skilled male workers are the reference group. We include log of
output per worker as a control for labor productivity. Additional controls for firm-level
characteristics include firm size, capital intensity, and firm age. These are captured by the
logarithm of number of workers, logarithm of capital per worker, and the number of
years a firm has been operating in the industry, respectively.

A firm’s involvement in the global village (globalization) has been found to be an
important factor affecting wages of female workers. Following the studies by Chen, Ge,
Lai, and Wan (2013) and Abegaz and Nene (2018), globalization is captured using
indicators for exporting status (Exporting) and foreign ownership (Foreign). The indi-
cator variable for exporting status takes a value of 1 if a firm exported that year and 0
otherwise. Similarly, the indicator variable for foreign ownership takes a value of 1 if
a firm is partially or fully foreign-owned (at least 10% equity share by foreign investors)
and 0 otherwise. We also control for the use of imported inputs using the share of
imported materials in the production process. Globalization increases competition
among firms and the cost of discrimination, which helps reduce the pay gap between
men and women (Becker, 1957). Several studies have shown that globalization is asso-
ciated with more female employment, higher female wages and lower gender pay gap
(Becker, 1957; Juhn, Ujhelyi, & Villegas-Sanchez, 2013; Oostendorp, 2009). A few other
studies have also found that exporting firms are associated with larger wage gap when
compared to their non-exporting counterparts (Boler, Smarzynska Javorcik, & Ulltveit-
Moe, 2015; Chen et al., 2013). We, therefore, expect the coefficients of the globalization
variables to be either positive or negative.

3.2.2. Simultaneous wage and production regression equations

The second part of our analysis focuses on estimating productivity differentials and wage
differentials simultaneously using the Hellerstein et al. (1999) approach. We estimate
productivity differentials using the following production function in the same manner as
in Hellerstein et al. (1999) and Dong and Zhang (2009)°

In(Y) = In(A) + aln(QL) + BIn(K) + yln(Material) + Z'5 + ¢ (3)

where Y is the value of output, A is technical coefficient, K is capital, Material is the value
of materials used in the production process, QL is quality weighted aggregate labor, and
the vector Z represents firm characteristics including foreign ownership, exporting
status, and location and sector fixed effects. The quality weighted aggregate labor (QL)
using marginal productivities as weight assumes perfect substitution of workers across
groups. QL is defined as follows:

QL = ¢y MY + ¢y M° + ¢ F + ¢ F° (4)
where MY,M5, FV| and F® represent the number of unskilled male workers, skilled male
workers, unskilled female workers, and skilled female workers, respectively. The weights,

@’s, are the corresponding marginal productivities of each group of workers. Assuming
the female-male relative marginal productivities of unskilled and skilled workers are

3Subscripts for time and firm indicators are dropped to avoid clutter.:
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equal (¢ = ¢F /dy = ¢3/d5,) and the unskilled-skilled relative marginal productivities

for the two genders are equal (3 = ¢4 /> = @y /@5), we can simplify and rewrite
equation (3) by taking the natural logarithm as follows:

1n(QL):1n(¢fw)+1n(L)+ln{AL—4 <1+(;7—1)M >+¢ ( (;7—1)%)} (5)

where L, M, and F represent the number of total, male, and female workers, and ¢ and 5
are female-male and unskilled-skilled ratios of marginal productivities, respectively.
Finally, the production regression equation with quality weighted labor can now be re-
written as:

In(Y) = A + aln(L) + BIn(K) + yIn(Material)
+a1n{]‘L4<1+(n—1)M >+¢ < (;1—1)1:;>}+z/5+s ©)

The non-linear production function in equation (6) allows for the estimation of the
relative marginal productivities of female-male (¢) and unskilled-skilled (1) workers
which are then compared to the corresponding relative wages. To achieve this objective,
we need to have a firm-level wage equation analogous to the production function in (6).
We follow similar steps as used in the production function, moving from equation (3)
through equation (6), to come up with an equation that reflects a weighted average of
wage bills paid to unskilled men, skilled men, unskilled female, and skilled female
workers using employment shares as weights.* The final firm-level average wage regres-
sion equation, which is similar to the production function in equation (6), is defined in
a same manner as in Hellerstein et al. (1999) and Dong and Zhang (2009) as follows:

U U
In(W) :A2+ln{% (l—i—(y— 1)%) +p§ (1-1—(#— 1)%)} LX)

where W is the firm-level average wage bill, 4 and p are relative wages of unskilled-skilled
and female-male workers, respectively, and the vector X represents firm characteristics
such as size, capital intensity, export status, foreign ownership, and others.

