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Congestion, mobility, and accessibility in emerging
cities

The current state of the debate:

• Very little academic interest outside of congestion

• A traditional policy focus on mobility that ignores accessibility

• A new academic focus on accessibility that often negates
mobility

This is clearly undesirable
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Accessibility, mobility, and congestion in emerging
cities

What I want to do:

• Rekindle interest in urban transportation in emerging cities

• Propose an integrated framework to think about accessibility,
mobility, and congestion consistently

• Show that we can make progress by combing simple
economics with novel sources of data
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Roadmap

• The importance of urban transportation in emerging cities and
the transportation wedge

• Redefining the mobility vs. accessibility debate

• Mobility and accessibility in Indian cities

• A focus on congestion
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Urban transportation matters

The benefits from cities and urbanization

• Cities make workers and firms more productive

• Cities allow residents to consume a greater variety of goods at
a lower price

• Cities allow residents to enjoy urban amenities

But for this, city residents need to be able to “go places”
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Urban transportation matters

Extremely large investments are involved

• Transportation represents more than 20% of World Bank
commitments

• A kilometer of subway costs at least 100 m$

• Roadway expansion plans may involve the conversion of 5 to
10% of urban land
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Urban transportation matters

Urban households allocate considerable monetary resources to be
able to move around

• us households devote 17.5% of their expenditure to
transportation

• French households devote 13.5% of their expenditure to
transportation

• Colombian households spend 9% of their income on
transportation

7



Urban transportation matters

Urban households allocate considerable time resources to be able
to move around

• us households devote 17.5% of their expenditure to
transportation

• French households devote 13.5% of their expenditure to
transportation

• Colombian households spend 9% of their income on
transportation
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Urban transportation matters

In a typical us metropolitan area:

• A traveler takes 4.2 trips per day

• Each trip is on average 12.8 kilometers long and takes 17.5
minutes

• Reported travel speed is 38.5 km/h and overwhelmingly by
car

In Bogota, Colombia:

• A traveler takes 2.7 trips per day

• Each trip is on average 10.9 kilometers long and takes 38.2
minutes

• Reported travel speed is 17.1 km/h and car and taxi are only
about a quarter of all trips
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Mobility

• Historically, urban transportation has been managed by
transportation planners

• Mobility has been their key concern

• Mobility is essentially the speed at which one can travel from
O to D

• Mobility is ‘easily’ measurable

• To accommodate a growing demand, increasing capacity is
usually the answer
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Accessibility

• When traveling from O to D, the relevant measure is not speed
but the total cost of reaching a destination (time, monetary, and
other)

• Accessibility is essentially the ease of reaching a destination

• Accessibility is hard to measure, be it because the choice of a
destination is endogenous

• “Accessibility” is usually managed by land-use planners with
little consideration of mobility, sometimes in opposition to
mobility
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Accessibility and mobility

For a given trip:

• Start with a simple relationship:

total cost = distance × cost per unit of distance

• To simplify, we only consider the time element:

duration = distance / speed or:

- log duration = -log distance + log speed or:

time accessibility = distance accessibility + mobility

• In turn, we can decompose mobility:

time accessibility = distance accessibility
+ free mobility
+ congestion factor
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Measuring accessibility and mobility in cities

This is a real data challenge

• Ideally, we need a very large, precise, sample of trips taken by
travelers everywhere

• Transportation surveys are scarce and sparse (and often lack
key elements and their reliability is questionable)

• Road censors are also problematic: we need to know about
trips

• Recent alternative: “counterfactual” trips using
mapping/navigagtion websites/apps

• Key limitation: these are not real trips and thus may not be
representative of actual travel
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Measuring accessibility and mobility in cities

• Use Google Maps in 154 large Indian cities

• Delineate these cities using light nights (DN>34)

• Four trip design strategies:

– Radial trips

– Circumferential trips

– Gravity trips

– Trips to “remarkable places”

• These strategies aim to mimic actual trips in key dimensions
(length, destinations, etc) or some idealized travel behavior

