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Abstract

Cities in low-income countries need large investments in road infrastructure. Yet evidence on
whether they pay off is limited, in part because the cost of the land they require is hard to measure and
routinely ignored. I exploit the timing of the upgrades to estimate the local benefits of 114 km of donor-
funded road improvements in Kampala, Uganda (2018-2026), which I embed in a general-equilibrium
quantitative spatial model. T collect two new surveys of real-estate brokers and landowners and show
that the land-acquisition costs could have amounted to 40% of the project budget under compensation
at the legal market rate. As payments for land must be raised from scarce domestic public funds
featuring a fiscal wedge, they carry a deadweight loss and paying all owners at market rate would
have sharply reduced the otherwise substantial net welfare gains from the improvements. The wedge is
highest where roads help most and therefore distorts where it is optimal to build: under market-value
compensation the welfare-maximizing program captures only 70% of the first-best gains attainable
without paying owners. The misallocation can be mitigated by donor financing of land or alternative
compensation like the claim-based rule adopted for most of the studied improvements, under which the
probability of compensation varies across the city’s three coexisting land-tenure regimes, recovers 89%
of those gains. The broader lesson is one of the second best: requiring full compensation to protect
owners need not raise welfare when public funds are scarce, with direct implications for how road

investments in fast-growing cities are designed, funded, and evaluated.
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1 Introduction

Roads are key to urban productivity, determining how easily workers reach jobs and firms reach customers
(Duranton and Turner, 2012; Lall et al., 2017). Yet the cities of the developing world are short of them:
they have fewer major roads (Akbar et al., 2023) and devote less land to streets — about 16% of built-up
area in Sub-Saharan Africa, against 21% across the world’s cities (Angel et al., 2016).

Closing this gap runs into a bottleneck: widening or extending a road means acquiring land from the
residents and firms already on it. In principle, eminent-domain powers, common to most legal systems,
let governments acquire this private land for public use (Lindsay, 2012). In practice, paying for it is a
first-order constraint for low-income-country governments as they struggle to raise revenue (Besley and
Persson, 2014) and external donors typically finance construction but not land acquisition (World Bank,
2017). Land prices vary sharply across the city, often peaking in the central areas, so the costs may outweigh
the benefits even for the most valuable improvements (Collier and Venables, 2016). Land acquisition costs
therefore shape not just how much a city builds but also where, so evaluations that ignore land costs

misjudge both.

This paper shows that the cost of acquiring land is decisive both for the net returns to urban road
improvements and for where they are optimally built. I jointly estimate the spatially heterogeneous
benefits and land costs of 114 km of road upgrades carried out between 2018 and 2026 in Kampala,
Uganda, a Sub-Saharan African city near the bottom of the global urban speed distribution (Akbar et al.,
2023) where roads are effectively the only motorized mode. Valued at the legally required market rate, the
land consumed by these upgrades would have amounted to about 40% of total project costs. I find that
the upgrades raised welfare substantially, but the gains hinged on the government acquiring most of the
required land without compensation. Paying the market-value compensation would have sharply reduced
those gains and, where the cost of raising public funds is high enough, reversed them outright. Because
the most valuable improvements ran through the most expensive land, accounting for land costs reshapes

not just whether but where a utilitarian planner should build.

In Kampala the cost of acquiring land produced a striking arrangement: owners were legally entitled
to market-value compensation, yet most went unpaid. Citing land costs that would jeopardize projects
whose construction the World Bank (WB) and African Development Bank (AfDB) financed but whose
land they did not, the government asked most owners to cede strips of land one to three meters wide
without compensation. Only few owners pursued the compensation they were still owed, an outcome that

varied across the city’s land-tenure regimes and with the cost of documenting a claim (World Bank, 2023).

To measure the net returns to these road improvements I assemble the most comprehensive data yet
collected on both the land costs and the benefits of urban road improvements in a low-income city. I
conduct two original surveys: one with 565 real-estate brokers, used to reconstruct land values in a city
with no transaction registry, and one with 546 affected landowners along upgraded roads, used to recover
what acquisition actually cost and whether owners claimed compensation. I combine these with more
than 110,000 Google Maps speed queries and, through a partnership with a local ride-hailing company,
data on traffic flows since 2019. With these data I estimate the local effects of the improvements and the

key parameters of a quantitative spatial model that I build to capture their citywide consequences and to



formalize the trade-off between transport benefits and the cost of land.

For land costs, the main task is prediction: I recover land values from the broker survey and extrapolate
the probability of compensation across the city from variation in land tenure, owner, and neighborhood
characteristics. For local benefits, I identify the causal effect of upgrades on speed with a staggered
difference-in-differences design, using the bias-robust Sun and Abraham (2021) estimator and comparing
roads before and after upgrading to not-yet-upgraded controls, so that identification rests only on com-
pletion timing being as good as random with respect to a road’s speed dynamics. Timing is not predicted
by road characteristics, and speed rises as construction advances rather than jumping at completion, con-
sistent with the upgrades themselves driving the gains. For property values, I lead with a ceteris-paribus
broker appraisal; transaction-based estimates corroborate it but are contaminated by the continuous-
accessibility spillovers the spatial model is built to internalize, so the paper’s welfare conclusions rest on
the structural elasticities I estimate directly: the response of speed to road width and of commuting flows

to travel time.

The analysis rests on four results. First, I recover the cost of acquiring land and show that it was both
far below the legal benchmark and spatially uneven. Affected owners in the survey lost 78 m? of land on
average and compensating every owner affected by the road upgrades would have amounted to about 40%
of total project costs. In practice the government paid far less and what it paid was determined on two
margins. First, only 20% of owners were offered compensation. Second, most were instead asked to cede
land without compensation, and 79% of them did so without claiming what they were owed. Extrapolated
citywide, realized land costs came to between 40 and 57% of the underlying market value. Compensation
was concentrated among owners on the more formal of Kampala’s three coexisting tenure regimes: freehold

and public (including leasehold) land as opposed to mailo land.

Second, the upgrades delivered large local benefits. Traffic speeds rose by about 4.3 km /h at rush hour (22%
of speed on control roads) and upgraded roads became more likely to carry through-traffic. These gains
capitalized into property values: brokers assessed that an upgrade would raise the price of an otherwise-
identical roadside property by about 28% (residential) and 31% (business), with owners’ own assessments
at least as large, implying a local capitalization of about USD 147.1 million. Transaction-based estimates

pointed the same way but were noisier.

Third, road improvements do more than raise local property values: they reshape traffic and the location
choices of residents and firms across the city, while the land they consume carries an opportunity cost
in scarce residential and business use. To capture these citywide, general-equilibrium effects I build and
estimate a quantitative spatial model of a closed city in which workers trade off commuting costs against
rents (Redding and Rossi-Hansberg, 2017; Allen and Arkolakis, 2022), and where residential and road
uses compete for land. Compensation affects net welfare (beyond distributional considerations) because
payments to owners are subject to a fiscal wedge: the shadow price of public funds. I estimate the model’s
key elasticities from the same data as the reduced-form results, complemented with ride-hailing data.
The estimated responsiveness of commuting flows to travel times (0x = 0.0319) is consistent with the
few existing low-income-country estimates (Balboni et al., 2020; Kreindler and Miyauchi, 2023), and the

elasticity of travel speed to road width (£ = 0.367) is roughly three times larger than existing estimates



for high- and middle-income countries (Fajgelbaum and Schaal, 2020; Bordeu, 2024). I find that the
realized upgrades cut average commuting time by 3.64% and raised modeled citywide property values by
0.84%, generating resident welfare gains of about 3.7 times construction costs at a 6% discount rate —
a conservative figure, since the model prices only the accessibility channel and holds local amenities and
productivities fixed. Paying all owners market value would have sharply reduced these gains, the more
so the higher the cost of public funds. In practice, because only a minority of affected owners were paid
in Kampala, the policy’s net welfare gain is between USD 94 and 118 million, or roughly USD 106 per
working-age resident. The realized road improvements align relatively well with the model’s predictions:

upgrades were concentrated around links with high predicted gains and low predicted land costs.

Fourth, I use the model to study how the price paid for land shapes the optimal allocation of improvements.
At the heart of the analysis is the fiscal wedge: because compensation is financed from costly public funds
(n > 1), paying for land is not a costless transfer but carries a deadweight loss. Additionally, because
the wedge is levied on the price of urban land, highest in the dense center where widening helps most, it
tilts investment toward cheaper, lower-benefit peripheries. In Kampala, a link’s land cost and its marginal
benefit of widening are strongly positively correlated (rank correlation 0.68). To quantify the misallocation
resulting from payments under this wedge, I hold the construction budget at the policy’s envelope and I
solve for the allocation a utilitarian planner would choose, weighing each link’s commuting benefit against
the opportunity cost of the land it consumes and the fiscal loss on land payments, in general equilibrium.
I then turn to two policy levers: the compensation rule, which sets the level and spatial pattern of land

payments, and the financing rule, which sets how costly they are to fund.

The compensation rule reshapes where the planner builds. Because land values are highest in the dense
center where road benefits are also greatest, compensating every owner at market value pulls investment
away from exactly the high-benefit locations whenever public funds are costly; paying nothing removes
this distortion but shifts the entire land burden onto owners. The claim-based rule Kampala adopted,
under which only owners who document a claim are paid, sits between the two: because only a minority of
owners claim, and because the funds saved from unpaid owners are largest on the expensive central links
where the market-value bill is highest, it moves the allocation closer to the first best than market value

does.

These allocation effects are driven by the cost of public funds: were revenue costless to raise, the compen-
sation rule would be purely distributional. This points to a second policy lever: the donor restriction that
confines external funds to construction and forces land payments onto costly domestic revenue. Donors
justify this convention on institutional grounds, treating compensation as the government’s sovereign re-
sponsibility (World Bank, 2001; African Development Bank Independent Development Evaluation, 2019),
but I show that it can have substantial efficiency costs. Lifting this restriction lets donors finance com-
pensation and the wedge on those payments. Yet, because the total donor envelope is fixed, that money
can no longer go to construction, so the city may build less. Comparing the two regimes across the cost
of public funds, I find that relaxing the restriction has very minimal impact when funds are cheap (low
n) but can substantially raise net welfare if public domestic funds are sufficiently costly (high n). Some
donors are now adjusting their rules along this direction: in 2023 the African Development Bank revised

its safeguards to permit financing land compensation for its projects, a reform that postdated the project



studied here and was motivated by “lessons learned based on the Borrowers’ systematic failures to mobilize
liquidity in time” (African Development Bank (2023), p.16).

With these results, I make two contributions to a growing literature at the intersection of development
and urban economics (Collier and Venables, 2016; Glaeser and Henderson, 2017). First, I measure the net
returns to road improvements in a low-income city, accounting jointly for citywide benefits and the cost
of the land they consume. Doing so bridges two literatures that have largely developed apart: one prices
the benefits of transport but treats the land it consumes as free or spatially uniform; the other takes the
cost of land seriously but outside spatial equilibrium. Evidence on the returns to transport infrastructure
in developing economies is largely rural or interurban (Baum-Snow et al., 2017; Donaldson, 2018; Asher
and Novosad, 2020; Morten and Oliveira, 2024; Balboni, 2023) and sets aside the cost of acquiring land
— negligible where rights-of-way are wide, but first-order inside a dense city. Within cities, the evidence
remains partial. Speed effects have been estimated for the United States (Duranton and Turner, 2011;
Currier et al., 2023) or across cities worldwide (Akbar et al., 2023), and property-value effects in low- and
middle-income cities only locally (Gonzalez-Navarro and Quintana-Domeque, 2016). Within-city spatial
models in these settings have focused on bus rapid transit (Balboni et al., 2020; Tsivanidis, 2026; Zarate,
2024; Kreindler et al., 2023); in Kampala, as in most low-income cities, roads instead serve all motorized
travel. On the cost side, I extend the optimal-transport-network framework (Fajgelbaum and Schaal, 2020;
Allen and Arkolakis, 2022; Bordeu, 2024) to incorporate two key elements. First, I model the opportunity
cost of land, which is itself a central determinant of urban welfare (Harari, 2020). Second, I account for the
fiscal cost of compensating owners, forces flagged for low-income infrastructure by Collier and Venables
(2016) and for the United States by Brooks and Liscow (2023) but not previously quantified in a spatial-
equilibrium evaluation. In doing so, I bring the misallocation lens of Hsieh and Klenow (2009) to the fiscal
cost of public infrastructure: the distorted margin is where a government builds and the wedge is the cost
of public funds rather than a zoning restriction. I show that the resulting allocative distortion is governed
by a single sufficient statistic — the covariance across links between the price of land and the marginal

benefit of widening — so misallocation is largest exactly where costly land and high returns coincide.

Second, I provide new evidence on how property rights and the cost of compensating landowners shape
both the returns to and the spatial allocation of public investment. A long tradition recognizes a tension
between protecting owners through secure rights and just compensation, and providing public goods
(Acemoglu and Robinson, 2012; Posner and Weyl, 2017). This tension is traditionally invoked to justify
eminent domain for public purposes (Munch, 1976; Shavell, 2010; Jeong et al., 2016) but I show that in
low-income settings this logic can invert through a fiscal wedge: because of the well-documented difficulty
of levying taxes in low-income countries (Besley and Persson, 2014; Knebelmann, 2019; Bergeron et al.,
2023; Brockmeyer et al., 2023) and the scarcity of the domestic funds compensation must draw on (Ministry
of Finance, Planning and Economic Development, 2024), public funds are costly to raise and disburse, so
paying the market-value compensation that eminent domain requires can turn welfare-improving projects
welfare-reducing. Instead, acquiring land below market value, at a real distributional cost to owners, may
make the investments viable. In low-income cities, what the government actually pays for land is governed
less by market value than by the property-right regimes that shape who claims compensation. Because

documenting a claim is harder under Kampala’s less formal tenure regimes, the weakness of property rights



itself lowers the share of owners the government pays, cheapens the land it acquires, and, when public
funds are costly, moves the optimal allocation closer to the first best. Importantly, this speaks to the
allocation of a given road program and does not imply that stronger property rights would lower overall
welfare: the analysis counts owners’ uncompensated losses in full and abstracts from the potentially large
benefits of secure rights for individual welfare and private investment (Besley and Ghatak, 2010; Hornbeck,
2010). Governments’ own responses to this constraint are part of the story: to save money, the Kampala
government moved to a claim-based rule, under which the land costs it faced were shaped not only by
market value but also by the city’s historical tenure regimes (Bird and Venables, 2020) — a pattern related
to Holland (2023), who studies the role of strong property rights in shaping opportunistic behavior by
private owners in Colombia. My main contribution here is to show that this shift — compensating only

owners who formally claim — reshapes not just who is paid but the optimal map of roads itself.

The rest of the paper proceeds as follows. Section 2 describes the context and the data I collect. Sections
3 and 4 present the reduced-form evidence, estimating respectively the land acquisition costs and the local
benefits of the improvements. Section 5 develops the quantitative spatial model and Section 6 estimates
it on Kampala. Section 7 characterizes the net returns to the realized road upgrades. Section 8 solves
for the optimal allocation of improvements under alternative compensation and financing rules. Section 9

concludes.

2 Context and Data

2.1 Context

Kampala Road Network: Kampala, Uganda’s capital, is a fast growing city, with approximately 1.9
million inhabitants in 2024 and more than 22% of the country’s GDP Rafa et al. (2017). Yet its road
infrastructure is of low quality: of the 2,578 km of roads and paths recorded by OpenStreetMap (OSM),
only 449 km (17%) are major roads.! This scarcity is consequential: across 1,200 cities worldwide, Akbar
et al. (2023) show that the mileage of major roads is one of the main determinants of urban travel speed.
Major roads carry traffic faster because they are wider (7.4 m against 4.5 m for non-major roads in
Kampala) and of higher quality (33% paved against 3%). Width and coverage, however, are ultimately
a matter of land: a denser, wider road network is one that devotes more urban land to roads. On this
dimension Kampala falls short. Its roads are narrower than both the global and the sub-Saharan African
average and overall less than 13% of its built-up area is occupied by roads and boulevards, against 21%
globally, as described in Appendix Table A8 (Angel et al., 2016).

Road Improvement Projects: Both width and quality dimensions have been targeted by road im-
provement projects in the city over the past decade. I focus on 114 km of road improvements covering
2018-2026 as part of two externally funded projects: the Second Kampala Institutional and Infrastruc-
ture Development Project (KIIDP-2, World Bank) and the Kampala City Roads Rehabilitation Project

! Akbar et al. (2023) define major roads as roads falling under the motorway, primary, secondary or tertiary road classes
on OSM.



(KCRRP, African Development Bank).? The projects, displayed on Figure 1 and spanning all five Kam-
pala divisions, are part of a broader envelope totaling more than $470 million, which also funds capacity
building, junction signalization, drainage, and non-motorized transport facilities. Based on AfDB (2014)
cost estimates, inflated from 2006 to 2019 USD using the US CPI, road construction alone accounts for
about 63.9 millions of this envelope ($186,575 per lane-km, assuming road projects (re)pave the average
existing road (2 lanes) and add one). Importantly, while construction costs are funded by external sources,
the government of Uganda is responsible for raising the funds needed for the acquisition of land, needed
to add lanes, drainage channels, sidewalks, non-motorized transport tracks, and road shoulders that ac-
company all project roads.? I therefore measure road improvements as increases in effective road area —
the total width of land devoted to road infrastructure, including both the carriageway and the adjacent

right-of-way.

Land Acquisition for Infrastructure Projects in Kampala: The acquisition of this adjacent
land is governed by Uganda’s eminent domain framework, enshrined in Article 26 of the 1995 Uganda
Constitution and Section 42 of the 1998 Land Act, which allows the government to acquire private land
for public infrastructure against fair compensation, or pre-project market-value compensation.* Shortly
after the first wave of investment (KIIDP2) began, the city government asked minimally affected owners to
forfeit their small parcels without compensation, citing prohibitively high land costs under eminent domain
threatening the project. Total disbursements for land acquisition therefore depend on the amount of land
being acquired, the pre-policy market value of that land, the share of owners being offered compensation,

as well as the share of owners consenting to voluntary land take.

This latter approach was exploratory, and while World Bank (2023) acknowledged that it may be a
cost-effective strategy, it also documented concerns — raised in an Inspection Panel complaint alleging
coercion during the resettlement process — that owners’ consent to cede land may not have been fully
voluntary. The complexity of Kampala’s land tenure regimes compound this concern: land disputes and
issues of multiple land claimants per plot must be resolved before compensation can be disbursed, further

discouraging owners from pursuing their claims.

Coexistence of Multiple Land Tenure Regimes in Kampala: Land ownership in Kampala is
governed by institutions inherited from Uganda’s colonial history. In 1900, the Buganda Agreement
divided land in Kampala between (i) the Buganda Kingdom (mailo land), (ii) the British Protectorate
and (iii) remaining unallocated land. This initial partition led to the consolidation of several land tenure
systems in Kampala throughout the twentieth century and Uganda’s independence. Bird and Venables

(2020) document how these tenure systems have shaped patterns of land use in the city.

A map of the different land tenure regimes in Kampala, built from shapefiles shared by the Kampala

2 An additional 52 km of domestically funded road improvements were implemented over the same period, which I include
in the reduced-form analysis. I do not have data on regular road maintenance.

3While official project documents classify interventions as any combination of reconstruction of degraded pavement,
upgrading from unpaved to paved standard, or dualing (widening to dual carriageway), all three types may involve the
acquisition of adjacent private land and respondents with affected land were interviewed in the vicinity of all three types of
road upgrades.

4More details on the land acquisition timeline can be found in Appendix Section A.1.



Capital City Authority GIS unit is displayed in Figure 2.°> Land at the center of the city was historically
under the administration of the British Protectorate and is now dominated by freehold titles and long-term
leases and hereafter referred to as freehold. Land to the north, and intermittently in the west and south,
is mailo land — historically owned by large, often absentee landlords, but where tenants (kibanja holders)
hold protections and rights over their structures. The remaining land, common in the west, south, and
east, was historically unallocated and is now under the public authority, which may be leasing or selling

individual parcels.

2.2 Main Data Sources

To study the land costs and local benefits of road improvements in Kampala, I gather detailed informa-
tion on property values, the land acquisition process, and traffic speed by conducting two surveys and
with more than 110,000 Google Maps API queries. I then combine these datasets with traffic flow data
from a partnership with a local ride-hailing company and publicly available census data, to estimate key

parameters of a model capturing the policy’s spatial spillovers.

2.2.1 Property Values: New Broker Survey

As data on property values is not readily available in developing country cities like Kampala, I conduct a
survey with 565 real estate brokers in 90 of Kampala’s 96 parishes (neighborhoods) (Appendix Figure A1)
between March 2024 and December 2025 to (1) characterize the spatial distribution of property values in
the city — key ingredient to both the land payment calculations and the quantitative spatial model — and
(2) shed light on the impact of road improvements on local property values. In the 3 months preceding
the interview, the median broker had rented 6 properties and had sold 1 properties. The broker sample

and data collection is described in more detail in Appendix B.1.2 and Appendix Table A3.

The survey has two main components. First, brokers were asked to report the five most recent properties
of each type they rented and sold. From these answers, I build a retrospective panel of transactions
(sales and rentals) including information on the transaction date (month, year), location (parish, distance
to closest major road) and on a large set of property characteristics. The final database includes 5,007
properties (2,498 residential properties, 1,657 business properties and 852 bare lands), transacted between
2018 and 2025.

Property values in Kampala are high and spatially heterogeneous. For example, the median bare land sale
for properties transacted in 2023 onward in my sample was 32,432 USD, corresponding to 120 USD per m?
for residential properties and 153 USD per m? for business premises.® Market rates are very heterogeneous
across Kampala and higher at the center, as evidenced by Figure 3 and Appendix Table A3. To build
confidence in the elicited transactions, in Appendix Section B.1.2 I show they are positively correlated
with online-scraped high-end property data and more consistent with publicly available summary statistics

on Kampala property values.

5This map, shared by the Kampala Capital City Authority, should be understood as adapted from historical maps rather
than representing parcel-level information. In Appendix A.2; I show that this map is consistent with alternative sources.

SFor comparison, Bassi et al. (2026) recovered a median sales mte/m2 for manufacturing premises in Kampala in 2019 of
141 USD.



In the second part of the survey (2024 wave only), I conduct a property appraisal exercise to gather
additional reduced-form evidence of the local impacts of road improvement. Brokers estimate the sales
price of a standardized property (business or residential), with characteristics varied one at a time. The
characteristics include the property’s walking distance to a busy main road (0, 5, 10, 15+ minutes) and

the upgrade status of this road.

2.2.2 Land Acquisition: New Owner Survey

To learn about the specific land acquisition process for road upgrades in Kampala, I survey 546 owners
whose land or property was affected by road upgrades along 47 roads in Kampala. My main sample is
restricted to the 310 respondents who reported that the government officially reached out to them about
their land or property being affected, either with a compensation offer or a formal request to consent.
A further 236 surveyed owners report being affected but were not formally engaged, which I treat as a

robustness sample (Appendix) since I do not observe their claim decision uniformly.

The average respondent in my main sample had owned their property for 35 years, and 43% of them had
purchased the property, rather than inherited it (Appendix Table A4). The average respondent reported
losing 78m? of land to the road upgrade.” As further discussed in Appendix Section B.2.3, the average
owner in my survey is wealthier than the average Kampala resident, consistent with landowners being

wealthier than non-landowners.

2.2.3 Traffic Speed: Google Maps API Data

I query Google Maps Direction API between March 2023 and January 2026 to consolidate a panel of
118,150 trips. The time coverage of queries is displayed in Appendix Figure A3. Each query returns the
trip’s origin, destination, time, distance, straight-line distance, traffic at query time, average duration, and

a list of coordinates approximately tracing the path between origin and destination.

I sample two types of trips. First, to estimate the impact of road upgrades on local speed, I query a total
of 2,175 trip instance on 82 unique trips (41 roads, both ways) for roads targeted by upgrades since 2018.
Second, to assess whether a road is more likely to be used for a given trip after being upgraded, I query
115,975 trip instances between all pairs of Kampala parish centroids (9,120 unique trips) and map them

to the underlying OSM road network.

Across the 2023-2025 period covered by the data, I find that the average speed in Kampala across all pairs
of parishes (unweighted) was 23.3 km/h (20.5 km/h at rush hour and 25.7 km/h at non-rush hour). This
corresponds to cities between the 10" and the 25! percentile of the world speed city distribution (Akbar

et al. 2023). Improving road speed is thus a first order concern in Kampala.

I complement this new Google Maps data with queries from 2019 from Akbar et al. (2023) covering
Kampala. These 640,880 trip instances are aggregated by origin and destination parish to recover average

commuting time between parishes before the greatest part of the road upgrade policy was implemented.

