Public Disclosure Authorized

Public Disclosure Authorized

WPS7655

Poricy REseaArRcH WORKING PAPER 7655

Jobs in the City

Explaining Urban Spatial Structure in Kampala

Arti Grover Goswami

Somik V. Lall

WORLD BANKGROUP
Social, Urban, Rural and Resilience Global Practice Group
April 2016




Poricy ReEseaArRcH WORKING PAPER 7655

Abstract

This paper examines the spatial organization of jobs in Kam-
pala, the capital city of Uganda, and applies the Lucas and
Rossi-Hansberg (2002) model to explain the observed pat-
terns in terms of the agglomeration forces and the commuting
costs of workers. The paper suggests that: (i) Economic
activities are concentrated in the downtown—beyond
which employment is spatially dispersed. (ii) Geographi-
cally weighted regressions identify five potential subcenters
in 2011; however, none of these contribute significantly to

employment. When explaining the variation in employ-
ment density across localities in Kampala, the research
highlights that (i) density falls by 23.5 percent per kilometer
increase in distance from the nearest potential subcenter;
(ii) an increase in local production externalities of 10 per-
cent increases density by 3.7 percent; and (iii) production
externalities in Kampala’s potential subcenters are extremely
weak to have any significant impact even on nearby tracts.
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Section 1: Introduction

Historically, cities around the world evolved from a random spatial organization to a single nucleus of
economic activity. A few decades later, monocentric cities gave way to dispersion again except that this
time cities spread to multiple business centers in a more systematic manner. For example, cities such as
Chicago, New York and Boston in the United States, Barcelona and Paris in Europe or Bogota in Colombia
progressed from cities with a single business district to that with multiple nuclei of activity (Anas et al.,
1998; Clark, 2000). Certain pre-conditions determine such an orderly distribution of economic activity to
multiple centers.' Specifically, the observed urban spatial structure of a city is a result of a trade-off between
the cost of commuting to business centers and the potential benefits of agglomeration.” Most work in this
field is primarily based on evidence from cities in developed countries, which although helpful, does not
provide enough information on the nature and extent of these centrifugal and centripetal forces in the
context of cities in developing countries. Focusing on the capital city of Uganda (in Africa), this paper
identifies the spatial structure of jobs in Kampala and explains the observed configuration using the
theoretical underpinnings of the Lucas and Rossi-Hansberg (2002) model.

The declining role of central business districts (CBD) and the decentralization of economic activity is well
documented for modern cities (e.g. Mills, 1972). Evidence, mostly from cities in developed countries,
suggests that as cities grow in size, the CBD loses its primacy, and the city transforms into a polycentric
structure with clusters of activities spread within the built-up area (Bertaud, 2003). For example, A study
on cities around the world reveals that the share of jobs in the CBD declined significantly from 25.4% in
1960 to 16.2% in 1990 (Kenworthy and Laube, 1999). In the recent years, research suggests that for the 50
largest metropolitan areas in the U.S. in the year 2000 the average share of jobs in the CBD has declined to
10.8+3.1%, starting from 25% in 1960s (Angel and Blei, 2015a).> What explains such a spatial pattern of
evolution in economic activity?

Equilibrium urban spatial structure evolves due to the tension between the "centripetal” forces that tends to
pull firms and households into agglomerations and the "centrifugal" forces that tends to disintegrate such
agglomerations. The neo-classical theory models the centripetal forces for agglomeration as pure external
economies and the centrifugal forces as arising from the need to commute to the CBD within each city.
Innovations in transport technology that lowered the cost of commute explain the emergence of
monocentric pattern of spatial organization, while production externalities primarily justify the non-
monocentric spatial organization.”

Firms benefit from agglomeration because clustering generates externalities either due to "pure" external
economies (e.g. spillover of knowledge between proximate firms), or due to market-size effects, (e.g. labor

! Smaller cities in the US such as Milwaukee in Mid-west or Buffalo in Up-state New York remain largely
monocentric while others like South Florida, Dallas and Detroit have shown a pattern of urban development with
dispersed employment (e.g., Lang, 2003; Gordon and Richardson, 1996).

2 See for example Fujita (1988), Lucas and Rossi-Hansberg (2002), Berliant et al. (2002), Berliant and Wang (2008),
Fujita and Ogawa (1982) and Chatterjee and Eyigungor (2014).

3 However, this decline is not observed equally across all the cities in the world. For example, the same study reveals
that in Tokyo, in fact, the share of jobs in the CBD increased by 2% during the same period.

4 See Mills (1972) for a monocentric model and for models explaining a non-monocentric pattern, see Fujita and
Ogawa (1982); Ogawa and Fujita (1979, 1980).



market pooling or due to linkages between upstream and downstream industries).” Literature suggests that
in the presence of production externalities, firm productivity depends not only on its own location but also
on the distance from other firms. Physical constraints on land, however, necessitate that not all firms can
locate close to each other. As firms move away, the benefits from interaction between firms decline with
distance. The higher is the pace of spatial decay of external effects, the greater is the probability of having
multiple pure business areas in a city so that firms can reap benefits of production externalities.® Research
suggests that when commuting costs are low, a Mills-like monocentric city prevails if external effects are
largely local, while a faster pace of spatial decay promotes the formation of a polycentric city. By contrast,
a higher cost of commute coupled with the weak nature of production externalities results in a mixed land
use structure. In sum, a non-monocentric pattern of spatial organization is a result of the interplay between
the cost of commute and production externalities.

The empirical literature on the determinants of urban spatial structure, even for developed countries, is
limited and lags behind the theoretical models. Studies explaining subcenter formation (e.g. McMillen and
Smith, 2003) focus solely on the importance of the cost of commute without any role for production
externalities. Furthermore, these studies only tend to explain polycentricism without considering the
possibility of a mixed land use pattern which is predicted in theoretical literature and observed in practice.
In this regard, our paper makes two significant contributions to the existing literature: One, we extend the
existing methodologies, such as the strategies for fitting monocentric models or identifying subcenters, to
ascertain the urban spatial structure in a developing country city (Kampala, the capital of Uganda). Second,
we explain the observed random pattern of employment dispersion in Kampala as a function of not only
the cost of commute to the nearest potential subcenter but also through the extent of production externalities.

In spite of a growing body of research in this field, we are yet unaware of any study that conducts such an
analysis for an African city. How do cities in Africa organize spatially? Are they monocentric, have multiple
centers of business activity or are dispersed rather randomly? How do they compare with their developed
country counterparts? What determines the difference in their pattern of spatial development? Our paper
seeks to answer some of these questions using the census of business establishment data from 2011 and
2002. We begin with identifying the pattern of employment in Kampala across various sectors, firm size
and firm age. Our descriptive analysis suggests that: (i) firms in Kampala are increasingly involved in
services that have a lower tradability potential and this share has increased in the past decade; (ii) most jobs
in Kampala are created by young and small establishments; and (iii) the 2002 census indicates that the
participation of women is largely in services with lower tradability and likewise the 2011 census suggests
that these are also the sectors with the largest share of female owned establishments.

5 Duranton and Puga (2004) summarize the gains from agglomeration in terms of sharing, matching, and learning
effects. Sharing effects include the gains from a greater variety of inputs and industrial specialization, the common
use of local indivisible goods and facilities, and the pooling of risk; matching effects correspond to improvement of
either the quality or the quantity of matches between firms and workers; learning effects involve the generation,
diffusion, and accumulation of knowledge. Agglomeration economies explain the existence of cities. This is
particularly important given the growing evidence about the importance of such agglomeration economies. For a more
recent survey on the evidence on agglomeration economies, see Combes and Gobillon (2015). For a more detailed
exposition of the implications of introducing agglomeration economies in a monocentric city model, see Duranton and
Puga (2014).

6 Also see, Berliant and Wang (2008).



The main prediction of a monocentric model in a static framework is that employment density falls
smoothly as distance from the CBD increases. A linear regression of the log of employment density on
distance to the CBD in Kampala suggests that although employment density declines with increase in
distance from the CBD, it has a reasonable R-square for only up to 3 kilometers and thereafter the R-square
declines to below 0.08. This result is consistently true for the linear model as well as for the more
sophisticated splines version of the monocentric model. These results imply that while the CBD in Kampala
is important, the city does not follow the standard comparative static predictions of a monocentric model.
These findings are a first indication of the possibility of dispersed employment in most parts of the city.
Such a pattern of spatial development is, however, not unusual for a city with low income levels.”

Next, we identify the potential subcenters of employment in Kampala using the geographically weighted
regressions (GWR) suggested in McMillen (2001). The GWR technique basically produces a smooth
function of the employment density by placing greater weight on nearby observations. By definition,
potential subcenters are cites with significantly higher employment density than neighboring sites. This
regression identifies subcenters as clusters of sites with positive residuals. Using the geographically
weighted regressions and the contiguity matrix approach suggested in McMillen (2001, 2003), we identify
five potential subcenters in Kampala in 2011 over and above the CBD. However, given that the
concentration of employment included in all subcenters is extremely low, we are inclined to believe that
Kampala does not have any other concentrated center of economic activity beyond the first 3 kilometer
radius of the CBD. In fact, it appears that most land, besides that occupied by the firms in this part of the
CBD, is being used for mixed purposes.

Using the census of business establishment data from 2002 and 2011 our results show that Kampala has a
very concentrated CBD and the share of the CBD in total employment has increased from 14% to 18%
while that in firm count has increased from 19.5% to 20.5%. This pattern is in contrast to the changes in
most developed countries’ cities around the world since the 1970s where the dominance of CBD in
employment has declined over the past decades (e.g. Angel and Blei, 2015a). Further, our results reveal
that the aggregate contribution of potential subcenters in Kampala’s employment is below 2.5%, thereby
suggesting that none of the potential subcenters in Kampala is a significant site for job creation.

In determining the covariates of urban spatial structure, our base estimations find that (i) while distance to
the CBD matters for employment density, it is the distance to the nearest potential subcenter that can
potentially accelerate localized job creation. In Kampala, the significance of the latter is lost once we control
for local fixed effects and tract traits suggesting the heightened role of local traits in determining
employment density. (ii) Production externalities of the tract itself is positively and critically associated
with employment density, while that of the potential subcenter is insignificant in affecting the distribution
of employment across tracts in Kampala. This suggests that mixed land use in Kampala could be explained
due to the weak nature of agglomeration forces in the potential subcenter locations. (iii) Surprisingly, most
labor markets in Kampala are localized where the presence of slums and very low income groups in tracts

7 For instance, see, Bertaud and Malpezzi (2014) who compare the urban form of 57 cities around the world. According
to their work, cities roughly follow the urban density model, a large number of them deviate from a standard declining
gradient as well. For instance, Kampala’s density gradient is similar to that observed in Marseille in 1990 although
the explanatory power of CBD is much lower. Beyond 3 km, the gradient and fit of Kampala is comparable to that
found in Abidjan.



are correlated with higher employment density and mixed land use. (iv) As expected, the presence of a
transportation network is also associated with higher concentration of jobs.

These results sustain a number of robustness checks. First, we estimate the model using Heckman (1976)
correction to address the problem of zero employment density observed in certain tracts. Second, we suspect
that production externalities could be endogenous. To address this issue, we use a variety of instruments
such as lagged production externalities, distance to universities and distance to schools. Third, we postulate
that production externalities could perhaps non-linearly affect the pattern of land use in Kampala. This issue
is addressed by estimating the model semi-parametrically. Fourth, we show that our results hold even after
controlling for the historical persistence in employment density. Fifth, we also validate our results for higher
rates of attenuation of externalities, which could be true for a city in African where production externalities
are weaker. Finally, we estimate an extended version of the Lucas and Rossi-Hansberg model that
additionally controls for the employment density and production externalities in the nearest potential
subcenter sites. This specification deals with the noted concerns on excluding wages from our base
specification. Our findings suggest that production externalities in Kampala’s subcenters are extremely
weak to have any significant impact on even the nearby tracts.

Urban spatial structure has profound implications for the efficiency of a city. An understanding of the urban
morphology of a city is important to inform policy makers about what can and should be done—in terms
of public plans and investments in transport infrastructure and also on regulatory reforms. In the case
of developed countries, at least, studies have shown that policies that enhance the overall regional
connectivity and those that permit speedier and longer commuting to take advantage of metropolitan wide
economic opportunities play a positive role in making a city productive (Angel and Blei, 2012a; 2012b).
Policies that remove impediments to the locational mobility of residences and workplaces for all income
groups need to be supported so that they can easily relocate to be within tolerable commute range of each
other.®

The paper beyond this point is organized as follows: Section 2 describes the conceptual framework for
understanding urban morphology using the Lucas and Rossi-Hansberg (2002) model, Section 3 discusses
the data requirements and sources used for implementing this study. This section also presents some
descriptive results on employment density patterns across various dimensions. Section 4 discusses the
empirical issues and estimation strategy, while Section 5 tests the monocentric model for Kampala and
identifies the potential subcenters. Section 6 presents the results from an empirical application of the Lucas
and Rossi-Hansberg (2002) model where we explain the mixed land use in Kampala by appealing to the
opposing push and pull factors, that is, the costs of commute and production externalities. The paper ends
with concluding remarks in section 7.

Section 2: Conceptual Framework

This section presents a synopsis of the Lucas and Rossi-Hansberg (2002) model to set the framework for
explaining the observed urban form in Kampala. The model argues that the distribution of business and

8 See Angel and Blei (2015a, 2015b).



residential land, wages, and land rents, are the result of the trade-off between spatial production externalities
and commuting costs. Let the production per unit of land at location X be given by:

y(x) = A (n())" z(x)Y

Where A is the technology specific productivity parameter, n(x) is the employment density (that is labor
employed per unit land) and z(x) is the production externality at location X.

Lucas and Rossi-Hansberg (2002) propose that production externality at location X, z(x) is a linear function
of employment density of all nearby locations, y. However, as firms move away from location X, this
external effect falls by a parameter §. That is, production externalities decay as the distance between firms
increase.” Mathematically, production externalities in a given tract X, z(x), referred to as the agglomeration
index in our paper, is given as:

z(x) = [6(y) n(y) e %4*Y) gy (1)

Where 6(y) is the fraction of land used in production at location y and d(x, y) is the distance between
location X and y. Integration is done over each possible location in the city, although the extent of this effect
diminishes sharply with increased distance.

The presence of production externalities implies that a firm’s productivity at any site is governed not only
by internal factors but also by the concentration of employment (and other firms) at neighboring sites. The
central business district of a city illustrates this phenomenon in the most obvious way where firms
agglomerate to take advantage of such externalities.

Each worker seeks to reach a minimum reservation utility, which is a Cobb-Douglas function of land and
other goods. The rent for land enters the objective functions for both the firms and the households.
Optimization in the Lucas and Rossi-Hansberg model solves the equilibrium employment density at
location X as:

1

a A z(x)"\1-a
no) = (“5205) @)
Where w(x) is the wage income of workers at location X. The equation suggests that as production
externalities increase so does employment density. However, a rise in wages (and land rents) imply an
increase in congestion externalities and thus discourages further concentration. When the cost of
commuting to the city center is high, the proximity of firms and workers is mutually beneficial and therefore
the city is more decentralized. When the cost of commuting to subcenters is high, the wage income is
reduced by commuting to this business location. Hence workers prefer to work close to their jobs. Then a
mixed land use pattern emerges. If the cost of commute to subcenters is low, a polycentric structure
emerges. Contrarily, when commute costs are low instead, a traditional monocentric city emerges.'® In fact,

% In Lucas and Rossi-Hansberg (2002) formulation, 8 not only affects the rate at which production externality decays
with distance but also the level of external economies.

10 Many studies reveal that the degree of decentralization is strongly related with the spread of automobiles (e.g. Anas
et al., 1998, Glaeser and Kahn, 2004; White, 1976; Steen 1986 and Sullivan, 1986).



for many models, polycentricism and dispersed land use is the result of interplay between agglomeration
diseconomies in the CBD and the costs related to transport infrastructure.

Our econometric analysis begins with estimation of equation (2). However, since we do not have
information on wages, we also estimate an extended model. Although the Lucas and Rossi-Hansberg (2002)
model present residential and business as dichotomous areas of specified activity, in reality there are often
gradual differences between predominantly residential and predominantly business areas. Since subcenters
are statistically identified sites of local peak in employment density, we compare the density of any tract
relative to the nearest peak in employment density. This comprises to be our measure of land use. A lower
relative density in a tract vis-a-vis the nearest subcenter suggests that the tract is primarily residential while
a higher density perhaps reflects a mixed land use pattern. The latter is so because even the peak density
tract is unable to sustain a large proportion of local employment opportunities.

