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1 Introduction

African cities are among the most polluted in the world, with air pollution levels now posing a
health threat on par with diseases like HIV or malaria in many African countries (Greenstone
and Jack, 2015, (Greenstone and Hasenkopf, 2023). These high pollution levels are likely to per-
sist in the medium term. However, their adverse health effects could be mitigated if individual
exposure to pollution was reduced through adaptation or avoidance strategies.E]

In this paper, we collect new data from urban areas in Uganda to study pollution exposure
at workplaces, which is where most people in African cities spend the majority of their waking
hoursE] Adaptation to pollution is difficult in these settings: production often occurs outdoors
or in poorly insulated buildings, and the cost of investments in air purifiers can be prohibitively
high. On the other hand, avoidance might be a more viable strategy since air pollution varies
widely across space, even within the cityF| In principle, workers could avoid the air pollution
by working in the cleaner parts of the city.

The key contribution of our paper is to show that, in practice, avoiding air pollution is very
challenging for manufacturing workers in Ugandan cities. Entrepreneurs tend to locate their
businesses in the most polluted parts of the city, which we show are also the most profitable ones,
as road traffic bundles pollution exposure with access to customers. As a result, employment
opportunities are concentrated in these highly polluted areas—jobs are in the smog—Ileaving
workers with few options to avoid exposure to harmful air quality.

To situate our study in the broader context, we begin by showing that cities in developing
countries feature some of the world’s highest levels of pollution, caused at least in part by rising
motorization and poor infrastructure that ultimately lead to traffic congestion[] Uganda is no
exception: Ugandan cities today are on average as polluted as Chinese cities.

We collect geo-coded PM2.5 measurements in a sample of urban areas of Uganda, using
both mobile and stationary monitors. This high frequency data allows us to document street-
by-street variation in pollution within the city, and to estimate temporal fluctuations within the
day. Importantly, this local analysis would not be possible with standard satellite data, as the
level of geographical aggregation in those datasets would not capture differences in pollution

levels within neighborhoods, which we show are substantial.

!The literature has highlighted the important role of adaptation investments (such as air purifiers) and
avoidance behavior through location choices or labor supply decisions in limiting the negative health effects of
pollution in low- and middle-income countries. See |Greenstone et al.| (2021)), Hanna and Oliva) (2015)), |Aragon
et al.| (2017)), Hoffmann and Rud| (2024)), Khanna et al.| (2021) and |Chen et al.| (2022]).

“More generally, the literature has shown that workers in developing countries spend longer hours at the
workplace than in higher income countries (Bick et al., 2018]).

3See, for instance, [Karner et al.| (2010), Kim et al.| (2004) and |Guo et al.| (2010).

4For instance, in Uganda, the setting of our study, between 2013 and 2019 over 800,000 vehicles were added
to the country’s vehicle fleet. [Kreindler| (2024) documents rising ownership rates of motor-vehicles in India
between 2005-2015. Developing countries tend to import old and used vehicles, which further contributes to
generating pollution (Davis and Kahn| [2010).



We combine the pollution data with our own geo-coded survey of more than 1,000 manu-
facturing firms. For each firm, we collect measures of productivity such as profits, a standard
and vetted managerial ability index (following [McKenzie and Woodruff, [2017)), as well as a
range of questions about location choice. For the workers of our firms, we gather information
on their background characteristics, the hours they work, and their wages. In addition, for
both entrepreneurs and workers, we ask several questions on pollution avoidance behaviors and
adaptation investments, as well as awareness of pollution as a problemﬁ Finally, we have access
to the geo-coded universe of Ugandan roads.

Equipped with this data, the empirical analysis proceeds in five steps. We begin by doc-
umenting the extent of spatial heterogeneity in air pollution within the city. To do so, we
divide our sample area in grid cells of 500 meters x 500 meters (following |Ahlfeldt et al., 2015,
Michaels et al., 2021) and aggregate the PM2.5 measurements at the grid-cell level.ﬂ We find
large spatial heterogeneity: in the average sub-county (which corresponds to a large neighbor-
hood of a city), grid cells with pollution levels similar to Dhaka in Bangladesh coexist with
others with pollution levels similar to Milan in Italy. We further show that air pollution in a
grid cell is highly correlated with the presence of large roads: grid cells with major roads are
significantly more polluted, and this remains true even within sub—countiesﬂ

Second, we study where firms locate within the city. We find that most entrepreneurs sort
into polluted grid cells, locating along the largest and most polluted roads. We rule out that
the correlation between firm density and pollution is driven by reverse causality by showing
that firms themselves are not the source of pollution.

Third, we study the economic returns from locating near large (and polluted) roads. We
find that, in addition to being more polluted, grid cells with major roads feature significantly
higher profits, even controlling for a rich set of observables: that is, there is a large profit
pollution premium. In our road data, each road has an ordinal size going from 1 (smallest) to
5 (largest). An increase of one unit in the median road size in the grid cell (e.g., going from
secondary to primary road) is associated with an increase in profits of 15%. While the profit
pollution premium is large, the corresponding wage pollution premium for employees is small:
an increase of one unit in the median road size in the cell only leads to a 2.5% increase in wages.

Therefore, workers only get a small share of the benefits from locating on larger roadsﬁ

7 “

5We use the terms “entrepreneurs”, “owner” and “manager” interchangeably in the paper, since in the great
majority of firms this is the same person.

6Focusing on grid cells of 500 meters x 500 meters is also justified by the fact that emissions for most traffic
pollutants decay to background levels within 570 meters (Karner et al.| [2010)).

"We also verify that the spatial heterogeneity in air pollution is mainly driven by road traffic being larger
on main roads, which is consistent with the literature (Karner et al., [2010)).

8We report several robustness checks that suggest that the correlation between pollution and profitability
reflects a causal relationship rather than the selection of more productive entrepreneurs (and workers) into
more polluted areas. As we find that the wage pollution premium is close to zero, any positive selection
of workers into more polluted areas would imply that the real wage premium is even lower than what we



Fourth, we study the mechanisms leading to the large profit pollution premium. We show
that road traffic bundles pollution exposure with customer access: firms are small and sell
locally through face-to-face interactions as they have limited other means to access customers;
therefore, by locating on large (and polluted) roads, they can gain visibility to consumers and
increase their profits. Using the latest firm census of Uganda covering the entire population
of firms, we validate the role of customer access in driving location choice, by showing that
the sorting on larger roads is stronger in sectors where face-to-face interactions with consumers
are more important, and is stronger for smaller firms, which may struggle to access customers
otherwise.

Finally, the extent to which exposure to pollution translates into productivity and health
costs depends on whether entrepreneurs engage in any adaptation investments or strategies to
protect their workers from pollution. We show that any such adaptation is very limited and,
importantly, is not higher in more polluted areas. We notice instead that firm owners with
higher managerial ability protect their workers more, through both provision of equipment and
organizational practices to avoid exposureﬂ

We interpret the evidence using a stylized model. We consider an economy with multiple
locations, each differing only in its road traffic. Traffic not only generates pollution but also
drives customer flow to businesses. A firm’s output at any given location is a function of both
customer access and the number of firms at that location, through standard agglomeration
forces. The economy is populated by entrepreneurs who decide where to establish their firms,
trading-off the location’s profitability with the pollution exposure. Workers search for jobs
subject to matching frictions. They match randomly with entrepreneurs and share production
surplus through Nash Bargaining.

The model serves three purposes. First, it provides a structural equation showing that the
wage pollution premium is given by the sum of the compensating differentials from pollution
exposure and the profit pollution premium multiplied by the relative bargaining power of workers
and entrepreneurs. From this equation, we infer that both the compensating differentials and
the bargaining power of workers must be small. If this were not the case, it would be impossible
for the model to generate the small wage pollution premium alongside the large profit pollution

premium which we document in the data. Workers are thus bearing the cost of pollution

estimate. The correlation between profitability and pollution raises the question of what generates heterogeneity
in location choice, as not all firms locate in the most polluted areas. While proxies for firm productivity do not
predict location choice, we find that locating along the major roads entails a longer commute. Preferences over
commuting (e.g., Le Barbanchon et al., 2020) and other accessibility considerations can then be an explanation
for why some firms avoid the major roads. We also discuss the role of land market frictions in explaining why
land rental prices do not fully adjust to eliminate the profitability effects.

9In highlighting the role of managerial ability for adaptation, we contribute to a related literature on man-
agement that has found that good management practices lead to a reduction in pollution emissions by firms
(Bloom et al.l |2010| and |Gosnell et al., [2019) and that higher quality managers are better able to respond to
shocks to worker productivity caused by exposure to pollution (Adhvaryu et al.,|2022a)).



exposure from the observed entrepreneurial sorting without reaping many of the benefits.

Second, we use the model as a measurement framework to quantify the extent of en-
trepreneurial sorting. We find that the observed distribution of firms has meaningful aggregate
and distributional implications: relative to a benchmark in which firms were randomly allocated
across space (within the same sub-county), the average annual profits for entrepreneurs are $195
higher (an increase of 7.1%), while workers’ wages are only 113 higher (a 1.3% increase). These
earnings come at the cost of higher exposure to pollution, which we estimate (using WHO
guidelines and Ebenstein et al., [2017) could decrease life-expectancy by almost two months for
both firm owners and workers. Under standard assumptions on the value of an extra year of life
expectancy, these results imply that entrepreneurs are much better off locating in the highly
polluted areas; workers instead are at best indifferent between the current layout of jobs and
one where jobs are evenly distributed within the sub-county, and could even be better off with
less jobs in the smog.m These results are purely in the realm of accounting, since they keep the
spatial distribution of pollution, profits, and wages constant.

Our third model exercise is thus to clarify under which conditions and on which aspects
these accounting results could be informative for firm relocation policies, such as the ones
currently considered by the Ugandan government to decongest urban areas. In general, as
long as there are positive agglomeration externalities, equilibrium forces would dampen the
accounting results. However, we show that one key takeaway is robust: entrepreneurs are the
ones who would be most affected by any relocation policy since they capture most of the benefits
of jobs being in the smog. Instead, workers would be roughly indifferent in any equilibria.

Finally, we design an information experiment to test individuals’ awareness of pollution.
Understanding this is important: given that workers are at best indifferent between locations
with high and low pollution, increasing their awareness of pollution might be enough to trigger
meaningful changes in their choices of where to work or increase the wage they demand as
compensation for working in polluted areas. The experiment consists in providing some initial
information on the spatial distribution of pollution within the city, and then testing whether
this increases willingness to pay (WTP) for more information.ﬂ We find that information
frictions are significant in this setting. This opens up the possibility that workers might be
undercompensated for the health risk from exposure to pollution, thus exacerbating disparity

in outcomes between more and less polluted areas.H We conclude by discussing the potential

10Tn these calculations, we are assuming that relocation does not affect the cost of commuting. This is plausible
since the relocation would be within the same sub-county and thus would not entail moving far: for instance,
even if firms were to actively avoid polluted areas by moving to grid cells at the 10" percentile of air pollution,
this would entail a move of only about 400-1,100 meters for the average firm. If anything, as entrepreneurs and
workers tend to live farther from large roads, any such relocation away from large roads would likely decrease
commuting costs.

HHanna et al.| (2021) use a similar experimental design to study the effect of providing masks or increasing
participants’ compensation on WTP for air quality alerts in Mexico city.

12 related literature studies disparities in pollution exposure in the United States, finding that poorer and



importance of information policies for reducing exposure to pollution and its costs for workers.

Related literature. Taken together, our results uncover the key role of firm location choices
in driving exposure to air pollution for workers in developing countries. In doing so, our primary
contribution is to a growing literature at the intersection of environmental and development
economics that seeks to understand the determinants of individuals’ exposure to air pollution
in lower- and middle-income countries. This literature has studied the demand for clean air
and adaptation investments by households (Greenstone et al., 2021), as well as individual’s
avoidance of air pollution through either labor supply decisions (Hanna and Oliva;, 2015| |Aragon
et al., 2017, Hoffmann and Rud} 2024)) or migration and residential sorting decisions (Khanna et
al, 2021, Chen et al} |[2022), including also the role of the transportation network in facilitating
adaptation through changes in travel patterns (Barwick et al. 2024)F_3] We contribute by
unveiling and explaining the role of firm location choices within developing country cities in
leading to exposure to pollution of workers.

More broadly, we speak to the key question in this literature of why the observed marginal
willingness to pay for environmental quality may be low in these contexts (Greenstone and Jack,
2015). Our evidence that firms’ location choice is driven primarily by profit maximization
rather than air quality considerations is consistent with the explanation that at low income
levels, marginal increases in income are valued more than marginal increases in environmental
quality. Our evidence of limited awareness of pollution shows that information frictions also
play an important role in determining low willingness to pay for environmental quality however,
so that this may be inefficiently low.

