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Abstract 

This study examines the feasibility of deveioping a Sustainable Transportation Plan that 

airns to reduce single-occupant vehicle (SOV) trips to and from Simon Fraser University's ( S m  

Bumaby Mountain Campus by a minimum of 20%. This target is based on other university 

transportation plans that seek to reduce SOV travel by 20% and the cal1 for a 20% reduction in 

global greenhouse gas emissions by world policy-makers. 

The STP focuses on improving the efficiency of the transportation and land use system 

by influencing how people travel (Le. modal choice), where they travel (Le. how far they travel to 

reach their desired destination), and when they travel (Le. peak versus off-peak). To develop 

sustainable transportation and land use poticies and a Sustainable Transportation Plan for SEU, 

a 'sustainability-planning' frarnework was deveioped. This framework identified appropriate 

categories, goals, objectives, indicators, and targets for this study's overall objective of reducing 

SOV travel by 20%. It thus acts as the foundation and template for policy formation. 

Furtherrnore, an examination of transportation dernand management (TDM) measures and 

sustainable transportation and land use indicators (Indicators Menu) - identified through an 

extensive literature review - was completed and integrated into the development of the 

Srrstainable Transportation and Land Use Planning Framework. "High" priority indicators were 

identified from the evaluation of the rndicators Menu and "1st" and "2nd" priority indicators 

were further identified - based on the achievement of certain sustainability criteria - from this list 

of "high" priority indicators. The result is the formation of the Master Srrstainable 

Transporration and Land Use Planning Framework which is then used to develop 1 1 sustainable 

transportation and land use policies and 8 TDM strategies that are recommended to achieve a 

20% (minimum) SOV trip reduction target. 

The results of this study indicate that it is feasible for SFU to implement a Sustainable 

Transpomtion Plan that will reduce SOV travel to and from its Burnaby Mountain campus by a 

minimum of 2076, thus achieving several ecological, social, and economic objectives. 

Furtherrnore, the Sustainable Transportation and Land Use Planning Framework provides not 

oniy SFU, but other comrnunities, municipalities, and regional districts with an effective 

'template' for developing custom sustainability plans. 
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Chapter 1 Introduction 

1.1 Background 

1.1.1 Introduction 

Policy-makers around the world are struggling with urban transportation and land 

use management issues. Population growth, decreasing rates of public transit use, and 

increasing levels of urban sprawl and automobile dependence are intensiwing stress on 

the global environment and contributing to global climatic change. Strategies to manage 

these issues are plentiful and diverse; however, their diversity and lack of proven 

experience frustrate policy-makers when selecting the most appropriate sustainable 

transportation strategy. The Organisation for Economic Development (OECD) indicate 

that sustainable transportation aims to ensure that the needs for access to people, services, 

and goods are met without producing permanent harm to the global environment, darnage 

to local environments and social inequity (OECD 1996). The key concept within this 

principle is access. Traditionally, access to these social objectives (e.g. employrnent, 

education, shopping, services, and recreation) was provided in the form of compact, 

walkable communities that were based on the foundations of "proximity-planning" and 

convenient public transit service. These communities, called "Traditional 

Neighbourhoods," relied on foot, bicycle, and transit travel to achieve daily movement 

throughout the local and broader region. Pockets of these neighbourhoods exist within 

older North American cities but are more commonly found in Europe. The benefits of 

these communities in reducing socio-environmental stress are now becoming more 

widely known, and hence, traditional neighbourhood design is gaining considerable 

attention as a potential solution to these transportation and land use problems (Roseland 

1 998; Bernick and Cervero 1997; Calthorpe 1993; GVRD and CUI 1994~). 

Transportation and land use policy makers are also starting to investigate the 

application of demand-side management strategies in an attempt to reduce the ecological, 



social, and economic impacts associated with a highly automobile dependent Society 

(Newman and Kenworthy 1999; Davidson 1997; Roseland 1998). Transportation 

Demand Management (TDM) is the emerging planning paradigm that seeks to reduce the 

demand for private vehicle travel by influencing when we travel (Le. peak versus non- 

peak), how we travel (e.g. car versus transit), and how fur we travel to access desired 

destination points. In other words, vehicle trips and congestion can be reduced by: 

Shifting the Mode of Transportation: measures that attempt to influence the public 
to switch from single-occupant vehicles to public transit, carpools, vanpools, bicycles, 
and walking. This is called a modal shifl. 
Eliminating Trips: measures that attempt to reduce either the total number of 
person-trips made (e-g. telecommuting) or vehicle trips made (e-g. integrating mixed- 
use zoning into a cornmunity to enable citizens to walk to local grocery stores). 
Lowering Peak Demand: measures that attempt to influence the time at which 
people travel, to reduce peak-hour travel and congestion. 

To influence the extent, timing, and mode of travel, TDM policies use economic 

zrrcentives, regulations, and voluntary measures (GVRD and Province of BC 1993a). 

Some common TDM initiatives include road pricing (Le. tolls) and increased parking 

rates (economic incentives); vehicle and parking restrictions (regulatory); and flexible 

work schedules (e.g. compressed work weeks and telecommuting) and trip - or traffic - 

reduction programs (voluntary) (Litman 1995a). 

1.1.2 Canada 

Despite growing scientific and public concern on global climate change, energy 

consumption and associated greenhouse gas emissions are increasing in al1 but a few 

industrialised countries (IPCC 1996). From 1990 to 1995, Canadian emissions of ail 

greenhouse gases rose by 9.5% - more than double the global rate. Projections suggest 

that without further action, Canada's total greenhouse gas emissions may be 19% higher 

in the year 20 10 than in 1990 (NRTEE 1997). The primary sources of these increases are 

population and economic growth, coupled with low energy prices and a shift to fossil 



fuels, particularly natural gas, for electncity generation. This trend is occurring in spite of 

the Canadian govemment's cornmitment to stabilise greenhouse gas production at 1990 

levels by the year 2000 (IPCC 1996). 

In December 1997, governments from around the world met in Kyoto, Japan for 

the United Nations Frarnework Convention on Climate Change. The Kyoto Protocol 

calls for a global greenhouse gas reduction of 5.2% of 1990 levels to be achieved between 

2008-20 12, where Canada has committed to a 6% reduction of 1990 greenhouse gas 

leveIs (Cairns 1997). The greenhouse gases were defined as carbon dioxide (COZ), 

methane (Ch) ,  nitrous oxide (Na),  hydrofluorocarbons (KFCs), perfiuorocarbons 

(PFCs), and sulphur hexafiuoride (SF6). These emissions al1 contnbute to what is 

commonly known as ''global warming" (BC Environment 1995; PCC 1990) 

Carbon dioxide contributes approximately 55% to global warming from 

greenhouse gases produced by human activities (Miller 1994). Of this contribution, the 

transportation sector contributes approximately 35% towards total CO2 emissions - that 

is, CO? emissions from transportation contributes to approximately 20% of the total 

global warming effect (Gordon 199 1). 

A growing scientific consensus concedes that global pollution will result in global 

climatic change. Global climatic models estimate that the earth's mean surface 

temperature will nse 1.5 to 5.5' Celsius by 2050 if inputs of greenhouse gases continue 

to rise at the present rate (Miller 1994). Closer to home, estimates quoted in provincial 

reports suggest that over the next 100 years average temperatures in BC are Iikely to rise 

by 7" Celsius in winter and 4' Celsius in summer with an uncertainty of 3" Celsius 

(McBean et al. 1992; Davidson 1997). Such a rate of change has not been experienced in 

the previous 160,000 years. By cornparison, the transition from the last ice age to our 

present interglacial period led to an increase in temperature of approximately 6' Celsius 

over a period of 5,000 - 10,000 years (City of Vancouver 1990; Davidson 1997). 



Such a drarnatic and rapid change wilI likely cause major shifts in climatic 

patterns, possibly beyond the capacity of many ecosysterns to adapt (Davidson 1997). 

The West coast of BC could experience rising sea levels and temperatures, more frequent 

and damaging storrns, significant loss of plants and productivity, forest die back, and 

increased incidence of disease amongst humans and plant and animal species (Province of 

BC 1995a). According to the David Suzuki Foundation, some of the human health 

impacts are already k i n g  experienced, as studies indicate that more than 16,000 

Canadians prematurely die each year from excessive air pollution (Last 1998). 

As 46% of BC's energy-related greenhouse gas emissions come from the 

transportation sector, prograrns to reduce these impacts are required if Canada hopes to 

achieve its Kyoto greenhouse gas commitments (GVRD 1994a). A further incentive for 

government action is public opinion: 61% of Canadians believe that we should act now to 

reduce human impacts on climate, even if there are major economic and social costs 

(Duffy 1997). 

1.1.3 Greater Vancouver Regional District (GVRD) 

The population of the GVRD is growing each year by nearly 50,000, a population 

the size of West Vancouver. Yet the rate of automobile use is growing even faster. 

Between 1985 and 1992, the number of vehicles registered for commuting purposes 

increased 32% while the population increased by only 21 % (Wood 1998). This trend 

supports the domination of private vehicIe travel over other modes. Currently, private 

vehicles make up approximately 83% of al1 trips in the Greater Vancouver area, where 

transit and walking/bicycling make up only 9% and 8% respectively (GVRD and 

Province of BC 1993a). Recent reports from the GVRD indicate that these transportation 

trends are continuing (GVIU) 1997a; GVRD l998b). Given these transportation realities, 

it is no surprise that a public poll completed in 1996 indicated that transportation had 

surpassed crime as the public's primary concern within the GVRD (Bohn 1996). 



While the GVRD's road system is fast approaching gridlock, social, 

environmental, and economic indicators continue to provide an imperative for change. 

Traffic congestion causes stress to commuters, exacerbates air pollution problems, 

increases greenhouse gas emissions, and stifles economic activity by delaying the 

movement of goods and people (Davidson 1997). For exarnple, the incidence of child 

asthma attacks related to poor air quality in the GVRD has doubled in the last ten years 

(Last 1998). In 1990, 600,000 tonnes of primary air pollutants (i-e. carbon monoxide, 

volatile organic compounds, nitrogen and sulphur oxides and particulate matter) were 

emitted into our local atmosphere, with motor vehicles accounting for 77% of this 

pollution (GVRD 1994a). Furthemore, research indicates that transportation is 

responsible for 44% of Vancouver's energy-related CO2 emissions (Davidson 1997). 

Moreover, delays to goods movement due to traffic congestion causes serious 

economic impacts. Trafic-induced deiays to the movement of goods in the GVRD cost 

$110 million in 1991. In 2021, it is expected that congestion related delays will cost 

approximately $300 million each year (GVRD and Province of BC 1993a). On a per 

capita basis, congestion costs each driver approximately $350 US annually (in 1990 

dollars) in additional fuel and maintenance costs (Lornax, Bullard, and Hanks 1989). 

To combat these impacts, the GVRD adopted Creating our Future: Steps tu a 

More Livable Region in 1990 (GVRD 1990). This document laid out principles and 

strategic policies to guide development within the region. It stated that the GVRD will 

"sustain and develop a CO-operative transportation planning process with the provincial 

government and its agencies based upon the GVRD Board's approved policies to give 

priority to walking, cycling, transit, and then the private automobile" (GVRD 1990, 14). 

This policy formed part of the terms of reference for Transport 2021, Greater 

Vancouver's long-range transportation plan (Davidson 1997; GVRD and Province of BC 

1993a). Vancouver's recent Drafi Transportation Plan also stresses the need for reduced 

reliance upon the auto, and States that "we should be willing to use transit, walk or bike 

where these are practical options, and leave our car at home" (City of Vancouver 1996. 



1). In addition, the Burnaby Transportation Plan supports sustainable transportation, as 

its vision statement indicates that the City of Burnaby should "strive to facilitate the 

efficient movement of people and goods in Burnaby in a cost effective manner which 

enhances the environment and livability of the entire community" (City of Burnaby 1995, 

24). 

In 1996, The Livable Region Strategic Plan (LRSP) was approved by the GVRD 

(GVRD 1997a). The LRSP is based upon four fundamental objectives directed towards 

maintaining the environmental quali ty and livability of the region. These objectives are 

as follows: 

Protect the Green Zone: is intended to protect Greater Vancouver's naturai assets 
and to create a long-term urban growth boundary. 
Build Complete Comrnunities: is intended to provide more residents with access to 
the range of day-to-day activities within their own neighbourhoods, such as work, 
shopping, and school. 
Achieve a Compact Metropditan Region: is intended to concentrate urban growth 
in specified areas within the region, thereby enabling people to live closer to work and 
services and improving the transportation system within the region. 
Increase Transportation Choices: is intended to increase the convenience and 
accessibility, and thus attractiveness, of transit and reduce dependence on single- 
occupant vehicle travel. 

Transport 2021 identifies four policy levers that can be used to achieve these goals 

an attempt to move people and goods efficiently, increase transport equity, reduce 

environmental impacts, and decrease automobile dependence within the region. These 

levers are (GVRD and Province of BC 1993a): 

1. Control Land Use 
2.  Apply Transport Demand Management 
3. Adjust Transport Service Levels 
4. Supply Transport Capacity 

The GVRD has put significant emphasis on compiete comrnunities, compact 

urban areas, and sustainable transportation and land use planning, thus highlighting their 

importance in reducing automobile dependence and minimising environmental 



degradation. For the purposes of this study, the integration of the land use and 

transportation demand management policy levers will be the focus. 

1.1.4 The Shidy Area: Simon Fraser University - Burnaby Mountaîn Campus 

SFU, with its unique mountain top location, is home to approximately 15,000 full- 

time equivalent students with an average daily campus population of 12,000 students, 

staff, and faculty (Moodie 1996). This mountain top location, coupled with its relative 

isolation from major centres within Greater Vancouver and its limited on-campus 

housing, make SFU a typical 'cornmuter campus'. Figure 1 - 1 and 1-2 provide a map of 

the Burnaby Mountain campus and its relationship to the Greater Vancouver area. 

There are currently 6,719 pay-parking spaces on campus (Moodie 1996). With 

respect to alternative transportation, SFU is serviced regularly by TransLink buses and a 

carpooling parking permit program exists providing preferential parking privileges. 

However, to date there has not been any serious economic incentives provided for 

car/vanpooling and the CO-ordinated ridesharing program that once existed has been 

discontinued. Dedicated bike lanes exist on parts of the Bumaby Mountain Parkway and 

Gaglardi Way/University Drive (i.e. the main arterials that access Burnaby Mountain 

from the West and east); however, their 'incomplete' and 'unconnected' status makes 

commuting by bicycle hazardous. Burnaby Mountain is also welI connected with a series 

of walking and cycling trails, which are commonly used by local residents and some 

cornmuters. Therefore, the spectnim of transportation modes used to access SFU's 

Bumaby Mountain campus includes private vehicles, buses, cycling, and walking. 

In 1995, SFU gained the right to develop residential cornmunities within the 

university's Ring Road, a project aptly narned the Bumaby Mountain Community 

Development (BMCD). The area involved consists of approximately 78 hectares of land 

dong the south and east edges of the existing campus, which are slated for up to 4,536 



residential units, with up to 10,561 residents (Moodie 1996). The Development Plan 

Concept (DPC) estimates a full-time student enrolment of 25,000 with a resultant daily 

campus population of 20,000 students, staff, and faculty (Moodie 1996). This doubling 

of the campus population presents serious transportation planning challenges for SFU and 

the development of a growth management plan must therefore incorporate adequate 

strategies to manage the increased transportation demands. These increased 

transportation impacts will pIay an integral role in shaping S m ' s  Sustainable 

Transportarion Plan and will thus be incorporated into its design. 

Figure 1-1. Simon Fraser University: Burnaby Mountain Campus 



Figure 1-2. Greater Vancouver Regional District (not in its entirety) with Simon 
Fraser University's Burnaby Mountain Campus Highlighted 



1.2 Research Questions and Objectives 

1 -2.1 Primary Research Questions 

Transportation and land use planning lie at the core of sustainable development. 

These disciplines not only attempt to solve transportation efficiency problems, but 

address a spectrum of environmental, social, and econornic challenges as well, thus 

integrating the three spheres of sustainable development. Furthermore, through managing 

transportation and land use systems, critical resources are affected, such as land, air, 

water, human, and other resources. It is in this sense that transportation and land use 

planning are considered an important part of resource management. 

To reduce the threat of global environmental degradation, it is believed that local 

strategies play a significant role (Roseland 1992; Roseland 1998; Brugmann 1996; 

Newman and Kenworthy 1999; Engwicht 1993). In the late 1980s and early 1990s it was 

agreed that global emissions of carbon dioxide should be reduced by a minimum of 20% 

by 2005, an initiative of particular significance at the local level considenng that the 

majority of the resulting policies would be implemented at this level (City of Vancouver 

1990; Toronto Conference Statement 1988; Flavin 1990; IUCN, UNEP, and WWF 199 1). 

Furtherrnore, it is agreed that a reduction in single-occupant vehicle (SOV) trips is one of 

the most effective means of achieving this target. In support of this, universities 

throughout North America are establishing trafic reduction plans aimed at reducing SOV 

trips by a minimum of 20% (Lovegrove 1998, Poinsatte and Toor 1999; Williams and 

Petrait 1993). In light of these recommendations and initiatives, it would therefore be 

rational to establish parallel goals in the development of local transportation and land use 

plans at S N .  The primary research questions for this study are as follows: 

What kànd use and Transportation Demand Management ( T M )  strategies 
woukü be most effective in reducing single-occupant vehicle (SOV) trips to und 
fiom SFU9s Burnaby Mountain campus by a minimum of 20%? What are the 
most appropriafe short-tetm strategrgres and implications? m a t  types of long- 
ferm strategies can we anticipate to manage firture communüy growth? 



1.2.2 Secondary Research Questions 

1. 1s there a transportation problem at SFU? If so, what is it and why does it exist? 
2. What transportation alternatives and TDM strategies exist? What are the associated 

benefits of implement ing these strategies and what strategies prove most applicable to 
the SEU case study? 

3. What impacts will the Bumaby Mountain Community Development (BMCD) have on 
transportation demand? How should these impacts be integrated into SFU's 
Sustainable Transportation Plan? What sustainable, or "complete community," 
design principles can be apptied to this development? 

1.2.3 Research Objectives 

To design a Sustainable Transportation Plan that: 

May educate and influence SFU - as an institution - to adopt, develop, and implement 
its own sustainable transportation, or trafic reduction, plan; 
May influence members of the university comrnunity to become conscious of their 
persona1 transportation impacts and to induce behavioural changes with respect to 
transportation to achieve a minimum single-occupant vehicle trip reduction target of 
20%; 
May influence the design of the Bumaby Mountain Community Development 
(BMCD) to minimise auto dependence and its associated ecological, social, and 
economic impacts; and 
Incorporates the development of a 'sustainability decision-making frarnework' that 
can be applied as a template to other community and regional planning processes to 
assist in the development of sustainable transportation and land use plans. 

1.3 Methodology 

1.3.1 Literature Review 

Chapter 2 provides the foundations of this research study, explaining the 

importance and urgency of sound land use and transportation management. The literahire 

review defines sustainable development and its relationship to this project; investigates 

the history of land use and transportation planning in Nonh Arnerican urban centres; and 



discusses the 'old' versus 'new' planning paradigms, and the intricate relationship 

between land use and transportation planning and its influence on automobile 

dependence. The ecological, social, and economic impacts of unsustainable 

transportation and land use systems are highlighted and potential land use and 

transportation management solutions reviewed. in this review of transportation 

management solutions, TDM strategies are evaluated to identify measures that may be 

highly effective in this case study. 

1.3.2 Framework Developrnent 

Chapter 3 focuses on the development of the Sustainable Transporration and 

Land Use Planning Framework. This framework is based on the identification and 

development of indicators, and Chapter 3 thus starts with a review of sustainability 

indicator definitions, objectives, and identification and development processes. 

Indicators are considered to be an effective tool in developing policies, as they represent 

the foundations of a cornmunity's values (i.e. its goals and objectives), and enable a 

community to rneasure their progress towards these values (Roseland 1998; Brugrnann 

1997; Jacobs, M. 1993; Hart 1995; Maclaren 1996a). Indicators thus play a central role 

in the development of both the sustainabiiity frarnework and the Sustainable 

Transportation Plan. 

Based on a local sustainability initiative, Sheltair's "Comprehensive Framework 

for Sustainable Urban Development" is selected as the model for the development of the 

Sustainable Transportation and Land Use Planning Framework (Sheltair 1998). This 

model is used to develop the 'categories', 'goals', and 'objectives' for the Sm case 

study. 

An Indicators Menu is developed and includes over 100 sustainable transportation 

and land use indicators that cover the following categories: General Transportation; 



Public Transit; Traffic Calrning; Non-motorised Travel and Pedestrianisation; Parking; 

Education, Organisations, and Programs; Environment; Land Use; Economy; and 

Livability. Sustainable transportation and land use cnteria are then developed to evaluate 

the list of indicators found within the indicators Menu. They include: Transportation 

Efficiency, Land Use Efficiency, Environmental Impact, Human Livability, and 

Economic Efficiency. These criteria represent several sustainabili ty objectives, suc h as 

increased access and density, reduced air and water pollution, calmed trafic, and 

improved economic equity among al1 transportation users. 

The evduation of the Indicator Menu identifies LOW, MEDIUM, and H K H  

priority indicators. High priority indicators are then classified as either 1st Prioriiy or 

2nd Prioriiy indicators, depending on their achievement of the outlined sustainability 

criteria. These indicators are finally matched with the 'goals' and 'objectives' outlined 

earlier in the framework development process. Chapter 3 thus develops the Sustainable 

Transportation and Lund Use Planning Framework and identifies highly effective 

indicators that are used, in Chapter 6, to develop transportation and land use policies for 

the Sustainable Transportation Plan. 

Geographic, or spatial, scale is an important issue with respect to the scope and 

objectives of this study. Sustainability plans have been developed on al1 scales, from the 

Kyoto Protocol at the global level, to Transport Canada's "Sustainable Development 

Strategy" at the national level, to Hamilton-Wentworth's "Sustainable Community 

Indicators Project" at the regional and local level (Transport Canada 1997; Roseland 

1998). With respect to transportation and land use sustainability pIanning, it is important 

to differentiate between the spatial scales and identify at what level (i.e. geographic area) 

the planning is intended. The spatial scale will thus help focus the criteria, goals, 

objectives, and indicators to the appropriate scaie. For exarnple, fuel efficiency may be a 

more appropriate indicator at the national level, whereas the lane kilometres of cycle- 

ways (i.e. bike routes) through a community may be more suitable to the local level. It is 

the intention of this study to focus primarily on the local, or community scale (SFU's 



Bumaby Mountain campus), with some obvious overlap at the regional level (Le. the City 

of Burnaby and the remaining municipalities of the Greater Vancouver area). 

It is important to further point out that the development of indicators for this 

study, given its limited scope, did not include community, or stakeholder, input. 

However, in the event that SFU commits to the development of a sustainable 

transportation plan - or any other 'plan' that affects the community - stakeholder 

involvement should not be overlooked and shouid thus be integrated into the planning 

process. 

1.3.3 Case S tudy Development and Preliminary Evaluation 

Chapter 4 outlines SFU's Burnaby Mountain campus as the case study for this 

research. The history of SFU is reviewed and background is provided with respect to 

current transportation and growth management issues - in particular, the Burnaby 

Mountain Community Development (BMCD) project. An evaiuation of the potentiai 

transportation-reIated impacts associated with the BMCD is discussed, such as air quaiity, 

accessibility, water, and habitat impacts. Finaily, the SFU's Official Community Plan 

(OCP), Development Plan Concept (DPC), and general transportation management 

policies are surnmarised for evaluation in Chapter 5. 

Chapter 5 evaluates S m ' s  OCP, DPC, and general transportation policies against 

the 1 st and 2nd Prionty indicators from the Sustainable Transportation and Larrd Use 

Planning Framework. This evaluation highlights what policies and pians may positively 

or riegatively influence the 1st and 2nd Priority indicators and explains the significance of 

these results. This evaluation is used in the development of indicator targets and the 

eventual formation of land use and transportation policies and strategies for the 

Sustainable Transportation Plan (Chapter 6). 



1.3.4 Development of the Sustainable Transportation and Land Use Plan 

Chapter 6 integrates the Iiterature review findings, the Sustainable Transportation 

and Land Use Planning Framework and its 1st and 2nd Priorify indicators, and the 

evaiuation of SFU's OCP, DPC, and general transportation policies. The ' framework' is 

completed with the development of indicator targets, which are used, in conjunction with 

the previous evaluations, to develop policies for the Sustainable Transportation Plan. 

TDM and land use strategies are then recommended to achieve the policies outlined in 

this plan. These strategies identify the estimated single-occupant vehicle impacts that 

may resul t with their implementation. Overall, the outlined Sustainable Transportation 

Plan and prescribed TDM strategies should achieve the minimum single-occupant vehicle 

trip reduction target of 20% for SFU's Burnaby Mountain campus, for both the 1998 

traffic levels (i .e. short-terni) and the expected post-BMCDktudent population growth 

traffic levels (i.e. long-term). The achievement of this 20% target is based on the results 

of other TDM and land use planning studies and programs that indicate total vehicle 

travel reductions ranging from 10-50%. 

1.4 Importance of Research 

Simon Fraser University is at a crossroads. The Burnaby Mountain Community 

Development, coupled with the expected student population increase, will nearly double 

the on-campus population by 2020-2030. Meanwhile, transportation to and from the 

Burnaby campus wiI1 likely continue to be dominôted by single-occupant vehicles 

(SOVs), as indicated in a 1998 traffic survey where 40% of al1 trips made were in SOVs 

and nearly 75% of al1 trips were vehicle based (i.e. SOVs and car/vanpools) (Petz et al. 

1998). This in tum will reduce local and global air quality and impact community and 

public health. 



At the regional scale, S N  plays an important part in managing transportation 

demands. There are cumently over 10,000 vehicles that travel to and from SFU's 

Burnaby Mountain campus daily (Le. over 20,000 one-way trips), making SFU one of the 

Iargest 'trip generators' in the Greater Vancouver area (Coutu 1 999). These vehicles 

produce over 40,000 kg of air emissions per week equating to approximately 8 million kg 

per year (see Chapter 4). Transportation demands, however, will further increase with the 

University's proposed growth in full-time student enrolment and community 

development, an increase estimated at 150-200% over the next 20-30 years. Therefore, 

SFU's role in both air qudity and growth management is both significant and important if 

the GVRD is to achieve the goals and objectives of the region's Livable Region Strategic 

Plan (GVRD 1996). 

At the national and global scale, Canada is searching for innovative solutions to 

meet its Kyoto greenhouse gas emissions target. Given that nearly 50% of Vancouver's 

energy-related carbon dioxide emissions are from the transportation sector, it is 

appropriate and necessary that TDM and sustainable land use pians are implemented to 

offset the threat of global ciimatic change. 

This research d s o  provides great value to not only the SFU comrnunity but other 

communities and regions that are, or will be, involved in the development of 

transportation and/or land use plans. The Sustainable Transportation and Land Use 

Planning Framework thus acts as a 'template' and can be applied to any community or 

regional planning process where the achievement of certain sustainable development 

objectives (e.g. reduction in per capita vehicle kilometres travelled) are development 

andor planning priorities, such as the growth management policies found within the 

GVRD's Livable Region Strategic Plan. This frarnework therefore provides the 'tools' to 

manage the transportation and growth management issues facing SFU and other 

interested communities. 



Chapter 2 Sustainable Transportation and Land Use 
Planning - Literature Review 

2.1 Introduction 

The following chapter will provide context to the above mentioned transportation 

and land use dilemma. The literature review will define sustainable development, 

sustainability. sustainable transportation, and sustainable communities; investigate the 

transportation and land use connection, 'old' versus 'new' transportation planning 

paradigms, and automobile dependence; identify the ecologicd, social, and economic 

impacts of an automobile dependent society; define and evduate transportation demand 

management (TDM) and discuss its application to university communities; and finally, 

define and discuss transit-oriented and traditional neighbourhood developments. 

2.2 Sustainable Development: Definitions 

2.2.1 Sustainable Development and Sustainability 

In 1987, the World Commission on Environment and Development, chaired by 

Gro Harlem Brundtland, defined sustainable development as "meeting the needs of the 

present without compromising the ability of future generations to meet their own needs" 

(WCED 1987, 8). This definition is found within the visionary book, entitlcd Our 

Commun Future, a by-product of the 'Brundtland Commission', as it is more commonly 

known. This vision encourages the development of a societal ethic, or value-system, that 

strives to find a balance between the achievement of economic, social, and environmental 

goals. Other research supports this definition of sustainable development, indicating the 

need to balance environmenta1 goals with a strong economy and a more just and equitable 

society (Newman and Kenworthy 1999; Roseland 1998; BCRTEE 199 1 ; Environment 



Canada and Transport Canada 1997; NRTEE 1996; NRTEE 1997). Maclaren, however, 

believes that there is no single accepted definition of sustainable development (Maclaren 

1996a). Each community is different with respect to its economic, social, and 

environmental conditions, and these conditions thus set its priorities. Given this diversity 

of conditions and priorities, each community will thus define sustainable development 

differently. On the other hand, Jacobs and Roseland indicate that there are accepted core 

elements of any interpretation of the term (Jacobs, M. 1993; Roseland 1998). The term 

'sustainable development' has been considered somewhat controversial since its 

inception but has nonetheiess provided a strong foundation for further discussion, debate, 

and development with respect to environmental, economic, and social development. 

Since its inception, sustainable development has evolved into a more detailed 

description of the balance between econornic, social, and environmental goals. For some 

commentators, the term sustainable development is currently recognised as simply 

'sustainability,' and is defined as the "need to improve the human condition while at the 

same time caring for and protecting the natural environment" (Sheltair 1998, 20). Adding 

to this basic definition, Remiz defines sustainability as: 

Creating and maintaining a certain capacity in ail domains, so that variorrs 
functions of the natural environment can be pe~onned, and that there is an 
appropriate degree of community economic and political self-reliance in 
relation to regional and global goals. (Remiz 1998, 1) 

Sustainable development and sustainability thus address the following six key 

principles (WCED 1987; Sheltair 1998): 

1. Inter-generational equity: current development and growth should ensure future 
generations with the same, or better, quality of life standards as that of Our own. 

2. Carrying capacity: the environment is limited through its assimilative capacity to 
absorb waste discharges, its ability to regenerate renewable resources, and the 
finiteness of non-renewable resources. 

3. Social equity: given limited resources, the distribution and access to these resources 
should be more equitable, recognising the fact that everyone has the right to a fair 
portion of the earth's resources. 



4. Prosperity: to provide employment opportunities and a strong economy. 

5. Diversity: to ensure significant diversity in society, the economy, and the 
environment to maintain health in al1 spheres. 

6 .  Individual and community health: to ensure physical health and safety for citizens, 
and provide opportunities for participation in the governance of communities. 

As mentioned above, sustainability is successfully achieved when social, 

economic, and environmental sustainability are in unison. These objectives are defined 

as: 

1 .  Social Sustainability: refers to the on-going abiiity of a community to function as a 

safe, healthy, and viable setting for human interaction, education, empioyment, 

recreation, and cultural development. Social sustainability is characterised by such 

fundamental principles as social equity, diversity, urban livability, universal 

accessibility, and self-determination. 

2. Economic Sustainability: involves the production and distribution of wealth in a 

manner that provides goods and services for both present and future generations and 

that ensures the long-term promotion of a satisfying, high quality of Iife. 

Characteristics include the presence of diverse and viable economic opportunities, the 

involvement of relevant stakeholders in decision-making, integrated management and 

production processes, and responsiveness to changing circumstances. 

3. Environmental Sustainability: involves the maintenance of clean air, soil, and 

water, and a variety of species and habitats through practices that minimise damage to 

the carrying capacity of the naturai environment and that ensure the long-terrn 

integrity of a hedthy ecosystem. Characteristics of environmental sustainability 

include self-sufficiency, resilience and adaptability, efficiency, interdependence, and 

biodiversity (Sheltair 1998, 23). 

Sustainability is therefore found in the overlapping areas of society, the economy, 

and the environment, as shown in Figure 2-1. This area is where synergistic energies are 

realised between the three spheres of sustainability, thus creating a functional unit that is 

much greater than the sum of its parts (Sheltair 1998). 



Figure 2-1. The Three Spheres of Sustainability 

here 

Though sustainability's primary context is global change, research indicates the 

need for local (Le. regional and community-based) implementation of sustainability 

initiatives to achieve global sustainability goals (Newman and Kenworthy 1999; Roseland 

1998; Dilks 1996). To encourage sustainable development activities at the cornmunity 

level, the International Council for Local Environmental Initiatives developed "Local 

Agenda 21" plans, a spin-off of the "Agenda 21" plan developed in 1992 at the United 

Nations Conference on Environment and Development (Roseland 1998). These plans 

empower local citizens to develop sustainable development strategies for their 

community. To date, there are approximately 1,200 initiatives of "Local Agenda 2 1 s" in 

33 countries world-wide (Brugmann 1996). 



2.2.2 Sustainable Transportation 

There is currently no widely accepted definition of sustainable transportation, 

though one could be established based on the foundations of balancing the three spheres 

of sustainable devetopment. The Organisation of Economic Cooperation and 

Development and the National Round Table on the Environment and the Economy define 

the three spheres of a sustainable transportation system as follows (OECD 1996; NRTEE 

1996): 

1. Environment: transportation that does not endanger public health or ecosystems and 

meets mobility needs consistent with (a) use of renewable resources at below 

their rates of regeneration and (b) use of non-renewable resources at below the rates 

of development of renewable substitutes. In other words, a sustainable transportation 

system would reduce and/or eliminate air, water, and land pollution, as well as 

minimise resource consumption. 

2. Economy: transportation that optimises infrastructure, labour, capital operating costs, 

and logistics costs and benefits. In other words, a sustainable transportation system is 

one that would ensure full cost accounting (Le. include externalities) to send the 

appropriate price signais (i .e. economic incent ives and disincentives) to society to 

ultimateIy shape transportation behaviour, and to provide equity within the 

transportation system (i.e. equitable aIlocation of transport subsidies for al1 modes of 

transportation). 

3. Society: transportation that reduces noise, accidents and their associated impacts 

(i.e. human, environmental, and economic), travel time and the associated stress and 

frustration arising from congestion, feelings of social isolation and disconnectivity 

from the community, dysfunctionai social behaviours, decaying urban fabric; and 

increases social equity and empowerment, and persona1 and community health. In 



other words, a sustainable transportation system is one that supports healthy, livabte 

comrnunities that are rich in social capital.' 

The OECD thus indicates that sustainable transportation aims to ensure that the 

needs for access to people, services and goods are met without producing permanent 

harm to the global environment, darnage to local environments and social inequity 

(OECD 1996). The key concept within this principle is access. 