In our extended model, we thus study the dispersion of employment density across locations in Kampala,
by comparing the employment density at a given location vis-a-vis the nearest (potential) subcenter. Let us
label the nearest subcenter location as S. Thus, our object of interest would be the ratio of employment
density at location x relative that in the subcenter S. Using (2), this ratio is given as:

1

n() (z<x))y w(s)\T®
n(s)  \\z(s)/ w(x)

Where n(s) is the employment density in the nearest subcenter s and z(s) and w(s) are the production
externalities and wages in the nearest subcenter S.

Lucas and Rossi-Hansberg contend that for a worker living in location x and commuting to the subcenter s
would have the following earnings available to spend at his home location X:

w(x) = w(s) e ?4xs)

Where e??™) can be visualized as the cost of commute from location X to location s or the loss of labor
time in commuting from location X to S. Contrarily, if workers from subcenter S commute to location X, this
relationship is inversed, that is, w(x) = w(s) e?@®S)_ Lastly, if people do not commute from one tract to
another location for their employment, that is, if households co-locate with their places or work, then we
cannot infer anything on the relationship between wages in the two locations. In fact, in the Lucas and Ross-
Hansberg (2002) model, equilibrium wages in a mixed land use site is only a function of production
externalities. Thus, in a mixed land use case the cost of commute between the two locations would not be
significant in explaining the variations in the ratio of employment density.

Substituting the wage relationship from the equation above, specifically, where a worker living in location
X and commutes to the subcenter S, we get:

1

= () o) 8



From equation (3), it may be inferred that if a tract is primarily residential and workers from this tract
commute to the subcenter, then an increase in the cost of commute from tract X to subcenter s would increase
the relative density of the tract X relative to the subcenter. Analogously, if the tract X is primarily a business
location, and workers from subcenter S commute to X for their jobs, then an increases in the cost of commute
to this tract X would decrease the density of the tract X as workers would prefer to find jobs close to their
residences in tract S. Lastly, if the tract X is a mixed land use one, where workers co-locate with their places
of work, the cost of commute would not be a significant driver of the employment density ratio.

With respect to production externalities, this equation (3) suggests that own externalities positively affect
the relative employment density of the tract while higher agglomerative forces in the subcenter tend to
reduce the relative density. The main results of the model can be summarized as below:

1. With any rate of attenuation of production externalities, a CBD bordered with residential land use
emerges if the cost of commute is extremely low."!

2. Mixed land use begins to appear when commute costs increase to a moderate level and in fact if
the cost of commute is very high, the entire city could be devoted to mixed use.

3. A decline in production externalities reduces the size of the pure business district. If combined with
a high cost of commute, business areas could be barely seen as spikes at the city edge.

Section 3: Data

This section describes the data requirement for identifying and explaining the urban spatial structure in
Kampala. In addition, we also present a few facts about employment density patterns in the city.

3.1 Identifying urban spatial structure

To ascertain the urban spatial structure in Kampala, we need to test the alternative models of city
organization. For testing the monocentric model, we need information on employment density and the
distance from CBD. Employment by establishments and their geographical coordinates are extracted from
the Uganda Business Registry in the 2011 Census of Business Establishments (COBE). COBE is a
nationwide census that the government of Uganda has undertaken three times. The one conducted in 1989-
90 was not published at the time due to limited resources. The 2001-02 wave, which we refer to as the 2002
census in the paper, covered 163,321 business enterprises across the country of which 55,448 belong to
Kampala. Comparatively, UBR 2010-11 census, referred to as 2011, covered about three times as many
enterprises —458,106 of which 1,33,663 belong to Kampala. These additional establishments in the recent
census reflect not only the scale of net business formation since the 2002 census, but they could also be
accounted by the additional coverage of all commercial farms and micro agribusinesses in the 2011

census. 12

For each enterprise in the registry, UBR provides information on the official name and identity of the
enterprise, its exact location (in terms of GIS coordinates), description of its main activity in terms of a four

! The intuition for this result is that higher is the cost of commute, the more likely is a mixed land use pattern where
people live close to their places of work to economize on these costs.

12 In contrast to other sectors, only formal businesses activities were covered for the agricultural sector in 2002 census
of UBR. The 2011 UBR covered both formal and informal agricultural businesses for the agricultural sector.



digit International Standard Industrial Classification (ISIC) code, the number of persons engaged in the
enterprise on the date of the census and the year of establishment of the enterprise. Additionally, the 2002
census separately provides the count of male and female employees in each establishment while the 2011
census offers information on the gender of the owner of the establishment.

To geographically locate the establishments enlisted in the UBR data, we obtained GIS maps from UBOS
that provides administrative boundaries at various layers. The city of Kampala is divided into five sub-
counties and each sub-county is disaggregated into parishes. There are 97 parishes in all in 2012 population
and housing census conducted by UBOS. Each parish is further divided into villages for administrative data
collection purposes and these villages are disaggregated into one or more enumeration area. There are 861
villages and 3,265 enumeration areas respectively in the 2012 population and housing census. For most
covariates, village level is the lowest level of disaggregation for which we have data available. Going with
the literature on urban spatial forms, we refer to the administrative unit of villages in Kampala as tract for
the rest of our paper.

Using GIS codes obtained for establishment from the UBR census, a spatial join was applied where
attributes were assigned to the UBR data based upon which enumeration area the businesses were located.
The latter information was in turn obtained from UBOS GIS maps. Using establishment’s GIS codes on the
map of Kampala, we able to obtain the sub-county, parish and village (tract) corresponding to each
establishment. We then aggregate the total employment by each tract and obtain employment density using
area information from UBOS GIS maps.

To obtain the distance from CBD, we determine centroid of the tract that is centrally located in the official
definition of CBD in Kampala by Kampala Capital City Authority (KCCA). Using the GIS maps of tracts
in Kampala we then obtain the distance to CBD as the minimum distance of the centroid of a tract to the
centroid of the selected CBD. It is also noteworthy that in our work we experiment with different CBD
tracts but our results are insensitive to this choice.

In the next alternative set-up, we want to evaluate the degree of polycentrism in Kampala. The only data
required for identifying subcenters as per the GWR technique is the employment density of a tract, and the
geographic coordinates of the centroid of this tract.

3.2 Explaining urban morphology

According the Lucas and Ross-Hansberg (2002) model, the main forces explaining the pattern of land use
is the cost of commute and the extent of production externalities. Most workers walk to work in a city such
as Kampala, therefore, it makes sense to proxy the cost of commute as the distance to the nearest subcenter.
We use the straight line distances from the centroid of a tract to the centroid of the potential subcenter as a
proxy for the cost of commute. Production externalities are calculated as per equation (1), where we use
the land use maps provided by the Kampala City Council Authority (KCCA) to calculate the share of land
devoted to commercial or business use in a given tract. Besides these variables of interest, we control for
time-invariant observable tract characteristics such as proximity to parks, railroads, roads, public transit/bus
station. These variables are calculated using the Open street map (OSM) data. Additionally, we control for
accessibility to various amenities such as health center which are obtained from KCCA maps. Our



instruments, the distance to nearest university and schools are also obtained from KCCA. Finally, KCCA
also provided information on the following variables in their land use maps: tract area used for
transportation, tract area used for residential purposes, open space in a tract area, tract area used in slums,
tract area in wetlands, tract area with irregular terrain and the tract area devoted to lakes. This data on land
use, income, slums and wetlands was extracted from GIS maps by intersecting the respective maps with the
2011 administrative boundaries maps.

3.3 Some Descriptive Facts on Urban Spatial Structure in Kampala

We begin by slicing Kampala’s establishment level data by industry to map the changes in allocation of
establishments, employment and entrepreneurship over the last decade. Table 1a and 1b presents the firm
and employment counts and their respective shares in 2011 and 2002 respectively for each sector, namely,
agriculture, manufacturing and services. The 2011 census additionally allows us to infer the distribution of
establishments that have female owners while the 2002 census shows the split in employment by gender."?
Since services contribute to more than 85% of employment and 92% of firm count in both waves of UBR,
we present figures for several disaggregate services sectors. These tables suggest that retail trade, repair
services and hotels and restaurants together account for nearly half of the employment and 70% of firm
count. Over the last decade, the share of firms and employment in services with lower tradability potential
has increased, albeit marginally. This increase has come at the expense of a decline in the share of
employment in the more dynamic tradable services sector. In terms of gender composition of industry, table
1 reveals that women owned enterprises are dominant in the services with lower tradability such as such as
retail trade and repairs hotels and restaurants sector while these were also the sectors that absorbed a large
proportion of female labor in in 2002.

3.4 Decomposition of change in Employment density: 2002-2011

Table 2 presents our first tract-level analysis. Following the productivity growth decomposition work of
Baily et al. (1992), Griliches and Regev (1995), and Foster et al. (2001), we decompose the observed
changes in aggregate employment density from 2002 to 2011 into “within” tract changes in employment
density (i.e., average growth in employment density for tracts weighted by their initial employment shares)
versus “between” changes across tracts in activity (i.e., relocation of activity from tracts with low initial
employment density to tracts with high initial employment density)."* Appendix Box B.1 summarizes the
methodology for this decomposition.

Using the technique of Griliches and Regev (1995) in panel B of table 2 we find that 1/3™ of the increase
in overall employment density in the last decade is accounted by the “between tracts” component, that is,
employment in Kampala is also significantly being allocated across tracts, implying an increased dispersion
in economic activity.'> Using an alternative methodology in panel C, we find that both within and between

13 These establishments may be co-owned by male owners.

14 Our table presents weighted employment density, weighted by employment share as well as the firm count of the
tract. As noted earlier, the coverage of 2011 UBR data is much wider which may bias our decomposition of “within”
and “between” components if these newly included sectors were drawn from a few select tracts only. These tracts
would likely show a larger change in the “within” tract density.

15 This technique and its merits/de-merits are outlined in greater detail by Foster et al. (2001). Most importantly, the
technique lacks a covariance component, with this feature instead absorbed into both the within- and between-district

10



components have served to reduce the employment density in Kampala, again indicating that on average
employment density became even more dispersed over the last decade. Interestingly, the covariance term
is positive, meaning that the increased employment density is only accounted by a few tracts that were
growing base more than the national average. This could perhaps be the central business district and thus
we witness an increase in importance of CBD over the last decade. For the rest of Kampala, employment
density has declined and employment is even more dispersed than it was a decade ago.

This exercise sets the stage for testing the available alternative models of urban spatial structure.
Specifically, we want to examine whether Kampala is characterized by a monocentric configuration,
polycentric structure or a mixed pattern of organization of economic activity. We describe our empirical
strategy next followed by the analysis in the subsequent section.

Section 4: Empirical Strategy

We conduct our empirical work in two steps: First, aggregating employment from establishment level data,
we obtain the employment density in each tract and ascertain the urban spatial structure of Kampala.
Second, we identify the correlates of the observed distribution of employment density across tracts in
Kampala using the Lucas and Rossi-Hansberg (2002) formulation. Accordingly in this section we first
discuss the empirical techniques for isolating the urban spatial structure and then the strategy for identifying
its determinants. Finally, we shed light on some of the econometric issues.

4.1 Urban spatial structure

The monocentric model predicts that employment density declines smoothly as the distance from CBD
increases.'® We begin with fitting the standard monocentric mode:

Inn(x) = a+ B d(x) + & (x) 4)

Where Inn(x) is the logged value of employment density of a tract x, d(x) is the distance of tract X from
the CBD and &, () is the stochastic error term.

Linear and Cubic Splines are other attractive versions of the monocentric model which have been used by
several researchers (e.g. Anderson, 1982). In this approach, the distance variable is split into intervals and
a separate linear or cubic function is applied to each region. The function is constrained to be smooth at the
boundaries between regions (which are known as “knots”). Distance from the CBD is divided into several
intervals and an equation of the following form is estimated:

Inn(x) = a + fymin(d(x),d,) + yymin(d(x) — dy,dy — dy) * Dy + yomin(d(x) — d,, dy, —d; ) *
Dy +y3(d(x) — d3) * D3 + £4(x) (5)

components. Weighing against this disadvantage, the Griliches and Regev (1995) technique is more robust to
measurement error.

16 Increasing incomes and urban populations have been shown to cause a decline in the slope of density gradient over
time (McMillen, 2006).
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where the minimum value of distance from the CBD is d, while the boundaries between regions are d; =
3,d, = 6 and d3 = 9; D, terms are dummy variables that equal one when d(x)> dj,.."” The interpretation
of the coefficients is simple: §; is the slope coefficient for distance from CBD between 0 — 3 km; y; is the
slope coefficient for distance from CBD between 3—6 km and so on. Similarly higher order splines may be
estimated by generating polynomial functions of the distance intervals.'®

Several approaches have been adopted to identify subcenters. A monocentric model can also aid the
identification of subcenters of economic activity. For instance, the McDonald and Prather (1994) approach
involves looking for clusters of significant positive residuals from a simple regression of the natural
logarithm of employment density on distance from the CBD. Giuliano and Small (1991) suggest that
subcenter can be identified by visual inspection of maps by defining a subcenter as a set of contiguous tracts
each having a minimum employment density of 10 employees per acre and, together, having at least 10,
000 employees. Their method has been adopted by Anderson and Bogart (2001), Bogart and Ferry (1999),
Cervero and Wu (1997, 1998), Small and Song (1994) and in the first stage of the study by McMillen and
McDonald (1998).

Other statistical procedures for identifying subcenters have been proposed by Craig and Ng (2001),
Giuliano and Small (1991) and McDonald (1987). In these models, a reasonable value of employment
density is chosen based on the local knowledge of the city. In general, the employment density required for
subcenter status is likely to be higher in areas with higher overall density levels.

Instead of relying on arbitrary cut-offs that requires local knowledge of an area, we use McMillen’s (2001)
non-parametric technique to identify subcenters of employment in Kampala. McMillen (2001) uses a
geographically weighted regression (GWR) to detect potential subcenter sites. GWR places more weight
on nearby observations when estimating a predicted value for the natural logarithm of employment density
at a target site. This procedure returns an estimate of the employment density at each site which can be used
to identify the potential subcenters of a city. Subcenters are those sites that have densities significantly
greater than the initial smooth. Said differently, density in a subcenter is considerably higher than the
neighboring sites. Statistically, a site is a potential subcenter if the following holds:

n(x)-n(x)
o(x)

Where 7i(x) is the GWR estimate of employment density at site X, (x) is the estimated standard error for
the prediction; and c is the critical value for a normal distribution. Critical values associated with 5 percent,
10 percent and 20 percent significance levels are 1.96, 1.64 and 1.28. Clearly, the number of potential
subcenter sites increase as c falls."

17 We attempted fitting the spline function at other appropriate distance bands and our results are not highly sensitive
to this choice. Our categorization represents a uniform split of the total radius of the administrative boundary of the
city of Kampala that is used in this study.

18 Other alternatives for estimating a monocentric model include nonparametric estimators and semiparametric
estimators such as that used by McMillen (1996), however, these far more difficult to use and have few advantages
when nonlinearity is confined to a single variable.

19 Since we are only able to use data at a tract level (rather than at the finest geographical scale, that is, enumeration
area), we work with a lower cut-off for ¢ (at 20% level of significance, which is 1.28). Most literature in the field
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There are second stage methods available that eliminate sites with trivially small overall employment levels.
For instance, Giuliano and Small (1991) approach suggests that a subcenter is a group of contiguous sites
with significantly positive residuals, in which total employment exceeds a critical value. The critical value
for total employment again introduces an arbitrary element to the subcenter definition. However, the critical
value for total employment is less arbitrary than Giuliano and Small’s cut-off point for minimum
employment density and is less likely to require variation across cities or within a metropolitan area.

4.2 Determinants of urban morphology

Using insights from the conceptual framework (equation 2), we estimate the following base model:
Inn(x) = By + P1lnz(x) + Blnw(x) + @ T(x) + &,(x) (2)

Where n(x) is the employment density in tract X, z(x)is the measure of production externalities in tract X,
w(x) is the wage in tract X, and T(x) is the vector of controls. All unobservable traits, including tract and
nearest subcenter characteristics and land use policies such as zoning laws, non-market regulations are
captured by the error term £(x).

Literature suggests many factors contained in the vector T(x) that are key to determining the pattern of
equilibrium land use. First and foremost, the attractiveness of the city center is perhaps the most important
element (e.g. McMillen and McDonald, 1998). We denote A to be the vector that measures accessibility to
CBD, mainly including the distance to CBD. The CBD would be accessible if the tract had proximity to
bus stations railroads and roads. These measures are also included in vector A. Second, if subcenters are
dominant business hubs, then access to subcenters should also appear as a determinant in the density
equation. Measures for access to potential subcenters, represented by S, primarily include the distance to
the nearest subcenter. Potential employment sites also have attractive amenities such as proximity to health
centers and park that influence their likelihood of standing as a significant employment center. The
proximity to these amenities are captured by vector V.

