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APPENDIX: DETAILED APPROACH AND FINDINGS
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INTRODUCTION



This document supports the published report titled Benefits of Climate Action: Piloting A Global Approach To Measurement, and details the data collection and analysis undertaken to generate headline findings about the benefits of climate action. While the work presented here summarises an ongoing pilot study in four C40 cities – and focuses specifically on the findings in Mexico City – this also forms part of a three-year research programme for C40 that will create a practical and standard approach to benefits measurement for use across cities and climate actions. Further information about this programme can be found in the headline report.1
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APPROACH



The Benefits of Climate Action pilot study is an in-depth exploration of approaches to measuring the benefits of climate action across multiple domains – including social, economic, financial and environmental. The pilot builds on earlier work by C40 and the London School of Economics’ Cities centre (LSE Cities), which developed a high-level framework to categorise benefits.2 From the preliminary scoping research3 and consultation with cities, the following drivers for further study were identified: 



There is a significant gap in data, at both the city level and the action level, which can be used to measure benefits.







There is potential that this data exists at the city level but is not being effectively utilised.







There is demand from cities for a standard approach to measuring the benefits of climate action in order to support a stronger business case for action.



Given these drivers, the current pilot study is framed around two key questions: [1]



What benefits can be measured now, based on the data currently available in cities and feasible methods of analysis?



[2]



How can gaps in data and research be filled and what methods can be employed to improve the measurement of benefits in the future?



Based on these questions, the approach includes two principal components: data collection and data analysis. Raw data from each city is being collected and
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www.c40.org/researches/measuring-benefits Co-benefits of urban climate action: A framework for cities, C40 and LSE Cities, 2016. 3 The Co-Benefits of Sustainable City Projects, C40 and DAMVAD Analytics, 2015. 2



analysed, and combined with evidence from existing literature and tools to identify replicable methods for measuring benefits. The pilot explores the benefits of five climate actions in four cities:4 



Bikeability and walkability in Mexico City







Urban forestry in Melbourne







Clean energy retrofits in New York City







Bus Rapid Transit in Santiago. 5



This scope allows an in-depth exploration of the approach, acknowledging that the small number of actions represent only part of the whole benefits framework, and that the cities involved in this study are only a small sample among all cities in the world, or even among all C40 cities. The findings will be shared and reviewed by a wider group of cities through C40’s network programmes, enabling enhanced testing of the approach.



2.1



DATA COLLECTION



Building on the high-level benefits framework created by C40 and LSE Cities,6 a detailed data collection template was developed for each pilot action to enable cities to collect data across economic, social and environmental indicators. These templates highlight specific metrics and data points that illustrate the policy, institutional and physical context in which climate actions took place, as well as the change and impact brought about by those actions. The templates call for data recorded pre- and post-implementation of the action wherever possible. By developing a framework of the ideal benefits data, it was possible to understand the availability of relevant data from city institutions – both “ideal” data and proxy data points. An initial round of data collection was undertaken working with the lead city government team. This was followed by a data gap analysis to determine whether alternative data sources would be needed to estimate the full range of potential benefits in the city. Further data collection was undertaken via: 



targeted interviews with a wider range stakeholders, both from city departments and external organisations (e.g. utilities) to identify existing but currently ‘unused’ data







an extensive literature review to identify benchmarks from other cities and similar research that could be used to fill data gaps.7
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It is important to recognise that cities will have different priorities and will be at different stages in terms of collecting and analysing data related to actions they have delivered. 5 Note in Santiago this pilot complements existing research the city is already undertaking. 6 Annex 1 and 2, Co-benefits of urban climate action: A framework for cities, C40 and LSE Cities, 2016. 7 A full list of data sources will be provided in the final report.



Data types Data collection focuses on three main types of data that illustrate the benefits of an action: Action data: Data about the attributes of the action itself, including the policy context, related actions, cost and scale, among other points. In Mexico City, this data was largely available from city departments and partner organisations, such as EcoBici and the Institution for Transportation and Development Policy (ITDP). Output data: Data about the change that emerged as a result of the action, for example the increase in numbers of cyclist and pedestrian trips in Mexico City, or the average journey time and length, which form critical benchmarks to measure benefits using proxies from other sources. Outcome data: Data about the impact of the action in the city itself, which is a direct indicator of benefits. For example, in Mexico City the government team provided data showing that reported crimes along Madero Street have decreased by around 96% since the street was pedestrianised.



2.2



DATA ANALYSIS



After compiling the available data, analysis followed three main lines of enquiry to explore effective methods of benefits measurement: [1]



To use Mexico City’s own data to identify trends over time that align with the introduction of a climate action, and which may potentially imply a benefit.



[2]



To apply benchmarks from the literature review to Mexico City’s data, to convert action and output data into outcomes (benefits) based on evidence from elsewhere.



[3]



To develop a simple cost-benefit tool based on the findings of other comparable studies, which offers a breakdown of likely benefits across a number of categories using the capital and operational costs of a given climate action.



We also used existing benefits evaluation tools to help understand the value they bring given the available data, to ensure cities are familiar with these tools, and to ensure a future C40 approach builds on the existing methods. For Mexico City, we explored the World Health Organisation’s Health Economics Assessment Tool (WHO HEAT). Together, these approaches enabled observations for the stated research questions. Initial important findings are set out in the headline report.



Existing toolbox for measuring benefits There are several publicly available tools which enable measurement of the benefits of cycling and walking. For the purposes of this research we have used the WHO’s HEAT Tool. This tool undertakes a high level economic assessment of the benefits of implementing cycling or walking interventions in a city. Further information is presented in the findings section below. The Integrated Transport and Health Impact Modelling Tool 8 (ITHIM) is also available for analysis of modal shifts to walking and cycling, focusing on impacts including air pollution, physical activity and injuries from traffic accidents. This tool is gradually evolving to become completely open source and is being adapted to become more generalisable across cities, as well as to include other impact pathways beyond those already covered such as speed, junctions, weather and topographic conditions, segregated infrastructure, climate pollutants and city-wide aspects (e.g. design, land-use density and diversity). Other available tools include the Benefit-Cost Analysis of Bicycle Facilities tool9 from the US Pedestrian and Bicycle Information Centre, and the National Propensity to Cycle Tool for England.10



Range of benefits When using benchmarked data to estimate benefits in a city, it is important to note that no single benchmark will be absolutely accurate for the city under study. By using a range of comparators from other cities, a range of possible benefits will also emerge which provides an indicator of the robustness of results. For example, drawing on 16 comparator cities to estimate the economic benefits of bike lanes in Mexico City: Physical Fitness economic benefits range from £1,727 to £33,387 Greenhouse gases economic benefits range from £77 to £1,086 In these examples, the comparator cities diverge significantly in the benefits they have realised. This can be due to the different sizes of the city, scale of the action, uptake of the action by residents, quality of the infrastructure, and many other factors. The accuracy of the estimated range can be improved by utilising benchmarks from cities that are more closely aligned with the characteristics of Mexico City. This would include GDP, population, scale of the intervention, and uptake rates, among other factors.
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Centre for Diet and Activity Research, available at http://www.cedar.iph.cam.ac.uk/research/modelling/ithim/ Available at http://www.pedbikeinfo.com/bikecost/ 10 Available at http://pct.bike/ 9



3



FINDINGS: DEMONSTRATING THE WIDER BENEFITS OF CLIMATE ACTION



3.1



THE BENEFITS OF CYCLING IN MEXICO CITY



Key findings 



The potential net present benefits of Mexico City’s bike lanes could total more than US $65 million, generating a benefit-cost ratio of 5.48 to 1.11 In other words, the estimated benefits outweigh the costs by more than 5 times.