A sustainable transportation system can minimise environmental, economic, and 

social impacts through the application of energy and spatial efficiencies. Energy 

efficiencies are achieved when either renewable energy sources are used for 

transportation, such as electricity for cars or carbohydrates for walking and cycling; or 

non-renewable energy sources are used more effectively, such as transit and ridesharing 

(i.e. carpooling). Spatial efficiencies are achieved through land use practices that 

optimise public space and the utitity of land. With respect to transportation, spatial 

efficiencies exist when transportation systems maximise the person carrying capacity of a 

roadway (Le. favour mass transit over single-occupant vehicle travel) and land use 

policies encourage compact, dense, and mixed-use zoning, which ultimately increase 

access (Ciuffini 1995). Therefore, a sustainable transportation system aims to achieve 

improved access (for al1 levels of mobility), safety and security, environmental 

preservation and regeneration, economic vi ta1 i ty and affordabili ty (i .e. efficient exchange 

of goods with full cost accounting), and convenience such that travel times are not 

excessively long (Remiz 1998; Duncan and Hartman 1998). 

To date, sustainability planning has primarily focused on the need to reduce local 

and giobal air emissions through attempts at reducing personal automobile dependence. 

Given that vehicle related emissions from excessive fuel consumption have a significant 

impact on global environmental and human health, it is imperative that transportation- 

' Social capital is defined as the "shared knowledge. understandings. and patterns of interactions that a 
group of people bring to any productive activity" (Roseland 1998.8). 



related fossil fuel consumption be curbed for society to achieve many sustainable 

development goals. 

2.2.3 Sustainable Communities 

Sustainable communities integrate many of the principles of sustainable 

transportation, but focus on the greater range of environmentai and social impacts by 

integrating strategies to minimise total energy use, solid-waste production, water 

pollution, sensitive ecosystem and habitat destruction, and social inequities. Moreover, 

the foundations of any sustainable community are found within the land use policies that 

dictate what shape, form, and use that land will take, dong with the buildings that occupy 

it. 

As the focus of this study is to develop sustainable transportation policies for SFU 

and the BMCD, it is necessary to integrate community land use planning into the study. 

Community land use planning plays a large role in determining how the residents of the 

community will travet within, and outside of, the community (Newman and Kenworthy 

1999; Bemick and Cervero 1997). Therefore, community land use planning is critical in 

developing sustainable transportation plans and policies. 

2.3 An Historical Perspective on Transportation and Land Use 
Planning 

2.3.1 The Beginnings of North American Urban Planning 

Land use patterns in Canadian urban areas are mainly the result of post-World 

War II urban design philosophies. These planning philosophies were based on two 

primary assumptions: that energy resources were somewhat infinite and would remain 

inexpensive in the long tenn; and that land and water resources were limitless (IBI Group 



1993; FCM 1995). These assumptions formed the foundations of a planning paradigrn 

that promoted the widespread use of the private automobile through an urban f o m  based 

on low density, segregated land uses. In addition, the increasing affordability of 

automobile travel, reduced investments in public transit infrastructure, and the 'green 

field' status of most urban development sites Led to the development of what is commonly 

know as 'urban sprawl': the development of low-density single family dwelling units in 

outlying areas (Le. non-core) surrounding the city (Il31 Group 1993; FCM 1995; Gordon 

1991; Jacobs 1961). 

However, these land use patterns (Le. low density, segregated) are the result of 

many complex social, political, and economic factors, which are commonly referred to as 

the 'push' and 'pull' effects of low-density land use planning. The 'pull' effects include 

matters such as the differential tax and subsidy treatment accorded to municipalities in 

the core and suburban areas that favour suburban housing and commercial developments; 

the subsidisation of suburb infrastructure and services by regional and provincial 

governments; and the federal and provincial subsidies on energy and their continued 

emphasis on road building over public transit, which supports private vehicle use (FCM 

1995). Coming from the other side, the 'push' effects support low-density and segregated 

land uses through higher property taxes in core areas due to inequitable tax and subsidy 

treatment among municipal governments; reduced levels of services in core areas; and the 

public perception of increasing levels of crime in the core areas (FCM 1995). 

There is continued debate regarding the overall impact of low-density, single-use 

land use planning. Opponents to urban sprawl indicate that this land use form results in 

the inefficient use of energy; higher levels of per capita air and water pollution; increased 

levels of CO? emissions; increased pressure on undeveloped land; higher social and 

economic costs, such as public health and infrastructure; and reduced levels of 

transportation equity, particularly amongst the elderly, children, women, and the 

economically disadvantaged (FCM 1995; Newman and Kenworthy 1989; Newman and 

Kenworthy 1999; Alexander 1967; OECD 1990; Angotti 1993; Engwicht 1993; Roseland 



1998). On the other hand, proponents of urban sprawl indicate that the majority of the 

above claims include some levels of scientific uncertainty, as well as reduced democratic 

rights to choose one's preferred housing and neighbourhood type (FCM 1995). 

Furthermore, some research indicates that increased vehicle trafic, crime, noise, and 

decreased property values are cornmon in mixed-use, high density cities (Coleman 1985). 

The ecological, social, and economic impacts of transportation and land use planning at 

different densities will be discussed further in Iater sections. 

However, it is believed that the 'low-density, segregated' land use planning 

paradigrn is slowly changing (Davidson, Roseland, and Alexander 1998; Ewing 1995a; 

Newman and Kenworthy 1999; Litman 1999). As the economy shifts from an industrial 

to a more service-orïented sector, pressure to segregate industrial, commercial, and 

residential land uses is expected to decrease (Davidson 1997). Furthermore, the 

ecological, socid, and economic impacts of this land use pattern are becoming socially 

and politically unacceptable, further supporting the movernent towards moderate-to-high 

density, mixed-use zoning. 

2.3.2 'Old' Versus 'New' Transportation Planning Paradigrns 

Research indicates that a 'paradigrn shift' in transportation planning and policy 

development is required for society to move towards a more sustainable transportation 

system (Ewing 1995a; Litman 1997b; Litman 1999; Newman and Kenworthy 1999; 

Carlson et al. 1995; Engwicht 1993; Davidson 1997: Raad 1998; Davidson, Roseland, 

and Alexander 1998). Traditionally, a roadway's system performance was, and typically 

still is, measured by its level of service (LOS). It is this frarnework - the 'old paradigm' - 

that is used for making most transportation decisions. LOS is defined as: 

. . .a qualitative measure describing operational conditions within a trafic 
Stream, and their perception by  motorists anaor passengers. A level-of-service 
definition generally describes these conditions in t e m s  of such factors as speed 
and travel time, freedom to maneuver, rraffic interruptions, comfort and 
convenience, and safety (Transportation Research Board 1992, 1 ). 



This framework thus emphasises the desire to move vehicles, which is 

achieved by increasing average travel time speeds (Ewing 1995a; Sale 1980). Table 

2- 1 summarises standard LOS guidelines, with 'A' representing free flowing traffic 

and 'F' representing gridlock. The obvious objective of this transportation decision- 

making framework is to thus optimise average travel speeds, making it simply a 

proxy for speed (Davidson 1997). 

Table 2-1. Urban and Suburban: Arterial Levei of Service 

The goals of current transportation decision-making contradict, as LOS analysis 

A 
B 
C 
D 
E 
F 

and sustainability goals mn counter to each other (Litman 1997b). LOS indicators 

typically rneasure vehicle traffic volumes or congestioii levels. It is these indicators that 

Sourcc: Transportation Rcswch  Board 1989. Highway Capacity Manual. Washington. DC: TRB: I 14. 

35 
28 
22 
17 
13 
13 

support planning decisions to increase the LOS - that is, to increase travel speeds through 

investing in the expansion of roadway capacity (i.e. road building). However, a negative 

30 
24 
18 
14 
10 
IO 

feedback cycle exists with this planning technique. As roadway capacity is increased to 

25 
19 
13 
9 
7 
7 

increase trafic speeds, and thus decrease congestion levels, a phenomena known as 

'generated' or 'induced' travel is experienced. By increasing roadway capacity, the latent 

demand for travel - that is, the additional vehicle travel that would not otherwise exist 

without roadway expansion - is released (Litman 1997b). Therefore, vehicle volumes 

and congestion levels (Le. LOS average speeds) return to their pre-roadway expansion 

levels soon after development. This negative feedback cycle is well documented in the 

transportation planning and policy-making literature (Litman 1997b; Newman and 

Kenworthy 1989; Newman and Kenwortfiy 1999; Ewing 1995a). 



There exist other problems associated with the use of LOS transportation 

planning. For exarnple, this practice typicaily leads to inequitable and inefficient 

investrnents of public finances (Litman 1997b). When public investments are made 

based on current travel behaviour (Le. traîXc volume and congestion levels), persons that 

are more automobile dependent (Le. higher vehicle kilometres travelled (VKT) per capita) 

receive higher levets of public investment, in terms of transportation expenditures per 

capita. Therefore, the LOS planning paradigm not only rewards people (i.e. financially) 

that are highly automobile dependent but also encourages further automobile dependence 

by releasing the latent demand for vehicle traveI (Litman 19976). Litman concludes that 

the costs heavily outweigh the benefits when transportation planning decisions are based 

on LOS criteria. Table 2-2 summarises the associated short-term benefits and long-term 

costs typically associated with LOS transportation planning. 

Table 2-2. Costs and Benefits of Level of SeMce Transportation Planning (Litman 

1 1 .  User vavel rime 1 1. Vehicle ownership 

- - 

4. Accidents 
5. Air pollution 
6. Barrier effect 
7. Municioal services 

2. Congestion levels 
3. Vehicle overatine costs 

r - -  --  

1 8. Land use imoacts 

2. Parking 
3. Road Facilities 

9. Water pollution 
10. Roadway land 
1 1 .  Noise 
12. Equity and option value 
1 3. Resource externalities 
14. Waste disposal 

There currently exists a conflict in growth management priorities, as goals of 

environmental health, neighbourhood and urban revitalisation, and energy conservation 

compete with LOS for prionty in urban planning (Ewing 1995a). To combat the 

momentum of LOS transportation planning, a 'new paradigm' is emerging. This 



paradigrn focuses on the elements of rnobility, accessibiliiy, livability, and sustainabiliry 

(Ewing 1995a; Litman 1997b; Litman 1999; Newman and Kenworthy 1999). 

Mobility, defined as the ease at which individuals are able to move about, focuses 

on the movement of people over vehicles (Altshuler, Womak, and Pucher 1979; Lomax 

1986; Ewing 1995a; Litman 1997b). Therefore, "mobility-planning" can be thought of as 

putting an emphasis on moving people, and thus induces a shift in transportation planning 

priorities. This shift encourages the investment in more efficient transportation modes, 

such as transit, ridesharing, cycling, and walking (Litman 1997a; Litman 1997b). 

However, though a step in the right direction, Litman indicates that "mobility-planning" 

is not ideal. The focus on mobility "implies that movement is an end in itself rather than 

a means to an e n d  (Litman 1997b, 2). 

Research indicates that "accessibility-planning" is a more effective strategy in 

achieving sustainability goals (Litman 1997b; Litman 1999; Newman and Kenworthy 

1999; Ewing 1995a; Rerniz 1998). Accessibility is defined as the ability to reach desired 

activi ties ( e g  goods, services, recreation, employrnent, and education) from an y location 

(Litman 1997b; Hansen 1959; Ewing 199Sa). Accessibility is thus a function of the land 

use and transportation system that exists, and is therefore an excellent indicator of 

sustainable land use and transportation planning. "Accessibility-planning" is thus a more 

hoiistic planning strategy as it not only focuses on the energy efficiency of moving 

people, but also the spatial efficiencies of access. Dalvi supports this conclusion by 

stating (Dalvi 1979): 

It is not enough to foclis simply on the characteristics of the transport systern. It 
is equally necessary to consider the spatial distribution of opportunities, so that 
transport policies might be evaluated not only in terms of moving the people to 
the opportunities but also movina the o~~ortunities to the ~ e o ~ l e .  (emphasis 
added). 

Livability aims to maintain, or create, an environment that contributes to an 

individual's personal development and their physical, social, and mental well k i n g  



(Sheltair 1998). In other words, livability strives to achieve a community's need for 

safety, peace and quiet, good heaith, attractive neighbourhoods (Le. trees, parks, roads), 

empowerrnent and participation in local decision-making, a sense of community and 

place, strong social cohesion, and a dynarnic Street and public life. From a transportation 

perspective, "livability-planning" focuses on calming traffic, both speed and volume, and 

increasing transportation options, such as providing more accessible and convenient 

transit, bicycle routes, and pedestrian infrastructure. Therefore, communi ty planning that 

focuses on livability attempts to "put the auto in its rightful place as one among many 

options for travel" (Lowe 1990,S). 

"Sustainability-planning" focuses on achieving the goals of sustainable 

development. With respect to transportation, vehicle related emissions from excessive 

fuel consumption have a significant impact on global environmental and human health, 

and thus threaten the achievement of sustainable development. These impacts are a direct 

function of total and per capita VKT (reflect gasoline consumption), vehicle trip rates 

(reflect automobile dependence and thus gasoline consumption), and congestion levels 

(reflect travel speeds, which impact fuel consumption, as 'cofd starts' and Iow vehicle 

operating speeds consume more fuel and thus add to air pollution). Therefore, VKT, 

vehicle trips, and travel speeds are three effective transportation indicators, as they have 

the largest impact on air quality (Ewing 1995a). 

The movement away from segregated, low-density land use zoning, and LOS 

transportation planning that focuses primarily on reducing congestion, are critical steps in 

moving towards a more sustainable urban form and transportation system. The 'new' 

transportation and land use paradigm should focus on "accessibiiity-planning" and 

policies that pnoritise the movement of people over vehicles. This paradigm will 

undoubtedly reduce urban air quality problems, the threat of global climatic change, water 

and other resource impacts, social inequities, and improve the overall livability of urban 

areas. 



2.4 The Transportation - Land Use Connection and Automobile 
Dependence 

2.4.1 The Transportation - Land Use Connection 

There exists an intimate relationship between transportation and land use 

planning. one where a certain level of 'CO-dependency' must exist to achieve efficiency in 

their respective functioning. This relationship has evolved over a long period of time, 

from the beginning of modem urban planning in Europe, and more recently, North 

Arnerica, and is influenced by a multitude of forces (Replogle 1995). Land use decisions, 

investments in transportation infrastructure and services (i.e. automobile, public transit 

and non-motorised modes), and market forces, which influence the pricing of 

transportation modes, d l  play a significant role in detennining the urban form that exists 

today and thus the ways in which we travel. These factors determine Our level of energy 

and resource use, environmental impacts, such as air and water poilution, social impacts, 

and public costs. Ultimately, transportation systems and land use pattems determine the 

level of sustainability in Our urban centres (NRTEE 1997; Roseland 1998; Replogle 1995; 

FCM 1995; Newman and Kenworthy 1989; Newman and Kenworthy 1999). It is 

therefore important for urban centres to 'integrate' transportation and land use planning 

into a more comprehensive discipline. By recognising and utilising the 'synergies' that 

exist between transportation and land use planning, and allowing land use planning to 

guide transportation, future planned growth can be more effectively accommodated 

(Cervero 199 1 ; Replogle 1990). "htegrated transportation and land use planning" can 

therefore reduce the social, environmental, and economic costs that are associated with 

traditionally isolated planning professions (Roseland 1998). 

At the heart of this relationship lies density. Density is the criticai Iink that ties 

land use and transportation planning together, and plays a significant role in determining 

the efficiency of land use pattems and transportation systems, and thus travel distances 

and modal splits (Pushkarev and Zupan 1977; Newman and Kenworthy 1999). For 

example, for public transit to improve its ridership numbers, it is important that there 



exists a critical mass, or density, of people that live within close proximity of transit 

services. Thus, urban and suburban densities must increase to encourage people to ride 

transit. Research indicates that high density, compact and complete urban form can iead 

to higher rates of transit use. One study found that when residential densities increased 

from 7 to 16 dwelling units per acre (upa), transit ridership increased sharply (Smith 

1984). A study sponsored by the Transit Cooperative Research Program in the US found 

that a 10% increase in population density surrounding a transit station increased ridership 

by approximately 5% (Zupan et al. 1995). 

Newman and Kenworthy, in their internationally acclaimed Cities and Automobile 

Dependence (1 989), further support the movement towards higher density urban form 

(Newman and Kenworthy 1989). Their research indicates that residents of Phoenix and 

Houston consume four to five times as much gasoline per annum than a cornparably sized 

(i.e. population) European city with urban densities 3-5 times higher. Furthemore, 

Canada and the US lag far behind European and Asian nations with respect to transit use, 

as European countries use transit for approximately 20% of trips (2 to 4 times higher) and 

wdk or cycle for approximately 40-50% of trips (10 times higher). In addition, 

automobiles are used for approximately 80% of trips in North America versus only 30- 

50% in Europe. These modal differences explain the large gap in carbon dioxide (CO?) 

production, as residents of Canadian urban centres produce twice the level of CO2 per 

year (20 tons) than urban residents in Europe (10 tons) (FCM 1995). There are many 

factors that influence these modal differences, but their research indicates that land use 

and urban form play a significant role in determining transportation behaviours, as up to 

50% of this difference is a direct result of the urban form that exists in these cities 

(Newman and Kenworthy 1989). It is widely accepted that this transportation and land 

use connection forms an inverse relationship, where VKT increase as urban densities 

decrease and VKT decrease as densities increase (GVRD and Province of BC 1993a; 

Newman and Kenworthy 1989; Newman and Kenworthy 1999; Raad and Kenworthy 

1998). Table 2-3 highlights this relationship, where per capita VKT and urban densities 



are identifïed for selected world cities. Figure 2-2 summarises this relationship 

graphicall y. 

Table 2-3. Urban Density vs. Vehicle Use in Selected World Cities (Raad and 
Kenworthy 1998,16; Newman and Kenworthy 1999,94095) 

Phoenix 
Melbourne 
New York 
Vancouver 

10.5 
14.9 
19.2 1 8.317 
20.8 8.36 1 

Calgary 
Los Angeles 
~ o r o n t o ~  

Bangkok 1 149.3 1 2.664 
Hong Kong 300.5 493 

1 1.608 
6.436 

London 
Paris 

Figure 2-2. Urban Density vs. Vehicle Use in Selected World Cities (Raad and 

20.8 
23.9 
25.9 

Kenworthy 1998; Newman and Kenworthy 1999) 

7.9 13 
1 1.587 
5,680 

42.3 
46.1 

Kong 

3.892 
3.459 

' Densities are net, incorporating al1 developed land and excluding dl agricultural land, forest, large-scale 
open space and undeveloped areas. 

The data shown represents the Greatcr Toronto Arca (4.2 million persons) versus the Municipality of 
Mctropolitan Toronto (2.3 million persons). 



Newman and Kenworthy conclude that "there appears to be a cntical point (about 

20 to 30 persons per hectare) below which automobile-dependent land use patterns appear 

to be an inherent characteristic of the city (Newman and Kenworthy 1999, 100). 

Furthermore, of great significance are the research results that investigated density 

and private single-occupant vehicle (SOV) use in the San Francisco area. These studies 

indicate that every doubling of mean residential densities is associated with a 20-30% 

decrease in SOV commute trips (Bemick and Cervero 1997). Furthermore, it was also 

discovered that the number of automobiles and vehicle-miles travelled (VMT) per 

household fell by 25% as densities doubled (Holtzclaw 1994). 

To support transit and create a pedestrian-friendly environment with a sense of 

place, Blumenfeld believes that residential densities should be between 12 (minimum) 

and 60 (maximum) dwelling units per acre (upa) (Blurnenfeld 1968). Jacobs, however, 

advocates that densities should be between 50 (minimum) and 150 (maximum) upa to 

achieve these objectives (Jacobs 196 1 ). According to Rydin - who completed a thorough 

literature review on the environmental dimensions of residential development - 

transportation and energy eficiencies are achieved when urban densities are a minimum 

of 65 upa (Rydin 1 9 9 2 ) ~ ~  Other planners and academics indicate that densities should be 

within the minimum range of 8-20 upa (i.e. Condon indicates a minimum range between 

8-14 upa; Calthorpe indicates a minimum range between 10-25 dwelling units per net 

residential acres) (Condon 1996; Calihorpe 1993). However, most 1 iterature agrees that a 

minimum of 10 upa is required to make transit and commercial facilities viable. 

' Optimal urban density for a complete sustainabie comrnunity is 80 upa, which accounts for capital energy 
rcquirements of construction, spûcing for passive solar energy, operational energy consumption, and 
transport energy consumption. 
' Net residential acre, or "net density", refers to "the number of dwellings Iocated on residential building 
sites and cxcludes roads, parks, and other non-residential land uses" (Roseland 1998. 128). A 
corresponding "gross density" (density that includes non-residential land uses) would typically be lower 
(i.e. fewer upa). For the purposes of this study, Calthorpe's minimum range of 10-25 upa (net density) has 
becn rcduced by 20% (i-e. from 10-25 upa to 8-20 upa) to take into account the differences between net and 
gross dcnsity. 



Research indicates that a housing mix where h d f  of the units are single-family 

dwellings at 12 upa, 30% are row houses at 36 upa and 20% are mid-rise apartments at 

160 upa, can create an average density (49 upa) where transit trips can outnumber auto 

trips (Bernick and Cervero 1997). Furthemore, it is found that people are willing to 

trade-off higher densities in return for more amenities and better quality living 

environments (Bookout and Wentling 1988). However, the most successful and 

attractive densities, according to Bemick and Cervero, have been found to lie in the 10-20 

upa (25-50 unitshectare) range (Bernick and Cervero 1997). 

Given the range of 'optimal' densities proposed and the general lack of consensus 

regarding these densities within the planning community, this study will set a upa 

benchmark based on the average of the minimum densities proposed above. In other 

words, an average of the following minimum densities (to achieve transportation and 

energy efficiencies) will be the basis of the upa benchmark for this study: 12 upa 

(Blumenfeld), 50 upa (Jacobs), 65 upa (Rydin), 1 1 upa (Condon), and 14 upa (Calthorpe). 

This minimum density is 30 dwelling units per acre (gross). 

2.4.2 Automobile Dependence 

The expression "automobile dependence", as coined by Newman and Kenworthy, 

is widely accepted within transportation, land use, and sustainability planning circles as 

the term defining urban transportation efficiency (Newman and Kenworthy 1989). As 

described above, their research indicates that urban density, single-use zoning, and 

transportation planning that favours private automobiles, play a large roIe in determining 

automobile dependence. Particularly relevant is Figure 2-2, where automobile 

dependence is reflected in the Ievel of VKT per capita. Automobile dependent cities can 

experience up to 93% of al1 trips k i n g  made in private automobiles, as low density and 

segregated land use patterns reduce the viability of non-vehicle modes of travel, such as 



transit, cycling, and walking (Raad 1998). Therefore. cities with Iimited transportation 

choices encourage vehicle ownership, and thus vehicle use. 

There are nurnber of factors chat influence automobile dependence. Raad 

indicates that these factors are interrelated and fom a positive feedback loop that 

accelerates automobile dependence. Figure 2-3 outlines this relationship. 

Figure 23. Positive Feedback Relationships in Automobile Dependence (Raad 1998, 
19) 
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+ Freeways 

"Hani" Services HOV facilities 
Utilities Capacity improvements 
Home Owncrship 
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*. *. 
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O. 
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Low density land uses Vehicle growth .. II...... 

5\ Single-use zoning Li festyle out-paces 
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More trips Wide roads 
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Road building, traffic and congestion, car ownership and use, and urban sprawl 

are identified as the biggest factors, with subsidies, culture, parking, transit, and public 

space playing smaller roles in this larger 'formula' for detertnining automobile 

dependence. Positive feedback loops are defined as an "action that leads to a reaction 

which in turn intensifies the condition responsibie for the initial action" (Raad 1998, 23). 

The above positive feedback loop plays a significant roIe in the îünctioning of everyday 

urban life, which ultimately impacts the heaith of local and global ecosystems, 

comrnunities, and economies (Raad 1998,23; Newman and Kenworthy 1999). 

2.5 The Impacts of Unsustainable Transportation and Land Use 
Planning 

2.5.1 Introduction 

Ecologicai impacts, such as air and water pollution, are the most commonly 

debated, discussed, and accepted impacts associated with automobile-oriented land use 

patterns and transportation systems. This is partly due to their impacts on society and the 

ecosystems we depend on. However, there are several social and economic impacts that 

should not go unmentioned. The following sections review the literature and provide a 

strong argument for the application of sustainable development principles in the 

transportation and land use planning disciplines- 

2.5.2 Ecological Impacts 

Air Quality: Greenhouse Cas Emissions 

Ecologicai impacts from transportation typically tend to focus on air pollution, as 

concems over local air quality and global climatic change have been in the policy 

spotlight for some time. Furthemore, air pollution is perceived by the public to be more 



'tangible' than other ecologicai impacts. As indicated in Chapter 1, this study's attempt 

to reduce vehicle trips to and from SFU's Bumaby Mountain campus is prirnarily 

motivated by air quality concems. Other impacts will therefore only be highlighted. 

Motor vehicles produce emissions, through the interna1 combustion process, that 

contribute to local, regional, and global environmental degradation. The environmental 

impacts include smog, acid min, ozone depletion and the enhanced greenhouse effect, as 

well as many secondary impacts (Raad 1998). 

Of particular concern is the trend in greenhouse gas emissions from the 

transportation sector. Current trends indicate that the increase in per capita VKT will 

more than offset advanced fuel efficiency technologies, resulting in an increased use of 

fossil fuels and emissions of greenhouse gases (NRTEE 1997). Research indicates that 

the number (i.e. quantity) of VKT per capita is the primary detenninant of vehicle 

pollution levels (Gordon 199 1 ; Newman and Kenworthy 1989). Furthemore, trends in 

vehicle sales show a large increase in the number of 'sport utility vehicles' (SUVs) king 

purchased. These vehicles are typicdly larger in size that the standard car and use six- 

cylinder engines. This vehicle size and engine type signifïcantly reduce the vehicle's fuel 

efficiency - by up to 50% - from that of the standard four-cylinder vehicle. These trends 

- increasing VKT per capita and SUV sales - are expected to result in growing 

greenhouse gas emissions levels. Figure 2-4 highlights this trend. 



Figure 2-4. Trends in Greenhouse Gas Emissions from Transportation (NRTEE 
1997,lS) 

Sourcc: Dam fmm Natural Resources Canada. Gnada's Encrgy Outlook - 1996-2020 (1997). Anncx C. p. C-7. 

A growing scientific consensus concedes that global pollution will result in global 

climatic change (PCC 1990; NRTEE 1997). Global climatic change is expected to 

increase global temperatures from 1.5 to 5.5 degrees Celsius, shift climatic patterns, 

increase sea levels and storm frequency, and reduce plant biota and productivity (Miller 

1994; Province of BC 199%). To combat the threat of global warming, governments from 

around the world met in Kyoto, Japan in December 1997 for the United Nations 

Framework Convention on Climate Change. The Kyoto Protocol calls for a global 

greenhouse gas reduction of 5.2% of 1990 levels to be achieved between 2008-2012, 

where Canada has committed to a 6% reduction of 1990 greenhouse gas levels (Last, 

Trouton, and Pengelly 1998; Cairns 1997). As 46% of BC's energy-related greenhouse 

gas emissions corne from the transportation sector (primarily in the fom of carbon 

dioxide - COz), programs to reduce these impacts are required if Canada hopes to achieve 

its Kyoto greenhouse gas cornmitments and reduce the threat of global climatic change 

(GVRD 1994a). 



Air Quality: Local Emissions 

Vehicle emissions and pollutants that are of concern at the local and regional level 

include particulate matter (PM-IO, PM-2.5, PM-I), sulphur dioxide (SOz), carbon 

monoxide (CO), oxides of nitrogen (NO,), volatile organic compounds (VOCs), which 

are also known as hydrocarbons, and tropospheric (ground-level) ozone (Raad 1998). Of 

local and regional concern are the impacts to air. water, and soi1 quality, and thus 

ecosystem and human health (French 1990). 

In the GVRD, approximately 75% of total emissions are attributed to the use of 

pnvate vehicles. Table 2-4 outlines the proportion of selected transportation-related 

emissions in the GVRD that are produced by mobile sources (Le. al1 transportation, 

including motor vehicles, trains, aircraft, marine vessels, and off-road equiprnent)- 

Table 2-4. Emissions from Transportation in the GVRD (9% of Total, 1991) (Raad 
1998,43) 

1 Li&-dutv Vehicles 1 41% 1 47% 1 6% 1 91% 1 6% 1 76% 1 
1 Heavv-dutv Vehicles 1 16% 1 2 %  1 8% 1 2 %  1 9 %  1 4 % 1  

These results indicate that private automobiles (i.e. light-duty vehicles) produce 

the majority of local air pollutants, and should therefore be the primary focus of air 

quality management plans that attempt to reduce local and global air emissions. 

Other Transport Sources 
Total Transport 

Table 2-5 summarises the major types of air emissions (including global) and their 

associated production of air emissions per vehicle kilometre driven. For simplicity, it is 

assumed that al1 vehicles are light-duty passenger vehicles (i.e. cars and light trucks). 

Source: ARA and BOVARD-CONCORD 1994 

25% 
82% 

18% 
32% 

4% 
53% 

4% 
97% 

5% 
20% 

6% 
86% 



Table 2-5. Average Emission Factors for Light-Duty Vehicles (GVRD 1998a) 

Carbon Monoxide (CO) 
Nitrogen Oxides (NO,) 
Particulate Matter (PM or Total Suspended 
Particulates) 

1 Carbon Dioxide (COz) 1 250 1 

13.4 
1.3 

0.026 

Sulphur Oxides (SO,) 0.047 

This data may seem insignificant at this level (Le. grarns per kilometre), but 

vehicle-based air emissions cause serious economic, social, and ecological impacts on the 

larger, more cumulative scale. This breakdown of emission type per vehicle kilometre 

travelled will be important for later calculations of SFU's vehicle-related air quality 

impacts, as SFU's expected growth in transportation demands will put funher pressure on 

local, regional, and global air quality. 

Volatile Organic Compounds (VOC) 1.5 i 

Methane (CK) 
Nitrous Oxides (N20) 
CO2 ~ ~ u i v a l e n t ~  

Both local and global air emissions have significant impacts on the ecological, 

social, and economic health of local communities, regions, and nations. These impacts 

are well documented in the literature, and range from smog, acid rain, ozone depletion, 

and global climatic change; to human health problems, including death; and reduced 

economic efficiency and poorly invested public finances. Table 2-6 provides a complete 

outline of air pollution and emissions from urban transportation. 

0.039 
0.13 
29 1 

6 Carbon Dioxidc Equivalent Factor (C02E) is the global warming potential of Carbon Dioxide (CO?), 
Methane (Ch) and Nitrogen Dioxide (NzO) (GVRD 1998a). Carbon Dioxide, Methane and Nitrogen 
Dioxide's global warming potential is equal to 1,21, and 3 10 respectively. The following equation is used 
in crtlculating the total Carbon Dioxide Equivalent Factor: COz + CHJ(21) t N20(3 10). 



Table 2-6. Air Pollution and Emissions from Transportation 

&bon Monoxidc (CO) intemol combustion 1 may contribuic to global wnrming ni 2.2 timcs the mic 1 cxncerbnics hcart discnsc; causes 1 Local 

Nitmgcn Oxidcs (NO) 

Pmiculaic Mntter (Toial 
Suspcnded Pnrticulatcs) 

Sulphur Dioxide (SOI) 
(Sulphur Oxidcs (SO,) nre 
sorncwhai similnr) 

Volatile Organic 
Compounds (VOC) (ako 
known ns hydrocahons) 

Carbon Dioxidc (COI) 

Niimus Oxides (N20) 

proccss COI ilirough iropsphcric mciions 

ozonc prccursor; rcncis wiih nonmcihanc 
malfunciioning catalyiic hydmarbons IO fomi ground lcvel ozonc 
convcrtcrs causes hnzclsmog 

drowsincss; comprises bmin funciion; 
ihrcatcns fctal devclopmeni 
incrcurs susceptibility IO viml 
infcciions, imtcrres lungs, and causcs 
bmnchitis and pncumonio 

vchicles 
incomplctc cornbusiion rrduccs visibiliiy coniribuies IO human mohidity and 
dicscl mortoliiy; lung damagc 

Rcgional 
Global 
Local 
Rcgional 
Global 

Local 

road dusi 
iniemnl combusiion acid min prrcursor; rcacis wiih NO, and lcods io ocid sulphait pmiclcs nrr: carricrs for ioxic Local 
proccss min; changcs soi1 and waicr chcniistry metals and gnscs; rcspnsiblc for 2% of 

incrcnscs solubility of hcavy mctnls in watcr onnual monolity in US 
hnnns vcgctation and aquaiic biota; cnters food chain; contaminaics drinking watcr 
dninagcs buildings rcspirnrory ailmnis 

Rcgional 

Adapicd fmni: Raad, T. "Thc Car in Canada: A Siudy of Factors lnflucncing Auiomobilc Depcndcncc in Canada's Scvcn Largesi Ciiics, 1961-1991." Mnsicrs Thcsis, University of British Columbin, 
1998. 
Note: Acid min and smog nrc both fonned as a rcsuli of rcactions bctwccn oihcr pollutants in ihc ntinosphcrc. 

incornpletc intcmal ozone prccutsor dmwsiness, cyc imiation, and coughing k a 1  
conibusiion pmccss 
fuel vapurs 
up to 50% from vchicks 
inicrnol combustion global wnrming: shifrs in climatc pnttcrns; ocean sccondary imp~cts nssocioted with Global 
praccss warming; rising sca Icvcl; mon: frcqucni and sirongcr global wnrming 
cnrsltrucks an: ihc wcathcr cvcnts; agriculluml and ecosystcm disrupiion potcniial of incnewd discasc 
Inrgcst single source of 
COI in Canada 
inicmal combustion global w m i n g  (sec COi) scc CO2 Globnl 
proccss 21 iimcs thc strcngth of COI 
production of pcirolcurn 
producrs for tnnsp. 
sccior 
iniemal combustion global wnrming: contribules 270 tiincs thc global scc COr Global 
process wnnning poicntinl (GWP) of CO? 
agcing cntalysts 0 7016 of N20 in GVRD is fmm vchiclcs 



Water Quality 

Transportation-related water quality impacts range from the contamination of 

waterways from road runoff to dismptions of natural hydrological systems (Raad 1998). 

