
Roads, Competition and the Informal Sector

Elena Perraa,1, Marco Sanfilippob,2, Asha Sundaramc,3

aDepartment of Economics, University of Florence,
bDepartment of Economics and Statistics, University of Turin, and Collegio Carlo Alberto,

cDepartment of Economics, Univerity of Auckland,

Abstract

We examine the impact of competition arising from better connectivity to markets on formal

and informal firms. Combining geolocalized information on road improvements under a large

infrastructure investment programme with data on manufacturing firms in Ethiopia, we show

that an increase in competition is associated with higher labour productivity, capital-intensity,

investment in physical capital and wages in the formal sector. On the contrary, there is no

associated increase in labour productivity or wages in the informal sector. In fact, increased

competition is associated with lower capital-intensity and investment, a shift in composition

towards workers without primary education and a lower likelihood of operating in the informal

sector. We thus highlight that the benefits of infrastructure improvement programmes may

not accrue uniformly in the economy.
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1. Introduction

Recent empirical work has emphasized the important role of the informal sector in job creation

and structural transformation in developing countries (La Porta and Shleifer, 2014). In the

manufacturing sector, though formal firms contribute more to productivity growth, a major-

ity of firms are informal and employ a larger share of the workforce (Diao et al., 2021; Kruse

et al., 2021). In spite of the prominent role played by informal firms in generating jobs, few

analyses have looked at how policy reforms or other external shocks shape the composition of

the manufacturing sector in terms of formal and informal firms.

This is also true of the literature on the impacts of large-scale infrastructure development

programmes. Studies have looked at manufacturing as a whole, but not at differential effects

across formal and informal manufacturing. The exception is a study by Chatterjee et al., 2021

for India, who find that the benefits of public investments in infrastructure did not accrue

to informal firms, while they were productivity-enhancing for formal firms. This paper is an

attempt to fill this gap. We investigate the effect of increased competition from an improve-

ment in road connectivity due to an extensive infrastructure development project in Ethiopia.

Our analysis focuses on formal and informal manufacturing firms. This focus is important for

various reasons. While formal sector firms can respond to competition by investing in better

technologies, R&D and increasing efficiency De Loecker and Goldberg, 2013; Topalova and

Khandelwal, 2011, informal firms lack such capacity. Factors such as inadequate access to

credit and information and a low level of education among informal entrepreneurs (La Porta

and Shleifer, 2014) can hamper their ability to respond to increased competition from firms

in connected areas. Furthermore, the increase in competition is likely to impact firm selection

as in Melitz, 2003, as the least productive firms exit. Dynamics of firm adjustment may differ

between the formal and informal sectors, given the informal sector’s role in providing a means

of survival in developing countries.

To examine the impacts of competition from an increase in connectivity, we combine gran-

ular, geolocalized, information on road improvements under the Ethiopian Road Sector De-

velopment Programme (RSDP) with firm level data from the formal and informal sectors of

Ethiopia. We utilize the Small Scale Industries Survey, covering small and informal firms, and

the Survey on Large and Medium Manufacturing Firms, which provides data on the formal

sector. We explore a range of firm outcomes, such as the likelihood of operating informally,

choice of technique, investment in physical capital, labour productivity and the composition

of workers given their level of education. Ethiopia is an excellent case for various reasons.

First, the RSDP was a massive road improvement programme commencing in July 1997 to

improve connectivity in the country. New roads were built and existing roads upgraded in

quality, generating variation across time and space in improvements in the road network and

reductions in travel time (Fiorini et al., 2021). Reductions in travel time occurred not just

because the road network expanded, but also because roads were upgraded and better qual-

ity roads (such as paved, relative to gravel) allow greater speeds. Second, roads dominate

transport in Ethiopia, which is characterized by an almost complete lack of infrastructure
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substitutes4. The Ethiopian road network accounts for 90-95% of total inter-urban freight

(Worku, 2011). Therefore, road improvements and the resulting expansion of the transport

network and reduction in travel time produce sizeable changes in trade cost for firms. Finally,

the availability of granular data on road improvements and firm location, complemented with

data on formal and informal firms allows us to isolate the effects of road improvements on

firm outcomes in a quasi-experimental setting.

Our empirical analysis follows the existing literature (Donaldson and Hornbeck, 2016; Huang

and Xiong, 2018; Alden, 2019; Jedwab and Storeygard, 2020; Fiorini et al., 2021) and adopts

the spirit of the market-access approach to construct a measure of competition from greater

road connectivity. We begin by treating each Ethiopian district (woreda in the Ethiopian

context) as a local market. For each district and industry of a firm in a given year, we

construct a weighted average of the inverse of travel times to all other districts given the

road network and travel speed (which depends on the quality of the road), where the weights

are total production in the district and industry. Variation in this measure captures both

variation in production in the firm’s industry in connected markets and variation in travel

times as roads are expanded and improved. It is thus a time-varying measure of changes to

competition faced by the firm both in its local and in connected markets as the road net-

work evolves. Borrowing from the literature (Donaldson, 2018; Huang and Xiong, 2018), we

refer to this measure as consumer market-access (CMA) to convey the idea that it measures

the availability of alternatives for consumers. Of course, as travel times decrease with the

improving road network, firms will also have better access to consumers in connected mar-

kets (an improvement in the firm’s market-access (FMA), following (Donaldson, 2018)). We

account for this improved FMA with fixed effects that vary by district and year. Arguably,

this effect is uniform across industries, so that the CMA measure primarily captures com-

petition from producers in connected markets. We then relate CMA to firm outcomes such

as productivity, capital-labour ratio, investment, wages and skill composition of the workforce.

Identification of the causal effects of competition from road connectivity improvements on

firm outcomes encounters the canonical concern of endogeneity. We discuss each of the two

components of our CMA measure: production and travel time. We argue that production

in connected markets is largely exogenous to local firm outcomes, given that each district

is a small economy relative to all the other Ethiopian districts. Travel time given the road

network is more likely to be endogenous. As reported by Gebresilasse (2018), Moneke (2019),

and Fiorini et al. (2021) for the Ethiopian case, road construction under the RSDP was

potentially non-random, both in terms of timing and placement. It is plausible that the

allocation decision of policymakers was driven by several considerations, which range from

higher economic and social potential of particular districts to political motivations (Burgess

et al., 2015). For instance, using the same data for Ethiopia, Perra, 2022 provides evidence

4Ethiopia has no direct access to the sea, nor does its territory contain any transportation substitutes to
roads, such as navigable rivers, canals or railroads, with the exception of a single railroad line to Djibouti,
which was not functioning during our study period (Fiorini et al., 2021).
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that areas connected ethnically and politically to the ruling party received more roads, and

roads of better quality. For this reason, our identification strategy relies on an instrumental

variable approach that exploits road improvements occurring outside “exclusion areas”, de-

fined as the surroundings of the pre-RSDP (1969) Ethiopian road network. The rationale is

that incremental investments in roads are expected to be endogenous, given their proximity

to pre-existing road arteries and connections between towns.