Equations (6) and (7) are estimated simultaneously using Zellner’s seemingly unre-
lated regression (SUR). We perform linear parameter tests to verify the existence of wage
and productivity gaps between female and male as well as unskilled and skilled workers.
This is done by testing the null hypotheses that the coefficients representing productivity
ratios (7 and ¢) and wage ratios (u and p) are each equal to one. Under these hypotheses,
relative wages and productivities are considered to be equal between female and male
workers and between unskilled and skilled workers. Rejecting the null hypotheses reflect
existence of productivity and wage differentials based on gender and skill levels.

W= w,SV,MTS + wMM +wd T "+ w L where the w’s represent the wage bills paid to each group and W represents the
weighted average total wage bill of a firm. The dataset provides information on the aggregate wage bill, W, but not
dlsaggregated across the four groups. Assuming the skilled and unskilled workers female- male Wage ratios are equal

(Zﬁ = wf = p) and the unskilled-skilled wage ratios of female and male workers are equal (5 o _ M = p), the average
M

wage  equation can  be simplified and  written by taking natural Ioganthm as:

In(W) = In(wf) + {4 (14 (= 1)%) + o (14 (0 =15 .
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Finally, we perform a statistical test to determine whether the female-male productiv-
ity ratio (¢) and the female-male wage ratio (p) are equal or not. This assumes that
workers in a competitive market are paid based on their marginal productivities.
Rejecting the null hypothesis signals a presence of wage gap unexplained by productivity
differentials. Similar steps are taken to compare the unskilled-skilled productivity (#) and
wage (ratios).

4. Results and discussion

Table 2 presents estimation results of the panel wage regression equation (1). We used
the pooled OLS technique without control for firm effects in columns 1-3. We control for
individual firm heterogeneity using the panel fixed-effects method in columns 4-9.

The coefficient of the female employment share is negative and statistically significant.
This reflects the presence of a significant gender wage gap. Specifically, firms with higher
female employment share pay lower average wages than firms with higher male employ-
ment share. Column (1) presents the unconditional gender wage gap after controlling for
time effects without the rest of the control variables. The result indicates that the gross
gender wage gap is —0.49 (49%).” A comparable estimate to the one in column (1),
presented in column (4) where we control for unobserved firm fixed effects presents the
unconditional within firm wage gap. The within firm estimate shows that female workers
earn 39% lower than male workers. Zhang and Dong (2008) and Chen et al. (2013) also
found a negative association between female employment share and firm-level average
wages in the Chinese manufacturing industry. The negative difference between the OLS
estimate (—0.49) and the fixed effects estimate (—0.39) indicates a sorting/segregation of
female workers into low-wage firms. In this scenario, the segregation of female workers
into low-wage firms accounts for about 10% of the gender wage gap.

In the OLS regressions (columns 2 and 3), controls for firm characteristic such as
exporting status, foreign ownership, capital per worker, firm size (measured by the
logarithm of number of employees), and firm age are significant determinants of
wages. However, their contribution in terms of reducing the gender gap remain insig-
nificant. The only exception is labor productivity which appears to be a significant
determinant of wages and the gender wage gap. The coefficient of the female employ-
ment share is lower in column (3) when we control for productivity measured by the
logarithm of output per worker. In the fixed effects model without labor productivity
(column 6), the firms’ globalization indicators, such as exporting status, foreign owner-
ship, and the use of imported materials in production (the variable Import Ratio) are
associated with higher average wages. When a control for labor productivity is included,
only the ratio of imported materials remains significant. The null results for such
indicators as exporting and foreign-ownership may be due to lack of sufficient within
firm variation overtime. Interaction terms in column (9) suggest that the observed
gender wage gap is lower among foreign-owned firms, while exporting activity plays
no role to narrow or widen the gap. Unlike Chen et al. (2013) who finds larger wage gaps

*The coefficient can be interpreted as the effect of an increase in female employment share on the average wage cost of
a firm: one percentage point increase in the employment share of female workers is on average associated with 0.49%
decrease in the average per-worker wage bill.



