
Chapter 7

Conclusion

Travel demand and transport infrastructure are highly correlated. Travel demand is
shaped by infrastructure investments. At the same time, investments in transport in-
frastructure are made to address (future) travel demand. The correlation, however, does
not explain their causal relationship. When observations over different points of time
are available, predictions on causal relationships can be analysed through time-series
analyses. A typical question that arises within time-series analyses is whether or not
one variable can help forecast another. Granger causality tests infer the direction of
causality by testing whether lagged information on a time-series variable X provides
significant information about another variable Y. Such tests have been conducted in the
context of transport infrastructure and economic growth, and land use and transport.
This research extended that by examining the co-evolution of public transport network
infrastructure and ridership in the Greater Sydney region.

The scope of this research included collecting and processing Sydney’s historic pub-
lic transport network and ridership data, modelling the co-evolution of public transport
network and ridership measures, and disentangling inter-modal dynamics between public
transport modes. A review of the findings, a discussion on the contributions and impli-
cations, and a note on the limitations and future directions of the research are presented
in the following sections.

7.1 A review of findings

In chapter 2, I reviewed and analysed empirical causal studies and co-evolutionary mod-
els conducted with longitudinal data in the field of transport. Granger causality tests
were the most popular method of investigation. Studies investigating causality between
network investments and travel demand were limited. Investigations on transport infras-
tructure were limited to rail and highway networks. Causal studies investigating public
transport ridership and accessibility were non-existent.

In chapter 3, I outlined the process of generating public transport networks for
the Greater Sydney region for a period spanning from 1855 to 2015. The process in-
volved digitizing historic bus networks from archived information on route and timetable
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changes, and converting the geo-referenced routes and timetables into General Transit
Feed Specification (GTFS) files for each year. These were combined with similarly gen-
erated files for train and tram and were used to measure public transport access across
the study period. The GTFS generation method was validated by comparing public
transport access resulting from the generated GTFS for 2015 with that published by the
state transport authority. A difference in average access of less than 2% was observed
across the region.

The region’s historic public transport ridership data was discussed in chapter 4.
Three types of ridership data were available – aggregate annual ridership by mode, dis-
aggregate (train) station ridership, and public transport mode share. Multiple sources
were explored to prepare a time series of aggregate annual journeys by all public trans-
port modes from 1876 onward. Station ridership panels were generated for three time
periods – 1877 to 1940, 1976 to 1990, and 2001 to 2012. This involved ticket to journey
conversions and interpolations for some missing years. For census years starting 1991,
public transport mode shares were available from the census. However, their geograph-
ical boundaries were inconsistent across years and had to be standardised. I spatially
interpolated shares given for travel zones to smaller mesh blocks using Triangular Inte-
grated Network interpolation.

In chapter 5, I presented the causal models estimated between aggregate public trans-
port ridership and access, station ridership and access, and mesh block public transport
shares and access. I found a mutual feedback between public transport access and de-
mand as expected in all models, and the causality was more evident in the disaggregate
models. A stronger causal relationship was observed between ridership and access to
jobs than with access to population in cases where employment details were available.

Finally in chapter 6, I explored complementarity among public transport modes by
comparing and contrasting access provided in cases formed by different combinations
of the modes – train, tram and bus – across the time period. I found the sub-additive
interactions between the modes. Benefits of transferring between modes were significant
only at higher travel time thresholds (30 minutes and higher) and varied both temporally
and spatially.

7.2 Contributions and implications

There are three main contributions of this research.

1. Historic public transport network, access, and ridership data-series generated for
the Greater Sydney region since 1855.

2. Historic causal investigation of public transport access and ridership.

3. Measurement of modal complementarity.

The implications of each main contribution are discussed in turn:
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Historic public transport network, access, and ridership data-series generated
for the Greater Sydney region since 1855. An appreciation and understanding of
history is important to plan for the future. The time-series data generated as part of this
research form a valuable resource on Sydney’s public transport history. Since Sydney’s
first train service in 1855, both public transport network access and ridership increased
steadily until World War II (WWII). Post-WWII, the popularity of automobiles led
to a decline in both public transport supply and demand. It was only in the 1980s
and 90s that a revival of public transport began, due perhaps to high congestion levels
caused by a population growing faster than the road network, and increasing awareness
of the adverse effects of high automobile travel. Although Sydney’s population today
is multiples of what it was during WWII, public transport ridership in 2014 was lower
than what it was in 1945 and access in 2014 was comparable to the values in 1945. With
increasing pressure on Australia to reduce emissions and fossil-fuel dependence, policies
that increased public transport investments and patronage would play a major role
in reaching carbon and emission-reduction targets. This dissertation’s historic public
transport ridership and access time-series would provide a valuable measuring scale to
evaluate and track such policies.

While the generated data is Sydney-specific, the method adopted in processing and
validating the data can be transferred for applications in other regions. Applications
of such longitudinal data are numerous both in research and practice. In addition to
investigating causal directions, they can be used in building evolutionary transport and
land use models. Changes in network structure characteristics can be investigated and
extended to explore network structure attributes (density, circuity, etc.) that are most
correlated with demand. Ex-post analyses can be conducted to investigate the impacts of
network and service variations on ridership and used to inform future planning and design
of public transport services. When coupled with spatially disaggregated information on
income levels, one can also conduct ex-post analyses on the impacts of infrastructure
investments on different income groups as done for Paris in Viguié et al. (2023). Further
when detailed street network evolution and public transport stop locations are available,
the evolution of social exclusion can be investigated by measuring walking accessibility
to public transport stops as in Ribeiro et al. (2021).

Historic causal investigation of public transport access and ridership. Such an
exercise has not been conducted previously. While access has been known and observed
to influence ridership (H. Wu et al., 2021), this is the first longitudinal investigation
into their causal relationship. The confirmation of a mutual feedback between public
transport access and demand can be used to strengthen the case for using access as a
planning measure. It can support advocacy for active investment in public transport
supply as demand will evidently follow.

Growing countries like Australia with increasing immigrant population have a unique
opportunity to nudge travel behaviour away from private vehicles by heavily investing
in public transport infrastructure alongside new suburban developments. In New South
Wales, public transport services are provided by the state government based on observed
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and forecast demand. Real estate development, on the other hand, is regulated by local
councils, though constrained by the availability of public infrastructure like water and
sewer provided more regionally. Consequently, there is often a lag between when new
developments are commissioned and when public transport services reach them. So
residents move in before adequate public transport options are available and are forced
to rely on private vehicles. A solution as evidenced by the findings of this research is to
remove the lag between land development and public transport infrastructure provision.
For this, state and local governments would have to work together with land developers to
ensure concurrent public transport network provision as part of development applications
just as they mandate minimum parking spaces for cars. The mandates would be best
stipulated in terms of cumulative-opportunity-based access measures to different types of
destinations, for instance, X number of (and type of) schools and shopping opportunities
to be reached within 15 minutes, Y number and type of employment opportunities
to be reached within 30 minutes, etc. When the size of the developments warrant
public transport hubs, adopting a land value capture model would further incentivise
developers’ engagement in the process.