• Data collection to be extended to many more cities in the world
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Illustration, Jamnagar in Gujarat
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Jamnagar

Land Code Classification

Figure 1: Degree of build-up in lit-up areas of Mumbai (left) and Jamnagar
(right)

(JRC) gives us land cover classi�cations (e.g. �bare soil and rocks�, �forest�,

�roads�, �surface water�, �medium built-up�, etc.) across space. We broke up

our light-clusters into roughly 40m-by-40m pixels and restricted our city to

only the pixels that are predominantly �built-up� or �roads� to derive our initial

pool of locations within each city. We dropped cities where the built-up land

is too sparse. At the end, we have 154 cities. Figure 1 shows the lit-up and

built-up portions for a median-sized city (Jamnagar, Gujarat).

Identifying reference trips

This section describes how we determine the within-city trips to query on Google

Maps. First, let me clarify the terminology. From this point on, a location/point

refers to a pair of longitude-latitude coordinates identifying (the centroid of) a

roughly 40m-by-40m land area. A trip is an origin-destination (O-D) pair vector

(i.e., including the direction of travel). A location pair corresponds to two trips:

one incoming and one outgoing. A trip instance is a trip (queried) at a given

time on a given day. We also impose the restriction that trip location pairs are

at least 1 km apart in Euclidean distance. There are two reasons for this:

(a) Google doesn't always return a driving time under tra�c conditions for

2

Google Maps representation Lighted built-up areas
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Illustration, Jamnagar in Gujarat
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Figure 2: Radial trips of absolute lengths 2 km, 5 km, 10 km, and 15 km from
the center for: Mumbai (left) and Jamnagar (right)
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Figure 3: Radial trips over uniformly picked distance percentiles for: Mumbai
(left) and Jamnagar (right)
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Figure 4: Circumferential trips around the center for: Mumbai (left) and Jam-
nagar (right)

Gravity trips

These are one-third of all trips. Here, we want to match the distance pro�le of

the trips to those in cities in the US and Bogota, Colombia. So, for each city,

we identi�ed the maximum possible length of any trip within the city. Then we

identi�ed each location-pair using the following algorithm:

(a) Consider a uniformly randomly picked initial point (P ) and a distance (D

km) drawn from a truncated pareto distribution with shape parameter 1

and with support between 1 km and 250 km (corresponding to a mean of

roughly 5.52 km).4 Force the distance to be smaller than the maximum

possible trip length for the city (i.e., re-draw a new distance from the same

distibution until it is so).

(b) Choose a point randomly from among all points at a straight-line distance

between (D− 0.2) km and (D+0.2) km from the point P . If there are no

such points, start over from (1) with a new pair of (P,D).

See Figure 5.

4The mean trip distance for the representative sample of trips in Bogota, Colombia is 6.68
km. Considering Bogota is much larger than the median Indian city, a slightly smaller mean
trip distance of 5.52km for Indian cities seems �ne.

6

Radial trips Circumferential trips
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Illustration, Jamnagar in Gujarat

Mumbai (Bombay)

school trips

Jamnagar

school trips

Figure 6: Trips to school in Mumbai (left) and Jamnagar (right)

Mumbai (Bombay)

shopping_mall trips

Jamnagar

shopping_mall trips

Figure 7: Trips to shopping malls in Mumbai (left) and Jamnagar (right)
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Mumbai (Bombay)

hospital trips

Jamnagar

hospital trips

Figure 8: Trips to hospitals in Mumbai (left) and Jamnagar (right)

trip was queried 10 times (with a standard deviation of 1.9). In fact, 99% of

the trips were queried at least 8 times.

We wanted the distribution of trip departure/query times to roughly resem-

ble the distribution of departure times on a typical weekday.5 We also wanted

enough trip queries from each time period of the day for the �xed e�ects to be

credible - so, we exaggerated the number of trip queries at obscure hours and

underplayed the number of queries at peak hours. At any hour of the day, we

had the following number of machines querying trips on Google: 12am-4am:

15, 4am-5am: 20, 5am-6am: 35, 6am-8am: 40, 8am-12pm: 35, 12pm-1pm: 40,

1pm-5pm: 35, 5pm-7pm: 40, 7pm-9pm: 30, 9pm-10pm: 25, 10pm-12am: 20.