These impacts are largely the result of suburban sprawl, where large tracts of land are 

cleared for development and paved, in turn increasing soi1 erosion, sedimentation, and 

flooding. Furthermore, approximateiy 45% of d l  cars leak hazardous fluids ont0 the 

roadways, including transmission fluid, crankcase oil, and hydraulic fluid. These 

pollutants are then washed down stom sewers and into soils (Bein, Litman, and Johnson 

1994). These impacts, combined with the increase in private automobile use associated 

with suburban sprawl, significantly reduce water quality in local strems, thereby 

threatening marine and terrestrial life. Table 2-7 summarises some of the major sources 

of water pollution and hydrological dismptions associated with vehicle use. 

Table 2-7. Sources of Water Pollution and Hydrological Dismptions due to 
Automobile-Related Activities (Raad 1998,31) 

1 Pavement and vehicle wear 1 Loss of wetlands 1 

Leaks of hazardous fluids 
Road de-icing (salt) dmage 

-- -- - 

Leaking underground storage tanks Shoreline modifications 

Increased impervious surfaces 
Concentrated mnoff 

1 Asphalt leachate 1 Construction disruptions of riparian zones I 
Source: Bcin. L m .  and Johnson 1994. 

Water pollution, though not publicly perceived as important as air pollution, is a 

serious concem. Transportation-related pollutants that enter the hydrological cycle 

eventually end up in the food chah, and should thus be of great concern to local citizens, 

planners, and municipal govemments. 



Other Ecological Impacts 

There are a myriad of transportation and land-use related ecological impacts, and 

they c m  be categorised as land, resource consumption, waste disposal, and habitat and 

wiIdlife impacts. Table 2-8 identifies and describes these impacts. 

Table 2-8. Other Transportation and Land-Use Related Ecological Impacts (Raad 
1998; Roseland 1998; Newman 1991) 

I Resource Consumption 

Land 

Automobile dependence and urban sprawl increase the demand for 
vehicles, infrastructure (such as utilities, pipes, and roads), non- 
renewable fuels, and building materials for housing and commercial 

The consumption of land for transportation and urban development 
include the following impacts: the loss of agricuttural lands and sensitive 
ecosystems; and increased water and energy (transportation and domestic 
heating) use from low-density. single-use Iand development. 

including the land used for dumps, toxic leachates from solid waste, and 
air emissions from incineration and burning (particularly the buming of 

Waste Disposa1 
development. 
The disposal of vehicle parts has significant ccological impacts, 

2.5.3 Social Impacts 

Habitat and Wildlife 

There are several social impacts associated with unsustainable transportation and 

Iand use policies. With the exception of health, these impacts are not as widely accepted 

as the ecoIogical impacts. Social impacts are wide ranging, and include human health, 

equity, decaying urban fabric and Iost sense of community, Iivability, isolation, and 

dysfunctional social behaviours (Raad 1998; Engwicht 1999; Engwicht 1993; Newman 

and Kenworthy 1999). 

tires). 
Transportation and urban development fragment and destroy sensitive 
wildlife habitat and wildlife populations, due to road barrier effects and 
vehicle coliisions ('road kill'). 

Health impacts include death from vehicle accidents and disease; increased 

respiratory illnesses, heart disease, cancers, and viral infections from pollution; and a less 



independently-mobile (Le. more sedentary) society due to an increasing dependence on 

private automobiles for personal travel, both non-recreational and recreational. 

Equity impacts include the inequitable distribution of transportation costs and 

benefits, which typically favour automobile users in "Auto Cities" (Newman and 

Ken worthy 1999). For exarnple, the opportunities for accessibility and mobility are 

reduced for non-drivers, the elderly, children, and often women (i.e. the 'transportation 

disadvantaged'), when transportation and land use policies prioritise the movement of 

vehicles over people. 

Urban livability is reduced when public land is dominated by the private 

automobile, decaying the social fabric of the city and reducing one's sense of community 

as noise levels and safety concerns increase and opportunities for social interactions, or 

"spontaneous exchanges" (Le. the oppominity for unplanned social interactions and 

economic transactions), decrease (Engwicht 1999; Engwicht 1993; Kunstler 1993; 

Appleyard 198 1 j. Furthermore, high traffic volumes and low-density urban sprawl tend 

to cause feelings of social isolation and alienation, particularly for those that are 

transportation-disadvantaged, as citizens tend to socialise less, stay indoors, spend more 

time commuting, and feel physically removed from social networks and opportunities 

(Engwicht 1999; Engwicht 1993; Appleyard 198 1 ; Jacobs 196 1). 

And finalIy, unsustainable transportation and land use policies that encourage 

vehicle use over public transit and non-motorised transport options are believed to cause 

dysfunctional social driving behaviours, such as increased driver frustration and 

aggression. These behavioun are more commonly known as "road rage." 



2.5.4 Economic Impacts 

The economic impacts of unsustainable transportation and land use policies are 

not widely known, and thus not fully accounted for when we make transportation 

decisions. For exarnple, most Canadians are likely not aware of the following facts: 

the average citizen spends a higher proportion of household income on transportation 
than food (Clement 1998); 
owning a vehicle costs the average Canadian approximately $7,000 per year 
(Roseland 1998); 
social and environmental damage in 1994 cost $2 billion (accidents and emissions 
only) (Irwin 1998); 
congestion, in terms of the delayed movement of goods and lost productivity, costs 
Toronto more than $2 billion per year and is expected to cost Vancouver over $300 
million per year by 202 1 (GVRD and Province of BC 1993a); and 
in the US, it is estimated that the total costs of driving are well over $700 billion 
annually, with only just over 50% of this cost king paid by its users (Komanoff 
1995). 

These are only a few examples of the 'transportation trivia' that typicdly do not 

get figured into the transportation decision-making equation. 

However, it is widely accepted within transportation planning circles that 

economic inequities exist within the transportation system, as its costs and benefits are 

not fairly distributed arnongst al1 users of the transportation system (Le. divers, transit 

users, cyclists, and pedestrians) (Roseland 1998: Litman 1995a; Litman 1997a; Litman 

1999; Replogle 1995; Newman and Kenworthy 1989; Newman and Kenworthy 1999; 

GVRD and Province of BC 1993c; Lowe 1990; Durning 1996; KPMG 1996). These 

costs include both market and non-market costs, intemal (borne by user) and external 

(borne by society) costs, and variable (costs that vary with use, such as gas and parking) 

and fixed costs (costs that are long-term and involve few payments, such as vehicle 

purchase and insurance) (Litman 1998c; Durning 1996). Automobile-oriented land use 

patterns and transportation systems conventionally underprice the use of private 

automobiles by excluding social and ecological extemalities, such as air pollution and its 

associated health impacts. The underpricing of private automobiles is also a function of 



the ratio between variable and fixed costs, where a high proportion of costs are currently 

fixed. The combination of high external costs and high fixed costs relative to interna1 and 

variable costs leads to increased levels of automobile use, as the 'full' costs of 

transportation are not fully borne by the user. Research indicates that up to one-third of 

total transportation costs are external and nearly 25% are fixed (Litman 1998c; Durning 

1996). Table 2-9 highlights the estimated full costs of driving. 

Table 2-9. Estimated Full Costs of Driving a Mile in the US (early 1990's) (Durning 

Vehicle purchase "Free" parking 
Vehicle maintenance Defense o f  oil supplies 
Insurance and registntion Productivity lost to congestion 
Home ~arkinn 

Variable Driver Costs: $0.13 
Fuel and fuel taxes 

1 1 Tires and oil 1 

1 Stress 1 Environmental darnage 

The above cost analysis is effective in answering a part of the automobile 

dependence 'puzzle,' as it highlights some of the true inequities in transport economics. 

This inequity reduces opportunities for accessibility and mobility by the transportation 

disadvantaged, and wastes public finances through investments in inefficient automobile- 

oriented transportation infrastructure (Litman 1998~; Newman and Kenwonhy 1999; 

GVRD and Province of BC 1993~). In other words, automobile drivers are rewarded for 

choosing the car as their mode of transport through subsidies; sucli as road, fuel, and 



other land use and infrastructure subsidies, that encourage them to drive more. On the 

other hand, non-dnvers - such as transit users, cyclists and pedestrians - do not receive 

the same direct benefits as those who travel by car, as public transit systems and cycling 

and pedestrh facilities are typically inefficient and under-financed (e-g. infrequent 

service, high transit fares, and lack of bike/walk paths and lanes, showers, and bike 

racks). To combat these inefficiencies, efforts should be made to internalise fixed and 

external costs so that transport consumers integrate these costs into their decision-making 

process - that is, into their selection of a transport mode (Litman 1998~; Durning 1996; 

Newman and Kenworthy 1999). 

2.5.5 Conclusion 

There is a plethora of ecological, social, and economic impacts associated with 

unsustainable transportation and land use policies. The above Iiterature review is only a 

srna11 glimpse of the bigger picture. However, it provides a broad perspective of the large 

inequities and extemalities that exist within Our current transportation systems. 

2.6 Building Sustainable Transportation and Land Use Plans 

2.6-1 Transportation and Land Use Management Measures 

In an effort to reduce the domination of private automobiles in urban transport, 

there exist several different 'tools', within the transportation and land use management 

'toolbox', that policy makers can use. The literature indicates that this toolbox includes 

the following transportation management measures and strategies. 



Table 2-10. Transportation and Land Use Management Measures and Strategies 
(Davidson 1997,26927; Litman 1995a; Litman 1998a) 

Enabhg 
Programs 

Land Use 

Transport- 
ation System 
Management 
(TSM) 

Transport- 
ation Demand 
Management 
(TDM) 

Traffac 
Calming 

evaluation, implementation, 
and ongoing review of 
transportation management 
programs- 

Influences the accessibility of 
cornmon destination points. 

Attempts to encourage the use 
of alternative transport modes 
by increasing the person 
carrying capacity of the 
transportation system without 
investing in additional road 
capacity, and by improving 
alternative modes, such as 
walking, cycling, and transit. 

Uses economic incentives, 
regulations, and voluntary 
measures to influence the 
extent, timing, and mode of 
travel. 

Descri bes various physical and 
design changes that allow 
roads to bctter accommodate a 
range of di fferent road uses, 
such as transit, cycling, and 
pedcstrian activity. 

h a s t  cost planning and funding; public education. 
communication, and encouragement; increased co- 
operation and pafinerships; planning and management, 
and institutionai sstnicture; transportation management 
associations (TM&) and administrators; management 
and regdation of special transport classes and 
activities (e.g. freight, special events); and sustainable 
transportation proprarn monitoring and adjustment. 
Higher density, rnixed-use, and growth management 
(jobs-housing balance); traditional neighbourhood 
development and transit-oriented development; and 
transportation and location-efficient mortgages. 
Pedestrians: addressing security concerns; and 
pedestrian environment and facility irnprovernent. 

Cycling: bicycle and transit intermodal trcaunent; 
bicycle network irnprovements; and end-of-trip facility 
improvements. 

Transit servicc innovations and improvcments: 
payment innovations; HOV laneddedicated transit 
lanes and preferential treatrnent; and integration of 
taxis and shared services into transport system. 
Economic Incentives/Disincentives: increased fuel 
tax; road pricing; prorating of insurance, Iicensing and 
registration by mileage; full cost pricing; allowing 
strategic congestion; and increased and marginalised 
parking prices. 

Regulutory Measures: Cashing out paidlfree parking; 
trip reduction bylaws (TRBs); vehicle restrictions; 
parking supply restrictions and relaxed requirernents; 
and preferential parking for rideshare vehicles. 

Voluniary Measures: development of car co- 
opentives and encouragement of car rentaIs; 
telccommuting; guaranteed ride homc programs; 
voluntary cornmuter traffic reduction programs 
(CTR); alternative work hours; transportation 
altowance; park-and-ride facilities; and ridesharing 
proparns. 
Introduction of sidewalks, narrow streets. bicycle 
lancs, street mes, chicanes (i.c. small landscaped 
protmsions that tum strcet into a winding road), speed 
bumps, trafic circles, street furniture, alternative road 
surfaces (e.g. cobblestones), curb blow-outs and 
sidewalk extensions, landscape islands, and bus 
bulges. 



The above mentioned transportation and land use management measures and 

strategies are typically referred to as simply "TDM," or Transportation Demand 

Management (though TDM is listed as a separate category in Table 2-10), as their 

primary objectives are to influence the extent, timing, and mode of travel (GVRD and 

Province of BC 1993a). In other words, TDM attempts to change transportation 

behaviours by introducing transportation and land use policies that reduce the need to 

rravel, particularly by vehicle, when we travel, and how we travel. Therefore, vehicle 

trips and congestion can be reduced by: 

1 .  Eliminating Vehicle andor Person-Trips: measures that attempt to reduce the total 

number of vehicle andor person-trips made (i.e. traffk/trip reduction prograrns). 

Mixed-use development (i.e. the integration of residential, commercial, employment, 

and recreational services into a building and/or community) improves the accessibility 

to one's daily needs, thus reducing the need to travel by vehicle. Telecommuting is 

an example where an employee works at home by k i n g  connected to the office via 

phone, fax, or modem, thus reducing the number of person-trips made. 

2. Lowering Peak Dernand: measures that attempt to influence the time at which 

people travel, to reduce peak-hour travel and congestion. 

3. Shifting the Mode of Transportation: measures that attempt to influence the public 

to switch from SOVs to public transit, carpools, vanpools, bicycles and walking. This 

is called a modal shrp. 

The overarching goal is thus to reduce personal automobile dependence. This is 

achieved through the use of economic incentives and disincentives, referred to as 'sticks,' 

voluntary measures, referred to as 'carrots,' and regulatory measures. Some common 

incentives/disincentives, voluntary measures, and regulatory measures are listed above, in 

Table 2- 10. 

To use TDM measures and strategies in the development of a transportation 

andor land use plan, such as the one proposed within this study, it is important that these 

strategies are defined and evaluated to ensure their proper use in attempting to reduce 



private automobile use. An evaluation of TDM measures and strategies was recently 

completed for the downtown Vancouver area, and the results of this study may prove 

highly applicable to the SFU case study (Davidson 1997). These resuits are summarised 

below, including an assessment of each strategy for application to the SFU case study, 

indicated as "HIGH," "MEDIUM," and "LOW applicability. This assessment is 

subjective and based primanly on each strategy's applicability at the local and 

institutional scale. For exarnple, the development of HOV and transit priority lanes is 

applicable at the regional, more so than the local (Le. SFü), scde  and is thus considered 

to be of LOW applicability to SFU. 



Table 2-11. An Evaluation of TDM Strategies (Davidson 1997) 

Least Cost 
Planning and 
Funding 

Public education, 
communication, 
and 
encouragement 

Incrcased co- 
operation and 
partnerships 

Planning and 
management, and 
insti tutional 
structure 

Transportation 
management 
associations 
(TMAs) and 
administrators 

Management and 
regulation of 
spccial transport 
classes and 
activities (e-g. 
freight, special 

1 events) 

.', . '~6 -, . - - 4 , -  . - .a -?. .  _ _  : - 11 - - - .  
_i. .. I -_-_ _ -  .- - . . . . 

Strategies to reduce demand are 
considered equaily with those of 
increasing road capacity. 

The public is more Iikely to 
participate in TDM programs if they 
receive direct encouragement from 
their local and provincial 
govemen t s ,  as well as their 
employers. Education is a critical 
component of encouraging voluntary 
transportation behavioural changes. 
Important in building support for 
TDM measures, developing a larger 
knowledge-base, building consensus 
and improving stakeholder 
participation, and bridging the gap 
between private and non-profit 
sectors. 
A successful T'DM program requires 
clear goaIs and objectives, long term 
planning and data gathering, co- 
operation and co-ordination amongst 
stakeholders. leadership to overcome 
problems, funding mechanisms, and 
onpoing management. 
TMAs CO-ordinate transport 
activities at worksites and 
neighbourhood/municipal levels, 
including information campaigns, 
transportation fairs and events, co- 
ordinate ridematching/carpooling. 
manage parking, CO-ordinate 
guaranteed ride home prograns, and 
heip plan transit, bicycle, and 
pedestrian facilities and 
improvements. 
Transportation efflciencies can be 
gained through the CO-ordination and 
management of particular activitics, 
such as providing shuttle buses for 
special events. 

Unknown, but provides a 
foundation for the 
implementation of sustainable 
land use and transportation 

policies. 
Unknown, but provides a 
foundation for the delivery of 
?'DM proprams. 

Unknown, but provides a 
foundation for the 
implementation of sustainable 
land use and transportation 
policies. 

Unknown, but are critical in 
the delivery of TDM 
programs. 

Emissions reductions 
significant for freight 
transport management, 10 w 
for 'event' planning. 

HIGH 

HIGH 

MEDIUM 

HIGH 

HIGH 

MEDIUM 



Table 2-11. An Evaluation of TDM Strategies (Davidson 1997) - continued 

I Sustainable 
transportation 
p r o p m  
monitoring and 
adjustmen t. 

Higher densi ty, 
mixed-use, growth 
management (e.g. 
jobs-housing 
balance) 

Neighbourhood 
Development and 
Transit-Oriented 
Dcvelopment 

Transportation 
and location- 
efficient 
mortgages 

- - - - - -- 

It is important to monitor and assess 
TDM programs to measure their 
effectiveness in achieving their pre- 
set goals. The developrnent of goals, 
objectives, and indicaton are hilpful 
in this process. The results of 
monitoring activities should be 
widety communicated to the public, 
helping build support, motivation, 

The development of communities 
and regions above 10 dwelling units 
per acre, that provide easy 
accessibility of daily needs within 
walking, cycling, and transit, and 
mix residential, retaiYcommercial, 
employment, and recreation land 
uses. The inteption of land use and 
transportation plans to improve 
urban efficiencies, such as transit, 
and the jobs-housing balance (i.e. 
living and working in same 

The integration of moderate-high 
density development , with mixed 
land uses, small-scalc lots and short 
blocks, with excellent pedestrian and 
bicycle infrastructure, typically 
clustered around a transit station to 
ensure that al1 residents are within a 
1,000-2,000 foot walking distance of 
the community core/transit station 
(5- 10 minute walk). 
Enable citizens to apply the 
uansportation savings associated 
with living ncar transit (and thus 
using transit), retail, and work into 
their mortgage assessments, which 
can total more than $300 US per 

foundation for the 
implementation of sustainable 
land use and transportation 
policies. 

High impacts. The LUTRAQ 
(Land Use, Transportation 
and Air Quality) mode1 and 
other research estimate a 20- 
40% reduction in VKT and 
daily trips, with a jobs- 
housing balance making up 
2.5- 13.6% of this reduction. 

As above, significant impacts 
on reducing VKT, from 20- 
40%. 

Moderate impacts in reducing 
VKT. and an important 
suategy in encouraging a 
jobs-housing balance. 

HIGH 

- - . . . - - - - .. . . . - - - . +- - - * . - . -. .. . - 

HIGH 

HIGH 

HIGH 



Table 2-11. An Evaluation of TDM Strategies (Davidson 1997) - continued 

Addressing 
securïty concems 

Pedesuian 
environment and 
faciIity 
improvement 

Cycling 
Bicycle and 
transit intermodal 
treaunent 

Bicycle network 
improvements 

Improved aesthetic and safety 
conditions, such as lighting, phones, 
shelter, high pedestrian traffic, and 
clear visibility can reduce unsafe and 
uncornfortable feeiinps. 
The development of 'pedestrian- 
friendly' environments, through the 
introduction of sidewalks, benches 
and street furniture, street trees, and 
traffic crossing improvements. Can 
reduce uafflc speeds and volumes. 

The integration of cycling and 
transit, through the introduction of 
bike racks on buses/vanpools, bike 
racks and storage lockers at transit 
stops/scations, and routes to transit 
sto&ations. lncreases efficiency 
of bicycle travel, as bikes are 
effective in quickly accessing transit 
stops/siation~. with transit pioviding 
the transportation service to the end 
destination. 
The introduction of bicycle paths 
that provide shortcuts and avoid 
hem& trafic, and secured, covered 
storage facilities, such as racks and 
lockers. 
The provision of locker roorns, 
showen. and stongc facilities for 
bikes and personal belongings are 
important in encouraging bicycle 
commute trips. 

Indirect impact moderate, as it 
supports efficient land use and 
increased transit ridership. 

Indirect impact moderate, as it 
supports efficient land use and 
increased transit ridership. 
Research indicates that VKT 
can decrcase by up to 10%. 

Low to maderate impacts, 
depending on the level of 
ridership achieved. 

Low to moderate impacts. 
depending on the level of 
ridership achieved. 

Low to moderatc impacts, 
depending on the level of 
ridership achievcd. Moderatc 
to high impacts when 
combined with other bicycle 
1 

HIGH 

HIGH 

HIGH 

HIGH 

HIGH 



Table 2-11. An Evaluation of TDM Strategies (Davidson 1997) - continued 

Service 
innovations and 
improvements 

innovations 

HOVldedicated 
transit lanes and 
preferential 
treatment 

Integration of 
taxis and shared 
services into 
vansport system. 

The introduction of additional 
routes, highcr frequencies, increased 
transit capacity, express services, rail 
development, bus shelters and 
information, reduced fares, and 
various cornfort irnprovements. For 
example, free transit zones, shuttle 
services, and discount programs, 
such as the popular UPASS 
(Universal Pass, used extensively at 
US universities), are highly effective 

- - 

in encouraging transit use. 
The use of weekly, monthly, 
semester, and annual pass progmns 
eases the use of transit as i t is 
economical, encourages repeat use, 
makes boarding faster, and avoids 
the need for exact change. The 
UPASS program is an example of 
payrnent innovation 
Act as incentives - through savings 
in travel time - to encourage 
uavellers to uavel in higher 
occupancy vehicles. High occupant 
vchicles include transit buses, 
vanpools, and carpools with cither 
2+, 3+, o r  4+ passengers. HOV 
facilities include dedicated traffic 
lanes and queue-jumpers, as well as 
traffic light controls that allow tnnsit 
buses to receive preferential 
treatment in urban arterial traffic. 
Make transit and car/vanpools more 
cornpetitive with the car. 
The utilisation of existing transport 
infrastructure, such as using idle 
school buses and vanpools in mid- 
day (cg. UBC uses fleet vehicles at 
night for cmployee vanpools), and 
the development of private 
shuttle/taxi services to augment the 
existing transit systern, such as 'Dial- 
a-Ride' services. 

Modemte to high impact. and 
the potential to reduce VKT 
by 550% when combined 
with other transit 
improvement programs. 
UPASS programs, and 
express and high frequent 
services contribute the most to 
this impact. 

Moderate to high impact, and 
the potential to reduce VKT 
by 5-50% when combined 
with other transit 
improvement programs. 

Moderate impact, and the 
potential to reduce VKT by 5- 
50% when combined with 
other transit improvernent 
prograrns. 

Moderate to high impact, and 
the potential to reduce VKT 
by 5-50% when combined 
with other transit 
improvement programs. 

HIGH 

HIGH 

LOW 

MEDIUM 
-HIGH 



Table 2-11. An Evaluation of TDM Strategies (Davidson 1997) - conünued 

Economic 
Incentives/Disin- 
centives: 
Increased fuel tax 

Road pricing 

Prorating of 
insurance, 
licensing and 
registration by 
milcage 

Full cost pricing 
(Full Cost 
Accounting) 

Allowing strategic 
congestion 

ïncreascd and 
marginalised 
parking prices 

Increased charges for using gas in 
private transport, and though easy to 
implement as the collection 
mechanisrns are alrcady in place, it is 
considered politically infeasible. 
Increases economic efficiency by 

- - 

internalising extemal costs. 
Involves the use of tolls, area 
Iicensing, and electronic charge 
systems to charge drivers for the use 
of a specific roadway. Used 
primarily for congestion relief during 
peak periods. 
Changing insurance pricing to make 
it disLie-based, and thusvariable, 
rather than one lump surn payment 
can reduce VKT, and increase 
economic efficiency and equity. 
Drivers are thus charged for the 
kilornetres they drive, on a per- 
kilometre basis. 
Integrating Full (or more) social, 
economic, and environmental costs, 
such as air pollution related costs, 
into the price of automobile travel. 
Maintaining roadway capacity at 
congested levels without building 
more capacity. More effective if 
strategic congestion areas run 
parallel with HOV and dedicated 
transit lines. 
Replacement of 'fice' parking with 
parking fees, and switch from long- 
tenn to short-term parking services 
(Le. from monthly parking passes to 
daily and hourly meters). Parking 
rates should be higher for SOV and 
peak period parking. 

Low to moderate impacts. 
The elasticity of driving with 
respect to fuel price is low, 
with a 50% increase in fuel 
price in the GVRD expected 
to decrease VKT by 1-38. 

Moderate to high short and 
long-term impacts. 

Moderate to high impacts. 
Potential to reducc VKT from 
5- 10% over long-term. 

Moderate to high, but is a 
long-tem process. 

Moderate impacts over the 
short-term, with Iarger 
impacts over the longer term, 
as it prohibits uaffic growth. 

High short-tem and long- 
term impacts. Potential to 
reduce peak hour cornmute 
trips by 5%. as well as a 
significant nurnber of non- 
work trips. 

LOW 

LOW 

LOW 

HIGH 

LOW 

HIGH 



Table 2-11. An Evaluation of T'DM Strategies (Davidson 1997) - continued 

1 Trip reduction 
byl& (TRBs) 

Vehicle 
restrictions 

Parking supply 
restrictions and 
relaxed 
requirements 

parking for 
rideshare vehicles 

Giving vehicle and non-vehicle 
commuters the cash equivalent of 
parking fees, allowing commuters to 
choose between a parking space, or 
cash to be used for transit, cycling, 
walking, or at the employees 
discretion. Successful in increasing 
equity. 
Mandatory region-wide trip 
reduction laws that require 
employers and developers to reduce 
the number of automobiles travelling 
to a specific location. 

Strategies that discourage andor 
prohibit vehicle use in various 
communities and regions. For 
example, license plate pro- that 
allow only specific plates to enter 
downtown on certain davs. 
Focus on short-term, rcsidential, and 
commuter visitors, through parking 
code measures and flexible zoning 
that limit parking stallslresident, 
employee, or area. 
Provision of subsidised or 
discounted parking, in close 
proximity io destination points. For 
exarnple, some universities provide 
free parking for car/vanpoo1s. 

High impacts. Potential to 
d u c e  SOV trips by up to 
20% and toial VKT 3%. 

High impacts. Potentiai to 
decrease VKT From 10-40%; 
10% higher than voluntary 
initiatives. More effective 
when cornbined with legal 
requirernent, financial 
incentives or subsidies, traffic 
reduction target, guidance on 
measures required to reach the 
target, and monitoring and 
enforcement mechanisms. 
Low to rnoderate impacts. 

Moderate to high impacts. 
Potential to reduce residential 
and ernployee parking 
requirements by 20% and 
25% respectively. 
Unknown impacts. More 
effective as part of voluntary 
traffic reduction program, 
where a I O 8  reduction in 
VKT is possible. 

MEDIUM 
-HICH 

LOW 

LOW 

HIGH 

HIGH 



Table 2-11. An Evaluation of TDM Strategies @avidson 1997) - continued 

. . 

Car CO-operatives and 
neighbourhood car rental agencies 
encourage individuals to share 
access to a vehicle, without incumng 
the high costs associated with 
owning a vehicle and reducing per 
capita air emissions by up to 50%. 
The Co-operative Auto Network of 
Vancouver provides a car-sharing 
opportunity for many West End 
citizens. 
The use of communications 
technology to enable people to work 
at home, connected to work via the 
phone, fax, or modem. 
Provides ernployees with a free or 
subsidised guaranteed ride home, 
typicaily in a taxi 3r Company car. in 
times of ernergency. 

Similar to Trip Reduction Bylaws, 
but voluntary pro,orams that attempt 
to reduce vehicle-based trips to 
work. Typically organised at the 
employer and institutional level. 
Combine many of the strategies 
within this surnrnary, such as 
financial incen tives (transportation 
allowances, subsidies), parking 
bene fi ts (pre ferential and subsidised 
rideshare parking, restricted and 
more expensive parking), flexible 
work schedules ('flex timey, 
compressed work weeks, 
telecommuting, course schedulcs), 
assistance programs (information 
centres, fairs, ncw hire orientation, 
employer based ridematching 
service, Company owned 
vanpools/shuttles), award programs 
('cornmuter of the month', 
newsletters), and special services 
(day-care, cafeteria, retail). 

Low impact over the shon- 
term with moderate impact 
over the long-term. 

Moderate to high impacts. 
Could reduce VKT from 10- 
15%. 

- - 

LOW to moderate impacts. 
Effectiveness increases when 
combined with other traffic 
reduction programs, such as 
ridematchinp, alternative 
work hours, transportation 
allowances etc. 
Moderate to high impacts. 
Potential to decrease VKT 
from 1040%. More effective 
when combined witb other 
measures. 

HIGH 

HIGH 

HiGH 

HIGH 



Table 2-1 1. An Evaluation of TDM Strategies (Davidson 1997) - continued 

Alternative work 
hours 

Transportation 
allowance 

Park-and-ride 
facilities 

Ridesharing 
programs 

Flexible work hours ('fiextirne' and 
alternative university course 
schedules). and compressed work 
weeks ('4/401 schedule) provide 
flexibility to employees, allowing 
them to work when they want to, and 
improving the likelihood of using 
ridesharing and transit services. 
Provide subsidies and/or discounts 
for using alternatives to the SOV, 
such as transit discount programs, 
and moneys for cycling and walking. 
A very popular component of most 
cornmuter traffic reduction prograrns 
in the US. 
Allow suburban conunuters to drive 
part way to work, park in organised 
parking lots, and ride transit, or 
carpool, the rest of the way to work. 

T~vpicaIly organised by the employer. 
ridesharing programs providc car 
and vanpool matching to reduce 
SOV trips. 

Describes various physical, design. 
and psychol~~gical changes that allow 
s u e e s  to better accommodate a 
range of different uses, such as 
transit, cycling, and pedestrian 
activity. Introduction of sidewalks, 
narrow streets, bicycle lanes, street 
trees, chicanes, speed bumps, traffic 
circles, street furniture, alternative 
road surfaces (e-g. cobblestones), 
curb blow-ou&, landscape islands, 
and bus bulges. Tnffic calming also 
includes "stree t reclaiming" 
activities, such as sueet 
partiedgames, and the re- 
design/reclairning of auto-space into 
pub& space (pa& shops. services). 

Moderate impacts. 
Compressed kork week  can 
reduce vehicle commute u-ips 
by 20%. however, non-work 
trips may increase. 'Fiextime' 
is ~r im&ly effective in 
reducing peak period 
congestion. 
High impact. VKT reductions 
in the range of IO-20% with a 
$40/month allowance. 

Low impact on reducing VKT 
and air emissions. Are 
effective in reducing 
congestion but not air 
emissions, as the majority of 
emissions are produced in the 
first 5 km of driving (Le. 'cold 
start*). May also ekourage 
sprawl as supports those who 
live in suburban areas. 
Moderate to high impact. 
Ability to reduce VKT by 
20941, but can be expensivc to 

TMAs are required. 
. - . . 

Low to moderate impacts over 
the short-term. larger impacts 
over the long-term. Improves 
IivabiIity, prohibits iraffic 
growth, increases exchange 
opportunities (social and 
economic) and encourages the 
use of alternative modes. 

HIGH 

HIGH 

LOW 

HIGH 

HIGH 



Table 2-1 1 provides a comprehensive menu of transportation and land use 

measures and strategies that may be applied to the SFU case study, or any other local or 

regional transportation and land use planning initiative. There are 39 strategies to select 

from, of which 27 were identified as ''HIGHLY" applicable to the SFU case study, and 2 

"MODERATELY to "HIGHLY" applicable. The highly applicable TDM strategies, 

along with the Sustainable Transportation and Lond Use Planning Framework that will 

be developed in Chapter 3, will be used to develop the SFU Sustainable Tmsportation 

Plan (Chapter 6).  

2.6.2 The Application of TDM Measures and Strategies at Universities and 
Colleges 

Sustainable transportation planning is not new to university campuses. TDM 

programs, such as carpooling and discounted transit passes, have been around since the 

1970s. The following sections will discuss some of the TDM programs being used at 

universities and colleges across North America. 

TDM Programs in North American Universities and Colleges 

The application of TDM measures and strategies is becoming cornmonplace at 

many North American universities and colleges, particularly in the US. The reasoning for 

this stronger US participation is unknown; however, larger urban populations, higher 

automobile dependence - and thus air emissions - and increased environmental 

awareness, specifically on university campuses, may play a large role in motivating these 

US initiatives. Universities and colleges are experiencing some significant growth 

management challenges. Student enrolment is increasing and with it, the demand for 

parking, as a higher proportion of students are gaining access to private automobiles. At 

the sarne time, university campuses are experiencing a resurgence of environmental 



awareness and activism, as student groups are fighting for cleaner air, cheaper and more 

efficient transportation options, and more green space. All of these forces are occurring 

under severe federal and provinciaktate funding cut-backs, and university boundaries 

(i.e. lands) that are more likely to shrink than increase to accommodate automobile- 

oriented infrastructure demands, such as parking. 

The solution to some of these growth management challenges has been the 

application of TDM mesures across many universities and colleges in the US and 

Canada. Table 2-12 provides a 'snap-shot' of the leading and most common strategies 

that universities and colieges have impiemented, or are implementing, to manage 

transportation demands. The most comprehensive and effective US programs are 

highlighted. Appendix 1 focuses on the UPASS program, as it is the major feature of 

most university T'DM programs, providing a larger inventory of its application, results, 

and costs in both US and Canadian universities and colleges. 



Table 2-12. Application of TDM Measures and Strategies at Universities in the US (Poinsatte and Toor 1999; Graves 1993; 
Brown, Hess, and Shoup 1998; Williams and Petrait 1993) 

1 Univ. o f  Washington 1 4 1  4 I d  1 4 1  4 1 4 1 4 

Comell University - Ithnca 4 4 4 4 ? 4 

d e c w c ,  35% 

22% SOV 

J 22'ibsov 
decxasc, 50% 
carpool nnd 
tmnsit 

Univ. Of California - LA d  d ? 4 ? 4 

Univ. of  Minnesota - 
Minneapolis 
Univ. of  Wisconsin - 
Milwuukcc 

Univ. of Illinois - 
ChampaignIUrbana 
Univ. of  Wisconsin - Madison 

4 4 

4 

4 

4 
Univ. of  California - Davis 

Univ. of  Colorado - Boulder 

J 4 

? 

? 

4 

incrcasc. 
? 

4 

4 

4 

? 

? 

? 
? 

? 

d 

? 

4 

? 
? 

? 

4 

? 

4 

? 
? 

? 

4 

? 

4 

d 
? 

? 

? 

? 

? 

? 

4 

4 

255% trnnsit 
incniasc. 
4008 ininsit 

- incrcasc. 