The EcoBici bike share scheme has generated 366 jobs between 2010 and 2015.







It is estimated that 26 hours of physical activity per user per year have been gained due to use of EcoBici instead of less active modes of transport.







An average EcoBici user spends approximately 47-82 minutes per week doing physical activity related to their bike share journey.







Cycling may help to prevent 10 deaths in Mexico City per year due to the protective benefits of increased physical activity.12







Total greenhouse gas emissions savings due to use of EcoBici instead of motorised modes are nearly 1,190 tonnes per year, equivalent to almost 2.6 million miles driven by an average passenger vehicle.13



An EcoBici survey of user perceptions found that 82% of the users noticed positive quality of life improvements since they started using the bike share programme. With Mexico City’s commitment to expanding and improving cycling infrastructure together with promoting cycling to citizens, the city has seen an increase in the number of cyclists over time. The graph below illustrates the total number of registered EcoBici users in each year from 2010 to 2015, as a proxy for the overall growth in cyclists over time given the absence of city-wide cyclist data. The graph shows a gradual increase in bicycle users between 2010-12 following the launch of EcoBici and as Mexico City began to expand the network of bike lanes. It is important to note that this is only an estimate, acknowledging that the aggregate user data might hide the fact that some individuals may register multiple times in a year for short-term (1-day, 3-day or week-long)
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A benefit-cost ratio greater than 1 means that the benefits outweigh the costs of the project, 5.48 is a good benefit-cost ratio. 12 The WHO HEAT tool calculation for prevented deaths considers the risks associated with cycling, but does not specifically subtract the estimated deaths due to road accidents. 13 Per the US Environmental Protection Agency GHG equivalencies calculator https://www.epa.gov/energy/greenhousegas-equivalencies-calculator



passes. For the purposes of this study, it is also assumed that all registered users are actively using the EcoBici network; dormant members are not considered. 2012 was a landmark year. The number of bikes in the bike share programme almost tripled, while the length of bike lanes was increased to almost five times the available length in 2010. Potentially as a result of these actions, 2013 saw a 14% increase in the number of registered EcoBici users. This suggests that expansion of cycling facilities stimulates uptake - a conclusion which follows the general principle of transport supply and demand which has long been established in relation to road networks.



Figure 1: Number of EcoBici users compared with availability of cycling infrastructure.



According to Climate Action in Megacities 3.0,14 the modal share of cycling currently hovers between 1-2% in Mexico City. The increase in cyclists is a direct output of the city’s investment in bicycle facilities. By combining this data with other information about the city, we are also able to explore outcomes.
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Climate Action in Megacities 3.0, C40-Arup Partnership, 2015.



The distribution of benefits within a population It is important to note that the growth in bicycle users is not distributed evenly across the Mexico City population. Ecobici user data highlights that men are three times more likely to be members of the bike share programme than women; 75% of all trips are taken by men. Furthermore, Ecobici users must be at least 16 years of age; the average age of users is 34. Therefore more benefits accrue to male adults of working age than to other groups. This is supported by wider research, one study in London found that “London’s bicycle sharing system has positive health impacts overall, but these benefits are clearer for men than for women, and for older users than for younger users”. 15 This information can be valuable to cities in identifying which users to target in future, and how best to expand their cycle network. The neighbourhoods served by a bike share scheme also has a huge impact on the distribution of benefits. The scale of the EcoBici scheme means it extends much farther than the city centre, and is accessible to more neighbourhoods, thereby distributing benefits more widely.
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Health effects of the London bicycle sharing system: health impact modelling study, Woodcock et al., The BMJ, 2014.



3.1.1



ECONOMIC BENEFITS OF CYCLING ACTIONS



Financial benefits Investment in cycling infrastructure brings financial benefits to cities. As part of this study, we explored the high-level distribution of financial benefits created for Mexico City due to the installation of bike lanes. The financial benefits incorporate specific benefits from all other categories (as discussed in later sections), but quantified under a common dollar metric. Drawing on benefit-cost ratio (BCR) benchmarks from other existing research, we were able to create a simple tool to estimate the typical monetised benefits that would emerge from cycling actions of similar size and cost to those in Mexico City. The tool considered a range of economic, social and environmental benefits quantified by other studies beyond typical financial indicators, including monetised results for emissions savings, health improvements and wider economic impacts. BCR data was taken from 16 other schemes and the median ratio was found to be 5.48 to 1, meaning that benefits exceed costs by more than five times. This was used to calculate the net present benefits of Mexico City’s investment in bike lanes. Figure 2 illustrates the range of BCRs extracted from the 16 comparator schemes. Note that the BCR will vary depending on the assumptions applied in the research, the specific benefits they have tried to quantify, and the characteristics of the action being studied. This points towards a need for standardised methods and assumptions for BCR calculations to enable more confident comparison between cities.



Median BCR



Figure 2. Range of BCRs used in the tool



The benefit-cost tool indicates that – based on Mexico City’s estimated total expenditure on bike lane infrastructure to date16 - the potential net present benefits could total more than US $65 million. The breakdown of net present value benefits is illustrated in figure 3. It can be seen that the major source of financial benefits accrues in relation to improved physical fitness, where the value of benefits is estimated to exceed $44.6 million. Combined, reduction of traffic congestion and improvements in journey ambience17 are estimated to yield a further $9 million of benefits.



Figure 3: Breakdown of net present value benefits from Mexico City’s bike lanes.