While the modelling undertaken in this research is Sydney-specific, and future re-
search is required to know the extent to which the parameters are spatially or tempo-
rally transferable, the logic is transferable and should hold true for any historic city. The
dataset and method also lay the ground work for a co-evolutionary investigation of public
transport investments and land value to further evaluate investments in infrastructure.

Measurement of modal complementarity. Comparing and contrasting access by
various public transport modal combinations revealed a highly sub-additive nature of
Sydney’s public transport modes. This is perhaps because of a lack of integration be-
tween entities responsible for planning the different modal networks. Although the state
government – today’s Transport for New South Wales (TfNSW) – is responsible for
providing all public transport services, Sydney Trains, Sydney Metro, and Sydney Fer-
ries are separate entities within TfNSW, and bus services are contracted out to various
private operators. In such a setting, integration among the modal networks and ser-
vices is difficult but important and can be facilitated through modal complementarity
evaluations such as the one presented in this research.

Comparison of access by modal combinations can be used as a planning tool to
ensure equitable supply and to investigate transfer benefits and penalties. Combining
this analysis with ridership will provide insights into how ridership is affected by modal
complementarity and competition.

7.3 Limitations and future directions

7.3.1 Evolutionary modelling

My research was a first step towards understanding the causal relationship between
network investments and travel demand. Future research should take the understanding

106



of the mutual feedback and the database generated to the next steps of integration
with travel demand models to build evolutionary models. Causal models specified as
structural equations aided by path diagrams as proposed by Pearl (2009) could be worth
exploring for this integration.

7.3.2 Historic public transport network database

The historic public transport network database generated is limited, naturally, by the
extent and nature of data available. Details of express and inter-city train services
that also served suburban stations were not available historically. This prevented the
integration of my database with the published network information available from 2015
onward. Consequently, the causal analysis could not be extended to the more recent
years.

Detailed information on ferry routes and services would add to the completeness of
the database. The historic bus networks could be improved with historic information on
stop locations and street network. I had to assume stop locations for streets where no
stops exist in the 2019 GTFS. Stop locations were also held constant across the study
period. Access computations are significantly influenced by stop locations. Without
historic stop location data, my analysis does not capture the differences in access caused
due to changes in stop spacing and other stop-related attributes. The street network was
also held constant while generating bus routes as street opening and closing information
was not readily available. When this becomes available, the networks can be updated
to capture the influence of street-level changes.

Public transport access was computed as cumulative opportunities reached, and pop-
ulation was primarily considered as historic information on other opportunities like jobs,
shops, schools, etc. was limited. A more holistic measure of access would provide deeper
insights.

7.3.3 Spatially disaggregate ridership data

Aggregate public transport ridership was derived by combining journeys reported in-
dividually for train, tram, and bus. This might overestimate ridership as a result of
inter-modal transfers being accounted for more than once. Moreover, the number of
journeys reported were estimated from ticket sales using multipliers. The estimations
of multipliers and their implications on data comparability across the study period are
unclear.

Train station ridership was not available as a continuous series across the study pe-
riod. Regional journeys originating from suburban stations were included in the earlier
period (1877 to 1940), and were excluded in the data for the more recent periods (1976
to 1990 and 2001 to 2012). Even for the periods with data, assumptions and interpo-
lations had to be made to overcome inconsistencies and incompleteness in the reported
information.

Historic ridership data was unavailable for buses and trams at a spatially disaggre-
gated scale. Further insights into the causal relationships could be explored with such
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data on all modes.

7.3.4 Exogenous factors influencing supply and demand

My research investigated the endogenous influence of public transport investments on
ridership and vice-versa. Not all exogenous factors influencing the two could be con-
sidered. GDP was used as an employment-level and recession tracker, and population
was used as a control factor for demographic changes. Investments in, and demand for,
other transport modes, congestion, crowding, political directives and other policy drivers
would be interesting factors to consider when such information is available.

7.3.5 Multi-modal interactions

I explored modal interactions among public transport modes. Extending this to private
automobile and active modes would be an interesting research direction. Availability of
information on historic street network changes would be crucial for this analysis.

Similarly when historic ridership data by mode can be availed, coupling access and
demand with a modal complementarity analysis would be a valuable research exercise.
Which modes are complementary to each other in terms of ridership? Increased access
to which mode results in the highest ridership levels overall? These are some of the
questions such an investigation can answer.

My access calculations consider only travel time. Historically, transfers between
modes were charged a fee. This additional cost of transfers was not considered in my
analysis. Consideration of fares as well as time in calculating access would address this
shortcoming. However, this calls for additional data on historical fares and incomes.
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Appendix A

A.1 Model estimates: Aggregate public transport

ridership and access

Table A.1 documents the results from causal models estimated on aggregate public trans-
port ridership and 30- and 60-minute net public transport access to population. Similar
results for regressions estimated for change in the dependent variables (as specified in
Equation 5.4 and Equation 5.5) are presented in Table A.2.
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Table A.1: Aggregate public transport ridership, Rt, and 30- and 60-minute net access
to population, A30p,t and A60p,t: 1876 to 2014 (N = 137)

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: A30p,t

Lagged ridership, Rt−2 9.67E-01 1.62E-02 0.000

0.978

Lagged change in 30-minute net access, ∆A30p,(t−1)−(t−2) 2.05E-03 1.50E-03 0.174

Lagged change in catchment population, ∆P(t−1)−(t−2) -1.08E-04 1.49E-04 0.471

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 1.72E-02 5.94E-03 0.005

Constant 2.04E+01 6.67E+00 0.003

Lagged 30-minute net access, A30p,t−2 9.02E-01 1.62E-02 0.000

0.964

Lagged change in ridership, Rt−(t−1) 5.78E+01 1.37E+01 0.000

Lagged change in catchment population, ∆Pt−(t−1) 2.05E-02 1.11E-02 0.067

Lagged change in GDP-per-capita, ∆Gt−(t−1) -2.04E+00 5.35E-01 0.000

Constant 4.66E+03 8.40E+02 0.000

Dependent variable: Rt Dependent variable: A60p,t

Lagged ridership, Rt−2 9.70E-01 1.54E-02 0.000

0.978

Lagged change in 60-minute net access, ∆A60p,(t−1)−(t−2) 8.76E-04 4.11E-04 0.035

Lagged change in catchment population, ∆P(t−1)−(t−2) -1.68E-04 1.51E-04 0.268

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 1.72E-02 5.88E-03 0.004

Constant 1.93E+01 6.54E+00 0.004

Lagged 60-minute net access, A60p,t−2 9.46E-01 1.02E-02 0.000

0.988

Lagged change in ridership, Rt−(t−1) 1.41E+02 5.05E+01 0.006

Lagged change in catchment population, ∆Pt−(t−1) 1.93E-01 4.27E-02 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -1.11E+00 1.95E+00 0.571

