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ABSTRACT 

 

This paper evaluates whether power outages are related to the propensity of firms in Senegal to provide 

formal training to their employees. The relationship between these two variables is particularly 

interesting to analyse given that both power outages and training bear a wide range of implications on a 

firm’s performance. Results indicate that firms which are the most affected by electricity cuts tend to be 

the ones with the highest propensity of formal worker training. This suggest to a certain extent that in 

order to remain in business and to overcome material defects, firms turn to human capital. More 

specifically, results illustrate that investing in training is only considered as a mitigation strategy in 

instances where electricity cuts leads to actual monetary losses. The disturbance of outages as measured 

by their frequency and duration are not directly affecting training investment decisions. In addition, it 

seems that firms which are able to cope with electricity insecurity by owning or sharing a generator are 

also the ones more likely to train their workforce. Finally, it is also attempted at identifying firms with 

better business practices in order to determine whether training. 
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1. Introduction  

This paper evaluates whether power cuts are related to the propensity of firms in Senegal to provide 

formal training to their employees. The relationship between these two variables is particularly 

interesting to analyse given that both power outage and training bear a wide range of implications on 

firm’s performance. In fact, a growth diagnostic of Senegal conducted by the AfDB (2011) identified 

the mismatch between the demand and supply of labour and the poor quality of electricity infrastructure 

as two key obstacles in productivity improvement. 

 

The frequent occurrence of power outages and the quality of electricity supply is a major issue in 

developing countries and an impediment to business growth. A book published by the Centre for Global 

Development (2009) evaluating the business environment in Sub-Saharan Africa noted that there was 

perhaps no greater burden on African firms than the lack of a reliable supply of electric power. The 

World Bank has also deemed the reliability and availability of infrastructures and the provision of utility 

services as crucial for development. In the case of Senegal, firms interviewed by the World Bank 

reported that electricity outages were the third most important obstacle in the business environment, 

behind access to finance and the competition of the informal sector. Even though formal firms tend to 

be more productive, better managed and more easily financed (La Porta & Shleifer, 2008), they perceive 

informal firms as parasites. In this view, put forth by empirical studies of the McKinsey Global Institute, 

unofficial firms have a competitive advantage on costs gained by tax and regulation avoidance (Farrell, 

2004).  

 

According to data collected by the Enterprise Survey, 55% of firms consider that electricity is either a 

major or a very severe obstacle to running their businesses. It is reported that in the 2013 fiscal year 

83% of firms experienced electrical outages, down from 97% in the 2006 fiscal year. Still, this rate is 5 

percentage points higher than the average in Sub-Saharan African. It is worth noting that even though 

access to electricity is a major hindrance, it is swiftly being reduced. Between the two rounds of the 

Enterprise Survey conducted on Senegalese firms, the number of electricity outages in a typical month 
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was almost divided by two. It went from 11.8 in 2007 down to 6.1 in 2014. Still, these outages caused 

on average a loss of 5.7% of firm’s annual sales. To cope with the unreliable supply of energy, 58.8% 

of firms interviewed own or share a generator, compared to a regional average of 53.3%.  

 

With regards to the provision of formal training, this paper puts the emphasis on an indirect consequence 

of electricity cuts, namely unstable business environment. Indeed, the erratic nature of outages creates 

conditions in which infrastructure unreliability might prevent firm’s decision-makers to make long-term 

investments. One indicator of a firm’s commitment to durable growth is its willingness to provide formal 

training to its employees. Formal training is indeed an investment from an employer’s perspective. It is 

an investment in human capital which contributes to increased productivity and profits. In turn, 

employees also reap the benefits of this investment through an increase in earnings, and perhaps 

breaking to cycle of poverty and reducing inequalities (World Economic Forum, 2017).  

A large array of studies and reports have shown how training enhance employee’s performance by 

developing skills, abilities and behaviours (Harrisson, 2002, Purcell et al., 2008). However, a shortage 

of skills has been deemed by the World Economic Forum (2017) as a key underlying issue to the 

absorption of workers into the economy. The Enterprise Surveys conducted by the World Bank reported 

that 14% of Senegalese firms offered formal training in 2014, down from 16.5% in 2007. Weak human 

capital restricts the capacity of employees to acquire new skills as markets change, thus slowing 

investment and adjustment to new technology (Johanson & Adams, 2004). 

The scope of this study is thus versed in the literature on the relationship between business environment 

and investment decision. Individually, a deficient supply of electricity and the shortage of skilled labour 

are estimated to be the two main obstacles to firm’s growth in Senegal (Maurel & Seghir, 2014). The 

aim of this paper is to assess whether power outage, which contribute to a poor business environment, 

hinders investment in human capital which is embodied by formal training.  
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2. Background 

The average growth rate in Sub-Saharan Africa over the decade 2006-2016 has increased by 6% 

annually whereas Senegal has been underperforming with an average of 3.3%. The reasons why Senegal 

has been trapped in this low-growth equilibrium pertains to several reasons among which electricity 

outages and shortage of skilled labour force play a major role (World Bank, 2016). 

 

2.1. Overview of Power Outages 

The 2014 Emerging Senegal Plan (Plan Sénégal Emergent 2014, PSE) was set up by the government 

with the aim of exiting the trap of low growth and high poverty (World Bank, 2016). The three pillars 

around which this plan is articulated to reach higher and more sustainable growth are structural 

transformation; human development; and improved governance. Given that the energy sector is a major 

hindrance to private sector growth in Senegal, the first pillar of the PSE is particularly targeted toward 

increasing the quality of energy supply. 

The national power utility company, SENELEC (Société Nationale d’Électricité du Sénégal) is a state-

owned enterprise that has a monopoly for transmission and distribution. It owns half of the country’s 

generation capacity and purchases the other half from independent power producers (World Bank, 

2016). The main reason why firms in Senegal are facing power outages pertains to the inability of the 

utility company to meet demand. The sector is indeed highly vulnerable to global price shocks and has 

led SENELC to deal with structural operating deficits. Over 90 percent of electricity generated in 

Senegal uses heavy fuel oil (HFO) and diesel. In wake of the dramatic surge in oil prices in 2008 and 

again in 2011, Senegal faced two major energy crunches. Because of the concern that passing the full 

cost increase to consumers would trigger major protests in the country, the government was forced to 

take two drastic measures. First, it made SENELEC sell electricity at a loss. More importantly, since 

SENELEC was not financially able to purchase enough oil to meet the country’s demand, it proceeded 

to load shedding - scheduled blackouts.  The extent of the crisis in 2011 was so important that 270 days 

of load shedding were recorded over the year. Notwithstanding the drastic adjustments faced by the 

population and the increased reliance on electricity reports to plan ahead of load shedding, the disruption 
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of supply also affected the economy at large. As a result, the average electricity tariff in Senegal, 

covering the total cost of producing and supplying electric energy plus a margin is US$0.24 per kWh 

compared to global average of approximately US$0.10 per kWh. This tariff is well above that of other 

key markets in the sub-region, such as Nigeria at US$0.09 per kWh, Ghana at US$0.11 per kWh, and 

Côte d’Ivoire at US$0.13 per kWh (World Bank, 2016).  