"Out of 310 affected owners in the main sample, 259 were on the sides of roads with finished upgrades and 51 were on the
sides of roads with ongoing upgrades. The average number of owners interviewed per road is 6.6 (min 1, max 24).



2.2.4 Additional Data Sources

I complement these datasets with several data sources. I recover the network of major roads in Kampala
from the geo-referenced dataset published by the World Food Program (WFP), which follows the United
Nations Spatial Data Infrastructure for Transport standards.® To study how workers will adjust their
location choice in response to a change in local traffic speed, I partner with a local ride-hailing company
running a popular app with more than 2.2 million rides per day and I describe this data in more detail in
Appendix B.4. T also use the 2016 Kampala Travel Habit Survey (Appendix B.5) and publicly available
data from the 2014 Population Census and 2019 Census of Business Establishments (Section 6.2).

3 Reduced-Form Evidence: Land Acquisition Costs

I leverage my surveys to establish four facts about the cost of acquiring land for road improvements in
Kampala. First, under the eminent-domain regime with compensation at market value, the government
would have disbursed 43.4 million USD for land — 68% of construction costs alone — and these land
values are highly heterogeneous across space. Second, in practice, few owners were compensated. Third,
high costs prevented many owners not initially offered compensation from claiming it, and 77% forwent
compensation. Fourth, which owners are compensated is strongly tied to the underlying land tenure: mailo

respondents are both less likely to be offered compensation and, when not offered, less likely to claim it.

3.1 Fact 1: High and Heterogeneous Land Payments with Market Value Compensa-
tion

Under the eminent-domain legal regime, owners would be compensated at (pre-policy) market value. In
my survey, road improvements took 78 m? of land from the average interviewed owner (Appendix Table
A4), corresponding to a band 2.8 m wide, or about one additional lane (average lane width 3.4 m).”?
Extrapolating to the 114 km of road upgrades studied, I recover that a total of approximately 5,073

owners were affected.!?

The market value of this land is substantial. As detailed in Section 6.2 and Appendix C, from the
broker survey I estimate that the average sales price per m? for residential properties was 105 USD in
2018 (208 USD for business properties). Taking a parish-level weighted average and assuming 3.4 km?
of land acquired per km? of road upgrade (one additional lane), total land payments under market-value
compensation would have summed to 43.4 million USD, or about 4,190 USD for the median owner in my

survey.

These market rates are highly heterogeneous, central parishes far higher — as is standard in a monocentric
city — with a parish-level standard deviation of 52 USD/m? (Figure 3).

8Map extracted in 2018/2019 (Source). Major roads have the following tags: highways, primary/trunk, secondary, tertiary.

9Effective land take is dispersed — reflecting whether widening is one- or two-sided, parcel frontage, and where the
road/private boundary is drawn: the 25th, 50th, and 75th percentiles are 14, 37, and 74 m?.

"The official count of affected owners for the KCRRP portion of the project (70 km) was 4,413 (Kampala Capital City
Authority, 2025).
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3.2 Fact 2: Few Owners Are Compensated

An owner can obtain compensation through two channels: a direct government offer (channel 1) or,
absent an offer, an owner-initiated claim (channel 2). Overall, I estimate that only between 33% and 48%

of owners have (or will) receive compensation for their affected land.

Through the first channel, only 34% of affected owners in my main sample (official contacted by the
government) were offered financial compensation upfront (106 of 310 respondents). Of those offered, 94%
reported having been paid by the time the survey was conducted, or 33% of the main sample, which I treat
as a floor.'’ Consistent with the government’s move toward wvoluntary land take as fiscal strain mounted
after the initial upgrades (Section 2), the road-level share of owners offered compensation falls with the

upgrade year (p = —0.31).

As the government withdrew from offering, the burden of obtaining compensation shifted toward the
second channel. Yet among owners not initially offered compensation, only 22.6% claimed it, which I

define as refusing to consent to forgoing their land for at least six months.

3.3 Fact 3: Claiming Compensation Is Costly (Channel 2)

So few owners pursue the second channel because, despite its potential reward — market-value compen-
sation — claiming is costly: refusing to consent to wvoluntary land take means contesting the acquisition

through administrative and legal steps, at substantial financial and social cost.

To quantify what drives claiming, I estimate a logit for the probability of an owner o in parish ¢ claiming
financial compensation on three owner characteristics capturing each: (i) a standardized wealth index
(averaging eight household asset and human-capital indicators: education, electricity, floor type, bank
account, television, computer, bicycle, and meals per day); (ii) documentation costs, proxied by a dummy
for above-median self-reported cost of obtaining ownership documents; and (iii) social integration, proxied

by an owner’s (standardized) number of friends in the neighborhood.

I estimate the model by maximum likelihood on the 212 owners not offered compensation with non-missing
claiming decisions and display the estimated coefficient in Appendix Table A6. The different channels move
claiming in the expected direction. Wealthier owners are more likely to claim (log-odds 0.406, s.e. 0.211),
consistent with pursuing a claim requiring resources. Owners facing above-median documentation costs
are less likely to claim (log-odds -0.375, s.e. 0.391), consistent with the cost of proving ownership deterring
claims. More socially integrated owners are less likely to claim (log-odds -1.169, s.e. 0.54), suggestive of

social pressure to consent so the project can proceed in a timely manner.

These patterns line up with owners’ stated reasons for consenting and displayed in Appendix Figure A5.12

" Reported receipt understates eventual compensation for two reasons. First, timing: the survey (Spring 2024) predates
the release of additional Government-of-Uganda and African Development Bank funds that unlocked stalled projects, while
acquisition and litigation were still ongoing. Second, informal payments go under-reported and are common: y% report
bribes are at least frequent with public servants, and 49% report some neighbors were compensated (30% officially, 27%
unofficially). I therefore also use the offered-or-claimed measure as an upper bound.

12Common reasons for consenting (local amenities (48%) and expected property-value gains (32%)) reflect support for
the road, not a willingness to forgo compensation: owners enjoy these benefits whether or not they are paid, and only 4%
believed the road would not be built if they refused. Owners thus see themselves as non-pivotal, so support for the road
cannot rationalize giving up land for free — the operative deterrent is the claiming cost above. This perceived non-pivotality,
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31% of them reported feeling powerless against the government, and only 24% thought they were very
likely to obtain a higher payment by negotiating. The financial barrier is steep: the median reported cost
of obtaining a copy of one’s ownership documents — likely only part of the full claiming cost — is $811,
against a median owed compensation of only $3,228 for owners not initially offered compensation. Social
considerations also weigh: 64% said they consented because the upgrade benefits the community and 14%

specifically cited pressure from their community.

3.4 Fact 4: Owners on More Formal Land Tenure Are More Likely to Be Compen-
sated

I turn to which owners are compensated. Across every measure, owners on mailo land are less likely
to be compensated. I regress each compensation measure on land-tenure type (relative to mailo), the
standardized market value of the affected land, a standardized wealth index, and parish-level controls

(population, share of owner-occupied households, area).

The results are presented in Table 1, on the full sample in odd columns and on the subsample of already-
completed (past) upgrades in even columns, where financial procedures are less likely to be ongoing.
Freehold owners are 36.5 (s.e. 9) percentage points more likely to access compensation through either
channel than mailo owners, and owners on public land 28.8 (s.e. 6) percentage points more likely (columns
1-2). Columns 3-8 separate the channels. Owners on more formal tenure are more likely to be offered
compensation upfront — freehold and public owners by 19 (s.e. 8.5) and 29 (s.e. 5.8) percentage points
(columns 5-6) — and, when not offered, more likely to claim it: the logit coefficients on freehold and
public are 1.77 (s.e. 0.56) and 0.68 (s.e. 0.41) (columns 7-8). The market value of the affected land also
plays a role in owners’ decision to claim the compensation. While the coefficient is imprecisely estimated,

it is consistent with owners’ increasing the probability they claim, the higher the potential reward.

Overall, this pattern is suggestive of strategic behavior by the government, which appears to anticipate
that formal-tenure owners would be harder to dispossess without payment and offers them compensation
upfront. The freehold advantage fades only for self-reported receipt (columns 3-4), where public tenure

remains the significant predictor, consistent with the under-reporting of receipt noted in Fact 2.

Mechanisms. While a full account of why tenure formality matters is beyond the scope of this paper,
the survey points to documentation costs, the perceived security of rights and social costs of claiming
(Appendix Table A7): freehold owners are 19 (s.e. 9) percentage points less likely to face above-median
documentation costs, and public owners report higher land security (0.54 s.d., s.e. 0.11). Additionally, on
mailo land, the registered landowner and the kibanja holder (both considered as owners) would split the
compensation, reducing individual benefits of claiming. Both public and freehold owners also report fewer
friends in the village than mailo owners. Freehold and public owners are less wealthy than their mailo

counterparts, so the tenure gradient is not driven by wealth.

Robustness. The tenure gradients hold on the completed-upgrade subsample (even columns of Table 1),

are unchanged when the wealth and parish controls are dropped, are robust to adding further individual

unsurprising under eminent domain, is also why I do not treat holdout as a significant force.
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controls (number of neighborhood friends, household-head status), to alternative parish-control sets, to
alternative dependent-variable definitions (extending the sample to owners reported as affected but not
officially reached out to, and imputing non-claim for owners with no recorded decisions), and to sample

cuts (past upgrades only, or post-2018 only), as displayed on Appendix Figure A7.13

4 Reduced-Form Evidence: Benefits of Road Improvements

Having documented the cost of acquiring land, I now turn to the benefits road improvements deliver and I
establish three reduced-form facts: faster local traffic, more trips drawn onto the improved segments, and
higher nearby property values. These estimates are local and partial-equilibrium by construction; they

motivate, and later discipline, the quantitative general equilibrium spatial model of Section 5.

4.1 Road Improvements Increase Local Traffic Speed

Empirical Strategy: To assess the extent to which road improvements affect local traffic speed, I regress
the Google Maps estimated traffic speed in km/h'* on road r at hour h on day d on a dummy variable

equal to one if road r was upgraded by day d:
Shdyr = &+ B Day + BPDy . + X + Y4 +va + €ndr- (1)

I include day 74 and hour-of-day 7, fixed effects to control for citywide temporal variation. X/ is either a
vector of road-level characteristics (road class, pavement status, geographic controls) or road fixed effects,
and I control for whether the road upgrade is in progress, Dgﬂﬂ. Because the speed data cover March 2023
to January 2026 while road upgrades began in 2018, the identifying variation in the two-way fixed-effects
and staggered difference-in-differences specifications comes from the subset (19 of 41) of roads observed
both before and after completion. In these specifications I collapse the trip-level data to a road x month
panel, residualizing speed on day and hour-of-day fixed effects at the trip level and averaging within road-
month cells. For the Sun and Abraham (2021) estimator I report the average treatment effect on the
treated over the first 12 months following completion. Standard errors are clustered by road segment and

day for trip-level regressions, and by road segment for the panel.

Identification Assumptions: I present cross-sectional, two-way fixed-effects, and staggered difference-
in-differences specifications, estimated separately for rush hours (morning and evening peaks) and off-
peak hours, in Table 2. The causal interpretation of 8 rests on assumptions whose strength differs across
specifications. The cross-sectional OLS (columns 1 and 5) makes the strongest assumption: [ is the ATT
under selection on observables — conditional on road controls X, and day/hour fixed effects, upgrade

status is unrelated to other determinants of the speed level.

The strongest assumption is in the cross-sectional OLS specifications (columns 1 and 5), which compare

upgraded to not-yet-upgraded roads, where 8 can be interpreted as the ATT under selection on observables.

13Because the gradients are unchanged on the extended sample, differential non-response is unlikely to drive them; any
residual bias is of ambiguous sign, since more socially integrated owners are less likely to claim.

14Google Maps times are car-based, but minibus taxis and private cars — over 70% of home-to-work trips (Travel Habit
Survey) — have similar speed technologies (Table A19), so car times proxy well for most commuters’ speeds.
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In other words, conditional on the road-level controls X, and on day and hour-of-day fixed effects, upgrade
status is unrelated to other determinants of the level of speed. The two-way fixed-effects and staggered
difference-in-differences specifications (columns 2-4 and 6-8) include road fixed effects and therefore rely
on a weaker assumption: they absorb time-invariant road heterogeneity and identify g from the timing of
completion, requiring only that the timing of completion is as good as random with respect to a road’s
speed dynamics. Using not-yet-upgraded roads as the comparison group, rather than never-upgraded
roads, weakens this assumption: it holds fixed the selection of roads into the program and leans only on
timing.!® Treating never-upgraded roads as controls would instead require no selection into the program
on predicted speed gains, an assumption the program’s appraisal document contradicts, since selection
among candidate roads was based on economic viability (net present value and economic internal rate of

return), traffic volumes, and congestion-reduction potential (World Bank, 2014).

The timing assumption underlying my preferred specifications is plausible to the extent that upgrade
timing reflects construction sequencing and land-acquisition delays rather than expected speed gains,
and I provide two pieces of supporting evidence. First, in Appendix Table A1l I regress the start and
completion months of each upgrade on road characteristics: observable characteristics do not clearly predict
the timing, particularly once geographic controls are included. The one exception is road length, which
predicts the completion date but not the construction start date — consistent with longer roads taking
longer to build rather than with selective entry into the program. Second, the event studies (Figure 4)
show speed rising gradually over the construction period and stabilizing after completion, consistent with
the road improving progressively as works advance rather than with a discrete jump at completion; the

pre-construction periods, though limited in number, show no clear differential trend.

Results: 1 find that road upgrades consistently raise traffic speed (Table 2), both at rush and off-peak
hours. My preferred estimate is the bias-robust Sun and Abraham (2021) interaction-weighted estimator
at rush hour, 4.3 (s.e. 1.53) km/h (column 4). I favor it for two reasons. First, rush hour is when the
commuting the model prices actually occurs. Second, the specification is robust to the negative weighting
that biases two-way fixed effects when treatment timing is staggered and effects are heterogeneous. I use
the same specification to calibrate the speed-width elasticity £ (Section 6.1.1). The cross-sectional and
two-way fixed-effects specifications are of similar magnitude at rush hour (columns 1-3). The effect is larger
at rush hour than off-peak, consistent with upgrades relieving congestion where it binds: baseline speeds
are lowest at rush hour (21.25 versus 24.01 km /h off-peak). Appendix Table A10 pools all hours of the day,
yielding an average speed gain of 5.22 (s.e. 0.88) km/h with the full set of controls and 1.39 (1.07) km/h
from the windowed Sun—Abraham estimator. Appendix Table A9 reports robustness to the control set

and to the un-windowed Sun—Abraham estimator.

15Upgrading one road can alter speed on others, including not-yet-upgraded controls, violating SUTVA; but the bias is
likely second-order, since the traffic any single upgrade redistributes is spread thinly and any one control absorbs little. T
verify this: nearby completions do not predict still-control speeds, and controlling for exposure leaves the estimate essentially
unchanged (Table A12).
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4.2 Improved Roads are More Likely to Be Used by Commuters

Empirical Strategy: I further assess whether road upgrades lead to changes in traffic patterns by
constructing a road-segment X month panel recording how many of the parish-to-parish trips from the
Google Maps data approximately pass through each policy road segment. I regress both the number and
the share of parish-to-parish trips on the upgrade completion dummy, with road-segment and month fixed

effects, clustering standard errors by road segment and month.

Results: Results are presented in Table A13. Completed upgrades are associated with a 0.0059 (s.e.
0.0018) increase in the share of parish-to-parish trips through the segment, against a mean of 0.0199.16
The effect holds but is noisier when restricting the sample to roads upgraded after April 2023 (columns 2
and 4), where the within-road variation is cleanest. This spatial reallocation of traffic is a key mechanism

the model of Section 5 endogenizes.

4.3 Road Improvements Increased Local Property Values

Empirical Strategy: [ provide evidence that road upgrades increased local property values using two
complementary approaches. First, I exploit the stated-preference module of the broker survey, in which
respondents reported the value of a standardized property at varying distances from a busy road, before
and after a hypothetical road upgrade. I estimate the price difference attributable to the upgrade within
{0,5, 10,154} minutes walk from the property by running a within-broker specification with broker fixed
effects. I also use owners’ self-assessed property values — at the time of interview and absent the upgrade —
estimating the upgrade effect with owner fixed effects on the completed-upgrade sample. I treat the broker
stated-preference estimate as my preferred local measure: its ceteris-paribus design holds the surrounding

network fixed and is immune to spatial spillovers.

Second, I move to revealed preferences by leveraging the retrospective panel of actual transactions re-
ported by brokers, linked to a parish-year (p,y) panel recording the timing of road upgrades. Because
the transaction data includes property characteristics (floor type, number of rooms, building type, land
dimensions for sales only), in a first stage, I residualize log prices on hedonic controls and month fixed

effects, and in a second stage I estimate the treatment effect on residualized prices as follows:

Stage 1:  log(P;py) = a+ Xib+ € py (2)
Stage 2: Dipy =+ 5post1{POStp,y} T+ Lpp t €ipy, (3)

for property ¢ with p;,, the residualized value of the first stage, post,, a dummy equal to one after
the road upgrade in parish p (from 2018 onwards) and Z, a vector of neighborhood characteristics (sub-
county fixed-effects, parish-level controls or parish fixed-effects). For sales, in the second stage, given
the longer temporal coverage, I also implement the staggered difference-in-differences (DiD) estimators
from Callaway and Sant’Anna (2021) and Sun and Abraham (2021), which are robust to heterogeneous

treatment effects across cohorts. For rental transactions, in the second stage, I estimate pooled OLS

16These numbers cannot be interpreted as changes in total flows on these roads, which would require weighting parish-to-
parish pairs by commuters, data unavailable in Google Maps.
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specifications with increasing sets of location characteristics: sub-county fixed effects and parish-level
socio-economic controls, parish fixed effects. With parish fixed effects, the identification assumptions to
interpret fBpost as the causal average treatment effect on the treated (ATT) of parish-level road upgrade
on local rents are (1) the absence of anticipation effects — especially plausible for rentals — and (2) the
orthogonality of the road upgrade timing and unobserved determinants of rental rates, conditional on
receiving an upgrade. The uncertainties and delays surrounding road improvement projects in Kampala,
which were partially driven by land acquisition issues, strengthen the plausibility of this assumption. Any
residual anticipation would fall on sales, one reason I do not treat the transaction estimates as my preferred

measure.

Stated-Preferences Results (Figure 5): In the hypothetical property exercise, brokers expect road
upgrades to raise the value of properties by the road by 28% for residential and 31% for business prop-
erties, on average. The distribution of stated answers is right-skewed, so the typical (median) broker
reports a smaller gain: a post-/pre-upgrade price ratio of 1.25 (residential) and 1.22 (business) (Appendix
Figure A8). These estimates lie within the confidence interval of owners’ self-assessed change in property
values from the upgrade. Owners’ stated-preference estimates are larger than brokers’ (despite also cap-
turing land losses from the road upgrade), a pattern consistent with the literature (Gonzalez-Navarro and

Quintana-Domeque, 2016).

Revealed-Preference Results (Table A14): Transaction-based estimates confirm that road upgrades
in a parish are associated with an increase in local (parish-level) property values. The estimated impact
on rents is 0.107 log points (s.e. 0.056, p-value 0.0598) without parish fixed-effects, and 0.187 log points
(s.e. 0.108, p-value 0.0877) when including parish fixed-effects. The rent panel is too short to support
parish fixed-effects or staggered DiD estimators. Sale-price estimates follow the same pattern but are less
precise, reflecting smaller samples and greater heterogeneity across sale transactions. Pooled OLS gives
0.095 (column 3), and the TWFE estimate attenuates toward zero (0.024), consistent with heterogeneous
treatment effects under staggered adoption; the Callaway and Sant’Anna (2021) and Sun and Abraham
(2021) estimators that correct for this recover larger effects of 0.145 and 0.284.

Spatial Spillovers: Because accessibility is inherently continuous, a road upgrade raises the value not
only of adjacent properties but of those some distance away. This spillover is made visible by the property
appraisal as displayed on Figure 5: while brokers expect the largest increase for properties immediately
adjacent to the road (28% residential), they still expect a 15-25% increase for properties 5, 10, and even 15
minutes’ walk away.!” This spatial spillover violates SUTVA in the parish-level transaction design, there-
fore motivating using the ceteris-paribus stated-preference appraisal as my preferred estimate of the local
effect. More fundamentally, spillovers of this kind cannot be recovered by any local regression; capturing
the citywide, general-equilibrium effect of the upgrades — and hence their full welfare consequences — is

what the structural model of Section 5 is built to do.!8

!"Kampala parishes are small: the average parish covers about 2.03 km?, corresponding to a typical linear extent (ap-
proximated as the square root of the area) of roughly 1.26 km. A 15-minute walk (about 1.25 km at 4 km/h) is therefore
comparable to a little less than the width of an entire parish.

'8 The local estimates capture both accessibility and improved neighborhood amenities (less dust and flooding, safer streets;
Appendix Figure A9). The structural model isolates the accessibility channel and holds amenities fixed, so its welfare gains
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5 Model

Road benefits spill across space, and land devoted to roads carries an opportunity cost in residential and
business use. Because these forces put the citywide net returns beyond the reach of any local estimate, I
propose a static general equilibrium model of a closed city, populated by a fixed number of households who
choose where to live, work, and which route to commute on. Commuting happens on a road network, that
connects neighboring locations. The road network takes up land, so that in each location, residential use,
business use and road infrastructure compete for land. Private owners own residential and business land
in each location. A city government determines the optimal road widening to maximize city residents’
welfare, tying together the spatially heterogeneous benefits, opportunity costs of land use, and fiscal burden

associated with land payments to private owners.

5.1 The Quantitative Spatial Model at Baseline

Environment: The city is composed of distinct locations, indexed by 4,7 € J. Locations are connected
through a road network (undirected graph), where each location i is connected to C(7) other neighboring
locations. Workers must use this road network to commute. Locations are endowed with fixed amounts of
land H;. Each location is also endowed with exogenous residential amenities B;, productivity A;, and land
tenure regime Z;. FEach link between neighboring locations kl has a baseline amount of road infrastructure

of width R%l meters.

Land and floorspace: At baseline, total land in each location H; is divided between private land H}",
and public road land H. Z-p " such that:
H;=H + H™ Vi. (4)

Public road land H" is the sum of the area used by roads of width R,,; and length in [,,;, connecting i

to neighboring locations m € C; and assuming that the road is split equally across the two locations,

lmi .
HP" =" Rpi x 5 Vi (5)

meC;

Private land H!" is split between residential and business uses and converted into residential H] and

business H Zf floorspace according to

H] = ~ui H> (6)
H = (1 —~)ul B, (7)

where «; is the share of private land allocated to residential use in ¢ and p and sz convert residential and

business land into floorspace, consumed by households and used in firms’ production function.

Land Owners: Private land H!" is owned by N; local immobile representative landowners who get

utility from consuming the freely tradable good. N/ owners are near roads and Niof owners are far from

understate full local capitalization by the amenity component, making them conservative.

17



. . . o Hr+HS
roads. At baseline, owners receive rental income [? over their private floorspace —5—=, such that owners’
1

welfare is concave in their rental income, with

C° Inl? if Y° =1,
= ) ®
Cot—— if¢° #£1,
with 1)° exogenous and C° a constant that renders owner utility money-metric by normalizing owners’
marginal utility of income to one at a common reference income, so that a marginal dollar is valued equally
across workers and owners at that reference. Owners richer than the reference therefore have marginal

utility below one.

The number of owners in location 4, N, is proportional to the location’s baseline rental value, so that
owner income is equalized across owners at baseline and the curvature of W7 is well defined at the common

baseline income.

Workers: The city is inhabited by a fixed mass L of mobile workers who freely choose where to live i,
work 7, their commuting route r, as well as how much to consume of the tradeable good C;; and floorspace

H,; subject to their budget constraint:

N\B /s Hr. \178
max UijTZBZ‘ (%) < ZJ) €ij- (9)

i,j,Cij,HT 1 - /6
Wi _

i
s.t. = Cij + Hzrjq:
Tij

q; is the residential rental rate in location ¢, B; the residential amenity in location i, w; the wage in
location j and 7;; the average iceberg commuting costs between ¢ and j. Commuting costs 7;; between
their residence ¢ and workplace j decrease workers’ available income % €;j is a preference shock over
the pair ij drawn from a Frechet distribution with shape parameter 6. In equilibrium, workers’ expected

welfare W is equalized over space, so that

=

w= (Y By, \' (10)
-\ @)y '
Biw;

The larger 6, the more responsive are workers to local economic conditions given by @

Tﬂ'j’ as their

idiosyncratic preferences are less dispersed.

