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Abstract

A New Perspective On The Effects Of Regulation And Public Investment

This dissertation consists of three essays providing insight on the effects of
regulation and investment by government planners on the housing market.
The first chapter discusses urban land use restrictions and building control
regulations. The planner imposes non-constant FAR restriction, inverting the
normal relation between housing density and distance from the city center.
The theoretical model tests the applicability of the Standard Urban Model
(SUM) under stringent planning restrictions. This result is empirically
validated by a negative exponential house price function. In addition, the
numerical analysis creates a counterfactual experiment to demonstrate what
laissez faire development would look like in the absence of controls. Another
contribution of this chapter is to compute the welfare implications of controls
by comparing the actual city with the counterfactual city. The welfare loss
due to planning is estimated at 2.05% of disposable income per year with an
increase in city the limit of 23.1%. The increase in city limit shows how
counterproductive FAR restriction is, and that it results in increased fiscal
burden.

Another example of planner’s influence on the housing market is through
provision of public infrastructure. The second chapter introduces a model to
show the relation between urban infrastructure differential within a city and
housing supply. Traditional theory suggests increasing housing density in the
outskirts of a city is due to increasing income levels. However, the model
predicts that newer planned developments, that are often located in the
outskirts of a city, provide better urban infrastructure, and increase housing
services, encouraging residents to live away from the center of the city. The
empirical estimation finds that planned developments produce more urban

infrastructure than the unplanned developments, which results in a 49.7%
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increase in the provision of housing services over the unplanned communities.
The last chapter examines the role of public investment in a transit system
and the associated effects on the housing market. House price capitalization
of transit systems have been studied vastly in the literature. However, the
analysis presented in this chapter allows the house price effect of proximity to
transit to vary with distance from the center. Similarly, change in the house
price gradient with distance from the center reflects the change in the
transportation cost advantage and the resulting house price premium. The
empirical section tests the theoretical predictions of changes in the spatial
distribution of housing prices around a transit station, as the transit station is
located farther away from the center of the city. Presumably these house price

effects reflect the increasing catchment areas of more distant stations.
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1 Welfare Effects of Urban Land Use Restrictions

in a Developing Economy

1.1 Introduction

Urbanization has increased rapidly in many different regions of the world.
Developing countries in particular have experienced some of the highest rates of
rural-urban migration and expansion in city sizes, especially in the early stages of
development (Brueckner and Lall, 2014). Although the economics literature argues
for efficiency properties of such market driven development, urban-planners in many
cities have insisted on regulating the housing market based on a rationale driven by
aesthetic considerations and/or to prevent congestion of the public facilities.
Globally, urban planners make land-use decisions by intervening in the real estate
market to fulfill a variety of social, political and economic objectives. These
interventions range from regulating categories of land use, including open space, to
setting building height limits and even imposing design controls. Different types of
interventions include urban growth boundaries, floor-area ratio limits (FAR), street
set backs, construction and design mandates, delayed approval, open space
requirements and limits on types of development (Brueckner, 2006). Historically,
countries such as the Soviet Union have imposed more extreme land-use restrictions.
Until 1990, private ownership of capital and land were not allowed, and the central
planner performed the roles of planning, building and allocating residential units to
the public. Since profit-maximization was not the priority of the planner, several
major cities in Russia were built in incremental rings on the suburbs with inverted
population and structure density gradients from the center (Bertraud and Renaud,
1997). Similarly, apartheid in South Africa forced the black population to live in
remote townships on the suburbs of the cities. In this case, the land-use was

restricted for development based on the race of residents. As Bertaud (2018) notes



urban planners modify the spatial order created by market forces through design
restrictions. Although these design restrictions are meant to increase the welfare of
the citizens, urban planners, in most cases, deploy measures that are based on
professional experience and/or rules of thumb and are seldom backed by rigorous
models or statistical evidence. In addition, as in the case of China, a change in the
regime can also lead to a change in urban planning practice, increasing the chances
of distortion even further. Application of standard neoclassical models to cities
developed under such conditions is likely to be problematic.

Most developed economies regulate the real estate market by using urban growth
boundaries and FAR limits on density, sometimes, to preserve the history or
aesthetics of the region. Portland, Oregon and Washington, D.C. are examples of
such controls respectively. These regulations have been the object of a growing
literature. In particular, Nelson (1993) provides a commentary on the schematic
approach employed by the state of Oregon. In this example, all urban development
moved into the urban growth boundary. In a similar study, DeSalvo and Geshkov
(2012), estimate the effects of land-use controls on the spatial size of 182 urbanized
areas in the US. They find that such controls have an average effect of 23 to 29
percent on the spatial size of an urbanized area.

In developing countries, central planners may also impose such restrictions to
control congestion and strain on infrastructure and public services in the central
parts of the city. This is the case in many cities in Pakistan, where the government
limits the FAR and imposes other land-use restrictions as well. This paper focuses
on the specific case of Islamabad, the capital city of Pakistan. Islamabad provides a
very appropriate test case for the planners, as it is a fully planned city with very few
natural land-use impediments. Constantinos Doxiadis, the visionary Greek city
planner, planned the city using “an urban agro-farm model that would keep the city

connected with nature” (TFT Archives Collection, 2017). Doxiadis employed very



strict land-use constraints on land that previously had very low population density
and non-existent urban infrastructure, providing urban economists with a natural
experiment to gauge the effects of government restrictions.

Islamabad provides a unique laboratory in which to examine the effects of major
urban land use and building restrictions. The entire city was completely designed
and built under stringent planning restrictions. Whereas the existing literature on
urban land use restrictions focuses on effects of planning on restricting housing
supply (Bertruad and Brueckner, 2004). The primary contribution of the current
research is to establish the applicability of a Standard Urban Model (SUM) under
stringent planning throughout the city. The theoretical analysis finds a negative
exponential house price gradients even with the planning restrictions discussed.
However, the FAR restriction and the given lot size distribution suggest an inverted
FAR and dwelling size pattern. Bertraud and Brueckner (2004) do not test for the
applicability of the SUM.

The empirical section finds that a negative exponential house price gradient for
observations from Islamabad. In addition, the tests for housing output density and
dwelling size show inverted gradients in the presence of stringent urban planning.
After establishing the applicability of the SUM, the simulation exercise produces a
counterfactual city calibrated to the local housing market to quantify welfare
decreasing effects of planning restrictions. A similar recent study on land-use
restriction by de Andrade Lima and Monasterio (2022) examines FAR restrictions
for 325 Brazilian cities. The author uses two-stage least square (2SLS) specification
to measure the impact of maximum allowed FAR, estimated by the percentage of
home ownership by high-income households, on the spatial size of the city. The
estimation analysis conclude that the city size increases by 12.4% when maximum
allowed FAR decreases by one standard deviation, costing USD 2.36 million per year

per average city. The welfare analysis in the current chapter shows a more



pronounced welfare effect of FAR restriction, costing Islamabad around USD 3.4
million per year. Similarly, in Bertraud and Brueckner (2004) study on Bangalore,
the authors found a welfare impact of 3.3-5% of income due to the FAR restrictions
in Bangalore. In comparison, for Islamabad the FAR restrictions led to a welfare
loss of 2.05% of the income. The current chapter uses a completely different method
that provides a theoretical justification of the SUM, and FAR limit that is
estimated from actual observations from Islamabad, a city completed built under
planning restrictions. In addition, simulation exercise produces a counterfactual city
without restriction, showing the laisse-faire house price, housing density, housing
demand and land-rent gradients.

The effects of land use restrictions on cities in developed countries have been the
object of extensive research. For instance, Glaeser and Ward (2009) conduct a study
to estimate the impact of changing regulatory environment in greater Boston area
since 1980. They found that along most dimensions, regulation has increased in
Boston during this period. In addition, in their cross-section study for the towns
surrounding Boston, the authors estimated that one acre increase in the minimum
lot size would result in a 40% decrease in the new single-family housing permits for
1980-2002 period. Decreasing housing density would further suppress the local land
values. In another study, Saiz (2010) estimates that both natural and man-made
land use restrictions, in the US cities, make housing supply more inelastic. In
equilibrium, land-constrained metro areas should have more expensive housing and
enjoy higher amenities.

However, research on cities in low income countries is limited. Bertaud and
Brueckner (2004) examine the effects of FAR restriction in Bangalore. In this case,
the restrictions placed by the urban planner are similar to the setting in Islamabad.
The authors conduct a simulation exercise using parameterization based on the

standard urban model (SUM) and find that the city without the government



restriction is smaller in radius. Therefore, the counterproductive FAR restriction
has increased commuting cost and the need to provide public services further away
from the center of the city.

This paper makes a number of original contributions to the literature. First,
Islamabad provides a unique laboratory in which to examine the effects of urban
land use and building restrictions. The central planner has very stringent town
planning and building control regulations. In particular, the conclusions drawn in
this paper are based not only on the FAR limit but also on an elaborate set of
government restrictions. In addition, unlike Bangalore, Islamabad is a completely
planned city, where all of the development took place after planning restrictions
were imposed. This makes the current study very unique, as most papers in the
literature study the effects of change in government policy on a city that was
substantially developed beforehand.

Another contribution of the paper is that it tests the applicability of the SUM itself
to the many cities distorted due to government restrictions. As shown in the
Bangalore example, planning controls aimed at controlling population densities,
such as FAR restrictions, directly affect the house prices and density gradients of
the city. Accordingly, it is possible that government restrictions could limit
applicability of the SUM. This paper first uses data from the housing market in
Islamabad to determine if Muth’s equation, the fundamental equilibrium condition
of the SUM, holds in this heavily planned city in a developing country. The tests
demonstrate that Muth’s equation, i.e. a negative exponential housing price
gradient, does hold although planning regulations require that developers produce
an inverted housing output density gradient.

Although private builders in Islamabad are profit maximizers, strict FAR restrictions
imposed by the government tend to invert density gradients so that they are similar

to the gradients of the cities in command economies. Just as market forces in most



cities in the developed world, private builders in Islamabad have an incentive to
repurpose land closer to the center of the city to its land-rent maximizing use,
leading to higher densities and smaller residences. However, government restrictions
make it impossible for market based change to take place. Accordingly, it is not
obvious that Muth’s equation holds under these extreme planning conditions.
Testing shows that the housing market has a negative exponential house price
gradient consistent with the SUM, this paper conducts a numerical analysis that
compares the current city with one that has no government restrictions. The model
predicts a significantly smaller equilibrium city size for the laissez-faire city. Based
on the model parameters, price and density gradients are produced for the
counterfactual city. The last section develops welfare implications of planning
regulations. Comparison between the utility levels of the laissez faire and regulated
cities provides a monetary value of the compensating income change required to
maintain utility levels across cities.

Although the model deals directly with the current housing market equilibrium, the
paper is motivated by the general equilibrium distortions created by government
restrictions. The labor market is especially affected by such distortions. Moretti and
Hsieh (2015) show that spatial misallocation of labor and other resources is
aggravated due to inelastic housing supply in high productivity cities such as New
York and San Francisco. Since such cities do not get a sufficient supply of workers,
aggregate growth is negatively affected by the misallocation of resources due to
restrictions imposed on the housing market.

The paper is organized as follows. Section 1.2 discusses the relevant literature on
this topic and how the current research is placed among prevalent themes in this
area of research. Section 1.3 describes the institutional setting in Islamabad and the
two datasets. Section 1.4 introduces the theoretical framework and presents the

main empirical results. Section 1.5 describes the counterfactual experiment and the



corresponding housing market dynamics. This section also includes the possible
welfare effects of government restrictions. Section 1.6 provides concluding remarks

and suggestions for future extension.

1.2 Literature review

With the ever-increasing population and added stress on building ecologically
sustainable cities, planners have made the regulatory environment stricter and more
binding over time (Popper, 1988). As a result, urban economists have conducted
research on how to measure the effects of government regulations on cities. Even
though the real construction cost for single-family housing units has remained
almost constant throughout the last three decades, real house prices increased by
more than 100% at the peak before the 2007 housing market crash (Gyourko and
Molloy, 2014). This fact has motivated the literature on the topic of government
restrictions on development density. One possible explanation of this phenomenon
lies in the analysis of the evolution of the land market during this period. In theory,
the availability of buildable land might not constrain the supply of housing units if
housing could be constructed as densely as necessary to meet demand. However, in
reality, government restrictions in the land market limit density and location of new
construction.

To understand the scale of the effects of land-use regulations on the housing market
and the form of a city, it is imperative to first accurately measure the magnitude of
the restrictions. Literature on this topic is fraught with the discussion on which
method is the best to capture the overall effect of land use regulation. Due to
heterogeneous land-use regulations among different localities, as well as a lack of
comprehensive datasets, it is difficult to document the heterogenous nature of these
restrictions, and even more difficult to construct an overall measure of restrictions

to be used in empirical testing. Two final challenges concern measurement of the



extent to which regulations are enforced and the existence of regulation governing
all manners of urban infrastructure, particularly transportation that limits housing
supply.

One approach adopted by Glaeser, Gyourko and Saks (2006) attempts to measure
land-use regulation indirectly. Their argument is based on the standard neoclassical
theory that implies that in the long run, price must equal marginal cost, as long as
the market is sufficiently competitive. However, if regulation prevents new
construction this condition might not hold because housing supply cannot expand
even if the return to that added supply is large. Their paper applies the argument
to the market for condominiums in Manhattan, where they argue that binding
density regulations limit construction. In the absence of the planners, developers
should build-up to the point where the marginal cost of adding an extra floor is
equal to the average cost. The authors treat the difference between the market price
and the marginal cost of building an additional floor as the extent of housing supply
restrictions and call it a "regulatory tax.” Their empirical analysis shows that the
condominium prices were at least 50 percent higher due to the regulatory tax. In
another paper, Glaeser and Gyourko (2003) conducted a similar analysis for the
single-family housing market across several US cities. The results in this study have
reaffirmed the conclusion found for condominiums in Manhattan.

While the residual approach mentioned above gives a good overview of the
regulatory effect at a specific location in a city, it has the drawback of being indirect
and does only produce estimates of the overall effects of the regulations on the city.
In particular, the results found using this method do not identify the spatial extent
of the impact caused by an individual land-use restriction. Both a non-constant
FAR and binding minimum lot-size restrictions near the center of the city can cause
the housing prices to increase locally but housing expansion at the city edge might

actually lower average prices.



On the other hand, several studies have investigated the effects of a variety of
regulations on the housing market. Firstly, a set of empirical papers has tried to
consider the role of building codes in housing supply inelasticity. In particular,
Noam (1983) has shown that the correlation between local house prices and building
code stringency is statistically significant. This implies a role for regulation in the
rapid increase in house prices. Saiz (2010) uses GIS techniques for almost 100
metropolitan areas in the United States to incorporate the role of topography in
estimating the elasticity of housing supply. The author differentiates between the
effects of exogenously undevelopable land in a metropolitan area and regulations set
by the planner. The study concludes that government regulation is correlated with
geographic constraints on land development and both factors raise housing prices.
Several authors have also investigated the role of land-use regulation in increasing
house prices. Katz and Rosen (1987) collected a sample of restrictions through mail
and phone surveys on growth management programs in cities throughout the San
Francisco Bay area. Their OLS regression revealed that local house prices were 17
to 38 percent higher in communities with such programs. In another study, Glaeser,
Schuetz and Ward (2006) built a detailed dataset, consisting of several different
land-use restrictions such as number of permits, minimum lot size requirement, etc.,
for a subset of the Boston metropolitan area. Although the depth of the data used
in this study makes it harder to replicate on large selection of metropolitan areas, it
employs a very precise mechanism to estimate the effects of specific policies. Using a
different approach, Gyourko, Saiz and Summers (2008) construct a measure of
land-use regulation for 2,611 communities across the US. Their measure is not as
deep in terms of the number of restrictions for each city, but it is much wider as the
authors expand it to a much larger geographical area. The motivation behind the
latter approach is to create a more general measure of land-use restrictions that

allows easier cross-city comparison. It also helps address the issue of



reverse-causality in studies that use cross-sectional data and checks whether ”zoning
follows the market” or vice versa (Wallace, 1988).

Several studies have also examined the general equilibrium effects of such
restrictions. In their recent study, Herkenhoff, Prescott and Ohanian (2017) use a
general equilibrium spatial model for the United States. In this model, the land-use
environment is exogenous, and they conduct counterfactual experiments to show the
effects of regulation on different aspects of the economy. For instance, their results
show that California, New York and the mid-Atlantic belt are the biggest
underperformers due to the tightening of regulations between 1980 and 2014.
Moreover, if the land-use environment were reversed back to 1980 levels, these
regions would experience the largest in-migration of workers and capital, and the
highest increase in the contribution to the US GDP growth. In a similar analysis,
Hsieh and Moretti (2015) estimate the effects of regulation in 220 US metropolitan
areas from 1964 to 2004. They show the lower elasticity of housing supply leads to
increased wage dispersion, which in turn results in lower US GDP by 13.5 percent.
Yet again, this effect was more pronounced for mega-cities like New York, San
Francisco and San Jose. Ganong and Shoag (2013) demonstrate that housing supply
constraints will cause income differentials across locations to persist by limiting
migration from low-wage to high-wage areas. They also conclude that low-skilled
workers spend a disproportionate share of income on land.

This paper uses data on land-use restrictions in Islamabad to test for the effects of
planning restrictions. The major restrictions are FAR and building setback
regulations. These restrictions have been in place from the early stages of
development and the pattern of building conforms to them. Thus, the form of

regulation is easily specified and the enforcement of these regulations is not an issue.
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1.3 The planning environment and data

Construction in Islamabad, the first planned city of Pakistan, started in 1960 by
then President Ayub Khan. The idea behind the development was to move the
capital from the coastal city of Karachi to a location that was more accessible by all
provinces, and less prone to attack from external forces. According to provisional
figures released in the latest census, Islamabad has 1,009,832 residents with 169,918
households. In addition, Islamabad Capital Territory (ICT), which includes both
the urban area of Islamabad and the surrounding rural areas, has a population of 2
million. The city has also maintained a 4.91% average annual population growth
rate for the past 19 years (Population census, 2017).! The central planning agency,
called the Capital Development Authority (CDA), has divided the city into eight
zones. These consist of an administrative zone, diplomatic enclave, residential area,
educational sector, industrial sector, commercial areas and green areas. The
residential sector, which is the focus of this paper, is further divided into a grid.
From figure 1.1, it can be seen that the residential areas of the city are divided
vertically into the series (A-I) and horizontally into sectors (5-17). Series F and G
in sectors 5-7 are the oldest parts of the city and can be considered the center of the
city.

The CDA has implemented very stringent land-use controls in Islamabad. Although
the domain of these controls is very extensive, this paper will emphasize the effects
of a non-constant FAR restriction on the density gradients of Islamabad. In
particular, there is a 2 floor and 30-foot height restriction across the city for
residential lots. In addition, planning regulations also require a minimum setback on
two sides of the buildable area for a lot smaller than 300 sq. yds. and on three to
four sides for a lot larger than 300 sq. yds. The exact setback requirement depends

on the size and the “frontage” of a lot. To appreciate the significance of the effect of

Tslamabad has the second highest average population growth rate in Pakistan.
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setbacks on the FAR, consider the ranges of minimum setbacks in table 1.1. In
addition, FAR restriction also varies throughout the city. Since, the datasets do not
provide values for the “frontage” of the properties, it is not possible to determine
exact values of FAR at every distance. However, figure 1.2 gives an estimate of FAR
restriction, as lot sizes are inversely related to the FAR limit in the current setup.
Figure 1.2 presents average lot sizes at every distance for series F, G and I, and
series H is not included as CDA has designated this area for non-residential use.
Another way that the CDA influences the structure and population densities in
Islamabad is by fixing the size of the lots. CDA plans and, in many cases, develops
the city in increments of a sector within every series. For instance, after the
development of F-10, the CDA will develop F-11 and provide a transportation
network to connect the development. This development pattern is displayed in the
map of Islamabad in figure 1.1. CDA is also responsible for provision of public
amenities and the development of residential lots.? Moreover, the authority also
determines exact sizes of lots within each series-sector pair. Once the lots have been
developed, CDA bylaws make it very difficult for the residents to change the lot
size. In particular, “only one bifurcation/sub-division of [lots is allowed] in respect
of [lots] measuring 1000 sq. yds. and above provided each divided portion of the
[lot] is not less than 500 sq. yds. The sub-division will however be allowed on the
condition that only one living unit will be permitted to be constructed on each
sub-divided portion” (Capital Development Authority, 2005). Figure 1.3
demonstrates the subdivision bylaws of CDA. In particular, if the area of the
undivided lot enclosed in the black line boundaries is more 1000 sq. yds, then any
kind of subdivision is possible. If the developer wants to subdivide a lot, to increase
the FAR of the total land, it can only be done once, as shown with the dotted

orange line. Therefore, developers can only have two subdivisions per lot. Such a

2CDA sells lots that are ready for house construction in the open market. At that point, all of
the public amenities, utilities and a transportation network have been developed.
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subdivision will only be allowed if both ‘Subdivision A’ and ‘Subdivision B’ are
more than 500 sq. yds.. Subdivision bylaws are very important for the following
analysis because if there is no restriction on subdividing land, then developers can

subdivide land close to the city and raise the FAR.

1.3.1 Data

To conduct the analysis empirically, spatially disaggregated data on housing prices,

sizes and location, among other variables, was required. Unfortunately, due to lack

of good quality data in Pakistan, no single dataset had all of the data necessary for
the analysis. Therefore, this paper employs two separate datasets with observations
located within 11K M radius from the center where the above-mentioned planning is
imposed. There is no unique identifier available to match the datasets.

The first dataset was obtained from www.zameen.com which is an online real estate

marketplace. This portal contains information entered by individual users who want
to sell their property all across Pakistan. Even established real estate agents
advertise their clients’ properties through this portal. In terms of data
characteristics, each entry ranges from house value, location and detail on the
features of the house to just the value of a house and the size of the lot. This data
was downloaded from the website using several data-scraping techniques. The
dataset contains 1,028 observations out of which 389 observations have missing
values for at least one housing characteristic. In addition, the dataset provides a
representative sample of the parts of the city that are being studied in this paper,
namely the F, G and I series. After excluding outliers, there are 305, 297 and 199
entries for the F, G and I series, respectively. Table 1.2 reports the summary
statistics for the house price and associated variables from this dataset. All of the
variables show a wide variation, which is also indicative of the wide range of lot

sizes chosen by CDA.
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It is important to highlight the potential issue of sample being selected. A sample
selected by any rule not equivalent to random sampling produces a description of
the population distribution of characteristics that does not accurately describe the
true population distribution of characteristics no matter how big the sample size.
Unless the rule by which the sample is selected is known or can be recovered from
the data, the selected sample cannot be used to produce an accurate description of
the underlying population (Heckman, 2010). For certain sampling rules, even
knowledge of the rule generating the sample does not suffice to recover the
population distribution from the sampled distribution. Urban Economics literature
has reported the problem of sample selection in several econometric studies, noting
selection of only houses that are sold as a potential source of bias for hedonic price
models (Gatzlaff and Haurin, 1998; Munneke and Slade, 2000).

One potential source of residents self-selecting themselves out of the sample could
arise from the online nature of the data source. Since Pakistan is a developing
country, common intuition would suggest that low-income households might be at a
disadvantage for listing their properties on an online platform due to lack of
availability of internet. However, the latest statistic from Pakistan
Telecommunication Authority (PTA) reports 127 million broadband subscribers in
2023 in Pakistan. This accounts for almost 55% of the total population of Pakistan.
Similarly, the PSLM 2019-20 survey conducted by the Pakistan Bureau of Statistics
(PBS) reports 99.57% ownership of mobile smart phones and 74.79% broadband
coverage in Islamabad. Therefore, self-selection of a certain type of residents due to
lack of availability of internet does not appear to be a major concern for Islamabad.
Figure 1.11 shows a comparison between the owner-occupied housing units in
Islamabad in the Census data from 2017 conducted by PBS and the sample data
used in the empirical analysis. In the data sample, housing units with outlier values

of more than 7 bedrooms was excluded. Both datasets show a strong resemblance in
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the distribution of number of bedrooms. In particular, 67% of the housing units in
the Census data and 63% of the housing units in the sample data had 2-4 bedrooms.
Housing units with more than 5 bedrooms were overrepresented in the sample,
however, a large majority of the housing units follow a similar distribution for
number of bedrooms as the Census data. Since the Census data is not GIS mapped,
house size distribution could not be compared over distance from the center which is
also a variable of interest in the empirical analysis.

The paper also uses another dataset that was provided by CDA. The revenue
division in CDA that is responsible for property tax accounting and collection, has a
database with information on lot size, floor space and property tax bill for every
house. The officials in this department provided information on a sizeable
subsample of the city for research in this paper. This second dataset contains 9,606
observations with 4,392, 2,711 and 2,146 observations in the F, G and I series,
respectively, after excluding outliers. Table 1.3 reports the summary statistics for
the dataset provided by CDA for variables including total floor space, lot size and
distance from CBD. Yet again, the row for lot size shows a wide variation chosen by
CDA all over the city. The variation in the total floor space is less than that of lot
size, which also indicates the effectiveness of non-constant FAR restrictions.

The distance variable that is estimated in both datasets tells the approximate
shortest distance between a property and the CBD. In Islamabad, every
series-sector combination is further divided into four sub sectors, namely 1, 2, 3 and
4. For example, the F-10 series-sector is further divided into F-10/1, F-10/2, F-10/3
and F-10/4. The distance variable used in the analysis is calculated by estimating
the distance between the centroid of the subsector in which a property is located
and the closest edge of CBD. The third row of table 1.3 displays the summary
statistics results for the distance variable.

Tables 1.4 and 1.5 report the summary statistics for house prices per unit of land
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and FAR for each series. Table 1.4 shows that housing value per unit of land
decreases when the house is located in either G or I series. This result is
independent of the distance from CBD. Economic theory also suggests that if a
builder is incentivized by high market prices, he/she should build taller structures
at higher FARs. However, table 1.5 reveals opposite pattern for FAR. FAR is higher
in series G and I than in series F. Since series F has a higher density of larger lots,
as shown in figure 1.2, and there is a larger minimum setback requirement for such
lots, FAR restriction is, generally, more binding in series F. This analysis tells us
that builders in Islamabad, in many cases, are constrained by FAR restrictions.

