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Abstract

Urban planning has shaped cities for millennia, demarcating property rights and mitigating

coordination failures, but its rigidities often conflict with market-driven development. Although

planning is common in high-income countries, rapidly growing cities in the developing world

are characterized by urban informality. Greenfield urban planning is a key option, but we lack

economic theory and evidence to evaluate planners’ choices. This paper presents a dynamic

model to evaluate the effects of plot sizes and amenities on consumer outcomes. This framework

is applied to a flagship project in Dar es Salaam that subdivided peri-urban land into more

than 36,000 formal plots, which people purchased and built homes on. We assemble a novel

dataset using administrative records, satellite imagery, and primary surveys. Informed by the

model, we study the effects of planning choices using within-neighborhood variation and spatial

regression discontinuities. We find that by securing property rights and local road access, the

project doubled land values relative to nearby unplanned areas. Connectivity to the city is

prized, as evidenced by price appreciation and construction rate differences between and within

areas. The price elasticity of bare land to plot size is -0.5, suggesting an oversupply of large plots

despite the sorting of highly educated owners into the project and its larger plots. In contrast to

connectivity and plot size, other planning choices, such as intended non-residential land uses and

plot configurations, matter less. Counterfactual analysis using the estimated structural model

shows that while land value maximization provides larger plots, welfare maximization provides

smaller plots serving more low-income people.
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1 Introduction

Urban planning shapes land use in developed country cities, where typically about half of the land

is in public use and private land is regulated by zoning (e.g., Bertaud, 2018; American Planning

Association, 1950). In contrast, in developing countries, and especially in Africa’s large and growing

cities, planning is often ineffective (e.g., Castells-Quintana, 2017; Henderson et al., 2021). The

resulting informal settlements may reduce private investments, lower tax bases, and exacerbate

urban disamenities (Scruggs, 2015; UN-Habitat, 2013). Therefore, projects that offer effective

planning for urban neighborhoods in developing countries are crucial.

A common approach is ‘de-novo’ urban planning, where greenfield agricultural land on urban

fringes is purchased and partitioned into formally surveyed and titled plots with roads and occa-

sionally some utilities and services. People can then buy plots and build on them. This de-novo

approach was pursued in many developing countries under the World Bank “Sites and Services”

agenda during the 1970s and 1980s, and several African governments have since implemented sim-

ilar strategies (Centre for Affordable Housing Finance, 2024). Evidence from Tanzania indicates

that the de-novo approach was cost effective in the long-run, promoting higher quality housing and

land values compared to neighboring unplanned settlements and slums that were later upgraded

(Michaels et al., 2021).

De-novo planners face many possible choices in allocating greenfield land to plots of different

uses, sizes, and configurations. While there is a related literature in economics, which we review

below, what is missing is a comprehensive approach for evaluating the effects of planners’ choices

within de-novo areas. This gap in our ability to assess de-novo planning is glaring, since urban

planning has shaped cities for millennia and is currently being taught in hundreds of universities

worldwide (Symonds, 2023). This paper starts to fill this gap. We combine theory, novel data,

reduced-form evidence, structural estimates, and counterfactuals to study a flagship de-novo project

implemented in Tanzania in the early 2000s. Our analysis highlights the importance of property

rights, access, and plot size, as well as the consequences of owner sorting. In contrast, other planning

decisions, including those about planned amenities and plot configurations, seem less consequential.

We contribute to the literature in four ways. The first is a framework for evaluating planners’ de-

cisions on the sizes and amenities of plots within de-novo areas. This model accounts for the sorting

of owners with different incomes between and within areas, the speed of neighborhood development,

land values, and consumer welfare. Second, we assemble new data, including detailed project maps

showing the locations of residential and non-residential plots, roads, and planned amenities; pri-

mary surveys with local leaders about their areas, estate agents about individual market sales of

bare land, and residents about their bare land acquisitions, education, and investments in their

plots; and high-resolution satellite imagery, which we use to examine building footprints. Third,
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we estimate causal effects of planning treatments using OLS and spatial regression discontinuity

(RD) designs, focusing on variation within neighborhoods. Finally, since our findings suggest sig-

nificant misallocation of the plot size distribution by the planners, we estimate a structural version

of our model of the development of de-novo areas to construct different counterfactual distributions

that maximize first welfare and then land values.

The context of our investigation is the “20,000 Plots” project (that we refer to as “20k”), which

the Tanzanian government implemented around 2000-2005. This project delivered more than 36,000

residential de-novo plots (almost twice the number originally intended) in 12 project areas on the

fringes of Dar es Salaam. We find that the government’s de-novo investment was rapidly recouped

using the purchasers’ payments. The real value of bare land in 20k then increased sharply and is

now roughly twice as high as in nearby informal areas (for plots of the same size). Our findings

indicate that the 20k plots’ price premium reflects more secure individual property rights and better

local road access, compared to unplanned informal areas. Thus, by defining and protecting property

rights and access, planning resolves costly coordination failures that afflict informal areas.

Our model predicts that 20k areas attract higher-income owners and those owners sort into

larger and higher-amenity plots, and our empirical evidence confirms this. Such sorting would have

occurred even if the plot sizes and amenities had been initially randomly assigned across space.

As we discuss in later sections, this shapes the interpretation of our reduced-form estimates, which

capture the total marginal effects of planning decisions. For example, reallocating a tiny land

parcel from a small plot to a geographically proximate large plot affects parcel-level outcomes due

to differences by plot size in (i) owner valuation (holding income constant) and (ii) owner income.

Such total marginal effects are informative for incremental changes that planners or individuals may

consider, for assessing which planning decisions matter, and for evaluating efficiency. Our setting

is ideal for identifying these effects due to its greenfield nature and our ability to make comparisons

within small localities.

Intuitively, our spatial RD estimates of plot size effects compare different-sized plots on opposite

sides of roads, keeping amenities constant. We show that the resulting estimates are very similar

to those using OLS with small-area controls. For example, both methods give a price elasticity per

sqm with respect to plot size of -0.5. This implies that land in larger plots is less valuable, despite

belonging to more educated (and richer) owners. As we discuss below, this is consistent with an

over-provision of large plots, likely in part due to persistent colonial-era planning standards and

norms.

Our analysis of amenities in 20k areas reveals that those which relate to access are the most

important. The remotest project areas saw the slowest rates of construction and land value appre-

ciation. And our within-area regressions similarly show that plots that are further from preexisting

main paved roads have significantly lower land prices and lower rates of construction.
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Some other amenities also matter, but less than access. We find that a more gridded layout,

higher elevation, and greater distance from water (in a flood-prone city) lead to higher construction

rates. Planned non-residential amenities are generally ignored, due to low rates of actual provision;

however, actual provision, where it does take place, correlates positively with construction rates.

Finally, our results provide little evidence of plot-size externalities. Smaller plots (though not larger

ones) that are bunched together with other small plots are more likely to be built on and built on

more intensively, although the magnitudes of such effects are modest.

To assess how planning could have been improved, we use our data to estimate a structural

version of our model. We note that ensuring private property rights and access, while valuable,

entails a rigidity, where plot sizes and layout cannot be readily reconfigured ex post to accommodate

market needs. Therefore, it is important to assess the effects of changing the initial distribution of

formal plot sizes on sorting, prices, housing investment, and plot development rate. Counterfactual

analysis using the structural model shows that land value maximization entails increasing plot sizes

even further, but welfare maximization entails providing more small plots to accommodate many

more people, extending ownership of formal plots to more lower-income people.

The model offers a sufficient statistic for evaluating greenfield urban planning efficiency in

contexts like ours: land price per sqm should increase (modestly) in plot size. Otherwise, splitting

increases welfare. This statistic would allow planners to spot inefficient plot size distributions that

may arise from applications of simple rules-of-thumb.

Our paper relates to longstanding debates on the respective roles of planners and markets in

determining the allocation of land. In seminal contributions, Smith (1759) critiqued the “man of

system” organizing lives as “pieces upon a chess board”, and Jacobs (1962) criticized the strict

urban planning of Le Corbusier and Robert Moses. Early economics work recognized the role

of planning in accounting for externalities (Davis and Whinston, 1962, 1964) and allowing space

for roads (Solow and Vickrey, 1971; Dixit, 1973).
1

Recent work (e.g. Bertaud, 2018; Duranton,

2017) emphasizes the challenge of balancing market-based development, which reflects people’s

preferences and information, against planning, which defines the “rules of the game” (e.g., property

rights) and accounts for public goods and distributional issues. Although urban planners and

economists could learn from each other how to improve city design, such mutual learning is limited

(Bertaud, 2018). But the stakes are high, as cities concentrate a large and growing share of the

world’s population and play outsized roles in the global economy (Glaeser, 2012; Moretti, 2012).