Constant 1.28E+04 2.63E+03 0.000

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.2: Change in aggregate public transport ridership, ∆Rt−(t−2), and change in 30-
and 60-minute net access to population, ∆A30,t−(t−2) and ∆A60,t−(t−2): 1876 to 2014 (N
= 137)

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆A30,t−(t−2)

Lagged change in 30-minute net access, ∆A30,(t−1)−(t−2) 3.55E-03 1.32E-03 0.008

0.091
Lagged change in catchment population, ∆P(t−1)−(t−2) -2.52E-04 1.33E-04 0.060

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 1.46E-02 5.87E-03 0.014

Constant 1.10E+01 4.85E+00 0.025

Lagged change in ridership, Rt−(t−1) 4.50E+01 1.53E+01 0.004

0.084
Lagged change in catchment population, ∆Pt−(t−1) 1.64E-02 1.25E-02 0.192

Lagged change in GDP-per-capita, ∆Gt−(t−1) -1.21E-01 5.83E-01 0.040

Constant 2.62E+02 4.81E+02 0.587

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆A60,t−(t−2)

Lagged change in 60-minute net access, ∆A60,(t−1)−(t−2) 1.22E-03 3.76E-04 0.002

0.111
Lagged change in catchment population, ∆P(t−1)−(t−2) -3.07E-04 1.35E-04 0.024

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 1.47E-02 5.80E-03 0.012

Constant 1.05E+01 4.79E+00 0.030

Lagged change in ridership, Rt−(t−1) 1.78E+02 5.48E+01 0.001

0.118
Lagged change in catchment population, ∆Pt−(t−1) 1.25E-01 4.47E-02 0.006

Lagged change in GDP-per-capita, ∆Gt−(t−1) -3.35E+00 2.09E+00 0.111

Constant 1.61E+03 1.73E+03 0.354

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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A.2 Estimates of models with wars as dummy vari-

ables: Aggregate public transport ridership and

access

Table A.3, Table A.4, and Table A.5 present the results from causal models estimated
on aggregate public transport ridership and net 30-, 45-, and 60-minute public transport
access to population with years under World War I (WWI) and World War II (WWII)
included as dummy variables respectively.

Table A.3: Aggregate public transport ridership, Rt, and 30-, minute net access to
population, A30p,t, estimated with WWI and WWII as explanatory variables: 1876 to
2014 (N = 137)

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: A30p,t

Lagged ridership, Rt−2 9.37E-01 1.43E-02 0.000

0.984

Lagged change in 30-minute net access, ∆A30p,(t−1)−(t−2) 4.68E-04 1.29E-03 0.717

Lagged change in catchment population, ∆P(t−1)−(t−2) 8.28E-05 1.29E-04 0.522

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 1.76E-02 5.08E-03 0.001

WWI -4.52E+00 1.29E+01 0.726

WWII 8.26E+01 1.13E+01 0.000

Constant 2.38E+01 5.73E+00 0.000

Lagged 30-minute net access, A30p,t−2 9.03E-01 1.73E-02 0.000

0.964

Lagged change in ridership, Rt−(t−1) 6.26E+01 1.52E+01 0.000

Lagged change in catchment population, ∆Pt−(t−1) 2.015E-02 1.11E-02 0.075

Lagged change in GDP-per-capita, ∆Gt−(t−1) -2.03E+00 5.42E-01 0.000

WWI 4.27E+02 1.41E+03 0.762

WWII -9.00E+02 1.30E+03 0.491

Constant 4.61E+03 8.59E+02 0.000

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.4: Aggregate public transport ridership, Rt, and 45-, minute net access to
population, A45p,t, estimated with WWI and WWII as explanatory variables: 1876 to
2014 (N = 137)

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: A45p,t

Lagged ridership, Rt−2 9.44E-01 1.42E-02 0.000

0.985

Lagged change in 45-minute net access, ∆A45p,(t−1)−(t−2) 7.27E-04 5.77E-04 0.211

Lagged change in catchment population, ∆P(t−1)−(t−2) 2.77E-05 1.31E-04 0.833

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 1.74E-02 5.06E-03 0.001

WWI -4.86E+00 1.27E+01 0.703

WWII 8.096E+01 1.12E+01 0.000

Constant 2.22E+01 5.69E+00 0.000

Lagged 45-minute net access, A45p,t−2 9.23E-01 1.39E-02 0.000

0.977

Lagged change in ridership, Rt−(t−1) 1.26E+02 3.46E+01 0.000

Lagged change in catchment population, ∆Pt−(t−1) 8.74E-02 2.58E-02 0.001

Lagged change in GDP-per-capita, ∆Gt−(t−1) -2.38E+00 1.19E+00 0.048

WWI 2.67E+03 3.08E+03 0.389

WWII -6.71E+02 3.07E+03 0.827

Constant 9.56E+03 1.83E+03 0.000

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.5: Aggregate public transport ridership, Rt, and 60-, minute net access to
population, A60p,t, estimated with WWI and WWII as explanatory variables: 1876 to
2014 (N = 137)

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: A60p,t

Lagged ridership, Rt−2 9.44E-01 1.35E-02 0.000

0.985

Lagged change in 60-minute net access, ∆A60p,(t−1)−(t−2) 5.23E-04 3.53E-04 0.141

Lagged change in catchment population, ∆P(t−1)−(t−2) 1.47E-05 1.31E-04 0.911

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 1.74E-02 5.04E-03 0.001

WWI -6.05E+00 1.27E+01 0.635

WWII 8.085E+01 1.11E+01 0.000

Constant 2.21E+01 5.60E+00 0.000

Lagged 60-minute net access, A60p,t−2 9.45E-01 1.14E-02 0.000

0.988

Lagged change in ridership, Rt−(t−1) 1.36E+02 5.90E+01 0.023

Lagged change in catchment population, ∆Pt−(t−1) 1.95E-01 4.36E-02 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -6.12E-01 2.03E+00 0.763

WWI 5.57E+03 4.99E+03 0.267

WWII 1.53E+03 5.14E+03 0.766

Constant 1.27E+04 2.76E+03 0.000

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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A.3 Causal models compared with S-curves

Table A.6 and Table A.7 present results from the temporally segregated models for public
transport ridership and 45-minute net access to population respectively. The goodness
of fits of these models were compared with those from S-curve models in Table 5.5.