We find that the impacts of competition, measured by CMA, vary substantially across formal

and informal sector firms. Among formal firms, a one standard deviation increase in CMA

corresponds to a 0.58% increase in labour productivity, an effect almost twice as big as the

effect for the sample taken as a whole. For formal firms, we report evidence of increases in

CMA being linked to improvements in capital-intensity, investment in physical infrastructure

and wages. Among informal firms, we find no relationship between CMA and labour pro-

ductivity. If anything, the relationship is weakly negative. Results show that an increase in

CMA reduces the capital-labour ratio and investments among informal firms. In addition,

exploiting information on the level of education of each individual worker within a firm from

the SSIS, we find that an increase in CMA is associated with a larger share of workers without

primary education and a smaller share with higher education. Furthermore, the likelihood of

operating informally decreases with an increase in CMA.

These findings are consistent with a framework where greater competition is associated with

exit of less productive formal firms, while surviving ones respond to competition by adopting

more capital-intensive technologies and improving efficiency. Labour released from the for-

mal sector is displaced to the informal sector, where firms see decreases in capital-intensity,

investment, the share of educated workers and labour productivity. However, exit of less

productive firms in the informal sector also means that surviving informal firms are of higher

productivity, countering the negative effect to a certain extent. Overall, our results highlight

that competition from better road connectivity due to road infrastructure improvements may

disadvantage the informal sector, as it disciplines the formal sector.

This paper speaks to the literature looking at the benefits of public investments in infras-

tructure (Faber, 2014; Duranton and Turner, 2012) and at the literature studying the role of

geography in influencing firm choices (Puga, 2009; Redding and Turner, 2015; Bernard et al.,

2012; Redding, 2020). We augment this literature by explicitly focusing on the informal sector

and underlining the differential effects of such investments on informal firms, whose adapta-

tion strategies and constraints differ from those of formal firms. Our study is also related

to the literature that looks at exogenous trade shocks on informality Goldberg and Pavcnik

(2003), though we look at reductions in intranational trade costs and an increase in domes-

tic competition. The trade literature has revealed contrasting findings about the impacts of

trade liberalization on informality Dix-Carneiro et al. (2021), McMillan (2019), and McCaig

and Pavcnik (2018). Closest to our setting is the paper by Nataraj (2011), who looks at the

impact of India’s unilateral trade liberalization on productivity of formal and informal firms

and underscores the importance of delving into the differences between them as they adjust
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to market shocks.

Finally, we contribute to a small but growing strand of evidence on the implications of the

RSDP in Africa. While previous work has investigated the impact of roads on firm produc-

tivity (Fiorini et al., 2021; Shiferaw et al., 2015), no evidence has so far been available on

the informal sector. In this respect, our findings are in line with the work by Diao et al.

(2021), who find that the productivity benefits of global integration accrue disproportionately

to formal firms at the top of the distribution, with gains concentrated in productivity than

in employment. We thus emphasize the tension between inclusive employment growth and

enhancements in productivity.

The remainder of the paper is organised as follows: Section 2 outlines a conceptual frame-

work, Section 3 provides overview on the context of the Ethiopian RSDP; Section 4 describes

the data employed in the analysis; Section 5 outlines the empirical approach adopted for this

study; Section 6 reports the results, with robustness checks shown in Section 7. Finally, Sec-

tion 8 concludes.

2. Conceptual Framework

In this section, we draw upon the vast literature on trade liberalization and its impacts on

firms to outline a conceptual framework for our analysis. The goal of our research is to identify

the impacts of an increase in competition from firms in connected markets on the formal and

informal sectors. Specifically, we appeal to Melitz, 2003, Topalova and Khandelwal, 2011 and

De Loecker and Goldberg, 2013. We posit that firms are heterogenous in their productivity.

Entry into the formal sector requires payment of a fixed cost, following on literature that

documents costs of registration, setting up a tax identity and licensing costs to operate in the

formal sector. Similarly, export to connected markets entails a fixed cost of hiring intermedi-

aries and setting up transportation routes.

Thus, it is only firms with productivity high enough to pay the fixed cost of entry to the

formal sector that operate formally, and only firms with productivity high enough to pay the

fixed cost of servicing connected markets that outside their local area. As in Melitz, 2003, an

increase in competition from firms in connected markets results in contraction of output and

forces the least productive firms in the formal sector to exit (some of these exiting firms may

eventually end up in the informal sector). Additionally, as argued in Topalova and Khan-

delwal, 2011; De Loecker and Goldberg, 2013, competition is associated with investments in

better technology, R&D and increases in efficiency at the firm level, which translates to higher

labour productivity in the presence of capital in the model.

Turning to the informal sector, we first note that not only are there fundamental differences

between the formal and informal sectors, but the two sectors also interact with each other.

With increased competition, informal firms contract and less productive informal firms exit.

Though more productive informal firms may be hampered in making investments to improve
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technology and efficiency, we expect aggregate productivity of surviving firms in the informal

sector to be higher through the exit channel. An additional channel that yields the opposite

relationship is the interaction between the formal and informal sectors.

As less productive formal firms exit, workers at these firms are unlikely to be absorbed in the

more productive firms, who respond to competition by adopting more sophisticated technol-

ogy and capital-intensive techniques of production (Diao et al., 2021). This is particularly

true of less educated workers, since technology is intensive in high-skilled labour. In a set-

ting where the informal sector is not only a source of employment but also of survival (in

the absence of social welfare), informal sector firms absorb these workers, becoming ”labour

absorbing” firms (Diao et al., 2021). Thus, through this channel, we would expect to see a

decrease in the capital-intensity and labour productivity, and an increase in the share of less

educated workers in informal sector firms. The relationship between competition and labour

productivity in the informal sector would thus depend on the dominant channel. In fact, we

expect to find no relationship if the two channels completely counteract each other.