It is important to highlight the potential issue of sample selection. A sample
selected by any rule not equivalent to random sampling produces a description of
the population distribution of characteristics that does not accurately describe the
true population distribution of characteristics no matter how big the sample size.
Unless the rule by which the sample is selected is known or can be recovered from
the data, the selected sample cannot be used to produce an accurate description of
the underlying population (Heckman, 2010). For certain sampling rules, even
knowledge of the rule generating the sample does not suffice to recover the
population distribution from the sampled distribution. Urban Economics literature
has reported the problem of sample selection in several econometric studies, noting
selection of only houses that are sold as a potential source of bias for hedonic price
models (Gatzlaff, 1998; Munneke and Slade, 2000).

One potential source of residents self-selecting themselves out of the sample could
arise from the online nature of the data source. Since Pakistan is a developing
country, common intuition would suggest that low-income households might be at a
disadvantage for listing their properties on an online platform due to lack of
availability of internet. However, the latest statistic from Pakistan

Telecommunication Authority (PTA) reports 127 million broadband subscribers in
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2023 in Pakistan. This accounts for almost 55% of the total population of Pakistan.
Similarly, the PSLM 2019-20 survey conducted by the Pakistan Bureau of Statistics
(PBS) reports 99.57% ownership of mobile smart phones and 74.79% broadband
coverage in Islamabad. Therefore, self-selection of a certain type of residents due to
lack of availability of internet does not appear to be a major concern for Islamabad.
Table 1.12 shows a comparison between the owner-occupied housing units in
Islamabad in the Census data from 2017 conducted by PBS and the sample data
used in the empirical analysis. In the data sample, housing units with outlier values
of more than 7 bedrooms were excluded. Both datasets show a strong resemblance
in the distribution of number of bedrooms. In particular, 67% of the housing units
in the Census data and 63% of the housing units in the sample data had 2-4
bedrooms. Housing units with more than 5 bedrooms were overrepresented in the
sample, however, a large majority of the housing units follow a similar distribution
for number of bedrooms as the Census data. Since the Census data is not GIS
mapped, house size distribution could not be compared over distance from the
center which is also a variable of interest in the empirical analysis.

To formally test randomization of the sample, statistical balance tests are commonly
used in randomized controlled experiments. These tests are aimed at ensuring that
the randomization gave rise to treatment and control groups that are balanced with
respect to the variables of interest and the observed difference between the two
groups therefore is due to potential confounds. However, Mutz and Pemantle (2013)
present a criticism on the use of balance tests in experimental data, arguing that
these tests are uninformative and unnecessary, as statistical inferences are meant to
be made for the population and not a balanced sample and perfect randomization is
not a prerequisite to making statistical inferences. Balance tests are typically used
in cases where efficacy of fiscal changes/experiments is meant to be measured using

difference-in-difference methodology (Cellini et al, 2010). However, in observational
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data such as the one used in the current chapter, balance testing may not be
necessary if potentially unbalanced confounds in the sample are controlled for in the
empirical specifications. The difficulty in this case is that omitted variables limit the
ability to control for potentially confounding variables.

A Chi-square goodness of fit test is used to compare the distributions of Census and
sample datasets. The null hypothesis is that there is no difference in the two
distributions. The test compares each level of the bedrooms variable between the
two datasets with the expected number of observations in that level. The results are
displayed in the last two columns of table 1.12. The test statistic value is 15.428.
The null hypothesis cannot be rejected at the 5% significance level. These results
imply that the distributions are similar at the above-mentioned statistical
significance levels. A similar supplementary test is presented in Letdin and Shim
(2019) to test the difference between a school distance variable between high and
low amenity cities. Another study by Angrist and Newey (1991) uses the Chi-square

to test for over-identification in an earnings function.

1.4 Testing if Islamabad is consistent with the SUM
1.4.1 Theoretical Model

This section starts with a review of the standard monocentric-city model, and then
incorporates land-use restrictions. The model was initially developed by Alonso
(1964), Mills (1967) and Muth (1969). The city is inhabited by N identical
residents, all of whom work in the central business district (CBD).The residents
earn income y per period. The inhabitants commute from their residences to the
CBD, incurring a cost of ¢ per round-trip kilometer per period. Let = denote the
distance between an inhabitant’s residence and CBD, the disposable income of a
consumer living x kilometers from the CBD is then y — tx.

Individuals have a common, well-behaved utility function U(c, ¢;). The utility
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function depends on the consumption of a numeraire non-housing good ¢, housing
square footage ¢, and i € [F, G&I]. Absentee landlords own housing throughout the
city with p as the price per square foot of floor space per period. The consumer’s
budget constraint is then y = p;(x).q;(z) + ¢ + tx.
Consumers choose ¢;, ¢, and x to maximize the utility. Locational equilibrium is
achieved by maximizing utility at a spatially uniform utility level of u. The
consumer’s problem yields three first-order conditions for choices of ¢;, ¢ and .
Solving the first-order conditions gives:

dp;(x) —t

e @) (1.1)

also known as Muth’s equation. Equation (1.1) reveals that housing price falls with
distance from CBD, p, < 0, in order to compensate for extra commuting cost. As a
result, as the distance increases from CBD, the quantity of housing floor space
demanded also increases, ¢, > 0.

Equation (1.1) presents a very important result, as it implies that house prices
follow Muth’s equation, a necessary condition for applying the SUM to an urban
housing market. This is important because the SUM can be used to produce
counterfactual estimates of the pattern of development that would occur in the
absence of the elaborate mix of regulations. A negative exponential house price
gradient is a nontrivial prediction given the substantial impact of government
restrictions on the housing market. Urban land models are generally created, and
equilibrium outcomes are produced under the assumption that the SUM holds.
However, this is the first application to a heavily planned city in Pakistan and it is
not obvious that the implications of the SUM hold in such an environment. In
particular, the likelihood of problems in applying the SUM increases in developing
countries where government restrictions tend to be stricter and institutions of the

real estate market weaker. Equation (1.1) can be further adapted to get an explicit
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house price function. Dividing both sides by p;(z) gives:

dp;(x)/dx _ din(pi(z)) _ .t (1.2)

pi(z) dx pi(7)qi(z)

The differential equation (1.2) can be solved to get explicit housing price function.
Households under the common utility condition have same real income throughout
the city, and therefore spend same amount on housing, p;(z)g;(z), if the real income
constant own price elasticity of demand for housing is unity. Substituting

t
A = ————— and integrating both sides we get:

pi(z)qi(z)

pi(z) = poe (1.3)

Equation (1.3) implies that there is a housing price gradient which follows the slope
of this negative exponential curve. Here, \ is the rate of change of housing price p
with distance from the city center.

The SUM continues in the following fashion. Housing floor space is produced by
combining land, [/, and capital, k, under a constant-returns production function. In
particular, housing production can be represented by H (k;, ;) = Akf‘.l;@ . Here,
and [ are the output elasticities of capital and land, respectively, in housing
production, and a + 8 = 1. It is critical to emphasize that [ is exogenous because
the central planner predetermines the value of [. Similarly, housing output per unit
land is H(k;,l;)/l; = h(S;) = AS?, where S; = k;/l; or structure density. In
addition, the builder has to pay the production cost of R;(z).l; + py.k;, where R;(x)
and py are per unit costs of land and structure. In this case, the producer’s profit

maximization problem per unit land is represented by equation (1.4):

Max 7 = p;(2).A.S5¢ — pi.S; — Ri(z) (1.4)

20



Here S; = T which can also be thought of as the structural density. Since

developers are price takers, they choose 5; for a given p to maximize their profit,

according to the following first-order condition:

dm
g = Pil@)AaSTT —py =0 (1.5)

Rearranging the first-order condition in (1.5), we get the following relationship:

S, — {IM} ﬁ (1.6)

Dk

A builder’s choice of structural density varies inversely with p; and directly with
pi(z). In addition, as Muth’s equation suggests that p, < 0, we can also conclude
that S, < 0.

— A.50,

H kia ll
Similarly, housing output per unit land can be defined as h = M

Li
Substituting (1.6) into the housing density per unit land, h;, and taking logs, we get

the following relation:

Inh = InA + [1 fa}ln {p"(:;iAa] (1.7)

that gives the determinants of housing output per unit land or floor-area ratio
(FAR). Furthermore, taking the derivative of (1.7) with respect to the distance from

the CBD gives:

din(h) _ [Q]M (1.8)

dx 15} dx

Equation (1.8) suggests that, in the absence of regulation, the housing density
gradient should follow the same functional form as Muth’s equation, an inverse

relation between housing output per unit land and distance. This outcome is also
—dIn(p;(z))

consistent with the literature. Rearranging (1.8) and substituting A = g
x

gives:

21



wwo:%?m (1.9)

The differential equation (1.9) is solved to find equation for housing output density.

Integrating both sides we get:

—aA

h=hee B (1.10)

As housing prices fall exponentially with distance, builders have less motivation to
develop taller structures away from the center of the city. This result produces a
negative housing output density gradient, h, < 0.

The analysis above also provides useful insight into the elasticity of demand for
housing at each distance, x. Assuming that the real income constant own price
elasticity of demand for housing equals unity, expenditure is on housing is fixed and

equal to £. Where:

E = pi(z)q(z) (1.11)

Rearranging and taking logarithms and derivatives with respect to distance of both

sides of (1.11) gives:

ding;(x)  —dinp;(x)
dr dx

(1.12)

Equation (1.12) shows that housing demand has a positive relationship with

distance, which is an intuitive outcome as housing is a normal good and p, < 0.

Furthermore, substituting A = din(pi(x)) = — and rearranging gives:
dx pi(z)g;(x)
ding;(z) = \dx (1.13)

Solving differential equation (1.13) gives an explicit function for housing demand at
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every value of z in the following equation:

¢i(r) = goe™ (1.14)

Equation (1.14) shows that households demand more floor space as the distance
increases, q, > 0.

Equation (1.10) states that housing output density should decrease with distance
from the center, without planning restrictions. However, under the planning
environment, housing output density can be non-monotonic. The central planner
controls FAR by setting the minimum setback and maximum building height limits.
Moreover, the value of minimum setback increases as the size of the lot increases.
Table 1.1 shows the minimum setback requirement for each lot size. Although the
value of lot “frontage” determines the exact value of the setback requirement, we
can infer that, generally, setback requirements become larger as the size of the lot
increases. Figure 1.2 shows the relation between the average lot size in each series
and the distance. Although there are multiple lot sizes at each distance, average lot
sizes are used to get a sense of lot size distribution in Islamabad. Figure 1.2
demonstrates that an increase in average lot size with distance can only be seen in
series F and G between 0.5 and 1.5 kilometers from the center. Otherwise, the
average lot size chart depicts negative relation between average lot size and distance
from the center for almost every part in the city. This implies that on average
setback requirement will also decrease with distance from the center. Given the lot
size distribution and minimum setback pattern, and building height limit discussed
in section 1.3, any relation between housing output density and distance from the
center is possible, once the FAR limit is binding. Therefore, a strictly negative
relation between housing output density and distance, as suggested in (1.10), is not

a necessary outcome.
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The theoretical framework developed above shows that, in the absence of FAR
regulations, a city should have negative exponential housing price and density
gradients. However, as we have seen in the preceding analysis, government
restrictions could produce a positively sloped housing density gradient, similar to
that of the cities in command economies (Bertaud and Renaud, 1997). Some cities
in developed countries have also imposed very strict FAR restriction for historical
reasons. For example, the FAR restriction in Washington, DC has induced higher
structural density in the neighboring Arlington county. Even with presence of such
restrictions, theoretical analysis suggests that Muth’s equation should hold, and

housing prices should decrease with distance.

1.4.2 Empirical results

The SUM implies Muth’s equation which states that the residents living further
from the center must be compensated for the extra commuting cost, and valuable
land, near the center of the city, must be built at a far higher density than the rest
of the city. Furthermore, equation (1.14) indicates the dwelling sizes increase with
distance. This implies that, in the absence of any government restrictions, urban
developments should have negative house price and housing density gradients and a
positive housing demand gradient. This section discusses a test for a negative
housing price gradient in the regulated market of Islamabad.

The paper uses a three tests of the effects of planning on the housing market in
Islamabad. The first step is to test the shape of the house price gradient which
according to the Muth’s equation should not be distorted by planning. The next
two tests involve the shapes of the housing density and housing demand gradients
which can be distorted by planning restrictions discussed above. As suggested by
(1.3), house prices have a negative relation with the distance from CBD. The house

price gradient is tested using the following equation:
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log(House price) = By + Prlog(Lot size) 4+ Balog(Number of bedrooms) (1.15)
1.15

+Bsdistance + Sidummyg + Psdummyr + €

‘Lot size’ and ‘Number of bedrooms’ variables are used as proxies for the quantity of
housing services. The ‘distance’ variable is the distance, in kilometers, between a
property and the closest edge of CBD. Dummy variables for series (G and I) are
included to control for characteristics specific to a series. For instance, series F is
known for having better amenities such as less congestion and more green spaces
than G and I.

The first column in table 1.6 reports the estimation results for (1.15). Results show
that both ‘Lot size,” measured in square feet, and ‘Number of bedrooms’ have
positive substantial effects on value as expected and consistent with the literature.
The estimated coefficient on distance implies that 1-kilometer increase in the
distance from CBD will result in a 5% decrease, significant at the 1% level, in the
value of the house. A few examples from the literature show that McMillen (2003)
finds that house values in Chicago fell about 8% as the distance rose one mile from
the CBD in 1992, and Chen and Hao (2008) report that prices fell as much as 5%
for every one kilometer increase in distance in Shanghai. This result shows that
Muth’s equation holds for properties in Islamabad, and that the house price
gradient is negative exponential whose rate of decline is similar to that in Chicago
and Shanghai. It provides empirical validation for the outcome found in equation
(1.3).This implies that the theoretical framework based on the SUM is appropriate
in the context of the current study. Negative coefficients on dummy variables
demonstrate the negative amenity affect from living in G and I series. The
independent variables explain 92.3% of the variation in house prices in Islamabad.

The second column in table 1.6 shows the result for the house price regression
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excluding series I data. Since CDA did not create a large variation in the lot sizes in
series I, there is a possibility that the coefficients for ‘lot size’ and the dummy
variable for series I in the first column might be biased. As the lack of data did not
allow controlling for other variables, such as housing characteristics and series
specific variables, and potentially getting an unbiased result, this regression
specification is also estimated to test the validity of results in column 1. The
coefficients in column 2 have the same signs as before and even the magnitude of
each individual effect did not change significantly. In particular, for the subsample
of the house price data, the estimated house price gradient is negative and Muth’s
equation holds. Yet again, the independent variables explain 90.2% of the variation
in the house prices in Islamabad.

The hedonic house price function (1.15) is based on the theoretical framework
provided by Rosen (1974), which has become a workhorse for valuing the
characteristics of differentiated products. In particular, housing is a heterogenous
commodity described by a package of characteristics. One type of characteristics are
residential structure features, including number of bedrooms, presence of a pool,
view, number of fireplaces and age of structure (Katz and Rosen, 1987; Bao, 2012).
Similarly, locational features are also included in hedonic price function to account
for externalities associated with the geographical location of a unit. For example,
distance from the city center and/or distance from a nearby amenity or transit
station are included to establish the implicit prices of location (Brueckner et al,
1999). In the presence of limited data, hedonic price function (1.15) excludes several
housing characteristics discussed above. The omitted variables from the price
function have potential to bias the estimators of the independent regressors.
However, the primary regressor of interest in (1.15) is distance, to test the
theoretical conclusion of a negative house price gradient. Although without

observing the omitted variables, it is not possible to establish or dismiss a
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correlation between these variables and distance from the center, common intuition
suggests that most of the omitted variables discussed might not present a strong
correlation with distance from the center. For example, presence of a pool and
number of fireplaces might not correlate with distance, holding size of the house
constant.

In addition, literature has several studies providing critique on the possibility of
omitted variable bias in Rosen (1974) framework. Abbot and Klaiber (2011)
concern themselves with the possibility of unobserved variables at varying spatial
scales above that of an individual property. They find that the common remedy to
such a problem is spatial fixed effects, however, the spatial scale of fixed effects can
either over or under capture the unobserved effects. Similarly, Bishop et al (2020)
suggest creating matching estimators to mitigate omitted-variable bias by matching
houses that received an amenity treatment with a set of untreated control houses.
The goal is to find control houses that are as similar as possible to each treated
house in terms of observed and unobserved physical and locational characteristics.
The challenge is to determine the precise criteria for selecting matches. As noted by
Bishop et al (2020), although the econometric properties of matching estimators
have been thoroughly analyzed in the program- evaluation literature, the accuracy
of their estimates for implicit prices of missing housing characteristics in housing
market data has yet to be evaluated in the simulation frameworks that provide
insights on other methods.

The second empirical test is based on estimates of the housing density or FAR
pattern across Islamabad. It tests the hypothesis that housing density is distorted
by planning restrictions. Equation (1.16) estimates the shape of housing density
gradient which should be negative under laissez faire but which planning constraints

can potentially reverse:
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log(Housing density) = [y + Sidistance + Psdummyg
(1.16)

+Badummy; + €

Here ‘housing density’ is measured by the ratio of total interior space to lot size.
First two columns of table 1.7 displays estimate of equation (1.16) based on the
data provided by CDA. The results show that a 1-kilometer increase in the distance
is associated with a rise in housing density of 1.1%. This is a consequence of the
non-constant FAR restriction in Islamabad. In addition, the relation between
housing density and series G and I are negative and positive, respectively.
Moreover, the coefficients on dummies for series G and I are also significant at 1%
level in this specification. The second column in table 1.7 shows results for (1.16)
with exclusion of series I to avoid any potential bias in the coefficients of (1.16) due
to the lack of variety of lot sizes in series I. In this output, signs for all coefficients
remain same. Moreover, all effects are also significant at 1% level.

Results found for equation (1.16) conflict with the theoretical prediction for laissez
faire development in equation (1.10). In particular, the theoretical model predicts
that the coefficient on the distance should have a negative sign, 5; < 0, and housing
densities should fall with distance. However, it is evident that stringent regulations
by the planners have distorted the housing densities in Islamabad.

The third test involves estimates of the dwelling size gradient throughout
Islamabad. The SUM predicts that under laissez faire dwelling size should vary
directly with distance. In particular, equation (1.17) tests the empirical validity of

equation (1.14):

log(Total floor space) = By + [rdistance + Bsdummyg 117
1.17
+Bpdummyr + €

Here ‘Total floor space’ is measured by the total interior space of a property
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measured in square feet. The last two columns on table 1.7 state the results for
equation (1.17). The empirical test shows that 1-kilometer increase in the distance
results in 3.4% decrease in dwelling size. Furthermore, total floor space also
decreases in series G and I. All of the coefficients are significant at 1% level.
Similarly, fourth column of table 1.7 states results for (1.17) with exclusion of series
I. This estimation is conducted to check the results against any potential bias due to
the lack of variety of lot sizes in series I. In this specification, all of the coefficients
have the same signs as before and are significant at 1% level.

Once again, the results for equation (1.17) are inconsistent with the theoretical
prediction of equation (1.14). The theoretical model, reflecting a laissez faire land
market, predicts that coefficient on the distance should be positive, §; > 0, and the
total floor space should increase with distance. In this case again, the planner’s
regulations have reversed the sign of the dwelling size gradient. One probable
explanation of this anomaly could be a decreasing lot size distribution exogenously
set by the planner. This result also implies an inverted income gradient in
Islamabad. In most empirical studies, dwelling sizes are found to increase with
distance due to rising incomes with distance. For instance, Glaeser, Kahn and
Rappaport (2008) identify that richer residents live near the edge of city and
demand more land because of a higher income elasticity of demand for land than
the income elasticity of travel cost per mile.

Results in table 1.7 are representative of housing density and dwelling size patterns
in Islamabad. Housing density is generally higher near the edge of the city due to
inverted distribution of lot sizes chosen by the planner. In each series, larger lot
sizes are generally located near the center of the city, and due to stringent bylaws,
most of the lots cannot be bifurcated and built up beyond 30 feet. Similarly, large
density of smaller lots can be seen near the edge of the city where private builders

are not allowed to amalgamate smaller lots and build large floor spaces with less
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structural density. This fact also distorts the distribution of the dwelling sizes, as
more than proportionate presence of smaller lots near the edge of city and height
limit do not allow the developers to construct larger dwelling units near the edge of
the city. As mentioned above, both of the outcome of table 1.7 are in contradiction
with the theoretical model with no restrictions by the planner.

Table 1.7 highlights the main issues being discussed in this paper. Although the
demand side of the housing market housing market in Islamabad is fairly open to
market forces, government regulation of supply alters the forms of the housing
density and dwelling size gradients and makes them diverge from laissez faire. The
minimum setback requirement makes it practically impossible for builders to
develop intensively near the center of the city. This result implies that population is
concentrated more towards the edge of the city and more people will have to pay a
higher commuting cost to travel to the CBD.

The goal of the preceding sections was to test, both theoretically and empirically, if
Muth’s equation holds and the Standard Urban Model (SUM) can emulate the
housing market in spite of the presence of very restrictive building regulations. The
literature on this topic has found that in cities in the developed countries have a
negative exponential house price gradient and the results here indicate, for the first
time, that this result also holds in a heavily regulated city in a developing country.
Other significant empirical result found from the estimates were the existence of
inverted FAR density and dwelling size gradients. These results indicate how
intrusive the regulations are on the housing market in Islamabad. The next section
conducts a simulation exercise to envision the shape of the density and dwelling size
gradients without any government regulation. In addition, comparable results from
the simulation exercise allow to estimate welfare distortions using the counterfactual

city.
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1.5 Numerical Model:

The numerical simulation of the SUM is based on Alonso (1964), Mills (1967) and
Muth (1969). The closed-city model has N identical households. All residents work
in the central business district (CBD). The annual household income is y and
workers incur a travel cost of ¢ per round-trip kilometer. Let x be the distance
between the residence of a household and CBD.

Individuals have the common, well-behaved utility function U(c, q). The utility
function depends on the consumption of a numeraire non-housing good, ¢, and
housing square footage, g. The households maximize their utility according to the
budget constraint of y = ¢ + p(x)q + tz. Therefore, the household utility

maximization problem is the following:

max.,L = U(c, q) subject to y = ¢+ p(x)q + tx (1.18)

The first-order condition, with respect to z, is given in (1.1) is also known as Muth’s
equation. With a few transformations shown in (1.2) and (1.3), housing price
gradient (1.3) is found for the residents of the city.

On the other hand, developers maximize their profits, according to the following

housing production function given in the theoretical section:

H(k,l) = Ak®1° (1.19)

here, a + = 1. Therefore, the developer’s profit maximization is the following;:

max 11 = p(2) Ak*1® — ppk — R(x)l (1.20)

Equation (1.20) has two first-order conditions with respect to k, and [ to maximize

developer’s profit. The first-order conditions are given below with respect to k£ and
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[, respectively:

dll

i p(x)Aak®™ P —p =0 (1.21)
IT
O = plr)ABK — R(x) = 0 (1.22)

Multiplying both sides of (1.21) by k, and rearranging gives the derived demand for

capital:

p(x)aH (k1)
Pk

k= (1.23)

Similarly, multiplying both sides of (1.22) by [, and rearranging gives the derived

demand for land:

_ p(x)BH(k,1)

[ = 1.24
R@) (1.24)
To simplify the relationship between p(x) and R(z), the first step is to take
logarithms on both sides of (1.19):
In(H) = InA + alnk + Blnl (1.25)

The derived input demands (1.23) and (1.24) are substituted into (1.25), giving the

following relationship:

In(H) = InA + a(lnp(x) + Ina + InH — Inpy,)+

(1.26)
B(Inp(z) + Inf +inH — InR(z))
Simplifying (1.26) provides the land-rent as a function of house prices:
K Inp(z) alnpy
InR(x) = — + — 1.27
(z) 3 3 5 (1.27)
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here the constant InA + alna + Slng is set equal to K, to simplify the notation.

Furthermore, totally differentiating (1.27) with respect to x gives:

dinR(z) _ 1dinp(z)

= 1.28
dx 6 dx ( )
Substituting (1.2) into (1.28) gives:
dinR(z) —\
= 1.29
- 5 (1.29)
Integrating both sides of (1.29) gives the land-rent gradient:
R(z) = Roe 7 * (1.30)

In addition, taking logarithms of the derived demand for land (1.24) gives the

following result:

Inl = Inp(x) + InB + InH(k,1) — InR(x) (1.31)

substituting the logarithm of the land-rent function (1.27) gives the following:

Inl = Inp(z) + InB + InH (k, 1) — {% + l"pﬁ(x) . O‘lgp’“ (1.32)

Rearranging (1.32) gives the housing output per unit land H(k,[)/l = h(S)

function, where S = k/[ is structure density:

) - 2 - ing 4 S 0 (1.33)

B

here § is defined as the constant % — In(P) to simplify the notation. Totally

In (M) K alnp(z)  alnpy

differentiating (1.33) with respect to x gives:
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dinh(z)  adlnp(z)

= 1.34
dx Bdx ( )

Once again, (1.2) is substituted into (1.34), giving the following relation:
dinh(x) _ a(=M\) (1.35)

dx B
Integrating (1.35) with respect to x gives the following housing density gradient
similar to (1.10):

h(x) = hoe 7 * (1.36)

The last part of the model derives the household /dwelling density, h/q throughout
the city. The numerator of the household density function is determined by (1.36).
Similarly, the denominator of the household density function is established in (1.14).

The household density is given by:

h(z)  hee 7 ”

_ 1.37
q(z)  qoe® (137)

Note that housing demand at CBD, z = 0 is g9 = E/po given by (1.11). Therefore,

the household density gradient, can be rewritten as:

h(z)  hopo -
(@) _ fobo 53 (1.38)

The relationships found in (1.3), (1.14), (1.30), (1.36) and (1.38) are adopted from
Muth (1975). The following sections elaborate how the equilibrium conditions are
satisfied in the unrestricted and restricted cities.

1.5.1 Unrestricted, laissez faire, city simulation

The numerical framework described above is simulated as a closed-city model. The

number of households N is fixed subject to the constraint of common utility of the
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residents. The simulation exercise assumes the values of the exogenous variables:
number of households N, annual household income y, annual agricultural land rent
per square kilometer R,, also discussed below. The findings and comparison of the
simulation results of the unrestricted and restricted cities are very vital in assessing
any welfare changes due to the given planning restrictions. Since, planning
restrictions affect the city radius, we know that the edge resident will be worse off in
the restricted city, if the city limit must increase due to planning restrictions. This
is because of the common utility condition of model. While comparing the edge
residents of the unrestricted and restricted cities, it is evident that the edge resident
of the restricted city pays a higher transportation cost but an identical cost of
housing because land cost is always the same at the city boundary. Therefore, in
this case the resident will have a lower disposable income and lower utility, since the
edge resident pays the same house price irrespective of the city size. Furthermore,
common utility suggests that all residents of the restricted city will have lower
utility than the residents of the unrestricted city.

