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SPATIAL SORTING OF RICH VERSUS

POOR PEOPLE IN JAKARTA
Kyri Maaike Joey Janssen* Peter Mulder
Delft University of Technology TNO Energy Transition Studies

Muhammad Halley Yudhistira

Universitas Indonesia

We test an adjusted version of the classic monocentric-city model to explain the
spatial sorting of rich versus poor people in Jakarta. We find that in Jakarta (1) the
urban rich tend to live in the city centre; (2) because of extreme congestion levels,
the elasticity between income and the opportunity cost of time spent commuting is
higher than the elasticity between income and demand for larger plots of residential
land; and (3) the motorbike is the most important and fastest mode of transport for
the urban poor. These findings contrast with existing evidence from the United States.
Both the logic of the monocentric-city model and empirical evidence suggest that the
urban rich in Jakarta tend to cluster in the city centre. However, empirical evidence
also suggests that the sorting of the rich and poor in Jakarta—as indicated by spatial
variation in income, expenditure and land prices —depends not only on distance from
the city centre but also on other neighbourhood characteristics, especially flood risk,
crime rates and the proximity of a commercial area.

Keywords: urban poverty, commuting, public transport, monocentric-city model, sorting
JEL classifications: 017, O18, O53, P25, R14, R21, R23, R41

INTRODUCTION
In recent decades, urbanisation has increased more rapidly in the Asia Pacific than
in any other region in the world. Larger cities have especially been engines of
economic growth and wealth creation yet have had high levels of urban poverty,
congestion and segregation of the rich and poor. In this context, we analyse the
spatial sorting of rich versus poor people in Jakarta, one of the largest urban areas
in the world (Rukmana 2018). Where do the urban poor in this area live, and why?
The term spatial sorting refers to the phenomenon in which heterogeneous
citizens (households) —who have preferences for consumption, housing and neigh-
bourhood amenities —choose a location within the city to maximise their utility. To
date, many urban-location models allow the study of this sorting of residents across
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space. We base our analysis on the so-called monocentric-city model, pioneered
in the 1960s by William Alonso, Richard Muth and Edwin Mills (see Kraus 2008).
The model is referred to as the AMM model, and still serves as a benchmark for
understanding spatial sorting in urban economics. In short, the model assumes
that urban employment is concentrated in a central business district (CBD), while
population density, land values and house prices decrease as distance from the
CBD increases. The decrease in land prices is predicted to compensate for the costs
of longer commutes; individuals thus face a trade-off between their housing costs
and commuting costs.

In this article, we use an adjusted version of the AMM model, in which we assume
the existence of two income groups (rich and poor) and two modes of transport
(motorbike and car). This adjusted version of the classic AMM model has been used
to argue that access to public transport is an important factor in explaining where
the urban poor live (Glaeser, Kahn and Rappaport 2008; Pathak, Wyczalkowski and
Huang 2017; Barton and Gibbons 2017; Brueckner and Rosenthal 2009; Giuliano
2005). For example, using LeRoy and Sonstelie’s (1983) theory on varying transport
technologies and income, Pathak, Wyczalkowski and Huang (2017) and Glaeser,
Kahn and Rappaport (2008) have shown that if the urban poor are dependent on
cheap but slow public transport (in contrast to the urban rich, who can afford
expensive, fast cars), the monocentric-city model predicts that the urban poor will
tend to concentrate in the city centre, where access to public transport is relatively
good and commuting distances to the CBD are relatively short. Glaeser, Kahn and
Rappaport (2008) found strong empirical evidence supporting this prediction, for
the United States. The question is whether these conclusions lend themselves to
generalisations: do they hold outside the United States? For example, Cuberes,
Roberts and Sechel (2019) found that in English cities primarily the non-poor cluster
near public-transport facilities, contradicting the evidence from the United States.
But what about large cities in the global south? Is the intra-urban spatial distribu-
tion of the poor in these cities shaped by public-transport access?

Megacities in the global south, such as Jakarta, differ from large cities in rich
countries in several relevant aspects (Glaeser and Henderson 2017). First, the
combination of high population density, rapid urban growth—driven by eco-
nomic transformation and rural-urban migration flows—and relatively weak
property rights leads to the emergence of informal settlements, a feature which
is uncommon in rich countries (Cervero 2013; Gwilliam 2003; Dovey and King
2011). Second, megacities in the global south are some of the most congested cities
in the world. Rapid urban growth, together with relatively weak urban-planning
structures and practices, has led to inadequate provision of transport infrastruc-
ture, including public-transport services, in many of those cities. In response, this
has given rise to alternative transport modes such as motorbikes and informal
minibus services, which are much less common in richer nations. Third, compared
with large cities in rich countries, income disparities and poverty levels tend to
be much greater across megacities in the south (Gwilliam 2003; Dovey and King
2011). This translates into, among other things, relatively large intra-urban dif-
ferences in the perceived value of time, and may thereby alter key assumptions
of the monocentric-city model.

Against this background, we present a unique data set for Jakarta that we con-
structed by combining and processing data from a variety of sources. We first
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used the data to develop a descriptive empirical analysis of the spatial distribution
of income, employment and amenities, as well as commuting behaviour across
Jakarta. Second, we used the data to calibrate the adjusted AMM model for the
Jakarta metropolitan area and tested its predictions in regard to the spatial sorting
of the urban poor in this area. Urban data for Indonesia are not as abundant and
reliable as for the United States. Hence, we could not apply the entire estimation
strategy used by Glaeser, Kahn and Rappaport (2008), and consequently our regres-
sion results are less precise and less comprehensive. Nevertheless, we identified key
stylised facts on the spatial distribution of income, employment and land quality as
well as mobility behaviour, and we tested the key predictions of the AMM model
for Jakarta. In doing so, we can show the possibilities and limitations of existing
data sets for empirical urban-economic analyses in Indonesia.

The intra-urban spatial distribution of the urban poor in Jakarta has been
implicitly studied by authors who analysed the determinants of the spatial pat-
terns of land prices in the region. For example, using data from 1987-89, Dowall
and Leaf (1991) found that infrastructural provision and tenure (through land
titles) in Jakarta are important drivers of the land prices. Also, they found that
price increases have been consistently greater in suburban areas and for informally
occupied plots of land, arising from the massive demand from low-income house-
holds for affordable housing. Han and Basuki (2001) observed that variation in land
prices in Jakarta is not distributed evenly as a simple function of distance from the
CBD: in central Jakarta, one could find cheap land parcels, reflecting the mixture of
slums and skyscrapers, while land was more expensive in west and south Jakarta
than in north and east Jakarta. At the same time, the authors concluded that spatial
variables, especially distance from the CBD, were important in shaping land value
patterns in Jakarta, but that the explanatory power of distance declined over time.
Lewis (2007) empirically analysed the relationship between residential land prices
and distance from the CBD, as well as other pertinent variables, including envi-
ronmental conditions. Interestingly, he found that, among other things, the land
market in Jakarta significantly values environmental conditions, including access to
key types of infrastructure (especially water and wastewater facilities) and certain
favourable physical characteristics of the property (such as resistance to flooding).
Gnagey and Tans (2018) used a hedonic-pricing analysis to study land-price forma-
tion across the Indonesian archipelago, including previously unstudied regional
property markets. They found that property characteristics, land-ownership status
and advertising methods are all statistically significant indicators of land prices.