We contribute to a literature on land use regulation and zoning in cities – primarily in high-

income countries (Glaeser and Ward, 2009; Turner et al., 2014; Gyourko and Krimmel, 2021; Chi-

umenti et al., 2022) but also in low-income countries (Anagol et al., 2021; Nagpal and Gandhi,

1
In developed countries, roads alone can take up as much as 20-30% of the urban space (American Planning

Association, 1950), but in developing countries this figure is typically lower (e.g., Bertaud (2018), Figure 5.11).
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2024). We extend this literature by studying many di�erent planning decisions and isolating the

e�ects of plot sizes from other factors with which they are often bundled. Our de-novo setting is

important, as previous research has demonstrated that zoning itself is in
uenced by prior develop-

ment (Shertzer et al., 2018). A related literature studies the costs of overly segmented plots near

large city centers (Harari and Wong, 2024; Yamasaki et al., 2023), but we focus on a suburban

setting, where large tracts of land are abundant. Consistent with research on suburban areas in

high-income countries (e.g., Combes et al., 2021; Larson and Shui, 2022), we �nd that unit land

prices decrease with plot size. By studying a green�eld setting at a �ne granular spatial scale, we

provide tighter evidence of causal e�ects of plot size on prices and construction.

We connect to the literature on institutions and development. This includes studies of colonial

institutions' impact on current economic development (Acemoglu et al., 2001; Baruah et al., 2021),

which we add to by studying the e�ects of residential planning regulations carried over from British

colonial rule, which emphasized large plot sizes. Related is a descriptive literature on the prevalence

of large minimum plot sizes in Africa (e.g., Gulyani and Connors, 2002; Collier and Venables, 2014;

Tipple, 2015), to which we contribute by studying plot size e�ects in a quantitative economic

framework. Our quantitative work also adds to the descriptive literature on de-novo planning in

Tanzania (Tiba et al., 2005; Mwiga, 2011; Kironde, 2015). Important contributions have emphasized

the value of combining planning with property right protection (De Soto, 1989; Libecap and Lueck,

2011; Angel, 2012), and case studies in Tanzania have explored the role of property titles and plot

demarcations in securing tenure (Manara and Regan, 2024, 2025). We look inside formal areas and

unpack the e�ects of speci�c planning decisions from those due to property rights.

Finally, aspects of our paper are in
uenced by the literature on the valuation of local neighbor-

hood amenities and the implications of sorting (Epple and Sieg, 1999; Bayer et al., 2007; Gechter

and Tsivanidis, 2023; Almagro and Dominguez-Iino, 2024). A related literature studies residential

patterns and local access to public service provision in developing country cities (Adukia et al., 2024;

Harari, 2024). We shed light on sorting that follows de-novo planning and we examine planned

amenities of di�erent types.

The remainder of our paper is organized as follows. Section 2 discusses the institutional back-

ground; Section 3 discusses the data; Section 4 presents a framework for evaluating reduced-form

empirical results and Section 5 presents our reduced-form estimation results; Section 6 estimates

the model and conducts counterfactuals; and Section 7 concludes.
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2 Background

2.1 A brief history of urban planning

People have been planning towns and cities for millennia. Mohenjo Daro in the Indus Valley (c.

2500-1900 BCE) had orthogonal features (Smith, 2007), as did some ancient cities in Mesopotamia,

Assyria, and Egypt (Paden, 2001). Ancient Greek cities initially developed organically, but in the

�fth century BCE Hippodamus was credited with designing Miletus and Piraeus (Athens's port)

with gridded layouts (Paden, 2001). Miletus (panel A of Figure A.1) had grids of two sizes and

public spaces with several public buildings. The use of planned gridded cities spread across the

Ancient World under the empires of Alexander the Great and Rome. More than two millennia later,

Howard (1902) set out de-novo plans for \garden cities" (panel B of Figure A.1), which in
uenced

suburban planning in many countries (Hall and Tewdwr-Jones, 2019). Today, urban planning is

studied in graduate programs worldwide (Symonds, 2023), which combine planning theory, policy

debates, planning standards, and case studies. However, systematic economic evaluation of planning

standards and schemes is rare (Bertaud, 2018), especially for de-novo planning.

2.2 De-novo planning in Tanzania and elsewhere

Kironde (1994) and MLHHSD (2018) provide an overview of urban planning in Dar es Salaam. Un-

der German and later British colonial rule, the European core had a grid, strict planning standards,

and large plots; the Asian parts were planned, but with lower standards; and the African parts

were unplanned. All of this promoted segregation. After Tanzania's independence in 1961, Dar

es Salaam's population grew from less than 280,000 in 1967 to about 5.4 million in 2022 (United

Republic of Tanzania, 2022). Formal planning standards were retained in theory, sometimes with

new justi�cations, and a series of masterplans were developed. In practice, however, most of the

city comprises informal settlements.

From the 1970s, some de-novo planned neighborhoods were developed, notably through \Sites

and Services" in collaboration between the Tanzanian government and the World Bank. Simi-

lar projects were developed in Indonesia, Vietnam, Myanmar, Uganda, Kenya, Nigeria, Ethiopia,

Egypt, India, and Latin America (Grimes, 1976; Bolton, 2020). The World Bank retreated from

this agenda in the late 1980s due to criticism that the projects had poor repayment rates and

did not serve the poor (Mayo and Gross, 1987; Buckley and Kalarickal, 2006). However, as noted

above, later evidence showed that the de-novo approach resulted in better housing quality and

price premia (Michaels et al., 2021), and in recent years, de-novo planning has been implemented

by several African governments (Centre for A�ordable Housing Finance, 2024).
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2.3 The \20,000 Plots" Project

Our study focuses on the \20,000 Plots" project, which the Tanzanian government initiated in the

late 1990s in response to perceived unmet demand for formal de-novo plots (Tiba et al., 2005). Such

plots secure owners' property rights against outright or partial expropriation and against nearby

changes to the 20k layout that could reduce plot value (e.g., plot splitting, as discussed in Section

6.3 or blocking road access). Formal property rights are secured by making the cadaster rigid, so

it is di�cult and costly to change to ex-post, especially when state capacity is limited, as in many

lower income countries.2 We note that in the last few years Tanzania has worked to create formal

plots in about 40 additional cities.3

The 20k project, which was implemented around 2000-2005, delivered over 36,000 residential

plots in twelve project areas (neighborhoods) spanning a total area of 75 square km (sqkm). The

residential plots, which take up roughly half the area (� 38 sqkm), were formally surveyed and titled.

Approximately 1,500 additional plots ( � 12 sqkm in total) were designated for non-residential public

and commercial uses. The remaining area (� 25 sqkm) was taken up by roads and shoulders (almost

all unpaved) and hazardous land (e.g., near streams or water bodies) which was left empty.4

Figure 1 shows that the 20k project locations were mostly near the fringes of Dar es Salaam.

Like the Sites and Services projects in Tanzania� 50 years ago, the expectation is that as cities

grow, these locations will no longer be on the fringe. The maps also show the preexisting main

paved roads and the boundary of the Dar es Salaam metropolitan area. The government charged a

�xed price per square meter within each project area to cover its costs; variation in prices between

project areas likely resulted from higher initial land costs in areas with better access to the city

center and the coast (Mwiga, 2011).5 The maps also show that compared to the government sale

prices, plot prices appreciated rapidly in all project areas, though not uniformly.

Of the two aforementioned concerns that halted the World Bank's Sites and Services projects,

the 20k Project adequately addressed the �rst (cost recoupment). The total cost was� 33 million

USD 2021 (� $1 per sqm of residential plot).6 The initial phase was �nanced by an internal loan

from the Ministry of Finance, which had to be repaid quickly. This constrained the planning and

sale process, but the plots were sold and the entire project cost was recouped (Tiba et al., 2005).

However, the second limitation of Sites and Services, that they did not cater to the poor, was

not addressed in the 20k project. Tanzania's income has risen in recent decades, and the mean

2Most of Dar es Salaam is made up of informal areas where it is possible to make changes such as plot splitting.
These changes are monitored by local leaders but not recorded in a cadaster.

3Part of our �eldwork involved meeting with o�cials from these localities to share insights on the 20k project.
4We discuss the sources and procedures we use to map the 20k areas in Appendix A.
5We include in our analysis one area, Malindi, which was developed from 1998 and later integrated into the 20k

project, but we do not have the initial government-set price for this area. The 20k project also provided a few
thousand plots in other cities in Tanzania, but we do not study those since we have no data on their precise locations.

6Details on the project cost �gures are in Appendix .
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price per square meter of the 20k residential plots sold by the government was much lower than in

the earlier Sites and Services project (Michaels et al., 2021). Nevertheless, the poor were largely

excluded from 20k, likely due to a combination of three reasons. First, the plots were sold quickly

to repay the loan mentioned above, which was an obstacle to many of the poor.7 Second, the resale

of plots at a premium over the initial government price likely meant that many plots eventually

ended up with richer buyers. Finally, plots' large size and resulting higher cost might have crowded

out poorer potential buyers. As discussed above, large minimum plot sizes were common in British

colonies, and in Tanzania they were retained after independence (Kironde, 2006). We note that

when the 20k project was implemented, formal plot sizes in Tanzania ranged from 400-4,000 square

meters, although the minimum has since been reduced to 300 sqm (MLHHSD, 2018).