TDM Spotlight - University of Washington (UofW) 

The University of Washington in Seattle has successfully implemented the 

UPASS (Universal Pass) prograrn, which was developed in response to campus and 

community concerns for traffic reduction and improved cornmuter services in view of 

possible impacts from planned campus development. The UPASS program, which 

started in 1991, is a flexible package of transportation benefits offered through a pass that 

provides students, faculty, and staff with the opportunity to choose from a variety of 

cornmuting options at a greatly reduced price ($9.00 per month). The 'flagship' service 

of this, and most, UPASS programs is the 'unlimited access' transit pass that al1 

participating students, staff, and faculty receive. The UPASS program, with a 75% 

participation rate (voluntary at UofW), has reduced single-occupant vehicle trips by 2 1 %, 

and increased transit ridership by 35%, carpools by 21% and vanpools by 20%. These 

results were realised within 9 months of irnplementation (Wiiliarns and Petrait 1993). 

The University of Washington's UPASS prograrn is considered a mode1 of successfÙl 

TDM implementation and is used extensively at universities across North America- 

TDM Spotlight - University of Victoria (UVic) 

The University of Victoria has been active in TDM initiatives for the past few 

years, where their first project saw a student-supported parking fee price increase. The 

additional revenue generated was used to subsidise bus passes and to pay for bicycle 

infrastructure, such as showers and bike lockers (Cantwell and MacDonald 1995). More 

recently, UVic successfully voted in the UPASS program, to start in the faIl term of 1999. 

This initiative was supported by an overwhelming majority of students, who will receive 

an 'unlirnited access' transit pass for $44.00 per term. In its first term of implementation, 

UVic has experienced an overwhelming response to its W A S S  program, as the demand 

for parking permits decreased by 40% (Ewans 1999). Camosun College of Victoria has 

also implemented a UPASS program as of September 1999, though results are not known 

at this time. 



TDM Spotlight - University of British Columbia (UBC) 

Closer to home, the University of BC is currently developing a Strategic 

Transportation Plan. UBC is aiming to reduce vehicle trips by 20% by the year 2002 in 

hopes of improving local air quality and reducing campus-related traffic accidents. This 

traffic reduction goal is part of the recently signed Officiai Community Plan, which 

requires UBC to reduce vehicle trips to and from campus. The UBC Strategic 

Transportation Plan, entitled UBC Trek, will use the UPASS program as its 'centrepiece,' 

and combine preferential parking benefits and discounted rates to car/vanpoolers: 

ridematching services; increased parking rates to SOVs; reduced parking supply; 

increased parking enforcement; improved bicycle and pedestrian facilities, such as the 

new 2.5 kilometre bike lane down University Boulevard and improved end-of-trip 

facilities (e.g. showers, lockers); telecommuting options; guaranteed ride home services; 

on-campus shuttles; public bikes; wdking shuttles for security; class timetable 

adjustments; flexible land use guidelines; and improved freight transportation co- 

ordination and management (Lovegrove 1998). UBC's UPASS prograrn, and most of the 

other initiatives, are expected to be on-line by the fa11 of 2000. 

Conclusions 

TDM is art effective tool in reducing automobile trips to and from universities and 

colleges. Table 2- 12 and Appendix 1 indicate that the application of TDM at universities 

can reduce SOV trips by up to 2 8 4 .  increase transit ndership by up to 400%, and increase 

car/vanpooling by up to 50%. The comerstone of the majority of successful TDM 

initiatives is the UPASS, or discounted transit pass, program. These programs not only 

provide 'unlimited access' to transit, but also car/vanpool benefits (i.e. preferential 

parking and lower fees), ndematching services, nightride and guaranteed ride home 

services, campus shuttles, improved bicycle infrastructure, including end-of-trip facilities. 

and merchant discounts. Furthemore, the most effective UPASS programs are funded 

through mandatory student fees (and potentiaily staff and faculty fees), which secures a 



revenue Stream for the transit authority, and reduces the unit price of the UPASS to its 

lowest possible point.7 This discounted user fee currently costs students in US 

universities approximately $3 1 (US) per year (average cost), equating to unlimited transit 

use for just over $2.50 per month (Brown, Hess, and Shoup 1998). Effective TDM 

programs also ensure that prograrns are integrated to complement one another, such as a 

parking fee increase with free carpool parking; use both incentives ('carrots') and/or 

disincentives and regulation ('sticks'); are flexible and comprehensive; are safe and 

convenient: involve cornmunity stakeholders in the planning and implementation process: 

include periodic monitoring; and use exciting marketing techniques (Poinsatte and Toor 

1999). 

2.6.3 Sustainable Land Use Planning 

To achieve a 20% SOV trip reduction rate at SFU, it is important that the future 

transportation demands associated with the proposed Burnaby Mountain Community 

Development (BMCD) are integrated into the long-term transportation plan. Research 

indicates that community and urban form play a significant role in influencing 

transportation behaviours, and it is therefore critical to investigate and highlight ideas 

regarding sustainable community and land use planning (Condon 1996; Calthorpe 1993; 

Van der Ryn and Caithorpe 1986; Newman and Kenworthy 1989; Newman and 

Kenworthy 1999; Bernick and Cervero 1997; Ewing 1995a; Litman 1998a; FCM 1995; 

IBI Group 1993; GVRD and Province of BC 1993a; GVRD 1995; Roseland 1998). The 

following sections will discuss Transit-Oriented Development (TOD) and Traditional 

The unit price of the UPASS is a function of the following: the university and transit authority agce to an 
up-front transit revenue fee, which is based on the university's contribution to the farebox (Le. student. and 
potentiatly staff and faculty fares) over the previous year, as wetl as the costs of increased and/or improved 
transit service. The unit price of the UPASS is then calculated by dividing the transit revenue fec by the 
total number of users (Le. students, and potentially staff and faculty). This equation provides a secure 
revenue sueam for the transit authority and a highly discounted transit pass to its users (e.g. University of 
Washington students, staff, and faculty pay only $9.00 per month for their UPASS). 



Neighbourhood Development (TND) as a potentiai solution to conventional land use 

planning (i.e. suburban sprawl). 

Traditional Neighbourhood and Transit-Oriented Developments Defined 

TND and TOD are aspects of what is more forrndly known as "New Urbanism." 

New Urbanism is an emerging set of planning principles designed to reinvigorate 

communities and provide a rneaningful alternative to suburban sprawl (Roseland 1998). 

The Congress of New Urbanism, in its charter developed in 1992, advocate the following 

(Kelbaugh 1997, 1 32): 

Neighbourhoods should be diverse in use and population; conzmunities 
should be designed for pedestrians and transit as well as the car; cities 
and towns should be shaped by physically defined and universally 
accessible public spaces and cornrnuniîy institutions; and urban places 
should be frarned by architecture and landscape design thar celebrate 
local history, clirna te, ecology, and building practice. 

Ln more recent years, New Urbanism has evolved into many different theme- 

names. Variations include Transit-Oriented Development (TOD) or Transit Villages, 

Traditional Neighbourhood Development (TND), often referred to as neo-traditional 

development, Pedestrian Pockets, Urban Villages, and Compact and Sustainable 

Communities. For the remainder of this study, TOD and TND will be investigated. 

Though different in detail and emphasis, TODs and TNDs share a common 

perspective, design principles, and set of goals (Calthorpe 1993). Both development 

styles are committed to environmentai protection and social diversity, affordability, and 

sustainability, as well as transit and walkability (Kelbaugh 1997). Furtherrnore, they both 

aim to restore a human-scaled and humane sense of public and private place to 

neighbourhoods, towns, and cities (Kelbaugh 1997). However, TODs focus primarily on 

the integration of transit and communities on a community and regional basis, whereas 

TNDs emphasise local community planning that focuses on accessibility and mixed-use 



development. Furthemore, TODs evolved from an energy and environmental design 

ethic whereas TNDs grew out of a more Euro-Arnencan urbanism (Kelbaugh 1997). 

Despite their differences in origin, methodology, and scale, both TODs and TNDs are so 

similar in intent and results that architects and planners have embraced these development 

styles with great enthusiasm under the name of New Urbanism (Kelbaugh 1997). 

Peter Calthorpe, a prominent architect and urban designer, defines a TOD as 

(Calthorpe 1993, 56): 

..a mixed-use cornrnuniiy within an average 2,000 foot walking distance of 
a transit stop and core commercial area. TODs mix residential, retail, 
ofice, open space and public uses in a walkable environment, making it 
convenient for residents and employees to travel by transit, bicycle, foot or 
car. 

New urbanists argue that designing compact communities that provide residents 

with commercial and retail, leisure and recreational, and employment opportunities is an 

essential step towards reducing automobile dependence and its associated environmental, 

social, and economic impacts. 

Principles of Transit-Oriented Development 

The fundamental principles of Transit-Oriented Deveiopments are as follows 

(Calthorpe 1993)! The majority of these principles also apply to TNDs. 

Organise growth on a regional level to be compact and transit-supportive; 
Design communities that emphasise a nodal layout; 
Place commercial, housing, jobs, parks, and civic uses within walking distance of 
transit stops; 
Create pedestrian-friendly Street networks which directly connect local destinations; 
Provide a mix of housing types, densities, and costs; 
Preserve sensitive habitat, riparian zones, and high quality open space; 
Make public spaces the focus of building orientation and neighbourhood activity; and 
Encourage infill and redevelopment dong transit comdors within existing 
neighbourhoods. 

8 For more specific TOD guidelines, refcr to Appcndix 2. 



In achieving these principles, Calthorpe advocates the use of the following TOD 

and TND design schematics (Figure 2.6 and 2.7) over the conventional suburban 

development schematic shown in Figure 2-5. 

Figure 2-5. Conventional Suburban Development Design Schematic (Calthorpe 

Figure 2-6. Transit-Oriented Developmen t Design Schematic (Calt horpe 1993,56) 



Figure 2-7. Traditionai 
1993,49) 

Neighbourhood Development Design Schernatic (Calthorpe 

The most striking differences between the conventional suburban development 

model and the two 'alternative' development models can be found in the land use zoning 

and street pattern. The conventional suburban development model separates land uses 

into large, single-use zones, with a tree-like circulation system that encourages 

automobile use. On the other hand, the TOD and TND modeis integrate uses into a 

mixed-use environment and improve accessibility (for pedestrians, cyclists, and vehicle 

drivers) through the development of compact communities and a grid-like street pattern. 

As indicated above, it is believed that urban form plays a significant role in determining 

automobile dependence and thus influencing ecological, social, and economic hedth 

(Calthorpe 1993; Kelbaugh 1997; Newman and Kenworthy 1999; Roseland 1998). 

Transit-Oriented Development - Research Results 

Research on TODs indicate a positive trend towards fewer vehicle trips and 

kilometres travelled, lower congestion levels on roads, higher transit use and non- 



motorised travel (walking and cycling), safer streets, financial benefits, and an overall 

greater 'sense of place' for residents (Bernick and Cervero 1997). These results al1 

contribute to reducing automobile dependence. Highlighted below are some encouraging 

research results from the TOD movement. 

Work Trips 

Recent researçh from the San Francisco Bay area that matched seven transit- 

oriented neighbourhoods to auto-oriented neighbourhoods (holding incomes and other 

factors constant) indicates the following (Bernick and Cervero 1997): 

transit-oriented neighbourhoods produced 48% more transit trips for work than 
auto-oriented neighbourhoocis. 
transit-oriented neighbourhoods produced 50-704 more walk and cycling trips 
than auto-oriented neigh bourhoods. 
9.7% of work trips (Le. commuting) are completed via transit in transit-oriented 
neighbourhoods versus only 6.5% in auto-oriented neighbourhoods. 
10.4% of work trips are completed by walking and cycling in transit-oriented 
neighbourhoods versus only 3.8% in auto-oriented neighbourhoods. 

Research that analyses resident proximity to transit stations indicates that 

residents who live within walking distance of a major transit station (preferably rail) are 5 

to 7 times more likely to commute via transit for work trips as the average urban citizen. 

In addition, new residents of transit villages choose transit 30% more for work trips than 

when they previously lived in a conventional, auto-oriented neighbourhood (Bernick and 

Cervero 1997). This has significant environmental benefits as per passenger energy used 

(per mile) in rail is 3-4 times lower than that of the private automobile (Bemick and 

Cervero 1 997). 

Proxirnity and ridership research from Canada and the US reveals that proximity 

is critical at both ends - the residence and workplace - for transit ridership to increase. 

US studies indicate that transit ridership declined by approximately 0.65-0.75% for every 

100 foot increase in distance from home or work to a transit station. This sensitivity is 



most likely larger for an express or conventional bus system, such as the #135 service that 

exists at SFU (JHK 1987; JHK 1989). It is important to point out that the Bumaby 

Mountain Community Corporation (BMCC) and S N  have the ability to only partiaily 

influence this planning reality. The BMCD may provide many residents with efficient 

access to school, employment, retail, and transit opportunities. However, as some 

residents will be employed off-site, the responsibility to provide convenient and efficient 

access to transit at the workplace becomes the responsibility of the GVRD and TransLink 

(Le. Greater Vancouver Transportation Authority). 

On the other hand, Canadians are willing to walk much further to access transit 

from home or work, as their "impact zone" can extend as far as 4,000 feet versus the 500- 

1,000 foot range in the US (Stnngham 1982). For example, approximately 60% of rail 

users in Toronto and Edmonton walk to the transit station when the distance from their 

home or work is a maximum of 1,500 feet. in Washington and California, only 40% and 

20% of people walk to the transit station when it is located at a distance of 1,500 feet. 

Non- Work Trips 

Though the above results are impressive for transit-oriented neighbourhoods, it is 

thought that this community design style would have its greatest impact on non-work 

travel, which make up 60-75% of trips (Van der Ryn and Caithorpe 1986). Given their 

mixed-use, compact design that integrates residential, retail, commercial, employment, 

education, and recreation into one community, TODs should enjoy higher levels of 

pedestrian, bicycle, and transit trips than conventional suburban developments. In an 

analysis of non-work travel in transit versus auto-oriented neighbourhoods, the following 

modal splits were observed (Bernick and Cervero 1997). 



Table 2-13. Modal Split by Neighbourhood Type for Non-Work Trips 

Bicycle 1 3% 1 1% 1 

Auto 
Transit 

These results indicate that residents of these transit-oriented neighbourhoods are 

five times as likely to travel by foot or bike for non-work trips than residents of the auto- 

oriented neighbourhoods. This can be directly attributed to the fact that trips are shorter 

in TODs, which is a by-product of their unique structure and design features. 

Furthermore, TOD residents travel by private vehicles 1 1 % less than their counterparts 

for non-work related trips. This is important as an 11% reduction in auto use results in a 

significant reduction in energy consumption, and thus vehicle emissions. Bernick and 

Cervero's study concludes that a transit-oriented development can, on average, decrease 

private automobile travel by approximately 10%. 

As a function of distance, research indicates that for non-work trips of less than I 

mile (1 -6 km), pedestrian, cycling, and transit can account for approximately 37% of trips 

made within transit-oriented neighbourhoods, of which 28% of these are via foot and 

bicycle. Auto-oriented residents only achieved a 20% pedestrian, bicycle, and transit trip 

rate. As this distance increases to 2 miles (3.2 km), non-motorised and transit accounted 

for 22% of trips in TODs and only 7% in auto-oriented neighbourhoods. Furthermore, 

automobile travel only accounted for 66% of non-work trips in TODs versus 8 1 % in auto- 

oriented communities (Bemick and Cervero 1997). 

85% 
5% 

Richard Untermann, an urban designer from the University of Washington, 

indicates that the following pedestrian behaviours exist in the US with respect to walking 

to non-work and casual destinations (Untermann 1984): 

most people are willing to walk 500 feet to reach non-work destinations. 

96% - 

2% 



20% of the population will walk 1,000 feet to reach non-work destinations. 
10% of the population will waik a half-mile (approximately 2,700 feet) to reach non- 
work destinations. 

However, for work trips, most people will endure a greater distance when 

walking. Unterrnann indicates that up to half of the middle-aged or younger will walk up 

to a quarter of a mile (approximately 1,300 feet). Therefore, these results indicate that 

proximity and accessibility are critical in designing communities that encourage walking 

and cycling and in reducing automobile dependence. 

Ali Trips 

Proximity-ridership research in Canada indicates the following sensitivity to 

density: as density increases from single-farnily dwellings (low-density) to apartment 

dwellings (moderate-to-high density), rail ridership increases by approximately 10- 15%. 

The following table highlights this relationship as a function of distance to the transit 

station from one's residence (Bernick and Cervero 1997). 

Table 2-14. Percent Rail Modal Share as a Function of Distance and Dwelling Type 

Traditional Neighbourhood Development - Research Results 

Single- 
Family 
Apartmen t 

Research from TNDs in San Diego, Sacramento, Portland, and Maryland indicate 

that residents travel approximately 50% less by automobile than similar residents in 

modem, auto-oriented communities. Furthermore, residents of these tradi tional 

neighbourhoods travel by transit and walkingkycling by as much as 4 0 %  and 200% 

more. For example, residents of Rockridge, a traditional neighbourhood in San 

; 

50% 

63% 

47% 

61% 

4070 

55% 

25% 

35% 

8% 

17% 



Francisco, drove 15,707 miles in one year versus 3 1,29 1 miles travelled by residents in 

Danville, a typical, sprawl-like subrirban development in San Francisco. This difference 

in VMT represented a savings of approximately $9,000 (US) for the residents of 

Rockndge (Calthorpe 1993). 

Other research from the San Francisco Bay area indicate that residents of a dense, 

mixed-use and pedestrian-friendly neighbourhood drove, on average, only one-third as 

many miles each year as residents of a low-density, auto-oriented suburb with sirnjlar 

incomes (Holtzclaw 1990). Modal splits in these neighbourhoods were 23% and 22% for 

walking and transit respectively. However, suburban residents travelled by foot only 9% 

of the time and used transit for only 3% of trips (Holtzclaw 1990). 

Traditional versus auto-oriented community travel behaviours from two San 

Francisco neighbourhoods indicate that residents of traditional neighbourhoods are less 

auto-dependent. The results are as follows (Calthorpe 1993): 

Table 2-15. Modal Split by Neighbourhood Type for All Trips 

1 Walk 1 17% 1 8% 

Auto 
Transit 

1 Bicycle I 2% I 3% I 

This represents a 25% reduction in auto-use, a 200% increase in walking, and a 

600% increase in transit use by residents of traditional neighbourhoods. This contributes 

significantly to improving local air and environmental quality, and provides many 

economic and social benefits, such as reduced levels of congestion. It is important to 

note, however, that these levels of reduced automobile use may not exist without the 

appropriate investments in pedestrian, bicycle, and public transit infrastructure (e.g. bike 

lanes, pedestrian paths). Furthemore, in planning TNDs and TODs, walking distance to 

64% 
17% 

86% 
3% 



transit stops (more importantly, the main station) and neighbourhood centres (Le. retail, 

office, and recreationai services) should be no longer than 2,000 feet in the US and 3,000 

feet in Canada (Bernick and Cervero 1997). As David Engwicht States in his 

intemationally acclaimed Reclaiming Our Cities and Towns, "the goal should be chat 

every person, if physically capable, wiI1 be able to reach the neighbourhood hub by foot 

or cycle, in safety and without k ing discouraged by conflict with motorised trafic" 

(Engwicht 1993, 127). 

In conclusion, these results indicate that traditional neighbourhood deveiopments 

are less auto-dependent and thus reduce vehicle emissions and road congestion. When 

work and non-work travel are combined, transit-oriented and traditional neighbourhood 

design have the potential to significantly reduce auto travel by 1040%. 

It is important to note that both TODs and new TNDs (commonly referred to as 

'neo-traditional') have not îülly matured to offer solid research results (Calthorpe 1993). 

However, the above research results (Le. San Francisco Bay area studies) are based on 

comparing "older" traditional parts of the city that are not found directly in the city centre 

(i.e. not located in the inner-cities with high densities) - thus representing the physical 

characteristics of modem TNDs as well as providing established neighbourhood travel 

patterns (Le. sound data) - to new suburban neighbourhoods. 

Furthemore, the private automobile remained dominant in traditional 

neighbourhoods, capturing more than the majority of trips. This could be a function of 

the greater region's overall form and its influence on transportation behaviour. This 

influence could be stronger on the macro-level than the one-off, micro transit-oriented 

scale. Therefore, it is important for traditional neighbourhoods to not stand in isolation, 

but to create a critical mas and connect an entire region. Disconnected and isolated 

traditional neighbourhoods may not significantly influence transportation behaviours 

(Bemick and Cervero 1997). 



Finally, it is important to put transportation economics in perspective. These 

evaluations are taking place in a distorted marketplace, where inexpensive automobile 

travel, through subsidised gasoline prices and infrastmcture costs, and the exclusion of 

social and environmental externalities, plays a large role in shaping travel behaviours. As 

Bernick and Cervero state, "it is no surprise that the effects of the built environment on 

travel have k e n  suboptimal in a world of suboptimal pricing" (Bernick and Cervero 

1997, 1 1 1). 

2.7 Conclusion 

It is believed that the above literature review provides sufficient evidence to 

motivate the application of sustainable transportation and land use planning to not only 

the SFU cornmunity, but to al1 local and regional planning initiatives. Chapter 3 will 

examine 'sustainability indicators,' develop the Sustainable Transportation und Land 

Use Planning Framework, and investigate its application to the proposed sus tainabte 

transportation plan. 



Chapter 3 Development of a Sustainability Planning 
Framework 

3.1 Introduction 

'Sustainability planning' is a process tool that c m  be used by a broad spectrum of 

society, from federal govemment agencies to local community associations, to assist them 

in the development of vision statements, goals, indicators, and targets in an effort to 

achieve sustainable development objectives (Brugrnann 1997; Sustainable Seattle 1993; 

Maclaren 1996a, Hart 1995, Roseland 1998). It is the objective of this chapter to develop 

a 'framework' that uses indicators for developing sustainable uansportation and land use 

policies. Sustainability indicators will be first defined and their purpose, benefits, and 

development criteria further discussed. This literature review will then be used in the 

development of the Sustainable Transportation and Lund Use Planning Frarnework - a 

sustainability assessment and decision-making tool to be used in assisting communities 

develop sustainability plans and policies. This framework will finaliy be applied to the 

SFU and BMCD case study in an effort to develop a Sustainable Transportation Plan for 

SFU's Burnaby Mountain campus. 

3.2 Sustainability Indicators: Literature Review 

3.2.1 Definitions, Background, Initiatives, and Caveats 

Definitions 

Indicators are useîül for helping communities achieve sustainability, as they 

provide communities with a 'toolkit' to measure the progress of their efforts. They c m  

help a community identifi and understand where they are, which way they are going, and 



how far they are from where they want to be (Hart 1995). In other words, they act as 

'benchmarks' that enable communities to determine their level of sustainability (Beatley 

and Manning 1997). Furthermore, the development of indicators enables citizens to 

discover what is important to  them, thus identifying value-systems (Craig 1995; Kemmis 

1990). However, perhaps most important is the fact that established goals and indicators 

motivate citizens to become active in helping their community achieve sustainability. In 

other words, the expression "what gets measured tends to get done," captures the tme 

value of indicators (Osborne and Gaebler 1993). It is important at this stage, however, to 

stress that it is the direction, more so than the destination, that a community should be 

striving towards (Kline 1997). 

There is much literature on sustainability indicators, their definitions, value, 

purpose, and methods for development. For example, the Sustainable Seattle project 

defines urban sustainability indicators as: 

... bellwether tests of sustainability and reflect something basic and fundarnental 
to the long rem economic, social, or environmental health of a cornmtiniiy over 
generations (Sustainable Seattle 1993,4). 

The Jacksonville (Florida) Community Council, another example of a local sustainability 

initiative, defines indicators as: 

... a way of seeing the 'big picture' by looking at a smaller piece of it. They tell 
us which direction we are going: up or down, forward or backward. getting 
better or worse or staying the same (Dilks 1996, 2). 

In other words, indicators help identify the general 'health' of the environment, society, 

and economy. It is important that sustainability indicators include al1 three spheres, 

othenvise they will not be effective in helping a community achieve its sustainability 

goals. 



Background 

Sustainability indicators play a large role in sustainability planning (Brugmann 

1997; Jacobs, M. 1993). Jacobs indicates that there are two stages in this process. In the 

first stage, key environmental indicators are identified and goals are then set. In an 

attempt to achieve these goals, regulation and econornic policies are implemented to 

influence behaviour in the second stage. The objective of stage two is thus to ensure that 

the sustainability targets set in stage one are not exceeded. Jacobs further indicates that 

there are two types of environmentai indicators to consider when setting performance 

targets: primary and secondary (Jacobs, M. 1993). Primary indicators assess the 

environmental capacity of an ecosystem, such as the quantities of carbon dioxide in the 

atmosphere. Secondary indicators, on the other hand, measure the activities that 

influence the primary indicators, such as vehicular emission rates. Therefore, a close 

relationship exists between primary and secondary indicators, as it is the targets set to 

achieve the secondary indicators that influence whether or not the primary environmental 

indicators will be achieved. lacobs concludes that "it is the primary indicators that 

measure sustainability and the secondary indicators that influence policy to achieve the 

preset sustainability goals" (Jacobs, M. 1993, 120). The selection of community goals, 

indicators, and targets is thus an important process as it sets the stage for future policy- 

making (Litman 1998~). 

Initiatives 

A number of initiatives are under way to develop and apply sustainability 

indicators, both in Canada and internationally. Initiatives exist at a11 levels within Canada 

(i.e. national, provincial, and municipal) and range from prograrns that assess quaIity of 

Iife and the state of the environment on the local level to broader sustainability 

assessments at the national level (Dilks 1996). Some examples of national prograrns 

include Environment Canada's "National Environmental hdicators Program" and Canada 

Mortgage and Housing Corporation's "Quality of Life hdicator Frarnework and 



Applications." At the provincial level, exarnples include the BC Round Table's "Urban 

Sustainability indicators Report." At the local level, exarnples include the Hamilton- 

Wentworth "Sustainable Community Indicators Project," and the Metropolitan Toronto 

and Richmond (BC) "State of the Environment Reports." Intemationally, the United 

Nations Centre for Human Settlements' "Indicators Program" is widely accepted as a tool 

to assess conditions in human settlernents throughout the world (Dilks 1996). 

Sustainability indicator initiatives are gaining senous recognition world-wide. 

Their value as a tool for assessing community hedth, direction, and the development of 

sustainability plans is increasing and thus, the application of this planning tool is 

multiplying. However, there exist some caveats with respect to the use of indicators as a 

tool in moving toward a sustainable society. These constraints are described below. 

Newman stresses the importance of integrating 'community values' into the 

process of selecting sustainability indicators (Newman 1998). This ensures that the 

diversity of interests and value-systems held by citizens is incorporated into the 

cornmunity planning process, thus ensuring that the community's goals, and hence 

indicators, will be sustained into the future. However, due to this diversity within value- 

systems and communities, Maclaren recommends that indicators should not be applied in 

a 'cookie cutter' approach, as a 'one size fits ail' template does not exist (Maclaren 

1996a). Furthermore, Hart notes that not every widely used indicator is applicable to al1 

cornmunities (Hart 1995). For example, transit rides per capita may be particularly 

important and relevant in Vancouver but not in a small community, such as Femie, BC, 

where public transit does not exist. Hence, communities must decide what indicators are 

relevant to their own particular situation. 

Furtherrnore, some research raises cautions concerning the use of indicators, 

particularly when they are not linked to a process that can lead to an improvement in the 



conditions they measure (Newman and Kenworthy 1999). Newman and Kenworthy 

believe that indicators will not be effective if their main purpose is to gain public 

relations points. instead, indicators need to be tied into policies and programs that can 

create some potential for real improvement for the whole city (Newman and Kenworthy 

1999). 

A further caveat is the use of single versus multiple indicators. In comrnunity 

sustainability assessments, indicators can be used either singly, or in combination. 

However, the application of a single indicator in an assessrnent process rnay not be ideal 

as an important component, or element, rnay be neglected (Remiz 1998). Furthemore, 

due to the interconnectedness of indicators, it may be ineffective to measure one indicator 

without considering others. 

To assess sustainability over time, sustainability indicators should not only 

include a measure, or indicator, for assessing the impact or condition, but also a reference 

value, such as baseline data., for evaluating the impact or condition. Baseline data can 

range from the national to the community level. For example, a traffic volume count, at 

either the national, regional, or community level, is an excellent starting point and can 

provide an effective set of transportation reference values (Remiz 1998). However, 

because sustainability requires a vision of what could be, not what is, data may not be 

readily available for many of the good indicators. In addition, some indicators rnay not 

have adequate definition. Traditionally, communities have used conventional data 

sources and have selected indicators based on the availability of common data. However, 

it is recommended to first develop the best indicators for the community and then decide 

later when and how to get the necessary information. This method therefore ensures that 

sustainability indicators are progressive and ideai and are not influenced by typically 

conservative data sets (Hart 1995). 

Overall, the use of sustainability indicators is still strongly encouraged. However, 

the literature does highlight some important concerns that al1 potential users sholild be 



conscious of, particularly the fact that as diversity exists between communities, diversity 

may also exist in the indicators applied to these different communities. Thus, the 

sustainability indicator process should not be applied in a 'cookie cutter' process but 

rather applied in a highly participatory environment where the diversity within the 

community influences the development of indicators (Maclaren 1 W6a). 

3.2.2 Objectives and Characteristics 

Objectives 

Indicators provide great value to communities, as they help their citizens deal 

constructively with change, and can provide a practical framework for defining 

community sustainability and measuring progress towards that goal (Hart 1995). Ln other 

words, the use of sustainability indicators can help communities achieve the following 

objectives (Zachary 1995; Beattey and Manning 1997; Remiz 1998): 

Enable a cornmunity to identify what it values and prioritises those values. 
Hold individuals and larger groups accountable for achieving those results. 
Through collaboration, community rnembers engage in community-building, which 
further builds democratic decision-making. 
Enables communities to measure what is important and to make decisions based on 
these rneasurements. That is, the results help communities discover whether they are 
achieving their previously established goals, or, if they should re-assess their 
direction, investments, andor goals. 
Enables comrnunities to assess equity, across both demographic profiles and 
geographic scales, and therefore empowers a community to make decisions that 
benefit the greater public good. 
Provides political power to citizens, which can be used to inject a performance 
measure into the politicai arena. 

Furthemore, sustainability indicators cm be used to assist in achieving 

cornpliance with a certain policy or legislation; improve the efficiency andor  

effectiveness of municipal services and functioning of sites; provide public information 

and improved citizenship; and identify distressed urban areas and create opportunity for 

intervention (Dilks 1996). 



The application of indicators is therefore quite broad, encompassing several 

objectives rit al1 levels of government and at the community scale. 

Characteristics 

Effective sustainability indicators typically have a common denominator - they 

s hare distinct characteristics that make them productive and useful to communities and 

their citizens. According to the literature, effective sustainability indicators possess the 

following characteristics (Hart 1995; Remiz 1998; Dilks 1996): 

1. Relevant to Sustainability: indicators must fit the purpose for measuring. With 

respect to sustainability, they must indicate the heaith of a complete system (Le. 

environment, economy, and society) to be effective. 

2. Understandable to the Community at Large: indicators must be easily understood 

and applied, or useable, by the general public. indicators should not be an esoteric 

concept but rather a simple, user-friendly tool that is accessible to d i .  For example, a 

gas gauge (which is an indicator of fuel in a fuel tank) that only displayed the number 

of BTUs of gas in the tank would not be an effective and understandable indicator to 

the user. 

3 .  Developed and Accepted by the People in the Community: to be effective and 

sustaining, community involvement in the process of developing indicators is critical, 

as it is the community that will be challenged to achieve these goals. Furthemore, it 

is the comrnunity that is cich with 'local knowledge,' thus providing valuable insight 

with respect to managing its socid, economic, and ecological resources. 

4. Link Economy, Society, and Environment: indicators must identify the link 

between the economic, social, and environmental elements of a cornmunity. A 

sustainable community is one where the interweaving of economy, society, and 

environment serves to strengthen its overall fabric, and indicators should highlight 

these Iinks whenever possible. For example, the median income of a community - a 

frequently used economic indicator - is not a strong example of an indicator that links 



al1 three spheres (Le. ecology, society, and economy), as it purely represents the 

economic health of the community's citizens. However, a more effective indicator 

would be one that integrates the percentage of income spent on housing costs into the 

median income indicator. This indicator now provides a stronger link between the 

economic and social health of the community and its citizens. 

5. Focus on Long Range View: indicators should be developed with a long-term 

perspective of the community in mind; to ensure long-term community heaith, 

indicators must address this time scale. For example, the number of houses built per 

year is not an effective indicator for long-terrn sustainability, as it does not identify 

the type of development, the materials used, and the land-types utilised. 

6 .  Advance Local Sustainability within Global Context: sustainability indicators 

should also integrate a macro-perspective, where global sustainability concerns are 

taken into account and integrated into local sustainability indicators and plans. 

Therefore, indicators, and their associated policies, should not attempt to simply re- 

locate problerns from one community to another in an effort to achieve local 

sustainability. 

7. Based on Reliable Information: indicators must be reliable (i.e. represent the truth) 

to develop faith by their users and to be effective in moving towards sustainability. 

The validity of data sources and measuring techniques is thus key to ensure reliable 

information. Furthemore, it is important that data are available and accessible. In 

addition, though ideal indicators may not have available data when they are 

developed, it is important that the data can be eventually created or made accessible. 

8. Based on Timely Information: in order for an indicator to be useful in preventing or 

solving a problem, it must give you the information when there is still time to correct 

the problem. Therefore, effective indicators provide early warnings and reveal 

changes in chronic and widespread problems. 

9. Responsive: indicators should respond to policy initiatives, or other actions taken, to 

communicate to the community their effectiveness. 



10. Compatibility with other Indiutors: indicaton should be compatible with those 

used in other communities, thereby ailowing comparisons to be made with 

meaningful references, or benchmarks. 

1 1 .  Inexpensive: the use of indicators in community assessment and sustainability 

planning should not be overly taxing on financiai resources. 

12. Independent: indicators should be relatively independent of linked factors, such as 

income levels and gasoline prices. 

13. Attractive to the Media: indicaton should be useable and topical to gain attention by 

local media sources. This provides great value to cornmunities as knowledge is 

disseminated, awareness is increased, and through recognition, citizens are 

empowered with the potential to make change. 

These characteristics are therefore very important in the process of developing 

sustainability indicators and plans, as they provide a road map to follow and 'rules' to 

stay on the road, or  path, to successful sustainability planning. 