In our specification, we model accessibility to subcenters and proximity to amenities in inverse form
because it provides a simple and a direct means to determine whether such measures have any influence on
densities without having to worry much about multicollinearity problems.? Additionally, in Kampala a
large proportion of people walk to work and an inverse form would be apt for capturing any non-linearity
in the cost of commute. !

Other tract traits included in T(x) are the irregularity in the terrain of the tract, share of tract area assigned
for residential purposes, open grounds and those covered with lakes and wetlands. These factors tend to

pertains to developed countries where there is a problem of plenty rather than paucity in finding potential subcenter
sites. These studies have mostly used a cut-off at 5% level of significance (e.g. McMillen, 2001). In the case of
Kampala, choosing a 10% level of significance leaves us no potential subcenters except a few tracts that belong to the
CBD and hence do not qualify to be subcenters. We, therefore, work with a lower cut-off so as to retain some potential
subcenter sites in Kampala and effectively implement the Lucas-Rossi-Hansberg (2002) model.

20 As in McMillen and McDonald (1998), the inverse distance at the subcenter location is arbitrarily set to 4 rather
than to infinity.

21 See KCCA (2012).
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limit a tract’s participation in hosting employment activities. The presence of slums, percent of high and
low income households in a given tract also impacts the employment density of the site. Such measurable
idiosyncratic characteristics of the tract are represented by the vector W.

Thus, T(x) can be summarized as:
T(x) ={A4,S,V,W}

Including both z(x) and T(x) in our specification allows us to distinguish from different sources of
agglomeration economies: one that arise purely from access to common infrastructure such as transport and
bus stations, and the other that are internal to the group of establishments within the tract, that is, production
externalities. For instance, if firm location is only determined by accessibility measures then we would
expect that only the accessibility measures are statistically significant in an employment density regression.
Contrarily, if production externalities exist, then a firm may bid more for locating in these tracts,
independent of the other advantages.

4.3 Econometric Issues
We now highlight some of the econometric issues in estimating equation (2).
4.3.1: Omission of wage information

Our true estimating equation from Lucas and Rossi-Hansberg (2002) model is (2) but we do not have
information on wages across each tract in Kampala. Omission of wage information could lead to a bias in
the estimated coefficients. In the Lucas and Rossi-Hansberg (2002) model, wages are determined
endogenously, perhaps as a function of distance of the tract to the nearest potential subcenter and the
production externality in the tract®:

w(x) = §o + G1d(x,s) + (lnz(x) + €,(x) (6)
Substituting the above wage equation in equation (2), we get:

Inn(x) =& + &lnz(x) + ¥ T(x) + e(x) (7)
Where éy = (o + Bo; 61 =0+ Pse=¢e+ gy,and T={4,5,V,W}

Our specification in equation (7) is very similar to the McMillen and McDonald (1998) model here we
additionally use insights from the Lucas and Rossi-Hansberg (2002) because production externalities are
conceptually very important for explaining spatial variations in employment density.

4.3.2: Endogeneity concerns

In estimating equation (7), we suspect that our main explanatory variable, that is, production externality,
could be endogenously determined with employment density. Equation (1) builds the agglomeration index

22 McMillen and McDonald (1998) contend that most of the spatial variation in wages within suburban areas could be
explained by site-specific factors such as distance from the city center.

14



as a function of employment density in all the neighboring sites. Local interaction may be determined by
the density of the given tract itself, because, for instance both are influenced deeply by geographical or
locational features. Due to endogeneity of production externalities, any effect of this variable is likely to be
biased and one needs instruments that are correlated with externalities in the current period.

It is standard in the literature to use as instruments those variables that are correlated with agglomeration
but uncorrelated with geographical location (Ellison and Glaeser, 1999). A natural candidate in this regard
would be to use the lagged values of the explanatory variable, that is, the agglomeration index. Higher
externalities in the past are positively and strongly correlated with current levels of externalities while these
lagged values are not influenced by current levels of employment density. The only lagged agglomeration
index available to us at a tract level is that from the UBR 2002 data. Our first set of instrumental variable
(IV) results use this lagged agglomeration index as an instrument but also acknowledges that this 10 year
lag is not sufficiently long. Thus, we suspect that externalities in production 10 years ago could not only
have an indirect effect on current levels of density but may also directly affect density in 2011. Given the
shortcoming of this instrument, we additionally experiment with alternative instruments such as distance to
universities and schools. The idea here is that proximity to universities affects agglomeration forces either
through knowledge spillovers from educational institutes or through changes in land use. The identifying
assumption is that these spillovers only affect the extent of production externalities but have no direct
impact on the motivations for clustering of firms. We discuss the validity and strength of each of these
instruments as we estimate our model through an IV technique in Section 6.

4.3.3 Non-linearity of production externalities in affecting urban spatial structure

In the estimating equation (7), we assumed that production externalities linearly impact employment
density. However, the exact functional form could be non-linear. For instance at low level of production
externalities, the impact of a marginal increase in external economies of the tract may remain negligible
while at high level of agglomeration, such a change in externalities may possibly turn the tract into a
potential subcenter site. If this is indeed the case then a linear regression of employment density would
yield inconsistent and biased estimates of the parameters for production externalities s. We will therefore
check the robustness of our results in (7) by estimating the equation using a semiparametric estimation
procedure. This partially linear framework is estimated by employing Robinson’s (1988) double residual
methodology and using local linear methods to estimate the functional form of production externalities
affecting employment density. This method estimates, for each tract in Kampala, a weighted regression
based on a Gaussian kernel.

Endogeneity concerns can also be dealt with in a semi-parametric framework in the standard manner. In
the first stage, information on production externalities measured by the agglomeration index in 2011 is
regressed on a relevant instrument and all other independent variables. This is called the first stage and the
residuals obtained in this stage are called first stage residuals. We could alternatively employ non-
parametric estimation procedure to generate first stage residuals as well. After obtaining the residuals from
the first stage regression, we run a semi-parametric regression of employment density on not only our usual
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controls but also including the residuals obtained from the first stage (see Blundell and Powell, 2003). A
semiparametric estimation of equation (7) would confirm if production externalities are indeed non-linear.”

4.3.4 Zeros in dependent variable

As would be expected, not all tracts have a non-zero employment. In our sample of 861 tracts for 2011
UBR, 833 of them have a positive non zero employment. Although only a small proportion of tracts in our
sample have missing employment values, especially in comparison, with studies such as McMillen and
McDonald (1998) that had only 4887 out of 14,290 quarter sections in 1990 Chicago with non-zero
employment, we nonetheless check for the biasedness in OLS estimates that use only non-zero densities.
McMillen and McDonald suggest using Heckman’s (1976) two-stage maximum likelihood procedure
which produces consistent estimates. The first stage of this estimation is a Probit model of the following
equation using all observations:

Pr(N=1) = w (%)
Where N is an indicator variable that equals 1 if the tract has a positive employment and 0 otherwise, v is
the vector of coefficients that determine land use; K are the vector of variables that impact employment
density and 7 is the normally distributed error term. In the second stage, selection bias corrected OLS
estimates of the following equation is presented for tracts with non-zero densities:

In(n;) = AK+u

Where A # ¥ is the vector of coefficients determining the pattern of employment density and u is the i.i.d.
error term. We will use the Heckman’s procedure to check for the robustness of our OLS estimates.

4.4 Extended Model

Although the McMillen and McDonald (1998) approach is useful in understanding the dispersion in
employment density across tracts in Kampala, it does not explain the extent of mixed land use, if any. The
model was built to explain the variation in employment density for a city like Chicago that had many
significant centers of employment. However, such a model is perhaps not suitable to study a city like
Kampala where, as we would see in the following sections, employment is dispersed in an unsystematic
manner. Lucas and Ross-Hansberg (2002), on the other hand, provides a very useful framework for
understanding the mixed land use pattern of urban development. Specifically, relative employment density
in a tract vis-a-vis the nearest subcenter would be a useful test of the predictions of Lucas and Rossi-
Hansberg model. For instance, in Lucas and Rossi-Hansberg formulation, equation 3 suggests that if the
tract is primarily a residential location the cost of commute should have a positive impact on the relative
employment density while the effect of this cost should be insignificant when an average tract is of mixed
land use type. This is because the residents in location x do not commute to the subcenter for employment,

2 In our estimations, we also consider the possibility that distance to the nearest potential subcenter is also non-
parametric, but this hypothesis did not hold.
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and thus the distance to subcenter is not likely crucial. In the extended model, we estimate the logged form
of equation 3, that is,:

Inn(x) — Inn(s) = ﬁ [y(lnz(x) — lnz(s)) + +9d(x, s)]

In principle, there is no reason to suppose that the parameter that measures the effect of production
externalities of the given tract should be the same as that of the nearby potential subcenter. In most of our
work on the extended model, we allow for varying parameters for these variables of interest by estimating
the following equation:

Inn(x)— Inn(s) =& +&Inz(x) +&Inz(s) + P T(x) + &(x) ®)

Where z(S) and n(s) are respectively the production externalities and employment density of the nearest
subcenter. As in our base model, we run similar robustness checks to the OLS estimation of the above
equation.

Section 5: Spatial pattern of employment in Kampala

This section identifies the urban spatial structure in Kampala, starting with some descriptive facts, and then
investigating deeper into the issue using more robust techniques.

5.1 Employment Distribution within the city: Is Kampala Monocentric?

Figure 1 presents the map of employment density in Kampala at a tract level. The map clearly shows that
there are very few tracts outside the contiguous centrally located business district that have density higher
than 4,000 jobs per kilometer square in both the census years 2002 and 2011. Kampala has a very strong
core of employment concentration but, nonetheless, it appears that there may be certain pockets with high
job concentration as well. A visual inspection of the map suggests that the density of jobs is not falling
monotonically with distance from the CBD. To test this more formally, we estimate the standard
monocentric model in equation 4. The result of this estimation for 2011 is shown in column 1 of table 3
(Appendix table A.1, column 1 shows this for 2002). The slope gradient in 2011 suggests that the tract
employment density declines by 34% per km increase in distance from the CBD. Unlike, the African
counter-parts such as Johannesburg and Cape town where the density gradient is found to be positive
(Bertaud and Malpezzi, 2014), density data in Kampala conforms to a standard urban density model with
declining density gradient. In fact, these estimates and the value of adjusted R-square are similar to those
obtained by McDonald and Prather (1994) for Chicago in 1980 using 1,196 urbanized tracts.**

Interestingly, there has been a marginal decline in the density gradient from 0.38 (table A.1) in 2002 to 0.34
in 2011, a trend that has been widely documented for cities across the world. For example, the average
population density gradient for four US metropolitan area declined from 0.40 in 1954 to 0.31 in 1963 (Mills,
1972). Many cities from developing countries have also shown a much sharper decline in density gradients
over ten year periods. For instance, population density gradient in Bombay, a metropolitan city in India,

24 Their estimates suggest that a 1 mile increase in distance decreased employment density by 13% per square mile
(approximately 34% per square km).
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declined from 0.373 in 1881 to 0.325 in 1891 (Brush, 1968). The decline in density gradient for Kampala
may be related to an increase in average household income and urban employment in Kampala over the last
decade (UBOS, 2010).>The marginal decline in density gradient for Kampala could also reflect the fact
that commute costs in Kampala has not changed much over the last ten years.?® This declining trend in
density, is however, in contrast to some cities in developing countries such as Hyderabad in India where
density gradient increased from 0.09 to 0.324 during the period 1951-61 (Brush, 1968).

Next, we test if the density gradient in Kampala falls smoothly with increase in distance from the CBD.
Column 2 of table 3 presents the estimation results of equation 4 where we drop tracts within 3 kilometers
of CBD in Kampala. Although the density gradient is still negative, the distance from CBD has a very low
explanatory power. The comparative static prediction of a monocentric model on a smooth declining density
gradient does not seem to be validated for Kampala beyond 3 km of CBD. This holds true for both the years
of UBR census data. Our result is somewhat analogous to the case of Chicago in 1980 where distance from
the CBD does not explain the variation in floor area ratio gradient, although, in Chicago this happens at a
much higher cut-off of 18 miles (McMillen, 2006).

Columns 3-6 present a spline estimation of employment density function following equation 5. In the simple
version of a linear spline with one knot, shown in column 3, we split the estimation of density gradient up
to 3 km and the other section is beyond 3 km. For the year 2011 the decline in density gradient is 0.91 for
tracts lying within 3 km from CBD while it is merely 0.18 beyond 3 km from CBD, again confirming that
most of the decline in economic activity occurs within 3 km of CBD and beyond that distance there are no
significant centripetal or centrifugal forces that agglomerates or de-concentrates activities. Similar
conclusions can be drawn from columns 4 and 5 that estimate a linear spline model with 3 knots®’ and
column 6 that estimates a cubic spline model.*®

Figures 2a and 2b present a comparison of OLS estimates vis-a-vis splines. Spline estimation seems to
capture the urban spatial distribution of employment in Kampala more appropriately. The figure suggests
that most economic activity de-concentrates within 3 km of CBD and beyond that point employment in the
rest of the city seems to be dispersing rather slowly. The density gradient is nearly horizontal beyond 3 km
of CBD. In sum, our estimation of a monocentric model for Kampala suggests that the city has a very
concentrated nucleus but beyond 3 km from CBD, it is spatially dispersed and perhaps characterized by
mixed land use.

5.2 Is Kampala Polycentric? A Non-parametric approach to subcenter identification

5.2.1 Identification of potential subcenters

25 Increases in income and rise in urban population gradually lead to a decline in the density gradient (McMillen,
2006). Comparing population density estimates for Baltimore, Milwaukee, Philadelphia, and Rochester for 1880—
1963, Mills (1972) finds support for the argument that density gradient is flatter when cities have higher populations
and incomes and lower commuting costs.

26 We infer about the cost of commute from the state of roads and transport infrastructure which has stagnated over
the last decade (UBOS, 2012).

27 Column 5 estimates equation 5 considering tracts beyond 3 km of CBD. R-square for this estimation is very low
and thus distance from CBD does not significantly explain the variation in employment density beyond 3 km of CBD.
28 Although not reported in the paper, we find similar results when using firm density rather than employment.
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Using the monocentric model in equation 4, McDonald and Prather (1994) suggest identification of
subcenters as clusters of economic activity where the residual is higher than a given cut-off. Ranking the
residuals by their size, we retain 25 subcenters, of which only 7 are not contiguous with the CBD tract (in
Nakawa and Kawampe sub-county).”” However, since the fit of the monocentric model is poor beyond 3
km of CBD, we believe that it is not the most robust technique for identifying subcenters. A non-parametric
estimation, geographically weighted regression (GWR), yields 27 subcenters in Kampala for the year 2011.
These subcenters are highlighted on the map of Kampala in figure 3.° Using the matrix contiguity approach
of McMillen (2003), we retain 6 subcenters besides the CBD. ' On top of this, we also apply a minimum
total employment cut-off for a subcenter to count as a site of significant economic activity. We adopt a
conservative approach so as to retain most identified centers of employment and keep this cut-off at 750
jobs. Thus, we eliminate only one subcenter tract using this cut-off (Katale tract located in Kawempe sub-
county and Bwaise II parish).*

5.2.2 Subcenter characteristics

We now turn to subcenter characteristics to check if they reckon to be points of significant economic
activity. Table 4a presents the aggregate contribution of CBD, potential subcenters and the remaining tracts
towards employment and firm share. The table also presents their density in employment and firm count.
The table shows that the CBD in Kampala has a job density of 82,404 per square kilometer, which is
equivalent to 333 jobs per acre, a job density that is comparable to but yet less than the job density of 397

29 The list of names of these subcenters is available on request.

30 GWR was estimated in the software GWR4 using an adaptive Gaussian type kernel. Although the subcenters are
sensitive to the choice of bandwidth, cut-off significance level and the type of kernel chosen, we find that in most
cases the subcenters identified outside of the central sub-county were consistently being drawn as sites of potentially
higher employment density vis-a-vis neighboring sites. Specifically, we used the golden selection search feature of
the GWR software for bandwidth selection to identify the appropriate bandwidth. Nonetheless, our results were
broadly consistent with user defined ranges (up to 200 neighboring tracts). Once the residuals were obtained, a cut-
off of 1.28 is chosen (20% level of significance) to weed out non-significant potential subcenters.

31 In the case of cities in the US, such as Atlanta, Boston, New York, Chicago, and Philadelphia, McMillen (2003)
defines two sites as ‘contiguous’ if they are within 1.25 miles of one another. Since Kampala is small relative to a
city in the US, we define two tracts as contiguous if they are within 1.25 km of each other. Using this criterion, we
infer that the identified employment centers in the central sub-county are contiguous with each other while none of
the identified potential subcenters outside the central sub-county are contiguous, except the ones identified in
Nakawa sub-county.