These considerations { especially the �rst { resulted in the initial allocation of plots to lucky or

connected owners, including (anecdotally) many government o�cials. Those who bought bene�ted

from rapid price appreciation and often resold plots at market prices to those who actually wanted

to build in 20k areas. Our analysis focuses on understanding who these eventual buyers were.8

3 Data

3.1 Data sources

This paper uses many data sources, including project maps, high-resolution satellite imagery, and

interviews, questionnaires, and enumerations that we conducted, as discussed below and in further

detail in the Appendix A. We have project plot and neighborhood mappings for all 20k areas, which

we use to measure planning treatments. We also obtained satellite images with a resolution of� 0:5

meters, which cover the project areas and a bu�er of 500 meters around them. Ramani Geosystems

in Nairobi digitized information from these images, including the footprints of buildings in the

end period (typically 2019-2021) and earlier periods (see Appendix A.2). We measure underlying

locational fundamentals, such as elevation and ruggedness, using a digital elevation model (United

States Geological Survey, 2000). Open Street Map (OpenStreetMap contributors, 2017) is used to

determine the locations of rivers or streams and water or wetland (see Appendix section A.3).9

Additional data gathered include the following primary sources (see Appendix section A.4).

7Prospective buyers had to collect application forms from municipalities or the Ministry of Lands, �ll them in,
and submit them to municipal land o�ce. Priority was given to applicants who: (i) had owned land in this speci�c
area; (ii) could pay for plot type they wanted to purchase; and (iii) met gender and disability criteria. Successful
applicants had to collect an acceptance form and start paying within 14 days. Failure to complete the payment and
�nalize the transaction within 60 days resulted in the reallocation of the plot to another potential buyer.

8 In the questionnaire we administered, the majority of 20k owners reported some additional land holdings - not
necessarily in planned areas. However, a large majority (89 percent) said that their households do not own additional
20k plots in their local area (\mtaa" for singular and \mitaa" for plural). This motivates our focus below on owners
of single 20k plots for their own use.

9While these mostly re
ect \�rst-nature" di�erences across locations, project development may have altered them
slightly (e.g., if some land was leveled).
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First, we interviewed (i) local experts and (ii) leaders of 34 local administrative areas (`mitaa'),

whose jurisdictions span almost all 20k plot areas and adjacent non-20k areas. Second, we adminis-

tered questionnaires to (i) local real estate agents (`madalali'), who provided sales dates and prices

for individual plots in 20k areas and nearby non-20k areas that were sold in market transactions

and (ii) residents in over 3,200 plots within 20k areas. Finally, we conducted enumerations of (i)

the 20k non-residential plots and (ii) the public transport access points.

3.2 Plots and land uses in 20k areas and outside them

Using the project maps, we classify plots as residential when they are not designated for non-

residential use and have an area of no more than 4,000 square meters (the formal maximum size at

the time of the 20k project). We classify the remaining plots as non-residential; these serve both

private and commercial uses, as described in Appendix A. Figure 2 o�ers a concrete example of an

area on the northern fringe of Dar es Salaam, Mbweni Mpiji. Panel A shows the project plan, with

residential plots of di�erent sizes grouped in residential \city blocks", which we call insulae, and

are typically separated by unpaved road, as planned.10 The plan also shows non-residential insulae

with a variety of intended uses. Finally, the �gure gives an example of a super-insula, a contiguous

set of insulae with similar size plots, as de�ned later to be either small, medium, or large plots.

Panel B includes an image of the same area, showing that the buildings mostly conform to the

planned plot outlines, although some residential plots and many non-residential ones are unbuilt.

Whereas Figure 2 shows variation within a 20k area, Figure 3 contrasts a 20k area with an area

just outside it, in this case in a poorer area in southern Dar es Salaam - Tuangoma. Panel A of Figure

3 shows the area as it was in June 2001, when it was still agricultural and largely empty. Overlaid

on the same image are the boundary of the planned area (in red) and the plot boundaries within

it (in white). Panel B shows the same area roughly 20 years later, in 2021. Within the planned

area, buildings are regularly spaced, with roads between the insulae, in accordance with the plan.

In contrast, in the informal (unplanned) area, building sizes are less uniform and typically smaller,

especially away from roads; some are bunched together irregularly, and many seem inaccessible via

roads. This example highlights some of the bene�ts of de-novo planning.

3.3 Dataset construction

In our main dataset, the units of analysis are small square land parcels (\gridcells"). These gridcells

may be \treated" by the planners, who may assign them to residential plots of di�erent sizes or

vary their proximity to planned amenities, and our empirical methodology in Section 5 disentangles

10 We use the term insulae (singular - insula) to describe sets of contiguous (planned) plots, following the common
usage in Roman residential terminology (Storey, 2004), and avoid the term \blocks", which in Tanzania refers to a
number of adjacent insulae.
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the relative e�ects of these treatments. Each gridcell is a 20 x 20-meter square, corresponding to

the minimum formal plot size. We typically identify each gridcell with its centroid and relate it

to the plot and the insula in which this centroid falls. We focus on the � 95; 000 gridcells whose

centroids fall within residential plots. The project de�ned o�cial minimum thresholds for small

(400 sqm), medium (800 sqm), and large (1600 sqm) plots, with 15043 small, 16853 medium, and

4319 large plots in the 20k areas.

The outcomes we study in Section 5 are mostly related to the model outlined in Section 4 and

estimated in Section 6. First, we measure the real market price of plots that were unbuilt (\bare

land") when they were sold privately; these prices are available for 1,446 residential plots (1,122

from the real estate agents and the rest from the resident questionnaires).11 Second, we measure

housing investments using the satellite imagery, which cover all the gridcells: (i) a measure of

construction intensity - the share of each gridcell that is built and (ii) a measure of the rate of

uptake, or extensive margin of housing construction, whether a plot is built upon by 2020 - an

indicator for the gridcell's plot containing the centroid of at least one building whose footprint is at

least 30 sqm. Finally, to capture housing capital intensity we use two intensive margin measures:

(i) the logarithm of the total footprint of (up to) three largest buildings on the gridcell's plot; and

(ii) an indicator for multiple buildings in the gridcell's plot.

Our regressors of interest are the logarithm of plot size and measures of amenities - preexisting,

planned, and implemented - at the gridcell level. The foremost of these, the general \attractiveness"

of each 20k area such as its access to the Dar es Salaam city center are swept up in area �xed e�ects.

Other controls include, within 20k areas, the distance to the nearest preexisting main paved road

and a variety of geographic characteristics listed later, indicators for the gridcell being within

100m of di�erent planned amenities listed below, and a Z-index of three insula characteristics:

rectangularity, alignment, and homogeneity de�ned later. In price regressions, we control for the

time period of sale interacted with source (real estate agents or residents). The main variables are

also described in Table A.1 and their summary statistics are reported in Table A.2.

4 Modeling the development of 20k plot areas

Planners of de-novo neighborhoods choose large tracts of green�eld land on city outskirts, which

they partition into residential plots of di�erent sizes and other designated uses. Planners' objec-

tives may include increasing social welfare; raising land values (e.g., Turner et al., 2014); ensuring

that formal plots are built, an issue raised by the Tanzanian Minister for Lands, Housing, and

Human Settlements Development (Jamal, 2018); increasing intensive-margin development and dis-

tributional considerations, such as widening access to formal ownership. The framework outlined

11 We in
ate historical prices up to the year 2021 using annual in
ation rates all in Tanzanian Shillings as detailed
in Appendix A.3.
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here considers outcomes relevant for all of these objectives.

In this section, we discuss the consumers' optimization problem for those who ultimately build

in 20k areas, analyzing their choices so as to help interpret our reduced-form analysis. We leave

the discussion of the estimation of the full model including who builds in 20k areas and the model

counterfactuals to Section 6.

4.1 Modeling assumptions and the consumers' problem

We focus on buyers who at time 0 (the year 2005) live in the city (Dar es Salaam) but ultimately

move to 20k areas.12 We assume that these people live in�nitely, have a time discount rate� and

face an interest rate � , and derive instantaneous utility 'lnh � �lnz 1 � Ae� �t when in the city

and 'ln � l � k1� � � � �lnz 2 � B once they move to 20k, where andz1 and z2 denote non-housing

consumption in both locations. To rationalize the movement of people from the city to 20k areas,

we assume that the city's amenity, A, which we normalize to 1, deteriorates at a rate� relative to

the �xed amenity of the 20k areas, B (which can vary across plots). We think of the formulation of

the city amenity as representing relative deterioration of tra�c conditions, air quality, safety and

the like over time. We also assume that in the mostly informal markets in the city, each person

chooses their optimal housingh for a unit price, while in 20k areas plot supplies are limited. 13 We

assume that a person who wants to move to 20k buys a plot of sizel at time 0 and moves to it at a

time of their choosing, � , when they irreversibly invest k in housing capital on their plot. Buyers'

period incomes,w, are distributed between � w1; �w� , as discussed later.