All the machines had identical processing power, so the number of machines

also re�ects the distribution of our trip queries across hours of the day. Figure

10 shows the realized distribution of query times across hours of the day.

We wanted to have an even spread of days and times across cities and trip

types/strategies. So the order in which the trips were queried was randomized

to alternate between strategies and cities (based on the size of the city, e.g. city

A - with twice as many trips as city B - is queried twice between every city

B query). Once we have queried all trips at least once, we start over. Figure

11 shows the number of trip instances we collected per city as a function of

5We rely on a household transportation survey from Bogota, Colombia as a reference for
this.

11

Trips to the mall Trips to the hospital
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Trip sampling

• We defined about 15
√

population trips per city

• Each trip was sampled about 10 times in the Fall of 2016

• In total: about 22 million observations

• For each trip we know: duration, duration in absence of traffic,
length, effective length, origin, destination, city, day, time of
day
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Some descriptive statistics: trips
Table 1: Trip statistics

percentile:
Mean St. dev. 1 10 25 50 75 90 99

Speed 22.1 7.2 11.5 14.7 17.1 20.6 25.5 31.6 45.8
Duration 19.9 17.6 4 7 9 14 23 40 93
Duration (no traffic) 17.2 14.0 4 6 9 13 20 33 93
Trip length 8.2 10.0 1.3 1.9 2.9 4.7 8.9 17.9 53.9
Effective distance 5.4 7.0 1.0 1.2 1.8 2.9 5.5 12.0 39.6

Notes: 22,728,842 observations. Durations are in minutes; distances are in kilometres; speeds are
in kilometre per hour.

4. Mobility in Indian cities

4.1 Descriptive statistics

We start with some descriptive statistics for the trip instances we collected. We start with

22,766,881 unique trip instances. After eliminating a small number of trips for which trip

length is not well measured or larger than the Euclidean distance between origin and

destination by more than 50 kilometers, we end up with 22,728,842 observations, 14.8% of

which are week-end trips.13

Some basic statistics by trip are reported in table 1. Average travel speed is 22 kilome-

ters per hours. While the speed difference between the third and first quartile is fairly

small at only about 8 kilometers per hour, the differences become more important in the

tails. Similar observations can be made for trip duration and length. Table 1 also reports

summary statistics for trip duration in absence of traffic (as reported by gm). The average

trip duration under traffic conditions at the time the tip instance was queried is about

16% larger than average trip duration in absence of traffic. Keeping in mind that we

oversampled trips taken at night, we return to this issue below. The last row of table

13As shown in Akbar and Duranton (2016), returns to queries for motorized travel when trips are ex-
tremely short are often problematic with gm. Trip length is also rounded withgm which sometimes creates
measurement imprecisions. To avoid this problem we designed and considered only trips longer than one
kilometer. However, difficulties still sometimes occur beyond one kilometer and many of the small number
of trips we eliminated we short trips.

15
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Some descriptive statistics: cities
Table 2: Summary statistics for Indian cities

Mean St. dev. Min. Max.

Population (’000), 2011 1,319 3,023 18 23,888
Metropolitan population (’000), 2015 1,538 3,169 307 25,703
Population growth 1990-2015 (%) 105 65 31 399
Total area (km2) 236 413 5.91 3568
Total road length (km) 1,384 3,442 10 32,513
Motorways (km) 43.6 64.4 0 437
Primary roads 43.9 77.1 0 481
Share households with car access (%) 9.99 5.76 2.33 31.5
Share households with motorcycle access (%) 41.3 11.7 5.83 73.4
Mean daily earnings ($) 4.91 1.93 2.00 12.28

Notes: Cross-city averages not weighted by population. 154 cities except for vehicles registrations
for which one city is missing.

1 also reports summary statistics for effective (or Euclidean) distance covered by trips.