3. The Road Sector Development Programme

The Road Sector Development Programme (herafter, RSDP), is part of a broader action,

involving reform processes targeted to fighting poverty, boosting the economy and favouring

structural transformation. The RSDP is an investment programme implemented in Ethiopia

since 1997 and still ongoing, with the objectives of rehabilitating existing Ethiopian roads and

constructing new networks. It has been estimated that Ethiopian Road Network has increased

from 26550 km in 1997 to 113066 km in 2016, while the proportion of the country’s rehabil-

itated roads has increased from 22% to 72%. Therefore, road density per 100 sq. km has

risen significantly from 21.1 km in 1997 to 102.8 km in 2016 (Ethiopian Road Authority, 2016;

World Bank, 2021). The main authorities in charge of its implementation were the Ethiopian

Roads Authority (ERA) and the Regional Roads Authorities (RRAs). This large-scale devel-

opment project has attracted particular interest by the academic world, with the objective of

analysing the impact of infrastructural investments on agricultural productivity, businesses’

performance and structural transformation processes (Adamopoulos, 2019; Shiferaw et al.,

2015; Fiorini et al., 2021; Fiorini and Sanfilippo, 2019; Moneke, 2019). The RSDP has been a

key promoter of increasing agricultural productivity, sped up business activity and stimulated

structural transformation, directly from the agricultural to the service sector.

One of the main goal of the Ethiopian government is to reach the level of a lower middle-

income country by 2025. In order to implement the “Ethiopian Vision”, various reforms have

taken place to call for sustainable growth processes, involving different spheres of develop-

ment. These reforms range from poverty alleviation programmes and the commercialization

of agriculture to the canalization of resources for the transformation of the private sector,

alongside a strengthening of the public sector to promote good governance practices, boosting

women and youth empowerment, and ensuring their participation in the democratic pro-

cesses (Ministry of Finance and Economic Development, 2010). In order to accelerate these
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transformations, road infrastructure has been considered as a crucial trigger to revitalize the

country’s long-term sustainable growth prospects (Worku, 2011; MoFED, 2006). Indeed, the

lack of infrastructural networks and the consequently high transport costs have been iden-

tified as two of the major hurdles to growth for most developing countries, but particularly

so for the African continent (Esfahani and Ramire, 2003). Studies have shown how high

transport costs pose important barriers to labour supply and hinder significant market op-

portunities (Franklin, 2018; Atkin and Donaldson, 2015). Therefore, efficient infrastructural

facilities are considered essential to generate virtuous economic and social processes (Donald-

son, 2018; Storeygard, 2016; Alder, 2015). Numerous studies have indicated that spending in

infrastructure is one of the main channels on which governments can rely to promote growth,

international economic attractiveness, poverty alleviation and affect several other dimensions

of local development (Banerjee et al., 2020; Berg et al., 2017; Redding and Turner, 2015).

The RSDP is considered the largest infrastructural investment project ever implemented by

the Ethiopian government and one of the most ambitious of the entire region (Shiferaw et al.,

2015). Its construction has required a significant investment in terms of foreign currency, with

an estimated cost of its implementation during this fourteen years of around US$7.08 billion

(Worku, 2011; Shiferaw et al., 2015). The five-year plan of the RSDP has been implemented

thorough annual action plans, closely supervised and influenced by the government (Shiferaw

et al., 2015). Although the ERA has assigned different criteria for the road upgrading projects,

it is not clear which specific variables the ERA employs to operationalize them (Worku, 2011;

Shiferaw et al., 2015)5.

Figure 1: Visualization of RSDP’s improvements in road connections. Source: Authors’ calculations
on RSDP data

5With the subsequent potential problems connected with ethnic/political favouritism mechanisms.
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Improvements due to the implementation of the RSDP are documented in Figure 1, which

shows the remarkable advancement in terms of road network from 1996 (i.e. the state of

the road sector at the baseline) and two successive periods, 2008 and 2016. The registered

average travel time to major economic centers declined from 385.6 to 322.5 hours for the

period 1996-2008 (Shiferaw et al., 2015). The improvements in multidimensional aspects of

road accessibility indicators are reported in Table 1, which shows a general increase in the

proportion of roads in good and serviceable conditions (ERA, 2009).

Indicator 1997 2009

Proportion of asphalt roads in good condition 17% 70%
Proportion of gravel roads in good condition 25% 54%
Proportion of rural roads in good condition 21% 50%
Proportion of total road network in good condition 22% 54%
Road Density/1000 sq.km 21.1km 42.6km
Road Density/1000 Population 0.46km 0.57km

Table 1: Improvements in Road Infrastructure. Source: ERA (2009)

The improvements in road quality are captured by the registered drop in travel time needed

to cross each segment of road. The data on road quality improvement are aggregated in the

speed matrix proposed by ERA (2009) and reported in Table 2, which describes the average

travel speed as a function of the particular road surface.

Average Travel Speed

Pavement Type Before Upgrading After Upgrading

Asphalt Roads 50 km/h 70 km/h
Major Gravel Roads 35 km/h 50 km/h
Minor Gravel Roads 25 km/h 45 km/h
Earth Surfaced Roads 20 km/h 30 km/h

Table 2: ERA Travel Speed Matrix
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4. Data

4.1. Firm-level Data

We combine two sources of microdata covering the whole manufacturing sector in Ethiopia.

The first is the Large and Medium Manufacturing industry Survey (LMMS), an annual census

of more structured firms published by the Central Statistical Agency (CSA). Data cover all

firms with at least 10 persons engaged and that use electricity in their production process.

These firms are required to respond to this census every year; therefore, this source include

the universe of large and medium firms in the manufacturing sector. The census records pro-

vide information on the characteristics of each establishment, as well as detailed information

on the size and composition of the workforce and on the location of each firm. Firms also

provide details on sales values and quantity produced for the domestic and international mar-

ket for each product, as well as information on raw materials, both domestic and imported,

employed at the firm level for the production processes, and their share on total firm expen-

diture. Manufacturing industries are defined at the 4-digit level according to the ISIC Rev.

3 classification, while products are recorded following an internal classification by the CSA.

The second dataset is the Survey of Small-scale manufacturing Industries (SSIS). We com-

bine all existing waves of the SSIS, covering the years 2001, 2004, 2007, 2010, 2013. This is a

survey that covers small (i.e., those engaging less than 10 persons) and mainly informal firms

operating in the manufacturing sector. The sample is single-stage stratified, considering six

main industries (textiles and garments, metal work, wood work, leather and leather products,

other manufacturing sectors and the grain mills industry), sampled in similar proportions

across regions. Due to the lack of a proper sample frame, it is not necessarily representative

of the sector but provides considerable information on the activities of smaller firms, which

comprise the majority of firms in the country. Table A.1 reports precise figures for the years

in which the SSIS and the census were run simultaneously. On average and consistently over

time, small and informal firms represent the large majority of all manufacturing establish-

ments, approximately half of total manufacturing employment, but a much smaller share in

terms of total production, wage bill and capital expenditures6.

We combine the two datasets (LMMS and SSIS), obtaining information at the firm, indus-

try and woreda level. Note that, since the data included in the SSIS are based on a similar

questionnaire than the census, we can compare most of the indicators without incurring in

problems connected with measurement errors.