The theoretical framework is setup under the urban equilibrium conditions that
land rent at z, the city limit, is equal to the agricultural land rent, R(Z) = R, and
the city fits its entire population, N within the city limit. These equilibrium
conditions are standard for most monocentric-city models. By assuming that the
city limit, x,, and the equilibrium utility, ug, in the unrestricted city, the

equilibrium conditions are as follows:

R<jm UJO) = R, (139>
o h(S(x,ug)) .
/0 @w—q(a:,uo) de =N (1.40)

Equation (1.39) states the first equilibrium condition that equates land rents at the

city limit z,, and the adjoining agricultural land. The second condition simply states
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that adding the population at every distance should equal to the total population of
the city, N. Here © < 27 is the constant number of radians of land available for
housing.

This section explains how housing density, house price, housing demand, household
density and land-rent are simulated in the unrestricted city. The simulation
methodology is adopted from Muth (1975.) To start the iterative process, an initial
value of house price at the CBD, pg is chosen. Using the value of pgy, housing
demand at the center of the city, ¢o is deduced using (1.11). According to (1.11) g
is dependent upon py and E. Here, F is the fixed expenditure on housing, which is
a fixed proportion, € of the household income y. All parameter values including that
of E are discussed in section 1.5.3.

Similarly, by substituting py the value of housing output per unit land, h(x) at the
CBD is also inferred by (1.7). After getting the values for gy and hg, h(z)/q(x) at
CBD, is the ratio hy/qy, which determines dwelling density at CBD. Finally, using
Do, the value of the land-rent is found at the CBD, Ry, using (1.27). So far, the
discussion has established the relation among initial values of income, house price
and the initial values of ¢(x), h(z), h(x)/q(x), and R(z).

After finding the values at the CBD, the house price gradient (1.3), housing demand
gradient (1.14), housing density gradient (1.10) and land-rent gradient (1.30) are
used to simulate all of these aspects of the unrestricted city. Simulation calculations
are extended 0.1 kilometer at one-time, until the total number of households, N fit
in the city. At the distance where the city houses N households, the value of
land-rent found by the model, R(z) is compared to the exogenously given land-rent,
R,. If R(z) # R,, then the initial house price py is adjusted accordingly, so that
R(x) = R, at the distance where the city fits N households. At such a distance and
Po, the city holds N households and R(x) = R,, satisfying both equilibrium

conditions.
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1.5.2 Restricted city simulation

The urban equilibrium conditions in the restricted city imply that the urban land
rent at the edge of the city equals the agricultural rent R, and the entire city
population N fits within the city boundary, z,. By letting the equilibrium values of
equilibrium utility and the city limit in the restricted city be denoted by u; and Z,.,

the equilibrium conditions can be written as:

R(Z,,u1) = Ry, (1.41)
& h(z) T (S (x,u)) .
/0 @xq(ﬂf,ul)d$+/@ @x—q(%m) dr=N (1.42)

where h(x) is the government imposed FAR limit. Similarly, # is the distance from
the center of the city that has FAR restriction imposed in the restricted city. For

T < x < T, the developers can choose profit-maximizing level of FAR. Equation
(1.41) shows that at the edge of the city, both urban land rent and agricultural rents
are equal. Equation (1.42) second condition states that adding the population at
every distance should equal to the total population of the city, N. However, until
the distance z, the developers are restricted by the government imposed FAR limit
of B(m) Hence, the first part of equation (1.42) accounts for population in parts of
the city where the FAR limit is binding, while the second half of the equation shows
the population in the rest of the city where FAR is freely chosen. Here © < 27 is
the constant number of radians of land available for housing.

Simulation in restricted city follows the same methodology with the exception of
introduction of the FAR limit. The planner imposed FAR limit is assumed to follow

the following function:

h(z) =ax +b (1.43)
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Here, iz(x) is the FAR limit imposed by the planner in the restricted parts of the
city. In addition, the parameter values of a and b are the rate at which the FAR
limit changes per kilometer and the CBD value of the FAR limit, respectively. The
functional form closely resembles the density patterns of the planned region of
Islamabad. The planner, planned and restricts the inner 11 kilometers of the city,
Z = 11 in the restricted city, similar to the planning restrictions in Islamabad.
Between = < x < T,., the developers can freely choose the FAR. Therefore, the
housing density in the restricted city h,.s, follows a linear growth trend specified in
(1.43) for < 11 and the housing density gradient specified in (1.42) for

11 < x < Z,. Furthermore, since the land-rent gradient must satisfy the zero-profit
condition in equilibrium. Therefore, the restricted city land-rent gradient R, is

given by the following function:

Rres = p(x)hres(s) - pSS (144)

Note, that (1.44) has the same values for land-rent as (1.35) in the unplanned
regions of the city 11 < z < z,. Here, Z, is the city limit of the restricted city.

To simulate the restricted city, once again the methodology is adopted from Muth
(1975). In the first step, the initial value of py is chosen. The corresponding housing
demand ¢q is calculated from (1.11). Using go and h(0), household density is
calculated in the center. Land-rent in the center is given by (1.27).

The house price gradient (1.3), housing demand gradient (1.14), housing density
gradient h,.s and the land-rent gradient (1.30) are simulated for the restricted city.
Simulation calculations are extended 0.1 kilometer at one-time until the total
number of households, N fit in the city. At the distance where the city houses N
households, the value of land-rent found by the model, R,.s is compared to the
exogenously given land-rent, R,. If R..s # R,, then the initial house price pg is

adjusted accordingly, so that R,..s = R, at the distance where the city fits N
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households. At such a distance and pg, the city holds N households and R,.; = R,

satisfying both equilibrium conditions.

Proposition 1. The restricted city has a larger radius and has lower household

welfare than the unrestricted city, with T, < T, and ug > u;.

The proof of this proposition is adopted from Bertaud and Brueckner (2004). To
prove this result all of the alternative possibilities are ruled out. Firstly, z,, > z, and
uy > ug cannot hold since, in this case, if R(Z,,uy) = R, then R(Z,,u1) # R,, as
land rent R decreases with both the city size and utility. By similar intuition, we can
rule out the scenario where z, < 7, and u; < ug. The remaining alternative scenario
would be where z, < 7, and u; > wug. Since, utility u is inversely related with house
prices p and structural intensity S and directly related with housing demand g,

uy > ug implies A(S(z,u1))/q(z,ur) < h(S(z,up))/q(x,up) for & <z < xy. In
addition, h is strictly binding for = < #, suggesting that h < h(S(x,up))/q(x,ugy) for
x < Z. Since at utility level u;, housing density is smaller throughout the city,

Z, < I, cannot hold. The contradictions mentioned above establish the proposition.

1.5.3 Parameter Calibration

This section explains and justifies the parameter values used to simulate the
unrestricted and restricted cities in the numerical model. According to the
Population Census of 2017 conducted by the Pakistan Bureau of Statistics (PBS),
Islamabad has a population of 1,009,832, and the total number of households living
in Islamabad N is 169,918. This implies an average household size of 5.94 that is
close to the national urban average household size of 5.97 found by the Household
Integrated Expenditure Survey (2018) for Pakistan.

The annual per capita income reported in the Economic Survey of Pakistan of 2018
conducted by the Ministry of Finance of the government of Pakistan was USD 4520

(PKR 162,230) for 2016-17. All of the incomes, expenses and prices are reported
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according to the purchasing power parity (PPP) rate of 2019 of USD 1 = PKR
35.89, and the corresponding values in the local currency are reported in parentheses
(World Bank). In addition, the Labour Force Survey (LFS) of 2017 finds there are
22.59 million workers in the urban labor force, and there are 12.192 million
households living in the urban areas of Pakistan (Population Census, 2017). This
implies that on average there are 1.85 workers per household in the urban areas of
Pakistan. At this rate, the annual household income y is USD 8375 (PKR 300,589).
Similarly, R, the exogenous agricultural land-rent at the edge of the city is USD
337,919 (PKR 12,127,913) per square kilometer per year. The value of R, is
estimated by conducting a survey of the local Deputy Commission (DC) offices in
the Rawalpindi district that adjoins Islamabad. After collecting prices from 11 DC
offices, the dataset included agricultural land value information from 950 ‘khasra’
land units. ‘Khasra’ is the smallest rural land revenue unit for which DC office
estimates an official land values to be used for tax collection from a sale/purchase
transaction. Land revenue units are in the following order: ‘District,” ‘Tehsil,’
‘Qanoongoee,” ‘Mouza’ and ‘Khasra,” from the largest to the smallest. DC offices
estimate these land value to assign a minimum tax bill to counter the widespread
under reporting of the actual transaction values. These values are known as the ‘DC
land rate.” The ‘DC land rate’ dataset used to estimate the agricultural land value
in Islamabad consists of 6 ‘Tehsils’ in the Rawalpindi district that adjoin Islamabad
and should give a close approximation of the agricultural land values in Islamabad.
However, since the ‘khasra’ numbers were not GIS mapped and in most cases were
not found on Google maps, the impact of distance could not be estimated on
agricultural land values. All of the observations were “off-main road” locations to
avoid any potential impact of unknown land improvements on the land values. Since
the DC rate of the structures is calculated separately, the value of structures was

not included. According the ‘DC land rate’ data, the median land rent, calculated
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using a 5% discount rate that is commonly used in the literature, was USD 1,371
(PKR 49,203) per acre per year or USD 337,919 (PKR 12,127,913) per square
kilometer per year (Bertaud and Brueckner, 2004). In a 2015 study by Rashid and
Sheikh, the authors report Farmers’ perceived land values for agricultural land in
several districts all over Pakistan for 2012. The authors found the perceived
agricultural land rent value of USD 1,820 (PKR 65,343) per acre per year or USD
449,892 (PKR 16,1246,629) per square kilometer per year for Rahim Yar Khan
(RYK) district that is located close to a metropolitan city like Islamabad. Similarly,
according to a Wageningen Economic Research report, the weighted average
agricultural land rent values for several European countries ranged between USD
883 and USD 1735 per acre per year at the PPP exchange rate of 1 USD = 0.7 Euro
(Silvis and Voskuilen, 2016; World Bank). In the numerical analysis, the
agricultural land rent found from the ‘DC land rate’ data of USD 337,919 (PKR
12,127,913) per square kilometer per year is used.

In addition, t is the annual round-trip per kilometer per household cost of travel
throughout the city. In order to calculate the time cost of travel, the annual per
capita income is converted to average hourly wage, assuming 8 hours of work per
day and 250 working days per year. Average hourly wage is USD 2.3 (PKR 81.1).
In a 2013 study by MS Ali et al., average travel speed of public transport in Karachi
in 29 km/hr. The same study found car to be the fastest mode of transportation,
averaging 50 km/hr, and trucks to be the slowest mode of transportation, averaging
26 km/hr. In the current paper, transportation is assumed using public transport
because of availability of data of the cost of public transportation, which will be
used in the money cost analysis of traveling. However, the overall cost of travel per
kilometer will not be affected significantly by changing the mode of transportation
as the modes that are faster, such as car, will save cost on time but will increase cost

in terms of the money cost of travel. Furthermore, as in Brueckner and Bertaud
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(2004), the commute time is valued at 60% of the forgone wages. This implies that
the opportunity cost of travel per kilometer per individual, at an average speed of 29
km/hr, is USD 0.046 (PKR 1.67). According to the Punjab Masstransit Authority,
money cost of travel through the metrobus system in Islamabad on the longest route
is USD 0.025 (PKR 0.9) in 2017. The flat-rate of Metrobus in Islamabad in 2017
was USD 0.56 (PKR 20), which implies that the cost per kilometer declines as the
trip becomes longer. Therefore, the total cost of traveling, that includes opportunity
cost of commuting time and money cost of traveling, 1 kilometer distance is USD
0.071 (PKR 2.57) . Multiplying the cost of travel with the number of workers per
household, number of working days and 2 gives the annual round-trip per kilometer
per household cost of travel, t. The value for ¢, the annual round-trip per kilometer
per household cost of travel, used in simulation is USD 66.9 (PKR 2400).

The parameter values of a and b in (1.43) are chosen to resemble the density pattern
in the empirical data for Islamabad. The green line in figure 1.10 shows the density
pattern in Islamabad found in the data. Here, housing density is equal to the FAR
that is measured as the ratio of the total interior space in square feet and the lot
size in square feet. In the simulation, a = 0.02 and b = 0.6.

The share of gross income spent on rent € is calculated using the HIES 2018 value of
median share of total consumption on housing expenses of 22.3%. Housing expenses
include expenses on rent and utilities. Firstly, every income earner pays a 15%
withholding tax on their incomes, in addition to income taxes. Income taxes rate
range between 0% and 30% depending on the total annual income (KPMG 2020).
Income tax rate of 13% is assumed for this study, as it is applicable to lower income
individuals. Therefore, the total tax implication is 28%, and the after-tax income
available to be distributed between consumption and savings is 72% or 0.72y. CEIC
(2020) reports 11% gross savings for Pakistan in 2016. After accounting for savings,

the share of total consumption in y is 61%. As reported in HIES 2018, 22.8% of the
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total consumption, 0.61y, is spent on total housing expenses. This implies the total
housing expenses equals 0.13y. Furthermore, total housing expenses include rental
expense and utilities. Carliner (2013) found that average American renters pay 13%
of the total housing expenses in energy bills. Therefore, 87% of the total housing
expenses are spent on house rent, which equals 0.11y. The implied share of gross
income spent on rental expense, ¢, is 11%. It is important to note that Urban
Economics literature is divided on the appropriate share of income that is spent on
rental expenses. For instance, Bertaud and Brueckner (2004) found that residents in
Bangalore, India spent about 10% of their incomes on rental expenditure. Whereas,
Larson et al (2012) in their numerical simulation model found rental expense to
vary between 15% and 25% of the income in several large US cities. In Muth (1975),
the author found that the share of rental expense on income can be up to 48% for a
newly constructed house that is financed by FHA in the US. Such a large
discrepancy between the finding in Muth (1975) and the share of rental expense in
Islamabad can be attributed to several different factors. In particular, the difference
in the discounting rate to find the rental value, the subsample used by Muth (1975)
for FHA financed housing can potentially cause self-selection bias and the use of
national average income in the current study can all lead to such a difference in the
parameter value of the rental expense as a percentage of the income. For the
current numerical exercise, e = 0.11 is used. By similar intuition, the rate of decline
of housing prices, A is the ratio of traveling cost ¢t and the household housing
expense per year € x y = F, which has the value of 0.073.

The housing production function productivity factor A is set at 0.00007. This
parameter value is similar to several studies conducted in the past that used 0.0001
(Brueckner, 2005), 0.0005 (Bertaud and Brueckner, 2004) and 0.0005 (Kulish et al.,
2012). Similarly, the output elasticity of capital in the housing production function

a is set at 0.56. Once again, this parameter value is similar to the values used in
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several numerical studies in the literature. In particular, Bertaud and Brueckner
(2004) used 0.6, Kulish et al. (2012) used 0.6 and Anver and Hallegate (2019) used
0.64 for the value of output elasticity of capital in the Cobb-Douglas production
function.

Lastly, the share of land available for housing in the planned region of the city is set
0 = 0.94 radians, which implies 15% of the land is available for housing. Muth
(1975) finds that for cities with a population of quarter of a million or more, around
40% of the developed land is dedicated to housing. However, Shah et al (2021)
found that Islamabad had a “built-up land” use of 34.4% in 2009. The authors
defined “built-up land” as the land area occupied by “residential sectors,
commercial, industrial and infrastructure services etc.” The study mentioned above
uses Landsat imagery to document the changes in the composition of land use
categories in Islamabad since 1979. Intuitively, a lower percentage of land use for
residential purposes is justified also because of natural land-use impediments in the
form of the completely uninhabited Margalla Hills, which surround Islamabad at the
north-western border. Therefore, 6 was set at 0.94 for the current numerical
analysis. Similarly, the share of land available for housing in the unplanned region
of the city is set Ounpiannea = 0.75 which implies around 12% of the land is dedicated
to housing. Once again, this parameter value is chosen at a lower value because this
region has several geographic constraints such mountainous terrain, land occupied
by the adjoining twin city of Rawalpindi and agricultural land use. The parameter

values and description discussed above are also listed in table 1.8.

1.5.4 Simulation Results

As discussed above, the unrestricted and restricted cities are simulated using the
given parameter values discussed in section 1.5.3. The unrestricted city is built by

profit-maximizing builders, and the residents are compensated with lower housing
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prices as they choose to live farther from the CBD. The builders optimize the
housing output density to achieve the maximum residual land-rents, and in this case
the housing output gradient follow a negative exponential path. Therefore, more
dense housing is located near the CBD, and as the distance increases housing
density decreases. On the other hand, in the restricted city, the builders do not have
the ability to make optimal free-market housing density decisions as the government
regulations are binding and alter the housing output density gradients at least in
some parts of the city. The restricted city is modelled after Islamabad and
incorporates the restrictions imposed by the planner, CDA. In particular, the
restricted city has a FAR restriction, for x < 11 km, that follows the path
mentioned in (1.43). Therefore, the builders in the region have a binding limit of
the FAR that they can produce. For x > 11 km, the builders are free to choose the
optimal level of FAR.

This section discusses the equilibrium and simulation results for the unrestricted
and restricted cities in the numerical model. Firstly, equilibrium level of city limit in
the unrestricted city ; = 13.4K M and in the restricted city 7o = 16.5K M. As
expected, the city limit in the closed restricted city is larger than the city limit in
the unrestricted city. In particular, the edge resident in the restricted city will have
to travel extra 3.1KM to get to work in the CBD.

In addition, unlike the unrestricted city, the restricted city has a planned region of
= 11K M. In this region, the central planner restricts the FAR according to
(1.43). Average household has a higher housing demand and consumes more land in
the restricted city because of larger relative size of the restricted city. All of these
comparison between the unrestricted and the restricted cities are reported in table
1.10.

Table 1.10 also reports the comparison between the two types of cities at the CBD

x = 0 and the city limit z = . At x = 0, the unrestricted city has a much lower
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housing price p(z) and higher housing demand ¢(z). This is an intuitive result as
housing expenditure is fixed at E. Any increase in p(x) will be reflected in a lower
q(z). This pattern is evident in figures 1.5 and 1.6. Throughout the city, p(zx) is
higher in the restricted city. As a result, ¢(z) is lower in the restricted city.
However, difference between the p(z) in the unrestricted city and that in the
restricted city declines with the distance, since both price gradients change by the
same percentage —A as shown in (1.5). By similar intuition, the difference between
¢(z) in the unrestricted and restricted cities increase with distance, since both
demand gradients change by the same percentage A as shown in (1.14).

Figure 1.4 shows the housing output patterns in the unrestricted (blue) and the
restricted (red) cities. h(S) = h(x) for < 11 in the restricted city, which is
significantly lower than h(S) in the unrestricted city. However, after the planned
region, the h(S) rises to the freely chosen housing density levels which declines
exponentially. Similarly, due to a much larger housing density in the unrestricted
city at the CBD, the household density, h(S5)/q(x) at the CBD is also significantly
larger in the unrestricted city, as reported in table 1.10. Figure 1.4 shows the
household density pattern throughout the cities. As expected, the household density
in the unrestricted city declines with distance, as h(S) declines with distance and
q(z) increases with distance. However, h(S)/q(z) is distorted in the restricted city.
Although household density declines with distance in the restricted city, the rate of
decline in the restricted region of the city is much slower as some of the effect of
rising housing demand is offset by increasing FAR. For x > 11, household density
follows a negative exponential function the housing demand increases with distance
and the FAR decreases with distance. In the unplanned region x > 11, household
density follows a negative exponential pattern of decline at the rate of

—\/B = —0.13. Consequently, figure 1.8 shows that the number of households is

larger in the unrestricted city for x < 10.
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In addition, as reported in figure 1.4, due to high housing density, residual land-rent
R(z) at x = 0 is also larger in the unrestricted city. Figure 1.9 shows, that the
land-rent is higher in the unrestricted city for x < 5.8. R(x) is determined by the
zero-profit condition of the developers given in (1.44). Intuitively, land-rent is lower
in the restricted city near the CBD, as the FAR restricted is the most binding near
CBD. As FAR increases with distance and due to the higher housing prices that
developers get in the restricted city, R(x) does not decrease as steeply in the
restricted region as it does in the unrestricted city. However, in the unplanned
region h(S) is determined by profit-maximization, which is a higher than the FAR
limit as discussed above, the residual land-rent is also higher due to the zero-profit
condition.

On the other hand, at the city limit = Z, both types of cities look very similar. As
shown in table 1.10, the house prices p(x) and housing demand ¢(z) are very similar
at x = 29 = 13.4KM and x = z; = 16.5K M in the unrestricted and restricted cities,
respectively. Since at the city limit in restricted city, the binding FAR limit is not
imposed and h(.S) is chosen by profit-maximization, the h(.S) in this region is higher
than anywhere in the planned region and is similar to h(S) at the city limit in the
unrestricted city. Intuitively, the household density, defined as the ratio of housing
output and housing demand, is similar in both types of cities at the edge distances.
This is because of the fact that the housing output and housing demand are similar
in both cities at the respective city limits. In addition, land-rents are also very
comparable at the city limits in the unrestricted and restricted cities. As discussed
above, land-rent is determined by the zero-profit condition which is dependent upon
p(z) and h(S). Since p(x) and h(S) are very similar in the unrestricted and
restricted cities, land-rents in both cities are close to each other. Not only
land-rents R(Zg) and R,.s in the unrestricted and restricted cities are approximately

equal to each other, these land-rents are also approximately equal to the exogenous
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land-rent R,, which satisfies one of the equilibrium conditions for each city type.

1.5.5 Simulated Vs Actual City:

This section compares the simulated cities with several aspects of the actual city of
Islamabad, as listed in the table 1.11. First, the simulated restricted city, which has
a restrictive FAR limit like Islamabad, has a city limit 2o = 16.5K M. This is very
similar to the actual city limit of Islamabad of 16.4 K M. Furthermore, replicating
the planning environment of Islamabad, the restricted city has a planned region of
Z = 11K M. The planned region of the restricted city (z < Z) houses 552,757 people
and the same region in Islamabad has 451,385 residents. Similarly, the unplanned
region of the restricted city (Z < z < Z) houses 443,130 and compared to 548,615
actual residents, respectively. The discrepancy between the distributions of
households in the restricted and the actual cities can be attributed to either a
possible overestimation of # or a potential non-linearity of FAR trend in the actual
city or both. Since FAR information is not available at every distance for the actual
city, it is not possible to determine the actual FAR pattern in the Islamabad. In
particular, very minor changes in the FAR growth trend parameters affect the
household distribution immensely. However, since the goal of the numerical model is
to eventually establish a value of the welfare loss by comparing the city sizes, the
distribution of the households does not change the results significantly, as changing
the distribution of the residents between the planned and unplanned regions does
not impact the city size considerably. On the other hand, different distributions of
residents have greater impact on the dwelling sizes throughout the city. Lastly, table
1.11 reports, that assuming a circular city, the city area of the restricted city is 855
square kilometers and that of Islamabad is 845 square kilometers. The goal of this
comparison, and the success therein due to the proximity of equilibrium values of

variables of the simulated restricted city and the actual city of Islamabad, discussed
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above is to prove validity of the numerical model in predicting different aspects of
the actual city of Islamabad.

Lastly, figure 1.10 shows a comparison between the housing densities of the
unrestricted, restricted and the actual cities. The green line shows h(S) values in
the planned region of actual city in the empirical data. For x < 11K M, the red line
depicts the restricted city housing density which closely reflects the FAR limit
placed by the planner. In the unplanned region, the restricted city housing output is
freely chosen by the developer and is significantly higher than the FAR limit.
Similarly, the blue line shows the housing output in the unrestricted city. As
expected, h(S) in the unrestricted city is a lot higher than the h(S) restricted by
the planner in the restricted and the actual city. This fact also justifies the smaller

unrestricted city size found in the simulation exercise.

1.5.6 Welfare Analysis

The theoretical analysis and numerical simulation model both assume a closed city
setup with fixed number of households, N. Individuals have a well-behaved utility
function U(c, ¢) that is maximized subject to y = ¢ + p(x)q + tz. Since the incomes
are held constant, a change in the price of housing will result in a negative change in
utility. Due to the iso-utility condition within the city, an increase in housing price
will imply a decrease in utility throughout the city. This section of the paper aims
to assign a monetary value to the welfare loss, in the case of Islamabad. Firstly, a
comparison between the CBD residents of unrestricted and restricted cities can
provide insight, as these residents live at x = 0 and do not spend income on
transportation, so tx = 0. In particular, the CBD residents spend incomes on ¢ and
¢ to maximize the utility.

At the CBD, residents in the restricted city are paying USD 0.06 per square foot per

year more for housing and consuming 748 square feet less housing than the residents
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in the unrestricted city. The model assumption of real income constant own price
elasticity of demand for housing of unity suggests that a change in house price will
result in a proportionate inverse change in housing demand. Therefore, house prices
are inversely related to housing demand and utility, as u, > 0. This would imply
that in the restricted city, as house prices are higher at the CBD, quantity demanded
will be lower and the constant utility level in the restricted city will also be lower.
In order to quantify the welfare implication of the loss in real income and the
resulting decrease in utility, the need for compensating change in income is
calculated at the CBD. In particular, for the CBD resident of the restricted city to
be on the same iso-utility level as the CBD resident of the unrestricted city, incomes
should rise such that the CBD resident of the restricted city gets an increase in
income equal to the extra cost of housing. The increase in per unit cost of housing
per year is USD 0.06 and quantity of housing in the restricted city is 2864 square
feet. Therefore, the total increase in housing cost is USD 171.84 per year.

Assuming a constant cost of non-housing good ¢, an increase in income of USD
171.84 per year or 2.05% would be required to increase the level of utility to that of
the unrestricted city. Since the residents spend a constant share of income on
housing, ¢ = 0.11, an increase in income of USD 171.84 per year would allow the
residents to consume 59 square feet of housing more.