These preferences imply that the number of workers commuting from ¢ to j in equilibrium is given by

j Zmn <((ﬂ£{ﬂfwfw)0 (W“’)a
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The local number of residents increases in the rent-adjusted amenities <q{9i5> with elasticity 6. Similarly,

the larger the nominal local wage w;, the larger local labor supply. OIll the other hand, the larger the
commuting costs 7;;, the less likely are workers to select the ij option. The attractiveness of a pair
17 therefore depends on the characteristics of its residential location i, its workplace location j and the
commuting between the two locations. In a closed city, the attractiveness of this pair is relative to the
attractiveness of all other available pairs in the city, summarized by the endogenous aggregate variable

W*®. The number of residents L] and the number of workers L; in locations ¢ and j can be further defined

TS 12
J A

as

Commuting: 7;; is the average iceberg commuting costs of workers living in ¢ and working in j. It is a

function of the route-level commuting costs 7;; on all possible routes € r;; between ¢ and j, such that

D=

Tij = Z TZ.;’Z ) (13)

revij

Average commuting costs between 7 and j are decreasing with route-level commuting costs 7;; .., at elasticity
p. The larger p, the larger the decrease in average commuting costs 7;; in response to a decrease in the

lowest route-level commuting costs 7;;,. As p — oo, all commuters use the least cost path.

The total costs of traveling through route r € V;; is a function of the cost of commuting dj; on all
individual edges kl on route r, such that

Tijr = H dkl~ (14)

kler

Edge-level commuting costs dy;, kI € r are an exponential function of travel time, as in Ahlfeldt et al.

(2015) and are given by

=exp| kK- b
di = P( (Rkl)§>’ (15)

where & is the elasticity of commuting costs on commuting times, #;; is a link-specific constant that depends
on the length of link kl. & governs the elasticity of commuting time on the level of road infrastructure.
The larger £, the more speed will increase (and commuting time decrease) in response to an increase in
road infrastructure, corresponding to road improvements in this model. There is no congestion in this
model and commuting costs are symmetrical, s.t. dg; = dj. Vkl. Workers must use roads to commute,

consistent with a setting like Kampala where there is no subway or commuter train.

Given workers’ preferences for specific routes, governed by p, the equilibrium expected commuting cost

7;; depends on all edge-level commuting costs, represented by a matrix. Following Allen and Arkolakis
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(2022), I write this relationship as the matrix 7 of dimensions N x NN, where the (i, j) elements is 7;;,

r= ((1 - A)—l) . (16)

where A = [d,;lp } is a matrix with (k,1) element d];lp , which is non-zero for neighboring locations only.

Production: Perfectly competitive firms in each location j produce a freely traded final good using
labor Lf and floorspace H ]f , such that

Lf « Hf -«

where A; is the exogenous productivity in location j. This production function, together with firms’ zero

11—«
o H .

profit condition imply that

Private floorspace Market Clearing: The residential floorspace market is competitive so the equi-
librium rental rates ¢; equate the supply of residential floorspace H; in each location to the demand for
residential land pinned down by equation (9). In equilibrium, all workers spend a fraction (1 — /3) of their
income on housing and

> Lijrt

i =1-p= (19)

f

Analogously, the business land market is competitive so the equilibrium rental rates ¢; equate the supply

of business H. Zf floorspace in each location to the demand for business floorspace pinned down by equation
(18).

5.2 The Policy: Road Widening

A policy increasing road width between neighboring locations & and [ by ARy has the following conse-

quences on the economy, with baseline prices and quantities indexed by .

Lower Commuting Costs: ARy > 0 decreases commuting costs along that link dy; and subsequently

the average commuting costs between all pairs of locations 7;;.

Lower Private Land Supply and floorspace: ARy > 0 increases road area in each location k and [

by ARkl% and reduces private land by the same amount, where I assume that each link is divided equally
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between the locations it connects. I assume that this land is taken from residential and business land in
proportion to land use of each type at baseline, and that p] and ,u{ convert land loss into residential and
business floorspace losses. Therefore, ARy; > 0 decreases residential and business floorspace in location k

by (ARM D)y and (AR l’“l)(l — ;) jui, Tespectively

Change in Owners’ Rental Income: As commuting costs and both residential and business land
supply decrease, owners’ rental income changes through two channels. First, residential ¢ and business qif
rental rates change, affecting owners both on the roadside and away from roads. Second, roadside owners

in k and [ experience a decrease in their floorspace, while owners away from roads do not.

Compensation to Roadside Owners: When widening takes land away from roadside owners in k& and
[, these owners may be compensated. I write the compensation rate as the baseline market rate of their

land times the probability that they are in fact compensated,

Pt = (vt + (L= ) phyal) - Py moe {k,1}, (20)

baseline land market rate

and consider three compensation rules, nested by the value of P,, € [0, 1]:
1. No compensation: P,, = 0.
2. Market value: P,, = 1: every affected owner is paid the full baseline market rate.

3. Claim-based: P,, = P,,(claim): owners are paid only if they file a claim, which they do when the

gain from claiming exceeds its tenure-specific cost.

Under the claim-based rule an owner is compensated if and only if she claims, so that P,,(claim) is given

by

m(claim) = Pr| a nECmNOT T2 (il gi) + (1= )il al?) > f(Zin) +em | m € {k,l},
m N——
~~ cost of claim

potential compensation from claim

(21)
where €, is logistic with mean 0 and unit scale, f(Z,,) is the deterministic claiming cost under tenure

regime Z,,, and a > 0 means a larger potential payment raises the claiming probability.

7,0
A far-from-road owner’s land is untouched, so their income moves only with rental rates, l =q, 7\[—” +
qfn[fv A roadside owner instead gives up a share of floorspace and may be compensated for it:
Hm H'mO Z ARmn mn 1 dz ARmn mn
oy = = @ R — (@ v, + @ (1= ym)id,) =S+ p S (22)
baseline rental income value of land lost comp(:r:sation

where rental rates have adjusted to the new land supply and commuting costs, and roadside owners split

lost land and compensation equally.?

9Equations (20)—(22) credit roadside owners with their expected compensation. Under the linear owner utility (main
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5.3 Government’s Problem

Conditional on the road infrastructure at baseline {R,gl}, the government chooses the road widening
policy {ARy;} to maximize the net present value (NPV) of a weighted average of residents’ (workers and
owners) expected welfare, net of costs. The government is utilitarian so each resident is assigned the same
weight. In the status-quo policy, the government’s construction expenditures can be up to M (equivalent
to the studied Kampala policy) and the marginal cost of construction is 1 (funded externally), while land
payments are funded domestically at marginal cost n > 1, the shadow price of public funds: the social
cost of raising and delivering one dollar of compensation from scarce domestic revenue, compounding the
deadweight loss of distortionary taxation, a scarcity (liquidity) premium on the constrained public budget,
and leakage in delivery (Section 6.1). Costs are paid upfront, while benefits are accrued in each period,
discounted at rate §. The government’s problem can be written as follows:

WNPV —

max
{ARk:}

SN

§ [NEWE ({ARKY) + NP W ((ARGD| + LW ({ARW}) =1 (gp}:f‘d;mkl@l)

workers’ welfare

owners’ welfare land payment at MC=n
Z _ Z Uit
k l

externally-funded construction at MC=1

s.t.

il AR _
D Z i B M o< M, [Limits on Construction]
%l

Equilibrium: Given the parameters {6, 0,k,& a,9°,C° f(.),p,a, L,n, M, p, (5}, location and link char-
acteristics {Bi}, {A:}, {Hi}, {w}, Tvids (N}, {N;’f } {Z:}, {fw}, and baseline infrastructure {RY,},
the equilibrium of the model is the set of prices {w;}{q]}, {qu} {pl*md} and quantities {L;;}, {P;},
{H{’]}, {Hzf}, {Ci;}, {ARk} such that (i) the government chooses {ARy;} to maximize city residents’
welfare ; (i) the government’s budget constraints are satisfied ; (iiz) workers choose {i,7,, C’Z-j,Hij} to
maximize their utility ; (iv) owners consume all their income on the tradeable good and get compensated
with probability P; ; (v) residential and business floorspace markets clear ; (vi) the good market clears,

and (vii) labor markets clear.

5.4 Optimal Policy

The road widening policy {ARy;} that solves the government problem in equilibrium can be recovered
by solving the Lagrangian of the government’s problem, as is derived in Appendix F. The optimal policy
{ARy,} satisfies the following system of equations:

specification) this representative-owner aggregation is exact for welfare. Under the concave (log) utility of Appendix G.1
it abstracts from the risk premium an individual owner would attach to the compensation lottery so it overstates owners’
welfare under the partial-compensation (claim-based) rule relative to its risk-adjusted value; because the land taken is a
small fraction of owner wealth, this is second order.
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change in compensation rate speed gain benefits

The right-hand side is the per-period benefit of widening: the speed gain on link ki, valued by the shadow
price of lower commuting costs (g + ¢;). The left-hand side is its marginal cost, in four parts: (i)
the financial cost — construction at p plus the fiscal burden of land payments, financed at n; (ii) the
opportunity cost of the residential and business floorspace displaced, via shadow values ¢, ¢ f; (iii)
the change in roadside owners’ rental income, weighted by its shadow cost ¢; and (iv), under claim-based
compensation, the change in the endogenous compensation rate, weighted by ®. Appendix F derives each

term.

5.5 Properties of the Optimal Policy

The optimal policy in Equation (24) balances each link’s marginal benefit (the right-hand side: faster
travel) against its marginal cost (the left-hand side: construction, the opportunity cost of the land it
consumes, and the compensation paid to affected owners). I make two further assumptions to isolate the

two main ways land shapes the optimal policy:

Assumption 1: Market value compensation at the baseline market rate, independent of ARy :

,0 0
P = gy’ + (1 — ye)plal®.

Assumption 2: Ouwners’ utility is linear in their rental income (° =0, C° =1).
Land first shapes the optimal policy through its opportunity cost, as stated in Proposition 1 below.

Proposition 1: Under Assumption 1, the welfare-mazximizing road widening policy A Ry is decreasing
in the shadow value of residential (¢, ¢H" ) and business ((kaf, qb{{f) floorspace at the endpoints k
and . A planner who ignores the opportunity cost of land use (wrongly assumes ¢ = (ﬁé =0)

overinvests in locations with high opportunity cost of land use.

I illustrate Proposition 1 in Appendix F.4 by solving the planner’s problem in a simple monocentric
economy on a 5 x 5 grid. A planner who optimizes on benefits alone, ignoring land use (¢ = ¢fH =0),
concentrates widening on the central links that carry the most traffic; accounting for the opportunity cost
of the land those roads consume shifts investment outward toward cheaper peripheral links (Appendix
Figure A12, panels a-b). In a monocentric city, because the highest-benefit locations are also the most

land-scarce (Appendix Figure A13), ignoring land use systematically overinvests at the center. This
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margin is largely absent from the quantitative spatial literature, which optimizes on benefits alone; by
incorporating it throughout, I benchmark the rest of the analysis against a planner who already internalizes
the opportunity cost of land, so that the distortions I isolate come solely from the cost of compensating

owners for the land taken.

Second, compensating owners for that land carries a marginal social cost. Under market-value com-
pensation (Assumption 1) and linear owner utility (Assumption 2), this cost reduces to a fiscal wedge
%(77 — 1)(p}j‘nd + p}and): the government disburses 1 dollars for every dollar received by owners, so

(n — 1) per dollar is pure deadweight loss. Proposition 2 ensues:

Proposition 2: Under Assumptions 1 and 2, when the shadow price of public funds equals one
(n = 1), the optimal road widening policy { ARy} is independent of the compensation rule pﬁf"d Vk.
When n > 1, the optimal policy is decreasing in the baseline land rates ('ykq;;’o +(1- vk)q,{’o) at the

endpoints k and .

Throughout, the first best is the n = 1 allocation: the map a utilitarian planner would choose if public
funds were costless, holding the model’s fundamentals and the construction envelope M fixed. Under
linear owner utility it is independent of the compensation rule (Proposition 2) and coincides with the

no-compensation allocation, so “n = 1,” “no payment,” and “first best” denote the same benchmark.?’

The same simple simulated economy illustrates the impact of the fiscal wedge (Appendix Figure Al12,
panels c—d): at n = 1 market-value compensation is a costless transfer and the optimal map coincides with
the no-compensation first-best, whereas at 1 > 1 investment contracts and tilts away from the expensive
central links where the wedge bites hardest. Appendix F.4 reports further simulations, including alternative

compensation rules.

Importantly, this fiscal wedge holds independently of the parameterization of owners’ utility function.
However, if Assumption 1 is relaxed, alternative compensation rules may lead to different optimal policies
Ry even for n = 1 because compensation would also have distributional consequences accounted for by

the central planner, as illustrated in Appendix G.1 for log owner utility.

Proposition 2 establishes that the wedge tilts the optimal map away from expensive land; the next result

decomposes the welfare cost of that tilt and identifies what governs its size.

Proposition 3: Under Assumptions 1 and 2, the welfare cost of financing land at a shadow price of
public funds n > 1, relative to the n = 1 first best, is the sum of (i) a fiscal cost equal to (n —1) times
the land payments the planner makes, and (ii) an allocative cost from re-optimizing {ARy} under

the wedge. The allocative cost is zero when land prices are spatially uniform.

The two channels operate distinctively. The fiscal cost is a pure level loss: the government burns (n — 1)
dollars for every dollar paid to owners, wherever it builds. The allocative cost arises only because the

wedge is levied on a spatially heterogeneous price. Since the wedge raises a link’s effective marginal cost in

20Under non-linear owner utility (Appendix G.1) the compensation rule matters even at 7 = 1 through distribution alone,
and the first best is the welfare-maximizing no-compensation allocation. All “percent of first best” figures are measured
against it.
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proportion to its land price, it pushes investment toward cheap land. This reallocation is costly precisely
when cheap land coincides with low benefits, that is, it is governed by the link-level covariance between
the land price p}f}“d and the marginal benefit of widening M By, (the right-hand side of Equation 24). The
allocative distortion vanishes if n = 1 or if Cov(p'®"¢, M B) = 0, in which case the wedge is a uniform level
shift that leaves the ranking of links unchanged. The allocative distortion is largest when public funds are

costly and land is dearest where roads help most.

The allocative channel is the spatial-investment analog of the misallocation from wedges studied by Hsieh
and Klenow (2009): a wedge on a heterogeneous price generates dispersion in effective marginal costs and
pulls the allocation from the efficient one. What distinguishes the present case is that the benefits of
widening are themselves spatially heterogeneous, so the relevant sufficient statistic is not the dispersion
of the wedge alone but its covariance with the benefit: the distortion concentrates where costly land and

high returns coincide.

6 Model Quantification and Net Returns to Realized Road Improve-

ments

6.1 Estimating The Parameters of the Model

I use the data and variation from the reduced-form analysis to estimate key model elasticities: the elasticity
of speed on road width &, the elasticity of commuting flows on commuting costs 6, the elasticity of
commuting costs on commuting time , and the parameters governing P(claim). I calibrate the remaining

parameters on Kampala or using estimates from the literature.

6.1.1 Road Infrastructure Elasticity of Speed (&)

& governs the elasticity of traffic speed with respect to road infrastructure. I estimate £ using the same
Google Maps speed data and identification strategy as in Section 4.1, replacing the binary upgrade indicator
with a continuous measure of road width: the number of lanes times 3.4 m (the length-weighted average
lane width from OpenStreetMap), with upgraded roads gaining one additional lane upon completion, and

running a log-log regression of speed on road width.

Because the upgrade effect concentrates at rush hour (Section 4.1), I estimate £ separately by time of day,
under both TWFE and the bias-robust Sun and Abraham (2021) estimator (Table A16). I calibrate it
to the rush-hour, bias-robust estimate, £ = 0.367 (s.e. 0.158; column 2) for the same two reasons as the
speed effect: rush hour is when the commuting the model prices occurs, and Sun—Abraham is robust to
the staggered-design bias. Consistent with that bias, the estimate is smaller than the TWFE elasticities

(columns 1 and 3).

Estimated at rush hour, £ captures both the free-flow and congestion-relief margins of widening. It nets out
the short- and medium-run re-routing of traffic onto the improved links, so it is not a free-flow engineering
elasticity but the speed change that survived drivers’ adjustment: an ATT applied to its own estimation
sample, and thus exactly the object relevant for evaluating the realized program. I apply it as a common

structural elasticity across links in the counterfactuals. Long-run congestion feedback is not captured: as
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cheaper commuting leads workers to relocate and travel farther, network flow rises and may erode the

speed gains, an effectively lower ¢ (Duranton and Turner, 2011).2

Interpretation: a bundled effective-capacity elasticity. The estimated £ is best read as the elas-
ticity of speed to effective road capacity, and I code every completed upgrade as a one-lane increase in
effective width. While projects were officially categorized as dualling (27% of projects), reconstruction
(59%), and paving (44%), land was acquired for upgrades of all types and affected owners in my survey
line all upgrade types alike. Moreover, a degraded carriageway operates well below its nominal capacity:
where potholes force two-way traffic to alternate over a single passable lane, reconstruction restores a sec-
ond usable lane, which is an effective-capacity gain even absent nominal widening. Because only 2 of the
19 switcher roads are dualling projects, I cannot separately identify nominal-width from surface channels.
In other words, the estimated £ captures their combined effect, and the ARy; is read throughout as an
effective-capacity increase. This capacity interpretation is supported by two features of the estimates.
First, the effect is smaller and not consistently significant off-peak, unlike at rush hour — precisely when
added capacity relieves congestion. Second, road capacity in Kampala is exceptionally scarce, placing the
city on a steep segment of the speed—capacity relationship where the marginal return to capacity is high.
Table A8 shows that Kampala devotes a smaller share of built-up land to roads than the world (21%) or
even the Sub-Saharan (16%) average, has the narrowest post-1990 streets and the highest share of sub-4 m
roads among the comparison cities, and almost no roads wide enough to carry fast through-traffic (Angel
et al., 2016). This scarcity rationalizes an elasticity roughly three times the high-income benchmarks
(¢ = 0.10 in the U.S., Fajgelbaum and Schaal 2020; ¢ = 0.13 in Santiago, Bordeu 2024) as a sensible
response to relieving an unusually binding capacity constraint, rather than as an artifact of the bundled
treatment. In Appendix G.2 I show that at half the estimated elasticity (§ = %é’ ) the paper’s comparative
conclusions hold and the misallocation from land payments under i > 1 strengthens at £ = %é as a lower &
raises the relative bite of land costs. The level of the realized net gain is more sensitive, resting on owners

going largely uncompensated.

6.1.2 The semi-elasticity of commuting flows on commuting costs

I turn to the parameters governing how workers’ location choice responds to increases in local road speed.
In the short term, fixing residence and workplace, workers will be more likely to choose a route using these
faster roads, consistent with evidence from Google Maps that upgraded roads are more likely to be used
by commuters (Table A13). In equilibrium, workers will change their residence and workplace, affecting
commuting flows L;;. The magnitude of this response is governed by 6, the semi-elasticity of commuting
flows on commuting costs, and &, the elasticity of commuting costs on commuting times: the larger 0k,

the larger the impacts of road improvements on workers’ welfare.

I estimate 0« using a Poisson pseudo-maximum-likelihood gravity equation on data from a local ride-hailing
company, which records origin-destination commuting flows at the parish level for a random sample of

weeks between 2019 and 2024. Regressing flows on predicted commuting times with origin x year-month

21Estimating the congestion feedback directly would require link-level traffic counts paired with speeds on the same links,
which are not jointly available for Kampala.
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and destination x year-month fixed effects yields 6x = 0.0319 (s.e. 0.0039). More details on the data and

empirical specifications can be found in Appendix F.5.1.

To take Ok to the model I separate its two components. I identify x from mode-choice variation in the
2016/2017 Travel Habit Survey, obtaining 4 = 0.0089 and hence § = 4.36 (Appendix F.5.1). This estimate
is imprecise (p = 0.251, N = 142) but is of the same order of magnitudes as existing estimates, like k = 0.01
for Berlin (Ahlfeldt et al., 2015) and x = 0.013 for Bogota (Tsivanidis, 2026). In Appendix G.2 I show

that the results are robust to taking x = 0.01 from the literature instead.

6.1.3 Parameters Governing Compensation

Of the three compensation rules—no compensation (P; = 0), market value (P; = 1), and claim-based

. = P, (claim))— . . . :
(P; = P;(claim))—only the last requires estimation. I estimate the empirical counterpart of Equation (21)
P, (claim) = Pr(a qgn AHg,pm > Zﬁ),m,uz + X pux + eo,m) , (25)

where ¢2, is the pre-policy market rate in parish m, AH,,, the land taken from owner o, Z, , the tenure
regime (freehold and public, with mailo the reference), X, owner and parish controls, and €, standard
logistic. Estimated by maximum likelihood (Table 1, columns 7-8), the parameters reproduce a robust
pattern even as the point estimates move across the two estimation samples: claiming rises with the
potential compensation (« > 0, the sensitivity to the value of affected land), and freehold and public-land
owners claim more than mailo owners (the reference land tenure). This ordering is robust across different
sets of owner-level controls, parish-level controls, alternative outcome definitions and sample restrictions,

as displayed on Appendix Figure AT.

To take them to the model, I predict P;(claim) for each parish from its tenure shares, a wealth indica-
tor (2014 Census), and parish-level controls, holding the remaining owner-level variables (including the
market value of the taking) at their means; these predictions are highly correlated across specifications
(Spearman 0.85-0.96; Appendix Figure A6), so the spatial ranking reflects tenure composition. P, (claim)
is endogenous to the policy: by Equation (21) it rises with the potential compensation, and hence with
the amount of land the upgrade takes, AR,,. The implied parish-level expected land-acquisition cost per

m? of land taken is mapped across the alternative compensation definitions in Appendix Figure A15.

When evaluating Kampala’s realized upgrades (2018-2026) rather than a single counterfactual rule, the
government applied a mix of the two paid rules — offering market value on some projects and relying on
claims on others (Section 2). I observe both margins (Table 1: the offer/receipt margins in columns 3-6,
the claim logit in columns 7-8). Because the prevailing rule shifted over time and is not recorded for
every road, I do not impose a single rule. Instead I bound the compensation actually paid between a
lower bound P?fered (the share of owners offered compensation) and an upper bound P&" (the share ever
compensated), each predicted at the parish level from a linear probability model (columns 5-6 and 1-2,

respectively).
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6.1.4 Calibrated Parameters

I calibrate the remaining parameters to Kampala, as listed in Table 3 together with their sources. Owners’
utility is linear in income in the main specification (¢° = 0) and I solve the model under non-linear owner

utility in Appendix G.1.

The number of landowners is recovered from baseline rents under a free-subdivision assumption
(Appendix F.5.5), which implies a baseline owner income about 2.44x the average worker wage. This

income gap is the source of the redistributive cost of compensation under non-linear owner utility.

Discount rate : Construction and land expenditures are made upfront (a stock) while the benefits arise
over time (a flow), so a discount rate is needed to express both in the same units. I take § = 0.06 as my
central social discount rate, following World Bank (2016)’s guidance of roughly twice the expected long-
run rate of per-capita consumption growth, or 6% given Uganda’s recent per-capita growth of about 3%
(3.2% in 2024).22 As a plausible high rate I use § = 0.12, which reflects sustained catch-up growth (about
6% per capita) and is the rate used in the economic appraisal of the program itself: the KIIDP-2 Project
Appraisal Document evaluates the investment at a 12% discount rate and treats a 12% economic rate of
return as the viability threshold (World Bank, 2014). I report results across the full range § € [0.03,0.15].

The shadow price of public funds 7: I take 7 to be the shadow price of public funds: the social
cost, in units of general government revenue, of delivering one dollar of compensation to a landowner. 7 is
broader than the marginal cost of public funds (MCPF) from distortionary taxation alone and is instead
defined as the local value of the multiplier on a cash-constrained government’s budget. It compounds
two main forces. First, the deadweight loss of taxation: MCPF estimates for Africa average between 1.2
and 1.4 (Auriol and Warlters, 2012; Dahlby, 2008). Second, as evidenced by the government’s chronic
cash constraints and its reliance on concessional external finance for construction, a scarcity (liquidity)
premium on domestic public capital: low-income governments face binding borrowing constraints and
much tighter fiscal space than high-income governments (Kaminsky et al., 2004; Ilzetzki and Végh, 2008;
Frankel et al., 2013; Reinhart et al., 2003), so a dollar spent on land is a dollar of scarce domestic revenue
diverted from high-return public uses.?? Additionally,  may be inflated by leakage in delivery: weak
public-investment management dissipates a large share of public spending before it reaches its purpose
(International Monetary Fund, 2015; Reinikka and Svensson, 2004), and Kampala’s local fiscal capacity
is especially limited (Manwaring and Regan, 2024). While captured funds are partly transferred rather
than lost, the rent-seeking they attract and the monitoring they require are themselves real resource costs
(Krueger, 1974; Olken, 2007).