3.2.3 Identification and Development 

Identification 

The identification and development of sustainability indicators are two critical 

stages in the sustainability planning process. These stages are highly dependent on strong 

stakeholder input, as it is imperative that a diversity of values and visions are included in 

these processes to tmly develop 'sustaining' planning policies, whether they be for 

transportation, community development, or Stream restoration. The integration of 

community values is important as their inclusion typically increases the community's 

sense of ownership and personal level of accountability, responsibility, and cornmitment. 



At this time, it is important to highlight one study caveat, as previously discussed 

in Chapter 1. Due to scoping limitations, the development of sustainable transportation 

and community indicators in this study did not include community and stakeholder 

involvement. In addition, the final Sustainable Transportafion und Land Use Planning 

Framework wilI not be a 'one size fits ail' planning tool but should be viewed rather as a 

template for communities and individuais to build upon. In other words, the framework 

developed in this study aims to enhance and support a public process that may develop at 

a future stage - a stage where community input will be required. It is on these conditions 

that the Iack of stakeholder involvernent in this study is justified. 

In identifying sustainability indicators, Remiz proposes the following 'step-wise' 

process (Remiz 1998,4): 

1. Conceptualise the issue of interest; 
2. Clarify the goal(s) and objective(s); 
3. Determine the target audience and the general purpose; 
4. Choose an appropriate framework ( e g  domains ( e g  environment, economy), goals, 

jurisdictions (e.g. roads, parks), policy response capabilities); 
5. Define the selection criteria; 
6. Identify a set of potentiai indicators; and 
7. Evaluate them against the selection criteria. 

This process of identifying indicators is common within the literature and is 

considered an appropriate and effective starting point for communities (Maclaren 1996a, 

Hart 1995). 

Development 

in the development of sustainability indicators, Hart proposes the use of a 

'checklist' that assesses the degree to which an indicator incorporates community capital 

and carrying capacity (Hart 1995). Community capital and carrying capaci ty are two key 

components of sustainability. Community capital includes ail the things a community has 

that allow its citizens to live and interact productively, and consists of the following three 

elements: natural capital, social capital, and built capital (Hart 1995). Carrying capacity, 



on tne other hand, is the ability of a community's capital to provide for the community's 

needs over the long tenn (Hart 1995). In identifying and developing indicators, it is 

important to determine whether or not the indicator addresses community capital and 

canying capacity. Furthemore, it is also important to determine if the indicator holcis 

quaii ties similar to those outlined in the "characteristics of effective indicators" section 

above. 

Keeping this 'checklist' in mind, the next step in identifying sustainability 

indicators is to select an appropriate framework for their development, as indicated 

above. This framework, or conceptual model, can then be used to identify and select 

indicators based on the needs of the particular community (Dilks 1996). There exist three 

frarneworks that are typically used in the development of urban sustainability indicators: 

theme-based, condition -stress-response, and the Communiv Oriented Mode1 for the 

Lived Environment (Maclaren 1996b). 

The theme-based framework develops indicators for certain sustainability themes 

or principles. For example, carrying capacity and quality of life were the broad principles 

used by the UK's Local Government Management Board and indicators were developed 

to support these principles (Maclaren 1996b). 

The condition-stress-response frarnework is based on 'state of the environment 

reporting' that takes place in many municipalities. This framework is based on the 

understanding that human activities affect environmental health, which in tum impact 

social and economic health. This framework therefore identifies cause-effect 

relationships and enables policy makers to not only identify stressors, but to understand 

them and to react by implementing appropriate policies. This framework is typically 

considered more effective than the theme-based frarnework as it is successful in Iinking 

the three spheres of sustainability. 



The finai framework, the Community Oriented Model for the Lived Environment 

(COMLE), identifies areas of municipal governrnent responsibility and then attempts to 

link these areas with the themes of environmental integrity, economic vitality, and social 

well-being. This framework is also considered superior to that of the theme-based, as it is 

more urban-focussed and links local responsibility with economic, social, and 

environmental sustainability (Maclaren 1 W6b). 

These frameworks - either separately, in combination, or as hybrids - are 

considered very effective in the development of sustainability indicators (Maclaren 

1996b; Dilks 1996). 

The identification and development techniques outlined above have guided the 

indicator development methodology to be used in this study. However, as stated above, 

these methodologies g o  beyond the scope of this study, as they are far too comprehensive 

to undertake at this stage. These methodoiogies therefore act as a foundation for 

understanding the fine details of sustainability planning, and are discussed in hopes of 

creating a stronger awareness amongst the readers of this study. 

3.2.4 The 'Sheltair Model' 

On October 26, 1995, the Vancouver City Council endorsed a plan to apply 

sustainable development pnnciples to the Southeast False Creek (SEFC) site, an area of 

approximately 80 acres of industrial land in downtown Vancouver. City Council 

authorised the creation of an Advisory Group of stakeholders, made up of landowners, 

nearby residents, developers, engineers, and planners, to name a few. This Advisory 

Group, d o n g  with a Technical Tearn and the Sheltair Group Inc. (Project Manager), 

responded to the principles of the Sheltair report as it was k i n g  developed, and 

contributed to the design of the principles and policies of sustainable community 

development that are to be applied to the SEFC site. 



In developing guidelines for sustainable urban development in the SEFC area of 

Vancouver, the following model, or 'pyramidal frarnework.' was developed and applied. 

Figure 3-1. A Comprehensive Framework for Sustainable Urban Development 
(Sheltair 1998,13) 

Indicators and Targets 
Reference Value and Precedents 

The Comprehensive Framework for Urban Sustainable Development provides a 

step-by-step process for developing sustainability indicators and setting targets. This 

'road map' thus provides a user-friendly approach in the development of policy. An easy 

way to understand the concept of this pyramidal frarnework is to think of it as a 'tree,' 

where the level of detail and precision increases as one moves from the top 'branches' 

(i.e. General Definition) to the bottom branches (i.e. Reference Values and Precedents). 

The Comprehensive Frarnework for Urban Sustainable Development starts with a 

general definition of sustainable urban development, and then works its way through 

principle ident~jication and its celationship with the three spheres of sustainability: 

ecology, society, and economy. These spheres are then organised into subject areas. For 

example, transportation is a caregory within the ecology sphere of sustainability. Goals 

are then developed for each category and objectives further define these goals. For 

example, a community may select the goal of "minimising the number of vehicle trips 

made outside the neighbourhood for basic needs" (Sheltair 1998, 17). One objective that 

would help in achieving this goal would be to "increase the proximity of housing to key 



activity centres" (Sheltair 1998, 17). With this goal and objective set, a community can 

then proceed with establishing indicators and setting appropnate targets. An appropriate 

indicator to achieve the above stated goal and objective is the "percentage of dwelling 

units within 350 meters of basic shopping needs and personal services" (Sheltair 1998, 

52). Sheltair proposes that "100% of the dwelling units" in the SEFC sustainable 

community development be within 350 meten of basic shopping needs and penonal 

services (Sheltair 1998, 53). The final stage in this process is to research other related 

case studies to understand, and adjust if need be, the previously established targets. 

These case studies thus act as reference values and precedents of what other communities 

are attempting to do, or have successfully achieved. However, this final stage may be 

more effective if completed before the indicator development and target setting stage, as 

it should play a large role in guiding target setting and poiicy formation. 

Due to this study's lirnited scope, it is believed that the following stages of the 

Sheltair mode1 are most appropriate to use in the development of the Sustainable 

Trarisportation and Land Use Planning Frarnework (S hel tair 1 998): 

Categories: subject areas that are organised into topics of concem. Categories either 

reflect different parts of the physical world (e.g. air) or sectors and services (e.g. 

transportation). 

Goals: broad statements that define the community's desired condition. 

Objectives: more detailed description of the goals, which typically indicate the 

direction of change that is required ( e .g .  increased proximity of housing to key 

activity centres). 

Indicators: should 'indicate' performance, and are therefore a conceptual tool used 

to measure progress towards an objective. Indicators should be expressed in clear and 

precise terms, to avoid confusion and misrepresentation. 

Targets: establish the desired level of performance. Targets should be challenging 

but both economically and technically feasible. It is important to remember that 

targets are intended to function as guides rather than standards. 



Given its successful application to the development of urban sustainability 

guidelines in Vancouver, coupled with its user-friendly format, it is believed that the 

'Sheltair Model' wiil be an effective and thorough method for developing the Sustainable 

Transportarion and Land Use Planning Framework for this study. 

3.2.5 Reporting and Monitoring 

In the development of sustainability indicators, Maclaren recommends that 

communities understand and be eager to participate in the whoIe process of sustainabiIity 

planning, from first definitions of sustainability, to indicator development, and then 

through to indicator evaluation, monitoring, and reporting (Maclaren 1996a). The 

Sheltair Model (Figure 3.1) selected for the development of this study's sustainability 

framework unfortunately does not include a 'reporting' and 'monitoring' stage. However, 

it is important to discuss the role of reporting and monitoring within a sustainability 

planning process. 

Urban sustainability reporting is an iterative and cyclical process that enables a 

community to constantly re-evaluate its goals and to re-adjust its indicators, if necessary, 

to align i tself with its desired future condition. Therefore, the urban sustainability 

reporting process looks at the full cycle of sustainability planning, from defining goals, to 

monitoring and reporting on progress, to re-evaluating sustainability strategies. 

Furthemore, sustainability reporting is a tool used to inforrn local government, business, 

communities, and individuals about their progress towards achieving urban sustainability 

(Maclaren 1996a). Maclaren proposes that the urban sustainability reporting process be 

used at al1 levels, from federal govemments to local community associations. 

It is important to note, as previously mentioned, that continual improvement, more 

so than one-time achievement, should be the goal of this process. A community should 

refine goals that have been achieved in an effort to preserve the positive evolution of the 



cornmunity. Therefore, it is not recommended that communities "pack it in" once the 

"job is done," as its performance may retum to its original position (Le. pre-achievement 

of community goals) and community spirit may erode. 

Furthermore, 'monitoring' plays a large role in the process of continual 

irnprovement. The process of evaluating indicator performance is a form of monitoring, 

where the users are 'checking up* on not only the performance of the indicator, but the 

direction, the scope, measurement technique and other related issues surrounding the 

sustainability planning process. Monitoring is therefore a cntical stage in the 

sustainability planning process, as it enables a community CO truly understand the state of 

their local environment (i.e. economy, society, and ecology), and to adjust their 'sails' if 

required. 

3.2.6 Conclusions 

In conclusion, sustainability indicarors are unique in that they combine elements 

from the economy, society, and the environment in one set of evaluative criteria. 

Furthermore, they c m  bring enormous benefit to a community, as they provide a 

framework for assessing, and moving towards, a sustainable comrnunity; empowering 

citizens through local initiatives and accountability; and nurturing the development of 

social capital within a community. 

The literature is fairly consistent with respect to the process of identifying and 

developing sustainability indicators. The above referenced processes provide a suitable 

foundation to build upon, and an excellent starting point for most communities. 

However, the 'Sheltair Model,' based on Sheltair's SEFC sustainable cornmunity 

development guidelines, is believed to be an effective framework for the development of 

sustainable transportation and land use policies on the local (i.e. community) scale. This 

mode1 will therefore be used in the development of indicators for the Sustainable 



Transporîation and Land Use Planning Framework. The following sections will de fine 

the categories, goals, objectives, and indicators; as well as identiQ and define the 

sustainability criteria that will be used to assess the indicators. 

3.3 The Development of the Sustainable Transportation and Land 
Use Phnning Indicutor Frarnework 

3.3.1 Identification and Development of Categories, Goals, and Objectives 

The 'Sheltair Model,' described above, will be used for developing sustainable 

transportation and land use indicators for this study. A four-stage proçess - a sub-set of 

the 'Sheltair Model' - is as follows: 

1. Identify the Categories; 
2. Identify the Goals for each Category; 
3. Identify the Objectives for each Goal; and 
4. Identify the Indicators for each Objective. 

Given the objectives of this study, the following categories have been sefected: 

Trarisportation and Accessibility, Air Qualitv, Water Quality, and Housing. It is believed 

that they will be essential to achieving the study's main objective of designing a 

transportation plan that will reduce SOV travel to and from SFU's Bumaby Mountain 

campus by 20% (both short-terrn and long-term traffic). The objectives are therefore to 

reduce automobile dependence at SFU, minimise environmental impacts, such as air and 

water pollution, and maximise accessibility to transit and services for the citizens of the 

SFU community, specifically the residents of the future BMCD. Research indicates that 

these outlined objectives are very effective in mesisuring a community's level of 

sustainability with respect to transportation and land use planning (Sheltair 1998; 

Newman and Kenworthy 1999; NRTEE 1996; TAC 1996; Transport Canada 1997; 

GVRD and Province of BC 1993a; GVRD and Province of BC 1993d; Raad 1998; 

Davidson 1997). 



Table 3-1 below outlines the categories, goals, and objectives that have been 

selected for the development of the Sustainable Transportation and Lanci Use Planning 

Frarnework. 

Table 3-1. Sustainable Transportation and Land Use Planning Framework: 
Categories, Goals, and Objectives 

Transportation 1. Minimise SOV travel 
, and Accessibility 

2. inctease safety, 
comrnunity interaction, 
and livability 

3. Minimise the need to 
travel outside the 
neighbourhood for basic 
needs (e-g. food, work) 

4. Promote a balance of 
jobs and housing 

1 5. Minimise harmful 
emissions, both local and 

densification 

a. Increase car-free living 
oppomtnities 

b. hcrease access to basic needs 
c. Increase transportation choices 
d. hcrease incentives for non-SOV 

travel 
e. Minimise the need to expand 

transDort infrastructure 
f. Introduce Mc calrning measures 

g. increase proximity of housing to 
key activity centres 

h. Increase pedestrian, bicycle, and 
transit infrastructure witfiin the 
neighbourhood 

i. Match housing types and 
affordability with the needs of 
working and non-working 
population within the community 

j . Increase employment opportuni ties 
to match residential stock or; 
increase residence opportunities to 
match employee and student base 

k. Reduce concentrations of ground 
level ozone (smog), fine particdate 
ratter,  sulphur dioxide (SOd, 
carbon monoxide (CO), and 
nitrogen dioxide (NO?) 

1. Reduce carbon dioxide emissions 
(CO21 

m. Reduce and manage surface water 
mn-off 

n. hcrease densities towards 
sustainabilitv standards 



The first category, Transportation and Accessibility, plays the largest role in this 

analysis with four identified goal statements. Minimise SOVtravel, or  the need to travel 

by SOV, is critical in achieving a 20% SOV traffic reduction target at SFU (both in the 

short and long-term). SOV travel can be reduced through enhancing the accessibility and 

service levels of alternative modes, such as walking, cycling, and pubIic transit. Research 

indicates that the outlined objectives support the achievement of this goai through 

efficient land use planning, improvements in transit service accessibility, increased 

accessi bility to services, employment, and recreation for pedestrians and cyclists, and 

more equitable transport economics (Sheltair 1998; Newman and Kenworthy 1999; 

Li tman 1998a). improvements in transportation and accessi bility, as indicated in the 

literature review, improve transportation efficiency (i.e. the ability to move people), and 

therefore reduce local and globd environmental impacts (such as air and water pollution), 

improve social and economic equity, reduce pressure on land for further infrastmcture 

development, and increase community and urban livability (Sheltair 1998; Newman and 

Kenworthy 1999; Litman 1997b; Litman 1998a; Ewing 1995a; Davidson 1997; Raad 

1998; Engwicht 1993; Roseland 1998; NRTEE 1996). For the purposes of this study, it is 

therefore important to focus on the following objectives: increase car-free living 

opportrtnities, access to basic needs, transportation choices and their associated 

irtcentives; and decrease the need to expand transport infrastructure. 

Increase safety, community interaction, and  Iivabiliîy - through the introduction 

of traffic calming measures - is an important goal in creating healthy, sustainabIe 

communities. This can be accomplished through efforts to cairn the speed and volume of 

vehicle traffic in neighbourhood streets, essentially reducing what Appleyard refers to as 

the "zone-of-influence" of pnvate automobiles (Appleyard 198 1 ). Research indicates that 

the speed at which vehicles travel, and the volume at which they flow, through 

neighbourhood streets have significant impacts on the safety and livability of these 

neighbourhoods (Appleyard 198 1). Appleyard concludes in his study that the zone-of- 

influence increases with vehicle speeds and volumes, therefore leaving residents with less 

'exchange space' (Le. area in which people interact) and 'home territory' (i.e. area that 



one feels is part of their greater home) in their streets and homes, fewer social interactions 

and friends, and decreased levels of safety (Appleyard 198 1). Therefore, the introduction 

of traffic calming measures may prove effective in curbing trafic  speeds and volumes 

within the SFU community, and thus improving the community's livability. Furtherrnore, 

t rafic  calming may persuade citizens to choose alternative modes of transport since 

travelling by personal vehicle may be less convenient. Therefore, for the purposes of this 

study, it is important to  focus on the following objective: introduce trafic calming 

measures. 

Minimise the need to travel outside the neighbourhood for basic needs is an 

effective goal for improving accessibility and increasing transportation options within a 

community. Accessibility to employrnent, education, goods and services, recreation and 

green space within the community, and preferably within a 10-minute walk from one's 

residence (Le. 400-500 meters), is important in improving Iivability and reducing 

automobile dependence, and thus pollution and personal economic expenditures (Le. 

percentage of income spent on transportation). This form of community planning is 

found in Traditional Neighbourhood Developments (TNDs) and Transit-Oriented 

Developments (TODs), as indicated in Chapter 2. As 60-75% of total trips are non-work 

related (e.g. for grocenes), it is believed that TND/TOD land use planning is an effective 

method in reducing vehicle travel (Van der Ryn 1986; Bernick and Cervero 1997). 

Research indicates that efforts to locate housing near key activity centres, such as 

shopping, employment, and recreational facilities, improves the transportation modal split 

in favour of walking, cycling, and public transit and can decrease vehicle travel from 10- 

50% (Bernick and Cervero 1997; Calthorpe 1993). Furtherrnore, the provision of 

adequate pedestrian, bicycle, and transit amenities within a community (such as 

sidewalks, pedestriankycle trails, bike racks, and transit stops and shelters) can encourage 

residents to use local services rather than driving to outside communities to satisfy basic 

needs (Sheltair 1998). 



For the purposes of this study, it is therefore important to focus on the following 

objectives: increase proximiîy of housing to key activity centres and increase pedestrian, 

bicycle, and transit infrastructure within the neighbourhood. 

Promote a b a h c e  of jobs and housing aims to achieve the spatial efficiencies of 

having people work and live in the sarne community, o r  municipality/region. Sheltair 

indicates that a "regional balance of jobs and housing is one of the most effective means 

of reducing trip lengths and associated transportation costs" (Sheltair 1998, 35). The 

difficulty with achieving a jobs-housing balance in many urban areas is the fact that the 

majority of jobs are located in the downtown core and the surrounding neighbourhoods 

are typically not affordable to the average wage earner (though this trend is changing, 

with more employment opportunities becoming available in suburban areas, such as 

research parks). These citizens then seek housing in the suburbs, particularly when real 

estate and comrnuting costs are low. The Iack of affordable housing in, or near, the 

downtown core thus plays a critical role in achieving jobs-housing, and generai land use, 

efficiencies. Therefore, jobs-housing efficiencies can be gained through initiatives to 

match housing afTordabiIity with the needs of the local working and non-working 

population. 

In SFU's case, however, it is not the lack of affordability that challenges the jobs- 

housing balance, but rather the lack of housing supply at the university, Therefore, it is 

imponant for SFU to initiate efforts to provide greater housing options, as is envisioned 

in the proposed 'University Village' development (Le. BMCD). Moreover, it is still 

important that housing be affordable in university communities, as the income of students 

is low. Therefore, a university must seek to meet the housing needs of a diverse 

community where the range of incorne levels and housing needs varies widely between 

staff/faculty and student populations. 

in a university setting, a jobs-housing balance can also be thought of as an 

'education-housing,' or 'student-housing' balance, as students make up the majority of a 



university's population. Moreover, there are many opportunities for universities to 

capture strong jobs-housing balances, particularly with faculty and staff. From this point 

forward in this study, the term 'jobs-housingT balance will include both employment (Le. 

staff and faculty) and student populations. 

A jobs-housing baiance produces the same benefits as the previous goal of  

'reducing the need to travel outside the neighbourhood,' since the need to travel by 

automobile is reduced when work destinations are easily accessible by foot, bicycle, and 

public transit (Bemick and Cervero 1997; Ewing 1995b). For the purposes of this study, 

it is important therefore to focus on the following objectives: match housing types and 

uffordability with the needs of the working and non-working population within the 

community, and increase employment (or residence) opportunities to match residential 

stock (or employee and student base). 

The remaining three categories - Air Qualizy, Water Quality, and Housing - 

include only a single goal for each due to this study's primary focus k i n g  transportation 

and accessibility. This is not to Say that environmental quaiity and housing are less 

important, but rather to note that these issues c m  be improved significantly, and therefore 

managed, through sound transportation and land use policies (Newman and Kenworthy 

1 989; Newman and Kenworthy 1999; Roseland 1998). 

Minimise air emissions, 60th local and global aims to reduce poor air quality, 

and its associated impact on human health, and greenhouse gas emissions that contribute 

to global climatic change (Le. global warming). Vancouver's geographic location 

contributes to the severity of its air quality problem, as the Cascade Mountains to the 

south-east and the Coast Mountains to the north inhibit the free rnovement of air in the 

region- Together, these natural features forrn the 'walls' of the Lower Fraser Valley air 

basin - walls that contain the air and often prevent dispersion of pollutants (GVRD 

f 994a). Furthemore, studies indicate that the population of the Greater Vancouver area 

is highly automobile dependent, with higher VKT per capita (8,36 1 km) than the average 



Canadian city (6,645 km), high automobile modal splits (approximately 80-85% of al1 

trips), and below average annual transit ridership per capita (1 17 trips) compared to the 

average Canadian city (131 trips) (GVRD and Province of BC 1993a; Raad and 

Kenworthy 1998). In combination, air quality management is becorning a pressing issue 

in the Greater Vancouver area as local air quality, and its associated impacts, are 

becoming more intense and concerns over global climatic change are increasing. To 

improve local air quality, it is important to focus on reducing concentrations of ground 

level ozone (smog), fine particulate matter at Street level, sulphur dioxide (SOz), ca rbon 

monoxide (CO), and nitrogen dioxide (NOz) emissions. On the global scale, it is 

important to focus on reducing carbon dioxide (COz) emissions. 

Minimise waterpollution aims to reduce the quantity of vehicle-related pollution, 

such as hydrocarbon runoff into streams. In addition, policies to increase the percentage 

of pervious surface materials, to allow rainwater to be absorbed into the soil, help achieve 

reduced pollution levels. This is particularly important in the context of this study, as the 

Greater Vancouver area, and more speci ficall y, Burnaby Mountain, receive extremely 

high levels of annual rainfall. Bumaby Mountain typically receives approximately 2,200 

mm of rain per year, twice that of the rest of the Greater Vancouver area (Yarnell and 

Sandmann 1997). It is therefore critical that surface water is rnanaged to minimise the 

threat of water pollution within the Burnaby Mountain area. Surface water management 

programs that strive to achieve low hydrocarbon pollution levels and general water runoff 

are effective in maintaining healthy water ways, thus supporting the health of fish 

populations and aquatic ecosystems, as well as human populations. For the purposes of 

this study, it is therefore important to focus on reducing and managing water runoff 

levels. 

Optimise communiiy densification aims to achieve spatial efficiencies and 

minimise land use. A compact, medium to high-density community provides greater 

accessibility to its residents, particularly if the community includes mixed-use zoning (Le. 

the integration of residential and retail). Urban and suburban densities must therefore 



increase to enable people to meet their daily needs via transit and non-motorised modes 

(i.e. bicycle and walking). As indicated in Chapter 2, research supports the movement 

towards higher density urban form, as higher density, compact and complete urban form 

Iead to higher rates of transit use, non-motorised travel, and lower levels of personal 

automobile use (Newman and Kenworthy 1989; Newman and Kenworthy 1999; Jacobs 

196 1 ; Roseland 1998; Engwicht 1993; Bernick and Cervero 1997; Holtzclaw 1994). 

Therefore, as spatial and energy efficiencies are gained in communities and urban 

areas that are built to a minimum of 30 dwelling units per acre, it is important to 

encourage policies that strive to achieve this target in an attempt to accomplish urban 

sustainability objectives. For the purposes of this study, it is therefore important to focus 

on increasing densities towards sustainabiliiy standards. 

The outlined goals and categories (Table 3- 1) have k e n  identified as effective and 

appropriate for the objective and scope of this study. The Sustainable Transportation and 

Land Use Planning Framework is now starting to take shape and will be further defîned 

in the following section, where sustainability indicators are identified and evaluated. 

3.3.2 Identification of Sustainable Transportation and Land Use Indicators 

In a sustainable community, transportation will be less dependent on single- 

occupancy vehicles that use non-renewable fuels and more dependent on multi-occupant, 

renewable energy vehicles. The need for transportation, or mobility, will be reduced in 

many cases because cities and towns will be designed so that walking and cycling are 

easy and convenient. Therefore, the emphasis of sustainable transportation indicators is 

on reducing automobile dependence, and thus the consumption of non-renewable fuels, 

and the environmental impacts (e-g. air and water poilution, resource consumption) that 

are associated with their use. Sustainable transportation indicators also emphasise 



decreasing the arnount of transportation that is necessary and increasing the ease with 

which people can fulfil their daily needs, such as basic goods and services (Hart 1995). 

As outlined in Chapter 1, the focus of this study will primarily be at the local scale 

- that is, Simon Fraser University's Burnaby Mountain Campus. However, given that 

many local strategies are interconnected to the municipdregional scale, this study will 

also include (to a limited degree) some of these broader indicators. Therefore, the 

identification and selection of sustainable transportation and land use indicators will be 

based on the range of local and municipal/regional indicators. 

The literature on sustainability indicators is growing rapidly, with a wide range of 

indicators currently in use (Roseland 1998; Newman and Kenworthy 1999; Litman 

1997b; Remiz 1998; Sheltair 1998; TAC 1996; Hart 1995; Dilks 1996; WRG and S5 

Services 1997). T o  develop the Sustainable Transportation and Land Use Planning 

Frarnework, a literature review was completed and relevant indicators were identified. 

Table 3-2 outlines some comrnon sustainable transportation and land use indicators. 

Table 3-2. Common Sustainable Transportation and Land Use Indicators (Newman 
and Kenworthy 1999; Litman 199713; Hart 1995) 

' 1. Annual vehicle kilometres (non-recreational) travelled per capita WKT) 
2. Annual vehicle hours traveIled (non-recreational) per capita (VHT) 
3. Modal split between al1 modes for work and non-work trips 
4. Average vehicle occupancy 
5 .  Total number of trips made per day per capita 
6. Nuaber of vehicles per household 
7. Average work commute time and distance 

\ 

1 8. Per capita transportation energy consumption (MJ or liues/capita) I 
9. Annual number of transit trips per capita 
10. Transit cost recovery 
1 1. Transit service kilometres per capita 
12. Population density 
13. Percentage of population that live within 400 rneters (IO-minute walk) of basic goods and services 
14. Percentage of population that live within 400 meters (10-minute walk) of transit 
1 

16. Average portion of household expenditures devoted to uansportation (including direct cxpenditures 
(e.g. vehicles and fares) and indirect expenditures (e.g parking and taxes)) 

17. Nurnber of car accidents involvinp; pedestrians and/or cycIists 



It is evident from the literature that sustainable transportation and land use 

indicators cover a wide spectrum of transportation and land use issues, or categories. 

Categories range from personal automobile use, environmental impacts, and trmsit 

service to the quality of the pedestrian and bicycle infrastructure, density and 

accessibility, parking provisions, and safety. The Sustainable Transportation and Land 

Use Planning Framework will incorporate this range of categories to provide a broad 

scope of local and municipallregional indicators that can be used in the development of 

transportation and land use policies. 

In selecting indicators for the aforementioned framework, an Indicators Menu was 

deveIoped to represent the range of available indicators - specifically at the local and 

municipal/regional level - that relate to sustainable transportation and land use planning. 

This menu is based on an extensive literature reviewg, and while not al1 references appear 

in the Indicators Menu, some have k e n  identified to supplement the literature identified 

below. 

This menu is not completely inclusive however, as indicators that are not 

applicable at the local level, not well documented, or that do not measure the condition or 

identify a desired direction, have been excluded. However, it is believed that the list of 

indicators described below is comprehensive and provides an excellent toolkit for 

communities to use in developing local sustainability indicators and policies. The 

following list should therefore be used like a 'menu,' where communities can select the 

appropriate indicators to fit the goals and objectives they hope to achieve. 

Litrnan 1995a; COMSIS 1993; Hart 1995; Newman and Kenworthy 1999; City of the Hague 1995; 
Ciuffini 1995; Ewing 1995a; GVRD 1997a; Beatley and Manning 1997; Roseland 1998; Kline 1997; 
Shel tair f 998; Maclaren l996a; BCRTEE 199 1 ; Davidson 1997; Raad 1998; GVRD Transport 1993a; 
DOT nd; Engwicht 1993; Raad and Kenworthy 1998; Newman 1998; WRG and S5 Services I997a; WRG 
and S5 Services 1997b; GVRD 1998b; City of Vancouver 1998; ; GVRD and FVRD 1997b; Ward 1995; 
Van Vlict 1994; TAC 1996; Litrnan 1997b; Remiz 1998; Dilks 1996; NRTEE 1996. 



Based on the literature, selected indicators are separated into the following 

categories: 

General Transportation 
Public Transit 
Traffic Calming 
Non-motorised Travel and Pedestrianisation 
Parking 
Education, Organisations, and Prograrns 
Environment 
Land Use 
Economy 
Livability 

These categories cover the broad spectrum of transportation and land use 

indicators that are associated with sustainable development. The Indicutors Menu below 

outlines these categories and their associated indicators. 

Table 33.  lndicators Menu: Sustainable Transportation and Land Use Indicators 

1. Vehicle Hours of Travel - non-recreational - per capita per year (Litman 1997b) 
2. Vehicle Kilometres Travelled (VKT) - non-recreational - per capita per year (Liunan 1997b) 
3. Modal split for work and non work Uips 
4. Total number of vehicle trips made per day per capita 
5.  Percentage of trips made by vehicle outside the neighbourhood for basic needs 
6 .  Average vehicle occupancy 
7. Average work comrnute (time and distance) by mode 
8. Average speed by mode 
9. Percentage of citizens living within 30 minutes of work by uansit/bicycle/wdking 
10. Vehicle ownership per capita (number) 
1 1. Number of vehicles per household 

1. Annual number transit trips per capita 
2. Annual transit service kilomeues per capita 
3. Transit service kilometres relative to road provisions per capita 
4. Transit cost recovery (Newman and Kenworthy 1999) 
5 .  Percentage of peak period transit frequencies that are 15 minutes or less 
6. Pcrcentage of non-peak period transit frequencies thar are 30 minutes or less 
7. Percentage of transit connections less than 5 minutes long 
1 
9. Percentage of transit vehicles accessible for prams/wheelchairs/bikes 
IO. Number of quality transit waiting facilities per capita (e.g. shelter. scheduIes and maps, seating, bins) 
1 1. Number of safety provisions between transit stations/stops and footpaths 



Table 3-3. Indicators Menu: Sustainable Transportation and Land Use Indicators - 
continued 

1 12. Percentape of public who feel transit is safe 
1 13- Percentage of communities that receive irmsit responsibilities (e.g. bus shelter maintenance) 
1 14. Percentage of transit boards that include user/cornrnunity representation 

I kmRir s&ed lirnifs, narrow roads (25-30 fi). chicanes. street himiture. stop signs. speed burnps. street 
planting, wide sidewalks, islands, removal of curbs, signage, pedestrian crossings, street partiedgarnes, 
reclaiming of road space for pubtic space) (Newman and Kenworthy 1999; Condon 1996; Engwicht 

1. Annual number of bicycldwalk trips made per capita 

1 2.  Kilomeves of separated cycleways 
3. Percentage of transportation budget allocated to cycIinjdpedestrian infrastructure 
4. Percentage of transit stationdstops with bicycldwalk facilities (e-g. bikefwalk Iancs, racks, and 

[ 5.  Percentage ~ f e r n ~ l o ~ r n e n t / ~ u b l i c  facilities with bicyclelwalk infrastructure 
6.  Percentage of streets that are "Pedestrian-Friendly" (e-g. benches, trees, sidewaiks) (WRG and The 

1. Ratio of parking fees to transit fees 
2.  Proportion of residential parking with 1-25 (or less) parking stalls per unit (Condon 1996) 
3. Percentage of employers that meet the following parking criteria: 2-4 stalld1.000 feet2 (office); 3-5 

1 stalld1.000 feet2 (retail); 1-3 stalld1,OOO feet' (Iight industrial) (Calthorpe 1993) 
; 
; 
6 .  Ratio of short-term to long-term parking facilities (Litman 1998b) 
; 

1. Number of sustainable transportation cducation prograrns offered to schooldemploycrs/public 
2. Nurnber of 'Clean Aire daydcarnpaigns/transponation fairs per year 
-- -- 

1 3. Percentage of citiedmunicipalities with transportation management associations (TMAs) 
4. Pcrcentage of employers with employee transponation administrators (ETAs) 
5. Number of sustainable transportation services (e.g. car sharing, home delivery. 'dial-a-ride.' bike co- 

ops, 'walking school bus') available 
2 
7. Availability and institutional support for 'Green'/Location Efficient Mongages (LEM) 
8. Percentage of local retailers that offer 'Buy Local and Save' cards; 'car-free' shopper discounts 



Table 3-3. Indicators Menu: Sustainable Transportation and Land Use Indicators - 
continued 

9. Percentage of institutions/employers (over 100 employees - ihough effective prograrns do exist for 
j 
a) tele-commuting options 
b) 'Guaranteed Ride Home' pro- 
c) alternative work hours and/or flexible hours (incl. academic tirnetables) 
d) a transportation aIlowance/subsidy for transit and bikdwalk (e.g. UPASS, 'car-free' shopper discounts, 

'frequent green flyer' points) 
e) 'Cashinp; Out' paid parking 

1 g )  cornmuter information centredcommuter fairdaward recognition pmgrams 
h) 'New Hire Orientation* programs on traffic reduction 
i) employer based ridematchinp; services 
j) Company ownedneased vanpools 

1. Annual gasoline consumption (MI or litres) per capita (Newman and Kenworthy 1999) 
2. Totai quantity of air pollutants per capita (local and global emissions in kg) 
3. Number of 'Poor' air quality days per year (poor = 50-100 on the Canadian national air quality index - 

Index of the Quality of Air  QUA)) ( ~ e w m &  and Kenworthy 1999) 
fi 

1 6.  Percentage of comrnunity (incl. roads, public places, parks) that is pervious to water ( c g .  alternative 

1 surface materials) (Sheltair 1998) 
7. iane kilometres throuph watersheds 
8. Lane kilometres throuprh green zones 

1 9. Per capita land area paved for roads and parking facilities 

1. Population density (personshectare) 
2. Employment density fiobshectare) 
3. Percentage of residents who live and work in the same community (jobs-housing balance) 
4. Percentage of residential units that are 'Iive-work' (Le. work at home units) 
5. Percentage of city/community that is mixed-use zoning 
5 
7. Percentage of dwelling units within 400 meters of basic shoppicg needs (Sheltair 1998: Calîhorpc 

1993; GVRD and Province of BC 1993a) 
8. Percentage of dwelling units within 400 meters of 30 ft' retail spacdresident (Condon 1996) 
9. Percentage of dwelling units within 400 meters of transit service (Sheltair 1998; Calthorpe 1993; 

GVRD and Province of BC 1993a) 
10. Perccntage of residential units within 400 mcters of transit with 15 minute frequency (mm) in peak 

hours 
1 1. Pcrcentage of population within 1 kilometre of rapid transit (GVRD and Province of BC 1993e) 
12. Numbcr of zoning incentives (e-g. density bonus, integration with existing transit/bike/walk 

infrastructure) 
13. Percentage of city/comrnunity specid1y zoned for transit-oriented/traditional neighbourhood 

development (Newman and Kenworthy 1999) 



Table 3-3. IndiCafors Menu: Sustainable Transportation and Land Use Indicators - 
continued 

1 
15. Percentage of residential units that are not single-family homes 

1 16. Percentage of single-family homes chat are . s d l  lot' uniü (Le. smaller lots, reduced setbacks and 
I increased Lot coverages) 1 17. Percentage of new street blocks that are smaller than modem block sizes 
1 18. Percentage of neij$bowhood streets with back lanes 

19. Percentage of sueet layout that is grid 

2 1 . Percentage of streets/public areas that arc 'car-Free' 
1 22. Percentage of single-fmily hornes/tomhomes that offer ancillary rental suites (Le. buement suites) 

23. Mix of housinp; and fundinp; types, tenwes, tenants, and income levels 
24. Number of 'car-free' housine units available 

I 1. PubWprivate savings from reduced auto dependence over and above any necessary increases in 
transit, bicycle, and pedestrian expenditures (e-g. infrastructure, less fuel, fewer roads, less parking, 
lower extemal costs) (Litman 1997b)1° 

2. Percentage of dwelling units that are affordable, relative to the income distribution and family size of 

1 the parti&iar comnuiity - - - -- - - 

3. Percentage of disposable income spent on transportation (direct and indirect; fixed and variable costs) 
4. Affordability of public transit by lower income citizens (fares as a percent of lowest income quintile) 

1. Number of crimes per capita 
fl 
3. Provision for public security and safety (e.g. good street lighting, clear sight lines, few hiding places, 

4. Number of traffic-related noise cornplaints per year 
5.  Number of seats available for public (e.g. in streets. squares, parks and other public areas) 

' 

7. Percentage of buildings that are "cornmon-use"/multi-purpose (cg. recreation rooms) 
8. Average number of "spontancous exchange" experiences per capita per day (e.g. meeting friends at 

market) ~ 
10. Amount of public space per capita (ft2) (e.g. parks. pedestrian pockets, squares, mils. uaffic-calmed 

1 1 1. ~urnberofo~~o&ni t ies  for citizens to participate in community planning and decision-making 1 12. Degree of inteption of local culture and clirnate in community and transportation planning 

'O Pcrcentligc Savcd (hsr)  = Fu11 Cosf Accou- (Auto-ûricntcd I)evela_omcnt) - K A  (Sustainable Cornmunit" Dcvelopmçnt) 
FCA (Auto-Orientcd Dcvcloprncnt) 



The identification of categories, goals, objectives, and the development of an 

indicators menu is now complete. The following section will identify the sustainable 

transportation and land use criteria to be used in the evaluation of the indicators found 

within the Indicators Menu. This will be the final stage in the development of the 

Srtstainable Transportation and Land Use Planning Framework template. lndicators will 

then be evaluated, based on the identified criteria, and ranked into High, Medium, and 

Low priority. High priority indicators that fit best with the scope of this study (Le. the 

identified goals and objectives) will then be matched with the appropriate snidy 

objectives. The result will be the 'Master' indicators frarnework, identified as the Mmter 

Sustainable Transportation and Land Use Planning Framework. 