The analysis conducted for the CBD resident will be applicable to all residents
living in the restricted city because of the iso-utility condition within the city. The
change in welfare for the interior residents is a lot more complicated to compute.
This is because of the multi-faceted changes that a city experiences, due to a FAR
restriction. In particular, the interior residents will face a change in welfare due to a
decline in dwelling size, increase in housing prices, change in commuting cost and a
possible change in the consumption of the non-housing good c¢. However, the

common utility condition implies equal utility, in equilibrium, for each resident.
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Hence, the change in welfare for the edge resident should be equal to the change in

welfare for the interior resident.

1.6 Conclusion

This paper accomplishes two important objectives: first it establishes the validity of
the standard urban model (SUM) in a heavily planned city and then conducts a
counterfactual experiment to estimate how a city would alter when government
restrictions are removed. Based on the theoretical and empirical results, the study
depicts how the housing prices follow a negative exponential function, consistent
with the literature on this topic. This outcome is nontrivial since the theoretical
and empirical setup includes a unique case of non-constant FAR restriction.
Although the basic conditions of the SUM are met, FAR restrictions produce several
anomalous results for the city. Perhaps the biggest irregularity produced by the
FAR restriction can be seen in the form of inverted housing output and dwelling size
gradients. This results in a higher housing density near the edge of the city and a
smaller housing density near the CBD. Moreover, this type of housing density
pattern results in distorted housing price, dwelling size and population densities.
While employment density is not discussed in the theoretical analysis, and the lack
of data availability does not allow one to find out the shape of the employment
density gradient, it is very likely that the employment density in Islamabad has also
faced some distortion due to stringent government regulations. Because more people
live near the edge of the city and are compensated for extra travel cost, this
increased cost burden can potentially lead to a labor market distortion. Because
this restriction has the effect of encouraging more people to live farther away from
the CBD, more workers and employers will bear the extra cost of commuting.
Another line of future research extension would be gathering primary data on

employment in Islamabad and incorporating analysis on employment into the study.
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This paper also includes a counterfactual experiment for the restricted city.
Although the analysis is based on several assumptions and arbitrarily chosen
unrestricted equilibrium, it provides a very detailed visualization of the comparison
between the restricted and unrestricted city. In addition, it allows for a precise
monetary estimate of the corresponding welfare change. In the case of Islamabad,
the decrease in welfare, due to an increase in the housing price because of the FAR
restriction, is estimated to be 2.05% of the disposable income.

Although such a magnitude of change in welfare can be troublesome for any
economy, these effects should appear to be more significant for a country like
Pakistan, where poverty rates are already very high. In particular, removal of FAR
restriction and the consequential increase in the welfare can push a significant
percentage of the population out of poverty. It seems that for a developing country,
removal of government restriction and provision of compensating funds to improve
public infrastructure should be a very high priority, as it can lead to remarkable
welfare gains.

Central planners tend to impose FAR and other restrictions to control the central
density of a city and to moderate congestion on roads and other public
infrastructure. However, this paper has shown that imposing government
restrictions can prove to be counterproductive, since it can have an effect of
increasing the city limit and, as a result, require more expenditure on infrastructure.
Other than this direct effect, government restrictions also tend to produce a number
of other effects that can indirectly increase the associated costs. Increase in
environment protection cost, higher fuel import bill and lower quality of life are just
a few examples.

The analysis conducted in this paper has several public policy implications. The
general conclusion of this study and the literature on this topic is that government

restrictions have welfare decreasing effects. In particular, it can be concluded that a
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non-constant FAR restriction, which is more restrictive than a constant FAR
restriction, creates larger distortions. The laissez-faire city, on the other hand, has
the highest level of welfare under the assumption that there are no density
externalities. This implies that central planners should remove the restriction
completely unless they can identify real density externalities. If this is not possible,

relaxing government restrictions can also produce favorable welfare changes.

1.7 Appendix

In the case where planners make living in the city center more attractive by
providing a fixed amenity in the center, individuals utility U(c, ¢;, ) will depend on
the distance from the center, x, as well. Here, ¢ is the consumption of a numeriare
non-housing good and ¢; is the quantity of housing consumed and ie[F, G&I|. Since
the amenity is located in the city center, u, < 0. Absentee landlords own housing
throughout the city with p as the price per square foot of floor space per period.
The consumers budget constraint is then y = p;(x).q;(x) + ¢ + tz.
Consumers choose ¢;,c, and x to maximize the utility. Locational equilibrium is
achieved by maximizing utility at a spatially uniform utility level of u. The
consumers problem yields three first-order conditions for choices of g;, ¢ and .
Solving the first-order conditions gives:

dpi(x) —t  u,

=—+ (1.45)
dx qi qiUc

The relation between house prices p and distance x is negative, as u, < 0 and ¢, ¢;
and u. > 0. This is consistent with the result found in equation (1.1), however, in
this setup houses will decrease at a faster rate due to the amenity at the center of
the city.

On the other hand, if the planners make the city center less attractive and there is a
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disutility associated with living in the city center, u, > 0. In this case, the relation
between house prices p and distance x will be ambiguous. Furthermore, if the
disutility is significant enough, p can increase with the distance from the center. A
similar study by Brueckner et al (1999) show strong amenity effects in the city

center for Paris.

o4



Series — T ®©

DO Y] e— c—
14 € 4 L 60 O
6 ol lo)oes

4
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Table 1.1: Minimum setback requirement

Plot Size Frontage Front Side-1 Side-2 Rear
(Sq. Yds.) (Feet)

Upto to 150 20-29 ) - - )
151 to 200 25-30 6 - - 6
201 to 320 30-39 10 - - 8
300 to 450 40-49 10 - - 10
300 to 625 40-49 10 - ) 10
400 to 1000 50-59 15 ) ) 10
530 to 1335 60-69 15 10 ) 10
700 to 1670 70-79 20 10 10 10
885 to 2670 80-89 25 10 10 10
800 to 2900 90-99 30 10 10 10
1770 to 2720 100+ 40 15 15 10

Table 1.2: Summary statistics for house price data

Variable Obs Mean Std Dev. Min Max
Lot size (sq. ft.) 801 3556.78 3060.01 850 24300
Price (PKR, millions) 801 36.2 39.82 8.5 500
Bedrooms 801 4.83 1.20 1 7
Bathrooms 801 4.89 1.37 1 7

Table 1.3: Summary statistics for CDA data

Variable Obs  Mean Std Dev. Min Max
Lot size (sq. ft.) 9249 4531.11 3486.495 792 24300
Total floor space (sq. ft.) 9249 3896.9  1882.8 450 8986
Distance (KM) 9249 4.7 3.2 0.5 10

Table 1.4: Summary statistics for House Price per unit land

Series Obs Mean  Std Dev. Min Max

F 305 14565.9  4758.3  10398.1 34567.9
G 297 10077.7  3053.8  6611.1 18913.9
I 199  9156.5 3175.7  7111.11 20740.7
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Table 1.5: Summary statistics for FAR

Series Obs Mean Std Dev. Min Max

F 4392 0.8 0.35 0.05 6.74
G 2711 0.87 0.45 0.14 2.49
I 2146 1.36 0.52 0.18 3.49

Table 1.6: Hedonic House Price Estimates

log(House price)
VARIABLES Entire  Excluding
dataset I series
(1) (2)
log(Lot size) 0.772%H%€  (.764%**

(0.024)  (0.028)

log(Number of bedrooms)  0.382***  (.302***
(0.052)  (0.068)

Distance -0.051%%%  (.043%**
(0.005) (0.006)

G L0.33F0F0.346%
(0.030)  (0.033)

I -0.202%**
(0.04)
Constant S2.63FHK LD g4HRE

(0.131)  (0.145)

Observations 01 602
R-squared 0.923 0.902

Standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.10
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Table 1.7: Estimates of Housing density and total floor space

log(Housing density) log(Total floor space)

VARIABLES  Entire  Excluding  Entire  Excluding

dataset I series dataset I series

(1) ) (3) (4)

Distance 0.011*%**  0.016%**  -0.034*** -0.005***

(0.001) (0.001) (0.002) (0.002)
G -0.019%**  -0.023***  -0.521***  _(.557***

(0.005) (0.005) (0.011) (0.011)
I 0.174%** -0.351 %%

(0.007) (0.016)
Constant 0.567*FF  (.55%** R 5TRHHKK R 4gHHk

(0.004) (0.004) (0.009) (0.009)
Observations 9249 7103 9,249 7,103
R-squared 0.22 0.045 0.294 0.286

Standard errors in parentheses

K p<0.01, ** p<0.05, * p<0.10

Table 1.8: Calibration Values

Parameters Value (USD) Value (PKR) Source
N 169,918 169,918 Population Census 2017
Y 8375.27 300,529 Economics Survey of
Pakistan 2017-18
R, 337,919 12,127,913 DC office data
o 0.56 0.56 Bertraud and Brueckner (2004)
and Anver and Hallegate (2019)
A 0.00007 0.00007 Bertraud and Brueckner (2004)
0 0.94 0.94 Estimated
Ounplanned 0.75 0.75 Estimated
z (KM) 11 11 Exogenous distance chosen
by the planner, CDA
A 0.073 0.073 Rate of decline in housing prices
€ 0.11 0.11 HIES 2018
a 0.02 0.02 Estimated from housing density data
b 0.6 0.6 Estimated from housing density data
t 66.9 2400 Economics Survey of Pakistan

2017-18 and MS Ali et al (2013)
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Table 1.9: Glossary of Variables

Variables Interpretation

Cobb-Douglas Utility function
Composite variable for non-housing consumption
Housing demand,/ dwelling size (sq ft)
Annual household income(USD)
Housing price(USD, per sq ft per year)
Annualized round-trip cost of travel per kilometer (USD)
Output elasticity of capital
Technological factor or productivity
Structural density or capital per unit land
Output elasticity of land
Land-rent (USD, per sq km per year)
Agricultural land-rent at the edge of the city (USD, per sq km per year)
Distance from the center of the city (KM)
City limit or the distance to the edge of the city (KM)
Distance of the planned region of the restricted city (KM)
Number of households in a city
Share of gross income spent on housing
Radians of land available for housing
Ounplanned Radian of land available for housing in
the unplanned region of restricted city
a Rate at which the FAR limit changes with distance from center
under government restriction
Intercept level or CBD level of FAR limit
under government restriction
Rate of decline in housing prices with distance from center
Land input in housing
Capital input in housing
Total housing stock or output
Housing stock or output per unit land
Fixed expenditure on housing per year
i Per unit cost of capital

om0 R S N O R~

> M 2H>H\&

=)

oS> >
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Table 1.10: Comparison between unrestricted and restricted cities

Variables Unrestricted City Restricted City
Radius (KM) 134 165
Radius of planned region (KM) z 0 11
Average lot size per household (sqft.)* 3106 8120
Average interior space per household (sqft.)® 4339 6772
At CBD =0

p(z) (USD) (sqft. per year) 0.26 0.32
q(z) (sqft. per year) 3612 2864
h(S) 2.57 0.6
h(S)/q(x) (Households per sqkm) 7664 2255
R(z) (USD) (sqgkm per year) 3,105,942 1,783,072
At City limit z = 7

p(z) (USD) (sqft. per year) 0.096 0.096
q(z) (sqft. per year) 9606 9551
h(S) 0.74 0.75
h(S)/q(x) (Households per sqgkm) 830 840.4
R(z) (USD) (sgkm per year) 336,262 340,584

¢ Simple average calculated by dividing total land available for
housing N and the total interior space by N, respectively

Table 1.11: Comparison between simulated restricted and the actual city

Variables Simulated Actual City
Restricted City

Radius (KM) 16.5 16.4“

Radius of planned region (KM) & 11 11

Population in the planned region (z < &) 552,757 451, 385"

Population in the unplanned region (Z < x < &) 443,130 548,615

Area (KM?) 855 845°

? Radius calculated under the assumption of a circular city.
b Estimated from the population census 2017.
¢ Source: www.cda.gov.pk
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2 Effects of Local Urban Infrastructure on the

Provision of Housing Services

2.1 Introduction:

“There’s an intersection in Karachi where the road suddenly becomes smooth. I sit
up and take notice whenever I'm driving on it because there’s an abrupt lack of
potholes, and after jostling around the back of a rickshaw or taxi for most of my
day, the unbroken surface is almost alarming.” This is how Meher Ahmad, who is a
writer for a publication called The Outline, describes her experience of visiting
Bahria Town, a privately developed planned housing community, located outside
Karachi (Ahmad, 2018). A similar sight is very common in Pakistan, as almost
every metropolis is surrounded by several large-scale and small-scale housing
developments that are believed to provide better urban infrastructure than the
unplanned parts of the cities themselves. A comparable trend is also noticed in
many expanding Indian cities (Peppercorn, 2013). Therefore, even the residents of
the core parts of the cities, who currently live closer to the CBD, desire living in the
newly developed communities in the suburbs (Ahmad, 2018). In addition, suburban
residents who pay a higher commuting cost than the city residents also pay rents
similar to the rents in the core parts of the city, as the developers charge a premium
for better infrastructure (Shah, 2022). Many cities in Pakistan observe an even
worse case of intra-city urban infrastructure differential because the government
does not allow private developers to improve infrastructure in certain parts of the
core city.

This current research explains the changing housing density in the light of different
mechanisms of urban infrastructure provision. The primary contribution of the
analysis is to introduce intra-city urban infrastructure, I, differential as another

determinant of housing services density. The theoretical section provides a setup
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with explicit choice of urban infrastructure, I. It establishes the relation between
urban infrastructure and housing services. Different mechanisms of urban
infrastructure provision indicate varying levels of urban infrastructure throughout
the city, with planned regions providing better urban infrastructure than the
unplanned regions. Therefore, the theoretical model suggests higher level of housing
services in the planned regions than the unplanned regions. The empirical analysis
conducted on dataset from Lahore, Pakistan shows 49.7% more housing services in
planned communities in comparison the unplanned communities. Several recent
studies discuss the effects of engineering formality and urban infrastructure
provision by planned communities on the cityscapes of developing cities of Mumbai
and Dubai (Harris, 2018; Breslow, 2020). The authors argue that such initiatives
are meant to instill a more free-flowing, predictable and regulated city. In the case
of Dubai, the author notes such infrastructure provision is modelled after cities in
the global north and west and used to compete for the members of the creative class
and other high-value residents. However, most existing literature on engineering
formality in developing cities is based on a discussion format and does not include
empirical effects of urban infrastructure on house prices, not allowing the empirical
findings from the current chapter to be compared to other relevant work and/or
cities. The current research on Lahore studies the impact of engineering formality
with a formal theoretical and empirical analysis, showing different mechanisms of
infrastructure provision and the resulting effects of housing services density.

The strain on the public infrastructure in the megacities of the developing countries
is not going to be alleviated anytime soon, as the United Nations expects another
2.3 billion people will be added to the urban population in Asia and Africa by 2050
(UNDESA, 2018). With such a large magnitude of urban population growth, local
governments in several cities encourage development of satellite towns close to a

megacity, to lessen the burden on public facilities, by providing extended
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transportation network. In addition, another World Bank report concludes that
“suburban growth is the signature of India’s urbanization” (Peppercorn, 2013). The
report also notes that India and other developing countries in Asia have seen
suburbanization earlier than “middle to advanced stages of development.” In
particular, suburbanization has also accelerated in India, as manufacturing jobs have
moved out of the cities. There is evidence that an increasing number of large cities
will see much higher suburban population growth rates than the core city population
growth rate. This fact is described as the “great suburbanization” (Hall, 2018).
While major metropolitan cities in the developing countries have experienced this
phenomenon relatively recently, relative housing service densities within cities in
developed countries started changing at a very fast pace in the 19th century when
the train became a commonly used transportation mode. Later on, with increasing
incomes and affordability of automobiles more people started living away from work,
increasing the size of housing units. In particular, Shlomo Angel found that
population density of Chicago decreased from 59 to 16 people per hectare of land
between 1920 and 2010, whereas, population in the suburbs rose significantly during
the same period. Increasing suburban population in the developed countries has
been a question of great interest in the urban economics literature. As explained by
Alonso (1964) and Muth (1969) using a monocentric urban model, increasing
incomes puts an upward pressure on the relative size of housing services provided
away from the CBD. With income elastic housing demand and rising commuting
speeds, higher-income households reside in larger housing units in the suburbs
(DiPasquale and Wheaton, 1994). Furthermore, this implies that the value of
housing units rises with distance, as higher-income households locate further away
from the CBD.

However, intra-city housing densities in the developing countries may evolve due to

different causes. In many cases, localities within a city vary immensely in the
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quality of urban infrastructure provision. In particular, many neighborhoods that
were developed and are operated by central planners cannot compete with the
optimal level of urban infrastructure provided by the private developers. As a
result, there is an ever-increasing share of population that desires to live in the
privately developed neighborhoods and are willing to pay a price premium. This
argument is applicable in many cities in Pakistan. This paper studies the case of
Lahore, where urban infrastructure is exogenously provided in the unplanned
regions. Juxtaposed with these regions are government developments, planned and
developed by the central planner, and private housing developments, where private
developers are free to choose the market level of urban infrastructure. The current
research aims to explain the effects of the different mechanisms for urban
infrastructure provision on the supply of housing services. In particular, the goal of
this paper is to understand the production of housing services in the privately
developed communities by modeling the choice of endogenous urban infrastructure.
This provides an alternative to the income-differential argument found in the
research conducted in the developed countries.

The theoretical setup used in this paper provides a supply-side analysis based on
Cobb-Douglas housing production function. The model deviates from the
traditional housing production functions by incorporating urban infrastructure as
an input in production of housing services. Because lack of provision of public
infrastructure is very widespread in the some developing countries, the innovation
provides a more realistic model of housing production and more accurate predictions
for the cities where low levels of urban infrastructure are a concern. The objective
of the theory is to understand an environment where developers can increase the
value of the housing units, and earn higher returns, by choosing the optimal level of
public infrastructure in areas where public provision is negligible.

In addition, the comparative analysis provides very useful predictions for the policy
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makers as well. The first important outcome of the model shows that the central
planner can decrease the relative size of housing services provided in the privately
developed neighborhood by increasing the level of urban infrastructure in regions
where infrastructure is provided exogenously. By upgrading the urban
infrastructure, planners can make living in the parts of the city where urban
infrastructure is provided exogenously more desirable and diminish the competitive
edge of the private developments. Moreover, this could prove to be an important
tool in regulating urban sprawl by discouraging residents from moving into newer
private developments, generally located in the outskirts of the cities, that increases
the city radius and provides extra stress on the fiscal budget. As discussed in
Chapter 1, increasing the city radius has welfare decreasing effects for all residents
in equilibrium.

The empirical section of the paper estimates the predictions of the model using data
from Lahore. Testing indicates that the level of infrastructure is directly related to
the quantity of housing services provided in a neighborhood. Neighborhoods with
low levels of infrastructure had a negative effect on the value of housing services.
This result also held when tested against areas with only government developments.
Furthermore, private developments also had a positive impact on the value of
housing services, which is indicative of a direct relationship between infrastructure
and housing services.

The paper is organized as follows. The following section discusses the relevant
literature on this topic and relates this paper to prevalent themes in this area of
research. Section 2.3 describes the institutional setting present in Lahore and the
dataset. Section 2.4 presents the theoretical model and the relevant comparative
static results. Section 2.5 show the empirical estimation technique and results. The

last section provides concluding comments and potential extensions to this study.
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2.2 Literature review:

The patterns of residential development in major cities have evolved substantially
over time both in the developing countries and the developed countries. In
particular, many cities have experienced an increase in housing production densities
away from the center of cities. Economists describe this phenomenon as urban
sprawl. In the United States, the share of residents who lived in the central cities
fell from 56% to 32%, between 1940 and 2000 (Boustan and Shertzer, 2012). This
also implies that the population density gradients became flatter in these cities over
the second half of the century. Mieszkowski and Mills (1993) found that US
metropolitan statistical areas are less dense and more suburbanized than other
high-income countries. However, their study concluded that suburbanization took
place in other developed countries as well.

Initial work on the monocentric city model by Muth (1969) implies a strong
connection between falling development densities and increasing city sizes. In a
closed-city version of the monocentric model, lower density is equivalent to a larger
amount of developed land for a fixed population. Brueckner and Fansler, (1983)
focused on 40 US urbanized areas and found that city sizes are positively correlated
with average income and negatively correlated with value of agricultural land. Due
to data constraints the authors proxied commuting cost with the percentage of
households owning cars and the percentage of commuters using urban transit.
However, neither of the variables were statistically significant in the empirical
analysis. A more recent study found rising incomes, growing population and falling
commuting costs as the three main forces statistically associated with falling
housing density gradient and urban spatial expansion (Brueckner, 2000).

Several studies have also tried to explore reasons for changes in urban housing
density functions that have been witnessed around the world. A large part of the

literature identifies rising incomes as the primary reason for flattening of the
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housing density gradient. Pioneering work on the linkage between income and the
relative housing densities was done using a monocentric model by Alonso (1964),
Mills (1967) and Muth (1969). In this model, housing is a normal good and rising
income induces consumption of larger units. As a consequence, central density falls
and suburban development rises®.

To assess the ability of the monocentric model with households that have
heterogenous incomes to explain location patterns, one needs to estimate both the
income elasticity of the demand for housing and commuting. Wheaton (1977)
conducts a study for US housing market and concludes that earlier work that did
not include the disutility of transportation overestimated the effect of income on
location choice. A similar study by Glaeser, Kahn and Rappaport (2008), reveals
that income elasticity of demand for land is very low in the US cities, and access to
public transportation has a higher explanatory power for the poor residents’
decision to live in the center. In addition, varying income elasticity of commuting
cost also allows for equilibrium location patterns where both high-income and
low-income households choose to live in the suburbs. However, LeRoy and Sonstelie
(1983) found that the income-based location choice patterns of the residents were
intensified by improvement in transportation. By using data for several decades, the
authors found that increasing number of richer residents started living away from
the central locations with the emergence of the streetcar and later on by the rise of
the car. In a more recent study, Lee and Lin (2018) conclude that average
neighborhood income in major US cities declined with distance to the CBD till
1930, and this relationship reversed in the 1940s. This finding also reaffirms LeRoy
and Sonstelie’s (1983) suggestion that high-income individuals became more

inclined to live away from central location as commuting costs fell.

3 Alonso (1964), Mills (1967) and Muth (1969) assume a monotonic housing service density gra-
dient. Therefore, a flattening of the gradient implies suburbanization, which is a special case of a
change in the housing service density. The theoretical analysis presented below relaxes the mono-
tonicity condition, and studies changes in relative housing densities in different parts a city.
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Although the income-based argument for the expansion of cities is backed by both
theoretical and empirical research, it is still a very broad characterization and does
not hold for every city. For instance, Glaeser et al. (2008) reported U-shaped
income patterns as the distance increases from the CBD for cities like New York,
Chicago and Philadelphia. In another study, Brueckner et al. (1999) found that
several European cities have rich centers and poor suburbs. Some European cities
also displayed idiosyncratic income patterns where western suburbs tend to be
richer than eastern suburb. This study also tries to reconcile the finding of the
monocentric model where rich residents only live in the suburbs with the real-world
outcome where both low- and high-income resident live in the suburbs. This
phenomenon is explained by an extension of monocentric model to include localized
amenities. They compare Paris, where amenities are concentrated in the center,
with Detroit, where more amenities are located in the suburbs. This setting allows
for multiple equilibria depending on the income elasticity of demand for land.
However, the model allows for the same outcome as the original monocentric model
when the demand for land is elastic and amenities are concentrated in the suburbs.
In this case, high-income residents will choose to live in the low-density
developments in the suburbs. Although Brueckner et al. (1999) did not back their
theoretical predictions with an explicit empirical estimation, there is a vast
empirical literature following Rosen (1974) establishing that amenities are
capitalized into housing prices (Lyons, 2013).

Another extension of the monocentric model that explains changes in relative
services density includes a role for the age of the housing stock. Brueckner and
Rosenthal (2009) conclude that US cities, when controlled for the age of housing
stock, explain the positive income gradient and new housing development as one
moves away from the center. Older housing units, which are more concentrated in

the central parts of the city, offer lower-quality housing and low-income residents
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select to live there. Whereas, high-income households, driven by a high demand for
housing services, locate in the areas where the housing stock is relatively new.
Therefore, as the incomes of the city rise, high-income residents prefer to live in the
suburbs with newer housing, putting an upward pressure on the size of housing
services provided away from the center. This model also allows for gentrification in
a city over course of its lifecycle. During this period, the central parts of the city are
improved or rebuilt and high-income resident can choose to live near the CBD.
Another faction of the literature explores the possibility of fiscal competition and
provision of public goods differential between urban and suburban municipalities.
Inman (1995) focuses on Philadelphia, where in 1990 city government reduced the
provision of public services due to tight fiscal constraints. As a result, well-off
residents flee to suburban municipalities and urban cores saw decreasing average
income levels. Decreasing income levels meant further decrease in tax revenue
leading to a variety of social issues ranging from increase in crime rate and failing
schools. High-income households, looking for better public services, moved to the
suburbs increasing housing developments in the outskirts. The story of Philadelphia
reaffirms the flight from blight conjecture. This idea is also studied by Cullen and
Levitt (1999). They found that on average each additional reported crime results in
a one-person decline in city population. Furthermore, the empirical tests, which
span 127 US cities, show that the people who move out due to increase in crime are
more likely to choose to stay within the standard metropolitan area. In another
paper, Boustan (2009) concludes that another reason for changes in relative housing
and population densities is “white flight.” Using data on 70 large metropolitan
areas, she finds that increasing number of white residents populated the suburbs as
the black residents migrated from the South. In particular, the empirical estimation
showed that for every new black resident, 2.7 white residents departed.

Most of the papers discussed above borrow from the monocentric model and explain
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changing intra-city housing densities based on increasing incomes and falling
transportation costs supplemented by other factors like amenity and public service
differentials or durability of the housing stock. The current analysis considers the
case in which much of the city has very old urban infrastructure that is difficult to
modernize and upgrade. The model provides a supply side analysis, which does not
rely on the monocentric city setting. The goal of the current analysis is to explain
changes in housing services in certain parts of the city by the means of improved
urban infrastructure provided by the developer in those parts of the city. The
housing production function includes urban infrastructure as one of the inputs to
produce housing services. In particular, new private housing developers compete
with the unplanned developments and the regions developed by the central planner
who alone can provide infrastructure in the latter parts of the city. The theoretical
model predicts that private developers will provide a higher level of urban
infrastructure in order to produce more housing services and to raise the overall
value of housing production.