Together these imply a value of n well above the taxation-only benchmark and I report results across

the full range n € [1,8], with n = 4 as a central value motivated by the government’s own decisions

228ource: World Bank.

#Uganda’s government pays a weighted-average 14.4% on its domestic debt against 2.4% on its predominantly concessional
external debt (Ministry of Finance, Planning and Economic Development, 2024). While this nominal gap, about six-fold,
also embeds local-currency inflation and exchange-rate risk and therefore overstates the pure scarcity premium, I read it as
consistent evidence that domestic public funds are considerably dearer than the funds financing construction, consistent with
n much greater than 1.
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(Section 7).24

6.2 Kampala Geography and Baseline

Locations: I split Kampala in 68 locations, corresponding to the city’s parishes with very small parishes

merged to their neighbor as represented on Figure A14.25

Nodes and edges: 1 define nodes in the network as the centroids of the city’s 68 parishes. Nodes in
contiguous parishes are connected by edges, corresponding to representative roads. The length of each
edge is the centroid-to-centroid distance multiplied by a global detour factor (the median ratio of Google
Maps trip distance to centroid distance across all matched edges, approximately 1.755), so that lj; reflects
realistic road distances rather than straight-line distances. To measure road infrastructure on each edge,
I map each road of the underlying OpenStreetMap road network to the closest edge and compute the
average road width along this edge, weighted by the length of the underlying roads.

Baseline (Pre-policy) Residential Population {L!°} and Employment {L{ 0} come from the
2014 Population and Housing Census restricted to working-age population, and 2019 Census of Business
Establishments from the Uganda Bureau of Statistics (UBOS), respectively.?® As evidenced by panels (a)
and (b) of Figure A14, which display the distribution of residents and employment throughout Kampala at
baseline, Kampala is a relatively monocentric city, with employment being concentrated near the central
business district (CBD) at the city center.

Infrastructure-free travel time 3 = t9; x (R},)® is recovered from equation (15), where ¢, is the
observed baseline travel time on edge kl, averaged over 107,956 pre-policy (2019) Google Maps trip in-
stances along edges connecting neighboring parishes (Akbar et al., 2023), and Rgl is the length-weighted
average width of all major OSM 2019 road segments assigned to the link. To ensure t;; varies smoothly
across the network, I predict it from link length, distance to the CBD, and local road length rather than
mixing observed and imputed values (Appendix F.5.3). Equipped with tj, Rgl, ¢ and k, I recover 7‘% from
Equations (13), (14) and (15).

Baseline rental rates are recovered from the broker-survey transactions in several steps: I convert
sale prices to a per-m? floorspace rate, strip out the reduced-form effect of upgrades to obtain pre-policy
values, predict a parish-year rate surface (imputing parishes without transactions from their neighbors),

and convert sales to rents using property-type cap rates. Appendix C details each step and Figure Al4

24y, as a shadow price, is endogenous to the government’s aggregate fiscal problem and may rise with total public spending.
I hold it fixed in the analysis because the program’s land bill is small relative to the government’s overall budget, so I treat the
program as a price-taker in the market for public funds. This means that in the most aggressive counterfactuals (city-wide
market-value compensation), where the land bill is large enough that 1 would rise with it, holding n fixed implies a lower
bound on the relative fiscal penalty and subsequent misallocation.

ZKampala includes 96 distinct parishes in total, including some very small ones. For computational purposes, I merge
parishes with area less than 1 km? with their smallest neighbor.

26The 2014 Population census is the most recent available before the start of the policy. Total population is rescaled to
match the 2019 KCCA Statistical Abstract estimate of 1.75 million residents (1.5 million in the 2014 Census); the spatial
distribution across parishes is held at 2014 Census shares. Employment count is rescaled s.t. . L{O =3, Lo,
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panels (c) and (d) display the resulting residential and business rental rates by location at baseline.

Market-value compensation pays owners the per m? sale value of the land taken, valued per period at 6.

Baseline Road Land {H?"} and Private Land {H"”"°}. Land used by road H**" in each parish
is measured as the ground area occupied by roads in the OpenStreetMap 2019 road data, for all road
segments clipped to the parish. Private land area HY ™ is recovered by subtracting HY “O from the parish
total area. The share of residential 7; and firm (1 — ;) land in each parish comes from the GHS (Global
Human Settlement) satellite land-use classification.?” Residential and business land areas are obtained by

multiplying HY " by +; and (1 — ~;), respectively.

Floorspace Production. Agents do not consume raw land but floorspace: residential floorspace HiR
and business floorspace H jF . In each location, floorspace is produced from privately owned ground area
HY "0 through a linear, location-specific technology whose productivity u; captures how intensively land is
developed:

Hf = pfoy 1, H = pf (1) B, (26)
R

I recover the productivity terms p;*, uf residually from floorspace market clearing, so that by construction
the model reproduces observed broker rents at baseline (Appendix F.5.4). In counterfactuals I hold the
floorspace technology p fixed: development density does not respond to the road policy, so floorspace
adjusts only through the land roads take.?® The average pre-policy monthly floorspace rental rate is

0.69 USD/m? for residential and 1.32 USD/m? for business premises.

Recovering fundamentals and wages: Given {L] i)

ductivity A; and residual amenities B; by inverting the model following Ahlfeldt et al. (2015): I solve

0. L;O, qZRO, qfo, 01, I recover location-specific pro-
numerically for the 2N fundamentals (A;, B;) that match the model-predicted spatial distributions of
residents and workers to their observed counterparts.?? I rescale Aj so that the average wage matches the
2019 mean monthly wage of $147 (KCCA 2019), and normalize B; so that a $1/month lump-sum transfer
changes worker welfare by exactly one unit, which pins down the welfare units used in the cost-benefit

analysis.?® From the firm first-order condition, baseline wages are then pinned down by productivity and

(1-a)/a
observed business rents, w? = aAjl./ “ 1qu“> . Figure A14 panels (e), (f) and (h) show the maps of

J
residential amenities, productive amenities, and baseline wages.

7 Net Returns to the Realized Road Upgrades

I evaluate the welfare effects of the externally funded road upgrades in Kampala between 2018 and 2026
by solving for the new spatial equilibrium given these realized improvements. I map each road project to

the closest link in the model’s aggregated network, assuming an average width increase of 3.4 meters (one

27, is capped at 0.95 so that every parish retains at least 5% of business land. Unclassified land is assigned to residential
and firm uses proportionally to classified land.

Z8This is the standard assumption of exogenous floorspace supply (Allen and Li, 2015; Monte et al., 2018; Tsivanidis, 2026).

29The system is solved using Newton’s method.

39Because worker indirect utility is homogeneous of degree one in income, this renders W™ money-metric, so AW is the
equivalent variation—additive to owners’ income and net of costs in Equation (23).
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additional lane), which assigns upgrades to 92 undirected links, adding a total road area of 387,946 m?.
The corresponding change in link width is displayed on Appendix Figure A16. I present results for both
a lower and an upper bound on compensation, as described in Section 6.1.3. Road improvement benefits
come through increased speed and rely on the width and commuting elasticities (£, 0k) estimated in
Section 6. I solve the model for the resulting equilibrium changes in location, commuting times, property

values and welfare.

This section makes three points. First, the upgrades generated large net welfare gains beyond local changes
in property values. Second, the marginal net gains from road upgrades are spatially uneven and I uncover a
positive correlation between the realized allocation and links for which the model estimates high marginal
benefits from the upgrade and low land costs. Third, the size of the net gain depends on how land was
paid for: holding the realized map fixed, a more generous compensation rule lowers the net return, and
market-value compensation could have led to negative net welfare gains of the projects once costs are

accounted for, an issue that the implemented compensation approach sidesteps.

7.1 Changes in Commuting Time, Property Values and Gross Welfare

The realized upgrades benefited workers by decreasing commuting costs: average commuting time fell
by 3.64% in general equilibrium, and citywide residential and business rents rose by 0.84% and 0.33%,

respectively, raising landowners’ rental income.

In aggregate, these benefits translated into residents’ and owners’ welfare gains of USD 235.7 million,
when evaluated at a 6% market discount rate. Appendix G.2 shows how these returns change at a more
conservative elasticity (§ = %é) the realized net gain falls and comes to rest on owners going largely

uncompensated, while the comparative conclusions sharpen.

These citywide gross benefits are about 1.6 times the increase in the value of properties lining the upgraded
roads (evaluated at USD 147.1 million from the broker appraisal-derived reduced-form estimates), illus-

trating the need for a model to capture citywide impacts of transportation infrastructure improvements.3!

7.2 Spatial Heterogeneity and Alignment with Model-Predicted Returns

These averages mask heterogeneity along two dimensions. First, because of the model is one of a closed
city, rental income did not increase in all locations: as workers moved out of some locations, rental rates
there fell. Appendix Figure A17 displays the change in total rental income by parish and highlights this
pattern: 39 locations gained while 29 lost. Second, within a given parish, not all owners benefited from
higher rental rates, as some close-to-road owners also lost land. I estimate that the average close-to-road

owner’s net change in rental income is -3.56%, against 0.36% for the average away-from-road owner.

Despite this heterogeneity, the realized upgrades line up reasonably well with where the model says the
returns were highest. I regress realized upgrade outcomes on the model’s (standardized) marginal benefits

and costs, controlling for link length (Table 4). I find that a link with larger marginal benefits, measured

31The citywide welfare number is conservative on two counts. First, it comes from a closed-city model that holds Kampala’s
total population fixed, so it omits the additional gains an open city would realize as improved accessibility raises the city’s
attractiveness and draws in new residents and firms. Second, it prices only the access benefits of road improvements, excluding
the local amenity gains (reduced dust and flooding, improved safety) that the broker appraisal reflects.
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by the RHS of Equation 24, is more likely to have been upgraded (0.079, s.e. 0.042 in column 1). Similar
patterns can be observed when benefits are measured by changes in residents’ welfare (Appendix Table
A21) Conversely, links with a higher market value of affected land, a higher predicted share of owners
claiming compensation (columns 2 and 6), and a higher share of freehold land (columns 3-4 and 7-8)
are less likely to have been upgraded. This mirrors the program’s official selection process: its appraisal
document lists the availability of funds to compensate affected owners among the criteria governing which
sub-projects proceed (World Bank, 2014).

The signs match the model and hold across specifications (benefits positive, land costs negative), though
significance is not uniform: the public-land coefficient is never significant (p > 0.17). I read the realized
map as consistent with the model, not a formal test of it. The imperfect fit reflects three features of the
setting: the model aggregates individual roads to the nearest parish-to-parish link, so a project need not
map to one link; it allows continuous widening while the government’s choice is closer to discrete (which
road to upgrade), weakening the intensive-margin results (columns 5-8); and the government weighs

political and distributional considerations the model omits.

7.3 Compensation Rules Affect the Net Policy Returns

The size of these net gains, however, depended on how the government compensated the owners whose
land it took. Holding the realized map fixed, the more generous the compensation rule, I show that the
lower the net return from the policy, especially when (i) the shadow price of public funds 7 is large, so
that any compensation carries a fiscal loss, and (ii) the discount rate ¢ is large, since benefits accrue over

time.

Figure 6 displays the net present value (NPV) of the realized upgrades across values of n € [1.0,8.0] and
discount rates § € [3%,15%)] under the three modeled compensation rules on the top row (no payment,
claim-based, market-value) and for the recovered compensation rates (lower and upper bounds) for the

realized upgrades on the bottom row.

The more generous the compensation rule, the lower the net returns of the policy, especially for high values
of . The compensation rule can even switch the sign of the net returns of the policy. For example, at
6 = 0.06 and 7 = 6, market-value compensation turned the NPV negative. On the bottom row, I display
the NPV net returns of the policy for the lower and upper bounds of the compensation rates recovered for
Kampala from the owner survey (Section 3) and I estimate that for § = 0.06 and n = 4.0, the policy’s net
returns were between USD 94 million and USD 118 million.??

7.4 What the Government’s Compensation Decision Suggests about 7

The government’s own decision partway through the project to move away from the market-value com-

pensation it had initially committed to, in favor of the claim-based rule, is consistent with a high shadow

32Because the main specification uses linear owner utility (marginal utility of income = 1), the fall in net NPV when moving
from no compensation to market value reflects only the fiscal wedge (7 — 1) on land payments, not redistribution. Appendix
Figure A23 repeats the exercise under log owner utility, which additionally values a dollar paid to (richer-than-average)
owners at less than a dollar. Comparing the two, about 84% of the no-compensation-to-market-value decline in net NPV at
n =4 and § = 0.06 comes from the cost of public funds, with the remainder from the distributional cost of transferring to
owners.
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price of public funds. Its stated motivation — that it could not afford to compensate every owner — is
itself a statement about the scarcity (liquidity) component of 1, so I read the switch as corroborating a

value in the upper part of the range motivated in Section 6 rather than as an independent estimate of it.

As illustrated on Figure 6, holding the realized map fixed, market-value compensation turns the project’s
net return negative once 7 exceeds 4.8 at a 6% discount rate (and 2.3 at 12%), so the switch is consistent
with the government perceiving an n at least this high, under the maintained assumption that its decision

tracks the model’s net-return calculation.

This logic is consistent with n lying in the middle of the literature range. I therefore adopt n = 4 as the
central value and 77 = 6 as an upper case in the optimal-policy analysis that follows, while continuing to

report results across the full range n € [1, 8].

7.5 Distributional Consequences of the Compensation Rules

Importantly, while compensating all affected owners at market value can make the net returns of the
policy negative, it does significantly improve the welfare of these owners. Appendix Figure A18 plots the
welfare change of close-to-road owners against the amount of land taken per owner, under the different
compensation rules, with each dot a representative close-to-road owner in an affected parish. In the absence
of compensation (blue), 0% of affected (close-to-road) owners benefit from the change in rental income

alone. Under market-value compensation to all owners, 33% of affected owners would have benefited.

8 Optimal Allocation of Road Improvements

The realized upgrades were worth building and were positively selected, but what the government paid
for land was already first-order for their returns. Because compensation amounts are heterogeneous across
the city, in addition to this level effect, payments for land also have an allocative impact: they can reshape
where investment should go, and the cost of public funds governs how large that reshaping is. In this
section I study the decision of a planner choosing where to allocate the same construction budget the
donors delivered for road widening, so as to maximize residents’ net welfare gains from road improvements

— and how that allocation depends on compensation rules and funding.?3

I do so in three steps. I first characterize the marginal net returns to widening one link at the time to
highlight the trade-offs introduced by accounting for land costs. I then solve for the welfare maximizing
(optimal) allocation under the eminent domain with market value compensation regime and show that it
is shaped by the cost of public funds 7 (and the discount rate J). I solve for the optimal policy as a single
nonlinear program (planner’s objective subject to the equilibrium conditions), using multistart to address
non-convexity; see Appendix F.2 for details. Finally, I study two policy levers in turn: the compensation
rule, which sets the level and spatial pattern of land payments, and the financing rule, which sets how

costly those payments are to fund.

33Throughout, I hold the maximum total road upgrade to what was actually delivered by external donors, so that each
counterfactual reallocates at most the same aggregate construction across the network. Fixing total kilometers shuts down
the channel by which a cheaper rule simply lets the government build more and isolates the channel by which a rule changes
where it builds.
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8.1 Marginal Costs, Benefits, and Net Returns of Road Widening

To characterize how the marginal returns to road improvements vary across Kampala’s geography, I
conduct a link-level experiment: for each of the 172 undirected links in the commuting network between
neighboring parishes, I widen the link by 3.4 meters (one lane) and solve for the new spatial equilibrium.
I then evaluate the terms of Equation (24)—which summarizes the marginal costs and benefits of road
widening—for each link, normalizing by link length. This marginal net return, marginal benefit minus

marginal cost, is the object a planner equalizes across links when choosing the optimal map.

Marginal benefits and costs. Figure 7 maps the marginal benefits and costs of each link upgrade.
Marginal benefits come from the reduction in commuting costs along link k! (panel a). They are highest
for links near the CBD and decline with distance, consistent with central links serving a disproportionate
share of commuting flows. The fiscal cost of land under market-value compensation (panel b) is also
highest at the center.®* The rank correlation between the marginal benefit and the land cost of a link
upgrade (per meter) is 0.68 (Appendix Figure A19).3> This correlation is the covariance identified by
Proposition 3 as the driver of the misallocation channel: land is dearest exactly where roads help most,

so the fiscal wedge distorts the map most where the returns are highest.

The fiscal burden of land payments can lead to net losses. This positive correlation is the central
tension for a planner for whom land payments are not mere transfers but carry a loss (n > 1). It raises a
natural question: can the fiscal burden of compensating owners at market value outweigh the benefits of
widening? I compare the net marginal return under no compensation (panel ¢) with that under market-
value compensation at 7 = 4 (panel d). In the absence of land payments, the links with the largest net
returns (dark blue) ring the CBD, while upgrades in the CBD have null or slightly negative net returns
because floorspace is so valuable for production there. Under market-value compensation, upgrades at and
around the CBD have negative net returns, because this is also where the market value of land is highest.
Overall, 34% of links (58 out of 170) that are net positive under no compensation flip to net negative

under full market-value compensation.

8.2 The Cost of Public Funds Shapes the Optimal Map

Land acquisition costs shape the optimal allocation through two channels, both governed by 1. The welfare-
relevant wedge on a land payment, defined in Section 5, is (n — 1) p}j‘nd. Through a level effect, a higher n
makes all widening more expensive and can shrink total investment; through a spatial (substitution) effect,
the wedge grows in proportion to the local land price, so it falls unevenly and tilts investment away from
expensive locations. At 7 =1 the wedge is zero everywhere, however dispersed land prices are: payments
are a pure transfer, and under linear owner utility the optimal map coincides with the no-compensation,
first-best allocation, depending on the compensation rule only up to distribution. At n > 1 it tilts away

from high-land-value links, the more so the larger 7, as the deadweight on the expensive central links

34Construction costs per square meter do not vary across links. Under the claim-based compensation rule an additional
marginal cost is the change in the endogenous compensation rate, which I abstract from here.

35The full marginal cost of widening link kl also comprises the opportunity cost of displaced residential and business
floorspace and the welfare loss for roadside owners whose land is taken.
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grows relative to the cheap peripheral ones (Proposition 3). This is the spatial analogue of a broad class of
misallocation results (Hsieh and Klenow, 2009): a wedge on a heterogeneous price disperses the effective

marginal cost of an input, here land, and that dispersion pulls the allocation away from the efficient one.

Appendix Figure A20 traces the optimal allocation as n rises from 1 to 8 at § = 0.06. At n = 1 the
planner builds the first-best map, concentrated in the center. As 7 rises, two things happen. The planner
builds less: at n = 8 it adds only 78% of the potential road area (about 388,000 m? at n = 1). And
investment shifts unevenly, since the wedge scales with the local land rate: at moderate n (e.g. n = 2)
total construction is unchanged but reallocated, with some links widened more than the first best (blue)

and others less (red) in the bottom row.3

Thus 7 is not a knob on the size of the program alone; it bends its shape. Everything that follows operates
through this wedge: the compensation rule affects the allocation (beyond distribution) only when n > 1,

and the financing rule matters precisely because it changes which costs the wedge applies to.

8.3 Policy 1: Alternative Compensation Rules

The first lever a government has control over is the compensation rule. I consider three: no compensation,
which shifts the entire land burden onto owners and corresponds to uncompensated expropriation, still
widespread in many parts of the world (Tagliarino, 2017); market-value compensation, the benchmark
eminent domain requires and the rule Kampala applied to the first roads in the program; and claim-based
compensation, under which only owners who formally document and pursue their claim are paid, the rule
the government moved toward for the latter part of the project. The three rules differ both in how much
the government pays in aggregate and in how the payment is distributed across space. In turn, they

reshape the optimal map whenever public funds are costly.

Moving between compensation rules operates through the same two channels as the wedge itself (Proposi-
tion 5.5): an income effect that changes the total land bill, and a substitution effect that changes how the
wedge covaries with benefits across space (Appendix Figure A22 decomposes both for each link). Going
from market value to the claim-based rule, the income effect is positive, since fewer than all owners claim
and the total bill falls. The substitution effect is in principle ambiguous at central locations, which com-
bine a higher claim probability (raising cost) with a higher market value (so more is saved when owners
do not claim); quantitatively, in Kampala the latter dominates, so the claim rule corrects the wedge most
where land is dearest, which is also where marginal benefits are highest (Figure 7). The claim-based rule

therefore moves the allocation closer to the first best than market value does.

Figure 8 shows the optimal allocation under each rule at n = 4 and § = 0.06. Relative to no compensation
(no pay), market value does not lower widening uniformly: links through expensive residential or business
areas (Figure Al4, panels ¢—d) receive fewer upgrades while those away from them receive more, and at
higher 1 the total also falls (302,000 m? of added width at n = 8 against 388,000 m? under no com-

pensation). The claim-based rule reverses much of this avoidance: expensive central areas are no longer

36 Appendix Figure A21 repeats the exercise across the discount rate &, which converts per-period resident welfare into an
NPV. A higher ¢ does not affect the wedge (payments are already a stock) but lowers the NPV of benefits, letting the wedge
bite earlier: the larger §, the lower the incentive to widen (230,000 m? at § = 0.15 against 388,000 m? at § = 0.06 for 1 = 4),
and the larger the role of distortions from a high 7.
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shunned, because that is where the funds saved from unpaid owners are largest. The gains from market
value to claim-based compensation (NPV of USD 685 million versus USD 874 million) come both from

lower fiscal losses and from an allocation closer to the first best (no pay, or n = 1).

Moving to a claim-based regime substantially changes the geography of investments: expensive business
and residential areas are not avoided anymore despite relatively higher claim probability (Appendix Fig-
ure A22) because that is also where the saved funds from not paying at market value are the largest.
The net gains from moving from market value compensation (NPV = USD 685 million) to claim-based
compensation (NPV = USD 874 million) therefore both come from lower fiscal losses and from reaching

an allocation closer to the first best (no pay, or n = 1).37

Property rights and the second best. Under the claim-based rule the government pays only own-
ers who document a claim, and claiming is harder on Kampala’s less formal tenure, mailo land, where
ownership is layered and titles are contested. Weaker property rights therefore lower the share of owners
who must be paid, cheapen the land the planner acquires, and, because the fiscal wedge bites hardest on
expensive central land, pull the optimal allocation closer to the first best. This is a second-best result:
when public funds are costly (n > 1), the imperfect enforcement of compensation offsets rather than
compounds the distortion from the wedge. Importantly, owners who cede land uncompensated bear a
real cost, which the utilitarian objective nets against the citywide gains. Governments weighing owners’
losses more heavily would find it less attractive to build in locations where owners are less likely to be

compensated.

Crucially, this ranking does not hinge on how owners’ welfare is weighted. Under the linear, money-
metric benchmark in the main specification, a dollar to an owner is valued exactly as a dollar to a
worker, so the advantage of the no-compensation and claim-based rules over market value is driven purely
by the fiscal wedge (the deadweight loss of raising public funds to finance compensation), with owners’
uncompensated losses counted at full weight. Allowing diminishing marginal utility of owner income (log
utility; Appendix G.1) only reinforces the ranking, because owners are richer than average and market-
value compensation then carries an additional regressive cost and compensation lowers net returns even at
n = 1. With log owner utility, the fiscal wedge accounts for 84% of the no-compensation-to-market-value
welfare decline at n = 4, 6 = 0.06, while the remainder is distributional.®® What the analysis does not
price is the dynamic cost of insecure property rights (e.g. the investment and holdup effects of owners
anticipating uncompensated takings (Besley and Ghatak, 2010; Hornbeck, 2010)) so it speaks to the static

allocation of a given program, not to the desirability of weak property rights as such.

3"The claim-rule advantage does not hinge on the imprecisely estimated sensitivity of claiming to the value at stake
(a; Table 1, columns 7-8), through which P(claim) responds to how much the planner builds. Freezing P(claim) at its
realized, one-lane predicted level leaves the share of the first best the rule captures essentially unchanged — 88% against
89% (Table A23). The claim-rule advantage thus reflects the spatial level of claiming across the city’s tenure regimes, not
the way claiming responds to the policy.