3.3.3 Sustainable Transportation and Land Use Evaluative Criteria 

A review of the literature suggests that there are numerous categories into which 

sustainability criteria fail. For the purpose of this study, the following five broad 

categories have been selected: 

Transportation Efficiency; 
Land Use Efficiency; 
Environmental Impact; 
Human Livability; and 
Economic Efficiency 

Within each category, however, exist sub-criteria that further define the principal 

criteria. Overall, these categories integrate many objectives of sustainable development 

and are considered more holistic. The following section wiIl define the five broad 

categories in more detail. 

Transportation efJiciency is defined as the optimisation of the 'person moving' 

capacity of the transport system. Research indicates that to achieve this objective, the 

following transportation modes should be given priority in policy-making: 



Table 3-4, Person Moving Capacity of Roadway (Rock 1998) 

Walk 7,200 persons 
Bicycle 6,000 persons 

1 Transit Bus (dedicated lane) 1 4,000 persons 1 
1 Private Automobile (average occupancy = 1.2) 1 2,000 persons I 

Transportation efftciencies exist in transport systems that prioritise non- 

automobile travel, specificall y single-occupant vehicle travel, through programs of 

transportation demand management (TDM) andfor supply management (Le. increased 

transportation options and road capacity). In other words, transportation efficiency is 

directly correlated with automobile dependence: as automobile dependence decreases, 

transportation efficiencies increase, and vice versa. 

Furthemore, transportation efficiencies are gained through mechanisms that 

increase opportunities for access. Accessibility, as defined in Chapter 2, is the ability to 

reach desired activities (e.g. goods, services, recreation, employment, education, and 

green space) from any location (Litman I997b; Hansen 1959; Ewing 1995a). 

Furthemore, access, or "accessibility-&inning," pays particular attention to the needs of 

the economicaily disadvantaged and physically challenged, as well as non-drivers and 

others who do not have access to the full range of transportation options (Davidson 

1997). Accessibility is thus dependent upon the iand use and transportation system that 

exists. Accessibility is therefore an excellent criterion for sustainable land use and 

transportation planning. For the purpose of this study, the assessrnent of transportation 

efficiency will be based on  automobile dependence, access, and the range of 

transportation choices available. 

Land use eficiency is defined as the optimisation of spatial efficiencies through 

the minimisation of land consumption (Le. maximising the full value of the land - 
econornically, socially, and environmentally - while minimising land use). It is the 



application of land use policies that minimise land consumption - through initiatives such 

as increased density, mixed-use zoning, compact and complete community development, 

and transit-oriented and traditional neighbourhood development - in an effort to conserve 

land for future activities (e.g. agriculture, development) and thereby increasing the utility 

of the land. For the purpose of this study, the assessment of land use efficiency will be 

based on population density, the achievement of cornplete communities, the ratio of jobs 

to housing within a comrnunity or municipality (Le. jobs-housing balance), and the 

amount of land dedicated to automobile travel (i.e. automobile-otiented public space). 

Environmental impact is defined as those activities that impose stress, such as 

excessive air ernissions, on the carrying capacity of the environment. The environmental 

impacts associated with transportation are wide ranging and include air, water, and noise 

pollution; habitat Ioss and wildlife impacts; destruction of green space; and resource 

consumption. For the purpose of this study, the assessment of environmental impacts 

will be based on air and water pollution, the protection of wildlife habitat, and green 

space. 

Human fivabiliîy is defined as a community that maximises its social capital, 

such that it supports and encourages healthy and safe living, social contact and cohesion, 

a sense of community and place, citizen and community empowerment, and equity. 

Research indicates that human livability is enhanced when citizens experience peace and 

quiet, aesthetic beauty, animated Street life, and social interaction within their community 

(Crawthurst-Lennard m d  Lennard 1995; Appleyard 198 1 ). For the purpose of this study, 

the assessment of human livability will be based on the level of calmed trafic, sense of 

communiiy and place, parîicipation in decision making, and health and safety.' ' 

l '  "Health and safety" could be measured by pre- and post-TDM data, such as the number of  hospiml visits 
related to autos and vehicle-pedestriafiicycle accidents and rnortalities- "Sense o f  community" and 
"participation in decision making" could be measured by surveys and the level o f  involvement in 
community activities. 



Economic efficency is defined as balancing the economic equityl' (i.e. benefits 

and costs) for citizens across al1 modes of a transport system. In other words, economic 

efficiency aims to level the playing field to ensure that al1 users of the transportation 

system are receiving the correct economic price signals - through incentives, 

disincentives, and subsidies - so that al1 citizens receive the appropriate benefits and pay 

the appropriate costs in order to provide equitable access to the full range of transport 

modes. Economic equity can be achieved through efforts to increase a traveller's 

'internal variable' costs by including 'internai fixed' and 'extemal' costs (Litman 1998~). 

Intemal variable costs are defined as those costs that are short term in nature, Vary with 

the arnount of travel - such as gasoline and parking expenses - and directly affect the 

transportation decision-making process (Le. the selection of transport mode). Interna1 

fixed costs are those costs that are long term in nature, are incurred less frequently, and 

are perceived to not Vary with the amount of travel. ExarnpIes of these costs are vehicle 

capital costs, insurance, depreciation, and registration. Extemal costs are those costs 

typically not borne by individual users, such as roadway and parking facilities, 

congestion, accident costs, health costs, and environmentd and social impacts. Research 

indicates that increasing intemal variable costs, through policies that make users 

responsible for their incurred internal fixed and extenal costs, increases economic equity 

and significantly reduces automobile travel (Litman 1998~). 

Economic effkiencies can also be achieved through the application of Full Cost 

Accounting (FCA) and Least Cost Planning (LCP) principles. FCA is defined as a 

"technique for assigning dl costs and benefits, both internal and external, to al1 parties 

associated with or impacted by a project over the long-terrn (Sheltair 1998, 191). In 

other words, FCA focuses on integrating al1 costs and benefits, including social and 

environmental externalities, into the decision-making process. Building on this, LCP 

then cornpares transportation investment alternatives, such as mass transit versus roadway 

expansion, to deterrnine optimal economic, social, and environmental investments. 

" "Economic equity" in this study refers to 'fairness' rrrther than 'financial' or monetary equity. 



In addition to economic equity, econornic efficiency is aiso determined by the 

level of community econornic development potential. Transportation and land use 

planning policies should encourage econornic development through al1 spatial scales, 

from the national to the cornmunity level. For example, high density and mixed-use 

zoning policies support the development of complete communities. These land use 

pol icies further support the development of local, comrnunity-based industries, such as 

home delivery systems (non-motorised or motorised), community bike and car co- 

operatives, neighbourhood shuttle prograrns, and retail services. For the purpose of this 

study, the assessrnent of economic efficiency will be based on econornic equity and 

community econornic development poterrtial. 

The above outlined sustainability criteria will be used to evaluate the indicators 

found within the Indicutors Menu. Table 3-5 summarises the sustainable transportation 

and land use criteria and their associated objectives. 



Table 3-5. Sustainable Transportation and Land Use Evaluative Criteria 

1 a. Reduce automobiIe 1 Measures that reduce the need to travel by personal automobile, such as - - 
dependence TDM andor TSM proprams. 

b. Increase access Measurcs that reduce trip length. and improve access to goods. 
services, and transportation choices- 

- 

c. Increase transportation Measures that increase the number of transport options, as well as their 

a. Increase density Measures that increase population densities to achieve transportation 
planning efficiencies and optimise land use. 

b. Promote complete Measures that provide mixed-use zoning to achieve transportation 
cornmuni ties planning; efficiencies and optimise land use. 

c. Jobs-Housirig balance Measures that enable people to live and work in the same 

1 1 community/municipality to reduce pressure on land and investrnents in 
transportation in fiastruc tue.  

d. Minimise automobile- Measures that reduce auto-dominated land use and increase the 
1 oriented ~ u b l i c  mace 1 availabilitv of ~ub l i c  snace. 

1 a. Reduce air pollution 1 Measures that reduce local air emissions, such as particdate matter 
(PM), nitrous oxides (NO,), volatile organic compounds (VOCs), 
sulphur oxides (SO,), carbon monoxide (CO), and ozone (O3) 
(secondary pollutant - product of photochernical reactions between 
NO,, VOC, and sunlight): and global emissions of carbon dioxidc 
(CO,). 

wildlife habitat and green 

Measures that reduce water mnoff and contamination. 
Measures that prohibit development in sensitive wildlife habitat and 
public green space areas. 

1 a. Calmed traffic 1 Measures that reduce both the volume and s ~ e e d  of vehicle traffic. 
b. Sense of community and Measures that attempt to connect the citizens of a community to one 

place another and thcir immediate geography (Le. place). 
c. Participation in decision- Measures that encourage public involvement in the decision-making 

1 making 1 process, thus empowering citizens and communities. 1 d. Health and safety 1 Measures that ensure high levels of public health and safety so that 

a. Increase economic equity 

b. Increase cornmunity 
economic development 

Measures chat increase equity for society across al1 modes of 
transportation (Le. improve access/mobility equitably - through the rc- 
organisation of how and what transport costs are paid and the re- 
distribution of transport subsidies to ensure al1 users rcceive a fair share 
of benefits and costs). 
Measures that incrcase the potential for thc dcvelopment of local 
commerce, providing services and employment. 



The major components of this framework have now been identified (i.e. 

categories, goals, objectives, and criteria) and a 'template' of the Sustainable 

Transportation and Lond Use Planning Framework is shown in Figure 3-2 on the next 

page- 

3.3.4 The Scale for Evaluating Sustaina ble Transportation and Land Use 
Indicators 

In order to compare and evaluate the selected sustainable transportation and land 

use indicators against the criteria set out in Section 3.3.3, the following scale has been 

developed: 

Table 3-6. Evaluative Scale 

More than one symboI may appear for each indicator evaluated, depicting the 

range of possible impacts. For exampte, the evaluation "+/++" would represent an 

indicator that may have a moderately to significantly positive impact on the sustainability 

criterion, thus representing an indicator thzt holds potential for basing policy 

developrnent upon. Due to the lack of previous evaluation and the subjectivity of this 

type of analysis, however, the indicator evaluations will be typically represented by a 

range of symbols, such as "=/+/++." 

++ 
c 
- - - 
b (blank) 
- 
-- 

Indicator would Iikely have a significantly positive impact upon the criterion 
indicator would likeiy have a moderately positive impact upon the criterion 
Indicator would likzly have a variable impact upon the criterion 
Indicator would like1y have a neutral impact upon the criterion 
indicator would likely have a moderately negative impact upon the criterion 
Indicator would likely have a significantly negative impact upon the critecion 

L 



Figure 3-2. Sustainable Transportation and Land Use Planning Framework: Template 

Transporta- 1. MinimiseSOV a. Inc~eosc occess to basic nceds 
lion and imvel 
Acccsslbillly 
r -  1 1 b. Incmse tmnsnonotion choiccs 1 1 1 - -  1 

c. fncccllsc inccntives for non-SOV imvel 
d. Incruise CM-frec living opportunitics 
c. Minimise the nccd io cxpnnd tmnsport 

infmtmcturc 
2. Incrccisc safcty, f. Iniroduce tnffic cnlming meosurcs 

community 
intcrnction, and 
livabiliiy 

3. Minimisc ihc nccd g. lncrcosc proxiniiiy of hoiising io key aciiviiy centrcs 
io invcl ouiside thc 
ncighbouhood for 
basic nceds 

h. lncrcosc pcdestrinn, bicycle, and tmnsii 
infmtmcturc within the neighbourhood 

4. Pmmoic n balance i .  Match housing iypcs and nffordability wiih the 
of jobs and housing nceds of working and non-working population 

within the community 
j. lncrcasc cmployincnt opportunitics to match 

residential stock or; incrcasc rcsidcnce opportunitics 
to niaich cinploycc und siudcni brise 

Air 5. Minimisc hnniiful k. Reducc concentrations of ground lcvrl ozone 
cmissions, both (smog), finc particulatc motter (PM), sulphur 
local and global dioxidc (S02), carbon rnonoxidc (CO), and nitrogcn 

dioxidc (NO*) 
1. Rcducc carbon dioxidc cmissions (Col) 

Wrater 6. Minimisc wnicr III. Reducc and managc surfncc wntcr run-off 
pollution 

Housinfi 7. Optimise n. Incrcuc dcnsitics iowards sustainabiliiy standards 
community 



3.4 Evaluation of Sustainable Transportation and Land Use 
Indicators 

To identify indicators that are relevant to this study, indicators were assessed 

according to their potential to accomplish the goals and objectives set out in Section 

3.3.1, in the larger effort to achieve this study's principal goal of reducing SOV trips to 

and from SFU's Bumaby Mountain campus by a minimum of 20% in the short and long- 

terrn. Indicators that have been selected for the 'Master' framework have therefore been 

identified as k ing of high importance, or 'High' priority, and effective in the short-to- 

medium term (i.e. most important for immediate implementation). The assessment of the 

selected indicators against the sustainability criteria is based on the findings from the 

literature review - specificall y research completed by Davidson ( 1997). Raad ( 1998), 

Zupan ( 1992), Apogee (1994), and Litman (1 995% 1998a) - which are typically based on 

qualitative rather than quantitative analyses.13 Furthermore, not ail selected indicators 

have been previously evaluated. The assessment of these indicators is thus subjective. 

However, Downs indicates that this "is inescapable: no purely scientific method of 

evaluating such policies (land use and transportation) can be devised, because doing so 

inherently requires value judgements" (Downs 1992, 148). Furthermore, the subjective 

nature of these types of rating systems are not arbitrary as they are based upon findings of 

much research and the experience of several international initiatives (Davidson 1997). 

Using the above methodology, the menu (i.e. Indicators Menu) of sustainable 

transportation and land use indicators is evaluated and is represented in Figure 3-3. This 

evaluation further identifies these indicators as k ing of High, Medium, or Law priority. 

13 Altshuler 1979; Ciuffini 1995; COMSIS 1993; City of the Hague 1995; De Leuw, Cather. and Company 
1976; Davidson 1997; Dilks 1996; DOT nd; Downs 1992; Durning 1996; Ewing 1995a; Frank and Pivo 
1994; GVRD 1993b; GVRD 1997a; GVRD and Province of BC 1993a; GVRD l998b; GVRD and FVRD 
I997b; Hart 1995; Hart and Spivak 1993; IBI Group 1993; Sohnston and Cccrla 1996; Kenworthy and 
Newman 1994; Litman 1995a; Liman 1995b; Litman 1997b; Mackenzie, Dower, and Chen 1992; Newman 
1998; Newman and Kenworthy 1988; Newman and Kenworthy 1989; Newman and Kenworthy 1999; 
OECD 1995; Pucher 1998; Raad 1998; Raad and Kenworthy 1998; Remiz 1998; Rothengatter 1994; 
Sheltair 1998; Shoup 1997: Ward 1995; WRG and SS Services 1997a; WRG and S5 1997b; Williams et al. 
199 1 ; Zupan 1 992. 



High priority indicators are those that would be suitable for short to medium-term 

implementation and are applicable at the local level. Generally, high priority indicators 

scored high on the evaluation (e.g. +/++), particularly the transportation efficiency, land 

use efficiency, and environmental impact criteria. Indicators receiving medium and low 

priority status are not suitable at the local scale (Le. more applicable at the regional or 

national level) and/or are long-term in nature. The identified high priority indicators are 

then matched - if possible - to the appropriate framework objectives (e-g. "increase 

access to basic needs"), thus completing the final stage in the development of the Master 

Sustainable Transportafion and Land Use Planning Frarnework (Figure 3-4). The 

majority of the identified high priority indicators can be found within this framework; 

however, some indicators have k e n  grouped and others have not k e n  selected due to 

repetition, spatial scale, and other factors that make them unsuitable For the purposes of 

this study.I4 

14 For example, the indicators "VKT and VHT per capita" and "annual gasoline consumption per capita" 
could bc grouped as one indicator, given that these indicators represent very similar objectives (Le. air 
cmissions). Furthemore, due to its scale, the indicator "annual transit service kilomeues per capita" has not 
been included in the furthcr development of this master frarnework (Le. not as effective at the local scale). 



JOJ pooqmoqq8pu aqi ap!sino 313!q3~ Aq apcui s d y  JO as~iuaxad *g, 
t?Qd~3 J3d k?p J3d 3pCui sd!Ji 9(3!yaA JO JaquinN 'p 

sd!Ji VOM UOU Put! 110M JOJ )! ld~ Ii?POw ''E 





Figure 3-3. An Evaluation of Sustainable Transportation and Land Use Indicators - continued 

6. Percentage of streets that iue "Pedestrian-Friendly" (c.g. bcnches, 
trces. sidewalks) 

7. Percentagc of intersections with pcdcstrian/cyclist-aciivatcd 
tec hnology 

8. Percentage of pcdcstrian/cyclist-iiçtivated lights t hat c hangc within 
15 seconds 

9. Pcrcentagc of pcdcstrian/cyclist crosswalks that providc longer than 
15 second signal nhases 

10. Number of car accidents involving pedcstrians andlor cyclists 
I I .  Number of fatalities involvina cars with ~edcstrians or cvclists 

1. Ratio of Parking fecs IO transit fees 
2. Proportion of rcsidcntial parking wiih 1.25 (or less) parking sialls 

Dcr unit 
3. Percentagc of crnploycrs that mcet the following parking criteria: 2- 

4 stolld1,ûûû feci' (office); 3-5 stallsll ,ûûû feet' (retail); 1-3 
stalls11,OOO fcet2 (light industrial) 

4. Percentage of residcntial parking that is in back-allcy garagcsllancs 
5.  Perceniagc of parking facilities that providc ridcsharing privilcges 

(C.E. closerldiscount ~arkine) 
-- - - - - - - - 

6. Ratio of short-term to long-tcrm parking facilitics 
7. Pcrcentage of toial parking (c.g. urban ccntrc/cornmiiniiy) ihai is 

'frec' (i.e. no charge) 
8. Percentagc of piirking fiicilitics that arc multi-purposc (cg,  fairs, 

markets. recreation) 

1. Number of sustainable transportation cducation programs offered to 
schools/em~lovcrs/~ub~ic 

-- 

bldt  1 bldt  
, .ydt bldt  . ,. . ..< - '  ..::;; 
,* ! ;<,b., :,,:,- /, ,. ,: i.. .+: 1 :, .... .. .. . - , , . ... . , %  ,, - , !''. i ,  

blz 1 bldt  
a+/++ 1 bldt  

-+. 
bldt  

b ldt  Wd+ 
b/dt  b k  

bldt  Wdt 



Figure 3-3. An Evaluation of Sustainable Transportation and Land Use Indicators - continued 

- -- - - 

2. Number of 'Clean Air' days/campaigns/trnnsportaiion fairs per ycar 1 b k  
3. Percentage of cities/municipalities (cmployers) with TMAs (ETAs) a+ 
4. Number of sustainablc transportaiion scrviccs (e.g. car sharing, d+/++ 

home deliverv. 'dial-a-ride.' bike CO-ODS. 'walkinn school bus') 
5. ~ e r c e n i a ~ e  of cornmunitics wiih 'Community Environmenial b l d t  

Targets' (cg. traffic reduction) 
6. Availability and instituiional support for 'Grccn'/Location Efficient ++ 

7. Percentage of local reinilers that offer 'Buy Local and Save' cards, 1 b / ~  
'ciu- frec' shopper discounts 

8. Pcrcentage of institutions/cmploycrs (ovcr 100 cmployccs) that ++ 
offcr traffic rcduction programs (voluntary or mandatory) that 1 
include: 

a. telecommuting options a+ 
b. 'Guarantecd Ride Home' programs d+ 
c. alternative work hours andfor flcxiblc hours (including acadcmic -/b/d+ 

tirnetables) 
d. a transporîation allowance/subsidy for transit, ridcsharc, and 

bikclwalk ( c g .  UPASS, 'frequcnt grccn flycr points') 
c. 'Cashing Oui' paid parking 
f. com~rcssed work wecks 

- 

g. commuicr information ccn~rcs/'commuter fairs'laward recognition 
programs 

h. 'New Hire Orientation' programs on traffic reduction b/& 
i. cm~lover based ridematchina services d+/++ 
j. Company ownedlleased vanpools 1 dtltt 
k. on-site scrviccs (C.E. childcarc. cafeteria. rctail) 1 d+ 



Figure 3-3. An Evaluation of Sustainable Transportation and Land Use Indicators - continued 

1. Annual gasolinc consumption (MJ or litres) per capita 
2. Total quantity of air pollutanis per capita (local and global 

cmissions in ke) 
3. Number of 'Poar' air quality days pcr ycar (poor = 50-10 on Cdn. 

Air Quality Index) 
4. Gaoline consumption as a perccntagc of al1 car fucls (hridging and 

rcnewable fuels) 
5. Perccntage of buscs running on natural gas, clcctricity, or othcr 

bridging fuel 
6. Pcrccntage of community (including roads, public places, parks) 

that is pcrvious to water (cg. altcrnalivc surhcc inatcrials) 
7. Lane kilomctrcs ihrough watcrshcds 
8. Lanc kilometrcs through arccn zoncs 
9. Pcr ca~i ta  land iirca ~avcd  for roads and narkini! facilitics 
10. Land consumed pcr housing unit 

' - . .<  :; ' -", ' ; , , : ; ' , . c  

. . * t  . . 
1. Po~ulation dcnsitv (~crsonshcctare) 
2. Employmcnt dcnsity (jobs/hcctare) 
3. Pcrccntage of rcsidcnts who livc and work in the sarnc - 

community/municipality (jobs-hoiising balance) 
4. Pcrcentage of rcsidcntial units ihat arc 'livc-work' (i.c. work at 

home units) 
5. Pcrccntaec of ciiv/communitv that is mixed-usc zoninc 
6. Pcrccntage of city/community with a inin. avcragc dcnsity of 30 upa 
7. Percentagc of dwclling units within 400 ineters of basic shopping 

nccds 



Figure 3-3. An Evaluation of Sustainable Transportation and Land Use Indicators - continued 

minutc frcqucncy (max) in pcak hours 
I 1. Pcrccntaac of oo~ulation within I kilomctrc of raoid transit 
12. Numbcr of zoning inccntivcs (cg. dcnsity bonus, intcgration with 

existine transit/bike/walk infrastructure) 

13. Pcrccntage of ciiy/community spccially zoncd for transit- 
oricntcd/traditional ncinhbourhood dcvcloomcnt 

14. Pcrccntagc of strcct arca ihat i s  dcdicatcd to walking/cyclindiransit 
15. Perccntanc of rcsidcntial units that arc not singlc-familv homcs 
16. Pcrcentagc of single-family homcs that arc 'small lot' units 
17. Pcrccntanc of new strcct blocks smallcr than modern block sizcs 
18. Pcrccntage of ncighbourhood strcets wiih back liincs 
19. Pcrccntaee of strect lavout that i s  arid 
20. Proportion of rcsidcntial mas intcgrated wiih childrcn play arcas 

wiih no traffic scparation 
21. Pcrccntagc of streets/public arcas that arc 'car-frce' + d+ d+ +/++ d+ M 
22. Pcrccntagc of single-family homcs/townhomcs ihat offcr ancillary b/d+ +/++ d+/++ a+/++ b/d+ H 

rcntal suites (i.c. bascmcnt suites) 1 1 1 1 1 - 1 
23. Mix of housing and funding types, tenures. ienants. and income 1 b/d+ 1 ++ 1 b/d+ 1 d+z-lp. d+ 1 H 

lcvcls 
24. Numbcr of 'car-frec' housing units availablc + 

. * 
+/++ 

, - - - .  +/+ + + 
. , , !  ! ' .  

a+/++ 
&,,, , , , ?  ,, ! ,:, -0,; . , , 4 * . y  1 " r  

H 
. ' a  
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1. Publiciprivatc savings from rcduced auto dependcncc ovcr and + + +/++ + +/++ H 
abovc any neccssary incrcascs in transii/bicyclc/pcdcstrian 



Figure 3-3. An Evaluation of Sustainable Transportation and Land Use Indicators - continued 

2. Pcrrentage of dwclling units that arc affordablc, rclativc io ihc + + H 
incomc distribution and family size of the piuticular coiiimunity 

3. Pcrccntage of disposablc incomc spcnt on transportaiion (dircct and + + d+ dt +I++ H 
indirect; fixcd and viuiablc costs) 

4. Affordability of public transit by lowcr incomc citizcns (farcs as a d+ b/z a+ b/d+ +/++ L 
pcrcentagc of lowcst income quintilc) 

5. Pcrccntagc of ciiizens paying more than 30% of incomc for housing 
A L . '  - . a :  

*,! ;!$-*; lx, '; - , > 1. , 
.fi .) !' ..+?'', e:.;!:., (,:,7, . , \Wh . e -  . ..+- . b ,  !,+ < 

1. Number of crimes pcr capita 
2. Pcrccniagc of pcoplc fccling safc to walk donc (day and night) 

clear sight lines, fcw hiding placcs, vicws from kitchcdliviiig room 
into public arcas) 

4, Number of traffic-rclaied noise complaints pcr ycar 
5.  Number of scats nvailablc for public (cg. strccts, squares, parks) 

3. Provision for public sccurity an3 safcty (cg. good strcct lighiing, , dt b/a+ , d +  , +/++ d +  , M 

b k  
: ,y, : l j ; ~  ,; . ' 

bld+ 
dt 

jxr day (C.E. mcciing fricnds at mnrkct) 
9. Average numbcr of people in public placcs ihroughoui thc day and 

b/d+ 
bld+ 

night 
10. Amount of public spacc pcr capita (ft2) 
I 1. Numbcr of opportunitics for citizens to participatc in community 

bld+ 
' . ' . " , a ' * '  
a f: ,,,. .{,". ,L* 

b / ~  
b /dt  

b k  

planning and decision-making 
12. Degrce of intcgraiion of local culture and climatc in cominuniiy and 

trans~ortation ~lannine 

-/b/d+ 
a+ 

6,  Numbcr a[ public cvcnidactivitics in public arcas h b k  \ b k  I b k  
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Figure 3-4. Master Sustainable Transportation and Land Use PIanning Framework 

opportunitics 
Avnilnbiliiy and insiituiionnl suppori for 
'Green'lLocaiion Efficient Mortp(agc P 

Percentngc of citykonimunity spccinlly 1 zoncd for tmsit-oticnte&tmditional 
ncighbourhd ûcvelopment 

b. lncrcae acccss Io basic nwds O Annual VKTNHT p cnpita (non- 

-- 

I O Perccntngc of citylcommunity ihnt is 
inixcd-use zoning 
Percentnge of citizcns living within 30 
ininutcs of work by 
tmnsiimicycldwalking 

c. Incrcnsc trnnspnaiion Mdnl split for work and non work trips 
choiccs 

Annual numbcr of walkkycldtmnsii trips 
pcr capita 
-- 

a Nuinbcr of susrninoblc transponniion 
scrviccs (c.g. car shoring, home dclivcry, 
bikc CO-ops. 'wolking school bus') 
Pcrccntngc of dwelling units within 400 
mcters of tmnsit servicc 

d. Incncisc inceniivcs for non- 0 Pcrccntngc of institutionslcmployers (ovcr 
SOV trnvcl 100 cmployces) ihnt offer tmffic rcduction 

progmms 

conimunity intcnction, 
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pcdcstrinn cxpcndirurcs 
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calmcd 
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1 me,lSURS 

I Avcngc nuniber of "spontoncous 
c~chnngc" cxpericnces p r  çapita per day 





3.4.1 Transportation Efficiency 

Transportation efficiency is achieved through improvements in a transport 

system's ability to move people. This can be accomplished through prograrns of T'DM, 

TSM, andor  integrated land use planning that influence transportation behaviours 

through voluntary or  regdatory measures, provide greater transport options, and enable 

people to access their daily needs more efficiently (e.g. shorter trip distances). These 

efforts therefore aim to reduce personal automobile dependence. The indicators that 

demonstrate the greatest potentid to increase transportation efficiency (i .e. i+), with 

respect to the goals of this study, are outlined in Table 3-7 (not listed in order of 

importance). 

Table 3-7. Effective Indicators for Achieving Transportation Efficiency 

-- - - 1 1. Annual VKTI- per capita (non-recreational) 
2. Percentage of city/cornmunity with a minimum average density of 30 units per acre (upa) 
3. Percentage of city/community that is mixed-use zoninp; 
4. Percentage of citizens living within 30 minutes of work by transit, bicycle, or walking 
5.  Percentage of residents who live and work in the same community/municipality (jobs-housing 

balance) 
6. Modal split for work and non-work trips 
7. Annual number of walk. bicycle, and transit trips per capita 
8. Percentage of dwellinp; units within 400 meters of transit service 
9. Percentage of dwellinp units within 400 rneters of basic shopping needs 
10. Number of vehicles per household 
1 1 . Perccntagc of citylcommunity specially zoned for transit-oricnted/traditional neighbourhood 

development 
1 12. Pcrceniage of instituiions/employers (over 100 employees) that offer rraffic reduction prograrns 

13. Pcrccntagc of employment, transit, and public facilities with bicyclelwalk infrastructure (e.g. 
bikelwalk lanes, racks, showers) 

14. Percentage of Street area that is dedicated to waIking, cycling, and transit 
15. Annual gasoline consumption (MJ or litres) pcr capita 
16. Perccntage of residential units that are not single-family homes 
17. Availability and institutional support for 'Green'/Location Efficient Mortpages 



3.4.2 Land Use Effnciency 

Land use eff~ciency is achieved through initiatives that improve the utility of the 

land. This can be achieved through the implementation of policies that increase density; 

promote complete communities, such that employment, education, recreation, goods and 

services, and residential units can be found within the boundaries of the community; and 

minimise automobile-oriented public space. The indicators that demonstrate the greatest 

potential to increase land use efficiency (Le. i+), with respect to the goals of this study, 

are outlined in Table 3-8 (not listed in order of importance). 