JOURNAL OF APPLIED ECONOMICS 11

‘deb Aed ay1 uo diysisumo ubiaio) pue snieys Lodxa Jo 3joi 3yl alojdxa 01 diysiaumo ubiaioy
pue sniels Hunodxa 1oy S101eJIpUI BYI YIIM d1BYS S|EWD) 9Y] JO SUOIIDRIIIUI SPPE 6 ULUN|OD PUE S1I9)43 PAXL UOIB3J J0J S|0JIUOD 6 PUB § UWIN|OD ‘6—/ PUE ‘G ‘€ suwn|od ul pappe si AlAinpoud
loge| 10} |013u0d i *deb Aed Jspusb wiy uiylm [euorIpuodun ay) sapIAoid S129J9 PaxXL WL YUM { UWN|OD) Ul 9JeYS d|eW} JO JUaIdLY0D 3y} ‘Ale|iwis ‘deb abem tapuab |jesano jeuonipuodun
33 sapinoid [013U0D WY AUB INOYLIM JBYS S|eWd) S|qRLIEA 3] JO JUSIDLYS0D 3Y) ‘| UWIN|OD) U "SUOIIBWIIISS [|B Ul 10} P3]|0JIUOD DB S1I9)3 PAXL JBSA "6 SUWIN|OD Ul $1D9)9 paxy [sued pue ¢—|
suwnjo) ul 570 buisn (1) uorenba jo synsas uonewisa syuasaid ajqey 3y “AjaA1dadsal ‘saakojdwa Jusuew.ad |10} pue ‘[eyided paxy jo anjea ‘Indino Jo anjen ay3 Juasaidal T pue ‘Y ‘A SIJON
1°0> d 4 'S0°0> d 4k 'L0°0> d xxx 'SISOYIUBIE Ul SI01IS piRPUE)S ISNCOY

6vCLL— 8LTLL~ TosLL— 6769/~ T0LEL~ 'S€08— ¥oor'EL— 9'68T'vL— ¥98'sL— pooy1ay1| 6o
SL00 SL00 SL00 100 ¥1°0 7€0°0 usaMIeq pasenbs-y
891°0 8910 9910 z0L0 191’0 1800 ulyum patenbs-y

9€£0 9570 $80°0 pasenbs-y

Yyl or'zL 'zl ¥79'tL 59Tl ye8'TL o'zl ¥z9'tL re8'zL 'sq0

SOA SOA ON ON ON ON ON ON ON 34 :o_mwm_
SOA SOA SOA SOA SOA SOA SOA SOA SOA EERLCIN

(881°0)

*CSE0 aleys wa44ubraiod
(€71°0)
¥50°0— aJeys wa4#buiodxy
(#10°0) (#10°0) (#10°0) (8L0°0) (L00°0) (L00°0)
6100~ 8L00— 6L0°0— 6L0°0— *#x900°0 *xx£00°0 aby
(820°0) (820°0) (820°0) (£20°0) (800°0) (800°0)

***wOOI ***wool ***wool ***v_..ol ***ONFO ***mN_.O ﬁn_vc_ “wN_m
(€10°0) (€10°0) (€10°0) (€10°0) (#00°0) (#00°0)
8L00— 6L00— 8L00— 8000~ *x¥C0°0 *#x590°0 (/)i
0000 0000 0000 0000 0000 0000
%1000 %1000 %1000 *#x100°0 *#x00°0 *#x€00°0 oney yodw
(6£0°0) (150°0) (050°0) (6¥0°0) (€£0°0) (#€0°0)
1200~ 1800 SL0°0 %600 *#x5CC0 *#x8C0 paumo-ubiaiod
(890°0) (0+0°0) (6£0°0) (6£0°0) (520°0) (£20°0)
wo'o 1200 ¥20°0 *#£60°0 »#x080°0 *x#x9170 Burodxg
(910°0) (910°0) (9100 (S10°0) (600°0)

