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prudent strategy for efficiency and synergy gain 
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Abstract 

 

Due to the expected Ethiopian government’s economic reforms, liberalization, 

and deregulation initiatives that might follow the country’s continued effort to 

join the WTO, industry shocks and bandwagon effects may trigger merger and 

acquisition waves in the banking sector. The current study analyzes the potential 

strategic and technical efficiency gains from potential domestic bank merger 

and acquisition (M&A) initiatives in Ethiopia. All the seventeen domestic banks 

operating in the country from 2013-2017 are part of the study. Input-oriented 

CRS-DEA and Bootstrapped Panel Tobit regression models were employed to 

analyze the overall scale efficiency gains among 664 hypothetical merger 

possibilities. Ownership structure and bank size were used to set context 

variables. The state-owned banks followed by medium, small, and large private 

banks scored the highest efficiency during the study period. The results indicate 

large private banks are the preferred banks offering the highest efficiency gains 

from M&A. Most of the M&A efficiency gains will be outcomes of a learning 

effect rather than a pure merger signposting little or no resource and service 

complementarity among merging units. Moreover, only private banks have an 

opportunity for a full-scale merger. We conclude no clear relationship between 

bank size and efficiency performance; the scale effect disfavors M&A among 

merging units, and the internal organizational theory largely explains the 

potential domestic bank M&A motives. 
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1. Introduction  

 

Mergers and acquisitions have been considered strategic moves since the 

early writings on corporate strategy (Cartwright et al., 2012). It was subsequently 

used to pursue growth and renewal strategies towards the end of the 19th century 

(Kleinert & Klodt, 2002; Junni & Teerikangas, 2019). However, it was abundantly 

carried out in different forms across industries and regions only in the 20th century 

(Faulkner et al., 2012).   

While strategic and financial aspects of M&A were considered in the 

1970s, it was only after the 1980s and 1990s that the human, cultural, and cross-

border issues of M&A gained considerable attention (Cartwright, 1998; Faulkner et 

al., 2012). It was following this that M&A established itself as a dedicated research 

area in the field of strategic management (Cartwright et al., 2012). However, M&A 

in emerging markets became popular only in the early 21st century (Kale et al., 

2009), though it is especially important to promote economic stability in emerging 

countries (Du & Sim, 2016). 

There is no doubt that a plethora of research has been carried out to explore 

actual and potential strategic fits and technical efficiency gains in bank mergers & 

acquisitions. Various studies offer a unique opportunity to learn more and thus, are 

important considerations in any scientific research undertaking (Zhu et al., 2020). 

Though there are plenty of studies on mergers and acquisitions in developed and 

developing countries (Zarei, Alambeigi, Karimi & Zarei, 2015; Wanke, Barros, 

Azad & Constantino, 2016; Wanke, Maredzab & Gupta, 2017), merger and 

acquisition practice is still limited in Africa. This problem is also a great issue for 

Ethiopia.  Although there was improved performance in some cases, the extent of 

the contribution was not significant.  

M&A is an intensive activity involving the absorption or combination of 

the assets and liabilities of two or more companies in which the parties involved 

share equal or unequal ownership with the primary aim of boosting firm 

performance (Rhee, 2022; Wanke et al., 2016). It is a popular corporate growth 

strategy that has hugely influenced the global competitive dynamics and industry 

structure (Cha, 2020; Hill; Singh & Das, 2018). It remains to be a subject of 

tremendous interest to both researchers and practitioners alike given the 

consequence it entails on corporate performance (Sujud & Hachem, 2018; 

Yaghoubi et al., 2016a; Das & Kapil, 2012).  
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Different implicit and explicit motives are known to be the causes of the 

various historical M&As that took place since the end of the nineteenth century 

(Dieudonne et al., 2014). At least two dominant theoretical accounts are worth 

mentioning: the internal organizational perspective and the market-oriented 

perspective (Bogetoft & Wang, 2005). While the internal organizational motives 

emphasize exploiting economies of scale, economies of scope, and risk-sharing, the 

market-oriented rationales seek to explain the possibility of gaining market power 

through strategic alignment.  

Regardless of their motive, research on M&A performance indicates about 

half of the deals fail to produce anticipated results, painting mud on its popularity 

(Cartwright & Cooper, 1990; Narayanan & Nanda, 2006; Schoenberg, 2006; Junni, 

& Teerikangas, 2019). Though companies invest more than $2 trillion every year, 

failure rates are between 70% and 90% (Christensen et al., 2011). Such post-M&A 

poor performance has made investors leery of M&A as an effective growth 

strategy.   

Given the high rates of merger failure, this study seeks to fill empirical 

gaps by analyzing the strategic fit and possible profits from mergers and 

acquisitions of various sizes and ownership configurations. There is an increasingly 

perplexing situation that M&A failure rates are high.  This research attempts to fill 

such empirical gaps by investigating the strategic fit and gains from potential 

domestic M&A across different sizes and ownership structures of Ethiopian banks.  

Besides the empirical gap, other additional factors set the motivation for 

this study. First, Ethiopia is expected to liberalize and open up its banking sector to 

foreign investors in a few years and is set to launch a securities market soon after 

2020. These two major policy shifts alone might trigger industry shocks and 

produce a bandwagon effect. This might consequently result in industry-wide 

consolidation, financial panics, and bubbles as M&As are both a trigger and a 

response to change (Öberg & Holtström, 2005). As a result of the potential M&A 

waves following the anticipated industry shock, Ethiopian banks are expected to 

engage in M&A activity to maximize shareholder value or hide stumbling 

performance by combining and judiciously utilizing intangible resources on a 

broader scale (Kohli & Mann, 2012). 

Third, banking in Ethiopia is a sector characterized by mixed features 

(CEPHEUS, 2019a). The sector is truly competitive and yet is dominated by a 

state-owned bank. It has also a low financial intermediation level but unexploited 
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product offerings and growing investor interest. Growing size heterogeneity among 

private banks is the other important feature that prompted the selection of bank size 

alongside ownership structure as a context variable of the current study 

(CEPHEUS, 2019b). For example, throughout the study period, the biggest private 

bank is as large as six to eight small private banks combined. The current study, 

therefore, investigates whether strategic fit and technical efficiency gains are 

opportunities to be exploited by the sector. Therefore, the general research 

objective of this research was to assess the strategic fit and potential gains from 

future mergers and acquisitions between Ethiopian banks, and foreign banks. 

The study has been organized into five sections. Section II reviews the 

existing relevant literature. Section III outlines the methods used. Section IV 

analyses and discusses research findings, Section V concludes the study findings, 

and Section VII considers policy implications and recommendations. 

 

2. Literature Review 

 

Mergers and acquisitions (M&A) are transactions in which the ownership 

of companies or their operating units including all associated assets and liabilities 

are transferred to another entity. M&A is a potent and consequential growth 

strategy especially when it occurs in waves. It gained significant momentum over 

time though most were unsuccessful, offering a valuable learning experience for 

future M&A (Steger & Kummer, 2007). For an M&A activity to be successful, it 

shall be guided by a value-oriented philosophy augmented with a rigorous potential 

gain analysis (Idris & Shams, 2018).   

Value-oriented M&As have a common goal of achieving synergy gains. 

Synergy is gained when the value of the combination of two or more firms is 

greater than the sum of the two or more stand-alone values (Ruback & Jensen, 

1983; Bradley et al., 1988; Zhu & Jog, 2012). This can be achieved only when a 

full merger over and above a technical merger is carried out to maximize pure 

efficiency gains reflected through economies of scope (harmony effect) and 

economies of scale (size effect).  

Industry shocks among others trigger M&A initiatives as a prospect to gain 

synergy through increased market share or eliminating excess capacity, improving 

operational efficiency, and saving on costs (Gort, 1969; Jensen, 1993). Values 

created following industry shocks may include changes in input prices and supply, 
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innovations in technology, and currency movements (Mulherin & Boone, 2000; 

Andrade & Stafford, 2004). 

The literature on M&A is extensive and yet largely inconclusive (Nguyen 

et al., 2012). Nonetheless, any M&A literature review cannot be complete without 

discussing the waves, motives, and related theoretical underpinnings. Given this, 

our literature review is mainly geared towards achieving this very objective.  

Overview and Motives of Underlying Theories of Merger and Acquisition 

and Efficiency and Synergy Gains   

Several theories, like the efficiency theory of merger, have been used in 

prior research to explain M&A (Čirjevskis, 2021; Ombaka & Jagongo, 2018), 

neoclassical theory of M&A (Salma & Hussain, 2020; Rani et al., 2020; Rahman, 

2022), behavioral theory (Kimotho, 2018; Barua & Ioanid, 2022) and resource 

dependency theory (Celtekligil, 2020; Wu et al., 2021).  

Many studies have employed efficiency theory and resource dependence 

theory in the banking industry, in particular RDT (Resource Dependence Theory). 

According to efficiency theory, mergers are planned and will only occur if they are 

predicted to create enough realizable synergies to benefit both parties, bidders, and 

the target. Likewise, several studies Rozen-Bakher (2018), Duan & Jin (2019), and 

Suk &Wang (2021) emphasize that the primary goal of M&A is to gain synergies 

(operating and financial synergy). These synergies might take the shape of cost 

savings or revenue growth. Because of the symmetric expectations of gains, a 

'friendly' merger is offered and approved. If the value gain to the target is negative, 

it is assumed that the target firm's owners will not sell or acquiesce to the purchase. 

Similarly, if the bidder's owners' gains were negative, the bidder would not finish 

the transaction. 

RDT, on the other hand, is characterized as an explanation of how an 

organization's external resources, such as skilled workers, money, technology, and 

raw materials, impact its behavior. According to Purnamawati et al (2022), a 

business's resources include concrete assets, human assets, and other intangible 

assets that are used to deliver productive services envisaged by the organization. 

Furthermore, Pereira et al. (2021) point out that board members contribute to key 

external resources and can improve a firm's success. Similarly, Winkler & Łukasik 

(2019) claims that RDT can explain the influence of social activity and 

organizational changes. RDT provides an outside-oriented view of why a company 

could purchase or combine with another company. 
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The quest for growth and the pressure to grow are the primary motivations 

for M&A, particularly when internal growth strategies are not successful. Fear of 

losing market power during periods of industry-wide consolidation and bandwagon 

effect is known to be the popular motivation for most M&A initiatives (Steger & 

Kummer, 2007).  

However, the breadth and variety of motives for firms may have them 

seeking for M&As are known to be wide and numerous (Calipha et al, 2010). 

Nonetheless, they may be broadly classified into two groups based on who claims 

the merger gains: shareholders or managers (Motis, 2007). While shareholders have 

an economic motive to maximize firm value, managers are victims of agency 

problems.   

M&A motives are an ex-ante phenomenon largely explained by two major 

theories: the industrial organization and corporate governance theories. In large, the 

M&A motives may include market power, merger wave, financial distress, market 

expansion, diversification, misevaluation, pre-emptive motives, tax considerations, 

internal inefficiencies, agency problems, and technology & strategic asset-seeking 

among others (Hankir et al., 2011; Motis, 2007; Aurora et al., 2011; Kiymaz & 

Baker, 2008).   

While market power, efficiency gains, and preemptive motives are related 

to the theory of industrial organization, the correction of internal inefficiencies, 

agency problems, and capital market imperfections are tied to corporate governance 

theories (Motis, 2007).  

 

M&A Waves and Theoretical Viewpoints  

 

One of the most conspicuous features of M&A is that they occur in waves 

(Song & Walkling, 2000; Stearns & Allan, 1996; Otchere & Ip, 2006; Gugler et al., 

2012) except few who claim a random character (see Shughart & Tollison, 1984). 

However, the motivations for M&A waves are among the top ten unsettled 

mysteries (Park et al., 2010; Brealey & Myers, 1991).  

M & A waves influenced global competitiveness, shaped industry 

structure, and affected consumer & producer welfare. M&A waves are known to 

have a mixed effect:  make one world smaller, another larger, one better & the 

other worse (Lee, 2013). Moreover, not only do financial panics and bubbles follow 

M&A waves but also lead to improvements in consumer and producer surpluses.  
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M&A occur in waves with cyclical patterns starting with periods of 

numerous M&As followed by fewer mergers (Dieudonne et al., 2014). Said 

differently, M&A patterns are usually marked by dichotomous variations between 

high and low activity levels (Town, 1992). M&A waves are, thus, a series of 

mergers that take place over a decade(s) with the potential to reorganize business 

sectors clustered in industries through time (Harford, 2005; Jovanovic & 

Braguinsky, 2004; Cortés et al., 2017; Ching, 2019).  

The fact that M&A appears to occur in waves continues to perplex 

researchers and fuels the interest to search for plausible theoretical explanations 

that can shed light on this very complex and largely unknown phenomenon 

(Ribeiro, 2010). Mainly, two competing theoretical views are used to explain the 

causes of M&A waves: the neoclassical and behavioral views (Shleifer & Vishny, 

2003; Arikawa & Miyajima, 2007; Cortés et al., 2017). The neoclassical view 

makes economic shocks responsible for M&A waves while the behavioral school 

underscores the effect of managerial behavior and decisions (Ching, 2019). 

Moreover, while the neoclassical view embraces the industry shock theory and the 

Q-theory, the behavioral view covers the market timing theory, agency cost theory, 

and managerial discretion theory.  

The pattern and success of M&A activity vary across waves. Despite such 

differences, most M&A waves were preceded by industrial shocks enjoying rapid 

credit expansion and stock market booms (Martynova & Renneboog, 2005). This 

being said, both exogenous and non-strategic factors such as the macroeconomic 

cycles, and endogenous strategic factors such as resources and capabilities cause 

cyclical trends (Kastrinaki & Stoneman, 2012). However, there is no clear 

consensus on what drives merger waves (Ching, 2019). Some of the identified 

causes for M&A waves in a developed country context include merger manias, 

government regulation, industry-and-economy-level shocks, market timing, 

technological changes, and managerial herding (Yaghoubi et al., 2016; Zarei et al., 

2015). These factors are believed to be different for developed, developing, and 

emerging economies and yet remain to be related to the macro, industry, and firm-

specific factors of the various contexts (Zarei et al., 2015; Smirnova, 2014; Dikova 

et al., 2016).  

The context matters to claim conclusion validity for both internal and 

external validities. Ethiopia is set to liberalize and deregulate its financial sectors 

with the potential to cause industry-and-economy-level shocks. Looking at the 



Yitbarek and Haben: Domestic Bank Merger and Acquisition in Ethiopia: …  

 
 

 
8 

existing literature, this might be a major cause of the M&A wave.  This research 

aims to analyze a strategic fit and the efficiency gains from potential domestic bank 

M&A.  

 

3. Empirical Approach  

 

Mergers involve two or more firms of roughly the same size while 

acquisitions involve the fusion of firms of unequal sizes (Lee & Pennings, 1996). 

Accordingly, in this study, any fusion of DMUs (decision-making units) that falls 

within a contextual variable is considered a merger while the fusion of DMUs 

across context variables is considered an acquisition.    

Five years of audited financial statements (2013-2017) of all the seventeen 

domestic banks were used to analyze strategic fit and efficiency gains on potential 

domestic mergers and acquisitions (M&A). We employed input-oriented data 

envelopment analysis (DEA) with constant returns to scale and bootstrapped panel 

Tobit regression methods to analyze efficiency gains and strategic alignment.  

Both constant return to scale (CRS) and variable return to scale (VRS) 

methodologies offer advantages. The CRS provides a reference by constructing the 

smallest best-practice convex cone that fits the observed data. It also has a faster 

statistical convergence rate, resulting in a higher efficiency variation, and a greater 

discriminatory power relative to VRS. Moreover, if VRS is used, DMUs that are 

very inefficient to the so-called minimum efficient scale may still be deemed 

perfectly efficient and attain spuriously high-efficiency scores which makes the 

results misleading (Du, Worthington, & Zelenyuk, 2018). Finally, as reflected in 

the latest M&A waves, the global banking industry is becoming more deregulated, 

technology-based, and globalized. This offers all bank types the opportunity to 

operate under similar conditions and utilize their optimal capacity which is another 

important precondition to adopting CRS.   

The study identified four contextual variables: small, medium, large, and 

state-owned domestic banks (Table 1). The variables small, medium, and large are 

proxies to indicate the asset size of private domestic banks. For this purpose, we 

used a modified tertile where banks with above 75th percentile asset size are set as 

large, lower than 25th percentile small, and in between medium.  

Two approaches are widely used to identify a bank’s inputs and outputs: 

the production and intermediation approach. Under the production approach, banks 
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are treated as firms producing loans, deposits, and other assets by employing labor 

and capital. However, under the intermediation approach, banks are considered 

financial intermediaries that transform deposits, borrowed funds, labor into loans 

and other assets. Deposits are treated as output and input under the production and 

intermediation approaches.  

 

Table 1: Context variable performance using input and output variables 

(USD) 

Variable 

type 
Variable name 

Contextual variables 

Small 

banks 

Medium 

banks 

Large 

banks 

State 

bank 

Input  
Interest expense  3,998,824 11.2 million 27.5 million 291 million 

Non-interest expense 5,744,977 817 million 37.3 million 265 million 

Output 
Interest income  7,976,243 31.1 million 67.5 million 888 million 

Non-interest income 6,299,790 16.5 million 32.6 million 236 million 

 

In this research, the intermediation approach is used. We considered 

interest expenses (costs on deposits and other borrowed funds) and non-interest 

expenses (cost of converting deposits into loans, including service charges, 

commissions, general management expenses, salaries, and others) as input 

variables (Table 1). We also considered interest income (interest on loans and 

income from the government securities), non-interest income (including 

commissions and other operating income, and income from service charges on 

loans and other transactions) as output variables.  

The use of interest expenses and interest income as deposit and loan proxies 

makes the model in line with the intermediation approach that traditionally uses 

deposits, interest expenses, and non-interest expenses as inputs variable and loans, 

interest income, and non-interest income as output variables (Gattoufi et al., 2014).   

 

4. Methodology of the Study 

Data Source and Collection Instruments  

 

The research uses secondary sources of data obtained from the financial 

statement of the selected banks. Financial statements of twenty-one banks are 

collected. These banks are Commercial Bank of Ethiopia (CBE), Abay Bank (AB), 
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Bank of Abyssinia (BoA), Addis International Bank (Adib), Awash International 

Bank (AIB), Berhan International Bank (BIB), Bunna International Bank (BBI), 

Cooperative Bank of Oromia (CBO), Dashen Bank (DB), Debub Global Bank 

(DGB), Enat Bank (EB), Lion International Bank (LIB), Nib International Bank 

(NIB), Oromia International Bank (OIB), United Bank (UB), Wegagen Bank (WB) 

and Zemen Bank (ZB).  The data collected is from annual reports of the banks from 

2013 to 2017. 

 

Operational Definition of variables / Research Approach/ 

The production approach and the intermediation approach are two methods 

that are frequently used to determine the inputs and outputs of a bank. The 

production model treats banks as a corporation that uses labor and capital to 

produce loans, deposits, and other assets. The intermediation model, on the other 

hand, views banks as financial intermediaries that convert labor, purchasing cash, 

and deposits into loans and other assets. Deposits are particularly considered as 

inputs under the intermediation approach and output under the production 

approach. The intermediation strategy is employed in this article. Moreover, 

interest expenses and non-interest expenses are the two inputs taken into account. 

Interest expenses cover expenses for deposits and other borrowed funds. These 

inputs stand in for the price of labor, office supplies, machinery, and money for 

financing operations, loans, and investments. Interest income and non-interest 

income are the analysis' two outputs. Loan interest and revenue from government 

securities are both included in the interest income. Service fees on loans and 

transactions, commissions, and other operating income are all included in the non-

interest income. 
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Variables  
Operational definitions Expected sign 

Input variables  

Interest expense 

It covers the cost of turning deposits into 

loans, including service fees, commissions, 

costs associated with general management 

affairs, wages, and other expenses measured 

in USD. The costs of labor, administration, 

equipment, and funds for operations, loans, 

and investment. 

 

Non-interest expense  
It is the expenses for deposits and other 

borrowed funds. 

 

Output variables    

Interest income  

The interest income includes interest on 

loans and income from government 

securities. 

 

Non-interest income  

The non-interest income includes service 

charges on loans and transactions, 

commissions, and other operating income. 

 

Contextual variable    

Size 

A dummy variable designating a small bank 

that is located at the first quartile (25th 

percentile) based on their respective asset 

size. 

Based on the result by Strahan, & Weston (1998), Sujud & Hachem 

(2018) with medium-sized banks, and Ishwarya (2019) with small 

banks. The expected result is the strategic fit for mergers for small 

banks is to merge with large banks, medium size banks, large-size 
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banks, and state-owned banks.  

Msize 

A dummy variable designating a medium 

bank that is located between the third 

quartile (75th percentile) and first quartile 

(25th percentile) based on their respective 

asset size. 

Ishwarya (2019) found that small banks had a strategic fit to merge 

with small banks, medium with medium, and large with large, Chiu 

et al. (2021) found the strategic fit with medium banks is a large 

bank.  Based on the above justification, the expected result is the 

strategic fit for mergers for medium banks is to merge with small, 

large banks, medium size banks, large size banks, and state-owned 

banks.  

Lsize 

A dummy variable designating a large bank 

that is located at the third quartile (75th 

percentile) based on their respective asset 

size. 

The expected result is the strategic fit for mergers for small banks is 

to merge with large banks, medium size banks, large-size banks, and 

state-owned banks.  A study by Singh & Das (2018), found that state 

banks strategically fit with large-size banks whereas Yildirim & 

Öztürkkal (2022) found with medium size banks, and Jagtiani & 

Maingi (2018) found with small banks. Therefore, based on the 

empirical justification, the expected result is the strategic fit for 

mergers for large banks is to merge with large banks, medium size 

banks, large-size banks, and state-owned banks. 

State 

A dummy variable designating the state-

owned bank; Commercial Bank of Ethiopia 

(CBE). 

Maharshi (2019) found that the best strategic fit for a state bank was 

a large size bank, while Singh (2018) found with a small-sized bank 

and Ishwarya (2019) with a state-owned bank. Therefore, based on 

the empirical justification the expected result is the strategic fit for 

mergers for state banks is to merge with a state bank, large banks, 

medium size banks, large size banks, and state-owned banks. 
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The DEA Model   

We used the input-oriented CRS-DEA model to assess the strategic fit and 

potential gains from mergers and acquisitions in the Ethiopian banking sector. The 

merged units are denoted by 𝐷𝑀𝑈𝐽 and are found by the direct pooling of inputs 

and outputs which used ∑ 𝑥𝑗
𝑗∈𝐽  to produce ∑ 𝑦𝑗

𝑗∈𝐽 . Therefore, an input-based 

measure of potential gains from merging becomes 

 

𝐸𝐽 = 𝑀𝑖𝑛{𝐸 ∈ 𝑅0|(𝐸[∑ 𝑥𝑗
𝑗∈𝐽 ], ∑ 𝑦𝑗

𝑗∈𝐽 )  ∈ 𝑇    (1) 

 

If 𝐸𝐽 < 1, we can save by merging. If 𝐸𝐽 > 1, the merger is costly. The 

corresponding DEA-based operational measure is given below 

𝑀𝑖𝑛 𝐸𝐽 

𝐸𝐽, 𝜆 

s.t.  𝐸𝐽[∑ 𝑥𝑗
𝑗∈𝐽 ] ≥ ∑ 𝜆𝑗𝑥𝑖

𝑖∈𝐼  

[∑ 𝑦𝑗

𝑗∈𝐽

] ≤ ∑ 𝜆𝑗𝑦𝑖

𝑖∈𝐼

 

          𝜆𝜖 ∧𝑘 (𝑘)        (2) 

 

Where,  

∧𝑘 (𝑐𝑟𝑠) = {𝜆 𝜖  𝑅+
𝐾 | ∑ 𝜆𝐾𝑓𝑟𝑒𝑒𝐾

𝑘=1 } for Constant Returns to Scale 

 

Decomposing Merger Gains 

There are three types of merger gains decomposed from Overall Merger 

gains (𝐸𝐽): Technical (learning) efficiency gains (𝑇𝐽), Harmony (scope) gains (𝐻𝐽) 

and Size (scale) gains (𝑆𝐽). The latter two combined give us pure merger efficiency 

gains (𝐸∗𝐽). 

 

𝐸𝐽 = 𝑇𝐽 ∗ 𝐸∗𝐽 and 𝐸∗𝐽 = 𝐻𝐽 ∗ 𝑆𝐽 therefore 𝐸𝐽 = 𝑇𝐽 ∗ 𝐻𝐽 ∗ 𝑆𝐽            (3) 

 

Technical Efficiency Gains 

To calculate technical efficiency gains the original units are projected to 

the production possibility frontier and the projected plans are used as the basis for 

evaluating the remaining gains from the merger. Thus, 𝑥𝑗, 𝑦𝑗 is projected into 
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𝐸𝑗𝑥𝑗, 𝑦𝑗 for all j ∈ J, where 𝐸𝑗=𝐸[𝑗] and is the standard efficiency score for the 

single 𝐷𝑀𝑈𝑗, and the projected plans (𝐸𝑗𝑥𝑗, 𝑦𝑗)  𝑗 ∈ 𝐽 is the basis for calculating 

the pure (adjusted) overall gains from the merger.       

 

𝐸∗𝐽 = 𝑀𝑖𝑛{𝐸 ∈ 𝑅0|(𝐸[∑ 𝐸𝑗  𝑥𝑗
𝑗∈𝐽 ], ∑ 𝑦𝑗

𝑗∈𝐽 )  ∈ 𝑇…   (4) 

 

Technical efficiency becomes  𝑇𝐽 = 𝐸𝐽/𝐸∗𝐽 Where  𝑇𝐽 ∈ [0,1] 

 

Harmony Effect of Merging 

 

𝐻𝐽 = 𝑀𝑖𝑛{𝐻 ∈ 𝑅0|(𝐻[|𝐽|−1 ∑ 𝐸𝑗  𝑥𝑗
𝑗∈𝐽 ], |𝐽|−1 ∑ 𝑦𝑗

𝑗∈𝐽 )  ∈ 𝑇}…  (5) 

 

Where 𝐻𝐽 is the harmony effect of merging and |J| is the number of elements in J. 

The corresponding DEA operation is: 

𝑀𝑖𝑛 𝐻 

H, 𝜆 

s.t.  𝐻[|𝐽|−1 ∑ 𝐸𝑗𝑥𝑗
𝑗∈𝐽 ] ≥ ∑ 𝜆𝑗𝑥𝑖

𝑖∈𝐼  

                                                     [|𝐽|−1 ∑ 𝑦𝑗
𝑗∈𝐽 ] ≤ ∑ 𝜆𝑗𝑦𝑖

𝑖∈𝐼 …  (6) 

𝜆𝜖 ∧𝑘 (𝑘) 

Size Effect of Merger Merging 

 

𝑆𝐽 = 𝑀𝑖𝑛{𝑆 ∈ 𝑅0|(𝑆[𝐻𝐽 ∑ 𝐸𝑗 𝑥𝑗
𝑗∈𝐽 ], ∑ 𝑦𝑗

𝑗∈𝐽 )  ∈ 𝑇}..   (7) 

 

The corresponding DEA-based operational measure of the size gains is: 

𝑀𝑖𝑛 𝑆 

S, 𝜆 

s.t.  𝑆[𝐻𝐽 ∑ 𝐸𝑗𝑥𝑗
𝑗∈𝐽 ] ≥ ∑ 𝜆𝑗𝑥𝑖

𝑖∈𝐼  

                                           ∑ 𝑦𝑖
𝑗∈𝐽 ≤ ∑ 𝜆𝑗𝑦𝑖

𝑖∈𝐼     (8) 

𝜆𝜖 ∧𝑘 (𝑘) 

Where 𝑆𝐽 is size effect for bank j.  
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Bootstrapped Tobit Regression Model 

 

The Tobit model is the most common approach used to investigate if a set 

of continuous variables may explain the variations in efficiency. Tobit regression is 

similar to ordinary regression analysis except that the noise term is truncated. It is 

also widely applied in DEA analysis. 

The model for the Tobit regression model is represented as follows 

𝐸 = {

𝑎𝑧 + 𝑒, 𝑖𝑓 0 < 𝑎𝑧 + 𝑒 < 1
0 𝑖𝑓 𝑎𝑧 + 𝑒 ≤ 0
1 𝑖𝑓 𝑎𝑧 + 𝑒 ≥ 1

     (9) 

The probability that E =1 is the probability that az + e ≥ 1. Let F be the probability 

distribution function for e and f the corresponding density function. Then the 

probability of E=1 is: 

𝑝𝑟(𝐸 = 1) = 𝑝𝑟(𝑎𝑧 + 𝑒 ≥ 1) = 1 − 𝑝𝑟(𝑎𝑧 + 𝑒 < 1) 

= 1 − 𝑝𝑟(𝑒 < 1 − 𝑎𝑧) = 1 − 𝑓(1 − 𝑎𝑧)    (10) 

 

And the probability of E=0 is: 

𝑝𝑟(𝐸 = 0) = 𝑃𝑅(𝑎𝑧 + 𝑒 ≤) = 𝑝𝑟(𝑒 < −𝑎𝑧) = 𝐹(−𝑎𝑧) 

 

In the case wherein 0<E<1 corresponds to E = az + e or e = E - az the 

density probability function will be f(E-az). 

In the Tobit framework, EV is used for the mean or expectation of a 

random variable to be able to distinguish the mean EV from efficiency E. The 

conditional expectation consists of three parts corresponding to the three parts of 

the model for E. 