Second, we contribute to the literature on employee-manager relationships and the role of
organizational practices internal to the firm for determining workers’ productivity, wages, health
and safety (Boudreau, 2024, Harju et al., 2021}, |Jager et al., 2021, /Adhvaryu et al.,|2022b)). Our
contribution is to uncover a potential conflict of interest between entrepreneurs and workers
related to firm location: while the entrepreneur receives substantial compensation (in terms of
profits) for locating in polluted areas, workers bear the net costs of the pollution.

Third, we bring new evidence to the literature studying firms’ location choice and environ-
mental amenities. This literature has shown that firms respond to environmental regulation
by sorting away from regulated areas (Levinson, 1996, |Greenstone, 2002, Wang et al., 2019)
and that flood-affected firms move away from flood-prone areas (Balboni et al., 2023). We

contribute by showing how the spatial distribution of within-city pollution indirectly affects

less educated areas are more exposed (Colmer et al., [2020).

13 An established literature has studied these topics in high-income countries, focusing on demand for clean
air (Chay and Greenstone, [2005/ and |Currie et al., |2015)), adaptation and protective investments (Deschenes et
al., 2017} |Ito and Zhang}, [2020), as well as migration away from polluted locations, both across and within cities
(Kahn and Walsh, [2015] Banzhaf and Walsh| 2008, [Heblich et al., 2021)).



the location of non-polluting firms in African cities, as in this context the pollution disamenity
is positively correlated with access to customers[']

Finally, we contribute to a classic literature that emphasizes the role of access to customers
and agglomeration forces as major drivers of firm location choice (Marshall, 1920} Ellison et
al., [2010, Combes and Gobillon, 2015 and |Glaeser and Xiong, [2017)). A growing body of work
has focused on access to demand for small firms in developing countries, highlighting that
information frictions are a critical source of inefficiency (Lagakos, [2016, [Jensen and Miller,
2018, Startz|, 2024, [Bassi et al., 2024)) and that lack of managerial or marketing ability creates a
barrier to accessing new markets (Anderson et al., 2018, |Hjort et al., 2020). As a consequence,
small firms tend to sell locally. Vitali| (2024]) studies the role of consumer search and demand
externalities for firm agglomeration in our same setting. We contribute by highlighting how
exposure to traffic pollution is another negative consequence of firms struggling to tap into
broader markets and having to locate on congested roads to access customers.

The rest of the paper is organized as follows. Section [2| discusses the context of our study.
Section [3] describes the sample and data sources. Section {] presents the data construction for
the empirical analysis. The main results are then presented in Section Section [6] presents
the model used to guide the interpretation of our results. Section [7] shows the results of the
experiment to test for information frictions on pollution, and Section [8| concludes. Additional

details are in the Online Appendix.

2  Air Pollution and Urbanization in Uganda

In this section, we discuss pollution emissions, urbanization and motorization in Uganda, to

show the relevance of our setting.

Air pollution levels in Uganda. Uganda features levels of pollution comparable to China
and well above the recommendations by the US Environmental Protection Agency (EPA):
Average annual PM2.5 concentration was 40.8 micrograms per cubic meter (u/m?) in 2018 and
29.1 p/m? in 2019, three to four times higher than the suggested EPA annual standard of 12
w/m? E] Appendix Figure B1 also shows that: (i) pollution in Uganda has not been decreasing
in recent years; (ii) Uganda exhibits pollution levels and trends that are comparable to other

African countries such as Nigeria and Ghana. Further, a recent WHO study emphasizes that

1A related paper is (Gollin et al.| (2021), who study the role of air pollution measured from satellite data
as a determinant of location choice between rural and urban areas in Africa. We contribute by studying the
relationship between local pollution and location choices within city neighborhoods.

15Source: TQAIR: https://www.iqair.com/us/world-most-polluted-countries. PM stands for partic-
ulate matter and 2.5 refers to the size of the particles (2.5 micrometers). Due to their small size, these fine
particles pose the greatest risk to health. For additional details see https://www.epa.gov/pm-pollution/
particulate-matter-pm-basics.
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air pollution disproportionately affects urban areas in Uganda, with PM2.5 concentrations 40%

higher than in rural areas (WHO), 2016]).

Urbanization, motorization and pollution emissions. Road traffic is widely recognized
as a common source of PM2.5. Like other African countries, Uganda has experienced rapid
urbanization and motorization in recent decades. The population of Kampala, the capital city,
more than doubled since 1990 and has now reached over 1.5 million (UBOS; [2016)). Urbanization
in Uganda has been accompanied by a rapid increase in motorization. The road network in
Kampala was built in the 1960s for about 100,000 vehicles per day. Today, about 400,000
vehicles per day use these roads (KCCA| |2014). The growth of a second-hand vehicle fleet
(see Appendix Figure B2), together with unpaved roads and limited coordinated land use or
transport planning, make motorization one of the main sources of pollution in urban Ugandam

The issue is acknowledged by Ugandan policy makers, but no comprehensive solution exists

yet [I7]

3 Sampling Strategy, Data, and Descriptives

The extent to which the high levels of traffic-related air pollution described in Section [2]translate
into health impacts ultimately depends on individuals’ exposure. Our goal in this paper is to
study the role of firm location choice in mediating workers’ exposure to pollution in urban
Uganda. Towards this goal, we need to build a specific data infrastructure. First, we need data
on pollution within cities to document spatial variation in pollution levels at a granular level.
Second, we need data on the road network and on firm location to examine how firm location
choices determine exposure to traffic and pollution. Third, we need firm- and worker-level
survey data to study the economic benefits and costs associated with different locations, as well

as potential adaptation strategies and perceptions of pollution.

3.1 Sampling Strategy

We collect PM2.5 measurements and a novel firm survey in a representative sample of urban
and semi-urban areas across three of the four macro-regions of Uganda: Central, Western, and

Eastern regions. The pollution measurements and the firm survey are both geo-located and

16The Ministry of Works and Transport reports that petrol and diesel vehicles are 15.4 and 16.4
years old on average, respectively (Source: http://www.airqualityandmobility.org/PCFV/EAC_Workshop/
Ugandasinitiativecleanervehicles.pdf]). |Kirenga et al.| (2015) emphasize the role of unpaved roads in
driving up PM2.5 concentrations in Kampala and Jinja, two Ugandan cities.

1"Tn 2018, a ban on imports of motor vehicles older than 15 years was enacted, significantly lowering the
average age of newly registered vehicles, as shown in Appendix Figure B3. While this policy was effective, the
average age of newly registered vehicles still remained high at over 7 years in 2018. A Bus Rapid Transit (BRT)
project for Kampala, with pre-feasibility studies completed in 2010, is still pending.


http://www.airqualityandmobility.org/PCFV/EAC_Workshop/Ugandasinitiativecleanervehicles.pdf
http://www.airqualityandmobility.org/PCFV/EAC_Workshop/Ugandasinitiativecleanervehicles.pdf

were collected in the same areas and at the same time, which allows us to combine them for
the analysis.

Our sampling units are sub-counties, which typically correspond to large neighborhoods of
a cityH A sample of 52 sub-counties in 25 separate districts was randomly extracted for our

study, stratifying by population and by whether the sub-county is in the broader Kampala area
(the capital city) "

3.2 Pollution Measurements

We create a unique database of PM2.5 measures with geo-coordinates and time stamps that

we collected in partnership with AirQom

Stationary and mobile measurements. Pollution measurements come from two distinct
types of monitors, which we refer to as stationary and mobile. The former were attached to
fixed locations (e.g., lamp posts) within our sampled sub-counties. The latter were attached
to the front of motorcycle taxis (boda-bodas) circulating on the streets within our sampled
areas 1]

Our budget allowed us to place 33 separate stationary monitors in distinct sub-counties
for a period of roughly 8 months, from January to August 2019, covering 24 out of the 25
districts in our sample. The stationary monitors were active 24 hours a day.@ The average
number of PM2.5 measurements by monitor-day-hour is 41 (median 45), for a total of 3,179,575
measurements across all stationary monitors and days in the dataset.

In addition, we used 10 mobile monitors placed on motorcycle taxis for roughly 4 months,
from February to May 2019. These mobile monitors were deployed in 32 of our 52 sampled
sub-counties. The partner taxi drivers were instructed to keep the monitors on at all times and
to drive through all the streets of the sampled sub-counties. The mobile monitors were also
active 24 hours a day and produced an average of 30 (median 31) measurements an hour for a
total of 119,011 data points in our sampled sub—counties@

By moving across space, the mobile monitors allow us to measure the spatial variation in

pollution at a granular level within the city. By being fixed in one location, stationary monitors

18For a sense of scale, the median sub-county in our sample spans 4.7 square miles and has 22,500 individuals.

19 Appendix Figure B4 shows the final sample of sub-counties.

20AirQo (https://www.airqo.net/) was founded in 2015 at Makerere University and works to improve air
quality data in Uganda. AirQo develops and deploys low-cost air quality monitors across Ugandan cities.

21 Appendix Figure B5 shows pictures of a stationary and mobile monitor. Okure et al. (2022) summarizes
the technical details of monitors and processes used for data collection.

22Gtationary monitors were installed close to the ground between 2.5 and 4 meter high to ensure that captured
pollution levels are reflective of population exposure.

23Tn those sub-counties where the stationary and mobile monitors overlap, all active mobile monitors were
within proximity of a stationary monitor. The median distance between a mobile pollution measurement and
the closest stationary monitor is 2.345km and 95% of measurements are within 7km from a stationary monitor.



allow us to precisely measure the time variation in pollution. In Section [} we describe how we

use both types of measurements in our empirical approach.

Sanity checks and descriptives. In the left panel of Figure [I, we report average PM2.5
readings by hour of the day, from both stationary and mobile monitors. The figure shows
that: (i) the stationary and mobile measurements track each other closely, which reassures us
about the quality of our data; (ii) average levels of PM2.5 are high in our sample, oscillating
between 30-90 p/m?, which lines up well with the average of 29.1 and 40.8 pug/m? for Uganda
reported by IQAIR in 2018 and 2019, respectively, and mentioned in Section ﬂ (iii) there
is a strong cyclicality in pollution within the day with peaks at rush-hour in both mornings
and evenings, which indicates that the main source of pollution in these urban areas is road
traffic rather than economic activity, something that we explore further and confirm again in
Section 5} This hourly pattern is robust: we reach the same conclusion if we use the stationary

or mobile readings, and if we use the average or the median readings, as shown in Appendix

Figure B8

3.3 Firm Survey

The second data source is a novel firm survey that we conducted. The survey took place in
all our target 52 sub-counties between September 2018 and July 2019 and was implemented
by our partner NGO, BRAC. The survey is described in detail in Bassi et al.| (2022)). Here we
summarize the key elements of the sampling and survey design, and then focus on those aspects
that were specifically designed for this study@ We followed up again with our sample in early
2022 with a phone survey, to collect additional information on entrepreneurs’ perceptions of
pollution and access to customers, and to run an information experiment. This section describes

this additional survey as well.

Firm sampling. Our survey targeted three prominent sectors in manufacturing: carpentry,
metal fabrication and grain milling. Together, these sectors cover approximately 33% of man-
ufacturing employment (UBOS, [2011)). We conducted a door-to-door listing of all the firms

in our three sectors, identifying close to 3,000 firms. For each firm in the listing, we recorded

24These numbers are also consistent with measurements of PM2.5 in Kampala between 2018 and 2021 by
Atuyambe et al.|(2024), averaging at 39 ug/m?3.

%> Appendix Figure B6 shows that the average PM2.5 readings of mobile and stationary monitors in the same
sub-county are positively correlated (the correlation is 0.34, significant at the 1% level), which further reassures
us about the internal validity of our measurements. Of course, we expect the correlation of the pollution
readings from stationary and mobile monitors within sub-counties to be less than one as the mobile monitors
were potentially hundreds of meters away from the stationary monitors at times.

26Bassi et al.| (2022)) study the role of the rental market for mechanization and productivity. The two studies
were always intended to produce two independent papers, as reflected in the design of our initial survey, which
had separate sections on mechanization and pollution perceptions and daptation.



their GPS coordinates, so that we virtually have geo-coded data on the universe of firms in
our sampled sub-counties and Sectorsm We then randomly selected about 1,000 firms from our
listing to be included in the initial survey, oversampling firms with five or more employees. In
firms selected for the survey, we interviewed the owner and all the employees working on the

main product 7

Survey design. Our baseline survey was designed to study firm performance and employ-
ment, firm location choices, adaptation to pollution and awareness of pollution as a problem,
as well as the role of managerial ability.