32 Total employment in a given subcenter has been most often used in studies such as McMillen and Smith (2003)
and McMillen (2003) to eliminate centers of non-significant employment. Depending on a city and a subcenter
location, in most cases a cut-off of 10,000 or 20,000 employees is chosen for cities in the US. In the case of Mexico
City, however, Aguilar and Alvarado (2004) applied a minimum cut-off of 5000 jobs and identified 35 subcenters in
the city using 1999 census data. For Kampala, we believe that the minimum cut-off should be lower than 5,000
given the income and employment statistics vis-a-vis the Latin American city. A cut-off of 750 jobs per tract is
seems extremely low but perhaps its is justifiable given the that total labor force in 1999 in Mexico was 39.5 million
as compared to 13.6 million in Uganda in 2011, while the per capita income (as a proxy for development) also
suggests that Uganda in 2011 was 1/6™ of the level in Mexico in 1999. If we applied half the cut-off used in Mexico
city, that is, an aggregate of 2500 jobs per identified subcenter tract, we are not be left with any subcenter all.
Relative to the local distribution of jobs among non-CBD tracts in Kampala, a tract with 750 employees is over 90
percentile of tracts. Including the CBD tracts, a cut-off of 750 still represents over 85" percentile of tracts.
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jobs per acre in Chicago’s CBD in 1956 (McDonald and McMillen, 1990). Table 4b presents analogous
results for the 2002 UBR census, where a separate GWR estimation was done to identify these subcenters.*

Tables 4a and 4b suggest that over the last decade the share of CBD in total employment has increased from
14% to 18% while that in firm count has increased from 19.5% to 20.5%. The share of CBD in total
employment is similar to that witnessed by large cities in the US during 1980s. However, since 1960s,
metropolitan cities around the developed world are witnessing a decline in the importance of CBD
(Kenworthy and Laube, 1999; Angel and Blei, 2015a). In contrast to large American cities where
employment subcenters contribute to about 15% of employment in 2000, the contribution of Kampala’s
subcenters to employment and establishment counts is abysmally small. Potential subcenters in Kampala
account for only about 2.4% of employment and 2% of firms.** The remaining employment in Kampala,
which is about 80% in 2011, is rather dispersed all across the city. This confirms our preliminary finding
using the monocentric model that Kampala is characterized by a mixed land use pattern.®

In conclusion, our work on ascertaining the urban spatial structure in Kampala suggests that the city has a
concentrated business center, however, beyond the 3 km radius, employment is spatially dispersed. The
small contribution to aggregate employment by the identified subcenters also confirms our intuition that
Kampala is characterized by a mixed land use pattern. At this level of development and income, we do not
expect a city like Kampala to have multiple centers of economic activity. However, the degree of
monocentricity in Kampala seems to be lower and economic activity in the city is rather mixed with
residential use. This sort of mixed land use, as argued in the literature, is not optimal and speaks volumes
about the lack of a spatially organized productive structure. We now turn to explaining the observed pattern
of spatial variation in employment density in terms of cost of commute and the extent of production
externalities using the framework of the Lucas and Rossi-Hansberg (2002) model.

Section 6: Explaining urban morphology in Kampala

This section uses variation in employment density across tracts in Kampala to examine the factors that have
shaped its urban spatial structure. Beginning with the estimation of the base model, we proceed to address
the econometric issues highlighted in section 4.

6.1 Base Estimation

Our base estimation is essentially an OLS replica of McMillen and McDonald (1998) model for Chicago
in 1980 and 1990, except that we introduce production externalities in the spirit of Lucas and Rossi-
Hansberg (2002) model. The results of these estimations are reported in columns 1 and 2 of table 5a, where

3% Employment density is high in subcenters because the tract area under consideration is very small. This is in line
with the findings of Angel and Blei (2015a) who report that the average area of subcenters in American cities was
12.80+.260 km. By contrast, the average size of a tract subcenter in Kampala is only 0.21 km square while that of
CBD is only 0.70 km square.

35 Evaluating the contribution of CBD and potential subcenters by sectors , we found that CBD contributes less to
manufacturing employment vis-a-vis their contribution in services. Though the differences across sectors are less
stark in Kampala, nonetheless, we contend that finding is very much in line with the sectoral contribution of
metropolitan cities in the US (Duranton and Puga, 2001).
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the vector T = {4, S} includes access measures to the CBD and the nearest potential subcenter.>® Access to
the CBD is included in linear, square and cubic terms while access to the subcenter is proxied by the inverse
of the distance to the nearest potential subcenter.’” The result in column 1 suggests that as the distance to
the nearest potential subcenter decreases, employment density of the tract increases. Thus, tracts placed
closer to the potential subcenter experience some positive spillovers from the nearest subcenter. Column 2
adds in the sub-county and parish fixed effects to the specification in column 1. Adding local fixed effects
heightens the importance of nearest subcenters. Every one kilometer increase in distance from the nearest
subcenter is associated with a decline in employment density of the tract by 33%. As compared to the study
on Chicago in 1980, where McMillen and McDonald (1998) document a 33.9% decline in employment
density per mile increase in distance from the nearest subcenter, this decline in Kampala in 2011 in much
flatter.

In the subsequent specifications 3-12, we introduce production externalities using the agglomeration index
of the Lucas and Rossi-Hansberg (2002) model. In columns 3 and 4, we note that the impact of proximity
to potential subcenters on employment density is reduced and partly absorbed by externalities in production.
In fact, every kilometer increase in distance from the nearest subcenter is associated with a decline in
employment density by 23.5% when tract production externalities and local fixed effects are taken into
account.*® As for externalities itself, a 10% increase in pure external economies is associated with a 3.7%
increase in employment density when local fixed effects are included (column 4). It is also noteworthy that
in this specification distance to CBD is no longer significant in explaining the variation in employment
density in tracts implying that job matching in Kampala is highly localized.

In specifications for columns 5 and 6 we add a host of access related distance variables for tracts while in
columns 7 and 8 we add other tract traits. In each of these specifications, we first estimate without local
fixed effects and then in the subsequent specification, sub-county and parish fixed effects are included. Our
results are robust throughout all these specifications in that production externalities have a significant and
positive effect on the employment density of the tract while the cost of commute proxied to the nearest
potential subcenter, negatively affects employment density.

There are a few points worth noting from results in table 5a. One, the specification in column 8 suggests
the supply of infrastructure matters for clustering of firms. The proximity to bus stations and tract area
devoted to infrastructure networks (e.g. roads) have a significant and positive impact on employment
density. Although, the magnitude of effect of transport network is high, the proximity to bus stations has a
very small impact. This again points towards a much localized job market in Kampala with limited scope
for commuting via buses.

36 We refer to the retained subcenter tracts as “potential” centers because they account for a very small proportion of
economic activity.

37 Appendix table A.2 describes the basic statistics of our variables of interest.

38 Notice that this result supports the theory that bid rents are higher near potential subcenter sites and so is employment
density. Firms outbid households in such locations and therefore mixed land use is less rampant for locations closer
to subcenters. The result is akin to the prediction of falling density gradient from CBD in monocentric model.
Nonetheless, employment density, by itself, is not a good measure of mixed land use and hence an increase in
employment density due to a decline in commute cost is not a true test of Lucas and Rossi-Hansberg (2002) model.
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Two, surprisingly and unlike the cities in developed countries, the presence of slums has a positive and
significant impact on employment density perhaps be due to the availability of local labor markets for
informal low skill jobs. To explore this hypothesis further, we control for the proportion of high income,
low and very low income residential areas in a given tract in columns 9 and 10.>* Areas with high income
residential have lower employment density perhaps because richer people can afford to commute to the
higher paying jobs in the CBD or subcenters. By contrast, it is the population in tracts with large proportion
of very low income groups that search for local jobs and for whom the cost of commute to nearest subcenter
and CBD is a significant determinant of employment choice.

Finally, we note that once we add the income groups into the specification, distance to CBD is not
significant even when local fixed effects are not included. This implies that the negative effect of distance
from CBD on employment density was primarily capturing the impact on tracts with a large proportion of
high income households who can actually afford to commute to CBD for better job opportunities. Most
poor people walk to work locally and try their best to economize on the cost and time of this commute.
Thus, the non-monocentric pattern of employment spread in Kampala is critically explained by the presence
of local labor markets and the high cost of commute to the nearest potential subcenters.

Most employment in Kampala comes from services that have a lower tradability potential. Do the factors
that explain the variation in employment density differ across the two sectors? To this end, we identify
potential subcenters in Kampala based solely on sector specific density and re-run the estimations in table
Sa separately for manufacturing and services sectors. The main results from this estimation are shown in
table 5b.*” A comparison of manufacturing with services suggests that accessibility to CBD as well as the
subcenters matter much more in terms of magnitude for manufacturing vis-a-vis services, suggesting that
services jobs are more localized relative to those in manufacturing. This fact is reiterated in the size of the
coefficients for distance to bus stations and the proportion of tract area devoted to transportation use (mainly
roads and walkways). Lastly, we note that income groups matter for explaining density variation only in
the case of services, again indicating that job markets are localized only for the services sector rather than
that in manufacturing. Finally, the impact from production externalities is larger for the services sector vis-
a-via manufacturing.*!

6.2 Robustness Checks on the base model
As a robustness check, we re-estimate equation (7) in the following alternative specifications:
6.2.1 Historical persistence

One of the shortcomings of the urban spatial models is that they are static in nature. Research suggests that
nothing predicts density better than past density (e.g. McDonald and Bowman, 1979; McDonald, 1979;
Brueckner 1986; Anas 1978; Wheaton 1982). Redfearn (2009) provides ample evidence that the local peaks

39 The correlation between the slum variable and the proportion of low and very low income households is 0.1 and 0.4
respectively.

40 The four specifications in table 5b for each of the two sectors corresponds to columns 7, 8, 9 and 10 in table 5a.

4! Unreported estimations of the base model estimation that decompose production externalities index by sectors (but
ignoring the spillovers across sectors) confirm that it is mainly the externalities in the services sector that explains the
variation in aggregate employment density.
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in employment density, locations of employment centers have remained persistent over time. This has
happened in spite of dramatic changes in transportation costs, communication costs and production
technology. As a robustness check, we additionally control for historical persistence of employment density
in our base estimation in appendix table A.3 and verify the impact of cost of commute and production
externalities in explaining variation in employment density across tracts in Kampala. Our results with this
additional control confirm that in spite of strong persistence, production externalities and the cost of
commute still explain a significant variation in employment density.

6.2.2 Higher rates of decay of Production externalities

Production externality for tracts in Kampala is calculated with a decay parameter of 5, which is standard
in the literature (see, Lucas and Rossi-Hansberg, 2002; Koster and Rouwendal, 2013).* We experiment
with a higher rate of attenuation because services sectors that have a lower tradability is the main activity
in Kampala and for which clustering is beneficial only locally (e.g. restaurants; retail trade). It is thus
possible that the benefits of agglomeration dissipate rapidly in Kampala. We experimented with a decay
parameter of 10, 15 and 20 and Appendix table A.4 presents the results from an estimation where production
externalities are calculated using a decay parameter of 20. Here we note that: one, the magnitude of impact
of an increase in production externalities is considerably smaller vis-a-vis the model with decay parameter
of 5. Two, our results with respect to the cost of commute to the nearest subcenter, the importance of road
infrastructure, the presence of slums and low income residential areas having a positive impact on
employment density continue to hold in this alternative specification. In fact, the magnitude of the effect of
these variables remains comparable across the two models.

6.2.3 Zeros in dependent variable

As explained in section 4, zeros in employment density for 28 tracts in 2011 could lead to biased estimates

when the base equation is estimated using OLS. This is because there could be a strong effect of
participation of a tract in employment and the ensuing employment density. This correlation between the
density equation and the selection equation, represented by p (rho), could be positive if the error term in
the density equation positively impacts the error term in the selection equation. On the other hand if the
factors representing the error term in the density equation have a negative impact on error term of the
selection equation, this correlation would be negative.*’

Appendix table A.5 presents the result from Heckman’s maximum likelihood estimation. Also presented is
the Wald test for independence of equations, which tests whether the selection of a tract to participate in
employment activity is independent from the actual density. The p-value of the Wald test statistics suggests
that we cannot reject the hypothesis that p = 0 and hence the selection equation is independent of the
density equation. Since p is not significantly different from zero, we can infer that OLS estimates presented
in table 5a are not biased because of presence of zeros in the dependent variable.

42 Koster and Rouwendal (2013) make a very interesting application of Lucas and Rossi-Hansberg (2002) model for
studying the variation in land rents.
43 See McMillen and McDonald (1998) for more details.
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6.2.4 Other Checks

Some more robustness checks, not reported in the paper, include: (i) examining the impact of production
externalities and the cost of commute on firm density rather than employment density, (ii) different choice
of CBD. Our results remain broadly the same across such alternative specifications (iii) Our results remain
robust to an alternative specification where we measure distances from the edge of the tract rather than the
centroid.

6.3 Instrumental Variable Estimations

We suspect that production externalities in a tract could be determined endogenously with employment
density of that tract. For instance, it could be the case that a tract’s employment density positively impacts
the density of neighboring tracts and in turn raises own externalities. In this case, the bias would be in
upward direction. In the reverse case, own employment density could decrease the employment density of
neighboring tracts either due to congestion forces or market constraints in the given tract. In this case, higher
employment density of the given tract could lead to a decline in own externalities and thus have a downward
bias in the estimates. We address this concern by estimating equation (7) using Instrumental variable (IV)
technique.

The identifying assumption in our I'V approach is that higher employment density tracts attracting more (or
less) employment opportunities in neighboring tracts can be overcome by focusing on what the employment
density in 2011 would have been had they been based on past levels of production externalities. This
approach relies on the assumption that the current levels of employment density cannot affect past levels
of employment density which in turn could have an effect the past levels production externalities.

Although lag identification, that is, the use of lagged values of the endogenous variable as an instrument,
is widespread in the social sciences literature, there are nonetheless problems associated with this strategy.
For instance, Bellemare et al. (2015) show that “lag identification” is an illusion in that it merely moves the
channel through which endogeneity biases causal estimates by “replacing a selection on observables
assumption with an equally untestable no dynamics among unobservables” assumption. Likewise, Reed
(2014) suggests that lagged identification could be an effective estimation strategy if the lagged values do
not themselves belong in the respective estimating equation. In using the lagged values of the agglomeration
index, we doubt that this may necessarily hold. Given the unchanged economic structure in Kampala over
the last decade, it seems unlikely that the sources of production externalities have changed much.
Persistence in density is well documented in the urban economics literature and thus it is recommended to
use longer lags in any identification strategy (see Ciccone and Hall, 1996 and also Combes et al. 2011 for
a survey on such strategies).

For our case, a longer lag is not feasible because 2002 is the only year for which we have employment data
available.** We believe that the extent of these externalities would be affected by knowledge spillovers

4 We considered using a Bartik (1991) style instrument; however, it would more demanding in terms of the
availability and quality of data in Kampala for previous years. Bartik type instrument uses industry level local
variations to identify the effect of endogenous variables.
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while the possibility of knowledge spillovers by itself does not directly attract firms. We, thus, experiment
with distance of the centroid of a tract to the nearest university or school as a possible alternative instrument.

The IV estimations results using the three instruments is summarized in table 6.* Panel A of table 6 shows
only the coefficients for the endogenous variable, agglomeration index (measuring production
externalities), from the base OLS estimation of columns 4, 6, 8, and 10 of table 5a. Panel B shows the
reduced-form estimates, where agglomeration index in current period in equation (7) is replaced by the
respective instruments. The reduced-form estimates for each of the instruments resemble the OLS estimates
for many covariates. For each of the instruments, the first-stage relationships are also quite strong. For
instance, for the model in column 1 of table 6, the first stage elasticity (p-value) for the lagged values of
agglomeration index is 0.5 (0.00) and the F-statistics is 111. For other specifications in columns 2-5 of table
6, the first stage elasticity ranges from 0.46 to 0.5 and the F-stat is never below 85. Likewise, with other
instruments, the first stage relationships are strong and so is the F-stat. For each of our instruments, we also
present the stats from the Cragg-Donald weak identification test and compare it with the critical values
provided by Stock and Yogo (2005).

For the lagged values of agglomeration index and the distance from nearest universities, it is not surprising
that given the strong fit of the first-stage relationships, higher magnitude of the stats on weak identification
test, the IV specifications generally confirm the OLS findings. In most cases, we do not statistically reject
the null hypothesis that the OLS and IV results are the same (as per the exogeneity test reported in table 6).
By contrast, the distance from schools does not appear to be a strong instrument as per the weak
identification test. Moreover, the magnitude of the coefficient estimates for agglomeration index in 2011
seems to be highly inflated vis-a-vis the OLS estimates when instrumented using distance from the nearest
school. This is again rightly so, as we do not expect to have much knowledge spillovers from schools vis-
a-vis from universities which could be a source of research, information and skilled labor flows.