At time 0, these future 20k residents buy from \initial owners", who had previously purchased

the underpriced plots from the government. If some initial owners do not sell, we assume that they

are willing to pay the market price since this is the opportunity cost of keeping the plot. The 20k

plots are scarce and in equilibrium every plot is purchased at time 0 for a priceRB;l , equating

demand and supply for those who choose to move to 20k.

We assume that non-housing consumption is the numeraire,p is the rental price (or the oppor-

tunity cost) of housing in the city, and r is the purchase cost of capital. We assume that would-be

owners are not constrained by capital market imperfections, noting that we mostly focus on owners

who are relatively rich. What we call a period income (w) is a measure of permanent income,

since with a perfect capital market, all that matters is W , the present discounted value of lifetime

earnings (including any endowment). For simplicity, we equate� and � , so optimized non-housing

consumption (z1 � z2 � z) is constant over the lifetime. The perfect capital market assumption

and the equating of � and � are simpli�cations that do not a�ect the generality of the principles we

12 We focus on higher-income owners, who likely lived in the city before moving to 20k, rather than poorer immi-
grants from rural areas.

13 Recent estimates suggest that around 80% of the buildings in the city, on which more than 80% of the residents
live, are on unplanned and unsurveyed land, and so lack formal plot boundaries (Manara and Pani, 2023).
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develop. Finally, we assume that owners cannot rent out their 20k plots, which is consistent with

the small share of renters that we observe, perhaps because it is di�cult to evict renters even when

plots' ownership is undisputed.14

Conditional on choosing to build in 20k areas, each plot buyer decides on the time� to move

from the city and sink k by solving the optimization problem:

max
h1 ;z1 ;k;z2 ;�

E
�

0
� 'lnh � �lnz 1 � Ae� �t � e� �t dt � E

™

�
� 'ln � l � k1� � � � �lnz 2 � B � e� �t dt

� ! � E
™

0
we� �t dt � E

�

0
� ph � z1� e� �t dt � E

™

�
z2e� �t dt � rke� �� � Rl;B 
 ; (1)

4.2 Interpreting reduced-form empirical results

Here we focus on the e�ects of the key planning variable, plot size (l) and then for general in-

terpretation, amenities (B ). We obtain expressions from the �rst-order conditions for Eq.1 (see

Appendix B.1), for the three outcomes of interest with and without sorting: land prices (Rl;B );

the probability that a plot is developed 15 years after the project began,P rob� � $ 15� , which is

inversely related to � ; and the housing capital investment (k).

Plot prices. Higher prices must be paid for higherl and B in any Nash equilibrium. For example,

two plots with the same amenities but of di�erent sizes cannot have the same price: a consumer

on the smaller plot would be willing to pay more for the bigger one. Thus, prices rise withB or l

according to the equilibrium elasticities:

� R;l �
@R
@l

l
R

%0 ; � R;B �
@R
@B

B
R

%0

Date of development. In Appendix B.1, Eq. 6 gives an expression for� . Di�erentiating that

equation we get:

Gd� �
dw

w � �R
ÍÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÑÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÏ

sorting e�ect

� � 1 �
�R

w � �R
� R;l 
 dl©l

ÍÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÑÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÏ
plot size e�ect

� �
B
�' �

�R
w � �R

� R;B 
 dB©B

ÍÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÑÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÏ
amenity e�ect

(2)

where G � A�e � �� � � � ' � 1� �e � �� �� � �e � �� � 2 ' 2

�' � � � ' � 1� �e � �� ��
% 0. In Eq. 2, holding owner income constant, bigger

plots as well as higher- amenity ones are developed sooner (� is lower). The direct e�ect of a bigger

plot, l , makes the owner move sooner from the city; this is reinforced by the indirect price e�ect,
�R

w� �R � R;l , which makes a bigger plot more expensive, shifting owner expenditure from the city to

20k, and inducing faster development. But in equilibrium with sorting as emphasized in Section 6,

14 For tractability, we do not model commuting to work from 20k to the city. But in Section 6 we explore the role
of access from 20k to the city as an important amenity.
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otherwise identical bigger plots are purchased by higher-income people, and the impact of higher

income in Eq. 2 is to raise� and delay development. Thus, without a control for owners' di�erent

lifetime incomes, the total e�ect of plot size on � becomes ambiguous. A similar argument applies

to the e�ect of amenities, B .

Investment. The equation for k is Eq. 7 in Appendix B.1. Di�erentiating and substituting in for

d� from Eq. 2, we get:

dk
k

�
X

X � Z

�
��������
�

dw
w � �R
ÍÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÑÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÏ

sorting e�ect

� �
Z
X

�
�R

w � �R
� R;l � dl©l

ÍÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÑÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÏ
plot size e�ect (ambiguous)

� �
B
�'

Z
X

�
�R

w � �R
� R;B � dB©B

ÍÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÑÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÒÏ
amenity e�ect (ambiguous)



��������
�

(3)

where X � A�e � �� � � � ' � 1 � �e � �� �� % 0 and Z � �e � �� � 2' 2 % 0. In Eq. 3, holding income

constant, the direct, complementary e�ect of an increase in l or B is to increasek. However,

countervailing this is the indirect e�ect of the increase in price, R, which squeezes the budget

and reducesk. Thus, even holding income constant, the e�ect of an increase inl or B on k is

ambiguous. Given that, with positive sorting e�ects, in the reduced form empirics and in the

structural estimation in Section 6.2, we will generally see that a higherB or l is associated with

higher investment.

Summary for reduced-form empirics. The variables that we construct and their relationship

to the model are noted in Section 3.3. In the equations we estimate below, we expect the following

relationships. First, we expect richer owners to sort into larger and higher-amenity plots. Second,

plot price (though not necessarily the price per sqm) should rise with plot size. Third, plot price

and the price per sqm should increase in amenities. Fourth, our measure of plot development is an

indicator of whether each plot is built in 2020, which is an indicator for � $ 15. The expression

for this term is derived in Appendix Eqs. 6 for � and 7 for k, with impacts de�ned by Eqs. 2

and 3 respectively. Conditional on amenities and owner income, larger plots are more likely to

be developed, but in our reduced-form regressions where we cannot control for owners' lifetime

income, we may have an ambiguous e�ect on the rate of development. Fifth, controlling for plot

size and owner income, higher-amenity plots are more likely to be developed, but again owner

income may matter. Finally, the e�ects of plot size and amenity on investment levels (k) are

theoretically ambiguous when controlling for income, and without a control for income, the sorting

e�ects generally dominate so that investments increase with plot size and amenities.
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5 Reduced-form e�ects of planning choices

5.1 Methodology

Our reduced-form analysis takes as given the 20k plan and the resulting sorting of owners across

plots, as discussed in Section 4. From this starting point, this section considers the e�ects of

marginal (hypothetical) planning changes. Quantitative analysis of the e�ects of larger changes in

the planned layout on outcomes and ownership, including general equilibrium (GE) e�ects, requires

stronger assumptions, and is deferred to Section 6.

As an example, consider a marginal planning decision to treat a tiny land parcel di�erently by

reassigning it between two geographically proximate plots of di�erent sizes, without a�ecting its

amenity. This tiny parcel itself is a�ected due to a \total" combination of a plot size e�ect and a

sorting e�ect, as discussed in Section 4. Such total e�ects are relevant for assessing the impacts of

incremental changes that planners may have considered. They are also informative for considering

small changes that individuals may wish to undertake, such as splitting a single plot and reselling

it, although in our setting such splitting is prohibitively expensive, as discussed in Section 2.3.

Finally, they inform us about which planning decisions are important and shed light on whether

the planned layout is e�cient.

In practice, we consider e�ects on small gridcells, as discussed in Section 3. Our analysis is aided

by the fact that the project areas were largely agricultural (green�elds) circa 2000, which limits

preexisting di�erences in amenities or sorting. We begin with OLS regressions, which control for

area �xed e�ects and observable physical characteristics, to mitigate the potential for confounding

factors within project areas. When studying the consequences of plot size, we also use spatial

regression discontinuity (RD) designs, which compare gridcells that are very close to each other

(e.g., they on either side of an unpaved road) but di�er in whether they are part of a smaller or a

larger plot.