38The model finances compensation from general domestic public funds at cost . The main (linear) result is invariant to the
incidence as with equal weights the transfer nets out, leaving only the fiscal wedge (n —1). Only the log-utility distributional
reinforcement depends on it: broad-based financing (the de jure arrangement, land acquisition being the central government’s
responsibility) is regressive and reinforces the ranking, whereas a burden concentrated on owners (e.g. if pushed onto local
property-tax revenue) would be progressive among owners and could offset it for low 7. This incidence is hard to trace; the
headline does not depend on it.
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8.4 Policy 2: Alternative Financing Rules

That the allocative effects above all stem from the cost of public funds points to a second lever that
operates directly on 7: the restriction confining donor funds to construction, which forces land payments
onto costly domestic revenue. Donors justify this restriction on institutional rather than efficiency grounds,
treating land compensation as the government’s sovereign responsibility and a test of its commitment to
the project (World Bank, 2001; African Development Bank Independent Development Evaluation, 2019).
To assess its distortive potential, I compare two funding rules, holding total external budget and maximum

construction fixed as before:

e Status-quo: external donors fund construction (up to the realized envelope M), while all land
payments are funded domestically at the shadow price of public funds 7. This is the regime under

which the Kampala projects were delivered.

e Donor land financing: external funds may cover both construction and land acquisition at
marginal cost 1, up to the same envelope M, with any spending beyond it (necessarily land, since
construction is capped at M) subject to n. Relaxing the restriction removes the wedge on (donor-
financed) land payments but, because the envelope is fixed, money spent compensating owners can

no longer go to construction, so the city may build less.

In Figure 9, I compare these two scenarios across different values of 7 to trace out the allocative value of
letting donor money pay for land. When 7 is low (panel (a), n = 2) or moderate (panel (b), n = 4), the
two regimes nearly coincide, since the wedge donor land financing removes is small. As 7 rises to high
values (panel (c), n = 6), the unrestricted scenario achieves substantially higher net returns (NPV USD
551 million against NPV USD 492 million under restricted funds use), despite building less (216,000 m?
against 388,000 m?), because the construction it forgoes is inframarginal and the savings from having to

raise less domestic funds is large.

Both regimes take as given that donors finance construction at marginal cost 1. Were construction, like
land, financed from domestic revenue at 7, the fiscal markup would fall on the entire road bill rather than
on land alone, so fewer links would clear the cost—benefit test and the optimal network would fall short
of the donor-financed allocation (net returns of USD 244 million at n = 6, against USD 492 million under
the status quo and USD 551 million under donor land financing).

9 Conclusion

Improving road infrastructure in fast-growing cities is an investment priority, yet little is known about
the net returns to these investments in practice, and even less about the role land plays in shaping them.
In this paper, I fill this gap by collecting new data on land ownership and compensation around a road-
upgrading program in Kampala and embedding them in a quantitative spatial model. I show that the
benefits of road improvements are large, but so are the costs associated to the acquisition of the underlying
land, and that the returns depend on how land is acquired and paid for, not only on how much road is
built. Because compensation is financed from costly public domestic funds, paying for land at market

value would turn the program’s realized welfare gains negative; realized gains are positive largely because
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most owners, especially those with less formal property rights, go uncompensated.

This same cost of public funds shapes where it is optimal to build. Compensating owners at market value
pulls investment away from the high-value center and is the most distorted regime, whereas a claim-based
rule delivers both higher net returns and an allocation closer to the first best. Financing rules matter
for the same reason: the donor convention of paying for construction but not land forces compensation
onto costly domestic revenue, and bites hardest where those funds are dearest. Allowing external funds
to cover land, as some donors’ eligibility rules now permit (African Development Bank, 2020), can raise
welfare. Ultimately, land acquisition in Kampala is a textbook case of the theory of the second best:
enforcing market-value compensation to correct one imperfection need not improve welfare in the presence
of another, the cost of raising domestic funds. Accounting for existing property rights and the conditions

of land acquisition is therefore central to designing infrastructure investment in rapidly growing cities.

Last, the mechanism I isolate is specific to neither roads nor Kampala, but may distort where schools,
clinics, transit, or utilities are built in crowded urban areas. More generally, it applies wherever a gov-
ernment finances a spatially fixed input from costly public funds and that input is priced highest exactly
where the public investment is most valuable. The distortion is largest when three conditions coincide:
public funds are costly to raise, the input’s price is dispersed across space, and that price is aligned with

the returns to the investment.
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Figure 1: Road Improvements in Kampala Figure 2: Property Right Regimes in Kampala
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Notes: Road improvements in Kampala since 2018 that were
funded by external donors (World Bank and African Devel-

opment Bank). Notes: This map displays the three dominant land tenure

systems in Kampala, together with the parish administrative
boundaries. Source: GIS Unit at KCCA.

Figure 3: Pre-policy (2018) Land Sale Rates By Parish
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Notes: 2018 residential and business land rates in USD/m? are recovered from the broker survey following the approach
described in Appendix Section C. The maps displayed the blended rate across residential and business land, with the weights
corresponding to the share of residential and business land in each parish, respectively. Parish-level rates (N=96) are
consolidated into the spatial units used in the main quantitative analysis (N=68).
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Figure 4: Event Study: Road Upgrades on Traffic Speed, by Time of Day
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Notes: Each panel plots quarterly Sun and Abraham (2021) interaction-weighted estimates of the effect of road-upgrade completion on
traffic speed (km/h), relative to the quarter before completion (period —1), over a window of +10 quarters. The dependent variable is
the road X month average speed, residualized on day and hour-of-day fixed effects. Panel (a) restricts to rush-hour trips (morning and
evening peaks pooled); panel (b) to off-peak trips. The vertical dashed line marks the completion quarter (period 0); the shaded area
indicates the average construction period preceding it. The horizontal dashed (red) segments mark the average event-study coefficient
within the pre-construction, construction, and post-completion windows respectively, illustrating the gradual increase in speed across
the three regimes (the effect should be read relative to the construction and pre-construction levels, not only the reference period).

Standard errors are clustered by road segment; vertical bars show 95% confidence intervals.

Figure 5: Road Upgrades Increased Local Property Values (Stated-Preferences)
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Notes: This figure displays the estimated coefficients of road upgrade (dummy) on log property values. Broker estimates (circles)
are from a within-broker before/after design using the hypothetical property valuation module of the broker survey, in which brokers
reported the value of a standardized property before and after a hypothetical road upgrade at distances of 0, 5, 10, and 15+ minutes
walk. Each point is from a separate regression with broker fixed effects; standard errors are clustered at the broker level. Owner
estimates (triangles, at distance 0 only) are from a within-owner before/after design using self-assessed property values from the owner
survey, restricted to owners with a completed road upgrade nearby; standard errors are clustered at the respondent level. Bars represent
95% confidence intervals.
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Figure 6: Net NPV of Realized Upgrades by Compensation Rule

(a) No compensation (b) Claim-based compensation (c) Market value compensation
n=8 - 138 EY 57 3 @ -14 -31 -60
n=6 - 138 80 57 34 13 -10 -33
G
& n=4 138 80 57 34 138 40 17 -6
o
=
n=2 - 138 EY 57 3 168 67 a4 21
n=1 - 138 80 57 34 158 80 57 34
d=3% d=6% d=10% d=12% d=15% d=6% d=10% d=12% d=15% d=3% d=6% d=10% d=12% d=15%
Discount rate Discount rate Discount rate
(d) Compensated (lower bound) (e) Compensated (upper bound)
n=8 - as -46 -69 -92 n=8 - -20 -102 -125 -148
h - ) - - - h - ) b " .
G e
& n=4 108 2 3 -20 & on=4 9 2 21 -4
[} o
= =
" - - ) h ) " - - ) ) B
- - b h . ) - - b : . )
d=3% d=6% d=10% d=12% d=15% d=3% d=6% d=10% d=12% d=15%
Discount rate Discount rate
Net NPy .
(M USD) 409 -200 0 200 400

Notes: Net NPV = NPV of welfare gains — construction costs — nx land compensation. Each cell shows the net NPV (million
USD) for a given (n),d) pair. Blue = positive, red = negative. Panel (a) represents the case without land compensation.
Panel (b) represents the case with claim-based compensation. Panel (c) represents the case with market-value compensation
(legally mandated under the eminent domain legal regime). Panel (d) represents the hybrid compensation approach observed

in the data where some landowners were offered market value compensation and some had to claim it.
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Figure 7: Marginal Costs, Benefits, and Net Returns of Link-Level Road Upgrades
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Notes: Each link connects two neighboring parishes. I widen each link by 3.4m (one lane) and solve for the new spatial
equilibrium. Panel (a): marginal benefit (commuting cost decline per meter). Panel (b): market-value land cost per meter (log
scale). Panels (c) and (d): NPV of net welfare gains per meter under no compensation and under market-value compensation
with n = 4, on a shared color scale (blue = positive, red = negative). Owners’ utility is linear in income, with marginal
utility equal to 1.
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Figure 8: Optimal allocation of road widening under each land-compensation rule.
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Notes: Top row: optimal width added to each link (metres) under no compensation, claim-based compensation, and market-value compensation, at n = 4 and
0 = 0.06 and financing land payments under the status-quo rule. Bottom row: the change in widening relative to the no-compensation allocation (red: less
widening; blue: more), for the claim and market-value rules. Panel subtitles report the total widened area (m?) and the net present value of the program
(US$ millions). No compensation reproduces the first-best map, concentrating widening on the high-benefit central ring; market value is the most distorted,

pulling investment out of the expensive centre toward cheaper peripheral links; claim-based compensation lies in between, closer to the no-compensation /first-best
allocation than market value, since owners claim only on part of the affected land so the welfare wedge applies to a smaller share of the payment.
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Figure 9: Optimal allocation under alternative financing rules by 7.
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Notes: Top row: optimal width added to each link (metres) under market-value compensation, at § = 0.06, under two financing rules: restricted funds use, in which donor
money is confined to construction and land payments must come from costly domestic revenue (the status quo), and unrestricted funds use, in which donor money may also
finance land. Bottom row: the change in widening relative to the restricted rule (red: less widening; blue: more). Panel subtitles report the total widened area (m?) and the
net present value of the program (US$ millions). Lifting the restriction lets land be paid out of external funds rather than costly domestic revenue, neutralising the welfare
wedge (7 — 1) p¥™ on land payments: the planner restores widening on the expensive central links it had withdrawn from, moving the allocation back toward the first best
and raising net welfare. Panels report the optimal allocation of road widening for a low (n = 2, panel (a)), medium (1 = 4, panel (b)), and high (n = 6, panel (c)) cost of
public funds, under market-value compensation at 6 = 0.06. Because the restriction binds only through the wedge (n — l)p}f“d7 the value of lifting it grows with n: at n =2
the restricted and unrestricted allocations differ only modestly, whereas at n = 6 unrestricting donor funds restores substantial widening on the expensive central links and

yields a much larger net-welfare gain.



Table 1: Land Tenure and Compensation Outcomes

Offered, comp. or claimed Compensated (received) Offered Claimed
all past all past all past all past
(1) (2) 3) (4) (5) (6) (7) (8)
Freehold 0.365 0.463 0.132 0.187 0.190 0.252 1.766 2.577
(0.090) (0.092) (0.093) (0.100) (0.085) (0.087) (0.557) (0.695)
Public land 0.288 0.342 0.255 0.244 0.287 0.293 0.681 1.270
(0.060) (0.068) (0.059) (0.066) (0.058)  (0.065) (0.408) (0.533)
Land value (MV, std.) 0.043 0.071 0.006 0.030 0.020 0.052 0.243 0.458
(0.038) (0.038) (0.039) (0.043) (0.038)  (0.039) (0.218) (0.327)
Estimator OLS OLS OLS OLS OLS OLS Logit Logit
Tenure + market value + wealth + parish controls Yes
Observations 311 257 310 257 311 257 212 178
R? 0.15 0.20 0.15 0.18 0.19 0.24 —

Notes: Columns 1-6 report OLS estimates with heteroskedasticity-robust standard errors in parentheses. The reference
tenure category is mailo. Each outcome is reported on the full sample (“all”, odd columns) and on the subsample of already-
completed (past) upgrades (“past”, even columns). “Offered, comp. or claimed” (cols 1-2) equals one if the owner was
offered, received, or claimed financial compensation. “Compensated” (cols 3-4) equals one if the owner received financial
compensation. “Offered comp.” (cols 5-6) equals one if the owner received an initial offer of financial compensation.
“Claimed comp.” (cols 7-8) is estimated by MLE logit on the subsample of owners not initially offered compensation
and for whom the claiming decision was recorded; the dependent variable equals one if the owner filed a claim. “Market
value” is the standardized broker-estimated market value of affected land (missing values imputed to zero with a missing
indicator). “Wealth index” is a standardized mean of eight binary household indicators. Parish-level controls are parish
population, share of owner-occupied households, and area. For the MLE logit columns, missing values in regressors are
handled via mean replacement with a missing-indicator dummy; coefficients are in log-odds.
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Table 2: Road Upgrades Increase Traffic Speed, Concentrated in Rush Hours

Rush (morning + evening) Off-peak
Trip-level Road x month Trip-level Road x month
(1) (2) (3) (4) (5) (6) (7) (8)
Upgrade Completed (d) 4.683 4.628 4.235 4.295 5.994 3.038 2.781 0.998
(0.795)  (1.034) (1.020) (1.534) (1.160)  (0.935)  (0.997) (0.855)
Upgrade In Progress (d) 0.742 1.195 1.100 -1.029 0.562 -0.140 0.093 -0.736
(0.770)  (0.769)  (0.785) (0.730) (0.792)  (0.709) (0.678) (0.564)
Day FE Yes Yes Yes Yes
Hour FE Yes Yes Yes Yes
Month FE Yes Yes Yes Yes
Road FE Yes Yes Yes Yes Yes Yes
Observations 1,017 1,017 752 752 1,075 1,075 684 684
Mean dep. var. 21.25 21.25 21.31 21.31 24.01 24.01 24.26 24.26
Geo controls Yes Yes
Road class Yes Yes
Paved (baseline) Yes Yes
Model OLS TWFE TWFE SA OLS TWFE TWFE SA
SA leave-one-cohort-out [2.3, 4.9] [0.2, 1.6]

Notes: Standard errors in parentheses. Standard errors are two-way clustered by road segment and day in the trip-level columns (1, 2,
5, 6) and by road segment in the panel columns (3, 4, 7, 8). The dependent variable is traffic speed (km/h) from Google Maps API
queries for trips along policy roads. Columns (1)—(4) report estimates for trips during rush hours (morning and evening peaks pooled);
columns (5)—(8) for off-peak hours (all remaining hours). Within each block, columns (1)/(5) and (2)/(6) are estimated at the trip level
and columns (3)/(7) and (4)/(8) at the road X month panel level; the panel dependent variable is the road—month average of trip-level
speed residualized on day and hour-of-day fixed effects. The reported mean dependent variable is the trip-level mean speed in the trip
columns and the road—month mean speed in the panel columns. “Upgrade Completed” is a dummy equal to one after the upgrade is
completed; “Upgrade In Progress” is a dummy equal to one during construction. Columns (1)/(5) are OLS with day and hour-of-day
fixed effects, road distance, geographic controls (longitude, latitude, and their squares), road-class dummies, and baseline paving status.
Columns (2)/(6) are trip-level TWFE with road-segment, day, and hour-of-day fixed effects. Columns (3)/(7) are panel TWFE with
road-segment and month fixed effects. Columns (4)/(8) report the average treatment effect on the treated over the first twelve months
following completion (relative periods 0-11) from the Sun and Abraham (2021) interaction-weighted estimator, with delta-method
standard errors. The fixed-effect rows refer to the estimating regression; in the panel columns day-of-sample and hour-of-day variation
is absorbed by residualizing the outcome prior to aggregation. The “SA leave-one-cohort-out” row reports the range of the windowed
ATT as each completion-month cohort is dropped in turn from the aggregation (re-weighting with coefficients held fixed), summarizing
sensitivity to individual cohorts.

Table 3: Calibrated parameters.

Parameter Symbol Value Source

Share of expenditure on housing 1-p3 0.235 Uganda National Panel Survey (2019)

Firms’ expenditure share on labor « 0.7 Own calc., manufacturing firm survey, Bassi et al. (2026)
Route-choice elasticity P 50 Set (near least-cost routing)

Owner-utility curvature Y° 0 Linear owner utility (main spec.)

497 Broker survey (free-subdivision)
0.06,0.12  World Bank (2016)
[1,8] Range; disciplined in §7

Average owner parcel area (m?)
Discount rate
Marginal cost of public funds

= oy
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Table 4: Realized upgrades vs. model-predicted benefits and costs

Land Cost Measure Market Value Upper Bound Lower Bound Claim Tenure

(1) (2) 3) (4) () (6) (7) (®) (9) (10)

Level Per m Level Per m Level Per m Level Per m Level Per m

Marginal benefit (RHS) ~ 0.061  0.030  0.072 0.042 0062 0031 008  0.057 0122  0.086
(0.042) (0.051) (0.041) (0.050) (0.043) (0.052) (0.039) (0.049) (0.038) (0.054)

Land cost -0.075  -0.067 -0.071 -0.073 -0.041 -0.036 -0.089 -0.101
(0.048) (0.035) (0.058) (0.053) (0.060) (0.056) (0.050) (0.049)
Share freehold -0.099  -0.081
(0.072) (0.072)
Share public 0.083 0.077
(0.058) (0.058)
Link length 0.057  -0.001  0.034 -0.003  0.024 0.005 0.019  -0.009 -0.037 -0.010
(0.042) (0.046) (0.044) (0.045) (0.048) (0.046) (0.040) (0.045) (0.041) (0.043)
R? 0.025 0.019 0.029 0.021 0.018 0.007 0.040 0.035 0.074 0.050
N 172 172 172 172 172 172 172 172 172 172

Notes: Dependent variable: indicator for whether any road mapped to a model link (between neighboring parishes) was
upgraded (2018-2026), regressed on the model’s standardized marginal benefit (RHS of Equation 24), a standardized land-
acquisition cost, and link length; dyadic-robust standard errors. Columns are grouped by compensation rule (market value,
upper-/lower-bound compensated, claim-based, and tenure shares). Within each rule, “Level” measures benefit and cost as

totals per link; “Per m” divides by link length.
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Appendix

A Context Appendix

A.1 Land Acquisition Timeline

The acquisition of private land for road widening was typically governed by the following timeline. First,
the government decided which roads would be upgraded based on a collection of factors, including land
availability; the program’s appraisal document lists the availability of funds to compensate affected owners
among its formal selection criteria (World Bank, 2014). An engineering study was then conducted to assess
the optimal road design and affected land, under the supervision of the chief government valuer. Second,
the government reached out to local leaders and affected owners to inform them about the road project,
and either offered them financial compensation (involuntary land take) or asked for their consent without
financial compensation (voluntary land take). Among the latter owners, those refusing to consent may
go through formal proceedings to get compensation, as legally entitled to, conditional on satisfying all
conditions, with the eminent domain imposing de facto an upper bound on the compensation that can
be claimed by affected owners and limiting the scope for holdout. Finally, once all land parcels had been
secured, the road construction could start. Eminent domain is a well-studied solution to holdout problems,
where private sellers strategically wait and exert their monopoly power (increasing as they become the
last holdout) to seek higher compensation, leading to project delays and inflated costs (Posner and Weyl

2017). I abstract from the time dimension in this analysis.
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A.2 Land Tenure

Table Al: Validation of the Tenure Map Against Parcel-Level Registry Data

Village-level shares

derived from parcel-level data

(1)

(2)

(3)

Mailo Leasehold Freehold
share share share
KCCA freehold share -0.124 0.089 0.035
(0.018) (0.017) (0.010)
KCCA public share -0.152 0.154 -0.001
(0.023) (0.022) (0.008)
Observations 805 805 805
R? 0.071 0.067 0.025
Mean dep. var. 0.727 0.227 0.043

Notes: The dependent variables are village-level tenure shares (mailo, leasehold, freehold) derived from parcel-level
land-registry data from Alani et al. (2026), aggregated to the smallest administrative unit in Kampala (LC1, or
“villages”), restricted to parcels in the database with a registered title. Each column regresses one parcel-derived
village share on the freehold and public area shares from the project’s tenure map (KCCA), with the mailo share
omitted as the reference category. The KCCA tenure map is well aligned with the parcel-level map from Alani et
al. (2026): a higher KCCA freehold share predicts a higher parcel-level freehold share, a higher KCCA public share
predicts a higher leasehold share, and both predict a lower mailo share (i.e. KCCA mailo maps to parcel-level mailo).
The modest R? and the remaining discrepancies between the two maps reflect the limited availability of parcel-level

registered titles with tenure information (25% of total area) and the fact that the KCCA map is drawn from historical

delineations rather than precise, parcel-level records. Robust standard errors in parentheses.
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B Data Appendix

B.1 Broker survey
B.1.1 Sampling Strategy

To collect transaction-level price data, we surveyed real-estate brokers across Kampala. Sampling pro-
ceeded at the parish level: each enumerator was assigned a set of target parishes and instructed to complete,
on average, two broker interviews per parish, with several enumerators sometimes working the same parish.
Because most brokers are not formally registered, enumerators located them by asking local council lead-
ers and residents where brokers could be found — typically congregating at busy public places such as
markets and taxi stages. To be eligible, a respondent had to be at least 18 years old; have worked as a
real-estate broker in the area for at least two years; have rented out at least three properties in Kampala
in the previous three months and sold at least one property in Kampala in the previous year; and have
transacted (sold or rented) in the assigned parish, among others. These activity thresholds ensured that
respondents were active, experienced brokers with direct and recent knowledge of local rental and sale

prices. Data collection was conducted in two waves: March-May 2024 and November-December 2025.

B.1.2 Comparison with Scrapped Online Property Ads

To increase confidence in the reliability of the broker survey data, I compare it with data scraped online

from RealEstateDatabase.net, which includes posts of properties to rent or sale in Kampala and other

parts of Uganda. This online database includes some geographical information (at the neighborhood level,
which is less precise than parish and very noisy), as well as property characteristics. In addition, the date
at which the property is posted can be recovered from the file name of the photos accompanying the post

(but not the transaction date).

The distribution of online property prices is skewed to the right, with an average price list at $332,694
(against $70,261 in the survey data). Given that the average monthly net salary in Kampala is $147
(KCCA 2019 Statistical Abstract) and 18.4% of Kampala households own a laptop (UBOS 2014), prop-
erties posted online are upscale properties only, not within reach of the average household, and not

representative.
Reassuringly, however, while price levels are different across the databases, they are positively correlated

over space. To check this, I run the following regression

Inpb, =+ B x Inpy + v + Yp + €t

where pgt is the average property price in parish p, year t in the broker data, and analogously for the
online database Inpy,. 7+ and v, are year and parish fixed-effects, respectively. The results are displayed
on Table A2 and confirm the robust positive correlation between the online and broker survey databases

at the parish and parish-year levels.
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Figure Al: Number of Broker Interviews by Parish
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Notes: The map displays the number of broker interviews by parish.

Table A2: Comparison of Parish-Year Average Sales Price Between Online Data and Broker Data

Dependent Variable: Log Parish-Year Mean Broker Survey Price (USD)

Model: (1) (2) (3) (4)

Variables

Log Parish-Year Mean Online Price (USD) 0.4340 0.4794 0.4649 0.2660
(0.1178) (0.1206) (0.1699) (0.1543)

Property type Residential Residential Business Business

Dep var trimmed top pct 1 5 1 5

Fit statistics

Observations 114 111 72 67

R? 0.10813 0.12659 0.09660 0.04370

Notes: This table assesses the consistency between broker-reported sale prices and an independent online price signal from RED, a
Ugandan online real-estate marketplace. The unit of observation is a parish—year. In each column the dependent variable is the log of
the average broker-survey sale price (USD) in a parish—year and the regressor is the log of the average online sale price (USD) in the
same parish—year. Columns (1)—(2) cover residential properties and columns (3)—(4) business properties; within each property type the
average price is computed after trimming the top and bottom 1% (columns 1 and 3) or 5% (columns 2 and 4) of the price distribution,
applied separately to the survey and the online samples. Both samples are restricted to transactions and listings dated 2023 or later.
Online listings are assigned to parishes through area-weighted matching of their self-reported location to administrative boundaries,
with prices averaged across the listing’s reported price fields and converted to USD; broker-survey prices come from brokers’ reported
past transactions. Only parish—years observed in both sources enter the regression. I.i.d. standard errors in parentheses.
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Table A3: Broker Survey’s Descriptive Statistics

Mean Sd Median
Number of brokers interviewed 565
Number of brokers interviewed (wave 1) 377
Number of brokers interviewed (wave 2) 188
Number of brokers interviewed per parish 5.88 2.42 6.00
Panel A: Broker characteristics
Age 41.0 9.1
Years operating as brokers 9.6 6.6
Share of brokers operating in multiple parishes 0.67
Share of brokers operating in multiple divisions 0.20
Panel B: Activity
Number of properties rented in the past 3 months in Kampala 9.22 10.86
Number of properties sold in the past 3 months in Kampala 1.52 2.33
Past Transactions (USD)
Price - rented residential 148 123 108
Price - rented business 170 144 135
Price - sold residential 62,295 56,582 40,541
Price - sold business 72,335 64,782 56,757
Price - sold land 54,198 52,650 37,838
Price / m2 - sold residential 197 430 120
Price / m2 - sold business 312 483 153
Price / m2 - sold land 124 126 93
Appraisal Exercise - Standardized res property near road
Relative residential sales price post upgrade 1.318 0.580 1.250

Notes: The descriptive statistics in this table come from the real estate broker survey. Panels A and B describe the characteristics of
the respondents. Panel C describes the properties transacted by the respondents and panel D includes information about the impact of
road upgrade on the hypothetical price of the standardized property. Wave 1 was conducted between March and May 2024, while wave
2 was conducted between November and December 2025.
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B.2 Owner survey
B.2.1 Sampling Strategy

The sampling frame for the owner survey was at the road segment level. More precisely, roads within Kam-
pala were split into categories based on their policy status: roads targeted by the policy with completed
upgrade (pre-2020 or 2020-2024) and roads targeted by the policy but upgrade ongoing (2024 onwards).
To ensure coverage of the different property right regimes in the city, the main tenure system within a 50
meters buffer of each road was identified. Then, for each triplet {division, land tenure, road category}, road
segments were randomly ordered and the data collection team went down the list of valid road segments

until data collection was completed.?”