The economics of health benefits The financial analysis summarised above has highlighted health and physical activity as primary benefits for Mexico City’s bike lane users. Having identified this at a high level, it is possible to interrogate this topic in more detail using the WHO HEAT tool18 combined with user data from EcoBici. Based on an average EcoBici trip length of 13.28 minutes19 and an assumption that each user would cycle on 124 days in the year,20 it can be estimated that each person spends 5.3 minutes cycling per day averaged across the whole year.21 The HEAT tool estimates that this level of cycling will prevent 10 deaths in Mexico City each year due to the health benefits of physical activity. A more accurate estimate may be possible by interrogating the specific travel history of each user group to account for the variability in use.22
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Estimated as actual data is confidential. Typically, “journey ambience” is considered to include aspects that contribute to the quality of a traveller’s journey, including traveller care (e.g. availability of suitable facilities and information), traveller’s views (i.e. attractiveness of the route) and traveller stress (the mental and physiological effects of a journey, e.g. frustration, fear of accidents, route uncertainty, etc.). 18 http://www.heatwalkingcycling.org/ 19 EcoBici user data, 2016. 20 Based on data from Stockholm: Distance, time and velocity as input data in cost-benefit analyses of physically active transportation, Schantz and Stigell, 2008, in Proceedings from the 2nd International Congress on Physical Activity and Public Health, Amsterdam, 2008 http://www.gih.se/upload/Forskning/Rorelse_halsa_miljo/ 21 5.3 minutes was calculated as follows (13.28 * number of trips) / (total annual users / 124 days) 22 It should be noted that the results of the HEAT tool will change depending on the input figures. Therefore it is important to use data that is as robust and accurate as possible to ensure the results accurately reflect the scheme being looked at. 17



Based on the Value of Statistical Life (VSL)23 for Mexico - stated in the HEAT tool as US $280,000 - the annual value of saved lives is estimated to be US $2,842,000.24 However, the VSL for Mexico varies between US $235,00025 and $325,00026 according to different sources. This means the annual value of saved lives due to cycling varies between US $2,385,000 and US $3,250,000 per year. This variation in VSL is an important observation for cities undertaking benefits measurement and quoting such statistics in a business case for action. To elaborate on the HEAT findings still further, the New Zealand Transport Agency estimates a saving of NZ $2.14 (US $1.51) per kilometre cycled compared with a kilometre travelled by car, taking into account morbidity, mortality and health sector costs.27 Using this reference, the monetised health benefits due to journeys in Mexico City taken by EcoBici instead of by car or taxi are estimated at US $26 million, based on a total of 23,954 car kilometres replaced. Given that no savings data was available for other modes of transport, only car and taxi transport modes were included in this analysis. Ideally a reference from a similar country or city context would be used, but in the absence of this the accuracy of results could be improved by adjusting estimated savings to better reflect morbidity, mortality and health sector costs in Mexico City; this is an area for potential future research. These methods offer additional metadata to illustrate the health benefits identified by the simple cost-benefit analysis (figure 3). However, they do not allow cities to investigate more specific health outcomes that would be observable on the ground. While the monetised amount identified may be recognisable to economists and investors, it may be an abstract measurement for many city officials, politicians and – most of all – citizens. It is important to combine this information with other approaches to ensure suitable messages can be generated for each audience. Further insights into health benefits are presented in section 4.1.2 Social benefits section.



Where assumptions are used, they should be as accurate as possible to the scheme being evaluated, and should be used consistently for all comparable analyses. 23 VSL is a measure of the value an individual places on changes in their likelihood of death, calculated in terms of the risks that people are voluntarily willing to take and how much they must be paid for taking them. There are different methods of calculating VSL in economics, meaning that the VSL for any country can vary by source. 24 This forms part of the total financial value of health benefits identified in the previous graph. 25 http://data.worldbank.org/indicator/SP.DYN.CDRT.IN?year_high_desc=false 26 https://www.ncbi.nlm.nih.gov/pubmed/16929475 27 The cardio commute: can it save the world? Canadian Association of Physicians for the Environment. 2012. http://cape.ca/wp-content/uploads/2015/07/capefactsheetcardiocommute2.pdf



Benefits to growth and jobs In terms of direct evidence of economic benefits, the EcoBici bike share scheme is a more visible indicator for Mexico City than the bike lane infrastructure. An annual membership of EcoBici costs 400 pesos (US $20). Based on the number of registered users to date, this means that EcoBici has stimulated US $3,922,580 of direct spend in the economy between 2010 and 2015.28 Furthermore, the rate of spend by registered EcoBici members is on an upwards trajectory. The EcoBici scheme has generated 366 jobs between 2010 and 2015.29 As the scale of the scheme continues to grow, job creation can be expected to increase. EcoBici stimulates a whole supply chain; from bicycle manufacturers and docking station installers, to maintenance teams and insurers. Thus, an economic sector develops around a single cycling intervention, which generates wider investment and employment. These indirect benefits have not been estimated here, but similar work is being undertaken by C40 in relation to valuing the environmental goods and services sector in cities – the learnings of which will feed into future benefits research. There is also evidence (see case studies below) to show that increased cycling in cities brings increased footfall in local shops and outlets, which serves to improve the viability and financial sustainability of small businesses. Furthermore, evidence from other cities indicates that the inclusion of bike lanes along city streets can help to attract businesses back to local neighbourhoods and reverse the vacancy rates of stores and commercial spaces. It has not been possible to apply this thinking using the data currently available from Mexico City, however with more comprehensive data collection this would be possible. Examples from other cities provide an indication of potential benefits: Case study: Increased trade in San Francisco and Seattle’s local stores Bicycle lanes were added to Valencia Street in the Mission District of San Francisco by reducing driving lanes from two to one in each direction, while retaining on-street parking. When local merchants were surveyed about its impacts, the results showed 63% felt that the number of customers arriving by bicycle increased; 56% felt that the number of local residents shopping there had increased; and 37% reported sales increases overall.30 Similarly, retail sales data were used to analyse the impacts that bike lane development had on local businesses in Seattle. While the bike lanes had caused the loss of some on-street parking spaces, the results showed up to a 400% increase in sales after bicycle lanes were installed. 31



28



For the purposes of this study it was not possible to assess how this money would otherwise have been spent. It is also important to note that operational expenditure for the EcoBici scheme is not included in this calculation. 29 Based on EcoBici data, 2016. It is not possible to determine what the job creation multiplier might have been, had the city chosen an alternative investment to EcoBici. 30 Business Performance in Walkable Shopping Areas, Active Living Research, 2013. http://activelivingresearch.org/files/BusinessPerformanceWalkableShoppingAreas_Nov2013.pdf 31 Economic Value of Walkability, Litman, Victoria Transport Policy Institute, 2014. http://vtpi.org/walkability.pdf



Establishing bike paths on 8th and 9th Avenues in Manhattan, New York, increased local business retail sales by up to 49%, compared with a 3% background increase in sales borough-wide.32 Developing bus and bike lanes on 1st and 2nd Avenues helped to reduce commercial vacancy rates by 47%, compared with 2% borough-wide.33



Economic benefits to citizens There are economic benefits at the individual level too, focused primarily around the reduced costs of cycling compared with other transport modes. According to the World Resources Institute (WRI), the average car user in Mexico City’s Sante Fe District (a commercial hub) spends over US $1,700 per year on gas and vehicle maintenance.34 For people on the lowest salaries, this could be up to 20% of their total income. Citizens using public transportation may on average spend $900 per year for transport requirements. By comparison, at $20 per year EcoBici provides a far more affordable alternative for transport for local journeys,35 or may provide improved access to public transport options for citizens who would otherwise have travelled by car. Improved access to transportation has been demonstrated widely to yield benefits for individual livelihoods and quality of life, enabling access to jobs, services and social networks. By increasing affordability of travel through better cycling infrastructure, Mexico City may be opening new opportunities to lower income communities. With enhanced data collection it may in future be possible to quantify the value of these opportunities.
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Economic Value of Walkability, Litman, Victoria Transport Policy Institute, 2014. http://vtpi.org/walkability.pdf Economic Value of Walkability, Litman, Victoria Transport Policy Institute, 2014. http://vtpi.org/walkability.pdf 34 Mexico City's Car Congestion Slows Economic Growth, Costs Businesses, Avendano and Jimenez, World Resources Institute, 2015. Accessed 11 Oct. 2016 35 Acknowledging that bike share membership is not a direct replacement for all car travel or public transit, but the comparison of costs can be useful to understand benefits. 33



