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Abstract

This paper argues that rental market interactions allow small firms to increase their

effective scale and mechanize production, even when each individual firm would be too

small to invest in expensive machines. We conduct a novel survey of manufacturing firms

in Uganda, which uncovers an active rental market for large machines between small

firms in informal clusters. We then build an equilibrium model of firm behavior and

estimate it with our data. Our results show that the rental market is quantitatively

important for mechanization and productivity since it provides a workaround for other

market imperfections that keep firms small. We also show that the rental market shapes

the effectiveness of policies to foster mechanization, such as subsidies to purchase machines.
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1 Introduction

Technology is often embodied in large capital inputs, such as production machines, which

can be too expensive for small firms to purchase. The small scale of operations of firms in

developing countries could thus limit their ability to adopt technology, ultimately hindering

their productivity and contributing to the large income gaps that still persist between rich and

poor countries (Hall and Jones, 1999; Caselli, 2005; Bloom et al., 2010).

While firms in developing countries are small, they also tend to operate near each other in

large informal clusters. In this paper, we show that this feature of their organization improves

the ability of small firms to adopt technology and mechanize by increasing their effective scale.

To do so, we design and implement a firm survey in urban Uganda, and we interpret the evidence

through an equilibrium model. The survey uncovers an active rental market for large machines

between small firms. The model estimates reveal that rental markets are effective at increasing

mechanization and productivity, thus providing a workaround for other frictions that keep firms

small. That is, even when machines are too expensive for each individual firm, rental market

interactions allow small firms to achieve scale collectively and mechanize.

We surveyed a representative sample of over 1,000 firms in three manufacturing sectors:

carpentry, metal fabrication and grain milling. The key innovation of our survey is to collect

disaggregated information on the types of capital, labor and managerial inputs used in pro-

duction. To measure the capital input we collect data at the individual machine-level, such

as whether the machine is owned or rented, its price, and hours used. To measure the labor

input we gather information on the skills and time allocation of employees. To measure the

managerial input we collect information on the business practices of firm owners.

We use the data to describe how firms produce output in these sectors, with a focus on

the role of scale and mechanization. In doing so, we provide a set of descriptive statistics and

empirical relationships that inform our model and are used as targets in its estimation. We

include results for all the three sectors, but we focus on carpentry since the role of scale for

mechanization is more striking there. We organize the discussion around three key facts.

First, mechanization has clear benefits. While firms produce similar products, they do so at

different capital intensity. Some firms rely mostly on labor, while others use modern, electric-

powered machines, and this latter group has higher revenues per worker. Second, the small

scale of firms limits investment since machines are expensive and have high capacity relative to

the size of firms. One example is the thickness planer, a key machine in the production process

for carpentry. Thickness planers cost about $4,000, or roughly 18 times average monthly

profits. Not surprisingly, less than 10% of firms own one. Third, the indivisibility of machines

is overcome, at least partly, by the presence of an active inter-firm rental market. Back to

the example, while less than 10% of firms own a thickness planer, 50% rent one. Renting is

primarily between firms in the same sector and cluster, and is possible since machine owners
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have substantial excess capacity that they can rent out to other firms.

The extent to which the rental market allows small firms to access large machines depends

on whether there are transaction costs that limit its functioning. For this reason, in our survey

we collect detailed information on observable transaction costs, such as transportation and

time costs, which we show to be significant. We then develop a revealed preference approach

to quantify their overall size by comparing the relative utilization of machine hours by renters

and owners of machines: we estimate the rental market transaction costs to be approximately

40% of the direct machine rental price.

We design an equilibrium model to: (i) quantify the aggregate effects of the rental market;

(ii) shed light on the mechanisms through which these effects manifest; and (iii) discuss the

lessons for development policy. In the model, individuals draw a managerial ability and a cost

of capital and decide how much and how to produce. Managers decide whether to mechanize

production and whether to purchase machines or rent them from other firms. If they purchase

machines, they also decide how much of their machine’s capacity to use for their own production

and how much to rent out. Motivated by the data, the rental market for machines is subject to a

transaction cost τ : for every dollar earned by a machine owner, the renter pays 1+τ dollars. All

managers produce differentiated products and hire workers subject to a firm-specific increasing

cost of labor which captures labor market frictions in reduced form.

We characterize the solution analytically, studying how the rental market shapes the econ-

omy. To do so, we analyze how the equilibrium outcomes vary as a function of the transaction

cost, which offers a useful summary statistic of how well the rental market works: when τ = 0,

the marginal cost of owned and rented capital is identical, while if τ is large enough, the rental

market breaks down and firms can only access capital through investment in machines.1 We

prove that a rental market with low transaction costs increases the profitability of all active

firms and we formalize the two mechanisms through which it operates. The first one is akin

to the financial market: by unbundling capital ownership and utilization, a well-functioning

rental market improves the allocation of capital since managers with the lowest cost of capital

purchase the machine, and the ones with the highest returns use it. The second one is specific

to the rental market and conceptualizes the idea of collective scale: in the presence of strong

decreasing returns and high-capacity machines, the equilibrium scale of firms may not be large

enough to justify the investment if firms must use all the capacity themselves. The rental

market allows firms to share machine capacity, thus overcoming this problem. The result is

that, even when all managers are identical so that the rental market has no allocative role by

construction, a well-functioning rental market increases mechanization by allowing more firms

1There may be other reasons why rental markets may not function properly or fail to emerge, such as market
leaders leveraging their dominant position and deciding not to rent out machines to competitors. Such strategic
considerations were not first order in our context characterized by many small firms facing strong decreasing
returns, but may well be relevant in other environments with more direct competition between fewer producers.
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to access the same machines.

We next bring the model to the data and use it to study the role of rental markets for

economic development. We show that the model delivers our estimated transaction costs τ

as a structural parameter. The remaining parameters are estimated by simulated method of

moments, targeting the empirical relationships related to the three key facts mentioned above.

On the aggregate, eliminating transaction costs in the rental market (τ = 0) increases

mechanization by 192%, labor productivity by 12.4%, and output by 17.5% relative to an

economy where renting is not possible. The benchmark economy, where we estimate τ = 0.430,

attains more than half of the possible gains. This shows that the rental market is quite effective

despite the documented transaction costs, thus allowing firms to achieve scale collectively. Two

features of our estimates are key to generate these substantial aggregate gains: (i) mechanization

embeds large productivity gains; and (ii) the capacity of machines is large relative to the small

size of firms, so that machine owners have excess capacity to rent out.

Turning to the mechanisms, we shed light on why rental markets matter, and when and

where they do. We show that all firms benefit from a reduction in transaction costs, as a well-

functioning rental market allows more firms to access machines, overcoming the indivisibility

through collective scale. At the same time, we find that managers with a high cost of capital

benefit disproportionally since the rental market unbundles ownership and utilization. Managers

operating at relatively lower scale also benefit more since the indivisibility is particularly binding

for them. We also show that the rental market is prevalent and important in our setting because

it creates a workaround for other market imperfections that we estimate to be large, such as

frictions in the financial, labor and output markets. Our results imply that we should expect

rental markets to become less prevalent as countries develop.

We use the model to perform policy experiments and study how the effectiveness of de-

velopment policies aimed at increasing mechanization and productivity depends on the rental

market. We show that the presence of the rental market reduces the effectiveness of subsidies

to purchase machines. We then compare the distributional effects of subsidies to purchase

and rent machines, and find that providing a mix of both can be an equitable policy to raise

mechanization and productivity for all types of firms. Finally, we show that, in our context,

equilibrium effects cannot be ignored: the productivity gains that could be estimated by partial

equilibrium randomized experiments offer misleading evidence on the effect of policies at scale.

Related Literature. Our work speaks to three core topics in economic development. First,

we contribute to a large literature on the role of fixed costs in production, often generated by

capital embodied technology, and the potential for poverty traps (Banerjee and Duflo, 2005;

Kaboski and Townsend, 2011a; Balboni et al., 2021; Banerjee et al., 2021; Bari et al., 2021).2

2Griliches (1997), Janes et al. (2019) and Caunedo and Keller (2021) study capital embodied technology.
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Our contribution here is twofold. By exploiting our unique data on capacity utilization, we

provide direct evidence that capital indivisibility is an important source of scale economies. In

doing so, we also build on a classic literature that studies economies of scale in the early phases

of U.S. industrialization (Atack, 1978, 1985; Chandler, 1990; Atack et al., 2008).3 Further, we

uncover how small firms in informal clusters are able to overcome large fixed costs and to invest

in technology through a rental market for machines, and how this limits the productivity costs

of small scale and the risk that firms remain stuck in poverty traps.

Second, we bring new perspectives to a broad literature on the role of financial frictions in

creating misallocation and impeding entrepreneurship and growth (Greenwood and Jovanovic,

1990; Midrigan and Xu, 2014; Buera et al., 2011a, 2017). Our contribution is to show how the

rental market reduces capital misallocation by reallocating machine capacity across firms. As

the rental market provides a workaround for financial frictions, our results imply that the ag-

gregate cost of financial frictions might be, in certain contexts, lower than previously estimated.

Third, our work sheds new light on the well-accepted notion that the firm size distribution

in developing countries is dominated by very small firms (Hsieh and Olken, 2014; Hsieh and

Klenow, 2014).4 This classic result hinges on using the managerial span of control to define

the boundary of the firm (as in Lucas (1978)). As we estimate limited transaction costs in the

rental market, this motivates us to redefine a firm as all the workers using the same machines.

Doing so, the firm size distribution changes dramatically in our data: the share of firms with

more than 10 employees goes from 5% to 33%. Many before us have conceptually challenged

the notion that managerial control defines the size of the firm.5 Our contribution is to offer a

case study that highlights how redrawing the firm boundaries may change our view on the firm

size distribution. To our knowledge, we are the first to do so in a low-income country, which is

particularly relevant due to the prevalence of small firms.

We are not the first to study rental markets for capital. Rampini (2019) discusses the role

of renting in a model of financing for durable assets, and Rampini and Townsend (2016) bring

evidence from Thai households. More recently, Caunedo et al. (2020) and Caunedo and Kala

(2021) study rental markets for agricultural equipment in India, focusing on congestion and

transportation costs in the rental market. Our main contribution is to highlight that the rental

market allows small firms to achieve scale collectively, helping them to overcome barriers to

technology adoption and access large capital equipment.

3In more recent work in developing countries, Foster and Rosenzweig (2017) show the importance of indivisible
capital in farming, although they lack data on capacity utilization. Jensen and Miller (2018) also suggest that
larger firms use capital more effectively, but cannot show direct evidence due to data limitations.

4Hsieh and Olken (2014) show the prevalence of small firms, and De Mel et al. (2008), Banerjee and Duflo
(2014), Jensen and Miller (2018), Hardy and McCasland (2020), De Mel et al. (2019) and Akcigit et al. (2021)
are recent studies on constraints to firm expansion in developing countries.

5See Coase (1937); Richardson (1972); Chandler (1977); Grossman and Hart (1986) and Hart and Moore
(1990). Empirically, Olmstead and Rhode (1995) describe how cooperative exchanges for reaper services among
farmers in the United States contributed to their rapid diffusion.
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We are also not the first to study informal clusters in developing countries and to claim that

they can play an important role for productive efficiency.6 This is an old idea that goes back

at least to Marshall (1920). More recent work at the intersection of sociology and economics

has provided interesting case studies (Rabellotti, 1995; Schmitz, 1995). Our contribution is to

provide the first quantitative assessment of physical firm-to-firm interactions in determining

access to modern technology.7 In doing so, we also highlight that interactions in the rental

market for capital can be an important source of economies of agglomeration, thus providing a

useful micro-foundation for the large urban literature on agglomeration (Duranton and Puga,

2004; Ellison et al., 2010).

Structure of the paper. The rest of the paper is organized as follows. Section 2 discusses

the sampling strategy and survey design. In Section 3 we present key facts on the organization

of production and the rental market, and develop an empirical strategy to estimate the size of

transaction costs. The model is developed in Section 4, and Section 5 discusses identification

and estimation. Section 6 quantifies the aggregate effects of the rental market, the mechanisms

through which these effects arise, and the implications for development policy. Additional

results are in the Online Appendix. A Supplemental Appendix not intended for publication can

be found on the authors’ websites.

2 The Survey

The survey took place in late 2018 and early 2019, and was implemented by our partner NGO,

BRAC Uganda, in partnership with the Ministry of Trade of Uganda. In this section, we present

the key elements of the sampling strategy and the survey instrument.

Sampling. Our survey targeted firms in manufacturing, where output is easier to measure

and where both capital and labor are relevant inputs. Within manufacturing, we focused on

three prominent sectors: carpentry, metal fabrication and grain milling. As revealed by the

latest Census of Business Establishments conducted by the Uganda Bureau of Statistics in

2010, these are sectors that: (i) employ a large share of workers and (ii) are not dominated

by micro-enterprises. The first criterion implies that we target sectors that are important for

policy, whereas the second criterion allows us to focus on sectors where both small and large

firms co-exist. By focusing on three sectors we can examine sectoral heterogeneity in our results.

The survey was implemented in a representative sample of urban and semi-urban areas

across three of the four macro-regions of Uganda: Central, Western, and Eastern regions. A

6For instance, Atkin et al. (2017) study clusters of soccer ball producers in Pakistan; Rabellotti (1995)
describes clusters of footwear enterprises in Mexico; Shapiro et al. (2020) study clusters of carpenters in Kenya.

7Cai and Szeidl (2018) and Perla and Tonetti (2014) study firm-to-firm knowledge spillovers.
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sample of 52 sub-counties was randomly extracted, stratifying by population and by whether the

sub-county is in the broader Kampala area. We conducted an in-person door-to-door listing of

all the firms in our three sectors in the sampled areas, identifying close to 3,000 firms. We then

randomly extracted about 1,000 firms from our listing to be included in the survey, oversampling

firms with five or more employees, to ensure coverage of a sufficient number of relatively large

firms. In firms selected for the survey, we interviewed the owner and all the employees working

on our pre-specified core products, which are discussed below. Across the three sectors we

interviewed 1,115 firm owners and 2,883 employees. Compliance with the survey was high at

over 90%. All our results are weighted to reflect our sampling strategy.

Survey design. Our objective was to zoom inside the firm, and paint a complete picture of

how capital and labor inputs are combined to produce output. Following existing surveys, we

collected a wide range of firm-level information such as revenues, number of employees, wages,

owner and employee characteristics (e.g., age, education, experience, and training). Following

McKenzie and Woodruff (2017), we also measured the managerial practices of the owner, using

a battery of questions about record keeping, marketing, stock control, business performance

review and financial planning, which are combined into a continuous index of managerial ability.

We then went beyond related studies and collected information on the entire production

process for key products. This allows us to improve on the measurement of capital and labor,

and how they are combined. We worked with the Uganda Industrial Research Institute to

identify for each sector one “core product” made by most firms. These are: doors in carpentry,

windows in metal fabrication, and maize flour in grain milling. We then broke down the

production process of these products into a series of steps that firms typically engage in, and

collected information on: (i) whether firms produce the pre-specified core product; (ii) whether

they perform the pre-specified production steps; and (iii) the combination of capital and labor

used in each step. In particular, for each step we know whether this is performed using modern

electric-powered machines or with manual tools, which employees work on the step and for how

many hours, and the time taken by the employee (or team of employees) to complete it.

For each machine, we collected numerous details, including whether it is owned or rented,

the purchase (or rental) cost, and measures of capacity utilization: for both machine owners and

renters we know how many hours per week they use each machine in production, and machine

owners were also asked how many hours they rent out each of their machines to other firms.

Finally, for our core products we collected information on: quantities produced and sold, prices,

and multiple proxies of quality measured through direct observation by our enumerators.8

8Further details on the sampling strategy and survey design are provided in the Supplemental Appendix.
There we also (i) discuss the administrative units of Uganda, (ii) clarify that some of the descriptive evidence
on rental markets presented later in the paper was captured in brief follow-up surveys with our sample of firms
in the months after the initial survey, and (iii) provide more details on the classification of core products and
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3 The Organization of Production in Urban Uganda

In this section, we describe how production is organized in our three sectors, with a focus on

the role of scale, mechanization, and rental markets for machines. In doing so, we highlight a

number of key facts and statistical relationships that inform and discipline our model. We then

develop an empirical strategy to estimate the size of transaction costs in the rental market.

3.1 Descriptives on the Anatomy of Production

We begin by describing how production is carried out, with a focus on the output that is

produced, the production process that is used, and the extent to which there are differences

across firms and sectors. To this end, we highlight a number of key descriptive statistics

for our sample of firms, reported in Table 1. Additional descriptives can be found in the

Online Appendix, and further details on the descriptives summarized in this section are in the

Supplemental Appendix.

Figure 1: Spatial concentration of firms across sectors in Uganda
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within industry average as a function of average firm size. The size of each dot is proportional to the number
of workers in the industry. Black dots are industries in manufacturing. We drop sectors that employ less than
1,000 individuals across Uganda, and omit one clear outlier.

Many small firms operating in informal clusters. Production in these sectors takes

place in a large number of small firms. Panel A shows that the average firm is small, employing

about 4.5-6 workers across sectors. However, the average firm operates well beyond subsistence,

with monthly revenues per worker between $233-$278. To put these numbers into perspective,

the measurement of the production process.
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per capita GDP in Uganda was $60 per month in 2018. We identified close to 3,000 firms in

our listing, with hundreds of firms in each sector. These numerous small firms concentrate in

clusters. One way to see this is to use our listing to calculate the average number of firms

in the same sector within a 500 meter radius from each firm in the survey. These are: 26

firms in carpentry, 9 in metal fabrication and 15 in grain milling, thus confirming that there is

substantial spatial clustering. Using the latest available official firm census for Uganda, Figure

1 shows that the geographical proximity of firms is a systematic feature of production in our

setting, especially in sectors where firms are small (and our target sectors are not outliers).

Table 1: Descriptives on the anatomy of production in the three sectors

Carpentry Metal Grain

fabrication milling

Number of surveyed firms 522 433 160

Mean [Q20 ; Q80] Mean [Q20 ; Q80] Mean [Q20 ; Q80]

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

Panel A: Basic firm characteristics

Number of employees 4.5 [2.0 ; 6.0] 4.9 [3.0 ; 6.0] 6.0 [3.0 ; 8.0]

Monthly revenues per worker (USD) 233 [64 ; 373] 278 [103 ; 439] 241 [49 ; 439]

Monthly profits per worker (USD) 42.3 [9.2 ; 68.0] 46.7 [12.6 ; 76.3] 32.6 [8.8 ; 47.6]

Employee monthly wage (USD) 73.8 [38.2 ; 98.7] 71.6 [39.5 ; 92.1] 52.3 [25.4 ; 73.4]

Owner years of education 9.8 [7.0 ; 13.0] 10.0 [7.0 ; 13.0] 10.9 [7.0 ; 16.0]

Manager ability 11.2 [6.0 ; 16.0] 10.9 [5.0 ; 16.0] 11.8 [5.0 ; 18.0]

Number of other firms within 500m 26.5 [3.0 ; 55.0] 9.1 [3.0 ; 11.0] 15.3 [0 ; 51.0]

Panel B: Core product and production steps

Share of firms making core product 0.68 - 0.92 - 0.93 -

Revenue share of core product 0.35 [0.17 ; 0.53] 0.36 [0.22 ; 0.48] 0.66 [0.38 ; 0.97]

Share of production steps performed 0.76 [0.60 ; 0.90] 0.89 [0.86 ; 1.00] 0.60 [0.43 ; 0.71]

Panel C: Machine utilization on core product

Number of machine types used 5.4 [2.0 ; 8.0] 3.6 [2.0 ; 5.0] 3.1 [2.0 ; 4.0]

Number of machine types rented 3.4 [0.0 ; 6.0] 0.5 [0 ; 1.0] 0.1 [0 ; 0]

Value of avg. machine used (USD) 1,642 [240 ; 1,830] 221 [101 ; 213] 871 [421 ; 1,237]

Weekly hours of avg. machine used 9.1 [1.9 ; 13.0] 17.8 [3.7 ; 30.3] 44.6 [26.5 ; 62.5]

Notes: Means and 20th-80th quantile ranges. Sample: surveyed firms. All statistics are at the firm level. For the
statistics from row 6 (Revenue share of core product) onwards, the sample is restricted to firms producing the
core product (doors, windows, and maize flour, respectively). Monthly revenues: average revenues in the three
months preceding the survey. Manager ability: index going from -1 to 27 and based on multiple survey questions;
see the Supplemental Appendix for details. The number of other firms within a 500m radius is calculated using
the initial listing and considers firms operating in the same sector. Average weekly machine hours refer to
utilization on the core product for own production, and are conditional on positive hours. Conversion rate: 1
USD = 3,800 UGX. Revenues, machine values and number of employees are trimmed at the top 1%.
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Firms produce similar products. Panel B shows that the large majority of firms engage in

the production of the pre-specified core product, and the core product makes up a relatively large

share of monthly revenues for the average firm, corresponding to 35%-66% across sectors. In

addition, firms producing the core product engage in the majority of the pre-specified production

steps, with little variation across firms. In short, firms produce similar products using similar

production steps, so that we do not find evidence of significant specialization across firms. The

similarity of products and production steps across firms is notable in that it opens up the

possibility that firms could share the same machines in production.