*xxELL°0 *#xxELL°0 *xxEL10 *#x88L°0 *#2961°0 (/A
(160°0) (880°0) (880°0) (160°0) (880°0) (260°0) (9£0°0) (9£0°0) (££0°0)

***@NOI ***wNol ***wNol ***mm.ol ***_.M.OI ***mmol KRK :u.ol ***_.OOI ***mvol whmzm w_mEmu_

(6) (8 () (9 () (7] (€) (@ (1)
S109)43 paxi4 S10
"SI9AJ] |IMS AQ s1ox4om Buidnoib noyym (1) uorzenba uolssaibal sbem Jeaul| 9yl JO S3NSDJ UOIIBWIIS SII9YS paxy |aued pue S0 *Z d|qel



12 (&) M.ABEGAZ AND G. NENE

among exporting and foreign-owned than non-exporting and domestic firms in the
Chinese manufacturing, we find no such effects in the Ethiopian manufacturing.

With respect to firm characteristics, capital intensity (capital per worker) is positive
and significant in the firm-level wage regression equation with or without control for
productivity. This indicates that capital intensity is an important determinant of wages
across firms. However, the coefficient of capital-labor ratio becomes insignificant when
the firm fixed effects are controlled for. This may be due to a lack of variation of capital
intensity within a firm across time or that it is not a significant determinant of the within
firm wage-setting process. Further, firm age and size are significant positive determinants
of wages in the OLS regressions, but they become insignificant or even negative (for size)
in the fixed effects model. With control for firm heterogeneity, results show that the firm-
level average wages decrease with firm size. This may reflect a slow wage growth or that
firms hire more production-level workers as they grow bigger in size. The in-kind
benefits such as education, health care, job security, transportation, and other incentives
may also grow faster accompanied with slow wage growth. On the other hand, produc-
tivity remains a significant positive determinant of wages in the linear wage-setting
equation with or without control for firm heterogeneity. Although controlling for
productivity shrinks the gender wage gap in all estimations, the gender penalty remains
significant and high. The overall results show that females suffer from wage gaps that are
robust to firm characteristics, sorting, and productivity. The estimated within firm pay
gap could be a result of the unobserved worker characteristics not captured by the firm
productivity effects and other firm characteristics. Besides, it may reflect firm-level
gender biases in hiring and wage setting processes that could be deemed as discrimina-
tion and may lead to gender-based wage differentials. However, matched employee-
employer data that provides detailed worker characteristics are necessary to examine the
existence of within firm gender discrimination and the role it plays in explaining the
observed wage gap.

Next, we present estimation results of equation (2) accounting for a detailed classifica-
tion of workers by skill levels in Table 3. Compared to the reference group, the share of
skilled male workers, employment share of the three groups (skilled female, unskilled
male, and unskilled female) are associated with lower average wages. For instance, the
unconditional wage gap between skilled male and skilled female workers with control for
time effects is about 41% as shown in column (1). Similarly, the wage difference between
unskilled female (—0.45) and unskilled male (—0.35) appears to be signiﬁcant.6 The fixed
effects model (column 4) indicates a lower within firm wage gap for unskilled male and
skilled female workers. This suggests that unskilled male and skilled female workers are
sorted into low-wage firms, but they face lower within firm gaps. On the other hand,
unskilled female workers are segregated into high-wage firms and face higher within firm
wage gaps compared to unskilled male workers.

Accounting for productivity (columns 5-8) eliminates the wage gap between skilled
and unskilled male workers. Besides, it closes half of the gap between skilled male and
skilled female workers. However, controlling for productivity does not lead to
a reduction in the pay gap between unskilled female and unskilled male workers. The

SSince the reference group is skilled male workers, to compare the wage gap between unskilled female and unskilled
male workers, we must calculate the difference of the coefficients for the two groups.
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gap between the two groups remains high and significant after controlling for produc-
tivity, other firm characteristics, and firm fixed effects. This may reflect occupational
segregation between male and female unskilled workers and that there is premium to the
occupations of male workers. These occupations may tend to be physically demanding,
riskier, and pay higher wages.