Coping with an unreliable energy supply through secondary or backup sources can be expensive. 

Although an average of 64.2% of firms own or share a generator to offset the erratic supply provided by 

the public grid, the distribution varies significantly by enterprise size. Figure 1 shows that 95 percent of 

large firms own generators while the rate is almost halved to 50 percent for small enterprises. It also has 

to be kept in mind that generators are not a perfect substitute to electricity generated by power grids. 

That is, firms are often not able to function at full capacity when they rely on generators during power 

outages. They are mostly used for lightning and communication rather than for producing motive power 

(Scott, Darko, Lemma, & Rud, 2014). 

  

Figure 1. Percentage of Firms Using a Generator. 

 

The unreliable supply of energy is thus a burden on the profitability of Senegalese firms (Center for 

Global Development, 2009). More than 12 percent of total costs are spent on energy, a higher rate than 

average only surpassed in the region by the Gambia, Madagascar and Niger. By comparison, Chinese 
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firms only spent 3 percent of their total costs on energy. When the price of oil is decreasing, financial 

performance of the utility sector improves but remains exposed to future oil price shocks.  

 

2.2. Overview of Training 

Improving the skills of the labour force is expected to increase the productivity of firms and the 

competitiveness of the economy at large. Formal training has been defined in a World Bank report, 

Skills Development in Sub-Saharan Africa (2004) as the process of taking the trainee off the workplace 

to deliver a formation. In a comparative study of on-the-job learning in Morocco and Senegal, Nordman 

and Wolff (2012) have stressed the need of the private sector to step up in order to close the skill gap 

among workers in Africa. They recognise that policy makers are increasingly aware of the benefits to 

incentivise demand-side training to supplement supply-side efforts.  

In this context, training fosters development in human capital but the general baseline is established at 

earlier steps, in the education system. According to the Human Development Index (HDI), Senegal is 

ranked in the low development group and is lacking behind other Sub-Saharan countries. The Brookings 

Centre for Universal Education stressed how poor education achievements ultimately holds back 

training opportunities. By lacking numeracy, literacy and wider skills, workers might not have the pre-

requisites to pursue a training formation. The learning deficit makes it more difficult for firms because 

their employees might be in need of remedial training first. Paradoxically, workers with higher levels of 

education are more likely to receive informal training opportunities (Blundell et al., 1996).  

In Senegal, the learning deficit is a major concern. The illiteracy rate stood at nearly 50 percent in 2009, 

compared to 37.7 percent for the regional average. In the last two decades, the government has strongly 

increased its focus on human development by investing significant means to education. According to 

the African Development Bank, 17 percent of the country’s budget was allocated to the education sector 

in 2018, spread between three ministries (Éducation nationale, Formation technique et professionnelle 

et Enseignement supérieur). These efforts have shown some results but are still insufficient. The 

proportion of children completing primary education rose to 61 percent in 2016 but falls short of the 

target rate of 76 percent. On the medium and long-run, poor levels of educational achievement can 
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restrict the ability of workers to adapt their skills as markets and industries change. In turn, it can slow 

investment and firm’s adaptation to new practises. Johanson and Adams (2004) have described how 

weak human capital acted as a bottleneck for manufacturers in Kenya, ultimately preventing firms from 

responding to opportunities presented by new technologies. The need to improve human development 

thus calls for other channels of formation. 

It could be expected that due to the prevalence of small enterprises and to the weak human capital 

baseline, firms in Senegal would be more reluctant to provide formal training than in other regions. The 

rationale would be that the amount of training required would prove too costly, especially for firms 

producing and selling products with low value added. However, Johanson and Adams (2004) have 

argued that the drivers of enterprise training were the same in Africa as in other regions, taking into 

account the type of workers and the firm’s characteristics. In fact, African companies are seemingly 

willing to dedicate significant resources on training their workers.  

 

3. Literature Review 

The question whether these two major impediments to doing business reinforce each other has not been 

previously studied. Individually, there is however a large array of academic work on these issues. In 

aggregate, they give a clearer vision on the extent of their relationship. 

Andersen and Dalgaard (2013) have analysed the effect of power outages on economic growth in Sub-

Saharan Africa between 1995 and 2007. Using lightning density as an instrument for power outage, they 

estimated that a one percent increase in outages reduced long-run GDP per capita by 2.86%. At the firm-

level, it has been clearly documented that electricity shortages have a significant negative effect on 

revenues and productivity (Abotsi, 2016,  Mensah, 2016, Allcott et al., 2014,). In fact, Maurel and Seghir 

(2014) have specifically studied the productivity costs incurred by both power outages and poor 

education in Senegal and interpreted them as the main obstacle to growth. Unstable power supply and 

fluctuations in voltage were shown to damage equipment, in turn inflating manufacturing costs (Alby et 

al., 2012). Another adverse consequence examined by Cissokho and Sekh (2013) and Ritva and 

Svensson (2002) is the reliance on alternative sources of energy such as expensive self-owned generators 
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as it exerts pressure on costs and underinvestment in productive capital. Although the adverse effects of 

power outages have no geographical delimitation, they do not have similar effects across firms. Size 

matters in this regard, small and medium enterprises (SMEs) seem to be more affected than larger firms 

(Lee & Anas, 1992, Steel and Webster, 1991). Within SMEs, Cissokho (2015) analysed how power cuts 

were specifically undermining the development of export activities to foreign markets. Finally, Alby, 

Dethier and Straub (2012), have discerned the effect of power cuts between different sectors. They found 

out that in electricity intensive-sectors, such as the chemical or textile industries, the cost incurred by 

investments in generators created a barrier entry squeezing out small firms of the market.  

The literature investigating the effects of power outages thus mentions several direct ways in which it 

negatively influences the business environment in Senegal.  

 

Correspondingly, research on formal training tends to show that the lack thereof is due to adverse 

business conditions. Several studies have explored the reasons influencing firm’s decision to invest in 

training. Riddout et al. (2002) have defined a comprehensive framework demonstrating that firm size, 

industry sector, employment characteristics and enterprise culture were affecting this investment 

decision. Although this report was conducted on Australian firms, another World Bank report also 

focusing on the determinants of training but analysing Sub-Saharan firms had corroborating conclusions 

with regards to training factors (Johanson & Adams, 2004). It also stresses the differential between 

domestic and foreign-owned companies: the latter trains at higher rates. These previous works will prove 

useful in testing the robustness of the model as they indeed provide a comprehensive body of control 

variables which will be detailed in Section 5. Incidentally these studies also clarify the model’s 

limitations by mentioning potential omitted variable bias for which data is not available.  