These studies, however, do not explicitly develop an adjusted AMM model for
Jakarta and do not focus on the role of urban transport in explaining the sorting
of the urban poor. An interesting study that does use the monocentric-city frame-
work to analyse the link between spatial sorting and the role of public transport
in an Asian city was conducted by Li et al. (2019). They looked at the spatial pat-
terns of apartment prices and their association with local attributes in Shanghai,
finding that Shanghai’s residential market has a monocentric structure because of
the centralised distribution of public-transport facilities and amenities. In addi-
tion, they found that structural attributes and accessibility, as well as public and
private services, significantly shape the real-estate market in different ways, so as
to form a pattern of concentric rings. Interestingly, in the suburbs, good access to
bike sharing, bus stops and metro stations is a top preference of apartment buyers.
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This paper is organised as follows. In the next section, we list our data sources
and discuss how we processed and combined the various data series. We then
present a descriptive analysis of the spatial distribution of incomes, employment
and amenities across Jakarta, as well as an analysis of commuting behaviour across
income groups. Using these stylised facts, we discuss the key features of the mono-
centric-city model and the adjustments that we think are needed to make the model
fit Jakarta. In doing so, we further develop the hypotheses on the expected spatial
sorting of the rich and poor. Lastly, we use a regression analysis to estimate the key
parameters of the model for the case of Jakarta and to test for its key predictions
on the sorting of the urban rich versus the urban poor.

DATA

Spatially explicit data on incomes, employment, amenities and commuting behav-
iour are not readily available for Jakarta. Hence, we constructed a new data set
by combining several existing data sets and data-processing strategies. Our data
on commuting flows originate from the 2014 Jabodetabek Commuter Statistics
(JKS) survey and the 2010 Commuter Survey (Survey Wawancara Rumah Tangga),
conducted respectively by Indonesia’s central statistics agency, Statistics Indonesia
(BPS), and the Japan International Cooperation Agency (JICA) in cooperation with
the Indonesian Coordinating Ministry of Economic Affairs. Both surveys include
data on commuting patterns and household characteristics. The 2014 JKS covered
about 5,000 households in Jakarta. JKS provides the most recent data, which is
important, as taxi companies Gojek and Grab entered the market in Jakarta in
2011. However, JKS is inaccurate when aggregating data at the subdistrict level,
since its sampling framework is not random. Further, BPS records a commuting
trip only if the commuter has travelled from one district to another. Thus, all
within-district trips are not recorded as commuting trips. The 2010 JICA survey, a
household survey covering about 50,000 households in Jakarta, complements the
JKS since its sampling framework can be considered more random owing to the
high participation of households. The aggregates of income and expenditure per
neighbourhood originate from the JICA survey.

A drawback of both these data sets is their relatively high margins of error due
to respondents often being unaware of their exact behavioural characteristics, or
due to the sensitivity of some topics (such as income), which means that answers
to questions related to these topics are relatively unreliable.

Obviously, this is a matter of concern for our analysis, given its focus on income-
based sorting patterns. To address potential bias in our results, we adopted an
empirical strategy that incorporates household expenditure and estimates of the
tax value of land in Jakarta as proxies for income. To this aim, we used a data set
that includes estimates of land prices for Jakarta’s neighbourhoods, constructed by
the Jakarta National Land Agency (BPN) in 2016. Even though these land prices
are estimates, the data set is not subject to the same sensitivities as the household
observations, and it incorporates almost all neighbourhoods in Jakarta. The tax
value of land can be seen as a relevant proxy for income under the presumption
that the urban poor are not able to afford housing where the price of land is high.
Finally, we improved the reliability of the information extracted from the house-
hold surveys by comparing data on the tax value of land, income and expenditure.
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The data set also prevented us from controlling for amenities that may affect
income, land value and commuting behaviour, while time invariance in the data
prevented us from conducting a fixed-effects analysis. However, to improve the
quality of our regression analysis, we collected data on neighbourhood charac-
teristics that could help to reduce potential endogeneity issues in our regression
models. Specifically, we controlled for neighbourhood-specific crime rates, flood
risk, public-transport access, population density, open space, slums and com-
mercial areas. Data on crime rates and population density were taken from the
data set Districts in Numbers 200418, held by BPS in Jakarta. Flood-risk data are
open source and were developed in 2013 by Jakarta’s Special Capital Region (DKI)
Regional Disaster Management Agency (BPBD) and OpenStreetMap (OSM).! We
checked the reliability of our data and our results with a local flooding expert.
Google Maps was used to obtain data on public-transport access. Information on
slum areas in 2015 was provided by the National Land Agency (BPN) in Jakarta.
Information on access to commercial areas was collected from OSM data for 2017.
A description and summary of all variables included in the analysis can be found
in table A1.1 in the online appendix.?

In the next section, we use our data to document several stylised facts about the
spatial distribution of incomes, land prices and mobility behaviour across income
groups in Jakarta.

DESCRIPITVE ANALYSIS

Incomes

We start our descriptive analysis by presenting in figure 1 income distribution
as a function of distance from the CBD for three cities: Jakarta, Los Angeles and
Chicago.? To facilitate comparison across these cities, we indexed the incomes such
that income at each CBD had an index value of 100.

Figure 1 shows that income and distance from the CBD in Jakarta have a
negative relationship: the urban rich tend to cluster near the CBD. Hence, the
assumption of the classic monocentric-city model that the urban poor cluster in
the city centre does not seem to hold for Jakarta. In contrast, the income distribu-
tion function in Los Angeles follows the pattern typical for a monocentric city
in the United States: the poor concentrate in the city centre, and incomes rise
with distance from the CBD. Henderson and Kuncoro (1996) argued that if one
were to study Jakarta’s metropolitan area, one would find that the city has a more
polycentric structure. It is important to keep this in mind when analysing Jakarta.
In Chicago and Philadelphia, incomes first fall and then increase as the distance
from the CBD increases. Glaeser, Kahn and Rappaport (2008) stated that this dif-
ference might exist because Los Angeles is a relatively new city where people are

1. https://www.openstreetmap.org/
2. The appendix can be accessed here: http://dx.doi.org/10.1080/00074918.2021.1876209

3. Glaeser, Kahn and Rappaport (2008) plotted income and distance from the CBD in six
old and new cities, and argued that the observed pattern depends on the age of the city. For
figure 1, we chose to compare Jakarta with two old US cities (Chicago and Philadelphia)
and one new US city (Los Angeles).
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FIGURE 1 Income and Distance from the CBD, for Four Cities
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Source: Data for Jakarta are from the 2014 JKS survey. Data for Chicago, Philadelphia and Los Angeles
were taken from Glaeser, Kahn and Rappaport’s (2008) study.

Note: Distance from the CBD is the Euclidean distance. Income values in rupiah were converted into
US dollars by using the purchasing-power parity of 2014 (OECD 2019). The slopes were divided by the
average income at zero distance, and multiplied by 100. As the 2014 JKS data are unreliable when aggre-
gated at the neighbourhood level, this graph was plotted using all individual household observations
and the distances of the households from the CBD, without aggregating households at a neighbourhood
level. The geo-reference is the residential neighbourhood.

more accustomed to using automobiles. In contrast, the city centres of Chicago and
Philadelphia have a much more historical character and seem to attract wealthier
households. This pattern can also be found in many European cities with histori-
cal city centres.