Dispersion in mechanization, size, and productivity across firms. Although firms

produce similar products using similar steps, we find substantial heterogeneity in mechanization

of the production process for the core product. This is possible because the same production

steps can be performed either with modern machines or with manual tools. As shown in Panel

C, there is variation across firms both in the number and value of machines used. For instance,

in carpentry, while the average firm uses five machines, firms at the 20th (80th) quantile use

two (eight) machines. In addition, we document substantial dispersion in size and productivity

in Panel A. For example, while the average carpentry firm has 4.5 employees, the 20-80 quantile

range goes from two to six employees. We find similar dispersion in revenues per worker, profits

per worker and managerial ability.

Sectoral heterogeneity in mechanization, size and productivity. The average firm

across our three sectors is broadly similar in terms of number of employees, wages, manage-

rial ability, revenues/profits per worker and number of other firms located nearby (Panel A).

This highlights how the clustered nature of production and the competitive environment are

similar across sectors. Instead, the three sectors are very different in the cost of the machines

needed in production and the number of machines used (Panel C). In carpentry, machines are

expensive (the average machine costs over seven times average monthly profits), and multiple

machines are used, each for few hours. In the other two sectors instead machines are cheaper,

fewer machines are used, and each is operated more intensively. These results are in line with

technological differences in the production process across sectors and highlight how the role of

scale for mechanization may be particularly important in carpentry, where firms are small but

the mechanized production process involves multiple expensive machines. A rental market for

machines may therefore be more useful in carpentry for technological reasons. Indeed, Panel

C shows that rented machines are much more prevalent in carpentry. In the rest of the paper,

we focus primarily on carpentry, as our interest is in understanding the role of the rental mar-

ket in helping firms overcome barriers to the adoption of capital equipment that is large and
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expensive relative to the size of firms.9 This sectoral comparison highlights how taking into

account features of the production process is important to understand the prevalence of rental

markets across the developing world: the rental market can emerge if firms are small relative

to the capacity and cost of the machines needed in production.

Labor and output markets. Before turning to the market for capital in carpentry, we

present some key descriptive evidence on the labor and output market. This is important to

characterize the economic environment where firms operate, and to inform our model. On the

labor market, our survey reveals that: (i) labor market frictions are an important perceived

constraint for managers, especially difficulties in screening workers; (ii) hiring happens mostly

through referrals; (iii) labor specialization does not increase strongly with the size of the firm;

and (iv) larger firms pay higher wages. This evidence is consistent with the absence of economies

of scale driven by labor specialization, and with the cost of recruitment increasing with firm

size due to labor market frictions, as in frictional labor models with monospony wages such as

Burdett and Mortensen (1998) and Heise and Porzio (2021). On the output market, we find

evidence of imperfect competition due to firms producing different varieties of the same product

(e.g., doors of different quality) and to output market frictions related to demand being local

and to social connections with customers being important. Consistent with this, we estimate

markups of 23% in the carpentry sector, and consider monopolistic competition in the model.

More details are reported in the Online Appendix.

3.2 Mechanization, Scale, and Rental Markets

We now describe the importance of mechanization for productivity, the role of scale for mech-

anization, and the role of the rental market for machines. We organize the discussion around

three key facts. While doing so, we produce a set of empirical correlations. We do not argue

that these relationships are causal; rather they will provide a set of (endogenous) empirical

targets that will be used in the model estimation. Through the model, we will then be able to

provide a precise quantitative interpretation of the strength of these correlations. As discussed

above, from now on we focus on carpentry, as that is the sector where the role of scale for

mechanization is more striking.

Fact 1: Mechanization Improves Firm Productivity

We study the correlation between mechanization and productivity. In the survey, firms were

asked to indicate which of 23 pre-specified machine types they use in the production of their core

product (doors). For each firm, we construct their “mechanization rate”, defined as the share of

9In Section 3.2 we will show that there is heterogeneity in machine prices within carpentry, with some types
of machines important in production costing as much as 18 months of average monthly profits.
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such machines used.10 We regress revenues and revenues per worker on the mechanization rate,

using the sample of carpenters who produce doors, our core product. The results are reported

in Table 2. Columns 1 and 4 show a strong positive correlation between mechanization and

both revenues and revenues per worker. These regressions control for sub-county fixed effects,

and so do not just capture the sorting of more productive managers to more productive areas

where machines may be more easily accessible.

Mechanization is not the only relevant correlate of revenue productivity. In fact, as shown in

columns 2 and 5 of Table 2, there is a strong positive correlation between our managerial ability

index and productivity: a one standard deviation increase in the index is associated with a 29%

increase in revenues and a 14% increase in revenues per worker. In columns 3 and 6 we include

both the mechanization rate and the managerial ability index at the same time, and find that

both remain strong predictors. This indicates that the correlation between mechanization and

productivity in column 4 does not just capture the fact that high ability managers are better

able to use machines or have easier access to capital.11

Table 2: The role of mechanization and managerial ability for revenue productivity

Log Revenues Log Revenues p.w.

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

Mechanization Rate (0-1) 1.693*** 1.530*** 1.268*** 1.195***

(0.267) (0.260) (0.255) (0.261)

Manager Ability (Std.) 0.288*** 0.250*** 0.144*** 0.114**

(0.049) (0.047) (0.047) (0.047)

Sub-county FE Yes Yes Yes Yes Yes Yes

Adjusted R2 0.509 0.494 0.547 0.435 0.405 0.442

Observations 378 378 378 378 378 378

Notes: *** p < 0.01, ** p < 0.05, *** p < 0.1. OLS regression coefficients, robust standard errors in parentheses.
Sample: door producers. Outcomes: Log monthly revenues (columns 1-3) and log monthly revenues per worker
(columns 4-6). Mechanization rate: share of pre-specified machine types for the production of core product
that are used by the firm. Managerial ability: standardized index based on multiple survey questions; see the
Supplemental Appendix for details.

10In constructing the mechanization rate, each machine type is weighted using the share of total machine time
it accounts for in the data, so that machines used more heavily in our sample get a higher weight.

11We further unpack the correlation between mechanization and revenue productivity, and find that this is
due to both an increase in physical productivity and output quality. Using data on the time taken to complete
a production step, we find that steps in which machines are used can be completed 17% faster on average
(and this result is robust to a large set of controls). We also document a strong positive correlation between
mechanization and our direct measures of output quality and prices. However, there is no correlation between
mechanization and markups, which confirms that the higher prices reflect higher quality. See the Supplemental
Appendix for more details.
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Fact 2: Small Firm Scale Limits Investment

Figure 2 shows the percentage of firms using each type of machine in the production of doors,

together with their average price. Most machines are expensive: for example, thickness planers,

a key machine in the door production process, cost $4,000 on average – about 18 times average

monthly profits ($220). In terms of the retail market for machines, 92% of the machines used

in door production are imported, and the majority of machine owners report typically buying

machines from domestic intermediary retailers. Machines often also have a capacity that is

too high for a single firm. Consequently, even firms that use machines do not use them at full

capacity: the average machine is used by a firm for only about 9 hours per week on the core

product, and 21 hours per week across all products. Average weekly employee hours are close

to 60, and so this shows the average firm uses machines for only about one third of the time

that the firm is open. These results uncover the presence of economies of scale driven by the

indivisibility of capital inputs (machines) that increase productivity, but are expensive and have

too high capacity relative to the scale of operations of the typical firm.

The fact that firms are small, but productive machines are large and expensive is consistent

with two more empirical observations. First, there are low rates of investment in machines

(Figure 2). For instance, the thickness planer is owned by less than 10% of producers. Aggre-

gating across machines, Panel (a) of Figure 3 reports the CDF of the “investment rate” defined

similarly to the mechanization rate, but considering the share of machines that are owned by

the firm: about 40% of door producers own none of the machines needed in production.

Figure 2: Usage of machines by ownership vs. rental

0 .1 .2 .3 .4 .5 .6
Share of Door Producers Using the Machine

Electric Cylinders ($   200)
Power Hand Held ($   110)

Lathe Machines ($ 1530)
Chain Mortisers ($ 1390)
Orbital Sanders ($   120)

Benchtop Planers ($ 1460)
Square Chisel Mortisers ($   770)

Miter Saws ($   280)
Band Saws ($ 1510)
Table Saws ($ 2030)

Horizontal Mortisers ($ 1130)
Spindle Moulders ($ 1820)

Belt Sanders ($   930)
Planers Jointers ($ 1780)

Thickness Planers ($ 3990)
Disk Sanders ($   260)
Circular Saws ($   740)

Routers ($   250)
Spary Compressed Air ($   280)

Jig Saws ($   200)
Drills ($   140)

Owners Renters

Notes: Sample: door producers. Share of firms that use each pre-specified machine by whether they own it or
rent it, together with average machine prices. The top and bottom 1% of machine prices are trimmed.
Conversion rate: 1 USD = 3800 UGX.

Second, firms operating at relatively larger scale are more likely to invest. In Table 3,
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columns 1 and 2, we regress the investment rate on two proxies for the scale of the firm.

The first is the index of managerial ability. This is our preferred measure of firm scale as

it captures the production potential of the firm, in line with classic entrepreneurship models

where the ability of the manager determines the scale of the firm (e.g., Lucas (1978); Buera

et al. (2011b)). The second is the number of workers. This is a standard way of measuring

firm size. However, as capital and labor are (imperfectly) substitutable, firms that operate at

sufficient scale to invest in machines might partly substitute labor for capital, thus attenuating

the correlation between number of workers and investment. With this caveat in mind, we report

results using both measures of firm scale. The table shows a strong correlation between firm

scale and investment, regardless of which way we measure it.

Table 3: The role of firm scale for investment and mechanization

Investment Rate Mechanization Rate Share of Machine Hours

Rented In

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

Manager Ability (Std.) 0.048*** 0.025** -0.122***

(0.011) (0.011) (0.023)

Log Num Workers 0.069*** 0.043** -0.110**

(0.018) (0.021) (0.042)

Mean of Dep. Var. 0.139 0.139 0.381 0.381 0.645 0.645

Sub-county FE Yes Yes Yes Yes Yes Yes

Adjusted R2 0.200 0.188 0.465 0.466 0.261 0.199

Observations 381 381 381 381 303 303

Notes: *** p < 0.01, ** p < 0.05, *** p < 0.1. OLS regression coefficients, robust standard errors in parentheses.
Sample: door producers (columns 1-4) and door producers using at least a machine (columns 5-6). Investment
(mechanization) rate: share of pre-specified machine types for the production of core product that are owned
(used) by the firm. To compute all outcomes, each machine type is weighted using the share of total machine
time it accounts for in the data. Managerial ability: standardized index based on multiple survey questions; see
the Supplemental Appendix for details.

Fact 3: Rental Markets for Machines Help Overcome the Indivisibility

As lack of scale creates a barrier to investment, this raises the potential concern that economies

of scale might go underexploited in this economy, hindering the mechanization and productivity

of small firms. However, we discussed that firms operate in large informal clusters, and they

produce similar products using similar production steps. Therefore, firms operating at small

scale may be able to share the capacity of large machines. A natural market solution would be

to organize a rental market for machines. Using our machine-level data, we show that a rental

market has indeed emerged, and that this helps small firms overcome the indivisibility.
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Prevalence of rental markets. Figure 2 shows that while investment rates are low, renting

machines is common. For instance, while less than 10% of firms own a thickness planer, over

50% rent one. Aggregating across machines, Panel C of Table 1 shows that close to two thirds

of the machines used by the average door produced are rented. Another way to appreciate the

extent of the rental market is to compare the CDF of the investment and mechanization rate.

We do so in Panel (a) of Figure 3. The contrast is striking: while over 40% of door producers

do not own any of the machines needed for door production, only less than 10% do not use any

such machines, and the difference is completely explained by the rental market.

Figure 3: Mechanization, firm scale, and rental markets

(a) CDF of investment and mechanization rates (b) CDF of manager ability by ownership vs. rental

(c) CDF of firm size by ownership vs. rental (d) CDF of firm size by definition of a firm

Notes: Sample: door producers. Panel (a): CDF of investment and mechanization rate (see Table 3 for
definitions). Panel (b): CDF of standardized manager ability by whether the firm: (i) owns at least a machine;
(ii) does not own machines but rents at least one. Panel (c): CDF of number of workers by whether the firm:
(i) owns at least a machine; (ii) does not own machines but rents at least one. Panel (d): CDF of number of
workers according to two definitions: (i) a firm is a set of workers under the supervision of one manager; (ii) a
firm is a set of workers using the same machines. To compute (ii), we follow the procedure described in Section
3.3. Firm size is trimmed at the top 1% in panels (c) and (d).

The rental market operates primarily between carpenters in the same cluster, with machine

owners renting out part of their machine time to other firms. This is possible because machine

owners have substantial excess capacity: the average owner uses a machine for 23.9 hours per
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week, and rents out 10.8 hours of spare machine time to the market.12 Although other carpentry

firms are the primary sources of rentals, about 40% of carpenters report renting from specialized

rental workshops. We return to this point in the model, where we explicitly model specialized

workshops. The Online Appendix further shows that revenues from the rental market are

significant, in line with the cost of capital being high in this economy, something that we verify

directly and come back to later.

Rental markets allow smaller firms to mechanize. Consistent with the fact that the

rental market helps small firms overcome the indivisibility, we find that the rental market is

particularly important for firms operating at relatively low scale. Figure 3, panels (b) and

(c), show that machine renters operate at smaller scale than machine owners. This is true for

both proxies of firm scale, although the difference is more pronounced for managerial ability

(that is our preferred measure of firm scale): firms that own at least one machine have a

managerial ability 0.46 standard deviations higher than machine renters, while they have about

5% more employees. In line with this, columns 5 and 6 of Table 3 show that, conditional

on using machines, firms operating at smaller scale rent a higher share of the machine hours

they use. Hence, through the rental market, firms that operate at insufficient scale to buy

machines manage to mechanize. As a result, Table 3 shows that the correlation between firm

scale and mechanization (columns 3 and 4) is weaker than the correlation between firm scale

and investment (columns 1 and 2).

Achieving scale collectively? Another way to summarize empirically the prevalence of the

rental market and how it allows firms to overcome the indisivibility is to show its implications

for the firm size distribution. Firm size is typically measured by the number of workers under

the supervision of the firm manager. However, a classic literature in organizational economics

views the firm as being defined by the ownership of production assets (Grossman and Hart,

1986; Hart and Moore, 1990). As our data shows that firms are deeply intertwined through

a rental market for machines, redefining the firm boundary as the workers utilizing the same

production machines – as suggested by this literature – may be an insightful way to summarize

the extent to which the rental market helps firms achieve scale collectively.

We thus compare how the firm size distribution changes as we redefine the boundary of the

firm. Specifically, Panel (d) of Figure 3 reports: (i) the size distribution when a firm is defined

by the number of employees under one manager, and (ii) the size distribution when a firm

is defined by all employees operating the same machines, which we create by reassigning the

12The rental market is between firms that are potentially in competition with each other. Since an active
rental market exists, any loss of revenues for machine owners from the increased productivity of surrounding
firms must be more than offset by the profits from renting out their machines. The limited ability of firms
to expand in the output market, documented in the previous section, can explain the sustainability of this
arrangement, by creating strong decreasing returns and limiting market stealing.
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employees of machine renters to machine owners.13 The results are striking: once we account

for rental market interactions, the average firm size increases by 77%, from 5 to 8.8 employees,

and the share of firms with more than 10 employees increases from 5% to 33%. This is especially

notable, given that in developing countries firm size distributions based on the typical definition

are known to be characterized by a large mass of small firms, with “missing” medium and large

firms (Hsieh and Olken, 2014).

This exercise implicitly assumes that all workers that share the same machines face the

same cost of using them, regardless of ownership – that is, it assumes that the internal and

external cost of capital of the firm is the same. The extent to which this is the case – and so

the extent to which small firms achieve scale collectively – however depends crucially on how

well the rental market works. We turn to this in the next section.14

3.3 Transaction Costs in the Rental Market for Machines

In the previous section, we have shown that through the rental market, small firms are able to

access expensive machines. We now estimate the size of transaction costs in the rental market.

Transaction costs provide a summary statistic of how well the rental market works, and will

play a key role in the quantification of the aggregate benefits of the rental market in the model.

We provide two alternative approaches to estimate transaction costs. First, we use our detailed

survey to measure those components of transaction costs that are directly observable, such as

travel time. Second, we present evidence consistent with a high degree of competition in the

rental market, and then build on this to propose a revealed preference approach to identify

and estimate the overall size of transaction costs in a manner consistent with our model. This

second approach yields our preferred estimate of transaction costs, which we show is nonetheless

well aligned with the direct measure from the first approach.

Rental markets operate subject to transaction costs. As most machines are heavy, the

rental market is operationalized by workers carrying intermediate inputs to the firm where the

machine is located and paying the machine owner a fee upfront to use their machine. Our survey

13To compute (ii), we identify firms that only rent machines, and we reassign their labor to machine owners as
follows: all the workers of each machine renter are first reassigned to the machine types they rent, proportionally
to the time that they use each machine type. We then sum across renters to create a “pool” of workers to be
redistributed to machine owners for each machine type. We exclude from this pool those workers using machines
rented from specialized workshops. Finally, for each machine type, we divide this pool of labor equally among
all machine owners, and report the CDF of machine owners as the dark solid line in Panel (d). We only consider
machines worth on average at least two months of profits for this exercise.

14Finally, we note that it remains a puzzle why more profitable firms do not formally take over smaller and
less productive firms, and instead engage in rental relationships with them. There could be many constraints
leading to this, such as contracting frictions or a limited span of control (Bloom et al., 2010; Akcigit et al., 2021).
While our survey (and our model) is not designed to answer these important questions, we note that through
the rental market, firms de facto already exploit at least some of the productivity benefits of consolidation,
which substantially limits the impact of any such constraints on productive efficiency.
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allows us to directly measure those components of transaction costs related to transportation

and time costs for machine access. To give a sense of these costs, the average renter visits

machine owners 16 times per month, and every time they go they spend 50 minutes traveling,

and about one and a half hours waiting for machine access. Wait times can in part be explained

by congestion, as almost a third of renters report visiting machine owners in the early morning.

To quantify these transaction costs, we compute for each renter: (i) their monthly value of

time spent traveling to the machine owners’ premises and waiting for machine access; (ii) their

direct monthly transportation costs. Comparing the sum of (i) and (ii) with the monthly

expenditures on machine rentals shows that transportation and time costs represent about 24%

of direct expenditures on rentals, thus revealing that these components of transaction costs are

significant. More details on our computation of transaction costs related to transportation and

time costs can be found in the Online Appendix.

There may clearly be other transaction costs that we are not able to measure directly

in our data (e.g., the risk of missing a sale if customers visit while the manager is at the

premises of machine owners). This motivates us to adopt a revealed preference approach to

estimate the overall size of transaction costs, which exploits the fact that rental markets are

quite competitive, something that we show next.