𝐸𝑉 (
𝐸

𝑍
) = ∫ 𝐸𝑑𝑃𝑟(𝐸|𝑧) 

= ∫ 0𝑑𝑃𝑟(𝐸 = 0\𝑧 + ∫ 𝐸𝑑𝑃𝑟(0 < 𝐸 < 1|𝑧) + ∫ 1𝑑𝑃𝑟(𝐸 = 1|𝑧) =

∫ 𝜀𝑑𝑃𝑟(𝜀|𝑧) + 1 − Pr (𝜀 − 𝑎𝑧|𝑧)
1−𝑎𝑧

−𝑎𝑧
     (11) 

 

The two probability terms are calculated separately. The last is calculated 

by assuming the error term is normally distributed i.e, e~N(0, σ2). The first term 

involves integration. The final result is that. 
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𝐸𝑉(𝐸|𝑍) = 𝑎𝑧 (∅ (
1−𝑎𝑧

𝜎
) − ∅ (

−𝑎𝑧

𝜎
)) + 𝜎 (𝜑 (

−𝑎𝑧

𝜎
) − 𝜑 (

1−𝑎𝑧

𝜎
)) + 1 − ∅(

1−𝑎𝑧

𝜎
) 

         (12) 

 

Based on the above equation  

𝐸𝑉(𝐸|0 < 𝐸 < 1, 𝑧) = 𝑎𝑧 + 𝜎
𝜑(

−𝑎𝑧

𝜎
)−𝜑(

1−𝑎𝑧

𝜎
)

∅(
1−𝑎𝑧

𝜎
)−∅(

−𝑎𝑧

𝜎
)

= 𝑎𝑧 + 𝜎𝑁(𝑎𝑧)…  (13) 

 

And then we have to find the partial derivative of EV(E|z), with respect to z 

 

𝜕𝐸𝑉(𝐸|𝑍)

𝜕𝑍ℎ
= 𝑎ℎ(∅ (

1−𝑎𝑧

𝜎
) − ∅(−

𝑎𝑧

𝜎
)……     (14) 

 

The term az corresponds to the linear term found for OLS models but here, 

it is corrected for the probability that 0<E. Residuals of Tobit estimation are often 

heteroscedastic which causes misleading SEs. Modeling heteroscedasticity in Tobit 

models is not an easy task and may be arbitrary, scholars cannot simply use a 

“robust version of their Tobit model, because there is not a Huber-White-type 

estimator for Tobit models that corrects for heteroscedasticity and serial 

correlation. However, bootstrapping SEs may solve the issue of heteroscedasticity 

(Amore & Murtinu, 2019). Bootstrapping treats the obtained data as if that is an 

accurate reflection of the population, and draws many bootstrapped samples by 

repeated sampling, with replacement from a pseudo-population consisting of the 

obtained data. Since the sampling is from the actual data, this is called 

nonparametric bootstrapping. The assumption here is that the data is a reasonable 

representation of the population. This paper uses vce(boot) command in STATA to 

handle bootstrapping with fifty bootstrap replications. 

 

Model specification  

 

Small Banks  

𝑂𝑀𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝑃𝑀𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝐿𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝐻𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 
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Where 

𝑂𝑀𝐸𝑖𝑡: Overall Merger Efficiency and its decomposition for Small Private Banks 

under CRS 

𝑃𝑀𝐸𝑖𝑡: Pure Merger Efficiency for Small Private Banks   

𝐿𝐸𝑖𝑡: Learning or Technical Efficiency for Small Private Banks   

𝐻𝐸𝑖𝑡: Harmony or Scope Effect for Small Private Banks   

Small: Dummy variable indicating the other merged bank as Small Private Bank 

Medium: Dummy variable indicating the other merged bank as Medium Private 

Bank 

Large: Dummy Variable indicating the other merged bank Large Private Bank 

State: Dummy variable indicating the other merged bank State-Owned Bank 

 

Medium Banks 

𝑂𝑀𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝑃𝑀𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝐿𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝐻𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

 

Where 

𝑂𝑀𝐸𝑖𝑡: Overall Merger Efficiency for Medium Private Banks   

𝑃𝑀𝐸𝑖𝑡: Pure Merger Efficiency for Medium Private Banks   

𝐿𝐸𝑖𝑡: Learning or Technical Efficiency for Medium Private Banks   

𝐻𝐸𝑖𝑡: Harmony or Scope Effect for Medium Private Banks   

Small: Dummy variable indicating the other merged bank as Small Private Bank 

Medium: Dummy variable indicating the other merged bank as Medium Private Bank 

Large: Dummy Variable indicating the other merged bank as Large Private Bank 

State: Dummy variable indicating the other merged bank as State-Owned Bank 

 

Large Banks 

𝑂𝑀𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝑃𝑀𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝐿𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 

𝐻𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 + 𝛽4𝑆𝑡𝑎𝑡𝑒𝑖𝑡 
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Where 

𝑂𝑀𝐸𝑖𝑡: Overall Merger Efficiency for Large Private Banks   

𝑃𝑀𝐸𝑖𝑡: Pure Merger Efficiency for Large Private Banks   

𝐿𝐸𝑖𝑡: Learning or Technical Efficiency for Large Private Banks   

𝐻𝐸𝑖𝑡: Harmony or Scope Effect for Large Private Banks   

Small: Dummy variable indicating the other merged bank as Small Private Bank 

Medium: Dummy variable indicating the other merged bank as Medium Private Bank 

Large: Dummy Variable indicating the other merged bank as Large Private Bank 

State: Dummy variable indicating the other merged bank as State-Owned Bank 

 

State-owned Bank 

𝑂𝑀𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 

𝑃𝑀𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 

𝐿𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 

𝐻𝐸𝑖𝑡 = 𝛽1𝑆𝑚𝑎𝑙𝑙𝑖𝑡 + 𝛽2𝑀𝑒𝑑𝑖𝑢𝑚𝑖𝑡 + 𝛽3𝐿𝑎𝑟𝑔𝑒𝑖𝑡 

 

Where 

𝑂𝑀𝐸𝑖𝑡: Overall Merger Efficiency for State-Owned Bank   

𝑃𝑀𝐸𝑖𝑡: Pure Merger Efficiency for State-Owned Bank   

𝐿𝐸𝑖𝑡: Learning or Technical Efficiency for State-Owned Bank   

𝐻𝐸𝑖𝑡: Harmony or Scope Effect for State-Owned Bank   

Small: Dummy variable indicating the other merged bank as Small Private Bank 

Medium: Dummy variable indicating the other merged bank as Medium Private 

Bank 

Large: Dummy Variable indicating the other merged bank as Large Private Bank 

 

5. Results and Discussion  

 

Descriptive Statistics  

 

Eighty-four observations across 17 banks (Table 2) are available in the 

study. Six Hundred Sixty-Four DMUs (Table 3) were also used to analyze the 

overall, pure, and technical efficiency gains.  
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Table 2: Bank efficiency score (CRS) 

No. Bank 2013 2014 2015 2016 2017 Average 

1 Abay Bank (AB) 0.8246 0.6402 0.7801 0.4393 0.8415 0.7051 

2 Bank of Abyssinia (BoA) 0.5586 0.6831 0.6467 0.712 0.8663 0.6933 

3 Addis International Bank 

(AdIB) 
0.8742 0.8181 0.9627 0.7683 0.9752 0.8797 

4 Awash International Bank 

(AIB) 
0.6181 0.736 0.6516 0.7443 0.9434 0.7387 

5 Berhan International Bank 

(BeIB) 
0.8501 0.7266 0.829 1 1 0.8811 

6 Buna International Bank 

(BuIB) 
0.817 0.8133 0.8271 0.8232 0.9289 0.8419 

7 Commercial Bank of 

Ethiopia (CBE) 
1 1 1 1 1 1 

8 Cooperative Bank of 

Oromia (CBO) 
1 1 1 0.9894 1 0.9979 

9 Dashen Bank (DB) 0.6035 0.7266 0.8852 0.7667 0.8791 0.7722 

10 Debub Global Bank (DGB) 1 0.7659 0.8649 1 1 0.9262 

11 Enat Bank (EB) - 0.7582 0.8324 0.8571 0.8345 0.8206 

12 Lion International Bank 

(LIB) 
0.9647 0.7423 1 0.9102 1 0.9234 

13 Nib International Bank 

(NIB) 
0.7735 0.8115 0.7922 1 1 0.8754 

14 Oromia International Bank 

(OIB) 
0.7848 0.8053 0.7922 0.9038 0.9188 0.8410 

15 United Bank (UB) 0.654 0.7094 0.6617 0.6825 0.7972 0.7010 

16 Wegagen Bank (WB) 0.8498 0.7503 0.7485 1 0.9445 0.8586 

17 Zemen Bank (ZB) 1 1 1 1 1 1 
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Four major observations were made from the descriptive data. The sector is 

enjoying a high growth rate: from 100 billion in 2013 to 260 billion assets in 2017 

(Figure 1). It achieved a 26.01% average growth rate over five years. While private 

banks in the same period registered an average of 26.93% growth rate, the state-

owned bank had only a 22.85% average growth rate. Of course, the state bank 

dominated the sector with a 66.01% average market share. This asserts the 

argument we made in the introductory section, banking in Ethiopia is characterized 

by mixed features: truly competitive and yet dominated by a state-owned bank.  

 

Figure 1: The asset size of private banks    

 

 

Moreover, the average growth within private banks is led by small banks 

(57.14%), followed by medium (31.75%), and large banks (20.99%). Yet, small 

banks are truly small. For instance, the size of the biggest private bank is more than 

the size of six (2017) to eight (2013) small banks combined, of course, with a 
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marked decline in the proportion. Similarly, only the three largest banks in 2017 

with an asset of above 101 billion have a bigger size than all private banks 

combined in 2013 with an asset of about 101 billion (Figure 1).  

 

Table 3: Distribution of hypothetical DMU's merger efficiency score under 

CRS 

Efficiency Interval in % Overall Pure 

0-9.99 0 0 

10-19.99 0 0 

20-29.99 0 0 

30-39.99 0 0 

40-49.99 0 0 

50-59.99 16 0 

60-69.99 96 0 

70-79.99 201 4 

80-89.99 131 30 

90-99.99 184 350 

100 36 280 

>100 0 0 

 

Second, the non-interest expense is larger than the interest expense in 

private banks but the opposite is true in the state-owned bank. Third, as bank size 

increases the ratio of non-interest income to interest income decreases, a common 

phenomenon of emerging market banks (Du & Sim, 2016).  

 

DEA Scores  

 

The average efficiency score of the sector during the study period is 

0.8504. It ranges from 0.6933 to 1 (Table 2). State-owned (1.000), medium 

(0.8899), small (0.8436), and large banks (0.7445), respectively, have the highest 

efficiency scores over five years (Figure 2).  
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Figure 2: The average efficiency score of banks  

  

 

Merger Analysis  

 

In most real applications of bank mergers only two banks are merged (Du 

& Sim, 2016; Shi et al., 2017). Accordingly, merger analysis is conducted between 

different sizes and ownership structures. The overall merger efficiency has two 

components: pure and technical. While technical efficiency is achieved through 

learning, pure efficiency is achieved through a physical merger.  

There are 664 hypothetical DMUs set for analysis. About 95% of them 

have a chance to improve their overall efficiency if M&A takes place. However, 

strategic fit exists only among 58% of them implying most efficiency gains are 

through learning than the pure merger. Technical efficiency can be gained by more 

than 92% of the hypothetical DMUs, much higher than gained through the pure 

merger.  

The pure efficiency gain is a result of strategic fit among merging units. It 

has two components: harmony and scale effect. While the potential gain from the 

harmony effect comes through resource and service complementarity, the scale 

effect is achieved through gaining economies of scale. The analysis shows a 58% 

harmony effect and no scale effect.  
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State 1 1 1 1 1

0.5
0.55

0.6
0.65

0.7
0.75

0.8
0.85

0.9
0.95

1

Small Medium Large State



Ethiopian Journal of Economics Vol. 31 No 1, April 2022  

 
 

 
23 

A.  Discussions on Bootstrapped Tobit Regression result for a private small bank  

From Table 4 we can see that small banks by merging with other private 

banks resulted in increasing the overall efficiency of small private banks by 22.7% 

which is interpreted as the average OME gain with other small banks. Likewise, the 

panel regression analysis shows a 16.5%, 25.1%, and 0% average OME gain for 

M&A of small banks, medium, large, and state-owned banks, respectively (Table 

4). The result indicated that overall merger and efficiency with large-size private 

banks. Therefore, the study implies that the strategic fit for small banks is large-

sized private banks compared to the gains from merging with small, medium, large, 

and state-owned banks (Kumar et al., 2021).  The average PME gain for a small 

bank M&A with a small, medium, large, and state-owned banks is 3.6%, 2.4%, 

0.9%, and -2.1%, respectively, while the LE gain for a small bank M&A with a 

small, medium, large, and state-owned banks is 19.6%, 13.7%, 23.8%, and -0.9%, 

respectively.  
 

Table 4: Bootstrapped Tobit Regression Analysis regression for the private 

small bank 

 OME PME LE HE 

Main     

Ssize 0.773*** 0.964*** 0.804*** 0.964*** 

 (33.65) (100.22) (35.34) (100.22) 

Msize 0.835*** 0.976*** 0.863*** 0.976*** 

 (80.89) (232.54) (84.30) (232.54) 

Lsize 0.749*** 0.991*** 0.762*** 0.991*** 

 (52.44) (171.18) (53.73) (171.18) 

State  1.000*** 1.021*** 1.009*** 1.021*** 

 (33.26) (77.74) (33.49) (77.74) 

sigma_u     

_cons 0.0460*** 0.0164*** 0.0463*** 0.0164*** 

 (5.63) (3.91) (5.69) (3.91) 

sigma_e     

_cons 0.0925*** 0.0393*** 0.0901*** 0.0393*** 

 (20.06) (17.22) (19.82) (17.22) 

N 274 274 274 274 

t statistics in parentheses 

* p < 0.05, ** p < 0.01, *** p < 0.001 
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The analysis also indicates any PME gain for a small bank from M&A with 

any other domestic bank is realized through economies of scope but none from 

economies of scale. Moreover, the gain from LE is much higher than the gain from 

PME. Connecting the different econometric estimations, the best M&A scenario for 

a small bank is to merge with large banks through a full-merger possibility that 

exists only with other small banks. Finally, the merger of a small bank with a state-

owned bank is a disaster entailing a loss in efficiency (both pure and technical). 

The result is consistent with Walter (2004), Georgios & Georgios (2011). 
 

B. Discussions on Bootstrapped Tobit Regression result for medium-size private bank  

The OME gain for a medium-size private bank merger with small, medium, 

large, and state-owned banks is 16.9%, 14.6%, 22.8%, and -2.1% while the PME gain 

is 2%, -0.1%, 0.2%, and -6.6%, respectively (Table 5). The LE gain for a medium-size 

private bank merger with similar banks indicate 14.3%, 12.5%, 20.6%, and -3.0%, 

respectively. It is evident from the results that all PME gains are realized through HE 

while there is zero SE effect. Moreover, for a medium-sized private bank merger with a 

state-owned bank, the worst scenario is a consistent efficiency loss, indicating no 

learning and strategic alignment (Marx et al., 2021). Finally, the result shows medium-

size private banks have a strategic fit only with small-size private banks. 
 

Table 5: Bootstrapped Tobit regression result for private medium bank 

 OME PME LE HE 

Main     

Ssize 0.831*** 0.980*** 0.857*** 0.980*** 

 (76.94) (155.58) (77.04) (155.58) 

Msize 0.854*** 1.001*** 0.875*** 1.001*** 

 (78.46) (146.38) (78.55) (146.38) 

Lsize 0.772*** 0.998*** 0.794*** 0.998*** 

 (73.91) (156.49) (73.46) (156.49) 

State 1.021*** 1.066*** 1.030*** 1.066*** 

 (44.26) (62.37) (42.53) (62.37) 

sigma_u     

_cons 0.0533*** 0.0284*** 0.0592*** 0.0284*** 

 (7.71) (7.19) (8.45) (7.19) 

sigma_e     

_cons 0.0896*** 0.0539*** 0.0851*** 0.0539*** 

 (25.52) (19.71) (25.03) (19.71) 

N 492 492 492 492 

t statistics in parentheses 

* p < 0.05, ** p < 0.01, *** p < 0.001 
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C.  Discussions on Bootstrapped Tobit Regression result for large private bank  

The OME gain for a large private bank merger with a small, medium, 

large, and state-owned banks is 25.8%, 23.7%, 27.1%, and 2.7%, while the PME 

gain is 0.9%, 0.9%, 1%, and -21.9%, respectively (Table 6). The LE gain of a large 

bank merger with a small, medium, large, and state-owned banks is 24.7%, 22%, 

25.7%, and 2.7%, respectively. The result also indicates large banks have a 

strategic fit with different size private banks by margins, but not with the state-

owned bank. Finally, all gains from a full merger are realized through economies of 

scope. Finally, the analysis consistently showed large banks will gain the highest 

efficiency if they merge with large banks.  This is consistent with Bakhouche et al. 

(2022) who investigated Tunisian banks, and Wanke et al. (2021) in American 

large and small private airlines.   

 

Table 6: Bootstrapped Tobit regression result for a private large bank 

 OME PME LE HE 

Main     

Ssize 0.742*** 0.991*** 0.753*** 0.991*** 

 (71.95) (159.38) (73.97) (159.38) 

Msize 0.763*** 0.991*** 0.780*** 0.991*** 

 (107.33) (215.81) (111.13) (215.81) 

Lsize 0.729*** 0.990*** 0.743*** 0.990*** 

 (44.40) (103.57) (45.85) (103.57) 

State  0.973*** 1.219 0.973*** 1.219 

 (48.37) (0.18) (48.99) (0.18) 

sigma_u     

_cons 3.65e-19 0.0230*** 9.28e-20 0.0230*** 

 (0.00) (6.31) (0.00) (6.31) 

sigma_e     

_cons 0.0899*** 0.0345*** 0.0888*** 0.0345*** 

 (23.92) (15.17) (23.92) (15.17) 

N 286 286 286 286 

t statistics in parentheses 

* p < 0.05, ** p < 0.01, *** p < 0.001 
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D. Discussions on Bootstrapped Tobit Regression Result for a Private State-owned 

Bank 

From the result in Table 7, merging a private bank with a state-owned bank 

is statistically significant except with pure merge efficiency with large banks and 

Harmony or Scope Efficiency with large-sized banks as shown below. The OME 

gain for a state-owned bank merger with a small, medium, and large private banks 

is 0.3% (1-0.997), 0.4% (1-0.996), 2.5% (1-0.975) while the PME gain is -1.9%, -

3.9%, and -26.7%, respectively (Table 7). The LE gain for a state-owned bank 

merger with a small, medium, and large private banks is 0.2%, 0.2%, and 2.5%, 

respectively. The analysis shows the merger efficiency gain for the state-owned 

banks is marginal and all through learning from large private banks. We can thus, 

infer that a full merger is not a feasible option for the State-owned bank. The result 

is consistent with Sharma & Ahuja (2021) who investigated Indian Banks, 

Chupradit et al. (2021) in Pakistan Banks, and Lien (2022) in Vietnam Commercial 

banks.  

 

Table 7: Bootstrapped Tobit regression result for a private and state-owned 

bank  

 OME PME LE HE 

Main     

Ssize 0.997*** 1.019*** 0.998*** 1.018*** 

 (178.96) (85.37) (278.21) (94.62) 

Msize 0.996*** 1.039*** 0.998*** 1.039*** 

 (244.94) (78.65) (371.83) (81.52) 

Lsize 0.975*** 1.267 0.975*** 1.225 

 (172.06) (0.00) (219.33) (0.05) 

sigma_u     

_cons 0.00703 0.0107 0.00492 0.0000630 

 (1.81) (0.74) (1.66) (0.02) 

sigma_e     

_cons 0.0197*** 0.0377*** 0.0116*** 0.0390*** 

 (10.28) (4.82) (9.42) (5.23) 

N 79 79 79 79 

t statistics in parentheses 

* p < 0.05, ** p < 0.01, *** p < 0.001  
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6. Concluding Remarks  

 

The study aimed to analyze the strategic fit and efficiency gained from a 

potential domestic bank M&A in Ethiopia. We conclude little or no strategic fit 

between domestic banks in Ethiopia to trigger M&A. Second, most efficiency gains 

will be realized through benchmarking without necessarily undergoing a full-scale 

merger. Third, there is no size effect expected from any future bank M&A. Fourth, 

large private banks will be the centers of future M&A activity in Ethiopia while the 

state-owned bank will be the least preferred and interested. Therefore, future bank 

M&A will be among private banks and mainly an acquisition type. Moreover, any 

gain from a full-scale merger will be a harmonious effect. Finally, we conclude no 

clear relationship between bank size and efficiency performance.  

 

7. Recommendation and Policy Implication  

 

The findings also have implications for policy and future research. 

Concerning policy, the result is that the probability of a local banks M&As tends to 

support a continued role for prospective entry. The study recommends the need for 

banks to establish a list of the most popular benefits enjoyed by most banks. This 

will help banks to map out effective strategies that will help the success of strategic 

mergers, which eventually will help in building a competitive advantage that can be 

sustained in the long run. The largest efficiency gains from mergers are technical 

(learning) efficiency gains. This is because the implications of learning or technical 

efficiency are taken into account but learning efficiency gains do not necessitate 

full-scale mergers. The study implied that if the banks learn the best practices, they 

can manage to become more efficient which leaves pure merger efficiency, a 

combination of size or scale efficiency, and harmony or scope efficiency.  
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Abstract 

 

This study analyzes the status of the gender gap in labor force participation in 

Ethiopia. The factors that influence men’s and women’s decision to work and how 

much to work in wage and self-employment are assessed. The study mainly used 

data from the recent round of the Ethiopia Socioeconomic Survey (ESS 2018/19). 

The Heckman selection model is used to analyze factors that affect the participation 

of women in wage and self-employment. To decompose gender gaps in economic 

outcomes (i.e. wage and sales), the study applied the Blinder-Oaxaca 

decomposition method. The participation of women in wage employment is found to 

be significantly lower than men while controlling for individual and household level 

predictors. Women with tertiary education show higher participation in wage 

employment compared to women with no such education. Age, household headship, 

and wealth are additional factors that positively associate with women’s 

participation in wage employment. Marriage, residence in rural areas, having a 

large family size, and non-labor income are factors associated with lower 

participation of women in wage employment. The participation of women in 

ownership of non-farm household enterprises is found to be relatively higher than 

men while relevant individual, household, and business level characteristics are 

accounted for. The business sales of women-owned businesses are significantly 

lower than those owned by men. Women’s ownership of non-farm enterprises is 

negatively associated with their level of education. Though having tertiary 

education is negatively associated with participation in self-employment, its effect 

on business sales is positive. Sales are also positively associated with a business 

license, the number of hired workers, and operating costs. Family size and residing 

in rural areas are factors associated with less participation of women in self-

employment. The Blinder-Oaxaca decomposition analysis results show that the 

unconditional wage gap between men and women is estimated to be 62.7%. Of this 
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gender wage gap, 26.2% is explained while the remaining 73.8% is unexplained. 

Differences in age, education, religion, marital status, household headship, wealth, 

and occupation account for the explained part of the wage gap. Likewise, the 

unconditional sales gap for non-farm enterprise owners is estimated at 80.6% 

where 36% of it is explained by model predictors. Education, religion, wealth, 

business license, operating cost, and residence are factors that contributed to the 

explained part of the sales gap. Narrowing the gender gap in labor market 

participation and economic outcomes will require interventions ranging from 

improving the education status of women to shaping the role and responsibilities of 

women in society.  

 

Keywords: Gender gap, Wage Employment, Self-employment; Heckman Selection Model; 

Blinder-Oaxaca Decomposition, Ethiopia   

JEL Classification: J16; J21; J31 

 

 

1. Introduction 

 

Women account for about half of the human capital in countries across the 

world with equal productive capacity and potential to contribute to economic 

development as men. In Ethiopia, women constitute close to 50% of the total 

population and an estimated 46.6% of the labor force (WDI, 2019). However, their 

involvement in measured economic activity is way below its potential. According 

to Ethiopian Statistics Service (ESS, 2021), women make up 61.5% of the 

economically inactive population, while men only make up38.5%. The 

employment-to-population ratio shows a notable gender gap in economic activity 

standing at 50.1% for women and 68.9% for men. In addition, among unemployed 

persons, women account for 65%, which is almost double compared to the amount 

of unemployed men (34.9%). In addition, the relatively larger percentage of young 

women are found to be unemployed whereas the female and male youth 

unemployment rates were estimated to be 16.4% and 7.4%, respectively (ESS, 

2021). The same tendencies of gender disparities in economic activity are also 

observed at the regional level (see CSA, 2006, 2014; ESS, 2021). 

Women in Ethiopia work fewer hours than men with a reported average of 

25.9 hours per week compared to 31.7 hours per week worked by their men 

counterparts (ESS, 2021). Gender disparities are also observed in the type of 

occupation and sectors where women often concentrate on informal, low-skilled, 

and low-paid or unpaid jobs. Indeed, women account for only 32.3% of 
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professionals and 25.4% of managers (ESS, 2021). Women dominate clerical 

support (61.9%), service and sales (58.1%), personal care (97.5%), and elementary 

jobs like cleaning and helping (53%). Compared to men (41%), a relatively higher 

percentage of women (53.7%) also work in the informal sector of the economy 

(ESS, 2021). Working in informal sectors with little regulation as well as in 

elementary jobs which require less skill entails women having low pay, job 

insecurity, limited access to social protection coverage like health and safety 

insurance, pensions, and maternity leaves (International Development Research 

Center (IDRC), 2020). Gender gaps in key economic outcomes are also significant 

where 51% and 42% of the wage and income gender gaps respectively remain 

undisclosed (WEF, 2019). 

Though women possess the promising potential to be entrepreneurs thereby 

contributing to job creation and economic growth, there is a substantial gender gap 

regarding their participation and the performance of enterprises owned by them. 

The 2015 World Bank Enterprise Survey of Ethiopia shows that women 

participated as owners and top managers only in 36.2% and 4.5% of the surveyed 

enterprises respectively (World Bank, 2014). A significant gender gap is also 

observed in the growth (Amha, 2015; Gebreeyesus, 2007) and survival 

(Woldehanna et al., 2018) of businesses where women-owned firms show 

relatively low growth and survival rate compared to their men counterparts. 

Women entrepreneurs face various impediments including lack of access to 

finance, business training, information,  networks, managerial and technical skills, 

previous business experience, access to raw materials, and limited time due to the 

high burden of household and family responsibilities (Abagissa, 2013; Alene, 2020; 

Assefa & Cheru, 2018; Eshetu & Zeleke, 2008; Gebremariam, 2017; Solomon, 

2010; ILO, 2003).  

Such gender gaps in economic activities and outcomes are rooted in 

cultures, social norms, and structural conditions which shape the roles, 

responsibilities, and positions of women in society. Women in Ethiopia often bear 

the high burden of household chores with no monetary return and face labor market 

segregation as they largely participate in informal sectors which are not officially 

counted as economic activity. They also have a low level of education as well as 

limited ownership of, and access to productive resources and services, such as land, 

finance, training, and time curtailing their ability and potential to partake in 
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economic activities (IDRC, 2020; MOWCY, UNICEF Ethiopia, & SPRI, 2019).3 

Bringing gender parity in socio-economic systems thus requires measures ranging 

from changing cultural and social norms to devising and implementing 

transformational gender policies. Change in social norms which redefine the role 

and position of women in a household and society are needed to safeguard the 

betterment of women in education, employment, and overall economic activity. 

Gender transformative policy which treats gender issues as a special focus area 

instead of following a simple holistic approach that integrates them within already 

existing development policy models’ is also very essential to meet targets that lead 

to gender balance in various spheres (Bekana, 2020).  

This study aims to estimate and decompose gender gaps in economic 

outcomes of wage employment and self-employment. In addition, the study also 

examines the key gendered barriers that hinder women’s participation in the labor 

force (wage employment and entrepreneurship) in Ethiopia. Understanding factors 

that influence the labor force participation of women either in wage employment or 

self-employment in Ethiopia can offer important policy insights for raising 

economic growth and well-being. Examining women’s decision to work, how 

much to work, and in which sectors to work as well as the factors that influence her 

decision to participate in the labor market are crucial to design policies that can 

address obstacles that discourage women from working or devise new ways that 

encourage women’s participation in the labor market.  

 

2. Empirical Framework  

 

The vast body of literature on women’s involvement in the labor market 

identified several variables which affect women’s labor market participation rate 

and can be broadly classified as micro and macro-level factors. The macro 

literature focuses on the role of economic development and various policies on 

women’s aggregate labor supply (Christiansen et al., 2016; Gaddis & Klasen, 2014; 

Klasen, 2019; Altarawneh, 2020). Such studies often use time-series data and 

analyze cross-country differences in Female Labor Force Participation (FLFP). One 

area of study which captures researchers' attention is the U-shaped (feminization U) 

 
3 The 2020 World Economic Forum’s Gender Gap Index indicated that even if Ethiopia 

achieved a remarkable improvement by closing 70.5 percent of its gender gap (largely 

accounted by increase in women’s presence in political institutions), the country is still far 

from ensuring gender parity in education and economic opportunities. 
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hypothesis which dates back to Sinha (1967). The hypothesis suggested that the 

relationship between FLFP and economic development follows a U-shape. In 

particular, the hypothesis states that FLFP first declines at the early stages of 

industrialization and starts to rise again at later stages of economic development. 

The reason behind such a relationship is that at early stages of economic 

development, agriculture is the main economic activity and women participation is 

high because most women work in family farms. Working in family farms enables 

women to combine economic activity with other household chores such as taking 

care of children.  

As the economy transits from agriculture dominated to industry-led, FLFP 

decreases due to the dwindled role of the agricultural sector as the main employer 

of women and shifts the structure of the economy towards a more formal sector. 

The rationales for such a trend of FLFP include low education attainment, socio-

cultural restraints, and high manual labor requirement of industrial jobs, all of 

which limit women (especially married women with children) from working 

outside the home and exploit emerging employment opportunities in the industrial 

and other formal sectors (Boserup, 1970; Goldin, 1995). Also, industrialization and 

the thriving of the formal sectors boost overall productivity and household earnings 

mainly by male household heads having a negative income effect on the female 

labor supply (Klasen, 2019). With continued structural change inducing expansion 

of the service sector, education opportunities, family planning and childcare 

services, FLFP starts to increase again. At later stages of economic development, 

women will have a higher chance of participation in the labor market given their 

improved education, declining fertility rate, and increased availability of service 

sector and part-time jobs. The U-shaped hypothesis of FLFP was tested by several 

empirical studies and proved to hold in most cases (Clark et al., 2003; Fatima & 

Sultana, 2009; Gaddis & Klasen, 2014; Goldin, 1995; Luci, 2009; Mammen & 

Paxson, 2000; Psacharopoulos & Tzannatos, 1989; Tam, 2011).  