Land Prices
To illustrate the location behaviour of people in Jakarta, we present in figure 2 the
estimated tax value of land per square metre for neighbourhoods, in combination
with flood vulnerability. The triangle in the centre represents the CBD. Most of
Jakarta’s employment is centred in and around this triangle. The tax values indi-
cate neighbourhood prosperity; more-developed areas have higher land values
and attract wealthier households. According to figure 2, land prices are highest
in and around the CBD, which includes wealthy subdistricts such as Menteng,
Tebet, Setiabudi, Tanah Abang and Senen. Other high-tax areas are Kebayoran
Baru, Kelapa Gading and Pantai Indah Kapuk. Lower land values seem to be
predominant in the north-east, north-west and south of Jakarta. Large slums are
most predominant in the north.

Figure 2 also shows that, as expected, most of the areas that are vulnerable
to flooding have relatively low tax values. According to the World Bank (2011),
residents living in slum areas are the most affected by floods, as many informal
settlements have developed in floodplain areas.
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FIGURE 2 Land Tax Values and Flood-Vulnerable Areas in Jakarta, 2016
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Source: BPN and BPBD DKI Jakarta.

Note: Tax values represent the estimated average tax value per square metre as determined and collected
by the BPN when a party buys or sells a plot of land. The tax value is in Indonesian rupiah (million),
where $1 dollar is equivalent to about Rp 14.08. For instance, the mean tax value of land in Jakarta’s
wealthiest subdistrict, Menteng, is estimated to be $2,904 per square metre; converting this using the
purchasing-power parity gives $10,113 per square metre (OECD 2019). Flood-vulnerable areas are defined
based on information provided by the villages about flooding. The online appendix contains a colour
map (figure Al) that more clearly outlines Jakarta’s flood-vulnerable areas and shows its slum areas.

Commuting Behaviour

Besides being highly vulnerable to flooding, Jakarta struggles with a series of trans-
port challenges, including extreme traffic congestion (Asri and Hidayat 2005). To
improve mobility, the government has developed several public-transport lines.
For instance, the local government set up the Transjakarta bus rapid transit (BRT)
system in 2004. Jakarta also has several railway networks. The most extensive is the
Electric Rail Train (KRL) Commuter Line, originally operated by a Dutch colonial
railway company (Farda and Lubis 2018). Besides public transport, commercial
taxi services such as Gojek and Grab are common in Jakarta (Von Vacano 2017).
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TABLE 1 Descriptive Statistics of Commuters and
Travel, for Selected Transport Modes

Distance  Timeto  Daily cost
Income Gender Age Education from work  work  of transport

(Rp million) (female)® (years) level® (km) (minutes) (Rp)*
Motorbike
Mean 3.39 0.06  34.89 3.08 13.67 47.87 10,650
Median 2.80 0.00  34.00 3.00 11.00 45.00 10,000
Observations 1,113 1,113 1,113 1,113 1,113 1,113 1,113
Car
Mean 10.64 012  44.04 3.74 13.78 59.64 52,125
Median 7.50 0.00  44.00 4.00 12.00 60.00 42,000
Observations 265 265 265 265 265 265 265
Public transport
Mean 3.50 017  36.94 3.19 14.79 59.48 13,145
Median 2.85 0.00  36.00 3.00 12.00 30.00 10,000
Observations 438 438 438 438 438 438 438

Source: JKS (2014).

Notes: @ The values of the gender variable should be interpreted as the fractions (presented as decimals)
of the commuters who are female. ® The education-variable values are based on an index that is split
into four categories: (1) no education through to primary education; (2) middle school education; (3)
high-school education; and (5) post-high-school education, such as college. < Daily cost of transport
accounts for the commuting costs to go to and from work.

To understand the relationship between transport use and the sorting of the
urban poor in Jakarta, we need to establish key characteristics of the three most-
used transport modes: car, bus and motorbike.* To this aim, we report in table 1
some key descriptive statistics for each of these transport modes, based on the
survey data discussed in the previous section.” The statistics in table 1 indicate that
the car is the most expensive mode of transport. Average income, education level
and age are highest for car commuters, suggesting that the wealthy travel by car.
This paper classifies the urban poor as individuals earning less than the 2015 mini-
mum wage of Rp 2.7 million (Nababan 2017). The median income is Rp 2.8 million
for motorbike users and Rp 2.85 million for public-transport users; hence, almost
half of the commuters can be characterised as urban poor. The ability of the urban
poor to travel by motorbike contradicts the assumption by Glaeser, Kahn and

4. The JKS of 2014 provides data on which transport mode is chosen the most by each
respondent. The data do not account for commuters in Jakarta who are likely to use multiple
modes to commute.

5. This analysis includes information on commuters’ most-used transport modes only. A
person commuting by car or motorbike does not necessarily own the vehicle used. The data
set includes information on respondents between the ages of 14 and 69 who reside in Jakarta
and are either employed or studying in Jakarta.
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FIGURE 3 Proportion of Commuters Using Each Mode
of Transport, with Respect to Income in Jakarta
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Source: JKS (2014).

Rappaport (2008) that the urban poor rely solely on public transport for travel. The
average commuting distance is shortest for people who use motorbikes, and long-
est for those who use public transport. In addition, average travel time is shorter
for motorbike users than public-transport users. The gender variable indicates that
mainly males commute, regardless of the transport mode. However, the share of
females who use cars or public transport is slightly higher than the share who use
motorbikes. The average education level is highest for car commuters.

To give further insights into the relationship between income and the use of
transport modes, figure 3 illustrates the distribution of income, for each transport
mode. The figure shows that, at an income level of about Rp 4 million, the percent-
ages of motorbike and public-transport commuters decline, while the percentage
of car commuters increases. Commuters seem to substitute motorbikes and public
transport for cars when their income increases. The income pattern of public trans-
port and motorbike commuters resembles that of a normal, bell-shaped distribution,
with a slightly longer right tail.

To illustrate the relative importance of each of these transport modes with
respect to income, figure 4 plots the cumulative passenger kilometres (PKM) for
the three modes. The PKM can be understood as the total kilometres travelled by
the users of each mode. In figure 4, income is grouped by percentiles of commuters.
The figure shows that the motorbike is the preferred transport mode of about 60%
of Jakarta’s daily commuters. It is responsible for about 80% of the total PKM and
is the predominant transport mode for lower-income groups. The steepest increase
in motorbike use in terms of PKM occurs between the 10" percentile and the 50"
percentile of income—that is, at relatively low levels of income. Car and public-
transport use is more evenly distributed over the income percentiles.

Relative to the income earned by users of each transport mode, figure 5a shows
the average distance travelled, and figure 5b the average time spent travelling.
Figure 5a indicates that the motorbike is used mostly by lower-income groups for
distances between 10 and 15 kilometres. Furthermore, the figure shows a negative
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FIGURE 4 Relationship between Millions of Cumulative Passenger
Kilometres and Income Percentiles, by Transport Mode in Jakarta
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Source: JKS (2014).

relationship between income and distance from work for car commuters, and a
positive relationship between income and distance from work for public-transport
commuters. That is, as income increases, the commuting distance for car com-
muters decreases, while the distance for public-transport commuters increases.
Interestingly, the figure also shows that, at higher income levels, the longest dis-
tances are travelled by public transport and not by car, which clearly contrasts with
findings of LeRoy and Sonstelie (1983).