Following the presentation and discussion regarding estimation results of the average
wage equations (1 and 2), Table 4 presents the SUR regression results of the firm-level
production and average wage equations (6 and 7) using the Hellerstein et al. (1999)
approach.

The coefficients of interest are the female-male and unskilled-skilled wage and pro-
ductivity ratios captured by the non-linear structure of the two equations which incor-
porate the shares of female and unskilled workers except in column 6 where we only
include share of female workers. Consequently, we perform statistical tests to examine
the presence of gender and skill-based wage and productivity differentials. We also test
for the equality of the wage and productivity ratios for female-male and unskilled-skilled
workers.

Results show that the productivity ratio of female to male workers is about 0.4,
suggesting that the productivity of female workers is about 40% of that of their male
counterparts. This result holds irrespective of the controls for location, sector, and skill
composition of workers. The null hypothesis that the productivity of male and female
workers are equal is rejected at the 1% level in all model specifications. Similarly, the
unskilled-skilled productivity ratio suggests that unskilled workers are about 45% less
productive than their skilled counterparts. The hypothesis that skilled and unskilled
workers are equally productive is also rejected at the 1% level.

In the average wage equation, the female-male wage ratio ranges from about 0.5 in the
parsimonious regression (column 1 of Table 4) to about 0.4 in the more general models
incorporating sector and region fixed effects. This finding suggests that the average wage
of female workers is about 40% to 50% of the wages of male workers. The hypothesis that
average wages of male and female workers are equal is rejected at the 1% level. Compared
to the OLS results in Table 2, the estimated gender wage gaps are similar. However, the
SUR estimates in Table 4 do not control for firm heterogeneity due to the complexity of
the nonlinear estimation technique that does not allow to include fixed effects. In
addition, the wage ratio of unskilled to skilled workers is about 0.7, suggesting that
unskilled workers earn about 70% of the earnings of skilled workers.

In this approach, we also compare the female-male productivity gap with the corre-
sponding wage gap. The null hypothesis that the estimated female-male wage and
productivity ratios are equal cannot be rejected, implying that the observed gender
wage differentials are statistically equivalent with the productivity gaps. These results
contradict with those based on the linear wage cost equation proposed by Bartolucci
(2014) (Tables 2 and 3) which suggests that controlling for productivity does not account
for the total within firm gender wage gap. A few notable reasons for the diverging results
are provided next. First, the assumption of perfect competition market may not be
applicable in the Ethiopian labor market context. Second, the wage-productivity elasti-
cities in Tables 2 and 3 are significantly different from one, suggesting that a change in
productivity leads to change in wages but not proportionally. Thus, the assumption of
linear wage and productivity relationship in the Hellerstein et al. (1999) approach may
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Table 4. Estimation results of the simultaneous regressions of the non-linear production and average
wage functions: Hellerstein et al. (1999) approach.
m 2 3) (4) (5) (6)
Production function (equation 6)