Another strand of literature from the macro perspective analyzes the effect 

of gender-sensitive public policies on FLFP. Gender-sensitive public policies can 

take various forms including investing in women's education and basic 

infrastructures (such as water, electricity, and road), providing adequate and 

affordable childcare services, allowing paid parental leave, and avoiding 

discriminatory tax provisions (Christiansen et al., 2016; Fabrizio et al., 2020). Lack 

of knowledge and skill is the main constraint for women to participate in the labor 
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force. Hence, policies that support women's education and provide them with 

greater educational opportunities are shown to increase FLFP, particularly in 

developing countries (Heath & Jayachandran, 2017; Sackey, 2005). Women in 

developing countries, especially those in rural areas, are mainly responsible for 

fetching water and collecting firewood. Policies that are designed to improve 

access to these basic services have a significant positive effect on women’s 

participation in the labor market by reducing the burden of unpaid work and freeing 

up her time to participate in income-generating activities (Dinkelman, 2011; 

Koolwal & van de Walle, 2013). Also, better road access and improved 

transportation service are indicated to increase FLFP more so than men (Lei et al., 

2019). Moreover, policies that enable women to undertake household 

responsibilities in parallel with market work such as paid parental leave and 

subsidized childcare services can lift women’s participation in the labor market (see 

e.g., Andersen & Havnes, 2019; Blau & Kahn, 2013; Kalb, 2018). Such policies are 

important for women to maintain a work-life balance. In advanced nations, 

empirical evidence shows that income taxation also has a significant influence on 

FLFP (Christiansen et al., 2016; Fabrizio et al., 2020).4 

At the micro level, various empirical studies have tried to explain FLFP by 

differences in personal, demographic, household, social, and labor market 

characteristics. Education is the most important factor in affecting FLFP where 

women with more education are likelier to participate in the labor force than those 

with less or no education (Ackah et al., 2009; Khanie, 2019; Sackey, 2005; 

Yakubu, 2010). Education enhances women’s incentive to participate in the labor 

market as it raises the chance of getting better jobs with high earnings compared to 

household work (Becker, 1975; Eckstein & Lifshitz, 2011; Schultz, 1961). The 

higher earning potential which comes with education increases the opportunity cost 

of not working inducing more labor supply by women. Also, education is an 

investment in human capital and educated woman has to work to compensate for 

the cost of the investment (Khanie, 2019; Psacharopoulos & Tzannatos, 1989). 

Studies conducted across Europe revealed that countries with higher women's 

educational attainment exhibit a smaller gender gap in employment (Pissarides et 

al., 2005). Empirical studies also show that women’s investment in education can 

 
4 In countries with joint taxation system, the income of married women is taxed highly 

because taxes are calculated by combining husband’s and wife’s income resulting an 

adverse effect on women’s labor supply decisions (Bick & Fuchs-Schündeln, 2017).  
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give more return than men's (Psacharopoulos & Tzannatos, 1989). The positive 

effect of education on women’s labor supply also comes through a reduced fertility 

rate. Particularly, studies show that women with more education tend to have fewer 

children which increases their chance of participating in the labor market (Lam & 

Duryea, 1999; Mujahid, 2014; Sackey, 2005).  

The women’s age, marital status, and fertility rate are additional factors 

that shape the participation of women in the labor market. Age is an important 

factor in determining FLFP where women who are within the age of childbearing 

and rearing often have a lower participation rate than those outside such age 

(Eckstein & Lifshitz, 2011; Heckman & MaCurdy, 1980; Uwakwe, 2004). Married 

women with children (with large families) have a lower participation rate because 

family responsibilities and taking care of children increase the value of time spent 

on domestic activities. The more time a woman spent on home production, the less 

time she has to spend for market work (Bloom et al., 2009). Especially, the 

presence of young children (aged 5 or below) in the household adversely affects the 

labor force participation of women. Some empirical studies, however, show that 

having more children can increase women’s participation in the labor force due to 

the increased income needed to cover the expense of a large family size. Household 

assets, husband’s income and participation in economic activities, and place of 

residence (urban vs. rural) are also additional factors that affect women’s 

participation in the labor market (Hosney, 2015). 

Social norms, attitudes, and religion can also affect women’s participation 

in the labor market. Social norms and attitudes toward women’s role in society can 

adversely affect women’s employment. In developing countries, women (especially 

married women) are considered homemakers primarily responsible for household 

activities of taking care of their husband, children, cleaning and cooking 

(Fernández, 2013; Khadim & Akram, 2013; Psacharopoulos & Tzannatos, 1989). 

Such patriarchal systems constrain women from participating in paid economic 

activities (Güven-Lïsanïler & Bhatti, 2005; Mukherjee, 2015). Stereotypes about 

gender roles not only affects women’s participation rate but also their sector of 

participation where women are often perceived to be unfit for higher managerial 

positions and occupations requiring technical skills. Religion could also affect 

FLFP where empirical evidence shows that countries with strong religious views 

about the role of women in society exhibit lower women participation rates in the 

labor market (Psacharopoulos & Tzannatos, 1989). 
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3. Methodology and Data 

3.1. Labor Force Participation and Earning 

 

To investigate factors that influence labor force participation, this study 

applied the Heckman sample selection model. The Heckman procedure (also called 

Heckit model) is a method used to estimate regression models which suffers from 

sample selection bias due to incidental truncation where the dependent variable is 

only observable for certain outcome of another variable (Wooldridge, 2013). 

Classically, the model is applied to estimate female labor supply models where 

women’s wage or hour of work is only observed if she decides to participate in the 

labor market.  

The Heckman model includes two separate equations, the sample selection 

equation and the outcome equation. 

 

Considering a linear wage equation; 

 

𝑤𝑖
∗ = 𝑥1𝑖

′𝛽1 + 𝜀1𝑖 

 

Where 𝑥1𝑖 denotes a vector of exogenous characteristics and  𝑤𝑖
∗ denotes 

individual i’s wage. The wage 𝑤𝑖
∗ is not observed for individuals who are not 

working. The selection equation which describes whether a woman is working or 

not is specified as a standard probit model. 

 

  ℎ𝑖
∗ = 𝑥2𝑖

′𝛽2 + 𝜀2𝑖   

With the following observation rule; 

 

𝑤𝑖 = 𝑤𝑖
∗, ℎ𝑖 = 1    𝑖𝑓 ℎ𝑖

∗ > 0 

 

𝑤𝑖 not observed, ℎ𝑖 = 1    𝑖𝑓 ℎ𝑖
∗ ≤ 0 

 

Where 𝑤𝑖 is the individual’s actual wage and the binary variable is ℎ𝑖, simply 

indicates working or not working. The model is completed by distributional 

assumption on unobserved errors (𝜀1𝑖, 𝜀2𝑖), usually a bivariate normal distribution 

with expectations of zero, variances 𝜎1
2, 𝜎2

2, respectively and covariance 𝜎12. The 
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variables in 𝑥1 and 𝑥2 can be the same or different depending on model 

specification (Verbeek, 2004).5  

The conditional expectation of the outcome variable, given that individual i 

is working, is given by; 

 

𝐸{𝑤𝑖|ℎ𝑖 = 1}  = 𝑥1𝑖
′ 𝛽1 + 𝐸{𝜀1𝑖|ℎ𝑖 = 1} 

             = 𝑥1𝑖
′ 𝛽1 + 𝐸{𝜀1𝑖|𝜀2𝑖 > −𝑥2𝑖

′ 𝛽2} 

              = 𝑥1𝑖
′ 𝛽1 +

𝜎12

𝜎2
2 𝐸{𝜀2𝑖|𝜀2𝑖 > −𝑥2𝑖

′ 𝛽2} 

           =𝑥1𝑖
′ 𝛽1 + 𝜎12

𝜙(𝑥2𝑖
′ 𝛽2)

Ф(𝑥2𝑖
′ 𝛽2)

 

 

The conditional expectation of the outcome variable (wage in the above 

case) equals 𝑥1𝑖
′ 𝛽1 only if 𝜎12= 𝜌12, where 𝜌12 is the correlation coefficient 

between the two errors. If the error terms from the two equations are uncorrelated, 

the outcome equation can be consistently estimated by ordinary least squares 

(OLS). A sample selection bias in the OLS estimator arises if 𝜎12 ≠ 0. The term 

𝜙(𝑥2𝑖
′ 𝛽2) Ф(𝑥2𝑖

′ 𝛽2)⁄  is called the inverse Mill’s ratio as well as Heckman’s lambda 

as it denotes 𝜆(𝑥2𝑖
′ 𝛽2). 

The Heckman sample selection model is often estimated in two steps which 

are based on the following regression; 

 

  𝑦𝑖 = 𝑥1𝑖
′ 𝛽1 + 𝜎12𝜆𝑖 + 𝜂𝑖, 

Where  

𝜆𝑖 =
𝜙(𝑥2𝑖

′ 𝛽2)

Ф(𝑥2𝑖
′ 𝛽2)

 

 

The error term in the above model equals 𝜂𝑖 = 𝐸{𝜀1𝑖|𝑥𝑖, ℎ𝑖 = 1}. Given the 

assumption that the distribution of 𝜀1𝑖 is independent of 𝑥𝑖 (but not of ℎ𝑖), 𝜂𝑖 is 

uncorrelated with 𝑥𝑖 and 𝜆𝑖 by construction. This means 𝛽1 and 𝜎12 will be 

estimated by running a least squares regression of 𝑦𝑖 upon the original explanatory 

variables 𝑥1𝑖 and the additional variable 𝜆𝑖. The unknown element in 𝜆𝑖 which is 𝛽2 

 
5 If the variables are the same, i.e., the restriction that 𝑥1𝑖

′𝛽1=𝑥2𝑖
′𝛽2 and 𝜀1𝑖 = 𝜀2𝑖 is 

imposed the model will be a standard Tobit model (Tobit I). 
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will be estimated consistently by probit maximum likelihood applied to the 

selection model (Verbeek, 2004).   

Given the cross-sectional structure of the dataset that is for this study, 

individual’s participation in the labor force is specified as follows;  

 

𝐹𝐿𝐹𝑃𝑖
∗ = 𝛼𝑖 + 𝛽𝑋𝑖 + 𝑣𝑖  

 

Where 𝐹𝐿𝐹𝑃𝑖
∗  is a dummy variable that takes 1 if the individual participates in the 

labor market and 0 if she does not. The participation equation, 𝐹𝐿𝐹𝑃𝑖
∗  is positive 

only if the dummy variable equals one. 𝛽 is a vector of unknown parameters and 𝑣𝑖 

is the error term. The decision to participate depends on a vector of explanatory 

variables 𝑋𝑖. Based on the theoretical and empirical framework in the previous 

section, women’s labor force participation is hypothesized to depend on the 

following factors;  

 

𝐹𝐿𝐹𝑃𝑖 = 𝑓{𝑝𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝑎𝑛𝑑 𝑑𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑓𝑎𝑐𝑡𝑜𝑟𝑠; ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑓𝑎𝑐𝑡𝑜𝑟𝑠; 

𝑔𝑒𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑠} 

Where; 

− Personal and demographic factors include education, age, marital status, 

number of children, head of a household's status, ownership and control of 

assets, religion  

− Household factors include the household’s labor and non-labor income, 

household’s assets, number of dependents, husband’s education and 

income (for married women),  

− Geographic location factors include the area of residence (urban and rural)  

 

The labor force participation status of an individual (𝐹𝐿𝐹𝑃𝑖) takes the value 

1 if the ith woman is in the labor force and zero otherwise. Participation is defined 

to include an individual declaring a paid job. The selection equation is estimated 

using a standard probit model.  

The wage equation is specified by including the estimated inverse Mill’s 

ratio (�̂�𝑖) from the probit model for each period.  

 

  𝑤𝑖 = 𝑍𝑖𝛽 + �̂�𝑖 + 𝑒𝑖 
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Where 𝑤𝑖 is wage earned by individual i, 𝑍𝑖 are vectors of individuals' specific 

factors which explain earning and 𝑒𝑖 is the error term. 𝑤𝑖 is not observed unless the 

individual is not participating in wage employment.  

 

3.2 Decomposition of gender gaps in key economic outcomes  

 

To decompose gender gaps in economic outcomes, this study applied the 

Blinder-Oaxaca (1973) decomposition technique based on Jann (2008). The 

Blinder-Oaxaca technique was originally used in labor economics to decompose 

earning gaps and estimate the level of discrimination. The method can be used to 

study labor-market outcomes by groups decomposing mean differences in the 

outcome variable based on linear regression models in a counterfactual manner. It 

divides the difference in outcome variable between two groups into a part that is 

“explained” by group differences in observed predictors (characteristics) and a 

residual (unexplained) part that cannot be accounted for by observed predictors. 

This “unexplained” part is often used as a measure for discrimination, but it also 

incorporates the effects of group differences in unobserved predictors (Jann, 2008). 

There are two groups, A and B (women and men in the current study), an 

outcome variable, Y (wage and sales for this study), and a set of predictors. The 

main question is how much of the mean outcome or the expected value of the 

outcome variable, i.e., 𝐸(𝑌), is accounted for by group differences in the 

predictors. 

 

𝑅 = 𝐸(𝑌𝐴) − 𝐸(𝑌𝐵) 

 

Based on a linear model  

  𝑦𝑔 = 𝑥𝑔
′𝛽𝑔 + 𝜖𝑔,       𝐸(𝜖𝑔) = 0     𝑔 ∈ (𝐴, 𝐵)   

where X is a vector containing the predictors and a constant, β contains the slope 

parameters and the intercept, and 𝜖 is the error, the mean outcome difference can be 

expressed as the difference in the linear prediction at the group-specific means of 

the explanatory variables. That is, 

 

  𝑅 = 𝐸(𝑌𝐴) − 𝐸(𝑌𝐵) = 𝐸(𝑋𝐴)′𝛽𝐴 − 𝐸(𝑋𝐵)′𝛽𝐵 
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Where 𝐸(𝛽𝑔) = 𝛽𝑔and 𝐸(𝜖𝑔) = 0 by assumption.  

To identify the contribution of group differences in predictors to the overall 

outcome difference, equation 3.8 can be rearranged and written as; 

 

𝑅 = {𝐸(𝑋𝐴) − 𝐸(𝑋𝐵)}′𝛽𝐵 + 𝐸(𝑋𝐵)′(𝛽𝐴 − 𝛽𝐵) + {𝐸(𝑋𝐴) − 𝐸(𝑋𝐵)}′(𝛽𝐴 − 𝛽𝐵) 

Where; 

𝐸 = {𝐸(𝑋𝐴) − 𝐸(𝑋𝐵)}′𝛽𝐵 amounts to the part of the differential that is “explained” 

by differences in the predictors (also called the “endowments effect”); 

𝐶 = 𝐸(𝑋𝐵)′(𝛽𝐴 − 𝛽𝐵) is the portion of differential attributable to differing 

coefficients and;  

𝑈 = {𝐸(𝑋𝐴) − 𝐸(𝑋𝐵)}′(𝛽𝐴 − 𝛽𝐵) is the unexplained portion of the differential. 

The sum of C and U measures differential attributed to discrimination.   

The estimation of these components is given as; 

 

�̂� = �̅�𝐴 − �̅�𝐵 = (�̅�𝐴 − �̅�𝐵)′�̂�𝐵 + �̅�𝐵
′ (�̂�𝐴 − �̂�𝐵) + (�̅�𝐴 − �̅�𝐵)′(�̂�𝐴 − �̂�𝐵) 

Where �̂�𝐴 and �̂�𝐵 are the least-squares estimates for 𝛽𝐴 and 𝛽𝐵, obtained separately 

from the two group-specific samples, and the group means �̅�𝐴 and �̅�𝐵 are estimates 

for 𝐸(𝑋𝐴) and 𝐸(𝑋𝐵). The study applied the pooled decomposition method which 

computes the two-fold decomposition using coefficients from a pooled model over 

both groups as the reference coefficients.  

 

3.3 Explaining observed gender gaps in key economic outcomes 

 

To explain the observed gender gaps in the outcome variable of interest, a 

detailed decomposition that can subdivide components into the respective 

contributions of each covariate will be conducted. Such analysis is useful to 

investigate the detailed contributions of the single predictors or sets of predictors to 

observed group-wise differences in outcome variables.  

Identifying the contributions of the individual predictors to the explained 

part of the differential is not complicated because the total component is a simple 

sum of the individual contributions. Individual predictor’s contribution to the 

explained part is given as; 

 

�̂� = (�̅�𝐴 − �̅�𝐵)′�̂�𝐵 = (�̅�1𝐴 − �̅�1𝐵)′�̂�1𝐵 + (�̅�2𝐴 − �̅�2𝐵)′�̂�2𝐵 + ⋯ 
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Where �̅�1, �̅�2 … are the means of the single predictor, and �̂�1, �̂�2,… are the 

associated coefficients. The first summand reflects the contribution of the group 

differences in �̅�1; the second, of differences in �̅�2; and so on. The individual 

predictor’s contribution to the unexplained part can also be decomposed in a 

similar manner (Jann, 2008).  

 

3.4 Data 

 

This study used the Ethiopian Socioeconomic Survey which is collected by 

the Central Statistics Agency of Ethiopia (CSA) in collaboration with the World 

Bank Living Standards Measurement Study-Integrated Surveys on Agriculture 

(LSMS-ISA) team. The Ethiopian Socioeconomic Survey has been conducted in 

four waves so far; the first wave in 2011/12, the second wave in 2013/14, the third 

wave in 2015/16, and the fourth wave in 2018/19. The first wave of the survey 

began as the Ethiopia Rural Socioeconomic Survey in 2011/12 and it covered only 

rural and small-town areas while the subsequent waves were expanded to include 

all urban areas. The 2018/19 Ethiopian Socioeconomic Survey is a new panel that 

is not a follow-up of the previous waves. This study primarily uses the recent 

Ethiopian Socioeconomic Survey (2018/19) dataset.  

 

4. Participation in Wage and Self-employment  

 

For this study, the working-age population is defined as individuals aged 

15 years and older. The total numbers of working-age individuals in the sample are 

16,962 out of which 47% are men while 53% are women (Figure 1). Due to the 

continued dominance of agriculture as the main livelihood for the majority of the 

population in Ethiopia, the rate of wage employment is limited. Among working-

age individuals in the sample, only 15% (2533 individuals) participated in wage 

employment in 2018-19. From the total working-age population, the percentage of 

women who participated in wage employment is almost half of those of men. 

Among those who participated in wage employment, women account for only 37%. 
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Figure 1: Participants in wage employment 

Source: Based on ESS (2018-19) 

 

Table 1 shows around 50% of wage employees only have either primary or 

secondary education. Compared to men, a larger percentage of women have a 

diploma as their highest degree while for first and graduate degrees, the percentage 

of men is higher. Such gender disparity in education achievement often hinders 

women from securing top-position jobs that also offer better pay.   About 61% of 

wage employees have below tertiary education which is an indication that 

elementary and non-professional occupations comprise a large share (67%) of the 

wage employment in the sample. The percentage of legislators, senior government 

officials, and managers in the sample is generally low with women engaged in such 

type of occupation 50% less than men whereas women's involvement in elementary 

occupations is 15 percentage points higher than men. Hence, women have less 

overall participation in wage employment, and those who participate tend to 

concentrate on elementary and service-related jobs. Higher representation of 

women in elementary and service-related jobs indicates that wage employment may 

not be necessarily empowering for women. Women who are engaged in elementary 

and low-paying service jobs often work out of distress to support themselves and 

their families than by choice. Regarding this, Klasen et al., (2019) indicated that in 

most poor and developing countries where economic growth is short of creating 

adequate decent jobs, women usually participate in the labor force out of distress. 

Their study also found that in such economies, women often leave the labor market 

as soon as it is affordable to do so.   
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Table 1: Education and occupation profile of participants in wage employment  

  Men Women Total 

Education (%) 

  Not Educated 10.83 16.93 13.11 

  Informal education 0.38 0.21 0.32 

  Primary Education 24.81 26.03 25.27 

  Secondary Education 23.8 19.26 22.11 

  Tertiary (Certificate) 3.97 3.39 3.75 

  Tertiary (Not completed) 2.27 3.28 2.65 

  Tertiary (Diploma) 11.08 14.18 12.24 

  Tertiary (First degree) 18.2 14.18 16.7 

  Tertiary (Graduate degree) 4.66 2.54 3.87 

Types Occupations (%) 

Legislators, senior government officials and managers 3.91 1.8 3.12 

Professionals/Science professional   27.7 25.19 26.78 

Technicians and associate profession 3.59 2.65 3.24 

Clerks, office clerks 1.76 7.94 4.07 

Service workers, and shop and market 17.5 18.94 18.05 

Skilled agricultural and fishery workers 4.79 3.81 4.42 

Craft and related trades workers 17.4 4.13 12.44 

Plant and machine operators and assemblers  0.95 0.32 0.71 

Elementary occupations, sales, and service  19.5 33.86 24.84 

Army/ member of the armed forces 2.71 1.16 2.13 

Source: Based on ESS (2018-19) 

 

As it is shown in Figure 2, the service sector dominates participation in 

wage employment where 59% of participants work in the sector. Women comprise 

a relatively higher share of participants in the service and the trade sector while 

men dominate the construction sector. Existing social norms, the unsuitable 

working environment at construction sites, and lack of adequate knowledge about 

the sector may be the main reasons for the lower participation of women in the 

construction sector compared to men. Gender-based discrimination in pay is also 

noticed in the sector where women daily laborers are often paid less compared to 

men. Such discrimination together with potential workplace harassment can be 

discouraging for women from actively participating in the construction sector.   
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Figure 2: Sector of participation in wage employment  

 
Source: Based on ESS (2018-19) 

Note: The service sector includes hotels and restaurants, transport, financial intermediation, 

public administration, education, health and social services, and other services. 
 

Similar to wage employment, the percentage of individuals engaged in self-

employment, which are mainly non-agricultural household business activities is 

also limited (Figure 3). Only 10% of working-age individuals own non-farm 

enterprises. There is no significant gender disparity in ownership of non-farm 

enterprises. This coupled with the limited female participation in wage employment 

as shown above could indicate the potential prevalence of gender-related 

hindrances in the wage employment market. Women may be looking for jobs that 

may offer some flexibility in the work culture, probably to help accommodate their 

domestic responsibilities and self-employment may provide them with such 

flexibility. That is, self-employment may offer a better platform for women to 

maintain a work-life balance.  
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Figure 3: Participants in self-employment 

 

Source: Based on ESS (2018-19) 

 

Table 2 indicates the education status of non-farm enterprise owners is low 

where 30% of them are illiterate while 36% of them have only primary education. 

A significantly higher percentage of self-employed women have no education 

compared to men. The percentage of non-farm enterprise owners with tertiary 

education is 11%. The percentage of men entrepreneurs with tertiary education 

stand at 15% which is significantly higher than women (9%). 

 

Table 2: Education profile of participants in self-employment  

Education (%) Men Women Total 

Not Educated 19.91 42.28 30.87 

Informal education 1.15 1.32 1.23 

Primary Education 39.93 32.69 36.38 

Secondary Education 24.17 15.21 19.78 

Tertiary (Certificate 2.19 1.68 1.94 

Tertiary (Not completed) 1.04 0.96 1 

Tertiary (Diploma) 4.6 3.95 4.28 

Tertiary (First degree) 5.41 1.44 3.46 

Tertiary (Graduate degree) 1.61 0.48 1.06 

Source: Based on ESS (2018-19) 

 

The larger 48% of non-farm enterprise owners work in trade sectors 

followed by service (37%) and manufacturing sector (13%).  The share of women 
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entrepreneurs working in trade, service, and manufacturing sectors are 53%, 28%, 

and 19% respectively while men non-farm enterprise owners working in the 

respective sectors are 44%, 45%, and 8%.  Close to half of the non-farm enterprise 

owners work in the retail trade, women accounting for 55% and men the remaining 

45%.  

 

Figure 4: Non-farm enterprises by sector  

 
Source: Based on ESS (2018-19) 

 

About 40% of men-owned enterprises have a business license while the 

percentage of the licensed business owned by women is only 20%. This shows that 

women tend to engage more in informal businesses.  Women-owned entrepreneurs 

on average hired three workers less than their men counterparts. This may indicate 

that women-owned enterprises are smaller in size, create fewer jobs and possess 

less growth potential. The average monthly sale of women non-farm enterprise 

owners is also only 31% of that of men. The average total operating cost of 

women-owned enterprises is also by far low (61% less) compared to men 

entrepreneurs which might be an indication that women own smaller enterprises 

relative to men.  In general, even though there is no significant (p = 0.7632) 

gender disparity in ownership of non-farm enterprises; women-owned enterprises 

seem to perform less in terms of business legalization, sales, number of hired 

workers, and firm size.  
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Table 3: Characteristics of Men’s and Women’s Enterprises  

Attributes  Men Women Total 

% of licensed enterprises  40 20 30 

Number of Hired workers 4 1 2 

Average monthly sales (in Birr)* 15,075.3 4,719.0 99,71.8 

Average monthly operating cost (total in Birr)* 21,295.3 8,302.5 14,892.5 

Source: Based on ESS (2018-19) 

* The self-reported average monthly operating cost is greater than the average monthly 

sales. The actual figures thus should be taken with caution and may not necessarily imply 

loss. The numbers are only considered to show the sales and operating cost gap between 

enterprises owned by men and women.  

 

5. Factors Associated with Labor Force Participation  

 

This section analyzes factors affecting an individual’s labor supply 

decision (in wage and self-employment). The description of explanatory and 

summary statistics of variables (individual, household, geographical, job, and 

enterprise-related factors) included in various model specifications is given in the 

Appendix, Table A1 and A2 respectively. 

 

5.1 Participation in Wage Employment 

 

This section analyzes factors that affect men's and women’s participation in 

wage employment. Table 4 reports results from the Heckman selection model.  

Column 1, 2, and 3 illustrate estimated coefficients from the outcome (wage) 

equation, coefficients of the selection equation, and average marginal effects from 

the selection equation respectively for the model with no female interaction terms. 

Columns 4-5 show the same results for the model with female interaction terms.6 

Results from the pooled sample show that there is a sample selection problem in 

estimating the wage equation given that the coefficient on Hackman lambda is 

significant. Similar to overall participation in the labor market, women have 

significantly less participation in wage employment compared to men controlling 

for education and, other individual and household characteristics. In particular, the 

participation of women in wage employment is 12% lower than men. Women also 

 
6 Only coefficients of significant interaction terms are reported in the table  
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receive 43% less wage than men while controlling for age (a proxy for experience), 

education, and type of occupation. Additional factors significantly associated with 

both women’s and men’s participation in wage employment include age, education, 

religion, marital status, household head status, family size, having children aged 

less than five years in the household, wealth, non-labor income, and residence.  

The age of an individual is positively associated with participation in wage 

employment up to the age of 38 years. Every additional year of age is associated 

with a 2.5% higher chance of participation in wage employment in primary 

working age years. Education is also positively associated with participation in 

wage employment where individuals with a certificate and above level of education 

are 23.8% more likely to participate in wage employment and earn 25 percent more 

wage than individuals with no tertiary education. Household heads, individuals 

from wealthier households, and with children under five years are also more likely 

to participate in wage employment. Being married, Muslim, living in rural areas, 

and having a large family size and non-labor income is associated with a lower 

probability of participation in paid employment. Compared to their male 

counterparts, married women show less participation while women from wealthier 

households are more likely to participate in wage employment. The negative 

influence of marriage on wage employment of women than men may be associated 

with the increased domestic responsibility (running the household and childcare) of 

women after marriage which reduces their chance of participation in paid work 

outside the home.  Social norms and traditional gender roles often force married 

women to take a larger share of the household responsibility compared to their 

partner. Results from the wage equation show that in addition to education, an age 

that is included as a proxy for experience is also significantly associated with wage 

controlling for types of occupations. Every additional year of age (experience) is 

associated with a 4.8% increase in wage until the age of 45 years. 

Looking into the women-only sample, women’s participation and wage are 

significantly associated with age, education, religion, marital status, household 

headship, family size, the existence of children under five years in the household, 

wealth, non-labor income, and residence.7 Women’s additional years of age are 

associated with a 2.6% higher chance of participation in wage employment and 6% 

 
7 The estimation on the women’s only sample shows no evidence of a sample selection 

problem in estimating the wage equation given that the coefficient on the Hackman lambda 

is insignificant. 
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higher wage in primary working years of age respectively. Women having a 

certificate and education also have a 24.4% higher chance of participation and earn 

51% higher wages than women with no such education. To further assess the 

relevance of education for women’s participation in wage employment, a separate 

analysis using categorical education variable is conducted and the results are 

presented in the Appendix Table A3. The results show that compared to women 

with primary education, having tertiary education specifically a diploma, first 

degree and graduate degree matters more for women to participate in wage 

employment and earn a higher wage. The importance of having tertiary education 

for women's participation in wage employment is also established by previous 

studies (see Cameron et al., 2001; Ince, 2010; Khanie, 2019; Wainerman, 1980). 

Though education, in general, is important in enhancing women's participation in 

the labor force, it should go beyond primary and secondary education if women 

want access to better paid jobs. However, given the current status of women's 

education in Ethiopia is low a short-term policy action should focus on creating job 

opportunities that take in to account the current education level of women in the 

country.  