Figure 5b shows that the slope of the travel time to work for public-transport
users and that for car commuters begin to run parallel as income increases, after
about Rp 6 million per month. Figure 5a suggests that public-transport commut-
ers also begin to travel longer distances than car users after the income level of
Rp 6 million. Low-income public-transport commuters have shorter commuting
distances on average than low-income car or motorbike commuters. However, the
commuting time for these public-transport commuters is not the shortest. These
two phenomena suggest the presence of economies of scale for public-transport
commutes; distance and time do not increase proportionally, creating an incentive
to travel by public transport when distance increases—a phenomenon that con-
trasts with evidence from cities in the United States and many other rich countries.

Spatial Sorting

Together, these observations lead to the conclusion that in Jakarta the urban rich
tend to live in the city centre, presumably because of good land quality and the
high travel-time costs of commuting by car; hence, wealthy inhabitants have an
incentive to live near their place of employment to reduce travel-time costs. Also,
we conclude that public transport has a comparative advantage for long-distance
commutes, whereas the motorbike is frequently used for relatively short travel
distances (up to 15 kilometres). This suggests that lower-income commuters in
Indonesia have less incentive to live near Jakarta’s city centre than, for instance,
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FIGURE 5 Relationship between Transport Modes and Income in Jakarta

(a) Relationship between Commuting Distance and Monthly Income
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(b) Relationship between Commuting Time and Monthly Income
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Notes: The graph corresponds to data from 2014; only incomes up to Rp 31 million per month are
included.

commuters in the United States have to live near Los Angeles. The mobility advan-
tage of the car—as presumed by Glaeser, Kahn and Rappaport (2008)—is clearly
undermined in Jakarta by the presence of motorbikes. However, figure 5a also
suggests that the urban rich do not necessarily have the shortest commutes; other
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factors are thus likely to be important in understanding Jakarta’s income-based
sorting patterns. These stylised facts tell us how we might adjust the monocentric
model in order to apply it to the case of Jakarta. This is the topic of the next section.

AN ADJUSTED MODEL OF URBAN SORTING

As indicated, our analysis finds its roots in the classic monocentric-city model,
or AMM model. The model assumes a circular city in a featureless plain, popu-
lated by N identical individuals whose utility depends on a consumption mix of
(multidimensional) housing services, 4, and a composite of other goods, c. Everyone
is assumed to commute daily to the CBD, where each person works to receive a
wage, w. An individual who lives at radial distance d from employment in the CBD
faces a daily commuting cost of td, where t > 0 is the commuting cost per unit of
distance, and pays the rental price r(d) (per unit) of housing 4. An individual’s
objective is to maximise the utility function u(g,c), subject to the following budget
constraint:

r(d)q+c=w—td. (1)

The model is solved by deriving the optimal individual budget allocation
between housing g and the composite consumption good ¢ (the numeraire) at each
location d to obtain house prices r. This problem of choice is equivalent to maximis-
ing u(q, w - td —-rq) with respect to g. The first-order condition of this problem yields
demand for housing at each location according to the following:

o

which states that the marginal utility of more housing per amount spent should be
equal to the marginal utility of the numeraire consumption good. Using the budget
constraint (equation 1), the demand for the numeraire c(d) can be recovered as a
function of the Marshallian demand for housing, according to c(d) = w — td - r(d)
g(d). In equilibrium, all individuals must obtain the same level of utility u; hence,
u(q(d), w— td — P(d)q(d)) = ii Totally differentiating this equation with respect to d,
by using equation 2 and the envelop theorem, yields the following:

S ®)

Equation 3 describes the Alonso-Muth condition that, in equilibrium, if a
resident moves marginally away from the CBD, the cost of the current housing
consumption g falls just as much as the commuting cost ¢ increases. In other words,
the monocentric-city model predicts that house prices will fall with distance from
the CBD to compensate for the costs associated with longer commutes; a trade-off
thus exists between house prices and commuting costs. Hence, equation 3 is the
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bid-rent gradient, which defines house (land) prices as a function of distance from
the CBD. The underlying idea here is spatial equilibrium: because households have
a location choice and are assumed to be homogeneous, the same utility level must
be realised at all residential locations; if it is not, individuals will move location to
increase their utility. The mechanism for satisfying the equal-utility condition is
spatial variation in the price of housing. Consequently, the house-price function
of equation 3 equals the bid—rent function of households in a city.

This classic version of the monocentric-city model has been used to develop,
for example, polycentric models (Madariaga, Martori and Oller 2013). Also, the
assumptions in the literature on urban economics that households (workers) and
transport costs are homogeneous—that is, they can be represented by one house-
hold and one transport mode—have been relaxed. As noted in the introduction,
to frame our empirical analysis, we used an adjusted version of the classic AMM
model, in which we assumed the existence of two income groups (rich and poor)
and two modes of transport (motorbike and car), following earlier work by Glaeser,
Kahn and Rappaport (2008).

Let us define rich or poor people’s income as w;;, OT Wy, and their opportunity
costs of time as k;;, Or k., and let us assume for simplicity that housing (land)
consumption of the rich or poor is fixed at g, OF g0, The steepness of the bid-rent
gradient (equation 2) determines which group lives closest to the CBD. The group
with the steeper bid-rent gradient will be willing to pay more for land closer to
the CBD. If both income groups have the same transport costs, the model predicts
that the urban poor will live closest to the CBD only if the elasticity of housing
consumption with respect to income is greater than the income elasticity of com-
muting time costs:

ric

rich rich
k
g >
q

4)
poor poor q k (
k _&l>8&,,

where the income elasticity of demand for housing (land) with respect to income
wis

q _ Wpaor qrich _qpoor

=
qpaor Wrich _Wpoar 7

and the income elasticity of the time cost of commuting is

w k. k

k _ poor "rich ™ " poor

w k W

poor Wrick ~ Wooor .

However, this condition changes if the two groups have different transport
costs. Glaeser, Kahn and Rappaport (2008) introduced two transport modes: public
transport (the bus) that is slow but cheap, and private transport (the car) that is
fast but expensive. They showed that if poor people choose public transport (given
its low fixed cost compared with the car), and rich people choose the car (given
their higher opportunity costs of time), the monocentric-city model predicts that
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the urban poor will have a steeper bid-rent gradient than the rich and will live
closer to the CBD if

rich car rich bus car 00r
"k 1" —t w”
qpoor > bus 7_poor :{;‘Zy + bus rich poor + 8:; > 8:} (5)
7k N

This condition thus states that the chance that the urban poor will live close to
the CBD depends not only on the elasticity of housing consumption with respect
to income ¢¢ and the income elasticity of commuting time costs £, but also on
the comparative advantage of the urban rich in using the car. Glaeser, Kahn and
Rappaport (2008) argued that this is a more realistic condition to hold than that
of equation (4). This condition also implies the existence of a break-even distance
(d*) where the lower variable (time) cost of a car exactly offsets its higher fixed
cost. Finally, they argue that if (easy) access to public transport is restricted to the
city centre—as is often the case in US cities—the tendency for the urban poor to
cluster in and near the city centre is further increased. Indeed, when putting the
adjusted AMM model to the test across US cities, Glaeser, Kahn and Rappaport
(2008) found robust empirical evidence that transport-mode choice plays a key role
in explaining why the urban poor tend to live in the city centre.