Competition in the rental market. The rental market is characterized by spot transac-

tions, so contractual frictions (e.g., Macchiavello (2018); Startz (2019)) are unlikely to be a

major concern. We provide five pieces of evidence which suggest that the rental market oper-

ates competitively: (i) in each sub-county there are typically a number of machine owners of

each type of machine, which likely creates competition and limits monopoly power; (ii) there

is no correlation between rental prices and the number of machine owners in the sub-county,

while we would have expected a negative relationship if machine owners had market power;

(iii) larger machines do not generate higher revenues relative to their cost, which suggests that

market power among owners of expensive machines is limited; (iv) when asked how they set

rental prices, the majority of machine owners report taking into account the prices of other

owners in the area; (v) firms do not report lack of information on who owns machines or the

quality/reliability of rented machines as a problem, thus showing that information frictions in

the rental market are limited. While this evidence is descriptive, it supports the conclusion

that rental markets operate competitively. In the Online Appendix, we provide more details on

our evidence that the rental market operates subject to transaction costs but is competitive.

Estimating the size of rental market transaction costs. We quantify the size of the

overall transaction costs by studying how these distort the utilization of machine hours by

renters. Transaction costs increase the effective price paid by renters for machine access. We
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assume that the rental price of one hour of machine time pr is set competitively, but that each

transaction is subject to an additional proportional cost τ . The marginal cost of capital for

renters is then pr(1+τ). For a machine owner instead, the marginal cost of capital is pr. This is

because, conditional on owning a machine, the opportunity cost of using the machine one extra

hour (i.e., the marginal cost) is the price that the firm can earn by renting that hour out to

the market.15 In a standard cost-minimization problem, the firm sets the ratio of the marginal

products of capital and labor equal to the ratio of marginal costs. Since machine renters face

a higher marginal cost of capital than machine owners, they will have a lower capital-labor

expenditure ratio, as long as τ is positive. That is, when compared to owners, renters will use

relatively more labor and less capital to perform the same task, as capital is more expensive for

them on the margin.

Following this logic, we estimate transaction costs focusing on production steps – that

are clearly defined tasks in our case – and regress a step-level measure of the capital-labor

expenditure ratio on the share of capital in that step that is rented. Specifically, we create a

dataset where each observation is a production step s in a firm j in sub-county c, and run the

following regression on the pooled sample of firms and production steps:

log

(
p̄scKsj

w̄jLsj

)
= β0 + β1Rentsj + ϑs + λc+ δXj + εsjc. (1)

The left hand side is the capital-labor expenditure ratio: Ksj is the total monthly machine

hours used by firm j in production step s; p̄sc is the average rental price for step s faced by

firms in sub-county c; Lsj is the monthly labor hours used by firm j in step s; and w̄j is the

predicted average hourly wage at firm j. Rentsj is the share of the machines used by firm j in

step s that are rented, and so is our key variable of interest.16 A negative β1 would mean that

steps where machines are rented (as opposed to owned) use relatively more labor, which would

then indicate the presence of transaction costs. We include step fixed effects ϑs (e.g., dummies

for planing, thicknessing etc.) since we pool the estimation across steps. As identification of β1

requires that renters and owners face the same direct rental cost, we include sub-county fixed

effects λc, so that we compare firms in the same local rental market. Note that once we include

sub-county and step fixed effects, the price level p̄sc is subsumed in these fixed effects.17 Finally,

Xj are firm-level controls. Standard errors are clustered at the firm level.

The main concern with the identification of β1 are omitted firm characteristics correlated

15While this is a general insight – that the opportunity cost depends on the market valuation of a good – our
interpretation of τ as a pure transaction cost depends on the assumption of competitive rental markets.

16In the Supplemental Appendix, we describe how we assign machines to steps and how we aggregate them
to create Ksj . In creating the shares of rented machines Rentsj , each machine type in each step is weighted by
the share of total machine hours in the step accounted for by that machine type in the data, so that machines
used more intensively in a given step get a higher weight for that step.

17This is true as long as the step fixed effects are constant across sub-counties, i.e., p̄sc = p̄s× p̄c. Our results
are robust to the inclusion of a full set of step by sub-county fixed effects (not reported).
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with both the capital-labor ratio and the propensity to rent machines. To address this, we

leverage our data at the step level and include firm fixed effects in our preferred specification.

This allows us to compare the utilization of rented and owned machines across steps within

the same firm, thus perfectly controlling for unobserved firm and product characteristics. This

approach exploits variation coming from firms that partly own and partly rent machines across

different steps. The share of such firms in our data is 44%. As an alternative, we show robustness

to controlling for firm-level controls Xj.

Table 4 reports estimates of β1 from equation 1. Column 1 reports our preferred specification

with firm fixed effects. The estimate of β1 is -0.358, with 95% confidence interval [-0.088 ; -0.628].

β1 is directly related to the magnitude of transaction costs τ as follows: β1 = − log(1+τ). This

implies an estimate of τ = e0.358 − 1 = 0.430, which means that in steps where machines are

rented, the capital-labor ratio is 43% lower. In columns 2 and 3 we show that our estimates are

robust to excluding firm fixed effects, and adding firm controls instead: column 2 only controls

for step fixed effects, and in column 3 we add our full set of controls. Finally, in column 4 we

exclude those machine owners who do not rent out at least some of their machine time, since

pr is a better measure of the marginal cost of capital for those machine owners who engage in

the rental market. Reassuringly, our results are unaffected by this sample restriction.

Table 4: Estimates of transaction costs in the rental market

Dependent variable: Log Capital-Labor Expenditure Ratio

Firm FE Step FE Firm Exclude

Only Controls Non-Renters

(1) (2) (3) (4)

Share of Rented Machines (0-1) -0.358** -0.279** -0.226** -0.357**

(0.138) (0.123) (0.109) (0.165)

Sub-county FE No No Yes No

Step FE Yes Yes Yes Yes

Firm Controls No No Yes No

Firm FE Yes No No Yes

Adjusted R2 0.484 0.046 0.219 0.474

Observations 1,137 1,137 1,137 940

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. OLS regression coefficients, standard errors clustered at the firm
level in parentheses. Sample: door producers. Level of observation: production steps. Firm controls: managerial
ability and dummies for types of doors produced. The numerator of the capital-labor ratio is the total monthly
machine hours used by firm j in production step s. The denominator is the total monthly labor hours used by
firm j in production step s, multiplied by the within firm predicted hourly wage from a regression of worker
wages on firm size and individual worker characteristics. We restrict attention to the seven most common steps
out of the pre-specified ten steps for the production of doors, that is steps 3-9. All specifications control for the
number of machines used in each production step. The capital-labor ratios are trimmed at the 1st and 99th
percentiles. See the Supplemental Appendix for more details on: (i) how we assign machines to steps and how
we aggregate machines within step; (ii) the specific production steps corresponding to steps 3-9.
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Our estimate of τ is robust to a number of additional specification checks reported in the

Online Appendix. In particular, we check robustness to: (i) estimating a more flexible speci-

fication that includes capital utilization (rather than the capital-labor ratio) on the left hand

side, and controls for labor utilization on the right hand side; (ii) running a version of equation

1 at the machine level rather than aggregating machines at the step level.

Our results indicate that the overall rental market transaction costs τ are approximately

40% of the direct machine rental price. This shows that while transaction costs are significant,

they are not prohibitively large. Comparing this estimate to the direct measure of transaction

costs from our survey discussed above shows that transportation and time costs can account for

about 60% of the overall estimated transaction costs. This reassures us about the validity of

our estimate of τ . Finally, as shown in the Online Appendix, our estimates of β1 from equation

1 are lower (in absolute value) in sub-counties with higher firm density, while the scale of the

firm is not a significant source of heterogeneity. This further confirms that our estimates of

τ primarily capture transaction costs related to the time and physical costs of travel, as we

would expect these to be smaller in areas with higher firm density, while firm scale should not

matter for the size of these transaction costs. As discussed in more detail in the next section,

our model will deliver the transaction costs τ as a structural parameter.

4 Model

We develop a model to: (i) quantify the aggregate effects of the rental market on mechanization

and productivity; (ii) discuss the mechanisms driving the aggregate gains; and (iii) conduct

policy experiments. The assumptions implicit in the model’s design are motivated by the

empirical results and find support in the data, as we discuss in Section 5.4.

4.1 Setup

We consider a one-period economy, inhabited by a continuum of agents.

Agents. The economy is inhabited by workers and carpentry managers. Workers are homo-

geneous, have an exogenous yearly income equal to Ψ, which they use to finance consumption,

and supply (some of) their labor to the carpentry sector. Carpentry managers, in mass 1, are

heterogeneous and each identified by a unique index ω ∈ Ω. They differ along two dimensions:

(i) the shadow cost of capital, x (ω), which captures the fact that some individuals might have

more assets for self-financing and/or easier access to credit; (ii) a skill term, z (ω), which deter-

mines the manager’s productivity. We omit the index ω when not strictly necessary. The cost

of capital and managerial skills are jointly distributed with density g (x, z).
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Preferences. Individuals consume a general consumption good Y , and a composite carpentry

good YC , which aggregates the quantities produced by each manager ω, y (ω). Defining Ω̂ ⊆ Ω

to be the set of active managers producing positive output, the utility function is

U (Y, YC) =
[
(1− λ)Y 1−ι + λY 1−ι

C

] 1
1−ι

YC =

 ˆ
ω∈Ω̂

y (ω)1−η dω


1

1−η

,

where 1
ι

and 1
η

are the two elasticities of substitution.

The consumers’ problem. The representative household chooses how much to consume of

each good to maximize utility subject to the budget constraint

max{y(ω)}ω∈Ω̂,Y

[
(1− λ)Y 1−ι + λY 1−ι

C

] 1
1−ι (2)

s.t.
´
ω∈Ω

p (ω) y(ω)dω + Y≤ Ψ ,

where the outside good Y is the numeraire. The assumption of CES demand, see Melitz (2003),

implies that the price of the variety produced by manager ω is

p (ω) =

(
λ

1− λ

)(
y (ω)

YC

)−η (
YC
Y

)−ι
.

We define P ≡
(

λ
1−λ

)
Y η−ι
C Y ι so that each manager ω faces a price schedule decreasing in its

own output, given by p (ω) = y (ω)−η P .

Production function. Each manager ω has access to two production processes to make the

good y (ω): a non-mechanized one, which uses only labor, and a mechanized one, which uses

a combination of labor and capital. If the firm uses the non-mechanized process, output is

produced according to

y (ω) = z (ω)ALL (ω)

where L is labor, and AL is a productivity term for the non-mechanized process, identical for

all managers. If the firm uses the mechanized process, output is produced according to

y (ω) = z (ω)AMK (ω)α L (ω)1−α

where K is capital, AM is productivity specific to the mechanized process, and α is the capital

share in production.

The outside good Y is in fixed supply.
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Machines and capital market. Capital is supplied by machines. There is only one type of

machine in the market, which should be interpreted as an aggregate of the different machines

documented in the previous section. Machines can be purchased at an exogenous price pb

(they are supplied elastically), depreciate at rate δ, and have a convex operating cost given

by χ (C) = χ
1+ξ

C1+ξ, where C is the machine capacity utilization, which can be at most 1.

Machines are indivisible and each firm can purchase either one or zero machines.

Rental market for machines. A manager ω that purchases a machine, chooses to operate

it at capacity C (ω), and uses K (ω) units of capital in production, has excess capacity equal

to C (ω) −K (ω). Excess capacity is rented out to other firms in a competitive rental market

at equilibrium price pr. The market is subject to a transaction cost τ , or rental market wedge,

that renters have to pay for each unit of machine time. The total effective price paid by a renter

to use one unit of machine time is (1 + τ) pr, while the machine owner receives the price pr.

The wedge τ captures the transaction costs documented in Section 3.3, such as transportation

and time costs to use the rental market. All costs are expressed in units of output.

Labor market. Labor is hired in a partial equilibrium market subject to frictions. We model

frictions in reduced form as a convex cost of labor: manager ω hiring labor L (ω) faces total

labor cost equal to WL (ω)1+ν where W is the wage level and ν ≥ 0 modulates the extent of

the frictions. If ν = 0, each manager can hire as much labor as she wishes at the equilibrium

wage. Instead, if ν is positive, the manager faces an increasing labor supply curve and needs to

pay a higher wage to grow the firm size. As a result, there is wage dispersion across firms, and

a size-wage premium – as in frictional labor models such as Burdett and Mortensen (1998).

The managers’ problem. First, given her managerial ability z, but before observing her

cost of capital x, each manager ω decides whether to enter the market and start producing or

take an exogenous outside value πN (z). The ex-ante profits for a manager ω are thus given by

Π (z (ω)) = max

 πN (z (ω))︸ ︷︷ ︸
Outside Option

;Ex [π (x (ω) , z (ω)) |z (ω)]︸ ︷︷ ︸
Production Profits

 , (3)

where π (x, z) is the profit of a manager with traits (x, z). Ex [·] is the expectation taken with

respect to the distribution of the random variable x conditional on the managerial ability z. We

use this notation throughout the model. The expected profits do not depend on the identity

of the manager, or her name ω, but only on her characteristics (x, z). Therefore, we omit ω

below. We define a dummy IE (ω) equal to 1 if manager ω decides to enter the market. The

set of active managers is then Ω̂ ≡ {ω ∈ Ω s.t. IE (ω) = 1}.
If the manager enters the market, she observes her cost of capital x and then chooses labor,

capital, and machine capacity to maximize her profits. She thus solves
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π (x, z) = max
L≥0,K≥0,C∈[0,1]

y1−ηP︸ ︷︷ ︸
Revenues

−WL (ω)1+ν︸ ︷︷ ︸
Labor Cost

− (1− IC)︸ ︷︷ ︸
Renters

× [pr (1 + τ)K]︸ ︷︷ ︸
Capital Cost for Renters

(4)

+ IC︸︷︷︸
Owners

×

 pr max {0, C −K}︸ ︷︷ ︸
Revenues from Renting Out

− χ

1 + ξ
C1+ξ − (x+ δ) pb − pr (1 + τ) max {0, K − C}︸ ︷︷ ︸

Capital Cost for Owners


s.t

y =

zALL if IK = 0 [Non-Mechanized Production Process]

zAMK
αL1−α if IK = 1 [Mechanized Production Process]

,

where IC and IK are dummies equal to 1 if the manager chooses to buy the production machine,

and to use capital in production, respectively. The max operators within the revenues from

renting out and cost of capital for machine owners allow for the possibility that excess capacity

is negative, that is, that some machine owners also rent in capital from the rental market.

Definition of the competitive equilibrium. The competitive equilibrium is given by a

vector of entry choice, capital, labor, capacity, output, and output price for each manager ω,

{IE (ω),K (ω) , L (ω) , C (ω) , y (ω) , p (ω)}ω∈Ω, the rental price for machines pr, and the aggre-

gate price level P , such that:

1. the rental market clears:
´
ω∈Ω̂

C (ω) dω =
´
ω∈Ω̂

K (ω) dω;

2. the goods’ markets clear: YC =
[´
ω∈Ω̂

y (ω)1−η dω
] 1

1−η ;

3. each potential manager maximizes profits – i.e., solves problems (3) and (4);

4. the representative consumer maximizes utility – i.e., solves problem (2).

4.2 Characterization

We study the role of the rental market in shaping economic activity and productivity. The main

objects of interest are the managers’ choices of whether to mechanize the production process

– i.e., use positive capital (IK = 1) – and whether to invest – i.e., purchase the production

machines and thus choose positive capacity (IC = 1) – and how these depend on the rental

market wedge τ . To simplify the analytical characterization, we work under the following

empirically motivated assumption, which we will relax in the quantification.18

18In our data, over 70% of carpenters who own machines also rent out their machines to others.
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Assumption 1. The excess capacity is weakly positive, i.e., C (ω) ≥ K (ω), for all managers.

The theoretical results are summarized in the Lemma and Proposition below. Lemma 1

describes the equilibrium structure and how it changes as a function of the rental market wedge

τ . Proposition 1 illustrates the aggregate impact of the rental market and the two mechanisms

through which it operates.

Lemma 1. There exist two weakly increasing functions x̂ (z) and ẑ (x) such that: (i) managers

invest if and only if x < x̂ (z) and (ii) they mechanize if and only if z ≥ ẑ (x). Furthermore, if

τ = 0, then x̂ (z) = x̂ for all z and ẑ (x) = ẑ for all x, while if τ →∞, then x̂ (z) = ẑ−1 (x).

Figure 4: Equilibrium investment and mechanization choices

(a) No transaction costs (τ = 0)

Non-Mechanized 
(Do not Invest, Do not Mechanize)

Renters 
(Do not Invest, Mechanize)

Owners 
(Invest, Mechanize)

Non-Mechanized  
Owners 

(Invest, Do not Mechanize)

z

x

̂x (z)

̂z (x)
(b) Small transaction costs (low τ)

Non-Mechanized Renters

OwnersNon-Mechanized  
Owners

z

x

̂x (z)

̂z (x)

(c) Large transaction costs (high τ)

Non-Mechanized Renters

OwnersNon-Mechanized  
Owners

z

x

̂x (z)

̂z (x)
(d) No rentals (τ →∞)

Non-Mechanized

Owners

z

x

̂x (z)
̂z (x)

Notes: The figure shows the partitions of the (x, z) space into four compact groups of managers: (i) renters,
that do not invest but mechanize; (ii) owners, that invest and mechanize; (iii) non-mechanized owners, that
invest but do not mechanize and thus rent out all their machine’s capacity; and (iv) non-mechanized firms, that
do not invest nor mechanize. We show these partitions for different values of the rental market wedge τ .

Lemma 1, illustrated in Figure 4, shows that managers are partitioned into four groups

with different production choices depending on their ability z and cost of capital x, and that
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the shape of the partitioning depends on the rental market wedge τ . When transaction costs

are zero (Figure 4a), the choice to mechanize and invest are not related, as mechanization

only depends on the return from using capital z, while investment depends only on the cost

of capital x. The return from capital increases in z due to the capital-skill complementarity

in the production function. Transaction costs in the rental market instead bundle together

capital ownership and utilization (Figures 4b and 4c) as they make capital more expensive to

use for renters, and less profitable to rent out for machine owners. This creates misallocation

of resources relative to the benchmark without transaction costs. In the extreme case when

τ →∞ (Figure 4d), mechanization is possible only through investment in machines.

Proposition 1. For a fixed set of managers Ω̂ and output price P , a decrease in τ yields

1. Higher profits for all managers: π (x, z) weakly increases for all (x, z).

2. Higher engagement in the capital market : the mass of firms that either invest or

mechanize,
´
IC (ω) dω+

´
(1− IC (ω)) IK (ω) dω, increases since the revenues from renting out

each unit of machine time – pr – increase, while the cost of renting in – (1 + τ) pr – decreases;

3. An improvement in the allocation of capital : for a constant price pr, the corre-

lation between mechanization and machine ownership decreases;

4. An increase in mechanization due to collective scale: even if we let x (ω) = x̄

for all ω to mute any allocative effects, the average mechanization increases.

In a well-functioning (low τ) rental market, capital is more valuable, as its equilibrium

price pr increases, but also cheaper to access for renters, as the increase in pr is not large

enough to compensate for the decline in τ . As a result, as long as the aggregate output

price P is constant, all managers weakly benefit, irrespective of their production choices (1.).

Furthermore, the relative returns from both owning and using capital increase, which increases

the overall engagement of firms in the capital markets (2.).19

The overall effects are the result of two distinct mechanisms through which the rental market

operates. The first one (3.) is akin to a financial market. By unbundling capital ownership and

utilization, a well-functioning rental market improves the allocation of capital since managers

with the lowest cost of capital (low x) purchase the machine, and the ones with the highest

returns from using capital (high z) mechanize. The second one (4.) is specific to the rental

market and at the core of the idea of achieving scale collectively. In the presence of strong

decreasing returns and high-capacity machines, the optimal firm size may not be large enough

to justify the investment if the firm must use all the capacity by itself. The rental market

allows firms to share the machines’ capacity, thus overcoming this problem. The result is that,

19Notice that, nonetheless, neither mechanization nor investment must necessarily increase. An improvement
in the allocation of capital could decrease overall investment as firms more effectively rely on renting to mecha-
nize. Similarly, mechanization may decrease since when τ is low, the high market value of capital may induce
some machine owners to rent out all their capital rather than mechanize.
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even when all managers have identical cost of capital x (ω) = x̄ so that the rental market has

no allocative role by construction, a well-functioning rental market increases mechanization by

allowing more firms to access the same machines. Highlighting and quantifying this second

mechanism is a core contribution of this paper.