116



Table A.6: Temporally segregated models: Aggregate public transport ridership, Rt

Coeff. S.E. p R2

1876 to 1938 (N = 61)

Lagged ridership, Rt−2 1.01E+00 2.03E-02 0.000

0.984

Lagged change in 45-minute access, ∆A45,(t−1)−(t−2) 6.19E-04 6.77E-04 0.364

Lagged change in catchment population, ∆P(t−1)−(t−2) 2.83E-05 1.83E-04 0.877

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 2.48E-02 8.52E-03 0.005

Constant 1.22E+01 5.66E+00 0.035

1946 to 1978 (N = 30)

Lagged ridership, Rt−2 9.33E-01 4.68E-02 0.000

0.948

Lagged change in 45-minute access, ∆A45,(t−1)−(t−2) -8.92E-04 1.69E-03 0.601

Lagged change in catchment population, ∆P(t−1)−(t−2) -9.17E-05 3.03E-04 0.765

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 3.21E-02 1.76E-02 0.080

Constant 6.76E+00 3.03E+01 0.825

1979 to 2014 (N = 34)

Lagged ridership, Rt−2 8.19E-01 8.66E-02 0.000

0.878

Lagged change in 45-minute access, ∆A45,(t−1)−(t−2) 5.32E-07 1.41E-04 1.000

Lagged change in catchment population, ∆P(t−1)−(t−2) 2.90E-04 1.44E-04 0.053

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 1.45E-02 5.92E-03 0.020

Constant 8.39E+01 4.57E+01 0.076

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.

117



Table A.7: Temporally segregated models: 45-minute net aggregate public transport
access to population, A45,t

Coeff. S.E. p R2

1876 to 1946 (N = 69)

Lagged 45-minute access, A45,t−2 9.33E-01 1.57E-02 0.000

0.985

Lagged change in ridership, Rt−(t−1) 5.97E+01 5.39E+01 0.272

Lagged change in catchment population, ∆Pt−(t−1) 1.25E-01 4.37E-02 0.006

Lagged change in GDP-per-capita, ∆Gt−(t−1) -1.00E+00 2.39E+00 0.677

Constant 1.01E+04 2.05E+03 0.000

1947 to 1990 (N = 42)

Lagged 45-minute access, A45,t−2 9.03E-01 2.58E-02 0.000

0.981

Lagged change in ridership, Rt−(t−1) -5.29E+01 4.08E+01 0.203

Lagged change in catchment population, ∆Pt−(t−1) 9.20E-02 3.50E-02 0.012

Lagged change in GDP-per-capita, ∆Gt−(t−1) 9.83E-01 1.60E+00 0.543

Constant 5.69E+03 3.63E+03 0.125

1991 to 2014 (N = 22)

Lagged 45-minute access, A45,t−2 9.64E-01 6.64E-02 0.000

0.963

Lagged change in ridership, Rt−(t−1) -7.85E+01 7.17E+01 0.289

Lagged change in catchment population, ∆Pt−(t−1) 9.68E-02 2.57E-02 0.002

Lagged change in GDP-per-capita, ∆Gt−(t−1) -3.16E+00 2.41E+00 0.206

Constant 8.09E+03 9.15E+03 0.389

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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A.4 Model estimates: Disaggregate station rider-

ship and access

This sections documents results from causal models estimated for disaggregated station
ridership and access.

Table A.8, Table A.9, and Table A.10 present results from models estimating station
ridership and 45- and 60-minute net public transport access for the time periods 1877
to 1940, 1976 to 1990, and 2001 to 2012 respectively.

Additionally, models estimated with changes in station ridership and access as depen-
dent variables are presented by time period in Table A.11, Table A.12 and Table A.13.
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Table A.8: Disaggregate train ridership, Rt, and 45- and 60-minute net access to popu-
lation, A45p,t and A60p,t: 1877 to 1940

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: A45p,t

Lagged ridership, Rt−2 1.03E+00 1.74E-03 0.000

0.985

Lagged change in 45-minute net access, ∆A45p,(t−1)−(t−2) 1.58E+00 2.19E-01 0.000

Lagged change in catchment population, ∆P(t−1)−(t−2) 5.54E+01 1.64E+01 0.001

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 7.61E+01 5.30E+00 0.000

Distance to Central station, D -1.01E+03 1.52E+02 0.000

Constant 4.45E+04 4.77E+03 0.000

Lagged 45-minute net access, A45p,t−2 1.01E+00 2.08E-03 0.000

0.986

Lagged change in ridership, Rt−(t−1) 3.98E-04 1.39E-04 0.004

Lagged change in catchment population, ∆Pt−(t−1) 6.49E+00 1.25E+00 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -7.25E-02 3.93E-01 0.854

Distance to Central station, D -1.83E+02 1.32E+01 0.000

Constant 7.09E+03 4.27E+02 0.000

Dependent variable: ∆Rt−(t−1) Dependent variable: ∆A60,t−(t−1)

Lagged ridership, Rt−2 1.03E+00 1.74E-03 0.000

0.984

Lagged change in 60-minute net access, ∆A60p,(t−1)−(t−2) 5.56E-01 1.18E-01 0.000

Lagged change in catchment population, ∆P(t−1)−(t−2) 5.99E+01 1.65E+01 0.000

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 7.64E+01 5.31E+00 0.000

Distance to Central station, D -1.07E+03 1.53E+02 0.000

Constant 4.61E+04 4.82E+03 0.000

Lagged 60-minute net access, A60p,t−2 1.02E+00 2.23E-03 0.000

0.982

Lagged change in ridership, Rt−(t−1) 2.07E-02 2.98E-03 0.000

Lagged change in catchment population, ∆Pt−(t−1) 1.76E+00 2.32E+00 0.449

Lagged change in GDP-per-capita, ∆Gt−(t−1) -4.65E-01 7.42E-01 0.531

Distance to Central station, D -3.74E+02 2.55E+01 0.000

Constant 1.56E+04 8.63E+02 0.000

Unbalanced panel with 62 time periods (avg. 42) and 159 stations (avg. 108).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.9: Disaggregate train ridership, Rt, and 45- and 60-minute net access to popu-
lation, A45p,t and A60p,t: 1976 to 1990

