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Introduction Data Stylized Facts and Conceptual Framework Avoidance and Adaptation Frictions

Pollution in developing country cities
I Air pollution is increasing rapidly in developing country cities

- leading causes: fast urbanization, rapid motorization and poor urban planning

- Ugandan cities as polluted as Chinese cities

I Potentially important negative health and productivity impacts

- life expectancy in SSA reduced by 2.1 years due to air pollution [AQLI 2021]
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Small Firms Dominate Production in LIC Cities

I Small firms predominant in developing country cities
- produce mostly on road side and open air
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Overview

1. This paper: study organization of production ⇔ exposure to pollution in LICs
I Location choice & in-place adaptation

2. Novel data: granular air pollution + firm survey + road census

3. Key findings:

I Bundling: road traffic bundle access to demand with exposure to pollution

I Sorting to polluted areas to meet demand

I Profitability / Health trade-off: value added per worker (++) > health effects (+)
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Data
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Representative sample of urban areas
I sub-county = neighborhood or small city

Figure: Sampled sub-counties in Kampala
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Pollution data
I We collected granular geo-referenced measurements of PM2.5 Trend

- in partnership with AirQo Pollution Decay Lit

- 33 stationary monitors, 10 mobile monitors for 8 months ⇒ ≈ 3.3 million observations

- average PM2.5 40-50 µg/m3

- isolated the spatial variation of pollution Residual

- captured within-city spatial variation (unlike satellite data) Satellite

Building a citywide air quality network: AirQo experience

14

Building a citywide air quality network: AirQo experience
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Firm data

I Focus on three prominent manufacturing sectors [Bassi et al. ‘22]

- carpentry, metal fabrication, grain milling

I Full listing in sampled sub-counties, then detailed survey of ≈1,000 firms

- standard index of managerial practices [McKenzie Woodruff ‘17] Manscore

- location and reasons for location choice

- mitigation investments: protective equipment and organizational strategies

- employees’ perceptions of pollution exposure

- follow-up survey: manager’s awareness of pollution distribution, WTP maps

I Average firm: small (L̄ = 4.8) but profitable ( ¯profit = 4 ×gdp pc) Firm Xs
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Road data
I 2017 census of Uganda’s roads, organized by road-type

- five categories, from 1 = “track/trail” to 5 = “motorway” Roads

I Median road size in grid-cell

- split sub-counties s into 500m × 500m grid cells j [Ahlfeldt et al. ‘15, Michaels et al. ‘21]
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Stylized Facts and Conceptual Framework
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Conceptual framework

I City: each location j is characterized by a bundle

{access to customers zj , pollution pj}

I Impacts of pollution exposure: Simple Model

I reduces worker productivity

I amenity cost

I compensation differentials

I Focus on two core entrepreneurial decisions potentially affected by pollution
I firm’s location choice j

I in place adaptation investment e, at cost ξ
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Characterizing the Bundle

1. Road size & Pollution

Pollutionj,s,r = α0 + α1Median Roadj + δs + η log(distr ) + νj,s,r

2. Road size & Profitability

Profitabilityi,j,s,r = β0 + β1Median Roadj + β2Manscorei + λl + δs + η log(distr ) + νi,j,s,r

δs : sub-county fixed effect ; λl : sector fixed effect ; distr : distance to the main city in the region

Identification assumptions

1. Pre-determined roads + firms not major polluters

2. Pre-determined roads + no sorting of more productive firms next to larger roads
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Bundling Results (1): Larger roads are more polluted

- going from “secondary road” to “primary road” ⇒ 8-10% increase in pollution
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Bundling Results (1): Larger roads are more polluted

⇒ going from “secondary road” to “primary road” ⇒ 6-10% increase in pollution Reg Table

11 / 21



Introduction Data Stylized Facts and Conceptual Framework Avoidance and Adaptation Frictions

Bundling Result (2): Larger roads bring additional profits

I Road traffic provides access to customers:
- walk-in customers prevalent, limited marketing Access to Demand Pollution Additional

- consistent with lit. on output market frictions in LICs [Jensen Miller ‘18, Startz ‘18, Hjort et al. ‘20]
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Avoidance and Adaptation
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Conceptual framework: Avoidance and Adaptation