 



Helen and Lamessa: Assessing Gender Gap in Wage and Self -Employment: Evidence from Ethiopia  

 

 
56 

Table 4: Participation in wage employment (Heckman Selection Model, pooled sample) 

Variables 

With no interaction With interaction 

(1) (2) (3) (4) (5) (6) 

Logarithm of 

Hourly Wage 

Participation 

(coefficients) 

Participation 

(margins) 

Logarithm of 

Hourly Wage 

Participation 

(coefficients) 

Participation 

(margins) 

Female -0.430*** -0.411*** -0.126*** -0.544 -0.112 -0.0348 

 (0.0419) (0.0308) (0.00933) (0.342) (0.231) (0.0714) 

Age 0.0480*** 0.0831*** 0.0254*** 0.0508*** 0.0963*** 0.0298*** 

 (0.00950) (0.00636) (0.00194) (0.0117) (0.00859) (0.00266) 

Age square  -0.000526*** -0.00108*** -0.000330*** -0.000544*** -0.00117*** -0.000362*** 

 (0.000120) (7.78e-05) (2.38e-05) (0.000142) (0.000100) (3.11e-05) 

Certificate and above 0.258*** 0.777*** 0.238*** 0.161** 0.742*** 0.230*** 

 (0.0608) (0.0367) (0.0104) (0.0654) (0.0481) (0.0141) 

Religion (Base=Christian)       

Muslim   -0.259*** -0.0781***  -0.258*** -0.0789*** 

  (0.0384) (0.0114)  (0.0386) (0.0116) 

Others   -0.180 -0.0550  -0.151 -0.0471 

  (0.198) (0.0588)  (0.197) (0.0600) 

Married   -0.137*** -0.0421***  0.0307 0.00952 

  (0.0347) (0.0106)  (0.0595) (0.0184) 

Household head  0.315*** 0.0964***  0.152** 0.0471** 

  (0.0371) (0.0113)  (0.0597) (0.0185) 

Family size   -0.0693*** -0.0212***  -0.0840*** -0.0260*** 

  (0.00796) (0.00242)  (0.0106) (0.00328) 

Children under 5 years  0.127*** 0.0390***  0.151*** 0.0468*** 

  (0.0361) (0.0111)  (0.0498) (0.0154) 

Dependency ratio   -0.0239 -0.00731  -0.0290 -0.00899 

  (0.0267) (0.00816)  (0.0384) (0.0119) 

Wealth index   0.0118*** 0.00362***  0.00451 0.00140 

  (0.00277) (0.000848)  (0.00344) (0.00106) 
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Non-labor income   -0.0118*** -0.00362***  -0.0108** -0.00335** 

  (0.00353) (0.00108)  (0.00485) (0.00150) 

Formal credit   -0.0780 -0.0239  -0.137 -0.0424 

  (0.132) (0.0405)  (0.173) (0.0537) 

Health problem   -0.0543 -0.0166  -0.270** -0.0835** 

  (0.0868) (0.0265)  (0.126) (0.0392) 

Rural   -0.686*** -0.210***  -0.702*** -0.218*** 

  (0.0394) (0.0123)  (0.0402) (0.0127) 

Occupation 3(a) 0.288**   0.288**   

 (0.127)   (0.126)   

Occupation 8 0.354***   0.344***   

 (0.131)   (0.130)   

Occupation 10 -0.321**   -0.301**   

 (0.127)   (0.126)   

Lambda  -0.175***   -0.156***  

  (0.0550)   (0.0543)  

Female and, certificate and above    0.337*** 0.102 0.0315 

    (0.0813) (0.0740) (0.0230) 

Female and married     -0.394*** -0.122*** 

     (0.0796) (0.0247) 

Female and Wealth index     0.0119*** 0.00369*** 

     (0.00420) (0.00130) 

Female and, Illness/Injury     0.425** 0.132** 

     (0.174) (0.0540) 
       

Regional dummy  Yes Yes  Yes Yes 

Constant 2.210*** -2.078***  2.150*** -2.292***  

 (0.248) (0.122)  (0.292) (0.159)  

Observations 16,773 16,773 2,506 16,773 16,773 2,506 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

Note: (a) only occupations which significantly affect wages are reported in the table. 
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Looking into the women-only sample, women’s participation and wage are 

significantly associated with age, education, religion, marital status, household 

headship, family size, the existence of children under five years in the household, 

wealth, non-labor income, and residence.10 Women’s additional years of age are 

associated with a 2.6% higher chance of participation in wage employment and 6% 

higher wage in primary working years of age respectively. Women having a 

certificate and education also have a 24.4% higher chance of participation and earn 

51% higher wages than women with no such education. To further assess the 

relevance of education for women’s participation in wage employment, a separate 

analysis using categorical education variable is conducted and the results are 

presented in the Appendix, Table A3. The results show that compared to women 

with primary education, having tertiary education specifically a diploma, first 

degree and graduate degree matters more for women to participate in wage 

employment and earn a higher wage. The importance of having tertiary education 

for women's participation in wage employment is also established by previous 

studies (see Cameron et al., 2001; Ince, 2010; Khanie, 2019; Wainerman, 1980). 

Though education, in general, is important in enhancing women's participation in 

the labor force, it should go beyond primary and secondary education if women 

want access to better paid jobs. However, given the current status of women's 

education in Ethiopia is low a short-term policy action should focus on creating job 

opportunities that take in to account the current education level of women in the 

country.  

Marital status, residence, family size, and non-labor income are factors 

which associate with less participation of women in wage employment. Previous 

studies found that marriage (especially early marriage) reduces the educational 

attainment and literacy of women leading to less chance of securing wage 

employment (Field et al., 2018; Mariara et al., 2018). Women living in rural areas 

also show less participation. In rural areas of most developing countries, agriculture 

is the dominant economic activity and wage employment is scarce. The situation is 

not different in Ethiopia where women in rural areas of the country face both 

demand and supply-side labor market constraints to participate in wage 

employment. Rural women have less education attainment and access to wage 

 
10 The estimation on the women’s only sample shows no evidence of a sample selection 

problem in estimating the wage equation given that the coefficient on the Hackman lambda 

is insignificant. 
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employment than those living in urban areas. Large family size is often associated 

with an increased burden of household work and responsibilities for women which 

leads to fewer chances of participation in paid work outside of the home. Having 

more non-labor household income reduces the pressure to work as long as the 

family income need is satisfied with non-labor income sources (see Psacharopoulos 

& Tzannatos, 1989). Household headship and wealth are factors that positively 

associate with women’s participation in wage employment. The responsibility that 

comes with household headship to provide for dependent family members (and 

herself) may explain the higher participation of women household heads in wage 

employment. The positive association between wealth and wage employment can 

potentially be a reverse causality where wage employment contributes to higher 

wealth.  

 

Table 5: Participation in wage employment (Heckman Selection Model, 

Women only sample) 

Variables 

(1) (2) (3) 

Logarithm of 

hourly wage 

Participation 

(coef.) 

Participation 

(margins) 

    

Age 0.0593*** 0.0904*** 0.0262*** 

 (0.0143) (0.0107) (0.00310) 

Age squared  -0.000732*** -0.00126*** -0.000365*** 

 (0.000195) (0.000140) (4.08e-05) 

Certificate and above 0.510*** 0.842*** 0.244*** 

 (0.0895) (0.0569) (0.0157) 

Religion (Base=Christian)    

Muslim   -0.200*** -0.0564*** 

  (0.0587) (0.0161) 

Others   -0.255 -0.0708 

  (0.340) (0.0882) 

Married   -0.361*** -0.104*** 

  (0.0533) (0.0155) 

Household head  0.217*** 0.0627*** 

  (0.0612) (0.0177) 

Family size   -0.0746*** -0.0216*** 

  (0.0125) (0.00364) 
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Variables 

(1) (2) (3) 

Logarithm of 

hourly wage 

Participation 

(coef.) 

Participation 

(margins) 

Children under 5 years11  0.0902* 0.0261* 

  (0.0539) (0.0156) 

Dependency ratio  -0.00784 -0.00227 

  (0.0384) (0.0111) 

Wealth index   0.0159*** 0.00462*** 

  (0.00409) (0.00118) 

Non-labor income   -0.0122** -0.00353** 

  (0.00523) (0.00151) 

Formal loan  0.0320 0.00925 

  (0.203) (0.0589) 

Illness/Injury   0.149 0.0432 

  (0.120) (0.0348) 

Rural  -0.671*** -0.194*** 

  (0.0676) (0.0201) 

Occupation10(a) -0.373*   

 (0.218)   

Regional dummy   Yes Yes 

    

lambda  0.00791  

  (0.0714)  

Constant 1.316*** -2.531***  

 (0.356) (0.193)  

    

Observations 8,859 8,859 930 

Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Note: (a) only occupations which significantly affect wages are reported in the table   

 
11 The positive association of having children under five to female participation in wage 

employment is contrary to expectation but it should be noted that the variable indicates 

“women who live in households having children under five years old” rather than “women 

who have children under five years old” because the latter one could not be identified from 

the dataset. Therefore, the under five children might not be necessarily the woman under 

consideration. A sensitivity analysis is conducted including an interaction term “household 

head*children under five years” assuming that for a woman household head, the children 

under the age of five are most likely to be her own. The coefficient on the interaction term 

is found to be negative but insignificant.   
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5.2 Participation in self-employment 

 

This section assesses the gender gap in self-employment and factors which 

associate with men’s and women’s decisions of owning non-farm enterprises. The 

section will also identify the existing gender gap in business sales and the factors 

which explain such gaps. Table 6 presents estimation results on factors affecting 

participation in self-employment and sales of non-farm enterprises. When it comes 

to self-employment (ownership of a non-farm business), women have a 2.2% 

higher chance of participation than men controlling for various individual and 

household characteristics. Women entrepreneurs however make 54.4% less average 

monthly sales than their men counterparts. This is could be due to the small size of 

women enterprises compared to their men counterparts as indicated by the 

significantly lower operating cost. Previous studies in Ethiopia also show that 

women entrepreneurs face various impediments in expanding business sales where 

most women sell their products and services in local markets having less access to 

wider and more profitable markets (Alene, 2020; Assefa & Cheru, 2018; 

Gebremariam, 2017; Abagissa, 2013; Solomon, 2010; Eshetu & Zeleke, 2008). In 

the current data, about 75% of women non-farm enterprise owners sell their 

products to local customers. This indicates that women entrepreneurs face limited 

market and business linkages where most of them transact directly with customers 

without much use of intermediaries limiting their prospects of networking and 

growth.  

In the pooled sample, age, education, marital status, household headship, 

family size, wealth, and residence are significant factors which associate with 

participation in self-employment. Individuals’ age, being married and household 

wealth have a significant positive association with participation in self-employment 

while education, family size, and living in rural areas have a significant negative 

association. In particular, individuals having a certificate and above show a 6% less 

chance of participation in self-employment. Among owners of a non-farm business, 

the majority have a level of education that is below tertiary where 30% are not 

educated and 57% have only primary or secondary education (see Table 2). A 

similar result is found in the women-only sample where women with tertiary 

education are 5% less likely to participate in self-employment. Only 9.6% of 

women non-farm business owners have tertiary education. This shows that women 

with tertiary education are more likely to engage in wage employment than self-
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employment. The result is consistent with the higher participation of women with 

tertiary education in wage employment, which was found in the previous section.  

Education however is positively associated with sales of an enterprise 

where owners having a certificate and above make 36.5% higher sales. A business 

sale in wealthier households is also 4% higher. Enterprises having business licenses 

make 21% higher sales than those with no license. The number of hired workers 

and total production cost are also positively associated with sales.  Sale is 

negatively associated with the regularity of activity whereas enterprises with 

seasonal business activity show 16.2% fewer sales. In the women-only sample, 

religion, household head status, family size, and residence also significantly 

determine participation in self-employment. Muslim women and those having a 

large family size and living in rural areas have less participation while women 

household heads have higher participation in self-employment.  
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Table 6: Participation in self-employment and sales of non-farm enterprises 

Variables 

Pooled (Men and Women) Women only 

(1) (2) (3) (4) (5) (6) 

Participation 

(Coeff.) 

Participation 

(margins) 

Logarithm of 

Sales 

Participation 

(Coeff.) 

Participation 

(margins) 

Logarithm of 

Sales 

Female 0.142*** 0.0221*** -0.544***    

 (0.0332) (0.00515) (0.0876)    

Age 0.0796*** 0.0123*** 0.00602 0.122*** 0.0179*** 0.00730 

 (0.00650) (0.00101) (0.0180) (0.00995) (0.00146) (0.0249) 

Age square -0.0010*** -0.00016*** -0.00026 -0.00153*** -0.00022*** -0.00028 

 (7.79e-05) (1.21e-05) (0.000217) (0.000126) (1.85e-05) (0.000314) 

Certificate and above -0.432*** -0.0670*** 0.365*** -0.353*** -0.0515*** 0.272 

 (0.0480) (0.00745) (0.130) (0.0763) (0.0112) (0.205) 

Religion (Base=Christian)      

Muslim -0.00387 -0.000601 0.330*** -0.118** -0.0169** 0.514*** 

 (0.0383) (0.00594) (0.0939) (0.0556) (0.00782) (0.131) 

Others -0.252 -0.0340 -0.533 -0.363 -0.0451 -0.955 

 (0.203) (0.0236) (0.586) (0.294) (0.0288) (0.682) 

Married  0.0989*** 0.0153*** 0.119 0.0681 0.00995 0.170 

 (0.0356) (0.00552) (0.0909) (0.0511) (0.00746) (0.126) 

Household head 0.690*** 0.107*** 0.122 0.679*** 0.0992*** 0.0754 

 (0.0387) (0.00599) (0.0988) (0.0549) (0.00799) (0.132) 

Family size  -0.0293*** -0.00454*** 0.0237 -0.0312*** -0.00456*** 0.0309 

 (0.00790) (0.00123) (0.0204) (0.0111) (0.00163) (0.0276) 

Children under 5 years 0.0191 0.00297 -0.0659 0.0271 0.00395 -0.188 

 (0.0366) (0.00568) (0.0932) (0.0507) (0.00742) (0.121) 
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Dependency ratio 0.0165 0.00256 -0.0262 -8.97e-05 -1.31e-05 -0.0460 

 (0.0236) (0.00367) (0.0583) (0.0304) (0.00445) (0.0726) 

Wealth index  0.0172*** 0.00267*** 0.0420*** 0.00555 0.000811 0.0385*** 

 (0.00300) (0.000466) (0.00790) (0.00423) (0.000619) (0.0104) 

Non-labor income  -0.00279 -0.000433 0.0149 -0.00265 -0.000388 0.00249 

 (0.00366) (0.000567) (0.00931) (0.00506) (0.000739) (0.0121) 

Formal loan 0.178 0.0276 0.146 0.206 0.0301 0.169 

 (0.117) (0.0182) (0.266) (0.168) (0.0245) (0.368) 

Illness/Injury  0.0710 0.0110 -0.225 0.0193 0.00282 -0.0755 

 (0.0771) (0.0120) (0.188) (0.104) (0.0152) (0.240) 

Licensed enterprise    0.215**   0.0995 

   (0.0972)   (0.142) 

Seasonal activity    -0.162**   -0.363*** 

   (0.0807)   (0.109) 

Hired workers    0.00277***   0.00290 

   (0.000713)   (0.0148) 

Log total cost   0.179***   0.218*** 

   (0.0126)   (0.0184) 

Rural  -0.467*** -0.0724*** -0.546*** -0.375*** -0.0548*** -0.560*** 

 (0.0374) (0.00580) (0.0960) (0.0521) (0.00763) (0.122) 

Regional dummy Yes Yes Yes Yes Yes Yes 

Constant -2.710***  6.315*** -3.264***  5.521*** 

 (0.124)  (0.354) (0.181)  (0.498) 

Observations 16,822 16,822 1,601 8,889 8,889 807 

R-squared   0.403   0.421 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
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5.3 Decomposing and explaining the wage and sales gap 

 

Results from the Blinder-Oaxaca decomposition analysis are presented in 

Tables 7 and 8. The unconditional wage gap between men and women is estimated 

to be 62.7%. The Blinder-Oaxaca decomposition analysis indicated that 26.2% of 

the gender wage gap is explained by the variables included in the model where the 

largest share of 73.8% remained unexplained. The decomposition model divides 

group differences in outcome variables into a part that is explained by differences 

in observed characteristics between genders (i.e., different levels of endowments) 

and a residual part that cannot be accounted for by observed predictors. The group 

differences attributable to different means of observed characteristics between 

groups are generally called the part of the wage gap that is “explained,” while the 

residual difference is referred to as the part that is “unexplained.” Assuming there 

are no unobserved predictors in the model, the “unexplained” part is often used as a 

measure for discrimination. 

 

Table 7: Wage gap decomposition 

Variables 
(1) (2) 

Differential Decomposition 

   

Mean log wage (Men) 3.180***  

 (0.0261)  

Mean log wage (Women) 2.553***  

 (0.0302)  

Difference 0.627***  

 (0.0399)  

Explained  0.164*** 

  (0.0299) 

Unexplained  0.463*** 

  (0.0441) 

   

Observations 2,506 2,506 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

To evaluate how much of the explained and unexplained gender pay gap is 

attributed to which explanatory variable, a detailed decomposition analysis is 
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conducted, and results are reported in Table 8. Only coefficients of variables that 

significantly account for the explained and unexplained wage gap are reported. The 

explained part of the wage differential is accounted by differences in age (23.2%), 

education (6.7%), religion (7.8%), marital status (14%), household headship 

(25.6%), and wealth (32.3%). Together, the two occupation categories (8 – plant 

and machine operators and assemblers and 10 – army members) account for 56% of 

the explained wage gap. Factors that significantly contribute to the unexplained 

gender pay gap are education, marital status, and family size.  

 

Table 8: Factors explaining the wage gap 

Variables 
(1) (2) 

Explained Unexplained 

Age 0.209***  

 (0.0434)  

Age square -0.171***  

 (0.0372)  

Certificate and above 0.0110* -0.0694** 

 (0.00657) (0.0328) 

Religion (1=Muslim) 0.0128***  

 (0.00459)  

Married  0.0231** -0.101* 

 (0.0116) (0.0526) 

Household head 0.0420**  

 (0.0184)  

Family size   -0.233*** 

  (0.0792) 

Wealth index  -0.0530***  

 (0.00976)  

Occupation8 0.0556***  

 (0.0157)  

Occupation10 0.0364**  

 (0.0147)  

Total 0.164*** 0.463*** 

 (0.0299) (0.0441) 

   

Observations 2,506 2,506 
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Table 9 and 10 presents the results of the Blinder-Oaxaca decomposition 

analysis for the sales gap. Similar to wage gap analysis, only coefficients of 

variables that significantly account for the explained and unexplained sales gap are 

reported in Table 10. Based on the decomposition model, the unconditional sales 

gap between men and women non-farm enterprise owners is estimated to be 80.6% 

where 36% of it is explained by predictors included in the model.   

 

Table 9: Sales gap decomposition  

Variables 
(1) (2) 

Differential Decomposition 

   

Mean log sales (Men) 8.009***  

 (0.0649)  

Mean log sales (Women) 7.203***  

 (0.0602)  

Difference 0.806***  

 (0.0885)  

Explained  0.290*** 

  (0.0748) 

Unexplained  0.516*** 

  (0.0926) 

   

Observations 1,601 1,601 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

The explained part of the gender sales gap is accounted by the difference in 

education (9%), religion (5.9%), wealth (17%), business license (14.5%), operating 

cost (27%), and residence (8.7%). Factors that significantly contribute to the 

unexplained portion of the gender sales gap are religion, marital status, wealth, 

seasonality of business activity, and operating cost.  
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Table 10: Factors explaining the sales gap  

Variables 
(1) (2) 

Explained Unexplained 

Above certificate  0.0261***  

 (0.0100)  

Religion (1=Muslim) 0.0172* -0.106** 

 (0.0102) (0.0478) 

Married   -0.311** 

  (0.146) 

Wealth Index  0.0494*** 0.190** 

 (0.0190) (0.0787) 

Licensed enterprise  0.0423**  

 (0.0209)  

Seasonal activity   0.125** 

  (0.0541) 

Log total cost  0.0785** -0.469** 

 (0.0305) (0.199) 

Rural  0.0253*  

 (0.0140)  

Total 0.290*** 0.516*** 

 (0.0748) (0.0926) 

Observations 1,601 1,601 

 

6. Conclusion and Policy Implications 

6.1. Conclusion  

 

The participation of women in the labor market shows great disparity 

across various regions of the world. Such differences are attributed to a range of 

factors including the level of economic development, education attainment, social 

norms, fertility rate, national policies, and access to support systems such as child 

care. Ethiopia is showing notable improvement in addressing gender gap in various 

social and political domains. However, the gender gap in economic participation is 

still significant and extra effort is required to increase women’s participation in the 

labor force. In the sight of this, the study analyzes the status of the gender gap in 

labor force participation and, factors that influence men’s and women’s decision to 

work and how much to work in wage and self-employment. The study mainly 

utilizes the recent round (2018/19) Ethiopia Socioeconomic Survey (ESS) to meet 

its objectives.  
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Women are found to have significantly lower participation in wage 

employment and earn a lower wage than men controlling for individual and 

household characteristics. Age, education, household headship, and wealth are 

factors that significantly associate with women’s participation in wage 

employment. In particular, though women's education, in general, is crucial in 

boosting their participation in wage employment, tertiary education is found to be 

more relevant than primary and secondary education. Married women show less 

participation in wage employment compared to their male counterparts. Similarly, 

residence in rural areas, having a large family size and non-labor income are factors 

which associate with less participation of women in wage employment. Women 

household heads and those from wealthier households are more likely to participate 

in wage employment. 

Women have a relatively higher chance of participation in ownership of 

non-farm household businesses compared to men while controlling for various 

individual and household characteristics. However, the sales of women-owned 

enterprises are significantly lower than their men counterparts. Education 

negatively associates with women’s participation in self-employment where 

women having tertiary education are less likely to own non-farm enterprises. 

Education however is associated with higher business sales. Additional factors that 

are positively associated with business sales include a business license, the number 

of hired workers, and operating costs. Results from the descriptive analysis 

however show that women-owned enterprises seem to perform less in terms of 

business legalization, the number of hired workers, and firm size. Moreover, 

women with large family sizes and those living in rural areas show less 

participation in self-employment.    

The Blinder-Oaxaca decomposition analysis indicated that the 

unconditional wage gap between men and women is 62.7% where 26.2% of the 

gender wage gap is explained and the remaining 73.8% is unexplained. Age, 

education, religion, marital status, household headship, wealth, and occupation are 

factors that account for the explained part of the wage gap. For non-farm enterprise 

owners, the unconditional sales gap between men and women is estimated at 80.6% 

where 36% of it is explained by variables included in the model. The explained part 

of the gender gap in sales is accounted for by the difference in education, religion, 

wealth, business license, operating cost, and residence.  
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6.2 Policy Implications 
 

Education is found to be very important for women’s participation in the labor 

force. The findings from this study show that having tertiary education matters more 

for participation in wage employment. The participation of women in wage 

employment is found to be lower compared to men and those who participate tend to 

concentrate on elementary and service-related jobs. Therefore, if women are to work in 

better-paid jobs their education attainment should expand beyond primary education. 

Higher education attainment will result in better earnings, the increased opportunity 

cost of not working, and a higher chance of getting decent jobs. All of these will serve 

as a pull factor in helping women to overcome socio-economic constraints limiting 

them to work in income-generating activities outside of the home. Better education for 

women is also important in narrowing the observed wage and sales gap between men 

and women. However, given that the current education level of women in Ethiopia is 

limited, short-term actions should focus on creating job opportunities that fit the 

existing education profile of women in the country. In addition, it should be noted that 

jobs that require a higher level of education are limited in nature and hence simply 

expanding the education attainment of women will not grantee them being employed in 

better jobs. The labor market should be diversified to accommodate women with 

different levels of education and types of skills.   

Similarly, though women have higher participation in ownership of non-

farm employment, a large majority of self-employed women work in retail trade. 

Increasing the active participation of women in the labor market is crucial but 

ensuring whether the participation is empowering or not should also be given due 

attention. This is important because in many developing countries women join the 

labor force due to distress often as a surviving strategy in response to economic 

hardships and shocks faced by their household. Such economic activities are often 

disempowering and reinforce the traditional gender role of women. The quality of 

work that women can access and engage in is thus equally important as the rate of 

participation. Unless interventions aimed at increasing the economic participation 

of women go beyond numbers and take the quality of work into consideration, the 

sustainability of achievements will be in question. Women who participate in the 

labor market as a coping mechanism to economic shocks often leave the labor 

market as soon as it is affordable to do so. 

Among social factors, marital status is found to be a key factor in 

influencing women’s decision to work and how much to work. In particular, 

married women show less overall participation in the labor market and particularly 
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in wage employment. Married women also work fewer hours. Marriage reduces 

women’s participation in the labor market through various channels. First, marriage 

especially early marriage reduces the educational attainment of women decreasing 

the chance of getting paid jobs. Second, after marriage, the household 

responsibility of women increases tremendously with child bearing. If marriage is 

accompanied by higher fertility, the chance of a woman to participate in economic 

activities will become even less because the opportunity cost of participating in the 

labor market will upsurge. Third, social and cultural norms also restrict the labor 

force participation of married women with children. In Ethiopia, especially in rural 

areas, the role of married women is often restricted to taking care of families and 

children. The attitude and education level of the married woman’s husband and 

other family members also shapes her participation in the labor force. Increasing 

the economic participation of married women thus requires interventions ranging 

from gradually changing traditional social norms to establishing support systems 

that assist them to take part in productive economic activities. Gender-sensitive 

labor policies which include paid maternity leave and adequate and affordable child 

care services are important to enhance the labor force participation of a married 

woman. Such interventions are also vital in reducing the double burden faced by 

working married women.  

Non-farm women enterprise owners seem to perform less in terms of sales, 

business legalization, and firm size. Government support programs thus should give 

special emphasis to women entrepreneurs. Such programs should encourage non-farm 

women enterprise owners to legalize their businesses. Having a business license will 

assist them to go out of the informal sector, expand their production/services, and have 

better access to finance and other government support services (such as working 

premises). An intermediary that facilitates and finances the transition of women-owned 

enterprises from informal to formal, and from micro to small and medium-scale 

enterprises should be included as part of government support programs. Most women 

sell their products to immediate local customers. Limited market access means fewer 

customers, tight competition with local sellers, lower prices, lesser returns, and reduced 

potential to grow. Women entrepreneurs thus need support to access broader and more 

rewarding markets. Government and NGO-supported programs can assist women by 

giving training that enhance women’s knowledge and skill on how to build business 

networks, exploit wider markets and advertise their products/services. Providing the 

required resource for market expansion, skill training and exhibitions are some of the 

actions that can be taken by the government and NGOs to expand the market access 

and sales of women entrepreneurs.   
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Appendix 
 

Table A1: Definitions of Variables included in the Estimation Models 

Variables  Description  

Individual level factors 

Female Dummy=1 if female  

Age  Age in years  

Age square  Square of age  

Education  
Dummy=1 if an individual has a certificate and above level of 

education  

Religion (base 

category=Christian)  
1 = Muslim, 2 = Others (traditional and pagan) 

Marital status  Dummy =1 if an individual is married, 0 otherwise  

Household head status  Dummy =1 if an individual is a household head, 0 otherwise 

Illness/Injury   
Dummy =1 if the individual faced a health problem (illness or 

injury) within a month's time 

Household level factors 

Family size  Number of household members  

Children under 5 years 
Dummy=1 if there are children aged 5 years and below in the 

household  

Dependency ratio Household dependency ratio 

Wealth index  
Household wealth is constructed based assets of the 

household members  

Non-labor income  Household total income from various non-labor sources  

Formal loan Dummy=1 if the household received a formal loan 

Job-related factors 

Types of occupation (base 

category = Legislators, senior 

government officials, and 

managers) 

1. Legislators, senior government officials, and managers 

2. Professionals/Science professional   

3. Technicians and associate profession 

4. Clerks, office clerks 

5. Service workers and shop and market 

6. Skilled agricultural and fishery workers 

7. Craft and related trades workers 

8. Plant and machine operators and assemblers  

9. Elementary occupations, sales, and service  

10. Member of the armed forces 

Geographical factors 

Residence  Dummy =1 if an individual life in a rural area and 0 otherwise  

Enterprise related factors 

Licensed enterprise   Dummy=1 if the non-farm enterprise has a business license  

Hired workers  Number of workers hired by the non-farm enterprise  

Total cost  Total operating cost of the non-farm enterprise  

Seasonal activity  Dummy=1 if the enterprise’s activity is seasonal 
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Table A2: Summary Statistics  

Variables 

Pooled (Men and 

Women) 

Women only 

sample 
Men only sample 

Mean 
Std. 

dev. 
Mean 

Std. 

dev. 
Mean 

Std. 

dev. 
       

Wage employed 0.149 0.356 0.105 0.307 0.199 0.399 

Self-employed 0.100 0.301 0.093 0.290 0.109 0.312 

Sex 0.530 0.499 1.000 0.000 0.000 0.000 

Age 33.555 15.497 32.966 15.043 34.218 15.968 

Certificate and above 0.107 0.309 0.081 0.274 0.135 0.342 

Religion (1=Muslim) 0.380 0.485 0.374 0.484 0.387 0.487 

Married 0.553 0.497 0.543 0.498 0.565 0.496 

Household Head 0.399 0.490 0.238 0.426 0.580 0.494 

Family Size 5.129 2.457 5.037 2.448 5.232 2.464 

Children under 5 years 0.450 0.498 0.461 0.499 0.438 0.496 

Dependency ratio 0.767 0.782 0.802 0.819 0.727 0.736 

Wealth Index 4.304 6.900 4.568 7.047 4.006 6.718 

Non-labor income 2.580 4.051 2.724 4.119 2.418 3.968 

Formal credit 0.012 0.111 0.012 0.108 0.013 0.114 

Health problem 0.035 0.184 0.039 0.194 0.031 0.173 

Residence (1=Rural) 0.467 0.499 0.452 0.498 0.485 0.500 
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Table A3: Participation in wage employment (Heckman Selection Model, 

Women only sample with categorical education variable) 

Variables 

(1) (2) (3) 

Logarithm of 

Hourly Wage 

Participation 

(coeff.) 

Participation 

(margins) 
    

Age  0.0578*** 0.0905*** 0.0260*** 

 (0.0140) (0.0107) (0.00311) 

Age Squared  -0.000696*** -0.00124*** -0.000357*** 

 (0.000190) (0.000140) (4.07e-05) 

Education (Base=Primary Education)  

Not Educated  -0.0870 -0.130** -0.0375** 

 (0.0827) (0.0644) (0.0185) 

Secondary Education  0.0720 -0.0185 -0.00533 

 (0.0773) (0.0613) (0.0176) 

Tertiary (Certificate)  0.148 0.282** 0.0811** 

 (0.154) (0.129) (0.0372) 

Tertiary (Not completed)  0.289* 0.182 0.0523 

 (0.153) (0.128) (0.0368) 

Tertiary (Diploma) 0.430*** 0.884*** 0.254*** 

 (0.112) (0.0852) (0.0240) 

Tertiary (First degree) 0.876*** 0.954*** 0.274*** 

 (0.119) (0.0923) (0.0255) 

Tertiary (Graduate degree) 1.070*** 1.257*** 0.361*** 

 (0.186) (0.222) (0.0625) 

Religion (Base=Christian)     

Muslim  -0.190*** -0.0536*** 

  (0.0593) (0.0163) 

Others   -0.190 -0.0536 

  (0.333) (0.0893) 

Married  -0.363*** -0.104*** 

  (0.0538) (0.0155) 

Household head  0.214*** 0.0616*** 

  (0.0619) (0.0178) 

Family size  -0.0749*** -0.0215*** 

  (0.0126) (0.00363) 

Children under 5 years   0.0918* 0.0264* 

  (0.0541) (0.0156) 
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Variables 

(1) (2) (3) 

Logarithm of 

Hourly Wage 

Participation 

(coeff.) 