On firm performance and employment, we collected information on revenues, profits, inputs,
number of employees, wages, as well as other owner and worker characteristics (e.g., education,
age, experience etc.) including measures of workers’ time use at the firm. On firm location,
we asked the reasons behind the owner’s location choice, including detailed information on
how firms access customers. We also collected information on the size of the business premises
and their rental value as well as on how far owners and employees live from the firm and
how they commute to work. On adaptation to pollution, we asked detailed questions about: (i)
investments made by the firm owner to protect workers from pollution, such as providing masks;
(i) organizational strategies to protect workers from pollution, such as allowing flexibility in
commuting times to avoid exposure to traffic pollution at rush hour. In addition, we included
multiple questions to measure employees’ awareness of pollution as a problem for their own
health and in general for society. To measure managerial ability, we follow Mckenzie and
Woodruff (2017), and create a standardized index by aggregating a range of questions about

business practices.@

Follow-up survey and information experiment. We followed up with our sample of
firms in early 2022 with a phone survey in order to: (i) test the firm owners’ awareness of
pollution levels and profitability in their neighborhood (by comparing their perceptions to the
measurements from the initial survey); (ii) collect additional information on the perceived
benefits and costs of locating in different parts of the city, and on entrepreneurs’ awareness
of pollution as a problem for their own health and for employee productivity; (iii) implement

an information experiment, which is described in more detail in section [, We were able to

27 Appendix Figure B7 plots the firms in the listing in one of the study sub-counties.

28More precisely, as discussed in [Bassi et al. (2022)), for each of the three sectors we pre-specified one “core
product” commonly produced in that sector. For instance, in carpentry, this is doors. If a firm produced the
core product, we interviewed all employees working on that product. If a firm did not produce the core product,
we interviewed all employees working on the main product of the firm. Compliance with the survey was high
at over 90% and all the results from our survey are appropriately weighted to reflect our sampling strategy. See
Bassi et al.| (2022) for more details.

2The exact construction of the index is detailed in Appendix A.1. We validate the index in Bassi et al.
(2022), where we show that it is a strong predictor of revenues per worker.
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successfully interview about 68% of the target sample of firms["]

Descriptives on basic firm characteristics. Appendix Table B1 reports basic descriptives
for the 1,027 firms in our survey sample and their employees. The key take-away is that these
firms are well-established businesses which are representative of the typical manufacturing jobs
in urban East Africa. The average firm has been active for 10 years and has about five employees.
Average monthly profits are $244, while employees make about $71 dollar per month (for
comparison, GDP per capita was around $60 per month at the time of the study). Importantly,
employees spend close to 10 hours per day at the firm on average (and the standard deviation is
only 1.6 hours), thus confirming that air pollution exposure at the firm premises is potentially

very relevant in this context.

3.4 Road Network Data

We supplement the pollution measures and firm survey with data on the network of Ugandan
roads published by the World Food Program (WFP). The WFP data distinguishes between
five road types in Uganda: track/trail, tertiary roads, secondary roads, primary roads, and
hz’ghwaysE-] As the dataset is geo-referenced, we can match roads with both the pollution and
firm survey data. We create an ordinal measure of road size, so that track/trail is assigned the
value 1, and highways is assigned the value 5. We use these values when calculating summary
statistics within a geographical area. For example, the median road size of a geographical area

containing one track/trail (1), one secondary road (3) and one primary road (4), will be 37

4 Data Construction

In this section we develop the empirical framework that enables us to characterize the joint

spatial distribution of pollution and economic activity within the city, by transforming the

30 Appendix Table B2 reports the predictors of attrition and, reassuringly, shows that the index of manage-
rial ability, being located near major roads, and treatment assignment for the information experiment are all
insignificant predictors of attrition. Whenever data from this follow-up survey is used in any of the tables or
figures of the paper, this is explicitly stated in the corresponding notes.

31The World Food Program data follows the United Nations Spatial Data Infrastructure (UNSDI) for
Transport standards. Source: https://geonode.wfp.org/layers/ogcserver.gis.wfp.org:geonode:uga_
trs_roads_osm/metadata_detail. The WFP classification is a mapping of the 18 Open Street Map (OSM)
highway tag into seven categories (the five categories mentioned above, as well as Residential and Path/Footway,
which are absent from the Uganda road shape-file). Details of the mapping can be found on the WFP website.

32We define a “road” as a road segment not intersected by any other road. Each road intersection marks the
extremity of the intersecting roads, as illustrated in Appendix Figure B9. Appendix Table B3 presents summary
statistics about the number of kilometers per road type and the corresponding share of total kilometers, both
for the country as a whole and for our sample. Our sample of 52 sub-counties contains 2,754km of roads in
total, or about 2% of Ugandan roads, and roads are larger in our sample than in the rest of the country. This
reflects our sampling strategy where rural areas (which likely have smaller roads) were excluded by design.
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data described in Section [3| to make it amenable to a spatial empirical analysis. To do so, we
first residualize the pollution measurements to remove temporal variation and extract a measure
of average local pollution. We then project the firm-level, road-level and pollution variables on
small geographic units (i.e., grid cells) generating a “location-level” dataset that we use in the

empirical analysis of the next sections.

4.1 Recovering Residual Spatial Variation in PM2.5

As described in Section [3] we collected measures of PM2.5 from both stationary and mobile
monitors. To construct measures of spatial variation in pollution within the city, we leverage
our mobile monitors. As the mobile monitors were attached to motorcycle taxis, the location
of the mobile measurements might be systematically related to time trends in pollution (e.g.,
taxi drivers might be more likely to drive through some specific neighborhoods at the time of
day when traffic, hence pollution, is highest or lowest). To address this potential concern of
non-random spatial location of the mobile monitors across hours of the day and days of the
year, we net out hour and date fixed effects using the readings from the stationary monitors/*’]

We run the following regression using the readings from all our stationary monitors & in

order to recover hour b and date ¢ fixed effects:

ln(PM2.5)k7h7d = a + bxhour, + ¢ X dateg + \,, + €k.h.d (1)

where In(PM2.5;4.4) is the log of the PM2.5 reading from monitor k recorded on calendar
date d and hour h. We include stationary monitor fixed effects A\, since we do not have a
balanced panel. We then net out these time fixed effects from the readings of our mobile
monitors. To do so, we compute the pollution residuals e, 1, 4 as the log of the raw measurements
from our mobile monitors at GPS coordinates m at time h of date d, net of the hour and calendar

date fixed effects estimated from the stationary monitors:

emnd = N(PM2.5), na — (@ + b x houry, + ¢ x dateg). (2)

em.h.a captures residual pollution variation across locations conditional on a particular hour
of the day and a particular calendar date. As such, this allows us to isolate systematic spatial

variation in pollution within the city.

33While stationary monitors are useful for recovering the time variation in pollution, we cannot rely on them
to recover the spatial variation in pollution within sub-county without making very strong assumptions on the
decay of pollution with distance from the stationary monitor. In fact, we decided to use both stationary and
mobile monitors precisely to be able to document both the spatial and temporal variation in pollution at a
granular level. [Sullivan and Krupnick (2018)) discuss the unreliability of using only stationary monitors. In
using the stationary monitors to identify time fixed effects across all the sub-counties in our study, we are
assuming that time trends do not vary spatially across the sub-counties in our sample.
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4.2 Grid-Cell Approach

We adopt a grid-cell approach to create neighborhood-level measures of firm density, pollution,
and road size. The next administrative unit below sub-counties are parishes. Our 52 sub-
counties comprise 179 sampled parishes. Following |[Ahlfeldt et al. (2015)), Carozzi and Roth
(2023) and Michaels et al.| (2021), we split parishes in our sample into grid cells of 500m x
500m, drawing grid cells on all selected parishes.@ Each road, pollution measure, and firm are
attributed to a cell using their geo—coordinates.ﬁ

We then compute the following variables for each grid cell: (i) the average residual pollution
em.n.a—constructed as described above—for all the observations m recorded within the cell; (ii)
the median road size in the cell, where each road dummy is associated an ordinal number, as
described in Section (iii) the firm density, computed by dividing the number of firms in
the cell by the cell area in km?. To compute (iii) we use our comprehensive initial firm listing
which covers all firms (not only those that we eventually selected for the survey).m

Figure [2| illustrates how our sampled parishes are split into grid cells, and shows that in
this specific sub-county firms are clustered close to major roads and that such roads are more
polluted. The figure thus summarizes well one of our key results: firm density is higher in
more polluted grid cellsﬂ Next, we show that this pattern holds in general, study the motives
leading firms to locate along major roads, and discuss the consequences for workers’ exposure

to pollution.

5 Results

We build on the data structure described in Sections [3] and (] to establish our core empirical
results. While these results constitute the backbone of our contribution, we leave to Section
a careful interpretation of their magnitudes.

We proceed in five steps. We begin by studying (i) the spatial heterogeneity in air pollution
within neighborhoods and how this is correlated with the presence of large roads, and (ii) the

location choice of firm owners. Then, (iii) we compute the returns from locating near large (and

34For more details on the calculation of the grid cells and the robustness of our approach see Appendix A.2.

3518% of firms interviewed in the survey fall slightly outside the boundaries of the corresponding sampled
sub-counties, often by just a few meters. We still include these firms in our estimation sample by adding grid
cells containing these firms, in addition to the grid cells in our sampled sub-counties. In the estimation we
control for a dummy for whether the firm falls in this category. Our results are robust to dropping these firms.

36When computing firm density, we take into account that all grid cells are not exactly 500m x 500m. This
may happen because grid cells overlapping two adjacent parishes are split at the parish level, and because
parishes are not of rectangular shape. A histogram of grid cell areas can be found in Appendix Figure B10.
Besides, in regressions including grid-level variables, we control for whether the grid cell has an area of less than
0.25 km? (dummy), as well as for grid cell size (linear control).

37 Appendix Figure B11 shows the disaggregated pollution measurements and how these result in the grid-cell
level averages shown in Figure
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polluted) roads for firm owners and employees, and (iv) explore the mechanisms leading to the
large profit premium of being located near large roads. Finally, (v) we describe adaptation to

pollution within the firm.

5.1 Large Spatial Heterogeneity in Pollution, Driven by Road Traffic

We begin by showing the extent of spatial heterogeneity in air pollution within sub-counties.

Spatial heterogeneity in air pollution. Panel (a) of Figure |3| reports the distribution of
air pollution across grid cells of the average sub-county, after netting out any temporal variation
and aggregating the pollution data at the grid-cell level following the procedure described in the
previous section | To facilitate interpretation, we report as vertical lines the average levels of
PM2.5 concentration in several major capital cities. The figure confirms that there is substantial
local spatial heterogeneity in air pollution: within the same sub-county, there are grid cells with
average levels of pollution comparable to Milan (i.e., 23 j1/m?), which is a moderately polluted
city, as well as grid-cells with very high levels of pollution comparable to Dhaka (i.e., 83 u/m?),
which is one of the most polluted capitals in the world.

To further highlight the local nature of heterogeneity in pollution, panel (b) shows the
distribution of the maximum decrease in average PM2.5 levels that could be achieved by moving
500 meters, 1,000 meters and 2,000 meters away from each grid-cell of the average sub-county.
This confirms that it is common for highly polluted grid cells to be just next to low polluted
grid cells: for instance, for 25% of grid cells, there would be a reduction of PM2.5 levels of about
21 p/m? or more by moving away only 500 meters (in other words moving to the neighboring

grid cell), which is close to the reduction in average air pollution of going from Beijing to Milan.

Comparison with satellite data. Standard satellite data on air pollution would be unsuit-
able to conduct our analysis, as their granularity is too coarse. We show this in Appendix A.3,
where we confirm that while our pollution measurements are strongly positively correlated with
satellite data, there is almost no variation left in the satellite data once we remove sub-county

fixed effects. This highlights the importance of our measurement exercise.