Enumerators conducted a listing of properties over a pre-specified road segment of approximately % to 1
mile, between two intersections, starting from a randomly selected point over the road segment. In addition
to the property listing, enumerators were instructed to interview all available potential respondents, moving
from the (randomly selected) starting point to the end of the road segment. Selected road segments may
include both affected and non-affected owners (for example as roads may have been widened on one side
only) and the analysis in this paper is restricted to the subset of affected respondents. Figure A2 shows a
map of the number of interviews of affected owners by parish, restricting to the main sample (owners who
reported being officially contacted by the government about their land or property being affected by the
road upgrade).

Eligible respondents were property (land or building) owners above 18 years old, their spouse or an
individual with knowledge and decision power over land and property related issues. The targeted property
must be on the side of one of the targeted roads. If the respondent was not available at that time, but

willing to participate, the survey team offered to make an appointment and come back at a later time.

B.2.2 Overview of Survey Instruments
The survey instruments included the following sections:
1. Eligibility and consent

2. Road quality and road upgrade (name and characteristics of the closest road including a measure of

road quality on a scale of 1 to 10, today and before the road upgrade ; road upgrade characteristics)

3. Land acquisition (amount of affected land ; compensation offer and received ; claim timeline ; rea-
soning ; perceptions including pivotality, potential returns from claiming, neighborhood interactions

; knowledge of the legal system ; suggestions)

4. Property value and property characteristics (self-assessed property value if sold or rented either (i)
today, (ii) before the road upgrade, (iii) today if the road had not been upgraded ; ownership status

; property characteristics)

39Gegments within approximately 1km from a previously selected segment were excluded, as well as segments where data
collection was impossible (based on on-the-ground observations) or where road characteristics were different than in the
database (for example a large paved road vs an unpaved road).
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5. Household and neighborhood characteristics (religion ; ethnicity ; local leader popularity ; basic-

socioeconomic characteristics on the model of the UNPS)

B.2.3 Comparing Survey Respondents to the Average Kampala Resident

In Table A4, I further compare owner survey respondents to the average Kampala resident as per the 2014
Population Census and the 2019 Uganda National Panel Survey (UNPS) along the lines of wealth proxies,
education (panel A) and property characteristics (panel B). On average, survey respondents are wealthier
and more educated than the average Kampala resident from the 2014 Population Census. Comparing the
2019 UNPS participants that are property owners and those that are renters (columns 6 and 7) reveals
that property owners are wealthier than the average Kampala resident. In turn, the respondents to my
owner survey tend to be wealthier than the average Kampala owner, which is consistent with property on
the side of roads being wealthier than away from roads, which corresponds to the majority of properties

in Kampala.

Figure A2: Spatial Coverage of the Owner Survey

No interview

Number of
Interviews

I20

10

H

Notes: This map displays the number of owner interviews by parish. The sample is restricted to the owners in the main sample, i.e.
who were officially contacted by the government about their land being affected by the road upgrade.
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Table A4: Owner Survey: Descriptive Statistics

Owner Survey Census Data

Overall Freehold Public Mailo 2014 2019 2019
Pop UNPS  UNPS

Cen- (own-
sus ers)
Panel A: Sample Characteristics
Number of owners 310 31 100 177
Share on already upgraded roads 0.84 0.84 0.70 0.91
Car ownership (share) 0.43 0.43 0.40 0.45 0.18 0.23
TV ownership (share) 0.97 0.97 0.98 0.97 0.68
Bicycle ownership (share) 0.24 0.20 0.17 0.28 0.07 0.06 0.10
Computer ownership (share) 0.33 0.33 0.30 0.35 0.18
Access to electricity (share) 0.97 1.00 0.99 0.96 0.84
Bank account (share) 0.86 0.90 0.78 0.90 0.57
Completed A-Level (share) 0.48 0.52 0.36 0.55 0.12
Panel B: Property Characteristics
Inherited property (share) 0.51 0.38 0.55 0.51 0.31
Owner since (year) 1989 1994 1987 1990 1994
Total land area (m2) 774.2 634.3 756.4 808.4
Self-reported property value (USD) 154,796 204,626 141,539 154,744
Cost Copy of Ownership Documents (USD) 1,718 1,764 1,616 1,778
Floor: tiles (share) 0.50 0.45 0.51 0.50 0.13 0.15
Floor: cement screed (share) 0.46 0.52 0.46 0.45 0.78 0.77
Panel C: Land Acquisition
Land Affected (m2) 7T 48.3 60.6 92.1
Initially Offered Compensation (share) 0.34 0.45 0.53 0.21
Received Compensation by Time of Survey (share) 0.33 0.42 0.51 0.21
Claimed Compensation (cond. no offer, share) 0.21 0.53 0.23 0.17

Notes: Owner Survey columns cover the main analysis sample of affected owners the government officially reached out to
(offered compensation or formally asked to consent), N = 310, split by robust land-tenure class (Freehold / Public / Mailo)
assigned by spatial intersection of each interview’s location; owners outside a mapped tenure polygon enter Overall only, so
the tenure columns need not sum to Overall. Census Data columns report Kampala benchmarks: the 2014 Population Cen-
sus (UBOS), the 2019 Uganda National Panel Survey (all households), and the 2019 UNPS restricted to owner-occupiers;
blank cells indicate the indicator is unavailable in that source. “Claimed compensation” is conditional on not having been of-
fered compensation. Area variables (land affected, total land area) and USD variables (property value, cost of an ownership-
document copy) are trimmed at the top and bottom 5%; remaining rows are shares or means over the indicated (sub)sample.
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B.3 Google Maps API Data
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Figure A3: Google Maps API Queries Over Time 2023-2026
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B.4 Ride-Hailing Data (2019-2024)

To study how workers will adjust their location choice in response to a change in commuting time, I
partner with a local ride-hailing company running a popular app (Safeboda) with more than 17,000 rides
per day.?? T have access to the universe of motorcycle trips for a random sample of weeks between 2019 and
2024. As described in Appendix Table A5, my sample covers 119 days (5.9% of the period) and includes
2.2 million trips and more than 328,034 unique users (about 38.1% of the adult population in Kampala’s
2014 Population Census). These users take an average of 6.9 trips on the app, but the standard deviation
is very large (104.2), indicative of a subset of riders using the app daily, and consistent with 38.6% of
users taking at least 5 trips on the app in my sample. The average trip lasts 20.7 minutes for a straight
line distance of 5.1 kilometers. In addition, as displayed on Appendix Figure A4 for a randomly selected
day in the data, most trips at morning commuting hours (6 am - 10 am) originate from the outskirts of
the city to end at the city center. This commuting pattern towards the city center is consistent with the
location of jobs from the Uganda Census of Business of Establishments displayed on Appendix Figure A14
Panel (b), but residents originating from the northern part of the city are overrepresented among morning

commuters, compared to the universe of Kampala residents (Appendix Figure A14, Panel a).

Table A5: Ride-Hailing Descriptive Statistics

Total Per Month

Count / Mean sd Count / Mean sd
Sample
Number of Days Covered 119
Share of Days Covered 0.06
Trips
Number of Trips 2,125,344 141,690 68,928
Length of Trip (min) 20.30 11.81 20.35 0.53
Straight Line distance (km) 5.08 2.82 5.18 0.40
Price (USD) 1.23 0.83 1.29 0.15
Users
Number of Users 316,543 52,756 19,035
Avg Nb Trips per User 6.7 91.8 2.7 27.9
Share of users w/ more than 5 trips 0.38 0.15

Notes: Descriptive statistics from the ride-hailing data. The sample covers a random sample of weeks between 2019 and 2024.

Motorcycle rides only are included in the sample.

B.5 Travel Habit Surveys (2011 and 2016-2017)

The Travel Habit Survey (THS) was conducted between June 2016 and February 2017 as part of the
Greater Kampala Metropolitan Area (GKMA) Multi-Modal Urban Transport Master Plan, commissioned
by the Kampala Capital City Authority (KCCA) and financed by the World Bank. A representative

sample of 844 households were interviewed. These interviews were combined with a pre-existing database

49Gafeboda has been operating in Kampala since 2019, and dominates the app-based ride-hailing market for motorcycle
rides.
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Figure A4: Origin and Destination of Morning Ride-Hailing Trips

(a) Origin of Morning Trips (b) Destination of Morning Trips

¥

Share of trips Share of trips
6.0% 6.0
4.0% 4.0%
2.0% 2.0%
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Notes: Parish-level shares of matched motorcycle (Safeboda) trip destinations on 2 July 2024 covering the morning rush (06:00—-
10:00). Panel (a) shows the share of these trips by parish of origin and panel (b) by parish of destination. The sample is restricted
to trips with both origin and destination within Kampala. Darker shading indicates a larger share of trips starting or ending in a

parish; parishes with no trips are left white.

of 2,654 households collected in 2011/2012 using the same methodology, for a total of 3,498 households
and 28,323 recorded trips, including 5,130 home-work or work-home trips.*!

For each trip, the survey recorded origin and destination (at the Traffic Analysis Zone level), departure

times (both waves) and arrival times (2016/2017 wave only), transportation mode, trip purpose, and cost.

The main modes of transport for home to work trips are shared minibus taxi (56% of trips), private car
(22%), motorcycle taxi or boda-boda (20%), and walking (3%).

4IThis includes 1,715 home-work or work-home trips cross-parishes (with positive distance) on the main commuting modes
(walking, minibus taxis, motorcycle taxis, cars).
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C Predicting Parish-Level Property Rates

I describe below how I recover pre-policy parish-level property sales rate and how I convert them into

annual rental rates by leveraging transaction data from the broker survey.

Transaction-level preparation: From the broker survey, I recover the rate per m? for sold properties

2 is only available for sold

from information on price (USD) and parcel dimension (m?). Raw rate per m
properties as rentals do not include information on parcel dimensions. These rates are trimmed at the top

and bottom 2.5th percentile within each property class (residential, business) to remove outliers.

Recovering Pre-Upgrade Rates from Post-Upgrade Transactions: Sale transactions cover the
2018-2025 period. To recover pre-upgrade (2018) market rates — needed to compute the owner compensa-
tion and to calibrate the QSM —, I subtract the estimated treatment effect of road upgrade on parish-level
property values from post-upgrade transactions. The pre-upgrade rate for properties transacted after T,
corresponding to the parish’s first road upgrade, is therefore log(rate untreated) = log(rate;~r) — 3, where

f3 is the pooled OLS coefficient from the reduced-form impact regression (Table A14, col 3).42

Parish and Year Fixed Effects: I recover parish and year fixed-effects from a regression of transaction-

2 on parish «; and year fixed effects d;. The predicted rate for parish i in year ¢ is then

level log rate per m
defined as rate;; = exp(cy + d;). Pre-policy parish-level rates are defined as rate; 2018. For the 15 (out of
96) parishes without transaction data, I impute the parish fixed-effect from an inverse-distance weighting
(IDW) approach from the k& € {3,10} nearest parishes with observed data (Shepard, 1968). The IDW

power parameter is selected via leave-one-out cross-validation to minimize LOOCV RMSE.

From sales market rate to rental market rate: The QSM requires per-period rental rates paid by
households and firms to landlords. As data on properties’ size is only available for sales, to convert
sales rate per m? into rental rate per m?, I estimate the capitalization rate by pooling all sale and
rental transactions and regressing log(price) on a rental dummy, controlling for property characteristics
common to both sale and rental transactions (number of rooms, number of bathrooms (residential only),
construction type (formal, temporary, floor type), distance to the nearest road), with parish and year fixed
effects. The coefficient on the rental dummy captures the log monthly rent-to-price ratio; annualizing gives
the capitalization rate for residential (6.1%, P/E = 16.4) and business (9.7%, P/E = 10.3) properties.

Integrating over the implemented road upgrades: To recover the market value of affected land
from the realized road upgrades, I multiplied market rates in each parish by the length of road upgrades
in each parish, assuming that each road upgrade comes with land acquisition equivalent to one additional

lane (3.4 meters).

421 use the pooled OLS rather than the TWFE coefficients because only a subset of parishes exhibit variation in treatment
status during the period covered by the transaction data. I further use a single 3 across residential and business properties.
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D Appendix and Robustness on Land Costs Facts

Figure A5: Owners’ Reasons to Consent to Voluntary Land Take Without Compensation
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Notes: Reasons (multiple-choice) given by the 161 owners in the survey who were not offered compensation and decided not
to claim it.

Figure A6: Parish-Level Predicted Probability of Claiming Compensation Across Specifications
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Notes: Each dot is a parish. The horizontal axis is the predicted probability of claiming compensation P;(claim) from the main
specification used in the model (tenure shares + market value + wealth + parish controls); the vertical axis is an alternative specification
— the parsimonious tenure + market value spec (panel a) and the main spec without parish controls (panel b). Estimates are the MLE
logit estimates from the claim columns of Table 1. Parish-level predictions evaluate the estimated logit at parish-level tenure shares
(KCCA land tenure map), parish-level wealth (UBOS census), and parish controls, with remaining owner-level variables held at their
sample means. The dashed line is the 45-degree line; Pearson and Spearman correlations are shown on each panel. I assume 37 m?2 of
land (the survey median) is taken from each owner.



Table A6: Mechanisms Driving Claiming Decisions

(1) (2) 3) (4)

Claimed compensation (dummy)

Wealth index (std) 0.07 0.41
(0.17) (0.21)

Above-median doc. cost (d) -0.79 -0.37
(0.37) (0.39)

Nb. friends in neighborhood (std) -1.00  -1.17
(0.50)  (0.54)

Estimator Logit Logit Logit  Logit
Observations 212 212 212 212
Mean dep. var. 0.226  0.226  0.226 0.226

Notes: Each column reports maximum likelihood estimates of a logit model for the probability of claiming com-
pensation among owners not initially offered financial compensation. The dependent variable equals one if the
owner filed a claim. “Above-median doc. cost” is a dummy for self-reported costs of obtaining ownership docu-
ments exceeding the sample median. “Land security” is a standardized 4-point scale response to: “Would you say
that landowners are secure from eviction or expropriation by the government?” “Wealth index” is a standardized
mean of eight binary household indicators (completed A-level education, electricity, permanent floor, bank account,
television, computer, bicycle, >2 meals/day). Coefficients are in log-odds; standard errors in parentheses. Missing
values handled via mean replacement with a missing-indicator dummy.

Table A7: Land Tenure Mechanisms

(1) (2) (3)
Wealth Above-med Nb. friends

index (std) doc. cost (d) (std)
Freehold -0.227 -0.192 -0.280
(0.111) (0.082) (0.081)
Public -0.552 -0.067 -0.296
(0.096) (0.056) (0.077)
Estimator OLS OLS OLS
Observations 478 415 458
Mean dep. var. 0.002 0.520 -0.023

Notes: Each column reports OLS estimates with heteroskedasticity-robust standard errors in parentheses. The
reference tenure category is mailo. The sample is survey respondents who were not initially offered financial com-
pensation “Above-med doc. cost” is a dummy for self-reported costs of obtaining ownership documents exceeding
the sample median. “Land security” is a standardized 4-point scale of perceived security from government ex-
propriation. “Wealth” is a standardized mean of eight binary household indicators. Even-numbered columns add
individual-level SES controls (education, language, bank account, formal credit, employment, household head, na-
tionality).
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Figure A7: Robustness: Tenure Coefficient for the Probability of Being Offered or Claim Compensation
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Notes: Each panel shows specification curves for a tenure coeflicient across alternative specifications of the OLS regression of receiving compensation (top panels) and the MLE logit
model for the probability of claiming compensation among owners not initially offered one (bottom panels). Point estimates are shown with 95% confidence intervals and specifications
are ordered similarly across panels. In red, I add combinations of individual-level controls to show that the tenure estimates are not driven by correlated observables. In blue, I control
for parish-level socioeconomic characteristics and in cyan I add flexible controls for parish coordinates. In orange, I include division fixed effects. In brown, I expand the sample to
owners who reported not being officially approached by government officials about their land being affected by the road upgrade. In purple, I assume that owners with no recorded
claim decision — a subset of respondents from the first wave of data collection who reported not being officially approached by the government despite their land being affected — did
not claim and were not offered compensation. In green, I restrict the sample to respondents who reported that the road upgrade was either already completed or completed after 2018.




E Appendix and Robustness on Road Upgrade Benefits

Road scarcity (context for £): Table A8 places Kampala’s road network in comparative perspective:
its exceptionally low road-area share and narrow streets are what make a high speed—capacity elasticity a

sensible response to relieving an unusually binding capacity constraint, as discussed in the main text.

Table A8: Kampala’s roads are scarce and narrow, even by Sub-Saharan African standards

Roads’ share of ~ Avg. street Roads <4m Roads >16m
built-up area (%) width (m)  wide (%) wide (%)

City Pre 1990 Pre 1990- Pre 1990- Pre 1990-
1990 2014 1990 2014 1990 2014 1990 2014
Kampala 13 12 6.7 4.5 20 42 4 1
Other Sub-Saharan African cities
Lagos 17 16 101 7.1 6 20 10 3
Kinshasa 14 13 9.5 5.2 28 37 4 3
Kigali 17 14 79 55 18 32 7 1
Nakuru 24 21 10.8 5.5 14 31 20 2
Johannesburg 25 18 13.2 74 6 22 32 7
High-income comparison cities
Santiago 25 18 126 7.9 5 16 27 10
Chicago 27 25 11.6 10.0 8 27 42 3
Paris 21 15 9.2 6.2 10 28 11 5
London 19 10 9.5 7.5 9 18 9 4

Notes: Road-layout metrics from the Atlas of Urban Expansion (Angel et al., 2016), comparing areas built before 1990 with
those built 1990-2014. Across the Atlas’s global sample of 200 cities, roads occupy on average 21% of built-up area worldwide
and about 16% in Sub-Saharan Africa. Kampala combines an unusually low road-area share, the narrowest post-1990 streets
in this comparison, a rising share of sub-4 m roads, and almost no roads wide enough (>16 m) to carry fast through-traffic—a

profile of exceptionally scarce road capacity.

Speed: controls, horizon, and estimator. The estimated impact of road upgrade on local speed
is robust to a wide range of specifications, including to adding geographic controls, splitting rush from
off-peak, and replacing the twelve-month window with the un-windowed Sun and Abraham (2021) ATT
averaged over all post-completion periods, as shown in Table A9. Table A10 reports the pooled all-hours
effect across the same set of estimators, of which the main table’s rush/off-peak split (Table 2) is a

decomposition.
Speed: selection into timing.

Speed: spillovers onto controls (SUTVA). The estimated impact of road upgrade on local speed
would be biased if speed on control roads was affected through traffic diversion either onto nearby unim-
proved roads, or off them onto the faster route. I show that this channel is unlikely to drive the estimates
by building two measures of each control road’s exposure to nearby completed upgrade: an indicator and
a count of completed policy roads within 1-5 km. I then implement two exercises, presented in Appendix

Table A12.
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Table A9: Road Upgrades and Traffic Speed: Robustness to Controls and Estimation Horizon

Rush (morning + evening) Off-peak
(1) (2) (3) (4) (5) (6)
Upgrade Completed (d) 2.762 4.526 3.376 3.115 6.109 1.328
(1.286) (1.152)  (1.286)  (1.655) (1.555)  (1.214)
Upgrade In Progress (d) 0.335 0.891 -1.029 -0.130 0.726 -0.736
(1.035)  (0.938)  (0.730)  (1.153) (0.906)  (0.564)
Day FE Yes Yes Yes Yes
Hour FE Yes Yes Yes Yes
Month FE Yes Yes
Road FE Yes Yes
Observations 1,017 1,017 752 1,075 1,075 684
Geo controls Yes Yes
Model OLS OLS SA OLS OLS SA
SA leave-one-cohort-out [1.6, 4.9] [0.6, 1.7]

Notes: Standard errors in parentheses. Standard errors are two-way clustered by road segment and day in the OLS columns (1, 2, 4, 5)
and by road segment in the Sun—Abraham columns (3, 6). The dependent variable is traffic speed (km/h) from Google Maps API queries
for trips along policy roads. Columns (1)—(3) report estimates for rush hours (morning and evening peaks pooled); columns (4)—(6)
for off-peak hours. Columns (1)/(4) and (2)/(5) are trip-level OLS with day and hour-of-day fixed effects: columns (1)/(4) include
no controls, and columns (2)/(5) add road distance and geographic controls (longitude, latitude, and their squares). Columns (3)/(6)
report the average treatment effect on the treated from the Sun and Abraham (2021) interaction-weighted estimator, estimated on
the road X month panel with road-segment and month fixed effects (the outcome residualized on day and hour-of-day fixed effects
before aggregation) and averaged over all post-completion periods — the un-windowed analogue of the main-table specification. The
“SA leave-one-cohort-out” row reports the range of this full-horizon ATT as each completion-month cohort is dropped in turn from the
aggregation.

Table A10: Road Upgrades and Average Traffic Speed (All Hours)

Trip-level Road x Month Panel
(1) (2) (3) (4) (5) (6)
Upgrade Completed (d) 2.904 5.238 5.215 3.613 2.912 1.387
(1.413) (1.300) (0.884) (0.910) (0.920) (1.073)
Upgrade In Progress (d) 0.051 0.732 0.540 0.451 0.300 -1.266
(1.066) (0.897) (0.754) (0.706) (0.634)  (0.634)
Day FE Yes Yes Yes Yes
Hour FE Yes Yes Yes Yes
Month FE Yes Yes
Road FE Yes Yes Yes
Observations 2,092 2,092 2,092 2,092 1,044 1,044
Mean dep. var. 22.67 22.67 22.67 22.67 22.71 22.71
Geo controls Yes Yes
Road class Yes
Paved (baseline) Yes
Model OLS OLS OLS TWFE TWFE SA
SA leave-one-cohort-out [0.1, 2.4]

Notes: Standard errors in parentheses. Standard errors are two-way clustered by road segment and day in columns (1)—(4) and by
road segment in columns (5)—(6). The dependent variable is traffic speed (km/h) from Google Maps API queries for trips along policy
roads, pooling all hours of the day; this table therefore reports the average effect across rush and off-peak periods (decomposed in
Table 2). Columns (1)—(4) are estimated at the trip level and columns (5)—(6) at the road X month panel level, where the dependent
variable is the road-month average of trip-level speed residualized on day and hour-of-day fixed effects; the reported mean dependent
variable is the trip-level mean in columns (1)—(4) and the road—month mean in columns (5)—(6). Columns (1)—(3) are OLS with day and
hour-of-day fixed effects, adding controls progressively: column (1) none, column (2) road distance and geographic controls (longitude,
latitude, and their squares), and column (3) further road-class dummies and baseline paving status. Column (4) is a trip-level TWFE
specification with road-segment, day, and hour-of-day fixed effects. Column (5) is a panel TWFE with road-segment and month fixed
effects. Column (6) reports the average treatment effect on the treated over the first twelve months following completion (relative
periods 0-11) from the Sun and Abraham (2021) interaction-weighted estimator, with delta-method standard errors; the “SA leave-one-
cohort-out” row reports its range as each completion-month cohort is dropped in turn.