Participation 

(margins) 

Dependency ratio  0.000897 0.000258 

  (0.0386) (0.0111) 

Wealth Index   0.0124*** 0.00358*** 

  (0.00425) (0.00122) 

Non-labor income  -0.0136*** -0.00390*** 

  (0.00525) (0.00151) 

Formal loan  0.0323 0.00930 

  (0.205) (0.0590) 

Illness/injury   0.137 0.0394 

  (0.121) (0.0349) 

Rural  -0.659*** -0.190*** 

  (0.0688) (0.0203) 
 

   

Observations 8,859 8,859 930 
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Abstract 
 

Enhancing the productivity of major cereal crops by narrowing the yield gap 

between achieved and potential is intrinsically linked with the improvement of the 

technical inefficiency of crop production. The study aims to explore yield gaps and 

technical inefficiency factors for major cereals (maize, wheat, tef, sorghum, and 

barley) using longitudinal data sets from 2007/2008 to 2020/2021 and agricultural 

field survey data sets from the Central Statistics Authority and other official data 

sources in Ethiopia. A panel stochastic frontier approach using a true fixed-effect 

model was applied to estimate the elasticity coefficients of production, determinants 

of technical inefficiency, and their scores. The result shows productivity of the 

major cereals steadily increasing over the last fifteen years, with a higher rate of 

increase from 2013/2014 onwards, particularly for maize. However, the yield 

increase recorded for all major crops in 2020/2021 was below average compared 

to achievable yield levels recorded. The elasticity coefficients estimates with respect 

to cultivated area, area covered with local seed, labor, chemical fertilizer, and 

pesticide spray had a positive and significant effect on the crop outputs, indicating 

the importance of these inputs to enhancing production and productivity. However, 

capital and local seed had significant negative effects on sorghum and maize 

outputs; while use of chemical fertilizer for maize output only. The level of 

technical efficiency (TE) of farming improved with an increase in irrigated areas, 
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extension service cover, amount of rainfall, and in some agroecologies. However, 

TE declined in moisture-sufficient agroecology for wheat and barley. Further, a 

mean TE score of 82.66% for maize, 85.04% for sorghum, 60.77% for wheat, 

52.65% for barley, and 88.62% for teff output indicates the existence of various 

levels of inefficiencies. The study recommends narrowing productivity gaps for the 

major cereals through improving the supply and utilization of agricultural inputs, 

expanding irrigation, improving access to better technology; strengthening the 

extension system; and strengthening the agriculture-supporting research system. 

 

Key words: Major cereal crops, yield gap, technical inefficiency, panel stochastic frontier, 

true fixed effect model, Ethiopia. 

JEL Classification: Q18 

 

1. Introduction 

 

The agriculture sector has been decisive in directing the overall path of the 

economy through its significant contribution to food security and serving as a 

source of foreign exchange with a share of 76% of merchandise exports and 

covering over 70% of raw material sources for domestic agro-processing industries. 

It also employs 65% of the labor force, provides livelihood for about 84% of the 

population, and contributed 32.7% of the total nation’s GDP in 2019/20 (NBE, 

2020). Although the Ethiopian government recognizes these facts, formulating 

proper strategic plans and policies is dependent on very close analysis of the 

characteristics and dynamics of the growth and factors affecting its performance 

across time.  

Given its contributions to the national economy, the agriculture sector is 

considered as one of the major sectors driving inclusive, sustainable economic 

growth in the government’s Ten-Year Development Plan (TYDP) to be implemented 

from the 2021 to 2030 periods. The plan lays out strategies for enhancing agricultural 

production and productivity, which include converting unutilized arable land, 

modernizing production systems, improving uptake of technology, expanding use of 

irrigation, mechanization, improving institutional support, and resilience to climate 

change. All these strategies are assumed to help Ethiopia realize its vision of 

becoming an African beacon of prosperity by 2030 (NPC, 2020). 

Cereals account 65 percent of the total share of agricultural GDP and are a 

major source of staple food crops in the country. It leads in area planted and 
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volume of production of grain crops (cereals, pulses, and oilseeds). During the 

2020/2021 cropping season, cereals were cultivated on 10.5 million ha of land, 

producing 30 million tons. This represented 81.19% and 88.36% of the total area 

and production for all grains, respectively (CSA, 2021). Among cereals, maize, 

teff, wheat, barley, and sorghum are important in terms of household-level 

consumption and dominate the smallholder farming system in Ethiopia (Alemayehu 

et al., 2011; Sisay et al., 2015; Fisseha et al., 2022). In 2020/2021, the maize 

accounted for 34.95% (2.53 million ha), wheat 19.14% (1.9 million ha), teff 

18.24% (2.93 million ha), sorghum14.96% (1.68 million ha), and barley 7.74% 

(0.93 million ha). In terms of productivity in 2020/21, maize national average was 

41.8 ha-1, wheat (30.5 ha-1), sorghum (26.9 ha-1), barely (25.5 ha-1), and teff 18.8 

ha-1. Despite the importance of these crops and efforts, the productivity of some is 

below-average compared to the African average (Anderson and Kay, 2010; Mann 

and Warner, 2015; Banchayehu et al., 2019). Previous studies on efficiency and 

productivity attested to poor infrastructure, inefficient marketing systems, 

inefficient production methods, and inaccessibility and poor use of agricultural 

inputs such as improved seeds, fertilizers, and agrochemicals as the main factors 

contributing to inefficiency and limiting crop productivity in Ethiopia (Arega and 

Rashid, 2005; Yu and Nin-Pratt, 2014; Sisay et al., 2015; and Yu et al., 2011). 

Understanding the levels of technical efficiency of crop and its determinants 

contributes to  the optimization of limited available resources, and opportunities for 

minimizing the yield gaps. In addition, according to previous empirical studies such 

as Alemayehu (2009), Alemayehu et al (2013), and Sisay et al (2015), crop output 

growth in Ethiopia has primarily been due to land expansion as compared to yield 

growth. Despite high yield growth rates, yield levels for most crops remain rather 

low and have shown signs of slowing down recently. A key question is, therefore, 

whether the country can sustain productivity increases to achieve further 

agricultural transformation in the face of declining additional cultivable land and 

the recent decline in productivity changes.  

Extensive empirical studies on TE analyses of specific crops in different 

parts of the country were carried out using cross-sectional data sets applying either 

parametric or non-parametric analytical approaches to estimate the level of TE and 

its determinants (Arega and Rashid, 2005; Endrias et al., 2010; Sisay et al., 2015; 

Abate et al., 2019; Assefa et al., 2019; Moges, 2019; Adugna et al., 2019). A 

parametric approach estimates the level of TE score using Stochastic Frontier 
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Analysis (SFA), while Data Envelopment Analysis (DEA) applies a non-parametric 

approach by applying either single or two-stage procedures for identifying 

determinants (Coelli et al., 2005). On the contrary, there are only a few empirical 

studies that were carried out on technical inefficiency analysis using longitudinal 

data sets employing single stage SFA in Ethiopia, such as Bachewe (2009) used 

19942004 periods, Merie et al (2018) used 1998/1999 to 2013/2014, and Anbes 

(2020) used 1994-2009 periods. Tenaye (2020) observed various farm practices of 

smallholders, including farm size, labor, oxen, precipitation, and other inputs such 

as seed, fertilizer, type of farm implement, soil fertility, and financial status, can 

contribute to time-varying inefficiency effects. However, there are practically no 

specific national representative studies that take into account relatively long period 

data sets in Ethiopia. The use of such types of panel data sets in single stage 

estimation technique has the advantage of separating technical inefficiency and 

unobserved heterogeneity in which the error term becomes time-invariant in panel 

stochastic frontier analysis (Kumbhakar, 1990; Battese and Coelli, 1992; Schmidt 

and Sickles, 1984; Greene, 2005a and b). Furthermore, the study aids to 

overcoming the underlying production rigidities, thereby assisting farmers in 

transforming the farming system, filling knowledge gaps, and directing future 

necessary policy intervention in Ethiopia. Hence, this study was carried out using 

the parametric approach of panel stochastic frontier analysis employing true-fixed 

effect using national level longitudinal data from 2007/2008 to 2020/2021. The 

study aimed to assess the trends of production and productivity and analyze the 

yield gaps and factors influencing technical inefficiency of production for the five 

major cereal crops in Ethiopia. 

 

2. Methodology  

 

Data types and sources: the study employed mainly annual agricultural 

field survey raw data in Meher crop season outputs obtained from the Central 

Statistics Authority (CSA) of Ethiopia covering the period from 2007/2008 to 

2020/2021. The Meher season, which runs from from June to September, is 

Ethiopia’s main crop-growing season accounting for 95.5 percent of total annual 

production. A total of 2,371 enumeration areas were included across the country, and 

the data were summarized for 51 crop growing zones before being merged with 

meteorological data with the same data reference for all periods. This dataset covered 
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the entire rural parts of the country except for the non-sedentary population (three 

zones of Afar and six zones of Somali regions) and detailed agriculture information 

on total crop area, the volume of crop production, and yield of major crops (maize, 

barley, wheat, sorghum, and teff) in Ethiopia was obtained from the CSA 2006/2007 

to 2010/2021 data set. Other relevant meteorological data sets (rainfall, minimum and 

maximum temperatures) corresponding to each year and crop growing period are 

obtained from the Ethiopian Meteorology Agency (EMA). Besides, secondary data 

was collected from the Ministry of Agriculture (MoA) of Ethiopia. 

Panel stochastic frontier model specification: Following Pitt and Lee 

(1981), whose pioneer work of longitudinal data and sub-sequent modifications 

made by Schmidt and Sickles (1984), Battese and Coelli (1988), and Cornwell et 

al. (1990), extended the parametric approach of stochastic frontier analysis using 

cross-sectional data for panel data.  

Assume the production frontier specified for panel data: 

 

Yit = f(Xit)τit
εit      (1) 

 

where Yit is crop output for zone i and at time t, where i ∈ (1,2,3 … .52) and t ∈

(2006/07 … 2020/21) and Xit are production inputs and other factors associated 

with zone i at time t. τit is the TE measure, with 0 < τit < 1, and εit constitutes the 

stochastic nature of the frontier.  

The Cobb-Douglas production function in loglinear form is specified using 

zone level longitudinal crop output and input data.  The panel stochastic frontier 

model estimates the technical change of production, which is captured by time 

dummies from 2006/07 to 2020/21 and time-varying technical inefficiency factors.  

The model has specified us; 
 

LnOutpuit = β0t + β1t ln(land) + β2t ln(labor) + β3t ln(Capital) +

β4t ln(Fertilizer) + β5t ln(lmproved seed) + β6t ln(lacal seed) +

β7t ln(Pesticides) + ∑ βt
2020/21
t=2006/07 Year + vit + μit    (2) 

 

Where “LnOutputit” it is the natural logarithms of total crop output in zone i and at 

time t. All inputs variables (land, labor, capital, fertilizer, improved seed, local 

seed, and pesticides) and the associated parameters from t1  to t7 are factors of 

production in zone i at time t, respectively. While itit  −
 are idiosyncratic and 
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inefficiency error term of zone i at time period t, respectively. Moreover, it
 and 

it
 are assumed to be independent of each other and independent and identically 

distributed across observations. 

Based on the above Cobb-Douglas production function in logarithmic specification, 

TE of zone i is defined as: 

 

τit = eμit        (3) 

 

is ranked a μN,t  ≤. . . ≤ μ2,t ≤ μ1,t Zone N produces with maximum TE of the total 

sampled zone’s. 

 

μit = φ0 + φ1(Irrigation) + φ2(Agriculture extension) + φ3(Temperature) +

φ3 (Rainfall) + φ3(agroecologies)+ δit      (4) 

 

Where it
 are technical inefficiency effects in the stochastic frontier model that are 

assumed to be independently but not identically distributed,  φi is vector of 

variables which influence technical efficiencies (irrigation in hectare, agriculture 

extension service coverage in hectare, average temperature and rainfall during 

Meher cropping seasons, and agroecologies which include moisture sufficient 

highlands, moisture sufficient midlands, and drought prone highlands, and δit is a 

random variable distributed as a truncated normal distribution with zero mean and 

variance σμ
2, consistent with the assumption of the inefficiency terms being 

distributed as truncated normal distribution.  

Empirical studies applied two analytical approaches for analyzing the 

determinants of technical inefficiency. The first approach is a two-stage estimation 

procedure in which the first TE scores are estimated and then, the efficiency score 

is taken as the dependent variable and is then, regressed on explanatory variables 

using separate econometrics models. This procedure has been criticized due to the 

difficulty of separating inefficiency from unobserved exogenous factors and hence 

provides biased results (Wang and Schmidt, 2002; Belotti et al., 2013). 

In response to these, Battese and Coelli (1992), Kumbhakar (1990), Greene 

(2005a and b), and Schmidt and Sickles (1984) developed a single-stage procedure 

for addressing the shortcoming using simultaneous estimation techniques.  In this 

study, true fixed effect model of Greene’s was selected because the farming system 

encounters unmeasured exogenous factors which are inherent in agriculture 
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(unobserved firm heterogeneity). Besides, the model also treats observed firm 

heterogeneity angles (Oumer et al., 2022). The use of such a model not only helped 

to disentangle inefficiency factors from unobserved heterogeneity, but also 

segregates time-invariant heterogeneity from time-varying inefficiency in panel 

data sets (Greene, 2005a and b). 

 

3. Results and discussions  

3.1 Descriptive statistics results   

3.1.1 Major cereal crops productivity trends  

 

The period from 2007/2008 to 2020/2021 was also marked by rapid growth 

in crop yields (growth defined as the ratio of the value of output to the area 

cultivated). Figure 1 reports crop yields for the period 2006/2007 to 2020/21. Yield 

levels of all cereals almost doubled from 14.4 q ha-1 in 2006/2007 to 28.66 at the 

end of the period. Similarly, yield levels of the five important major cereal crops 

(maize, teff, wheat, barley, and sorghum) in 2020/2021 were more than double the 

yield levels in 2006/2007, with the exception of sorghum and maize in 2020/2021.  

Figure 1 clearly shows that the major cereal crops’ productivity has steadily 

increased over the last fifteen years. A higher rate of 36 increase was observed for 

maize between 2013/2014 and 2020/2021, which shows the system has been more 

successful in transforming maize productivity compared with other crops (See also 

Annex Table 1). 

 

Figure 1: Trends of major cereal crops  
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Source: Authors’ computation using CSA annual reports (CSA Volume I: 2006/2007-2020/2021).  

3.1. 2 Yield gap analysis results 

 

Table 2 shows the estimation of the yield gap between the actual yields at 

the farmer’s level and potential yields from research field trials based on reports of 

the Ethiopian Agricultural Research Council Secretariat (EARCS) as well as from 

MoA variety registry profiles. The result shows the yield increase recorded for all 

major crops in 2020/2021 is lower than the average achievable yield levels, 

indicating widespread poor new technology adoption due to weak technology 

availability, poor extension, poor agronomy practices, and inefficiencies in crop 

production (Sisay et al., 2015; Banchayehu et al., 2019). Accordingly, the average 

yield gap that is, the difference between actual and achievable yield is 72.87% for 

major cereal crops. The actual average yield is estimated at 28.64 q ha-1 while the 

potential yield from on-station trials is 50.4 q ha-1 which shows a considerable 

yield gap across the major crops. The potential yield from on-station trials is only 

occasionally attained at some farmers’ fields, and the yield gap remains rampant. It 

is a potential space for pushing productivity levels further through effective 

technology intervention, training, and technology package scaling out. Attainment 

of high yield potential requires accelerated rates of genetic gain in yield-related 

traits and more technological inputs such as fertilizer, improved seeds, extension, 

and optimum management operations. Current genetic progress requires advanced 

techniques and increased understanding of morpho-physiological processes (such 

as enhanced radiation-use-efficiency, deeper root systems, optimized structural 

stem dray matter, increased fruiting efficacy/enhanced grain production, etc) to 

exploit traits either directly in breeding or through the development of high-level 

science-backed research such as molecular breeding, genomics, genome-editing, 

and fast track technology multiplication. 

 

Table 2: Actual versus achievable yields in 2020/21 

Major cereal crops Actual yield (Q/ha) Achievable Yield (Q/ha) Yield gap (%) 

Teff 18.82 32 70.03 

Wheat 30.46 60 96.98 

Maize 41.79 80 91.43 

Barely 25.25 35 38.61 

Sorghum  26.9 45 67.29 

Average  28.64 50.40 72.87 
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Source: Estimated based on EARCS Technology level assessment report. 

3.2 Panel stochastic frontier model results  
 

This section briefly discusses the results of the parameter estimate of the 

panel stochastic frontier using a Cobb-Douglas production function in the true fixed-

effect model. In the second sub-section, the results of factors affecting technical 

inefficiency and efficiency scores for the period from 2006/07 to 2020/2021 are 

presented.  

The result of the parameter estimates of the panel stochastic frontier using a 

Cobb-Douglas production function in the true fixed-effect model is given in Table 3. 

Labor is among the factors that make the largest contribution to changes in the output 

of all major cereal crops except for sorghum and barley from 2006/2007 to 

2020/2021. Labor is significant in all cereal crops except for wheat. The elasticity of 

output with respect to labor has positively and significantly influenced the respective 

outputs at an estimated elasticity value of 1.60 for maize, 0.24 for sorghum, 0.21 for 

barley, and 2.00 for teff crops. Labor did not affect the output of the wheat crop from 

2006/2007 to 2020/2021. Further, the result implies that the contribution of labor was 

most important in teff followed by maize but slightly less so in sorghum and barely 

crops. 

The elasticity of output with respect to the cultivated area is about 0.29 for 

sorghum and 0.26 for barley, which has positively and significantly affected output 

at 5 and 1 percent statistical significance levels in their respective orders. 

The elasticity of output with respect to the number of livestock (oxen 

power) used to plough land, which is a proxy for capital, is positively and 

significantly influencing the respective output change at an estimated value of 

equal to 0.12 percent for wheat, barley, and teff crops. Such an effect is associated 

with the number of times the traditional oxen-power used to plough the crop land 

has benefited crop output, which tends to be the case in areas with lower soil 

fertility levels. The result shows that the contribution of the number of livestock 

used to plow land was almost equally important in wheat, barley, and teff and less 

so in sorghum. Whereas oxen power has a negative and significant influence on 

sorghum crop output at 1% significance levels. The negative significant effect is 

associated with the overuse of traditional oxen-power due to repeated ploughings 

with little or no tread off in crop output (Temesgen et al., 2008, 2009). Several 

studies (Battese and Coelli, 1995; Kumbhakar and Heshmati, 1995; Villano et al., 

2015) in developing countries have reported similar negative elasticity effects of 

oxen power for agricultural production due possibly to overuse of the input. 
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The elasticity of output with respect to chemical fertilizer was about 0.07 

for sorghum and 0.11 for wheat, which has positively and significantly affected 

output at the 1 percent level of significance. While it negatively and significantly 

influences the output of maize and teff crops at 1% significance levels. The 

plausible reason for the negative result of chemical fertilizer on output might be  

the inappropriate utilization of chemical fertilizer as most farmers applied less than 

the recommended amount for maize and less responsiveness of fertilizer for teff 

crops. On the other hand, the estimated elasticity of improved seed is positively and 

statistically significant with an elasticity value of 0.07 for wheat from 2006/2007 to 

2020/2021, which indicates less contribution to changes in the output of most 

major cereal crops except wheat. 

The elasticity of output with respect to local seed is negatively and 

significantly influenced with a value of 0.61 for maize and 0.84 for teff crops. 

However, it positively affected output in sorghum, wheat, and barley crops with an 

elasticity value of 0.02, 0.14, and 0.16 from 2006/2007 to 2020/2021. Moreover, 

the estimated elasticity of pesticide is positively and statistically significant with an 

elasticity value of 0.10 for barley, 0.07 for sorghum, and 0.09 for barely output, 

while it negatively and significantly influenced the output of the wheat crop with an 

elasticity of 0.20. 

Estimates of time with production year using true fixed effect model results 

compare the aggregate production level of each period as a base category in 

2006/2007. The estimated level of aggregate production was positively and 

statistically significant in all years, which indicates better performance of crop 

production while in 2015/2016 it was negatively and statistically significant, 

showing less performance of production for most of the major cereals output except 

for barely. Similarly, the level of aggregate production estimates for the maize, 

sorghum, wheat, and teff crops in 2016/2017 were not statistically significant, with 

the exception of the negative statistically significant aggregate production of the 

barley crop which indicates less performant aggregate production compared to the 

production in 2015/2016.  The result might be due to the decline in area under 

crops in the fiscal year 2015/2016 due to the El-Nino induced drought that severely 

affected large parts of the crop producing areas of the country. This also had a 

magnitude effect on the following year despite improvements in the weather 

conditions, as many pockets of the low land areas had not been getting adequate 

rain for consecutive years. Farmers’ ability to use more input and improved 

technologies was threatened due to the extensive El-Nino drought of 2015/2016. 

Moreover, the study by Ethiopian Economics Association (EEA) (2017) reports 
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that the agriculture sector has been hit hard by the El-Nino effect in 2015/2016 and, 

to a lesser extent, in 2016/2017 than in any other years during the study period. As 

a result, food insecurity has increased and many farm households dependent on 

agriculture have become indebted and dependent on external assistance.  

 

Table 3: Panel Stochastic frontier using True Fixed Effect Model result, major 

cereal crops- 2006 to 2021 

Variables 
Maize Sorghum Wheat Barley Teff 

Coef. St.E Coef. St. E Coef. St. E Coef. St. E  Coef. St. E 

Land  0.12 0.123 0.29** 0.152 0.24 0.361 0.26* 0.674 -0.01 0.142 

Labor 1.60* 0.194 0.24*** 0.098 0.22 0.158 0.21** 0.092 2.00* 0.117 

Capital  0.19 0.080 -0.13* 0.019 0.12* 0.018 0.12* 0.145 0.12* 0.015 

Fertilizer  -0.11* 0.017 0.07* 0.014 0.11* 0.026 0.11* 0.014 -0.15* 0.026 

Imp. seed  0.00 0.156 -0.02 0.013 0.07* 0.018 0.02 0.090 -0.01 0.010 

Local seed -0.61* 0.312 0.22* 0.046 0.14* 0.139 0.16** 0.070 -0.84* 0.096 

Pesticides  0.10* 0.008 0.07* 0.011 -0.20* 0.016 0.09* 0.009 0.03* 0.011 

Year            

2007/08 0.53* 0.124 0.95* 0.137 0.68* 0.111 0.83* 0.111 0.29*** 0.011 

2008/09 0.60* 0.121 1.00* 0.137 0.92* 0.124 1.00* 0.115 0.31* 0.115 

2009/10 0.58* 0.139 1.03* 0.125 0.80* 0.109 0.81* 0.110 0.50* 0.117 

2010/11 0.96* 0.147 0.88* 0.119 0.91* 0.117 0.83* 0.111 0.74* 0.111 

2011/12 0.31** 0.131 1.33* 0.144 1.19* 0.344 0.68* 0.117 1.75* 0.191 

2012/13 0.77* 0.143 1.07* 0.118 0.86* 0.108 0.92* 0.108 0.52* 0.106 

2013/14 0.80* 0.122 0.97* 0.116 1.01* 0.109 0.94* 0.108 0.56* 0.102 

2014/15 0.73* 0.132 0.85* 0.126 0.90* 0.114 0.87* 0.110 0.47* 0.170 

2015/16 -1.84* 0.159 -1.30* 0.116 -1.40* 0.111 0.81* 0.011 -128* 0.155 

2016/17 1.76 ? -0.13 0.167 -2.94 0.212 -0.37* 0.143 -0.26 0.170 

2017/18 0.70* 0.126 0.95* 0.115 1.12* 0.280 0.94* 0.106 0.34* 0.103 

2018/19 0.63* 0.133 1.13* 0.113 1.28* 0.302 1.07* 0.113 0.39* 0.104 

2019/20 0.75* 0.121 1.42* 0.136 1.24* 0.299 1.27* 0.113 0.52* 0.121 

2020/21 1.01* 0.152 1.42* 0.119 1.62* 0.361 1.22* 0.111 0.63* 0.108 

Sigma_u 4.35* 0.582 4.00* 0.627 4.24* 1.573 2.82* 0.964 5.05* 0.706 

Sigma_v 0.37** 0.190 0.18* 0.012 0.12* 0.014 0.16* 0.011 0.35* 0.028 

Lambda 11.66* 0.718 22.76* 0.626 34.20* 1.571 21.89 0.611 14.62* 0.705 

# Observation  729 724 728 730 726 

Wald chi2 1.64* 8966.93* 8338.25* 1338.45* 23931.89* 

Note: *, ** and *** represents statistically significant at 1%, 5% and 10% levels, respectively.  

Source: Computed based on national data accessed from CSA for the period 2006/2007- 2020/2021 
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The parameter estimates of the inefficiency using single-stage estimation in 

the panel stochastic frontier true fixed-effect model result are given in Table 4. The 

result implies that technical inefficiency declines with an increase in irrigated areas 

for all major cereal crops. Similarly, the technical inefficiency declined with the 

proportion of area cultivated supported with agriculture extension services, with an 

estimated coefficient value of 3.8 for maize, 1.93 for sorghum, 1.53 for wheat, 1.51 

for barley, and 6.13 for teff cereal crops from 2006/2007 to 2020/2021. Moreover, 

the technical inefficiency declines with an increase in the availability of adequate 

rainfall during Meher cropping seasons, with an estimated coefficient of 0.03 for 

sorghum, 0.02 for wheat, 0.03 for barley, and 0.11 for teff crops from 2006/07 to 

2020/2021. 

The estimated coefficients of agro-ecological dummies imply that technical 

inefficiency declines within high moisture-availability with an estimated coefficient 

of 8.98 for maize and 13.21 for teff. However, it increased, with an estimated 

coefficient value of 4.4 for wheat and 2.88 for barley crops. The possible reason is 

that the level of moisture sufficiency in agroecology was not as useful for wheat 

and barley crops as it was for maize and wheat. Technical inefficiency declines 

within the moisture-sufficient midland with an estimated coefficient of 2.90 for 

sorghum crops and 3.77 for barley crops. Crops like tef suffer from end-of-season 

stress due to traditional late sowing related to seed size and agronomy, which 

exposes the crop to stress from insufficient moisture during the grain filling period 

as well as the common practice of sowing tef in moisture deficit areas and poor 

soils. Similarly, technical inefficiency declined in drought-prone highland areas 

with an estimated coefficient of 0.08 for the wheat crop from 2006/2007 to 

2020/2021. 
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Table 4: Panel Stochastic frontier using True Fixed Effect inefficiency factors, 

2006 to 2021 

Variables 
Maize Sorghum Wheat Barley Teff 

Coef. St.E Coef. St. E Coef. St. E Coef. St. E Coef. St. E 

Irrigation  -3.35** 1.707 -3.08* 0.641 -2.47* 0.782 -2.11* 0.539 -1.92** 1.026 

Extension -3.80* 0.721 -1.93* 0.256 -1.53* 0.383 -1.51* 0.194 -6.13* 1.551 

Rain fall -0.03 0.217 -0.03* 0.010 -0.02*** 0.011 -0.03** 0.011 -0.11* 0.040 

Temperature  0.15 0.110  0.04 0.047 -0.03 0.057   0.02 0.037 0.06 0.133 

Agroecology            

Agro. 02 -8.98* 2.247 1.42 1.378 4.40* 1.658  2.88** 1.291 -13.21* 4.697 

Agro.03 4.12  -2.90** 1.406 -1.23 1.655 -3.77* 1.429 -0.27* 3.577 

Agro.04 2.86  -0.63 1.12 -0.08*** 1.312 -0.32 1.091 2.29 3.508 

_Cons 0.74 3.436 1.78* 1.573 0.815 1.569 1.31 1.383 3.45 4.449 

Technical Efficiency scores  

Mean (%)  82.66 85.04 60.77 52.65 88.62 

St.dev. 2.007 1.762 1.507 1.319 2.138 

Note: *, ** and *** represents statistically significant at 1%, 5% and 10% levels, 

respectively.  

Agro. 02: Moisture sufficient highland; Agro. 03: Moisture sufficient midland; Agro. 04: 

Drought prone highland 

Source: Computed based on national data accessed from CSA and EMA for the period 

2006/2007- 2020/2021 

 

Table 4 also explains the panel stochastic frontier true fixed-

effect model result on TE scores for major cereal crops. The result implies that an 

overall national average level of TE from 2006/2007 to 2020/2021 was 85.79%, 

where the overall level of TE of major cereal crops including teff (88.62%), 

sorghum (85.04%), maize (82.66%), wheat (60.77%), for barely (52.65%), for and 

for which shows more variation in the level of inefficiency of crops from 2006/07 

to 2020/21 periods in Ethiopia. This implies that crop output can be increased by 

approximately 45.36% for barley, 16.42% for maize, 17.08% for sorghum, 10.4% 

for teff, and 38.03% for wheat without the use of additional inputs or the 

application of modern agricultural technologies. 
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4. Conclusion and Recommendations 

 

This study assessed the trends of production and productivity and analyzed 

the yield gaps and factors influencing technical inefficiency of production using 

panel data from 2007/2008 to 2019/2020 for the five major cereal crops, maize, 

wheat, tef, sorghum, and barley in Ethiopia. Using agricultural field survey and 

meteorology data sets for each major cereal crop, a panel stochastic frontier 

approach with a true fixed-effect model employing the Cobb-Douglas production 

function was used to estimate the elasticity coefficient. Moreover, the level of TE 

score and its determinants were estimated using a single-stage procedure and 

disentangled inefficiency factors from unobserved heterogeneity.  

The result of descriptive statistics shows the productivity of the major 

cereal crops steadily increasing over the last fifteen years, with a higher rate of 

increase from 2013/2014 onwards for maize, which shows the agriculture input 

supply and extension system is more effective for maize compared to others. 

However, the yield increase recorded for all major crops in 2020/2021 is below 

average and has shown signs of slowing down recently compared to achievable 

yield levels. Minimization of the yield gap requires accelerated rates of genetic gain 

in yield-related traits and sustainable use of more and better inputs in the years to 

come. Factors that contribute to inefficiencies and widening yield gaps include 

pushing production of crops to marginal growing conditions (soil, temperature and 

moisture), weak input supply, poor agronomy practices, weak extension system, 

and inefficiency in crop production. 

The results of a true-fixed panel model indicate that the elasticity of output 

with respect to cultivated area has a positive and significant effect on sorghum and 

barley outputs. Similarly, the elasticity of output with respect to employed labor 

has a positive and significant effect on maize, sorghum, barley, and teff outputs. 