38To compute the distribution for the average sub-county, we first net out the temporal variation from our
individual measurements to create residuals e, n 4, as explained in Section [4.1] E We then average these residuals
at the grid-cell ¢ level e7 ", ; and remove the sub-county average em h,q» 10 net out across sub-county differences
and compute within- sub County distributions. To transform our recentered residuals from log to levels, we add
the log average air pollution measured by our monitors, before taking the exponential:

~  recentered = = -
— c= c,5
pOHc = exp (em,h,d - em7h7d + IOg poumeasured)

~ _ recentered

Figure |3| then plots the distribution of poll, , which corresponds to the distribution of grid-cell level
PM2.5 for the average sub-county.
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Larger roads are more polluted. Having established that there is substantial spatial het-
erogeneity in local pollution, we assess whether larger roads are more polluted due to their
more sustained flows of vehicles. We run the following regression for grid cell j in sub-county

s in region 7:

ResidPollution; s, = ag + oq MedianRoad; + 5 + Qlog(dist), + v; s, (3)

where ResidPollution;, is the average residual (log) pollution in the grid cell, calculated
as discussed in Section . MedianRoad; is the median road size in the grid cell. ¢, are
sub-county fixed effects. In addition, we control for log distance to the main city in the region,
log(dist),, to make sure that we do not just capture the fact that areas closer to the city center
are both more polluted and more productive (and so have larger roads).ﬁ To account for spatial
correlation, we use Spatial Heteroskedastic and Autocorrelation Consistent (SHAC) standard
errors (Conley} [1999), using the routine developed by [Hsiang| (2010) [7]

Our key coefficient of interest is ;. A positive estimate would indicate that areas closer to
larger roads are more polluted. To interpret oy as the causal effect of road traffic on pollution,
we need two identifying assumptions. The first is that the location (and size) of roads is pre-
determined relative to contemporaneous sources of pollution emissions, such as large factories;
the second is that the firms in our sample are not the sources of PM2.5 pollution themselves.
On these two assumptions, we note that: (i) as we discuss further below, pollution peaks at
rush hour rather than during working hours, which is consistent with pollution coming from
traffic rather than the firms themselves or other sources of economic activity; (ii) the nature of
the production process in small scale manufacturing firms like the ones in our sample is such
that they do not produce substantial emissions of PM2.5E and (iii) as discussed in Section
refsec:Background-2, the core of the road infrastructure in Uganda was built in the 1960s while
the firms in our sample are 10 years old on average, which alleviates concerns related to the
endogenous placement of roads based on the current layout of local economic activity.@

The results are presented in Table [} column 1 shows that an increase in median road
size in the cell of one unit is associated with an increase in residual pollution of about 7%, a

result significant at the 1% level. Adding sub-county fixed effects in column 2 barely affects the

39We do not have data on road quality. To the extent that larger roads are of higher quality and road quality
reduces pollution (by reducing congestion), then our estimates of the effect of road size on pollution are a lower
bound.

40When including sub-county fixed effects, we first demean both left- and right-hand side variables.

410nly about 4% of the firms in our sample use generators, which could be potential sources of pollution.

42Notice that if firms cluster on major roads and this creates agglomeration externalities that increase traffic
(e.g., demand externalities leading to more customers driving to the firm cluster) then this would only refine the
interpretation of our results. The key result that firms choose to locate in areas with high pollution since road
traffic bundles pollution and demand would be unaffected. Any policy counterfactuals, however, would vary, as
changing the firms’ location choice would also change the geographical distribution of traffic and demand. We
return to this point in the model.
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results, thus confirming that there is a strong relationship between road size and air pollution
within neighborhoods of a city.. In columns 3 and 4, we check robustness to conducting the
analysis at the level of the individual pollution measurement (rather than the grid cell), by
replacing the median road size in the cell with the size of the road closest to the individual
pollution measurement. Reassuringly, the results are similar@

To better gauge the extent to which local heterogeneity in air pollution is driven by hetero-
geneity in road size, in panels (c) and (d) of Figure |3/ we draw the same distributions as in panels
(a) and (b), but exploiting only heterogeneity in predicted air pollution levels from equation [3|
Naturally, the extent of the within-sub-county dispersion is reduced, as we are only focusing
on the component of PM2.5 that is explained by road size, but the local spatial heterogeneity
remains substantial, thus confirming that variation in local road size is an important predictor

of variation in air pollution levels "]

Air pollution is due to road traffic. Next, we validate the assumption that pollution is
mainly due to road traffic rather than the firms themselves. The left panel of Figure [1| shows
that pollution peaks between 6-9am and 7-9pm, times corresponding to rush hour in Uganda.
The right panel plots the share of workers at the firm premises by hour of the day, and shows
that production activity instead peaks between 10am and 3pm. These patterns suggest that
the main source of pollution emissions is road traffic. Levels of pollution are still substantially
above EPA standards even in the late morning and early afternoon however, thus implying that

exposure to pollution at the firm premises can have a significant effect on worker health.ﬁ

5.2 Firms Locate Near Large and Polluted Roads

We study where firms locate within the city. As we have argued that air pollution originates from
road traffic and the location of roads is pre-determined with respect to our firm sample, in our
preferred specification we study the correlation between firm density and the presence of large
roads. Since major roads are more polluted, these results will be informative of whether firms

sort into more polluted areas. Specifically, we run a grid-level regression similar to equation

43In columns 3 and 4 of Table 1} 4,604 pollution observations (corresponding to 8% of the sample) are dropped
because the size of their closest road was not available as they are more than 100m away from the closest road.
Standard errors are clustered at the grid-cell level in columns 3-4.

44Panel (d) shows that for about 50% of grid cells, there would be no improvement in predicted PM2.5 levels
from moving away even 2,000 meters. This is because such grid cells have the smallest roads in the sub-county,
and so by construction no further improvement in pollution levels is possible. We verify that such grid cells on
average have significantly lower pollution levels than grid cells from which it is possible to find other locations
with lower predicted pollution levels.

45We conduct one further test in Appendix Figure B12: we split the stationary monitors by whether they fall
in a grid cell with at least one firm, or whether they have no firms nearby. If firms are a source of pollution
themselves, we would expect the cyclicality in pollution emissions throughout the day to be different in these
two areas. The cyclicality, instead, is almost identical, and this remains true when we restrict the sample to
grid cells with at least one road.
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but with firm density on the left hand side. However, we also verify the correlation between
firm density and pollution directly by replacing the median road size in the cell with the average
residual pollution in the cell. The results are in Table [2|

On the extensive margin, columns 1 and 2 show that cells with larger roads (column 1) and
more pollution (column 2) are more likely to have at least one firm. We find similar results
when looking at the intensive margin. Column 3 shows that an increase in median road size
of one unit is associated with an increase in firm density of 13%. Column 4 shows that a 1%
increase in pollution residual is associated with a 0.27% increase in firm density. In column
7, we show that this result is robust to running the regression at the level of the individual
pollution measurement. Notice again that in all these specifications we are controlling for sub-
county fixed effects and distance from the center of the major city in the region. Therefore,
these results show that even within the city, and in fact within neighborhoods, firms sort into
the more polluted areas with better road access.

Finally, in columns 5 and 6 we add the average managerial ability index in the cell as a
regressor, and find that the sorting pattern does not vary significantly by this firm characteristic,

as the coefficient on the index is positive but small in magnitude and not significant.

Firm location choice exposes workers to pollution. This sorting pattern of entrepreneurs
implies that most jobs are in the highly polluted locations: the median employee works in a
neighborhood with PM2.5 levels of about 56 jg/m?, even though much cleaner locations are
available nearby (Figure .In addition, pollution exposure can be exacerbated by the fact that
workers in this context operate mostly outdoor and in the immediate vicinity of the road side.
Our survey shows direct evidence of this: Panel E of Table {4 reveals that 64% of firms produce

only outside or mostly outside, and only 16% of firms produce entirely inside.

5.3 Returns from Locating Near Large and Polluted Roads

We next study the benefits for entrepreneurs and workers of locating near large and polluted

roads.

Large profit premium of locating near large roads. We first study whether locating
near larger roads provides higher profits. The ideal experiment would be to exogenously induce
firms to move (e.g., by paying them to move) or manipulate where roads are built, but these
are both difficult interventions to implement in practice. Naturally, it is also difficult to observe
firms moving across locations as those moves are rare: only 6% of firms in our data moved in
the year before the survey. We can, however, study the cross-sectional relationship between
proximity to large roads and measures of profitability, wages, rental cost and other input costs,

conditioning on a rich set of controls. This approach relies on the assumption that any residual
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unobserved firm characteristics correlated with firm productivity do not also predict location
choice within urban areas. Although this may sound like a strong assumption, we provide
evidence in its favor later in this section.

We estimate the following regression for firm ¢ in grid cell 7 in sub-county s and region r:

Yijsr = Po+ BiMedianRoad; + SaManScore; + A\ + 05 + nlog(dist), + v; jsr, (4)

where y; j s~ is the outcome of firm 7, such as log profit. We regress this on the median
road size in the cell and the firm-level standardized index of managerial ability ManScore;,
controlling for sector fixed effects );, sub-county fixed effects and distance from the major city
in the region, as in equation [3, Standard errors are adjusted for spatial correlation.

Our main coefficient of interest is 5;. A positive estimate when the outcome is profit would
indicate that firms located near major roads are more profitable. Similarly to equation [3, our
first identifying assumption is that roads are pre-determined with respect to firm location. As
mentioned above, the second, and potentially stronger, identifying assumption is that, condi-
tional on sub-county and sector fixed effects and on our index of managerial ability, there is no
selection of more productive firms near larger roads.

The results are in Table [3] Columns 1-2 show that there are clear profitability benefits from
locating near large roads: in column 1 we do not control for our index of managerial ability, and
the results show that increasing median road size by one unit (e.g., moving from a secondary
to a primary road) is associated with an increase in profits of 15.5%, a result significant at
the 1% level. Column 2 shows that adding the managerial ability index as a control barely
affects the estimate of 3, even though the index is a very strong predictor of profits. As long
as observable and unobservable determinants of profitability are correlated, this result already
suggests that any scope for selection on unobservables to bias our results is limited (we return
to this assumption below).

These results confirm that there are direct and large profitability benefits for firms of being
located on busy roads with high traffic (and high pollution): that is, there is a large profit
pollution premium. In Appendix Table B4, we show that we reach similar conclusions if we

replace median road size in the grid cell with average residual pollution in the cell on the right

hand side 5]

Small wage premium of locating near large roads. We compare the profit pollution pre-

mium with the corresponding wage pollution premium, by estimating regressions like equation

46The number of observations is lower in Table B4 than Table [3| because, as described in Section in-
formation on pollution is available in 32 of our 52 sampled sub-counties, while road size is available in all
sub-counties.
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[, but at the worker level and with monthly wages on the left hand side. Column 3 of Table
shows that employees working near larger roads earn higher wages, after controlling for a rich
set of worker controls, but the magnitude is small: increasing median road size by one unit is
associated with an increase in wages of 2.5%, a result at the margin of statistical significance.
Notably, the magnitude of this coefficient is much smaller than the one in columns 1 and 2 for
firm owner’s profits, thus indicating that workers only get a small share of the benefits from

locating on larger roads.

5.4 Why Are There Pollution Premia? Mechanisms and Robustness

We explore potential mechanisms for the large estimated profit pollution premium, by studying
how access to customers, access to other inputs and land rental values vary near large roads. We
then return to the discussion of the assumption of no selection of entrepreneurs (and workers)

near larger roads based on productivity, and present several related robustness checks.

Large roads provide access to customers. Our survey data suggest that the profit pol-
lution premium reflects primarily better access to customers on larger roads for small informal
firms, which lack the means to access customers otherwise. First, to study the role of demand,
we asked firms how many customers they typically have on a very good day and a very bad day.
We create the average number of daily customers, and use this as dependent variable in column
4 of Table 3] We find that firms located near larger roads report significantly more customers.
Column 5 shows that output prices are also higher, consistent with higher demand. Finally, in
column 6 the dependent variable is a standardized index of output quality: this shows that the
higher prices do not reflect higher quality products, although the estimates are noisyPZ]

Consistent with these results, in Table [4] we further support the interpretation that large
roads provide access to customers. First, Panel A shows that firms typically sell their products
to final consumers face-to-face, and do not market their products widely. While only 7% of
firms spend any money on marketing, common strategies to communicate quality and gain
visibility to customers are simply to talk to the customer directly and have products on display
at the firm. This suggests that firms lack the means to attract customers to their location.
Therefore, by locating on large roads, firms can gain visibility to potential customers driving
down the road [F]

Our survey also directly corroborates the idea that firms locate in the more polluted areas

of the city to access customers. We asked firm owners about the benefits, if any, for a firm to

47The index is based on assessments by enumerators of the quality of finished products at the firm. The
index is missing for firms that did not have a finished product available at the firm premises on the day of the
interview. See |Bassi et al.| (2022) for more details.

48In line with this, Appendix Figure B13 shows that lack of demand is the main perceived constraint to
growth in our survey.
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be located near a major road. Panel B shows that gaining visibility to new customers is by far
the most important perceived benefit, and much more important than other benefits such as
interacting with other firms or accessing suppliers. Finally, we asked all firms that relocated or
considered relocating in the previous year the reasons for their location choice. Panel D of Table
shows that access to customers is the most important reason driving location choice, with
more than half of the firms reporting this among the top three reasons; in contrast, avoidance
of air pollution is not a major reason for location choice, with less than 10% of firms reporting

it among their top choices["]

Large roads do not provide better access to intermediate inputs. In columns 7-8 of
Table[3] we focus on the relationship between large roads and access to intermediates. In column
7, we use detailed data on the price paid by the firm for a series of pre-specified intermediate
inputs, to show that there is no correlation between the log of intermediate input prices and
large roads. In column 8, we combine several questions about how each intermediate input is
accessed, to create a standardized index of input accessibility: again, there is no relationship
with being located near large roadsﬂ These results confirm that the profitability premium of
large roads is not due to cheaper or easier access to intermediates. In turn, this further supports

the interpretation of these benefits coming from better access to customers.