5 Bringing the Model to the Data

Next, we bring our model to the data. First, we extend the model and parametrize it to make

it amenable to a quantitative empirical analysis. Then, we calibrate the parameters that can be

computed outside of the model and jointly estimate the remaining ones by simulated methods

of moments. Finally, we discuss the estimation results.

5.1 Model’s Extension and Parametrization

We introduce two extensions: (i) extreme value shocks to smooth out the discrete choice of

managers of whether to enter, mechanize, and invest in machines; (ii) an external sector that

specializes in renting out machines to capture the fact, shown in Section 3, that a share of the

overall market capacity is supplied by specialized workshops.

Extreme value shocks. Each manager ω draws two vectors of preference shocks: (i) {εN ; εE}
where εN is for exit, and εE for entry; (ii) {εm (ω)}m∈M, where M is the set of four possible

production methods, or the combination of the investment and mechanization choices. The

shocks are distributed according to independent Type II Extreme Value Distribution with shape

parameters θ̃−1 and θ−1. Given the realization of the first vector of shocks, the manager decides

whether to enter, taking into account the expected value of production which depends on the

realization of the second vector of shocks:

Π (ω) = max {εN (ω) πN (ω) ; εE (ω) πE (ω)}

where

πE (ω) = Ex,ε

[
max
m∈M

εm (ω)πm (x (ω) , z (ω))

]
and πm (x (ω) , z (ω)) is the solution to problem (4), imposing as an additional constraint that

the manager must follow the production method m.20

Frechet-distributed taste shocks smooth out discrete choices and provide analytical expres-

sions for the probability that each option is chosen. The parameter θ modulates the relative

roles of shocks and individual characteristics in determining production choices. The higher is

20For example, for a renter, m = {IK = 1; IC = 0}, we would add to the problem that K > 0 and C = 0.
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θ, the closer the equilibrium resembles the partitions shown in Figure 4. If θ → 0, all managers

are equally likely to adopt any production method, irrespective of their skills and cost of capital.

Specialized rental providers. Specialized machine providers, in fixed mass φ, do not pro-

duce carpentry good themselves, but own machines and rent them out to carpenters, facing the

same cost of capacity utilization as carpentry firms. We do not need to take a stand on their

interest rate x because they are in fixed supply and their profits are not included in the sector

GDP. Each provider solves the capacity maximization problem

max
C

prC −
χ

1 + ξ
C1+ξ,

which yields an additional supply of capital in the market equal to φχ−
1
ξ p

1
ξ
r .

Outside option and heterogeneity. We assume that the outside option of a manager ω is

πN (ω) = π̃N (Eω [πE (ω)])1−ψ (πE (ω))ψ

where π̃N is a constant term that captures the overall value of the outside option, while ψ cap-

tures how sensitive this is to managers’ ability. Finally, we assume that the joint distribution of

(x, z) is given by two correlated log-normals, yielding five free parameters: {µx, µz, σx, σz, ρxz}.

Table 5: Economic environment of the model

Block Equation Parameters

(1) Aggregate Utility U (Y, YC) =
[
(1− λ)Y 1−ι + λY 1−ι

C

] 1
1−ι ι

(2) Final Output in Carpentry YC =
[´
ω∈Ω̂

y (ω)
1−η

dω
] 1

1−η
, η

(3) Heterogeneity: Talent and Int. Rate (x, z) ∼g (x, z) µx, µz, σx, σz, ρxz

(4) Non-Mechanized Production y (ω) = z (ω)ALL (ω) AL

(5) Mechanized Production y (ω) = z (ω)AMK (ω)
α
L (ω)

1−α
α, AM

(6) Cost of Rented Capital (1 + τ) prK (ω) τ

(7) Cost of Machine Capacity χ (C) = χ
1+ξC

1+ξ χ, ξ

(8) Net Cost of Owned Capital (δ + x) pb + χ (C)−pr (C −K) δ, pb, pr

(9) Cost of Labor WL (ω)
1+ν

W , ν

(10) Capital from Specialized Providers φχ−
1
ξ p

1
ξ
r φ

(11) Outside Value of Production π̃N (Eω [πE (ω)])
1−ψ

(πE (ω))
ψ

π̃N , ψ

(12) Extreme Value Shocks {εN ; εE}, {εm (ω)}m∈M θ̃, θ

Notes: This table reports all the main building blocks of the quantitative model and highlights the parameters
that discipline each block.

Model’s summary. Table 5 summarizes the economic environment, including all the build-

ing blocks of the model, the main equations that describe them, and the relevant primitive
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parameters to be estimated. After we normalize AL = 1, we are left with 22 parameters overall,

shown in Table 6. Next, we explain how we pin them down using our data.

Table 6: Model calibrated and estimated parameters

Parameter Value Source Parameter Value Source

(1) τ 0.430 T.4, c.1 (12) χ 1.495

Jointly Est.

(2) α 0.50 T.A9, c.4 (13) ξ 1.157

(3) pb 776.2 T.A10, c.1 (14) µx 1.715

(4) pr 0.514 T.A10, c.1 (15) σx 1.861

(5) δ 0.069 T.A10, c.1 (16) ρxz -0.227

(6) ι 0.450 BW (2006) (17) η 0.078

(7) φ 0.976 T.A10, c.1 (18) ν 0.153

(8) AM 2.447 Jointly Est. (19) W 0.291

(9) θ 0.659 Jointly Est. (20) π̃N 1.611

(10) µz -1.012 Jointly Est. (21) ψ 0.801

(11) σz 0.055 Jointly Est. (22) θ̃ 2.881

Notes: This table reports the calibrated and estimated parameters. See the respective source tables and corre-
sponding sections for more details. BW (2006) stands for Broda and Weinstein (2006). The 15 parameters in
rows (8) to (22) are jointly estimated using simulated method of moments.

5.2 Calibrated Parameters

We calibrate outside the model the seven parameters that have a direct empirical counterpart.

The rental market wedge τ can be estimated examining the relative capital intensity of

machine owners and renters. In fact, the model yields the exact empirical specification run in

Section 3.3 since the following relationship holds for all managers that mechanize

log

(
prK (ω)

w (ω)L (ω)

)
= γ0 − (1− IC (ω)) log (1 + τ) . (5)

As shown in Section 3.3, our preferred estimate of transaction costs yields τ = 0.43.

Due to the Cobb-Douglas production, the capital share α is pinned down by the ratio of the

capital and labor expenditures, which we compute in the data for each mechanized step. We

focus on machine owners since their marginal cost of capital is not affected by the rental market

wedge and we find that the capital-labor ratios are very similar across steps. We compute the

average, weighted by the share of labor expenditures in each step, and find α = 0.50.

We compute the rental and purchase prices, pr and pb, directly from our machine-level data,

by calculating a weighted average of the reported prices across all the machines in our dataset.

The weights are given by the overall number of hours that each type of machine is used in our

data. The representative machine costs $776.2 and is rented at $0.514 cents per hour.
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We compute depreciation δ using, for each machine, the relationship between value and age

in our data. We aggregate across machine types using the same weights as for prices and find

that the representative machine depreciates at a yearly rate of 6.9%.

Using the same aggregation described above, we calculate the share of total machine capacity

supplied from specialized providers. We find that this share is 49.4%, which leads to φ = 0.976

when we normalize the mass of active managers to be equal to 1.

Finally, for the elasticity of substitution for the composite carpentry good, 1
ι
, we pick 2.2,

which is the estimate for “Wood Manufactures, N.E.S.” from Broda and Weinstein (2006), who

estimate the elasticities of substitution for 3 digit industries using U.S. data. More details on

the calibration of each parameter can be found in the Online Appendix.

5.3 Targeted Moments and Identification

We jointly estimate the remaining 15 parameters targeting 38 moments. Table 7 shows all the

moments and includes links to the Tables and Figures from which they are taken. Here we

discuss how we select the targeted moments and explain how these moments help identify the

parameters. In Section 5.4 below, we will describe how we compute each moment in our model

to make it as comparable as possible with the data.

Targeted moments. While there is always some degree of arbitrariness in choosing which

empirical moments to target, the following rationale guided our choices. Most importantly, we

wanted to target all the moments corresponding to three facts shown in Section 3.2, as we would

like our model to be able to quantitatively replicate these important features of the data. As

described below, we also target additional moments, whose computation is described in more

detail in the Online Appendix.

The first fact is that mechanization is important for productivity. To this end, we target

the correlation between revenues and mechanization (with and without controls for managerial

ability). These moments, along with their mapping to associated parameters in the model, are

shown in rows 18-25 of Table 7. The second fact is that scale is a limiting factor to investment

in machines since machines have large capacity, while most firms produce little output and thus

need to use machines for only a few hours. The third fact is that renting is pervasive in our

context, helping to overcome the machine indivisibility and increasing overall mechanization

relative to investment in machines.

To guarantee that our model is consistent with these last two facts, we target the average

mechanization and investment rates, the prevalence of rentals, and their relationship with firm

size and managerial ability from Table 3 (shown in rows 1-9 of Table 7). Another implication

of these two facts, shown in Figure 3, is that the characteristics of machine owners and renters

differ. We target also these moments (rows 10-11). Finally, we ask our model to match the
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capacity utilization of machines, and how it differs across owner and renters (rows 12-17). These

moments capture the importance of the rental market: if the rental market succeeds in giving

access to capital to many firms and in utilizing capital inputs more intensively, we would expect

that each firm uses little machine capacity, while each machine is used at high capacity, but by

many firms together.

The three facts just described summarize the functioning of the capital market. However, we

would like our model to be also broadly consistent with the output, labor, and credit markets,

as they affect firm choices and thus modulate the impact of the rental market on the economy.

For example, the returns to mechanization depend on the cost of labor. Similarly, the extent

to which rentals can improve the allocation of capital depends on how the interest rate varies

across entrepreneurs. Therefore, we target several moments that discipline the functioning of

these other markets.

For the output market, the average markup is a sufficient summary statistic since we use a

CES demand function (row 26). For the labor market, we target the average wage, to match the

relative capital and labor costs (row 27). We also target, as useful measures to pin down labor

market frictions, the relationship between wages and firm size and the relative capital intensity

of high and low ability managers (rows 28-31). In a world with strong labor market frictions,

wages increase steeply in firm size, and thus it is expensive to increase output by hiring more

workers. For the credit market, we target the average interest rate and its standard deviation,

which is a measure of frictions: in a first-best world, all entrepreneurs should have similar cost

of capital (rows 32-33).

Finally, we need empirical moments to discipline the outside option of entrepreneurs. This

building block of the model is important because it determines the characteristics of the marginal

entrepreneurs that enter or exit the sector in the counterfactual exercises of Section 6. We target

several moments on the characteristics of managers and how they differ from workers (rows 34-

38). We follow this approach since our data (see Bassi et al., 2022) suggests that, for most

managers, the outside option is to be a worker in the same industry.

Identification. While all parameters are jointly identified, some of them have a stronger

effect on allowing the model to match specific moments. Some parameters are thus pinned

down primarily by specific moments. To formally explore the connection between parameters

and moments, we compute the elasticity of each (model generated) moment to each model

parameter (as commonly done in the literature, e.g., Kaboski and Townsend, 2011b). The full

Jacobian matrix is included in the Online Appendix, but in the last column of Table 7 we report

the three most important parameters for each moment from this exercise.21

21As detailed in the Online Appendix, we include only parameters that play a sufficiently important role for
each moment. Specifically, we do not include parameters in the Table if the elasticity of the moment to those
parameters is less than what would be implied if all parameters had identical influence on that moment.
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Table 7: Targeted moments and model fit

Moment Source Data Model Parameters

(1) Mechanization Rate T.3, c.3 0.381 0.326 AM ,W,θ

(2) Investment Rate T.3, c.1 0.139 0.169 AM ,W,η

(3) Share of Machine Hours Rented In T.3, c.5 0.645 0.708 AM ,χ, σz

(4) Mech. Rate on Number of Workers T.3, c.4 0.043 0.070 AM ,W,η

(5) Inv. Rate on Number of Workers T.3, c.2 0.069 0.079 AM ,W,χ

(6) Share of Mach. Hrs Rented on Num. of Workers T.3, c.6 -0.110 -0.145 AM ,W, µz

(7) Mech. Rate on Managerial Ability T.3, c.3 0.025 0.017 η, θ, AM

(8) Inv. Rate on Managerial Ability T.3, c.1 0.048 0.036 AM , ρxz, χ

(9) Share of Mach. Hours Rented on Man. Ability T.3, c.5 -0.122 -0.051 ρxz, η, µz

(10) Owners-Renters Managerial Ability Gap F.3, p.(b) 0.457 0.365 ρxz, η, µz

(11) Ratio of Size of Machine Owners vs. Renters F.3, p.(c) 1.057 1.034 AM ,µz, η

(12) Median Hourly Machine Rental Price T.A10, c.1 0.514 0.514 ξ

(13) Average Machine-Level Capacity Utilization T.A10, c.1 0.531 0.585 AM , χ, W

(14) Average Firm-Level Capacity Utilization T.A10, c.1 0.356 0.310 χ, η, µz

(15) Average Firm-Level Cap. Utilization, Owners T.A10, c.1 0.380 0.415 χ, AM , θ

(16) Average Firm-Level Cap. Utilization, Renters T.A10, c.1 0.338 0.284 χ, η, µz

(17) Average Firm-Level Cap. Rented Out T.A10, c.1 0.151 0.170 AM ,W ,θ

(18) Log Revenues on Man. Ability T.2, c.2 0.288 0.231 σz, ν, η

(19) Log Revenues p.w. on Man. Ability T.2, c.5 0.144 0.044 η, σz ,AM

(20) Log Rev. on Man. Ability (and Mech. Rate) T.2, c.3 0.250 0.226 ν, σz, η

(21) Log Rev. p.w on Man. Ability (and Mech. Rate) T.2, c.6 0.114 0.031 σz, ν, η

(22) Log Revenues on Mech. Rate T.2, c.1 1.693 2.421 AM ,σz, θ

(23) Log Revenues p.w. on Mech. Rate T.2, c.4 1.268 1.076 σz,µz,θ

(24) Log Rev. on Mech. Rate (and Man. Ability) T.2, c.3 1.530 0.249 AM ,W, µz

(25) Log Rev. p.w. on Mech. Rate (and Man. Ability) T.2, c.6 1.195 0.782 AM ,µz,W

(26) Average Markup T.A1, c.2 0.229 0.235 ν, η

(27) Hourly Worker Wage Rate T.A1, c.2 0.333 0.326 AM , W

(28) Log Hourly Wage on Number of Workers T.A7, c.6 0.146 0.153 ν

(29) Log Hourly Wage on Managerial Ability T.A7, c.3 0.060 0.029 σz, η,ν,

(30) Log Capital Used on Managerial Ability T.A13, c.2 0.398 0.346 η, AM , σz

(31) Log Labor Used on Managerial Ability T.A13, c.4 0.135 0.191 ν,σz η

(32) Average Interest Rate T.A11, c.1 0.329 0.347 AM , W, µx

(33) Std of Interest Rate T.A11, c.1 0.281 0.233 AM , χ, µz

(34) Ratio of Number of Managers to Workers T.1, c.1 0.222 0.200 π̃N , θ̃

(35) Workers-Managers Managerial Ability Gap T.A14, c.1 -0.285 -0.329 ψ, θ̃

(36) Ratio of Std of Income of Workers vs. Managers T.A15, c.1 0.898 0.804 ψ

(37) Ratio of Std of Man. Ability of Workers vs. Man. T.A15, c.1 0.970 0.994 ψ, θ̃,π̃N

(38) Entry Choice on Man. Ability (Normalized) T.A14, c.3 0.275 0.241 ψ, θ̃,π̃N

Notes: This Table shows all the moments used for the model estimation. For each moment, the second column
includes links to the tables (T) and figures (F) where the moment is computed, with corresponding columns (c)
and panels (p). The third and fourth columns then show the parameters’ values in the data and in the model.
Finally, the last column shows the key parameters for each moment from the Jacobian matrix.
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To help build intuition, we offer a few comments on the results from the Jacobian. We

discuss the parameters in four blocks: (i) AM ,W, µz, χ, θ, µx impact, through different margins,

the returns to mechanization; (ii) η, ν, ξ determine the extent of decreasing returns to scale in

the model; (iii) σz, σx, ρxz modulate the heterogeneity across individuals; (iv) θ̃, ψ, π̃X shape the

outside option and thus the composition of active entrepreneurs.

The relative productivity of the mechanized process (AM) and the wage level (W ) can

be discussed together, as they have a similar impact on the equilibrium. If AM and W are

high, capital is relatively productive and cheap, inducing managers to both mechanize and

invest. These two parameters, and especially AM , are among the most relevant ones for many

of the moments. This is not surprising since the returns to mechanization is a key factor in

determining the equilibrium in the market for capital. Also, it is a reassuring result as it suggests

that there is not one single moment that is likely to drive the aggregate productivity effect, thus

reducing potential concerns about measurement error or omitted variables in the creation of

each individual moment; a conjecture that we formally verify using the sensitivity approach of

Andrews et al. (2017), as discussed in Section 6. The average ability µz and the cost of capacity

χ can also be discussed together since they mainly affect (in different directions) the capacity

at which each machine is used: if either capacity is expensive or the typical entrepreneur has

low productivity, hence produces little output, then machines are used at low capacity. In fact,

we notice that these parameters tend to be relevant for moments about the capacity utilization

(rows 13-17). The variance of the Frechet shocks, modulated by θ, determines the relative role

of productivity and taste shocks in driving managers’ choices. If θ is low, the mechanization

choice is mostly driven by the random taste shocks. Consistent with this, we notice that θ is

most relevant in determining the relationship between mechanization and managerial ability

(row 7). The average cost of capital µx, which affects the cost of purchasing machines, plays

a less important role than the previous parameters, but still shows up in the Jacobian matrix

where anticipated, on the moments related to the functioning of the credit market (row 32).

As expected, the price elasticity of demand (η) maps directly into the markup (row 26), and

the labor market friction parameter (ν) impacts both the markup and all the moments that

we selected on purpose to discipline its strenght (rows 28-31). In addition, both a high price

elasticity of demand (η) and strong labor market frictions (ν) generate decreasing returns to

scale, thus limiting the ability of high skilled managers to expand. In fact, we see that these pa-

rameters are crucial to determine the relationship between firm revenues and managerial ability

(rows 18-21). The curvature of the cost of capacity utilization ξ is pinned down independently

by the rental market clearing at the observed rental price (row 12). The larger is ξ, the higher

the profitability of renting out machines, hence the more managers choose to invest.

The larger is the variance of productivity (σz), the steeper we would expect the relationship

between log revenues and managerial ability to be since σz affects the variance of revenues and

32



not, by construction, the variance of managerial ability, which is always standardized (both in

the data and in our model). Therefore, we are not surprised to see σz showing up as a key

parameter for all the moments related to the relationship between firm revenues and managerial

ability (rows 18-21). The correlation between managerial ability and the cost of capital (ρxz) is

crucial to determine how likely high skilled managers are to access capital through the rental

market as opposed to own machines (rows 8-10). If ρxz is negative and large, the probability of

investing in machines would increase steeply with managerial ability, due both to larger returns

and lower costs. The variance of the cost of capital (σx) turns out not to play a major role for

any moment. Yet, as can be seen in the Jacobian, it is relatively more important, as expected,

in determining the standard deviation of the interest rate. The reason why this parameter is

not particularly important is that the standard deviation of the interest rate is computed, both

in the model and in the data, only among the selected group of entrepreneurs that choose to

invest in machines, a choice affected by other parameters as well.

Finally, the average value of the outside option (π̃N), its sensitivity to managers’ ability

(ψ), and the scale parameter for the distribution of the entry taste shocks (θ̃), determine the

mass and characteristics of individuals that become managers. As expected, the Jacobian

matrix shows that they are the key parameters to determine the moments that we selected to

discipline the outside option of entrepreneurs (rows 34-38).