3.1.2



SOCIAL BENEFITS OF CYCLING ACTIONS



The City of Copenhagen completed an analysis of the social benefits of cycling, including factors such as affordability, security, comfort, tourism, travel times and health. With all of these factors taken into account, the study estimated a net social gain of DKK 1.22 (US $0.18) per kilometre cycled. By comparison, there is an estimated net social loss of DKK 0.69 (US $0.10) per kilometre driven by car.36 Research also shows that 1.2 million kilometres are cycled per year in Copenhagen, compared with 660,000 kilometres travelled by metro.37



Health benefits to the city population The economic analyses above estimate the financial value of health improvements and physical activity as a result of increased cycling in Mexico City. However, the more tangible evidence of health benefits in cities relates to the actual impacts on physical health conditions experienced by the population. Given the growing community of cyclists in Mexico City, it can be assumed that the benefits of increased physical activity are also expanding to an increased proportion of the city population (albeit skewed towards the groups most likely to cycle, as highlighted previously). Based on an average EcoBici trip duration of 13.28 minutes (2016 data) and the total number of EcoBici trips per year, divided by the number of registered users per year, an overall upward trend is evident in the total amount of time spent cycling by each EcoBici user per year (figure 4).38



Figure 4: Average hours cycled per EcoBici user per year.



36



Copenhagen City of Cyclists, City of Copenhagen, 2010. http://www.cycling-embassy.dk/wpcontent/uploads/2011/05/Bicycle-account-2010-Copenhagen.pdf 37 http://denmark.dk/en/green-living/bicycle-culture/copenhageners-love-their-bikes/ 38 Acknowledging that individuals’ use of the scheme will vary.



Added to this, 35% of EcoBici users tend to combine each bicycle trip with ten or more minutes’ of walking at either end of their journey, which further contributes to their physical activity.39 Based on these figures, we estimate that in 2016 65% of users were spending 41 hours a year cycling, while the other 35% of users were spending 71 hours cycling and walking. This implies additional physical activity over and above the norm. Data from EcoBici that shows modal shift during the period 2010-15 indicates that an average of 26 hours of physical activity per user per year was gained due to use of EcoBici instead of less active modes of transport (e.g. car, metro, bus).40 Based on this data, in 2015 an average EcoBici user spent 47-82 minutes per week doing physical activity related to their bike share journey. The Centres for Disease Control and Prevention (CDC) advises that 150 minutes of moderateintensity aerobic activity per week is needed to maintain a healthy weight, if combined with a healthy diet.41 Time spent using EcoBici therefore represents between 31-55% of the recommended weekly exercise. Individuals who meet the 150 minute activity target are at lower risk of heart disease, stroke and type 2 diabetes.42 The latter is a particularly significant implication for Mexico City, where the mortality rate of diabetes has been increasing for the past 25 years.43 Approximately 74% of adults in Mexico City are either overweight or obese and these rates are continuing to grow.44 This represents a major health issue, since it has been estimated that every 15 extra kilograms of body weight increase the risk of early death by approximately 30%.45 The average female EcoBici user is 33 years’ old, and the average male user is 35 years’ old. The obesity statistics broadly represent the EcoBici user demographic, and therefore there is potential for the bike share programme to increase physical activity and facilitate weight loss in groups with high prevalence of obesity and overweight. Research shows that a 30 minute bike ride everyday will burn nearly 5 kilograms of fat over a year; modifying this relationship for the average EcoBici journey length suggests that cyclists in Mexico City could burn nearly 2.5 kilograms of fat per year. A lack of appropriate benchmarks has compromised the quantification of more specific health benefits; the analysis relies on incidental data. However, these findings can be more meaningful to politicians and citizens than the high-level, monetised health benefits available from economic assessments, and more investment is needed to enhance the evidence base for this type of analysis.
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EcoBici User Perception Survey, 2015. Assuming that: all trips would have occurred had EcoBici not been available; the pattern of modal shift was similar for each year; the average journey time was of 13.28 minutes each year (2010-2016); the number of trips was the same for all registered EcoBici users; and 100% of the journeys formerly taken by motorised transport was replaced by an EcoBici journey. 41 Physical Activity and Health, Centers for Disease Control and Prevention, 2015. Accessed 11 Oct 2016 42 The cardio commute: can it save the world? Canadian Association of Physicians for the Environment, 2012. 43 INEGI. CONAPO. Instituto Nacional de Estadística y Geografía. Consejo Nacional de Población. INEGI, 2010. Estadísticas de Mortalidad, CONAPO, 2006. 44 Preliminary report ERDM-DF, Instituto Nacional de Salud Pública, Barquera and López-Ridaura et al., 2015. 45 http://www.oecd.org/health/Obesity-Update-2014.pdf 40



Research in Finland found that people who cycled for more than 30 minutes per day had a 40% lower risk of developing diabetes.46



A study in Copenhagen identified that cycling to work reduces the risk of allcause mortality by 28%.47



Road safety benefits Despite the installation of segregated bike lanes and other safety infrastructure in Mexico City, as well as the bike share programme requirement that all users complete an urban biking test, the rate of bicycle accidents on Mexico City streets has increased over the period EcoBici has been operating. The rate of accidents was reviewed in relation to the change in number of trips over time, and the change in number of bicycle stations in the city, showing a positive correlation with both data points. The number of EcoBici accidents per 100,000 trips increases with increasing user numbers and bike share stations. The addition of new bicycles and new docking stations is likely to attract new users, who are more likely to have accidents due to inexperience on the roads. Other road users also take time to become accustomed to cyclists circulating in new areas. For these reasons, there could be an initial increase in number of accidents when new bike share infrastructure is introduced, which reduces with time as new users and surrounding traffic become more familiar with the change. The EcoBici accident statistics vary from the city-wide road accident statistics provided by city government. This highlights the potential to improve the evaluation of road safety benefits by data sharing and collaboration between institutions that collect and manage data, to ensure that data quality is maximised. In the absence of more granular data from Mexico City, the overall upward trend may be corroborated with studies from other cities. An increase in road accidents is not an uncommon observation for urban cycling actions. One study in the Netherlands proposed that around 5-9 life days are lost per person per year among people who transition from car to bicycle for short trips on a daily basis. However, the beneficial effects of increased physical activity (3-14 life months gained) significantly outweigh the safety risks.48 Studies show that the health benefits of cycling outweigh the safety risks by a factor of 20 to one. 49