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: A45p,t

Lagged ridership, Rt−2 1.00E+00 6.17E-03 0.000

0.935

Lagged change in 45-minute net access, ∆A45p,(t−1)−(t−2) 1.69E+00 6.95E-01 0.015

Lagged change in catchment population, ∆P(t−1)−(t−2) -2.05E+00 2.27E+01 0.928

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 6.14E+01 1.14E+01 0.000

Distance to Central station, D -3.26E+02 4.36E+02 0.455

Constant 1.82E+04 1.47E+04 0.215

Lagged 45-minute net access, A45p,t−2 9.54E-01 4.01E-03 0.000

0.989

Lagged change in ridership, Rt−(t−1) 1.37E-03 2.72E-04 0.000

Lagged change in catchment population, ∆Pt−(t−1) 8.87E-01 9.99E-01 0.375

Lagged change in GDP-per-capita, ∆Gt−(t−1) 8.35E-01 5.01E-01 0.096

Distance to Central station, D -1.67E+02 3.07E+01 0.000

Constant 9.10E+03 1.25E+03 0.000

Dependent variable: ∆Rt−(t−1) Dependent variable: ∆A60,t−(t−1)

Lagged ridership, Rt−2 1.00E+00 6.16E-03 0.000

0.935

Lagged change in 60-minute net access, ∆A60p,(t−1)−(t−2) 1.36E+00 3.99E-01 0.001

Lagged change in catchment population, ∆P(t−1)−(t−2) -1.30E+00 2.27E+01 0.954

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 6.09E+01 1.14E+01 0.000

Distance to Central station, D -3.723E+02 4.36E+02 0.394

Constant 1.85E+04 1.47E+04 0.206

Lagged 60-minute net access, A60p,t−2 9.65E-01 3.44E-03 0.000

0.992

Lagged change in ridership, Rt−(t−1) 8.92E-03 2.81E-03 0.002

Lagged change in catchment population, ∆Pt−(t−1) 4.23E-01 1.85E+00 0.819

Lagged change in GDP-per-capita, ∆Gt−(t−1) 1.24E+00 9.31E-01 0.183

Distance to Central station, D -3.00E+02 5.86E+01 0.000

Constant 1.97E+04 2.52E+03 0.000

Unbalanced panel with 13 time periods (avg. 13) and 165 stations (avg. 163).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.10: Disaggregate train ridership, Rt, and 45- and 60-minute net access to pop-
ulation, A45p,t and A60p,t, 45- and 60-minute net access to jobs, A45j,t and A60j,t: 2001 to
2012

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: Rt

Lagged ridership, Rt−2 1.02E+00 2.40E-03 0.000

0.992

1.02E+00 2.40E-03 0.000

0.992

Lagged change in 45-minute net access, ∆A45p,(t−1)−(t−2) -1.96E-01 3.47E-01 0.572

Lagged change in 45-minute net access to jobs, ∆A45j,(t−1)−(t−2) 3.85E-01 2.54E-01 0.129

Lagged change in catchment population, ∆P(t−1)−(t−2) 1.43E+02 2.10E+01 0.000 1.38E+02 2.09E+01 0.000

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) -9.39E+00 9.12E+00 0.303 -6.94E+00 9.09E+00 0.445

Distance to Central station, D -1.06E+03 2.52E+02 0.000 -1.00E+03 2.52E+02 0.000

Constant 3.26E+04 1.14E+04 0.004 2.81E+04 1.14E+04 0.014

Dependent variable: A45p,t Dependent variable: A45j,t

Lagged 45-minute net access, A45p,t−2 1.01E+00 4.31E-03 0.000

0.991 0.990

Lagged 45-minute net access to jobs, A45j,t−2 1.03E+00 3.96E-03 0.000

Lagged change in ridership, Rt−(t−1) 1.81E-05 2.24E-04 0.936 -3.49E-04 2.58E-04 0.176

Lagged change in catchment population, ∆Pt−(t−1) 1.11E+01 1.54E+00 0.000 1.23E+01 1.87E+00 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -8.90E+00 8.58E-01 0.000 -9.68E+00 1.04E+00 0.000

Distance to Central station, D -7.99E+01 3.66E+01 0.029 -2.58E+01 4.08E+01 0.527

Constant 1.07E+04 1.64E+03 0.000 8.94E+03 1.68E+03 0.000

Dependent variable: Rt Dependent variable: Rt

Lagged ridership, Rt−2 1.02E+00 2.40E-03 0.000

0.992

1.02E+00 2.40E-03 0.000

0.992

Lagged change in 60-minute net access, ∆A60p,(t−1)−(t−2) -3.00E-02 1.60E-01 0.852

Lagged change in 60-minute net access to jobs, ∆A60j,(t−1)−(t−2) 8.99E-02 2.01E-01 0.655

Lagged change in catchment population, ∆P(t−1)−(t−2) 1.42E+02 2.09E+01 0.000 1.41E+02 2.10E+01 0.000

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) -8.91E+00 9.14E+00 0.330 -8.01E+00 9.13E+00 0.381

Distance to Central station, D -1.05E+03 2.51E+02 0.000 -1.03E+03 2.54E+02 0.000

Constant 3.18E+04 1.15E+04 0.006 2.99E+04 1.16E+04 0.010

Dependent variable: A60p,t Dependent variable: A60j,t

Lagged 60-minute net access, A60p,t−2 1.01E+00 4.44E-03 0.000

0.990 0.992

Lagged 60-minute net access to jobs, A60j,t−2 1.04E+00 3.99E-03 0.000

Lagged change in ridership, Rt−(t−1) -1.03E-03 8.34E-03 0.902 -9.61E-04 6.57E-03 0.884

Lagged change in catchment population, ∆Pt−(t−1) 2.02E+01 3.31E+00 0.000 1.72E+01 2.60E+00 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -1.86E+01 1.83E+00 0.000 -1.83E+01 1.45E+00 0.000

Distance to Central station, D -1.34E+02 8.17E+01 0.100 2.71E+01 6.26E+01 0.665

Constant 2.23E+04 3.90E+03 0.000 1.38E+04 2.73E+03 0.000

Unbalanced panel with 10 time periods (avg. 10) and 174 stations (avg. 172).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.11: Change in disaggregate station ridership, ∆Rt−(t−2), and change in 30-, 45-
and 60-minute net access to population, ∆A30p,t−(t−2), ∆A45p,t−(t−2) and ∆A60p,t−(t−2):
1877 to 1940

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆A30p,t−(t−2)