The primary contribution of this essay to the literature is to provide a comparative
static result that explains the motivation for the private developers to produce high
quality units and infrastructure in suburban locations. The model explains how
private developers choose to produce both housing and infrastructure endogenously.
The profit-maximizing developers see the opportunity to provide a higher level of
urban infrastructure, which is usually not easily altered in the unplanned and
government developments and raise the overall level of housing services in those
developments. Consumers, driven by better infrastructure in the privately planned
neighborhoods, choose to locate in these regions. In this setting, the developers are

rewarded by a higher return in the form of higher housing values.
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2.3 Theoretical Model:

The theoretical framework used in this paper attempts to establish a relation
between the provision of urban infrastructure and production of housing services.
As discussed in the preceding section, generally, literature attributes change in
housing densities to changes in incomes and transportation costs. The following
analysis will link urban infrastructure differentials to varying housing services
densities within a city. In particular, the model is based on the two-input housing
production environment used by Alonso (1964) and Muth (1969). However, housing,
in this case, is produced using three inputs: capital k, urban infrastructure ¢ and
land [, with constant returns to scale. Housing production function takes the form
h(k,i,l) = Ak®iP17, such that a + 8 + v = 1. Similarly, housing output per unit
land is given by:

% = H = AS*[”? (2.1)

Here S = % and [ = %, which can also be thought of as the structural density and
urban infrastructure density, respectively. In addition, o and  are the output
elasticities of structure and urban infrastructure. The builder incurs a housing
production cost per unit land of R + p,S, where R is the unit price of land and p, is
the unit price of structure inputs. The unit price of urban infrastructure is p;. The
developers are assumed to be landowners, and each housing development has an
exogenous transportation link to the CBD.

The theoretical exercise aims to establish the relation between urban infrastructure
and housing services. Urban infrastructure can be provided both exogenously, by
the planner, and endogenously, by the private developer. This section analyzes two
scenarios separately. In the first case, urban infrastructure is provided exogenously

and the private developer is only allowed to choose the structure intensity of the
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housing. This implies that market forces can only alter two inputs, namely K and
L. The builder’s problem shows the effect of this constraint on the structure and
housing output densities. It provides insight into the relationship between the
magnitude of the exogenous infrastructure I* and the densities.

Another mechanism for providing urban infrastructure includes provision by the
private developers. This possibility is presented in the second scenario where private
developers are free to choose the level of urban infrastructure I, for a given price py.
Here, the producers can choose all three inputs, K, L and I, to maximize the rent.
This exercise reveals the effects of removal of government control over infrastructure

provision on the housing output density.

2.3.1 Scenario 1: Exogenous infrastructure [*

Housing per unit land is produced according to H (S, I*) = AS®I*?. Here,
government provides infrastructure I*. The developer cannot alter the level of
infrastructure. In this case, the rent maximization problem per unit land is

represented by equation (2.2):

Max Ry = rH; — psS; — A[H; — ASP I (2.2)

Subscript 1 refers to variable values in region 1, where infrastructure is fixed at I*.
For instance, H; is housing production per unit land in neighborhoods where
infrastructure, I, is exogenously provided by the planner. Since developers are
price-takers, they choose H; and S; for given r and ps, respectively, to maximize the
rent per unit land, R;. Here r is the unit price of housing services. Rearranging the

first-order conditions, results in the following relation determining structure
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intensity (See Appendix 2.8.1 for details):

S — [raAI*B} /l=a
Ds

Structure intensity is positively related to house prices r and productivity
parameters « and A. Infrastructure [* is also directly related with structure
intensity, Sy« > 0, as increases in [* increase the marginal product of structure
inputs. This implies that, although the developer does not incur the cost of
providing the infrastructure, developer choices are based on the level of
infrastructure provided. In particular, if the central planner chooses to raise the
value of I'*, the market will respond with more structure intensive development.
The equilibrium value of housing output per unit land can also be deduced by
substituting equation (2.3) into the housing production function. The following

expression gives housing production function per unit land:

A(roz)o‘f*/ﬁ} 1/1-a (2.4)

H1:|:
Dy

Housing output is also positively related to house prices, productivity parameters
and negatively related to the price of structure. In addition, the effect of
infrastructure I* on housing output is also positive and has the same magnitude as
its effect on structure intensity. If the government raises the exogenous urban

infrastructure, developers will increase the housing output to maximize the profits.

2.3.2 Case of ‘Organic’ neighborhoods

The regions of the city consisting of informal housing or unplanned neighborhoods
are referred to as ‘organic.” These neighborhoods are not part of any planned
government or private development. Developers do not develop these areas or

provide urban infrastructure, these areas are mired in very low levels of urban
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infrastructure, I#, that is usually provided on an ad hoc basis. An example of such
infrastructure is when a resident or a small group of residents obtain temporary
electricity, mostly illegally, from a nearby government distribution line. Similarly,
such neighborhoods get poorly paved streets, water and sewage lines in a similar
manner. Moreover, it is not feasible for individual residents to improve the quality
of urban infrastructure themselves. In particular, lack of property rights, title rights
and other network externalities prevent the residents from making any durable
investments (Kapoor and Le Blanc, 2008). Similarly, since local authorities are not
able to charge property taxes and utility fees, these areas have very low levels of
urban infrastructure.

Equations (2.3) and (2.4) provide very useful guidance regarding densities in

‘organic’ neighborhoods. In particular,

#871/1-«
S, = lim |"0AT — 0 (2.5)
I#—0 Ps
aT#p71/1-a
H, = lim {M} —0 (2.6)
1#—0 Ps

Here subscript ‘o’ is used for ‘organic’ neighborhoods. In the limit case, where

I# = 0 both structure and housing services per unit land will be 0 as urban
infrastructure, I is an essential input of housing function. However, equation (2.5)
and (2.6) merely show a theoretical implication that does not hold in the real world,
where even the most unplanned regions have basic infrastructure in the form of
utilities and external road connections, etc. These equations, on the other hand,
suggest very low levels of structure intensity and housing output density in the

‘organic’ neighborhoods.
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2.3.3 Scenario 2: Endogenous infrastructure /

In this setting, the developers own the land and decide the equilibrium level of
infrastructure I at a given price p; > 0. Housing is produced by H(S,I) = AS*I”.

The producer’s land rent maximization problem is given by the following equation:

Max Ry = rHy — psSy — pil — Nhy — ASSTP] (2.7)

Here subscript 2 denotes the variable values in region 2, where developers are free to
choose the level of infrastructure. The equilibrium level of structure intensity is

given by the following relation:

_ 1/
S, = {M} ! (2.8)

1—
ps o}

Per unit house price r and the productivity parameters are positively related to the
equilibrium level of structure intensity. Whereas, the price of input py is negatively
related to Ss, as in scenario 1. Price of infrastructure p; is also negatively related to
structure intensity.

The land rent maximizing conditions also determine the optimal level of
infrastructure in an endogenous infrastructure development. The equilibrium level

of urban infrastructure is given by the following relation:

(2.9)

|:(TA)1/a/81—a/aa:| a/y
I'= 1-a/a
DPsDy

Infrastructure is also directly related to the house price and productivity parameters
and negatively related to the input prices.
The optimal level of housing output per unit land can be deduced by substituting

equations (2.8) and (2.9) into the housing production function. Equation (2.10)
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gives the housing output in scenario 2.

aRB.a+3 1/~
M} (2.10)

H, = {
vy

In an endogenous infrastructure development, housing output is positively related to

house prices and the productivity parameters, A, o and 5. In addition, the input

prices ps and p; are negatively related to the housing output, as higher input cost

results in lower profitability.

2.4 Comparative statics of relative housing output and

structure densities

The model developed here allows a comparison of different models of infrastructure
supply and provides an explanation for varying housing output densities based on
provision of urban infrastructure. Dividing equation (2.4) by equation (2.10) gives

the following result:

aB/(1—a)y B/ *B/1—a
o 1ps pri ! (2.11)
H, a B AB/ A=)y | | pB/¥(1=a)

An increase in input prices and exogenous infrastructure I* increases relative

housing output in areas where infrastructure is provided by the planner. Whereas,
increase in the values of output elasticities o and 3, and A decreases the house
output ratio in equation (2.11).

Comparative static results for equation (2.11) are also inferred with respect to I*
and r. Equation (2.12) provides the first derivative of the relative density ratio with

respect to I*.

O(Hy/Hs) - {&} aB/(1—a)y {]2} 6/7{ 1 }
* - B/(1—«
or a@ B Ap/i=en (2.12)

>0

1 f
A=) | | (1 — a)"0/i-a)
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Firstly, a positive relationship implies that if the government increases the value of
I*, the relative housing output density will increase in the developments where
government provides infrastructure. Therefore, the central planner can control the
housing output gradient by its choice of public infrastructure.

It is very important to note, that equation (2.12) implies that H,/H, will have a
very small value of less than 1. Section 2.8.3 reveals the necessary condition on 17,
the level of urban infrastructure in ‘Organic’ neighborhoods, for H,/Hs < 1 to hold.
In particular, I# < I is needed to hold for H,/H, < 1 to be true. Since the level of
exogenous infrastructure I# is very low in these neighborhoods, the ratio of the
housing services will also be very low. This implies that the quantity of housing
services in the ‘organic’ neighborhoods will be less than the quantity of housing
services in the neighborhoods where infrastructure is chosen by the developer.
Moreover, in the common housing service unit price, r(x), setting, where x is the
distance from the CBD, the value of housing services, r(z)H, will also be lower in
the ‘organic’ neighborhoods at each location.

In addition, equation (2.12) provides an alternative explanation of varying housing
output density based on infrastructure provision, as opposed the conventional
explanation based on location. In particular, urban economics literature focuses on
a negative housing output gradient, where higher housing output density is found
near the center of the city. Generally, builders are encouraged to do so because
residents are willing to pay higher prices for smaller units near the center of the city.
Sometimes, this phenomenon is also promulgated by government policies to curtail
urban sprawl.

Another important comparative static result is derived with respect to r. Equation

(2.13) shows this result:
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O(H, /Hy) _ {p_] ap/(1-a)y {pl]ﬁ/w{ +8/1-a ]

) B/(1-a)
or a o4 A g (2.13)

1 _

a7 <0
Equation (2.13) reveals the inverse relationship between the relative housing output
density and house prices. Thus, an increase in the common house price, both in the
neighborhoods where infrastructure is exogenously provided and where
infrastructure is endogenously chosen, will result in a decrease in the relative
housing output density in the former type of neighborhoods. Furthermore, we can
deduce from (2.13) that for a sufficiently high value of r, the housing output density
will be larger in regions where private developers can choose infrastructure freely. In
a laissez-faire setting, an increase in r will be reciprocated by the developer by
increasing investment I and other production inputs to increase the housing
services. However, in region 1 where infrastructure is provided exogenously, the
developer can only increase the structure S, in order to gain from the higher price r.
Therefore, the housing output per unit land increases at a faster rate in region 2.
In addition, it can be inferred from equation (2.13) that the value of housing output
per unit land, rH, will also fall in region 1 relative to region 2 if the house price
increases. Expressions rH; and rHy can be thought of as the values of housing
output per unit land in regions 1 and 2, respectively. Therefore, an increase in r,
which leads to a decrease in H;/H,, will also raise rHy relative to rH; at each
location. As a result, private developers will be more inclined to develop in the
areas where there is no restriction on infrastructure and get higher returns.
Similarly, dividing equation (2.3) by equation (2.8) gives the ratio of the structure

intensities, presented in equation (2.14):

aB/(1—a)y B/ *B/1—o
S1_|Ps P ! 1 (2.14)
S Q B AB/(1=a)y | | pB/7(1-a)
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Once again, an increase in input prices and exogenous infrastructure increases
relative structure intensity in areas where infrastructure is set exogenously.
However, increase in «, § and A decreases the structure density in these areas.
The relation between relative structure intensity and unit price is shown in (2.15)

below:

(51/52) _ [g} ap/(1-a)y {pl}ﬁ/v{ [+6/1-a ]

B B/(1=a)
or a B A 7 (2.15)

e ) <
Equation (2.15) establishes a negative relation between relative structure intensity
and unit price. Therefore, as r increases, the ratio of structure intensity (2.14) will
decrease, and the percentage increase in Sy will be larger than the percentage
increase in S;.
Because every parameter value in equations (2.11) and (2.14) is positive, the ratios
are positive as well. However, without actual data application, it is rather difficult
to guess the absolute value of these equations which would be helpful in learning
more about the relative densities for a given value of the infrastructure, I'*, provided
by the government. But the results stated above provide very useful policymaking
insight by providing a relationship between infrastructure and house prices, and the

relative densities in the urban and ex-urban housing developments.

2.5 Institutional setting and data description:

The historic city of Lahore has witnessed many different conquerors and urban
planners over the past three centuries. Older parts of the city still have many
remnants of the development done by the Mughal empire, which consisted of several
palaces and gardens, and the more recent development done by the British empire

that improved regional connectivity by introducing railway and road networks.
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Today, Lahore is the second most populous city of Pakistan, and it has experienced
the highest average population growth rate of 4.66% in the country over the past
two decades (Population census, 2017). Since the partition of the Indian
Subcontinent, Lahore has expanded very rapidly beyond the historic city, also
known as the Walled City. The expansion consists of several unplanned and planned
neighborhoods, where the planned developments are done by both the central
planner and the private sector. Moreover, the unplanned neighborhoods are referred
to as organic neighborhoods in the data. These neighborhoods are not built with
any formal planning, and usually the facilities and amenities are provided in a very
ad hoc manner in these areas. An example of such infrastructure is when a resident
or a small group of residents obtain temporary electricity, mostly illegally, from a
nearby government distribution line. Similarly, such neighborhoods get poorly
paved streets, water, and sewage lines in a similar manner. Moreover, it is not
feasible for individual residents to improve the quality of urban infrastructure
themselves. As revealed in the data, the organic neighborhoods are mainly located
near the center of the city, usually do not have formal urban infrastructure.
Similarly, the planned developments constructed by the central planner are referred
to as government in the following analysis. In these neighborhoods, the central
planners provide all the public services and infrastructure. Type of services
provided by the planner include electricity, natural gas, water, sewer, road network,
streetlights, and landscaping, to name a few. National utilities such as electricity
and natural gas are provided through the national grid, whereas other public
infrastructure items are provided to ensure that the local planners byelaws are
satisfied. Varying provision of uninterrupted electricity supply is a prime example of
urban infrastructure differential, as some areas record more than 18 hours of power
outage per day during summers (Sonnett, 2019). On the other hand, the posh

planned communities such as Bahria Town in Lahore, Karachi and Rawalpindi
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invest heavily in urban infrastructure in order to ensure better provision of
electricity. For example, according to a press release from the management of Bahria
Town in 2022, after a major national grid breakdown, “the management team took
the necessary measures to ensure that the power supply to the community remained
uninterrupted even during an unexpected power outage. The backup generators
were activated immediately to keep the power supply going and avoid any
inconvenience to the residents” (www.bahriatown.com, 2022). Another upcoming
planned community called Park View City, has highlighted itself as a load-shedding
free zone in its marketing campaign, indicating provision of uninterrupted electricity
supply in the community (www.skymarketing.com.pk, 2023). In most cases, all
public utilities and infrastructure is provided, and then empty lots are sold to the
future residents to construct houses according to building byelaws set by the
planner. Furthermore, urban infrastructure provision in the planned regions is not
financed by local property tax collection which has remained ineffective in many
regions throughout the country. As noted in a World Bank report in 2006, property
tax collection in Punjab account for 0.09% of the GDP, which is significantly lower
than 0.42% average of twenty developing countries (World Bank, 2006).

On the other hand, the planned private developments are constructed in order to
maximize the land rents for the developers who are also the landowners. These
neighborhoods are referred to as private in the data. The private developments are
comparable to the common interest developments, which are governed by
homeowners associations (HOAs), located in most western countries. In particular,
just like residents of HOAs, residents of private developments are obliged to pay
regular maintenance charges, but also must forsake some control over the design and
several other aspects of their properties (Clarke and Freedman, 2019). However,
Chueng and Meltzer (2013) suggest a far greater role of large HOAs, in Florida, in

incentivizing more stringent regulation through local government, beyond their
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immediate domains. Such a role is not evident in ‘private neighborhoods in
Pakistan, however, inclusion of such spillover effects can provide relevant extension
to the current study. In the current setup, the private developments, developers
plan, design and provide all public services and utilities. In almost all case, this
includes, at least, the road network, private security, cleaning, public parks, schools
and water storage facility. Decisions regarding these services are largely influenced
by the market prices and consumer preferences.

The data used in this paper is collected from an online real estate marketplace
called www.zameen.com. This portal contains user-entered information for 33,000
properties that are listed for sale in Lahore. Many real estate agents also use this
website to advertise their clients properties. The portal is designed to feature house
price, location at the neighborhood level and several other property characteristics
including the size of the lot and number of bedrooms and bathrooms. However,
many observations have missing housing characteristics, as one can list a property
even with some missing information.

The data was downloaded from the website using data-scrapping techniques. The
dataset consists of 1,758 observations, including 217 observations in the ‘organic’
neighborhoods of the city, 683 observations in the government developments and
858 in private developments?. As the representation of the ‘organic’ households is
significantly lower than that of government and private households, there is a high
possibility of ‘organic’ households self-selecting themselves out of the sample. This
can occur due to the fact that ‘organic’ households tend to be lower-income
households who might not have access to an internet-enabled device, a prerequisite
to enlist on the data portal used. So, there is a possibility of systematic exclusion of

‘organic’ households from the sample. Table 2.1 reports the summary statistics for

4The dataset consists of three types of neighborhoods. ‘Organic’ neighborhoods are the unplanned
neighborhoods. ‘Government’ neighborhoods are the developments where the central planner pro-
vides urban infrastructure exogenously. ‘Private’ neighborhoods are the developments where private
developers choose the optimal level of urban infrastructure.
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the house prices and associated variables for the properties that are located in the
‘organic’ neighborhoods. Furthermore, it is important to highlight that these lot
sizes of these properties tend to much smaller than the properties located in the
planned developments. Observations with missing values were excluded from the
estimation.

Table 2.2 reports the summary statistics for properties located in the developments
constructed by the central planner. The average and the range of “Lot size” is much
larger in the government planned developments. Correspondingly, the average and
the range of the “Price” variable is significantly larger at these locations. In
addition, the average house located in these parts of the city also has an additional
bedroom.

Similarly, table 2.3 reports the summary statistics for properties located in the
private neighborhoods. The distribution of “Price” and “Lot size” variables has a
slightly larger average than the observations in table 2.2. Yet again, properties
located in these communities are significantly larger and more expensive than the
properties located in the organic neighborhoods.

The distance variable measures the approximate shortest distance between the
subdivision of the neighborhood in which an observation is located and the CBD.
The “distance” variable is measured both in terms of the travelling distance and
commute time using Google Maps. Distance in terms of the travel time provides an
insight into the quality of road networks and traffic congestion when travelling to
the CBD.

Figure 2.1 shows average value of housing units at every kilometer of distance away
from the CBD. The data observations of organic housing developments expand to
11.9 kilometers, and government housing developments expand to 18.7 kilometers
outside of CBD. Similarly, the private housing development span further out with a

maximum radius of 30.4 kilometers. In addition, the concentration of private
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development increases significantly after 20 kilometers. The average housing value
falls for the first seven kilometers. This trend is opposite from most cities, where
average house values increase with distance. One explanation of this anomaly is due
to the proximity to the historic “Walled City” found in the 11th century. Higher
average values closer to the “Walled City” can be explained by the increase in the
amenities in the form of historical architecture, open gardens and fountain etc.,
mainly constructed during the Mughal and British Empires. Similarly, most of the
neighborhoods located closer to this part of the city were developed during Mughal
and British Empires and have larger lot sizes than average.

However, after seven kilometers of distance average values in the private and
government planned neighborhoods, the average values of houses increase with
distance. In comparison, the average values in the private neighborhoods shown with
green dotted line are higher than the average values for government planned and
‘organic’ neighborhoods shown with red solid and blue dashed lines, respectively.
Similarly, figure 2.2 shows the average value of lot sizes on the vertical axis with
distance on the horizontal axis. Again, the blue dashed line for the properties
located in the ‘organic’ neighborhoods, increase very subtly. Once again, for areas
near the “Walled City” in the private and government planned neighborhoods, the
average size of the lot decrease with distance for historical reasons. However, after
seven kilometers of distance, average lot sizes increase in both private and
government planned regions.

Figure 2.3 plots the average structure intensity, S, as the total number of bedrooms
and bathrooms divided by lot size, against distance for all categories of
neighborhoods. Here, average value of S is significantly higher for properties located
in the ‘organic’ developments. This could be a direct result of smaller lot sizes of
these properties, as government bylaws allow for more structure intensive

construction on smaller lots. Several other reasons for phenomenon are discussed
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below as well. The average values of S for government and private development
follow similar patterns.

It is important to highlight the potential issue of sample being selected. A sample
selected by any rule not equivalent to random sampling produces a description of
the population distribution of characteristics that does not accurately describe the
true population distribution of characteristics no matter how big the sample size.
Unless the rule by which the sample is selected is known or can be recovered from
the data, the selected sample cannot be used to produce an accurate description of
the underlying population (Heckman, 2010). For certain sampling rules, even
knowledge of the rule generating the sample does not suffice to recover the
population distribution from the sampled distribution. Urban Economics literature
has reported the problem of sample selection in several econometric studies, noting
selection of only houses that are sold as a potential source of bias for hedonic price
models (Gatzlaff, 1998; Munneke and Slade, 2000).

First potential source of residents self-selecting themselves out of the sample could
arise from the online nature of the data source. Since Pakistan is a developing
country, common intuition would suggest that low-income households might be at a
disadvantage for listing their properties on an online platform due to lack of
availability of internet. However, the latest statistic from Pakistan
Telecommunication Authority (PTA) reports 127 million broadband subscribers in
2023 in Pakistan. This accounts for almost 55% of the total population of Pakistan.
Similarly, the PSLM 2019-20 survey conducted by the Pakistan Bureau of Statistics
(PBS) reports 97.04% ownership of mobile smart phones and 53.26% broadband
coverage in Lahore. Therefore, self-selection of a certain type of residents due to
lack of availability of internet does not appear to be a major concern for Lahore.
Table 2.6 shows a comparison between the owner-occupied housing units in urban

areas of Lahore District in the Census data from 2017 conducted by PBS and the
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sample data used in the empirical analysis. In the data sample, housing units with
outlier values of more than 6 bedrooms was excluded. Both datasets show a strong
resemblance in the distribution of number of bedrooms. In particular, 69% of the
housing units in the Census data and 64% of the housing units in the sample data
had 1-3 bedrooms. Housing units with more than 4 bedrooms were overrepresented
in the sample, however, a large majority of the housing units follow a similar
distribution for number of bedrooms as the Census data. Minor discrepancy
between the Census and the sample data is expected, as the Census data represents
the district of Lahore that include neighboring towns of Lahore Cantt, Model Town,
Raiwind and Shalimar. Since the Census data is not GIS mapped, house size
distribution could not be compared over distance from the center which is also a
variable of interest in the empirical analysis.

To formally test randomization of the sample, statistical balance tests are
commonly used in randomized controlled experiments. These tests are aimed at
ensuring that the randomization gave rise to treatment and control groups that are
balanced with respect to the variables of interest and the observed difference
between the two groups therefore is due to potential confounds. However, Mutz and
Pemantle (2019) present a criticism on the use of balance tests in experimental
data, arguing that these tests are uninformative and unnecessary, as statistical
inferences are meant to be made for the population and not a balanced sample and
perfect randomization is not a prerequisite to making statistical inferences. Balance
tests are typically used in cases where efficacy of fiscal changes/experiments is
meant to be measured using difference-in-difference methodology (Cellini et al,
2010). However, in observational data such as the current chapter, balance testing
may not be necessary if potentially unbalanced confounds in the sample are
controlled for in the empirical specifications. The difficulty in this case is that

omitted variables limit the ability to control for potentially confounding variables.
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A Chi-square goodness of fit test is used to compare the distributions of Census and
sample datasets. The null hypothesis is that there is no difference in the two
distributions. The test compares each level of the bedrooms variable between the
two datasets with the expected number of observations in that level. The test
results are displayed in the last two columns of table 2.6. The test statistic value is
19.81. The null hypothesis cannot be rejected at the 2% significance level. These
results imply that the distributions are similar at the above-mentioned statistical
significance levels. A similar supplementary test is presented in Letdin and Shim
(2019) to test the difference between a school distance variable between high and
low amenity cities. Another study by Angrist and Newey (1991) uses the Chi-square

to test for over-identification in an earnings function.

2.6 Empirical Analysis
2.6.1 Test of house prices

The preceding section provides several valuable conclusions about varying housing
densities in different regions of a city based on the level of urban infrastructure. The
theoretical model explains variation in density based on both location and quality of
urban infrastructure both publicly provided and produced in privately planned
developments. In particular, the model concludes that when public provision is
sufficiently low, privately produced urban infrastructure results in a higher quantity
of housing services per unit land. This theorectical hypothesis is tested using
property-level data from Lahore, Pakistan.

This section tests the hypothesis based on equation (2.12) that increasing exogenous
urban infrastructure, I*, in the developments planned by the planner, increases the
housing output density in these regions relative to the housing density in private
developments. The empirical framework is devised to test the hypothesis of a

positive relation between urban infrastructure and housing density, h.
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The hedonic price equation (2.16) uses logarithm of housing value as the dependent
variable to empirically test the hypothesis based on the comparative static result
(2.12) of a positive relation between urban infrastructure and quantity of housing
services. Since house prices are a simple function of the fixed common unit price of
housing r, and quantity of housing services h, house prices are used as the
dependent variable and any changes in house prices will reflect changes in housing
output at a fixed distance from the center. The first empirical equation tests the
difference of housing values between planned and ‘organic’ neighborhoods, keeping
housing characteristics constant. The hedonic equation tests for effect of exogenous
urban infrastructure on the asset price of housing value while controlling for other
determinants of housing value such as housing characteristics and the distance from
the CBD. The planned neighborhoods are developed according to a formal town
plan that at least meets the minimum standard of urban infrastructure set by the
government. Whereas, ‘organic’ neighborhoods evolve randomly without any prior
planning and formal urban infrastructure provision and, therefore, tend to have very
low level of infrastructure. The following equation tests for difference in housing

value between a planned and an ‘organic’ neighborhood:

log(Housevalue) = fy + [y Lot size + Po( Number of bedrooms ( )
2.16

bathrooms) + B3 Distance + B,0rganic + €

Equation (2.16) presents a hedonic house price equation with a dummy variable for
‘organic’ neighborhoods with low levels of urban infrastructure. Here, ‘lot size’ is
measured in square foot and the distance variable measures the distance between the
subdivision of a neighborhood in which an observation is located and closest edge of
the CBD. In this specification, planned neighborhoods are used as reference level,
suggesting the coefficient 8, to be the percentage change in house value in ‘organic’

neighborhoods in comparison to ‘government’ and ‘private’ planned neighborhoods.
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The first column in table 2.4 displays estimates of equation (2.16). As expected in
the hedonic price equation, the size of a lot and total number of bedrooms and
bathrooms are positively related to the value of the house, and the ‘distance’
variable is negatively related to house price. The dummy variable for ‘organic’
neighborhoods also has a negative coefficient, implying a positive relation between
urban infrastructure and housing output. In particular, after controlling for housing
characteristics and distance from the center, house prices are 49.7% lower in the
‘organic’ developments. This result validates the theoretical prediction that low
infrastructure neighborhoods have a lower house value. In addition, coefficients on
all independent variables are significant at 1% level and these variables explain 75%
variation in the value of the houses.