To test whether transport-mode choice can also explain where the urban poor
live in Jakarta, we need to especially consider three features of Jakarta that set it
apart from the average US city: (1) the omnipresence of motorbikes; (2) its severe
level of congestion; and (3) its high level of income inequality (Yusuf, Sumner and
Rum 2014).° As regards the first feature, earlier we documented that the motorbike
is the predominant transport mode for lower income groups and that the ability
of the poor to afford a motorbike greatly affects their mobility, and thus under-
mines the assumption in the work by Glaeser, Kahn and Rappaport (2008) that
the poor depend on access to public transport to satisfy their transport demand.
In fact, in contrast to US cities, the key divide in transport modes in Jakarta is
between the car and the motorbike rather than between the car and the bus (for
comparison, see Fevriera, de Groot and Mulder 2021). Given the affordability and
speed of motorbikes, the area where public transport has a comparative advantage
over cars in Jakarta would be much smaller than in a city where cars compete
more directly with public transport. The motorbike is more flexible in traffic and
a cheaper transport mode than the car, offering an additional alternative to public
transport. In other words, the urban poor in Jakarta are likely to have a much flat-
ter bid—rent function than the urban poor in most US cities. The logic of the AMM
model then predicts that poverty is less clustered in Jakarta, since the residential
choice of the urban poor is less restricted by the need for short commutes. Further,
the assumption that public transport has a comparative advantage for short com-
mutes is unlikely to be relevant in Jakarta, as the descriptive statistics indicate that
the commuting time for public transport does not increase proportionally with

6. Developing countries often have high Gini coefficients, and thus high income inequality
(Davies et al. 2008). Therefore, the difference between the value of time for the rich and for
the poor is likely much larger than the difference in developed countries with less income
inequality.
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distance. By contrast, public transport might have a comparative advantage for
long-distance commutes. The idea that there is a break-even distance where com-
muters substitute between the car, the motorbike and public transport is therefore
less likely to hold for Jakarta than for the average US city.

As regards the second feature, in the TomTom Traffic Index of 403 cities for
2018, Jakarta is ranked number 7 in terms of congestion level; in comparison, the
highest-ranked US cities in this index are Los Angeles, ranked 24, and New York,
ranked 42.7 The extreme level of congestion in Jakarta has implications for the
assumption about commuting costs in relation to the value of time. It implies that
even for people travelling by car, the cost of time makes up a large part of the vari-
able commuting cost. This leads to the hypothesis that distance from the place of
employment is a more important factor for residential choice in Jakarta than in US
cities, which have less traffic congestion on average. The validity of this hypoth-
esis is of course subject to differences in the opportunity cost of time between the
United States and Jakarta. Given the relatively lower average wage level in Jakarta,
it seems logical to assume that the opportunity cost of time is lower on average in
Jakarta than in the United States. However, the hyper-congestion in Jakarta affects
car drivers the most and our data indicate that, in contrast to the United States,
commuting by car in Jakarta is predominantly reserved for the higher-income
groups—implying that the difference in the opportunity costs of time between car
drivers in the United States and in Jakarta may not be all that great.

Finally, the huge income disparities in Jakarta imply that differences in opportu-
nity cost between the urban rich and poor are much larger in Jakarta than in most
US cities.® Therefore, it is likely that in Jakarta the elasticity between income and
demand for land is lower than the elasticity between income and the opportunity
cost of time spent commuting. This contrasts with equation 4, which needs to
change into the following:

rich rich
k
4 <

q ko
E <= < @)

Given the assumption that the use of relatively fast motorbikes gives the urban
poor a mobility advantage over the urban rich, who prefer using cars even though
they are slower, equation 5 would then change into the following:

rich car rich motorbike car oor
q ok t —t ( k? kj o
&

_ ,
q poor < tmotorbike k poor _SW + tmotorbike krich _ k poor w w (5 )

This condition would imply that the rich prefer a short commute rather than a
large house, since they value their time more than their consumption of land; their
bid-rent function will thus be steeper. If, at the same time, the bid-rent function
of the urban poor flattens because of their use of motorbikes, the AMM model
predicts that the rich will cluster in and around the CBD, whereas the urban poor

7. https://www.tomtom.com/en_gb/traffic-index/ranking/
8. We followed Becker’s (1965) assumption that opportunity cost is equal to hourly wage.



182 Kyri Maaike Joey Janssen, Peter Mulder and Muhammad Halley Yudhistira

will cluster on the outskirts of Jakarta where land prices are lower and commuting
distances longer —the opposite of what has been found for the United States. The
remainder of this paper is devoted to testing these predictions.

CALIBRATING AND TESTING THE MODEL

In this section, we use regression analysis to calibrate the adjusted monocentric-
city model for Jakarta, in order to examine to what extent the predictions of the
model hold for Jakarta. Recall that at the core of the monocentric-city model is the
argument that the urban sorting patterns of rich versus poor people can mainly be
explained by differences between each group’s demand for land and the opportu-
nity cost of time. More specifically, as argued in the previous section, the logic of
the model implies that, for the urban rich to live close to the city centre, a necessary
condition is that the elasticity of housing consumption with respect to income is
lower than the elasticity of the opportunity cost of time spent commuting with
respect to income (see equations 4 and 4’). To test for this condition in the Jakarta
context, we first estimated the elasticity of demand for housing with respect to
income, as did Glaeser, Kahn and Rappaport (2008). We used two techniques to
estimate this coefficient. The first is an ordinary least squares (OLS) estimation,
controlling for household size (equation 5). The second is a semi-parametric esti-
mation (equation 6). This model allows for any form of the unknown function of
the logarithm of expenditure, while household size is included linearly. Given our
data restrictions, we measured housing consumption in terms of square metres
of floor arearather than in terms of housing prices. We thus first conducted the
following OLS estimation:

LN (Floor Area)l, =4, +p (LN(Expenditure))l_ +5,X, +¢, (6)

followed by this semi-parametric estimation:

LN(Floor Area )i =m (LN(Expenditure))[ +X.B, +¢ (7)

The unit of observation is individual households (i), with the average monthly
household expenditure in rupiah serving as a proxy for income, and with X being
the household size and ¢ the error term. The results of this regression are presented
in table 2 (columns 1 and 2), alongside the corresponding results from Glaeser,
Kahn and Rappaport (2008) (columns 3 and 4) to facilitate comparison.’

Table 2 shows that the elasticity of demand for housing with respect to income
in Jakarta is 0.7 for the OLS estimation, which is higher than the elasticity coef-
ficient estimated by Glaeser, Kahn and Rappaport (2008). The semi-parametric
regression gives an elasticity of 0.56, which is more compatible with the analysis

9. We found an elasticity of demand for land of 0.195 when we incorporated household

expenditure per capita instead of controlling for household size (see table A1.4 in the online

appendix). This elasticity is considerably smaller than the 0.7 elasticity found when control-
ling for household size (table 2).
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TABLE 2 Estimations of Income Elasticity of Demand for Land

United States

Jakarta Dependent variable:
Dependent variable: log of floor area log of apartment area®
OLS Semi-parametric OLS v
@ @ ®) )
Log of
expenditure® 0.705%* 0.585%**
(0.014) (0.115)
Log of income 0.344** 0.548**
(0.0944) (0.029)
Constant 3.063*** 4.564*** 0.561%**
(0.020) (0.101) (0.387)
Observations 12,369 12,369 21,154
R-squared 0.221 0.234 0.156 0.106

Source: JKS (2014) for columns 1-2; Glaeser, Kahn and Rappaport (2008) for columns 3—4.

Notes: Robust standard errors are in parentheses. Household is the unit of analysis. The demographic
control variable is household size. OLS stands for ordinary least squares; IV stands for instrumental
variable.