First, I conduct a placebo on the controls: on road-months not yet treated, I regress residualized rush-hour

speed on exposure, with road and month fixed effects. I show that exposure does not consistently predict
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Table A11: Road Upgrade Timing is Not Predicted by Observable Characteristics

Start Construction (month)  Completion (month)

) (2) 3) (4)

Log Road Length 0.0721 0.7248 10.40 8.859
(6.993) (8.133) (4.598) (4.965)
Paved baseline 20.24 16.03 19.52 14.30
(19.92) (21.02) (13.40) (13.34)
Road Class: Primary 26.34 28.41 1.207 -3.518
(32.81) (32.50) (17.93) (18.29)
Road Class: Secondary 29.69 18.98 11.52 0.7436
(17.43) (18.38) (12.89) (13.11)
Road Class: Tertiary 35.88 17.09 20.72 9.541
(17.80) (20.54) (14.27) (15.03)
Longitude -329,647.9 -298,092.9
(457,898.9) (344,834.0)
Longitude sqrd 5,059.8 4,579.2
(7,027.4) (5,292.6)
Latitude 903.0 1,780.8
(3,715.3) (2,407.1)
Latitude sqrd -2,036.1 -3,243.9
(5,688.8) (3,686.4)
Observations 40 40 51 51
R? 0.19959 0.32869 0.21812 0.34110
F-test 1.6956 1.6321 2.5107 2.3584

Notes: Each column reports an OLS regression of upgrade timing (in months) on road-level characteristics. The dependent variable in
columns (1)—(2) is the month construction started; in columns (3)—(4), the month construction was completed. Columns (2) and (4)
add geographic controls (longitude, latitude, and their squares). The sample in columns (1)—(2) is restricted to roads with observed
(non-imputed) start dates. Road class dummies are relative to non-major roads.

control speeds, consistent with no contamination. At 3 km an additional completed neighbor is worth
-0.352 km/h (s.e. 0.544), or -8.3% of the treatment effect and insignificant, and the estimate is small at
1-3 km and flips sign across different measures of exposure. The estimated coefficient, grows with distance
and is marginally significant at 5 km (—0.72, s.e. 0.42). Yet, this pattern is not suggestive of credible
spillovers, which would be local and fade with distance. Instead, it is likely the sign of the neighbor
count saturating and absorbing citywide trend rather than local diversion as, by 5 km nearly every control

already has a completed neighbor, leaving the binary measure no within-road variation.

Second, and most importantly, adding exposure to the main specification barely moves the effect: the
completion coefficient goes from 4.235 km/h to 4.067 km/h (-4%), and is stable at every radius.

Commuting: take-up of upgraded roads. In Table A13 I show that upgrades also draw commuters
onto the improved segments. I estimate this take-up effect on both the number of trips passing through
a segment and its share of all trips, and on the post-April-2023 subsample for which both pre- and post-
upgrade months are observed; the effect is stable in sign and significance across the two outcomes and

samples.
Property values: stated-preference and amenity evidence. Figure A8 shows that the distribution

of brokers’ hypothetical post-upgrade price ratios underlying the appraisal is right-tailed for both residen-

tial and business premises. Figure A9 documents that upgrades also improved local amenities, so that its
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Table A12: Spillovers onto Control Roads: Direct Placebo and Exposure Control

Reg A: ¢ (spillover on controls)

Reg B: 3 (main effect, w/ exposure)

Binary Count Binary Count

1km -0.225 0.319 4.226 3.954
(0.459) (0.716) (1.043) (1.023)

2km -0.225 0.081 4.147 3.876
(0.459) (0.707) (1.000) (1.052)

3 km - -0.352 4.235 4.067
(0.544) (1.020) (1.037)

5 km - -0.718 4.235 4.168
(0.415) (1.020) (1.006)

Notes: Evidence on the no-spillover (SUTVA) assumption for the rush-hour speed DiD. Ezposure is the number of

policy-road upgrades completed within the stated radius of a road by month ¢ (Count), or an indicator for at least one

(Binary). Reg A regresses residualized rush-hour speed on exposure, restricting to road-months not yet treated (own

completion and own in-progress indicators both zero), with road and month fixed effects; é is the effect of a nearby

completion on a still-control road’s speed. Reg B adds exposure to the main two-way fixed-effects specification on the full

sample; B is the coefficient on own completion, to be compared with the no-exposure main estimate of 4.235 km /h.

Standard errors clustered by road in parentheses. Binary exposure is collinear with the fixed effects at 3-5 km and those

cells are empty; inverse-distance weighting is omitted because touching road geometries produce zero pairwise distances.

Reg A includes still-control road-months only. Binary exposure is collinear with the FE at 3-5 km as all control roads have

a treated road within this radius at some point.

Table A13: Upgraded Roads are More Likely to Be Used by Commuters

Number of Trips

Share of Trips

(1) (2) 3) (4)

Upgrade Completed (d) 109.5 221.0 0.0059 0.0058

(66.10) (137.5) (0.0018) (0.0036)
Upgrade in progress (d) 9.975 62.11 -0.0005 -0.0012

(43.43) (75.90) (0.0018) (0.0027)
Month Yes Yes Yes Yes
Road-segment Yes Yes Yes Yes
Observations 10,808 3,360 10,808 3,360
R? 0.53226 0.55577 0.69088 0.68959
Mean Dep Var 173 175 0.0199 0.0213

Trips Sample
Sample
Unit

Parish-to-Parish

All Policy Roads

Parish-to-Parish

Upgraded Post 04-23

Parish-to-Parish
All Policy Roads

Parish-to-Parish
Upgraded Post 04-23

Road-Segment x Month  Road-Segment x Month  Road-Segment x Month  Road-Segment x Month

Notes: Each column reports a TWFE regression at the road-segment X month level. The dependent variable in columns (1)—(2) is
the number of parish-to-parish Google Maps trips passing through the road segment in a given month; in columns (3)—(4), the share
of all parish-to-parish trips. Columns (1) and (3) use all policy roads in the Google Maps sample while columns (2) and (4) restrict
the sample to roads upgraded after April 2023, e.g. for which we have pre and post-upgrade observations. All specifications include
road-segment and month fixed effects. Standard errors are clustered by road segment and month.

accessibility-only welfare gains understate the full local capitalization by the amenity component.
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Figure A8: Distribution of brokers’ hypothetical post-upgrade price ratio.
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Notes: Across brokers, the ratio of the stated sale price of a standard property after a hypothetical road upgrade to its price
before, for a property next to the road. Left: residential appraisals; right: business. The dashed line marks a ratio of one (no
change); mass to the right indicates an expected price gain. The median post-pre upgrade price ratio is 1.25 for residential

properties and 1.22 for business properties, consistent with a right-tailed distribution of answers.
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Figure A9: Self-Assessed Road Quality Before and After Upgrade
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Notes: Self-assessed road quality on a 1-10 Likert scale, reported by affected property owners who experienced a past road
upgrade (N = 259). Pink: recalled quality before the upgrade; green: quality today. Vertical lines indicate group means.

Mean improvement: overall 3.1, dust 3, flooding —4.6, fumes 8.2 points.
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Table A14: Road Upgrades Increased Local Property Values (Transaction-Based Evidence)

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

Road upgrade (ATT) 0.107 0.187 0.095 0.024 0.145 0.284

(0.056) (0.108) (0.085) (0.104) (0.302) (0.118)
Outcome Rent Rent Sale Sale Sale Sale
Property class All All All All All All
Parish sample All All All All CS-eligible  CS-eligible
Geo FE Sub-county  Parish ~ Sub-county  Parish Parish Parish
Time FE Year Year Year Year Year Year
Estimator Pooled OLS TWFE Pooled OLS TWFE CS SA
Observations 2,044 2,044 1,619 1,619 1,547 1,547

Notes: Each column reports the estimated effect of a parish-level road upgrade on log property prices. The dependent variable is
the residual from a first-stage regression of log prices on property characteristics (floor type, number of rooms, building type, land
dimensions for sales) and month fixed effects. Columns (1)—(2) use rental transactions while columns (3)—(6) use sale transactions.
Columns (1) and (3) include sub-county fixed effects and parish-level socio-economic controls; columns (2) and (4) include parish fixed
effects (TWFE). Columns (5)—(6) implement the heterogeneity-robust staggered DiD estimators of Callaway and Sant’Anna (2021) and
Sun and Abraham (2021), with parish fixed effects. All prices are trimmed at the top and bottom 5th percentiles. Standard errors are
two-way clustered by broker and parish for the OLS specifications (columns 1-4); the Callaway and Sant’Anna estimator clusters by
parish.
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F Model Appendix

F.1 Optimal Road Improvement: Lagrange Problem

The government problem of optimal road widening { ARy} in general equilibrium can be rewritten as the
following optimization problem with shadow constraints for all the endogenous variables of the model and

corresponding Lagrange multipliers:*3
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Taking the First Order Conditions w.r.t. the optimal policy {ARy;} and all endogenous variables gives a

43Throughout the appendix, owners’ utility is logarithmic (¢° = 1 in equation (8)), so W7 /I = C°/I¢. Both welfare
and the land payment are per-period flows — compensation is the rent-equivalent of the taken land and enters owners’ rental
income each period — so they enter the objective in present value ( times the flow); only construction is paid upfront.
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With some algebra, we can then further simplify the FOC for ARy, as
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speed benefit

Each term of this first-order condition has a direct economic interpretation, and the partial derivatives

appearing in it have closed forms. The right-hand side is the per-period benefit of widening link kl: the

speed gain, valued by the shadow price of lower commuting costs on the link, (g + ¥x). The left-hand
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side collects the four marginal costs.

1. The financial costs: the opportunity cost of the construction ’“l p(1 4+ A) and the fiscal burden of

land payments lgl n(p}gand + pland)

2. The loss of residential and business floorspace used by residents and firms: the shadow costs of

residential and business floorspace lost qbﬁr, ¢gf, scaled by the floor-to-area ratio in these locations.
For each endpoint m € {k,}, these floorspace losses are 8‘1}%1 = —l%'ymum and 885%“ = —%(1 -

Vi) .-

3. The change in roadside owners’ income: decline in their rental income weighted by the shadow cost
lk

or or r l
of lower owners’ income C,ij and Clli , with 8ARZ = Nor (p}fnd (q,’;’ykuz +q£ (1-— ’m)uﬁ)) and
analogously for [;

4. The change in the compensation rate: under the claim-based compensation regime, P,,(claim) is
increasing in the potential compensation and therefore in the amount of land taken, as derived in

land
Aplpe;ndix F. This is weighted by the shadow costs of higher land payments in k and [, q)ik and
(I’p v respectively.

land

with 6 A i dependlng on the compensation rule:
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F.2 Solving for the Optimal Policy

I solve the planner’s problem directly as a single large-scale nonlinear program. The choice variables are
the per-link widenings {ARy;}, bounded below at zero (no road destruction) and above at a width cap
AR. The spatial equilibrium is imposed as equality constraints: for any candidate set of widths, the
commuting-cost matrix, the labor-mobility shares, wages, residential and business rents, and the welfare
aggregates must jointly satisfy the equilibrium conditions of Section 5. The objective is the net present
value of workers’ and owners’ welfare, capitalized at the discount rate §, net of construction and land-
compensation costs financed at the relevant shadow price of public funds. I implement the program in
JuMP (Dunning et al., 2017) and solve it with the interior-point solver Ipopt (Wachter and Biegler, 2006).

Idiosyncratic route choice (Allen and Arkolakis, 2022) makes the equilibrium objects smooth in the road

widths, so the program is differentiable but non-convex. Unlike the optimal-network problem of Fajgel-
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baum and Schaal (2020), which is globally convex when congestion dominates the returns to infrastructure,
the analogous convexifying force here—land scarcity, which raises the marginal cost of widening as land
is taken—is partly a transfer to owners and co-moves with the access benefit it creates, so convexity is
not guaranteed; the claim rule, under which compensation rate is endogenous to the policy, adds a further
non-convexity. Ipopt therefore locates only a local optimum whose basin can depend on the starting point.
I address this with multistart and warm-started continuation across the grid of scenarios I solve—every
combination of compensation rule, funding regime, cost of public funds 7, and discount rate §: I solve
each cell from several seeds and keep the highest-welfare solution, sweep 1 downward warm-starting each
solve from the adjacent one, and initialize the donor-financed-land solves from their restricted-funding
counterparts. The claim rule, the most sensitive to initialization, is solved as a single warm-start chain

across 7 and funding regimes.

F.3 Proofs

F.3.1 Assumptions

Assumption 1: Assume market value compensation at rate pifmd = ’yk,u};qZ’O +(1 —’yk),ugq,]:’o, independent

of ARy;.
Assumption 2: Assume that owners’ utility is linear in income, s.t. W = 19" and Wiof = lff.44

F.3.2 Proposition 1

Proposition 1: Under Assumption 1, the welfare-mazimizing road widening policy ARy is decreasing in
the shadow value of residential qSkHT,d)l " and business gkaf,gZ)fIf floorspaces at the endpoints k and l. A
planner who ignores the opportunity cost of land use (¢}, = quH = 0) overinvests in locations with high

opportunity cost of land use.

Proof: The FOCs for ARy give us

I/  tand . land g OHP g OH] gy OH| gy OH] e QI e O
e an an 5 1 A _ _ _ _ _ k _ l
y (W™ 2™+ 00 Np) =0 R =9 GR Ry GARy 0 9ARy F 9ARG Y 9ARy
pland Ppjand pland Ppjrnd K&tk g k]
_ _ - 27
Y 9ARy Y AR T (R + ARe)tE R TV #7)

where the LHS is increasing in <Z>TH,LU, m € k,l v €Er, f asthe shadow value of lower commuting costs on

kl is weakly positive and the RHS is decreasing in ARy, as it follows from the concavity of owners’ utility

function that the shadow value of higher owner income CZ’T, m € k, 1 is positive.??

“Note that C° # 1 would imply that 1 dollar owned by the government would not have the same welfare impact as 1
dollar owned by owners.

45In the quantitative model, the shadow values qsﬁ”, m € k,l v €r, f are strongly positively correlated with equilibrium
rental rates ¢7, and ¢f,, Vm, as displayed on Appendix Figure A13, so the planner who ignores land use overinvests
disproportionally in high-rent locations.
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F.3.3 Proposition 2

Proposition 2: Under Assumption 1, and when the shadow price of public funds equals one (n = 1), the
optimal road widening policy {ARy} is independent of the compensation rule {pi@"®}. When the shadow
price of public funds is greater than one, the optimal road widening policy { ARy} is decreasing in the land

compensation rates at the endpoint locations k and .

Proof: when owner utility is linear in income, and after multiplying the first-order condition through by

0 (so the welfare shadow values absorb the %), we can simplify the following:

LT = N m ekl
alo”‘
® ARy = %N%n ( i — (Wmﬂfnq;"n +(1- ’Ym)ufnq%:» m ekl

Plugging these in equation (24) and rearranging gives us:
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where only the terms on the first row depend on pi2*d  m € k, 1.

When n = 1, the first row equals to 0 and the optimal policy {ARy;} does not depend on the land

compensation {pind}.
When n > 1, the LHS is increasing in p}fnd and p}and7 while the RHS is decreasing in ARy, so ARy, is

decreasing in p}jnd and p%a“d.
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F.4 Simulation: A Simple Economy on a Grid

To illustrate Proposition 1 and Proposition 2 and highlight the mechanisms of the model, I present
simulations for a simple economy of a monocentric city on a 5 x 5 grid (25 locations), represented in
Appendix Figure A10. Productivity is high in the central location and low everywhere else (panel a).
All locations have similar residential amenities (panel b), total land supply, floor-to-area ratio, and road
infrastructure at baseline. The distributions of equilibrium residential population (panel d), employment
(panel e), residential rental rate (panel f) and business rental rate (panel g) are intuitive: most residents
want to work in the central location to access the highest productivity and wages, and, as a result, their
demand for land is decreasing in distance to the center, as they must incur a longer commute. This

geography is a simplification of Kampala’s, where most jobs are located at the center (Figure A10).

I then solve for the optimal road widening policy under different assumptions to illustrate how the level
and location of road investments depends on the joint distribution of benefits and land-related costs.

Summary statistics for the optimal policies are summarized in Appendix Table A15.

Illustration of Proposition 1: A planner who ignores the opportunity cost of land use over-
invests in locations with high opportunity cost of land use: in Figure A12 I solve for the optimal
policy assuming that roads do not use land (¢}, = qb;{ = 0) (panel a) and accounting for the opportunity
cost of land use (panel b). The former is the dominant approach in the literature and is equivalent to
optimizing on spatially heterogeneous benefits alone. For simplicity, I assume no financial compensation
to affected owners and I assume that owners’ utility is linear in their rental income and therefore only
partially captures the distributional channel of compensation for land. The roads connecting the central
location host the well-paying jobs and thus have the largest marginal benefits (panel a). Yet, these central
locations also have the largest opportunity cost of land use, for both firms who use this land for production
and workers who would like to live as close as possible to well-paying jobs. Accounting for this opportunity
cost of land use moves investments away from these central locations (panel b) towards more peripheral
areas. Therefore, failure to account for land scarcity would lead the planner to overinvest in locations
where land pressure is the highest, which, in monocentric cities like the simulated one, are also where the

marginal benefits of better transportation infrastructure are the largest.

Illustration of Proposition 2: the optimal policy depends on the cost of public funds #:
in panel (c) and (d) of Figure A12 , I solve for the optimal policy (with land use) with market value
compensation to affected owners (Assumption 1). To isolate the mechanism of interest, I assume that
owners’ utility is linear in their rental income (Assumption 2). In panel (c), I set n = 1 and obtain the
same investment allocation as in the absence of compensation (panel b). In panel (d), I set n > 1, so that
effectively a fiscal loss is incurred on every transfer to affected owners. Investment declines everywhere,
including in the more central locations where the benefits of road widening are the largest. The mechanism
holds when assumptions (1) and (2) are relaxed, but the overall magnitude may be mitigated by the
distributional channel of compensation and the correlation between compensation probability and the

marginal benefits of road widening, as discussed below.
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(a) Productivity

Figure A10: Simulated Economy - Baseline Equilibrium

(c) Employment

(f) Business Rental Rate
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Figure Al1l: Simulated Economy - Compensation Probabilities for Figure A12, Panels (e) and (f)

(a) P(comp.) — high at center (b) P(comp.) — low at center
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Remark: A generous compensation rule shapes the optimal policy through two channels
going in potentially opposite directions: With n > 1, a compensation rule with 0 < P; < 1 for some
i affects the optimal policy through two effects, compared to a scenario where P; = 1 Vi (Assumption
1): (i) a price effect and (ii) an income effect. The price effect leads to reallocation of investment towards
locations with relatively lower compensation probabilities. The income effect lowers the overall fiscal
burden, potentially increasing investment in high land market value locations and aggregate investment.
Under Assumption 2, the income effect always has a positive impact on welfare, but the effect of the
price effect is ambiguous and depends on the correlation between the compensation probability and the
marginal benefits of road widening. I illustrate this channel on Figure A12, panel (e) and (f). On panel (e)
P, is positively correlated with baseline rental rates, while they are negatively correlated on panel (f), as
displayed on Appendix Figure A11. When 0 < P;(compensated) < 1 is positively (negatively) correlated
with baseline rental rates, investments are shifted away from (toward) central locations, associated with
a relatively higher (lower) — although nominally lower than in the market value compensation case —
compensation than peripheral locations. The net welfare effects depend on whether the income or price

effect dominates.

The compensation probabilities for the optimal policies with spatially heterogeneous probabilities of getting

compensated at market value (Figure A12, panels (e) and (f)) are displayed on Appendix Figure A11.

Table A15: Simulated Economy - Optimal Policy: Summary Statistics

(a) (b) (c) (d) (c) ()

No land use Land use Land use Land use Land use Land use NA

No compensation No compensation ~Compensation MV~ Compensation MV~ Compensation high center ~Compensation low center NA

n=1 n>1 n>1 n>1 NA

Total road widening () ARk) 10.00 10.00 10.00 7.00 10.00 10.00 6.67
% A commuting cost (fixed pop.) -1.10% -0.98% -0.98% -0.72% -0.97% -0.98% -0.69%
% A commuting cost (new pop.) -0.45% -0.33% -0.33% -0.23% -0.34% -0.32% -0.22%

Total compensation for land 0 0 9.93 6.99 6.108 2.71 6.66

% A net welfare +0.862% +0.236% +0.236% +0.022% +0.085% +0.170% +0.023%

Notes: Summary statistics for the optimal policy as displayed in Figure A12, with column headers corresponding to the figure’s panel.
% A commuting costs (fixzed pop.) displays the percentage change in average commuting costs from the policy, weighted by baseline
population while % A commuting costs (new pop.) weights by the new population.
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(@) No land use, no compensation

Figure A12: Simulated Economy - Optimal Policy

(b) Land use, no compensation

(c) MV compensation, n =1
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(d) MV compensation, n > 1

(e) High compensation at center, n > 1

(f) Low compensation at center,n > 1
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Figure A13: Simulated Economy - Correlations of Rental Rates and Land Shadow Values
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F.5 Model Quantification Appendix
F.5.1 Gravity Estimation of 6«

I estimate the composite semi-elasticity 6k from the gravity equation of commuting flows on commuting

times. The gravity Equation (11) implies that
L'ij X exp(—@rz tij), (28)

so that Ok can be recovered from a Poisson pseudo-maximum-likelihood (PPML) regression of flows on

travel times, controlling for origin and destination fixed effects (Silva and Tenreyro, 2006).

I estimate 6k using the ride-hailing data aggregated to parish-group pair (4, 7) in year-month ¢ in two steps.
Kampala’s 96 parishes are consolidated into 18 parish groups to limit the sparsity of the commuting-flow
matrix. First, I predict travel time (in minutes) by parish group pair (i,7) in year-month ¢ by a trip-
level regression of log duration on log straight-line distance, hour-of-day indicators, and year-month fixed
effects, weighted by the observed distribution of trip request hours during weekday morning peak hours
(6-11am) in the data. Second, I regress commuting flows — defined as the number of distinct riders
traveling between each parish group pair during weekday morning peak hours in a given month — on

predicted travel times, including origin x year-month u;; and destination x year-month v;; fixed effects:
Lije = exp(—=0rtije + pig + vje) + €ijes (29)

with standard errors clustered at the parish group-pair level. The identification assumption for Ok is
that, conditional on origin x year-month and destination x year-month fixed effects, bilateral travel times
tijym are uncorrelated with the error term €;;,,,. These fixed effects absorb all time-varying origin-
and destination-specific determinants of flows, so identification relies on variation in travel times across
pairs within the same origin-month and destination-month. This condition would be violated if unobserved
bilateral factors affecting commuting flows — such as historical linkages between specific neighborhoods —
were also correlated with bilateral travel times. My preferred specification uses predicted travel times from
the first-stage speed technology regression, which mitigates reverse causality from transport investment

responding to demand on high-flow corridors.

My preferred estimate is 64 = 0.0319 (Table A18, column 1). The estimate is robust across alterna-
tive specifications, including using measured (rather than predicted) travel times (column 2), using non-
aggregated parishes (column 3), and estimating the gravity equation on the 2016/2017 Travel Habit Survey
work-related commuting flows instead of ride-hailing data (columns 4-5).46 While the Travel Habit Sur-
vey covers a representative sample of commuters, its small sample size leads to less robust estimates and
requires high levels of aggregation. My preferred estimate using predicted times from the ride-hailing data
(column 1) is stable across alternative specifications and falls between the THS estimates using predicted
and measured times (columns 4-5). Self-reported travel times in the survey are subject to recall error,
which, under classical measurement error, attenuates the coefficient toward zero and provides a lower

bound on fx. Conversely, predicted times based on distance alone attenuate measurement error but may

46Since only the 2016,/2017 wave includes travel times, the THS gravity uses this wave only.
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capture bilateral variation in commuting times beyond distance, providing an upper bound.

While very stable across specifications, it is worth acknowledging two potential issues with the ride-hailing
data. First, there is a potential selection issue as users of this motorcycle taxi company may be different
than the average commuter in Kampala. Second, using data on actual trips (rather than predicted)
prevents me from including an observation (pair X period) for which no trip was recorded in a given
time period. My estimate 0r is within the range but at the lower end of estimates in other contexts,
including Bogota (Tsivanidis (2026), 6k € [0.028,0.046]). As 6k governs workers’ response to a change in

commuting times, a larger x, as estimated for Santiago (Bordeu (2024), 0k = 0.0656) and Berlin (Ahlfeldt

et al. (2015), 0k = 0.0683), would imply larger benefits from road improvements.

F.5.2 Separate Identification of s

To isolate 8 and k separately from 0r = 0.0319, exploit mode choice variation in the Travel Habit Survey
to pin down k. As the different modes of transportation (walking, shared minibus taxis, private cars,
motorcycle taxis) have distinct speed technologies, commuters choosing among modes for the same origin-
destination pair face different travel times. & is identified from this within-OD, across-mode variation in

travel times in a conditional logit framework.

I proceed in two stages. First, I estimate mode-specific speed technologies by regressing log travel time on
log distance interacted with mode indicators and departure-hour fixed effects using all trips with observed
travel times in the four key modes (N = 1, 880 trips; Table A19). Data on travel times is only available for
the 2016/2017 wave. Second, I use the first-stage estimates to predict mode-specific travel times for each
commute trip, creating a choice set of four alternatives per trip, and estimate a conditional logit model
(McFadden, 1974):

P(mode m | i) o< exp(—£ by + 0m), (30)

where tAm,Z- is the predicted travel time for trip ¢« under mode m and ¢, are alternative-specific constants.
The preferred sample comprises 142 home-work and work-home trips for the 2016/2017 wave, across 76
parish-group OD pairs, of which 27 are served by two or more modes. The results are presented in
Appendix Tables A19 and A20. I estimate & = 0.0089 (robust SE = 0.0078, p = 0.251), which, combined
with Ok = 0.0319 from the gravity specification implies 6 = 4.36.