46 The Finnish Diabetes Prevention Study (DPS), Lindström et al., Diabetes Care,



Dec 2003. All-cause mortality associated with physical activity during leisure time, work, sports and cycling to work, Andersen et al., 2000. 48 Do the Health Benefits of Cycling outweigh the Risks? De Hartog et al., 2010. http://www.jstor.org/stable/27822995?seq=1#page_scan_tab_contents 49 Cycling & Health: What's the evidence, Hillman, 1992, in Cavill and Davis, Cycling England, 2007. 47



Case study: Bicing in Barcelona Barcelona’s bike sharing program (Bicing) was launched in 2007 and currently has 6,000 bicycles and almost 100,000 subscribers.50 A study undertaken in 2011 has quantified the numerous benefits associated with this sharing scheme. It was estimated that this scheme saves an average of 9,000 tons of carbon emissions annually.51 52 As a result of the physical activity of Bicing users, it has been estimated that 12.46 deaths were avoided annually. Compared with car users, the estimated annual change in mortality of the Barcelona residents using Bicing was 0.03 deaths from road traffic incidents and 0.13 deaths from air pollution. Using these statistics, it was estimated that overall the health benefits of using the Bicing system outweigh the risks by a ratio of seventy-seven to one.53



Quality of life benefits An EcoBici survey of user perceptions found that 82% of the users noticed positive quality of life improvements since they started using the bike share programme (see figure 5). The top three improvements cited include better health, feeling more relaxed, and having greater disposable income. In support of these observations, a study by Penn State University found that people who are more physically active tend to report greater general feelings of excitement and enthusiasm, compared with people who are less physically active.54 These findings highlight that not all benefits of climate action are easily quantifiable. It is possible to capture evidence of benefits through other means, such as personal stories, anecdotes, narratives and observations. This points towards a need for proactive consultation between cities and citizens to fully understand the range of benefits experienced from an action. Other city actors can play a role in sharing their stories to help build the qualitative evidence of benefits. Qualitative evidence should be viewed as “data” equal in value to quantitative statistics.
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https://www.bicing.cat/es/informacion/informacion-del-sistema The health risks and benefits of cycling in urban environments compared with car use: health impact assessment study, Rojas-Rueda et al., 2011. 52 Note this is based on the assumption that 90% of users shifted from cars to cycling; therefore this likely influences the high estimate of emissions savings. 53 The health risks and benefits of cycling in urban environments compared with car use: health impact assessment study, Rojas-Rueda et al., 2011. 54 https://www.eurekalert.org/pub_releases/2012-02/ps-pay020812.php 51



Figure 5: Life quality changes noticed by EcoBici users (sample size 960).55



A study undertaken at the University of East Anglia and the Centre for Health Economics at the University of York shows cycling or walking to work is better for people’s mental health and wellbeing than driving to work.56



55 EcoBici



User Perceptions Survey, 2015. https://www.EcoBici.df.gob.mx/sites/default/files/pdf/EcoBici_2014_encuesta.pdf 56 https://www.uea.ac.uk/about/media-room/press-release-archive/-/asset_publisher/a2jEGMiFHPhv/content/walking-orcycling-to-work-improves-wellbeing-university-of-east-anglia-researchers-find



3.1.3



ENVIRONMENTAL BENEFITS OF CYCLING ACTIONS



Greenhouse gas emissions savings Modal shift to cycling can have major environmental benefits due to the avoided motor vehicle emissions. Data from EcoBici surveys show the modes of transport that users report they would have used, had EcoBici not been available. The average distance of avoided travel can be calculated for each mode and converted into an estimate of greenhouse gas emissions 57 saved by EcoBici trips. This was calculated using the average EcoBici travel distance of 3.5 km multiplied by the number of EcoBici trips. By combining these data points, the total emissions saved across cars, taxis, and motorcycles 58 is estimated at nearly 11,000 tonnes over the 5-year period that EcoBici has operated, or 1,190 tonnes per year. Motorised vehicles currently contribute 49% of Mexico City’s total greenhouse gas emissions,59 meaning that continued mode shift will be fundamental to a zero carbon future. Research shows that mode shift from cars to bikes has the greatest impact on emissions savings. When the complete lifecycle of transport modes is taken into account, the greenhouse gas emissions are approximately 21g CO 2 per passenger kilometre travelled by bike, compared with 271g per passenger kilometre travelled by passenger car.60



Figure 6: Estimated greenhouse gas emissions savings due to mode shift to EcoBici, 2010-15.
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Kilograms CO2e per passenger kilometre travelled factors taken from http://www.carbonneutralcalculator.com/Carbon%20Offset%20Factors.pdf 58 Mode shift from mass transit was not considered in this analysis as a single bike journey is not sufficient to replace a bus or metro, and therefore there is no impact on mass transit emissions as a result of a journey taken by bike. 59 Mexico City's Car Congestion Slows Economic Growth, Costs Businesses, World Resources Institute, Avendano and Jimenez, 2015. Accessed 11 Oct. 2016 60 Cycle more often 2 cool down the planet: Quantifying CO2 savings of cycling, Statistics Library / Environmental Statistics, People for Bikes, European Cyclists' Federation, 2011.



It has been estimated that cyclists in Copenhagen save the city 90,000 tons of CO2 annually, equating to about 15% of the city’s transport emissions.61 In Barcelona, as a result of journeys by Bicing annual carbon dioxide emissions were reduced by an estimated 9,062 tonnes.62 This is equivalent to 21,718,493 miles driven by an average passenger vehicle.63



Air quality Mexico City government data provides a summary of air quality throughout the city over time. While the overall trend in this data suggests an increase in major pollutants – NOx, SOx and PM10 – there are many factors influencing the data which make it difficult to pinpoint the exact impact of increased cycling. Air quality is influenced by a number of other major factors, including industrial activity, vehicle fuels, fuel efficiency, and energy generation among others. The government data is therefore difficult to attribute to cycling actions at the current level of granularity; more localised air quality monitoring may enable more specific observations. Instead, to estimate the likely impact of cycling on air quality, we calculated the number of car passenger kilometres avoided per year due to reported mode shift to EcoBici.64 We divided the car kilometres avoided by the highest occupancy rate of cars65 to adjust for the fact that each cyclist would not equate to a single vehicle. We applied factors66 to each of these figures to estimate the emissions avoided per year for each pollutant. The figures show that EcoBici is likely to have the greatest impact on reducing emissions of NOx and Volatile Organic Compounds (VOCs). It is estimated that there is a 10% increased risk of type 2 diabetes per 10-mg/m3 fine particulate matter (PM2.5) exposure.67
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Estimate exceeds savings for Mexico City due to inclusion of all cyclists, not only bike share programme. Copenhagen City of Cyclists, City of Copenhagen, 2010. http://www.cycling-embassy.dk/wp-content/uploads/2011/05/Bicycle-account-2010Copenhagen.pdf 62 The health risks and benefits of cycling in urban environments compared with car use: health impact assessment study, Rojas-Rueda et al., 2011. 63 Per the US Environmental Protection Agency GHG equivalencies calculator https://www.epa.gov/energy/greenhousegas-equivalencies-calculator 64 Based on EcoBici User Perceptions Survey, 2015. Assuming an average trip length of 3.5km and assuming that each journey displaced from another mode would be the same distance as the journey cycled. 65 The highest car occupancy rate in Europe is 1.87 (Hungary) http://www.eea.europa.eu/data-and-maps/figures/term29occupancy-rates-in-passenger-transport-1 66 National Atmospheric Emissions Inventory, UK Department of Environment, Food and Rural Affairs, 2012. 67 Association between ambient air pollution and diabetes mellitus in Europe and North America: systematic review and meta-analysis. Environ Health Perspect, Eze et al., 2015.