Setting firm specific factors aside, a report on business environment estimated that Senegal was ranking 

poorly compared to Nigeria, Kenya and the rest of the region (World Bank, 2010). 

This paper aims at contributing to the literature by studying these two variables under the perspective 

of behavioural impact: does the occurrence of power cuts deter firm’s decision-maker to train the 

workforce? In other words, one larger goal of this paper is to assess how an uncertain business 

environment affects investment decision in human capital. Tokuoka (2012) argued that structural factors 
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and in particular the business environment had a key effect on firm’s investment in India. One limitation 

recognised by the author was that her assessment of the business environment did not include the effect 

of a stable provision of electricity due to lack of data. This paper aims at filling this gap by studying the 

effect of this additional component of the business environment on investment on human capital.  

 

4. Hypotheses 

In view of the characteristics described for power outages and training in the Senegalese context, and of 

the existing literature body on these topics, two hypotheses are formulated and will be tested on 

empirical grounds. 

 

Hypothesis 1: The higher the disturbance caused by power outages, the lower the incentive to formally 

train employees. 

This hypothesis will be tested on three indicators of power outages: their frequencies, their durations 

and their monetary costs.  

 

Hypothesis 2: The better firms can cope with power outages, the more likely they are to also invest in 

human capital.  

This hypothesis will be tested on one indicator of a mitigation strategy: the use of a generator. 

 

5. Research Methods  

5.1. Data 

The dataset used to test the hypotheses comes from the Enterprise Survey conducted by the World Bank. 

These surveys collect qualitative and quantitative information for the purpose of building an overview 

of a country’s business environment. They cover a broad range of topics such as infrastructure, 

performance, competition, finance, crime and corruption. To date, over 135,000 interviews in 139 

countries have taken place. Two rounds of surveys were conducted in Senegal, one in 2007 and one in 

2014. The sample used here contains data on Senegalese firms randomly stratified across firm size 
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(small, medium, and large), industry sector (manufacturing and services) and geographic region (Dakar, 

Kaolack, Saint-Louis, Thies). These strata resulted in a representative sample of 1,107 pooled cross-

sectional observations. An important drawback is that the Enterprise Survey is limited to formally 

registered firms in non-agricultural sectors. It is estimated that about 50% of the country’s GDP 

generated by the secondary and tertiary sectors is generated by informal firms (IMF, 2018). 

 

5.2. Descriptive Statistics 

A preliminary analysis of the dataset gives an overview of the Senegalese economy. The capital is the 

economic lungs of the country, with 64% of businesses located in the Dakar region. The rest of the firms 

are equally distributed across the three other regions, each containing between 10% and 14% of the 

observations. They mainly operate in manufacturing sectors, more particularly in wholesale and retail 

(20%), and in the food industry (19%). The remaining third of businesses interviewed are in the service 

industry, mostly in the tourism sector (15%). A more detailed breakdown is shown in Appendix 1.  

 

With regards to firm size, Figure 1 shows that more than 75% of businesses are small, employing 5 

workers or less. Medium businesses, comprised of between 20 and 99 employees represent 18% of the 

firms and just 6% are large businesses, with 100 or more employees.   

 

 

Figure 2. Distribution of Firms by Size. 

76% 

18% 
6% 

Small	firms	(up	to	19	employees)

Medium	firms	(20	- 99	employees)
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Table 1 depicts how electricity outages affect different firms. It seems like the scope of outages, as 

defined by whether firms experienced them in the last fiscal year, is rather uniform. The average of firms 

who answered positively is 89.7% and this number varies only marginally across regions, firm size and 

sectors. However, as argued by Andersen and Dalgaard (2013) and Mensah (2016), firms are not 

uniformly impacted by power cuts, both in terms of occurrence and of business consequences. The 

Kaolack region has particular characteristics with regards to the distribution of electricity cuts. Kaolack 

is less prone to outages, with 64.6% of firms having reported at least one outage in the last year compared 

to about 93% for firms located elsewhere. Paradoxically, it is a region where the frequency of power 

cuts is often double to that of other regions. These outlying cover the fact that the region benefited from 

public or private investments in infrastructure between the two rounds of the survey. In 2007, 100% of 

firms in Kaolack had experienced outages at an average frequency of 15 per month and declared a 7.1% 

sales loss as a result. However, in 2014, only 31.4% of businesses in this region had been affected by 

power cuts at a rate of about 3.4 outages per month which had resulted in a 5.4% loss, just below the 

national average. 

Setting geographical variance aside, the occurrence of power outages is uniformly distributed across 

firm size and sectors but has different economic impacts. Obviously, when there is a power outage, firms 

still need to function; many own backup generators. As previously mentioned, there is a positive 

correlation between firm size and the ownership of a generator. An average of 50% of small enterprises 

use one as an alternative source of energy whereas about 80% of firms with more than 20 employees 

and more than 95% of firms with more than 100 employees use one. The last columns of Table 2 show 

that annual sales loss incurred by outages are uniform across firm size but are more important in the 

manufacturing sector than in the service sector, which is less energy intensive.  

 

 

 



 

 

 11 

 

Table 1. Power Outages Profile of Senegalese Firms. 

    Region Size Sector 

  Total Dakar Kaolack Saint-Louis Thiès Small Medium Large Manufacturing Services 

           

Experienced outages  (%) 89,68 92,15 64,62 95,58 95,03 90,3 90,77 85,51 90,13 89,29 

Monthly frequency 9,53 9,46 14,54 7,42 7,92 10,08 7,81 9,47 6,68 5,98 

Duration (hours) 1,51 1,46 1,39 1,05 1,22 1,39 2,37 1,16 2,29 1,55 

Generator (%) 58,78 64,49 43,34 50,6 52,51 50 79,41 95,52 60,82 55,84 

Annual sales loss (%) 5,66 5,63 6,86 5,12 5,06 5,74 5,49 5,08 7,43 4,07 
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Description of the dataset with regard to human capital is shown in Table 2. While an average of 15% 

of firms provides formal training for their employees at the country level, there are wide discrepancies 

among regions. Businesses in Dakar are four times more likely to have training programs compared to 

those located in Saint-Louis. Unsurprisingly, the enterprise size is also a major determinant. The dataset 

reveals that the average number of large firms training their employees is 43.9%, while it decreases to 

24.4% for medium firms and 10.8% for small ones. The average number of years of education is difficult 

to interpret given the low rate of answers in the survey, however, it seems that workers in Dakar and its 

neighbouring region, Thies, are more likely to have completed secondary school than the two other 

regions surveyed. Training and higher level of education appear to be correlated, which is one possible 

explanation for higher training rates in Dakar. In aggregate, these variables will be included in some of 

the regression analyses in order to control for some characteristics of a firm’s workforce.  