Lagged change in 30-minute net access, ∆A30p,(t−1)−(t−2) 4.16E+00 7.22E-01 0.000

0.080

Lagged change in catchment population, ∆P(t−1)−(t−2) 5.77E+01 1.70E+01 0.001

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 7.65E+01 5.44E+01 0.000

Distance to Central station, D -2.05E+03 1.45E+02 0.000

Constant 8.67E+04 4.30E+03 0.000

Lagged change in ridership, Rt−(t−1) 4.16E-03 4.95E-04 0.000

0.117

Lagged change in catchment population, ∆Pt−(t−1) 5.35E+00 3.85E-01 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -1.89E-01 1.23E-01 0.124

Distance to Central station, D -5.51E+01 3.31E+00 0.000

Constant 1.99E+03 1.82E+02 0.000

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆A45p,t−(t−2)

Lagged change in 45-minute net access, ∆A45p,(t−1)−(t−2) 1.73E+00 2.24E-01 0.000

0.084

Lagged change in catchment population, ∆P(t−1)−(t−2) 6.43E+01 1.68E+01 0.000

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 7.67E+01 5.42E+00 0.000

Distance to Central station, D -1.96E+03 1.46E+02 0.000

Constant 8.29E+04 4.36E+03 0.000

Lagged change in ridership, Rt−(t−1) 1.68E-02 1.60E-03 0.000

0.113

Lagged change in catchment population, ∆Pt−(t−1) 5.75E+00 1.24E+00 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -5.49E-01 3.97E-01 0.166

Distance to Central station, D -2.29E+02 1.07E+01 0.000

Constant 8.76E+03 3.17E+02 0.000

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆A60p,t−(t−2)

Lagged change in 60-minute net access, ∆A60p,(t−1)−(t−2) 6.39E-01 1.21E-01 0.000

0.079

Lagged change in catchment population, ∆P(t−1)−(t−2) 6.92E+01 1.68E+01 0.000

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 7.71E+01 5.44E+00 0.000

Distance to Central station, D -2.01E+03 1.47E+02 0.000

Constant 8.45E+04 4.42E+03 0.000

Lagged change in ridership, Rt−(t−1) 2.13E-02 2.99E-03 0.000

0.107

Lagged change in catchment population, ∆Pt−(t−1) 1.80E+00 2.33E+00 0.439

Lagged change in GDP-per-capita, ∆Gt−(t−1) -7.52E-02 7.42E-01 0.919

Distance to Central station, D -4.81E+02 2.00E+01 0.000

Constant 1.98E+04 5.94E+02 0.000

Unbalanced panel with 64 time periods (avg. 44) and 159 stations (avg. 110).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.12: Change in disaggregate station ridership, ∆Rt−(t−2), and change in 30-, 45-
and 60-minute net access to population, ∆A30p,t−(t−2), ∆A45p,t−(t−2) and ∆A60p,t−(t−2):
1976 to 1990

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆A30p,t−(t−2)

Lagged change in 30-minute net access, ∆A30p,(t−1)−(t−2) 9.33E+00 2.15E+00 0.000

0.023

Lagged change in catchment population, ∆P(t−1)−(t−2) -5.09E+00 2.25E+00 0.821

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 6.13E+01 1.13E+01 0.000

Distance to Central station, D -3.56E+02 4.11E+02 0.387

Constant 1.88E+04 1.18E+04 0.111

Lagged change in ridership, Rt−(t−1) 2.40E-03 5.23E-04 0.000

0.022

Lagged change in catchment population, ∆Pt−(t−1) 6.08E-01 3.45E-01 0.078

Lagged change in GDP-per-capita, ∆Gt−(t−1) 9.18E-02 1.74E-01 0.597

Distance to Central station, D 2.78E+01 6.27E+00 0.000

Constant -7.37E+02 1.80E+02 0.000

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆A45p,t−(t−2)

Lagged change in 45-minute net access, ∆A45p,(t−1)−(t−2) 1.69E+00 6.95E-01 0.015

0.017

Lagged change in catchment population, ∆P(t−1)−(t−2) -1.95E+00 2.25E+01 0.931

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 6.14E+01 1.14E+01 0.000

Distance to Central station, D -3.20E+02 4.13E+02 0.438

Constant 1.78E+04 1.18E+04 0.131

Lagged change in ridership, Rt−(t−1) 3.95E-03 1.55E-03 0.011

0.018

Lagged change in catchment population, ∆Pt−(t−1) 3.54E-01 1.02E+00 0.730

Lagged change in GDP-per-capita, ∆Gt−(t−1) 8.24E-01 5.16E-01 0.110

Distance to Central station, D 9.88E+01 1.86E+01 0.000

Constant -2.52E+03 5.33E+02 0.000

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆A60p,t−(t−2)

Lagged change in 60-minute net access, ∆A60p,(t−1)−(t−2) 1.36E+00 3.99-01 0.001

0.019

Lagged change in catchment population, ∆P(t−1)−(t−2) -1.30E+00 2.25E+01 0.954

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 6.09E+01 1.14E+01 0.000

Distance to Central station, D -3.72E+02 4.13E+02 0.367

Constant 1.86E+04 1.18E+04 0.116

Lagged change in ridership, Rt−(t−1) 9.96E-03 2.87E-03 0.001

0.021

Lagged change in catchment population, ∆Pt−(t−1) 5.34E-01 1.89E+00 0.778

Lagged change in GDP-per-capita, ∆Gt−(t−1) 1.31E+00 9.53E-01 0.171

Distance to Central station, D 1.93E+02 3.44E+01 0.000

Constant -4.22E+03 9.86E+02 0.000

Unbalanced panel with 14 time periods (avg. 14) and 165 stations (avg. 163).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.

124



Table A.13: Change in disaggregate station ridership, ∆Rt−(t−2), change in 30-, 45- and
60-minute net access to population, ∆A30p,t−(t−2), ∆A45p,t−(t−2) and ∆A60p,t−(t−2), and
change in 30-, 45- and 60-minute net access to jobs, ∆A30j,t−(t−2), ∆A45j,t−(t−2) and
∆A60j,t−(t−2): 2001 to 2012

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆Rt−(t−2)

Lagged change in 30-minute net access to population, ∆A30p,(t−1)−(t−2) 2.44E+00 1.13E+00 0.031

0.072 0.075

Lagged change in 30-minute net access to jobs, ∆A30j,(t−1)−(t−2) 1.86E+00 5.61E-01 0.001

Lagged change in catchment population, ∆P(t−1)−(t−2) 1.65E+02 2.12E+01 0.000 1.63E+02 2.11E+01 0.000

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) -5.03E+00 9.29E+00 0.589 -5.03E+00 9.22E+00 0.585