The results also showed that the elasticity of output with respect to the use of 

improved seed has a positive and significant effect on wheat output. With the 

exception of maize and teff outputs, the elasticity of output with respect to the use 

of chemical fertilizer has a positive and significant effect on sorghum, wheat, and 

barley outputs. The elasticity of output with respect to capital has a positive effect 

on wheat and barley outputs, while it negatively affects sorghum output. The 

elasticity of output with respect to local seed has a positive effect on sorghum, 

wheat, and barley outputs, while it negatively affects maize output. The elasticity of 
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output with respect to the use of pesticides has a positive effect on maize, sorghum, 

and barley outputs, while it negatively affects wheat output. 

The results of technical inefficiency of farming using single-stage 

estimation show that TE improved with the increase of irrigated area for maize, 

sorghum, wheat, barley, and teff outputs. TE improved with the improvement of 

the use of agricultural extension packages or with improvement in agricultural 

extension services for all major cereal outputs. Similarly, it increased due to the 

increment of rainfall during the Meher cropping season for maize and teff outputs 

but declined for wheat and barley outputs. Moreover, as compared with other agro-

ecology areas, the TE of sorghum output improved in moisture-sufficient area, and 

for sorghum, barley, and teff outputs in moisture-sufficient midlands, and only 

wheat outputs in drought-prone highlands areas of the country. 

The average TE was 85.79% of the overall level TE of major cereal crops, 

suggesting the current level of output could be increased by an average of 14.21 % 

of all major cereal crops without additional use of inputs or modern agricultural 

technologies injected but only by working on inefficiency factors. 

Looking ahead, no crop area expansion will be possible except in the 

irrigable lowlands. Instead, increases in production of a crop will need to be driven 

by increases in productivity, or else be expected to come at the expense of 

production of other crops. With climate change, such factors as drought, global 

warming, and disease pressure are expected to strongly challenge yield increases in 

many crops. The role of agricultural R andD in innovate approaches with new 

technologies and production techniques will continue to be increasingly important 

on crop production. Therefore, narrowing the productivity gaps through various 

interventions will have a determinant effect in crop output efficiency and growth in 

Ethiopia: 

• Increasing supply and proper utilization of agriculture production inputs; the 

wise use of limited land (consolidation of land), deployment of the labor 

force, strengthening the existing agricultural extension service providers in 

such a way that addresses the needs of crop types, and providing targeted 

affordable credit service for dissemination and proper utilization of 

productivity-enhancing agricultural technologies such as improved seed, 

chemical fertilizer, and pesticides.  
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• Expanding irrigated areas including small scale irrigation schemes and 

rectifying the shortage of rainfall by allocating an adequate public budget for 

the construction of irrigation schemes,  

• Strengthening the existing agricultural extension service providers in such a 

way that address the specific needs of crops types by providing short and 

long-term training, upgrading educational qualification, and providing non-

overlapping and congruent responsibilities to extension workers. This also 

includes broadening the knowledge base to bring a paradigm shift in agri-

water use and improve irrigation agronomy for various crops and agroecology. 

• Strengthening the research system with advanced methods and facilities is 

extremely mandatory to take research to the next higher and challenging yield 

levels that require the application of advanced science and technology (e.g. 

biotechnology) and more innovative approaches as it becomes tougher going 

upwards for higher TE to provide the necessary backstopping for the future 

more productive and responsive agriculture.  
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AnnexTable 1: Crop yields (quintals/ha) 

Crops 
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% growth/ 

year 

Cereals 14.4 15.3 16.7 16.9 17.8 20.0 21.6 21.4 23.4 23.4 24.8 26.2 25.6 28.32 28.66 7.26 

Barley 11.2 12.0 12.9 13.1 13.9 13.6 14.6 15.8 19.7 19.7 21.1 21.6 21.8 25.01 25.25 8.12 

Maize 19.4 18.3 20.1 19.4 22.1 25.9 27.5 27.6 34.3 33.9 36.8 39.4 39.9 42.37 41.79 8.78 

Teff 8.6 10.8 11.4 11.5 11.7 11.6 12.4 13.0 15.8 15.6 16.6 17.5 17.6 18.50 18.82 8.38 

Wheat 13.5 15.0 15.4 17.3 16.1 17.2 18.9 21.3 25.4 25.4 26.8 27.4 27.6 29.70 30.46 9.56 

Sorghum 14.8 15.8 17.3 17.4 18.4 20.9 20.5 21.1 22.8 23.7 23.3 25.3 27.3 28.80 26.90 7.09 
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Abstract 

 

Although the government of Ethiopia strives to promote agricultural tractors, the 

cost of tractor purchase is unaffordable for smallholder farmers. Hence, tractor 

access is provided by private and group-owned hiring services. But, smallholder 

farmers’ willingness to pay for walking tractor rental services was not 

investigated. Consequently, this study was conducted to measure and analyze 

smallholder farmers' willingness to pay for walking tractor rental services in 

Ethiopia using a one-and-one-half bounded format and the craggit econometric 

model. A total of 190 smallholder farmers were randomly selected to collect 

primary data. The result revealed that nearly four-fifths of the sample respondents 

were willing to pay for a walking tractor rental service. Besides, smallholder 

farmers' willingness to pay for a walking tractor varies between 200 and 3000 

birr, with an average value of 718.50 birr per timad. Likewise, the sex of the 

respondent, farm experience, farm size, farm plot suitability, household income, 

extension service, and field day participation all had a positive and statistically 

significant effect on smallholder farmers' willingness to pay for walking tractor 

rental service. Hence, policymakers, development workers, researchers, and rental 

service providers should work together to increase access to smallholder farmers 

to get the tractor at an affordable rental price. 
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1. Introduction 

 

In Ethiopia, agriculture accounts for 33.3% to Gross Domestic Product, and 

72.7% of employment (ATA, 2018; Getahun, 2020; Senbeta, 2018). Ethiopia's 

government launched the Agricultural Development Lead Industrialization (ADLI) 

program with the primary goal of bringing commercialized agricultural 

development (Mazengia, 2016). According to ATA (2018), the most important 

aspect of agricultural transformation is shifting smallholder farmers from 

subsistence to market-oriented production. But the agricultural operation is 

characterized by subsistence farming, low output, fragmented land holding, 

outdated farming techniques, and postharvest loss(Sims and Kienzle, 2006). 

Besides, agricultural production is dominated by smallholder production systems 

(Mazengia, 2016). As Dessale (2019) underlined, the smallholder production 

system is not sufficient to feed the population growing at an alarming rate. 

Therefore, agricultural mechanization is the pathway to increase crop production 

and productivity. In Ethiopia, agricultural activities are labor-intensive and heavily 

rely on draught animal power (Kelemu, 2015). 

Agricultural production and productivity are very low because of backward 

agricultural practices and a low rate of agricultural technology utilization (Workneh 

et al., 2021). Additionally, agricultural mechanization has a vital role in replacing 

manual labor and draft animals so as to improve agricultural productivity (Quan 

and Doluschitz, 2021). Moreover, agricultural mechanization increases farm 

households’ involvement in different income-generating activities besides 

productivity improvement by shortening the labor-intensive land preparation and 

harvesting periods (Workneh et al., 2021). Besides, a shortage of farm power 

causes delays in the accomplishment of critical farm operations, which leads to a 

fall in agricultural productivity and farm income (Sims et al., 2016). Accordingly, 

the government of Ethiopia has promoted agricultural tractors to increase land and 

labor productivity, shorten the time required to prepare farm plots for production, 

and reduce post-harvest losses (Workneh et al., 2021). However, tractor 

management in smallholder production systems is frequently under capacity and 

uneconomical (Mekonnen, 2021), because approximately 55% of smallholder 

farmers farm on less than or equal to one hectare (Chanyalew et al., 2010; Gecho et 

al., 2014).  Furthermore, smallholder farmers do not have the capacity to purchase 

tractors because of their limited farm size and financial position (Tesfaye et al., 

2021). As a result, the mechanism of tractor access is through private and group-

owned hiring services (Tesfaye et al., 2021; Wanglin et al., 2018). 
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In the study area, crop production and productivity are low because of 

backward agricultural technologies; shortage of pre-harvest and post-harvest 

agricultural mechanization; and a low level of smallholder farmers’ awareness of 

the adoption of agricultural mechanization. Fogera National Rice Research and 

Training Center has been working to promote the production and dissemination of 

recommended farm tools and implements through field demonstrations and training 

of farmers, development agents, and local manufacturers. Among the technologies, 

the walking tractor is one of them. According to Solomon (2017), a walking tractor 

is designed to provide a power source for smallholder farmers. It is a multipurpose 

hand tractor designed primarily for rotary tilling and other operations on small 

farms (Kathirvel et al., 2000). Cognizant of this, Woreta Machinery Supplier 

Company, in collaboration with Fogera National Rice Research and Training 

Center, strives to provide a walking tractor rental service in the Amhara region. As 

a result, farmers are getting tractors in the form of rental services. Understanding 

smallholder farmers' willingness to pay for walking tractor rental service, on the 

other hand, is critical in balancing rental service prices with farmers' demand, 

providing insight for potential walking tractor rental service providers, and 

evaluating tractor rental service cost-benefit analysis. But, smallholder farmers’ 

willingness to pay for walking tractor rental services was not investigated. 

Therefore, this study was undertaken to measure smallholder farmers’ willingness 

to pay for walking tractor rental services using one and one-half bounded formats 

and to analyze determinants of their willingness to pay using Cragg’s Double 

Hurdle model. 

 

2. Materials and Methods 

2.1 Description of the study area 

 

The study was conducted in Ethiopia, particularly in Dera and Fogera 

woredas of the Amhara Region. Dera woreda is bordered on the south by the Abay 

River, on the west by Lake Tana, on the north by Fogera, and on the east by West 

Estie (Mirie and Zemedu, 2018). It is located at an altitude of 1,560 to 2,600 meters 

above sea level and between latitudes 11023'15" and 11053'30" north and 

longitudes 37025'45" and 37054'10" east. The woreda is characterized by the 

midland  agro-ecological zone with an average rainfall ranging from 1000–1500 

mm with a minimum and maximum annual temperature of 13 and 30 °C (Mirie and 

Zemedu, 2018). Around 37.6% of the land is devoted to crop production, 17.4% to 
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forests and herbs, 6.4% to west land, 18.5% to water bodies, 7.2% to housing 

construction, and the remaining 1.4% for  others (Getahun, 2012). Teff, maize, rape 

seed, finger millet, and rice are the major crops cultivated in the woreda (Mirie and 

Zemedu, 2018). 

Fogera woreda is bordered on the south by Dera, on the west by Lake 

Tana, on the north by the Reb River and on the east by Farta. According to Desta et 

al. (2021), Fogera Woreda is located at an altitude of 1774 to 2410 meters above 

mean sea level, between latitudes 11046 and 11059 north and longitudes 37033 and 

37052 east. It is described by the midland agro-ecological zone with an average 

rainfall of 1216 mm. The land use system is characterized by about 59% cultivated 

land, 22.7% pastureland, 18.2% water bodies and the rest for others (Melese et al., 

2018). Crop production is the primary source of income and food for Fogera 

woreda's smallholder farmers. It is also one of the surplus-producing woredas, with 

a diverse crop mix of annual and perennial crops (Gebey et al., 2012). The most 

common food crops in Fogera woreda are rice, maize, finger millet, barley, teff, 

niger seed, legumes, wheat, and pepper (Mohammed  et al., 2019). 

 

Figure 1: Map of the study area 
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2.2 Method of Data Collection 

 

A multi-stage sampling technique was used to select sample kebeles and 

households for this study. Dera and Fogera woredas were purposefully selected in 

the first stage because they are suitable for implementing agricultural 

mechanization such as walking tractors. In the second stage, four kebeles 

representing the woredas of Dera and Fogera were selected randomly. In the third 

stage, sample respondents were stratified into male and female-headed households. 

Then, using probability proportional to sample size, a representative sample was 

drawn from each woreda and stratum. Finally, 190 sample respondents from this, 

168 males and 22 females, were drawn using systematic sampling. 

To address the study's objectives, quantitative primary data were gathered. 

A carefully designed contingent valuation survey questionnaire was applied to 

collect quantitative primary data. In addition, focus group discussions and key 

informant interviews were conducted in order to revise the research problem into a 

working hypothesis, prepare a draft survey questionnaire, and supplement the 

results of the quantitative data. A pretest is usually conducted prior to the 

final contingent valuation (CV) studies. Pretest surveys are used in CV studies to 

test the survey questionnaire's reliability and validity as well as to determine 

starting bids for the actual survey. For this purpose, 15 households were selected at 

random for the pretest survey. Accordingly, a draft questionnaire was modified 

based on the pretest survey. Moreover, the three most frequent bids were selected 

as starting bids. These are 500, 1000, and 1500 birr per timad. Finally, well-trained 

and experienced enumerators were employed to administer the actual survey. 

 

2.3 Method of Data Analysis 

2.3.1 Contingent Valuation Method (CVM) 

CV derives the values of goods and services by directly eliciting 

respondents' willingness to pay (WTP) (Khalid, 2008). It asks people to express 

their willingness to pay directly rather than inferring it from observed behaviors in 

regular markets (Alberini and Cooper, 2000). According to Chien et al. (2005), 

open-ended, bidding games, payment cards, and dichotomous choice formats were 

developed to elicit more reliable responses from respondents. Recently, 

dichotomous choice has gained popularity among CVM formats due to its 

advantages in avoiding many of the biases known to be inherent in other formats 
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(Cameron and Quiggin, 1994). Furthermore, the National Oceanic and 

Atmospheric Administration (NOAA) panel protocol 1993 strongly suggests a 

dichotomous choice format (single, double, and one and one-half bounded) for 

CVM studies (Rahji and Oloruntoba, 2009). 

In comparison, the statistical efficiency of the double-bounded format is 

higher than that of the single-bounded format (Jones et al., 2010). In the double-

bounded format, the second bid is determined by the response to the first bid. When 

a "yes" response is given to the first bid, the second bid is twice the first bid; if the 

initial response is "no", the second bid is half of the first bid (Ezebilo, 2013). 

However, the double-bounded format has triggered a debate because the 

response to the first bid is always inconsistent with the response to the second bid, 

resulting in a lower WTP (Mulat et al., 2019). So, one and one-half bounded 

formats were introduced to reduce potential response biases caused by 

inconsistency of the follow-up bid in the double bounded format (Cooper et al., 

2002). According to Hanemann et al. (1991) and Oerlemans et al. (2016), one and 

one-half bounded formats, like single and double bounded formats, are used to 

identify respondents' bounded and unbounded WTP but not the exact amount. 

Consequently, the follow-up open-ended question is used to determine the 

respondent's maximum willingness to pay (Albertini and Cooper, 2000; Green et 

al., 1998). In CVM studies, one and one-half bounded formats have rarely been 

used. The respondent is presented with a range [Bj-, Bi+], where Bi- < Bi+. 

One of these two prices is selected at random, and the respondent is asked 

whether he/she would be willing to pay that amount. He/she is asked about the second 

price only if that is compatible with her response to the first price. If the lower price, 

Bi-, is randomly drawn as the starting bid, the three possible response outcomes are 

(no), (yes, no), and (yes, yes). If the higher price, Bi+  is randomly drawn as the starting 

bid, the possible response outcomes are (yes), (no, yes) and (no, no). 

To elicit a smallholder farmer's willingness to pay for a walking tractor 

rental service, this study used a one-and-one-half bounded format followed by an 

open-ended question. 

 

2.3.2 Statistical analysis 

The collected data was analyzed and reported using percentage, frequency, 

mean, and the tobit and truncated econometric models to be run simultaneously 

using the Craggit command. The econometric models are selected based on the 
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nature of the dependent variable. As a result, this study used a one-and-one-half 

bounded format followed by open-ended questions to generate continuous values of 

the dependent variable, including zeros. Consequently, the dependent variable of 

this study had both zero and non-zero values. Multiple linear regression and Tobit 

models are often used as the right models to estimate the relationship between 

explanatory variables and continuous dependent variables. For example, multiple 

linear regression estimates become biased and inefficient when the number of zeros 

in the data set increases in proportion to the number of observations (Wilson and 

Tisdell, 2002). As a result, estimation of this data set using a multiple linear 

regression model produces misleading results. Similarly, Stewart (2009) underlined 

that Tobit has been the most popular model in recent research studies where some 

observations in the sample lacked the data or had zero values. Following this, 

previous studies applied the Tobit Econometric model to analyze determinants of 

willingness to pay (Cho et al., 2005; Kalbali et al., 2014). But, the single hurdle 

process underlying both the willingness to pay decision and the amount of 

willingness to pay is a very unrealistic assumption of the Tobit Model (Cragg, 

1971). Many economists are uncomfortable with this assumption (Rufino, 2016). 

As a result, John G. Cragg suggested two independent latent variables as an 

alternate formulation to the Tobit Model that is, 
*

1iY
 and 

*

2iY
(Cragg, 1971; Rufino, 

2016). The Craggit model integrates the probit and the truncation models to 

determine the probability and continuous values of the dependent variables, 

respectively (Burke, 2009). Therefore, the Craggit command of Stata was applied 

to analyze the determinants of smallholder farmers’ willingness to pay for walking 

tractor rental service. The model is specified as follows (Cragg, 1971). 

iiii XY 11

'

1

*

1  +=
      (1) 

WTP= 1 when
*

1iY
> 0 

WTP = 0 when 
*

1iY
≤ 0 

Where: WTP is the binary dependent variable which takes 1 if the respondent is 

willing to pay and 0 otherwise 
*

1iY
 = unobserved latent dependent variable for the probit equation 

X1i = Vector of explanatory variables 

i1 = Vector of unknown parameters to be estimated. 
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i1 = error term  

The selection equation of the truncated dependent variables is specified as follows: 

iiii XY 22

'

2

*

2  +=
       (2) 

 

For the truncated regression model with the observed willingness to pay,  

 

000 *

12

*

1

*

22 == iiiii YwhenYandYwhenYY
. 

 

Where: Y2i is maximum WTP of smallholder farmers 

*

2iY
= unobserved latent dependent variable for the truncation regression  

X2i = Vector of explanatory variables 

i2 = Vector of unknown parameters to be estimated 

i2 = error term   

 

3. Results  

3.1 Descriptive Statistics Results 

 

The survey results indicated that nearly nine-tenths of sample respondents 

were males. Besides, more than three-fourths of male-headed households (75.3%) 

were willing to pay for a walking tractor rental service. The result also revealed 

literate household heads account for 48.9% of the total observations. Similarly, 

most literate household heads (42.6%) were willing to pay for walking tractor 

rental services. The survey result showed that about 48.95% had received extension 

service. The majority of extension service users were willing to pay for a walking 

tractor rental service. Moreover, more than half of the respondents had access to 

training about agricultural technologies. Similarly, about 52.1% of training access 

users were willing to pay for a walking tractor. Moreover, about 30.5% of sample 

respondents participated in field days to visit and share best practices in crop and 

livestock production. The majority of field day participants were willing to pay for 

a walking tractor rental service. Additionally, more than nine-tenths of the sample 

respondents reported that their farm plots were suitable for tractors. Besides, more 

than three-fourths of suitable farm plot owners were willing to pay for a walking 
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tractor rental service. As the chi-square test result illustrated, the sex of the 

respondents, educational status, extension service, participation in field days, and 

suitability of plots had statistically significant associations with willingness to pay 

for walking tractor rental service (Table 1). 

The average farming experience of the sample respondents was nearly 22 

years. The mean farming experience of willing households (which is nearly 24 

years) was higher than that of not-willing households (nearly 21 years). The mean 

household size was 6 members. The mean household sizes of the willing and not-

willing respondents were 6 and 5, respectively. The average livestock ownership 

was 4.9 TLU. On average, willing respondents owned more livestock (5.1 TLU) 

than not-willing respondents (3.9 TLU). Similarly, the average farm size of sample 

respondents was 0.97 ha. The average farm size of willing and not-willing 

households was nearly the same. The average income of willing households 

(69751.73 Birr) was higher than that of the total observation (63343.45 birr), unlike 

the income of not-willing households (36844.32 Birr). Sample respondents walk 

6.27 km to access the woreda market. On average, willing households were farther 

away from the woreda market (6.13 km) as compared to not-willing households 

(6.85 km). The T-test result confirms that the mean farming experience, household 

size, livestock ownership, and income difference between willing and not-willing 

households were statistically significant (Table 1). 

 

3.2 Farmers’ Willingness to Pay for Walking Tractor Rental Service 

 

As proposed by Hoyos and Mariel (2010), smallholder farmers were asked 

to answer ‘yes’ or ‘no’ to the WTP question (are you willing to pay X birr for 

walking tractor rental service). According to the results, nearly four-fifths of the 

sample respondents were willing to pay for a walking tractor rental services. 

Accordingly, 47.9% of respondents were willing to pay the maximum amount over 

and beyond the stated bids (yes-yes). Conversely, 18.9% of the sample respondents 

were willing to pay the first bid but refused to pay the higher bid (Figure 2). On the 

contrary, a small percentage of respondents have rejected the initial and follow-up 

lower bids. In contrast, 12.6 % of the sample respondents refused the initial bid but 

accepted the minimum follow-up bid. 

Respondents were asked to state their maximum willingness to pay by 

using an open-ended question to state the maximum amount they were willing to 
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pay. The results revealed that smallholder farmers’ willingness to pay for a walking 

tractor rental service ranges from 200 to 3000 birr per hectare. The average and 

median willingness to pay were 718.50 birr and 750 birr per hectare, respectively. 

Additionally, about 56.9% of sample respondents’ willingness to pay was higher 

than the mean willingness to pay. This implies that the majority of respondents 

were willing to pay more than the average WTP because smallholder farmers have 

a high demand for walking tractor rental services. Besides, an increase in bid 

amount results in a decrease in the number of respondents (Figure 2). Likewise, the 

total revenue generated by the provision of a walking tractor rental service was 

estimated. According to the estimated results, service providers could earn a total 

of 3,379,536 birr/Timad3. This implies that increasing the size of the farm will 

increase the revenue of the service providers. (The above total revenue is not from 

a single individual’s timad land. Rather, it is for all wiling respondents to pay for 

the technology. The formula for obtaining it is given in Table1 below). 

 

Table 1: Estimated total willingness to pay in terms of cash (ETB) 

Class 

limit 

(WTP) 

Class 

mark 

(A) 

Sample 

HHs 
Total HHS 

Sample 

HHS WTP 
Total HHs 

WTP 

 Fi  %   Fi WTP Fi % 

200-512 356 50 26.31 1596 568,176 153 80.53 54468 

513-825 669 60 31.58 1916 1281804 103 54.21 68907 

826-1138 982 35 18.42 1118 1097876 43 22.63 42226 

1139-1451 1295 3 1.58 96 124320 8 4.21 10360 

1452-1764 1608 3 1.58 96 154368 5 2.63 8040 

1765-2077 1921 1 0.53 32 61472 2 1.05 3842 

2078-2390 2234 0 0 0 0 1 0.53 2234 

2391-2703 2547 0 0 0 0 1 0.53 2547 

2704-3016 2860 1 0.53 32 91520 1 0.53 2860 

Total  153 80.53 4887 3379536    

Source: Own computation 

Note: Total HHSWTP= Fi(G)*class mark 

  

 
3 1 hectare = 4 timad 
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3.3 Determinants of WTP for walking tractor  

 

A craggit econometric model was employed to identify determinants of 

smallholder farmers’ willingness to pay for walking tractor rental service. 

Therefore, the model fitness was evaluated using log likelihood and a chi-square 

test. The evaluation result revealed that the log likelihood values decreased by 

40.88 units after 12 explanatory variables were incorporated into the craggit model. 

The statistically significant decrement of the log likelihood value indicates that the 

model estimation fitness is powerful. Finally, the model result revealed that farm 

plot suitability for tractors and willingness to pay decisions had a positive and 

statistically significant relationship at a p<0.01 significant level. Furthermore, at 

the p 0.05 significance level, the gender of the respondents, extension service, and 

field day participation had statistically significant and positive effects on 

willingness to pay decision. Likewise, sex of the respondents, farm size, farm plot 

suitability, household income, extension service, and field day participation were 

positively and significantly associated with the amount of willingness to pay at a 

p<0.01 significance level. On the other hand, farm experience had a statistically 

significant and positive effect on the amount of willingness to pay at a p<0.05 

significance level (Table 2). 

 

4. Discussion 

 

Socioeconomic conditions, plot characteristics, and institutional factors all 

influenced smallholder farmers' willingness to pay. Among the variables, the sex of 

the household head had a positive and statistically significant effect on willingness 

to pay for a walking tractor rental service. This implies that male-headed 

households are more likely than female-headed households to be willing to pay for 

a walking tractor. This is due to the fact that male-headed households have more 

financial strength, production capacity, and resource ownership than female-headed 

households. Conversely, female-headed households, on the other hand, are 

involved in domestic activities such as child care, house management, cooking, and 

sanitary issues. These activities significantly decrease female-headed households' 

participation in crop production activities. Furthermore, female-headed households 

shared their land with male-headed households because crop production involves 

time-consuming activities in order to increase production and productivity. Besides, 

female-headed households own fewer farms than male-headed households. Due to 
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small farm size, labor shortages, and the burden of domestic responsibilities, 

female-headed household heads are discouraged from participating in crop 

production. As a result, female-headed households are less likely to pay for a 

walking tractor rental service. Similarly, Takele and Selassie (2018) found out that 

the sex of the household head has a positive and statistically significant impact on 

tractor hiring services. 

Farm experience and willingness to pay had a positive and statistically 

significant relationship. This implies that as one's farm experience grows, so does 

one's willingness to pay for a walking tractor. Farm experience teaches smallholder 

farmers about agricultural mechanization, production practices, and market forces. 

As a result of their farm experience, they can compare previous farming practices 

and crop yield, allowing them to implement yield-boosting technologies. 

Furthermore, more experienced farmers are more easily able to adopt crop 

production technologies in order to increase production and productivity. This 

explains why experienced farmers are willing to pay more for walking tractors than 

inexperienced farmers. This finding is similar previous research findings (Rahman 

and Sujan, 2021). 

Similarly, an increase in farm size will also increase smallholder farmers' 

willingness to pay. This is due to the fact that large farm-size plot preparation 

requires more labor, livestock, and time, resulting in a decrease in the efficiency of 

smallholder farmers' crop production. Additionally, large farm owners have higher 

financial capacity and are more willing to adopt new agricultural technologies than 

small farm owners. Therefore, the walking tractor improves crop production 

efficiency while lowering labor and livestock costs. As a result, large farm owners 

are willing to pay a higher price for a walking tractor. Similarly, Paudel et al. 

(2019) underlined that farmers' willingness to pay for small-scale farm 

mechanization is positively influenced by farm size. Likewise, the size of the farm 

is a key influencing factor that impacts agricultural mechanization practice (Rasouli 

et al., 2009). Therefore, the findings of this study are consistent with previous 

findings (Paudel et al., 2019; Rahman and Sujan, 2021; Rasouli et al., 2009; Takele 

et al., 2018). 

Similarly, there was a positive and statistically significant relationship 

between farm plot suitability and willingness to pay for a walking tractor. This 

means that the suitability of a farm plot for agricultural mechanization raises the 

willingness to pay decisions and the number of smallholder farmers'. The suitability 
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of the farm plot determines the likelihood of smallholder farmers adopting 

agricultural mechanization. Tractor owners inquire about the suitability of the farm 

plot for the tractor before asking for a rental fee. As discussed by Oduma and 

Oluka (2019), farm plot suitability increases plowing capacity, decreases fuel 

consumption, increases field efficiency and plot preparation. Moreover, Challa 

(2014) stressed that plot suitability for tractors positively and significantly affects 

smallholder farmers’ willingness to pay for tractor rental service. 

Moreover, an increase in smallholder farmers' income results in an increase 

in their willingness to pay. This implies that high-income smallholder farmers are 

willing to pay more for a walking tractor than low-income farmers. Smallholder 

farmers' bargaining power rises as their household income increases. Likewise, the 

walking tractor saves smallholder farmers time and effort spent on farm plot 

preparation. As a result, it creates a favorable environment for them to invest their 

time and effort in additional production and income-generating activities. As 

discussed by Onomu and Aliber (2020), smallholder farmers' willingness to pay for 

a tractor hire service increases as their income increases. 

Likewise, extension service had a significant and positive relationship with 

willingness to pay. This means that extension services increase smallholder 

farmers' willingness to pay in terms of both decision and amount. This is because 

extension services provide smallholder farmers with new information and raise 

awareness about improved agricultural technologies. Besides, extension agents 

educate farmers on the advantages of agricultural mechanization. This illustrates 

that extension services link smallholder farmers to agricultural technologies. 

Therefore, extension service users are more likely than non-users to be willing to 

pay for a walking tractor. The discussion by Challa (2014) illustrated that extension  

service has a positive and statistically significant influence on farmers’ willingness 

to pay. Similarly, field day participation and willingness to pay had a positive and 

statistically significant relationship. This implies that field day participants are 

more willing to pay the decision and amount than non-participants. A field day is a 

discussion and dissemination platform for new technologies and best practices. As 

a result, researchers, non-governmental organizations, and development agents 

organize field days to raise awareness among smallholder farmers through 

theoretical and practical activities. Model farmers, technology innovators, and 

researchers, in addition to the audience, are invited to share their knowledge with 

field day participants. As a result, participants gain practical knowledge about 

model farmers' production practices, the role of yield-enhancing technologies, and 
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the living standards of technology beneficiaries. This encourages 

smallholder farmers to adopt agricultural mechanization in order to increase their 

production and productivity. 

 

5. Conclusion  

 

This study used one and one-half bounded formats and the craggit model to 

measure smallholder farmers’ willingness to pay and analyze its determinants, 

respectively. As a result, willing smallholder farmers account for nearly four-fifths 

of all the observations. Furthermore, the willingness to pay of the majority of 

smallholder farmers was higher than the mean of the total sample. As a result, 

private or group rental service providers will receive more than three million birr 

per timad. However, an increase in the rental service price decreases the number of 

walking tractor rental service users. Additionally, socioeconomic conditions, plot 

characteristics, and institutional factors influenced smallholder farmers' willingness 

to pay. Male-headed households, for example, had a positive and statistically 

significant effect on willingness to pay for a walking tractor rental service. 