Average trip length is about 50% larger than average effective distance.

Table 2 reports summary statistics for the Indian cities from which we collected travel

information. These cities represent 154 of the 166 cities in India with a metropolitan

population above 300,000 in 2015. Because our delineation based on lights at night does

not exactly recover the official boundaries, we observe some minor differences when we

compute city population using population counts for the towns that are part of the city

using our delineation. We also had to exclude a small number of cities for data reasons,

as explained in the external data appendix. These cities are on average large with a

mean population above 1.3 million (or above 1.5 million when counting areas of the cities

not used in our analysis) and fast growing since they have doubled in population since

1990 on average. While population differences are considerable, we observe even larger

differences for roads. There is also lot of cross-variation in rates of access to personal

motorized transportation.

Table 3 reports some simple descriptive statistics for various measures of mean city

travel speed. Mean travel speed in Indian cities is 24.4 kilometers per hour. This cross-

city mean is slightly larger than the overall population mean of 22.1 kilometers per hour

16
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Some descriptive statistics: trips in cities
Table 3: Summary statistics for travel speed in Indian cities

Mean St. dev. Min. Max.

All trips 24.4 3.82 16.2 34.9
Radial trips 22.2 3.83 14.8 32.8
Circumferential trips 20.6 3.24 14.3 29.5
Gravity trips 22.6 3.43 14.7 30.9
Trip to remarkable places 27.0 6.10 16.6 42.0
All trips, unweighted by distance 21.8 2.96 15.7 31.4
All trips in absence of traffic 26.8 4.51 16.3 38.1
All trip, effective speed 16.4 2.77 11.60 24.0

Notes: 154 cities. Speed in kilometers per hour.

reported in table 1. As we will see below, this small difference arises because travel speed

is faster in smaller cities for which we have fewer observations.

This value of 24.4 kilometers per hour is rather low, especially because night trips are

somewhat oversampled. For comparison, we note that Akbar and Duranton (2016) report

a mean speed of 25.5 kilometers per hour for trip instances also collected with Google

Maps for the city of Bogotá in Colombia, a highly congested city with a large population

close to nine million. For us metropolitan areas, Couture et al. (2016) report a measure of

mean trip speed by privately-owned vehicles of 38.5 kilometers per hour. If anything, this

figure of 38.5 kilometers per hour understates the true speed of travel since it is measured

from a travel survey where respondents view trip duration as much more than just the

time spent driving in traffic.14 This said, a mean speed of 24.4 kilometers per hour is

much higher than the sometimes apocalyptic descriptions found in the popular press.

We note considerable differences in mean speed across cities. The standard deviation is

3.8 kilometers per hour. This is more than half the standard deviation of 7.2 kilometers per

hour for trip speed reported in table 1. Mean speed for the slowest city is 16.2 kilometers

whereas it is more than twice as high for the fastest city at 34.9 kilometers. While we keep

in mind that these difference may be caused in part by our sampling strategy, they remain

14For the 2011 Bogotá travel survey, Akbar and Duranton (2016) find a more than 50% difference between
trip duration as reported by respondents and measured duration for the same trip at the same time using
Google Maps. The two main caveats is that the sampled Google Maps trip instances took place on a different
day and do not account for transfer time for transit trips.
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Estimating accessibility and mobility in cities

• We estimate the following regressions:

log Yi = αX′i + FEc(i) + εi

• For Y, we use:

– Trip duration (×− 1) for time-accessibility

– Trip length (×− 1) for distance-accessibility

– Trip speed for mobility

– Trip speed in absence of traffic for free mobility

– Trip speed in absence of traffic / trip speed for the
congestion factor

• In X we include: time of day, day of week, weather, type of
destination (for accessibility), distance to center, and trip
length and trip type (for mobility)
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Estimating accessibility and mobility in cities

• Obviously many variants are possible depending on:

– What is included among the controls

– Which sample of trips is considered (weekend or not,
specific hours of the day, etc)

• We can allow coefficients to vary across cities and estimate
Laspeyres and Paasche type indices