Distance to Central station, D -1.56E+03 2.48E+02 0.000 -1.52E+03 2.47E+02 0.000

Constant 6.14E+04 1.08E+04 0.000 6.06E+04 1.08E+04 0.000

Dependent variable: ∆A30p,t−(t−2) Dependent variable: ∆A30j,t−(t−2)

Lagged change in ridership, Rt−(t−1) 3.02E-03 1.27E-03 0.017

0.131

9.40E-03 2.46E-03 0.000

0.094

Lagged change in catchment population, ∆Pt−(t−1) 4.20E+00 5.01E-01 0.000 5.05E+00 9.71E-01 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -2.54E+00 2.80E-01 0.000 -3.05E+00 5.42E-01 0.000

Distance to Central station, D -4.37E+01 7.21E+00 0.000 -1.04E+02 1.40E+01 0.000

Constant 3.84E+03 3.11E+02 0.000 5.95E+03 6.03E+02 0.000

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆Rt−(t−2)

Lagged change in 45-minute net access to population, ∆A45p,(t−1)−(t−2) -1.16E-01 3.54E-01 0.744

0.069 0.070

Lagged change in 45-minute net access to jobs, ∆A45j,(t−1)−(t−2) 3.70E-01 2.59E-01 0.153

Lagged change in catchment population, ∆P(t−1)−(t−2) 1.72E+02 2.11E+01 0.000 1.68E+02 2.11E+01 0.000

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) -8.09E+00 9.32E+00 0.385 -6.01E+00 9.28E+00 0.518

Distance to Central station, D -1.61E+03 2.49E+02 0.000 -1.56E+03 2.49E+02 0.000

Constant 6.64E+04 1.10E+04 0.000 6.26E+04 1.09E+04 0.000

Dependent variable: ∆A45p,t−(t−2) Dependent variable: ∆A45j,t−(t−2)

Lagged change in ridership, Rt−(t−1) -1.84E-03 3.90E-03 0.636

0.139

7.92E-03 4.80E-03 0.099

0.135

Lagged change in catchment population, ∆Pt−(t−1) 1.18E+01 1.54E+00 0.000 1.17E+01 1.90E+00 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -8.88E+00 8.61E-01 0.000 -9.77E+00 1.06E+00 0.000

Distance to Central station, D -1.78E+02 2.22E+01 0.000 -2.57E+02 2.73E+01 0.000

Constant 1.53E+04 9.57E+02 0.000 1.77E+04 1.18E+03 0.000

Dependent variable: ∆Rt−(t−2) Dependent variable: ∆Rt−(t−2)

Lagged change in 60-minute net access to population, ∆A60p,(t−1)−(t−2) -2.88E-02 1.64E-01 0.860

0.069 0.069

Lagged change in 60-minute net access to jobs, ∆A60j,(t−1)−(t−2) 5.16E-02 2.06E-01 0.802

Lagged change in catchment population, ∆P(t−1)−(t−2) 1.72E+02 2.11E+01 0.000 1.71E+02 2.12E+01 0.000

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) -7.91E+00 9.34E+00 0.397 -7.29E+00 9.33E+00 0.435

Distance to Central station, D -1.61E+03 2.48E+02 0.000 -1.59E+03 2.51E+02 0.000

Constant 6.61E+04 1.10E+04 0.000 6.48E+04 1.11E+04 0.000

Dependent variable: ∆A60p,t−(t−2) Dependent variable: ∆A60j,t−(t−2)

Lagged change in ridership, Rt−(t−1) 1.49E-03 8.30E-03 0.858

0.118

2.95E-03 6.73E-03 0.662

0.195

Lagged change in catchment population, ∆Pt−(t−1) 2.14E+01 3.29E+00 0.000 1.91E+01 2.66E+00 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -1.85E+01 1.83E+00 0.000 -1.86E+01 1.49E+00 0.000

Distance to Central station, D -3.19E+02 4.73E+01 0.000 -4.52E+02 3.83E+01 0.000

Constant 3.15E+04 2.04E+03 0.000 3.47E+04 1.65E+03 0.000

Unbalanced panel with 11 time periods (avg. 11) and 174 stations (avg. 172).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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A.5 Estimates of models with wars as dummy vari-

ables: Disaggregate station ridership and access

during 1877 to 1940

Table A.14, Table A.15, and Table A.16 present the results from causal models estimated
on train station ridership and net 30-, 45-, and 60-mintue public transport access to
population from stations with years under World War I (WWI) and World War II
(WWII) included as dummy variables respectively.

Table A.14: Disaggregate train ridership, Rt, and 30-minute net access to population,
A30p,t, estimated with WWI and WWII as explanatory variables: 1877 to 1940

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: A30p,t

Lagged ridership, Rt−2 1.03E+00 1.74E-03 0.000

0.985

Lagged change in 30-minute net access, ∆A30p,(t−1)−(t−2) 3.86E+00 7.01E-01 0.000

Lagged change in catchment population, ∆P(t−1)−(t−2) 4.16E+01 1.66E+01 0.012

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 7.76E+01 5.32E+00 0.000

Distance to Central station, D -1.08E+03 1.51E+02 0.000

WWI 9.79E+03 6.62E+03 0.139

WWII -7.97E+04 8.81E+03 0.000

Constant 4.96E+04 4.73E+03 0.000

Lagged 30-minute net access, A30p,t−2 1.01E+00 1.65E-03 0.000

0.990

Lagged change in ridership, Rt−(t−1) 9.41E-05 4.26E-05 0.027

Lagged change in catchment population, ∆Pt−(t−1) 5.71E+00 3.90E-01 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -6.64E-02 1.25E-01 0.594

Distance to Central station, D -4.32E+01 3.95E+00 0.000

WWI -1.97E+02 1.58E+02 0.213

WWII -3.94E+02 2.08E+02 0.058

Constant 1.61E+03 1.25E+02 0.000

Unbalanced panel with 62 time periods (avg. 42) and 159 stations (avg. 108).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.15: Disaggregate train ridership, Rt, and 45-minute net access to population,
A45p,t, estimated with WWI and WWII as explanatory variables: 1877 to 1940

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: Rt Dependent variable: A45p,t

Lagged ridership, Rt−2 1.03E+00 1.74E-03 0.000

0.985

Lagged change in 45-minute net access, ∆A45p,(t−1)−(t−2) 1.59E+00 2.17E-01 0.000

Lagged change in catchment population, ∆P(t−1)−(t−2) 4.78E+01 1.65E+01 0.004

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 7.77E+01 5.31E+00 0.000

Distance to Central station, D -1.01E+03 1.52E+02 0.000

WWI 9.80E+03 6.61E+03 0.138

WWII -7.98E+04 8.80E+03 0.000

Constant 4.64E+04 4.76E+03 0.000

Lagged 45-minute net access, A45p,t−2 1.01E+00 2.09E-03 0.000

0.986

Lagged change in ridership, Rt−(t−1) 4.10E-04 1.40E-04 0.003

Lagged change in catchment population, ∆Pt−(t−1) 6.56E+00 1.26E+00 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -7.02E-02 4.03E-01 0.862