Table 2. Workforce Profile of Senegalese Firms. 

  Total Region Size 

    Dakar Kaolack 

Saint-

Louis Thiès Small Medium Large 

         

Formal training (%) 15,03 18,53 11,54 4,42 10,06 10,8 24,48 43,94 

Production workers (%) 80,01 77,72 82,47 85,79 85,24 82,23 73,94 75,68 

Skilled production workers (%) 71,36 72,65 65,53 81,32 62,91 73,75 62,85 66,01 

Years of education of 

production worker 6,48 7,53 2,9 1 5,64 7,41 9,8 N/a 

High school completion (%) 38 47,81 13,38 6,5 38,51 32,25 47,66 61,97 

Female workers (%) 10,41 12,03 5,21 9,33 8,62 10 14,06 14,64 

Unionized workers (%) 35,35 35,09 71,83 15,55 4,1 0 37,92 34,51 

 

Looking at the relationship between the implementation of training programs and power outage, it is 

observed in Table 3 that plotting them together undermines the first hypothesis that power cuts lowers 
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the incentive to train employees. Indeed, 15% of firms having experienced outages provide training 

while only 10% of firms who have not experienced outages provide training. Regression results will 

show whether this correlation is robust to the inclusion of control variables. It is important to note that 

this variable only indicate whether a firm experienced outages in the previous year, which 90% did. 

Other variables such as the average number of outages experienced per month, the average length of an 

outage and the average loss incurred by these cuts contain more variation and give a more accurate 

picture of the extent of outages.  

 

Figure 3: Proportion of Firms Providing Formal Training. 

 

5.3. Variables  

Dependant variable 

Formal training 

The outcome of formal training practices within firms was assessed by asking: ‘Over the last fiscal year, 

did this establishment have formal training programs for its permanent, full-time employees?’. Firms 

answering ‘yes’ to this question were coded with a ‘1’ those answering ‘no’ with a ‘0’.  
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Independent variables  

Experienced power outages 

The fact that firms were exposed to power outages was assessed by asking: ‘Over the last fiscal year, 

did this establishment experience power outages?’. Firms answering ‘yes’ to this question were coded 

with a ‘1’ those answering ‘no’ with a ‘0’.  

Average number of outages per month in the last year 

The monthly frequency of power outages was measured using self-reported answers to the question: ‘In 

a typical month, over last fiscal year, how many power outages did this establishment experience?’. In 

order to reduce the skew caused by outliers at the high end of the distribution tail, this variable was 

logged.   

Average duration of power outages 

The average duration in hours of power outages was measured by asking: ‘How long did these power 

outages last on average?’. It is an indicator of the disturbance caused by power cuts. Data is missing for 

firms interviewed in 2007. 

Average sales loss due to power outages 

The loss as percentage of annual sales due to power outages was measured by asking: ‘Please estimate 

the losses that resulted from power outages as a percentage of total annual sales.’. It is an indicator of 

the monetary costs incurred by firms as a result of outages. The outcome variable ranges between 0 and 

100 by design.  

Generator 

The presence of a generator used to produce a firm’s own electricity was assessed by asking: ‘Over the 

course of the last fiscal year, did this establishment own or share a generator?’. This variable is a measure 

of whether firms are capable to mitigate the impacts of power cuts. Firms answering ‘yes’ to this 

question were coded with a ‘1’ those answering ‘no’ with a ‘0’. Data is missing for service firms 

interviewed in 2007. 
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Control variables  

Size 

As the size of a firm increases, the propensity to provide formal and development-oriented training 

programs increases (Kotey & Folker, 2007). It was shown that larger firms are better able to remove 

employees from the work-site to be trained (World Bank, 2010). The size of the company was measured 

by the natural log of the number of full-time permanent employees of the firm.  

Subsidiary 

A control for whether the firm is independent or part of a larger entity was included. The model includes 

a dummy variable that took the value ‘1’ if the responding firm is part of a larger entity and ‘0’ otherwise. 

Foreign Owned  

A control for foreign ownership was also included because in developing countries, firms owned by 

foreign entities often benefit from the Human Resources practices of their international headquarters 

(van Uden & Vermeulen, 2017). This variable was constructed with answers to the question: ‘What 

percentage of this firm is owned by private foreign individuals, companies or organizations?’. Firms 

that answered with any value greater or equal to 50% were coded as ‘1’ and ‘0’ otherwise.  

Export 

Previous studies suggest that exporting firms are more likely to invest more efficiently than non-

exporting firms because they are exposed to international competition (Rodrick, 1995, Abotsi 2016). 

Since these investments likely include training, a control for trade was included.  It is a variable that 

measures the percentage of sales that are directly exported.  

Auditor 

Controlling for use of an external auditor can capture differences in firm quality which might not be 

captured by other variables. Firms whose accounts are audited externally were shown to be more likely 

to train their workforce (World Bank, 2010). This dummy variable took the value ‘1’ if the firm 

responded having its annual financial statements checked by an external auditor, and ‘0’ otherwise.  

Corruption obstacle  

Research on corruption and firm efficiencies have shown that firms who evolved in corrupt 

environments have less incentive to exploit more efficient input allocation and thus invest in training. 
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(Dal Bo & Rossi, 2007). In addition, firms who tend to have links with government officials might 

benefit from better infrastructure and thus be less affected by power outages.  

This variable was constructed with answers to the question: ‘To what degree is corruption an obstacle 

to the current operations of this establishment?’. For any firm that answered ‘No obstacle’ to the 

question, the control variable ‘corruption’ was coded as ‘0’. For any firm that answered ‘Minor’, 

‘Moderate’, ‘Major’ or ‘Very Severe obstacle’, the variable was coded as ‘1’.  

Inadequately educated workforce 

The difficulties faced by firms to recruit qualified workforce correlate with a lower participation in 

formal training. Less educated workers are more likely to be trained by more senior peers than to take 

part in a formal training program (Johanson & Adams, 2004). This variable was constructed with 

answers to the question: ‘To what degree is an inadequately educated workforce an obstacle to the 

current operations of this establishment?”. For any firm that answered ‘No obstacle’ to the question, the 

control variable ‘inadequate workforce’ was coded as ‘0’. For any firm that answered ‘Minor’, 

‘Moderate’, ‘Major’ or ‘Very Severe obstacle’, the variable was coded as ‘1’.  

High school completion  

The level of education of employees can be used as a proxy for the human capital endowment of a firm 

(van Uden & Vermeulen, 2017). It is measured by the percentage of employees who completed high 

school and ranges between 0 and 100 by design. Data is missing for firms interviewed in 2007. 