• We can weight slower trips more

• For congestion we can use alternative measures, etc
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Mobility in cities: some results

• Longer trips and trips further away from the center are faster

• Minimal differences between different types of trips

• Mild evidence of positive effects of bad weather

• Interesting time of day patterns
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Time of day effectsFigure 1: Estimated hour effects for weekday travel
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The plain black line represents the hour effects estimated in column 5 of table 4 for all 154 cities. All
the plotted coefficients larger than 0.005 in absolute value are significant at 99%. The dashed black line
represents the hour effects from the same estimation but restricts observations to the 20 largest cities. The
plain grey line duplicates the same exercise for Delhi only. The dotted grey line only uses observations for
which the distance to the center of the origin and destination is on average less than 5 kilometers in Delhi.
All midnight effects are normalized to zero.

pattern. For instance, the coefficients on rain on columns 3 and 6 indicate a higher speed

by 2 or 3% in case of rain. These results are somewhat in contrast with those of Akbar and

Duranton (2016) that use similar data sources for Bogotá.

To explain this contrast, we conjecture that roads in many Indian cities are ‘multi-

purpose’ public good used by various classes of motorized and non-motorized vehicles

to travel and park as well as a wide variety of other uses such as street-sellers, animals, or

children playing. Non-transportation uses of the roadway arguably slow down motorized

vehicles. Worse weather may reduce non-transportation uses of the roadway and thus

make for faster travel.16 We provide further indirect evidence for this conjecture below.

Turning to days effect, we find that weekend, Sundays in particular, are faster by 1 to

3%. We also find a small positive effect for Thursdays which are faster by about 0.4%

relative to the other days of the week.

16We collected our data after the monsoon period. We do not deny that extreme weather conditions may
affect traffic negatively, including for a period of time after they take place.
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Mobility in cities: some results

• Standard deviation of city fixed effects: 0.11

• The fastest city is twice as fast as the slowest

• These differences are much larger than among us metropolitan
areas
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Who’s slow?
Table 5: Ranking of the 20 slowest cities, slowest at the top

Rank City State Index

1 Kolkata West Bengal -0.33
2 Bangalore Karnataka -0.25
3 Hyderabad Andhra Pradesh -0.25
4 Mumbai Maharashtra -0.24
5 Varanasi (Benares) Uttar Pradesh -0.24
6 Patna Bihar -0.23
7 Bhagalpur Bihar -0.22
8 Delhi Delhi -0.22
9 Bihar Sharif Bihar -0.19
10 Chennai Tamil Nadu -0.18
11 Muzaffarpur Bihar -0.16
12 Aligarh Uttar Pradesh -0.15
13 English Bazar (Malda) West Bengal -0.15
14 Darbhanga Bihar -0.15
15 Gaya Bihar -0.14
16 Allahabad Uttar Pradesh -0.13
17 Ranchi Jharkhand -0.13
18 Dhanbad Jharkhand -0.12
19 Akola Maharashtra -0.12
20 Pune Maharashtra -0.12

Notes: Mobility index is measured by the city effect estimated in column 5 of table 4.

mobility among Indian cities are arguably not caused by sampling. Even for the city with

the smallest number of observation, the estimation of its effects relies on more than 70,000

observations. For the largest cities, more than half a million observations are available.

Tables 5 and 6 illustrate the empirical reality that underlie those estimated fixed effects

by reporting the 20 slowest and 10 fastest cities, respectively. First, we note that seven

of the 10 largest cities by population in 2015 are among the 20 slowest. The three excep-

tions are Ahmadabad and Surat in Gujarat and Jaipur in Rajasthan. The state of Gujarat

stands out in India for its innovative and more efficient urban planning practices (Annez,

Bertaud, Bertaud, Bhatt, Bhatt, Patel, and Phata, 2016). Then, the list of the 20 slowest cities

also contains 6 cities from the state of Bihar (among 8 in our data). Bihar is the poorest

state in India. Most of the other slow cities are from the neighboring states of Jharkhand

and Uttar Pradesh, which are also among the five poorest states in India. Beyond poverty,