The second column in table 2.4 shows results for a variation of (2.16), which has the
planned neighborhoods developed by the government as the reference category.
Since the neighborhoods that are developed by the planner have an exogenously set
infrastructure, I*, this tests the hypothesis that allowing private development to
vary raises house value compared to the levels fixed by planners.

The results of this estimation are very similar to the outcome for (2.16). The size of
a lot and the total number of bedrooms and bathrooms are positively related with
the value of the house. Whereas, the ‘distance’ variable is negatively associated with
the house value. The dummy variable for ‘organic’ neighborhoods has a negative
coefficient. This implies that after controlling for housing characteristics and
distance, the price of housing located in organic developments is 49.4% lower. This
confirms the finding that the levels of infrastructure mandated by planners raises
value of housing services compared to ‘organic’ areas. Most importantly, the
coefficient for the dummy variable for ‘private’ developments is positively related to
the housing value. In particular, the price of housing services in private

developments is 0.8% higher than the price of housing services in communities
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developed by the planner. In private developments, the developer endogenously
chooses an optimal level of infrastructure that may be superior to infrastructure in
the communities developed by the planner.

The empirical results in table 2.4 reaffirm the theoretical finding of equation (2.12).
In particular, the estimates for equation (2.16) suggest a positive relation between
urban infrastructure and housing output density, h.

The hedonic house price function (2.16) is based on the theoretical framework
provided by Rosen (1974), which has become a workhorse for valuing the
characteristics of differentiated products. In particular, housing is a heterogenous
commodity described by a package of characteristics. One type of characteristics are
residential structure features, including number of bedrooms, presence of a pool,
view, number of fireplaces and age of structure (Katz and Rosen, 1987; Bao, 2012).
Similarly, locational features are also included in hedonic price function to account
for externalities associated with the geographical location of a unit. For example,
distance from the city center and/or distance from a nearby amenity or transit
station are included to establish the implicit prices of location (Brueckner et al,
1999).

Due to lack of observed variables in the data, several housing characteristics
discussed above are excluded. These omitted variables can potentially bias the
estimators of the independent regressors. Common intuition suggest that housing
amenity features can be positively correlated with the planned communities. Since
the empirical equation is concerned with the impact on housing services in different
types of neighborhoods, a measure of urban infrastructure should also be included
at the neighborhood level, to separate the effects of urban infrastructure and other
unobserved neighborhood characteristics. Another example of an omitted variable
would be prevalent title rights insecurity. If a certain type of neighborhood has a

higher degree of concern of insecure title rights, then that neighborhood dummy
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variable can be potentially biased. Although theoretically such a possibility seems
to be concerning, in practice all title transfers are done through and registered with
the sub-registrars office in the local government (Government of The Punjab, 2001).
However, lack of data on neighborhood urban infrastructure does not allow to
measure the implicit price of neighborhood characteristics.

In addition, literature has several studies providing critique on the possibility of
omitted variable bias in Rosen (1974) framework. Abbot and Klaiber (2011)
concern themselves with the possibility of unobserved variables at varying spatial
scales above that of an individual property. They find that the common remedy to
such a problem is spatial fixed effects, however, the spatial scale of fixed effects can
either over or under capture the unobserved effects. Another issue associated with
neighborhood level fixed effect is spatial spillover effect of nearby properties and
neighborhoods (Can, 1992). The adjacency effects, as termed by Can (1992), cross
over neighborhood boundaries, suggesting spatial autoregressive specification should
be used. However, these empirical strategies do not allow implicit price estimation
of neighborhood characteristics, which is pivotal for the current empirical question.
Similarly, Bishop et al (2020) suggest creating matching estimators to mitigate
omitted-variable bias by matching houses that received an amenity treatment with a
set of untreated control houses. The goal is to find control houses that are as similar
as possible to each treated house in terms of observed and unobserved physical and
locational characteristics. The challenge is to determine the precise criteria for
selecting matches. As noted by Bishop et al (2020), although the econometric
properties of matching estimators have been thoroughly analyzed in the program-
evaluation literature, the accuracy of their estimates for implicit prices of missing
housing characteristics in housing market data has yet to be evaluated in the

simulation frameworks that provide insights on other methods.
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2.6.2 Test of structure intensity, S

Another implication of the theoretical section concerns the effect of urban
infrastructure on the structure intensity of a property. In particular, the model
suggests a positive relation between urban infrastructure and structural intensity in
equation (2.3). Similarly, the comparison (2.14) between the optimal levels of
structural intensity in communities developed by the planner, S;, and in private
development, Sy, suggest a positive relation between the exogenous infrastructure,
I*, and the ratio S;/S5. Therefore, the empirical test estimates the effect of different
types of neighborhoods and the corresponding levels of urban infrastructures on the
structure of a property. Because of data limitation, the total number of bedrooms
and bathrooms is used to measure the interior space or quantity of structure of a
house. The following equation is used to estimate the effect of changing

infrastructure on the total number of bedrooms and bathrooms of a property:

log(Number of bedrooms and bathrooms) = o + 1 Lotsize + S0rganic ( )
2.17

+ 063 Private + B4 Distance + €

Here, the dependent variable is a measure of interior space of the house. Because
the sizes of bedrooms and bathrooms are not standardized in the data, and the
proportion of the total interior space used for bedrooms and bathrooms is not fixed,
the dependent variable will systematically overestimate the total interior space of
houses built on smaller lots. In particular, as shown in figure 2.2, ‘organic’
neighborhoods have the smallest lot sizes at every distance and ‘private’
communities have the largest lot sizes for most distance levels.

The first column of table 2.5 reports the regression output for (2.17). The estimated
coefficient of the dummy variable for ‘organic’ neighborhoods is positive. This

suggests that in comparison with the planned regions with better urban
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infrastructure, namely ‘government’ and ‘private’ planned neighborhoods, the
regions with low levels of urban infrastructure, namely ‘organic’ neighborhoods,
produce lower quantity of structure or interior space. In particular, results in
column (2.1) predict 21% smaller interior space for the properties located in
‘organic’ neighborhoods. This empirical result supports the theoretical finding of
equations (2.3) and (2.14). The theoretical model predicts a positive relation
between urban infrastructure and quantity of structure, and since the dummy
variable ‘organic’ selects properties in areas with low levels of urban infrastructure,
the negative coefficient is in tandem with the theory.

The second column of table 2.5 reports the regression output for (2.17) with
‘government’ planned neighborhoods as reference. The estimated coefficients of the
dummy variables for ‘organic’ and ‘private’ neighborhoods are negative. This
suggests that in comparison with the ‘government’ planned regions, the regions with
lower levels of urban infrastructure, namely ‘organic’ neighborhoods, produce lower
quantity of structure. Similarly, the result in this column also suggests that in
comparison with the ‘government’ planned regions, the regions with higher levels of
urban infrastructure, namely ‘private’ neighborhoods, produce lower quantity of
structure. However, the coefficient on the ‘private’ dummy variable is not
significant. This could mean either the levels of urban infrastructure in the
‘government’ and ‘private’ neighborhoods are comparable or the urban
infrastructure improvement in the ‘private’ neighborhoods is not large enough to
generate significant quantity of structure improvements. This empirical result
contradicts with the theoretical finding of equations (2.3) and (2.14). The
theoretical model predicts a positive relation between urban infrastructure and
quantity of structure, implying positive coefficient for ‘private’ neighborhood.

One factor that can explain the contradiction with the theoretical outcome is the

measure used to proxy for structure. Since the data does not provide information on
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the total interior space of a property, sum of the number of bedrooms and
bathrooms is used as a proxy for total interior space. However, bedroom and
bathroom sizes are not standardized, so this becomes an imperfect measure of the
total interior space. In particular, since larger houses tend to have bigger rooms, the
measure used in the data is likely to overestimate the total interior space in smaller
houses. Tables 2.1-2.3 show that the average lot sizes of properties located in
‘organic,” ‘government’ and ‘private’ neighborhoods are 946.18 square feet, 2604.3
square feet and 2964.59 square feet, respectively. Therefore, the coefficients on
‘organic’ and ‘private’ dummy variables in the first two columns are most likely
biased.

Another reason that can potentially explain the contradiction found in the second
column of table 2.5 is the non-random location of these neighborhoods. In
particular, all of the ‘organic’ and ‘government’ neighborhoods are located very
closer to the CBD, whereas, ‘private’ developments, especially smaller lots within
‘private’ developments, expand farther out. Tables 2.1-2.3 show that average
distances from the CBD of properties located in ‘organic,” ‘government’ and ‘private’
neighborhoods are 6.72 KM, 6.69 KM and 14.56 KM, respectively. Location-based
urban economics theory suggests that neighborhoods close to the center of the city
have a higher structure density, independent of the quality of infrastructure.

The factors mentioned above can lead to the reversal of sign on the coefficient of the
dummy variable for ‘private’ developments. More accurate data on the total interior
space of houses would be required to test the effect of increased urban infrastructure
in ‘private’ developments on the quantity of structure produced. However, the
evidence in this section strongly suggests a higher quantity of structure is produced

in planned neighborhoods in comparison to ‘organic’ neighborhoods.
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2.7 Conclusion

The primary goal of this paper is to examine the role of infrastructure in
determining patterns of housing supply and development. The theoretical model
introduces another dimension into the housing production function in the form of
modern urban infrastructure. The model demonstrates how varying levels of urban
infrastructure can affect the spatial distribution of housing within the city. In
particular, more developers are constructing housing communities, away from the
center, where they can provide superior infrastructure and attract new residents at
premium prices. This fact is also proven empirically using the data from Lahore,
Pakistan.

Traditional urban economics theory relies on the monocentric city model introduced
by Muth (1969) to explain changing housing density gradient. In particular,
decreasing transportation cost, heterogeneity among the residents based on their
incomes and varying age of the housing stock are, probably, the two most common
explanations of why different segments of the society prefer to live away from or
close to the center. However, this paper is independent of the monocentric city
model and explains growing suburban developments based on varying levels of
urban infrastructure. The supply-side analysis conducted in the theoretical section
of this paper is consistent across several different functional forms of the housing
production function as well.

As a future extension of this paper, it would be beneficial to test this hypothesis in
other cities of Pakistan. In addition to validating the robustness of the current
results, this exercise will also allow to measure the responsive of an improvement in
infrastructure in the form of the degree of increase in quantity of housing services
across different housing markets. One of the things that can affect the effect of
infrastructure improvement would be the base level of infrastructure exogenously

provided in these cities. However, one can expect the positive relation between
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infrastructure and housing services to hold in other markets as well.
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2.8 Appendix

2.8.1 Developer’s choice in areas with exogenous infrastructure, /*

In the planned regions produced by the central planner, the developers produce
housing according to H,(S;, I*) = AS*I*? where I* is the level of urban
infrastructure provided by the planner. In this case, the developers maximize

land-rent represented in the following equation:

Max Ry = rHy — pySy — AN[H; — AS{T*) (2.18)

Since I* is fixed by the planner, developers choose H; and S; to maximize the
land-rent. The first-order conditions with respect to H; and Sy, respectively, are

given below:
£V =r—A=0 (2.19)
1

OR,

g ASa—1B — 2.20
a5, ps + A ASS 0 ( )

Substituting r = A from (2.18) into (2.19) gives the following relation:

—ps + raASETIHP =0 (2.21)

Rearranging (2.20), provides the following equilibrium value of structure intensity,

Sli

x371/1-a
s, = [mf‘” ] (2.22)

Ps
as stated in (2.3). Furthermore, substituting (2.21) into housing production

function, H,(S;, [*) = ASPT*?, gives the following relation:
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(%

o - A[T&AI*’B] 1-— O pxp (2.23)
Ps

Rearranging (2.22) reveals the following relation for the equilibrium level of housing

services per unit land provided in the regions with exogenous infrastructure, I*:

A(ra)* I } i (2.24)

HIZ[
g

as shown in (2.4).

2.8.2 Developer’s choice in areas with endogenous infrastructure, [

In the region 2 where the developer is free to choose the level of urban
infrastructure, I, developers produce housing according to Hy(Ss, 1) = ASSIP. The

producer’s land-rent maximization problem is given by the following equation:
Max Ry = rHy — psSs — prl — A[hy — ASSTP] (2.25)

In this case, the price-taking developer chooses H,, Sy and [ for given r, p, and py,

respectively. The first-order conditions with respect to Hy, Ss and [ are given below:

g—flz:r—)\:(J (2.26)
g—];j = —ps + AASETIP =0 (2.27)
% = —pr +ABASSTP L =0 (2.28)

Substituting r = A from (2.25) into (2.26) and (2.27) and rearranging (2.27), gives

the following expression for the structure intensity:
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1

[l (2.29)
5= %]

Rearranging (2.26) and substituting S, from (2.28), gives the following expression:

a—1
pil'7 } a (2.30)
rBA

Ps = rozAIﬁ[

Simplifying and rearranging (2.29) reveals the equilibrium level of urban

infrastructure provided by the private developer,

(2.31)

|:(T.A)1/a61a/aa/:| a/y
- l1-a/a
PsPy

as shown in (2.9). Similarly, substituting equilibrium level of urban infrastructure

into (2.28) reveals:

1 1-p
o _ 3 a( (rA)V/egi-alag Q/V) o (2.32)
©o LA pspr "

Simplifying (2.31) shows the equilibrium level of structure intensity chosen by the

private developer:

_ 1/
S, — {M} ! (2.33)

1—
ps o

as in equation (2.8). Lastly, the equilibrium input level of Sy and I are substituted

into the production function given below:

— = (2.34)

Hy — A[
bs Dy DsPr

Tal—,BAﬁB:| aly |:(7,.A)1/a61—a/aa:| aB/y

Simplifying (2.33) reveals the equilibrium level of housing services provided by the

private developer:
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anpB,.a+p 1/~
M] (2.35)

H, — [
popy

as shown in (2.10).

2.8.3 Comparison of ‘Organic’ neighborhoods and Private Developments

For H,/Hs < 1 to hold the following condition must be satisfied:

H,  [ps af/(1—a)y Dr B/ [#B/l—oz 1 1 (2 36)
o |a Rl '

The left-hand side of the (2.35) is the ratio of housing services in the ‘organic’

neighborhoods and private developments. Rearranging and simplifying (2.35) gives

the following relation:

e |:<7,A>1/aﬁ1—a/aa:| a/y (2.57)

l—a/a
PsPy /

The right-hand side of the inequality (2.36) is the same as I, the equilibrium level of
infrastructure provided in the private developments. Therefore, (2.36) implies that
if the level of urban infrastructure in ‘organic’ neighborhoods is less than the level of
urban infrastructure in the private developments, I# < I, equilibrium level of
housing services in ‘organic’ neighborhoods will be less the level of housing services

in private development, H, < H,.
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Average Number of Bedrooms & Bathrooms/Lot Size (sqft)
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Table 2.1: Observations from organic neighborhoods

Variable Obs Mean Std Dev. Min Max
Lot size (sq. ft.) 152 946.18  494.73 225 2250
Price (PKR, millions) 152  8.16 4.38 1.2 20
Bedrooms 152 3.29 1.66 1.90 6
Bathrooms 152 2.96 1.17 1.09 6
Distance (KM) 152 6.72 2.69 3 11.90
Distance (Min) 152 11.70 4.60 4 19

Table 2.2: Observations from neighborhoods developed by the planner

Variable Obs Mean Std Dev. Min Max
Lot size (sq. ft.) 342 2604.30 2045.74 115 13500
Price (PKR, millions) 342  27.7 21.5 2.7 160
Bedrooms 342 4.18 0.95 1 6
Bathrooms 342 4.53 1.18 1 6
Distance (KM) 342 6.69 3.22 1.2 187
Distance (Min) 342 10.93 4.49 3 28

Table 2.3: Observations from neighborhoods developed by private developers

Variable Obs Mean Std Dev. Min Max
Lot size (sq. ft.) 490 2964.59 2811.17 450 18000
Price (PKR, millions) 490 33.2 34.2 0.12 220
Bedrooms 490 4.46 0.86 1 6
Bathrooms 490 4.52 1.25 1 6
Distance (KM) 447  14.56 7.29 1.9 304
Distance (Min) 447 21.35 8.55 6 40
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Table 2.4: Regression output

log(House value)

VARIABLES Reference: Reference:

Planned Government

(1) (2)

Lot size 0.00023***  0.00023***
(0.0000074)  (0.0000075)

Number of bedrooms 0.1 0.17%*%
+bathrooms (0.007) (0.007)
Distance (KM) -0.008*** -0.0097%**
(0.002) (0.002)
Organic -0.497+** -0.494%**
(0.04) (0.042)
Private 0.008%*
(0.005)
Constant 15.46%+* 15.46%+*
(0.062) (0.063)
Observations 941 941
R-squared 0.76 0.76

Standard errors in parentheses
R p<0.01, ** p<0.05, * p<0.10

110



Table 2.5: Regression output

log(Total number of bedrooms + bathrooms)

VARIABLES Reference: Reference:
Planned Government
(1) (2)
Lot size 0.0004*** 0.0004***
(0.000031) (0.00003)
Organic -0.217%*% -0.227%*%
(0.027) (0.026)
Private -0.009
(0.015)
Distance(KM)  0.029%** 0.033%+%*
0.009 (0.011)
Constant 7.39%** T.4KEF
(0.15) (0.16)
Observations 941 941
R-squared 0.31 0.31

Standard errors in parentheses
i p<0.01, ** p<0.05, * p<0.10
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3 Effects of Bus Rapid Transit on House Prices

3.1 Introduction

Bus Rapid Transit (BRT) is an innovative mode of transportation with several
benefits in relieving traffic congestion and decreasing externalities associated with
private transportation. BRT has become a commonly implemented mode of public
transportation due to lower average capital cost and comparable benefits to a Light
Rail Transit (LRT) system. Jarzab et al (2002) claimed that BRT can ensure
passenger flow, off-vehicle fare collection and consistent ride schedules similar to an
LRT. The authors find BRT has a lower average cost of distributing passengers to
their connections and final destinations. This implies cost-effectiveness for the
planners and passengers alike, therefore making it a common choice in both
developed and developing countries.

Despite the expected benefits of BRT, there is no standard definition of a BRT
system used by the planners around the world. The degree of implementation of
different components of BRT such as running ways, stations, vehicles, fare
collections mechanisms, intelligent transportation system (ITS), service operation
plans and branding vary a great deal in different cities (Diaz, 2009). Similarly, the
geographic spans of BRT around the world are very different, with some systems
strictly serving urban areas and others serving inter-suburban areas. There is one
example of an inter-continental BRT in Istanbul, Turkey as well.

According to a 2011 survey of BRTs around the world, Hidalgo (2011) reported that
118 cities had an operational BRT system of some standard. The survey found that
in 2011, the BRT systems consisted of 280 corridors, 4300 km, 6700 stations and
30,000 buses, serving 28 million passengers a day. Of the 118 cities, 45 are located
in North America and Europe. Levinson et al (2003) noted that BRT system was

proposed in a few American cities as early as 1937 and major initiatives followed
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between 1950-70. However, the planning preference changed after 1970 in favor of
high-occupancy vehicle (HOV) lanes and LRT. In the European context, Heddebaut
et al. (2010) argued low adoption of BRT was a direct consequence of space
constraints, and planners focused more on metros and tramways instead. In
addition, most applications of BRT included bus lanes shared with taxis and
bicycles.

The original contribution of this paper is that it provides a framework that allows
transportation cost advantage and the implicit price of proximity to transit to vary
with distance from the center and demonstrate empirically the resulting effects on
the house prices. Since the implicit prices vary with distance, the price benefit and
the coverage area also change with distance. The theoretical model compares the
transportation costs of riding transit line and alternative mode of transportation.
First finding of this analysis is a positive relation between the distance from the
center and the transportation cost advantage for a fixed distance from the transit
line. Since, the transportation cost advantage increases with distance from the
center, the coverage area, defined by the region around the transit stop where the
implicit price of proximity is positive, also increases with distance from the center.
The empirical tests using the Pakistan Social and Living Standards Measurement
(PSLM) for Lahore, Rawalpindi and Multan estimate the implicit price of proximity
to station for each transit station. Estimation results find positive relation between
the distance from the center of the city and the coverage area, supporting the
theoretical conclusion of transportation cost advantage and implicit price of
proximity increasing with distance from the center. An empirical study on this topic
by Yang et al (2019) examine the effects of BRT in Xiamen, China. The authors use
geographically weighted regression (GWR) on quartiles of the city to measure the
effects of bus accessibility on house prices. The estimation results support the

findings of the current research, as increase in accessibility has a bigger price benefit
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in the peripheral areas. The authors find 3-5 times larger price impact for residents
living in the peripheral areas when compared to the median residents. For BRTs in
Pakistan, the price impacts for the edge residents in Lahore and Rawalpindi are also
close to 3 times that of the median residents, but the change in the price effect is
smaller in Multan. However, these results in Yang et al (2019) only measure the
average effects of transit accessibility on different quartiles of the city because the
proximity to a station is not controlled for in the empirical specification. Another
study by Balboni et al (2021) establish heterogeneity in price effect of transit
between different income groups and transit lines. The authors finds that
capitalization effect was stronger near the phase 1 of BRT in Dar es Salam than
phase 3, independent of distance from the center. Similarly, the price effect for high
income residents was 48-58% higher than the low-income residents. However, this
study did not attempt to establish relation between price effect and the distance
from the center. The current chapter contribute to this literature by providing a
theoretical framework demonstrating spatially varying house price effects of
proximity to a transit system. In addition, the spatially varying price effects are
measured after controlling for proximity to transit station, therefore, allowing to
estimate the coverage area around that transit station.

Pakistan provides a unique test case of relatively new BRT systems, consisting of an
individual line for each city, that expands much farther out from the center of the
city. These lines provide city center access over long distances along a single
corridor, spanning between 18.5 and 28.7 kilometers (Punjab Masstransit
Authority). Therefore, the spatial effects of proximity to transit can be explored
without the spillover effects present for a vast commuting network (Donaldson,
2015). In addition, the transportation cost advantage of introduction of a new
transit line for Pakistan will be more pronounced. This fact is supported by the

improvement in transportation cost when comparing costs of transit, ¢z, and the
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alternative mode of transportation, 4. According to the ridership survey conducted
by the Lahore University of Management Sciences (LUMS), around 53% of the
riders were public bus/vans/autorickshaw riders before the start of BRT in Lahore,
suggesting overall transportation cost improvement due to the BRT (Zolnik et al,
2018). In addition, the self-reported average saving in time of daily commute is
22.75 minutes by the BRT in comparison to the previous mode of transportation,
indicating higher ¢4 in Lahore. In comparison to the US, where 90% households
own at least 1 private vehicle, according to the American Community Survey of
2010, the alternate mode of transportation will be private automotive, the alternate
transportation mode in Pakistan is an inefficient public transportation system,
which would be more costly in terms of time and money. Therefore, BRT systems
like those in Pakistan provide a setting with stronger house price effects.

In developing countries of Latin America and Asia, Curitiba, Brazil was the first
example of a modern BRT system, introduced in 1970. Following the success of
Curitiba, 31 other cities in Latin America adopted BRT systems, accounting for
two-thirds of global ridership (Hidalgo, 2011). A similar trend is seen in Asia, with
almost 33 cities implementing BRT systems as early as 2011, and several other cities
were in the planning stages.

Like several other Asian countries, Pakistan adopted BRT in several cities in the
past decade. Four cities, namely Lahore, Islamabad, Multan, and Peshawar, saw
their first metrobus systems built recently. These were the first metrobus systems
that had a dedicated cordoned off metrobus tracks, station, and electronic ticketing
system. Most parts of these systems consist of overhead tracks similar to modern
metro-rail systems with no effect of road traffic. The metrobus systems are highly
subsidized by the government and create immense strain on the local fiscal budgets.
In addition, a similar metrobus system is under construction in Karachi.

Public transportation has gained special significance in developing countries like
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Pakistan where private car ownership is 10% even in urban centers (Yin, 2020). In
comparison, according to the American Community Survey of 2010, 90% of US
households had at least one private vehicle. In addition, a 2018 Rider Survey of the
Lahore Metrobus revealed that 40% of the riders used private transportation modes
to take the same trip, a strong indicator of high conversion of riders away from
private transportation (Field et al., 2020). Other existing public transportation
options commonly used in Pakistan are large buses, wagons, autorickshaws and
qingqi. Large buses are similar to BRT buses, however with lack of proper stations
and dedicated road lanes. Wagons are much smaller and more expensive than BRT
buses, and do not have dedicated stations and road lanes. Autorickshaws and
Qingqi are also much smaller three-wheeled vehicles, usually operated privately, that
have more flexibility similar to taxis.

Studies in the economics literature have examined the effects of construction of
various modes of public transit all over the world. There is a general consensus that
introduction of a public transit raises residential property prices close to the transit
stations. In particular, Cervero and Duncan (2002) show positive effects of heavy
rail on the nearby property prices. The authors also differentiate between the degree
of change in the prices for heavy rail and light rail. In another study, Brooks and
Lutz (2014) find an increase in population and housing density in the areas close to
streetcar stops in Los Angeles County. The authors also find strong evidence of this
pattern persisting even after streetcars stopped operating. A similar study by Bowes
and Thlanfeldt (2001) also empirically tests both positive and negative effects of a
nearby rail station. They included the positive impacts due to reduced commuting
cost and increase in nearby commercial activity, and negative effects due to negative
externalities and increase in crime. They found all of these effects to be statistically
significant in their data. Similar analyses have been conducted on different modes of

transportations such as highways in Levkovich et al (2015) and BRT in Henke
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(2013).