6.4 Semi-parametric estimations

Calculation of production externalities of a tract is based on the summation of employment density in all
neighboring tracts. There is no reason to believe that this summation of employment density of neighboring
tracts should linearly impact density of the given tract. For instance, the impact of an increase in
externalities in a primarily residential tract would not be the same as that of a tract that is dominantly
business oriented. An OLS estimation of equation (7) rests on the strong assumptions of the functional form
of the distribution of the error term that are probably not true. Thus, to validate the robustness of our results
we need to estimate the model semi-parametrically. In this framework as well, we account for the possible
endogeneity of production externalities.

We estimate equation (7) using the procedure outlined in section 4. Given the framework of Lucas and
Rossi-Hansberg (2002), we are interested in: one, the coefficient for the distance to the nearest potential
subcenter that proxies for the cost of commute; and two, an unknown function that summarizes the
important characteristics of the function ¥ and the distribution of the errors in equation (7). These functions
are identified from the distributions of the random sample of observations on the dependent variable,

4 Detailed results from IV estimation and reduced form estimates are available upon request.
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independent variables and instrumental variables using standard semi-parametric methods. Columns 1- 3
of table 7 presents the results from a semi-parametric regression using Robinson’s (1988) double difference
method while columns 4-6 additionally accounts for endogeneity of production externalities using lagged
values as instrument and columns 7-9 uses the distance from the nearest university as an instrument in a
semi-parametric framework.

As in the case of OLS regression of equation (7) presented in table 5a, we find that proximity to a potential
subcenter increases employment density of the tract but not once we control for tract traits that provide
inputs into local labor markets, such as proportion of slum area or very low income groups in a tracts. Once
these controls are introduced, labor market and job search is more localized and variation in employment
density cannot be explained by the cost of commute to the nearest subcenter. Finally, we observe that the
coefficient estimates for many of the covariates in columns 1-3 in table 7 are comparable to those obtained
after addressing endogeneity in a semi-parametric framework when using lagged agglomeration index
(columns 4-6) and distance to nearest university (columns 7-9). Thus, endogeneity does not seem to be a
concern even in a semi-parametric framework.*¢

Figure 4 presents the results for the agglomeration index estimated using the semi-parametric technique for
the fully loaded model in column 3 of table 7.*’ In the figure we also show a 95-percent confidence intervals
by means of a bootstrapping procedure. On average, a 10 percent increase in production externalities leads
to an increase in employment density by slightly over 2 percent. These estimates are similar to those
obtained using an OLS estimation of equation (7) (directly comparable with column 10 of table 5a). **

6.5 Extended Model

As outlined in section 2, by estimating equation (7), we are explaining variations in employment density
but employment density cannot be used to infer the pattern if the residential land use in Kampala is mixed
with business. Additionally, the effect of the cost of commute in equation (7) is confounded by the impact
of wages on employment density. This is because wages in the Lucas and Rossi-Hansberg (2002) model
could be a function of the cost of commute to the nearest subcenter without the residents actually having to
commute to the business area. In an attempt to address this concern, we estimate equation 7 that models the
relative of employment density in a tract vis-a-vis the nearest potential subcenter as a function of the relative
production externalities and the cost of commute. From the Lucas and Rossi-Hansberg model, we infer that
the cost of commute would appear as a significant determinant of the ratio of employment densities if the
tract is a residential location and people from this location commute to the subcenter for employment

46 The first stage of a semi-parametric IV involves regressing the endogenous variable on the instrument and other
independent variables to generate residuals which are then used in the second stage for IV estimation. We also tried
employing non-parametric estimations to generate first stage residuals but that does not alter the qualitative nature of
our results.

47 We also considered the possibility that distance to the nearest subcenter enters the estimating equation non-
parametrically. However, we could not reject the null hypothesis that it can be approximated by a linear function.

4 Qur semi-parametric estimations conduct the Hardle and Mammen's (1993) test to evaluate whether the
nonparametric fit could be approximated by a polynomial fit of order 2, 3 and 5. The p-values for the test of order 2
is reported in table 7 and these values suggest that we cannot approximate the impact of production externalities by a
polynomial of order 2 (or more). The statistic as such is not normally distributed but it can be re-scaled in a way that
it can be compared with the quantile of a Normal distribution.
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opportunities or vice versa. If, on the other hand, the residents of the tract do not commute to the nearest
subcenter, but live close to their work place in the same tract, the cost of commute to the subcenter should
not appear as a key determinant of the relative employment densities.

Table 8a presents the OLS estimation results from equation 7, with the condition that & = &,, that is, the
coefficient estimates of agglomeration index of a given tract is the same as that of the nearest subcenter The
table suggests that an increase in the relative production externalities, as measured by the agglomeration
index of a tract vis-a-vis the nearest subcenter positively impacts the relative employment density of the
tract. In the full model that controls for all tract traits and includes both the sub-county and parish fixed
effects, we find that a 10% increase in the relative agglomeration index of the tract is associated with an
increase in relative employment density by 1.3%. By contrast, we do not find any significant impact of the
cost of commute on the relative concentration of employment in a tract, a result predicted for cities with
mixed land use.

In an alternative specification, we allow different coefficient estimates for the agglomeration indices for
the subcenter and the tract. Table 8b presents the results from estimation equation 7, without any constraint
on &; and &,. Columns 1-6 present the results for all three sectors together while columns 7-8 makes some
comparison with the manufacturing sector and 9-10 does the same for services. This table (i) confirms the
results obtained in table 8a that in a mixed land use pattern, the cost of commute does not explain the
observed relative density of a tract vis-a-vis the nearest subcenter. This is because a high cost of commute
is the primary reason residents chose to co-locate with their jobs in the first place. (ii) Own agglomeration
index has a positive and significant impact on relative employment density of the tract. In the fully loaded
model, a 10% increase in own agglomeration index is correlated with an increase in relative employment
density of the tract vis-a-vis the nearest subcenter by 2.6% (column 4 of table 8b). Overall, we find this as
evidence in support of the Lucas and Rossi-Hansberg (2002) model. (iii) Production externalities in
Kampala’s subcenters are extremely weak to have any significant impact on relative employment density.
To test this further, in columns 5-6 we introduce an interaction term on the inverse of the distance to the
subcenter with the agglomeration index of the subcenter. Once local fixed effects are included, the
interaction between proximity to subcenter and the latter’s agglomeration index is not significant. This
implies that even tracts located in close proximity to the subcenter are unable to benefit from the nearest
subcenter’s production externalities. This result re-emphasizes the poor magnitude of externalities in the
identified subcenters in Kampala.

(iv) When comparing the overall results with sector specific findings in columns 7-10 of table 8b, our work
suggests that on average a tract in Kampala does not behave like a mixed land use area when it comes to
manufacturing jobs because the cost of commute has a significant effect on the ratio of employment density.
Contrarily, for services, the cost of commute does not seem to matter in explaining the variation in the
employment density ratio, as shown in column 10 of table 8b. In both sectors, however, the subcenter’s
production externalities have no role in determining the pattern of land use, indicating that potential
subcenters, that measure local peaks in employment density, have no significant advantage over the rest of
the tracts in curbing the extent of mixed land use across the city.

To address endogeneity concerns in the extended model, we run IV estimation of equation 7 using lagged
values of agglomeration index, the distance from the nearest university and schools. The result of this
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regression is presented in table 9. The performance of the alternative set of instruments in this specification
is very similar to that obtained in estimating equation 7 (in table 6). When using lag agglomeration index
and distance from the nearest university the IV estimates for production externalities are strikingly similar
to the OLS estimates. In fact, for all our specifications, we cannot reject the null hypothesis that production
externalities are indeed exogenous.*’ These estimates reinforce the message from OLS estimation of that is
production externalities of the subcenter do not impact the relative employment density of tracts in Kampala
in anyway. Similarly, the cost of commute to the nearest subcenter is not significant in most specifications
in [V estimates as well, indicating that Kampala indeed has a mixed land use pattern because the cost of
commute is so high that most people choose to live close to their work place.

Table 10 presents results from semi-parametric estimation of equation 7. Columns 1-3 of this table estimate
the equation without accounting for endogeneity while columns 4-9 present results from semi-parametric
IV estimation, using lagged agglomeration index (columns 4-6) and distance from the nearest university
(columns 7-9) as an instrument. The results from OLS estimation continue to hold even when production
externalities of the tract have a non-parametric structural form. Specifically, the mixed land use pattern in
Kampala seems to be largely driven by the high cost of commute and the weak nature of production
externalities in Kampala’s business centers. Finally, own production externalities have a very strong and
positive influence on mixed land use in Kampala. Figure 5 presents the impact of production externalities
on relative employment density, suggesting that, on average, a 10% increase in agglomeration index,
measuring production externalities in the tracts, increases the employment density ratio by nearly 2.6%.
These estimates are very much similar to those obtained from OLS estimation of equation 7 (column 4 in
table 8b).

Section 7: Conclusions

Our analysis on the city of Kampala in Uganda using the census of business establishment data for the years
2002 and 2011 suggests that Kampala has a very concentrated nucleus of economic activity. However, the
comparative static prediction of a smoothly declining gradient of employment density for a monocentric
model is obeyed only up to 3 km. There are no other significant peaks in employment density gradient
beyond the city center. The preliminary analysis of a monocentric model suggests that employment in
Kampala is spatially dispersed. A more robust non-parametric (GWR) estimation of employment density
in the city identifies five potential subcenters in 2011. However, none of these subcenters are significant
centers of economic activity and together they account for less than 2.5% of aggregate employment. Even
the CBD contributes to less than 18% of city-wide employment.

The fact that employment in Kampala is dispersed across the city rather than concentrated in the CBD or
the subcenters speaks much about the weak nature of production externalities and the high cost of commute
to business centers. Our paper finds that the cost of commute to the nearest subcenter and the extent of
production externalities explain much of the variation in employment density across tracts in Kampala. In
a stripped-down version of the basic model with local fixed effects, every kilometer increase in distance
from the nearest subcenter is associated with 23.5% decline in employment density, while a 10% increase

4 Reduced form estimates and the detailed IV regression tables for the extended model are available upon request.
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in agglomeration index measuring production externalities is associated with an increase in density by
3.7%.

The test of the Lucas and Rossi-Hansberg (2002) model is most apparent when we use the ratio of the
employment density of tract vis-a-vis that of the nearest subcenter as the dependent variable. In this
extended version of the model, we additionally control for production externalities in the subcenter . The
Lucas and Rossi-Hansberg model predicts that in a mixed land use economy people locate very close to
their jobs and therefore distance to the nearest subcenter should not matter for the relative density of the
tract vis-a-vis the nearest subcenter. We find this to be true for Kampala; however, when running the model
by sector, our results indicate that the cost of commute, on average, affects the pattern of land use in
manufacturing jobs but not services. Since services contribute to about 85% of employment, overall results
seem to be primarily driven by the dynamics in the services sector.

Finally, our estimations suggest that production externalities are critical for determining the relative
employment density. Specifically, a 10% increase in the agglomeration index of the tract increases the tract
employment density vis-a-vis the nearest subcenter by 2.5%. However, the extent of externalities in
Kampala’s subcenters is too weak to have any significant effect on even the nearby tracts. The literature
suggests that higher commuting costs foster mixed land use by forcing workers and producers to co-locate.
Even though mixed areas emerge in equilibrium, they never form an optimal outcome (Rossi-Hansberg,
2004). Given the dominance of mixed land use in Kampala, policy makers should think of implementing
measures for closing the gap between equilibrium and the optimal allocation of land. Our work suggests
that separating residential areas from business use could be encouraged by lowering the cost of commute,
either through investments in infrastructure, public transport systems and so on as well as by bringing about
relevant reforms in land use policy that directly affects production externalities.
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Figure 4: Semiparametric Estimations of the base model
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Table 1: DIsaEregalion by Industry, 2011

Count Share
Female owned Female owned
Sub County  sector Employment _Establish Establishments Employment _Establish Establishments
Aggregate 379257 133663 66283 100 100 49.6
Agriculture 3363 484 135 0.9 0.4 219
Manufacturing 50873 10255 4146 13.4 1.7 404
Services 325021 122924 62002 85.7 92 504
Retail trade and repair 108403 68948 38787 334 56.1 56.3
Hotels and restaurants 51201 17144 12029 15.8 13.9 70.2
Other Personal and Private Services 28832 13024 5322 8.9 10.6 40.9
Financial Real Estate and Business Services 24834 3258 484 716 2.7 149
Sale and Repair of Motor Vehicles 23198 6203 993 7.1 5 16.0
Education and Health Services 21608 2963 1160 6.6 24 39.1
Public Admin Services 19445 2862 907 6 23 31.7
Wholesale trade and repair 19119 5880 1939 59 4.8 33.0
Transport and Communications 15751 2112 348 48 1.7 16.5
Electricity, Water Construction 12630 530 33 3.9 0.4 6.2
Notes: The table p infl ion on employ and firm count using the Uganda Business registry (UBR) data, 2011 census
Table 1b: Disagregntion by Industry, 2002
Count Gender Composition of Employment Share
Sub County sector Employment Establishment  Females, % Males, % Employment Establishment
Aggregate 180325 55448 41 59 100 100
Agriculture 928 432 30 70 0.5 0.8
Manufacturing 28870 417 24 76 16 1.5
Services 150527 50845 44 56 835 9.7
Retail trade and repair 50797 30461 54 46 337 59.9
Hotels and restaurants 21153 7585 73 27 14.1 14.9
Financial Real Estate and Business Services 19318 1431 27 73 12.8 23
Education and Health Services 14003 1675 54 46 93 33
Other Personal and Private Services 12036 4941 41 59 8 9.7
Sale and Repair of Motor Vehicles 11455 2710 15 85 1.6 53
Transport and Communications 7812 629 24 76 5.2 12
Electricity, Construction 7313 139 12 88 4.9 03
Wholesale trade and repair 5088 1204 28 12 34 24
Public Admin Services 951 55 34 66 0.6 01
Extraterritorial organizations and bodies 601 15 33 67 04 1]

Notes: The table presents information on employment and firm count using the Uganda Business registry data, 2001 census
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Table 2: Decompositions of Employment density changes, 2001-2011

Average Employment density, weighted by

Employment Firm count
9] €3]
A. Change in employment density using balanced panel
Employment density start 12412 15542
Employment density ending 26563 32566
Employment density change 14151 17025
B. Decomposition: Griliches and Rejev (1995)
Within tract component 9713 11993
Between tract component 4437 5032
Total 14151 17025
C. Decomposition: Bailey et al. (1992)
Within tract component -664 -2418
Between tract component -5941 -9379
Covariance term 20756 28822
Total 14151 17025

Notes: Table decomposes changes in Employment density for Kampala from 2001 UBR census to 2011
UBR census. Column headers indicate metrics and time peniods. Panel A presents the urbanization
change using a balanced panel of tracts employed in the decomposition. Decomposition technique
follows Foster et al. (2001), Baily et al. (1992), and Griliches and Rejev (1995). For the Bailey et al. (1992)
technique, the within component represents changes in urban shares within tracts with tracts weighted
by initial employment or firm count shares for the city of Kampala. Positive values indicate that tracts
tended to have increasing employment density when weighted by initial employment or firm count. The
between component represents changes in employment or firm count shares across tracts interacted with
the initial deviation of tracts from the overall city employment density. Positive values indicate that
employment or firms tended to be reallocated towards tracts that had higher initial employment density.
The covanance component term represents the interaction of changes in employment density for tracts
across the peniod with changes in employment or firm shares for tracts across the penod. Positive values
indicate that fast growing tracts also experienced nising employment density. The three components by
definition sum to the total change in employment density for the city of Kampala.
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Table 3: Monocentric Model, 2011

Dependent variable: employment density, in logs

Linear Splines
tracts over 3 km

Linear Splines,
Linear Splines, with 2 knot (for
with one knot  with 3 knots (All tracts >3 km of Cubic Splines, with

All tracts from CBD (All tracts) tracts) CBD) 3 knots (All tracts)
1) @ €)) C)] ®) ©)
distance_CBD -0.340+++ -0.226+++
(0.023) (0.036)
min(d. 3) -0.908++ -0.925+++ -4.197+++
(0.075) (0.082) (1.050)
(d-3)*D(d>=3) -0.180++
(0.032)
min((d-3), 3)*D(d>=3) -0.164++ -0.301+++
(0.065) (0.080)
min((d-3), 3)*D(d>=6) -0.129 -0.065
(0.097) (0.100)
(d-9)*D(d>=9) -1.776++ -1.869+
(0.563) (0.568)
(min(d, 3))2 1.659++
(0.696)
(min(d, 3))3 -0.251+
(0.133)
min((d-3), 3)3*D(d>=3) -0.032+++
(0.006)
min((d-3), 3)3*D(d>=6) 0.014
(0.016)
(d-9)3*D(d>=9) -0.062+++
(0.020)
Constant 8.768+++ 8.100+++ 9.966+++ 9 988+++ 8.403+++ 11.696++
(0.108) (0.204) 0.177) (0.183) (0.369) (0.442)
Observations 833 553 833 833 553 833
Adjusted R-squared 0.236 0.074 0.285 0.290 0.084 0.311

Notes: This table estimates linear and spline monocentric model based on equations 4 and 5. Employment density in reporting tracts is regressed in distance
to CBD. d refers to the distance from CBD, the knots are created at d1= 3, d2=6, d3=9. Estimations report standard errors in parantheses. +, ++, and ~—++
denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 4a: Contribution by regions within a city, 2011

Agoregates density Share in
regions Total Emplovment Firm Count  Area Employment Firm Total Employment Firm Count Area
CBD 57501 27133 0.698 82404 38884 17.6 20.9 0.39
Potential Subcenters 7959 2641 0.232 34279 11375 24 2 0.13
Others 261809 99907 177.193 1478 564 80 7 99.5
Notes: This table uses subcenters and CBD tracts identified using Geographically weighted regressions for the 2011 data to calculate their shares in employment, firm and area.