24
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Who’s fast?
Table 6: Ranking of the 10 fastest cities, fastest at the top

Rank City Index

1 Ranipet Tamil Nadu 0.35
2 Bokaro Steel City Jharkhand 0.28
3 Srinagar Jammu and Kashmir 0.26
4 Kayamkulam Kerala 0.23
5 Jammu Jammu and Kashmir 0.23
6 Thrissur Kerala 0.19
7 Palakkad Kerala 0.16
8 Chandigarh Chandigarh 0.16
9 Alwar Rajasthan 0.15
10 Thoothukkudi Tamil Nadu 0.15

Notes: Mobility index is measured by the city effect estimated in column 5 of table 4.

these cities are also often distinguished by their historical and cultural importance such as

Benares in Uttar Pradesh, arguably the spiritual capital of India or Patna and Bhagalpur

in Bihar. Being an old and poor city is not conducive to mobility.

The list of the fastest cities also exhibits some interesting patterns. The fastest location,

Ranipet, is an independent city following our delineation procedure. However, it may be

viewed more meaningfully as a suburb of the city of Vellore, located about 20 kilometers

away. The second fastest city, Bokaro Steel City, was created after the independence of

India and essentially planned by Soviet planners. The city is divided into numbered

sectors which are connected by wide avenues and there is grid pattern of streets in each

sector. We also note the presence of Chandigarh, which hosts a population above a million.

This is another planned city, this time by famous French architect Le Corbusier. Besides its

modernist architecture, Chandigarh is also famed for the strong and regular grid pattern

of its roadway.

In Appendix A, we duplicate table 4 for each type of trip. While the non-linearities

for the effect of trip length and distance to the center may slightly differ, the results are

extremely similar to those to table 4, suggesting the absence of deeper differences between

trip types that would not be picked up in table 4 by the trip type indicators.

Table 7 proposes a number of variants around the estimation of table 4 and column

25
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Mobility in cities: how robust

• Results are highly robust to the exact estimation procedure,
hours of the days being considered, and type of trips

• Exception: the correlations between our preferred index and
measures of mean speed are lower because means do not
condition out trip length

• Laspeyres-type indices are more fragile because they require
wild out of sample predictions
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Accessibility in cities: some results

For distance accessibility

• Standard deviation of city fixed effects: 0.20 to 0.29

• The distance ratio between the extremes is 2.7 to 4.0

For time accessibility

• Standard deviation of city fixed effects: 0.14 to 0.22

• The distance ratio between the extremes is 2.2 to 2.6
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Who’s least time accessible?
Table 10: Ranking of the 20 least time-accessible cities cities, worst at the top

Rank City State Index

1 Kolkata West Bengal -0.56
2 Mumbai Maharashtra -0.45
3 Delhi Delhi -0.45
4 Bokaro Steel City Jharkhand -0.42
5 Asansol West Bengal -0.41
6 Hyderabad Andhra Pradesh -0.40
7 Dehradun Uttaranchal -0.39
8 Mathura Uttar Pradesh -0.36
9 Dhanbad Jharkhand -0.36
10 Guntur Andhra Pradesh -0.36
11 Chandrapur Maharashtra -0.35
12 Vijayawada Andhra Pradesh -0.35
13 Bangalore Karnataka -0.33
14 Aligarh Uttar Pradesh -0.32
15 Begusarai Bihar -0.32
16 Chennai Tamil Nadu -0.31
17 Bhagalpur Bihar -0.30
18 Allahabad Uttar Pradesh -0.29
19 Jalandhar Punjab -0.27
20 Gulbarga Karnataka -0.26

Notes: Time-accessibility index is measured as described in the text.

the highest and lowest distance-accessibility indices implies a trip length ratio of nearly

four between the extremes. Even if we ignore trips to city hall for which the dispersion

is the most important, we still face a standard deviation of 0.20 and a distance ratio of 2.7

between the extremes of the distribution.