Based on the pooled data, we define informal firms as those who do not keep a book of account

and have less than 10 employees7. This operationalization of informality is the closest one

to the official definition that the CSA gives of an informal firm, i.e. one: “that do not keep

6See Table A.2 in the Appendix for an overview of the role played by the small business sector in Ethiopia.
7In Section 7.1 we also investigate alternative definitions of informality as a robustness check.
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complete books of accounts; mainly engaged in market oriented production; do not register the

enterprise and its employees; and have a very limited number of persons engaged (less than

ten person) in the enterprise; have no license” (Siba, 2015).

From Table 3, coherently with expectations, an informal firm appears to be on average smaller,

younger, less capital intensive and less export/import oriented with respect to a formal firm.

This is reflected in Figure 2, which shows the productivity distributions of formal and informal

firms. The wider right tail of the formal firms’ distribution confirms their higher productivity

level with reference to informal ones, which are concentrated in the left hand side of the

distribution. In terms of their spatial collocation, Figure A.1 in Appendix, shows that they

appear to be equally represented on the Ethiopian territory, with an higher concentration of

both types of firms in the areas surrounding Addis Abeba8.

Informal Formal

Variable Mean Mean

Labour Productivity 99.2 414.9
Capital 39.4 191.7
Employees 1.2 2.4
Wagepc 7.3 28.0
Exports 1.9 3779.9
Imports 70.9 31285.1
Age 5.9 9.4
Assets 103.6 12030.5

Notes: Values in thousands ETB, except for Employees and Age

Table 3: Summary Statistics

8In Figure A.2 in the Appendix, it is reported a visual representation of the productivity of formal and
informal firms.
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Figure 2: Productivity Distributions. Authors’ calculations.

4.2. Roads

This paper employs rich geolocalized data on the Road Sector Development programme

(RSDP), which spans a period going from 1996 to 2016. This database consists of time

series shapefiles of the Ethiopian road network, describing the incremental improvements in

terms of road surface (earth surface, minor gravel, major gravel and asphalt) and travel time

needed to cross each road segment. Moreover, it provides details about whether a road-

segment is categorised as not-rehabilitated, rehabilitated or completely new. This exhaustive

and detailed data represents a significant source of information, with respect to the usually

limited availability of time series data on transport infrastructures in low-income developing

countries. The availability of information on the improvements in road surface allow to cal-

culate the enhancements in terms of the average travel time needed to cross each segment

of road, in accordance with the speed matrix reported by the ERA, and employed also by

Shiferaw et al. (2015), Jedwab and Storeygard (2020), and Fiorini et al. (2021).

In the rest of the paper we employ a market access approach based on Donaldson and Horn-

beck (2016) and Jedwab and Storeygard (2020):

MarketAccessxt =
∑
d ̸=x

Weightdt ∗ τ−θ
xdt (1)

This indicator measures the minimum distance between the centroid of district x (origin) and

the centroid of district d (destination) given the road and speed at year t; while Weightdt is a
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proxy of district-level economic activity. The minimum distance in hours τ , is calculated em-

ploying the Dijkstra’s algorithm; θ is the elasticity measuring how trade volumes fall as travel

time increases. Empirical papers using a market access approach have resorted to different

values of θ, usually in the range of 1 (the market potential approach originally proposed by

Harris (1954)) to about 10 (Donaldson and Hornbeck, 2016). For our analysis we rely on a

value of θ equal to 3.8. This is the same value adopted by Jedwab and Storeygard (2020) in

their paper looking at the effects of road improvements on urbanization in Africa. Jedwab and

Storeygard (2020) obtained this value using the estimated cost-distance elasticity for Nigeria

and Ethiopia from Atkin and Donaldson (2015), which is 3 times larger the one found by

Duranton et al. (2014) for the US9. In the robustness checks, reported in Section 7.2 we show

that results are robust to different values of θ.

Market access is a powerful indicator able to account for different dimensions of the role of

road improvements, including: (i) its capacity to account for the falling cost of transport-

ing goods, allowing firms to sell their products to bigger markets in the country; and (ii)

its capacity of increasing competition between firms. To some extent, an increase in market

access can be viewed as a domestic shock, similar for several aspects to an international trade

liberalization process. In the remaining of the paper we focus on the latter dimension, the

Consumer Market Access (CMA). CMA accounts for how proximity to competitors based

elsewhere in the country changes with improvements in the road network (Huang and Xiong,

2018). The definition of CMA is based on a modified version of equation 1, in which changes

in travel time tau are weighted using the level of total production in each wereda-industry

pair jx at time t:

CMAjxt =
∑
d̸=x

Productionjdt ∗ τ−θ
jxdt

Figure 3 visualizes average levels of CMA for formal and informal firms, separately.

9Duranton et al. (2014) cost-distance elasticity for the US is 1.27, meaning that 1.27 ∗ 3 ≈ 3.8
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Figure 3: Visualisation of Consumer Market Access (CMA). Source: Authors’ calculations on SSIS
and LMMS data.
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5. Identification Strategy

Our empirical analysis is based on the following equation:

Yijxt = β1CMAjxt + β2Xit + θjx + µrt + ϵijxt (2)

which estimates the effects of CMA on (formal and informal) firms’ labour productivity, ac-

cording to the definition provided above. Since we employ a repeated cross-section of firms,

our identification strategy exploits changes within markets over time. For this reason we add

industry-wereda, jx fixed effects. Wereda-year, xt, fixed effects are added to account for time

specific changes occurring within each district over time, and are important to remove factors,

such as changes in economic activity, that can affect the relation of interest. X includes firm

specific controls, that we limit to the age of the firm and to a dummy variable accounting for

the fact that a firm was originally surveyed in the SSIS or in the LMMS. Standard errors are

clustered at the district level.