Distance to Central station, D -1.81E+02 1.32E+01 0.000

WWI -4.00E+02 5.12E+02 0.434

WWII -1.21E+03 6.75E+02 0.073

Constant 7.10E+03 4.28E+02 0.000

Unbalanced panel with 62 time periods (avg. 42) and 159 stations (avg. 108).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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Table A.16: Disaggregate train ridership, Rt, and 60-minute net access to population,
A60p,t, estimated with WWI and WWII as explanatory variables: 1877 to 1940

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: ∆Rt−(t−1) Dependent variable: ∆A60,t−(t−1)

Lagged ridership, Rt−2 1.03E+00 1.74E-03 0.000

0.985

Lagged change in 60-minute net access, ∆A60p,(t−1)−(t−2) 5.76E-01 1.18E-01 0.000

Lagged change in catchment population, ∆P(t−1)−(t−2) 5.23E+01 1.65E+01 0.002

Lagged change in GDP-per-capita, ∆G(t−1)−(t−2) 7.81E+01 5.32E+00 0.000

Distance to Central station, D -1.05E+03 1.52E+02 0.000

WWI 9.88E+03 6.62E+03 0.136

WWII -8.03E+04 8.82E+03 0.000

Constant 4.79E+04 4.82E+03 0.000

Lagged 60-minute net access, A60p,t−2 1.01E+00 2.54E-03 0.000

0.982

Lagged change in ridership, Rt−(t−1) 7.74E-04 2.64E-04 0.000

Lagged change in catchment population, ∆Pt−(t−1) 2.56E+00 2.34E+00 0.275

Lagged change in GDP-per-capita, ∆Gt−(t−1) 2.16E-01 7.53E-01 0.774

Distance to Central station, D -3.87E+02 2.56E+01 0.000

WWI -1.22E+03 9.55E+02 0.202

WWII -1.44E+03 1.27E+03 0.257

Constant 1.63E+04 8.63E+02 0.000

Unbalanced panel with 62 time periods (avg. 42) and 159 stations (avg. 108).

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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A.6 Model estimates: Public transport mode shares

and net access to population and jobs

In Table A.17, I present the results from causal models estimated on mesh block public
transport shares and 30- and 60-minute net public transport access to population and
jobs for the period – 1991 to 2011.
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Table A.17: Public transport mode share, St, 30- and 60-minute net access to population,
A30p,t and A60p,t, and 30- and 60-minute net access to jobs, A30j,t and A60j,t: 1991 to
2011

Coeff. S.E. p R2 Coeff. S.E. p R2

Dependent variable: St Dependent variable: St

Lagged public transport share, St−1 8.60E-01 5.276E-03 0.000

0.676

8.51E-02 5.27E-03 0.000

0.677

Lagged neighbours’ public transport share,
∑
WNSt−1 -3.78E-03 5.07E-03 0.456 -4.98E-04 5.06E-03 0.922

Lagged change in 30-minute net access to population, ∆A30p,t−(t−1) 2.94E-05 5.27E-07 0.000

Lagged change in 30-minute net access to jobs, ∆A30j,t−(t−1) 2.71E-05 4.33E-07 0.000

Lagged change in catchment population, ∆Pt−(t−1) 9.11E-04 1.70E-05 0.000 9.08E-04 1.65E-05 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) 3.25E-05 1.91E-06 0.000 2.01E-05 1.95E-06 0.000

Constant 2.38E+00 1.60E-02 0.000 2.50E+00 1.65E-02 0.000

Dependent variable: A30p,t Dependent variable: A30j,m,t

Lagged 30-minute net access to population, A30p,t−1 8.53E-01 1.05E-03 0.000

0.653 0.823

Lagged 30-minute net access to jobs, A30j,t−1 1.05E+00 1.12E-03 0.000

Lagged change in public transport share, St−(t−1) 4.69E+02 1.23E+01 0.000 5.22E+02 1.81E+01 0.000

Lagged change in catchment population, ∆Pt−(t−1) 4.20E+00 6.57E-02 0.000 3.00E+00 8.56E-02 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -1.52E+00 8.87E-03 0.000 -1.04E+00 1.33E-02 0.000

Constant 1.36E+04 4.73E+01 0.000 7.64E+03 5.37E+01 0.000

Dependent variable: St Dependent variable: St

Lagged public transport share, St−1 8.56E-01 5.25E-03 0.000

0.677

8.41E-02 5.25E-03 0.000

0.679

Lagged neighbours’ public transport share,
∑
WNSt−1 -2.77E-03 5.06E-03 0.583 2.72E-03 5.04E-03 0.590

Lagged change in 60-minute net access to population, ∆A60p,t−(t−1) 9.35E-06 1.21E-07 0.000

Lagged change in 60-minute net access to jobs, ∆A60j,t−(t−1) 1.46E-05 1.61E-07 0.000

Lagged change in catchment population, ∆Pt−(t−1) 9.07E-04 1.66E-05 0.000 8.84E-04 1.59E-05 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) 3.76E-06 1.94E-06 0.053 -2.91E-05 2.05E-06 0.000

Constant 2.44E+00 1.61E-02 0.000 2.62E+00 1.63E-02 0.000

Dependent variable: A60p,t Dependent variable: A60j,t

Lagged 60-minute net access to population, A60p,t−1 9.88E-01 4.53E-04 0.000

0.865 0.919

Lagged 60-minute net access to jobs, A60j,t−1 1.06E+00 3.65E-04 0.000

Lagged change in public transport share, St−(t−1) 2.47E+03 5.52E+01 0.000 1.49E+03 3.92E+01 0.000

Lagged change in catchment population, ∆Pt−(t−1) 9.88E+00 2.27E-01 0.000 6.12E+00 2.19E-01 0.000

Lagged change in GDP-per-capita, ∆Gt−(t−1) -3.91E+00 3.87E-02 0.000 -2.89E+00 3.50E-02 0.000

Constant 4.29E+04 2.05E+02 0.000 2.71E+04 1.81E+02 0.000

Lag = 5 years.

Balanced panel with 4 time periods and 58,819 mesh blocks.

Catchment population indicates people living within 15-minute walking radius of public transport stations.

GDP per-capita values are inflation adjusted and available in 2011 USD from Bolt and Van Zanden, 2020.
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