Table 4b: Contribution by regions within a city, 2002

Aggregates density Share in
regions Total Employment Firm Count Area Employment Firm Total Employment Firm Count Area
CBD 24893 10655 0.657 37894 16220 13.9 19.5 0.38
Potential Subcenters 5127 391 0.242 21196 1615 2.9 0.7 0.14
Others 149404 43570 174.4 857 250 833 79.8 99.5
Notes: This table uses subcenters and CBD tracts identified using Geographically weighted regressions for the 2001 UBR data to calculate their shares in employment, firm and

area.
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Table 5a: Log employment density, 2011

Explanatory variables ()] @ 3) (O] ®) © @) ® ® (10)
distance to CBD -1.857++ -1.173++ -0.696+++ -0.043 -0.509++ -0.052 -0.584++ -0.157 -0.317 0.248
(0.196)  (0.505) (0.195) (0.493) (0.198) (0.488) (0.206) (0.472) (0.210) (0.539)
distance to CBD, square 0.323+++ 0.132 0143+ 0020 0.100+~ 0017 0.133+++ 0.052 0.100+ -0.009
(0.047)  (0.100) (0.045) (0.092) (0.046) (0.091) (0.048) (0.092) (0.049) (0.101)
distance to CBD, cube -0.019+++ -0.006 -0.009+++ -0.001 -0.006++ -0.001 -0.009+++ -0.003 -0.008+ -0.001
(0.003) (0.006) (0.003) (0.005) (0.003) (0.005) (0.003) (0.006) (0.003) (0.006)
Inverse distance to nearest potential subcenter 0.317+++ 0.332+++ 0.196+++ 0.235++ 0.166++ 0217++ 0.135+ 0.097 0227+++ 0.152
(0.074) (0.110) (0.073) (0.104) (0.078) (0.103) (0.074) (0.094) (0.080) (0.105)
Log Agglomeration Index, 2011 (delta = 5) 0.274+++ 0.374+++ 0.253+++ 0.357+++ 0.180+++ 0.278++ 0.160+++ 0.250+++
0.021) (0.041) (0.023) (0.041) (0.022) (0.039) (0.021) (0.037)
Inverse distance to railroads -0.023  -0.006 -0.026 0.007 -0.039++ -0.014
(0.018) (0.026) (0.017) (0.021) (0.018) (0.022)
Inverse distance to bus stations 0.036++ 0.026+++ 0.027+ 0019+ 0.026++ 0.024++
(0.017) (0.010) (0.012) (0.008) (0.013) (0.011)
Inverse distance to nearest road -0.001  -0.000 -0.000 -0.001 -0.001 0.001
(0.001) (0.001) (0.001) (0.001) (0.002) (0.002)
Inverse distance to nearest park -0.019 0.006 -0.016 0.003 -0.009 0.015+++
0.012) (0.009) (0.011) (0.010) (0.009) (0.006)
Inverse distance to nearest health center 0.022+++ 0.011+ 0.009+ 0.006 0.010+  0.008
(0.006) (0.006) (0.005) (0.005) (0.006) (0.005)
Proportion of tract area in transportation 4.135+++ 2260+ 4.463+++ 3.974+++
(0.799)  (0.779) (1.064) (1.280)
Proportion of tract area in residential purposes -0.238 -0.678++ 0.195 -0.436
(0.206) (0.256) (0.234)  (0.270)
Proportion of tract area in open space -1.342+++-1.733+++ -0.782++ -1.598+++
(0.335)  (0.295) (0.333) (0.325)
Proportion of tract area in slums 0.992+++ 0.979+++ 0.893++ 0.673++
(0.107)  (0.168) (0.120) (0.162)
Proportion of tract area in wetlands -1.194++ -1.346++ -1.694+++-1.802+++
(0.544)  (0.526) (0.495) (0.533)
Proportion of tract area with irregular terrain -0.292 0315 -0.265 -0471+
(0.194)  (0.255) (0.190)  (0.247)
Proportion of tract area in lakes -0.143  -0.156 0.687 0.837
(1.086) (1.110) (1.037) (1.042)
Proportion of tract area in high income residential -0.863++-1.047++
0.229)  (0.292)
Proportion of tract area in low income residential 0254+  0.147
(0.152)  (0.172)
Proportion of tract area in very low income
residential 0.181  0.465++
0.182)  (0.207)
Subcounty FE No Yes No Yes No Yes No Yes No Yes
Parish FE No Yes No Yes No Yes No Yes No Yes
Observations 833 833 833 833 833 833 833 833 755 755
Adjusted R-square 0.311 0.561 0.441 0.621 0.463 0.627 0.541 0.678 0.520 0.648

Notes: This table makes a simple OLS estimatation of the basic model from equation 6 using employment density for 833 reporting tracts in 2011 UBR census. Estimations report
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.+, ++, and ++ denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 5b: Log employment density, 2011 (by Sector)

)hnufacruring Services
Explanatory variables (¢)) (€)) 3) C)) &) (© ) ®
distance to CBD -0.687+++ -1.121+ -0.456+ -0.539 -0.592++ -0.170  -0.302 0.242
(0.250) (0.631) (0.262) (0.698) (0.203) (0.463) (0.204) (0.523)
distance to CBD, square 0.165++ 0203 0.116+ 0.121 0.133++ 0.060 0.093++ -0.003
(0.054) (0.126) (0.057) (0.136) (0.046) (0.091) (0.047) (0.098)
distance to CBD, cube -0.011+++ -0.012 -0.008++ -0.009 -0.009+—+ -0.004 -0.007++ -0.001

(0.004) (0.007) (0.004) (0.008) (0.003) (0.006) (0.003) (0.006)
Inverse distance to nearest potential subcenter 0.243++ 0.510+++ 0.319+++ 0.584+++ 0.196+++ 0.114 0.262+++ 0.158+

(0.099) (0.151) (0.112) (0.168) (0.068) (0.081) (0.071) (0.093)
Log Agglomeration Index, 2011 (delta = 5) 0.156+++ 0.169+++ 0.133+++ 0163+  0.189+++ 0.274+++ 0.172+++ 0.252+++
(0.022) (0.042) (0.023) (0.042) 0.022) (0.037) (0.021) (0.036)
Inverse distance to railroads 0.011 0.005 0.005 -0.034 -0.036++ 0.004 -0.046++ -0.019
(0.026) (0.036) (0.030) (0.035) (0.016) (0.021) (0.018) (0.022)
Inverse distance to bus stations 0.031+++ 0.018++ 0.037+++ 0.027++ 0.025+ 0017+ 0.024+ 0.021+
(0.011) (0.008) (0.013) (0.012) (0.013) (0.008) (0.013) (0.011)
Inverse distance to nearest road 0.002+ 0.003+  0.003 0.006 -0.000  -0.001 -0.001 0.001
(0.001) (0.001) (0.004) (0.004) (0.001) (0.001) (0.002) (0.002)
Inverse distance to nearest park -0.067 -0.0%0 -0.057 0.084 -0.014 0.004 -0.008 0.016+++
(0.047) (0.103) (0.046) (0.071) 0.011) (0.009) (0.009) (0.006)
Inverse distance to nearest health center 0.003 0.005 0.005 0.006 0.009+  0.006 0.009+  0.008
(0.009) (0.011) (0.010) (0.012) (0.005) (0.005) (0.006) (0.005)
Proportion of tract area in transportation 1496  2.158++ 1.161 3.409+ 4.125+++ 2.245+++ 4377+ 4166+
(1.179) (1.078) (1.366) (1.983) (0.810) (0.786) (1.087) (1.263)
Proportion of tract area in residential purposes -0.500+ -0.697++ -0.256  -0.403 -0.165 -0.601++ 0284  -0.342
(0.264) (0.304) (0.287) (0.326) (0.199) (0.245) (0.227) (0.259)
Proportion of tract area in open space -1.217+++ -1.353+++ -0.980++ -1.223+++  -1.186+++-1.658+++ -0.665++ -1.561+++
(0.415) (0.445) (0.428) (0.466) (0.338) (0.293) (0.336) (0.319)
Proportion of tract area in slums 0.696+++ 0.482++ 0.551++ 0271 0.970++ 0.978+++ 0.858+++ 0.660+++
0.154)  (0218) (0.174) (0.237) 0.104) (0.158) (0.120) (0.158)
Proportion of tract area in wetlands -1.609+++ -1.255 -1.880+++ -1.583++ -1.304++ -1.493+++-1.715+++-1.769+++
(0.620) (0.765) (0.634) (0.745) (0.604) (0.552) (0.535) (0.542)
Proportion of tract area with irregular terrain -0.120 -0.423 -0.157  -0.511+ -0.366+ -0.395 -0.351+ -0.536++
(0.203) (0.302) (0.206) (0.301) (0.183) (0.249) (0.182) (0.242)
Proportion of tract area in lakes -1.281 -1.240 -0.859  -0.409 0.114 0.140 0.744 0.951
(1.076) (1.220) (1.065) (1.171) (1.050) (1.103) (0.970) (1.007)
Proportion of tract area in high income residential -0.396  -0.640 -0.738+++ -0.960+++
(0.343) (0.470) (0.223) (0.2%0)
Proportion of tract area in low income residential 0.066 0.170 0.342++  0.240
(0.205)  (0.288) (0.149)  (0.169)
Proportion of tract area in very low income
residential 0.208 0.561+ 0251 0.577+++
(0237) (0.316) (0.180)  (0.209)
Subcounty FE No Yes No Yes No Yes No Yes
Parish FE No Yes No Yes No Yes No Yes
0 0 0 0
Observations 679 679 624 624 831 831 753 753
Adjusted R-square 0.419 0.500 0.383 0.438 0.546 0.680 0.525 0.648

Notes: This table makes a simple OLS estimatation of the basic model from equation 6 using employment density for 833 reporting tracts in 2011 UBR census.
Estimati report standard errors in parantheses. +, +, and — denote statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 6: Instrumental variable estimations of the base model

DV: Employment density in 2011 1) (@) (3) ()

A. Base OLS estimation

Log Agglomeration Index, 2011 (delta = 5) 0.374+++ 0.357+++ 0.278+++  0.250+++
(0.041) (0.041) 0.039)  (0.037)

B. Reduced-form estimates for alternative set of instruments

Log Agglomeration Index, 2001 (delta = 5) 0.181+++ 0.166+++ 0.092+++ 0.084+++
(0.039) (0.038) (0.034) (0.031)

Distance to the nearest university -0.338++ -0.338++ -0.269++ -0.198
(0.141) (0.137) (0.127) (0.127)

Distance to the nearest school -1.329+++ -1.421+++ -0.883++ -0.524
(0.339) (0.346) (0.320) (0.322)

C. IV estimates using alternative sets of instruments

Log Agglomeration Index, 2011 (delta=: 0364+ 0.344++ 0.200+++ 0.181+++
(0.054) (0.056) (0.056) (0.054)
Cragg-Donald weak identification F 399.940 368.875 332.884 317.202
Exogeneity test p-value 0.822 0.777 0.091 0.118
Distance to the nearest university 0.503+++ 0.453+++ 0.419++ 0.297++
(0.157) (0.141) (0.158) (0.148)
Cragg-Donald weak identification F 33.184 41.549 30.784 29.634
Exogeneity test p-value 0.394 0.481 0.355 0.746
Distance to the nearest school 2.056++ 1.778+++ 1.647+ 1.219
(0.893) (0.630) (0.892) (0.985)
Cragg-Donald weak identification F 4.096 6.440 2952 1.468
Exogeneity test p-value 0.000 0.000 0.006 0.136

Notes: See table 5. Panel A presents the base OLS estimation including 833 tracts of Kampala. These estimations
comrespond to the set up in columns 4, 6, 8 and 10 from table 5a. Panel B reports reduced-form estimations using
agglomeration economies index from 2002 while panel C reports IV estimations that instrumentagglomeration index in
2011 with their lagged values from 2001 UBR data. The table also presents the Cragg-Donald weak identification test
and the p-values of the exogeneity test. The null hypothesis in the exogeneity tests is that the instrumented regressor
is exogenous.
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Table 7: Log employment density, 2011: Semi-Parametric estimations of the base model

No endogeneit}' IV with hged externalities IV with distance from nearest univer
Explanatory variables (1) (1)) 3 @ &) 6 )] (8) ©®)
distance to CBD 0.775 0.759 0.931 0810 0.794+ 0.792 1.097+ 1.002 1.083
(0.620) (0.620) (0.597) (0.745)  (0.332) (0.529) (0.639)  (0.728) (0.674)
distance to CBD, square -0.145  -0.147  -0.137 -0.149  -0.151++ -0.122 -0.179+ -0.173 -0.153
(0.116)  (0.115)  (0.114) (0.134) (0.071) (0.082) (0.092)  (0.126) (0.108)
distance to CBD, cube 0.008 0.008 0.006 0.008 0.009++ 0.006 0.010+ 0.010 0.007
(0.007) (0.007) (0.007) (0.008) (0.004) (0.005) (0.005)  (0.007) (0.007)
Inverse distance to nearest potential subcenter 0229+ 0215++ 0.161 0.226++ 0213 0.170 0.204 0.199+ 0.151++
(0.104)  (0.103) (0.106) (0.100) (0.137) (0.143) (0.134)  (0.120) (0.066)
Inverse distance to railroads -0.014  -0.023 -0.015  -0.016 -0.023 -0.031
(0.025)  (0.020) (0.029) (0.040) (0.045) (0.025)
Inverse distance to bus stations 0.026+++ 0.025++ 0.026++ 0.025+++ 0.025++ 0.024+
(0.010)  (0.010) (0.012)  (0.005) (0.012) (0.012)
Inverse distance to nearest road -0.000 0.001 -0.000  0.002 -0.000 0.001
(0.001)  (0.002) (0.001) (0.002) (0.002) (0.002)
Inverse distance to nearest park 0.005 0.015+++ 0.005 0.015 0.004 0.014++
(0.009) (0.006) (0.020) (0.050) (0.020) (0.006)
Inverse distance to nearest health center 0.011+  0.007 0.011+  0.008 0.010+ 0.006
(0.006)  (0.005) (0.006)  (0.006) (0.005) (0.007)
Proportion of tract area in transportation 3.619+++ 3.661++ 3.5571+++
(1.300) (1.785) (1.354)
Proportion of tract area in residential purposes -0.378 -0.382 -0.379
(0.2711) (0.268) (0.255)
Proportion of tract area in open space -1.534+++ -1.569+++ -1.494+++
(0.326) (0.401) (0.375)
Proportion of tract area in shims 0.632+++ 0.648+++ 0.617+++
(0.157) (0.138) (0.209)
Proportion of tract area in wetlands -1.832+++ -1.966+++ -1.646++
(0.558) (0.707) (0.708)
Proportion of tract area with irregular terrain -0.310 -0.347 -0.269++
(0.263) (0.258) (0.121)
Proportion of tract area in lakes 1.095 1.140 0.988
(1.118) (2.000) (1.079)
Proportion of tract area in high income residential -1.138+++ -L12+++ -1.166+++
(0.289) (0.203) (0.247)
Proportion of tract area in low income residential 0.074 0.108 0.031
(0.175) (0.151) (0.363)
Proportion of tract area in very low income resident 0413+ 0.447++ 0.373
(0.209) (0.182) (0.372)
Subcounty FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Parish FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 833 833 755 833 833 755 833 833 755
Adjusted R-square 0.299 0310 0.461 0.298 0.309 0.461 0.299 0.310 0.461
p-value for Hardle and Mammen's (1993) test 0.030 0.030 0.000
Notes: This table makes a semi-p tric estr ion of the basic model from equation 6 using employment density for reporting tracts in 2011 UBR census. Estimations report
d errors in h .+, ++, and ++ denote statistical significance at the 10%, 3%, and 1% levels, respectively. IV estimation in col 4-9 foll a dard two stage
procedure. In the first stage, inf ion on aggl ion ec ies in 2011 is regr d on the lagged values of agglomeration economies and all other independent vanables.