Ratio of female workers 

The proportion of female workers employed in firms is controlled to observe if it correlated with the 

incidence of training. This variable was constructed by dividing the number of female workers over the 

total number of workers in a firm. It ranges between 0 and 100 by design. Data was collected separately 

for manufacturing and service firms.  

Ratio of skilled workers  

The proportion of skilled workers in a firm is also a determinant of training programs. Firms which are 

more skill intensive than capital intensive are more likely to invest in training programs (World Bank, 

2010). This variable was constructed by dividing the number of skilled workers over the total number 

of workers in a firm. It ranges between 0 and 100 by design. Data is missing for service firms.  
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Unionization 

The presence of unionized workers in is an important determinant of training opportunities (Riddout, 

2002). The ‘union’ variable indicates the percentage of unionized workers within a firm, ranging 

between 0 and 100 by design. Data is only available for firms in the manufacturing sector and 

interviewed in 2014. 

Year, region and sector dummies 

Other variables were used to control for differences between years (2007 as reference category), between 

regions (Dakar as reference category), and between sectors (services as reference category)
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Table 3: Descriptive Statistics and Bivariate Correlations.  

    Mean S.D. Min Max 1 2 3 4 5 6 7 8 9 10 11 

1 Training 
     
0.15 

     
0.36 

     
0.00 

     
1.00 1.000           

2 Size (ln) 
     
2.52 

     
1.05 

     
0.69 

     
8.16 0.265 1.000          

3 Manufacturing  
     
0.46 

     
0.50 

     
0.00 

     
1.00 

-
0.013 0.164 1.000         

4 Corruption  
     
0.56 

     
0.50 

     
0.00 

     
1.00 

-
0.020 0.015 

-
0.038 1.000        

5 Subsidiary  
     
0.09 

     
0.28 

     
0.00 

     
1.00 0.163 0.250 0.013 0.030 1.000       

6 Foreign owned 
     
0.07 

     
0.25 

     
0.00 

     
1.00 0.203 0.278 0.007 

-
0.016 0.153 1.000      

7 Export 
     
3.36 

    
14.04 

     
0.00 

   
100.00 0.223 0.364 0.076 0.030 0.204 0.234 1.000     

8 Auditor 
     
0.26 

     
0.44 

     
0.00 

     
1.00 0.211 0.383 0.015 0.005 0.156 0.214 0.238 1.000    

9 
Outages frequency 
(ln) 

     
1.81 

     
1.04 

     
0.00 

     
4.09 0.032 

-
0.121 0.057 

-
0.101 

-
0.004 0.019 0.001 

-
0.033 1.000   

10 Losses 
     
5.67 

     
8.54 

     
0.00 

   
100.00 0.139 

-
0.036 0.197 0.047 0.034 0.021 

-
0.018 0.069 0.090 1.000  

11 Generator 
     
0.59 

     
0.49 

     
0.00 

     
1.00 0.098 0.377 0.050 0.066 0.146 0.186 0.158 0.183 

-
0.022 0.029 1.000 
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6. Model 

This model aims at identifying and isolating the firms’ determinants of provision of formal training, 

more particularly those related to power outages. Since the dependent variable has a discrete 

distribution, both ordinary least squares and logistic regressions were used. The model is based on a 

probabilistic function defined by Steffes and Warnke (2016) to estimate the relevance of firms’ 

observable and unobservable heterogeneity in their decision to train employees. Given that the dataset 

contains limited information on worker characteristics, separate models are developed for firm and 

worker characteristics.  

The first specification estimates a model with firm characteristics X to observe which variables are 

relevant in the decision of firm i to provide training in period t. The set of variables in X explains the 

observed variation between firms. The unobservable time-varying characteristics that are fixed across 

firms are accounted in the T year dummies while the rest of the unobservable characteristics that vary 

across firms -- including variation in the attributes of a firm’s workforce -- are represented by θ.  

The ordinary least square model is represented in equation (1) and the logistic model in equation (3). 

The functions are transformed in estimable regression equations subsequently in (2) and (4).  

 

Ordinary least square 

Pr[Training=1it | θi, τt, Xit ] = θi + τt + Xitβ       (1) 

 

! = #$ + #&'& + #('( + )        (2) 

Logit 

Pr[Training=1it | θi, τt, Xit ] = logit −1 (θi + τt + Xitβ)     (3)  

 

     

! = *+,-+./.-+0/0-1
&2*+,-+./.-+0/0-1         (4) 
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The second specification removes some of the firm’s idiosyncrasies in the composition of their 

workforce from the unobserved term. It estimates the extent to which these workforce characteristics 

were candidates for omitted variable bias. It has to be noted that these additional variables are only 

available for specific subsets of the population; thus the secondary models included far fewer 

observations. 

In the subsequent specification, the models evaluate whether the workforce’s characteristics W in firm 

i affects the decision to provide formal training at period t. Variables comprised in X are identical to the 

those expressed in the first specification, they are all the observable variations between firms which are 

not related to a firm’s workforce.  

The ordinary least square model is represented in equation (5) and the logistic model in equation (6). 

The estimable regression equations remain the same as in (2) and (4).  

 

Pr[Training=1it | θi, τt, Xit, Wit ] = θi + τt + Xitβ + Witδ     (6) 

 

Pr[Training=1it | θi, τt, Xit, Wit ] = logit −1 (θi + τt + Xitβ + Witδ)   (3)  

 

Given that logistic models are not linear, the sign and the magnitude of the coefficient on key 

independent variables depend on the values of all the controls in the model. Based on the methodology 

used by van Uden and Vermeulen (2017), coefficients were interpreted with control variables estimated 

at their average marginal effects. As opposed to fixing the control variables at their means, this approach 

takes into account the actual dispersion of values.  

 

7. Results 

7.1. First Model Specification 

Table 4 reports the results of both ordinary least square and binomial logit regressions for the first model 

specification testing the hypotheses that as the disturbance caused by outages increases, firms are less 

likely to train their employees (H1), and that the better firms can cope with outages by generating their 
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own electricity, the more likely they are to also train their employees (H2).  

Models 1-2 regress the likelihood of training the key independent variables: the logged number of 

outages and the average loss due to outages testing hypothesis 1, and the generator variable testing 

hypothesis 2. With an R-squared of 4.9%, the OLS model explains only a small portion of the variation 

in the likelihood of providing training. The robustness of these coefficients will be tested by re-

estimating the model using a set of controls.  

Models 3-4 add to the effects of a set of control variables described in the previous section. The model 

fit witnesses a noticeable increase of 18 percentage points in explaining training. The new set of 

variables in column (3) and (4) explains a much higher portion of the variation in the training 

observations than the key independent variables only. 