5.4 Estimation Results and Discussion

In practice, to estimate the model, we follow the standard indirect inference approach and run

the same regressions using both our survey data and the model-generated data. While the

approach is straightforward, the model-generated data requires two small intermediate steps

before running the empirical specifications. First, we need to smooth out the discrete mecha-

nization and investment choices. In the data, we compute mechanization rates, investment rates

and share of machine hours rented in, aggregating across all the used machines, as explained

in details in Section 3.2. In the model, each manager makes a discrete choice of whether to

mechanize and invest in a machine. To transform the discrete choices into rates, we project all

the individual firm outcomes on the distribution of managerial characteristics. For example,

the mechanization rate for the type (x, z) would be the share of managers with characteristics

(x, z) that choose to mechanize. Second, we need to transform the primitive ability z to make it

comparable to our empirical index of managerial ability.22 In practice, we create a standardized

measure of managerial ability, log ẑ, which normalizes log z to have mean 0 and standard devi-

ation 1, and we then use this measure to run the regressions with the model-generated data.23

22To construct the moments on managers’ selection, we use the predicted managerial ability of employees, as
our index of managerial ability was collected only for managers. See the Online Appendix for details.

23Reassuringly, we find that the (standardized) distribution of the managerial ability index in the raw data
follows a distribution close to a normal, which is the one assumed in the model. Notice also that, since the units
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We can then simply solve for the set of parameters ϕ that satisfies ϕ∗ = arg minϕ∈F L (ϕ), where

L (ϕ) ≡
∑

r

[
(mr (ϕ)− m̂r)

2] , mr(ϕ) is the value of moment r in our model given parameters

ϕ, and m̂r is the vector of moments computed in the data.

Results. The estimated vector of parameters ϕ∗ is shown in Table 6, while the corresponding

model’s moments, mr (ϕ∗), are in Table 7. The model offers a good fit of the data, especially

considering that we used 15 parameters to target 38 moments. At the same time, the fit of

the model is, as expected, not perfect. Mainly, the model has a hard time to replicate the

strong direct effect of mechanization on revenues once we condition on managerial ability. We

notice, however, that managerial ability is likely measured with error in the data, hence the

large empirical coefficient that we target might be overestimated due to mechanization being

correlated with true managerial ability.

Overall, the ability of the model to replicate all the core patterns documented in Section

3.2 on the relationships between scale, mechanization, and the rental market builds confidence

in our estimated parameters. We next discuss a few key ones. We find moderate decreasing

returns to scale coming from product differentiation (η = 0.078). The elasticity of substitution

across doors is roughly 13, consistent with the fact that we are looking at a narrow sector,

where product differentiation is present, but limited.24 The labor market frictions are almost

identical (ν = 0.153) to what would be pinned down from a regression of wage on size, although

several other moments help us to identify ν in the estimation. The labor market frictions are

sizable: one way to interpret their size is to notice that the markup, which is inversely related

to firm size, would decrease by approximately 50% in their absence. We find that the cost of

capital is negatively correlated with managers’ ability (ρxz = −0.227), consistent with evidence

in the literature (see Banerjee (2003)) and from our context, as discussed further in the Online

Appendix.

Discussion of model’s assumptions. In the next section, we are going to use the estimated

model for a quantitative analysis. As usual, our results will hinge on the assumptions made in

the model, which we here discuss. Four of them are particularly relevant.

First, our model is static and thus ignores consumption/savings decisions and asset accu-

mulation. This choice is driven by the nature of our data, which is made of one cross-section.

Nonetheless, we allow individuals to have different cost of capital x. We estimate the cost of

capital to be negatively correlated with managerial ability, which may be capturing, in reduced

form, the fact that more successful managers are able to accumulate more capital (Moll, 2014).

of the empirical index of managerial ability are not directly interpretable within the model, we do not directly
match the distribution of the empirical index to estimate the distribution of log z, and instead we target the
moments described in the previous section and shown in Table 7. See the Supplemental Appendix for details.

24In this setting, the parameter η may also capture frictions in the output market.
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Since the distribution of x is exogenous, our counterfactuals should be interpret as keeping the

distribution of access to capital constant, while - in practice - it may change in dynamic models,

as in Cavalcanti et al. (2021). Our analysis abstracts from this additional feedback effect.

Second, we have assumed that, despite the transaction cost, there is perfect competition in

the rental market, while the labor market is frictional and firms have monopsony power. These

assumptions are relevant. Perfect competition in the rental market is used to estimate the size

of the rental wedge τ in Section 3.3. The frictions in the labor market limit the ability of firms

to grow by hiring labor, thus increasing the importance of the rental market for capital, as we

further explore quantitatively below. Given the importance of these assumptions, we presented

extensive evidence to justify them in Sections 3.2.

Third, firms can only purchase one machine, which prevents the firms with low capital cost

from essentially taking over the rental market. This assumption is motivated by our setting, in

which we show that less than 7% of firms use more than one machine of each type. However,

it also reminds us that the model is intended for a low-income country and should not be used,

in its current form, to study countries in which firms produce at large scale and with multiple

machines of the same type.

Fourth, we model the labor market in partial equilibrium, as captured by the fixed wage level

W . We made this assumption to reflect that we are studying only one sector within Uganda

which is unlikely to affect the overall wage level, especially since the training to become a

carpentry worker is quite moderate so that an increase in demand for labor would simply lead

to reallocation from other sectors.

Finally, we have assumed that mechanization only affects the quantity of output produced,

but not its quality. In practice, while of course mechanization also affects product quality, given

the CES demand system, distinguishing between productivity and quality is irrelevant.

6 Quantifying the Importance of the Rental Market

We next use the estimated model to study the role of rental markets for economic development.

We quantify the aggregate effects in our context, explain the mechanism through which these

effects manifest, and draw general lessons for development policy.

To do so, we rely on model’s counterfactuals as we vary the size of the rental market wedge τ .

In our context, changing τ shows how the aggregate effects of the rental market on the Ugandan

economy depend on the underlying transaction costs. Beyond our context, several other reasons

may prevent a rental market from functioning properly, or even from emerging. For example, a

market leader might want to leverage its dominant position and not share production machines

with a smaller competitor. While the quantitative results hinge on the specific market structure

that we documented in our context – characterized by many small producers facing decreasing
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returns – the takeaways from this section should speak more broadly about the role of rental

markets for development.

6.1 Aggregate Effects of the Rental Market

We calculate the equilibrium of an economy that keeps all primitive parameters constant at

their estimated values but varies the rental market wedge (τ). Managers are allowed to switch

their entry decisions and production methods, and the prices of output and rented machines

are allowed to vary, in response. The price to purchase a machine, pb, is instead kept constant.

Figure 5: Aggregate effects of changing the rental market transaction costs τ
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Notes: The figure shows the impact of changing the rental market wedge τ on aggregate outcomes. Each panel
shows, for a different statistic of interest, the percentage change relative to an economy without a rental market.
The red dotted line highlights the level of the rental market wedge estimated in our data, while the blue dotted
line shows the value that we could directly assign to transportation and time costs. We show the results for
three values of the elasticity of substitution between aggregate GDP and the composite carpentry good, ι.

Figure 5 shows the results. We consider values of the rental market wedge τ ∈ [0, τ̄ ], where

τ̄ is a value sufficiently large to shut down the rental market. We plot mechanization, labor

productivity and total output, normalized relative to an economy with no rental markets. We

also consider 1 and 4 as alternative values of 1
ι

(2.2. is the benchmark value). To highlight the

aggregate gains that could be achieved by reducing the rental market wedge, we plot in red the

estimated value of τ from our revealed preference approach, and in blue the value of τ that we

could assign to transportation and time costs based on our direct survey evidence described in

Section 3.3.

The rental market has large aggregate effects. Transitioning from an economy without a

rental market to one with no transaction costs increases aggregate output by 17.5%, average

labor productivity by 12.4%, and the share of firms that are mechanized by 192%.25 Importantly,

25The impact of the rental market on aggregate output is mediated by the size of the elasticity of substitution
1
ι . When ι is large, the scope for the carpentry sector to expand is limited and thus a reduction in τ would lead
to a decrease in employment, as firms substitute labor for the relatively cheaper capital.
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our benchmark economy with τ = 0.430 achieves more than half of the total possible gains. In

this sense, the rental market in urban Uganda is a key determinant of aggregate productivity

and allows firms to reap a large share of the benefits of scale, or to achieve scale collectively.

Why are the aggregate effects so large? The large aggregate effects on productivity, and

hence output, are the result of two key elements: (i) an increase in mechanization leads to large

productivity gains; (ii) a well-functioning rental market has a large effect on mechanization.

We next discuss both.

First, our structural estimates imply a large causal effect of mechanization on productivity:

the mechanized production process is more than twice as productive as the non-mechanized

one (AM = 2.45). A simple back of the envelope calculation shows that the large increase in

mechanization obtained by reducing the rental market wedge from τ̄ to 0 (the mechanization

rate increases from 13% to 37%, the ∼ 200% change shown in Figure 5) would lead to an

increase of 29% in the unweighted average productivity.26 The average productivity gain shown

in Figure 5 is considerably smaller since, as we explain in details in the next section, the marginal

managers that mechanize through the rental market are the relatively low productivity ones,

which manage small firms.

Second, we shed light on why the rental market leads to such a large increase in mechaniza-

tion. The mechanization rate increases due to two margins: more firms purchase machines (the

investment rate increases from 13% to 19%) and each machine is used more intensively due to

the increase in the equilibrium rental price (capacity utilization increases from 51% to 71%).

Given our estimates of the distribution of the cost of capital relative to the returns from in-

vesting in machines, a decline in the rental market wedge increases the profits from renting out

machines and leads to a sizable (6%) increase in the number of firms that purchase a machine.

Most importantly, machine capacity can be effectively diffused through the economy by the

rental market, leading to a much larger (24%) increase in the share of firms that access capital,

hence mechanize. This magnifying effect of the rental market is due to fact that, both in the

data and in the model, machine capacity is much larger than the typical firm’s needs. Even

mechanized firms use on average ∼ 30% of the machine’s capacity, implying that each machine

can be shared by many firms. Overall, the key driver of the large observed gains from the rental

market is the mismatch between the large machines’ capacity and the small equilibrium firm

size, which is generated in the model by the low average managers’ productivity and steeply

decreasing returns to scale.27

26The unweighted average productivity is given by 0.87 × AL + 0.13 × AM = 1.19 when the mechanization
rate is 13% (τ = τ̄), and by 0.63×AL + 0.37×AM = 1.54 when it is 37% (τ = 0).

27In the Supplemental Appendix we use the sensitivity matrix approach of Andrews et al. (2017) to show that
the aggregate effects are not mainly driven by just a few empirical moments, suggesting that the quantitative
predictions of the model are fairly robust. Nonetheless, a few moments are particularly relevant. As expected,
the aggregate productivity gains are larger the more prevalent is renting and the lower is the machine’s capacity
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6.2 How and Why the Rental Market Shapes the Economy

Next, we use the model to zoom into how and why the rental market affects the economy.

In Figure 6a, we study how the rental market affects which managers mechanize and invest,

focusing on the comparison of the benchmark economy with the two polar cases with τ = 0

(no transaction costs) and τ = τ̄ (no rental market). Our objective is to illuminate the two

core benefits of the rental market described in Proposition 1: (i) to allow more firms to access

machines, overcoming the cost of indivisibility through collective scale, and (ii) to improve

the allocation of capital by unbundling ownership and utilization. In Figure 6b, instead, we

quantify how the prevalence of the rental market in our setting is affected by the large estimated

imperfections in other markets. Our goal is to highlight the characteristics of our setting that

make rental markets important, and to discuss the prevalence of the rental market in other

contexts.

The rental market allows firms to achieve scale collectively. The solid black line with

round markers in Figure 6a shows that, as in the data, mechanization increases in managerial

ability. Comparing across panels, we notice that: (i) the level of mechanization increases for all

managers as we reduce the size of τ ; (ii) it increases disproportionally more for the relatively

low ability ones. The rental market allows firms, especially the ones operating at lowest scale, to

access capital by breaking the indivisible machines into divisible time units, which small firms

can afford without having to pay prohibitive fixed costs. At the same time, it also benefits the

relatively large firms, due to the fact that, even for them, machine capacity is too large relative

to their scale of production: all firms thus benefit from collective scale.

The gray line is the share of managers that mechanize accessing machines through the

rental market. This relationship is not increasing with managerial ability since, conditional

on mechanizing, high skilled managers are more likely to invest, due to both their larger scale

and lower cost of capital (recall that we estimate a negative correlation between z and x).

Corroborating the discussion above, all managers rely extensively on the rental market to

mechanize, especially when τ is low, but relatively low skilled managers do so even more.

The rental market unbundles capital ownership and utilization. Next, we focus on

the average mechanization rates for managers with cost of capital below and above the median.

The managers with lower cost of capital are always more likely to mechanize, but the gap

in mechanization rate between high and low cost of capital managers decreases steeply as a

function of τ . By unbundling capital ownership and utilization, the rental market allows access

utilization of firm owners (i.e., the higher is the excess capacity that can be rented out). Also, they are larger if
the income variance of workers and managers is similar, hence if managers are weakly selected: when selection
is strong, a decline in τ brings in mainly low productivity managers.
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to machines even for managers with a prohibitively high cost of capital, thus effectively working

as a substitute for the financial market. Through this channel, the rental market reduces the

misallocation induced by the dispersion in the cost of capital.28

Figure 6: Understanding how and why the rental market shapes the economy

(a) Impact of the rental market on mechanization, as a function of manager characteristics
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(b) Prevalence of rental markets in different economies
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Notes: The sub-figure (a) shows the mechanization rate as a function of managerial ability, and separately for
managers that have cost of capital above or below the median. In gray, we show the share of managers that
access machines through the rental market. The left panel shows an economy with τ = 0, the middle one the
benchmark with τ = 0.43, and the right one the case with τ = τ̄ . The sub-figure (b) shows how the share of
managers that rent machines changes as we vary the imperfections in the financial, labor and output markets,
as captured by the dispersion of the cost of capital across managers (Sd (x)), the labor market frictions (ν), and
the firm-level decreasing returns to scale (η). The red dotted lines highlight each parameter’s benchmark

The rental market attenuates other market imperfections. In Figure 6b, we recompute

the model as we vary three parameters that capture the extent of frictions in the financial, labor,

and output markets. The left panel shows that the rental market becomes less prevalent as the

dispersion of the cost of capital is reduced.29 The rental market facilitates the reallocation of

capital across firms and thus it shrinks if banks can do that task. The middle panel shows that

28For the high skilled managers, the overall average mechanization rate is closer to the one of managers with
below median interest rate. This is due to the estimated negative correlation between z and x.

29While reducing the dispersion of x, we also change its mean to keep constant the average cost of capital of
managers that invest.
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fewer managers need to rely on the rental market if we reduce labor market frictions. Labor

market frictions keep firms small, thus preventing them to reach sufficient scale for investing.

Lastly, the third panel shows that increasing the elasticity of substitution across managers

reduces the mass of renters in equilibrium. When η is large – that is, when the ability of

productive firms to expand at the cost of the unproductive ones is limited – many low ability

managers enter the market, operate at a small scale, and rely on the rental market to mechanize.

Overall, we learn that the rental market is important in our context because it creates a work-

around for other imperfections. These results show that we expect rental markets to become

less relevant as countries develop, the average firm size increases, and market imperfections

vanish. Using data from the World Bank Enterprise Surveys, we find that the prevalence of

rental markets for capital is indeed lower in higher income countries (see the Online Appendix

for details).

6.3 Rental Markets Shape the Effectiveness of Development Policies

Finally, we show that taking into account the presence and functioning of the rental market

has sharp implications for development policies. Our main exercise uses the model to analyze

the effectiveness of different policies aimed at increasing mechanization, and how this depends

on the rental market. In doing so, we also highlight the role of general equilibrium effects.

The rental market reduces the benefits of subsidies to purchase machines. We first

consider a subsidy to purchase a machine equal to the median monthly profit (136$). This

subsidy, which is of similar size to typical capital grants for firms studied in the literature

(Banerjee et al., 2019; Janes et al., 2019), translates in our setting to a reduction of 17.5% of

the estimated cost of the representative machine.

Row (1) of Table 8 shows the effects of the subsidy comparing the equilibrium outcomes of

two economies where rental markets operate as in our baseline economy (i.e., with τ = 0.430)

and that are identical in all parameters, but for the fact that in one all firms receive a voucher

that decreases the price of the machine. The subsidy increases mechanization, productivity

and output. The effects are sizable if compared with the direct cost of the policy: column (4)

shows that each dollar spent on subsidies generates $1.24 in increased GDP, or a net benefit

of 24 cents on a dollar. Yet, as we next show, the effectiveness of this policy is limited by the

presence of the rental market.

In row (2), we compute the effects of an identical policy, but starting from an economy

without a rental market. To keep the comparison budget neutral, we adjust the size of the

subsidy so that, given the endogenous take-up, the total expenditure in machine vouchers is

identical in the two scenarios. We learn that the subsidy is much more effective in the economy

without the rental market, generating six times as large effects on mechanization and three
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times the net benefit. Given our estimated parameters, in the absence of a rental market

the relatively high price of machines prevents most firms from investing, hence from accessing

technology. Thus, the subsidy affects all managers in this case, as investing is the only viable

mechanism to access capital when rental markets are not available.

This comparison shows that the effectiveness of subsidies to purchase machines, such as

import subsidies for capital equipment, is expected to be larger in economies or sectors were

rental markets are less prevalent.

Table 8: Impacts of eliminating the rental market wedge: importance of equilibrium effects

∆IK ∆PYC
L

∆PYC
∆PYC
Cost

∆Ex [πN (ω)] ∆Ex̄ [πN (ω)]

Mechanization Productivity Output Return on 1 $ Profit, low x Profit, high x

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

Subsidies: Rental Market and Policy Effectiveness

(1) to buy +4.98% +1.4% +1.44% 1.24 $ +2.25% +0.14%

(2) to buy (τ = τ̄) +29.89% +1.65% +2.25% 1.74 $ +3.16% +2.24%

Comparing Policies

(3) to rent +4.44% +1.37% +1.44% 1.82 $ +0.88% +1.71%

(4) to buy & rent +4.75% +1.39% +1.44% 1.5 $ +1.5% +1.01%

Equilibrium Effects

(5) to buy (PE) +3.54% +0.8% -0.72% -0.62 $ +3.27% +0.31%

(6) to rent (PE) +15.25% +4.69% +2.77% 3.5 $ +6.99% +13.48%

Notes: Each cell shows the percentage difference relative to the benchmark economy. Each column corresponds
to a different aggregate statistic, while each row to a different policy counterfactual, as described in the text.

Rental vouchers can improve the equity of subsidies. We next consider rental vouchers,

along the lines of the policy studied in the agricultural context by Caunedo and Kala (2021).

We consider vouchers that reduce the price paid by renters for each unit of capital and solve for

the amount that provides the same overall increase in GDP as the purchase subsidies considered

above, which turns out to be 15.5%. The two policies provide, by construction, identical ag-

gregate effects.30 However, they have very different distributional consequences. The purchase

subsidy increases mainly the profits of managers with low cost of capital (row (1), columns 5

and 6) since few of those with a high cost of capital invest even with the subsidy. High cost of

capital managers are mostly affected through the general equilibrium effects, that is, through

30The two policies have different costs. However, the two are not directly comparable since the purchase
subsidy increases the overall stock of capital in the economy, thus having longer lasting effects. To compare the
two, we compute the internal rate of return, taking into account depreciation, that would generate the same
return on a dollar for the two policies over one year. We find this rate to be 61.2%, showing that rental subsidies
are the most effective alternative only if the opportunity cost of capital is large enough.

41



the reduction in the rental price, which favors them, and the reduction in the output price,

which hurts them. The rental vouchers, instead, benefit disproportionally those with a high

cost of capital, as they are more likely to rent (row (3), columns 5 and 6). Managers that invest

still benefit, due to the increased demand for rentals and the resulting hike in the rental price.

Depending on which firms policy-makers wish to help the most, they might prefer to use

purchase or rental vouchers, or both. For example, in row (4) we show that a policy that

assigns an equal subsidy to purchase and rent can be more equitable, while still achieving by

construction the same impact on GDP.