In our OLS analysis, we use the gridcell dataset to estimate regressions of the type:

yi � � 1Plot sizei � Program area¬
i 
 1 � Controls ¬

i � 1 � � 1i ; (4)

where yi is an outcome in the gridcell or its plot. Plot sizei is a measure of the size of the plot in

which gridcell i 's centroid falls. Program area¬
i is a vector of twelve 20k project area �xed e�ects

[FE] (within which the initial government-set price per sqm was identical); usually we further

interact these with FEs for the 34 mitaa (small administrative units), which focuses the analysis

within small areas, further reducing the potential role of any unobserved amenities within the

green�eld areas. Our standard controls, Controls i , which we refer to as \amenities", include

predetermined and planned features. Predetermined features are: distance in km to the nearest

major paved road; elevation; ruggedness; and indicators for being within 100m of a river or a
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stream and of water or wetland. Planned features, on which more details are provided below, are

a Z-index of three insula characteristics (rectangularity, alignment with neighboring insula, and

homogeneity of plot sizes within the insula) and indicators for being within 100m of an edge of a

20k area and each of nine planned non-residential land uses (such as schools or religious sites). In

price regressions, time period interactions by source of data (real estate agents or residents) are

also included. � 1i is an error term, and we cluster the standard errors by insulae - the main units

of plot size assignment (Abadie et al., 2023) - of which there are 3,231 in our full sample.15

We also estimate spatial regression discontinuity (RD) models of the type:

yi � � 2Own largeri � Program area¬
i 
 2 � Dist ¬

i � 2 � Boundary ¬
i � 2 � Controls ¬

i � 2 � � 2i ; (5)

where Own largeri is indicator for gridcell i 's insula having a larger mean plot size than the insula

with which it shares a boundary segment;Dist i is the distance in meters to the boundary segment

and its interaction with Own largeri indicator; Boundary i is vector of boundary segment FEs;

and � 2i is an error term, again clustered by insula. The RD regressions we estimate are typically

semiparametric, where we restrict the analysis to gridcells within 100m from their insulae bound-

aries, which includes most gridcells, but we have experimented with other bandwidths and found

few di�erences. Our identi�cation strategy assumes that amenities vary smoothly at the boundary

and the speci�cation allows us to control for them.

To compare the RD and OLS estimates of plot size e�ects, we follow Calonico et al. (2025) and

add terms to Eq. 5 for the absolute di�erence in log mean plot size across the insula-pair boundary

and its interaction with Own largeri and all other independent variables in the speci�cation. We

explore this further by estimating treatment e�ect heterogeneity in our RD model, using the semi-

parametric smooth varying-coe�cient model (Rios-Avila, 2020). The spatial RD strategies we

use relate to the literature (e.g., Dell, 2010; Turner et al., 2014; Michaels et al., 2021), but we

di�er from most existing studies in our analysis of a green�eld setting, in examining nonlinearities,

and in focusing on spatial discontinuities within smaller administrative units, which strengthen

identi�cation.

5.2 Main empirical �ndings

5.2.1 Aggregate land value gains from planning

We begin with evidence about the appreciation of land values (prices) in the 20k project. Table A.3

shows that compared to the government-set prices, which re
ect the cost of delivering the plots in

15 To justify insulae clustering, we note that insulae �xed e�ects have high R-squared - typically around 0.8 - in
explaining plot size variation within project areas. Our s.e. estimates are, however, broadly similar when we cluster
on smaller plot identi�ers (of which there are roughly 36,000) or larger units, such as 189 interactions of program
areas with enumeration areas in the 2012 census, 34 mitaa, or even the 12 project areas.
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each area, the logarithm of real land prices increased in all project areas, with a mean increase of

about two, corresponding to a rise of more than 600%.16 Areas that were initially more expensive

did not see di�erential price appreciation, but price appreciation was slowest in the remote areas

of Mwongozo and Buyuni (see Figure 1). In Section 5.2.4 we argue that poor access in these two

areas is a key disamenity.

To see how planning is valued, Table 1 compares bare land values in 20k to those in nearby

non-20k areas, which were sold by the same set of real estate agents. Columns 1 and 2 show that

conditional on plot size, 20k land prices are about twice those of non-20k informal plots (since

e� 0:7 � 0:5), re
ecting the bene�ts of both formalization and planning. Priced between the two is

the smaller set of non-20k plots that were formalized, re
ecting more secure property rights. Formal

plots that are in 20k areas sell for� 30% more, re
ecting the planning bene�ts of 20k. Column 3 of

Table 1, however, shows that if we do not control for plot size, theunconditional price premium of

20k areas over informal non-20k areas is 50% rather than 100%; this re
ects the larger mean size

of 20k plots and the lower price of large plots, which we discuss below.

We compare the conditional price estimates with separate estimates (not reported here) based

on interviews of 34 mitaa leaders, each of whom estimated the price of bare-land plots of di�erent

sizes { both in the 20k areas and in informal non-20k areas { within their mtaa. Those estimates

similarly suggest that the 20k premium, conditional on plot size, is roughly twofold. We also asked

the 34 mtaa leaders: \What factors or characteristics do you think determine the di�erence in

the price of land in 20k versus non-20k areas? What are the main drivers?". The 31 leaders who

answered this question emphasized two factors. First, 24 leaders mentioned property rights (21

of whom explicitly mentioned land titles), saying that they reduced boundary con
icts, increased

tenure security, and improved access to �nancial credit. Second, 23 leaders mentioned better access

under planning in 20k areas (20 of whom speci�cally mentioned roads). The leaders noted that non-

20k areas tended to become crowded over time and inadequate access made local service provision

harder.17

5.2.2 Sorting

The model predicts that high-income owners sort into 20k areas, and the data con�rm this. Our

survey shows that the mean years of schooling among owners is 13.8, compared to 8.7 years for

heads of households in Dar es Salaam as a whole (National Bureau of Statistics, 2019). As expected,

our survey data also show a strong positive correlation between years of schooling and income.

16 Coe�cients on time period e�ects (not shown) indicate that the market quickly anticipated the value of 20k, since
the roughly sixfold appreciation relative to the government prices happened as early as 2000-2010, before declining
by about 20-30% and stabilizing at the high levels reported in Table A.3.

17 Michaels et al. (2021) discuss the possibility that water mains were also an important feature of de-novo, but
piped water was only provided to part of one 20k project area; most 20k residents obtain water in other ways.
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The model also predicts sorting within 20k areas. To study this, Table A.4 uses survey data for

\Near" areas, as discussed in Section 5.2.4 below.18 The table shows that mean years of schooling

(a strong predictor of income) of owners of built plots. Schooling increased over time within plot

size group and across plot size groups in the same time period. In Section 6 we show that these

patterns are consistent with the calibrated model.

5.2.3 Plot size e�ects on land price, plot development, and housing investment

OLS estimates. We begin our investigation of plot size e�ects by using OLS to estimate the

elasticity of the price of bare land per square meter with respect to plot size, using speci�cation

(4). In columns 1-3 of Table 2, we show that this elasticity is� � 0:5 with di�erent sets of controls.

In column 4, the outcome is the logarithm of (overall) plot price, which avoids potential concerns

about division bias (if a noisy measure of plot size enters both sides of the regression), and the

elasticity of � 0:5 is consistent with the estimates in the other columns. Panel A of Figure A.3

shows non-parametrically that the negative relationship holds throughout the plot size range, using

100-sqm bins as regressors. Table A.5 shows that outside 20k areas, where plot sizes are not �xed

by planning, the elasticity of price per sqm with respect to plot size is much lower (about 0), at

least for surveyed plots, suggesting arbitrage where subdivision is less costly.19

Next, we examine the implications of plot size for housing outcomes. Table 3, which reports

estimates from Eq. 4, suggests that the share of the gridcell that is built declines in plot size, so

large plots have a larger share of open space. The probability that a plot is built is unrelated to

plot size, consistent with the ambiguity in the comparative statics when sorting is accounted for in

Eq. 2. For built plots, the elasticity of built area with respect to plot size is around 0.11-0.14, so

that with sorting bigger plots have more investment, but with a relatively low size elasticity. The

�nal column shows that large plots also have a higher likelihood of housing multiple buildings.20

For both measures of investment, as expected from Eq. 3, sorting e�ects dominate any direct

e�ects on investment of changes in plot size. Panels B-E of Figure A.3 show the same relationships

non-parametrically, and at least for well-populated bins the relationships are mostly monotonic.

RD estimates. The estimates reported above control for small area �xed e�ects and many ameni-

ties, but a residual concern is that plot sizes may be correlated with unobserved amenities. To

address this, Table 4 reports RD estimates using Eq. 5. Panel A shows estimates for all insula

pairs, irrespective of the mean plot size di�erence between them. Here, as in the OLS estimates

above, plot size reduces the price and the share built, and increases the probability of multiple

18 The sample for far areas is too small since we only surveyed one of the far areas.
19 Panel A of Figure A.4 shows that for unsurveyed non-20k plots, which are smaller, and the price elasticity is also

lower from around 200-700 sqm.
20 Partly, this may re
ect backyarding on larger plots due to the high costs of subdividing them, as discussed in the

context of South Africa by Brueckner et al. (2019).
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buildings; the only qualitative di�erence from OLS is that here there is no signi�cant e�ect on log

building size. In panel B, we restrict the sample to gridcells where the mean plot size gap across

insulae is large (% 400 sqm), and the statistically signi�cant e�ects are roughly two-three times

larger. Panel C focuses on discontinuities with small size gaps ($ 100 sqm); all estimates are small

and statistically insigni�cant. We conducted a number of robustness tests.21

The OLS and RD estimates are qualitatively similar, but we also want to compare their mag-

nitudes. In panel A of Table 5, we report estimates of an RD speci�cation where the gap in log

mean plot size across insulae within each segment is interacted with OwnLargeri and all control

variables (Calonico et al., 2025), and in panel B we report OLS results for the same sample as the

RD. The estimates show that, where the OLS and the corresponding interacted RD estimates are

both signi�cant (columns 1, 2, and 5), they are quantitatively similar. In Figure A.6, we use a

semi-parametric approach to estimate treatment e�ect heterogeneity of the plot-size e�ect across

insulae pairs with varying gaps in mean plot size (Rios-Avila, 2020). For price, share built, and

multiple buildings, we �nd e�ects that are approximately linear in log gap size, consistent with the

results in columns 1, 2, and 5 of Table 5. For plot built there is heterogeneity; the e�ect is not

statistically di�erent from zero for a gap size near zero, then becomes slightly positive for moderate

changes in gap size, and �nally becomes negative for more substantial changes in plot size. This

is consistent with column 3 of Table 5 that estimates a positive intercept and negative slope when

constrained to be linear. In short, Figure A.6 suggest that the e�ect on plot built is somewhat

non-linear. Through the lens of the model, this can be interpreted as the plot size e�ect in Eq. 2

dominating for small plot size gaps (lowering� , or raising likelihood of plot built), but as the gap

starts to grow the sorting e�ect o�sets and then dominates (raising � , or lowering likelihood of plot

built).