Models 5-6 add the interactions between the presence of a generator and the loss caused by outages on 

the one hand, “generator * loss” and whether a firm’s financial accounts are checked by an external 

auditor on the other, “generator * auditor”.  

Starting with a simple regression considering the correlation between the incidence of training and the 

three key independent variables, results are mixed. The sign of coefficients on the frequency of outages 

change between the OLS and logit regression, and are in any case not statistically significant at 

conventional levels. However, both the coefficients on the sales loss due to outages and on the presence 

of a generator reveal a strong and significant positive correlation with the provision of training. Due to 

the clear presence of omitted variable bias in these relationships, nothing more than a mere correlation 

between these variables can be inferred for now. These coefficients are nonetheless useful because they 

will be subjected to robustness checks in the following models.  

Models 3 - 6 provide analyses of the control variables. The most statistically significant determinants of 

the provision of formal training are the propensity to export, firm size, and to a lesser statistically 

significant extent, the fact that a firm is part of a larger business entity. The latter, being measured by 

the “subsidiary” variable is only significant at the 10% level but is also the coefficient with the highest 

magnitude. The marginal effect in (6) estimates that firms which are part of a larger business entity have 

a 9.5 percentage point increased probability of providing formal training than firms which operate 

independently.  
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Table 4. Regression Results – First Model Specification. 
       

Estimation 
method 

(1) (2) (3) (4) (5) (6) 

OLS Logit OLS Logit OLS Logit 

Variables Key variables adding controls adding interactions 

              

Size (ln)   0.0451* 0.0342** 0.0497* 0.0372** 

   (0.0249) (0.0170) (0.0254) (0.0175) 

Manufacturing   -0.0456 -0.0427 -0.0362 -0.0391 

   (0.0468) (0.0489) (0.0460) (0.0496) 

Corruption 
obstacle 

  -0.0115 -0.0101 -0.00657 -0.00912 

  (0.0327) (0.0323) (0.0320) (0.0319) 

Subsidiary   0.136 0.0898* 0.143* 0.0950* 

   (0.0854) (0.0499) (0.0865) (0.0530) 

Foreign owned   -0.0337 -0.0362 -0.0363 -0.0407 

   (0.0672) (0.0634) (0.0682) (0.0668) 

Export   0.00698*** 0.00350*** 0.00675*** 0.00340*** 

   (0.00138) (0.00105) (0.00142) (0.00105) 

Auditor   0.0698 0.0578 -0.0223 -0.0178 

   (0.0451) (0.0358) (0.0615) (0.0713) 

Year dummies NO NO YES YES YES YES 
Region 
dummies NO NO YES YES YES YES 
Outages 
frequency (ln) 
(H1) 

-0.00203 0.000612 -0.00663 -0.00681 -0.00473 -0.00481 

(0.0175) (0.0170) (0.0172) (0.0169) (0.0168) (0.0165) 

Losses (H1) 0.00777*** 0.00587*** 0.00883*** 0.00619*** -0.000272 -0.000295 

 (0.00248) (0.00155) (0.00251) (0.00139) (0.00213) (0.00300) 

Generator (H2) 0.102*** 0.108*** 0.0267 0.0353 -0.0772* -0.0539 

 (0.0328) (0.0374) (0.0343) (0.0364) (0.0418) (0.0530) 

Generator * 
losses (H2) 

    0.0129*** 0.00801** 

    (0.00366) (0.00346) 
Generator*audit 
(H2) 

    0.113 0.0871 

    (0.0794) (0.0782) 

Constant 0.0550  -0.0189  0.0251  

 (0.0395)  (0.0778)  (0.0763)  

       

Observations 451 451 441 441 441 441 

R-squared 0.049   0.236   0.256   

Robust standard errors in parentheses     

*** p<0.01, ** p<0.05, * p<0.1      
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With regards to firm size, the larger the firm with respect to the number of employees, the higher the 

propensity to provide formal training. Even though coefficients are statistically significant, their 

magnitude is negligible. It is estimated at the 5% level, that an increase of 10% in the number of 

employees is associated with 5 ten-thousandths of a percentage-point increase in the predicted 

probability of providing training with regards to the logit output in (6), holding constant the other 

variables in the model.  

 

The analysis of coefficients on the key independent variables in the “full models” allows to test the 

hypotheses. Starting with H1, results are in fact robust to the inclusion of controls. If anything, the 

frequency of power outages seems to have no effect on the likelihood of providing formal training. None 

of the coefficients on the logged number of outages are statistically significant and both the OLS and 

logit regression coefficients for the full models have a 95% confidence interval ranging between   -3.7% 

and 2.8%, indicating a large dispersion in the observed values. These elements thus seem to indicate 

that the rate of occurrence of power outage does not affect a firm’s decision to train its workforce.  

To test the hypothesis that larger business disruptions caused by outages lead to a lower expected 

probability of providing formal training, the variable measuring sales loss is more reliable. It is indeed 

consistently significant at the 1% level in models where it is not interacted. However, the sign of these 

coefficients is somewhat surprising since it suggests that, as the loss in sales caused by power cuts 

increases, firms are in fact more likely to train their workforce. These results clearly challenge the first 

hypothesis. The OLS regression in (3) indicates that a 1% increase in annual sales loss due to power 

outages is associated with a 0.9 percentage point increase in the provision of training. The marginal 

effect for the logit regression in (4) is slightly lower at 0.65 percentage point. In addition, this trend 

seems to have increased over time as both OLS and logit regression coefficients for 2014 are double 

than those for 2007 (see Appendix 2). This in an interesting result which will be further discussed and 

put into perspective in the next section of this paper.  

It also calls for an additional confirmation by testing H1 on the average duration of power outages. Since 
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this variable is only observed for firms interviewed in 2014, its regression results appear in columns (5) 

and (6) of in Appendix 2. It is more intricate to infer something from these coefficients as they are only 

statistically significant at the 10% level and because the sample size of these models has been reduced 

by three compared to the baseline models due to missing data. However, the duration variable supports 

the message previously conveyed by the sales loss variable. The magnitude of the coefficients is 

identical at 1.5 percentage point for the OLS output and 0.95 percentage point for the marginal effect.  

 

Moving on to the second hypothesis that firms who mitigate the impact of power outages are also more 

likely to invest in training, several evidences from regression outputs support it. The binary generator 

variable was largely biased in models 1-2. Coefficients from both OLS and logit regressions were 

drastically reduced from a 10 percentage point increase to a 3 percentage point increase after the 

inclusion of controls, and lost statistical significance. Nevertheless, the positive sign of these coefficients 

are indicative of a certain trend. Yet, the strongest support for H2 comes from the interaction variables. 

The model fit represented by the R-squared is up by 2 percentage points after including these variables, 

indicating that the interactions are relevant. 