I City: each location j is characterized by a bundle

{access to customers zj , pollution pj}

I Impacts of pollution exposure: Simple Model

I reduces worker productivity

I amenity cost

I compensation differentials

I Focus on two core entrepreneurial decisions potentially affected by pollution
I firm’s location choice j

I in place adaptation investment e, at cost ξ
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Empirical strategy: Avoidance & Adaptation

1. Avoidance

log(Firm Density)j,s,r = α0 + α1Median Roadj + δs + η log(distr ) + νj,s,r

2. Adaptation

Protectioni,j,s,r = β0 + β1Median Roadj + β2Manscorei + λl + δs + η log(distr ) + νi,j,s,r

δs : sub-county fixed effect ; λl : sector fixed effect ; distr : distance to the main city in the region

Standard errors
I SHAC [Conley 1999, Hsiang 2010] for grid cell level regressions

I Clustered at grid cell level for firm level regressions
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Location: Firms cluster in busy & polluted locations to access

customers

- from secondary to primary road: firm density increases by 13-17% Regression Table

- one standard deviation increase in pollution: firm density increases by 31%

- access to customers is the main reason for location choice (by far) Location Choice
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Adaptation: Low but Increasing with Managerial Ability

1. Overall low levels of adaptation:

I 5% of firm owners provide protection equipment to their workers

I < 20% of firm owners are careful about exposing workers to pollution

2. High-ability managers better protect their workers from pollution Awareness

I 1 sd ↑ managerial ability ⇒ 40% ↑ proba that firm owners provide protection

3. Workers w. better managers take more protective measures and are more aware Limited Sorting
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Location implication: meaningful profitability-pollution trade-off

I Predict pollution and value-added (profits + salary) in each grid-cell using our elasticities

I Impute life expectancy impacts of pollution using elasticity from Ebenstein et al ‘17

I Counterfactual: compare average outcomes from the observed location to random allocation

within sub-county

→ value added per worker decreases by $42 per year; life expectancy increases by 2 months
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Location implication: meaningful profitability-pollution trade-off

I Predict pollution and value-added (profits + salary) in each grid-cell using our elasticities

I Impute life expectancy impacts of pollution using elasticity from Ebenstein et al ‘17

I Counterfactual: compare average outcomes from the observed location to random allocation

within sub-county

I Policy: relocate marginal firms/workers compensating for NPV lifetime loss earnings

I not cost efficient on average: earnings gains in polluted areas outweight the health costs!
Relocation Policy

17 / 21



Introduction Data Stylized Facts and Conceptual Framework Avoidance and Adaptation Frictions

Inefficient Markets, Sorting and Adaptation

Why are there positive net profits of locating near the busiest roads?

I Complex Land Tenure System

I High Transportation costs / preference for working close to home

Do all firms benefit from locating near the busiest roads?

I Firm Size

Why is adaptation not heterogeneous over space?

I Information Frictions
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Why are there positive net profits of locating near busy roads?
1. Complex land tenure system
I Kampala: mailo: ⇓ profits & 6⇓ rents ⇒ amenities or frictions [Bird and Venables ’20]

2. High transportation costs / preference for working near home Home

I Manager: distance from home as a driver of non-sorting into polluted & busy locations

I Consistent with Vitali ’22 (same context) and Le Barbanchon et al. ’20
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Do all firms benefit from locating near the busiest roads?

I Firm Size ⇒ larger firms might be able to break the bundle and relocate production

I UBOS 2011 Census of Bureau Establishments
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Do Information Frictions Distort Adaptation and Sorting?

I Information Frictions ⇒ Survey suggests that firms underestimate pollution

I RCT: Can information campaigns correct firm owners’ underestimation of

pollution?

I promising role of information interventions in increasing awareness

I higher ability owners have higher WTP for information RCT
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Conclusion

I Focus: how organization of production shapes firms’ exposure to pollution in LIC cities

- collect pollution data at a granular level + firm survey + road census

I Key takeaways:

- firms sort in the most polluted part of the city in search for customer access

- the health costs of within-city firms’ location choice are substantial and must be accounted for

- profitability benefits plausibly outweigh health costs for owners; workers bear net costs

- location choice shaped by high transportation costs & land market

- information interventions can increase awareness; bigger push policies needed for relocation

I Research agenda:

- which relocation policies can reduce exposure while minimizing productivity losses? (Gechter and Kala ‘22)

- role of information/training interventions in increasing adaptation
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