In(L) 0.315%** 0.336*** 0.344%** 0.332%** 0.3471%** 0.342%**
(0.011) (0.011) (0.012) (0.011) (0.012) (0.011)
In(K) 0.052%** 0.063*** 0.059*** 0.062*** 0.058*** 0.059***
(0.005) (0.005) (0.005) (0.005) (0.005) (0.005)
In(Material) 0.673*** 0.670*** 0.660%*** 0.673*** 0.662*** 0.658***
(0.009) (0.009) (0.010) (0.009) (0.010) (0.009)
¢ (female-male) 0.400%** 0.414%** 0.444%** 0.414%** 0.440%** 0.384%**
(0.080) (0.076) (0.086) (0.078) (0.087) (0.070)
n (unskilled-skilled) 0.517%** 0.543*** 0.557%** 0.545*** 0.558***
(0.055) (0.054) (0.058) (0.055) (0.059)
Exporting 0.229%** 0.172%** 0.257%** 0.173*** 0.260%** 0.256***
(0.036) (0.037) (0.040) (0.037) (0.040) (0.037)
Foreign-Owned 0.207*** 0.190*** 0.174%** 0.190*** 0.175%** 0.164%**
(0.040) (0.040) (0.040) (0.040) (0.040) (0.036)
Constant 3.497%** 3.332%** 3.430%** 3.307%** 3.417%** 3.3871%**
(0.083) (0.084) (0.112) (0.084) (0.112) (0.097)
Average wage bill function (equation 7)
p (female-male) 0.497%** 0.474%** 0.380%** 0.467%** 0.403%** 0.387%**
(0.026) (0.025) (0.026) (0.024) (0.026) (0.023)
U (unskilled-skilled) 0.674%** 0.716%** 0.641%** 0.719%** 0.667***
(0.026) (0.026) (0.024) (0.026) (0.025)
Exporting 0.510%** 0.058** 0.215%** 0.127%* 0.227%** 0.2571%**
(0.025) (0.027) (0.028) (0.027) (0.029) (0.029)
Foreign-owned 0.478%** 0.343%** 0.310%** 0.277%** 0.282%** 0.283%**
(0.037) (0.035) (0.034) (0.034) (0.034) (0.033)
Size: In(L) 0.2717%** 0.202%** 0.162%** 0.168%*** 0.152%*
(0.006) (0.006) (0.008) (0.008) (0.008)
In(K/L) 0.074%** 0.070%** 0.076%** 0.077%** 0.072%**
(0.005) (0.005) (0.005) (0.005) (0.004)
Ratio Imported Materials 0.003%** 0.007%*** 0.007%***
(0.000) (0.000) (0.000)
Firm Age 0.007%** 0.006*** 0.007%**
(0.001) (0.001) (0.001)
Constant 8.355%* 6.898%** 6.799%** 6.831%** 6.733%** 6.5971%**
(0.026) (0.053) (0.065) (0.055) (0.066) (0.054)
Sector FE No No Yes No Yes Yes
Location FE No No Yes No Yes Yes
No. Obs. 10,269 10,269 10,268 10,203 10,203 11,662
Log Likelihood —22,657 —21,658 —-20,994 -21,313 -20,795 —24,186
Statistical Tests: p-values
=1 0.000 0.000 0.000 0.000 0.000 0.000
n=1 0.000 0.000 0.000 0.000 0.000
= 0.000 0.000 0.000 0.000 0.000 0.000
u=1 0.000 0.000 0.000 0.000 0.000
o=p 0.248 0.421 0.440 0.483 0.609 0.959
n=u 0.007 0.002 0.158 0.003 0.120

Robust standard errors in parenthesis; *** significant at 1%, ** significant at 5%, and * significant at 10%.

Notes: This table presents the Hellerstein et al. (1999) approach of simultaneous estimation of the non-linear production
function and average wage equation, equations (6) and (7), respectively. ¢ and n are the estimated female - male and
unskilled-skilled productivity ratios, respectively. p and u are the estimated female — male and unskilled-skilled wage
ratios, respectively. The p-values for the hypotheses tests of no gender productivity gap (¢ = 1), no skill productivity
gap (n = 1), no gender wage gap (p=0), and no skill wage gap (u=0) are provided on the last rows of the table. Besides,
the hypothesis ¢ = p implies equality of the female-male productivity ratio with the female-male wage ratio, and the
hypothesis n = y implies equality of the unskilled-skilled productivity ratio with that of the wage ratio. Column 6 does
not include skill classification of workers and the statistical tests focus only on gender.
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not be relevant for the current dataset. Third, the firm-level dataset allows to classify
workers by gender and skill levels. However, unlike matched employer-employee data, it
does not provide human capital and other controls for workers’ characteristics. Thus,
future studies could utilize such dataset to determine the contribution of workers’
characteristics on the observed gender wage gap unaccounted for by productivity differ-
entials and market segregation.

With respect to skill differentials, the hypothesis that skilled and unskilled workers are
paid based on their marginal productivity is rejected at the 1% level in the regressions
without sector and location fixed effects. The estimated wage ratios are greater than the
productivity ratios, which suggests that unskilled workers earn more than their marginal
productivity. However, the unskilled-skilled wage and productivity ratios are statistically
equal to each other when sector and location fixed effects are controlled for. These results
support those in Table 3 based on the Bartolucci (2014) approach, which indicates no
wage gap between skilled and unskilled male workers after controlling for productivity
and firm fixed effects.