The first interaction term in models 5-6 measures the relationship between the incidence of formal 

training and the percentage loss in sales due to outages for firms who mitigate this impact by owning a 

generator. The OLS coefficient, statistically significant at the 1% level suggests that a 1% increase in 

sales loss for firms owning a generator corresponds to a 1.3 percentage point increase in the likelihood 

of providing training. The marginal effect on the interaction is statistically significant at the 5% 

confidence level and shows a correlation of 0.8 percentage point increase.  

The second interaction measures how the incidence of formal training varies for firms who own a 

generator and who have an external auditor. Although the standard errors of these variables are too 

important compared to their estimated coefficients to be statistically significant, they reveal a positive 

correlation with training. 

The rationale implied by these coefficients will be further explained in the next section but they convey 

the message that firms who mitigate the impact of power outages are more likely to invest in workforce 

training.  
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Findings from the first model specification are thus threefold. It seems clear that the relationship 

between the frequency of outages and the propensity of firms to train their workforce is not there. The 

negligible magnitude of the coefficients and their lack of statistical significance have been consistent 

across models and were robust to several sensitivity checks published in Appendix 2. These results 

undermine the first hypothesis tested and the analysis of the second key independent variable, namely 

the loss in sales squarely contradicts it. That is, loss of sales led to more training, perhaps an attempt to 

stem the slide. This unexpected outcome is also supported by the coefficient on the length of power 

outages Appendix 2. Lastly, there is an apparent support for the hypothesis that firms who mitigate the 

impact of power cuts by generating their own electricity are more likely to invest in their workforce. It 

will now be analyzed whether the second specification strengthens or contradicts these findings.  

 

7.2. Second Model Specification 

Table 5 reports the results of both ordinary least square and binomial logit regressions for the second 

model specification testing the same hypotheses. This additional specification removes from the error 

term some differences across firms’ workforces. Including the additional workforce variables previously 

mentioned has mixed effects on the analytical interpretation of coefficients. It does bring more 

explanatory power to the models, but this benefit is offset by a sharp decrease in the number of industry-

specific observations.  

None of these new control variables are statistically significant at conventional levels, but they seem to 

express the idea brought forth by Johanson and Adams (2004) that less qualified workers tend to be 

trained informally by peers rather than through formal training program.  

With regards to the variables of interest, the new controls from this second specification have a 

negligible effect. The key independent variables previously analysed are all robust to the inclusion of 

variables characterizing a firm’s workforce. This extra step strengthens the findings discussed above but 

should be considered with caution given some important sample size reductions. 
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      Table 5. Regression Results – Second Model Specification. 

 

Estimation 
method 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
OLS Logit OLS Logit OLS Logit OLS Logit OLS Logit 

Variables All firms All firms 2007 2007 2014 2014 Manufacturing Manufacturing Services  Services  
Control variables 
θ YES YES YES YES YES YES YES YES YES YES 
Inadequate 
workforce 

-0.0373 -0.0307 -0.0388 -0.0415 -0.0119 -0.00345 -0.0209 -0.0322 -0.0820 -0.0439 
(0.0360) (0.0345) (0.0484) (0.0531) (0.0670) (0.0603) (0.194) (0.152) (0.102) (0.0807) 

High School 
completion  

    0.000265 0.000158     
    (0.000748) (0.000763)     

Unionization       -0.000640 -0.000605   
       (0.00167) (0.00146)   

Skilled workers       0.198 0.271*   
       (0.169) (0.159)   

Female workers       -0.0406 0.00391 0.000393 -0.00158 
       (0.151) (0.149) (0.0106) (0.00508) 

Outages 
frequency (ln) 
(H1) 

-0.00381 -0.00491 0.00759 0.00291 0.00449 0.00700 -0.0524 -0.0730 -0.0111 -0.00725 

(0.0170) (0.0167) (0.0265) (0.0274) (0.0294) (0.0290) (0.0659) (0.0519) (0.0353) (0.0415) 
Losses (H1) -0.000102 -0.000188 -0.00114 -0.00155 -5.61e-05 -0.000920 -0.00225 -0.0283 0.0100 0.0167 

 (0.00216) (0.00303) (0.00354) (0.00466) (0.00238) (0.00406) (0.00483) (0.0210) (0.0183) (0.0152) 
Generator (H2) -0.0776* -0.0553 -0.0198 -0.00413 -0.0825 -0.0896 -0.0849 -0.200 -0.0981 -0.250 

 (0.0423) (0.0531) (0.0686) (0.0861) (0.0752) (0.108) (0.210) (0.166) (0.0891) (0.197) 

Generator * 
losses (H2) 

0.0128*** 0.00795** 0.00725 0.00517 0.0119** 0.00953* 0.0179** 0.0376* 
-

0.000713 -0.00677 
(0.00367) (0.00347) (0.00622) (0.00646) (0.00557) (0.00513) (0.00829) (0.0211) (0.0197) (0.0140) 

Generator*audit 
(H2) 

0.119 0.0883 0.105 0.0666 0.138 0.173 0.160 1.531*** 0.241 0.513* 
(0.0806) (0.0781) (0.115) (0.108) (0.116) (0.149) (0.381) (0.513) (0.146) (0.307) 

Constant 0.0335  0.102  0.0464  0.0140  -0.0136  
 (0.0786)  (0.109)  (0.0988)  (0.307)  (0.145)  
           

Observations 437 437 232 206 165 146 54 51 87 73 
R-squared 0.258   0.345   0.166   0.236   0.306   
Robust standard errors in parentheses         
*** p<0.01, ** p<0.05, * p<0.1         
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8. Discussion 

The aim of this paper was to contribute to the literature on the relationship between the obstacle of doing 

business and human capital investment in Senegal. Results showed that disturbance caused by power 

outages do not hinder the likelihood of firms to invest in their workforce as it was expected. On the 

contrary, firms which are the most affected by electricity cuts tend to be the ones with the highest 

propensity of formal worker training. This finding suggests that in order to remain in business and to 

overcome material defects, firms turn to human capital. In this view, a firm’s attitude toward the 

provision of formal training - or lack thereof, departs from the initial hypothesis. This investment 

decision is not hindered by the costs incurred by power outages but might on the contrary be a mitigation 

strategy in itself. From this perspective, training becomes an asset in the reduction of this disturbance 

rather than a lost opportunity resulting from reduced productivity. 