This approach needs to deal with endogeneity issues regarding the placement of transport

infrastructure. Indeed, the choice of where to build infrastructure is not exogenous, since the

random assignment of route placements is implausible. It is reasonable to assume that plan-

ners may have decided to allocate investments with specific goals – e.g., where high growth

was expected or in specific peripheral counties connecting target nodes (Asher and Novosad,

2020; Duflo and Pande, 2007). Moreover, these domestic shocks in trade costs may indirectly

affect locations that have not been promptly connected, such as those that are in between

(Chandra and Thompson, 2000). Indeed, these shocks automatically translate into shocks

in income, which are for their nature spatially correlated (Alden, 2019). The subsequent

construction of the market access indicators is mechanically endogenous as well, since growth

in a district may affect growth in neighboring districts, which in turn affect their neighbors

with a positive feedback mechanism. A further challenge is brought forward by the possibility

of incurring in omitted variable bias. Indeed, market access may be altered both by sudden

population changes of the locations of trading partners, by changes in the road network con-

necting them, or by natural impediments and other unmeasured factors, which may influence

the allocation decisions of road investments. Moreover, roads could be built in advance to

benefit from the economic growth prospects of neighbouring cities or nearby economic hubs,

or vice versa to avoid possible economic stagnation (Jedwab and Storeygard, 2020). Finally

a further concern may arise from the will of policymakers to attract larger shares of infras-

tructure investments, which could be correlated across locations (Fiorini et al., 2021). In the

specific context of the RSDP in Ethiopia, such anticipation effects should be mitigated by the

structure of the RSDP, which is linked to a five-year investment plan model. In order to deal

with such potential concerns, we propose an instrumental variable approach which combines

the insights brought forward by Moneke (2019), Gebresilasse (2018), Fiorini et al. (2021) and

Jedwab and Storeygard (2020). This technique consists in the creation of alternative road

networks, which are used as instruments to the market access measures of equation (2), by
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exploiting the variation in bilateral costs (i.e. travel time) generated by these synthetic roads.

By digitizing the CIA’s map of the Ethiopian territory, United States Central Intelligence

Agency (CIA) (1969)10, we apply a strategy similar to the one adopted by Jedwab and Storey-

gard (2020) and Fiorini et al. (2021). We identify a 50 km buffer following the trajectories

of the digitised roads of 1969. These exclusion areas are employed in the construction of

the synthetic road network as the areas within which our road network remains exactly as it

was before the RSDP, while outside the exclusion zones, it changes according to the RSDP

improvements. “Freezing” roads in the areas inside the buffer at the state of the art of 1996

enables us to exclude from the analysis all the enhancements of the RSDP that are more likely

to be affected by endogenous drivers. Indeed, it is reasonable to assume that the exclusion

zones reflect the principal Ethiopian thoroughfares, with the highest level of attractiveness for

long-term investments. As shown by Bertazzini (2022), there is a long-run effect of transport

networks and concentration of economic activity in Ethiopia.11.

Figure 4: Buffer of 50 Km around roads of 1969. Authors’ calculations.

10Reported in Figure A.3 in the Appendix
11Bertazzini (2022) shows how proximity to colonial roads, and therefore lower transport costs, generate

high level of attractiveness for economic activity until the 1960s. In turn, this generates a positive feedback
mechanism, driving investments in areas with higher advantages in terms of increasing returns of scale, meaning
zones with higher level of economic development. During the Italian occupation 1935-1941, the Italian road
programme built a total of 7000 km of roads, 3450 km of which were tarred (Baker, 1974), which where
primarily designed to serve military purposes. By the time of the Liberation until 1951 colonial roads were
kept operational, but only after 1960 other major road arteries were built. In particular, Imperial Highway
Authority launched a major series of infrastructure projects which from 1951 to 1968 led to the construction
and improvement of 7304 km of highway, with the goal of reaching all the main cities and towns linked to the
capital and improving the access to the Lakes Region and the coffee-producing areas (Baker, 1974).
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Therefore, by exploiting the buffer around the roads of 1969, we are confident to take into

particular consideration the principal historical Ethiopian lanes, which are those that connect

the main city centers and economic hubs of the country. In this way, we are able to account for

endogenous local road improvements, but also for those improvements targeted at connecting

the principal Ethiopian economic hubs and cities. As shown in Figure 4, the 50 km buffer

includes all the major cities centers with a population larger than 50,000 people in 1994, and

involves most of the Ethiopian cities. Differently from Jedwab and Storeygard (2020), we

follow the strategy proposed by Fiorini et al. (2021) and we compute the bilateral distances

between an origin centroid x of woreda of x, and a destination centroid d of woreda d, without

taking into account road changes in the exclusion zone. We decide to follow this strategy since

the RSDP project is a national infrastructural plan, implying that it is essential to consider

endogenous political factors and spatial autocorrelation across Ethiopian regions and woredas.
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6. Results

6.1. Formal and informal firms productivity - OLS and 2SLS

In Table 4 we use ordinary least squares (OLS) to estimate the relationship between labour

productivity at the firm level and consumer market access (CMA), which represents compe-

tition and varies at the woreda, industry and year level. As hypothesized in our conceptual

framework, we expect a positive relationship between competition and labour productivity

in the formal sector, while the relationship for the informal sector depends on the dominant

channel between firm exit (which raises the aggregate productivity of surviving firms) and

labour absorption as the least productive formal firms exit (which depresses firm labour pro-

ductivity if capital is held constant). All regressions include woreda-time and industry fixed

effects. Columns (1) and (2) report results for the whole sample of informal and formal firms.

Columns (3)-(4) and (5)-(6) report results for the informal and formal sector firms respec-

tively. While columns (1), (3) and (5) do not include control variables, columns (2), (4) and

(6) include controls for firm age and size.

Table 4: Results OLS: Labour Productivity

WHOLE SAMPLE INFORMAL FORMAL

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

Productivity Productivity Productivity Productivity Productivity Productivity

CMA 0.0600** 0.0587*** -0.0100 -0.0140 0.134*** 0.135***
(0.0265) (0.0212) (0.0227) (0.0229) (0.0297) (0.0267)

Constant 10.50*** 11.11*** 10.79*** 11.28*** 10.27*** 10.50***
(0.253) (0.257) (0.207) (0.223) (0.311) (0.290)

Observations 23,350 23,232 13,772 13,762 8,668 8,563
R-squared 0.405 0.430 0.457 0.460 0.344 0.362
District-Industry FE Y Y Y Y Y Y
District-year FE Y Y Y Y Y Y
Controls N Y N Y N Y

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

We find that the coefficients of interest are positive and significant for firms in the formal sec-

tor. This is consistent with the idea that increased competition is associated with exit of less

productive formal firms, resulting in greater aggregate productivity. In addition, competition

can spur firms to invest in better technology, become more efficient and increase productivity.

The relationship between competition and labour productivity is negative for firms in the

informal sector, but the coefficient is not statistically significant.
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Note that we expect aggregate productivity in the informal sector to increase through the exit

channel. However, as firms contract in response to competition, less productive formal firms

exit and surviving firms adopt more sophisticated technology, informal sector firms absorb

these workers (more so the less educated ones), becoming “labour absorbing”. Hence, through

this channel, we would expect to see a decrease in the capital-intensity and labour productiv-

ity of informal sector firms. Our results indicate that this channel dominates, though weakly.

Broadly, our results are in line with the findings of Chatterjee et al. (2021) for India, we find

different impacts of the increase in connectivity and resulting competition for informal and

formal sector firms.