A key result in this section is that the estimated elasticity of land value with respect to plot

size, of around -0.5, suggests a potential oversupply of large plots because if a large plot were

subdivided its total value would increase. However, to determine whether splitting plots indeed

represents misallocation from a social planner's perspective, we need to consider the equilibrium

e�ects of changing supply, which we turn to in Section 6.

5.2.4 Access as a key amenity

Our �ndings show that even though all 20k plots bene�t from local road access, connectivity is an

important amenity, and most likely the most important one in our setting. As we discuss here,

this is evidenced by across areas and within them. To highlight the cross-area comparison, we

21 First, we veri�ed that they are balanced on �rst-nature fundamentals in Table A.6. Second, we select optimal
bandwidths (Calonico et al., 2014) for each outcome, in Table A.7 all are more narrow than our preferred 100m
bandwidth and give very similar and even more precise results. In addition (not reported), both RD and OLS are
robust to dropping the few gridcells whose plots contained buildings before 2005 (e.g. farm buildings).
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partition the 20k project areas into two groups: \Near" and \Far", which re
ect proximity to the

Central Business District (CBD) of Dar es Salaam. We classify as \Far" two project areas, Buyuni

and Mwongozo, which stand out for: (i) their distance from the CBD (Figure 1); (ii) the lowest

land price appreciation relative to the government-set prices; (iii) the lowest current land price

(Table A.3); and (iv) being the only project areas where in 2010 fewer than 10% of the plots were

built, when the mean across the other areas was� 25%. For within-area comparisons, we focus on

proximity to preexisting main paved roads. Table 6, which reports estimates of speci�cation (4)

using all baseline controls, shows that the most prized amenity is proximity to preexisting paved

main roads. Increasing the distance to such roads by 1km reduces land value by almost 15%. The

likelihood that a plot is built and the intensive-margin investment levels also decline in distance to

main paved roads.

5.2.5 Other Amenities

Having discussed access, the amenities we consider in this section are mostly other predetermined

and planned ones. Recall from the model, holding plot size �xed there should be unambiguous

positive e�ects of better amenities on prices, but our sample for prices is comparatively small. For

the likelihood of being built upon by 2020, controlling for plot size, we hypothesized potentially

ambiguous timing e�ects from Eq. 2, although we will see that, for amenities, the plot size ef-

fect appears to dominate: higher-amenity plots are developed sooner. For levels of investment,

we hypothesized strong sorting e�ects such that better amenities would be associated with more

investment in housing.

Table 6 considers as amenities the natural (\�rst nature") features. We cannot detect signi�cant

e�ects of these on prices given the limited price sample and variation within that sample, noting

that, overall, tiny fractions of plots are near a river or wetland. But for housing outcomes, where

we have more statistical power, we have results that follow the pattern for distance to main paved

roads for probability of being built and investment levels. Elevation seems bene�cial with three

positive and signi�cant coe�cients, while ruggedness looks like a disamenity, signi�cantly reducing

the share built and likelihood of being built upon. Proximity to rivers (or streams) also signi�cantly

reduces the share built and the likelihood of being built upon, and being near wetlands signi�cantly

reduces the likelihood of being built upon. This evidence is consistent with residents seeking to

mitigate the signi�cant risk of 
ooding in Dar es Salaam (Jaupart et al., 2017) by preferring higher

ground that is less likely to 
ood, while avoiding rugged terrain that is costly to build on.

In the second part of Table 6, we consider two aspects inherent in planned communities. First

concerns insula features and second what happens as one approaches the border of 20k areas.

For features, we have a Z-index of three insula characteristics: rectangularity, alignment with
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neighboring insula, and homogeneity of plot sizes within the insula.22 We �nd that a more \regular"

layout increases the share built and the probability that a plot is built. In Table A.9 we unpack

the estimated e�ects of the Z-index into its three components, and �nd that insula rectangularity

and alignment appear to be valued, but homogeneity is not. For the second variable in the middle

panel, we �nd that proximity to the edges of 20k areas, where there are more informal settlements,

may marginally and modestly detract from the share built and the built area.

In the bottom part of Table 6, we estimate e�ects of proximity to the nine types of non-residential

plots. We have indicators for being within 100m of each of the following planned non-residential

land uses: recreation, nursery school, education, religious site, service trade, housing estate, public

building, cemetery, and any other. Almost all coe�cients on these planned non-residential uses

are small and statistically insigni�cant. However, this does not mean that owners do not value

these amenities; instead, the problem is that implementation rates are low. In Table A.11 we see

that even implemented amenities have a limited association with housing outcomes. Only service

trade and housing estates (which take up a tiny fraction of observations) have consistently positive

coe�cients, and there is some suggestive evidence that religious sites matter. But even those

positive correlations could in part re
ect implementation following housing construction. Moreover,

due to non-implementation, most planned non-residential plots are vacant. These vacant areas may

be \maintained" by the local population, but many are unkept (have wild growth, garbage, etc.).

Table A.11 suggests that being next to an unkept non-residential use is associated with signi�cantly

lower housing outcomes, though again plot maintenance (like implementation) is endogenous.

Figure 4 shows that the implementation of all the planned non-residential signi�cantly lags

the plans. The lag is smaller for three categories (cemeteries and religious and educational uses),

and larger for the remaining �ve (recreation, public buildings, nursery, service trade, and housing

estate). At the same time, most plots designated as non-residential are either misused (� 9% are

residential and � 25% are farmed) or unused (� 40% are vacant, split between kept and unkept).

Related, Figure A.5 focuses on the non-residential plots intended for eight main planning categories

and asks how each is used. Approximately half of the plots intended for cemeteries and� 40% of

those intended for educational or religious uses are implemented as planned, but implementation

rates for the other �ve categories are much lower. All this suggests that planners were overoptimistic

when prescribing non-residential uses, which have yet to materialize about 15 years after the onset

of the project.23

22 Rectangularity is the size of the insula divided by the size of the minimum bounding rectangle. Alignment of the
nearest bordering insula to the own is 1-tan(angle between the two sides), where tan(0)=0 and the maximum angle
is 45 (for tan(45)=1). Homogeneity is 1 - the coe�cient of variation of plots sizes within the insula. Thus, the best
values for the raw measures are 1 for perfect rectangularity, prefect alignment, and no variation in plot size. Each of
these measures is standardized to a Z-score and the three Z-scores are averaged to get the Z-index.

23 Even though implementation rates for non-residential amenities are low, we �nd that conditional on implementa-
tion, the planners' guidelines on landuse locations were followed, compared to a benchmark where implemented use
locations were randomly selected among the non-residential plots. To show this, Table A.10 reports the `compliance
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We next investigate local neighbourhood composition e�ects. In particular, we examine whether

people value having neighboring plots that are bigger vs. smaller. Hypothetically, this valuation

may depend on expectations of sorting by socio-economic status, di�erential timing of local devel-

opment, or amenity e�ects of plot size per se. While the plot size composition approach allows for a

clean identi�cation strategy, we are unable to disentangle these various mechanisms with the data

we have. We repeat the speci�cation in Eq. 5, but this time for boundaries between super-insulae

rather than insulae, controlling for the log size of the own plot.24 At a border between super-insulae

of di�erent types, residents experience a mix of neighboring plots of di�erent sizes. As we move

into the super-insula interior, residents are increasingly exposed to neighboring plots with a similar

size to theirs. Since there are far fewer super-insulae boundaries than insulae boundaries, we focus

here on the housing outcomes that are available for the entire sample, and not on prices, which

are available for only a small subsample. Table 7 shows that as we move into super-insulae with

smaller plots, the likelihood that a plot is built and the share built both increase modestly: moving

100m deeper into a super-insula with smaller plots than its neighbor raises the mean share built

by 0.56 percentage points and the likelihood that the plot is built by 2.3 percentage points. As

we move away from the boundary on the larger plot side, however, the estimated coe�cients are

all insigni�cant. 25 Although the e�ects are small, they suggest that owners of small { rather than

large { plot owners may value neighborhood uniformity. However, the small magnitude of e�ects

motivates our model abstraction from externalities.