This paper studies the impact of the introduction of metrobus systems on the house
prices in Pakistani cities where these transit systems were introduced recently.
Previous literature has vastly studied the capitalization of transportation
infrastructure on the house prices. However, the original contribution of this paper
is that it provides a theoretical framework that allows transportation cost advantage
and the implicit price of proximity to transit to vary with distance and shows the
resulting effects on the house prices. Introducing spatially varying house price
effects of proximity to transit is the main contribution of the current research, which
provides new insights about the effects on regions close to transit systems. Other
papers show that house prices rise at transit stops but assume that the spatial
pattern of that price increase does not vary along the transit line. This research
shows that spatial patterns of price increase should be a function of location along
the transit line and then tests that hypothesis against data from major cities in
Pakistan.

Although the metrobus service was introduced almost 10 years ago in Pakistan, lack
to good quality data collection has hindered original urban economics research on
this topic in Pakistan. So far only a few studies have been published on Lahore
metrobus system using a primary survey data conducted by a private organization
(Field et al, 2020). However, this data set missed quite a few spatial variables
needed to conduct a housing market analysis after metrobus became operational.
The analysis of the current paper is unique as it deploys the “Pakistan Social and
Living Standards Measurement (PSLM)” data gathered by the Pakistan Bureau of
Statistics. To observe the variables across distance, the coordinates of data
collection blocks used in the PSLM data were mapped against polling stations
located in those blocks. Therefore, households in a block can be placed across the

distance spectrum.
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The empirical section of this paper tests the theoretical conclusions by estimating
the non-constant effects on house prices due to proximity to a transit system, using
a hedonic equation. In particular, the empirical specifications test for house price
effects of proximity as distance increases from the center. The theoretical and
empirical results have wide applicability on transit systems that extend farther out
of the center of the city.

The paper is organized as follows. The proceeding section discusses the relevant
literature on this topic and places the current research within the context of existing
literature. Section 3.3 presents the theoretical framework. Section 3.4 describes the
PSLM dataset, and the modifications done to the dataset. This section also includes
a discussion on the local dynamic of the metrobus services in Pakistan. Section 3.5
shows the empirical methodology and findings from the data from
Islamabad/Rawalpindi, Lahore, and Multan metrobuses. The final section provides

conclusions and potential scope of further research.

3.2 Literature Review

The goal of literature on the current topic is to determine different sources of
changes in the housing market and the respective effects on house prices and
locational choices. Income and transportation cost arguments to explain locational
choices of consumers have been studied in depth starting from Alonso (1964), Muth
(1967) and Muth (1969). The theory suggests that, under the assumption of income
elastic housing demand and income inelastic commuting cost, higher income
households choose to live away from the center of cities. However, the set of studies
reviewed below focus on the proximity to a nearby transit station as another
statistically significant factor affecting house prices.

The effects of a transit station on the land-use and housing market have been

studied in great depth in the urban economics literature. One group of studies
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focuses on transit accessibility and the associated changes in the property prices.
The meta-analyses conducted by Mohammad et al (2013) found that rail systems
increase the nearby property prices, however the degree of increase in house prices is
not consistent throughout the studies. In particular, the type of land use, type of
rail services, rail system life cycle maturity, the distance to stations, geographical
location, accessibility to roads and empirical strategies effect the degree of property
price change in the nearby regions. Literature reviews conducted by Diaz (1999)
and Cervero et al (2004) report home price premiums ranging between 3% and 45%
after introduction of LRT systems.

On the other hand, literature on BRT systems reveals non-standard practices and
definitions used by planners around the world. Large variations are present in
technical design features, especially in terms of exclusivity of busways on which
BRTs operate. Studies conducted for Latin-American and Asian cities, although
mainly cross-sectional, find larger BRT price premiums than similar studies for US
cities (Stokenberga, 2014). Perhaps, this can be explained by poorer operating
conditions and non-exclusive bus routes for entire BRT systems in the US cities.
However, Stokenberga (2014) noted that the USA and Canadian city-focused
studies show greater correlation between introduction of BRT and real estate
development and transit-oriented development (TOD).

Differing standards, practices and historical land-use patterns of areas served by
BRT's show varying degrees of potential success for these transit systems, as
discussed in Brooks and Denoeux (2022) while drawing a comparison between BRT
systems in Bogota and Jakarta. The BRT in Bogota is deemed a success because of
historically high commercial density in the center that was once facilitated by
streetcars. Although the BRT systems in Pakistan are fairly new in comparison to
those of Bogota and Jakarta, and Pakistan’s cities did not have historic centralized

street-car or horse drawn carriage systems, the BRT systems studied in the current
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research are built on existing high commercial density routes. For example, the
Lahore BRT is constructed on the historic Grand Trunk Road which was designed
around 2500 years ago to link Central Asia and the Indian Subcontinent. In 1830s,
the British East India Company initiated the program of building a metaled road on
the same path. This road also passes through the historical Walled City in Lahore
which is the primary employment hub of the city. Similarly, the Rawalpindi segment
of the Islamabad-Rawalpindi BRT system is constructed on the Murree Road which
was built in the early 1960s to link Rawalpindi with the new capital city at the
time. The Multan BRT also overlaps the historic trade routes that linked the
central city with Delhi, India. Lastly, BRT systems in Pakistan provide several
speed improvement benefits similar to the BRT in Bogota, with electronic ticketing
system before boarding, dedicated and cordoned-off bus lanes, and strict adherence
to schedules. In comparison to private transportation, BRTs in Lahore, Multan, and
Rawalpindi provide significant speed benefits, as these transit routes face terrible
traffic because of the central location within the respective city. The BRTs in
Pakistan are efficiently planned in that they meet the necessary conditions under
which transit retrofitting could succeed.

Studies in urban economics literature have attempted to compare the differing
housing market implications for different modes of transportation. In contrast to
LRT and BRT, Cervero and Kang (2011) found that traditional bus systems on
non-exclusive busways do not confer significant transit accessibility benefits,
implying non-significant effect of traditional bus systems on nearby house prices.
Moreover, for some US cities empirical evidence shows bus accessibility negatively
effecting nearby property values (Cao and Hough, 2008).

Another group of studies have focused on how increased access to transit stations
has decreased the travel time and cost to a labor market, CBD and/or nearby

amenity. Du and Mulley (2006) found that house prices are positively affected not
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only by the proximity to a nearby station but also by transport accessibility to
secondary schools in some English cities. A similar European study conducted by
Debrezion et al (2011) constructed a unique index to measure increase in
accessibility by introduction of a transit stop. The measure included wait times,
number of transfers, travel time and monetary cost of rail line travel. The authors
found that in Amsterdam and Enschede property prices significantly increased with
the accessibility measure. However, such evidence was not found for Rotterdam.
Similar analysis has been conducted for a BRT system. Rodriguez and Targa (2004)
studied the effects of accessibility benefits capitalizing into property prices in
Bogota, Colombia. Increase in accessibility was measured by a decrease in BRT
travel time to the city center, and the authors concluded that accessibility benefits
of BRT indeed lead to a statistically significant increase in multi-family housing
rentals. This relation was also established in the dataset from Sydney, Australia by
Mulley et al. (2016).

Another faction of the literature on this topic investigates the spatial
non-stationarity of the capitalization effect of a nearby transit station. Higgins
(2019) found the impact on property prices of a nearby rail stop varied across the
catchment area for the West Island Line heavy rail in Hong Kong. The author
measured the proximity to a nearby station using a 3D topography-incorporated
walking time. Another study by He (2020) found that property price premiums due
to proximity to rail stops were more pronounced in suburban areas than in urban
areas in Hong Kong. Yang et al (2019b) also found that proximity to BRT had a
larger positive effect on house price in the peripheral areas than in central area in
Xiamen, China. Another study by Yang et al (2020) drew the same conclusion
about a conventional bus system, where conventional buses had a larger proximity
benefit in terms of property price premium near the peripheral areas than in central

areas of Xiamen, China. The authors tested several global and local regression
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methodologies and found varying price premiums among different tests. The current
research also finds increasing house price premium with distance from the center,
however, the main contribution here is to show how the geographical extent of the
implied price effect of proximity changes with distance from center.

Tsivanidis (2019) studies the effects of introduction of Bogotas TransMilenio BRT
system. The quantitative urban model shows the elasticities of residential
population, employment and floorspace prices to commuter market access (CMA),
which summarizes worker and firm access to each other through the transit line.
The author includes previous proposed plans of new transit lines in Bogota in the
hedonic analysis to rule out impact of hypothetical changes in transit infrastructure
on economic activity. The analysis also quantifies the welfare gains from the BRT
under the general equilibrium model and compares these with the value of travel
time saved (VT'TS) to isolate the importance of reallocation and general equilibrium
effects in valuing the gains from new transit infrastructure. The new welfare gains
approach devised by Tsivanidis (2019) finds welfare gains measured by VTTS to
account for only 57.5% of the total welfare gain. The approach to measuring welfare
gains provide accuracy benefits over VI'T'S when measuring welfare response to a
random shock, such as transportation infrastructure improvement. However, the
welfare change measurement in Chapter 1 using VI'TS would be appropriate in the
setting where the entire city including the infrastructure was built under planning
restrictions and did not change as a response to a new planning regulation.

Balboni et al (2021) conduct a similar place-based analysis on Dar es Salam BRT.
The aim of this research is to differentiate the effects of a new BRT on the rich and
poor residents, while allowing for location change due to capitalization effects of
transit system. The authors conduct a new survey to construct a panel of
households and structures, to account for the gentrification effects in form of

intra-city migration of the rich and poor residents. This study complements the
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findings of Tsivanidis (2019) and further allowing for three possible mechanisms of
gentrification. First scenario is no gentrification where inflow of new residents is
balanced between poor and rich residents, second weak gentrification scenario allows
for more rich residents flowing in close to transit, and third scenario of strong
gentrification where more rich residents flow in but poor residents also flow out of
such neighborhoods. To measure the capitalization effects of new BRT, the authors
ran difference-in-difference specifications for each of the three phases of the new
BRT system. The estimation results showed a significantly higher rental rate
improvement within 2 km radius of phase 1 in comparison to phase 3, independent
of the distance from the center. The welfare analysis identifies 3.0% welfare gain for
incumbent low-income residents, which were higher than 2.5% welfare gain found for
incumbent high-income residents. Although both studies discussed above contribute
to literature by allowing for relocation post introduction of a transit system and
provide elasticities of house prices to introduction of a new transit line, an explicit
relation between the distance from the center and these price effects is not
identified. The main contribution of the current research is to identify a positive
relation between distance from the center and the capitalization effects of a new
transit system.

Another study on the topic concerns with the optimal design of public
transportation network using the extension of BRT in Jakarta (Kreindler et al,
2023). The authors study the extension of a complex BRT system with multiple
direct, indirect and feeder routes linking the center of the city to the suburban
regions. Unique datasets used in the study allow for multi-dimensional travel costs
to measure the elasticities of bus wait times and travel times associated with
ridership volume. The transit-demand model estimates that commuters are 2-4
times more sensitive to wait times compared to time on the bus, estimating a 0.09

to 0.27 log points increase in ridership with BRT extensions that reduce wait times.
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The empirical findings provide natural implications for optimal network design. In
particular, the study concludes that the BRT system can increase ridership by
decreasing the concentration in the center. This would allow access to 66% percent
of the city grids in comparison to 42% of the city grid in the current network design,
allow 91% of all trips by Jakarta residents to have access to BRT in comparison to
the 73% access with the current network. The findings of Kreindler et al (2023)
provide very useful insights for BRTs in Pakistan, as after completion of the first
phase of BRT routes to the city centers through a single route, the local governments
are currently planning and implementing several extension routes through BRT,
feeder routes and light-rail (Punjab Masstransit Authority). However, the current
research assumes phase 1 BRT routes to be fixed and finds spatially varying house
price effects of these BRTs systems in Lahore, Rawalpindi and Multan.

Urban economics research on cities with transit systems has revealed presence of
transit expansion related network effects within a city. Rodriguez et al (2009)
studied the effect of BRT extension on the property prices in locations that were
already served with the existing BRT system in Bogota, Columbia. The authors
found that within 1 km radius of the existing BRT system, residential properties
saw a 13% to 14% rise in the prices in comparison to the properties located in the
control area, after expansion of the TransMilenio BRT system.

Current research presents theoretical and empirical analysis to show house price
implications of a nearby transit station. In particular, the goal of this paper is to
examine the effects of nearby transit system on house prices throughout the spatial
limit of the city. In particular, the current research provides a unique test of varying
house price effect of proximity, and how far the house price effect last in terms of
distance from transit station, as the distance from the center change. The empirical

analysis is conducted on recently built BRT systems in three cities of Pakistan.
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3.3 Theoretical Model

The standard monocentric-city model was initially developed by Alonso (1964),
Mills (1967) and Muth (1969). The city is inhabited by N identical residents, all of
whom work in the central business district (CBD). The residents earn income y per
period. The inhabitants commute from their residences to the CBD, incurring a
cost of 7(k) per period. Let D denote the distance between an inhabitant’s
residence at k from the CBD and nearest metrobus station located at distance £*
from the CBD. Figure 3.1 has a pictorial depiction of the consumer’s location
transportation choices. Subscripts 1 and 2 show values for typical residents 1 and 2,
respectively. Section 3.7 discusses in depth how the riders of a transit station will be
located around a transit stop.

Individuals have the common, well-behaved utility function U(x, ¢q). The utility
function depends on the consumption of a numeraire non-housing good x and
housing square footage ¢, where U, and U, > 0. Absentee landlords own housing
throughout the city with p as the rental price per square foot of floor space. The

consumer budget constraint is then y = p(k)q + = + 7(k).

3.3.1 Transportation Technology

This section models the total transportation cost 7(k), of a resident living k
kilometers away from the CBD. The resident has the option to use an alternative
mode of transportation and incur a total round-trip per kilometer cost of t4. The
alternative mode of transportation would be the one used in the absence of public
transportation. In this case, the total alternative round-trip cost of transportation
for a resident living at k& will be t4k.

On the other hand, the resident can choose public transportation and incur total
round-trip transportation cost of t7D + tgrk* 4+ f. Here, D is the distance in

kilometers between the location of the resident and the nearest transit stop at k*
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from the center, t7 is the total round-trip per kilometer cost of getting to the transit
stop, tg is the total round-trip per kilometer cost of riding, and f is the fixed cost of
riding the transit. In the current analysis, the public transport fee charged by the
government, f, does not vary with £*, and the variable costs of riding, ¢, and of
covering distance D, tp, reflect the time and monetary costs of riding.

In order for transit ridership and alternative transportation to be used, assume

ta > tg and t4 < tp, respectively. In addition, all residents commute to the CBD
located at £k = 0. The rational consumer will minimize the total transportation cost

at every location, k, in equilibrium. Therefore,

T(k’) = min{tAk:, f;TD + tR]{Z* + f} (31)

Equation (3.1) reflects the assumption that residents at every k compare the
transportation costs of using public transit and alternative modes and choose the
more cost-effective option. In addition, residents at every value of k£ have a
corresponding nearest transit station at £* and distance to the nearest transit
station, D, that determine the total cost of riding public transit. The transportation
technology presented in this section is a simplified adaptation of the transportation
mode choice presented in Zhao (2022). However, since the scope of the current
paper is fixed on the effect of public transit system, transportation modes such as

Uber and carpooling are ignored.

3.3.2 Cost advantage of Public Transit

This section aims to identify the transportation cost advantage, T" of commuting via
public transit in comparison to the alternative mode. The following relation shows
the difference in cost between the alternative mode and public transit across

distance:
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T(k,D,k*) = tak — trD — tgk® — f (3.2)

Equation (3.2) presents the saving in total cost of transportation due to the
introduction of public transit, at every k relative to the alternative mode of
transportation. The size of the transportation cost advantage of riding public
transit varies with resident’s distance from the center k, distance between the
nearest transit station and center, £* and the resident’s distance to the nearest
transit station, D.

Assuming D = 0, then £* = k. In this case, the resident is located at the transit
stop, and the cost associated with getting to the transit stop, t7D = 0. Equation

(3.2) can then be simplified to:

T(k)=(ta—tr)k = f (33)

Equation (3.3) presents the maximum transportation cost advantage of living close
to a transit station at k* = k. As the residents choose to live away from the transit
stop and D increases, they incur an additional cost t7D. Therefore, the
transportation cost advantage presented in (3.3) decreases as D increases, holding k
constant. Differentiating (3.3) with respect to k gives the following result:

dT (k)

— = (ta—tr) (3:4)

Equation (3.4) states the increasing relation between distance from CBD, k, and
transportation cost advantage, given D = 0. In particular, the result suggests that
as transit stops are located farther from the city center the transportation cost
advantage, T'(k) increases. For instance, in figure 3.1 T'(k3) > T'(k}). Therefore, the
transportation cost advantage of riding public transit is higher at kj than at k7.

Equation (3.4) presents an intuitive result as the for every unit of distance from the
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center, residents save t4 — tr when they ride public transit. Since the standard
urban model establishes a negative relation between house prices and transportation
cost, as shown in Chapter 1, reduction in transportation cost will imply an increase
house prices. House price premium of transportation cost advantage will be higher
for residents at ko than at ki, as displayed by the vertial intercepts in figure 3.2.

For D > 0, residents choose to live away from the transit station, and the maximum
transportation cost advantage decreases by t7D. In this case, we can define public

transportation cost advantage as:

T(k,D) = (ts — tp)k — f — tyD (3.5)

Transportation cost advantage varies inversely with D for a given k, as can be seen

in the following derivative with respect to D:

dT(k, D)
dD

= —trp (3.6)
From equations (3.3) - (3.6), we can demonstrate certain characteristics of 7'(k). In
particular, 7'(k) will be increasing with the distance from CBD, k, when D = 0 and
residents are located at the transit line. Similarly, around a given transit stop, 7'(k)
will be maximum at D = 0. The overall spatial pattern of T'(k) will depend on k

and D. In equilibrium, the transportation cost advantage will be capitalized into

house price premia.

3.3.3 Coverage of Public Transit

Let D denote the maximum distance from the nearest transit stop for which public
transportation is the cost minimizing choice for a resident living at k. This implies
that for D < D the total transportation cost will be lower for public transportation

and transportation cost advantage, T(k) > 0, and vice versa. At D, the resident will
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be indifferent between the transportation choices and T'(k) = 0, therefore:

T(k) = (ta —tr)k — f —trD =0 (3.7)

Here D is set at D in (3.5). Rearranging (3.7) provides the following expression for
D:

_ ta—tr)k —

5o ta—trk—f (3.8)

tr

Equation (3.8) reveals the maximum coverage area around a transit stop that will
be served by that stop. In particular, if D < D residents’ optimal transportation
choice would be public transit, if D > D residents’ optimal transportation choice
would be an alternative transportation mode, and if D = D residents will be
indifferent between public transit and alternative modes.

Public transit and alternative modes are substitutes, increasing travel cost of the
alternative mode will increase the willingness to travel from farther out to ride
public transit. Similarly, if one or multiple components of costs associated with
public transit ¢z, f and ¢y increase, D decreases.

Differentiating (3.8) with respect to location k, shows the following relation:

% _ % (3.9)
The right-hand side of equation (3.9) is positive. Therefore, the maximum distance
that residents will be willing to travel to a transit stop, D increases with distance
from CBD. From (3.9), we can infer that Dy > D; in figure 3.1. This is an intuitive
conclusion, as residents living farther away from CBD will enjoy lower average cost
of transportation via public transit and hence will be willing to travel more to arrive

at a transit stop.

Sections 3.3.2 and 3.3.3 demonstrate the change in D with respect to k that have
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been ignored in previous research. This hypothetical result is tested empirically, in
subsequent sections. Studies on this topic define a treatment area around a transit
stop that benefit from introduction of public transit (Deng and Nelson, 2010;
Al-Mosaind et al, 1993). However, the treatment areas are standardized throughout
a public transit system. This suggests an implicit assumption of dD/dk = 0.
Whereas, the current study, in equation (3.9), shows a non-zero gradient between D
and k. For instance, Agostini and Palmucci (2008) estimate the hedonic price
equation for a treatment area of 1 kilometer around metro stations, independent of

distance from CBD, k.

3.3.4 Public Transit and House Price Premia

The literature suggests that transportation costs and changes in transportation cost
get capitalized into house prices and house price premia, respectively (Muth, 1969).
In chapter 1, we have shown a similar result for a standard monocentric city model,
where transportation cost is inversely related to house prices. Several studies,
including Cervero et al (2004), Debrizon et al (2011) and Du and Mulley (2006), in
section 3.2 discuss house price capitalization of transportation cost reduction in
different cities around the world.

Transportation cost advantage shown in the previous section implies a positive
house price premium for the residents who use public transit, i.e., when D < D.
Residents located near a transit stop farther away from the CBD will have larger
transportation cost savings than residents located near a transit stop that is closer
to the CBD. For example, in figure 3.1, residents located at ks near the transit stop
k3 will have a higher transportation cost saving than residents located at k.
Therefore, the house price premium at ko will be higher than the house price
premium at kq.

Figure 3.2 shows an anticipated relation between potential house price premium and
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the distance to the nearest transit stop, . The resident located at ks close to the
stop at k; will witness a larger house price premium. The vertical intercept of figure
3.2 shows the maximum house price effect which will be at D = 0, with no cost of
getting to the transit. As residents locate away from the transit stop and D
increases, the transportation cost advantage and the corresponding house price
premium decrease. Lastly, at D the cost advantage is zero, residents are indifferent
between riding public transit and commuting via alternative transport mode, so the
price effect is also zero. Once again, as Dy > Dy, the house price effect will be

observed for residents located farther away from k; than from k7.

3.3.5 Consumer’s choice at a given k*

For every locational choice, k, of a consumer, there is a corresponding set of £* and
D. While making a location choice, consumers implicitly choose to live near a
certain transit stop at k* which is D kilometers away from the residential location,
k. Therefore, the disposable income of a consumer living at k£ kilometers from the
CBD is then y — t7D — tgk™ — f. Here, tg is the round-trip per kilometer cost of
riding public transit, f is the fixed cost of riding public transit, and 0 < D < D.
The consumer budget constraint for residents located at 0 < D < D is then
y=pk*,D)g+x+trD+trk*+ f.

The theoretical framework establishes the relation between urban house prices and
the distance from the nearest metrobus station at &*. For residents in 0 < D < D,
unlike in the standard monocentric city model, the consumer location decision here
is based on the distance to the nearest metrobus station. Consumers located where

0 < D < D, maximize the utility expression by choice of ¢, z, D and k*.

max, , px+U(2, q) subject to y = p(k*, D)q + x + tr(D) + tr(k*) + f (3.10)

Solving (3.10) gives the following first-order conditions with respect to z, ¢, D, k*
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and A, respectively:

Z—g —A=0 (3.11)

% — Ap(k*, D) =0 (3.12)
_/\(WQ +tr) =0 (3.13)
—A(%q +tg) =0 (3.14)
y—p(k*,D)qg —x —tp(D) — tp(k*) — f =0 (3.15)

Rearranging (3.13) and substituting (3.11) gives the following expression for the
relation between house prices and proximity to a transit station:
dp(k?*, D) —tT

- 3.16

However, (3.16) states the partial effect of distance D on the house prices for a
given transit station k*. Equation (3.16) reveals that the relation between house
prices and distance from the nearest metrobus station is negative. (3.17) establishes
the negative effect of commuting cost that lowers housing prices, as the residents
living away from a station need to be compensated for extra cost of commuting to
the transit station in the form of lower house prices. This part of the expression is
similar to the result found in the standard monocentric city model, that reveals a
negative house price gradient. Similar reasoning is used to justify decreasing housing
density and increasing dwelling sizes, ¢, > 0, away from the center of the city.
In addition, rearranging (3.14) provides the following relation for house price and
distance from the city center:

dp(k*, D) tr

= ——= 3.17
dk* q ( )
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(3.17) also presents a partial effect of change in k*, for a fixed value of D. Equation
(3.17) confirms that the standard negative house price gradient is found in the

theoretical analysis. This result is also in tandem with the Muth’s equation.

3.3.6 Location choice when D =0

For consumers living at D = 0, and for which the nearest transit station is £* = k.
This means the disposable income would be y — tgk — f. Therefore, the consumers
maximize the utility expression by choice of ¢,z and k. Locational equilibrium is

achieved by maximizing utility in the following manner:

max, . U (7, q) subject to y = p(k)q + x + tgrk + f (3.18)

Solving (3.18) gives the following first-order conditions with respect to z, ¢, k and A,

respectively:

T x=0 (3.19)

CfTZ —p(k) =0 (3.20)
—A(dZ—?q +tp) = (3:21)
y—plk)g—z—tr(k)— f =0 (3.22)

Similarly, rearranging (3.21) gives the following house price gradient:

dp(k) . tR
% =5 (3.23)

Equation (3.23) is the standard monocentric city result, also known as Muth’s
equation. The result shows a negative house price gradient from the CBD. The

house price gradient is monotonically decreasing, since house prices are not
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changing due to changes in D.

3.3.7 Location choice when D > D

For consumers living at D > D, it would be optimal for them to travel via
alternative modes of transportation. Therefore, the disposable income would be
y — tak. The consumers maximize the utility expression by choice of ¢,z and k.

Locational equilibrium is achieved by maximizing utility in the following manner:

max, . rU(z,q) subject to y = p(k)q+ = + tak (3.24)

Solving (3.24) gives the following first-order conditions with respect to z, ¢, k and A,

respectively:

Z—g A= (3.25)

% — Ap(k) =0 (3.26)
—A(dZ—(k@q +t4) =0 (3.27)
y—plk)g—x —ta(k) =0 (3.28)

Rearranging (3.27) gives the following house price gradient:

dpk) _ _ta (3.29)

dk q
Equation (3.29) is the standard monocentric city result, also known as Muth’s
equation. Once again, the result shows a negative house price gradient from the
CBD. The house price gradient is monotonically decreasing, since house prices are

not changing due to changes in D.
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3.3.8 Comparing House Price Gradients

The preceding analysis show the house price gradients when D =0, 0 < D < D and
D > D. Consumer’s choice of D impacts house prices only when 0 < D < D.
Otherwise, if D is fixed at 0, then D has a constant value, and consumers choose
their location for a given value of D. Similarly, if D > D, the value of D does not
affect location choice, as consumer travels through alternative mode of
transportation, and the cost associated with D will not be considered for budget
constraint.