Net profitability benefits of large roads despite higher rental prices. Finally, in
column 9 of Table [3] we focus on the relationship between road size and rental prices, by
exploiting our survey questions about the rental value and the size of the business premises ]
The result shows that increasing median road size by one unit leads to an increase in rental
expenditure of about 11%: prime locations, that give access to customers, are more expensive.
Consistent with this, Panel C of Table [4] shows that firm owners report high rents as the main
perceived drawback of locating near major roads. Despite the higher wage and rental cost, the
impact of roads on profitability is on net positive (shown in columns 1-2). This is expected
given that the effect on wages is small, and rental expenditures are only a small share of the

overall firm costsP?

49We asked firms to rank a list of 18 possible reasons. To limit the number of rows in the table, we report the
three most common options selected by firm owners, and then the options related to pollution, for comparability.
Appendix Figure B14 reports the distribution of all 18 possible reasons for location choice. Access to customers
is clearly the primary reason.

50The regressions in columns 6 and 7 are at the firm x intermediate input level. We include fixed effects for
the different types of intermediates, and control for the quantity purchased of each type of intermediate input.
In Appendix Table B5, we show that the null relationship in column 7 holds for all individual components of
the input accessibility index.

51This information is available for those firm owners who rent the business premises (rather than owning or
using them free of charge), which is about 2/3 of the sample.

52In our sample, the rental expenditures of the median (average) firm is 5% (11%) of this firm’s monthly
revenues, among firms renting their premises.

20



Why are the profitability benefits not eroded away by higher rents? There are two
main mechanisms that may explain why the land market does not capture all the increase in
profitability from locating near larger roads. While distinguishing between these is beyond
the scope of this paper, we present evidence that such mechanisms may be at play. First, we
document that busy areas are associated with disamenities that would lower their attractiveness,
and in turn their equilibrium rent. In Appendix Tables A8 and A9, we show that firm owners
are not only aware of the productivity and health costs of air pollution, but also perceive the
positive correlation of road traffic, profitability and air pollution. In addition to air pollution,
another disamenity of these profitable locations is their distance to the owner’s home: Appendix
Table B6 shows that owners whose firm is located on larger roads face a longer commute, and
in line with this are more likely to commute using a motorized vehicle[’] These disamenities
may hold rents down. A second explanation for the partial passthrough of profits into rents
is rooted in failures in the land market. Bird and Venables (2020)) argue that in Kampala,
the coexistence of four land tenure systems leads to significant land tenure-specific frictions or
amenities, which shape the distribution of population density and economic activity across the

city.

Validity of assumption of no selection on unobservables and robustness. We high-
light three further points on the validity of the assumption of no selection on larger roads
based on unobservable productivity in equation . First, in Appendix A.4 we show that: (i)
there is no statistical correlation between road size and observable proxies of firm productivity,
such as firm owners’” managerial ability, age, education and gender, as well as employees’ age,
education, training and gender, thus suggesting that selection on unobservable productivity is
also unlikely, to the extent that observable and unobservable productivity are relatedﬂ (ii) the
profitability results of locating near larger roads are robust to the bounding exercise proposed
by Oster| (2019) to account for selection on unobservables; (iii) the profitability returns from
locating near larger roads are not stronger for higher ability managers, thus justifying the lack
of strong sorting based on productivity.

Second, this lack of correlation between observable proxies for productivity and location
choice raises the question of which firm characteristics do predict locating along major roads.

As discussed above, the results in Appendix Table B6 are consistent with heterogeneity in taste

53This suggests that residential areas are located further away from the large and busy roads on average,
which is consistent with recent work on the residential disamenity value of highways in the U.S (Brinkman
and Lin, 2024). |Vitali| (2024)) finds a similar result that firm owners operating in the city center of Kampala
commute for longer than those operating in the outskirts of the city. A large literature examines the role of
taste for commuting on labor market outcomes. See, for instance, |Le Barbanchon et al.| (2020)).

54 The lack of correlation between large roads and output quality as well as input prices/accessibility doc-
umented in Table [3] is in line with these results, and further alleviates concerns of selection on unobservable
productivity.
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for commuting being an important explanation for why some entrepreneurs locate further from
the large roads and closer to home.

Third, in Appendix A.6 we show that there is positive assortative matching on age and
education between firm owners and workers. So, if the results in Table |3 party reflect the selec-
tion of more productive entrepreneurs—and therefore more productive workers—into polluted
areas, this would imply that both the profit pollution premium and the wage pollution premium
are overestimated. This is particularly noteworthy for the wage pollution premium: since we
already estimate it to be small, this would only strengthen our claim that workers get little
compensation for locating on larger roadsﬂ We will come back to this point in the model,

where we show that our evidence rejects any large compensating differentials for workers.

Additional evidence from the Uganda census of business establishments. To further
validate the role of access to customers as a mechanism for firm location choices, we present
additional evidence from the latest Census of Business Establishments of Uganda from 2010,
which covers the universe of firms. This allows us to study how firm location choices vary
across different sectors and firms of different sizes. In doing so, we can test whether locating
near large roads is more prevalent in sectors where face-to-face interactions with consumers are
more important, and whether the sorting near larger roads is less prevalent among larger firms,
which might be better able to invest in marketing and separate production and retail activities,
thus breaking the “bundling” of customer demand and pollution generated by large roads.@
In practice, we extend our grid-cell approach to all sub-counties in the entire country, and
for each grid cell we calculate firm density by sector, and median road size. We then run
specifications based on equation [3| but using the firm census and clustering standard errors at
the sub-county level. The results are reported in Table [5} For comparison, column 1 reports
the sorting regression from the manufacturing firms in our own survey, so this is the same
specification as column 3 of Table [2| restricting to firms in carpentry and metal fabricationﬂ
The sorting regression for manufacturing using the Uganda census is in column 2: the coefficient
is remarkably similar to column 1, which is reassuring. To study the role of firm size, in column
3 we restrict the firm density in manufacturing in the Uganda census to firms with at least
10 employees. We find that the strength of the sorting on major roads among large firms is

only one third that of the average firm: large firms are better able to break away from polluted

55In Appendix A.6 we also show that there is no evidence that workers sort into polluted areas based on their
pollution awareness, thus ruling out that compensation for pollution exposure is low because polluted areas
attract workers who are less aware of pollution as a problem.

56The census is more appropriate than our survey to conduct this heterogeneity analysis for two reasons: (i)
our survey covers only three sectors; (ii) as only a small share of firms in Uganda has more than 10 workers, in
our survey data we lack statistical power to conduct heterogeneity by firm size: in our survey, less than 10% of
firms have more than 10 workers.

57Grain-milling is classified under agriculture in the firm census.
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roads.

In columns 2 to 7 we then study sectoral heterogeneity, finding that: (i) agricultural firms
sort away from large roads, which is expected given that land is more expensive along large
roads; (ii) in retail the sorting on large roads is almost twice as strong as in manufacturing,
which is again consistent with the role of customer access in driving firm location choice; (iii) the
sorting on large roads is as strong in manufacturing as in low skilled services (like hairdressing),
while high skilled services (like banking or consulting) are less likely than manufacturing to
sort on large roads. These results are notable in three ways: first, they show that the extent to
which workers are exposed to pollution varies across sectors, with important policy implications
for who is most exposed; second, they show that manufacturing firms in low-income countries
behave like low-skilled services in terms of their location choice: since they are small scale and
need to sell face-to-face, they locate on the “high-street” in the same way in which hairdressers
do. Third, they suggest that if small manufacturing firms were able to grow and behave more

like high-skilled services, the pollution exposure of their workers would decrease.

5.5 Limited Adaptation but Increasing in Managerial Ability

The negative health consequences from working in polluted areas could in principle be reduced
through in-place adaptation. We use our survey data to study the adaptation that takes place,
and whether this differs for high- and low-ability owners. The results, discussed in detail in
Appendix A.5, show two key takeaways. First, we find both limited investment in protective
equipment and low prevalence of organizational strategies to limit exposure, such as employees
adjusting their work hours to limit exposure to pollution during commutel¥ Importantly,
adaptation is not higher in more polluted areas, confirming that the reason why wages are
only marginally higher near larger roads is not that workers receive more protection from air
pollution. Second, we find that managers of higher ability protect their workers more. Overall,
these results indicate that while there is a significant role of managerial ability for adaptation,
the currently low levels of adaptation are unlikely to meaningfully reduce actual exposure to
pollution for workers.

Taken together, the results of this section establish the key message of the paper: given
the informal nature of production in low-income countries, firm owners choose to locate in
the polluted areas to access customers, thus exposing their workers to substantial pollution.
While firm owners reap the economic benefits of this location choice, workers receive little

compensation or protection for the exposure.

58This result on limited labor supply responses is consistent with the evidence in [Hoffmann and Rud (2024)
that at low levels of income labor supply is less responsive to pollution.
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6 Conceptual Framework and Results’ Interpretation

Next, we introduce a stylized framework in order to: (i) clarify the interpretation of the profit
pollution and wage pollution premia; (ii) discuss what the magnitudes of our empirical results
imply for the aggregate effects of the observed location choice on income, pollution exposure,
and health; and (iii) discuss how our results can inform the aggregate effects of firm relocation

policies.

6.1 Environment

We consider a one-period economy, partitioned in many locations j € J. Each location is
characterized by an exogenous traffic shifter 7;—which could capture local features such as
the existing road network—and by an endogenous mass of firms/entrepreneurs n; satisfying:
> seyn; = 1. Road traffic in a location is given by a Cobb-Douglas aggregator of 7; and n;:
tj(nj) = nj”»le_”, where the parameter v modulates the role of firms as a source of traffic
themselves. Traffic turns into pollution with a “unit conversion” constant ¢: p; = ¥t;, thus
dictating the spatial distribution of air pollution.[ﬂ

The economy is inhabited by entrepreneurs, with heterogeneous ability z satisfying F (z) =
0, and by homogenous workers. Entrepreneurs and workers have the same utility function given
by u (z,p) = x — p,where z is income (either profit or wages) and p is pollution exposure (the
pollution level of the location they work in).

Entrepreneurs further draw a vector of preference shocks for each location from a type-
I extreme value distribution. Each entrepreneur then chooses the location to maximize her

utility, thus solving

max v (m (z,n5) s pj () + €5 (2).

where ¢; (z) is the draw of preference shocks for entrepreneur z, p;(n;) is the pollution in
location j given the (endogenous) distribution of firms, and = (2,n;) are the (equilibrium)
profits, which we define below.@

Workers search for jobs in a frictional labor market with random search and one-to-one
matching (as in Diamond, 1982, Mortensen, 1982 and |Pissarides, 1985). Workers then go to
the location where they are matched with an entrepreneur, hence where they have a job.

A filled job—i.e., a match in location j between an entrepreneur of type z and a worker—

produces output according to the production production D; (n;)+ z, where D; (n;) is a demand

59For simplicity, we assume that pollution is only a function of local traffic with no spatial spillovers.
60Consistent with the limited role of in-place adaptation documented in Section we assume that en-
trepreneurs (and workers) cannot engage in adaptation investments to reduce exposure.
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shifter capturing location characteristics. We assume that

Dj (ny) = (t; (n;))' ™" nl. (5)

A location productivity increases in the amount of traffic and in the mass of firms, with 7
modulating the relative weight of these two elements. Along the lines of the discussion of
Section [} traffic increases firm output since it increases visibility to customers. The mass of
firms could also increase firm output through standard agglomeration effects, on either the
demand side (i.e., by generating more traffic) or supply side (e.g., by facilitating access to
inputs). Replacing the equation for traffic ¢; (n;) into equation (5] gives

Dj (ng) =)' "m0 (6)
which shows that the distribution of firms could affect output either directly, or through its
effect on traffic.

As standard in this type of frameworks, the surplus from a match is shared between the
entrepreneur and the worker through Nash bargaining, where their relative bargaining power
is given by 1 —  and [, respectively.

Finally, to close the description of the environment, we outline the four value functions: F
for an entrepreneur with a filled job, V' for a vacancy (an entrepreneur that did not match with

a worker), W for a worker and U for an unemployed (a worker not matched with a job):

Ej(z,n;) = m;(z,n;) —p; (ng)

Vi(z,n5) = —pj(ny)

Wi (z,n;) = w;(z) —p;(n)
= 0.

A few comments are in order. First, firm profits are defined as output minus wage:
7j(z,n;) = D;(nj) + 2z — w; (2). Second, we are excluding the preference shocks from the
values since they are already realized once an entrepreneur has chosen a location j. Third,
we are assuming that entrepreneurs are stuck in a location even if they do not match with a
worker. For this reason, the value of a job not filled (V') is negative since the entrepreneur does
not make any flow profits and has to suffer the cost of pollution. The value of unemployment,
instead, is 0 since workers do not earn any wage, but also do not suffer the cost of pollution

exposure (as they only move to a specific location j once they find a job there).
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6.2 Firm Sorting and Wages

Next, we describe the equilibrium wages and the sorting of firms across space.