Table 3-8. Effective Indicators for Achieving Land Use Efficiency 

1. Annual VKTNHT per capita (non-recreational) 

3. Percentage of citizens living within 30 minutes of work by transit. cycling. or walkinp 
4. Modal s ~ l i t  for work and non-work uïos 
5 .  ~ercenbge  of dwelling units within 400 meters of transit service 
6. Percentage of dwelling units within 400 meters of basic shopping needs 
7. Percentage of residents who Iive and work in the same comrnunity/municipality Cjobs-housing 

balance) 
8. Gasoline consumption (MJ or litres) per capita per year 
9. Percentage of citykommunity with a minimum average density of 30 units per acre (upa) 
10. Mix of housing and fundinp types, tcnures, tenants, and income levels 
1 1. Percenuge of sueet area that is dedicated to walking, cycling, and transit 
12. Annual number of walk/cyc!dtransit trips per capita 
13. Percentage of citykommunity specially zoned for transit-oriented/traditional neighbourhood 

dcvelopment 
14. Percentage of residential uni& that are not single-family homes 

fi 

3.4.3 Environmental Impact 

Transportation-related environmental impacts are rninimised when private 

automobile use is reduced. Reduced auto use decreases fuel consumption, thus reducing 

air pollution; wiIdlife mortality rates (i.e. roadkili); and the demand to expand automobile 

infrastructure, which impacts wildlife habitat and green space. The indicators that 

demonstrate the greatest potential to decrease environmental impacts (i.e. +t), with 



respect to the goals of this study, are outlined in Table 3-9 (not listed in order of 

importance). 

Table 3-9. Effective Indicators for Reduced Environmental Impacts 

2. Number of vehicles per  household 
3. Percentage of residents who live and work in the same community/municipality (jobs-housing 

1 balance) 
1 4. Percentage of institutions/employen (over 100 employees) that offer traffic reduction programs 

5. Percentage of community (inci. roads, public places, parks) that is pervious to watcr (e.g alternative 
surface materiafs) 

6.  Percentage o f  city/community with a minimum average density of 30 units per acre (upa) 
7. Percentage of çity/community specially zoned for transit-orientedltraditional neighbowhood 

development 
8. Percentage o f  city/community that is rnixed-use zoning 
9. Percentage o f  citizens living within 30 minutes of work by transit. cycling, o r  walkinp 

1 10. Modal split for work and non-work trips 
1 1. Annual nurnber of walk, cycIe. and transit trips per capita 
fi 

13. Perccntage o f  dwelling uni& within 400 meters of basic shopping needs 
1 14. Annual gasoline consumption (MJ or litres) per capita 
1 15. Percentage o f  residential uni& that are not single-farnily homes 

3.4.4 Human Livability 

Human livability is achieved through improvements in the social wealth, health, 

equity, and spirit of a community and its citizens. Research indicates that livable 

communities enjoy calmed trafic; increased social interaction and personal contact with 

place, thereby increasing one's sense of community and place; increased opportunities for 

pürticipating in decision-making processes; and environments that are safe without any 

threat to human health. The indicators that demonstrate the greatest potential to increase 

human livability (i.e. +/++ and ++)", with respect to the goals of this study, are outlined 

in Table 3-10 (not listed in order of importance). 

l 5  Due to the highly qualitative aspect of this sustainability criterion, the range for identifying "effective 
indicators" has broadened to include the cvaluation: "+/++." 



Table 3-10. Effective Indicators for Achieving Human Livability 

1. Percentage of streets that are traffic-calmed 
2. Percentage of citylcommunity specially zoned for transit-oriented/traditionai neighbourhood 

development 
3. Percentage of residents who live and work in the same communitylmunicipality (jobs-housing 

balance) 
4. Percentage of citylcommunity that is mixed-use zoninp; 
5. Percentage of citizens living within 30 minutes of work by transit, cycling. or walking 
6. Annual number of walk, cycle. and transit trips per capita 

1 7. Percentage of dwelling uni& within 400 meters of transit service 
8. Average number of "spontaneous exchange" experiences per capita per day 
9. Percentage of dwelling units within 400 meters of basic shopping needs 
10. Percentage of employment, transit, and public facilities with bicycle/walk infrastructure (e.g. 

bike/walk lanes. racks, showers) 
1 

3.4.5 Economic Eff~ciency 

Economic efficiency is achieved through impro~ tements in the eqi uity of transport 

economics. This can be achieved through the application of full cost accounting and least 

cost planning measures that aim to increase intemal variable costs. through the inclusion 

of interna1 fixed and external costs, as well as policies that redistribute subsidies from 

automobile-based transport to transit and non-motorised modes of transport. 

Furthermore, economic efficiencies are gained when community economic development 

opportunities are realised. The indicators that demonstrate the greatest potential to 

increase economic efficiency (i.e. +/te and ++)16, with respect to the goals of this study, 

are outlined in Table 3- 1 1 (not iisted in order of importance). 

l6 Due to the highly qualitative aspect of this sustainability criterion, the range for identifying "effective 
indicators" has broadened to include the evaiuation: "+!++." 



Table 3-11. Effective Indicators for Achieving Econornic Effkiency 

1. Availability and institutional support for 'Green*/Location-Efficient Mortpages 
2. Percentage of citylcommunity specially zoned for transit-oriented/traditional neighbourhood 

- - - - - . -. - . - - 

3. Annual V K T W  per capita (non-recreational) 

5 .  Percentage of institutions/employers (over 1 0  employees) that offer traff~c reduction prop;rams 
-- 

1 6.  Modal split for work and non-work trips 
7. Annual number of walk, cycle. and transit trips per capita 
8. Number of sustainable transportation services (e-g. car sharing, home delivery, 'dial-a-ride.' bike co- 

ops. 'walking school bus') 
-- 

1 9. Percentage of dwelling unie within 4M) meten of transit service 
10. Percentage of dwelling unie within 4 0  meters of basic shopping: needs 
11. Public/private savings from reduced auto dependencc over and above any neccssary increases in 

transit. bicycle, and pedestrian expenditures 
12. Percentage of streets that are trac-calmed 
13. Percentage of employrnent, transit, and public facilities with bicyclelwalk infrastructure (e-g. 

bikelwalk lanes. racks, showers) 
14. Annual gasoline consumpuon (MJ or litres) per capita 

3.4.6 Identification of 1st and 2nd Priority Indicators within the Master 
Sustainable Transportation and Land Use Planning Framework 

Sustainable transportation and land use indicators have now been evaluated 

(Figure 3-3), matched with the objectives of the sustainability frarnework (Figure 3-4), 

and key indicators for achieving a range of sustainability goals with respect to this study 

have been identified (Figure 3-4 and Tables 3-7 to 3-1 1). To develop transportation and 

land use policies for SFU and the future BMCD, it is important to identify which 

indicators within the Master Sustainable Transportation and Land Use Planning 

Framework are effective in achieving multiple sustainability goals, as well k i n g  

important for short-term implementation, from those that achieve fewer sustainability 

goals and are less important with respect to short-term implementation. These indicators 

are identified as k i n g  of either 1st or 2nd priority in Tables 3-12 and 3-13 below. First 

priotity indicators are selected on the basis of achieving three or more sustainability 

goals; that is, achieving three or  more of the goals of Transportation Efficiency, Land Use 

Efficiency, Environmental Impacts, Human Livability, and Economic Efficiency, as 



indicated in Tables 3-7 to 3-1 1. Second priority indicators are the remaining indicators 

outlined in Tables 3-7 to 3-1 1 that achieved no more than two sustainability goals. 

However, it is important to note that these lower priority indicators hold significant value 

and will remain an integrai part of the evaluation and policy development process in 

Chapters 5 and 6. Therefore, al1 'master' indicators will be used in the evaluation of 

S m ' s  Officiai Community Plan, Development Plan Concept, and other transportation 

and land use management policies at SFU, as well as for the development of sustainable 

transportation and land use policies for SFU. 

Table 3-12. Master Sustainable Transportation and Land Use Planning 
Framework: 1st Priot-ity Indicators 

1. Percentage of dwelling units within 400 meters of transit 1 TR, LU, EV, L, EC 
service and basic shopping needs 

2. Annual number of walk, bicycle, and transit trips per capita TR, LU, EV, L, EC 
3. Percentage of city/community that is zoned fcr mixed-use TU, LU, EV, L, EC 

and transit-oriented/traditional neighbourhood development 1 
4. Annual VKT/VHT ~ e r  c a ~ i t a  (non-recreational) 1 TR.LU.EV.EC 

1 

5. Modal split for work and non-work trips TR, LU, EV, EC 
6.  Percentage of city/community with a minimum average TR, LU, EV, EC 

density of 30 units per acre (gross) 
7. Percentage of residents who live and work in the same TR, LU, EV, L 

community/municipality (jobs-housing balance) 
8. Percentage of citizens living within 30 minutes of work by TR, LU, EV, L 

transit, bicycle, or walking 
9. Annual gasoline consumption (MJ or litres) per capita . TR, LU, EV, EC 
10. Percentage of institutions/employers (over 100 employees) TR, EV, EC 

that offer traffic reduction programs 
1 1 . Percentage of employment, transit, and public facilities with TR, L, EC 

- .  

bicycle/walk infrastructure (e.g. bike/walk lanes, racks, 1 
showers, locker roorns) 

12. Percentage of residentiai units that are not single-family TR, LU, EV 
homes 1 



Table 3-13. Master Sustainable Trnnsportatïon and Land Use Planning 
Framework: 2nd Priority Indicators 

1. Number of vehicles per househotd TR, EV 
2. Percentage of Street area that is dedicated to walking, cycling, TR, LU 

and transit 
3. Percentage of streets that are traffic-calmed L, EC 
4. Availability and institutional support for 'Green'/Location- TR, EC 

Efficient Mortgages 
5. Percentage of community (including roads, public places, EV 

parks) that is pervious to water (e.g. alternative surface 
materiais1 

6. Mix of housing and funding types, tenures, tenants, and LU 
income levels 

7. Average number of "spontaneous exchange" expetiences per L 
capita per day 

8. Number of sustainable transportation services (e.g. car EC 
sharing, home delivery, 'dial-a-ride,' bike CO-ops, 'walking 
school bus') 

1 9. Public/private savings from reduced auto dependence over and 1 EC 
above any necessary increases in transit, bicycle, and 
pedestrian expenditures 

3.4.7 Application of the Master Sustainable Transporîation and Land Use 
Planning Framework 

The true value of this framework lies in its ability to adapt to the particular needs 

of a community andor  region. For example, if the goals and objectives of a community 

focus on improving livability, more emphasis may be put on traffic-calming measures, 

pedestrianisation, car-free streets and areas, noise management, safety, and community 

interaction. Therefore, once goals and objectives are set, using the 'Sheltair Model' 

applied in this study, a community could review the Indicators Menu and select the 

appropriate indicators for their purpose. The framework and Indica~ors Menu thus act as 



a 'template' for community associations and regional planners to use in mapping out 

strategic sustainability plans. As stated before, not al1 indicators will fit with the goals of 

each community initiative, and the master framework provided in this study should not be 

used as a 'one size fits d l '  model. 

In building this framework, communities may question the number of indicators 

that are appropriate for their initiative. The number of indicators selected is entirely up to 

the community and depends on a number of factors, including: the size of the cornmunity, 

the number of critical issues, and the resources available to track and report on the 

indicators (Hart 1995). The finai list should not be so short that critical areas are 

overlooked, nor so  long that measuring and reporting is overwhelrning. Most importantly 

is that there be a diversity of indicators (Hart 1995). However, the BC Round Table 

suggests that the 80 indicaton used in their State of Sustainability (1994) assessrnent 

were too many. It was concluded that too many indicators reduce the impact on 

understandability for audiences, as well as usefulness for policy makers (Dilks 1996). 

Therefore, communities should be aware of this potential problem and make efforts to 

intesate this concern into their sustainabiIity plans. 

3.4.8 Conclusion 

The above evaluation has identified a core set of indicators that accomplish two 

goals. First, and most importantly, they achieve the preset goals and objectives of this 

study, that is they provide a framework for improving transportation efficiency and 

accessibility at S m ' s  Bumaby Mountain campus, thereby reducing the environmental 

impacts associated with a highly automobile dependent community. Second. these 

'master' indicators satisfy the sustainability criteria outlined in Section 3.3.3. These 

criteria are widely accepted within the transportation and land use planning disciplines as 

core principles of sustainable urban development. and therefore act as important 'checks 

and balances' when developing transportation and land use policies. The Master 



Sustainable Transportarion and Land Use Planning Frarnework is now ready to be used 

in the development of sustainable transportation and land use policies for the SFU 

Burnaby Mountain campus. 



Chapter 4 Simon Fraser University: A Case Study of the 
Burnaby Mountain Campus 

4.1 Introduction 

Chapter 4 is intended to provide the setting, or background, for the application of 

the Master Sustainable Transportution and Land Use Planning Framework to SFU's 

Bumaby Mountain campus, the focus of ihis study. This chapter will provide an 

historical context with respect to location, population, transportation, and community 

development. Furthemore. regional growth management planning will be discussed, 

highlighting SFU's role and relationship to the GVRD's Livable Region Strategic Plan. 

Finally, growth management issues at SFU will be identified and their associated 

transportation and land use impacts assessed. 

4.2 Background 

4.2.1 History and Context 

Simon Fraser University is located in the north-east corner of the City of 

Burnaby, in a unique site atop Burnaby Mountain, and is part of the Greater Vancouver 

Regional District (refer to Figure 1-2 for site map). S N  opened its doors to students on 

September 9, 1965, and is now home to approximately 15,000 full-time equivalent 

students with an average daily campus population of 12,000 students, staff, and faculty 

(with approximately 500 additional staff at Bumaby Mountain in the Discovery Park and 

BC Hydro facilities) (Moodie 1996). This mountain top location, coupled with its 

relative isolation from major centres within Greater Vancouver and its limited on-campus 

housing, make SFU a typical 'commuter campus.' These characteristics shape S N ' S  



'commuter campus* like travel behaviours, as the majority of people arrive between 8:00 

and 10:OO a.m. and leave between 3:00 and 6:ûû p.m. (Petz e t  al. 1998). 

It is important to point out that SFü shares its location with a city park. Bumaby 

Mountain is an ecologically diverse and active area. The unique concems and situation of 

a mountain campus pose special access problems. Therefore, prograrns and planning 

initiatives aimed at increasing the supply of roadways and parking are not feasible options 

within the university's commitments to "environmental integrity" (Alexander, Sandmann, 

and Yarnell 1997; Moodie 1 996; City of Burnaby 1996). 

4.2.2 Transportation 

Transportation options to and from SEU include al1 standard modes, such as 

private automobiles, transit, cycling, and walking. Road access is provided through 

Burnaby Mountain Parkway (off Hastings Street) and Gaglardi Way (off Lougheed 

Highway). The following section will provide a brkf history and status report on 

transportation management at SFU. 

Public Transit 

Since its inception, SFU's remote and isolated location atop Bumaby Mountain 

has posed some serious transportation planning challenges. Transit service was provided 

by BC ~ ~ d r o ' ~  at that time, with two direct routes, and investments were made in five 

special 'hill-climber' buses to access the SFU campus. The steepness of Burnaby 

Mountain, however, was too severe for the regular buses that were used as replacements 

when the 'hill-chmber' buses were receiving maintenance. Students, staff, and faculty 

often found themselves walking up when regular buses stalled while climbing Burnaby 

" BC Hydro was the original transit operator in the GVRD and was operating transit in the 1960's when 
SFU opcned. 



Mountain (Petz et al. 1998). The Gaglardi Way route was used more often in these 

circumstances due to its lower grade (Le. steepness). Transit service has improved 

significantly since 1965, with major additions in 1982 (by what was then known as the 

Urban Transit Authority); in 1986, with the Vancouver Expo and SkyTrain development 

(then known as BC Transit); and in the mid-1990 s with the development of the transit 

loop in the east corner of campus. Furthermore, the mid-1990s saw the addition of 

express routes from Metrotown and downtown Vancouver, particularly the #135 service 

that links SFU's Bumaby Mountain and Harbour Centre campuses. SFU is currently 

serviced regularly by TransLink (formerly know as BC Transit), with 6 direct routes 

travelling from downtown Vancouver, Metrotown (Burnaby), Edmonds Station 

(Burnaby), Coquitlam Station (Coquitlarn), Lougheed Mal1 (Burnaby), and Scott Road 

Station (Surrey). 

Plans are also undeway to expand TransLink's SkyTrain service, which may have 

significant impacts on transit ridership to SFU. The "Broadway-hugheed" line - 

extending from Broadway Station to Lougheed Mal1 - is planned to be complete before 

December 2001. This rapid transit service will help connect SFU - via the 

Production/University Way station - to Burnaby, Coquitlarn, and Vancouver, and should 

provide an attractive incentive for students, staff, and faculty to commute by transit. 

Parking 

Historically, SFU's most significant transportation crisis has centred around the 

demand for parking. Parking management has been in the spotlight since 1965, when a 

student rally blocked a tow truck attempting to remove an illegally parked car (Petz et al. 

1998). These stmggles continue today, as thousands of students recently lined up in hope 

of receiving the 'privileged' parking permit. Persistent drivers that are unsuccessful in 

obtaining a parking permit have relied on parking their cars in nearby neighbourhoods at 

the base of the mountain, at Bumaby Mountain Park (half way up the mountain), and on 

Gaglardi Way and Bumaby Mountain Parkway. These areas are not managed parking 



sites and are therefore 'free' to park in. However, some residential areas have initiated 

strict by-laws to prohibit parking and informa1 park-and-ride activities (Petz et ai. 1998). 

Access to the campus from these locations is typically achieved via transit, hitchhiking, 

and waiking. This 'spillover' effect of parking mismanagernent has created tension 

between SFU and neighbounng communities - particularly the ones receiving excess 

traffic - and has increased concerns for safety dong Gaglardi Way and Bumaby 

Mountain Parkway. 

There are approximately 6,500 pay-parking spaces on campus, with the majority 

being surface parking stalls (Moodie 1996). These parking facilities provide 

approximately 1 stall for every 2 persons on campus. However, due to the varying 

schedules of students, the university oversells parking permits at 30-50% (Le. 

approximately 10,000 parking permits are sold), thus attempting to optimise parking stall 

use and revenue. Therefore, approximately 10,000 vehicles commute to and from S N  

everyday (Coutu 1999). The 'oversell' of parking permits, however, does not satisfy the 

demands for vehicle travel and thus parking facilities, as the 'wait list' for permits 

typically falls in the 2,000-plus range for every academic term (Petz et al. 1998). 

Parking management has recently become a top priority at S N .  A "Cornmittee 

on University Parking" ( C m )  was formed in 1999 to deal with issues such as growth 

management, car and vanpooling permits and incentives, and parking supply. There has 

also been discussion around the idea of a 'parking development moratorium,' whereby 

the university may commit to maintaining its parking supply and managing transportation 

and parking demands without the developrnent of supplementary parking facilities. This 

potential commitment is likely a function of the university's limited land, particularly 

with the proposed community development within the Ring Road, and the high costs of 

building underground or multi-tiered parking facilities. Though this commitment would 

be a strong statement of S N ' S  dedication to sustainable transportation planning, Trafic 

and Security has indicated that there has been no official commitment at this stage 

(Yeager 1999). 



Car and Vanpooling 

Efforts to curb the demand for parking have centred primarily around carpooling. 

in 199 1, SFU developed 'RideShare,' a program where students, staff, and faculty could 

enter into cornputers their residential and travel information. The prograrn would then 

provide the user with a list of other people within the SFU community that match their 

own travel data. When carpools were fonned, special RideShare parking perrnits and 

locations were allocated. RideShare thus acted as an informal carpooling prograrn, 

encouraging the SFU community to voluntarily participate by contacting other 

participants, organising, and CO-ordinating car and vanpools. This prograrn is formally 

supported by the Jack Bell Foundation (JBF) vanpool service. Participants could become 

members of the JBF vanpool prograrn by paying a monthly fee to travel to and from SFU 

in designated JBF vans. By 1995, nearly 2,500 students were registered in the RideShare 

database and approximately 250 parking stalls were dedicated to car and vanpools. 

However, these statistics do not fairly represent the true car and vanpooling behaviours, 

as not dl students registered in the database were active car/vanpooters, and 250 parking 

stalls represent less than 5% of the total parking lot infrastructure, which is significantly 

less than the parking requirements of 2,500 cadvanpoolers. Unfortunately, by 1997 this 

program had slowly died out, as the software for RideShare (called "Easy Rider") becarne 

outdated and poorly managed, reducing the number of carpool users and the JBF's 

presence on campus to only 4 v a r .  The 6iminished popularity of this program may be 

partially due to the parking and management policies that existed up to early 1999. The 

price of this permit is currently in debate, as many students believe the permit price does 

not provide any economic incentive, as RideShare permits are nearly double the price of a 

general parking permit ($170.00 versus $93.00). Furthermore, the limited transferability 

(i.e. ability to transfer permit between cars within a carIvanpool) may have reduced its 

success. These issues, as well as  other parking-related issues, are k i n g  discussed in 

SFU's newly fomed CUP. 



Bicycle and Pedestrian Travel 

Due to the severe length and slope of Bumaby Mountain, cycling and walking are 

not popular travel options. However, dedicated bike lanes due exist on parts of the 

Burnaby Mountain Parkway and Gaglardi WayNniversity Drive. Nevertheless, their 

'incomplete' and 'unconnected' status makes commuting by bicycle both difficult and 

dangerous. This problem may likely be a function of the diversity of road ownership and 

management that exists. SFU is responsible for University Drive and al1 roads within 

Ring Road. However, the City of Burnaby is responsible for Gaglardi Way and Burnaby 

Mountain Parkway. Therefore, the problem may be rooted in the fact that these two 

jurisdictions have yet to fully integrate and CO-ordinate their bicycle infrastructure plans 

(i.e. bike lanes and routes) to provide convenient and safe cycling options for SFU 

commuters. 

A full bike lane follows the Gaglardi Way/University Drive route, providing 

bicycle access from the south-east side of Bumaby Mountain. However, the bike lane on 

Burnaby Mountain Parkway stops at the tumoff for the Burnaby Mountain Park 

(approximately half way up the mountain). From that point on, cycling is considered 

dangerous due to the lack of a dedicated bike lane and a road shoulder measuring less 

than 0.5 meters in width, particularly given the high vehicle speeds and a roadway that 

faces east (thus receiving a rising moming Sun that tends to limit visibility for drivers and 

cyclists). Once the Bumaby Mountain ParkwayNniversi ty Drive intersection is reached, 

the bike lane resumes. Many cyclists that access the mountain from the south-west turn 

off the Bumaby Mountain Parkway and ride up the mountain through Bumaby Mountain 

Park. This route, though providing safety from vehicles, is steeper and adds an average of 

10-20 minutes to a cyclist's cornmute. According to SFU's Traf ic  and Security, this was 

the original intention, as they believe this route is a better option for cyclists. Cyclists, 

however, may challenge this intention, arguing that re-routing vehicles through a longer 

and less convenient route would be irrational. 



Burnaby Mountain is also well connected with a series of waiking and cycling 

trails. These vails are commonly used for commuting and recreational purposes by both 

local residents and the students, staff, and faculty of S N .  

Intra-Campus Travel 

Intra-campus travel is dominated by pedestrians, as is the case in most university 

campuses. However, the opportunities for intra-campus bicycle travel are Iimited. There 

are no dedicated bicycle routes that travel through the centre of the campus and the 

general layout and design of the campus does not facilitate convenient bicycle travel (e.g. 

campus connected with pedestrian routes and stairs). 

Private vehicles, buses, cycling, and walking therefore make up the spectrum of 

transportation modes used to access SFU's Burnaby Mountain campus. However, Sm's 

unique mountain top location and steep grade Iimits accessibility primarily to private 

vehicles and public transit. Pedestrian travel is the primary means of transport within 

campus, however, intra-campus bicycle travel is non-existent given the general campus 

layout. 

As part of a "Greening the Campus" Resource and Environmental Management 

100 tutorial that investigated transportation issues at SFU, a traffic screen count was 

conducted (October 1998) to assess the transportation behaviours of SFU's Burnaby 

Mountain community (Petz et al. 1998). Over a 2-day period, a transportation survey 

team collected the following data: the number of vehicles entering SFU and the number 

of occupants per vehicle; the numkr  of buses entering SFU and the number of occupants 

per bus; and the number of cyclists and walkers that commute to SFU. The results of this 

investigation are as follows: 



Table 4-1. Transportation Modal Split for the SFU Burnaby Mountain Campus 

Single-occupant vehicle (SOV) 
PubIic Transit 

The transportation modal split for SFU's Burnaby Mountain campus indicates a 

high degree of automobile dependence, where nearly 75% of al1 trips are made in private 

vehicles (SOVs (40%) plus carpools (26% + 7%)). This high levet of auto dependence is 

also represented in the extremely low average automobile occupancy (AAO) rate (Le. 

persons per vehicle). This rate is calculated at approximately 1.34 persons per vehicle 

and matches the GVRD's 1991 AAO (GVRD and Province of BC 1993a). The traffic 

screen count further supports the hypothesis that SFU's Burnaby Mountain campus is not 

accessible by bicycle and foot, as less that 1% of the campus population travel via these 

non-motorised modes. 

40% 
27 % 

-- 

Carpool (double-occupant) 
Carpool (3 or more occupants) 
CycIe 
Walk 

Figure 4-1 indicates that over half of al1 private vehicle trips are made in single- 

occupant vehicles, an equally troubling transportation statistic, given that SOV travel is 

the most polluting form of urban travel. 

26 % 
7 %  

0.5-1.0 % 
0.10% 

18 Bicycle and walk counts oniy inchde persons that passed the Burnaby Mountain ParkwayfGaglardi Way 
intersection (i.e. persons that accessed SFU via the trails of Burnaby Mountain Park wcre not counted). 



Figure 4-1. Modal Split for Vehicle-based Trips to SFU9s Burnaby Mountain 
Campus 

Carpool (34 
10% 

Carpool (2) sov 
36% 

54% 

While its specific reasons have not previously k e n  explored, this high level of 

automobile dependence rnay be a direct function of the following elements: 

Inexpensive parking fees relative to transit fees ($93 per term versus $220 per term). 

Parking management policies that encourage automobile use through a large supply of 

parking. The official parking-to-population ratio is approximately 1:2, given SEU's 

6,ûûû+ parking stails and an average on-campus population of 12,000. However, 

given that 10,000 vehicles are driven to SFU daily, a more accurate estimate of SEU's 

parking-to-population ratio is 1: 1.2 (Le. at any given time, there exists 1 parking stall 

for every 1.2 persons) (Coutu 1999). 

Parking management policies that discourage carpooling through: economic 

disincentives (i.e. parking permits for 'formal' carpooling are nearly double the cost 

($170/tem) of those for 'regular' parking perrnits ($93/term), where students can 

organise 'informal' carpools); and insignificant allocations of priority carpool parking 

(only 4% of the total parking supply). 

A limi ted suppl y of student, staff, and facul ty housing opportunities on-campus. On- 

campus housing provides accommodation for only 10% (approximately) of the 

student population, whereas other universities offer housing for a much larger 



proportion of the community (e-g. UBC provides housing for 20-25% of its student 

population). Furthennore, there exists no on-campus housing opportunities for staff 

or faculty at the Burnaby Mountain campus. 

A large proportion of SFU students are from the GVRD (approximately 70-80%) and 

are likely to [ive at home with their parents. Should they reside in areas with poor 

transit accessibility andlor inconvenient service to SFU's Burnaby Mountain campus 

- for exampie, in suburban areas such as Richmond, South Vancouver, or Surrey - 

they may have no option but to reach campus via private vehicles. 

A potentidly high rate of private vehicle ownership, or  access to private vehicles, 

amongst the SFU community - particularly the students. 

Only two express transit services exist to/from the Burnaby Mountain campus, with 

minimum headways (Le. frequency of service) of 15 minutes in peak hours. 

The geography of the Bumaby Mountain campus (Le. mountain top location) does not 

encourage access by non-motorised modes, such as cycling and wdking. 

WhiIe not exhaustive, these factors rnay explain the transportation behaviours 

described in Table 4-1 and Figure 4-1 above. These behaviours, as well as SFU's 

transportation policies, will be further examined in Chapter 5. 

4.2.3 Burnaby Mountain Community Development 

On November 16, 1995 the provincial government, the City of Bumaby, and SFL: 

announced the pending transfer of S m ' s  332 hectares of land outside the university's 

Ring Road to the City of Burnaby for the establishment of the Burnaby Mountain 

Conservation Area. In exchange for these lands, SFU received funding for a Bumaby 

Mountain Endowment Fund and has gained the right to develop residential communities 

within the university's Ring Road. The area involved consists of approximately 78 

hectares of land along the south and east edges of the existing campus, which are slated 



for 4,536 residential units (maximum), with up to approxirnately 10,000 residents 

(Moodie 1996). 

SFU and the Burnaby Mountain Development Corporation (BMCC) are confident 

that this development opportunity will provide reciprocai benefits for the University and 

the larger Burnaby community. John Stubbs, Past President of SFU, States: 

If we approach this undertaking boidiy and with imagination, we can create a 
communiv on Bumaby Mountain that is exceptional, internationalfy acclairned, 
and fully capable of contnbuting materia f fy, and in many other ways, to the rich 
and vibrantfitture of the university. (E&S 1999,2) 

in February 1996, the Development Plan Concept (DPC) was completed by 

Moodie Consultants Inc. (Project Manager). This pIan provided the first 'vision' of the 

proposed community development and is represented in Figure 4-2. 



Figure 4-2. Developrnent Plan Concept: Simon Fraser University (Moodie 1996,331 



The DPC is an analysis of land use, density, and other planning issues surrounding 

the development of a Bumaby Mountain comrnunity. The objectives of this anaiysis were 

as follows (Moodie 1996-2): 

To identify environmentally sensitive areas and develop strategies to protect 
ecosystems and ecological functions. 
To identify areas within the Ring Road that are potentially suitable for both 
University and for non-University uses, including specific combinations of uses 
where desirable. 
To define an appropriate level and mix of residentiai, commercial, support services, 
and facilities that will serve both the University and non-university communities, 
including specific combinations of uses where desirable. 
To determine development types, forms, and densities that support University and 
City objectives while respecting and complementing the natural heritage of Burnaby 
Mountain. 
To maintain the quality, consistency, and integrity of the University's architectural 
environment. 

The DPC investigated the environmental impacts associated with this 

development project, such as impacts to water, soils, vegetation, and wildlife habitat; and 

issues surrounding transportation, site sewicing, Storm water management, and the 

geolo,g and topography of the land. The DPC.proposes a land use concept that includes 

the following guidelines: population and development densities, environmental, building 

design and setbacks, landscaping, circulation plans (including pedestrïan paths, roads, 

transit, sentice access, bicycles, and parking), community service and facilities, outdoor 

recreation and greenspace, and engineering site services. Transportation-related 

components of this plan will be further investigated in later sections of this chapter. 

The completion of the DPC initiated the development of a new Official 

Community Plan (OCP) between SFU and the City of Bumaby. This plan was completed 

and adopted by Bumaby City Council on September 9, 1996. SFU's OCP is a condensed 

version of the previously completed DPC, and outlines the vision, goals, objectives, and 

land use development guidelines for the proposed Burnaby Mountain Community 

Development (City of Burnaby 1996). The OCP's community development vision is 

consistent with the DPC's proposed community development plan, as shown above in 

Figure 4-2. 



Furthemore, the following primary and secondary objectives are also shared by 

the DPC and OCP (Moodie 1997,2). 

Primaw Objectives: 

1. To establish an integrated vibrant community complementary to existing and future 
University development. 

2. To establish an ongoing endowed source of revenue to support future University 
purposes. 

Seconda rv Ob iectives: 

Subdivision of property should be carried out in such a way that land within the Ring 
Road is not alienated from University ownership. Land within the Ring Road should 
be leased for development purposes, not sold. 
Significant regulatory approvals should be sought by the University acting on its own 
behalf (e.g. such matters as zoning and subdivision). 
Consistent with the disciplines of the market and sound financial practices, the 
University should endeavour to produce development projects within the Ring Road 
that are outstanding exarnples of their type. Projects should reflect sound traf ic  
management and reduction principles, resource eficien t design principles, and sound 
energy conservation principles (emphasis added). 
Consistent with the goal of establishing an integrated, balanced, and vibrant 
community on Burnaby Mountain, residential and commercial development should be 
compatible with institutional development and in harmony with the character of the 
University. 
Environmental sensitivity to the nature of the mountain is an important consideration 
in the development of University lands. In development of its property, the 
University will endeavour to set and maintain high standards of environmental 
responsibility (emphasis added), consistent with the inevitable impact of 
development. Al1 relevant environmental assessment review and approval processes 
will be followed. 
The University is committed to an open, communicative process of consultation with 
its community on Burnaby Mountain and the community of Burnaby prior to 
proceeding with any development projects. 

The construction of this 'village' is expected to start in the year 2001 once the 

Master Plan is developed in 1999-2000. The BMCC has recently forrned an Advisory 

Cornmittee and Board of Directors who will play a key role in the development of the 

Master Plan, through an extensive public consultation and land use planning process. 



The DPC and OCP indicate that the development may be shaped into two main 

communities, the South and East Neighbourhoods, and the developable area within the 

Ring Road has been zoned according to this vision. Development is planned to be 

concentrated in one area first (Le. South or East Neighbourhood), with construction most 

likely to start on the East Neighbourhood. Each neighbourhood may consist of one or 

two core communities (enciaves) as well as a swing area for future residential or 

un iversi ty development. The East Neighbourhood may concentrate two-thirds of the 

units (3,049 units), including swing areas, with an average occupancy rate of 2 persons 

per unit, representing approximately 6,000 residents. The remaining 33% of units are 

expected to be concentrated within the South Neighbourhood (1,488 units), with an 

average occupancy rate of 3 persons per unit, representing approximately 4,500 residents. 

Please refer to Figure 4-2 for further explanation. 

The DPC estimates a full-time student enrolment of 25,000 with a resultant daily 

campus population of more than 20,000 students, staff, and faculty by project completion 

(approximately 20 10 to 2030) (Moodie 1996). This doubling of the campus population 

presents serious transportation planning challenges for SFU. Therefore, SFU's growth 

management plan must incorporate adequate strategies to manage the increased 

transportation demands. For example, the DPC States that "future transportation 

networks will need to provide for increased transit services responding to the possibility 

of reduced parking availability relative to the size of the future student population" 

(Moodie 1996, 7). These increased transportation impacts should play an integral role in 

designing a 'car-smart' community, as well as a sustainable transportation plan for the 

university. 