Similarly, the more farm experience they have, the higher the amount they are 

willing to pay for a walking tractor. Smallholder farmers' willingness to pay is also 

influenced by farm size. Furthermore, those who own suitable farm plots are more 

willing to pay than those who do not. Walking tractor rental service providers' 

income will also rise when household income, extension service, and field day 

participants increase. 

Therefore, the following recommendations are critical to 

increasing smallholder farmers' willingness to pay, which leads to an increase in 

rental service providers' income: 

• The rental service providers should take into account the 

responsiveness of walking tractor rental service users before price 

increment. 

• Besides targeting male-headed households, it is necessary to make 

female-headed households aware of the role of walking tractors on 

crop production, productivity, and household income. 

• It is better to organize experience-sharing workshops and conferences 

so as to capacitate smallholder farmers who have less experience in 

walking tractor. 
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• Special priority should be given to designing and implementing 

strategies to encourage small farm owners’ willingness to pay for 

walking tractors. 

• Rental service providers should target farm plot suitability for tractors 

to minimize the cost of fuel and effort. 

• It is advisable to provide an extension service about walking tractors so 

as to train and motivate smallholder farmers. 

• Walking tractor rental service providers should be invited during field 

days to explain the rental service price and benefits of walking tractor, 

besides on-farm demonstrations about how it works.  

• Policymakers, development workers, researchers, and rental service 

providers should work together to change smallholder farmers’ living 

standards by using improved farm technologies like walking tractors. 
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Appendices  

Figure 2: WTP curve and joint response of smallholder farmers for the first 

and the follow-up bids 
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Source: Own survey (2021) 

 

Table 1: Descriptive statistics results of household, plot and institutional 

characteristics 

Variables 

Willingnes

s to pay 

for stated 

bid 

Not-

Willing to 

pay for 

stated bid 

Total 

observation 

Chi-

square/ 

T-test 

Sex of respondents (1 for male) 75.3 13.2 88.4 19.52*** 

Educational status (1 for literate) 42.6 6.3 48.9 5.02** 

Extension service (1 for user) 46.84 2.11 48.95 26.74*** 

Training access (1 for yes) 52.11 2.63 54.74 31.52*** 

Field day participation (1 for yes) 28.4 2.1 30.5 8.42*** 

Farm plot suitability (1 for yes) 76.8 14.2 91.1 18.44*** 

Farming experience (years) 20.96 24.35 22 -1.735* 

Household size (number)  5.9 4.95 6 2.83*** 

Farm size (hectare) 0.988 0.961 0.97 0.315 

Livestock ownership (TLU) 5.08 3.92 4.9 2.69*** 

Household income (birr) 69751.73 36844.32 63343.45 3.54*** 

Market distance (km) 6.13 6.85 6.27 -0.78 

Source: Own survey (2021) 
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Table 2: Parameter estimates of craggit econometric model 

 WTP MWTP 

Sex of respondent    0.755(0.362)**   0.377(0.121)*** 

Educational status    0.249(0.293)   0.018(0.063) 

Household size    0.138(0.081)   0.003(0.019) 

Farm experience    0.027(0.012)   0.006(0.003)** 

Farm size   0.233(0.514)   0.359(0.118)*** 

Farm plot suitability  1.109(0.400)***   0.721(0.140)*** 

Household income    0.106(0.066)   0.097(0.019)*** 

Livestock ownership   0.009 (0.063)   0.027(0.013) 

Extension service    0.816(0.410)**   0.347(0.077)*** 

Training access   0.075(0.415)   0.333(0.079) 

Market distance    -0.033(0.029)   -0.007(0.007) 

Field day participation   0.868(0.353)**   0.211(0.066)*** 

Constant    -2.288(0.960)   4.686(0.296) 

Number of observations 190 

Log likelihood value -117.66 

Wald chi-square      40.88*** 

Source: own survey (2021). Standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1 
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Abstract 

 

The quest for structural transformation, sectoral linkages, and employment creation 

are among the most primary development aspirations of Ethiopia. Using two Social 

Accounting Matrices (SAMs) (2005/2006 and 2015/2016), the study investigated 

sectoral linkages between agriculture and agro-processing to examine the Ethiopian 

economy’s potential for structural transformation and job creation. The study used 

the Hirschman index to analyze the linkage between agricultural and agro-processing 

activities and SAM decomposition to sort out the key sources of the forward and 

backward linkages between agricultural and agro-processing activities and a 

decomposition of structural change analysis to examine the primary source of growth 

of outputs in key agro-processing activities. The study also examined the contribution 

of technical change to the total change in total production of various activities in the 

Ethiopian economy. The results in general showed that there was a weak linkage 

between the agriculture and agro-processing sectors over the period from 2005 to 

2016. As of the result, all key agricultural activities have strong backward linkages. 

However, except for cereals and livestock, all agricultural activities have weak 

forward linkages. which entails that that there is no strong agro-processed sector that 

uses intensively domestically produced agricultural outputs as intermediate inputs. 

Some agro-processing activities, notably bakery/grain, vegetable oil, dairy, and 

alcohol, have higher backward linkages while the rest of the agro-processing sectors 

have weaker forward and backward linkages. Using the SAM decomposition analysis, 

the study found that the closed loop (consumption effect) is quite stronger than the 

within effect (production linkage). The study shows that there was a significant 
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change in the production of various activities in the economy between 2005 and 2016. 

However, the change was due to a massive increase in final demand than to technical 

changes. The analysis further signified that the agricultural sector creates more 

demand for labor than agro-processing activities. The study recommends that 

policymaking focus on improving implementation capacity to promote systemic 

linkages between the agricultural and industrial sectors to improve the economy’s 

overall productive capacity. Furthermore, national planners should give more 

attention to improving linkages between the agriculture and the agro-processing 

activities by focusing on technological or technical upgrades and fixing the looseness 

in the value chains of each agro-processing activity.  

 

Keywords: SAM multipliers, linkages, structural change, structural transformation, 

Ethiopia  

JEL Classification: E24; L16, O13 

 

 

1. Introduction 

 

There has been a strong consensus among scholars of development 

economics that the industrial sector, particularly manufacturing, possesses 

relatively much bigger potential than other sectors in terms of sustainably 

absorbing large amounts of labor force and achieving successful economic 

structural transformation. This mainly emanates from the sector’s benefit from 

technological improvements, its high capacity to exhibit prolonged periods of 

increasing returns to scale, and its high potential for inducing the development of 

other sectors through its strong backward and forward linkages (Newman et al., 

2016). As a result, manufacturing has historically received disproportionately 

favorable policy and financial support in many countries in different epochs.  

 It is evident that structural transformation cannot be achieved without 

strong linkages between agriculture and manufacturing, particularly at the early 

stages of the development process. Cognizant to this, economic development 

theories have given considerable attention to sectoral linkages since the 1950s. For 

instance, Lewis (1954) considered agriculture as less productive compared to 

manufacturing. He then suggested that the agricultural labor should be reallocated 

to the most productive manufacturing sector. According to Lewis, the role of 

agriculture was mainly to supply labor to the manufacturing sector, which expands 

continually through adoption of productivity-enhancing technologies. In a 
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definitive form, the essence of sectoral linkage was introduced by proponents of the 

unbalanced growth model, which believed that the manufacturing sector with 

higher forward and backward linkages should be promoted to induce growth and 

development (Hirschman, 1958)4.  

 The development process of many countries has also clearly shown that at 

the earlier phase, countries tend to produce commodities which intensively use 

agricultural outputs as intermediate input and heavily rely on labor-intensive 

techniques. For instance, from recent experiences in South-East Asia, South Korea 

gave prime focus to the development of agro-processing industries such as textile 

and garment, food, and beverage at the early stages of industrialization in the 1970s 

(UNIDO, 2017). This development pathway helped South Korea and other South-

East Asian countries to achieve sustainable growth, and structural transformation. 

For instance, from 1950 to 1990, industrial employment soared from 7% to 26.9% 

in South Korea, from 12% to 32% in Taiwan and from 19% to 29.5% in Singapore 

(UNCTAD, 1996).  

 Ethiopia has introduced a series of economic development policies and 

strategies since the formulation of its First Five-Year development plan (1957-63) 

to transform the economy and improve the lives and livelihoods of its citizens 

(Welteji, 2018). These development policies and strategies have promoted some 

selected sectors in their respective implementation periods. For instance, during the 

mid-1960s, the government anchored its economic development strategy on the 

development of sectors, such as agro-processing, mining, and power generation, 

with the ultimate objective of propping up domestic manufacturing capacity. This 

enabled the manufacturing sector to grow at an annual average rate of 16%, and 

thus the sector’s share in the total Gross Domestic Product (GDP) reached 13% in 

1967 from 9% in 1963 (UNDP, 2017). Aside from the usual role of supplying food 

for household consumption, agriculture was primarily intended to supply raw 

materials for the industrial sector.  Unfortunately, the industrial growth could not 

be sustained with the same pace after Ethiopia joined the socialist block in 1974. 

The shift in the political ideology had been accompanied by reforms that 

encouraged public ownership of private enterprises and thus, the booming of the 

private sector left way for communal ownership. This adversely affected the status 

of the overall economy while industry sector growth drastically decelerated with a 

 
4This theory explicitly recognizes the linkage between agriculture and the manufacturing as 

a source of sustainable economic development. 
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negative growth rate averaging 1.4% per annum over the seventeen-years 

(1973/1974 to 1990/1991) of the Dergue period. 

 Ethiopia reverted to a market-led economic system after the downfall of the 

socialist Dergue regime in 1991. Consequently, various reforms5 have been initiated 

to speed up the transition into a market-based economic system partly supported by 

the structural adjustment program spearheaded by the World Bank and the 

International Monetary Fund. Ethiopia also introduced the Sustainable Development 

and Poverty Reduction Program (SDPRP) and the Plan for Accelerated and Sustained 

Development to End Poverty (PASDEP), which were used as guiding strategic 

frameworks during 2002/03-2004/05 and 2005/06-2009/10, respectively. The country 

has also introduced the Agricultural Development Led Industrialization (ADLI) 

strategy in 1993, and this has continued to be the overarching strategy for Ethiopia’s 

development efforts, complementing the initiatives under the SDPRP and PASDEP, 

until the first Growth and Transformation Plan (GTP) was put in place in 2010. The 

main aim of the ADLI strategy was to achieve initial industrialization through robust 

agricultural growth and strong linkages between agriculture and industry.  

 Following many years of implementing SDPRP, PASDEP, and ADLI and 

recognizing their failures to deliver the intended goals in sustainably developing 

agriculture, let alone transforming the general economic structure, Ethiopia 

designed and implemented two successive growth and transformation plans (GTP I 

and GTP II) to induce comprehensive economic structural change. Again, the GTP 

I (2010/2011-2014/2015) and GTP II (2015/2016-2019/2020) also gave peculiar 

attention to industrialization. Priority industries, namely textile and apparel, leather 

and leather products, sugar, metal and engineering, chemical products, paper 

products, pharmaceutical products, and agro-processing industries, have been 

prioritized (MoFED, 2010). The argument was that industries can help diversify 

exports, increase foreign exchange earnings, promote linkages with the agricultural 

sector, create employment for the abundant labor force, and ensure rapid 

technology transfer.  

 Although Ethiopia has shown progress in selected indicators of economic 

development, the process of transitioning from agriculture to sectors with better 

productivity and higher returns on scale has been sluggish. The manufacturing 

subsector, which is conventionally known for its higher productivity and increasing 

returns to scale, has not been performing well in Ethiopia. For instance, the share of 

 
5 Such as devaluation, liberalization, and privatization.  
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the manufacturing subsector to GDP has remained low at less than 6.8%, and its 

share in merchandise export earnings stood at less than 13% by the end of 

2019/2020 (PDC, 2021). In addition to this, the Ethiopian manufacturing sector is 

characterized by a lower degree of sophistication and integration, both within itself 

and with other sectors. As a result, the sector is dominated by light industries and 

has undergone a tardy transformation over several decades. Besides, average 

capacity utilization remained persistently low, partly due to high reliance on 

imported inputs, weak forward and backward linkages, frequent energy outages, 

and an inadequate supply of skilled labor (PDC, 2021). 

 The low intersectoral linkages within domestic economy and the lack of 

substantial improvements in both the agriculture and the industry sectors over the 

past few decades can also be looked at from the extent of the country’s substituted 

imports of agro-processed products. Much of the agro-processed products in big 

supermarkets in Ethiopia have been imported (GAIN, 2016), signifying mainly 

very low level of import substitution and sluggish structural transformation, despite 

the implementation of various industrial development plans and strategies including 

the growth and transformation plan.  

 It is evident that sound policy making often requires a detailed assessment to 

reap larger economic benefits in the long-term. Among these, the link between 

agriculture and industry dominates the debates very often; and Ethiopia’s urge for 

economic structural transformation revolved around this fact for the past several 

decades.  

 It is evident that the forward and backward interlinkages between 

agriculture and manufacturing sectors are important elements of the development 

process. Thus, the assessment of sectoral linkages lays the foundation to ensure 

sustainable economic development. Therefore, a proper understanding of sectoral 

linkages between agriculture and industry is necessary for designing appropriate 

long-term policies and strategies to achieve sustainable development by addressing 

the following research questions:  

• To what extent do the priority industries (agro-processing) have backward 

and forward linkages?  

• What are the hindering factors for sectors not to have high sectoral linkages 

within the economy?  
 

There are numerous empirical studies on the topic of sectoral linkages in 

Ethiopia. However, these studies heavily focus on examining the impact of external 
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shocks (Tadele and Philip, 2005; Fekadu, 2007; Solomon, 2015). A critical 

examination of the policy context of Ethiopia from a sectoral linkage perspective 

using a quantitative method of analysis is lacking. Thus, this study aims at filling 

the research gaps using a Social Accounting Matrix (SAM) multiplier and 

decomposition analysis. 
 

2. Overview of Ethiopia’s Economy 

2.1 General structure of Ethiopia’s economy 
 

Ethiopia is one of the poorest countries in the world. The country’s per 

capita income reached US$ 1,021 in 2021/2022 (PDC, 2022), which is substantially 

lower than the Sub-Saharan Africa (SSA) regional average of US$ 1,645. In 

Ethiopia, the average economic growth rate of 10.5% from 2004-2018 over the last 

decade was far beyond the average 5.2% economic growth rate recorded in SSA 

countries, (PDC, 2021). As a result, the level of poverty in Ethiopia has declined 

from 45.5% in 1995 to 29.6%, in 2011 (MoFED, 2012) and is estimated to reach as 

low as 19% in 2020 (PDC, 2021).  

 

Figure 1:  Share of major economic sectors in total GDP (percent) 

 
Source: Ministry of Planning and Development (2022) 
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agriculture to a high productivity and skills-intensive activities both within and 

between sectors and subsectors. Although the share of agriculture in GDP had been 

steadily shrinking from about 47% of the GDP in 2010/2011 to 32.4% in 

2021/2022 (Figure 1), the share of the manufacturing sub-sector in the GDP 

increased from 4.7% in 2010/2011 to 6.7% by 2021/2022. An apparently 

interesting development is that the country’s high growth rate has been driven 

primarily by growth in the service and industrial sectors (that was driven by the 

boom in the construction sector), which respectively accounted for 40% and 29% 

of the GDP in 2021/22.  

 

Figure 2: Trends in sectoral share in merchandise export (percent) 

 
Source: Compiled Based on data from National Bank of Ethiopia 

 

One of the indicators of economic structural change is the change in the 

composition of merchandise exports, particularly a rise in the share of manufacturing 

goods in total merchandise export.  In this regard, the share of manufacturing goods 

in the total merchandise export increased from 9% in 2010/2011 to 17% by 

2018/2019, while the share of agriculture in merchandize export increased from 71% 

to 79% during the same period (Figure 2). However, the share of manufacturing fell 

back to 10% in 2020/2021, before it slightly revived to 12% a year later. Thus, there 

has not been a shift both in terms of the diversity of the products and the sectoral 

composition of exports, implying weak structural change in the economy. Besides, 

the weak performance in exports coupled with high import demands led to huge trade 

deficits. 
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Besides changes in the sectoral compositions of the GDP and exports, 

structural change can also be mirrored through shifts in the composition of labour 

force participation in the economy. At the national level, 65% of the labour force is 

engaged in agricultural activities in 2021, which declined from 80% in 1999 and 

72.7% in 2012/2013 (CSA, 1999 and 2013; ESS, 2021). The data also indicates 

that the share of labour force participation in the industry sector, which includes 

manufacturing, mining, quarrying and construction activities together employ only 

5.2% of the labour force in 2020/2021. This is a significant decline from 7.4% in 

2013 (Figure 3). While the labour force participation in agriculture noticeably 

declined over the past two decades, this was compensated by a rise in the share of 

services and informal sector, since the industry sector’s share has been falling 

during the same period, testifying challenges for economic structural change.  

 

Figure 3: Change in the composition of labour force (percent) 

 

Source: Based on data from CSA (1999, 2005, 2013) and ESS (2021) 

 

2.2 The SAM description of the structure of the economy 

 

The production system of agricultural and industrial activities determines 
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activities relatively use more of labor and capital6 than intermediate inputs. For 

instance, the share of labor out of the total value added of cereals is 67.2% and the 

figures go as high as 70.4% and 73.9% for vegetables/frits/root crops and Enset, 

respectively (Figure 4). On the other hand, the share of intermediate inputs from the 

industry sector by cereals is only 7.5% and it is as low as 1.1% for oil seeds.  The 

results further revealed that agricultural activities mainly use intermediate inputs 

from the agricultural sector itself. This is evidenced by the fact that the share of 

intermediate inputs from the agricultural sectors by cereals and pulse out of the 

value of the total output are 8.5% and 12.4%, respectively. The figure goes as high 

as 12.5% by cash crops. This entails that the linkage of the agricultural sector with 

the industrial sector is relatively weak. Since the agricultural activities are mostly 

rain fed and do not use that much agro-chemicals and fertilizers, the share of agro-

chemicals and fertilizers from the total value of the agricultural outputs is low.  

 

Figure 4: Production factors and intermediate inputs share from total value of 

agricultural outputs  

 
Source: Authors’ computation based on SAM (2015/16) 

 

The industrial sector relatively uses more of intermediate inputs compared 

to the agricultural sector. The input consumption pattern of manufactured activities 
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varies across activities. Some use more of intermediate inputs, while others use 

production factors intensively. For instance, 87.5% of the total value of the leather 

sector goes to the agricultural intermediate inputs. The figures go as high as 97.7%, 

95.6%, and 88.4% for vegetable oil and dairy processing industries, and 

millers/bakeries, respectively. Some of the industries notably textile and apparel, 

tobacco, beverage and, alcohol intensively use labor and capital (Figure 5).  For 

example, from the total value of textile 60.6% goes to capital and 31.3% of it goes 

to labor. This entails that these industries have the potential to create more 

employment opportunities. 

 

Figure 5: Share of production factors and intermediate inputs from total 

values of agro-processing 

 
Source: Authors’ computation based on SAM (2015/16) 
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domestically produced agricultural outputs as intermediate inputs can boost 

demand for domestically produced agricultural goods through its backward linkage. 

In light of this, an assessment has been made of the sources of demand for goods 

and services. Results have revealed that from the total production of cereals, 85% is 

consumed as intermediate input by agro-processing enterprises, mainly grain mills 

and bakeries/grain mills. The rest 8% and 7% are consumed by households for final 

consumption and as intermediate input by the agriculture sector itself (for example, 

seed usage), respectively. Similar demand pattern holds true for pulses and oil 

seeds (Table 1). But the lion shares of the demand of vegetables, Enset, cash crops, 

and livestock are consumed directly by households. This reality signals that many 

of the agro-processing enterprises are engaging in very few sectors notably grain 

mill, bakery, and vegetable oil production while agro-processing related to fruit and 

vegetables and livestock are not well developed.   
 

Table 1:  Demand structure for agricultural commodities (percent) 

Type of Commodity 
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Cereals  7 85 8 0 0 

Pulses  11 57 13 0 19 

Oilseeds  0 60 23 0 17 

Vegetables and fruits  0 34 64 0 1 

Cash crop  10 12 34 0 43 

Enset 0 0 100 0 0 

Livestock and fish  6 27 63 2 2 

Source: Authors’ computation based on SAM (2015/16) 

 

It is evident that the lion’s share of the manufacturing sector in Ethiopia is 

comprised of agro-processing and simple labor-intensive industries (Table 2). 

Examining the sources of demand for these products allows us to examine the level 

of linkages they tend to create with the rest of the economy's activities. For 

instance, the lion’s share of the demand for agro-processed products comes from 

households. This signifies that these products are not heavily used as intermediate 

inputs. It is mainly the textile and leather industries that export their outputs to the 

rest of the world.  
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Table 2: Demand structure for agro-processed commodities 

Type of Agro-processed 

commodities 
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Preserve 0 36 52 12 

Vegetable oil 24 18 58 0 

Dairy  0 8 92 0 

Bakery and grain mills 0 28 71 1 

Sugar  0 20 80 0 

Other agro-processing 23 2 75 0 

Alcohol  0 3 97 0 

Beverage 0 52 48 1 

Tobacco  0 47 53 0 

Textile/apparel  0 9 85 6 

Leather  0 2 90 9 

Source: Authors’ computation based on SAM (2015/16) 

 

An assessment has been made on the consumption pattern of different 

households in Ethiopia based on the 2015/2016 SAM.  As presented in Figure 6, 

households nearly spend 55% of their income on food, which are heavily coming 

from domestic sources. Bakeries and grain mills account for the greatest proportion 

of household spending, followed by livestock and fish. 

 

Figure 6: Household consumption patterns of agricultural commodities 

 
Source: Authors’ computation based on SAM (2015/16) 
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Households spend nearly 27% of their expenditure on services (Figure 7). 

Textile and apparel and leather together accounts 5% of the total expenditure of 

households “Other agro-processing”, alcohol and dairy are the other important 

commodities, where households spend their income. Besides, the share of imports 

in the total supply of basic cereals is less than 0.5%, which is extremely small. 

However, the corresponding import shares of textile (38percent), paper (37%), 

sugar (11%), and leather (6%) are relatively higher. It is only the leather industry 

that exports more than it imports.  

 

Figure 7: Share of expenditures of households on non-agricultural 

commodities 

 
Source: Authors’ computation based on SAM (2015/16) 
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(1.14%), and remittance (0.3%). These are agricultural labour, non-agricultural 

labour, capital and land. These factors contribute more than 90% of the income of 

poor rural households. This number is more than 83% for non-poor rural 

households.  

A thorough analysis has been made on the sources of income of the 

households. The result shows that rural households earn nearly 50% of the total 

income from unskilled labor, while the share is as low as 21% for urban household 

which earn 37% and 18% of its income from capital and skilled labor, respectively. 

Apart from this, both rural and urban households get income from the government 
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higher income share to the urban households compared to the rural households. The 

other source of income of the households is remittance from the rest of the world. 

This is evidenced by the fact that nearly 12% of the income of the urban 

households and 7% of the rural households come from remittances sent from the 

rest of the world.  

 

Figure 8: Sources of income of households (percent) 

 
Source: Authors’ computation based on SAM (2015/16) 
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3.1 Data 

 

The secondary data was collected using appropriate data collection tools. 
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and manufacturing, especially from the Ethiopian Statistics Service, Ministry of 
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of Trade and Regional Integration, Ethiopian Investment Commission, Ministry of 
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3.2 Ethiopia’s Social Accounting Matrix (SAM) 

 

The most recent SAM of Ethiopia was constructed in 2015/2016. The 

2005/2006 and 2015/2016 SAMs have been used to carry out the analysis. The 

2015/2016 SAM contains 81 activities and 83 commodities. The factors taken into 

account include agricultural labor, non-irrigated land, irrigated land, skilled labor, 

semi-skilled labor, other agricultural capital, and capital. The SAM also has four 

household accounts: urban poor, urban non-poor, rural poor, and rural non-poor. 

Similarly, the tax account contains direct tax, sales tax, value-added tax, excise tax, 

and import duty. For this analysis, the SAM has been re-adjusted in such a way that 

it fits the purpose of our analysis.  

The 2015/2016 SAM for Ethiopia used multiple surveys, covering different 

dimensions of economic activities.  Likewise, the SAM used certain coefficients of 

the service sector built from the most recent Tanzanian SAM (Randriamamonjy and 

Thurlow, 2015) to fill the data gap considering the similarity in economic structure 

and the level of economic development between Ethiopia and Tanzania as per 

international practices and the recommendations of the system of national accounts7. 

Table 3 lists the main data sources used for the 2015/2016 SAM’s 

construction. Most of the input data were originated from the Central Statistics 

Agency (CSA). The SAM exhaustively utilized “Meher” Season Post Harvest Survey 

data to estimate agricultural components of the activity account. Multiple surveys 

covering various aspects of economic activity were used to construct Ethiopia’s 

SAM. We also used the National Account Statistics (NAS) data for subjects not 

adequately covered by surveys.  

The two SAMs have been modified into a form that is suitable to compare 

results and to conduct the SAM decomposition analysis. Toward this end, the 

agricultural activities have been aggregated into cereals, pulses, oil seeds, fruits, 

vegetable and root crops, Enset, cash crops and livestock and fish.  The industrial 

sectors have been aggregated into agro-processed and non-agro-processed 

activities. Since the main aim of the study is to look at the linkage between 

agriculture and manufacturing sectors, the agro-processed activities have been 

disaggregated into preserve, vegetable oils, dairy, bakery and grain, sugar, other 

agro-processed, alcohol, beverage and soft drinks, tobacco, textile, and apparel and 

 
7 When data for specific economic activities are inadequate, alternative constructs might be 

used, according to the most recent System of National Accounts (SNA) (2008). 
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leather. The activity and the commodity account have been merged so that the 

SAM decomposition analysis can be carried out. 

 

Table 3: Data sources for the construction of the 2015/16 SAM for Ethiopia 

Source of 

Data 
Title of the Survey Abbreviation 

CSA The 2015/16 Agricultural Sample Survey  AgSS 

CSA The 2015/16 Ethiopian Socioeconomic Survey ESS 

CSA 
The 2015/16 Large and Medium Scale Manufacturing 

and Electricity Industries Survey 
LMMIS 

CSA 
The 2015/16 Small Scale Manufacturing Industries 

Survey 
SMS 

CSA 
The 2015/16 Ethiopian Household Consumption – 

Expenditure Survey 
HCES 

CSA 
Retail and Producer Price Survey Data for the Year 

2015/16 
RPPSD 

PDC 
2015/16 Supply and Use Table  Supply and Use 

Table 

PDC 2015/16 Annual GDP estimate  

Randriamamonjy 

and Thurlow 
2015 Social Accounting Matrix for Tanzania  

Source: Authors ‘compilation and elaboration  

 

3.3 Methods of analysis 

 

A quantitative approach was used in this study. To determine the extent of 

the linkage among agricultural and industrial sectors, a SAM multiplier analysis 

using the 2005/206 and 2015/2016 SAMs has been used. This enabled to sort out 

subsectors with strong forward and backward linkages during the two periods and 

make comparisons. This enabled us to sort out subsectors with strong forward and 

backward linkages in these two periods. In addition, SAM decomposition and 

structural change analysis have been conducted using the same data sets.  The 

details of the approach are featured below. 

 

3.3.1 SAM multiplier analysis 

The input-output analysis and the subsequent measurement of linkage 

coefficients, including SAM multiplier analysis have been used excessively for the 
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identification of key economic sectors. Since the pioneering work of Rasmussen 

(1958), Chenery and Watanabe (1958), and Hirschman (1958), numerous studies 

applying input-output techniques have relied on linkage analysis to describe the 

linkage between economic sectors and to assist the formulation of economic 

development policies and strategies. In order to examine forward and backward 

linkages of agricultural and industrial sectors, the study employed a SAM-multiplier 

analysis. To use this technique, endogenous and exogenous accounts have been 

specified in order to capture the magnitude of influence caused by one sector over the 

other. The accounts of production activities, factors of production and domestic or 

institutions (such as households) were considered as endogenous, and those of 

government, combined capital and the rest of the world accounts were considered 

as exogenous.  

 

This could be presented using the following matrix representation:  

 

Y = ( ) MXXAI =−
−1

      (1) 

 

Where Y represents the column vector of outputs or products in the left-hand side, 

X represents the column vector of the final consumptions, A represents the 

coefficients, and I is the nxn identity matrix. The matrix ( ) 1−
−= AIM  is known as 

the accounting multiplier matrix. Each cell ijM
 of M quantifies the change in total 

income of account i as a result of a unitary increase in the exogenous component of 

account j. The forward linkage (in percentage terms) of sector j quantifies the 

change in income in sector r relative to the average change in the economy, caused 

by a unitary injection in the final demand of all sectors. If the forward linkage for 

sector j is greater than 100percent, the change in sector j’s income is higher than 

the average income changes in the economy after a unitary injection in all sectors. 

On the other hand, the backward linkage of sector j quantifies the change in 

economy wide income relative to the average change in the economy, caused by a 

unitary injection in the final demand of sector j. A key sector is usually defined as 

one with both backward and forward linkages greater than 1. If a sector has a 

backward linkage greater than 1, and forward linkage less than 1, is called 

backward oriented. On the other hand, if it has a forward linkage greater than 1, 

and backward linkage less than 1, it is called forward oriented. If none of the 
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linkages is greater than 1, the sector is said to have weak linkages with other 

sectors (Parra and Wodon, 2009).  

Let V denote the sum of all cells of the inverse matrix:  V
=

i j

ijM

. Let   •iM
 and 

•jM
denote the sum of the ith row and the jth column of the inverse matrix, 

respectively.
=•

k

iki MM

, and 
=•

k

jkj MM

. Then the Hirschman-Rasmussen 

backward linkage index of sector i is given by  
 

BL V

nM i•=
         (2) 

and the forward linkage index is given by FL V

nM j•
=

   (3) 

 

The Hirschman-Rasmussen indices do not consider the relative importance 

of each sector in terms of GDP, final demand, or total production. Thus, adjustment 

has been made to capture the importance of the sector in the economy using 

weighed average. In this regard, the total production share of activities has been 

computed, so that a weighted linkages index can be formulated as follows: Let i  

be sector i’s total production share; the weighted sums of the ith row and column of 

the inverse matrix are given by 
=•

i

ikii MWM 
 and  

=•

j

jkkj MWM 

 respectively. 

The weighted backward and forward linkage indices can be written as  

WBV

nWM
WBL i

i
•=

 and WBV

nWM
WFL i

i
•=

respectively, where 
=

i

iji

j

MWVB 

and 

=
i

ijj

j

MWVF 

. A unitary injection in sector k will cause a change in income 

across other sectors in the amounts indicated by the kth row of the inverse matrix. 