Results from partial equilibrium RCTs could mislead policy makers. While RCTs

can usually identify the impact of policies in partial equilibrium, policy-makers are primarily

interested in the impact of policies at scale, hence taking into account general equilibrium

effects. Motivated by this observation, we next use our model to study, for our two discussed

policies, how the partial equilibrium evidence that could be gathered through an RCT relates

to the aggregate results computed with the model.

In rows (5) and (6), we compute the average effects of the two types of subsidies while keeping

constant the entry choice, aggregate output and rental prices, thus essentially evaluating the

average treatment effects of interventions that target a small number of firms. In order to make

the results comparable with rows (1) and (3), we create the aggregate effects by assigning to

all firms in the economy the average treatment effects from this hypothetical RCT.

The comparison between the general and partial equilibrium effects differs widely across

policies. The rental vouchers (row (6)) have a much larger effect in partial equilibrium since

three types of equilibrium effects dampen the aggregate results: the rental subsidy (i) leads

marginal, lower ability managers to enter; (ii) increases the price of machines in the rental

market; and (iii) decreases the price of output. The opposite, instead, is true for the purchase

subsidy (row (5)), which in partial equilibrium would lead to smaller effects on mechanization

and productivity, and even to a negative effect on GDP due to managers shifting from produc-

tion to investing, attracted by the high returns from renting out capital, and reducing their

labor and output as a result. In this case, the general equilibrium effects are larger since the

reduced rental cost of capital, generated by the increased supply of machines, leads more firms

to mechanize and enter the market.

Overall, our results offer a concrete example that highlights the challenge of extrapolating

from partial equilibrium reduced form estimates to aggregate predictions on the impact of

policies at scale (Bergquist et al., 2019; Egger et al., 2019).

Industrial parks and urban planning. Finally, we notice that the rental market provides

an additional, and often overlooked, benefit to industrial parks. While most of the discussion
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in the literature concerns the returns from shared infrastructure, such as roads and electricity

access (Steenbergen and Javorcik, 2017), our results suggest that industrial parks could also

generate large returns from capital pooling, as locating many firms in close proximity to one

another is likely to reduce the transaction costs in the rental market.31 Further, as we have

shown that smaller firms are more likely to rent, while larger ones to own machines, our work

implies that properly designed industrial parks should include both relatively larger and smaller

firms. The former would benefit from accessing customers in the rental market, while the latter

from being in close proximity to firms that are more likely to be machine owners.

7 Conclusion

As well known, small firms in developing countries are often organized in large informal clusters.

In this paper, we show that this feature of the organization of production limits the costs of

small scale by allowing firms to achieve scale collectively: while machines are indivisible, their

capacity is divisible and can be shared among firms located near each other.

We combine a novel firm survey in urban Uganda with an equilibrium model of firm behavior.

The data provides direct evidence of economies of scale driven by the indivisibility of modern

machines, but also reveals that their capacity is traded between small firms in an active rental

market. The model allows us to quantify the large aggregate effects of the rental market on

technology adoption and productivity, to show that these effects are due to the size of other

frictions that keep firms small, and to explain that taking rental markets into account has

important implications for the design of development policies.

Our work offers a case study that highlights the importance of the rental market for under-

standing productivity in one (large) sector in one developing country. While the narrow focus

was useful to gain a deep knowledge of the institutional setting and properly measure how firms

produce output, our overarching goal is to draw general lessons for economic development.

Three takeaways strike us as particularly important. First, rental markets can be a powerful

workaround for other market imperfections, thus limiting the aggregate costs of frictions that

could keep firms small. Second, to understand technology adoption in low income countries,

it is important to take into account firm-to-firm interactions within informal clusters, while

focusing on the small scale of firms in isolation might be misleading. Third, in settings with

large and indivisible production machines, rental vouchers can be an effective and equitable

policy tool to increase overall mechanization and boost productivity.

31Corroborating this idea, we show in the Online Appendix that the estimated rental market wedge is smaller
in areas with higher firm density.
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Online Appendix

The Online Appendix is divided into four sections: Appendix A reports additional empirical

results that expand on evidence presented in Section 3. Appendix B includes proofs and details

on the model solution. In Appendix C, we describe the computation of calibrated parameters

and moments that are not already described in the paper. Finally, in Appendix D we study

the prevalence of the rental market across countries. A Supplemental Appendix not intended

for publication can be found on the authors’ websites.

A Additional Results on the Organization of Production

A.1 Additional Firm Descriptives

Table A1: Additional firm descriptives

All sectors Carpentry Metal
fabrication

Grain
milling

(1) (2) (3) (4)

Panel A: Firm characteristics
Monthly profits (USD) 236.9 219.5 257.2 244.9
Markup 0.22 0.23 0.21 0.24
Firm age (years) 10.1 10.4 8.9 12.0
Firm has trading license (%) 82.2 76.4 85.7 91.3

Panel B: Owner characteristics
Owner is male (%) 96.3 97.9 99.2 83.0
Owner age (years) 40.2 39.2 37.9 50.1
Hours usually worked per day for the firm 9.1 9.8 9.3 6.7

Panel C: Employee characteristics
Employee is male (%) 98.0 97.7 99.5 95.2
Employee age (years) 28.4 29.0 26.6 30.7
Employee years of education 9.3 8.9 10.2 7.9
Employee tenure (years) 3.5 3.5 3.3 3.9
Hours usually worked per day for the firm 9.9 9.7 10.0 10.0
Employee hourly wage (USD) 0.29 0.33 0.29 0.19

Notes: Means are reported. 1 USD = 3,800 UGX for monetary amounts. Monthly profits: average
of profits reported by managers for each of three months preceding the survey. Markups: average
revenues over variable costs minus one (see Section C.4). Profits, profits per worker and markups are
trimmed at the 99th percentile.

Table A1 provides additional descriptive evidence to suggest that our surveyed firms are estab-

lished and operate regular business activities, in spite of their small scale. The average firm has
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been in business for 10 years, and a majority of them are registered with the local authority

(Panel A). The average owner works 9 hours per day for the firm, so this is the primary job for

most of them (Panel B). The average employee has 3.5 years of tenure and works 9.9 hours per

day for the firm (Panel C). Taken together, the evidence shows that our sample is composed of

established and profitable firms that employ workers who hold stable, regular, and well-paying

jobs by Ugandan standards. There is no substantial heterogeneity across sectors along these

dimensions.

A.2 Additional Results on the Rental Market in Carpentry

Figure A1: Rental income as a function of machine price
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Notes: The figure reports the log of annual rental income from renting out machines against log purchase prices,
conditional on renting out machines in carpentry. Machines are weighted by the share of firms who report
renting in the machine, so that larger dots correspond to machines rented out more intensively in the data.
Diagonal lines depict the time taken to recuperate the purchase price of a machine by renting it out. Machine
prices and rental income are both trimmed at the top and bottom 1%.

Revenues from the rental market. Figure A1 plots average machine prices against average

annual income from renting out machines. The figure shows that managers clearly benefit from

renting our their excess capacity: machine owners can recover the cost of the typical machine

with about one year of revenues from the rental market. This is in line with evidence presented

in Section 5 that the cost of capital faced by managers is high on average. In addition, the figure

shows that revenues from renting out machines are relatively higher for the cheapest ones.32

32This result suggests that renting out cheaper machines, which can be easily moved around/stolen, may lead
to relatively large costs for machine owners, possibly due to larger monitoring costs.
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Evidence on competition in the rental market. We provide five pieces of evidence which

suggest that the rental market operates competitively, though subject to transaction costs.

First, the concentration of machines is limited: focusing on the three most commonly rented

machines (i.e., thickness planers, spindle moulders, and table saws) we find that there are

typically more than two machine owners of each machine type in each sub-county, conditional

on there being at least one owner. This likely creates competition and limits the monopoly

power of machine owners.33 Second, Table A2 regresses hourly rental prices on the number

of machine owners in the sub-county. If machine owners have market power, we would expect

prices to decrease as the number of owners increases, due to higher competition. Instead, we fail

to find a negative coefficient in any of the specifications. Third, if machine owners have market

power, we would expect rental prices to be relatively higher for more expensive machines, as

there is a higher entry cost in supplying them. However, as discussed above, Figure A1 shows

that this is not the case. In fact, revenues from the rental market are higher for relatively

smaller machines.

Fourth, firms that rent out their machines were asked how they decide what price to charge

machine renters, and two thirds explicitly say that they take into account the price charged

by other carpenters, as shown in Table A3. In line with this, when asked how they choose

machine providers, renters do not mention prices as an important determinant of their choice,

while distance from the rental place and quality of machines are reported as important reasons.

Finally, we find limited evidence of search frictions due to lack of information in the rental

market. In particular, Table A3 shows: (i) the limited role of social networks and referrals in

rental market interactions, as only 30% of renters already knew someone working at the place

where they rent machines, and prior personal connections are not cited as an important reason

for choosing a particular machine provider; (ii) lack of information on where to rent machines

is not reported as an important reason for not using certain machines or for owning instead

of renting; (iii) lack of quality/reliability of rented machines is not reported as an important

reason for owning rather than renting.34 Taken together, this evidence shows that there is a

substantial degree of competition in the rental market, and that search frictions are limited.

Direct evidence on transaction costs in the rental market. Panel A of Table A4

presents descriptive evidence on transaction costs related to transportation and time costs in

the rental market in carpentry.35 The table shows that renters typically visit machine owners

16 times per month, and every time they go: (i) they spend around 50 minutes traveling (and

33See the Supplemental Appendix for more details on this point.
34Table A3 uses data from a follow-up survey conducted in three of our sampled sub-counties about four

months after the end of the main survey. See the Supplemental Appendix for more details.
35The data comes from a short follow-up phone survey conducted four months after the end of the main

survey in three of our sampled sub-counties. See the Supplemental Appendix for more details.
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do so primarily using motorcycle taxis); (ii) they spend almost three hours at the premises of

machine owners and about half of this time is spent idle, waiting for machine access. In line

with wait times being important, our survey further reveals that 70% of machine owners report

avoiding wait times as a primary reason for owning instead of renting, and that wait times can

in part be explained by congestion as more than one fourth of renters report visiting machine

owners in the early morning.

Table A2: Relationship between rental market price and machine concentration

Dependent variable: Log Hourly Rental Price

Baseline No Subcounty

FE

Baseline Baseline

(1) (2) (3) (4)

Number of Machine Owners 0.000933 0.00324***

(0.00101) (0.00111)

Number of Machines Owned 0.00115

(0.000846)

Number of Machine Owners 0.00185

(no weight) (0.0100)

Machine FE Yes Yes Yes Yes

Subcounty FE Yes No Yes Yes

Number of Subcounties 29 43 29 29

Adjusted R2 0.343 0.064 0.346 0.341

Observations 192 192 192 192

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. OLS regression coefficients, robust standard errors in parentheses.
Sample: door producers; data aggregated to machine-types per subcounty. Explanatory variables: number of
machine owners in a subcounty (columns 1-2); number of machines owned in a subcounty (column 3); number
of machine owners in a subcounty (column 4).

To quantify these transaction costs, in Panel B of Table A4, we compute for each renter:

(i) their monthly value of time spent traveling to the machine owners’ premises and waiting for

machine access; (ii) their direct monthly transportation costs from using motorcycle taxis. We

present two alternative measures of the value of time. The first (Panel B, row 1) is calculated as

the sum of the total travel time and the time spent idle at the premises of the rental place, valued

at the average wage. The second measure (Panel B, row 2) is the same total time, but valued

reflecting the average income of managers and employees, respectively.36 This second measure

is our preferred estimate since it accounts for the difference in value of time between managers

and employees.37 If renters travel by motorcycle taxis, we compute their direct transportation

36That is, when employees travel to the rental place, we value their time at the average wage; instead, when
managers are the ones who go, we value their time at the average hourly profit (see Table A1).

37Panel A shows that this distinction is important, as in 56% of cases the managers themselves are the ones
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cost (Panel B, row 3) using typical motorcycle fares that we collected in Kampala. The direct

transportation cost is set to zero if renters report walking or using a bicycle. In 22% of cases,

renters report to mainly use other means of transport such as buses, cars, or vans. We value

those at zero direct cost, since we do not have reliable information on the cost of such means

of transport per trip.

Table A3: Descriptives on the rental market for machines

Questions (%)

(a) When setting rental prices, machine owner compares own prices to 65.2

those of other carpenters

(b) Renter had prior connection to the rental place 30.5

(c) Main reason for choosing the specific rental place

Quality of machines 23.7

Skill of machine operators 7.6

Distance (Travel time) 37.8

Prices 0

They have machines that are otherwise hard to find 12.2

Prior connection or friendly atmosphere 0

Accessibility to timber in location 10.2

Many types of machines available 4.4

Short waiting time 2.7

No other rental places nearby 0

Other 1.6

(d) Reasons for owning rather than renting machines

Do not know where to rent 0

Rented machines are not reliable 7.0

Rented machines are of lower quality 0

(e) Reasons for not using certain machines in carpentry

Do not know where to rent 2.9

Do not know where to buy 0

Notes: Panel (a) reports the share of machine owners who compare their price to that charged by other carpenters
in the area (firms could choose among a list of 7 options selecting multiple responses). Panel (b): for each rental
source, renters were asked if they knew someone working there before they started going there for business.
Panel (c): renters were asked the reasons for going to each of their current rental locations (each firm could
choose a maximum of 3 reasons and we report the top-ranked reason). Panel (d): each machine owner was
asked why they own rather than rent machines (firms could select among a list of 8 options and could select
multiple responses). Panel (e): firms neither using nor owning certain machines were asked the reasons for that
(firms could choose 3 among a list of 11 reasons and we report the distribution of relevant reasons, that is, of
reasons included in the top 3 most relevant).

Comparing the sum of the monthly transportation costs (Panel B, row 3) and the value of

time from our preferred measure (Panel B, row 2) with the monthly expenditures on machine

who travel to the premises of machine owners to use rented machines.
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rentals (Panel B, row 5) shows that transportation and time costs represent $45.5/$180.1 =

24.4% of direct expenditures on rentals. That is, we are able to explain about 60% of the

estimated rental market transaction costs from Table 4 through transportation and time costs.

Table A4: Descriptives on rental market transaction costs

Panel A: Descriptive statistics on rental market transaction costs

Number of different rental places the firm goes to 1.7

Number of machines rented from each rental place on average 5.4

Total number of visits per month to all rental places the firm goes to 15.6

Share of renters staying at the premises of rental place while machine is operated 61.3%

Time from arrival to rental place to job completion for average visit (minutes) 162.7

Time spent idle at premises of rental place for average visit (minutes) 73.3

Total travel time for the average completed visit to the rental place (minutes) 48.1

Share of renters traveling to the rental place by motorcycle taxi 53.1%

Share of managers who travel themselves to rental place 56.5%

Panel B: Calculated monthly transaction costs for renters

Value of time to access machines (USD, valued at average wage) 10.5

Value of time to access machines (USD, valued at average opportunity cost, A) 23.3

Direct transportation cost (USD, B) 22.1

Total cost of time and transportation (USD, A+B) 45.5

Total direct expenditure on machine rentals (USD) 180.1

Notes: Panel A shows average statistics regarding rental market transaction costs. The total number of visits
(Panel A, row 3) is defined as the number of separate times the firm reports going to all rental places to use
their machines per month. The first four rows of Panel B show average monthly costs for renters calculated
from Panel A. The final row in Panel B reports the total direct expenditure on machine rentals at the firm
level, valued at median machine prices (see Table A10), which was collected in a subsequent phone survey of our
sample of carpenters 7 months after the main survey. See the Supplemental Appendix for additional evidence
on wait times at the premises of machine owners.

Robustness of estimation of rental market transaction costs. Figure A2 reports a

battery of 27 robustness checks on our estimate of the coefficient β1 from equation 1. Each

circle inside the plot area corresponds to a point estimate, and we show both 90% and 95%

confidence intervals. The bottom panel displays features of each regression specification: a dark

circle implies that the specification includes that feature; red circles highlight features in our

preferred specification.

Features labeled“Hours”, “Exp”, “H Firm”,“E Firm”refer to alternative ways of aggregating

machine hours within steps to calculate the dependent variable. “Hours” denotes that the

aggregation uses weights based on machine utilization in the data, so that machines that are

used more heavily in a given step get a higher weight in that step. “Exp” implies that the

aggregation uses weights based on aggregate expenditure in the data, using the relative price

of each machine type, so that machines that represent a higher share of expenditure in a
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given step get a higher weight in that step. “H Firm” and “E Firm” are similar to “Hours”

and “Exp” respectively, but use firm-level hours and expenditure instead. “Ratio” indicates

whether the left hand side is the capital-labor expenditure ratio (Ratio = 1) or if we include

only capital utilization on the left hand side and control for labor utilization on the right hand

side (Ratio = 0). The latter option relies less heavily on the firm cost-minimization problem of

the firm. “Xs” denote that firm controls including sub-county fixed effects, managerial ability,

and dummies for door types produced are included in the regression (step fixed effects are

included in all specifications). “FE” indicates whether firm fixed effects are used instead. “NR”

shows whether the sample excludes machine owners who do not rent out their machines. “Step”

indicates if the regression is at the step-level versus at the machine-level.

Figure A2: Estimates of transaction costs in the rental market - robustness
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Notes: Standard errors are clustered at the firm level throughout. Sample: door producers. We use predicted
wages from a regression of worker wages on firm size and individual worker characteristics (Table A7) to alleviate
endogeneity concerns. When Ratio = 0, the appropriate standard errors would require bootstrapping as labor
utilization (on the right-hand side) is a generated regressor. The figure was constructed with the STATA package
speccurve. Due to the limited flexibility of the package, we do not report bootstrap standard errors, but note
that these are very similar.

Across all specifications the Figure shows that: (i) estimates of β1 are negative, and (ii)

the great majority are between -0.2 and -0.5; with our preferred estimate of -0.358 roughly

in the middle of the range. In the Supplemental Appendix we verify that estimates of β1 are

mostly negative when the estimation is carried out separately for each of production steps 3-9

(i.e., the seven most common steps), justifying our use of a pooled specification. We also show

that machine-level controls (e.g., machine value, age, expected remaining life, and dummy for

manufacture abroad) are not predictive of the capital-labor ratio for machine owners or renters.
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Table A5: Heterogeneity in estimates of transaction costs in the rental market

Dependent variable: Log Capital-Labor Expenditure Ratio

(1) (2) (3)

Share of Rented Machines (0-1) -0.346** -0.639*** -0.528***

(0.144) (0.188) (0.175)

Interaction with:

Manager Ability (Std.) -0.057

(0.135)

Avg. Firms within 500m above Med. 0.477**

(0.239)

Firms per km2 above Med. 0.328

(0.245)

Sub-county FE No No No

Step and Firm FE Yes Yes Yes

Adjusted R2 0.483 0.487 0.485

Observations 1,137 1,137 1,137

Notes: *** p < 0.01, ** p < 0.05, *** p < 0.1. OLS regression coefficients, standard errors clustered at the firm
level in parentheses. Sample: door producers. Level of observation: production steps. We restrict attention
to the seven most common steps for the production of doors, that is steps 3-9. All specifications control for
the number of machines used in each production step. For the definition of the dependent variable and the
Share of rented machines, see Table 4. The variable Avg. Firms within 500m above Med. is a dummy equal
to one if the average number of carpentry firms within a 500m radius of each surveyed firm in a sub-county
is above the median. The variable Firms per km2 above Med. is similarly defined. To maintain a balanced
number of observations above/below the median, the median is defined across all observations in the data used
for estimation (rather than across sub-counties).

Heterogeneity in rental market transaction costs. Table A5 reports estimates of our

preferred specification from equation 1, but where we add interactions between the share of

rented machines in a production step and different firm and sub-county level characteristics.

This allows us to test for heterogeneity in transaction costs. Column 1 shows that there is

no evidence of significant heterogeneity by manager ability: the estimated interaction is small

in magnitude and far from significant. In columns 2 and 4 we consider two measures of firm

density, one based on the number of other firms operating within a 500 meter radius from each

firm in our data (column 2), and one based on the number of firms per square kilometer in the

sub-county (column 3). In both cases we find that the estimated transaction costs are lower in

areas with higher firm density. Column 2 shows that the interaction term is 0.477 with 95%

confidence interval [0.009 ; 0.945], indicating that transaction costs are e(0.639−0.477)− 1 = 0.176

in areas with above median firm density (while they are 0.430 in the average sub-county).