Figure 7: Potential reduction in air pollutants per year due to mode shift from car to EcoBici.68 The benefits of increased physical activity from shifting from driving to cycling (3 to 14 life months gained) outweigh the effects of increased inhaled air pollution (0.8 to 40 life days lost).69
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Hot exhaust emissions factors from the UK Department of Transport were used to calculate the potential reduction in air pollutants for Mexico City, as per Figure 7. 69 Do the health benefits of cycling outweigh the risks?, Environmental Health Perspectives, De Hartog, et al., 2010.



3.2



THE BENEFITS OF WALKING IN MEXICO CITY



Key findings 



The pedestrianisation of Madero Street has created around 117 million additional 1-kilometre walking trips per year.







Around five deaths are estimated to be prevented for every 100,000 people who walk instead of travelling by less active modes.70







Commercial activity along Madero Street has increased by 30% since the pedestrianisation scheme began.







Reported crimes along Madero Street have decreased by around 96% since the street was pedestrianised.



In the average 7.5 minutes taken to walk the length of Madero Street, a 60kg person would potentially burn 25 calories. The pedestrianisation of Madero Street has led to a significant observed increase in the number of people walking in this central commercial district. The approximate number of pedestrians walking along Madero Street per day in 2016 was provided by the city government, as presented in table 1 and extrapolated to an annual figure.



Day of the week



Number of pedestrian trips per day



Number of pedestrian trips per year71



Weekdays (Monday to Friday)



250,000



65,000,000



Weekends (Saturday and Sunday)



500,000



52,000,000



Total per year



117,000,000



Table 1: Number of pedestrians along Madero Street per day and per year (2016 data).72



Data about the number of pedestrians using the street prior to pedestrianisation were not available for comparison over time, since there is no formal programme of pedestrian monitoring in Mexico City. Methods for doing this in future may include the installation of pedestrian counters on key routes or use of GPS data from mobile phone companies. Pedestrian numbers from another similar avenue in Mexico City could be used as a proxy for Madero Street before the pedestrianisation; however no comparable data was found from Mexico City or any other city. This is a critical gap in available data. It would be highly
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Health impacts of active transportation in Europe, Rojas-Rueda. et al., 2016. Assumes 260 weekdays in a year and 104 weekend days. Numbers quoted as ‘pedestrian trips’ in acknowledgement that an individual pedestrian is likely to make more than one trip within a year. Thus, total numbers relate to trips and not individual pedestrians. 72 Data provided by City of Mexico Ministry of Environment. 71



beneficial to develop statistics on the number of pedestrians using typical city streets (pre- and post-pedestrianisation) in order to more accurately measure the benefits and changes after the intervention. In the absence of baseline data the following section uses total pedestrian numbers for 2016, including pedestrians who used this route before pedestrianisation, to estimate a number of benefits from the pedestrianisation of Madero Street. Therefore it shows total benefits, not the benefits brought about by the intervention.



3.2.1



ECONOMIC BENEFITS OF PEDESTRIANISATION



The economics of health benefits In the absence of pre-implementation pedestrian data for Madero Street, the World Health Organisation’s HEAT tool could not be used to determine the high level economic benefit of walking along Madero Street. Instead, benchmarks were extracted from wider research that indicate a health impact from pedestrian activity of around five deaths avoided per year, per 100,000 people. 73 Using this estimation, approximately 5,850 deaths per year are prevented from 117 million 1-kilometre pedestrian journeys along Madero Street in a given year. Based on this, the current annual value of health benefits can range from US $1.4 billion to US $1.9 billion, depending on the assumed Value of Statistical Life (see Section 5.1.1). As previously explained, this impact does not equate to the benefit obtained from the pedestrianisation initiative (since it is not possible to quantify the actual change in pedestrian numbers over time) and as such is not comparable with the HEAT tool benefits for cycling presented earlier. Using the WHO HEAT tool, one study found that if everyone in a town of 150,000 people walked an extra 10 minutes a day, an estimated 31 lives would be saved, with benefits of £30 million per year.74



Benefits to economic growth Pedestrianisation has also been shown to increase business and commercial activity in the surrounding neighbourhoods. Verbal accounts of the Madero Street pedestrianisation highlighted that business owners were initially sceptical of pedestrianising the avenue.75 However, since it was pedestrianised, it has been reported that commercial activity has increased by 30%. 76 More cafes and restaurants have opened along the street, as well as clothes shops and a new museum. Analysis of the distribution of this increase in commercial activity has not been undertaken as part of this study, however it is an important
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Health impacts of active transportation in Europe, Rojas-Rueda. et al., 2016. Increasing Walking and Cycling: A Briefing for Local Authority Directors of Public Health, Active Travel and Health Group, Public Health England/Department for Transport, Cavill, 2013). 75 How Mexico City Fought and Cajoled to Reclaim Streets for Pedestrians, StreetsBlog NYC, Kazis, 2012. Accessed 12 Oct. 2016 . 76 http://upcommons.upc.edu/bitstream/handle/2117/81110/85MVD_OrtegaGarc%C3%ADaClara.pdf 74



consideration in terms of the impact climate actions have on equity and a line of enquiry we recommend for future research. New York expanded the walking facilities around Union Square and found that commercial vacancies reduced by 49%.77 Supplementing the local data with benchmarks from elsewhere, it has been shown that improving the public realm of an area can increase footfall and trading by up to 40%78 - broadly in line with estimates for Madero Street. Madero Street has been improved not just by the removal of cars and congestion, but also new paving, upgraded lighting, renovation of facades and installation of trees and planting. Research also shows that improving walkability can entice consumers to purchase more local goods, which in turn promotes greater economic resilience.79 These improvements serve not only the local population but also improve the attractiveness of Madero Street as a tourist destination. The power of tourist spending often far exceeds local spending, bringing added wealth to the local economy. Very Important Pedestrians (VIP) Day began on London’s Regent Street in 2005, involving a day-long closure of the street to motorised traffic in the lead up to Christmas. In 2012, it was estimated that VIP Day attracted 1 million people to Oxford and Regent Streets, garnering sales of over £17 million. 80



Benefits to property values Another related aspect is the increased premium on rental values that often coincides with pedestrian projects. While data was not available from Mexico City itself, research indicates that walkable shopping areas are often economically successful, and improved walkability tends to increase commercial and residential land values.81
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Economic Value of Walkability, Litman, Victoria Transport Policy Institute, 2014. http://vtpi.org/walkability.pdf https://www.livingstreets.org.uk/media/1391/pedestrianpound_fullreport_web.pdf 79 Does Walkability Matter? An Examination of Walkability’s Impact on Housing Values, Foreclosures and Crime, Cities, Gilderbloom, Riggs and Meares, 2015. 80 http://www.bbc.co.uk/news/uk-england-london-24499194 81 http://vtpi.org/walkability.pdf 78