Tables 10 and 11 illustrate the empirical reality that underlie the fixed effects estimated

in the trip duration regression of table 9 and column 1 by listing the 20 least time-accessible

and 10 most time-accessible cities. We first note that five of the six large cities (Pune being

the exception) that ranked among the 20 slowest cities are also among the 20 least time-

accessible cities. On the other hand, a much smaller proportion of the other cities with

a low time-accessibility index appear among the slowest. Only three in 14 do: Dhanbad,

Aligarh, and Bhagalpur. Interestingly, Bokaro Steel City appears as the fourth least time-

accessible city even though it ranked as the second fastest. As we will see next, this is

34
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Who’s most time accessible?
Table 11: Ranking of the 10 most time-accessible cities, best at the top

Rank City State Index

1 Anantapur Andhra Pradesh 0.40
2 Anand Gujarat 0.39
3 Kannur Kerala 0.39
4 Latur Maharashtra 0.39
5 Hubli-Dharwad Karnataka 0.37
6 Brahmapur Orissa 0.37
7 Nizamabad Andhra Pradesh 0.36
8 Davangere Karnataka 0.35
9 Palakkad Kerala 0.35
10 Bhilwara Rajasthan 0.34

Notes: Time-accessibility index is measured as described in the text.

because of its extremely poor distance-accessibility. Turning to the list of the most time-

accessible cities, we note that they all tend to be smaller cities.24

Turning to the 20 least distance-accessible and 10 most distance accessible cities in tables

12 and 13, we find results that are highly consistent with our rankings of mobility and

time-accessibility. For instance, Bokaro Steel City manage above to be both the second

fastest and fourth least accessible because it is the least distance accessible. The Soviet

planners that designed the city in the 1950 made it fast thanks to its grid and wide

avenues. They also strictly separated different land uses and thus made it very poorly

distance-accessible. Interestingly, Calcutta, Delhi, and Mumbai are also among the least

distance-accessible city. In these cities, poor distance accessibility is compounded with

slow mobility which explains their bad time accessibility. Just like with time-accessibility,

the most distance-accessible cities are all small cities, half of which also ranked among the

most time-accessible cities.
24The metropolitan areas of Kannur (Cannanore) and Hubli-Dharward have about one and two million

inhabitants, respectively. However, our delineation isolated a much smaller part of their urban core. While
the United Nation data attribute 2.15 million habitants to Kannur metropolitan area and the 2011 census
of India 1.64 million, the metropolis has only 233,000 and Kannur city 57,000. The towns contained in our
delineation for Kannur contain 85,000 inhabitants. We find similar differences for a number of smaller cities
that are part of a much larger conurbation.

35

32



Decomposing mobility

We can decompose mobility into free mobility and a congestion
factor

• Free mobility and the congestion factor factor fully explain
mobility by construction

• Free mobility explains 70% of the variance of mobility

• The congestion factor explains 15% (and this is broader than
just too many vehicles travelling)

• Cities that are intrinsically faster are also more congested

• The congestion factor has more explanatory power during
peak hours and in large cities

• Still poor mobility appears to be driven by intrinsic poor
mobility rather than overcrowded roads for the most part
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Decomposing time accessibility

We can also decompose time-accessibility into distance
accessibility and mobility

• Distance accessibility and mobility explain most of time
accessibility in practice

• Mobility explains 21% of the variance of time accessibility

• Distance accessibility explains 81% (and this is broader than
just too many vehicles travelling)

• Distance accessibility are essentially uncorrelated
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Explaining accessibility and mobility

We now try to explain free mobility, the congestion factor, distance
accessibility, and time accessibility with a range of city level
characteristics

• Population worsens free mobility and congestion and
improves distance accessibility. The resulting effect on time
accessibility is small

• Area improves free mobility, has little effect on congestion, and
worsens distance accessibility. The resulting effect on time
accessibility negative
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Explaining accessibility and mobility

• Primary roads improve free mobility, do little to the congestion
factor, improve distance accessibility. The resulting effect on
time accessibility is large