This is called the first stage and the residuals obtained in this stage are called first stage residuals. After obtaining the residuals from the first stage regression, we run a semi-
parametric regression of employment density on not only our usual controls but also including the residuals obtained from the first stage (see Blundell and Powell, 2003).
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Table 8a: Log employment density ratio, 2011

Explanatory variables N @ 3) (C)) (%) (6) 0 ®) ©) (10)
distance to CBD -1.820+++ -1.245++ -1.063+++-0.833+ -0.798+++-0.823+ -0.777+++-0.852+ -0.489++ -0.366
(0.197)  (0.503) (0.179) (0.480) (0.187) (0.471) (0.191) (0.461) (0.195) (0.526)
distance to CBD, square 0.309++ 0.150 0.157+++ 0.115 0.104+— 0.111 0.136+++ 0.139 0.103—=  0.069
(0.047)  (0.099) (0.043) (0.093) (0.044) (0.091) (0.045) (0.093) (0.046) (0.100)
distance to CBD, cube -0.018+++ -0.007 -0.008+++-0.005 -0.005+ -0.005 -0.008+++-0.007 -0.007++ -0.004
(0.003) (0.006) (0.003) (0.006) (0.003) (0.005) (0.003) (0.006) (0.003) (0.006)
Inverse distance to nearest potential subcenter 0.213++ 0.242++ 0.097 0.178+ 0.034 0.154 0.001 0.044 0.062 0.081
(0.070) (0.103) (0.069) (0.102) (0.073) (0.101) (0.068) (0.094) (0.074) (0.098)
Log Agglomeration Index ratio, 2011 (delta = 5) 0.171++ 0214+ 0157+ 0.202+++ 0.123+++ 0.139+++ 0.119+++ 0.131+++
0.012) (0.028) (0.013) (0.028) (0.013) (0.026) (0.012) (0.026)
Inverse distance to railroads 0.024 0.013 0.006 0.018 -0.016 -0.010
(0.023) (0.030) (0.016) (0.023) (0.018) (0.022)
Inverse distance to bus stations 0.037++ 0.028+++ 0.027++ 0.021++ 0.027+ 0.026++
(0.017) (0.011) (0.012) (0.008) (0.012) (0.012)
Inverse distance to nearest road -0.002  -0.001  -0.001 -0.001 -0.003  0.001
(0.002) (0.001) (0.002) (0.001) (0.002) (0.002)
Inverse distance to nearest park -0.021+ 0.005 -0.016 0.002 -0.010 0.014++
(0.012) (0.010) (0.011) (0.010) (0.009) (0.006)
Inverse distance to nearest health center 0.027+++ 0.012+= 0.011++ 0.007 0.012+ 0.008
(0.006) (0.006) (0.005) (0.005) (0.005) (0.005)
Proportion of tract area in transportation 4115+ 2.322+++ 4.862+++ 4.346+++
(0.778) (0.825) (1.046) (1.342)
Proportion of tract area in residential purposes -0.273  -0.567++ 0.203 -0.294
(0.198) (0.264) (0.230) (0.282)
Proportion of tract area in open space -1.350+++-1.493+++-0.762++ -1.329+++
(0.332)  (0.303) (0.330) (0.340)
Proportion of tract area in slums 1.108+++ 1.098+++ 0.873++ 0.735+++
(0.100) (0.166) (0.114) (0.161)
Proportion of tract area in wetlands -1.663+++-1.511+++-2.121+++ -1 968+++
(0.566) (0.566) (0.501) (0.576)
Proportion of tract area with irregular terrain -0.538+++-0427  -0.500+++-0.562++
(0.183) (0.265) (0.176) (0.248)
Proportion of tract area in lakes 0.204 -0.166  1.064 0.972
(1.015) (1.131) (0.952) (1.031)
Proportion of tract area in high income residential -0.870+++-1.075+++
(0.221) (0.282)
Proportion of tract area in low income residential 0.419+++ 0.365++
(0.146)  (0.172)
Proportion of tract area in very low income residential 0.352++ 0.631+++
(0.175)  (0.208)
Subcounty FE No Yes No Yes No Yes No Yes No Yes
Parish FE No Yes No Yes No Yes No Yes No Yes
Observations 828 828 828 828 828 828 828 828 750 750
Adjusted R-square 0.293 0.562 0.411 0.602 0.442 0.610 0.546 0.663 0.533 0.638

of the

\otes 'I‘hss uble makes a smple OLs
ble and

-

ded model from equation 7, taking the ratio of employment density in the tract vis-2-vis the nearest subcenter as the

g it on the ratio of agglomeration economies of the tract relative to that in the nearest subcenter along with other controls. This is done for 828

upomng tracts in 2011 UBR data, excluding the 5 identified subcenters using GWR. Estimations report standard emors in parantheses. +, +, and —— denote statistical significance

at the 10%, 5%, and 1% levels, respectively.
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Table 8b: Log employment density ratio: Extended Model

All Sectors Manufacturing Services
Explanatory variables 1) ) 3) (C)] (3) 6 M (8) 9) (10)
distance to CBD -0.356+ -0.123  -0.230 0.168 -0.193  0.157 -0.733  -0.202 0.100 0.407
(0.193) (0.489) (0.200)  (0.526) (0.201) (0.528) (0.686)  (0.734) (0.483) (0.515)
distance to CBD, square 0.064 0.034 0.072 0.010 0.061 0.011 0.099 0.032 -0.007 -0.033
(0.044) (0.091) (0.047)  (0.098) (0.047) (0.098) (0.139)  (0.150) (0.090) (0.096)
distance to CBD, cube -0.004 -0.002 -0.006+ -0.002 -0.005 -0.002 -0.006 -0.004 0.000 0.000
(0.003) (0.005) (0.003)  (0.006) (0.003) (0.006) (0.008)  (0.009) (0.005) (0.006)
Inverse distance to nearest potential subcenter 0.034 0.123 0.071 0.055 0.323+++ 0.136 0.339+++ 0331+ 0.153+ 0.083
(0.076) (0.102) (0.077)  (0.099) (0.111) (0.148) (0.110)  (0.121) (0.081) (0.083)
Log nearest subcenter Agglomeration Index, 2011
(delta = 5) -0.025  -0.024  -0.053++ 0.007 -0.027  0.012 0.070 0.043 0.001 0.031
(0.020) (0.034) (0.018)  (0.032) (0.021) (0.034) 0.065)  (0.074) (0.029) (0.029)
Log Agglomeration Index, 2011 (delta = 5) 0.282+++ 0.363+++ 0.185+++ 0261+ 0.192++ 0262+~ 0.232++ 0.187++ 0.360+++  0.253++
(0.023) (0.041) (0.020)0  (0.037) (0.020) (0.037) (0.041)  (0.041) (0.041) (0.037)
Log Subcenter agglomeration index*Inverse
distance to nearest potential subcenter -0.044++ -0.015
(0.021)  (0.032)
Inverse distance to railroads -0.015 -0.008 -0.033+  -0.019  -0.027 -0.016 -0.002 -0.032 -0.012 -0.022
(0.018) (0.026) (0.017)  (0.021) (0.018) (0.022) (0.038)  (0.036) (0.025) (0.020)
Inverse distance to bus stations 0.033++ 0.026+++ 0.025++  0.024++ 0.025++ 0.024++ 0.030+++ 0.030++ 0.022++ 0.019+
(0.016) (0.010) (0.012)  (0.011) (0.012) (0.011) 0.010)  (0.013) (0.009) (0.010)
Inverse distance to nearest road -0.001  -0.001  -0.002 0.001 -0.002  0.001 0.003+ 0.007+ -0.001 0.001
(0.001) (0.001) (0.002) (0.002) (0.002) (0.002) (0.001) (0.004) (0.001) (0.002)
Inverse distance to nearest park -0.018 0.004 -0.009 0.013++ -0.008 0.013++ -0.118 0.079 0.005 0.014++
(0.011) (0.009) (0.008)  (0.006) (0.008) (0.006) (0.106)  (0.070) (0.009) (0.006)
Inverse distance to nearest health center 0.023+++ 0.011++ 0.011++ 0.008 0.011++ 0.008 0.008 0.005 0.011++ 0.008
(0.006) (0.006) (0.005)  (0.005) (0.005) (0.005) (0.011)  (0.011) (0.005) (0.005)
Proportion of tract area in transportation 4792+ 4237+ 4834+ 4223+ 3.168 4429+
(1.040)  (1.284) (1.044) (1.289) (1.938) (1.285)
Proportion of tract area in residential purposes 0.220 -0.328 0217 -0.325 -0.452 -0.283
(0.229)  (0.270) (0.227) (0.269) (0.333) (0.266)
Proportion of tract area in open space 0.727++  -1.494+++-0.751++ -1.495+++ -1.199++ -1.501+++
(0329) (0322) (0.328) (0.322) (0.487) (0.322)
Proportion of tract area in shums 0.816++ 0.676++ 0.841+ 0.680+— 0.347 0.658+++
(0.116)  (0.158) (0.117)  (0.159) (0.235) (0.157)
Proportion of tract area in wetlands =1.731+4++ -1.59244++-1.664+++-1.571+++ -1.412+ -1.691+++
(0.486)  (0.545) (0.488) (0.547) (0.852) (0.532)
Proportion of tract area with irregular terrain -0.350++  -0.482++ -0.346++ -0.486++ -0.463 -0.529++
(0.176) (0.236) (0.175) (0.235) (0.294) (0.249)
Proportion of tract area in lakes 0.682 0912 0.549 0.870 -0.283 0.876
(0.957)  (0.995) (0.934) (0.983) (1.182) (0.992)
Proportion of tract area in high income residential -0.827+++ -1.123+++-0.818++-1.114+++ -0.825+ -0.842+++
(0.220)  (0.277) (0.219) (0.275) (0.485) (0.284)
Proportion of tract area in low income residential 0.385+++ 0.220 0.377+++ 0223 0.236 0322+
(0.144)  (0.168) (0.143) (0.169) (0.294) (0.167)
Proportion of tract area in very low income
residential 0.308+ 0511+ 0293+ 0510+ 0.594+ 0.653++
(0.173)  (0.203) (0.173) (0.203) (0.320) (0.208)
Subcounty FE No Yes No Yes No Yes Yes Yes Yes Yes
Parish FE No Yes No Yes No Yes Yes Yes Yes Yes
Observations 828 828 750 750 750 750 674 620 826 748
Adjusted R-square 0.482 0.632 0.544 0.654 0.546 0.654 0.537 0.535 0.646 0.667

Notes: Thu table makes a simple OLS estimatation of the extended model from equation 7, taking the ratio of employment density in the tract vis-a-vis the nearest subcenter as the

d " <l
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1y on aggl

l:a:ts in 2011 UBR data, excluding the 5 identified subcenters using GWER. Estimations report

and 1% levels, respectively.
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of the tract as well as that in the nearest subcenter along with other controls. This is done for 828 reporting
+,++, and +++ denote statistical significance at the 10%, 5%,
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Table 9: Instrumental variable estimations on the extended model

DV: Employment density ratio in 2011

Log Agglomeration Index, 2011 (delta = 5)

Log Agglomeration Index, 2001 (delta = 5)

Distance to the nearest university

Distance to the nearest school

Log Agglomeration Index, 2011 (delta = 5)

Cragg-Donald weak identification F stat
Exogeneity test p-value

Distance to the nearest university

Cragg-Donald weak identification F stat
Exogeneity test p-value

Distance to the nearest school

Cragg-Donald weak identification F stat
Exogeneity test p-value

[¢))] @ 3) Q)
A Base OLS estimation
0.378+++ 0.363+++ 0.288+++ 0.261+++
(0.040) (0.041) (0.038) (0.037)

B. Reduced-form estimates for alternative set of instruments

0.195+++ 0.181+++ 0.111++ 0.102+++

(0.038) (0.038) (0.034) (0.031)
-0.269+ -0.270+ 0242+ -0.165
(0.142) (0.139) (0.130) (0.131)
14204+ -1.506+++  -0.941+++  -0.601+
(0.336) (0.342) (0.320) (0.323)

C. IV estimates using alternative sets of instruments

0.393+++ 0.376+++ 0.240+++ 0.218+++

(0.054) (0.056) (0.056) (0.053)
409.807 395.560 363.988 329.706
0.605 0.738 0.770 0.289
0407+ 0366+ 0.374++ 0.246+
(0.157) (0.142) (0.155) (0.145)
31.863 31.155 39.366 30.469
0.843 0.853 0.978 0.570
2.094++ 1.809+++ 1.681+ 1.358
(0.866) (0.612) (0.867) (1.027)
6.035 4447 6.909 3.158
0.000 0.000 0.000 0.003

Notes: See table 5. Panel A presents the base OLS estimation including 833 tracts of Kampala. These estimations comespond

to specifications similar to columns 4, 6, 8 and 10 from table 5a, except that the dependent vanable is the ratio of the
employment density. These specifications additionally control for the nearest subcenter agglomeration index. Panel B
reports reduced-form estimations using altemative instruments while panel C reports IV estimations. The table also presents
the Cragg-Donald weak identitifcation test and the p-values of the exogeneity test.The null hypothesis in the exogeneity

tests is that the instrumented regressor is exogenous.
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Table 10: Log employment density ratio, 2011: Semi-Parametric estimations of the extended model

No endogeneity IV with lagged externalities ~ IV with distance from nearest univer

Explanatory variables n 2 3) (O] ) © ¢ (8) ®)
distance to CBD 0.742 0.756 1.018+ 0.877 0.905 0.969+ 0.850 0.787 1.090
(0.629) (0.632) (0.587)  (0.666) (0.673) (0.511)  (0.613)  (0.635) (0.728)
distance to CBD, square -0.134 -0.141 -0.150 -0.150 -0.160 -0.145 -0.146 -0.144 -0.157
(0.117)  (0.116) (0.113)  (0.124) (0.130) (0.102)  (0.113)  (0.106) (0.126)
distance to CBD, cube 0.007 0.008 0.007 0.008 0.009 0.007 0.008 0.008 0.007
(0.007)  (0.007) (0.007) (0.007)  (0.008) (0.006) (0.007) (0.006) (0.008)
Inverse distance to nearest potential subcenter 0.137 0.120 0.059 0.128 0.111 0.062 0.129 0.118 0.053
(0.104) (0.103) (0.099)  (0.121) (0.104) (0.084)  (0.110)  (0.101) (0.134)
Log nearest subcenter Agglomeration Index, 2011
(delta =3) -0.011 -0.009 0.021 -0.00% -0.007 0.021 -0.010 -0.008 0.021
(0.035) (0.035) (0.034)  (0.043) (0.036) (0.024)  (0.029)  (0.031) (0.022)
Inverse distance to railroads -0.018 -0.030 -0.023 -0.028 -0.019 -0.034
(0.025) (0.020) (0.025)  (0.020) (0.030) (0.026)
Inverse distance to bus stations 0.025+++ 0.025++ 0.025+++ 0.026+ 0.025+++ 0.025
(0.010)  (0.010) (0.009) (0.014) (0.010) (0.015)
Inverse distance to nearest road -0.000 0.001 -0.000  0.001 -0.000 0.001
(0.001)  (0.002) (0.002)  (0.003) (0.002) (0.002)
Inverse distance to nearest park 0.003  0.012++ 0.002 0.012 0.003 0.012
(0.010)  (0.006) (0.015) (0.014) (0.006) (0.012)
Inverse distance to nearest health center 0.011+  0.007 0.010+  0.008 0.011++ 0.007
(0.006)  (0.005) (0.006)  (0.005) (0.006) (0.009)
Proportion of tract area in transportation 3.891+++ 3.905+ 3.862+++
(1.298) (2.136) (0.739)
Proportion of tract area in residential purposes -0.261 -0.263 -0.260
(0.270) (0.292) (0.229)
Proportion of tract area in open space -1.427++ 1440+ -1.407+++
(0.318) (0.448) (0.247)
Proportion of tract area in shums 0.625+++ 0.631+++ 0.617++
(0.154) (0.172) (0.134)
Proportion of tract area in wetlands -1.627++ -1.673++ -1.540+++
(0.574) (0.706) (0.588)
Proportion of tract area with irregular terrain -0.291 -0.304+ -0.272
(0.254) (0.178) (0.354)
Proportion of tract area in lakes 1.155 1.170 1.104
(1.079) (1.155) (1.3%9)
Proportion of tract area in high income residential -1.230+++ -1.220+++ -1.243+++
(0.271) (0.408) (0.208)
Proportion of tract area in low income residential 0.137 0.149 0.117
(0.173) (0.200) (0.144)
Proportion of tract area in very low income resident 0452+ 0.464++ 0.432++
(0.207) (0.197) (0.196)
Subcounty FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Parish FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 828 828 750 828 828 750 828 828 750
Adpusted R-square 0.268 0.279 0.443 0.268 0.279 0.442 0.267 0.278 0.442
p-value for Hardle and Mammen's (1993) test 0.030 0.050 0.000