Workers’ wage. Nash Bargaining implies that the wage for a job of an entrepreneur z in

location j is

wj(z,n;) = pj(n;)+U+ B (D; (n;) + 2z —p; (n;) = U),
Outside option Bargaining Power Job Surplus

workers are paid their outside option and a share 3 of the surplus that is generated by a match,
which is Ej (z,n;) + W, (z,n;) — V; (z,n;) = U.

Entrepreneurs’ location choice. Given the properties of the extreme value distribution,

the share of entrepreneurs of type z choosing location j is

exp (AE; (z,n;) + (1 = X)) Vj (2, n]))é
> ke €XP (AE; (z,n5) + (1 = A) Vj (2,m))”

Hj (Z,le) =

where o is (related to) the variance of the preference shocks and A is the probability that a job
is filled 7] Replacing the values Ej (z,n;) and V; (z,n;), the equilibrium wage w; (z,n;), and
simplifying, we get

exp (A(L= ) D; (ny) = (LA (1= 8))p; ()7
> ker€xp (A (1= B) Dj (n;) = (L+ A (1 = B))p; (ny))

(7)

Hj (Zvnj) -

Q=

Equation describes the sorting pattern in the economy. Entrepreneurs sort towards locations
that provide high output and low pollution exposure. Importantly, equation also shows that,
given the assumed functional forms, the sorting patterns are identical for entrepreneurs with
different z—-thus matching the empirical evidence of Section [5| that, within sub-county, there

is no evidence of differential sorting based on managerial ability.

6.3 Interpreting the Empirical Results Through the Model

Next, we use these results to interpret the empirical evidence through the lens of the model.

61 As standard in frameworks based on Diamond| (1982), Mortensen| (1982)) and |Pissarides| (1985), the probabil-
ity A would depend on the shape of the matching function and on the relative mass of workers and entrepreneurs.
Since it is beyond the scope of this paper to compute model counterfactuals in equilibrium, we leave A as an
exogenous parameter.
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Structural counterparts of empirical specifications. Consider any two locations j and
k where we assume that j is more polluted than k. The average gap in profits and wages—i.e.,

the profit pollution premium and wage pollution premium—are given by

Elmj(z,n)] = Elm (z,n1)] = (1= 5) [(Dj (1) = pj (n3)) = (Dk (nk) — pr (ni))] (8)
Profit Pollut‘iron Premium Surplus Gap
p
Elwj(z,n5)] = Elwg (z,m)] = pj(ng) —pr () + m(E (75 (z,m)] = E [ (2,1%)]), (9)
Wage Pollution Premium Compensating Differential Profit Pollu;iron Premium

where we have used the fact that F (z) = 0 and that sorting across location does not depend
on z.

Equations and () offer the structural counterparts of regression equation [ for profits
and wages, respectively. Together, they suggest that both the compensating differential and the
bargaining power of workers are small relative to the surplus offered by more polluted locations.
The reason is simple. In the data, we find large profit pollution premium (an increase in median
road size in the grid cell by one unit is associated with a 15% increase in profits) and small
wage pollution premium (the same increase in road size leads only to a 2.5% increase in wages).
Equation @ shows that the wage pollution premium is given by the sum of the compensating
differential and the profit pollution premium multiplied by the ratio between the bargaining
power of workers and entrepreneurs (%) As a result, it must be that both p; (n;) — px (nk)
and [ are small. Otherwise, it would be impossible to rationalize such a small wage pollution

premium 7]

Aggregate effects of the sorting pattern. Next, we use the model as a guide to quantify
the aggregate effects of the observed distribution of firms and pollution on pollution exposure,
income, and heath. Our main objects of interest are the average values for workers and for
active entrepreneurs (i.e., those with a filled job): W and E. They are simply the weighted
average of the individual values defined above, weighted by the distribution of firms across

locations and the distribution of entrepreneurs in each location j, defined as G, (2):
() = X (W on) dGy 2)) (10)
jel

B(nhe) = X (w [ B G (). (1)

jel

62The model assumes that workers are homogeneous. As discussed in Section if our estimated wage pollution
premium partly captures the sorting of more productive workers to more polluted areas, this would imply that
the true wage pollution premium—and therefore the true compensating differentials and workers’ bargaining
power—are even lower than we estimate.
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These values depend on the distribution of firms across space through two channels. First,
through weighting: locations with more firms and workers (higher n;) are more relevant in
the aggregate. Second, through equilibrium effects: the distribution of firms may affects the

equilibrium traffic, pollution and production surplus.

Accounting for the weighting channel. As a first useful step, in this section we keep
il and the local

measured pollution, p;. We can then easily quantify the aggregate importance of their observed

constant the observable average wages and profits in each location, {w;, 7;}

spatial dispersion— i.e., we quantify the role of the distribution of firms across space through
only the weighting channel without allowing for equilibrium effects. The exercise, summarized
in Table [0], is to calculate

W<{nj}jeﬁ) = mly = )

J€el J€el
— ——
Average Wage Average Pollution Cost

E<{nj}jej> = > niRy - > mp
Jel jel

—— ~——
Average Profit Average Pollution Cost

and its components for different distributions n;. Intuitively, this corresponds to comparing
how these values change as we move from the actual spatial distribution of firms (and jobs)
to counterfactual distributions where firms (and jobs) were to relocate, while not allowing for
equilibrium effects. To do so, we need to measure entrepreneurial sorting, and then average
profits, wages, and pollution for each location, which is relatively straightforward. The main
challenge is to then turn the pollution measures into a monetary utility cost that can enter into
the utility function. We next describe how we conduct this measurement exercise.

Using the elasticities shown in Table [T} column 1, and Table [3| columns 2 and 3, we predict
pollution, profits and salary from road traffic in each grid cell in our samplef’f] To transform
measured pollution into an interpretable health measure, we use the elasticity of 0.98 years of
loss of life expectancy (LLE) for every 10ug/m? of PM2.5 above the WHO guidelines (Ebenstein
et al., 2017).

Figure B15 plots the pooled distributions of within-sub-county predicted grid-cell level de-
viations (compared to the sub-county average) for pollution and value added per worker (which

corresponds to firm output in the model).@ We see that there is substantial heterogeneity in

63Road size is available for all our sampled sub counties and we normalize road size by average road size in
the sub-county, so that we are effectively looking at within-sub-county distributions. We restrict observations
to grid cells containing at least one road. More details on how we predict profits, salary and pollution can be
found in Appendix A.7.

64Tn practice, we first compute percentage deviations for each grid cell relative to the the sub-county mean,
and then rescale it using the medians for our entire sample to go from percentage deviations to interpretable
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the pollution and profitability of available locations, even within sub-counties. For example,
moving from the 10th to the 90th percentile of the pollution distribution would increase an-
nual value added per worker by more than $250, but at the cost of more than one year of life
expectancy.

To quantify the impact of the actual distribution of firms, we compare the predicted firm-
level value added per worker and health costs under firms’ actual location against those same
costs and benefits under a hypothetical random spatial distribution of firms within their sub-
countyﬁ We repeat the same procedure for value added per worker. Results are presented in
the first column of Table [ Panel A shows the inputs used in the calculations and Panel B
the main results. The difference in exposure between the actual and the random allocation is
1.6pg/m?> of PM2.5, which translates into an increase in life-expectancy of almost two months.
However, random location would also mean lower access to customers, hence lower profitability
and annual value added per worker, which we estimate would be $42 lower. Crucially, this
average number hides substantial heterogeneity as the benefits from sorting to polluted areas
are unequally distributed: workers’ wages are only $11 higher (column 3, Panel B), while
entrepreneurs’ profits are $195 higher (column 2, Panel B).

As an alternative benchmark, we show the potential gains from pollution avoidance by
comparing the predicted value added and health costs of firms’ actual location versus those if
firms were to actively avoid polluted roads (while keeping constant profits, wages, and pollution,
as before). We find that moving all firms to grid-cells at the 10" percentile of the distribution
of pollution (and value added) within their sub-county would increase life-expectancy by six
months, but at the cost of a decline in annual value added per worker of $139 (Panel B)[5|

To compute W <{nj}jej> and E ({nj}jej> ,we still need one final, challenging, step: to
express life-expectancy in monetary value so that we can compare the positive effect on earnings
with the negative one on health. We rely on the WHO guidelines in terms of cost-effectiveness
for health policies. We assign a monetary value to the increase in life-expectancy of 1.89 months
by calculating the cost of a hypothetical “health intervention” with this same health impact of
1.89 months and which would be deemed cost-effective by the WHO. The WHO guidelines ([ino
et al.; 2022)) indicate that a policy investment should cost no more than 3 times GDP percapita
for one year of life saved. Given that per capita GDP in Uganda is $720 at the time of the

study, for the increase in life expectancy of 1.89 months to be cost-effective, the policy should

magnitudes.

65Tn practice, we compare the average predicted pollution across all grid cells in a sub-county to the average
exposure from the observed location of all the firms in our initial listing, which we compute by weighting the
grid-cell average pollution by the number of firms actually located in each cell.

66We notice that moving to a grid-cell at the 10" percentile of pollution exposure would not require firms in
the average sub-county to move very far: it would entail a move between 408 meters and 1,102 meters for the
average firm. For comparison, the average worker (entrepreneur) in the sample commutes a distance of 2.4km
(4.3km) from their home to the firm every day. Consistent with this, in the calculations in this section we are
implicitly assuming that relocation does not affect commuting costs.
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cost at most $340. We can then compare this value to the present discounted value of total
earnings lost from relocation discounted at either a 5% or 10% interest rate, which gives $758
or $453, respectively. From this calculation we learn that, summed over both entrepreneurs and
workers, the current allocation provides a higher value than the alternative random allocation
(Panel C, column 1). However, the results are strikingly different if we compare entrepreneurs
and workers. The health benefit from reduced exposure to pollution of $340 is the same, but the
cost in terms of lost earnings would be only $196 for workers and $3,516 for entrepreneursm
According to this calculation, workers would be better off with less jobs in the smog (Panel C,
columns 2 and 3) [

6.4 The Aggregate Effects of Firm Relocation Policies

The exercises in the previous Section are purely in the realm of accounting, and useful mainly
to conclude that the spatial distribution of firms has potentially meaningful aggregate effects.
They cannot be interpreted as structural counterfactuals since they keep the spatial distribution
of wages, pollution, and profits constant. In this section, we go one step further and use the
model as a tool to discuss the effects of firm relocation policies, while not going as far as
structurally estimating it. These policies are relevant as they are being actively considered by
the Ugandan government in this Settingﬁ

To do this, we rewrite equations and in terms of model primitives rather than
observable empirical objects. To simplify the expressions, we use the fact that £ (z) = 0 and
that the firm location choices are not a function of entrepreneurial ability— G; (z) = G (2)
for all 7 € J. We also substitute into the firm output and pollution the traffic equation and
equation . Doing this, gives:

1-n)(1—v 1-v)4+v v 1—v
W ((n}er) = 83 m (10 mI  gri) (12)
J€EJ

E({nhe) = (=0 m (1m0 o) —enr @)

JeJ

From these equations we get two main takeaways.

57Discounted at 5% interest rate.

68We investigate the sensitivity of these results in Panel C of Table @, which shows that the lack of cost
effectiveness of the policy for the average individual is robust to: (i) using actual pollution instead of predicted
pollution in the calculations for a 0.95 discount rate and (ii) using the lower bound of the elasticity of profits
to road size from the most conservative specification which accounts for selection on unobservables, following
the approach described in Appendix A.4 for firm owners. Only under a 0.90 discount rate and measured rather
than predicted pollution would the policy be almost cost effective for the average individual (but would never
be cost effective for owners).

69For instance, the Kampala Capital City Authority has started to relocate firm clusters away from congested
central roads as part of decongestion and road modernization programs (see: https://www.kcca.go.ug/uDocs/
Proposed’,20relocation’200f%20kasubi’%20market . pdf))
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The first takeaway is that any firm relocation would have a minimal effect on workers’
average value, irrespective of any agglomeration force. This is because, in equilibrium, workers
are compensated for their exposure to pollution but we argued that most likely receive only a
minor portion of the production surplus (5 is small).

The second takeaway is that the partial equilibrium exercises done in the previous section
would correspond to the aggregate effects of firm relocation if and only n = v = 0 —i.e,,
if differences in profitability and pollution across locations are unaffected by the distribution
of firms. In Section [5, we have discussed that our empirical evidence suggests that traffic
and pollution are not caused by firms themselves, hence assuming v = 0 seems plausible.
On the contrary, recent work in this same context by |Vitali| (2024) suggests the existence of
agglomeration externalities (n > 0). This would imply that the partial equilibrium effects on
profitability might be an overestimate of the general equilibrium ones. The reason is that the
empirical results are partially driven by agglomeration forces making more polluted and denser
areas more profitable. Of course, the argument would be reversed if n < 0.