2 For apartments and single detached dwelling.
* In the JKS of 2014, income was equated to expenditure.
*p <0.10; ** p < 0.05; *** p < 0.01.

by Glaeser, Kahn and Rappaport (2008).° That the elasticity coefficient is slightly
higher in Jakarta could be explained by the fact that the urban poor in Jakarta face
more severe income constraints than the urban poor in the United States and thus
can afford only small houses in densely populated areas such as slums. It thus
may not necessarily be the urban rich who have a high demand for housing but
rather the urban poor who demand small settlements owing to income constraints.
Nevertheless, for Jakarta, the estimated coefficient is smaller than unity, imply-
ing that the demand for housing in Jakarta is moderately inelastic: a 1% increase
in income (expenditure) leads to a less than 1% increase in demand for housing

10. Note that owing to data limitations, our regression design differs in parts from that by
Glaeser, Kahn and Rappaport (2008). The different results should be interpreted with cau-
tion. In this analysis, the dependent variable is average housing consumption per square
metre, whereas Glaeser, Kahn and Rappaport (2008) used interior square feet multiplied
by 1.5 and divided by the number of floors in the building.
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(floor area). It should be noted that owing to data constraints, the coefficients cannot
be interpreted as causal effects. The results provide insights into the differences
between our analysis and that by Glaeser, Kahn and Rappaport (2008). Our empiri-
cal strategy is similar to theirs but with multiple data constraints.

Data limitations prevented us from estimating the elasticity of the opportunity
cost of time with respect to income for Jakarta. For the United States, Glaeser, Kahn
and Rappaport (2008) used a benchmark value of 0.75 for this elasticity. This value
is slightly higher than the estimated elasticity of demand for housing with respect
to income in Jakarta (see table 2). We are, however, inclined to think that the true
elasticity of the opportunity cost of time with respect to income in Jakarta is higher
than in the United States, owing to the relatively large within-city differences in
income between Jakarta and the average US city. Consequently, it is indeed likely
that equation 4, rather than equation 4, holds in the context of Jakarta: the elasticity
of demand for land with respect to income is likely to be smaller than the elasticity
of the cost of time spent commuting with respect to income. In other words, the
value of time is likely to be a more important determinant of residential choice
than the demand for land. According to the AMM model, this would mean that
the urban rich prefer a short commute rather than a large house since they value
their time more than their consumption of land; their bid-rent function will thus
be steeper. As a result, the AMM model would predict that in Jakarta the urban
rich live in the city centre, whereas the urban poor cluster on the outskirts of the
city. Indeed, in figure 1 we observed a negative relationship between income and
distance from the CBD in Jakarta: the urban rich tend to cluster near the CBD.
However, our descriptive analysis (see figure 2, for example) also showed that the
urban poor live not only at the edges of the city, but also in other areas, including
near the CBD.

Next, we test for the assumption in the model by LeRoy and Sonstelie (1983)
that the rich predominantly travel by car, while the poor travel by public transport.
To establish the choice of transport mode as a function of commuter characteristics
in Jakarta, we estimate the following multinomial logistic model by the following
equations:

(tran.s‘:car)z]

In( V=5, +ﬂ1th +é 8)

7

P (trans = motorbike) ij

])(tmns: publictransport)ij

In( V=5, +ﬁ1Xij té 9)

7

P (trans = motorbike) ij

with the dependent variable defined as the logarithm of the probability of indi-
vidual i choosing specific transport mode j. We distinguish three transport
modes—motorbike, car and public transport —where motorbike is determined as
the baseline transport choice. The variable X corresponds to a vector of individual
characteristics of commuter i, including income, college degree, gender, age and
distance from work. The results of this estimation are presented in table 3.

The results suggest that for each unit of increase in income, age and distance, the
logarithm of the odds ratio (log odds) that an individual will choose to commute
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TABLE 3 Relationships between Selected Transport
Modes, and Commuter and Travel Characteristics

Motorbike (baseline) Car Public transport
Variable (1) (2) 3)
Log of distance 0.280*** 0.578***
(0.0840) (0.0589)
D_college degree 2.1971%* -0.372%**
(0.122) (0.0982)
Log of income 1.211%* 0.613***
(0.126) (0.0895)
D_gender 0.510*** 1.002%**
(0.163) (0.118)
Age 0.05027%** 0.0161***
(0.00562) (0.00391)
Constant -8.222%%% -3.119%**
(0.350) (0.231)
Observations 4,347 4,347 4,347

Source: JKS (2014).

Notes: The values of the coefficients are interpreted in log odds and thus need to be transformed before
one can interpret them as marginal effects. Standard errors are in parentheses. The sample included
commuters between the ages of 14 and 69 who commuted within Jakarta and earned a monthly income.
Individual commuter is the unit of analysis. Income is specified in millions of rupiah, distance from
work is in kilometres and college degree is a dummy variable that equals 1 if the commuter has a college
degree or higher. Gender is a dummy variable that equals 1 if the respondent is female. The coefficients
for the car and public-transport variables are relative to those for the motorbike (the baseline). For
detailed variable descriptions, see online appendix table A1.1.

*p <0.10; ** p <0.05; ** p <0.01.

by car increases, relative to the odds that the individual will choose to commute
by motorbike. The same holds for public transport, although the strength of the
prediction is not as strong as that for the car. Further, being female and having
a college degree also decrease the log odds of choosing a motorbike over public
transport or a car. These findings could be explained by the perception that the
motorbike is a relatively unsafe, low-status travel mode, making it less attractive
for the urban rich and vulnerable commuters. The positive coefficients for travel
distance and the car and public transport suggest that motorbikes are considered
less suitable for long-distance commutes, presumably because of exposure to pol-
lution and a lack of comfort. In conclusion, our evidence supports the observation
that the motorbike is primarily used by low-income commuters; the motorbike is
an important mode of transport for the urban poor, which indeed implies that they
are less dependent on public transport than the urban poor are in the United States.

We continue our analysis by testing the assumption by Glaeser, Kahn and
Rappaport (2008) that the rich have a mobility advantage over the poor, in terms
of the difference in travel-time cost between the rich and poor. The underlying
assumption is that the rich travel by car (expensive but fast), while the poor travel
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by public transport or motorbike (cheap but slow). We test this assumption for
Jakarta by estimating, across individuals i, the equation

Timetowork,, = B, + Bin ( Distanceto Work) +& (10)

7

in which m is the mode of transport (motorbike, car or public transport), time to
work is defined in minutes, and distance from work is measured in kilometres. The
data source is again the JKS of 2014, and we include only commuters travelling
up to 16.1 kilometres, to make the analysis more compatible with that by Glaeser,
Kahn and Rappaport (2008).! We present the results of this regression in table 4,
again in comparison with the findings by Glaeser, Kahn and Rappaport (2008)
for the United States in order to allow understanding of the differences between
cities in the United States and Jakarta. The findings should not be interpreted as
showing causal relationships.

The results in table 4 indicate that the average speed travelled while commuting
is about 24 kilometres per hour for the motorbike (2.5 minutes per kilometre), 23
kilometres per hour for the car (2.6 minutes per kilometre) and 19 kilometres per
hour (3.2 minutes per kilometre) for public transport. The estimates for the United
States, as presented in table 4, indeed suggest that, across US cities, car commuters
have a substantial mobility advantage over public-transport commuters: a car is
about twice as fast as public transport for commuting. In contrast, our estimation
results suggest that the difference in the variable cost of time between the car
and public transport in Jakarta is not as great as in the United States. Further, the
motorbike is the fastest transport mode for commuting. Obviously, this is because
of Jakarta’s high level of congestion. Also, our results clearly support the observa-
tion that the motorbike is a faster mode of transport than the car: the estimated
variable travel time for the motorbike is less than that for the car. Presumably, this
is because the motorbike is more mobile in highly congested traffic than the car.