Column 3 shows similar results: the estimated interaction term is 0.328, although not precisely

estimated. These results further confirm that our estimates primarily capture transaction costs

related to the time and physical costs of travel, as we would expect these to be smaller in areas
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with higher firm density, while firm scale should not matter for the size of these costs.

A.3 Additional Results on Labor and Output Markets in Carpentry

Labor market frictions. Table A6 reports descriptive evidence on the labor market in car-

pentry. The table presents a number of facts that are consistent with the presence of substantial

search frictions driven by lack of information on workers at recruitment. In short, our data re-

veals that: (i) most workers are hired through referrals; (ii) it takes on average over a month

to replace workers who leave; (iii) in about a third of cases, the manager would be willing to

raise the workers’ wages if they threatened to leave; (iv) turnover is low despite the absence of

any firing or hiring laws. When asked about the sources of labor market frictions, managers

indicate difficulties in screening workers at recruitment as their primary concern. This evidence

suggests that the cost of hiring an extra worker increases with firm size. For instance, since

networks are such an important recruitment channel, we can expect the cost of recruitment to

increase as the manager needs to extend beyond her network of contacts in order to hire more

employees (Chandrasekar et al., 2020).

Table A6: Descriptives on the labor market

Questions

Lack of employees with the right skills is a serious problem (%) 26.1

Finding workers with the right skills is a serious problem (%) 30.0

Screening workers at recruitment is a serious problem (%) 33.2

Number of employees who left in the last six months 0.57

Share of firms with no workers leaving in the last six months (%) 75.2

Share of workers hired through referrals (%) 57.5

Would offer wage rise to keep current workers from leaving (%) 32.9

Employees received any on-the-job training in the firm (%) 49.8

(If received) Average duration of the on-the-job training (months) 7.6

Time until an employee is able to work under minimal/no supervision (days) 64.7

Expected time taken for finding a replacement for an employee (days) 38.8

Notes: This table shows descriptives on the labor market in carpentry. Each row corresponds to a different
question asked to firm owners/managers. Rows 1-5 report averages across firms. Rows 6-11, instead, report
weighted averages across all employees, since the manager answered the associated questions separately for each
employee in the firm.

It is worth highlighting the contrast with the rental market on this point: as discussed in

Section 3.3, managers report knowing who owns machines and the quality/reliability of rented

machines is not perceived as a problem, so that in the rental market we do not find evidence of

information frictions. This dissimilarity can be explained by the different nature of the capital

and labor inputs: the productivity and reliability of rented machines can be easily assessed

9



by managers as firms use similar machines and these are simple to test, while learning about

workers’ abilities and whether they can be trusted is more costly due to the lack of skills

certification in these contexts.38 In line with this, managers report substantial investment in

training and supervision of their workers: for instance, the average worker needs more than two

months of training/supervision from the time of hiring until they are able to work independently.

Table A7: Relationship between wage and firm size

Dependent Variable: Log Employee Monthly Earnings

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

Manager Ability (Std.) 0.088** 0.073** 0.060
(0.037) (0.036) (0.037)

Log Num Workers 0.166** 0.142** 0.146**
(0.067) (0.066) (0.065)

Years of Schooling 0.029*** 0.029*** 0.027*** 0.027***
(0.008) (0.008) (0.008) (0.008)

Age 0.048*** 0.046*** 0.048*** 0.046***
(0.007) (0.008) (0.007) (0.008)

Age Squared -0.000*** -0.000*** -0.000*** -0.000***
(0.000) (0.000) (0.000) (0.000)

Tenure at the Firm (Yrs) 0.013** 0.013** 0.013** 0.012**
(0.006) (0.006) (0.006) (0.006)

Vocational Training (0/1) 0.039 0.049 0.052 0.060
(0.063) (0.062) (0.064) (0.062)

Log hours worked 0.320*** 0.330*** 0.321*** 0.333*** 0.340*** 0.324***
(0.075) (0.073) (0.072) (0.080) (0.077) (0.075)

Skills Controls No No Yes No No Yes
(Joint p-value) 0.013 0.001
Subcounty FE Yes Yes Yes Yes Yes Yes
Adjusted R2 0.201 0.267 0.274 0.198 0.264 0.274
Observations 1,062 1,062 1,062 1,062 1,062 1,062

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. OLS regression coefficients, standard errors clustered at the firm
level in parentheses. Sample: carpentry sector; regressions are at the employee level. Dependent variable: log
monthly earnings. All independent variables refer to the employee, except Managerial Ability (standardized
index based on multiple survey questions - see the Supplemental Appendix for details). Worker skills controls
(Columns 3 and 6): cognitive ability (4-item Raven matrices test), agreeableness, conscientiousness, extraversion,
neuroticism and openness (10-item Big Five test). The Joint p-values in columns 3 and 6 are from a joint F-test
that the additional skills controls are jointly insignificant in predicting wages.

Table A7 shows the results of Mincerian regressions of worker monthly earnings in carpentry.

In columns 1-3 the key independent variable is our standardized index of managerial ability;

in columns 4-6 it is the log of firm size. All regressions control for monthly hours worked and

sub-county fixed effects. In columns 2 and 5 we additionally control for worker education, age,

tenure and a dummy for whether the worker received vocational training. Columns 3 and 6

38See Alfonsi et al. (2020); Bassi and Nansamba (2021); Abebe et al. (2020) and Carranza et al. (2020).
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additionally control for cognitive and non-cognitive skills, and so are our preferred specifications.

Focusing on column 6, the coefficient on log number of workers is 0.146, indicating that a 1%

increase in firm size is associated with a 0.15% increase in wages. As shown in column 3, we find

similar results using our standardized index of managerial ability as a measure of firm scale.

This shows that larger firms pay higher wages, which is in line with frictional labor models with

monopsony wages such as Burdett and Mortensen (1998).

The main identification concern in these regressions is sorting on unobservables: if more able

workers are more likely to sort into higher ability/larger firms, then the coefficient on our key

independent variables of interest would be upward biased. The inclusion of sub-county fixed

effects limits concerns related to sorting across locations. Our rich set of controls for worker

skills also limit concerns related to sorting on unobserved ability. Still, we cannot claim that

these results are causal. Therefore, in the model we prefer to target a bundle of moments to

identify the parameter ν, rather than relying solely on the regressions in Table A7.

Figure A3: Organization of labor across the size distribution
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Notes: Sample: carpentry. The left panel compares the mean share of production steps performed by each
worker (solid black curve) with the minimum share of steps that each worker would have to complete under full
specialization, given the total number of steps performed by the firm (gray dotted curve). The middle panel
plots the probability that a production step is performed alone rather than in teams (solid black curve). The
right-hand panel shows the average number of daily hours spent by workers at the firm premises in total (solid
gray curve) and spent idle at the firm premises (solid black curve). Mean functions are estimated conditional
on number of workers (x-axis) throughout, and dotted lines depict 95% confidence intervals.

Organization of labor across the size distribution. We also study how labor special-

ization, teamwork and hours worked vary across the firm size distribution, to check whether a

more efficient or intense use of labor could create economies of scale in the labor input. Figure

A3 reports the results for carpentry, and shows that: (i) while we do see some evidence that

specialization increases with firm size, this is not strong: the average employee works on half of

the production steps even in large firms, which is far from full specialization; (ii) there is little
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evidence that team-work increases with firm size, except at the very top of the distribution;

and, (iii) we do not find that larger firms use labor more intensively: workers spend close to

three hours per day idle, and this does not vary much by firm size. In short, a more efficient

organization of labor or a more intense use of labor are unlikely to drive economies of scale in

labor. Coupled with the results in the previous paragraph, this confirms that the cost of hiring

an extra worker increases with firm size due to labor market frictions and to the absence of any

significant economies of scale potentially driven by a more efficient or intense use of labor.

Demand and competition in the output market. We provide two pieces of evidence

that suggest that competition in in the output market is low. First, we show that firms produce

differentiated varieties of the same product. To document this, we focus on firms producing

2-panel doors, which is the most common type of door produced, and compute the residual

variation in price and in a standardized index of output quality, controlling for sub-county fixed

effects.39 We find substantial residual dispersion in both prices and quality even within sub-

counties. For instance, the ratio of the 75th to the 25th percentile of the quality distribution is

more than 2. This confirms that there is differentiation even within narrowly defined products.40

Second, we present evidence consistent with output market frictions. Table A8 reports

descriptive evidence on access to demand and relationships with customers in carpentry, and

shows that: (i) the majority of customers originate from within the local urban area; (ii) firm

owners engage in extensive interactions with customers, e.g., they try to persuade customers

of the quality of their products, and there is price variation across customers for the same

product driven by bargaining; and (iii) firms have few customers and cite lack of demand as a

very serious problem. This evidence suggests that demand is geographically segmented and that

relationships with customers are important, which are both factors that can limit competition.41

In line with limited competition due to product differentiation and output market frictions,

we estimate markups of 23% for the carpentry sector (and markups are not related to mecha-

nization). For the estimation of markups, see Section C.42

39The index of output quality is constructed using multiple measures of product quality recorded through
direct observation by our enumerators.

40See the Supplemental Appendix for more details on residual dispersion in product prices and quality.
41In addition, the Supplemental Appendix reports: the share of customers originating from (i) outside the

parish but within the district, and (ii) outside the district; the breakdown of: (i) the share of sales to other
types of customers such as subsidiaries, wholesalers and government agencies; (ii) the share of other routes
through which orders are placed (e.g., besides walk-ins); the breakdown of: (i) the share of firms citing other
reasons (besides bargaining) as main reason for price variation; (ii) the share of firms that communicate the
quality of their products through other means; (iii) the share of firms that cite other reasons as main reason
for locating the business premises (beyond proximity to customers); (iv) the share of firms that indicate other
reasons (besides lack of demand) as a main constraint to growth.

42Another potential reason for limited competition in firm clusters would be collusive behavior on prices.
Brooks et al. (2018) document the importance of this channel in Chinese manufacturing.
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Table A8: Descriptives on demand

Panel A: Location of customers

% of firms reporting that most customers come from within the LC1 20.1%
% of firms reporting that most customers come from outside the LC1 34.0%
but within the parish

Panel B: Location of transactions

% of sales to final customers 94.8%
% of firms that sold to final customers at the business premises 96.9%
% of firms that sold to final customers through shipping in Uganda 15.6%
% of firms that sold to final customers through shipping outside Uganda 0.6%
% of firms where orders are placed in person through walk-ins 79.6%

Panel C: Customer relations

Average number of customers coming to the business per day 3.4
Average ratio of highest to lowest selling price for the same product to final customers 1.43
% firms citing Bargaining as main reason for price variation for the same product 43.2%
% of firms that communicate the quality of their products 55.5%
by directly talking to customers

% of firms citing being close to customers as main reason 28.5%
for locating the business premises

% of firms indicating lack of demand as a main constraint to growth 54.3%

Notes: The table reports descriptive statistics on demand in the carpentry sector. Panel A shows the share of
firms reporting that most customers come from within the LC1 or within the parish. LC1 stands for the lowest
level of administrative unit, which corresponds to a village for rural areas and to a neighborhood for a town or
a city. Panel B shows the share of sales in the last three months to final customers, the location of deliveries
and the share of customers placing orders at the firm premises. Panel C shows the descriptives on customer
relations.

B Proofs of the Theoretical Results

In this section, we include the main steps of the proofs of the theoretical results of Section

4. Details on the quantitative extension of Section 5 and further details on the algebra are

included in the Supplemental Appendix.

Profit Functions and Comparative Statics

We first solve the optimal variable inputs for each one of the four possible combinations of mech-

anization (IK) and ownership (IC). Through simple algebra, left to Supplemental Appendix,

we can show that the profit function is given by

π (x, z) = max

 ÃLz
γ̃L︸ ︷︷ ︸

Non-Mechanized (πL)

; ÃLz
γ̃L + m̃ (x)︸ ︷︷ ︸

Non-Mechanized Owners (πL,b)

; ÃM,rz
γ̃M︸ ︷︷ ︸

Renters (πM )

; ÃM,bz
γ̃M + m̃ (x)︸ ︷︷ ︸

Owners (πM,b)
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where

γ̃L =
(1 + ν) (1− η)

ν + η

γ̃M =
(1 + ν) (1− η)

ν + η − (1− η) vα

ÃL =
[
A1−η
L PW−

1−η
1+ν (1− η)

1−η
1+ν

] 1+ν
η+ν

(
ν + η

1 + ν

)

ÃM,r =

(
ν + η − (1− η) να

1 + ν

) A1−η
M P (1− η)

(1−η)( 1+να
1+ν )(

(1 + τ) prα
)α(1−η)

(
W

1−α

) (1−α)(1−η)
1+ν


1+ν

v+η−(1−η)vα

.

ÃM,b = (1 + τ)
α(1−η)(1+ν)
v+η−(1−η)vα ÃM,r.

m̃ (x) =

(
ξ

1 + ξ

)
χ−

1
ξ p

1+ξ
ξ

r − (δ + x) pb

Equipped with these expressions, we notice a few comparative statics that are useful throughout

this section: i) πL (x, z) does not depend on either τ or pr; ii) πL,b (x, z) does not depend on τ ,

but it increases in pr; iii) πK (x, z) decreases in (1 + τ) pr; iv) πK,b (x, z) does not depend on τ ,

and it increases in pr.

Notice that we used Assumption 1 in the solution of πM,b. In the Supplemental Appendix,

we include the general solution which holds also if Assumption 1 is violated.

Equilibrium Rental Price

As a preliminary result, we characterize the relationship between pr and τ and prove that, as

stated in Proposition 1, part 3: pr decreases, while the cost of renting in, (1 + τ) pr, increases

in τ .

First, consider the demand for capital in the rental market. It is decreasing in τ and in pr

for two reasons: i) each renter decreases capital utilization due to higher marginal cost; ii) the

share of renters in the economy reduces since πM (x, z) decreases, while all other options either

increase or stay constant (see previous subsection).

Second, consider the supply for capital in the rental market. It is increasing in τ and pr for

two reasons: i) a higher pr leads each machine owner to increase machine capacity and decrease

utilization, thus increasing rented capital C−K; ii) the share of individuals that invest increases

since πL,b (x, z) and πM,b (x, z) increase relative to πM (x, z) and πL (x, z).

Finally, let’s prove the result by contradiction. Consider an increase in τ , but keeping pr

constant. Total demand for rented capital drops, while supply is unaffected. As a result, price

pr must fall for the rental market to reach back the equilibrium. The fall in price pr cannot more

than compensate the increase in τ so that (1 + τ) pr also falls; otherwise, the demand for rented

capital would increase, thus implying that pr should increase, and reaching a contradiction. We

have thus proved that pr decreases in τ and (1 + τ) pr increases in τ .
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Proof of Lemma 1

To prove the Lemma, we solve for the investment and mechanization decisions and show that

they follow cutoff policies as stated.

Investment. Consider managers that do not mechanize. Since πL,b (x, z) decreases in x, there

will be a cutoff x̂ such that if and only if x < x̂ the manager invests. Moreover, notice that if

a manager z does not mechanize, the investment cutoff does not depend on z, and it is in fact

given by x̃ such that m̃ (x̃) = 0:

x̃ =
p
ξ+1
ξ

r

pb
χ−

1
ξ

(
ξ

1 + ξ

)
− δ.

Next, consider a manager that mechanizes. She invests if and only if πM,b (x, z) ≥ πM (z), which

gives

x ≤ x̂ (z) ≡
(

(1 + τ)
α(1−η)(1+ν)
ν+η−(1−η)να − 1

) πM (z)

pb
+
p
ξ+1
ξ

r

pb
χ−

1
ξ

(
ξ

1 + ξ

)
− δ

where x̂ (z) is an increasing function of z if τ > 0, while it does not depend on z if τ = 0. Also,

notice that x̂ (z) ≥ x̃ and that if and only if τ = 0, then x̂ (z) = x̃.

Mechanization. Consider managers that do not invest. They mechanize if and only if

πM (z) ≥ πL (z). Since πM (z) is more convex in z (because γ̃M > γ̃L as long as ν > 0),

we know that there must exist a value z̃a such that if and only if z ≥ z̃a, then the manager

mechanizes.

Next, consider managers that invest. They mechanize if and only if

πM,b (x, z) ≥ πL,b (x, z)

(1 + τ)
α(1−η)(1+ν)
ν+η−(1−η)να πM (z) ≥ πL (z) .

Therefore, also among the managers that invest, the choice to mechanize does not depend on x

and it is given by a cutoff ẑb such that a manager mechanizes if and only if z ≥ ẑb. Importantly,

we notice that ẑb > ẑa if τ > 0, while ẑb = ẑa if τ = 0. Finally, notice that ẑa is decreasing in

τ , while ẑb does not depend on it directly (but only through the price pr). As a result, when

τ →∞, only the managers that invest will mechanize, which then implies that x̂ (z) = ẑ−1 (x).
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Proof of Proposition 1

Part 1: higher profits for all managers. Since we have proved that pr decreases in τ ,

while (1 + τ) pr increases in τ , the comparative statics discussed above immediately imply that

profits must be weakly decreasing in τ for each production choice. As a result, their max – i.e.,

π (x, z) – must decrease as well.

Part 2: higher engagement in the capital market. Similarly to part 1, this result is

directly implied by the comparative statics just discussed: πL (x, z), which is the only production

choice not engaged in the capital market, is also the only function that does not depend on τ ,

while πL,b (x, z), πM (x, z), and πM,b (x, z) all decrease in τ . As a result, the lower is τ , the fewer

managers will decide to not mechanize nor invest.

Part 3: an improvement in the allocation of capital. Since we are keeping pr constant

by assumption, only πM (x, z) is affected by the decrease in τ . As πM (x, z) increases, some

managers will shift their choices and the overall number of renters must increase, while all the

other groups must weakly decrease. Recall that renters are managers that mechanize but do

not invest. As long as not all the new renters were non-mechanized owners absent the decrease

in τ , the correlation between mechanization and investment would strictly decline. Notice that

this must not be true if we let pr increase. In this case, we could observe a net increase of other

groups of managers, which could affect the overall correlation.

Part 4: a higher ability to overcome the indivisibility through collective scale.

First notice that, if all managers have identical cost of capital – x (ω) = x̄ – there cannot be

any non-mechanized owners in equilibrium, as otherwise everyone would invest. The reason is

that, for a given cost of capital, mechanized owners have more to gain from a machine investment

(rental income, cost savings on own use) than non mechanized owners (rental income). The

equilibrium thus has the lowest productivity managers being non-mechanized, the medium

productivity ones being renters, and the most productive ones being owners. A decrease in τ , as

we have seen, increases πM (x, z) and πM,b (x, z) relative to πL (x, z). As a result, mechanization

must decrease in τ , proving the result.

C Calibrated and Estimated Parameters, and Moments

In this section, we provide more details on each calibrated parameter, and on the computation of

each moment used in estimation. We then include the Jacobian matrix showing the relationship

between parameters and moments.
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C.1 Details on Calibrated Parameters

In this section, we provide more details on each calibrated parameter, and on the computation

of each moment used in estimation.

Table A9: Step-level capital intensity

Share of firms Share of firms Median labor α

performing step performing step expenditure for owners,

with with as share of total

modern machines modern machines labor expenditure

that are owned across steps

(1) (2) (3) (4)

Step 3 - Cutting 77% 23% 15% 0.59

Step 4 - Planing 77% 14% 17% 0.61

Step 5 - Thicknessing 75% 12% 15% 0.46

Step 6 - Edging 76% 19% 14% 0.42

Step 7 - Sanding 32% 14% 17% 0.47

Step 8 - Mortising 69% 22% 16% 0.52

Step 9 - Finishing 52% 28% 16% 0.43

Average across steps 65% 19% 0.50

Notes: Sample: door producers. Expenditure shares (column 3) are trimmed at the 1st and 99th percentile.
Machine owners are defined at the step-level, i.e., firms that own all the machines used in a given step are
classified as owners for that step. We restrict attention to the seven most common steps (out of ten) for the
production of doors, that is steps 3-9. See the Supplemental Appendix for more details on steps 3-9.