The slopes of the house price gradient are tr/q and t4/q when D is 0 and greater
than D, respectively. As discussed above, both house price gradients are negative
and monotonic. Since t4 > tg, house price gradient will be steeper when consumers
use an alternative mode of transportation.

Figure 3.3 shows a depiction of house price gradients when D = 0 and D > D. At
CBD, k = 0 and the impact of transportation cost improvement is negligible on
house prices. So, both house price gradients start at the same vertical intercept
level. The steeper dashed line represents house price gradient for D > D and the
solid line represents house price gradient for D = 0. The vertical line at a typical &/,
shows that house prices will be higher right by a transit stop, located at k', when
D = 0 than farther away from it when D > D because of lower cost of
transportation at D = 0 than at D > D. Therefore, the vertical distance between
prices gradient at £’ is indicative of the transportation cost advantage. The vertical
distance and the transportation cost advantage at a given k increases with distance

from center, as suggested by (3.4).

3.4 Institutional Setting and Data Description

The government of Pakistan has embarked on an ambitious plan to build mass

transit systems in several large cities including Lahore, Rawalpindi/Islamabad,
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Faisalabad, Multan, and Karachi. Different regional and local transportation
authorities have been proposing mass transit systems for cities like Karachi and
Lahore since early 1990s. For instance, in 1991, the Lahore Transport Company
proposed Metro rail system for Lahore, however, it was not implemented due to
fiscal constraints and political instability.

The first BRT system was later introduced in Lahore in February 2013, by the name
of Lahore Metrobus System (MBS). Lahore MBS was the first bus mass transit
system in Pakistan following international standards. In particular, ticketing is done
through electronic vending machines and managed via intelligent transportation
system wand. The bus system is comprised of a single dedicated and uninterrupted
corridor spanning 28.7 kilometers. All stations have limited access and have
dedicated underground or overground platforms, similar to many modern light-rail
systems. According to Punjab Mass transit Authority (PMA), that manages this
transit system, Lahore MBS consists of 66 fully air-conditioned buses, seeing a
maximum daily ridership of 179,104. A Lahore BRT study in 2013 by the Lahore
Transport Company found an average speed of 26 km /h for Lahore MBS. The ticket
has a flat rate of PKR 20 or USD 0.477, according to PPP exchange rate in 2021.
An estimated PKR 40 or USD 0.95 per ticket subsidy is given by the government.
In addition, after the success of Lahore MBS, Punjab Mass Transit Authority
enhanced the system by introducing Orange Line Metro train system as well. Figure
3.5 displays the map of Lahore MBS station location with blue markers.

In 2015, PMA began service of the Pakistan Metrobus System (PMS) located in the
twin cities of Islamabad and Rawalpindi. The inter-city PMS consists of 24 stations
spanning over a 22.5-kilometer long single dedicated and uninterrupted corridor.
Blue markers in figure 3.6 shows the map of PMS in Islamabad and Rawalpindi.
This corridor was started with initial deployment of 60 buses; however, a few buses

were diverted to more recently launched extension lines. Similar to Lahore MBS,
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PMS meets all international standards laid out by the Institute for Transportation
and Development Policy, including e-ticketing and Intelligent Transportation
System. According to PMA data, PMS achieved maximum daily ridership of
151,000 with average daily ridership of 108,572 in the first two years. The ridership
costs are the same for PMS and Lahore MBS.

After PMS, the PMA introduced the Multan Metrobus System (MMBS) in the
southern city of Multan, Punjab. MMBS spans over 18.5 kilometer with 21 stations.
Blue markers and the connected red line in figure 3.7 show a representation of the
MMBS. After worse than expected public response the number of buses was reduced
to 35. MMBS was designed according to the same principles as Lahore MBS and
PMS and have similar facilities and design features. Similar BRT systems were
introduced in Karachi and Peshawar over the last decade.

The dataset used in this paper, called Pakistan Social and Living Standards
Measurement (PSLM), was obtained from Pakistan Bureau of Statistics (PBS). The
PSLM survey is conducted every alternate year and was initiated by the Public
Sector Development Programme (PSDP) at the Ministry of Planning Development
and Special Initiatives. The nationwide PSLM survey is conducted at the household
level, with a sample size of 195,000. The current paper uses the survey for 2019-20.
The current research studies the transit systems in Lahore, Multan, and
Islamabad/Rawalpindi. The PSLM survey covers 5883, 3481 and 5783 households in
Lahore, Multan, and Islamabad/Rawalpindi in 2019-20. The in-depth survey
questionnaire focuses on social and developmental indicators regarding poverty,
labor and employment, education, health, and housing and sanitation. The
questionnaire is publicly available at the PBS website.

The primary variables of interest in this dataset are owner-reported house prices
and housing characteristics such as number of rooms, type of dwelling, type of fuel

used, type of toilet, and Enumeration Block (EB) information. EB is a subdivision
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of a city/town developed by the PBS for the purpose of sampling households. EB
map was updated using the latest population census of 2017, and a typical EB
comprises 200 to 250 households. An example of EB boundary map is shown in
figure 3.4. The red boundary lines indicate EBs. On average, a square shaped EB
would have an estimated resolution of 400 meters by 400 meters, according to
population density of Lahore.

Before the ongoing PSLM survey, the observations were not mapped through
geographical coordinates. So, to proxy for location of households, polling station
coordinate data for some EBs was published by the Election Commission of
Pakistan (ECP) after the 2018 election. The coordinates were matched against the
EBs in the PSLM data. Observations within an EB use the coordinates of the
polling station located in that EB. There are 1539, 1329 and 1745 households that
have successfully matched coordinates in Lahore, Multan, and
Islamabad/Rawalpindi, respectively. The EB locations for these households are
shown in figures 3.5-3.7 for Lahore, Multan, and Rawalpindi, respectively.

The polling station coordinates were used to construct distance variables from EBs.
There are three distance variables used in the data. dogp variable measures the
road distance between the city center and the EB in which a household is located.
D variable measures the road distance between the EB and the nearest transit
station. Lastly, dr_cpp variable measures the road distance between CBD and the
nearest transit station. The distance variables measure the road distances in KM,
extracted through a Google Maps script.

Table 3.1 shows summary statistics results for Lahore. Some of the respondents did
not respond to the question of their own perception of the price of the house they
are currently residing in. The average house price is PKR 6.36 million (USD 0.18
million), with maximum house price in the sample of PKR 225 million ( USD 6.27

million). All house prices are converted to USD according to the purchasing power
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parity (PPP) exchange rate of 2019 of USD 1 = PKR 35.89 (World Bank).
Similarly, average household lives 6.94 KM and 10.28 KM away from the nearest
transit station and the CBD, respectively. Table 3.2 shows that average house price
in Multan is PKR 2.62 million (USD 0.07 million), which is significantly cheaper
than average house price in Lahore. House prices have a lower maximum of PKR 80
million (USD 2.23 million) than in Lahore. In Multan, households live 3.12 KM and
5.3 KM away from nearest transit stop and CBD, respectively. In the sample used
in the current study, residents live almost 5 KM farther on average from the CBD in
Lahore than in Multan.

Table 3.3 displays summary statistics for Rawalpindi. Average house price in
Rawalpindi is PKR 5.17 million (USD 0.14 million), which is lower than that of
Lahore and higher than that of Multan. Average distances from transit and CBD
are 5.6 KM and 19.27 KM, respectively. Islamabad and Rawalpindi have one
inter-city metrobus system, and all observations that were matched with location
coordinates are located in Rawalpindi. As the CBD is located in Islamabad and
most workers commute to the CBD, residential location in Rawalpindi has a much
larger distance on average from the CBD than in Lahore and Multan. Similarly, the
subsample used in the current research have residents living farther away from the
transit station in Rawalpindi than in Lahore and Multan.

It is important to highlight the potential issue of sample being selected. A sample
selected by any rule not equivalent to random sampling produces a description of
the population distribution of characteristics that does not accurately describe the
true population distribution of characteristics no matter how big the sample size.
Unless the rule by which the sample is selected is known or can be recovered from
the data, the selected sample cannot be used to produce an accurate description of
the underlying population (Heckman, 2010). For certain sampling rules, even

knowledge of the rule generating the sample does not suffice to recover the
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population distribution from the sampled distribution. Urban Economics literature
has reported the problem of sample selection in several econometric studies, noting
selection of only houses that are sold as a potential source of bias for hedonic price
models (Gatzlaff, 1998; Munneke and Slade, 2000).

In the current data, the potential sample selection bias can arise from the matched
subsample of PSLM data, if the subsample is not representative of the population.
The subsample used in the current chapter consists of the observations for which
the Enumeration Blocks (EBs) are matched with the EBs in the polling station data
from the Election Commission of Pakistan (ECP). Pakistan Bureau of Statistics
(PBS) has published the distribution of number of rooms in housing units for the
districts from the PSLM 2019-20. Tables 3.8-10 show comparison of the distribution
of number of rooms in the PSLM dataset, and the matched subsample used in the
empirical analysis. The PBS reports the distribution of number of rooms for units
with 1, 2-4 and more than 5 rooms. For these categories, the distributions seem to
have close resemblance with the full survey data. However, since exact percentages
of units with 2,3 and 4 rooms are not known, it is possible that within this group,
subsample distribution might be different than that of PSLM data. In addition,
discrepancy in the distributions of PSLM data and subsample can also arise from
that fact that PSLM distributions are calculated at the district level, whereas
subsample distributions are calculated at the city level. District level distribution
includes data from neighboring towns and suburbs.

To formally test randomization of the sample, statistical balance tests are
commonly used in randomized controlled experiments. These tests are aimed at
ensuring that the randomization gave rise to treatment and control groups that are
balanced with respect to the variables of interest and the observed difference
between the two groups therefore is due to potential confounds. However, Mutz and

Pemantle (2013) present a criticism on the use of balance tests in experimental
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data, arguing that these tests are uninformative and unnecessary, as statistical
inferences are meant to be made for the population and not a balanced sample and
perfect randomization is not a prerequisite to making statistical inferences. Balance
tests are typically used in cases where efficacy of fiscal changes/experiments is
meant to be measured using difference-in-difference methodology (Cellini et al,
2010). However, in observational data such as the current chapter, balance testing
may not be necessary if potentially unbalanced confounds in the sample are
controlled for in the empirical specifications. The difficulty in this case is that
omitted variables limit the ability to control for potentially confounding variables.
A Chi-square goodness of fit test is used to compare the distributions of PSLM and
sample datasets. The null hypothesis is that there is no difference in the two
distributions. The test compares each level of the rooms variable between the two
datasets with the expected number of observations in that level. The test results are
displayed in the last columns of tables 3.8-10. The test statistics values are 9.208,
6.377 and 5.389 for Lahore, Rawalpindi, and Multan, respectively. According to the
test statistics, the null hypothesis cannot be rejected at the 1%, 2% and 5%
significance levels for Lahore, Rawalpindi, and Multan, respectively. These results
imply that the distributions are similar at the above-mentioned statistical
significance levels. However, the statistical significance can improve if the
population data is compared at city levels. A similar supplementary test is
presented in Letdin and Shim (2019) to test the difference between a school distance
variable between high and low amenity cities. Another study by Angrist and Newey

(1991) uses the Chi-square to test for over-identification in an earnings function.

3.5 Testing the implications of theory

The theoretical section provides insight into the effect of a new transit system on the

distribution of house prices. Section 3.3.1 introduces transportation cost advantage
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T'(k) due to introduction of transit system. As seen in the preceding analysis, T'(k)
is determined by the alternative transportation cost, t 4k, and transportation costs
associated with public transit, t7D — tgk — f, including the distance from the
nearest transit station, distance from the center and the fixed cost of riding.

And at D = D, T(k) has a value equal to 0, and residents are indifferent between
different modes of transportation. D can also be interpreted as the radius of the
region around a transit stop for which 7'(k) > 0, and residents choose to ride the
transit system. Equation (3.9) establishes the hypothesis that there is a relation
between D and the distance from the center, k. As k increases, D also increases.
This implies that the transportation cost advantage and the implicit price of
proximity to a transit stop will extend out to a larger distance, as the distance from
the center increases. This relation is also depicted in figure 3.2. The vertical
intercept shows that maximum transportation cost advantage at D = 0 is higher at
distance ko than at ki, where ky > ky. Similarly, house price premia are higher and
extend over a larger distance from the nearest transit stop, D, at k = ko than at
k= k.

To test the theoretical conclusion of (3.9), the following specification is estimated:

log(House Price;) = By + fideppi + B2y mDy S,
(3.30)

Z%iletDiZtSt + Z?il’)/jH] + €
Equation (3.30) is estimated independently for Lahore, Multan, and Rawalpindi. £,
is expected to have a negative value as residents living farther away from the center
will be compensated for extra commuting cost by a lower unit house price. Here, S;
is the dummy variable for the nearest transit station, and t is in ascending order of

distance from the center.

At D = D, the transportation cost advantage is equal to zero and residents are

indifferent between different transportation modes. Therefore, the implicit price of
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proximity to a transit station will also be zero at D. To find the implicit price of D,
(3.30) is differentiated with respect to be D;;. The following equation show the

implicit price of Dj;:

dlog(House Price;)

Dy, =7+ 20Dy (3.31)

Because the price effect of proximity to transit station, D, is zero at D, (3.31)
should also be zero at D. Setting (3.31) equal to zero at D and rearranging give the
following result:

— —’ﬂ't

D, = — 3.32
‘=57 (332

The coefficients m; and 6; from estimation of (3.30) will allow to calculate the radius
of region around station S; in which residents will choose to travel through public
transit. Furthermore, the theoretical conclusion (3.9) implies that D; will increase
with ¢, suggesting that the implied value of station proximity rises with distance

from the center.

3.5.1 Results

Tables 3.4-3.6 present the estimation results for (3.30) for Lahore, Multan, and
Rawalpindi, respectively. The coefficient (3 is negative and statistically significant
for all cities. The negative values show that unit house prices decline with distance
from the center k, and residents are compensated for extra cost of commuting.

The coefficients on the interaction terms with D and S; show the estimated values
of ;. Similarly, the coefficients on the interaction terms with D? and S; present the
estimated values of #;,. For most stations the coefficients on m; and 6, are negative
and positive, respectively. The variable for distance from center, dcpp, is

statistically significant for all cities. The coefficients for the interaction terms
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between D? and stations, S; are statistically significant for all stations except Si3
and Sg in Lahore. For Multan, these coefficients are statistically significant for all
but S, Sy, Sg and S1;. For Rawalpindi, these coefficients were not statistically
significant for Sy, S5 and Ss. Statistical significance of these coefficients confirms a
non-linear relation between house prices and proximity, D. In addition, the
empirical specification (3.30) explains between 67% and 46% of the variability in
house prices for the cities in the data. Previous literature on house price effects of
transportation systems observes explanatory power of empirical models ranging
between 27%, in Jakarta, and 70%, in Bogota (Cervero and Susantano, 1999;
Rodriguez and Targa, 2004).

To test the hypothesis of (3.9) of increasing D with distance of the nearest transit
station, the values for D are computed from equation (3.33) using estimated values
of m, and 6, from tables 3.4-3.6. Table 3.7 columns 1-3 present the values for D, for
Lahore, Multan, and Rawalpindi, respectively. All columns show that D, increases
as k increases, and transit stations are located farther away from the center. The
largest increase in D, is estimated for Rawalpindi, with the 11th station covering a
radius of 46.82 kilometers. Similarly, last stations on the transit lines in Lahore and
Multan cover radii of 15.77 and 20.35 kilometers, respectively.

Figures 3.8-3.10 display the relation between house prices and D for each transit
station in Lahore, Multan, and Rawalpindi, respectively. As t increases, and
stations are located farther away from the center, the vertical intercept decreases,
suggesting a decrease in house prices to compensate for extra commuting cost. For
each transit station, increase in D decreases house prices at a decreasing rate, as
suggested by the estimation results of (3.30). Similarly, figures 3.8-3.10 show
increase in D, as t and the distance from the center increase. D can be seen as the
length of the arc representing the relation between house prices and proximity, D.

Figures 3.8-3.10 visualize the main contribution of the current paper, displaying
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spatially varying effect of proximity to transit on house prices.

The values of D; validate the theoretical prediction of (3.9). Therefore, for the
dataset used in the paper, the coverage area of a transit station D increases as the
transit station is located farther away from the center. In addition, the results in
table 3.7 confirm the hypothesis that the price effect of proximity to a transit
station becomes more expansive as the distance between the transit station and
center increases.

The results in table 3.7 contribute to the literature on the effects of the transit
system on the housing market by allowing the implicit price of proximity to a
transit station to vary spatially. Under the current transit setup, decreasing average
cost of ridership and increasing transportation cost advantage with distance from
the center provides insight into how the housing market prices proximity to a transit
system across distance from the center. The findings of the preceding analysis are

especially important for transit systems that extend farther out of the center.

3.6 Conclusion

The preceding sections provide a framework to analyze the price effects of a transit
system on the housing market. The theoretical framework provides several
non-trivial implications of having a transit system. Most importantly, the primary
contribution of this paper is to identify non-linear price effects of proximity to
transit stops. In particular, the change in transportation cost advantage can be
applied to most transit systems around the world that extend farther out from the
center of the city. Similarly, the increase in coverage or catchment area of a transit
stop with increase in distance from the center should be a standard conclusion.
These theoretical conclusions are empirically shown for Lahore, Multan, and
Rawalpindi.

The theoretical section also provides insight into changes in the house price gradient
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with respect to the distance from the center. Once again, the analysis provides
theoretical justification of the effects of proximity to the transit system on housing
distribution.

As a future extension of this paper, it would be pivotal to test the theoretical
conclusions directly with better rider characteristics and ridership data. Such
exercise would not only reaffirm the general theoretical findings, but also allow to
ascertain the degree of transportation cost advantage translating into house price
premia and extended coverage area of transit stations. In addition, better data on
existing provision of transportation will better identify the house price effect of a

new transit line.

3.7 Appendix

In figure 3.11, the area enclosed by the dashed shape depicts a typical area around a
transit station k] where the transportation cost advantage will be positive. Assume,
the transit station is located at distance x from the CBD. For resident at Ay, the
distance from the center A; < x, whereas for the resident at Bj, the distance from
the center By > x. The point A; illustrated in the depiction is located at distance

x — D4 from the center, and similarly the point B is located at « + Dpg from the
center. Substituting these distances for A; and B; in the transportation cost

advantage function (3.2), shows the values:

T:tA(JJ—DA)—tTDA—tRJJ—f (333)
T =tu(x — Dg) — tyDp — tpz — f (3.34)

On the edge of the dashed shape, transportation cost advantage T" = 0, showing
that residents living outside the dashed shape will not travel on the transit system

to minimize the transportation cost. This result is shown in (3.7). Setting 7" = 0,
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and rearranging the transportation cost advantage equations (3.33) and (3.34) give

the following results:

~  (ta—tplx—f
Da= 220 (3.35)
tr —ta

D, and Dg show the maximum distances that residents living at A; and B; will be
willing to travel to reach the transit station located at x. In addition, D > Dy, as
both results have the same numerator and Dp has a smaller denominator.

Differentiating D4 and Dp with respect to  gives the following relations:

dD 4 _ta—tr (3.37)
dx tT+tA

dDpg _ta—tr (3.38)
dx tr —ta '

D, and Dp increase with = and as the transit station is located farther away from
the center of the city. In addition, dDp/dx > dD4/dx > 0, implying that Dy will
increase more than Dy, as = increases. Similarly, the difference between these edge

distances can be expressed as:

. 2tA(tA — tR)iL’ — QtTf

Dy — Dy o T (et (3.39)

The relation shows that the magnitude of difference between these distances, which
is also indicative of the coverage region around a transit stop, depends on the
distance of the transit station from the center. The following differential defines the
relation explicitly:

d(Dp — D) 2ta(ta —tg)

dzr T =ttt ta) 0 (3.40)

Therefore, the expanse of coverage of a transit stop is positively related with the
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distance of the transit stop and the center, given that t4 >tz and tr > t4. As the
transit system expands farther away from the city center, residents living farther
away from the stop will ride the transit line. Since transportation cost advantage T’
depends on the distance from the center and the nearest transit station, the pattern
of D around a transit stop will also depend on both. However, in the figure,
according to the specific nature of the design and placement of B;, maximum
distance D will only be covered on the path of the transit line, assuming B; is the

farthest point from the center that is covered by station at k7.
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Table 3.1: Summary statistics for observations in Lahore

Variable Obs Mean Std Dev. Min  Max
Price (PKR, millions) 1103 6.36 11.5 0.014 225
Numberof Rooms 1539  2.62 1.45 1 12
D (KM) 1539  6.94 4.39 0.266 16.206
dr_cpp (KM) 1539  6.09 4.05 0.96 20.54
depp (KM) 1539 10.28 6.51 0.734 27.434
y (PKR, millions) 1539  0.52 0.48 0.008 8.1

Table 3.2: Summary statistics for observations in Multan

Variable Obs Mean Std Dev. Min Max
Price (PKR, millions) 1093 2.62 3.85 0.006 80
Numberof Rooms 1326  2.56 1.44 1 12
D (KM) 1326 3.12 2.71 0.093 10.3
dr_cpp (KM) 1326 3.8 2.35 1.066 8.22
depp (KM) 1326 5.3 3.10 1.125 13.19
y (PKR, millions) 1326  0.48 0.68 0.005 9.9

Table 3.3: Summary statistics for observations in Rawalpindi

Variable Obs Mean Std Dev. Min Max
Price (PKR, millions) 1210 5.17 9.97 0.015 150
Numberof Rooms 1745 2.78 1.33 1 12

D (KM) 1745 5.6 3.26 0.357 12.76
dr_cpp (KM) 1745  14.86 2.74 10.01 17.72
dcpp (KM) 1745 1927 499  10.65 25.88
y (PKR, millions) 1745 0.59 0.52 0.015 3.8
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Table 3.4: Regression output for Lahore

log(House price)
VARIABLES VARIABLES
dcsp -0.112%** D x Si3 (Omitted)
Dx S 0602 | D*x S 0.345
D x S, S0.4%% | D?x S, 0.125%%*
D x Ss -0.42%F*% | D?x Sy 0.13*
D x Sy -0.34%* | D?x Sy 0.073%*
D x S; -0.32% | D?*x S5 0.04%**
D x Sg 021 | D?x S (Omitted)
D x S; -0.29%%* | D?x S 0.03**
D x Ss -0.255% | D?*x Sy 0.02%3
D x Sy 0199 |  D?x S, 0.01*
D x S -0.178% | D?x Sy 0.009*
D x Si 0.12%%* | D?x Sy 0.005%**
D x S -0.095 | D?x S 0.003*
Constant 16.32%** D? x Sy3 (Omitted)
Observations 1057
R-squared 0.6809
H; Yes

J

Standard errors in parentheses
K p<0.01, ** p<0.05, * p<0.10

157



Table 3.5: Regression output for Multan

log(House price)
VARIABLES VARIABLES
desp -0.035%*
D x S -0.087 | D*x S 0.104%**
D x S, 0.758 |  D*x S, 0.804
D x Ss -0.079%** | D? x S 0.045%**
D x Sy 0.07 | D*x 8, 0.007
D x S; -0.067 | D*xS; 0.004**
D x S -0.065** | D? x Sg 0.003*
D x S 0.63 | D*xS; 0.002*
D x Ss 055 | D*xSs (Omitted)
D x Sy -0.059% | D?x S, 0.002**
D x Sy -0.057 | D?x Sy 0.001%*
D x Sy -0.066** |  D*x Sy (Omitted)
D x S -0.057 | D?x S 0.001**
Constant 13.45%%*
Observations 1041
R-squared 0.6306
H; Yes

Standard errors in parentheses
K p<0.01, ** p<0.05, * p<0.10
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Table 3.6: Regression output for Rawalpindi

log(House price)
VARIABLES VARIABLES
desp -0.017%**
D x S -0.14%** | D?x S 0.1%*
D x S, 0.09 | D*x S, (Omitted)
D x Ss 011 | D*x S 0.103*
D x Sy -0.071%** | D? x Sy 0.0075%*
D x S; -0.063* | D?x S; 0.004
D x Sg -0.115%** | D? x Sg 0.003*
D x S 0.059 | D*xS; 0.0013**
D x Sg 0.023* | D?x Sg (Omitted)
D x Sy -0.058* | D?x Sy 0.0013%**
D x S -0.059%** | D*x Sjp  0.0008%**
Dx Sy -0.058** | D*x Sy 0.0006*
Constant 14.027%**
Observations 1151
R-squared 0.4832
H; Yes

Standard errors in parentheses
i p<0.01, ** p<0.05, * p<0.10
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Table 3.7: Value of D by transit station

Distance from transit station (KM)

Station Number

Lahore Multan Rawalpindi

S1
Sa
S3
Sy
Ss
S6
St

Ss

0.872 0.41 0.7
1.59 0.48 -
1.61 0.88 0.54
2.32 4.92 4.67
4.01 8.378 7.63

- 10.83 19.02
4.83 12.61 22.69
6.375 - -
9.8 14.75 22.809
9.99 17 39.33
12.12 - 46.82
15.77 20.35
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Table 3.8: Housing Units in Lahore by Number of Rooms

Percentage of  Percentage of Exp (Obs - Exp)?
Housing Units Housing Units Distribution JExp
Rooms (PSLM) (Sample) (Sample)
1 21.98 23.19 338.27 1.025
2to4 69.52 66.29 1069.91 2.01
o+ 8.5 10.52 130.82 6.188
Total (x?) 9.22

Table 3.9: Housing Units in Rawalpindi by Number of Rooms

Percentage of  Percentage of Exp (Obs - Exp)?
Housing Units Housing Units Distribution /Exp
Rooms (PSLM) (Sample) (Sample)
1 12.19 13.97 212.72 4.535
2to4 78.12 77.13 1363.19 0.146
5+ 9.69 8.72 169.09 1.694
Total (x?) 6.377
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Table 3.10: Housing Units in Multan by Number of Rooms

Percentage of  Percentage of Exp (Obs - Exp)?
Housing Units Housing Units Distribution JExp
Rooms (PSLM) (Sample) (Sample)
1 18.93 21.13 251.01 3.39
2to4 72.19 71.09 957.23 0.222
o+ 8.87 7.79 117.61 1.78
Total (x?) 5.389
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