The distribution of benefits within a population Cities must think carefully about where they place bike lanes and pedestrianised areas, as these interventions can increase inequality by inflating house prices neighbouring areas. For example, this has been seen around the High Line in New York City, which is a fully pedestrianised green corridor on a former elevated railway line running down the Lower West Side of Manhattan. Housing prices have surged since its opening; the median resale price for residential real estate surrounding the middle section of the High Line increased to $877,152, compared with the larger neighbourhood where the median sale price was $763,301.82



Walk Score, a tool to help people gauge the walkability of an address, found that for every point increase on the scale, US house prices typically increased by between $700 and $3,000.83 Other research in the United States suggests that houses with above average levels of walkability command a premium of about $4,000 to $34,000 over houses with just average levels of walkability in typical metropolitan areas. 84



Studies have shown that well planned rebranding, by improving both walking and cycling, of urban shopping spaces can increase commercial trading by up to 40%.85



In Washington, DC, after controlling for household income it was found that an increase in walkability above a given threshold translates into an $8.88 value premium in office rents and $81.54 per square foot premium in residential housing values.86
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http://streeteasy.com/blog/changing-grid-high-line/ The pedestrian pound. The business case for better streets and places, Living Streets, 2014. http://www.livingstreets.org.uk/media/1391/pedestrianpound_fullreport_web.pdf. 84 Walking the Walk: How Walkability Raises Home Values in U.S. Cities, Cortright, 2009. http://www.citeulike.org/group/11305/article/5541951 85 The Changing Face of Retail, Deloitte LLP, 2011. 86 The benefits of regular walking for health, well-being and the environment, C3 Collaborating for Health, 2012. http://www.c3health.org/wp-content/uploads/2009/09/C3-report-on-walking-v-1-20120911.pdf 83



3.2.2



SOCIAL BENEFITS OF PEDESTRIANISATION



Crime and security benefits Pedestrianising and improving the walkability of a city can improve the security of a city by reducing or deterring crime. Prior to the renovation and pedestrianisation of Madero Street, between 80 and 90 crimes per year were reported as occurring on this street. However, post renovation the number of reported crimes reduced dramatically to approximately six per year.87 This observation in Mexico City is supported by wider research indicating that increased walking, cycling and public transit travel tends to increase the overall security of the city and can reduce the crime rates by providing more monitoring of city streets and transit waiting areas.88 Wider research adds robustness to anecdotal local data and can help to support the business case. With further investigation, it may be possible to link the reduction in crime to financial and economic impacts in terms of policing and legal costs, and the increased economic activity that can occur alongside reduced fear of crime. The introduction of urban park zones in Kansas City led to 2.5 miles around Kessler Park becoming crime free on weekends. This resulted in a 74% reduction in overall reported crime within one year. 89



Health benefits to the city population The WHO states that, “regular moderate intensity physical activity – such as walking, cycling, or participating in sports – has significant benefits for health.”90 Adults aged 18-64 years should do at least 150 minutes of moderate-intensity physical activity per week. Therefore, encouraging walking can help improve the healthiness of a city’s residents on an aggregate level. Individuals who meet the 150 minute activity target are at lower risk of heart disease, stroke and type 2 diabetes.91 The British Heart Foundation estimates the average pace of walking to be 7.5 minutes per kilometre (8 kilometres per hour); the pedestrianised length of Madero Street is 1 kilometre. It has been found that people who walk for more than 8.6 minutes per day are 33% more likely to report better mental health. 92 The UK National Health Service (NHS) estimates that 30 minutes of walking will help a 60kg (9.5 stone) person burn 99 calories; by extrapolating this to the average 7.5 minutes taken to walk the length of Madero Street, a 60kg person
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High Resolution Analysis of Crime Patterns in Urban Street Networks, University College London, Hillier and Sahbaz, 2006. www.spacesyntax.tudelft.nl/media/Long%20papers%20I/hilliersahbaz.pdf 89 From Fitness Zones to the Medical Mile: How Urban Park Systems Can Best Promote Health and Wellness, The Trust for Public Land, Harnik and Welle, 2011. http://cloud.tpl.org/pubs/ccpehealth-promoting-parks-rpt.pdf. 90 http://www.who.int/topics/physical_activity/en/ 91 The cardio commute: can it save the world? Canadian Association of Physicians for the Environment, 2012 92 Making the case for investment in the walking environment: A review of the evidence, UWE, Sinnett, et al., 2011. http://eprints.uwe.ac.uk/15502/. 88



would potentially burn 25 calories. In the absence of specific health outcomes data from Mexico City, this gives some indication of the benefits of walking along Madero Street. In order to attribute health benefits to specific populations, we would also need to understand the demographics of the walking population. Based on the user figures for Madero Street, and assuming that all users walk the full length of the street once on each trip, we can estimate that the pedestrianisation of the street has led to an additional 281,250 hours of physical activity by people in Mexico City every week. This has great potential to help address some of the pressing health concerns in the city, including obesity and diabetes. Furthermore, it is recognised that people who walk regularly are also more likely to engage in other physical activity – such as cycling. 35% of EcoBici users reported that they normally combine their cycling journey with at least 10 minutes of walking. There was no available data on the frequency of trips along Madero Street nor on the total length of an average walking trip of which Madero Street is part. These gaps would be useful to capture in order to further the analysis. Case study: Ontario, Canada In Ontario, Canada, higher neighbourhood walkability was associated with decreased prevalence of overweight and obesity and decreased incidence of diabetes between 2001 and 2012. 93 Furthermore, if people live or have access to more walkable areas they are more than twice as likely to walk, bicycle or use public transit and were significantly less likely to drive or own a vehicle compared with those living in less walkable areas.94 Therefore this shows that having a pedestrian friendly city can promote an active lifestyle. Walking regularly can consistently decrease the risk of type 2 diabetes, coronary heart disease, stroke and all-cause mortality.95 Doctors are prescribing 30 minutes of physical activity per day, like they would medication, because of the associated health benefits.96 It is estimated that physical inactivity accounts for approximately 3·8% of cases of dementia worldwide.97 A study found that people aged 60 and over who did just 15 minutes of exercise a day reduced their risk of dying early by 22%, compared with those of a similar age who did no exercise at all.98
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Association of Neighborhood Walkability With Change in Overweight, Obesity, and Diabetes, JAMA, 2016. Density, Destinations or Both? A Comparison of Measures of Walkability in Relation to Transportation Behaviors, Obesity and Diabetes in Toronto, Canada, PLoS ONE, Glazier et al., 2014. 95 Who, when, and how much? Epidemiology of walking in a middle-income country, AJPM, Hallal et al., 2005. http://www.ncbi.nlm.nih.gov/pubmed/15710270. 96 Just 15 Minutes of Exercise a Day May Add Years to Your Life, TIME, Melnick, 2011. http://healthland.time.com/2011/08/16/just-15-minutes-of-exercise-a-day-may-add-years-to-your-life/ 97 Progress in physical activity over the Olympic quadrennium, The Lancet , Sallis et al., 2016. 98 http://www.nhs.uk/news/2015/08August/Pages/15-minute-daily-walk-will-help-you-live-longer-says-study.aspx Accessed 03 Nov. 2016. 94