Capital share (α). Table A9 reports details of how we compute α. As discussed in Section

5.2, and as shown formally in the Supplemental Appendix, α is pinned down by the capital-labor

ratio. To compute the numerator, we calculate the total hours of machine time used by a firm

in a given step per month.43 We price these at the average hourly rental rate for each machine

type, computed using information on all machines rented in our data. For the denominator, we

calculate the total monthly labor hours used in a given step. These are priced at the within-firm

average predicted hourly wages, predicted from the same regression as in column 6 of Table

A7. We then take the ratio of monthly capital to labor expenditure for each step, and use

this ratio for machine owners to compute the value of α for each step. Column 4 reports the

median value of α , and shows that this does not vary substantially across steps. This justifies

taking the average across steps. We do this in the last row, where each step is weighted by the

median labor expenditure of owners on that step, as a share of labor expenditures across all

43To be precise, we have data on: (i) which production steps each machine is used for and (ii) how many
hours the machine is used. For those machines used in more than one step, we assign machine time to steps
proportionally to the distribution of machine usage across steps in the data. Machines are rarely used in more
than one step and the concentration of machine time across steps is high. For instance, a table saw is used in
1.38 steps, and is used in its most common step (i.e., cutting) 87% of the time. The average machine is used in
1.2 steps. See the Supplemental Appendix for more details on how we assign machines to steps.
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steps (column 3).

We highlight two further results that reassure us about the validity of our approach. First,

we find that the production process of renters is less capital intensive, which is consistent with

the rental market transaction costs estimated in Table 4. Specifically, we find that the capital-

labor ratio for owners (averaged across steps) is 1.05, while this is 0.75 for renters. Second,

we find that the labor expenditure shares of owners and renters across steps are very similar.

This is consistent with the production function being the same for renters and owners, and so

validates an important modeling assumption.

Table A10: Calibrated parameters and moments

Aggregation

weighted by

machine hours

Aggregation

unweighted

(1) (2)

Panel A: Calibrated parameters

Median Purchase Price of Machines in USD (pb) 776.2 579.3
Median Hourly Machine Rental Price in USD (pr) 0.514 0.490
Average depreciation rate (δ) 0.069 0.082
Share of Machine Capacity Rented from Specialized Providers

(φ/(1 + φ))

0.494 0.684

Panel B: Moments

Average Machine-Level Capacity Utilization 0.531 0.533
Average Firm-Level Capacity Utilization 0.356 0.354
Average Firm-Level Capacity Utilization, Owners 0.380 0.381
Average Firm-Level Capacity Utilization, Renters 0.338 0.336
Average Firm-Level Capacity Rented Out 0.151 0.152

Notes: Sample: door producers. Median purchase and rental prices of machines (Panel A) are trimmed at the
1st and 99th percentile and converted to nominal US dollars using an exchange rate of 3,800 UGX/USD.

Machine price (pb), rental price (pr), and depreciation rate (δ). These are reported in

Panel A of Table A10. To compute the machine purchase (pb) and rental prices (pr) we use our

machine-level data, where firms were asked to report the price paid for each machine (if they

own it) and the hourly rental rate they pay to use the machine (if they rent it). We take the

median across machines for both these prices. To construct pr, we additionally subtract from

the median hourly rental rate the median cost of labor incurred by machine owners, as we are

interested in isolating the share of the rental cost that captures payment to capital. 44

44This is estimated with the following procedure. Our data shows that: in 65.5% of cases the employees of
machine owners perform all operations on machines that are rented out to other firms; in 19.9% of cases the
employees of machine owners supervise the employees of firms who are renting their machine; and, in 14.6% of
cases machine owners let the employees of other firms use their machines without supervision. Median hourly
wages in carpentry are $0.26, so we subtract from the median hourly rental rate: $0.20 = (0.655 × 0.26) −
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The depreciation rate δ is computed as: 1−(V/P )1/A, where V is the current machine value,

P is the purchase price of the machine and A is the age of the machine in years. We report the

average depreciation rate in row 3 of Panel A.

In column 1 machines are aggregated by weighting each machine type by the share of total

machine time it accounts for in the data, so that machine types used more intensively get a

higher weight.45 Column 2 shows that our results are robust to aggregating without weights.

We note that machine purchase prices are significantly larger in column 1 than column 2. This

is in line with more expensive machines being used more heavily by firms.46

Share of machine capacity rented from specialized providers ( φ
1+φ

). This is reported

in Panel A of Table A10, and is defined as (HRi−HRo)/HRi , where HRi are weekly total hours

of machine usage reported by renters, and HRo are weekly total hours of machine time that

owners report supplying to renters. Since we have a random sample of firms, this ratio would

be zero if machine renters were only renting from machine owners. However, Table A10 shows

that the machine time used by renters is about twice as large as what machine owners report

renting out. This indicates that about 50% of the rented machine time originates from other

providers that are not carpentry firms. Our data further shows that such providers are mostly

workshops that specialize in renting out machines: machine renters were asked where they

rent their machines from, and around 39% of door producers report renting from intermediary

retailers (while 58% report renting from other carpentry firms in the same area, and 3% from

other sources such as family and friends).47 As described above, in column 1 machines are

aggregated weighting each machine type by the share of total machine time it accounts for in

the data. In column 2 we show that our results are robust to aggregating without weights.

(0.199 × 0.5 × 0.26). That is, when the employees of machine owners perform the operations themselves, we
remove from the rental price their hourly wage. For similar reasons, we remove half of the hourly wage when
the employees of machine owners supervise the employees of machine renters. This information on supervision
of renters by machine owners was collected in a short follow-up phone survey conducted about 3 months after
the end of the main survey. Details on additional data collection are provided in the Supplemental Appendix.

45The information on machine usage at the firm level was collected in a short follow-up phone survey conducted
about 7 months after the end of the main survey.

46If a firm uses more than one machine of each type (i.e., more than one thickness planer), then our data
contains one observation for each type of machine, and in this case the machine purchase price refers to the last
machine purchased by the firm, the current value refers to the average machine, the age to the average machine,
and the hourly rental rate refers to the typical machine of that type rented by the firm. Firms use more than
one machine of each type in less than 7% of cases.

47Specialized rental workshops likely have higher machine capacity available for rent (since they do not use the
machines themselves) and so this can explain why the share of rented machine time accounted for by specialized
workshops (50%) is higher than the share of renters using specialized workshops (39%).
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C.2 Details on Moments

This section describes the computation and estimation of additional moments not already de-

scribed in the main text, and should be read in conjunction with Table 7. In each paragraph,

we refer to the rows of Table 7 that include these additional computed moments. Two rows are

missing: row (12) includes pr, already described in the previous section; row (36) includes the

average wage from Table A1.

Capacity utilization (Rows 13-17). The moments related to capacity utilization are shown

in Panel B of Table A10. To compute the average machine-level capacity utilization, we use

information from machine owners, who were asked how many hours per week they use their

machines for all their products, and how many hours they rent them out to other firms. We

consider as total demand the total time that the machine is operated per week (for both own

use and for renting out), and as total supply 60 hours per owned machine. To compute the

average firm-level capacity utilization, firms were asked how many hours per week they use each

machine for the production of all their products. We set full capacity at 60 hours per week.

We then recompute the firm-level capacity utilization separately for owners and renters, where

owners and renters are defined at the machine level. The average firm-level capacity rented

out is computed using only machine owners, and dividing the weekly hours that the machine

is rented out by 60.

Table A11: Interest rate

Sample: Firms that are

borrowing

Firms that would need

to borrow to cover

unforeseen expense

(1) (2)

Average interest rate 0.329 0.593

Standard deviation of interest rate 0.281 0.432

Number of firms 29 191

Notes: Sample: carpentry sector. Column 2 reports a hypothetical interest rate for firms that would need
to borrow to cover unforeseen expenses, and is trimmed at the 95th percentile to correct for outliers. This
information was collected in a short follow-up phone survey conducted about 7 months after the initial survey.

Cost of capital (Rows 32-33). Firm owners who reported borrowing for the business at the

time of the survey were asked their interest rate. Column 1 of Table A11 shows that the mean

interest rate is 33%, with standard deviation of 28%. However, we note that only 29 carpentry

firms reported to be borrowing and provided a value for the interest rate.

To provide more evidence on the cost of capital, in column 2 we report the mean and

standard deviation of the hypothetical interest rate that firms expect to face if they had to

borrow to cover an unforeseen expense. Specifically, we first asked if firm owners would be able
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to cover a UGX 1 Million (USD 263) expense, either through borrowing or through own savings.

If they said No, then we asked if they could cover lower amounts. For those that said Yes to

any of these questions, we then asked if they would be able to cover the expense by borrowing

or through savings. To those who would need to borrow, we then asked the interest rate they

would expect to face.48 First, we note that 39% of firms reported that they would need to

borrow. This shows that about 60% of entrepreneurs have substantial savings, and so likely

have a lower cost of capital. Second, comparing columns 1 and 2 suggests that those managers

who borrow face a lower interest rate than those who do not have substantial savings and do

not currently borrow. Taken together, this evidence shows that there is substantial variation

in the cost of capital across firms.

Table A12: Predictors of access to liquidity

Able to cover unforeseen expense
of UGX 1M

Would need to borrow
to cover unforeseen expense

(1) (2) (3) (4)

Manager Ability (Std.) 0.059*** -0.021

(0.023) (0.025)

Investment Rate (0-1) 0.508*** -0.553***

(0.132) (0.152)

Sample All Firms Door Prod. All Firms Door Prod.

Subcounty FE Yes Yes Yes Yes

Adjusted R2 0.054 0.062 0.099 0.181

Observations 477 326 475 324

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. OLS regression coefficients, robust standard errors in parentheses.
Sample: carpentry sector. Managerial ability: standardized index based on multiple survey questions, see the
Supplemental Appendix for details. Investment rate: See Table 3.

In Table A12 we verify that higher ability managers and machine owners face a lower cost

of capital. Column 1 shows a positive correlation between managerial ability and whether the

manager would be able to cover an unforeseen expense of UGX 1M (with either own savings

or a loan). Column 3 shows that, conditional on being able to cover an unforeseen expense,

there is a negative association between managerial ability and the probability that the manager

would need to borrow to cover the expense (as opposed to using own savings), though this result

is imprecisely estimated. Columns 2 and 4 show that firm owners who own a higher share of

machines face easier access to capital and have more liquidity available through savings. These

results are in line with the model estimates that higher ability managers face a lower cost of

capital, and that managers with lower cost of capital are more likely to invest.

48This information is thus available only for firms that would need to borrow to cover it (as opposed to using
own savings). This information is missing also for firm owners who would not be able to cover the expense at
all (neither with a loan nor with own savings), but we note that only 2 firms reported not being able to cover it.
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Finally, we also show that managers with lower cost of capital, as proxied by their ability to

cover the unforeseen expense, are more likely to own machines, even conditional on managerial

ability, and that mechanization and investment rates are both higher in areas with easier access

to banks, even conditional on managerial ability. These results provide additional evidence of

variation in cost of capital across entrepreneurs resulting in heterogeneity in mechanization and

investment. See the Supplemental Appendix for more details.

Labor market frictions (Rows 28-31). To be conservative, for the identification of the

labor market friction parameter ν we prefer to target the bundle of moments described in

Section 5, rather than relying exclusively on the direct estimates of ν from column 6 of Table

A7. In particular, we also target: (a) the relationship between wages and managerial ability

from column 3 of Table A7, and (b) the correlation between managerial ability and (i) capital

stock and (ii) firm size, reported in Table A13. The results from part (a) indicate that an

increase in managerial ability of one standard deviation is associated with a 6% increase in

earnings. For part (b), in Table A13 we regress the log value of the capital stock used and log

firm size on managerial ability. Our preferred specifications limit the sample to door producers

(i.e., columns 2 and 4). These show that a one standard deviation increase in managerial ability

is associated with a 40% increase in capital and a 14% increase in labor.49

Table A13: Capital stock and labor choice

Log Capital Stock Used Log Number of Workers

(1) (2) (3) (4)

Manager Ability (Std.) 0.474*** 0.398*** 0.113*** 0.135***

(0.094) (0.111) (0.028) (0.036)

Sample All Firms Door Prod. All Firms Door Prod.

Subcounty FE Yes Yes Yes Yes

Product Controls Yes Yes Yes Yes

Adjusted R2 0.212 0.237 0.239 0.230

Observations 421 311 522 381

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. OLS regression coefficients, robust standard errors in parentheses.
Outcome variable in columns 1-2: log value of capital stock used (owned and rented). Product controls: dummies
for the most common door type and for producing two-panel doors in the last 3 months. Managerial ability:
standardized index based on multiple survey questions, see the Supplemental Appendix for details.

Managers’ selection (Rows 34-38). We are interested in the relationship between man-

agerial ability and the decision to become a manager (relative to the outside option of being

a worker in the same industry, as suggested by our data). However, managerial ability is

49The regressions in Table A13 are robust to excluding product controls.
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available only for managers, and so is predicted by running a regression of our standardized

index of managerial ability on a set of individual characteristics available for both managers

and workers.50 In columns 1-2 of Appendix Table A14 we regress predicted managerial ability

(standardized) on a dummy for being a worker. Column 1 shows that workers score about 0.29

of a standard deviation lower on the predicted measure of managerial ability. This result is

robust to excluding sub-county fixed effects (column 2).

In columns 3-4 we regress a dummy for being a manager on the rank of the individual on the

same measure of predicted managerial ability described above. To construct the rank, we weight

observations so that the weighted sample includes an equal share of managers and workers. We

report both standard errors clustered by firm and bootstrap standard errors (with resampling

by firm) as the independent variable is constructed using a generated regressor. The results

show that an increase in the rank of 10pp is associated with an increase in the probability of

being a manager of about 2-2.8pp. This result is imprecisely estimated once we account for the

generated regressor.

Table A14: Outside option and entry choice

Predicted Man. Ability (Std.) Manager (0/1)

(1) (2) (3) (4)

Worker (0/1) -0.285*** -0.240***

(0.051) (0.053)

Rank of predicted 0.275*** 0.204***

man. ability (0-1) (0.050) (0.044)

[0.216] [0.187]

Subcounty FE Yes No Yes No

Adjusted R2 0.176 0.012 0.014 0.014

Observations 1,433 1,433 1,433 1,433

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. OLS regression coefficients. Sample: workers and managers in
carpentry. Standard errors clustered at the firm level are shown in parentheses, whereas bootstrapped standard
errors with 1,000 replications and resampling clustered by firm are provided in square brackets. To create the
predicted measure in column 1 (column 2) this regression does (does not) control for sub-county fixed effects.

Finally, Table A15 reports the ratios of the standard deviations of workers to managers for:

(i) income (row 1) and (ii) predicted managerial ability (row 2), predicted as described above.

Column 1 reports our preferred specification where the standard deviations are calculated net-

ting out sub-county fixed effects. As a robustness check, column 2 shows the ratios without

controlling for sub-county fixed effects. The results are similar.

50These are: years of schooling, age, age squared, a dummy for whether attended vocational training, the
score on a 4-item Raven matrices test, and the Big five traits, measured through a 10-item Big five test.
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Markups (Row 26). We calculate markups as revenues over variable cost (measured as

revenues minus profits), minus 1. This approach recovers markups under the assumption that

profit measures in the survey correspond to variable profits (i.e., managers do not take into

account fixed costs when reporting monthly profits). We believe this to be the case given how

the profit question was worded. Estimates of markups are reported in Table A1.51

Table A15: Workers-managers gap in variance of income and ability

Sub-county

FE

No Sub-county

FE

(1) (2)

Ratio of Workers-Managers Std of Income 0.898 0.700
Ratio of Workers-Managers Std of Managerial Ability 0.970 0.925

Notes: Sample: carpentry. First row: ratio of the standard deviation of workers’ monthly earnings and managers’
average monthly profits. Second row: ratio of the standard deviation of workers’ and managers’ predicted
managerial ability. The statistics in column 1 (column 2) control (do not control) sub-county fixed effects.

C.3 Elasticity of Moments to Model’s Parameters

To formally explore the connection between parameters and moments, we compute the elasticity

of each (model generated) moment to each model parameter (as commonly done in the literature,

e.g., Kaboski and Townsend, 2011b), restricting attention to the 14 parameters that are jointly

estimated.52 Specifically, we start from the estimated vector of parameters ϕ∗, and we create

28 alternative vectors, two for each parameter j, as follows: ϕ (j) =
{
ϕ∗−j, 0.95ϕ∗j

}
and ϕ (j) ={

ϕ∗−j, 1.05ϕ∗j
}

, where ϕ (j) keeps all parameters except for j constant and decreases j by 5%,

while ϕ (j) does the same, but increasing j by 5%.

We then compute with our model the vectors of moments corresponding to each vector of

parameters and use them to compute

∆jr = mr (ϕ (j))−mr

(
ϕ (j)

)
.

∆jr measures how much moment r would change if we changed parameter j by 10% around

the estimated value while keeping all the other parameters constant.

To ease comparison across the different moments, we then normalize ∆jr for each moment j

so that, when rounded, it sums to 28 across all parameters:
∑

j Round (∆jr) = 28. The result

51For robustness, we also calculate markups using hypothetical questions. Managers were asked how much
revenues they could generate from UGX 250,000 of intermediate inputs. They were then asked how much of
these revenues would: (i) go to wages; (ii) cover other variable costs (e.g., machines, fuel etc.); (iii) be left as
variable profits. We compute markups as the ratio of the stated revenues over the sum of intermediate input
costs, wage costs and other operating costs. This alternative procedure yields markups that are very similar.

52Recall that while there are 15 parameters in total, the curvature of the capacity cost ξ is solved within
each loop to clear the rental market given the observed price of capital pr. For this reason, we are not going to
include it in this exercise.
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of this procedure is the Jacobian matrix shown in Figure A4, which illustrates which param-

eter is most important for each moment. Our normalization helps to generate interpretable

magnitudes: if all parameters have an identical impact on a specific moment, then we should

see a value of 2 for each parameter in the corresponding row; if only four parameters matter

for a moment, with equal relevance, then we should see a value 7 for those parameters and 0

otherwise, and so on.

The results from the Jacobian are quite intuitive and they connect different blocks of pa-

rameters to the moments that we would expect, as we discuss in details in Section 5.3. In

Table 7 in the main text, we report for each moment the three most relevant parameters, as

long as they have a value bigger or equal than 2 in the Jacobian matrix (to guarantee that the

parameter has a more than average relevance).

Figure A4: Normalized partial derivatives of moments with respect to parameters
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Notes: The matrix includes the normalized values of ∆jr computed as described in the text. Each row is a

moment and each column is a parameter. We use the symbol πN and θ2 instead of π̃N and θ̃ due to Matlab
formatting.
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D Prevalence of Rental Markets Across Countries

To study the prevalence of the rental market across countries, we use the World Bank Enterprise

Surveys (WBES). Importantly for our purposes, in the waves of the WBES collected between

2012-2014 firms are asked their total expenditures on rental of machinery, vehicles and equip-

ment in the fiscal year before the survey. In total, we have this information for 6,836 firms in

44 countries. For each firm, we construct a dummy equal to one if the firm reports any rental

market expenditure in the previous year.53 Figure A5 plots the share of firms that rent capital

in each country, against GDP per capita.54 The Figure shows a clear negative correlation, thus

confirming that the rental market is indeed less prevalent in more developed economies. Uganda

does not appear to be an outlier, showing levels of prevalence of the rental market comparable

to other sub-Saharan African countries such as Ghana, Zambia or Sudan.

Figure A5: Prevalence of rental markets for capital across countries
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Notes: Data: World Bank Enterprise Surveys (WBES) for 2012-14. Share of firms in each country that re-
ports any rental expenditure on machines/equipment/vehicles, against log real GDP per capita. Countries are
weighted by the number of firms in the WBES. We exclude 13 countries with less than 20 firms.

53Across all countries, 43% of firms report any involvement with the rental market.
54To reduce the impact of outliers, we exclude countries with less than 20 firms and weight each country by

the number of firms. Our results are robust to using the full country sample and not weighting the estimates.
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