6 Model estimation and counterfactual results

6.1 Estimation of the model

We estimate the parameters of a simpli�ed model based on the equilibrium observed in the data,

focusing on our �ndings that land prices per square meter decline sharply with plot size despite the

sorting of highly educated households. The model suggests that the project's residential plot sizes

were too large, which excluded poorer potential owners and thus did not maximize welfare. We

discuss the estimated equilibrium in Section 6.2 and compare it with two alternative counterfactual

plot size allocations in Section 6.3.

In our estimation, we make three simpli�cations noted above. First, we focus only on the

reallocation of the current �xed amount of residential land across plot sizes. In Section 5.2.5, as

ratio' for each use j , which we de�ne as: P � implemented as j ¶ planned as j �©P � implemented as j � . The observed
ratios in the �rst column are fairly similar to those that would have resulted from perfect implementation (second
column) and much higher than those that would have resulted from random choice of non-residential plots. In other
words, conditional on implementing non-residential uses, the planners' intent mattered.

24 We restrict the sample to boundaries that are no more than 30 meters apart, losing about 2% of the sample.
25 We found similar results using speci�cations that pair types of bordering neighborhoods (e.g., small vs. medium

or small vs. large).
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just discussed, because of low implementation rates, we cannot assess how consumers value or sort

around planned non-residential uses, so we leave that allocation �xed. And since all insulae front on

roads, so we leave road allocations unchanged, noting that plot size allocations e�ectively carve up

existing insulae into fewer or more plots. Second, as discussed in Section 5.2.4, we partition the 20k

project areas into two groups as noted earlier: \Near" with amenity BF and \Far" with amenity

BN . Attempts to estimate the model with further di�erentiation of B 's yielded very similar B 's

within the near group. So we end up with three locations: Near, Far, and the city. For amenities

connected with con�gurations of plots sizes in neighboring super-insulae, if having similar plot

neighbors matters, one can think of the planner con�guring our model allocations of plots so as to

group similar types together. Finally, and consistent with the planners' characterization of 20k, we

discretize plot sizes, allowing for small (600sqm)lS, medium (1200sqm)lM , and large (2000 sqm)lL

sized plots within each of the two project area groups. In sum, there are six di�erent types of plots

(two types of amenities by three sizes) which we index bym. Details for solving and estimating

the model are in Appendix B. Here we give an overview.

Plot owner optimization problem. The plot owner residents face a nested choice problem where

they �rst choose to live in the city permanently vs. move to 20k, then in the second branch, choose

which plot type to buy and �nally how much to invest in their plot and when to move (i.e., the

solution to Eq. 1). This problem can be solved by backward induction as follows. In the �nal

stage, conditional on choosing 20k and a particular plot typem, residents receive indirect utility

from optimization in Eq. 1 de�ned as Um � w; Rm ; � � where individuals take incomew and the land

price Rm as given, and � is a collection of model parameters.26 In the penultimate stage, residents

choose type of plot that gives them the highest indirect utility; m˜ where Um ˜ � w; Rm ˜ ; � � '

Um � w; Rm ; � � ¾ m j m˜ .

In the �rst stage, residents choose whether to ever move to 20k areas or stay in the city

permanently. Before choosing, each draws a preference shock from a gamma distribution� �

� � � shape; � scale� which additively enters their utility as ln � � � � ~� , which represents their idiosyn-

cratic preference for moving to 20k areas, as opposed to staying in the city. The indirect utility

of staying permanently in the city ( � � ™) has a closed form solutionU0� w; � � � � 'ln 'w
p� � � ' � �

�ln �w
� � ' �©� � A

� � � from Appendix B.1. Therefore, residents will choose to move to 20k areas on their

preferred plot type rather than staying in the city forever if Um ˜ � w; Rm ˜ ; � � � ~� ' U0� w; � � .

Solving for the equilibrium. The equilibrium is de�ned by a set of allocations that equate de-

mand and supply of 20k plots, and a set of prices that ensure no resident could make themselves

better o�. Details on solving the equilibrium are provided in Appendix B.2.

The supply of plots is the observed number of plots of each typeNm , with N � 36; 215 in

total. We assume that 800; 000 families in Dar es Salaam in 2005 each potentially demand one

26 As explained in Appendix B.1, Um does not have a closed form solution in general, so we solve it computationally.
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20k plot. Their annual incomes are distributed between� w1; �w� . As detailed in the Appendix, we

set �w to $17; 291, the 99:9th percentile of predicted household incomes from a gamma distribution,

w � � � wshape; wscale� , �tted to the observed household incomes in Dar es Salaam in a 2015 survey.27

The empirical estimates ofwshape and wscale are discussed below. The lowest income of those who

can a�ord to move to 20k areas,w1, is estimated in the moment-matching exercise described below.

In equilibrium, the owners sort between plots of di�erent types. The smallest low-amenity plots

are purchased by those with the lowest incomes, equating supply and demand. As we move up

the income scale, following the plot-level index ~m � ��ln � l � � B from the preference function, the

purchased plots are larger, or have better amenities, or both. We use the indexm " r1; 6x, where

m � 1 denotes the plot type with the lowest ~m, m � 2 the second lowest, etc.

The equilibrium prices equate utility for marginal \entrants" to each plot type, but residents are

di�erentiated by both income and their idiosyncratic � 's. So, there is a continuum of incomes for

which people are indi�erent between 20k and the city, and we de�ne these marginal entrants by the

locus ~� � w� , which is the union of the loci for each segment, ~� m � w� . The price of land in a plot of

type m � 1 is determined by the poorest individual on the locus (i.e. with scalar ~� 1� w1� ), for whom

U1� w1; R1; � � � ~� 1� w1� � U0� w1; � � . The land price for each plot of each typem %1 is determined

by the incomewm of the individual indi�erent between m and m� 1, noting that � does not in
uence

the choice of plot type conditional on choosing 20k areas:Um � wm ; Rm ; � � � Um� 1� wm ; Rm� 1; � � .

In Appendix B.2 we provide details to show that, given w1, we can solve for ~� � w� , rwm x6
m� 2 and

rRm x6
m� 1 that equate demand and supply for eachm and overall.

Model estimation. To estimate the model, we �rst take values for the parameters� �; �; �; �; �; p �

from the literature, as reported in panel A of Table 8 and normalizer and A to be 1. We conducted

robustness checks around these values and results are not sensitive to plausible variations. Panel

B of the table reports estimates ofwshape and wscale, discussed above.

This leaves six parameters� �; B F ; BN ; � shape; � scale; w1� to estimate, which we do by minimizing

a loss function that matches twelve moments in the data with moments in the model. We use two

moments for each of the six plot types: (1) the average price of landRm and (2) the fraction built

by 2020 Sm . The loss function is the relative absolute deviation of prices and shares built both

weighted by the relative share of plots of that type, i.e.,< 6
m� 1

Nm
N

� ¶RModel
m � RData

m ¶
RModel

m � RData
m

� ¶SModel
m � SData

m ¶
SModel

m � SData
m


 .

The values of the parameters estimated by moment matching are reported in panel C of Table 8,

and more details on parameter selection and estimation are provided in Appendix B.3.

While the characteristics of the equilibrium are discussed next, we make two observations about

the parameters. First, � � 0:0671 implies that the city amenity equals the near 20k amenity

(BN � 0:146� after about 28 years. Second, the lowest income owner in 20k hasw1 � $579,

27 These data are from Balboni et al. (2020), and were kindly provided by the authors. We use total net household
income as reported by each household head. The gamma distribution �ts the income data better than log-normal or
pareto distributions.
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equivalent to the 15th percentile of household income in Dar es Salaam, and an extreme taste

draw where ~� 1� w1� is at the 99.4 percentile. We also experimented with exogenously setting the

minimum income in 20k at 1200 - roughly equal to the 10th percentile of the income in our data on

20k owners and the 32nd percentile of income in Dar es Salaam. This doubles the estimated loss

function, but the other parameter estimates are similar.

6.2 Characteristics of an equilibrium

Figure 5 illustrates the equilibrium allocations, prices, and choices. In panel A, each plot type

(amenity and size) has a di�erent colored curve. Sorting is paramount as higher-income people sort

into larger and higher-amenity plots, as in the data. The solid sections of the curves show the outer

envelope of equilibrium realized lifetime utilities net of U0� w; � � for a common value of ~� , which

we set to ~� 1� w1� . In the �gure, no one with a common ~� wants to switch from their plot type m

to a plot with di�erent m¬. The person with w1 is indi�erent between being in 20k and the city.

Other owners with higher w and the same ~� � ~� 1� w1� strictly prefer 20k, noting the locus of people

indi�erent between 20k and the city has lower ~� 's, i.e. ~� 1� w� $ ~� 1� w1� ; ¾ " � w1; �w� .28 Panel B

of Figure 5, shows that the land price per square meter is higher in the high-amenity `Near' areas

(BN ), and for the same amenity, the price per square meter decreases in plot size, as expected.