Taken together, these results imply that while the extent to which firms are affected by
relocation policies (and therefore the extent to which they might be willing to move) depends on
the strength of agglomeration effects, this is not the case for workers: regardless of agglomeration
effects, they would remain at best indifferent, or would even be slightly better off moving to a

cleaner area. This is a key takeaway from our study.

7 Testing for Awareness of Pollution

The model and the analysis of the previous sections implicitly assume that firm owners and
workers are aware of pollution levels and of the health costs of pollution. However, if individuals
underestimate pollution, providing more information may affect location choices and wage
setting, and particularly so for workers: given they are close to indifferent, removing even small
information frictions may induce them to look for jobs in cleaner parts of the city or to demand
higher compensation for the higher perceived pollution. In this section, we design an experiment

to show that information frictions are indeed significant in this setting.

A simple information experiment. We test for information frictions on pollution levels
using an experiment where we estimate how the provision of some initial information about
local pollution impacts the willingness to pay (WTP) for more information about the spatial
distribution of air quality within the city. We implement the experiment with firm owners. We
choose firm owners rather than workers for two reasons. First, to implement our design, it is
important to benchmark the estimated WTP for information about pollution with the WTP

for other relevant information. Focusing on firm owners allows us to use the spatial distribution
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of profits, which we have shown vary substantially within the city. Workers’ wages, instead,
vary little within the city. Second, asking workers about their WTP for information on wages
might not have led to truthful answers, due to concerns about the firm owner overhearing
their answers. As entrepreneurs in this setting are more educated, older and more skilled than
employees (Bassi et al., 2024]), focusing on entrepreneurs likely provides an upper bound for the
awareness of pollution of their employeesm

As motivation for the experiment, in Appendix A.8, we show that while firm owners are
aware that pollution is higher on larger (and more profitable) streets, they underestimate pol-
lution levels near their firm relative to other areas of their sub-county[”] The information
experiment then goes as follows. First, we ask all firm owners to estimate the relative levels of
pollution and customer demand (i.e., profitability) at the premises of their firm (low, average,
high), compared to other locations in their sub-county. Second, we randomly divide all firms
with available information on actual pollution in their grid-cell into a treatment group that
receives information on the actual relative pollution levels near their firm (i.e., in their grid
cell) compared to the rest of their sub-county, and a control group that does not receive any
information. Similarly, we divide all firms with available information on actual profitability
into a treatment group that receives additional information on local relative profitability, and
a control groupm Thus, there are two separate information experiments, each with its own
treatment and control groups. The two treatments are independentm Third, we ask all firm
owners (in both treated and control groups) whether they would be willing to give back part of
their compensation for the study (UGX 5,000, or about $1.5) to acquire: (i) a map of relative
pollution and (ii) a map of relative profitability in their sub-county (that we compiled with the
baseline data). We first offer them to buy either map for a high price of UGX 3,000, so that
they would have to choose at most one between the two. Then, for the maps not chosen at

the high price, we again offer them for a medium price (UGX 2,000). If at least one map is

"Consistent with this, in Appendix Table A7 we show that among our sample of employees, more educated
and more skilled individuals (as proxied by whether they attended vocational training) are more aware of
pollution as a problem.

"'In Appendix A.8 we also show that: (i) firm owners and workers are aware, at least in part, of the negative
impact of pollution on health and productivity; and (ii) the perceived costs of pollution are relatively higher in
firms ran by higher ability managers, which is consistent with the results in Appendix A.5.

"2To calculate the actual relative pollution and profitability of each grid cell we use baseline data. To calculate
pollution exposure, we use actual pollution data. To calculate access to customers / profitability, by sector,
we use the elasticity of revenues to road size and predict a grid cell’s revenues, net of firm owners’ ability and
sub-county fixed effects. We average actual pollution and (predicted) revenues at the grid-cell level. We then
divide grid cells into low (1°¢ tercile), average (2"¢ tercile) or high (3" tercile) within the sub-county.

"3Firms with available information on both relative pollution and profitability can be part of both experiments.
The randomization is stratified by sector and sub-county. As described in Section pollution data is available
in 32 of our 52 sub-counties, which explains why some firms are excluded from the pollution information
experiment. We exclude firms in grain milling from the profitability information experiment because given
the low number of grain millers (see Table B1) we did not feel confident in the precision of our estimates of
(predicted) local profitability for grain milling. Appendix Table B8 shows the sample sizes and balance checks
for the two experiments.
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still not purchased at this price, we make one last offer at a low price (UGX 1,000). Thus, the
elicitation of willingness to pay for the maps is incentivized and the stakes are relevant. We
create two sets of outcomes: a dummy if the owner is willing to pay the high price for the pol-
lution/profitability map, and a variable taking values 0 to 3, depending on whether the owner
is willing to pay the high (3), medium (2), low price (1), or no price at all (0). We regress these
outcomes on the treatment indicators, controlling for the stratification variables (sub-county
and sector fixed effects). Treatment effects are estimated separately on the two experimental
samples (pollution and profitability). Standard errors are robust since the randomization is at

the firm level.

Results from the experiment. The results are in Table[7] Column 1 shows that providing
information on local pollution increases the probability that the firm owner is willing to pay the
high price for the air pollution map by 9pp, a result significant at the 5% level. This is a large
effect, as only about 11% of firm owners in the control group are willing to pay the high price for
this map. Column 2 shows that the treatment effect remains positive (although at the margin
of significance) when the dependent variable is the 0-3 scale of willingness to pay. In column
3, we look at the (non-experimental) correlates of willingness to pay for the pollution maps in
the full sample, finding that higher ability owners demand more information, while there is no
correlation between being located on larger roads and demand for information.@ Importantly,
as shown in columns 4-6, we do not find treatment effects on demand for the profitability map,
nor a significant correlation between managerial ability and demand for this map, which is
consistent with larger information frictions on relative pollution levels than profitability (which
serves as our benchmark).

These results uncover the presence of significant information frictions on pollution, and are
notable in two ways. First, they open up the possibility that workers might be undercompen-
sated for the health risk from exposure to pollution, since they might not be fully aware of the
spatial distribution of pollution. Second, they highlight how simple information interventions
may have meaningful distributional effects. Admittedly, while they may be a promising way
to change attitudes and increase adaptation investments, it is unlikely that information inter-
ventions would directly affect the location choices of entrepreneurs, due to the strength of the
profit pollution premium documented in Section [5| At the same time, such interventions might
have a meaningful impact on workers’ choices of where to work and the wages they demand to

work in polluted areas, thus reducing pollution exposure and its costs for workers.

" This is consistent with high-ability managers being more aware of pollution as a problem but not of relative
pollution levels, something that in Appendix A.8 we show holds for our non-experimental data. Comparing
column 2 with column 3, we notice that the treatment leads to an increase in willingness to pay comparable to
a 20 increase in managerial ability. That is, the treatment effect is roughly equivalent to turning low ability
managers into high ability ones, in terms of their demand for information.
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8 Conclusion

Air pollution is becoming a critical health challenge in much of sub-Saharan Africa, where life
expectancy may already be over two years lower due to the high levels of air pollutionr_g] This
raises the important question of who is most exposed and which policies can help limit exposure.

Our contribution is to show that in Ugandan cities it is difficult for manufacturing workers
to avoid pollution at work, as most jobs are in the smog: even though there is large spatial
variation in pollution levels within the city, small manufacturing firms end up locating along
the most congested and polluted roads, as this is where the customers are. For owners, the
profitability benefits from this location choice substantially outweigh the costs in terms of loss
of life expectancy. Workers instead bear the costs of such exposure without reaping many of
the benefits, as compensating differentials are small, and any adaptation investments limited.

Our results have several important implications for environmental policy. First, they imply
that actual exposure to pollution in developing country cities is even higher than what might
be predicted by looking at city-level averages of PM2.5, as workers and firms cluster in the most
polluted parts of the city. This highlights again the critical importance of interventions to reduce
pollution emissions—such as congestion pricing (Kreindler, 2024)), enforcement of pollution
standards for vehicles (Jacobsen et al., [2023), and creation of efficient public transportation
systems (Gendron-Carrier et al.| 2022; Kreindler et al., [2023)—as first-best policies.

Second, the results of an information experiment show that awareness of pollution levels
is limited in this context. This opens up the possibility that workers, in addition to being
exposed to high levels of pollution, are also undercompensated for such exposure. Removing
the information gaps is therefore critical for environmental justice, as it would enable workers
to make informed decisions about where to work. This points to the importance of information
campaigns as an additional policy tool to reduce exposure. A recent literature has started to
evaluate the effects of information provision on adaptation and avoidance (Hanna et al., 2021)).
Our findings highlight the importance of this new line of research.

Finally, given the strength of the bundling between pollution and profitability created by
large roads, it is unlikely that information interventions targeted at entreprenecurs would lead
them to relocate their firm. Bigger push policies are likely to be needed. However, these would
be second-best policies, as they might lead to profitability losses for firms. Recent papers have
started to evaluate the impact of firm relocation policies, finding that this leads to a reduction
in pollution emissions in the city but is costly for firms (Gechter and Kalal [2024). Shedding
light on the general equilibrium effects of different urban planning policies and how they can
best induce firms to relocate away from city centers while maintaining the benefits of access to

customers and agglomeration effects remains another promising avenue for future research.

"See the |Air Quality Life Index by the EPIC center of the University of Chicago.
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Figure 1: Cyclicality of Pollution and Production Within the Day
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Notes: The left panel shows pollution cyclicality during the day, as measured by our stationary and mobile
monitors. The red dotted line corresponds to the 2021 EPA guideline for average annual PM2.5 exposure. The
right panel shows the share of employees who report working by hour of the day. In our survey, both managers
and employees are asked at what time they started and finished work at the firm during the last day worked.

Figure 2: Average Residual Pollution, Firm Location and Road Size in a Sampled Sub-county
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Notes: Location of firms in our survey, roads and average pollution residual per grid cell for the sampled parish in
Nakalama sub-county (Iganga District). Road sizes are defined in Section and the computation of pollution
residuals is described in Section {1l Grid cell dimensions are 500m x 500m.
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Figure 3: Large Within-sub-county Spatial Variation in Pollution

(a) Within-sub-county PM2.5 (b) Within-sub-county Decay in PM2.5
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Notes: Panels (a) and (b) represent pollution dispersion across 500 x 500m grid cells within the average sub-
county with our pollution data (net out from temporal variation). To aggregate across sub-counties, we recenter
pollution measurements to net out across sub-counties median pollution differences. We then add back the
average pollution in our data, 47.9ug/m? for readability. Panels (c) and (d) present an analogous exercise for
pollution as predicted by our estimate of pollution elasticity on roads, restricting to grid cells with at least one
road. On panel (d), the predicted pollution in grid cells with 0 gain from moving 500 meters is 4.9 pug/m? lower
than in grid cells with strictly positive predicted gain. Selected world city pollution averages come from the

TQATR! (2019) report.
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Table 1: Correlation Between Road Size and Pollution

(1) (2) (3) (4)
Avg log(Pollution) Resid. Avg log(Pollution) Resid. log(Pollution) Resid. log(Pollution) Resid.