In addition, table 4 shows that in Jakarta the fixed time cost for travelling by
motorbike, car and public transport are 16.00, 24.91 and 19.18 minutes, respectively.
The relatively low fixed time costs for the motorbike suggest that this mode of trans-
port is more suitable for short-distance commutes than the car. Further, in Jakarta
the car has the highest fixed costs, unlike in the United States, where the car has
the lowest fixed costs. The fixed time cost of public transport can be interpreted as
the waiting time for a bus or train. The results suggest that the fixed cost of being
stuck in traffic in a car is higher than the cost of waiting for a bus or train: these
findings differ from those for the United States.

Recall from equation 5 that the adjusted AMM model with two modes of trans-
port yields the existence of a break-even distance (4*) where the lower variable
(time) costs of a certain transport mode exactly offset its higher fixed cost. It is
safe to conclude that our analysis supports the anecdotal evidence that motorbikes
indeed are the fastest mode of transport on average in Jakarta. This finding fur-
ther strengthens the notion that in Jakarta the urban rich have a relatively strong
preference to live near the city centre. We concluded that the urban rich in Jakarta
tend to prefer the car over the motorbike (see table 3), and that their value of time

11. Table A1.3 in the online appendix contains a similar analysis with all within-Jakarta city
commutes, including a spline coefficient for travel distances of more than 30 kilometres.
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TABLE 4 Travel Time per Transport Mode

Jakarta United States
Public
Motorbike Car transport Car Bus Subway
@ @ ®) @) ®) (6)

Minutes to
work per km 2.513*** 2.626*** 3.244%** 0.987*** 1.837%** 2.008***
(0.104) (0.291) (0.218) (0.018) (0.258) (0.313)

Constant 16.005%* 24909  19.180**  5.620%*  22.160***  18.410**
(0.996) (2.905) (2.042) (0.106) (1.302) (1.955)

Observations 1,819 329 438 14,792 620 352

R-squared 0.245 0.199 0.185 0.357 0.416 0.251

Sources: JKS (2014) for the data on Jakarta, and Glaeser, Kahn and Rappaport (2008) for the data on
the United States.

Notes: Robust standard errors are in parentheses. The unit of analysis is an individual living and work-
ing in Jakarta where the commuting distance does not exceed 16.1 kilometres.

*p <0.10; ** p <0.05; *** p <0.01.

is likely to be an important determinant of residential choice, since the elasticity of
the time cost of commuting with respect to income is probably relatively high (see
table 2). If the car then is slower than the motorbike, the notion of spatial equilib-
rium requires that the urban rich can maintain their utility level only by limiting
their commuting distance—in line with equation 5.

Obviously, location decisions (of the urban rich) depend not only on commut-
ing time or distance but also on location fundamentals such as the quality of the
neighbourhood. Hence, to further investigate the relationship between household
income (expenditure) and location choice, we developed a regression approach
in which we related household expenditure and land price to location in terms of
distance from the CBD, public-transport access and several neighbourhood char-
acteristics. Our approach is inspired by the piecewise linear-regression approach
of Glaeser, Kahn and Rappaport (2008); we estimated the relationship between
income and distance from the CBD across n neighbourhoods,'? and we did so in
steps, with each step including more control variables to reduce potential endoge-
neity among the regressors. The overall estimation equation is defined as

LN(y,)=p,+p, (LN(Dist))n +5, (Dist —x* ) *x,,, + 5, (Dist —x* ) *X3,

+ D, + BsD,, + B Flood, + 5, X, +¢&,
7

(11)

12. Locally and in the statistics, neighbourhoods are referred to as villages or village tracts.
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where the dependent variable (y,) is the logarithm of the average aggregate of
income,’ expenditure or land price at the neighbourhood level;** and distance is
the Euclidean distance from the CBD for neighbourhood 7 in kilometres, which
includes three spline coefficients regarding distance. We consider distances of less
than or equal to 5 kilometres, 5-10 kilometres and more than 10 kilometres. Where
x*2 and x* define the threshold distances (5 and 10 kilometres, respectively), x;,
is a dummy variable that equals 1 if the distance is between 5 and 10 kilometres,
and x;; a dummy that equals 1 when the distance is more than 10 kilometres. D,
is a dummy variable for bus stop and equals 1 if neighbourhood n features access
to a bus stop within 1 kilometre, and 0 otherwise. D, is a dummy variable for
railway station and equals 1 if neighbourhood 7 has access to a railway station
within 1 kilometre, and 0 otherwise. Values for both the distance variable and
these two dummy variables were captured by using zonal statistics in geographic
information systems (GIS). The variable flood is a dummy variable that equals 1 if
neighbourhood 7 is vulnerable to floods and 0 otherwise; non-residential areas are
excluded. Finally, X is a vector of control variables, including indicators for slum
areas, crime rates, open spaces, commercial areas and population density. We cap-
ture slum areas using a dummy variable that equals 1 if neighbourhood n borders
a slum area;" crime rate is defined as the logarithm of total criminal offences in
a neighbourhood (village tract) in 2010; open space is defined as the logarithm of
the amount of open space at the subdistrict level; and commercial area is captured
by a dummy variable that equals 1 if the neighbourhood includes any commercial
area. To measure public-transport access, we focused on the KRL Commuter Line
and the BRT system.'®
The regression results of this framework are presented in table 5. We only present
the results for regressions with expenditure and land price as the dependent vari-
ables; the results for the regressions with income as the dependent variable confirm
the other results and are presented in table A1.6 in the online appendix.

The regression results in table 5 show that both expenditure and land price
decrease with distance from the CBD. As we estimate the distance coefficients
using a piecewise linear spline regression, we need to establish the change in slopes

13. The estimates concerning the dependent variable logarithm of income can be found in
online appendix table A1.4.

14. Expenditure, income and the estimated tax value of land are aggregated at the neigh-
bourhood level and correspond to data from the JICA survey of 2010.

15. Note that to avoid reverse causality regarding income/expenditure and slums, the slum
variable equals 1 if the village tract borders a slum, not if a slum is located in the village tract.

16. The underlying idea is that the KRL and BRT networks can be considered a source of
exogenous variation, since the commuter line was built in 1923 during the colonial period
and the BRT makes use of roads that have existed for a long time. Baum-Snow (2007)
pioneered the idea of using historical plans for network development as an instrument
to identify causal relationships in order to examine the potential impact of the interstate
highway network in the United States on suburbanisation. Later studies use as instruments,
for instance, the effect of highway networks on Chinese cities (Baum-Snow et al. 2017),
on land conversion in Spain and urban structure in Barcelona (Garcia-Lépez, Holl and
Viladecans-Marsal 2015), on innovation in US regions (Agrawal, Galasso and Oettl 2017),
on employment levels in Italian cities (Percoco 2016) and on the spatial distribution of the
population in the Netherlands (Levkovich, Rouwendal and van Ommeren 2019).
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for the varying distances (less than or equal to 5 kilometres, between 5 and 10
kilometres, and more than 10 kilometres). The distance coefficients in column 3b
suggests that a 1% increase in distance from the CBD leads to a land-price decrease
of 0.186% for neighbourhoods within 5 kilometres of the CBD, a decrease of 0.252%
for subdistricts within 5 to 10 kilometres of the CBD and a decrease of 0.504% for
subdistricts more than 10 kilometres from the CBD.As regards expenditure, how-
ever, the effect ceases to be statistically significant once we control the regression
for neighbourhood characteristics.