Table 5: Results IV: Labour Productivity

WHOLE SAMPLE INFORMAL FORMAL

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

Productivity Productivity Productivity Productivity Productivity Productivity

CMA 0.0622** 0.0600*** -0.0115 -0.0150 0.137*** 0.137***
(0.0266) (0.0217) (0.0245) (0.0247) (0.0301) (0.0271)

Observations 23,350 23,232 13,772 13,762 8,668 8,563
R-squared 0.001 0.043 0.000 0.006 0.006 0.033
District-Industry FE Y Y Y Y Y Y
District-year FE Y Y Y Y Y Y
Controls N Y N Y N Y
F-test 3241 3224 3154 3157 2527 2472

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Next, we provide results based on an instrumental variable approach using two stage least

squares (2SLS). Second stage results are reported in Table 5, by exploiting instrumental vari-

ables constructed as discussed in Section 5. In order to isolate the exogenous improvements to

the road network, we remove all upgrades in road construction defined in the exclusion zones

around the roads present in 1969 in the construction of our IV. The first stage regression is

reported in Table A.4 and shows that our instrument is a strong predictor of CMA. Similarly,

the first stage F-statistic appears to be strong, confirming the relevance of our instrumental

variable. It is also reassuring to see that results of the reduced-form (reported in Table A.5 in

the Appendix) remain consistent. Table 5 shows that our results are consistent with the OLS

results reported earlier. They show that one standard deviation increase in CMA corresponds

to a 0.58% increase in productivity of formal firms and a 0.253% increase for the whole sam-

ple, in accordance with Table 4. This reassures us that our baseline results in Table 4 are not

contaminated by endogeneity bias.
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6.2. Formal and informal firms productivity - Heterogenous Effects

In Table 6 and 7, we explore heterogenous effects across districts with above and below median

share of informal firms by number (columns (1) and (2)) and size measured by employment

(columns (3) and (4)) for informal and formal firms respectively. The idea is to explore

whether competition from better connectivity due to road improvements impacts labour pro-

ductivity in the informal and formal sectors differently when the relative size of the informal

sector in the area is high. In such areas, greater movement of workers into the informal sector

as formal firms respond to competition is likely to crowd the informal sector, lowering labour

productivity.

Indeed, we find in Table 6 that in areas with above median share of informal firms, CMA is

associated with lower labour productivity and the coefficient is now statistically significant.

This is not the case in areas with below median share of informal firms. From Table 7, we

find that this heterogeneous impact is unique to the informal sector. In the formal sector, the

increase in labour productivity with competition is largely uniform across areas with above

and below median labour productivity. Thus, results in Table 6 and 7 lend further support

to the channel whereby competition resulting from better road connectivity exerts differential

effects across the formal and informal sectors, with negative productivity effects concentrated

in the informal sector.

Table 6: Heterogenous Effects - Informal Sector: Labor Productivity

Above Below Above Below
Median Median Median Median
(1) (2) (3) (4)

VARIABLES Labor Labor Labor Labor
Productivity Productivity Productivity Productivity

CMA -0.0746** 0.0175 -0.0684* 0.0144
(0.0358) (0.0371) (0.0376) (0.0375)

Observations 5,602 7,868 5,298 8,168
R-squared 0.003 0.007 0.003 0.007
District-Industry FE Y Y Y Y
District-year FE Y Y Y Y
Controls Y Y Y Y
F-test 1320 1674 1695 1872

Robust standard errors in parentheses
(1) & (2) Share of Informal Firms
(3) & (4) Share of Informal Size
*** p<0.01, ** p<0.05, * p<0.1
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Table 7: Heterogenous Effects - Formal Sector: Labor Productivity

Above Below Above Below
Median Median Median Median
(1) (2) (3) (4)

VARIABLES Labor Labor Labor Labor
Productivity Productivity Productivity Productivity

CMA 0.197*** 0.231*** 0.162*** 0.223***
(0.0465) (0.0608) (0.0473) (0.0551)

Observations 4,917 3,479 4,338 4,121
R-squared 0.031 0.037 0.025 0.036
District-Industry FE Y Y Y Y
District-year FE Y Y Y Y
Controls Y Y Y Y
F-test 9064 2171 10798 2099

Robust standard errors in parentheses
(1) & (2) Share of Informal Firms
(3) & (4) Share of Informal Size
*** p<0.01, ** p<0.05, * p<0.1

6.3. Mechanisms

In this section, we explore the channels through which competition arising from better connec-

tivity due to improvements in the road network impact labour productivity in the formal and

informal sectors. The first channel is one of exit, whereby we expect less productive formal

firms to exit potentially into the informal sector. We also expect less productive informal firms

to exit the market. Furthermore, given that informal sector firms tend to be less productive

than formal firms, we expect greater exit in the informal sector. In other words, broadly

speaking, we expect an increase in competition to be associated with a formalization of firms.

This means a negative relationship between CMA and the likelihood of being informal.

We explore this empirically following Nataraj (2011). We construct a binary variable that

takes a value of one if the firm is in the informal sector and zero otherwise. We then estimate

the relationship between CMA and this indicator of informality using the instrumental vari-

able estimation strategy. Results are presented in Table 8. Column (1) includes no control

variables, while columns (2) and (3) introduce some firm controls sequentially. Results show

that the coefficient on CMA is negative and statistically significant, as anticipated. Thus,

there is evidence that greater competition resulting from better connectivity to other intra-

national markets brought about by road improvements is associated with a lower likelihood

of a firm operating in the informal sector. Differently from Nataraj (2011) and Goldberg

and Pavcnik (2003), our coefficients of interest are significant, reinforcing the argument that

the increase in connectivity is at the expense of the informal sector, strengthening the exit

mechanisms on the left hand side of the firm productivity distribution.

Next, we explore the idea that the informal sector is “labour absorbing”, or that it absorbs
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Table 8: Effects of CMA on Informality

(1) (2) (3)
VARIABLES Informal Informal Informal

CMA -0.00891 -0.00979* -0.0118*
(0.00828) (0.00537) (0.00655)

Observations 38,522 38,373 23,232
R-squared 0.000 0.199 0.249
District-Industry FE Y Y Y
District-year FE Y Y Y
Controls N Y Y
F-test 3480 3467 3224

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

workers quitting formal firms that exit. If this channel were in operation, we would see an

increase in the capital-labour ratio among formal firms and a decrease in the capital-labour

ratio among informal firms12. In Table 9, we explore these outcome in an instrumental vari-

ables regression. Along with capital intensity, we report as well results on firms’ investments

and wages13. Columns (1)-(3), (4)-(6) and (7)-(9) report results for the whole sample, and

for the sample of informal and formal firms, respectively.

