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▪Public transport (PT) is key in the urban 
context for, at least:
▪ Mitigating global and local pollutants

▪ Addressing social justice concerns

▪ Making efficient use of resources

▪However, PT infrastructure is very 
costly

▪Not only initial costs, but also operation 
& maintenance costs are burdensome 
(Murakami, 2012).
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The role of public transport systems
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While governments are constrained,

PT generates special and direct

benefits that induce land value

uplifts, e.g.:

▪ London, UK, 2.4 times (TfL, 2017);

▪ Perth, Australia, 0.6-1.3 times

(McIntosh, 2015)

▪ Shanghai, China – 50% of

economic benefits go to real estate

value (Liu et al., 2018).

Economic benefits
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Mobilizing the economic benefits

Sharing the economic benefits between landowners and the city

can help to expand and maintain PT systems:

• Emblematic: Hong Kong (R+P) and Tokyo, Japan (land

readjustment);1

• Crossrail (London), BRS 32% (£4.7 bn);2

• Ext. line 7 (New York, U.S.), 98% (US$2.4 bn);2

• Ouro Metro Line (Sao Paulo, Brazil), US$150 M.3

References: 1) Suzuki et al. (2015); 2)Salon et al. (2019); 3) Smolka and Maleronka (2018).
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How?: Land value capture (LVC)

Invest in new 

rail project

Source:
http://www.iifclprojects.com/wp-content/uploads/2018/11/Day-
2_P3_Kathleen-Farrin_Implementing-Urban-Infrastructure-South-
Asia-PPT.pdf

Accessibility 

change

Land value 

uplift

Keep investing –

Network grows

The conceptual cycle of value capture

Retain a 

portion
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Research objective and questions

Objective:

Identify the extent of the potential of LVC for financing public transport drawing

on big data and open-source resources in the case of Greater Mexico City.

The specific research questions (RQ) are:

• How is accessibility to employment enabled by the main public transport

network (MPTN)?

• What is the the willingness to pay for the accessibility generated by the main

public transport network in the residential land market between 2009 and

2019?
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The assessment of value uplift 

Source:

https://www.govtech.com/civic/mapping-tool-ids-potential-land-for-affordable-housing.html

• Hedonic price model: Based on observed
consumer’s behaviour (implicit value).

• Very often the accessibility generated by PT is
represented by oversimplified proxies (Higgins,
2016), e.g.:
• Distance to closest station;
• Number of stations within X radius;
• Binary variables.

• These measures may consider where a journey
start, but not the “effective” level of service.

𝑃𝑖𝑡 = 𝑓(𝑧𝑠𝑖𝑡 , 𝑧𝑙𝑖𝑡)
• Neighbourhood

• Accessibility
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Place-based accessibility measures

▪ Example: total number of jobs that can be reached within 60 

minutes by public transport (cumulative)

Origin

Opportunities at 
destinations

Spatial links/
impedance

𝐴𝑖𝑘 = 

𝑗=1

𝐽

𝑔 𝑊𝑗𝑘 𝑓 𝑡𝑖𝑗
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Impedance functions in accessibility 
measures

𝐴𝑖𝑘 = 

𝑗=1

𝐽

𝑔 𝑊𝑗𝑘 𝑓 𝑡𝑖𝑗

Cumulative rectangular

Negative exponential

Inverse power
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Place-based accessibility measures

▪ Advantages, considers: 

▪ The PT network

▪ Land use (location of destinations), and 

▪ People’s preferences (potentially more)

▪ Challenges:

▪ Data-hungry: Model all-to-all travel time matrices, e.g. 1K x 1K = 

1M

▪ Until recently, only commercial software 

▪ For long time this has been the bottle-neck

10



OpenStreetMap +

OpenTripPlanner +

PT timetables in ‘universal’ format 

(GTFS) 

=
Detailed routes (time departure, 

transfers, variability of services)

Multiple scenarios (past, future, 

proposed or contrafactual)

Open-source software and big data
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RQ1. Main public transport network (2010-2019)
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▪ Routes for:

─ Each origin to every possible destination (All-to-all)

─ 7 temporal scenarios

─ 8 times of departure: accounting for variability of the PT service

─ 5 zone schemes: accounting for spatial aggregations, e.g. MAUP

▪ ~1.3 billion routes by PT

▪ Plus ~230 million by car

▪ All free! 

▪ Google?

RQ1. Accessibility – Travel time matrices
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RQ1. Accessibility change

Change after METRO L12 (2012) Change after BRT L7 (2018)
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RQ2 - Methods

Research strategy:
1. Identify adequate accessibility measure and

parameters

2. Estimate hedonic function considering spatial

structure

3. Illustrate potential of LVC according to the

introduction of a new BRT line (MB-L7)

Sample:
▪ Administrative mortgage records collected by

Federal Mortgage Society

▪ Data used for national housing price index

▪ Size: N=~800K, from 2010 to 2019

All type of employment

Matching employment

Parameters to be estimated

{𝛾, 𝛽, 𝜇}
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RQ2 – Methods – Modelling framework

Spatial multilevel model – Besag-York-Mollie (BYM) 

Non-linear model (estimate accessibility parameters)

• Un-structured random effect

• Spatially structured random effect

• Intrinsic conditional auto-regressive 

(ICAR) 
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Coefficients for accessibility while

controlling for structural and location

characteristics (BYM)

Example:

▪ +¼ SD in accessibility (~13%) on

a £75K dwelling:

Increase of between £675 and

£1,100 (depending on the Stage)

RQ2 – Results – Multilevel spatial model 
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Aggregate benefits BRT-L7 

(2018)

▪ Median housing value for 

each post code

▪ All affected housing stock: 

£157 M (1.5 times L7)

▪ Partial, only top 15 post 

codes: £69 M (0.7 times)

RQ2 – Results – Illustration of potential
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▪ Big data and open-source software are allowing us to re-address old 

questions and ideas.

▪ Consistent findings according to theory…These may contest previous 

neutral findings in the region.

▪ These resources are shown to be useful and relevant tools and are now 

available to quantitative researchers and policy analysts.

▪ Overall, encouraging results informing LVC-based polices

Conclusions
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Thank you!

Do you have questions or 
comments?

Contact:
j.verduzco-torres.1@research.gla.ac.uk
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Appendix 1. LVC instruments
LVC Instrument

Rationale Arrangement Cost type Contributor Infrastructure
Land 

development

Direct Indirect Macro Compulsory Negotiated Voluntary Capital O&M Landowner Developer Before After Existing New

Tax- or fee-based

Land value tax or 

split rate tax          
Betterment 
charges and SAD        
Tax increment 
financing         

Development-based

Land sales or 

leases         
Air rights sales or 
leases        
Joint development

        
Land readjustment 

or redevelopment 
schemes

         

Source: the Author based on Alterman, 2012; Suzuki et al, 2015; Zhao et al., 2012. 22



Appendix 2. Non-linear models

23



Appendix 3. Full spatial BYM model results
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Appendix 4. Limitations

▪ Accessibility analyses do not consider street transit modes explicitly

▪ The property value data is constrained to the formal property market. Still useful since this 

data convers an important share of the total transactions (formal/informal) in the market 

(approx. 50%).

▪ Locational controls (e.g. employment, urban amenities) are estimated in one point of time 

due to the lack of more frequent update of data. These issue could affect OLS estimates but 

more severely than spatially structure models (BYM) since the latter are robust to omitted 

variables (Bivand et al., 2017; Lee, 2016)

▪ Statistical analyses are cross-sectional. Therefore, these do not allow causal inference.
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