In addition, the results clearly indicate that public-transport access positively
correlates with land prices. We find that a village tract within 1 kilometre of access
to a BRT faces a 16.1% higher land price and a 16.8% higher land price if the vil-
lage tract has access to the KRL Commuter Line. Clearly, there exists an incentive
to live in the vicinity of public transport. As regards the other neighbourhood
characteristics, we find that flood risk, crime and population density all negatively
correlate with land price and expenditure. For example, an individual living in a
flood-vulnerable area is estimated to have land value of 17.7% less and expenditure
of 10.5% less than someone in a less vulnerable area.'” The estimated elasticity of
population density with regard to expenditure is estimated to be about —0.10%.
This confirms that the urban poor in Jakarta are likely to reside in areas with dense
populations. As expected, we find that the existence of a commercial area positively
affects land prices. Interestingly, the variable slum area correlates negatively with
expenditure (as expected) but positively with land price. A possible explanation
for the latter is that a slum area is likely to be situated near public areas—such
as those with railway tracks (Winayanti and Lang 2004) —that are likely to have
higher land prices as they offer better access to public transport. Individuals in
areas adjacent to slums are estimated to earn 16.2% less income (see table A1.6 in
the online appendix) and spend 16.8% less than individuals who do not live near
slums. We interpret this as an indication that the urban rich are willing to pay to
avoid the poor.

Together, these results support the conclusion that in Jakarta the sorting of the
rich and poor—as indicated by the spatial variation in income, expenditure and
land prices—depends not only on access to public transport but also on other
neighbourhood characteristics, especially flood risk, crime rates and the vicinity
of commercial areas.

CONCLUSION AND DISCUSSION

We tested an adjusted version of the classic monocentric-city model (for compari-
son, see the work of Glaeser, Kahn and Rappaport 2008) to explain the spatial
sorting of rich versus poor people in Jakarta. Large cities in the global south, such as
Jakarta, feature informal settlements, widespread use of motorbikes, and extreme
congestion and income disparities, in contrast with most cities in rich countries.
In such a context, where do the urban poor live, and why? To answer this ques-
tion, we assumed in our version of the monocentric-city model the existence of

17. Note that these percentages should be interpreted as changes in the estimated land
price that occur if an area is vulnerable to flooding (=1), holding all other variables constant.



two income groups (rich and poor) and two modes of transport (motorbike and
car). We collected data from a variety of sources and developed both a descrip-
tive empirical analysis and a regression analysis. In doing so, we demonstrated
the possibilities and limitations of existing data sets for empirical urban-economic
analyses in Indonesia.

We found that in Jakarta (1) the urban rich tend to live in the city centre; (2)
the elasticity of the opportunity cost of time spent commuting with respect to
income is likely to be higher than the elasticity of house size with respect to income;
(3) the motorbike, rather than public transport (the bus), is the most important
mode of transport for the urban poor; (4) the motorbike is the fastest mode of
transport on average; and (5) the motorbike is frequently used for relatively short
travel distances (up to 15 kilometres), compared with the car or public transport.
These findings clearly contrast with existing evidence for the United States. In most
US cities, the urban poor, not the urban rich, live in the city centre. The mobility
advantage of the car, as presumed by Glaeser, Kahn and Rappaport (2008) for US
cities, is undermined in Jakarta by the presence of motorbikes. Because of the high
use of motorbikes, the urban poor in Jakarta depend less on public transport than
the urban poor in the United States.

According to the logic of the monocentric-city model, these findings imply that
the rich in Jakarta cluster in and around the CBD, whereas the urban poor cluster
on the outskirts of Jakarta, where land prices are lower and commuting distances
longer —the opposite of what has been found for the United States. After all, we
found that in Jakarta the urban rich tend to prefer the car over the motorbike,
while the relatively high elasticity of the opportunity costs of time spent commut-
ing with respect to income suggests that these costs are likely to be an important
determinant of residential choice for the rich. If the car then is slower for commut-
ing than the motorbike, the notion of spatial equilibrium requires that the urban
rich can maintain their utility level only by limiting their commuting distance. In
other words, our analysis supports the notion that the urban rich in Jakarta face
a relatively steep bid-rent function—they tend to prefer a short commute rather
than a large house—while the bid-rent function of the urban poor flattens because
of their use of motorbikes.

Indeed, we found in our descriptive analysis that, in general, the urban rich in
Jakarta tend to cluster near the city centre. Also, in our regression analysis, we found
that the sorting of the rich and poor in Jakarta—as indicated by spatial variation
in income, expenditure and land prices—depends not only on distance from the
CBD but also on other neighbourhood characteristics, especially flood risk, crime
rates and the vicinity of a commercial area. Hence, the adjusted monocentric-city
model —in which we replaced access to public transport with motorbike use—
proves useful for studying the spatial sorting of the urban poor in Jakarta. However,
it cannot fully explain the observed spatial variation in income, expenditure and
land prices. These conclusions imply that the adjusted monocentric-city model
used by Glaeser, Kahn and Rappaport (2008) —building on the mode heterogene-
ity theory of LeRoy and Sonstelie (1983) —needs to be enriched by incorporating
the motorbike as a key alternative transport mode to the car, in order to make it
a useful tool for understanding sorting patterns in Asian cities such as Jakarta.
Urban-economic research is predominantly influenced by the context of cities in
Western countries (mostly the United States); our study underlines the need to be
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cautious in generalising findings from research in these countries, as they may not
apply to cities in the global south.

We conclude with four suggestions for future research. First, more research
is warranted on the role of public transport in the sorting of the urban rich and
poor. We found a positive relationship between land prices and access to public
transport. The observation that the structure of Jakarta’s metropolitan region is
polycentric rather than monocentric (Douglass 2010) raises the question of how
public-transport investments might change urban sorting patterns within and
between the suburban cities of Greater Jakarta. This underlines the need for new
data on commuting behaviour that are more reliable and have a wider coverage
than the existing data. Second, the relatively strong impact of flood risk on sorting
patterns needs further attention. In line with earlier findings (Lewis 2007; World
Bank 2011; Wijayanti et al. 2016; Garschagen, Surtiari and Harb 2018), our evidence
suggests that the rich are willing to pay substantially to avoid flood risk; this is of
course a relevant observation for designing the financing structure of anti-flood
measures. Third, although our regression analysis performed relatively well, the
explanatory power of the model could be improved by applying fixed effects or
even spatial-specific effects to control for (unobservable) characteristics that are
space specific or time invariant. Data limitations prevented us from doing so; hence
there is a need for geo-coded panel data that would allow for more advanced
econometric techniques that could explicitly control for, among other things, spa-
tial dependence among variables (Elhorst 2014). Fourth, a future version of the
monocentric-city model would ideally allow for a richer set of transport technolo-
gies, including on-demand mobility services such as Gojek and Grab taxis. To
what extent are these on-demand mobility services a substitute for private-car and
public-transport use, and (how) do they affect the sorting patterns of the urban rich
versus the urban poor? We hope that these suggestions, together with our study,
will encourage more research into the economics of cities in the global south and
especially Indonesia.
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