As hypothesized, we find that for the formal sector, CMA is positively related to the capital-

labour ratio and investment. This suggests that formal sector firms are increasingly capital-

intensive and competition is associated with increased investment, in line with improvements

in technology. These findings are corroborated by the positive effects on wages, as shown in

column (9). We find no evidence for these positive effects in the informal sector. In fact,

we find that greater competition from better connectivity is associated with a lower capital-

labour ratio and lower investment. These results echo the idea that as labour is released from

exiting formal firms due to competition, it is potentially absorbed in informal sector firms

that become less capital-intensive.

We probe this channel further using detailed data on worker education levels in informal firms.

We explore how changes in CMA affect the composition of the workforce by education. We

can do this only for the sub-sample of informal firms covered by the SSIS, since this data set

includes a module in which firms report worker characteristics such as level of education of

individuals engaged in the firm. Table 10 reports estimates linking CMA to the total number

12Capital intensity is measured as the ration of the book value of fixed assets at the beginning of the year
over total employment.

13Investment is measured by the size of expenditures in fixed assets during a fiscal year. Wages are per
capita, calculated dividing the total wage bill of a firm by its total number of employees
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of persons engaged (this includes both employees and working owners) and the share of per-

sons engaged with (a) no education; (b) primary education; and (c) secondary education and

above14. Results show that an increase in competition from higher CMA is associated with

an increase in share of less educated workers (workers without primary education) in informal

firms. This finding complements our earlier results showing an increase in investment and

capital-intensity among formal firms in response to competition. Adoption of technology is

likely to be intensive in high-skilled labour, potentially shifting worker composition towards

more educated workers in the formal sector. We would expect to see a corresponding shift

towards less educated workers among informal firms, as seen in column (2) of Table 10.

Put together, we can conceive of a story for the informal sector. Though the exit of less pro-

ductive informal firms leads to greater productivity among surviving firms, workers who lose

their jobs are absorbed into these firms without commensurate investments in capital. This

means that they employ a lower capital-labour ratio and fewer educated workers associated

with lower labour productivity.

Table 9: Capital Intensity and Investment

WHOLE SAMPLE INFORMAL FORMAL
(1) (2) (3) (4) (5) (6) (7) (8) (9)

VARIABLES Capital Investment Wage Capital Investment Wage Capital Investment Wage
Intensity per capita Intensity per capita Intensity per capita

CMA 0.0503** 0.106** 0.0397*** -0.0494** -0.0953* 0.00394 0.148*** 0.294*** 0.0463***
(0.0205) (0.0488) (0.0111) (0.0224) (0.0526) (0.0128) (0.0361) (0.0838) (0.0172)

Obs. 33,569 38,373 25,072 22,492 26,406 14,831 9,840 10,858 9,071
R-sq. 0.116 0.008 0.084 0.075 0.005 0.012 0.086 0.011 0.068
Dist-Ind FE Y Y Y Y Y Y Y Y Y
Dist-year FE Y Y Y Y Y Y Y Y Y
Controls Y Y Y Y Y Y Y Y Y
F-test 3472 3467 2775 1913 1856 1220 2972 3286 3221

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

14Primary education corresponds to grades 1 to 8 in the Ethiopian system.
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Table 10: Effects of CMA on Informality

(1) (2) (3) (4)
VARIABLES Engaged Share of workers Share of workers Share of workers

Persons without EDU with primary EDU with secondary and above

CMA 0.0106 0.00901*** -0.00234 -0.00967*
(0.0278) (0.00269) (0.00511) (0.00557)

Observations 25,818 25,818 25,818 25,818
R-squared 0.006 0.001 0.000 0.000
District-Industry FE Y Y Y Y
District-year FE Y Y Y Y
Controls Y Y Y Y
F-test 1696 1696 1696 1696

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

7. Robustness checks

In this section, we test robustness of our baseline findings to a different definition of infor-

mality, varying trade elasticity numbers and an alternate instrumental variable. As we show

in the following sections, our results remain qualitatively robust.

7.1. Alternate Definition of Informality

In order to assess the reliability of our results, we perform the previous analysis to check if

results are sensitive to different definitions of informality. In this exercise, we consider the

following two alternative definitions: (1) firms that do not keep books of accounts, meaning

those not registered, independently of their size; and (2) firms split according to the specific

survey, i.e. in the SSIS and the LMMS. The results are presented in Table 11 and appear to

be consistent and in line with the baseline results in Table 4.
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Table 11: Alternate definition of informality: Labor Productivity

Book of Account Survey

Formal Informal Formal Informal

(1) (2) (3) (4)
VARIABLES Labor Labor Labor Labor

Productivity Productivity Productivity Productivity

CMA 0.131*** -0.00752 0.184*** -0.00423
(0.0346) (0.0234) (0.0361) (0.0249)

Observations 7,788 17,781 14,513 5,186
R-squared 0.011 0.003 0.003 0.013
District-Industry FE Y Y Y Y
District-year FE Y Y Y Y
Controls Y Y Y Y
F-test 2509 3182 2980 2222

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

7.2. Testing Different Trade Elasticities

In this Section, we test the sensitivity of our results to different values of θ, the distance decay

parameter used to define CMA. θ captures the non-linear impact of distance on trade, and

through its value is likely to be context specific, it is normally estimated in a range going

from 1 to 10. Hence, we replicate our results using values of θ equal to 1, 3.124 and 8.22. A

value of 1 corresponds to the canonical definition of market potential, as provided originally

by Harris, 1954. We got to a value of 3.124 if we replicate our baseline scenario using the

trade-travel time differential between Ethiopia and the US, that is estimated to be approxi-

mately 2.46 times by Atkin and Donaldson (2015). Last, 8.22 is the elasticity estimated in

(Donaldson and Hornbeck, 2016). From Table 12, we find that independently of the value of

θ, results appear consistent and with the baseline, suggesting that infrastructural investments

are associated with higher productivity in the formal sector and not statistically significantly

related to productivity in the informal sector.
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Table 12: Robustness to Varying Trade Elasticity

WHOLE SAMPLE INFORMAL FORMAL

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

Productivity Productivity Productivity Productivity Productivity Productivity

θ =1

CMA 0.129*** 0.120*** -0.00890 -0.0130 0.218*** 0.217***
(0.0426) (0.0349) (0.0316) (0.0319) (0.0436) (0.0399)

R-squared 0.003 0.045 0.000 0.006 0.010 0.037
F-test 173390 173640 247158 248600 95781 95688

θ =3.12

CMA 0.0833*** 0.0791*** -0.00939 -0.0132 0.165*** 0.164***
(0.0314) (0.0254) (0.0276) (0.0279) (0.0337) (0.0304)

R-squared 0.002 0.044 0.000 0.006 0.008 0.035
F-test 4663 4632 4928 4933 3774 3689

θ =8.22

CMA 0.00372 0.00659 -0.0103 -0.0119 0.0297** 0.0333**
(0.0106) (0.00946) (0.0117) (0.0118) (0.0135) (0.0129)

R-squared 0.000 0.042 0.000 0.006 0.001 0.028
F-test 1256 1243 880.1 880.9 884.6 868.7

Observations 23,350 23,232 13,772 13,762 8,668 8,563
District-Industry FE Y Y Y Y Y Y
District-year FE Y Y Y Y Y Y
Controls N Y N Y N Y

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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7.3. Using Different Instruments

Finally, Table 13, we present results using an alternate instrument. Following the insights

of Moneke (2019) and Gebresilasse (2018), we construct an alternate instrumental variable.