Notes: This table makes a semi-p

of the basic model from equation 6 using employment density for reporting tracts in 2011 UBR census. Estimations report

standard errors in parantheses. <, ++, and +++ denote statistical significance at the 10%, 5%, and 1% levels, respectively. IV estimation in columns 4-9 follows a standard two stage

procedure. In the first stage, inf

in 2011 is regr

This is called the first stage and the residuals obtained in this stage are called first stage

on aggl

the

d on the lagged values of agglomeration economies and all other independent vanables.
Al

duals from the first stage regression, we run a semi-
parametric regression of employment density on not only our usual controls but also including the residuals obtained from the first stage (see Blundell and Powell, 2003).
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APPENDIX TABLES

Table A.1: Monocentric Model, 2002

employment density, in logs

Linear Splines,
Linear Splines  Linear Splines, with 2 knot (for
tracts over 3km  with one knot  with 3 knots (All tracts >3 km of Cubic Splines, with
All tracts from CBD (All tracts) tracts) CBD) 3 knots (All tracts)
¢y} @ (3 C)) () )
distance_CBD -0.380+++ -0.224+++
(0.023) (0.037)
min(d, 3) 1.019+++ 10174+ -0.362
(0.076) (0.082) (1.219)
(d-3)*D(d>=3) -0.203+++
(0.033)
min((d-3), 3)*D(d>=3) -0.219++ -0.286+++
(0.067) (0.080)
min((d-3), 3)*D(d>=6) -0.100 -0.070
(0.108) (0.111)
(d-9)*D(d>=9) -1.889++ -1.935+++
(0.733) (0.739)
(min(d, 3))2 -0.511
0.777)
(min(d, 3))3 0.101
(0.145)
min((d-3), 3)3*D(d>=3) -0.030+—+
(0.006)
min((d-3), 3)3*D(d>=6) 0.013
(0.017)
(d-9)3*D(d>=9) 0.071+++
(0.019)
Constant 8.000+++ 7.050+++ 9.352+++ 9.350+++ 7.298+++ 9.186++
(0.106) (0.205) (0.178) (0.183) (0.361) (0.552)
Observations 852 568 852 852 568 8§52
Adjusted R-squared 0.261 0.064 0.316 0.320 0.073 0.332

Notes: This table estimates linear and spline monocentric model based on equations 4 and 5. Employment density in reporting tracts is regressed in distance
to CBD. d refers to the distance from CBD, the knots are created at d1=3, d2=6, d3=0
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Table A.2: Chracteristics of the sample

mean sd min max
Employment 2001 208 515 0 9390
Firm Count 2001 63 154 0 2709
Employment density 2001 2453 7542 0 123353
Firm density 2001 869 4208 0 88572
Agglomeration Economies, 2001 (spatial
decay parameter = 5) 3058 13215 0 116661
Agglomeration Economies, 2001 (spatial
decay parameter = 15) 317 1844 0 20801
Area 0.207 0.272 0.003 2.608
Employment 2011 380 736 0 9793
Firm Count 2011 151 358 0 7106
Employment density 2011 5540 16773 0 205678
Firm density 2011 2394 8525 0 137901
Agglomeration Economies, 2011 (spatial
decay parameter = 5) 13058 55376 0 490898
Agglomeration Economies, 2011 (spatial
decay parameter = 15) 1395 8395 0 115096
Distance to health centers 0.453 0.335 0.016 2.362
distance to schools 0.221 0.160 0.002 0.907
Distance to railways 2.398 1.918 0.037 8.839
Distance to bus station 1.030 1.134 0.010 6.022
Distance to raods 0.084 0.066 0.001 0.484
Distance to university 1.431 0.972 0.020 5.924
Distance to parks 1.788 1.389 0.008 6.420
Distance to CBD 4341 2371 0.000 10.408
Proportion of tract area in transportation 0.035 0.062 0.000 0.601
Proportion of tract area in residential
purposes 0.602 0.328 0.000 1.000
Proportion of tract area in open space 0.132 0.183 0.000 1.000
Proportion of tract area in shums 0.236 0.362 0.000 1.000
Proportion of tract area in wetlands 0.030 0.098 0.000 0.738
Proportion of tract area in lakes 0.006 0.050 0.000 0.727
Proportion of tract area in high income
residential 0.138 0.308 0.000 1.000
Proportion of tract area in low income
residential 0.447 0.405 0.000 1.000
Proportion of tract area in very low
income residential 0.229 0.348 0.000 1.000

Notes: This table uses the tract level data from UBR 2011 and 2001 to list some descriptive statistics of tract
level traits used in regressions table 5 onwards.



Table A.3: Log employment density, 2011: Controlling for historical persistence

Explanatory variables 1) @ 3 ® &) O) Q)] (3
Log Employment density, 2001 0.453+++ 0.268+++ 0.327+++ 0.158+++ 0.304+++ 0.159+++ 0.144+++ 0.077+
(0.033)  (0.054) (0.037) (0.054) (0.038) (0.053) (0.041) (0.047)
distance to CBD -1.035+++ -0.858+ -0.513+++0.020 -0.390++ 0.010 -0.263 0.326
0.181) (0.493) (0.181) (0.490) (0.184) (0.485) (0.197) (0.539)
distance to CBD, square 0.190++ 0.107 0.110++ 0.019 0.081+ 0.014 0.086+ -0.018
0.044) (0.097) (0.042) (0.091) (0.043) (0.090) (0.047) (0.100)
distance to CBD, cube -0.012+++ -0.005 -0.007++ -0.001 -0.005+ -0.001 -0.007++ -0.000
(0.003) (0.006) (0.003) (0.005) (0.003) (0.005) (0.003) (0.006)
Inverse distance to nearest potential subcenter 0.156+  0.296+++ 0.124 0.229++ 0.100 0.213+ 0.189++ 0.167
(0.081) (0.107) (0.081) (0.105) (0.085) (0.103) (0.087) (0.102)
Log Agglomeration Index, 2011 (delta = 5) 0.178+++ 0.335+++ 0.169+++ 0.321++ 0.128+++ 0.242+++
(0.023) (0.044) (0.024) (0.044) (0.023) (0.039)
Inverse distance to railroads -0.005 -0.009 -0.030 -0.018
(0.021) (0.028) (0.019) (0.022)
Inverse distance to bus stations 0.029++ 0.028+++ 0.024++ 0.025++
(0.014) (0.010) (0.012) (0.011)
Inverse distance to nearest road -0.000  -0.000 -0.000  0.002
(0.001) (0.001) (0.002) (0.002)
Inverse distance to nearest park -0.018  0.009 -0.010  0.017+++
(0.012) (0.008) (0.010) (0.005)
Inverse distance to nearest health center 0.010+=  0.004 0.007 0.007
(0.006) (0.006) (0.006) (0.006)
Proportion of tract area in transportation 3.943+++ 4416+
(1.055)  (1.233)
Proportion of tract area in residential purposes 0.236 -0.399
(0.234)  (0.273)
Proportion of tract area in open space -0.751++ -1.567+++
(0.329) (0.330)
Proportion of tract area in slhums 0.791+++ 0.630+++
(0.124)  (0.170)
Proportion of tract area in wetlands -1.426+++-1.610+++
(0.484) (0.518)
Proportion of tract area with irregular terrain -0.253  -0.398
(0.189)  (0.242)
Proportion of tract area in lakes 0.683 0.828
(1.058) (1.054)
Proportion of tract area in high income residential -0.794+++-1.080+—+
(0.228)  (0.298)
Proportion of tract area in low income residential 0.243+ 0.147
(0.146)  (0.174)
Proportion of tract area in very low income
residential 0.215 0.489++
(0.178)  (0.209)
Subcounty FE No Yes No Yes No Yes No Yes
Parish FE No Yes No Yes No Yes No Yes
Observations 825 825 825 825 825 825 747 747
Adjusted R-square 0.462 0.588 0.505 0.633 0.517 0.639 0.539 0.656

Notes: See table 5a. This table additionally controls for historical persistence, using employment density in 2001 as an additional control m

explaining variations in employment density in 2011.



Table A.4: Log employment density, 2011 (higher rate of attenuation)

Explanatory variables

1) (€)) (3) ) O] ©) O] ®)

distance to CBD

distance to CBD, square

distance to CBD, cube

Inverse distance to nearest potential subcenter
Log Agglomeration Index, 2011 (delta = 20)
Inverse distance to railroads

Inverse distance to bus stations

Inverse distance to nearest road

Inverse distance to nearest park

Inverse distance to nearest health center
Proportion of tract area in transportation
Proportion of tract area in residential purposes
Proportion of tract area in open space
Proportion of tract area in shims

Proportion of tract area in wetlands

Proportion of tract area with irregular terrain
Proportion of tract area in lakes

Proportion of tract area in high income residential
Proportion of tract area in low income residential

Proportion of tract area in very low income
residential

Subcounty FE
Parish FE

Observations
Adjusted R-square

1230+ -0.985+ -0.990+— -0.968++ -0.948++ -0.912+ -0.613+— -0.434
(0.184) (0454) (0.188) (0.449) (0.195) (0441) (0.199) (0.515)
0236+ 0.142 0.184=—= 0.137 0.198== 0.155= 0.150== 0.084
(0.043) (0.090) (0.044) (0.088) (0.045) (0.089) (0.046) (0.098)
0.014++ -0007 -0.011+=+ -0.006 -0.013++ -0.008 -0.011+ -0.005
(0.003) (0.005) (0.003) (0.005) (0.003) (0.005) (0.003) (0.006)
0247+ 0242+ 0209+ 0225+ 0167+ 0.108 0259++ 0.164
(0.074) (0.102) (0.079) (0.101) (0.075) (0.092) (0.080) (0.103)

0.113+++ 0.114+++ 0.105+++ 0.109+++ 0.075+++ 0.084+++ 0.064+++ 0.076+++

(0.009) (0.012) (0.010) (0.012) (0.010) (0.011) (0.009) (0.011)
-0.021 0.006 -0.024 0.018  -0.036+ -0.004

(0.020) (0.029) (0.017) (0.023) (0.019) (0.023)

0.038++ 0.026+++ 0.030++ 0.019++ 0.029++ 0.025++

(0.016) (0.010) (0.013) (0.008) (0.013) (0.011)

-0.000 -0.000 0.000 -0.001 -0.001 0.001

(0.002) (0.001) (0.002) (0.001) (0.002) (0.002)

-0.019+  0.008 -0.016 0.004 -0.009 0.016+++

(0.011) (0.008) (0.010) (0.009) (0.008) (0.006)

0.020++ 0.010+ 0.008 0.005 0.009+ 0.007

(0.006) (0.006) (0.005) (0.005) (0.005) (0.005)

4.037+++ 1.985+++ 4.408+++ 3.738+++

(0.790) (0.743) (1.053) (1.248)

-0.219 -0.661+++ 0.251 -0.426

(0.202) (0.249) (0.232) (0.265)

-1.357+++-1.730+++ -0.767++ -1.591+++

(0.332) (0.296) (0.336) (0.326)

0.978++ 0.963+++ 0.921+++ 0.647+++

(0.107) (0.167) (0.118) (0.162)

-0.957+ -1.312++ -1.474+++-1.807++

(0.518) (0.530) (0.470) (0.528)

-0.241 -0.321 -0.230 0477+

(0.191) (0.254) (0.186) (0.244)

0.589 0.335 1.240 1.306

(1.189) (1.136) (1.075) (1.039)

-0.848+++-1.026++

(0.228) (0.286)

0.203 0.213

(0.153) (0.174)

0.136  0.494++

(0.183) (0.211)

No Yes No Yes No Yes No Yes
No Yes No Yes No Yes No Yes
833 833 833 833 833 833 755 755
0.450 0.627 0.474 0.633 0.545 0.680 0.521 0.649

Notes: See table 5a. This table uses agglomeration economies with spatial decay parameter of valie 20 instead of 5 used in table 5a.
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Table A.5: Log employment density, 2011: Heckman Correction

Explanatory Variable probability density probability density probability density
(1) 2) 3)
distance to CBD -0.587 -0.043 0.638 -0.150 0.309 0.252
0.427)  (0.462) 0.590)  (0.438) (0.823)  (0.498)
distance to CBD, square 0.072 0.020 -0.164 0.051 -0.026 -0.011
(0.094) (0.087) (0.142) (0.085) (0.158) (0.093)
distance to CBD, cube -0.003 -0.001 0.012 -0.003 0.001 -0.001
(0.006) (0.005) (0.010) (0.005) (0.010) (0.005)
Inverse distance to nearest potential subcenter -0.066 0.235++ 0.055 0.102 0.232 0.151
(0.068) (0.097) (0.176) (0.088) (0.181) (0.097)
Log Agglomeration Index, 2011 (delta = 5) -0.034 0.374+++  -0.082+ 0.279+++ -0.073 0.251+++
(0.034)  (0.038) (0.050)  (0.036) (0.070)  (0.034)
Inverse distance to railroads -0.042 0.007 -0.200+++-0.014
(0.109)  (0.020) (0.056)  (0.021)
Inverse distance to bus stations 0.121+++ 0.018+++  0.044 0.024++
(0.045)  (0.007) (0.062)  (0.010)
Inverse distance to nearest road -0.003 -0.001 -0.004  0.001
(0.004) (0.001) (0.004) (0.002)
Inverse distance to nearest park 0.006 0.003 -0.000  0.015+++
(0.006)  (0.009) (0.007)  (0.005)
Inverse distance to nearest health center 0.113++  0.005 0.031 0.008+
(0.046)  (0.005) (0.040)  (0.005)
Proportion of tract area in transportation 58.490+++ 2.115+++  82.211+++3.930+++
(21.530)  (0.719) (17.206) (1.177)
Proportion of tract area in residential purposes 0.988++ -0.706++ 0.561 -0.437+
(0.404)  (0.238) (0.658)  (0.249)
Proportion of tract area in open space 0.536 -L745++ <0737 -1.594+++
(0.726)  (0275) (0.908)  (0.300)
Proportion of tract area in slums 1.242 0.957+++ 1.231 0.672+++
(0.866) (0.156) (0.869) (0.150)
Proportion of tract area in wetlands 1.337 -1.395+++ 0.709 -1.793+++
(1.071)  (0.491) (0.937)  (0.454)
Proportion of tract area with irregular terrain 0.350 -0.335 0.597 -0.474++
(0.533)  (0.236) (0494) (0.228)
Proportion of tract area in lakes -2.514 -0.031 0.345 0.849
(1.685) (0.970)
Proportion of tract area in high income residential -1.457++ -1.020+++
(0.728) (0.271)
Proportion of tract area in low income residential -0.019  0.147
(0.749)  (0.159)
Proportion of tract area in very low income
residential -0.104 0.465++
(0.663)  (0.191)
Observations 861 861 771
rho 0.004 -0.409 -0.171
sigma 0.955 0.879 0.825
lambda 0.004 -0.360 -0.141
chi2 test 0.088 1.640 2.042
Wald test p-value 0.766 0.200 0.153

Notes: See table 5a. This table uses Heckman's Maximum lkelhood estmation mstead of an OLS estmation to take account
of 28 non reporting tracts in Kampala. Columns 1, 2 and 3 respectively correspond to specifications in columns 4, 8 and 10 in
table 5a. Probability column refers to the selection equation and the density column refers to the estimation of employment

density equation using Heckman's procedure.
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Appendix Box B.1: Decomposition Methodology

Let E denote the employment density of Kampala and Ex be the employment density of village X. sx is village X’s

,,,,,

al. (2001), our primary decomposition of changes from 2001 to 2011 takes the form:
AEo1-11=Y x Sx01"AEx 01-117Y x (Ex.01 =E01)*ASx01-117) x AEx01-11"ASx 01-11

where the first term =) x Sx01°AEx 01-11 is the within component that represents changes in employment density
within villages with villages weighted by initial employment shares Kampala in 2002. Negative values
indicate that villages tended to have a decline in employment density over the last decade. The second term
+> x (Ex01 —E01)'ASx 01-11 measures the between component which represents changes in employment shares
across villages interacted with the initial deviation of villages from the national employment density.
Negative values indicate employment tended to be reallocated towards villages that had lower initial
employment density. The third term Y x AExo1-11"ASxp1-11is the covariance component that represents the
interaction of changes in employment density for villages across the period with changes in employment
shares for villages across the period. Positive values indicate that fast growing villages also experienced
rising employment density. These three components by definition sum to the total change employment
density in aggregate. As we do not consider entry or exit of villages across years, our decomposition requires
a balanced panel in Table 2.
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