Median Road Size/Cell 0.0767 0.0701
(0.0117) (0.0161)
Closest Road Size 0.0988 0.0597
(0.0156) (0.0334)
N 972 972 52965 52965
R2 3511 1631 .1591 .0334
Sub-county FE Yes Yes
Level of Observation Grid Cell Grid Cell Poll. measure Poll. measure
SE clustering SHAC SHAC Grid Cell Grid Cell

Notes: OLS regression coefficients, SHAC standard errors in parentheses. SHAC standard errors are Bartlett (spatial weighting kernel decaying linearly in
distance) and the distance cutoff for spatial correlation is 5km. We control for log distance to the main city in the region. In regressions at the grid cell
level, we control for a dummy for whether the grid cell contains any road , a dummy for whether the grid cell is incomplete (i.e., 500m x 500m), its area, as
well as a dummy for whether the grid cell falls in our main surveyed area. The top and bottom one percent of pollution residuals are trimmed. Regressions
at the pollution measure level have the same geographical coverage as regressions at the grid cell level and include a dummy for whether observations fall
in our main surveyed area. Road size goes from 1 (Trail/Track) to 5 (Highway). The procedure to construct pollution residuals is detailed in Section
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Table 2: Correlation Between Pollution, Road Size, and Firm Density

(1) (2) (3) (4) (5) (6) (7)
Any Firm  Any Firm  log(Firm Density) log(Firm Density) log(Firm Density) log(Firm Density) log(Firm Density)
Median Road Size/Cell 0.0398 0.133 0.122
(0.0173) (0.0446) (0.0451)
Avg log(Pollution) Resid. 0.202 0.269 0.243
(0.0536) (0.143) (0.137)
Avg Man. Score 0.00908 0.00786
(0.0664) (0.0679)
log(Pollution) Resid. 0.121
(0.0451)
N 972 972 420 420 420 420 52965
R2 .2983 .3048 4426 4365 485 4795 4643
Sub-county FE Yes Yes Yes Yes Yes Yes Yes
Level of Observation Grid Cell  Grid Cell Grid Cell Grid Cell Grid Cell Grid Cell Poll. Measure
SE clustering SHAC SHAC SHAC SHAC SHAC SHAC Grid Cell

Notes: OLS regression coefficients. SHAC standard errors are displayed in parentheses. SHAC standard errors are Bartlett (spatial weighting kernel
decaying linearly in distance) and the distance cutoff for spatial correlation is 5km. Man. Score is a standardized index of managerial ability constructed
using our survey (see Appendix A.1 for details). We control for log distance to the main city in the region. In regressions at the grid cell level we also
control for a dummy for whether the grid cell contains any road, a dummy for whether the grid cell is incomplete (i.e., 500m x 500m), its area, as well as
a dummy for whether it is in our main surveyed area. In columns 5 and 6, we also control for missing managerial score (dummy). The top and bottom
one percent of pollution residuals are trimmed. Regressions at the pollution measure level have the same geographical coverage as regressions at the grid
cell level. Road size goes from 1 (Trail/Track) to 5 (Highway). The procedure to construct pollution residuals is detailed in section
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Table 3: Returns from Locating Near Large Roads

(1) (2) (3) (4) (5) (6) (7) (8) 9)
log(Profit) log(Profit) log(Salary) Nb Customers Log(Price) Output Quality Log(Input Price) Input Access log(Rent)

Median Road Size/Cell 0.155 0.145 0.0250 0.250 0.0409 -0.0476 0.0156 -0.0106 0.106
(0.0314) (0.0325) (0.0152) (0.0975) (0.0177) (0.0650) (0.0230) (0.0231) (0.0288)
Man. Score 0.237 0.0842 0.413 0.0361 0.210 0.0797 0.0668 0.0747
(0.0310) (0.0192) (0.106) (0.0164) (0.0863) (0.0310) (0.0335) (0.0296)
log(Size Premises) 0.0499
(0.0213)
N 967 967 2272 792 730 273 5747 6669 655
R2 0.506 0.537 0.392 0.374 0.953 0.318 0.445 0.148 0.476
Sector FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sub-county FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Level of Observation Firm Firm Employee Firm Firm Firm Firm x Input Firm x Input Firm
SE clustering Grid Cell ~ Grid Cell Grid Cell Grid Cell Grid Cell Grid Cell Grid Cell Grid Cell Grid Cell
Employee Controls Yes
Input FE Yes Yes

Notes: OLS regression coefficients. Standard errors are clustered at the grid-cell level and displayed in parentheses. Man. Score is a standardized index of
managerial ability constructed using our survey (see Appendix A.1 for details). We control for log distance to the main city in the region and a dummy
for whether the grid cell contains any road. We also control for a dummy for whether the grid cell is incomplete (i.e., 500m x 500m), its area, as well as
a dummy for whether it is in our main surveyed area. All specifications include sector and sub-county fixed effects. Employee controls include education,
age, age squared, any vocational training (dummy), cognitive ability (measured through a Raven matrices test), employee tenure. We control for missing
managerial score (dummy) and missing employee controls (dummies). The top and bottom one percent of all monetary dependent variables aretrimmed.
Road size goes from 1 (Trail/Track) to 5 (Highway). For regressions at the Firm x Input level, we include input fixed effects, as well as controls for the
quantity of input purchased and the input unit. Input Accessibility is a standardized index (mean 0, sd 1) of seven variables reflecting input accessibility.
Analogous regressions for each individual variable can be found in Appendix Table B5. We compute output quality as the standardized sum of various
component z-scores, as detailed in |Bassi et al.|(2022)’s supplemental appendix, and we control for produce_main and produce_type. In column 6 we only

include firms producing the main product.



Table 4: Descriptives on Access to Demand and Location Choice

Share (%)
Panel A: Access to demand and customers
(a) Marketing strategies
Owner spends money on marketing 6.6
Owner talks directly to customers 59.6
Firms with products on display 69
When on display: explicitly to attract customers 64.9
(b) Sales characteristics
Orders by phone 17.2
Orders from walk-in consumers 79.5
Sales to final customers 92.8
Shipping to final customers 16
Panel B: Main perceived advantage of locating near a major road
Visibility and new customers 75.6
Easier for existing customers to reach the firm 12
Easier for suppliers to reach the firm 5.6
Easier to interact with other firms 5.6
Other 0.6
No advantage 0.7
Panel C: Main perceived drawback of locating near a major road
Higher rents 40.5
Lower revenues because of competition from other firms 15.6
Harder to reach the firm because of heavy traffic 11.5
No drawback 10.9
Higher air pollution 8.3
More damages on products and accidents 4.5
More thefts of products 4.1
More noise 4.3
Panel D: Reasons for location choice
Closeness to customers / market 52.5
Affordable rent / land price 40
Closeness to a good transportation network 324
Low exposure to air pollution 9.6
Low exposure to water pollution 2.2
Low exposure to solid waste pollution 1.5
Panel E: Production location
Firm produces only outside 39.7
Firm produces mostly outside 24.4
Firm produces sometimes outside 20.1
Firm produces only inside 15.7

Notes: The questions reported in Panels B and C, as well as the the two questions about products on display in
Panel A come from the follow-up phone survey, which was answered by 695 out of the 1,027 firms at baseline.
Data from Panels A, D and E come from the baseline survey. The questions in Panel D were only asked to
firms that had relocated (or considered to relocate) their premises in the previous year (138 firms). For Panel
D, firms were asked to indicate their top 3 out of a list of 18 potential reasons for their location choice. Panel D
then reports the share of firms indicating each reason in their top 3. To keep the table short, we do not report
all 18 reasons: the three top rows of Panel D report the most common reasons; the three bottom rows report

the environmental-related reasons.
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Table 5: Correlation Between Firm Density and Road Size in the Ugandan Firm Census

Dep. Var: Log(Firm Density)
Sample: Our survey UBOS UBOS UBOS UBOS UBOS UBOS
Sector: Manuf (Weld + Carp.) Manuf Manuf (> 10 emp.) Agr Retail Low Skill Serv  High Skill Serv
(1) (2) (3) (4) (5) (6) (7)
Median Road Size/Cell 0.127 0.125 0.0513 -0.0671 0.216 0.143 0.0635
(0.0428) (0.0240) (0.0300) (0.0356) (0.0213) (0.0247) (0.0303)
N 410 4942 382 1776 13994 6971 2602
R2 0.378 0.514 0.645 0.486 0.416 0.505 0.632
Sub-county FE Yes Yes Yes Yes Yes Yes Yes
Level of Observation Grid Cell Grid Cell Grid Cell Grid Cell Grid Cell Grid Cell Grid Cell
SE clustering SHAC Sub-county Sub-county Sub-county  Sub-county Sub-county Sub-county

Notes: OLS regression coefficients. Standard errors are displayed in parentheses. SHAC standard errors are Bartlett (spatial weighting kernel decaying
linearly in distance) and the distance cutoff for spatial correlation is 5km. Census data comes from the 2010 UBOS census of establishments. In the UBOS
census, grain millers are considered as agricultural firms instead of manufacturing, therefore in column 1 we restrict our sample to carpentry and welding
firms only to increase comparability with column 2 where we repeat the results for manufacturing firms in the UBOS census. In column 3, we compute
the log firm density for manufacturing firms with at least 10 employees. Road size goes from 1 (Trail/Track) to 5 (Highway).



Table 6: Quantifying the Trade-Off Between Pollution and Profitability

Per Person  Owner  Workers

(1) 2) (3)
Panel A: Inputs
External Parameters
Loss Life Expectancy Elasticity to 10ug/m3 PM2.5 (years) 0.98 0.98 0.98
Average Life Expectancy 63 63 63
Expected working life (years) 40 40 40
GDP per capita (3) 720 720 720
WHO cost-effectiveness guidelines - 1 year LE 2160 2160 2160
Estimated FElasticities and Quantities from Our Data
Elasticity of Pollution to Road Size 0.0767 0.0767 0.0767
Elasticity of Earnings to Road Size 0.145 0.0294
Average Annual Earnings ($) 1203.1 2923.2 852
Average Pollution Exposure (pg/m? PM2.5) 47.9 47.9 47.9
Panel B: Results
Mowve to Random Location Within the Same Sub-county
A PM2.5 Exposure (ug/m?) -1.61 -1.61 -1.61
A Life Expectancy (Months) +1.89 +1.89 +1.89
A Annual Earnings ($) -42.1 -195.2 -10.9
NPV A Lifelong Earnings (5 = 0.95 ; Over 40 years) ($) -758.7 -3516.2 -196
NPV A Lifelong Earnings (8 = 0.90 ; Over 40 years) ($) -453 -2099.4 -117
Move to 10" Pct. Exposure Within the Same Sub-county
A PM2.5 Exposure (ug/m3) -5.22 -5.22 -5.22
A Life Expectancy (Months) +6.1 +6.1 +6.1
A Annual Earnings ($) -138.8 -643.3 -35.9
NPV A Lifelong Earnings (5 = 0.95 ; Over 40 years) ($) -2500.9 -11590.1  -645.9
NPV A Lifelong Earnings (5 = 0.90 ; Over 40 years) ($) -1493.1 -6919.8  -385.6
Panel C: Net Surplus From Intervention (WHO Guidelines)
Mowe to Random Location Within the Same Sub-county
(i) Main
- 8 =0.95; Over 40 years ($) -418 -3176 145
- = 0.90 ; Over 40 years ($) -112 -1759 224
(ii) Sensitivity: Measured Pollution (Rather Than Predicted)
- 8=10.95; Over 40 years (9) -335 -3092 228
- 8 =0.90 ; Over 40 years ($) -29 -1675 307
(iii) Sensitivity: Oster Lower Bound on the Elasticity of Profits to Roads
- 8 =0.95; Over 40 years ($) -2942
- 8 =10.90 ; Over 40 years ($) -1619

Notes: We take the Loss of Life Expectancy (LLE) elasticity of 0.98 for each 10ug/m?3 of PM2.5 above WHO
levels from the Air Quality Life Index (AQLI), which uses [Ebenstein et al.| (2017)’s estimates. Elasticities and
earnings at baseline can be found in Tables B1, [I] and [3] Average pollution exposure at baseline is computed
by weighting grid cell predicted pollution by the number of firms in each grid cell. We assume that workers
and firm owners’ lifelong earnings are over 40 years. The Oster lower bound estimate on the elasticity of profits
to road size is taken from column 4 of Appendix Table A2. The counterfactual in the bottom half of Panel B
corresponds to moving to a grid-cell at the 10*" percentile of the distribution of predicted pollution exposure
within the same sub-county where the firm is located. We rule out in-place adaptation given the small levels of
adaptation documented in Table A4.
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Table 7: Results of Information Experiment

M @) ® @ ) ©)
WTP poll = max WTP poll WTP poll WTP profit = max WTP profit WTP profit
Treatment Pollution 0.0869 0.185
(0.0382) (0.134)
Man. Score 0.0892 0.0159
(0.0510) (0.0577)
Median Road Size/Cell 0.00769 -0.0223
(0.0495) (0.0531)
Treatment Profitability -0.0109 -0.0299
(0.0496) (0.130)
N 339 339 695 430 430 695
R2 0.0657 0.0977
Sector FE Yes Yes Yes Yes Yes Yes
Sub-county FE Yes Yes Yes Yes Yes Yes
Scale Dummy 0-3 0-3 Dummy 0-3 0-3
Standard Errors Robust Robust Robust Robust Robust Robust
Model OLS O. Probit  O. Probit OLS O. Probit O. Probit

Notes: Robust standard errors are displayed in parentheses. Man. Score is a standardized index of managerial ability constructed using our survey
(see Appendix A.1 for details). All specifications include sector and sub-county fixed effects (the stratification variables). Columns 1 and 4 report OLS
coefficients. Columns 2-3 and 5-6 report ordered probit regression coefficients. In columns 1-2 and 5-6, we restrict observations to the firms that were
included in the pollution and profitability experiments, respectively (see Section for more details on treatment assignment). Treatment Pollution is a
dummy equal to one if the firm was randomized into the treatment group for the pollution information experiment. Treatment Profit is a dummy equal
to one if the firm was randomized in the treatment group for the profitability information experiment. WTP poll = max, and WTP profit = max are
dummies equal to 1 if the firm was willing to pay UGX 3,000 for pollution or profitability maps, respectively. WTP poll is a variable taking values 0-3,
depending on whether the firm owner was willing to pay UGX 0, 1,000, 2,000 or 3,000 for the pollution map. WTP profit is defined similarly, but for the
profitability map.
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