It is interesting to note that, power outages, as measured by their frequency, are not themselves a driver 

of the implementation of training programs. Rather, it is the economic consequences of outages which 

seem to matter. In other words, as long as power cuts do not lead to monetary loss, they do not call for 

a mitigation strategy involving better labour efficiency - at least when measured by the provision of a 

formal training program and not an informal learning-by-doing process. This claim is supported by the 

fact that the average length of outages, isolated from their economic repercussions, do not seem to weigh 

in the decision of a firm to train its workforce. Policymakers and managers could use these findings to 

be more cognisant of the actual costs resulting from power cuts. On the one hand, the poor management 

of the state-owned utility company is at the root of load shedding creating a large part of these monetary 

costs. The government could help firms mitigating the impact of outages by offering subsidies for 

training programs to the most affected ones. In addition, to the extent that the economic costs of outages 

might be inaccurately estimated, managers could monitor these costs more cautiously in order to make 

better educated decisions when considering a training program investment.  

 

The question remains to know whether firms who are more likely to mitigate the economic impact of 

power outages are, ceteris paribus, only motivated by the fact that they are the ones suffering the most 
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from this disturbance or if they are overall better performing firms. For this purpose, the analysis of the 

two interaction coefficients is enlightening. It was shown that among firms which mitigate the effect of 

electricity cuts by owning or sharing a generator, those incurring the highest monetary costs have a 

higher propensity to invest in human capital.  

However, the coefficient estimating the likelihood of training employees for firms who both use a 

generator and who have an external auditor checking their financial statements is also telling an 

interesting story. External audit is a gage of quality and of competitiveness, pointing to firms with higher 

business practices. Even though the coefficients were not statistically significant, their magnitudes were 

high and estimated a difference of 11.3 percentage points for the OLS regression and an 8.7 percentage 

points in the marginal effect of providing training. It can thus be cautiously imparted that the best 

performing firms do not merely cope with outages but that they also proactively get to the grip with it 

by investing in worker capital. This interpretation concurs with the results of Cissokho and Seck (2013) 

that outages are more of a motivation than a hindrance to business but that they might also be skewed 

because of survivor bias. 

Considering these elements, future research could attempt to identify the reasons motivating a firm to 

invest in training over investing in self-generated electricity. That is, which kind of firm decide to invest 

in human capital rather than equipment to address material disturbances.  

 

9. Limitations 

From a methodological point of view, this study has several limitations which prevent the results to be 

established as causal.  

The endogenous nature of power outages with respect to firm’s training and its determinants posed a 

challenge to identification. A more appropriate identification strategy could have used variation in the 

price of diesel as an instrument variable. In Senegal, 90% of the production of electricity comes from 

diesel and Heavy Fuel Oil (United States Energy Association, 2016). One of the main reasons why 

Senelec, the national utility company proceeds to load shedding is the increase in the price of diesel. 

Senegal imports the oil it needs to generate electricity and when prices increase too much, the utility 
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company is not able to purchase enough quantity to meet the demand in electricity. However, this 

instrument would need to be used in a regional study over several years in order to account for enough 

variation. In addition, the exogeneity condition that Cov(diesel price, e)=0 should be verified for this 

instrument to be valid. For instance, it could be correlated with firm’s profits, which themselves have 

an effect on training programs. 

With regard to training, the only data available indicated whether a firm had a formal training program 

for its permanent, full-time employees. Results could have been more accurate with more detailed 

information on the proportion of employees trained and on their role within the firm.  

More importantly, a significant caveat of this study is the lack of data on informal training. Johanson 

and Adams (2004) have shown that the most frequent form of training is traditional learning, performed 

informally on the job site. Due to reasons inherent to the nature of informal training, it is a variable for 

which measurement and reporting are complex. As explained by Norman and Wolff (2012), the 

modelling of informal training susceptible to be empirically tested necessitates micro data on both firms 

and workers, which was not available in the dataset used.  

Bearing in mind these constraints, the aim of this paper was therefore to advance some hypotheses and 

to test them on empirical grounds to inform policy decisions. 
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Appendix 1. Firms Description 

Distribution of firms in the dataset across region, sector and size   
  Food Other Manufacturing  Retail    Tourism  Other Services  Total Total (%) 

Dakar 132 197 121  115 138 703 64% 
Small 81 127 111  74 92 485  
Medium 32 47 10  37 29 155  
Large 19 23 0  4 17 63  
Kaolack 30 35 33  12 20 130 12% 
Small 24 30 29  12 18 113  
Medium 5 5 4  0 1 15  
Large 1 0 0  0 1 2  
Saint-Louis 14 36 29  16 18 113 10% 
Small 13 36 28  15 18 110  
Medium 1 0 1  1 0 4  
Large         
Thiès 33 31 37  28 32 161 14% 
Small 28 29 34  20 23 134  
Medium 4 2 3  7 6 22  
Large 1 0 0  1 3 5  
Total 209 299 220  171 208 1107  
Total (%) 19% 27% 20%   15% 19%   100% 
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  Appendix 2. First Model Specification – Extended  

 

Estimation 
method 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
OLS Logit OLS Logit OLS Logit OLS Logit OLS Logit 

Variables All firms All firms 2007 2007 2014 2014 Manufacturing Manufacturing Services  Services  
Control 
variables θ YES YES YES YES YES YES YES YES YES YES 
Year dummies YES YES YES YES YES YES YES YES YES YES 
Region 
dummies YES YES YES YES YES YES YES YES YES YES 
Outages 
frequency(ln) 
(H1) 

-0.00663 -0.00681 0.0109 0.00446 -0.0160 -0.00745 -0.00403 -0.00347 -0.0123 -0.0193 

(0.0172) (0.0169) (0.0257) (0.0274) (0.0337) (0.0386) (0.0209) (0.0211) (0.0301) (0.0333) 
Losses (H1) 0.00883*** 0.00619*** 0.00294 0.00171 0.0134*** 0.00860*** -0.000343 -0.000722 0.0155*** 0.0112*** 

 (0.00251) (0.00139) (0.00351) (0.00307) (0.00452) (0.00242) (0.00219) (0.00362) (0.00452) (0.00291) 
Duration (H1)     0.0149** 0.00982     

     (0.00746) (0.00615)     
Generator (H2) 0.0267 0.0353 0.0583 0.0604 -0.0212 0.00260 -0.0474 -0.0241 -0.0376 0.00130 

 (0.0343) (0.0364) (0.0462) (0.0492) (0.0545) (0.0956) (0.0529) (0.0631) (0.0610) (0.0809) 
Generator * 
losses (H2) 

      0.0116** 0.00750*   
      (0.00447) (0.00428)   

Generator*audit 
(H2) 

      0.0774 0.0491   
      (0.0951) (0.0956)   

Constant -0.0189  0.0356  -0.0781  0.0409  -0.0656  
 (0.0778)  (0.107)  (0.116)  (0.0907)  (0.0952)  
           

Observations 441 441 232 206 146 114 318 318 123 103 
R-squared 0.236   0.337   0.321   0.266   0.260   
Robust standard errors in parentheses        
*** p<0.01, ** p<0.05, * p<0.1         
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