There is evidence associating walking with significantly better cognitive function and less cognitive decline in older people. One study found a 12% reduction in risk of cognitive decline for every hour walked over a sustained period. 99 Walking can also improve control of blood sugar levels in older people at risk of developing type 2 diabetes. One study found that a 15 minute walk immediately after every meal was even more effective at reducing diabetes risk than a single daily 45 minute morning walk.100



Pedestrian safety benefits Road accident statistics provided by Mexico City highlight little change in the overall rate of accidents involving pedestrians since the Madero Street pedestrianisation was completed in 2010. Data was not available specifically for the Madero Street neighbourhood, therefore no conclusions can be drawn about the direct impact of the Madero Street scheme – this is an area for future research. It is important to note that whilst the pedestrianisation of Madero Street would likely have a strong positive impact on accident rate, some studies have suggested that in the streets adjoining a pedestrian zone road accidents may increase therefore any future analysis should be conducted at this scale. Pedestrian safety is a priority for Mexico City government, and they are working to complement pedestrianisation schemes with improvements to pedestrian crossings and other infrastructure. As part of a more comprehensive programme of pedestrian improvements, a greater impact on city-wide safety statistics may be shown.
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Three 15-min bouts of moderate postmeal walking significantly improves 24h glycemic control in older people for impaired glucose tolerance, Diabetes Care, DiPietro et al., 2013. 100 Three 15-min bouts of moderate postmeal walking significantly improves 24h glycemic control in older people for impaired glucose tolerance, Diabetes Care, DiPietro et al., 2013.



3.2.3



ENVIRONMENTAL BENEFITS OF PEDESTRIANISATION



Assuming that walking has involved some degree of mode shift from motorised vehicles, the environmental benefits of walking can be similar to those available from cycling: improvements in local air quality and reduction of greenhouse gas emissions. These benefits have been discussed above in relation to cycling. In the absence of information about modal shift related to the Madero Street pedestrianisation, it has not been possible to quantify these benefits within the scope of this study. This highlights the importance of certain data points (e.g. modal shift data, and baseline data – as already highlighted) in order to effectively evaluate the benefits of the pedestrianisation intervention. This is a useful observation which can help focus future data collection on critical data sets. For future research it may be possible to survey Madero Street users to understand their rationale for walking, how it fits within their A to B journey through the city, and how they would have travelled before the pedestrianisation scheme was completed. Such a survey could yield valuable insights into the actual change in traveller behaviours resulting from the project, and from there to extrapolate the outcomes of modal shift.



Cooler streets The removal of motorised vehicles from Madero Street will have influenced air temperatures in the surrounding area and helped to mitigate the urban heat island effect. Vehicle engines and their emissions are, by their very nature, hot. Furthermore, dust and soot contained in vehicle emissions absorb and hold heat in the air. Added to this, road surfaces are typically made of dark bitumen or asphalt which is highly absorbent of heat.101 By pedestrianising Madero Street, these forcing effects have been removed. For example, while fresh asphalt used for roads typically absorbs 95% of the heat that reaches it from the sun, Portland cement concrete and other lighter surfaces typically used for pedestrian zones absorb between 82-85% of the sun’s heat. It has been proposed that replacing all city pavements with materials similar to white Portland cement would decrease the peak air summer temperature of cities by up to 0.5ºC 102. Along Madero Street, 20,000m2 of street paving has been replaced. For future pedestrianisation projects measuring local ground and air temperature data before and after would enable quantification of this benefit, however even without that given the wider evidence it could be assumed that local temperatures have reduced. Furthermore, pedestrianisation has allowed the inclusion of plants and tree pots into the Madero Street-scape. Evaporation from plants and trees, combined with their shading effect, further contributes to the cooling benefits of pedestrian landscapes.
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Impact of the Transport on the Urban Heat Island, International Journal for Traffic and Transport Engineering, Haddad, et al., 2015. 102 Examples of cooler reflective streets for urban heat-island mitigation: Portland cement concrete and chip seals, Berkeley, California, UNT Digital Library, Pomerantz, et al., 2003 http://digital.library.unt.edu/ark:/67531/metadc739599/



The removal of a three-lane highway, restoration of the Cheonggyecheon River and construction of a pedestrian walkway in Seoul has lowered ambient temperatures to 3ºC below the city average.103 A UKForestry Commission report includes a study from Sacramento, California that found that by including vegetation and shading in a walking environment there is the opportunity to reduce surface temperature by between 1.7ºC and 3.3oC.104



Quieter streets The removal of vehicles also brings the benefit of reduced noise. Traffic is widely regarded as the most significant noise nuisance in urban environments. Again, measured data for Madero Street before and after pedestrianisation were not available, but we can learn from other cities to indicate possible benefits. A study in New York showed that the average street noise level across 99 street sites was 73.4 decibels, 105 and noise was significantly associated with traffic levels. Based on exposure data for nearly 2,000 New York residents, it was estimated that street noise contributes approximately 4% to an average individual’s annual noise dose.106 Generally, sounds above 85 decibels are harmful, but this will be influenced by the duration and frequency of exposure. A study shows that noise exposure in the UK causes a loss of healthy life which is valued at €1.34 billion. It shows that consistent day-time exposure over recommended noise levels has an impact on health, including high blood pressure, stroke, dementia and heart disease.107 Little research has been undertaken into the noise benefits of pedestrian schemes, however some studies have suggested a reduction of up to 9 decibels along the pedestrian route. On surrounding streets, however, noise levels may actually increase due to diverted traffic.108 There was an average drop of 3dB(A) on main roads during the first car-free day in Paris.109
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What has Nature ever done for us? Juniper, 2013. Air temperature regulation by urban trees and green infrastructure, Forestry Commission, Doick and Hutchings, 2013. http://www.forestry.gov.uk/pdf/FCRN012.pdf/$FILE/FCRN012.pdf. 105 A normal conversation is around 60 dB and a lawnmower is around 90dB. 106 Street-level noise in an urban setting: assessment and contribution to personal exposure, Environ Health, McAlexander. et al., 2015. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4350859/ 107 The cost of hypertension-related ill-health attributable to environmental noise, Noise & Health, Harding, et al., 2013. 108 Evaluation of Pedestrian Priority Zones in the European area, Heydecker and Robertson, 2009. http://discovery.ucl.ac.uk/18963/1/18963.pdf 109 Journée sans voiture à Paris, Noiseineu, 2015. http://www.noiseineu.eu/en/16550journee_sans_voiture_a_paris/ficheactiondetails 104
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