These changes can be separated into self-induced component and non-self-induced 

component, together adding up to one. On the output side, the self-induced effects 

for sector k (in percentage) can be computed as •k

kk

M

M

. On the input side, these 

effects can be computed as k

kk

M

M

• , also in percentage.  
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3.3.2 SAM decomposition  

The above multiplier matrix can be decomposed into three economically 

meaningful components or sub-matrices following Stone (1981), Pyatt and Round 

(1979), and Round (1985) decomposition techniques (see the detailed specification 

in the Appendix 1). This enables us to identify which of these linkages induce a 

higher multiplier in the economy. The multiplicative form is depicted below.  

𝑌𝑛

−
= 𝑀𝑎3𝑀𝑎2𝑀𝑎1𝐹       (4) 

 

The above specification could be converted into an additive form in the 

following way.  

𝑌𝑛

−
= (𝐼 + (𝑀𝑎1 − 𝐼) + (𝑀𝑎2 − 𝐼) ∗ 𝑀𝑎1 + (𝑀𝑎3 − 𝐼) ∗ 𝑀𝑎2 ∗ 𝑀𝑎1)*F  (5) 

𝑑𝑌𝑛

−

= 𝑑(𝐼 + (𝑀𝑎1 − 𝐼) + (𝑀𝑎2 − 𝐼) ∗ 𝑀𝑎1 + (𝑀𝑎3 − 𝐼) ∗ 𝑀𝑎2 ∗ 𝑀𝑎1)  (6) 

 

Since the above equation is in additive form, the total change on y could be 

written as  

𝑑𝑌𝑛

−

= (𝐼 + (𝑀𝑎1 − 𝐼)) ∗ 𝑑𝐹 + (𝑀𝑎2 − 𝐼) ∗ 𝑀𝑎1) ∗ 𝑑𝐹 + 𝑑(𝑀𝑎3 − 𝐼) ∗ 𝑀𝑎2 ∗

𝑀𝑎1) ∗ 𝑑𝐹        (7) 

 

Since the multiplier component is constant in each sub matrix in the above 

expression, change in the total output is the result of the multiplication of the 

change in the total demand and the multiplier component. 

The first of these matrixes ((𝑀1 = 𝑀𝑎1 − 𝐼)) shows both the direct effects 

on the endogenous accounts of one-unit exogenous shocks (appearing as unit 

increases in the diagonal) and subsequent interaction effects among accounts within 

the same institutional group. The direct effect captures the multiplier effects 

resulting from direct transfers within institutions, households, and the inter-industry 

transfers. This component of the SAM multiplier depicts the part of the multiplier 

which mainly comes from the forward and backward linkages among activities in 

Ethiopia where intra-household transfer is limited. The first part of the M1, which 

is  (𝐼 − 𝐴11)−1 − 𝐼 , is the only active matrix in Ethiopia and it shows the typical 

input-output multiplier in the economy. 
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𝑀1 = [
(𝐼 − 𝐴11)−1 − 𝐼 0 0

0 0 0
0 0 (𝐼 − 𝐴33)−1 − 𝐼

]   (8) 

 

The second component, the open-loop matrix, captures cross-effects 

between different institutional groups. These effects are transmitted from one 

category of endogenous institutions to other endogenous categories, and in turn, set 

in motion multiplier processes of within-category interaction effects, which amplify 

the initial stimulus. The open-loop effects capture the interactions among and 

between the three endogenous accounts, notably activities, production factors, and 

households. The diagonal elements are zero and this component of the multiplier 

captures the off-diagonal elements which are typically cross account effects8.  
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The third component, closed-loop matrix details the multiplier effects of an 

exogenous change on one institutional group, after it has travelled through the rest 

of endogenous accounts and returned to the original recipient. Thus, the closed-

loop matrix captures the full circular multiplier effects net of own and open loop 

effects; that is, from production activities to factors to institutions and then back to 

activities in the form of consumption demand.  This component is basically linked 

to the consumption effect of an external shock that comes from institution to the 

activity account.  
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8 See the details of the SAM decomposition and the denomination of each element of the 

matric in the Appendix 1.  
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Thus, decomposing the general multiplier analysis into the above three 

components could clearly sort out the types of linkages that are strong in the 

Ethiopian agricultural and manufacturing sectors.  

 

3.3.3 Structural transformation  

The speed of technological progress in different sectors crucially depends 

on the dynamics of structural transformation in an economy (Dosi et al., 1990). 

Therefore, the speed of technical changes in different sectors could be a good proxy 

to examine the rate of structural transformation in Ethiopia. It is evident that the 

changes in a sector’s level of output could emanate from two sources, namely 

changes in technology and changes in final demand. Here, positive contributions in 

change to output due to changes in technology should be interpreted as the degree 

to which interactions amongst activities have increased and leakages out of the 

domestic economy have declined. We follow the approach and notation of Millar 

and Blair (2009) and Hoai et al. (2016). Gross output in year 2005 and year 2015 

can be written as: 

 

ΔY=(𝐼 − 𝑀)2015
−1

 𝐹𝑑2015 − (𝐼 − 𝑀)2005
−1

𝐹𝑑2005    (11) 

 

We have two components on the right-hand side, notably (𝐼 − 𝑀)2005
−1

 and 

𝐹𝑑 .The(𝐼 − 𝑀)2015
−1

shows the multiplier part while F indicated the final demand 

of commodities. Thus, it is possible to decompose the change in output, Y, as the 

change in these two components.   Changes in (𝑰 − 𝑴) −𝟏
 andF can be weighted 

in terms of the year 2005 or the year 2015’sfinal demands and technologies 

respectively or a combination thereof. We take an unweighted average and derive 

the decomposition in the following way: 

 

ΔY=(
1

2
) ((𝐼 − 𝑀)2015

−1
− (𝐼 − 𝑀)2005

−1
)( 𝐹𝑑2015 + 𝐹𝑑2005) + (

1

2
) ((𝐼 −

𝑀)2005
−1

+ (𝐼 − 𝑀)2015
−1

))( 𝐹𝑑2015 − 𝐹𝑑2005)      (12) 

 

In this way, the component that is attributed to changes in technology is 

weighted by the unweighted average of the final demands of the initial and final 

year while the change in the final demand component is weighted by the average of 

the initial and final technologies.  
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4. Results and Discussion 

4.1 Forward and backward linkages 

 

In Ethiopia, agro-industries such as food and beverages contribute about 

50% to the manufacturing sector output in the country. However, the sector’s 

exports constituted only 1.3% in 2013 and import dependency remained strong 

(UNCTAD, 2021). This signifies that the sector has a weak linkage with the rest of 

the economy. The degree of economic linkage is expressed by the level of 

backward and forward linkages of activities in a given economic system. 

Backward linkages show the extent of dependence of an activity on inputs 

produced from other activities in the domestic economy, while forward linkages 

capture the economic sector’s role in supplying inputs to other sectors. These two 

linkages are very decisive to identify the key but weakly linked sectors of an 

economy and to design effective intervention plans and strategies.  

The multiplier analysis result has shown that the main agricultural 

commodities, except cereals and livestock, have weak forward linkages. Yet, 

almost all agricultural commodities have relatively strong backward linkages. 

Specifically, cereals, livestock, and bakery/grain are the leading sectors with strong 

forward and backward linkages in the economy. Of all agricultural activities, 

livestock has the highest forward and backward linkages followed by cereals. The 

major agricultural products including cereals, oilseeds, cash crops, fruits, and 

vegetables have high backward linkages. This signifies that any demand change in 

the outputs of these commodities can create significant spillover effects in the 

economy through backward linkages. 

The results have shown that the status of the backward and forward 

linkages of activities did not significantly change in the decade preceding 2016 

(Table 4). This could be partly, because the production pattern of activities did not 

technically alter between 2016 and 2025. For instance, when we compare the 

technical coefficients of 2005/2006 and 2015/2016 SAM of Ethiopia, there was no 

as such a huge difference on the share of factors of production and input intensity 

of activities. This shows that there has not been any significant change in the mode 

of production and the level of integration among activities in the Ethiopian 

economy during the decade under consideration.  
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Table 4: Forward and backward linkages of key agricultural outputs/activities 

Type of Commodity 

2015/16 2005/06 

Backward 

Linkage 

Forward 

Linkage 

Backward 

Linkage 

Forward 

Linkage 

Cereals 1.042 1.428 1.090 1.32 

Pulses 1.188 0.352 1.242 0.34 

Oilseeds  1.141 0.372 1.193 0.32 

Vegetables, fruits, root crops 1.142 0.378 1.194 0.52 

Cash crops  1.160 0.329 1.213 0.44 

Enset 1.184 0.199 1.238 0.21 

Livestock and Fish 1.199 1.412 1.255 1.35 

Source: Authors’ computation based on SAM (2005/06, 2015/16) 

 

Since Ethiopia’s manufacturing sector is the least developed in the world, 

the majority of the main agro-processing industries have fallen under weakly linked 

sectors, with weak forward and backward linkages (Table 5). This signifies that any 

increases in the final demand for the agro-processing activities will have limited 

impact on the overall economy and agricultural sectors.  Particularly, except the 

bakery and grain mill, all agro-processing activities have weak forward linkages. 

This is partly because the biggest demand of these goods come from households. 

Some agro-processing activities notably bakery/grain, vegetable oil, dairy and 

alcohol have higher backward linkages, while the rest of the agro-processing 

sectors have weak forward and backward linkages. This is mainly because many of 

the agro-processing sectors rely on imported intermediate inputs so that their 

impact on domestic production via backward linkages is weak. 
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Table 5: Forward and backward linkages of agro-processing outputs/activities 

Type of Commodity 

2015/16 2005/06 

Backward 

Linkage 

Forward 

Linkage 

Backward 

Linkage 

Forward 

Linkage 

Preserve 0.817 0.139 0.857 0.15 

Vegetable oils 1.269 0.211 1.387 0.14 

Dairy 1.322 0.214 0.140 0.37 

Bakery and grain mills 1.188 1.631 1.247 0.91 

Sugar 0.888 0.175 0.931 0.2 

Other agro-processing 1.308 0.491 1.374 0.27 

Alcohol 1.072 0.284 1.116 0.13 

Beverage and soft drink 0.947 0.165 0.989 0.33 

Tobacco 0.643 0.138 0.674 0.17 

Textile and apparel 0.584 0.264 0.613 0.4 

Leather 0.816 0.214 0.857 0.17 

Source: Authors’ computation based on SAM (2005/06, 2015/16) 

 

An assessment has also been made to examine the impact of a unit increase 

in the production of agro-processing activities on the demand for key agricultural 

activities. The results show that bakery/grain, other agro-processing, vegetable oils, 

and dairy activities create relatively more demand for the key agricultural products. 

When we look at the level of linkages of each agricultural item with the agro-

processing manufacturing activities, oilseeds, and livestock will have relatively a 

higher demand if the production of the key agro-processing activities increase.  For 

instance, if the demand for agro-processed products increases by one unit, the 

demand for cereals, livestock, and oilseed tend to increase by 0.97, 0.42, and 0.04, 

respectively.  In the same way, if there is an expansion of vegetable oil by one unit, 

the demand for oilseed increases by 1.01, which shows that the sector tend to create 

a strong backward linkage with the agricultural activity (Table 6).  
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Table 6: Inter-sectoral multipliers between agricultural and agro-processing outputs/activities 

Activities 
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Cereals 0.25 0.38 0.43 1.09 0.26 0.97 0.36 0.30 0.19 0.17 0.25 0.30 4.95 

Pulse  0.04 0.06 0.07 0.16 0.04 0.15 0.06 0.05 0.03 0.03 0.04 0.05 0.78 

Oilseeds  0.03 1.01 0.06 0.03 0.03 0.04 0.04 0.03 0.02 0.02 0.03 0.03 1.37 

Vegetable & 

fruits  
0.05 0.09 0.09 0.08 0.06 0.08 0.08 0.07 0.04 0.04 0.05 0.06 0.79 

Cash crops  0.03 0.04 0.04 0.04 0.46 0.04 0.04 0.04 0.02 0.03 0.03 0.03 0.84 

Enset 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.02 0.2 

Livestock  0.51 0.35 1.38 0.32 0.24 0.42 0.33 0.28 0.18 0.16 0.75 0.26 5.18 

Total  0.92 1.95 2.09 1.74 1.11 1.72 0.93 0.79 0.49 0.46 1.16 0.75  

Source: Authors’ Computation 
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SAM decomposition analysis and sectoral linkages 

 

The previous results of the SAM multipliers do not allow tracking the 

relative contribution of direct and indirect effects to sectoral linkages. The SAM 

multiplier decomposition enables to scrutinize which linkage induces more 

spillover effect in the economy. In a nutshell, there are three distinct effects in the 

SAM multiplier analysis. These are the own or the within effect, the open-loop 

effect, and the closed-loop effect. Since institutional/household transfer is limited 

in Ethiopia, the within effect captures the part of the multiplier occurring within 

activities through forward and backward linkages.  

The magnitude of the within effect basically depends on the strength of 

forward and backward linkages among sectors in the economy. The open-loop or 

spill-over effect captures the part of the spillover effect that flows from activities to 

households via factor payments. The closed-loop or feedback effect shows the 

increase in the production of activities that emanates from household consumption 

after activities pay to factors and factors pay to households.  

Results of the within effect have also revealed that an increase in the demand of 

cereals by one unit induces demand for agriculture, other industries, and services 

by 0.09, 0.07, and 0.19, respectively. Since cereals sector do not normally use any 

input from the agro-processing sector, it’s within effect multiplier on agro-

processing can safely be set to zero.  

When we look at the strength of the consumption effect, which comes from 

the consumption of goods and services by households, through the closed-loop 

effects, they are quite stronger than the within effect. For instance, the total within 

effect of an increase in production of cereals by one unit goes as low as 0.35 while 

the closed-loop effect goes as high as 2.35. In the same way, an increase in a 

demand for livestock by one unit, increases the within production effect, among 

activities by 0.51, while the closed-loop effect goes as high as 2.69. When we split 

the effect across sectors, the highest within effect is created by the agro-processing 

(0.16) while the closed-loop effect for the agro-processing for the same demand 

change goes as high as 0.81(Table 7).  

Table 7 clearly shows that the closed-loop effects of cereals and other 

agricultural crops creates more spillover effects and linkages with the agro-

processing manufacturing activities. The change in demand of cereals or any of the 

agricultural activities by households or any agent induces more production. 
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Feedback effect that goes from industries’ factor payments to households’ income 

will stimulate production activities through demand effects. Because of this, the 

change in the final demand is the salient driver of the change in economy-wide 

gross output in Ethiopia. This is because much of the commodities produced by 

various activities are consumed as final demands by households and government 

than used as intermediate inputs by activities. This limits the spillover effect 

created in the economy through forward and backward linkages. 

 

Table 7: Within and closed loop multipliers induced by agricultural activities 

on agro-processed outputs/activities 

C
a

te
g

o
ry

 

Description Cereals Pulses Oilseeds 
Fruit & 

Vegetable 
Cash crops Enset Livestock 

W
it

h
in

 e
ff

ec
ts

 

Agriculture 0.09 0.14 0.02 0.02 0.14 0.03 0.16 

Agro-

processing 
0.00 0.00 0.00 0.01 0.01 0.01 0.16 

Other 

industries 
0.07 0.02 0.02 0.03 0.05 0.01 0.02 

Service 0.19 0.17 0.24 0.30 0.29 0.36 0.19 

Total  0.35 0.33 0.28 0.36 0.49 0.41 0.53 

C
lo

se
d

-l
o

o
p

 e
ff

ec
ts

 

Agriculture 0.55 0.64 0.62 0.61 0.61 0.64 0.63 

Agro-

processing 
0.71 0.83 0.79 0.79 0.79 0.82 0.81 

Other 

industries 
0.23 0.27 0.26 0.25 0.25 0.26 0.26 

Service 0.86 1.01 0.97 0.96 0.96 0.99 0.99 

 Total 2.35 2.75 2.64 2.61 2.61 2.71 2.69 

Source: Authors’ computation based on SAM (2016) 

 

Similar to agricultural goods, the lion’s share of outputs from 

manufacturing activities are consumed by households. In addition, some agro-

processing activities are labor-intensive, while other activities intensively use 

agricultural intermediate inputs. Because of this, the linkage and spillover effects of 

agro-processing activities coming from within and closed-loop effects differ. For 

instance, the increase in demand for vegetable oil, bakery, and dairy by one unit 
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will induce additional demand for agricultural commodities through its within 

effect by 1.26, 1.47, and 1.38, respectively (Table 8).  

Other key sectors, such as beverage, textile, and leather sectors don’t 

generate strong within spillover effects.  For instance, a unit increase in the demand 

of the textile and the leather sectors only induces 0.02 and 0.58 demand for output 

of the agricultural sector activities. This is because these commodities do not 

intensively use domestically produced agricultural goods as intermediate inputs. In 

the same way, when there is a unit increase in the demand of vegetable oil, it 

generates 0.62 demand for agricultural outputs via closed-loop effect but the value 

goes as low as 0.28 and 0.37 for textile and leather, respectively.  

The other channel of the multiplier effect is through consumption. The 

increase in household income increases the production of agricultural activities 

through consumption effect. Agro-processing activities tend to have higher closed-

loop effects, since they are heavily consumed by households. For instance, dairy 

and vegetable oils have the highest closed-loop effect. Since households relatively 

spend the lion’s share of their income on food, agriculture, and agro-processing 

activities entertain more demand from household, when income of household 

increases. The result in general, entails that the consumption effect creates the 

highest spillover effect and sectoral linkages. This is because the consumption of 

goods and services by households are greater than the amount used as intermediate 

inputs by activities. In relative terms, activities, such as dairy and bakery/grain 

mills, and other agro-processing create more demand and linkage with the 

agricultural sector through direct and closed-loop effects compared to other agro-

processing activities. This is because they intensively use domestically produced 

agricultural goods and are heavily consumed by households. 
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Table 3: Within and closed loop inter-sectoral multipliers induced by agro-

processing activities on agricultural activities 

C
a

te
g
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ry

 

D
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cr
ip
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P
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A
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ro
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in

g
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lc
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h

o
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B
ev

er
a

g
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T
o

b
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o

 

T
ex

ti
le
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p

p
a

re
l 

L
ea

th
er

 

O
th

er
 

m
a

n
u

fa
ct

u
ri

n
g

 

W
it

h
in

 e
ff

ec
t 

Agriculture 0.33 0.99 1.10 0.88 0.45 0.83 0.03 0.03 0.00 0.02 0.58 0.05 

Agro-

processing 
0.05 0.01 0.16 0.06 0.01 0.89 0.03 0.02 0.00 0.01 0.08 0.03 

Other 

industries 
0.01 0.02 0.02 0.06 0.04 0.05 0.02 0.02 0.00 0.01 0.02 0.45 

 Service 0.25 0.24 0.19 0.38 0.18 0.40 0.24 0.26 0.06 0.08 0.12 0.08 

Total 0.64 1.26 1.47 1.38 0.68 2.17 0.32 0.33 0.06 0.12 0.8 0.61 

C
lo

se
d

- 
L

o
o

p
 e

ff
ec

t Agriculture 0.38 0.62 0.63 0.56 0.42 0.57 0.57 0.49 0.32 0.28 0.37 0.94 

Agro-

processing 
0.49 0.79 0.81 0.72 0.55 0.73 0.73 0.63 0.41 0.36 0.47 1.21 

Other 

industries 
0.16 0.26 0.26 0.23 0.18 0.24 0.24 0.20 0.13 0.12 0.15 0.39 

 Service 0.60 0.97 0.99 0.87 0.66 0.89 0.89 0.77 0.50 0.43 0.58 1.47 

Total  1.63 2.64 2.69 2.38 1.81 2.43 2.43 2.09 1.36 1.19 1.57 4.01 

Source: Authors’ computation based on SAM (2016) 

 

Welfare and employment effects of sectoral linkages 

 

The impact of an expansion of agro-processing and agricultural activities 

on the welfare of households partly depends on its effect on income. The effect of 

an increase in the production activities on income of households partly depends on 

the share of labor and capital in the values of goods and services. The results 

revealed that all agricultural activities: namely pulses, oilseeds, fruits, and 

vegetables, cash crops, Enset, and livestock induce higher impact on household’s 

income compared to manufacturing activities. However, from the agro-processing 

activities, edible oils, dairy, bakery and grain mill, sugar, and alcohol ensure higher 

income gain compared to other manufacturing activities. 
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The results show that an increase in the demand of pulse, oil seeds, and 

livestock by one unit increase the income of households by 0.97, 0.93, and 0.95, 

respectively (Figure 9). The numbers for textile, tobacco, and leather go as low as 

0.42, 0.48, and 0.56 in the order they are mentioned. This entails that those agro-

processing activities which intensively use domestically produced agricultural 

goods as intermediate inputs, which are labor intensive, induce higher impact on 

the income of households. 

 

Figure 9: Spillover effects from activities on household income 

 
Source: Authors’ computation based on SAM (2016) 

 

Unemployment has remained one of the chronic problems of many 

developing countries, including Ethiopia. Thus, the decision to prioritize or expand 

the production of commodities from some of the key sectors partly depends on 

sector’s capacity to create sustainable and decent employment opportunities. 
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Particularly in a situation, where there is massive unemployment, an increase in 

income of labor from a certain shock would entail that more employment would be 

created. In general, the impact of the expansion of activities on creating 

employment opportunity apparently depends on the effect of the expansion of 

activities on labor. 

The results of the analysis have shown that the agricultural activities induce 

more demand for labor than the industrial sector. From all activities of the agro-

processing, bakery, grain, dairy, vegetable oil, and other agro-processing activities 

induce more demand for labor than other sectors. The result has revealed that other 

agro-processing activities do not create more employment opportunities. This is 

because, they either intensively use intermediate inputs or capital in their 

production systems.  For instance, a one unit increase in the demand for cereals and 

oil seeds each, their effect on income of labor would be 0.64 and 0.75, respectively. 

If the same shock happens on textile, leather, and sugar, their impact on labor 

income would be 0.16, 0.28, and 0.48 in the order mentioned (Figure 10).   

 

Figure 3: Spillover effects from activities on labor employment 

 
Source: Authors’ computation based on SAM (2016) 
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Decomposition and technical change 

It has been observed that there is a change in the production of goods and 

services in Ethiopia in the last few decades. There are two sources for this change 

of production patterns. One of it is the change in technical capabilities emanating 

from strong backward and forward linkages among sectors; and the other is the 

change in the final demand by economic agents.  When the income of households 

increases, it again increases the demand for goods and services that eventually 

increases the demand for goods and services. This may not be accompanied by an 

increased in domestic production or strong technical change. The closed loop 

shows the effect of consumption on the production of goods and services. The 

result of this study clearly shows that the change in the production of goods and 

services in the economy occurred because of a boom in consumption. The results 

have shown that there is no significant change in the nature of the production 

function on sectoral linkages.   

The decomposition of changes in the gross value of production between 

2005/2006 and 2015/2016 shows contributions from changes in the technology and 

changes in the final demand. The results for this decomposition of change in gross 

output are presented in Table 9. The results show that the change in economy-wide 

gross output is predominantly due to the change in the final demand, with changes 

in technology only contributing a very infinitesimal amount. Although the final 

demand is the main driver of change in economy-wide gross output over the period 

under study, results vary across activities. Several activities rely solely on the final 

demand effects, while their technology effects associated with backward linkages 

to the other activities have become less intense. Pulses, oilseed, livestock, vegetable 

oil, grain, bakery, and agro-processing exhibit positive technology effects, although 

for all these activities the final demand remains the main source. The limited role of 

technical change indicates that there was no significant structural transformation in 

the economy over the ten years between 2005/2006 and 2015/2016. 
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Table 9: Decomposition of technical and demand changes of activities 

Activities Technical change Change in Demand Total Change 

Cereals  (15.37) 303.10 287.72 

Pulses  17.78 44.33 62.10 

Oil seeds  1.48 35.45 36.93 

Fruits and vegetables (2.22) 68.56 66.34 

Cash crops  (3.16) 74.03 70.87 

Enset (0.76) 18.86 18.10 

Livestock and fish  14.34 277.41 291.74 

Preserve   0.06 3.49 3.55 

Vegetable oil  3.73 17.28 21.02 

Dairy  (3.08) 29.20 26.12 

Grain and bakery   44.18 311.15 355.33 

Sugar (3.56) 16.32 12.76 

Agro-processing  4.52 81.55 86.07 

Alcohol  0.42 36.09 36.51 

Soft drink  (6.80) 20.42 13.62 

Tobacco  0.32 2.19 2.51 

Textile and Apparel (2.86) 44.31 41.45 

Leather  (0.08) 23.68 23.60 

Source: Authors’ computation based on SAM (2006 and 2016) 

 

5. Conclusion and Policy Implications 

 

This study has generated numerous results from the quantitative analyses. 

First, the results have shown that there is weak linkage between the agricultural and 

agro-processing sectors in Ethiopia. Agro-processing sectors, in particular, have 

weak links with agricultural activities.  The linkage has been found to be very weak 

especially in the fruits and vegetables subsector although several other subsectors, 

activities have also exhibited weak intersectoral linkages with other sectors. On the 

contrary, cereals have strong forward linkage, showing that agro-processing is 

concentrating on flour production and bread production, or bakery business, which 

are fundamental for household consumption and catering businesses. Second, the 

SAM decomposition analysis has indicated that the closed loop effect is the 

strongest source of the multiplier. This shows the presence of stronger consumption 

effect in the economy than the within effect, which is linked to the forward and 

backward linkages of activities.  Third, ensuring linkage between the agricultural 
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and manufacturing sector will have huge welfare effect through its impact on the 

demand for labor and income of households. Fourth, the results further revealed 

that the change in production of activities has been caused by the change in 

consumption than significant technical changes. 

In general, this study made it clear that there is a long way to inducing 

effective structural transformation and creating jobs in the country if we continue to 

do things the same way. Particular attention should be paid to the fruit and 

vegetable sectors, where forward linkages of vegetable and fruit linkages are 

extremely weak. The major problem regarding weak linkages is more due to the 

structure of the economy and the weak implementation of the plans, policies, and 

strategies.  It will remain an uphill battle to achieve sustainable development 

without building high-quality value chains and linkages within and between the 

agriculture and industry sectors, fostering economic structural transformation. The 

study recommends that policymakers should focus on improving implementation 

capacity to promote systemic linkages between the agricultural and industrial 

sectors. In addition, policies should give prime attention to allocate resource into 

the sectors which speed up economic linkages. Eventually, each priority agro-

processing sector should be scrutinized to sort out the key binding factors that 

cause weak linkages in the sector.    

 

 

 

Acronyms and Abbreviations 

 

ADLI   Agricultural Development Led Industrialization 

CSA  Central Statistical Agency  

GDP   Gross Domestic Product 

GTP  Growth and Transformation Plan  

PASDEP Plan for Accelerated and Sustainable Development to End Poverty  

SDPRP  Sustainable Development and Poverty Reduction Programme 

SSA  Sub-Saharan Africa 
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Appendices 

 

Appendix 1: SAM decomposition 

We recall that  

XYAY nnn +=
−

 

Where Yn the total of each endogenous account.  An is define as the matrix of 

average expenditure propensities. Xnre presents the exogenous accounts.  From the 

multiplier analysis, 

XAIY nn

1)( −
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−=  we can denote the multiplier matric as 
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This matrix could be decomposed following Pyatt and Round (1978) into 

three economically meaningful components. This area transfer, an open-loop 

matrix, and a closed-loop matrix 

Recall   

XYAY nnn +=
−

 

Let us add and subtracted the same expression     
−−

nn YA
 

XYAYAYAY nnnnnnn ++−=
−−−−−

; XYAAYAI nnnnn +−=−
−−−−

)()( ; 

XYAAYAY nnnnnn +−=−
−−−−

)(
 

XAIYAAAIY nnnnnn

11 )()()( −
−−−

−
−−

−+−−=
 

Let 
)()( 1*

−
−

−

−−= nnn AAAIA
 

XAIYAY nnn

1* )( −
−−−

−+=
 

−
−

−−

=−− nnn YAXAIY *1)(
 

Multiply  
XAIYAY nnn

1* )( −
−−−

−+=
  by  

*A  

XAIAYAYA nnn

1*2** )( −
−−−

−+=
   but   

−
−

−−

=−− nnn YAXAIY *1)(
 

XAIAYAXAIY nnnn

1*2*1 )()( −
−−

−
−−

−+=−−
 

XAIAYAXAIY nnnn

1*2*1 )()( −
−−

−
−−

−+=−−
 



Solomon, Zewdie, and Adem: Agriculture-Industry Linkages for Employment…  

 
160 

XAIXAIAYAY nnnn

11*2* )()( −
−

−
−−−

−+−+=  

XAIAIAYAY nnnn ))()(( 11*2* −
−

−
−−−

−+−+=  
−

−
−

−
−−

=−+−− nnnn YAXAIAIAY 2*11* ))()((  

Multiply   
XAIYAY nnn

1* )( −
−−−

−+=    by   
2*A  

XAIAYAYA nnn

12*3*2* )( −
−−−

−+=  

 replace 

−

nYA 2*

 

XAIAYAXAIAIAY nnnnn

12*3*11* )())()(( −
−−

−
−

−
−−

−+=−+−−  

XAIAIAXAIAYAY nnnnn ))()(()( 11*12*3* −
−

−
−

−
−−−

−+−+−+=  

XAIIAAYAY nnn

11*2*3* ))(( −
−−−−

−++=−  

XAIIAAYAI nn

11*2*3* ))(()( −
−−−

−++=−  

XAIIAAAIY nn

11*2*13* ))(()( −
−−−

−

−++−=  

Let 
1

1 )( −
−

−= nAIMa )(
1*2*

2 IAAMa ++=
−

13*

3 )( −−= AIMa
 

So,  

XMMMY aaan 123=
−

 

We can convert the afore mentioned expression into additive form 
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I = the initial unitary injection 

)( 1 IM a −
= captures the net effect of a group of accounts on itself through direct 

transfers 

12 *)( aa MIM −
= net contribution of open loop or cross multiplier effects 

123 **)( aaa MMIM −
= net contribution of circular or closed loop multiplier effect. 

The nxnmatrix A (a partition of A) was chosen as follows, considering that the first 

row (and column) corresponds to the block of activities/commodities, the second to 
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the block of production factors, and the third to the block of enterprises/households: 
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