• The explanatory power of roads is small

• Vehicles are strongly positively associated with free mobility,
have a large negative effect on congestion, and are positively
associated with distance accessibility. The overall association
with time accessibility is positive
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Some more speculative conclusions

• There is tremendous heterogeneity in mobility and
accessibility across India

• Congestion matters but maybe not as much as we think

• There is general mobility problem in Indian cities

• More roadway allows people to go places but it has only a
small effect on mobility

• The organisation and the management of the roadway is
perhaps more important than its sheer quantity

• The roadway in Indian cities appears to serve many purposes
beyond motorized travel. Specializing the roadway for
motorized travel entails both costs and benefits
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More on congestion

• Because of data limitations, congestion is anything that slows
down traffic relative to free mobility

• We know what congestion does to mobility but cannot provide
a measure of its welfare costs

• For this we need more data
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The fundamental diagram of traffic congestion
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The supply and demand of travel (ignoring
hypercongestion)
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The social of congestion

• To compute the deadweight loss of congestion

– We need to know about supply (cost)

– We need to know about demand

– We need to know about the distortion

• The distortion is easy: travelers pay the average cost of travel,
not the marginal cost

• For demand, we know about travel conditions when travelers
choose to travel and when they choose not to

• This requires both actual and counterfactual travel data: the
Bogota transportation survey and Google Maps
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Colombia
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Bogotá
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The Bogota transportation survey

• Travel diary from 2011 (similar to us nhts or the French
Enquête Transport)

• 16,157 households representing about 100,000 trips, 65,000
unique OD pairs

• Reports origin, destination, time of departure, time of arrival,
purpose, mode, etc

• Day of the week trips
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Estimating travel supply

• Regress the time cost of travel on the number of travelers
controlling for trip and traveler characteristics

• Worry: simultaneous determination of the time cost of travel
and number of travelers

• Shocks lead travelers to stay home, get stuck, take an
alternative mode of transport, or re-route their trip

• Some of these shocks like the weather are observable

• To avoid biases from re-routing, we need to consider entire
areas

• Use counterfactual travel times and number of travelers
instead of actual ones
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Counterfactual time costs on all trips at stated times
4.

7
4.

8
4.

9
5

5.
1

l_
tim

ec
os

t_
tr

af
fi

c

6 8 10 12
l_densityX

95% CI lpoly smooth

bwidth=1

Local polynomial smooth

47



Counterfactual time costs on all trips at all times
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Estimating travel supply

• Our preferred estimate indicates an elasticity of the time cost
of travel with respect to the number of travelers of 0.06 on
average and 0.20 at the steepest

• This is a small number

• The existence of local streets puts a ceiling on the time cost of
travel
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Estimating travel demand

• We want to estimate the propensity to travel on a trip given the
time cost of that trip

• We want to account for the fact that demand is stronger at
certain hours of the day

• In practice we regress whether a traveler travels on a trip as a
function of the time cost of travel for that trip, trip and traveler
characteristics

• This yields an individual demand for travel time that we can
aggregate and transform into an aggregate demand for
kilometers traveled

• The main worry is that individual travel demand will be
correlated with aggregate travel demand

• We can reduce the problem by imposing specific intercepts by
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time of the day and sub-areas

• If we underestimate the elasticity of travel demand, we can
obtain an upper bound by assuming a flat demand curve
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Estimating travel demand

• We estimate a demand elasticity of about -1.2 to -1.8

• The elasticity varies during the day but not sensitive to the
exact estimation used
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Computing the deadweight loss of congestion

• The wedge on the supply side is about 6%

• With the estimated demand elasticity, the amount of excess
driving is of the same magnitude or smaller

• That means a loss ‘triangle’ of about 0.2% or less - this is
negligible

• Even with a supply wedge of 30% and a demand elasticity of
20, the loss is still only about 12% of travel time

• The problem is again a lack of capacity and slow traffic more
than congestion narrowly defined
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The road forward

• transit

• more big data

• streets and networks

• traffic management policies

• environmental issues

• self driving vehicles
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