Results using the Hellerstein et al. (1999) simultaneous wage and production regres-
sions provide contrasting results for unskilled and female workers. Both female and
unskilled workers have lower marginal productivities than their skilled and male coun-
terparts, respectively. However, the statistical tests indicate that females are paid less than
or equal to their productivities, whereas unskilled workers are paid more than or equal to
their productivities. In effect, the wage setting process seems to favor unskilled workers
against female workers. Besides, results using the Bartolucci (2014) wage regression
equation indicate significant wage gaps unexplained by productivity and firm fixed
effects between skilled male and skilled female as well as between unskilled male and
unskilled female workers. Although the Bartolucci (2014) approach is preferred in that it
does not make assumptions regarding the labor market structure and the equality of
productivity and wages, future studies using matched employer-employee data consider-
ing workers characteristics are needed to further investigate the unexplained components
of the gender and skill wage differentials.

5. Conclusions

This study examines gender and skill wage differentials after controlling for factors
affecting the firm-level average wages using a panel of Ethiopian manufacturing firms
for the period 1996 to 2010. Results indicate that an increase in the female employment
share serves to deteriorate the firm-level per-capita wage bill. These results complement
findings of earlier studies showing the presence of significant gender wage gap in the
manufacturing sector and other sectors of the Ethiopian economy (Fafchamps et al.,
2009; Kolev & Robles, 2010; Temesgen, 2006). Our findings also show that globally
connected firms offer higher average wages than firms with no links to the international
market in terms of ownership and trade. In contrast, results suggest that exporting and
foreign ownership play little or no role in reducing the gender wage gap. We also find
that higher skill levels are rewarded with higher wages.

Gender and skill wage differentials can be partially explained by market segregation
and productivity. Using a single wage regression equation proposed by Bartolucci (2014),
we find that productivity and firm heterogeneity explain a significant portion of the
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gender wage gap. Female workers appear to be segregated into low-wage firms and face
lower within firm gap. Controlling for productivity explains some of the remaining
gender pay gap, 5 to 8 percentage points. However, significant gap remains unexplained
by labor market segregation, productivity, and other firm characteristics. With respect to
skill pay gaps, results suggest no pay gap between skilled and unskilled male workers after
controlling for productivity and firm heterogeneity. On the other hand, unskilled female
workers face higher gap than skilled female workers while both face pay gap against their
male counterparts. We also estimate the Hellerstein et al. (1999) firm-level wage cost and
production regression equations simultaneously using a nonlinear SUR technique. In this
approach, we observed that the female-male wage and productivity ratios are statistically
not different from each other. However, this conclusion contradicts with the results of
the single wage regression equation which indicates significant gender pay gap after
controlling for productivity. The results using the Hellerstein et al. (1999) approach may
suffer from biases due to the assumptions of perfectly competitive labor market, linear
wage and productivity relationship, and the functional form of the production function.
Further, the results from this model do not account for firm heterogeneity.

Based on the results outlined in this paper, efforts to reduce the gender pay gap in the
Ethiopian manufacturing sector should focus on skill development to improve the produc-
tivity of female workers through training and vocational education and tackling segregation
in the labor market. Improving the skills of female workers may make them more
productive which may in turn allow them to compete with their male counterparts for
the more productive jobs. It is also important to note that merely providing women with
the skill sets may not address other reasons for wage gaps such as women sorting into the
less discriminatory firms or sorting according to productivity, among others. In addition to
improving women skills, industry wide policies tailored on promoting equality among men
and women in the workplace may help reduce the issue arising from ranking firms
according to how discriminatory they are in making the decision to work for them or
not. Further, combating institutional, cultural, and political bottlenecks that hinder female
workers from pursuing careers in higher paying firms and sectors may help improve parity
in the workplace.

In the current study, we were not able to distinguish sources of the gender gap arising
from human capital characteristics of workers and market discrimination due to data
limitations. Future studies utilizing linked employer-employee data may help identify
different sources of the gender pay gap considering the characteristics of workers and firms.
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