Several caveats apply. First, the predicted travel times are generated regressors, so the reported standard
errors may be understated. Second, I assume that all four modes are available to every commuter at every
OD pair, which likely overstates the effective choice set for some trips. Third, the limited number of work

commuting trips prevents me from precisely estimating the coefficient.

As a robustness check, I re-run the second stage pooling commute trips from both the 2011 and 2016/2017
THS waves, which increases the sample size but assumes that the transportation technology was stable
between the two survey rounds — a strong assumption given the fast pace of Kampala’s growth. I obtain
k= 0.0184 (SE = 0.0054), confirming that the estimate is robust to pooling both survey waves (Table A20,

column 2). In the Appendix, I re-solve the model for this alternative value of x and the implied 6.

Despite these limitations, the point estimate is reassuringly close to Tsivanidis (2026)’s conditional-logit
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estimates from Bogota (ky = 0.013, 0y = 3.10 for high-skill workers; x;, = 0.011, 6, = 2.47 for low-
skill workers) and implies a Frechet shape parameter 6 that falls within the range estimated in other

developing-country urban settings.

F.5.3 Infrastructure-Free Travel Time

The baseline travel time t%l is available for 320 out of 344 links. To recover t;; for every edge, I regress log
tr; on the log of kl’s length, log distance to the CBD and log total road length within the edge’s catchment
area, and use the regression-predicted values for all edges, ensuring that t; varies smoothly across the
network rather than mixing observed and imputed values. The correlation between predicted tz; and tg;

recovered from tgl and road width is 0.47 for the 93% of edges matched to Google Maps data.

F.5.4 Floorspace Productivity

I recover the productivity term p; residually from floorspace market clearing. For residential floorspace,

equating floorspace supply to demand at observed rents gives floorspace

Hf = (1-B)E[w]; L} /qf, (31)
and hence R
e v HPO  gRy HPOT
1 (A A

Business productivities ,uf are recovered analogously from firms’ floorspace market clearing. By construc-

tion, the model reproduces observed broker rents at baseline.

F.5.5 Number of Landowners

The number of landowners is recovered from baseline rents under a free-subdivision assumption: every
owner holds a parcel of the average area A = 497 m? (broker survey) earning the average land rental
rate 7, for a common baseline income § = A#. The number of owners in parish ¢ is parish rental income

divided by this per-owner income,

q:’OHf T4 Wik

N; = L 33
Ar (33)

so owner counts scale with parish land value. Each owner holds a square parcel of side ¢; = /A;/N;,
where A; is the parish’s private ground area, and I split owners by road frontage — the roadside count is

the one-sided road length divided by the parcel side:

Ami/2 _

Nior — Zmecémz/’ N;f = Ni — NZ,OT, (34)
i

capped so both groups stay non-empty.*” This implies a common baseline owner income of 359 USD /-

month, about 2.44x the average worker wage, with roadside owners accounting for 6.9% of all owners.

4"TRoad expansion is assumed to occur on one side, and N" is capped at N;.
48This income gap — the source of the redistributive cost of compensation in the case of non-linear owner utility —
is not an artifact of how the number of owners is recovered. An alternative headcount based on census owner-occupancy
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Table A16: Estimation of &

Rush (AM+PM) Non-rush All hours
(1) (2) (3) (4) (5) (6)

Log Infrastructure (width m)  0.505 0.367 0.306 0.142 0.344 0.126
(0.122) (0.158) (0.107) (0.132) (0.103) (0.136)

Estimator TWFE SA TWFE SA TWFE SA
Road + Month FE Yes Yes Yes Yes Yes Yes
Observations 752 752 684 684 1,044 1,044
Roads (total) 50 50 50 50 51 51
Roads (switchers) 23 23 22 22 23 23

Notes: Standard errors are displayed in parentheses. Standard errors are two-way clustered by road segment
and day (columns 1-4) or by road segment (columns 5-6). The dependent variable is log traffic speed (km/h).
Road infrastructure is measured as total road width in meters: number of lanes x 3.4m per lane, plus one
additional lane upon completion of the upgrade. Columns (1)—(3) are trip-level OLS with day and hour-of-
day fixed effects; column (1) includes no controls, column (2) adds road distance and geographic controls
(longitude, latitude, and their squares), and column (3) further adds road-class dummies and baseline paving
status. Column (4) is a trip-level TWFE specification with road-segment and day fixed effects. Columns (5)—(6)
use a road x month panel: log speed is residualized on day and hour-of-day fixed effects at the trip level, then
collapsed to road—month means. Column (5) estimates TWFE with road-segment and month fixed effects.
Column (6) reports the implied elasticity from the Sun and Abraham (2021) interaction-weighted estimator:
fsa = ATT log(speed) / Alog(infra), where Alog(infra) is the mean change in log infrastructure at completion
among treated roads. “Switchers” are roads observed both before and after upgrade completion.

rates, rather than the land-value/free-subdivision construction above, yields an owner-to-worker income ratio of comparable
magnitude (about 2.5, versus 2.44 here).
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Table A17: Estimation of £ - Different Times of Day

Non-rush hours Evening rush Morning rush ~ Rush (M+E)
(1) (2) (3) (4) (5) (6) (7) (8)
Log Infrastructure ~ 0.687 0.306 0.142 0.621 0.581 0.416 0.202 0.367
(0.119) (0.107) (0.132) (0.075) (0.127) (0.160) (0.297) (0.158)
Level Trip Panel Panel Trip Panel Trip Panel Panel
Model OLS TWFE SA OLS TWFE OLS TWFE SA
Day + Hour FE Yes Yes Yes
Road + Month FE Yes Yes Yes Yes Yes
Full controls Yes Yes Yes
Observations 1,075 684 684 831 618 186 161 752
Roads (total) 50 50 50 50 50 45 45 50
Roads (switchers) 22 22 23 5 23

Notes: Standard errors are displayed in parentheses. Standard errors are two-way clustered by road segment
and day (trip-level columns) or by road segment (panel columns). Same specifications as Table A16, varying
the time-of-day subsample. Non-rush hours exclude both morning (6:00-10:59am) and evening (3:00-8:59pm)
rush. Trip-level OLS columns include day and hour-of-day fixed effects with the full set of controls (geographic
controls, road class, baseline paving status). Panel columns use the road x month panel with road-segment and
month fixed effects. Column (8) pools morning and evening rush for the Sun-Abraham estimator. SA columuns

report the implied & = A/ﬁ’log(speed) / Alog(infra).
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Table A18: Gravity estimation of 6 x k

Dependent Variable: Flows

Model: (1) (2) (3) (4) (5)

Variables

Travel time (minutes) -0.0319 -0.0352 -0.0317 -0.0876 -0.0117
(0.0039) (0.0036) (0.0015) (0.0134) (0.0053)

Fized-effects

Origin x Month Yes Yes Yes

Dest. x Month Yes Yes Yes

Origin Yes Yes

Dest. Yes Yes

Fit statistics

Standard-Errors OD Pair Origin & Dest.

Observations 4,536 4,513 128,448 324 95

Pseudo R? 0.89758 0.90050 0.61861 0.61198 0.53604

Dataset Ride-hailing  Ride-hailing Ride-hailing Travel survey Travel survey

Travel time Predicted Measured Predicted Predicted Measured

Spatial units Parish group Parish group Parish Parish group  Parish group

Notes: Poisson pseudo-maximum likelihood (PPML) estimates of equation (29). The dependent variable is the
flow of trips between origin-destination pairs. Columns (1) and (3) use predicted travel times from the first-
stage speed technology regression; column (2) uses measured travel times from the ride-hailing data. Column (3)
uses parish-level spatial units; columns (1)—(2) and (4)—(5) use aggregated parish groups matching the travel
survey zone crosswalk. Columns (1)—(3) include origin x year-month and destination x year-month fixed effects;
columns (4) and (5) include origin and destination fixed effects. Standard errors are clustered at the origin—
destination pair level in columns with bilateral fixed effects, and two-way clustered at the origin and destination
level otherwise.
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Table A19: First stage: mode-specific speed technology

Dependent variable:

log(time)
log(distance) 0.894
(0.149)
Taxi 4.311
(0.875)
Car 3.984
(0.882)
Boda-boda 2.632
(0.911)
log(distance) x Taxi —0.631
(0.154)
log(distance) x Car —0.644
(0.156)
log(distance) x Boda-boda —0.433
(0.161)
Constant (Walking) —2.660
(0.882)
Departure hour FE Yes
F-test mode effects 30.98
Observations 1,880
R? 0.253
Adjusted R? 0.241
F Statistic 22.340 (df = 28; 1851)

Notes: OLS regression of log travel time on log distance interacted with transport mode, with departure hour
fixed effects. The base category is walking. The sample includes all inter-parish trips from both waves of the
GKMA Household Travel Survey. Predicted travel times from this regression serve as inputs to the second-stage
mode choice model and to the gravity estimation. Heteroskedasticity-robust standard errors in parentheses.
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Table A20: Second stage: conditional logit on mode choice

Dep. variable: mode chosen

2016/2017 wave  Both waves

Travel time (min.) -0.0089 -0.0184
(0.0078) (0.0054)
Taxi (ASC) 2.7994 3.5036
(0.5724) (0.2209)
Car (ASC) 1.9198 1.8465
(0.6998) (0.2917)
Boda-boda (ASC) 2.0175 0.8700
(0.6073) (0.2698)
Trip strata Yes Yes
Base mode Walking Walking
Observations (trips x modes) 568 6,860
N trips 142 1,715
N OD pairs 76 171

Notes: Conditional logit (McFadden) estimates. The dependent variable is an indicator for the chosen transport
mode among four alternatives: walking (base), minibus taxis, car, and motorcycles. Each trip defines a choice
occasion. Travel times are predicted from the first-stage speed technology regression. The sample includes home—
work and work-home inter-parish trips from the 2016-2017 wave (column 1) and from both waves (column 2)
of the GKMA Household Travel Survey, weighted by household survey weights. Robust standard errors in
parentheses.
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Figure A14: Kampala at Baseline
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Notes: Baseline distribution of economic activity across Kampala’s 90 locations. Panels (a) and (b) show observed residential population and employment. Panels (c)
and (d) show observed rents. Panels (e) and (f) show recovered residential amenities and productivity. Panel (g) shows owner rental income. Panel (f) shows local

equilibrium wages.



Figure A15: Predicted Land-Acquisition Cost per m? by Parish, Across Compensation Definitions

Offered, comp. or claimed Compensated (received)
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Offered Claimed 200
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Notes: Each panel maps the expected land-acquisition cost per m? of land taken, by parish: the blended pre-policy market rate (USD/m?;
0.5% (residential + business), 2018) times the predicted probability of compensation under one definition — offered, compensated, or
claimed (union); compensated (received); offered; and claimed. Probabilities are parish-level predictions from the main specification
(tenure + market value + wealth + parish controls; Table 1), full sample, evaluated at the survey-median taking. Common color scale
across panels; the market rate alone (full-compliance / eminent-domain benchmark, P = 1) is the upper envelope.
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G Realized and Optimal Road Improvements Appendix

Figure A16: Realized Externally Funded Road Upgrades in Kampala: Additional Width Per Link

N
¥
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Notes: Each link connects two neighboring parishes. Links with externally funded road upgrades are highlighted, with color and
thickness proportional to the effective width added (in meters). Grey links have no upgrade. Road projects are mapped to the closest
link in the model’s aggregated network.
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Figure A17: Change in Total Rental Income by Parish Under the Realized Road Upgrades

Change i
rental incomi

Notes: Each parish is shaded by the percentage change in its total private rental income — the sum of residential and business rents, i.e.
rate times floorspace (q; H;) — between the pre-policy baseline and the new spatial equilibrium induced by the realized externally funded
upgrades. Blue parishes gain and red parishes lose, with white near zero. The heterogeneity reflects general-equilibrium reallocation:
rents rise where improved accessibility attracts residents and firms, and fall in locations workers move away from. Because it measures
the change in market rents, the map is independent of how owners are compensated.

Figure A18: Heterogeneous Welfare Impacts on Affected Owners Depend on the Compensation Rule
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Notes: Each point is a parish. z-axis: land taken per close owner (m?); y-axis: per-owner welfare change (%). Colors indicate

compensation regime: no compensation (blue), full market-value compensation (orange), and claim-based compensation (red).
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Table A21: Realized upgrades vs. model-predicted benefits (welfare) and costs

Land Cost Measure Market Value Upper Bound Lower Bound Claim Tenure

(1) (2) 3) (4) ®) (6) (7) (8) (9) (10)

Level Per m Level Per m Level Per m Level Per m Level Per m

Benefit (welfare) 0.080 0.058 0.085 0.066 0.080 0.059 0.096 0.077 0.125 0.104
(0.042) (0.054) (0.042) (0.053) (0.042) (0.053) (0.043) (0.055) (0.041) (0.056)
Land cost -0.070 -0.066 -0.062 -0.072 -0.033 -0.036 -0.080 -0.099
(0.048) (0.035) (0.056) (0.053) (0.060) (0.056) (0.047) (0.048)
Share freehold -0.086  -0.079
(0.068) (0.069)
Share public 0.080 0.076
(0.060) (0.059)
Link length 0.055 0.009 0.033 0.007 0.023 0.016 0.020 0.001 -0.030 0.001
(0.042) (0.046) (0.044) (0.045) (0.048) (0.046) (0.040) (0.045) (0.041) (0.043)
R? 0.036 0.028 0.038 0.030 0.028 0.016 0.048 0.045 0.082 0.062
N 172 172 172 172 172 172 172 172 172 172

Notes: Dependent variable: indicator for whether any road mapped to a model link (between neighboring parishes) was
upgraded (2018-2026), regressed on the model’s standardized marginal benefit as defined by the change in residents’ welfare,
a standardized land-acquisition cost, and link length; dyadic-robust standard errors. Columns are grouped by compensation
rule (market value, upper-/lower-bound compensated, claim-based, and tenure shares). Within each rule, “Level” measures

benefit and cost as totals per link; “Per m” divides by link length.
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Figure A19: Marginal benefit and land cost of widening are positively correlated across links
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Notes: Each point is one undirected link in the commuting network. The horizontal axis is the within-network percentile
of the model-implied marginal benefit of widening the link by one lane; the vertical axis is the percentile of its land cost
under market-value compensation, measured from the broker survey. The positive relationship (rank correlation 0.68) is the
empirical counterpart of the covariance Cov(pla"d, M B) that Proposition 3 identifies as the driver of the allocative distortion:

land is dearest where widening helps most, so the fiscal wedge distorts investment most where returns are highest.
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Figure A20: Optimal allocation as the cost of public funds 7 rises (market-value compensation, 6 = 0.06)
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Notes: Top row: optimal width added to each link (metres) at n € {1, 2,4, 6,8}, holding the discount rate at 6 = 0.06 and financing land payments under the status-quo rule.
Bottom row: the change in widening relative to the no-wedge benchmark n = 1 (red: less widening; blue: more). Panel subtitles report the total widened area (m?) and the
net present value of the program (US$ millions). At n = 1 the planner implements the first-best map, concentrating widening on the high-benefit central ring; as n rises the

welfare wedge (n — 1) pand pulls investment out of the expensive centre and what remains tilts toward cheaper peripheral links.



Figure A21: Optimal allocation across the discount rate §.
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Notes: Top row: optimal width added to each link (metres) at 6 = 0.06, § = 0.12, and § = 0.15. 7 is fixed to
4.0 across all maps. Bottom row: the change relative to 6 = 0.06. A higher discount rate leaves the land-cost
wedge—a stock—unchanged but lowers the present value of the commuting benefits—a flow—so the wedge binds
sooner and investment contracts. Panel subtitles report the total widened area (m?) and the net present value
of the program (US$ millions).

99



00T

Figure A22: Marginal Income and Substitution Effects of Land Compensation Rules
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Notes: Each panel decomposes the marginal welfare effect of switching land-compensation rule into a uniform income (level) effect and link-specific substitution (real-
location) effects. Each point is a candidate road-widening link, plotted against its distance to the CBD; solid curves are local-polynomial smooths of the components,
the black dashed line is their total, and the grey dashed line marks zero. The vertical axis is the change in the net marginal returns associated to widening this link
(welfare net of compensation costs), in percentage points of baseline welfare per added meter of road. Panel (a) compares the market value compensation against no
compensation. Panel (b) compares the claim-based compensation against no compensation. Panel (¢) compares the claim-based compensation against the market value
compensation. With 7 the shadow price of public funds (n = 4), F} the per-meter fiscal cost of market-value compensation, F' its mean, and p the land-payment—weighted
mean claim probability (42%), the wedge (n — 1)/n is the share of each compensation dollar lost to distortionary financing. The total effects are —”T_lFl (a, no comp —
MV), —2=Lp,F; (b, no comp — claim), and "T’lFl(l —p1) (¢, MV — claim); the income term evaluates these at ', p, and the substitution terms collect the link-specific

n
deviations in land value (F; — F') and, in (b) and (c), claim probability (p; — p). Because owners value transfers below their fiscal cost as they are wealthier than workers,

compensation lowers net returns (a, b negative on average) while moving from blanket market value to claim-based raises them (c¢ positive).



Table A22: Net returns to the realized upgrades under alternative parameters

Realized GE outcome Net welfare (USD m), by compensation
A commuting A rental No Payment Payment Market
time (%) income (%) payment (lower)  (upper)  value
Main (n =4, § = 0.06) -3.6 0.7 172 118 94 35
Cost of public funds n
n=1 -3.6 0.7 172 172 172 172
n=2 -3.6 0.7 172 154 146 126
n==6 -3.6 0.7 172 82 42 -56
n=2=8 -3.6 0.7 172 45 -10 -147
Discount rate ¢
6 =0.03 -3.6 0.7 401 347 323 264
0=0.12 -3.6 0.7 57 3 -21 -80
Speed—capacity elasticity €
£=1¢ .17 0.4 13 -51 -80 -150

Commuting split (6x held at estimate)
k = 0.01 (Berlin), 0 implied -3.4 0.7 183 118 89 19

Ouwner utility
Log -3.6 0.7 157 92 63 -7

Notes: Net returns to the realized road upgrades under alternative parameter values. Each row changes a single parameter
from the main specification (shadow price of public funds n = 4, discount rate 6 = 0.06, speed—capacity elasticity £ = é,
estimated 6/k split, linear owner utility, status-quo financing); all other parameters are held at their main values. The first
two columns report general-equilibrium outcomes: the percentage change in average commuting time and in citywide rental
income, baseline to post-policy. The remaining columns report the net present value of the upgrades—the present value
of resident and owner welfare gains, less construction cost and 7 times land compensation, in millions of USD—under four
compensation assumptions: no payment (P = 0); the lower and upper empirical bounds on the share of owners compensated
(lower = P(received), upper = P(ever compensated)), which bracket the realized policy; and full market value (P = 1).
¢ = %é halves the estimated speed—capacity elasticity; the x row holds the estimated product Ok fixed and sets x to the
Berlin value (Ahlfeldt et al., 2015), implying 6 = 0k/k; the log row replaces linear owner utility with logarithmic. Negative

entries indicate the policy is net welfare-reducing under that compensation assumption.

G.1 Non-Linear Owner Utility

In the main specification, owners’ utility is linear in income. Here, I solve the model for another param-

eterization of the CRRA utility. I set ¢° = 1 so owners’ utility is equal to W2 = C°Inl¢. Additionally, I
set the reference income to the average wage C° = w¥’, so that agl[/; = % and = 1 at [{ = w. For rental

income [ greater than the average worker wage w, owners’ marginal utility of income is less than 1.

The NPV of the net returns of the realized road upgrades under this alternative owner utility parame-
terization is displayed in Appendix Figure A23. The patterns are similar as under linear owner utility,
with market-value compensation leading to negative net returns for a high enough {n,d} combination.
Noticeably, while under linear owner utility, n = 1 led to similar net returns no matter the compensation
rule because it removed all wedges, with log owner utility, even under n = 1, market-value compensation
is associated with lower net returns of the policy because compensation is a regressive policy: for every
dollar taken to society as a whole to give to wealthy owners, the marginal utility gains are only % <1

dollar equivalent.
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Figure A23: Net present value of the realized upgrades under log owner utility.

(a) No compensation (b) Claim-based compensation (c) Market value compensation
a - b b ) ) a - ) N - -
. - - b ) ) . - . ) B -
S 5
& on=4 162 7 49 28 o on=4 m 23 1 -20
o o
= =
v - b b ) ) - - - ) : 7
- - b b ) ) - - b : ) :
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Discount rate Discount rate Discount rate
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d=3% d=6% d=10% d=12% d=15% d=6% d=10% d=12% d=15%
Discount rate Discount rate
Net NPV
(M USD) 200

Notes: As Figure 6, but with logarithmic owner utility (diminishing marginal utility of owner income) in place of the linear,
money-metric benchmark used in the main text. Each cell reports the net NPV (million USD) of the realized external
upgrades for a given cost of public funds 7 (rows) and discount rate ¢ (columns). Top row: the three compensation rules—no
compensation, claim-based, and market value; bottom row: the two empirical bounds on the share of owners compensated
(lower = P(received), upper = P(comp)). Owner welfare is anchored to be money-metric at the mean wage, so OW°/9l = 1
at income equal to the average worker’s; relative to the linear benchmark, the log specification additionally penalizes transfers

to owners, who are richer than average.
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Table A23: Net returns to the optimal allocation under alternative parameters

Net welfare Road area % of
(USD m)  built (% env.) first best

n =1 (first best) 983 100 100
Main — market value (n =4, § = 0.06) 685 100 70
Cost of public funds n

n=2 882 100 90

n==6 492 100 50

n=2~8 314 78 32
Discount rate 6

0 =0.03 1,701 100 85

6 =0.12 182 87 38
Speed—capacity elasticity &

€= L€ 68 40 24
Commuting split (0x held at estimate)

k = 0.01 (Berlin), 6 implied 869 100 75
Owner utility

Log 506 100 60
Compensation rule

Claim rule, endogenous P(claim) 874 100 89

Claim rule, exogenous P(claim) 863 100 88
Funding rule

Construction & land at n (n = 4) 506 100 52

Construction & land at  (n = 6) 244 59 25

Notes: Net returns to the welfare-maximizing (optimal) road-widening allocation under alternative parameter values, re-
solving the planner’s problem for each row under market-value compensation and status-quo financing. Each row changes a
single parameter from the main specification (n =4, 6 = 0.06, { = é, estimated 6/x split, linear owner utility); all else held
at its main value. Columns report the net present value of the optimal program (million USD), net welfare per working-age
resident (USD), the road area built as a share of the realized construction envelope, the share of the first-best gains captured,
and the percentage change in average commuting time. The first best is the no-compensation allocation at 7 = 1 (defined
in Section 8); “% of first best” is each row’s net welfare relative to that benchmark, computed at the row’s own 4, &, x, and
owner utility, so under linear owner utility the n = 1 row equals 100%. £ = %é , the k row, and the log row are defined as in
Table A22. The two claim-rule rows re-solve the optimum under claim-based compensation: “endogenous P” lets the claim
probability respond to the taking, as in the main model, while “exogenous P” freezes it at the realized one-lane predicted
level; their near-equality isolates the policy-feedback channel (which depends on the imprecise «) from the spatial level of

claiming.

G.2 Robustness to the Speed-Capacity Elasticity ¢

& scales the present value of accessibility benefits against the fixed dollar-denominated cost of land and
construction. To assess the sensitivity of the results to &, I re-solve the model at half the estimated
elasticity, & = 3£ holding all else fixed (Tables A22 and A23).

The paper’s comparative conclusions hold and even sharpen. More generous compensation still lowers net

returns monotonically; market-value compensation turns them sharply negative even at n = 4, 6 = 0.06
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(against a positive return at the estimated &), so the reversal sets in at a lower cost of public funds; and
in the optimal allocation the welfare-maximizing program under market value captures a smaller share of
the first best (24% against 70%), because the dollar-denominated fiscal wedge looms larger relative to the

smaller benefits. The misallocation from land payments is thus worse, not better, at a lower &.

The level of the realized net gain is sensitive to €. Pricing only the closed-city accessibility channel, the
realized upgrades’ net return at %é is positive when owners are uncompensated (USD 13 million) but turns
negative once the realized compensation is paid (USD —51 to —80 million) and sharply negative under
market value (USD —150 million; Table A22). These figures reflect benefits of road upgrades coming only
through this low £, while open-city, out-of-city and local-amenity benefits are omitted from the model, so

these numbers should be interpreted as lower bounds.
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