In panel C of Figure 5, the solid segments of the curves show how the choice of� varies by

plot type. Holding income and amenity �xed, switching to a larger plot reduces � , as illustrated

by the vertical dashed line betweenlS and lM , which demonstrates the plot-size e�ect in equation

(2). However, between switching points,� increases in income for the sameB , R and l, illustrat-

ing the sorting e�ect in equation (2). This occurs because the relative deterioration of the city

amenity is less important to richer people than the unrestricted housing choice that the city o�ers.

The model and the data. In Table A.12 we show how well we match on prices and share built in

the Near and Far areas. The model and data moments are remarkably close in most cases. One

exception is medium-size plots in Near where prices and share built are o� by 25% to 30%. For

share built, we are noticeably o� for the small fraction (2.6%) of plots that are large and Far (not-

ing the loss function is weighted). For everything else, numbers are close. Second, as discussed in

Section 5.2.2, in the data mean education of owners of built plots increases over time for the same

plot size, and across plots sizes in the same time period, both consistent with panel C of Figure

5. Third, in terms of our empirics and the model, panel C of Figure 5 shows how, holdingl �xed,

� may drop as B rises; this pattern, where better-amenity plots are built earlier, is suggested by

the reduced-form empirics. In assessing this, we note that below the horizontal line at� � 15, the

share of the grey line is smaller than that of the purple line. But holding amenities constant, larger

plots need not be built earlier or later than smaller plots, consistent with our empirical �ndings.

28 ~� � w� locus is the scalar ~� 1 � w1 � minus the outer loop of utilities of Figure 5. It is generally downward sloping.
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Panel D of Figure 5 shows that for the same income, the ambiguous e�ect in equation (3) of an

increase inl or B very slightly decreases investment. However, what the �gure shows most clearly

is that investment increases sharply with income and is little related to either l or B , consistent

with the reduced-form empirics where sorting e�ects dominate the ambiguous e�ects ofl and B

changes in Eq. 3. That said, the elasticity of property value in the model (capital investment plus

land value) with respect to plot size is considerably larger (at 0.82) than the elasticity of reported

property value with respect to plot size in the our survey data (0.45).29

6.3 Counterfactuals

In this section, we use the model to change the number of small, medium, and large plots planned

within Near and Far 20k areas according to di�erent objective functions, holding constant the total

land area in Near and Far. First, we solve for the welfare-maximizing allocation of a Kaldor-Hicks

social planner. Second, we solve for the allocation that maximizes the land values of either a

monopolist developer who chooses plot size allocations in 20k to extract maximal pro�ts or a local

government aiming to maximize its revenues from land value capture.

The social planner's solution maximizes the sum of total land values in 20k areas and the

compensating variation of residents. The latter is the present discounted value of the annual

income supplement �, which would leave 20k residents indi�erent between being in their 20k plot

and the city, i.e. Um ˜ � w; Rm ˜ ; � � � ~� � U0� w � �; � � . This money-metric approach, rather than

utility summation, circumvents the need to impose assumptions on the allocation of land values

across households. Since it weighs the consumer surpluses of the rich and poor equally, it does not

drive our �nding (below) that welfare is maximized by further accommodating the housing needs

of poorer residents.30

The results in Table 9 show that compared to the baseline (column 1), welfare maximization

(column 2) increases consumers' surplus by 24% and total surplus by 3.2%. The number of plots

increases by 37%, average plot size declines by 27%, and the median owner income of 20k residents

declines by 20%. Thus, most crucially, this allocation widens participation in the project to serve

many more lower income people.31 In contrast, a monopoly developer (column 3), chooses a very

di�erent allocation. Relative to the baseline, in Table 9, it reduces the supply of plots by 16%,

increases average plot size by 20% andincreases median owner income by 11%. This increases

total land values by 2.1% and reduces consumers' surplus by 12%. Notably, on all dimensions, the

29 To validate the model on moments not used in estimation, we use the assessments of residents in Near areas of
their current property values, which correspond to R � rk . We focus on the elasticity of these values with respect
to plot size, mitigating concerns about assessment levels. The model elasticity for the same plots is computed using
property values of small, medium, and large plots for residents with � & 15 in the Near areas.

30 Furthermore, the welfare gains of accommodating poorer residents are stronger when measured in utility rather
than surplus, as these poorer residents have higher marginal utility.

31 In this counterfactual, the share built upon by 2020 declines by 8.6%.
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baseline lies between the solutions entailed by welfare maximization and land value maximization,

although it is closer in percentage terms to the land value maximization.32

The plot type allocations, prices, and lowest income residents for each of the baseline, social

planner, and monopoly solutions are shown in Table 10. In the baseline (panel A), as in the

reduced-form results, price per square meter decreases in plot size for the sameB . Under welfare

maximization (panel B), prices per square meterincrease in plot size, although they are almost

equalized.33 In Appendix Section B.4, we show under fairly general conditions that the planner

wants to subdivide large plots into smaller plots past the point of land price per sqm equalization

and up to the point where the consumer surplus gain from accommodating more households is

o�set by the loss in land values. That point occurs when land prices sqm rise with size, which

provides a su�cient statistic that could rule out some planning misallocations.

For a land-value-maximizing monopolist (panel C), price per square meter declines in plot size,

and more steeply than in the baseline. The intuition is that subdividing a large plot increases land

values only if the `partial equilibrium' gains from splitting that plot outweigh the overall general

equilibrium loss in land values from overall land prices declining with the increased supply of plots.

This only happens when price per square meter declines sharply in plot size.

Another takeaway is that welfare maximization increases population density. This, in turn,

could generate (unmodeled) positive neighborhood agglomeration e�ects, such as greater provision

of local services, which should induce the social planner to further increase the number of small

plots. However, there may also be negative externalities from crowding or including lower-income

residents who are less able to contribute public goods, which should lead the social planner to

provide fewer small plots.

The model also allows us to consider an incremental counterfactual, where one medium-sized

\near" ( lM ; BN ) plot is divided into two ( lS; BN ) plots, increasing its total land value by 1200�

� 8:31� 6:67� � 1968 as a partial equilibrium e�ect. But adding one plot to the total supply induces

general equilibrium e�ects, where land prices per sqm fall slightly (less than 0.001% on average),

which on aggregate reduces the total land value by 2816. The overall total e�ect is therefore to

reduce land values by 848. Conditional on unchanging allocations of households to plots, the general

equilibrium decline in prices generates an equal loss in land values as a gain in consumer surplus,

as shown in Appendix B.4. However, in this example, due to the reallocation of some households

with mass and positive surplus from the city to 20k areas, consumer surplus increases beyond the

price decline gains, raising overall welfare by 2189. This sheds light on the e�ects of rigidities that

prevent the splitting of formal plots: a preponderance of large plots restricts entry and props up

32 As discussed in the estimation section, we also examined the case where the minimum income in 20k is exogenously
set at 1200, which approximately excludes the bottom third of Dar es Salaam's population. Even then, welfare
maximization entails roughly doubling the number of small plots in both areas compared to the baseline.

33 Note that in the far community, no large plots are provided, so they do not have a well-de�ned price.
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the value of 20k plots, but lowers aggregate welfare.

7 Concluding Remarks

De-novo urban planning provides a key policy option for developing country cities faced with large

and rapidly growing informal areas. Despite its importance for Africa's large and growing cities,

such planning is not su�ciently informed by economic analysis. This paper provides, to the best

of our knowledge, the �rst systematic economic analysis of the decisions that de-novo planning

entails. We construct and estimate a novel model, complemented by reduced-form analysis, using

new data that we collect. The setting we study is the 20k plot project in Dar es Salaam.

Earlier World Bank de-novo projects were halted in the 1980s due to criticism that costs were

not recouped and the poor were excluded. We �nd that 20k plots were cheaper and their costs

were recouped, although the poor were still largely excluded. We also uncover two key reasons for

the 20k project's success in roughly doubling land values: the protection of owners' property rights

and the preservation of access through local unpaved roads, which connect to main paved ones.

Nevertheless, de-novo neighborhoods also have limitations, which can be mitigated. Key among

these is an oversupply of large plots, which command lower land values, a small share of built space,

and lower population density. A likely cause for this over-provision is the persistence of colonial-

era rules and norms. Our evidence suggests that o�ering relatively more smaller plots would

make de-novo projects more valuable and more inclusive, raising social welfare and allowing more

people to bene�t from a�ordably priced formal plots. The current equilibrium seems to be more

aligned with one where planners sought to maximize land values, rather than social welfare. Our

�ndings also indicate that non-residential amenities are largely ignored, generating neither land

value appreciation nor more built activity, and this is most likely due to low implementation rates.

Finally, we �nd that despite their scarcity, only half the residential plots in our setting are built

upon. We show that slow plot development is in part due to plot characteristics (e.g., plots that

are smaller and with worse amenities), and in part due to higher income people delaying their move

into the de-novo plots. Still, an important question which we explore in follow-up work is whether

there are other important factors that can shape the dynamics of de-novo plot settlement.
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