First, we create an alternative road network based on the Euclidean distance to the pre-

existing Italian colonial road network, that have been digitised from Gli Annali dell’Africa

Italiana (1937-1943). Next, we artificially distribute the entire length of roads under the

RSDP to districts, with the constraint of connecting them to the road network by the end of

the sample period using an artificial regional budgeting algorithm. We thus generate a time-

varying instrument which derives its exogenous variation from the straight line distance to

Italy’s digitized colonial road map. From Table 12 we find that our results remain qualitatively

similar. In fact, we now observe that the relationship between CMA and labour productivity

in the informal sector is negative. This indicates that the channel whereby labour absorption

in the informal sector depresses labour productivity dominates the channel whereby the more

productive firms survive, in line with our findings in the section exploring mechanisms.

Table 13: Different IV: Labor Productivity

WHOLE SAMPLE INFORMAL FORMAL

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

Productivity Productivity Productivity Productivity Productivity Productivity

CMA 0.0135 0.0264 -0.0852* -0.0904* 0.105** 0.130***
(0.0364) (0.0316) (0.0484) (0.0493) (0.0466) (0.0425)

Observations 23,350 23,232 13,772 13,762 8,668 8,563
R-squared 0.000 0.043 -0.002 0.004 0.006 0.033
District-Industry FE Y Y Y Y Y Y
District-year FE Y Y Y Y Y Y
Controls N Y N Y N Y
F-test 136.1 135.6 51.91 51.42 93.66 94.12

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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8. Conclusions

This study connects two areas of high priority for development policies: the informal sector,

which is a pervasive feature of the developing world and plays a central role in countries’ struc-

tural transformation; and infrastructure investments, which have been considered as crucial

drivers of economic growth. Understanding the responses of the formal and informal sectors

to large infrastructure projects is critical for policy. Although governmental provision of pub-

lic goods should be seen as productivity-enhancing, it is plausible that these benefits vary

significantly across formal and informal firms. Ignoring such heterogeneity in the response of

firms to road infrastructure improvements can create distortions in resource allocation.

We find that increased competition resulting from a decrease in intranational trade cost as

connectivity improves from road improvements is associated with higher productivity and

wages in the formal sector. This is contrary to what we find for the informal sector, where

labour productivity, if anything, decreases with greater competition. We also find opposite

effects of an increase in competition on capital-labour ratios and investments, with positive

(negative) effects for the formal (informal) sector. Greater competition is also associated with

a lower likelihood of a firm operating informally and of informal firms employing a greater

share of workers with less than primary education. We thus highlight that the benefits of road

infrastructure improvements accrue unevenly across formal and informal sectors in developing

countries.

Our paper can be seen as a first attempt to shed light on the differential impacts of improved

infrastructure on the performance of the formal and informal sectors in developing countries.

We call for further data on firms in the informal sector, especially of a panel nature, to further

probe the dynamics of firm adjustments to large infrastructure programmes.
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A. Summary Statistics

Here I report some other tables.

Table A.1: Data from the Small Scale Industries Survey (SSIS) and Census of large and medium
manufacturing firms (CSA)

Year N firms surveyed (SSIS) N firms surveyed (Census)

2001 8,054 759
2004 4,299 990
2007 11,314 1327
2010 3,882 1880
2013 11,307 2391
Total 38,856 7346

Table A.2: Small Business Sector in Ethiopia

Year % Total Firms % Total Emp. % Total Prod. % Total Wages % Total Cap.

2001 97.67% 50.96% 2.54% 10.49% 11.18%
2004 97.53% 55.41% 9.63% 14.99% 11.76%
2007 97.02% 52.09% 9.29% 16.47% 12.05%
2010 96.47% 52.18% 9.55% 17.04% 11.41%
2013 97.99% 62.95% 16.56% 19.00% 10.68%
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Figure A.1: Geographical Distribution of Formal and Informal firms on the Ethiopian territory.
Authors’ calculations.

Figure A.2: Visualization of the Productivity of Formal and Informal firms. Authors’ calculations.
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Table A.3: CMA of Formal and Informal Firms

Informal Formal

year mean sd min max n Mean Sd Min Max N

2001 5.40 4.32 -6.90 16.71 5564 7.14 4.86 -3.45 16.71 1666
2004 6.16 4.80 -6.74 16.44 3337 8.04 4.85 -5.83 16.45 1436
2007 7.85 3.73 -7.17 17.08 8034 9.05 3.82 -8.01 16.52 2997
2010 8.64 3.35 -1.84 18.14 2901 10.19 3.80 -2.99 17.94 1920
2013 9.73 3.11 -5.33 18.78 7659 10.40 3.55 -4.24 18.78 4325
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Figure A.3: Ethiopian Road Network 1969
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Table A.4: First Stages

WHOLE SAMPLE INFORMAL FORMAL
(1) (2) (3)

CMA CMA CMA

CMA 0.964*** 0.980*** 0.956***
(0.0169) (0.0174) (0.0190)

N 23350 13772 8668

Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Table A.5: Reduced Form Specification: Labor Productivity

WHOLE SAMPLE INFORMAL FORMAL

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

Productivity Productivity Productivity Productivity Productivity Productivity

CMAIV 0.0599** 0.0579*** -0.0112 -0.0147 0.131*** 0.131***
(0.0258) (0.0210) (0.0240) (0.0242) (0.0295) (0.0264)

Constant 10.53*** 11.15*** 10.80*** 11.28*** 10.36*** 10.60***
(0.234) (0.247) (0.207) (0.227) (0.295) (0.278)

Observations 23,350 23,232 13,772 13,762 8,668 8,563
R-squared 0.405 0.430 0.457 0.460 0.344 0.362
District-Industry FE Y Y Y Y Y Y
District-year FE Y Y Y Y Y Y
Controls N Y N Y N Y

Robust standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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