The development objectives highlighted above, particularly the secondary 

objectives, fit well with the principles of sustainable urban development. The BMCD 

project represents a unique opportunity for SFU to develop a mode1 sustainable 

community, one that fully integrates the existing campus community and the natural 

environment of Burnaby Mountain, dong  with sustainable community design principles, 



into the final cornmunity vision. The integration of the natural and built environments 

should be pursued, encouraging community participation in the planning process. For 

instance, development should minimise ground disturbance and vegetation removal; 

practice sound site location for buildings; minimise energy and waste flows; minimise 

road developmen t and the need for personal vehicle travel through transport at ion 

alternatives; encourage sustainable community economic development through the 

provision of employment and commercial service opportunities on-site; and enhance the 

power of 'comrnunity' and the key role it plays in achieving sustainability. Furthemore, 

the principle of 'connectivity' should be stressed when planning the integration of the 

new communities within themselves, as weIl as with the existing campus community, the 

Harbour Centre campus community, and the broader Burnaby communities. In support of 

these principles, the following statements were made during an official envisioning 

session in the summer of 1998: 

Communiiy is about connections. It's about the street, the people you see on the 
street and what you do on the street. What we are lackirtg now is that 
environment. We have an opportuniîy to build an urtbelievably interesthg 
comrnrcnity where you can work and study and see exhibitions, go shopping ... al1 
within wafking distance. It's an incredible opportunify for us - al1 of rts. - Jack 
Blaney, President, Simon Fraser University (E&S 1999, 27) 

The technology is corning thar will allow us to move more people more 
effectively and with less environmental harm. SFU will be a mode1 of how an 
intenrated transportation system can work (emphasis added). - Bob Glover, 
City of Burnaby (E&S 1999, 15) 

These statements speak loudly to the ideas and principles of new urbanism, 

people-oriented communities. and integrated land use and transportation planning, as 

discussed in Chapter 2. It is hoped that this vision will remain fresh in the minds of these 

key players, as well as the general S N  community, during the Master Plan development 

process. 



4.3 SFU in context with Regional Growth Management Planning 

4.3.1 Greater Vancouver Regional District 

In 1990, the GVRD adopted Creating our  Future: Steps to a More Livable 

Region. This document laid out principles and strategic policies to guide development 

within the region. It stated that the GVRD will "sustain and develop a CO-operative 

transportation planning process with the provincial government and its agencies based 

upon the GVRD Board's approved policies to give pnority to walking, cycling, transit, 

and then the private automobile" (GVRD 1990, 14). This policy fonned part of the terms 

of reference for Transport 2021, Greater Vancouver's long-range transportation plan 

(Davidson 1997; GVRD and Province of BC 1993a). Vancouver's recent Drafr 

Transportation Plan also stresses the need for reduced reliance upon the auto, and States 

that "we should be willing to use transit, walk or bike where these are practical options, 

and leave our car at home" (City of Vancouver 1996, 1). In addition, the Burnaby 

Trarisportation Plan supports sustainable transportation, as its vision statement indicates 

that the City of Burnaby should "strive to facilitate the efficient movement of people and 

goods in Burnaby in a cost effective manner which enhances the environment and 

livability of the entire community" (City of Burnaby 1995, 24). 

In 1996, The Livable Region Strategic Plan (LRSP) was approved by the GVRD 

(GVRD 1997a). The LRSP is based upon four fundamentai objectives directed towards 

maintaining the environmentai quality and livability of the region. These objectives are 

as follows: 

1. Protect the Green Zone: is intended to protect Greater Vancouver's natural 
assets and to create a long-term urban growth boundary. 

2. Build Complete Cornmunities: is intended to provide more residents with access 
to the range of day-to-day activities within their own neighbourhoods, such as 
work, shopping, and school. 

3. Achieve a Compact Metropolitan Region: is intended to concentrate urban 
growth in specified areas within the region, thereby enabling people to live closer 
to work and services and improving the transportation system within the region. 



4. Increase Transportation Choices: is intended to increase the convenience and 
accessibility, and thus attractiveness, of transit and reduce dependence on single- 
occupant vehicle travel. 

Transport 202 1 identifies four policy levers that c m  be used to achieve these goals 

in an attempt to move people and goods efficiently, increase transport equity, reduce 

environmental impacts, and decrease automobile dependence within the region. These 

levers are (GVRD and Province of BC 1993a): 

1. Control Land Use 
2. Apply Transport Demand Management 
3. Adjust Transport Service Levels 
4. Supply Transport Capacity 

The LRSP and Transport 2021 therefore provide a vision and plan for integrated 

land use and transportation planning in the GVRD. The GVRD has put significant 

emphasis on complete communities, compact urban areas, and sustainable transportation 

and land use planning, thus highlighting their importance in reducing automobile 

dependence and minimising environmental degradation. 

4.3.2 Simon Fraser University 

SFU is in full support of the LRSP and Transport 2021 growth management plans 

(Gill et al. 1994).19 Gill et al. indicate that "If we are to have effective regional planning 

and growth management, it is imperative that the GVRD, the Govemment of BC, dong 

with the Ministry of Transportation and Highways, work together on a jointly developed 

and accepted strategy" (Gill et al. 1994, 4). According to Gill et al., SFU believes that 

increased density, compact urban forrn, and the creation of complete communities are 

essential to improving the livability of its community, as well as those of the GVRD (Gill 

l9 Warren GilI is a Transportation Geographer in the Department of Geography at SFU. Executive Direcior 
of SFU's Harbour Centre Campus, and lead author of a University driven discussion paper that invcstigated 
SFU's relationship CO. and roIe within, the GVRD's Livable Region Strategic Plan. 



et al. 1994). SFU recognises that it lacks the balance of commercial and residential 

development required to be a complete community. This is evident in the university's 

plans to develop a residential and mixed-use community within the Ring Road of the 

Burnaby Mountain campus (i-e. the BMCD). These plans somewhat complement the 

LRSP's Growth Concentration Areas (GCA) plan, where population densification is 

encouraged in the Burnaby/New Westminster area, one of three GCAs identified in the 

LRSP (GVRD 1997a). However, Burnaby Mountain is considered part of the "green 

zone" within the LRSP, thus creating some uncertainty with respect to the development 

of this land. 

Furthemore, Gill et al. indicate that TDM and transit should play an integral role 

in shaping future growth at SFU and the GVRD (Gill et al. 1994). In particular, future 

universi ty developments should be integrated with existing transit services, transportation 

infrastructure investments should be targeted at transit development, and traffic reduction 

prograrns should be implemented at the institutional level. 

And finally, SFU believes that regional govemance is key for successfÙ1 

implementation of growth management mechanisms (Gill et al. 1994). S N  is thus most 

likeIy in favour of the recently formed Greater Vancouver Transportation Authority (Le. 

TransLink), a regional body that manages the GVRD's transportation infrastructure, 

public transit system, transportation demand management, and the Air Care prograrn. 



4.4 Growth Management Issues at SFU 

SFU faces some serious transportation management challenges in the coming 

years. These challenges are a direct function of the following university growth plans: 

1 .  The proposed Burnaby Mountain Community Development may provide residence 

for approximately 10,000 people through the development of 4,000-5,000 housing 

units; and 

2. SFU's Burnaby Mountain campus expects its full-time equivalent (FIE) student 

population to increase from 15,000 (1997) to 25,000 students. 

As indicated before, these combined growth pressures wil l double the university ' s 

on-campus population from 12,000 to 20-25,000 people between 2010 and 2030. This 

population forecast therefore makes one, or both, of the following assumptions: 

1. A large proportion of future university population growth (Le. students, staff, and 

faculty) will be accommodated in the new university community; or 

2.  A large proportion of the future residents of this community will be employed off-site. 

thus not contributing to the daily on-campus population in peak operational periods 

(Le. 8:00 a.m. - 5:00 p.m.). 

The DPC and OCP do not fully explain how this growth witl be managed by the 

university, thus leaving it open to speculation, criticism, as well as the opportunity for 

creative public input. The following sections will identify and analyse the potential 

transportation-related ecological impacts of the growth pressures identified in the DPC 

and OCP. 



4.4.1 Transportation-Related Impacts 

Of greatest concem with respect to the development of this community and the 

expected future university growth may be the transportation-related impacts on local, 

regional, and global environments. These potential impacts are as foilows: 

A. Traffic flow; 
B. Air pollution; 
C. Noise pollution; 
D. Vehicle-pedestriadbicycle conflict; 
E. Infrastructure; 
F. Water quality; 
G. Habitat and wildlife; and 
H. Recreation and cultural. 

Delcan Engineers Planners completed the transportation anaiysis for the DPC 

(Delcan 1996). The estimated growth in vehicle travel is summarised in the following 

two tables: 

Table 4-2. Future Vehicle Traffic Estimations (Number of Single-Occupant 
Vehicles) 

A.M. Peak: To SFU 
A.M. Peak: Away from SFU 

P.M. Peak: Away from S N  1 1,279 
Total Growth in A.M. 1 1,787 

Vebicle Trips 
Total Vehicle Trip Growth 3.52 1 8,75 1 5,230 149% L 

P.M. Peak: To SFU 455 1,927 1.472 324% -L 

1,564 
223 

Vehide Trips 
Total Growth in P.M. 

2.7 17 
4,107 

2,s 19 
1,588 

1,734 

1,438 
2,320 

955 
1.365 

112% 
13Q% 

4,644 

61% 
612% 

2,910 168 % 



Table 4-3. Petcentage of Total Single-Occupant Vehicle (SOV) Trips by Category: 
Existing, BMCD, and Student Growth 

Findings 

A.M. Peak: To SFU 

A.M. Peak: Away from SFü 

P.M. Peak: To SFü 

P.M. Peak: Away From S F U  

Delcan's trip generation rate analysis concludes that in peak hours of travel, the 

number of single-occupant vehicles (SOV) travelling to and from SFU will increase by 

150%. There are several key criticisms of this analysis: 

1. The vehicles per hour (VPH), or trafic volume, estimates completed by Delcan used 

1990 traffic data, in combination with the university's projected population growth 

estimates. It is of concern that data from 1990 may be outdated. As well, it is not 

known how Delcan incorporated the future population growth estimates into its 

projected trip generation rates. For example, Delcan would have had to estimate what 

proportion of the BMCD residents studied andor  were employed on- versus off- 

campus (Le. what percentage of residents are from the SFU, Discover Park, and BC 

Hydro communities?). This distribution has not been identified by Delcan. 

2. Delcan's VPH estimates only identified peak-hour trafic flows. Currently, the 

majority of 'work-trips' (i.e. work and school) are made in the morning peak hour. 

That is, nearIy 50% of the 10,000 vehicles commuting to SFU each day travel in the 

morning - in particular, during the morning peak hour from 8:W-9:00 a.m. (Petz et al. 

1998; Coutu 1999). However, there are 5,000 vehicles that commute to SFU later 

62% 
( 1.564) 

14% 
(223) 
24% 
(455) 
47% 

22% 
(560) 
81% 

( 1.279) 
65% 

( 1.262) 

16% 
(395) 
5% 
(86) 
11% 

(21 1) 

100% 
(2.5 f 9) 
100% 

(1,588) 
100% 

( 1.927) 
34% 1 19% 100% 



each day that are not included in Delcan's analysis. Therefore, it is important that 

these trips be included in order to understand the full transportation impacts related to 

SFU's future growth management plans. 

3. Of further concem is the fact that the majority of trips, 60-75% of total trips, are non- 

work related, such as personal, shopping, and recreational trips (Van der Ryn and 

Calthorpe 1986). In addition, Van der Ryn and Calthorpe's research indicates that the 

average one-way non-work trip is 12.5 km in distance (Van der Ryn and Calthorpe 

1986). At this time, the demographics and mix of the future community resident 

population is unknown (i.e. percentage of students, staff, and faculty that will reside 

in the BMCD). Furthemore, though the DPC States that there may be 10-20,000 rn" 

(approximately 1 10,000-220,000 ft2) of retail and commercial services within the 

BMCD, at this time it is not completely known what this allocation of space will be 

nor if it will be sufficient to satisfy the daily needs of its residents (Moodie 1996). 

Therefore, it is difficult to predict what transportation behaviours may develop for 

these residents. To avoid excess vehicle travel to Lougheed Mall and other 'big box' 

shopping centres, the BMCD should supply sufficient retail and commercial 

opportunities to satisfy the daily needs of the BMCD residents. Lougheed Mall is the 

nearest retail facility and is located at a distance of approximately 5 km (one-way) 

from SFU. The transportation redities and uncertainties mentioned above should be 

of obvious concen to SFU, the City of Burnaby, and the Greater Vancouver area. 

Through the lack of sustainable transportation and land use planning, the non-work 

trips of the BMCD residents could seriously degrade local, regional, and global air 

quality. 

4. The VPH traffic volume estimates calculated by Delcan are estimates for single- 

occupant vehicles only. The 1998 traffic survey indicates that 36% of total vehicle 

trips have one passenger (Le. 2-person carpool) and 10% have 2 or more passengers 

(i.e. 3-person plus carpool) (Petz et al. 1998). Therefore, nearly 50% of total vehicle 

trips are unaccounted for in Delcan's analysis. As stressed above, Delcan's VPH 

estimates do not capture the m e  vehicle flows of SFU's transportation system, thus 

they do not account for the full transportation impacts. 



5. Table 4-2 indicates that a.m. peak hour travel to SFU is expected to increase by only 

61%. Furthermore, Table 4-3 indicates that only 395 trips will be generated by the 

university's "new" students (Le. FïE growth) in the morning peak hour. This equates 

to only 16% of the total estimated a.m. peak hour trips to SFU. From a sustainability 

perspective, this would be an honourable achievement, as these t ra f ic  flow estimates 

are extremely low relative to the expected growth in the student population (i.e. 

10,000 new students). Though SFU has committed to quadmpling student residence 

facilities on campus, there wouid need to be a larger allocation of  housing units to 

students to accommodate this growth for this low traffic volume estimate to be 

reasonable. Unfortunately, there is no indication within the DPC or OCP that 

supports this housing allocation (Moodie 1996; City of Bumaby 1996). Therefore, 

these traffic flow estimates may not accurately reflect the transportation realities of 

S m ' s  future growth challenges. 

6. Of further concern are the "Estimated BMCD Vehicle Traffic" results identified in 

Table 4-3. In the a.m. peak hour, it is estimated that approximately 1,300 residents of 

the BMCD will leave Burnaby Mountain, most likely for work-related reasons, and 

return in the p.m. peak hour. As mentioned above, there has been no indication 

within the DPC or the OCP that this community will cater to the members of the SFU, 

Discovery Park, or  BC Hydro communities. In fact, the DPC and OCP emphasise the 

development of market housing, which may likely attract more investrnent from 

people outside the S F U  community (Moodie 1996; City of Burnaby 1996). 

Therefore, the potential for the BMCD to become another sprawl-like community 

increases if the housing needs of the general public are S N ' S  first priority. Thus, 

Delcan's estimated traffic flows may be low if the majority of residents of the BMCD 

are not employed or study at SFU, Discovery Park, or  BC Hydro. 

7. Table 4-3 indicates that 560 BMCD ("expansion") trips will be generated for travel to 

SFTJ in the a.m. peak hour. Furthermore, it is estimated that approximately 1,000 

"BMCD Vehicle" trips will be made off Burnaby Mountain in the p.m. peak hour. 

These estimates pose the following concerns: 



The DPC does not indicate why approximately 600 and 1,000 BMCD-related 

vehicles will travel to and from S N  in the a-m. and p.m. peak houn. One theory 

may be that these trips are work-related. That is, 600 people travel to the BMCD 

in the a.m. peak hour for employment purposes. J f  this is the case, one should be 

curious as to why these employment opportunities are not satisfied by residents of 

the BMCD. If this hypothesis proves me, these work-trips would put additional 

stress on S N ' S  transportation system and contribute to its status as a major 'trip- 

generator.' 

In addition, assuming that this theory is correct, it rnay be safe to further assume 

that the 600 people travelling to SFU in the moming for work are part of the 1,000 

people leaving Burnaby Mountain in the p.m. peak hour. Therefore, there remain 

400 trips off of Burnaby Mountain in the p.m. peak hour that are not accounted 

for. Again, the DPC does not indicate the purpose of these trips. if these trips are 

based on typical non-work trip estimates, such as shopping and recreation, this 

may indicate that the potential services provided within the BMCD d o  not fully 

satisfy the daily needs of its residents. Therefore, the BMCD may- act as a 

'reverse trip-generator,' where its lack of services and facilities encourage 

residents to travel off-site to satisfy their needs, such as the case now with the 

students that live on campus. 

8. The OCP provides support for public transit, as Section 4.2.4 States that "public 

transit is to be facilitated through the design of development and roads ... and 

pedestrian facilities that support transit" (City of Burnaby 1996, 1 1 ). However, unlike 

the S tormwater Management Plan in the DPC, Delcan ' s Transportation Anal ysis does 

not identify any new transit facilities, services, or stops to achieve this objective (Kerr 

Wood Leidal Associates 1996; Delcan 1996). This is a major shortcoming of its 

anaiysis. 

In summary, Delcan's trafic flow estimates do not capture the full transportation 

impacts of the university's planned growth. Non-peak hour trips and trips made by 

carpoolers (i.e. 2 or more persons per vehicle) were not accounted for in Delcan's 



analysis. Furthemore, it is not indicated within the DPC what proportion of the future 

university population growth will reside in the BMCD. The distribution of housing units 

will likely have the Iargest impact on future transportation demands at SFU. It is 

therefore concluded that total trafic flows may increase from 150-200% over existing 

volumes. That is, future vehicle trips may increase from 20,000-25,000 to 50,000-75,000 

one-way trips per day (Le. 10,000-12,500 to 25,000-37,500 return trips per day). This 

growth in traffic volume will have serious ecological, social, and economic impacts. 

B. Air Pollution 

SFU's expected growth in transportation demands will put further pressure on 

local, regionai, and global air quality. Table 2-5, outlined in Chapter 2, identifies the 

major types of air emissions and their associated production per vehicle kilometre driven. 

This table will be used in the following analysis to identify S m ' s  (Bumaby Mountain 

campus onlyj air emissions inventory and to calculate air emissions levels as of 1998. 

The average one-way commute to work within the GVRD is 14 km (GVRD and 

Province of BC 1993a). In determining SFU's total vehicle emissions per day, it is 

assurned that the average one-way commute to SFU is slightly less than that of the GVRD 

average. This assumption is based on the results of a digital mapping exercise that 

identified where students with parking permits commute from - showing that many 

students drive from relatively close distances - and the fact that the majority of vehicle 

commuters are students (Moore 1999). A 10 km one-way distance is used in calculating 

SFU's daily emissions (Le. 20 km return). 

As indicated earlier, SFU's parking facilities provide stalls for approximately 

6,500 vehicles at any one time. These stalls are utilised at nearly 100% during the peak 

hours of the day, which is between 8:00 a.m. and 3:00 p.m. (Coutu 1999). In addition, 

approximately 10,000 vehicles travel to SFU each weekday, as travel times and course 



schedules are dispersed throughout the day such that some parking facilities become 

vacant, particularly for night courses (Coutu 1999). As well, approximately 150 vehicles 

drive to the base of Burnaby Mountain each weekday and park on either Gaglardi Way, 

Burnaby Mountain Parkway, or in nearby residential areas (Coutu 1999). These students 

do not have parking permits and resort to dnving to the base of the mountain, parking, 

and either hitchhiking or riding transit to access SFU. 

The following data and assumptions are used to calculate SFU's daily vehicle air 

emissions tevels: 

Average retum commute to/from SFU is 20 km ( I O  km one-way). 
10,150 vehicles travel to and from SFU each week day. 
54% of vehicles (5,48 1 vehicles) are single-occupant vehicles (Petz et al. 1998). 
36% of vehicles (3,654 vehicles) are 2-person carpools (Petz et al. 1998). 
10% of vehicles ( 1 ,O 15) are 3 or more person carpools (Petz et ai. 1998). 
2-person carpools produce 50% less air emissions than single-occupant vehicles 
(Gordon 1 99 1 ). 
3 or more person carpool produce at least 67% less air emissions than single-occupant 
vehides (Gordon 199 1). 
Carbon Dioxide Equivalent Factor (COtE) is the global warming potential of Carbon 
Dioxide (CO?), Methane (Ci&) and Nitrogen Dioxide (&O) (GVRD 1998a). Carbon 
Dioxide, Methane and Nitrogen Dioxide's global warming potential is equal to 1, 21 
and 3 10 respectively. The following equation is used in calculating the total Carbon 
Dioxide Equivalent Factor (C02E): COt + CW(21) + N20(3 10). 
There are 40 weeks per year that SFU is in regular session (Le. the daily on-campus 
popuIation is approximately 12,000 people for 40 weeks per year). 

Tables 4-4 to 4-6 highlight the quantities of vehicle air emissions per weekday for 

each vehicle passenger mode (i.e. SOV, 2-person carpool, and 3 or more person carpool). 

Table 4-7 indicates the total vehicle air emissions per weekday at SFU's Burnaby 

Mountain campus. 



Table 4-4. Single-Occupant Vehicle Air Emissions Per Weekday at S N  

Table 4-5. 2-Person Carpool Vehicle Air Emissions Per Weekday at SFU 

CO 6.7 20 3.654 1 489.636 489.64 
NO, 0.65 20 3.654 47,502 47.50 
PM 0.0 13 20 3,654 950 0.95 
sox 0.0235 20 3,654 1.7 17.40 1.72 
VOC 0.75 20 3,654 54.8 10 54.8 1 
CO, 1 25 20 3,654 9,135,000 9135 
CH4 0.0 195 20 3.654 1,425.10 1.43 
N20 0.065 20 3,654 4,750.20 4.75 
COIE 1 145.5 20 3,654 10,633,140 10,633.14 

Table 4-6. 3 or More Person Carpool Vehicle Air Emissions Per Weekday at SFU 



Table 4-7. Total Vehicle Air Emissions Per Weekday at Sm's Burnaby Mountain 
Campus (Al1 Vehicles) 

Table 4-7 indicates that approximately 45,000 kg of air emissions are released 

from vehicles travelling to and from SFU each weekday, with SOVs contributing over 

50% of these emissions. This equates to over 200,000 kg over a given week and over 8 

million kg of air emissions per year. These are discouraging results when one considers 

the fact that SFU is only one of many major trip destinations in the Lower Mainland. In 

addition, these emissions threaten the Kyoto Protocol, which calls for a 6% reduction 

from 1990 greenhouse gas emission levels in Canada (Last, Trouton, and Pengelly 1998). 

These transportation trends pose senous challenges to the success of the Kyoto Protocol. 

SOI 
VOC 

Of greater concem however, are the expected future transportation demands 

associated with the university's student growth and c~mmunity development. As 

indicated above, vehicle transportation demands may increase two to three times from its 

existing level once the university's growth perïod is completed. Therefore, daily air 

emissions could jump to 100-150,000 kg per day, or 20-25 million kg per year (Le. 

assuming current leveis of vehicle technology and transit service). These results indicate 

the urgent need to find realistic solutions to SFU's growing level of automobile 

dependence. 

7.18 
229.29 



C. Noise Poilution 

Road traff~c is considered to be the most common source of unwanted noise 

(OECD 1995). Though the impacts of noise are largely subjective, excessive noise levels 

c m  result in the loss of environmental arnenity and psycho1ogica1 well-king (Miller and 

Moffet 1993; R a d  1998). Furthermore, excessive noise can result in health, sleep, and 

productivity losses, as well as negatively impact wildlife ( R a d  1998; Reinjin, Foppen, 

and Veenbaas 1997). Reijnen et al. indicate that traf5c noise is the most criticai factor in 

reduced wildlife densities and bird breeding in zones adjacent to busy roads (Reinjin, 

Foppen, and Veenbaas 1997). 

A near tripling of vehicle trafic will thus have an impact on local, as well as 

regional, noise quality. In particular, the communities of SFU and BMCD may 

experience excessive noise levels due to this increase in vehicle traffic. This may 

therefore affect the quality of SFü as a working, research, and educational facility, as 

well as the overall livability of the BMCD. Furthermore, increased vehicle traffic and 

noise may intensify wildlife disturbance on and around Burnaby Mountain, not to 

mention the increased likelihood of road kill. 

D. Vehicle-Pedestrian/Bicycle Conflict 

The original design of SFU highlights the importance of strong pedestrian 

corridors that connect the community to most university facilities. Dedicated bike lanes 

from the Gaglardi Way and Burnaby Mountain Parkway intersection and off-road bike 

paths also exist in support of bicycle traffic. This design helps limit vehicle- 

pedestrianhicycle conflicts, particularly, vehicle-pedestrian. However, as vehicle traffic 

increases with university growth, it will be critical for university and community planners 

to be conscious of the potential for serious vehicle-pedestrianhicycle conflicts. In 

particular, the planning and design of the BMCD should make every attempt to 



accommodate pedestrians and cyclists first, transit second, and the private automobile 

last. This prioritisation is echoed within the GVRDTs Creating Our Future: Steps ro a 

More Livable Region Plan, where policies were approved to "give ptiority to walking, 

cycling, transit and then the private automobile" (GVRD 1990, 14). Furthermore, Section 

2.9.3 of the OCP indicates that vehicular interference with pedestrian movement is to be 

minimised (City of Bumaby 1996). It is therefore important to reduce the possibilities for 

vehicle-pedestrian/bicycle conflict when designing livable communities. This will be an 

important element in planning the BMCD. 

E. Infrastructure 

Future transportation demands will place obvious stress on SFU's transportation 

infrastructure. The DPC indicates that there may be need to expand certain road 

facilities, extend roads, and build parking lots (Deican 1996). On the other hand, the 

DPC and OCP both indicate the importance of protecting certain natural and ecologically 

sensitive areas (Moodie 1996; City of Bumaby 1996). These infrastructure developments 

require the use of land and rnay thus impact the local and regiond environments. The 

fol lowing analysis investigates these impacts: 

1. Naheeno Reserve road development; 
2 .  South and East Neighbourhood road development; 
3 .  West Campus Road extension; 
4. Gaglardi Way, University Drive, and Burnaby Mountain Parkway expansion; and 
5.  The development of car washing stalls. 

The DPC indicates the importance of linking the two South Neighbourhoods "to 

permit parents to drive children to school" (Moodie 1996, 30). This 'link' would require 

the development of a road through Naheeno Reserve. However, Section 2.4.1 of the OCP 

indicates that the "forested ravine and watercourse area popularly known as Naheeno 

Park has been identified as the most ecologically significant area within the Ring Road, 

and is to be maintained as a natural undeveloped park area" (City of Bumaby 1996, 3). 

Furthermore, Section 2.4.4 States that "no road is to be developed through Naheeno P a r k  



(City of Bumaby 1996, 4). This inconsistency in community planning threatens S m ' s  

credibility in "continuing the university's record of combining environmental integrity 

with internationally recognised design excellence" (Moodie 1996, 1). Furthermore, it 

faci 1 itates the development of automobile dependence, which increases vehicle air 

emissions, contributes to local and regional ecological degradation through increased 

water volume, velocity and contamination, and limits children's ability to develop 

"mobility-independence" (Engwicht 1993). Unfortunately, there is no mention within the 

DPC of the use of 'walking school buses,' or even motorised school buses, to transport 

children to and from school. 

The development of roads within the South and East Neighbourhoods is proposed 

by Delcan (Delcan 1996). The need to develop some roads will exist within almost any 

community development. However, the community roads outlined in Deican's 

transportation analysis present some concerns. The proposed South Neighbourhood roads 

that access Gaglardi Way and University Drive East may require controlled traffic light 

infrastructure. These investments would be costly and will be reflected in the market 

costs of the residential units. Furthermore, this infrastructure may cause serious 

transportation flow problems, particularly for vehicles turning left ont0 Gaglardi Way 

from the Southwest Neighbourhood enclave (refer to Figure 4-2). The estimated 1,500 

vehicles travelling up Gaglardi Way to SFU in the a-m. peak hour will make it difficult 

for residents of this neighbourhood to turn left to access Gaglardi Way (Delcan 1996). 

Furthermore, cyclists travelling to SFU will be impeded if traffic lights are installed on 

Gaglardi Way to accommodate left-tuming residents of the South Neighbourhood. 

Climbing Burnaby Mountain on a bicycle poses enough difficulty without having to stop 

cycl ists on a grade to accommodate South Neighbourhood vehicle commuters. 

Furthemore, previous Burnaby Mountain impact assessments recommend that the 

area known in the DPC as the South Neighbourhood (directly north of the Gaglardi 

Way/Burnaby Mountain Parkway intersection) should not be used for development 

(Sigma 1979). Sigma indicates that the environmentai and aesthetic significance of the 



vegetated areas are too valuable to sacrifice for development. Furthemore, this area is 

highly valued as an educational resource, as several students and faculty use this area as a 

'living classroom' (which has recently k e n  echoed in a petition from SFU students to 

protect this area for academic purposes). Therefore, SFU should consider these concerns, 

dong with the potential impacts of building roads through the Naheeno Reserve, into the 

decision rnaking process regarding the development of this area. 

In servicing the residents of the West Enclave Swing ResidentiaI area, Delcan 

proposes an extension of the West Campus Road to connect with Gagladi Way (Delcan 

1996). However, this road may not be required if development is concentrated in one 

area, rather than being spread throughout the developable site. In particular, the East 

Neighbourhood location may prove invaiuable as a 'single-neighbourhood,' as a large 

majority of this area is well connected with roads. However, the greatest benefit of 

developing only the East Neighbourhood area is the fact that it has been previously 

cleared for surface parking. This parking area can serve as the foundation for the 

majority of housing units to be found within a 'single-neighbourhood,' thus providing 

space for low-impact, environmentally sensitive development (MacDonald 1999; Roppel 

and Roppel 1998; Plamondon et al. 1999). Lost parking could be replaced with either 

underground or multi-level parking facilities. This vision is illustrated in Figure 4-3, 

where the majority of residential development is located in the East Neighbourhood area 

on top of parking lots B, C, and E (refer to Figure 4-2 for a more detailed map of Sm). 

Figure 4-3. Strategic Concept Plan for the BMCD Project (Plamondon et al. 1999) 



Delcan proposes the need to upgrade the Gaglardi Way, University Drive, and 

Burnaby Mountain Parkway intersection due to the expected increase in transportation 

demands (Delcan 1996). In particular, a second left-hand turning lane on University 

Drive East to improve access to Gaglardi Way is proposed to be developed. It is 

important to note that the DPC does not mention the use of TDM measures to manage 

future transportation demands in order to avoid the increased infrastructure investments 

and associated ecologicai degradations. Delcan's ideology regarding transportation 

planning is 'supply-side' oriented, thereby suggesting that an increase in transportation 

infrastructure (Le. roads) is the optimal strategy to manage increasing transportation 

demands. On the other hand, Least-Cost Planning (LCP) principles suggest that in some 

cases it is more economical to invest in T'DM over supply-side management measures 

(Davidson 1997). LCP is a cost-benefit anaiysis tool that enables one to compare 

roadway expansion to TDM measures when evaluating strategies to manage 

transportation demands. Davidson indicates t hat total capi ta1 costs of building left-hand 

turn bays in Vancouver range from $1-2 million per bay (Davidson 1997). This public 

capital may be invested more wisely in appropriate TDM strategies, such as traffic 

reduction programs that reduce transportation demands, thereby reducing the need to 

construct costly road infrastructure. 

Finally, Section 5 1 1.14 of the OCP recommends the development of 1 car wash 

stall per 100 units of housing (City of Bumaby 1996). This equates to the development of 

approximatel y 50 dedicated car washing stal ls, thereby reducing the arnount of productive 

land and increasing the amount of impervious surfaces (Le. paved surfaces) on the 

developed site. This ultimately leads to higher water runoff and downstream ecologicai 

impacts to the Bumaby Mountain streams. This investment in additional infrastructure is 

excessive and it is recommended that car washing stalls be integrated into the general 

parking facility plan (Le. multi-purpose parking stalls), thus reducing the need to build 

dedicated car wash stalls. 



E. Water Quality Impacts 

The above mentioned transportation impacts arising from the estimated increase 

in trafic flow also negatively impact water quality in the surrounding watersheds. 

Bumaby Mountain receives 2,200 mm of rain annuaily, twice the arnount of south 

Bumaby, which should be of serious concem when planning this development (Yarnell 

and Sandmann 1997). The following tist outlines some of the key concems with respect 

to water quality on and around Burnaby Mountain: 

The clearing of forested areas for roads and neighbourhood developments increase 
water runoff which may lead to erosional impacts; 
The increased impervious surfaces contribute greater levets of contaminants, such as 
hydrocarbons, to the Bumaby Mountain waterways; 
The proposed community development and roads impact hydrological patterns, thus 
changing soil drainage characteristics; and 
The proposed diversion of Silver Creek in the South Neighbourhood may have 
unforeseen ecological impacts. 

The DPC proposes chat the majority of forested area within the Ring Road be 

cleared for the development of residential units. However, Sigma indicates that peak 

runoff rates significantly increase when forested areas are cleared for development 

(Sigma 1979). increased water runoff contributes to soil erosion and tree instability, due 

to the water logging of soil, which further contributes to the 'silting' of downstrearn 

waterways. This contamination has adverse effects on the fish-bearing streams of Stoney, 

Silver, and Piper Creeks. Principle 5, in the City of Bumaby's State of the Environment 

Report (SOER) (1993), mandates that development must "achieve a zero net increase in 

runoff and avoid the degradation of water flowing into the three watersheds (Bumard 

Inlet, Central Valley, which includes Bumaby Mountain, and the Fraser River)" (Stewart 

1996, np). Furthemore, Burnaby Bylaw Number 9044 "prohibits the discharge of silt 

and other contaminants to streams, creeks, waterways, watercourses, waterworks, ditches, 

drains, sewers, and storm sewers" (Stewart 1996, np). The increase in impervious 

surfaces associated with this community development will increase the volume and 

velocity of water runoff. This increased flow will also collect additional contaminants, 

such as hydrocarbons from parking lots and roads, as well as other residentiai pollutants, 



and may significantly impact local water quality (Yarnell and Sandmann 1997). 

Furthemore, hydrological patterns may change, thus impacting soi1 drainage 

charactenstics. 

Previous studies indicate that some creeks on Burnaby Mountain are 

contaminated. Studies completed by Stewart Environmental Ltd. suggest that water 

samples collected from Naheeno Creek, which is the most significant watercourse 

flowing south off of Bumaby Mountain, have very high suspended solids counts (217 

m g )  (Stewart 1996). In particular, nitrate, aluminium, iron, zinc, and total and fecal 

coliforms exceeded the Canadian Water Quality Guidelines (Stewart 1996). Naheeno 

Creek provides high value for flow, nutrient, and fish food organisms for downstrearn 

areas including Piper, Silver, and Stoney Creeks and the Brunette River. It may be 

critical, therefore, that this watercourse is retained in its natural state. 

As mentioned above, Stoney, Piper, and Silver Creeks are al1 fish-bearing strearns. 

Of great concern is the release of contarninated stormwater directly to these streams. 

However, the stormwater assessment completed by Kerr Wood Leidal Consultants 

overlooks the full ecological impacts associated with building road and parking 

infrastructure, such as water quality, stormwater runoff, and habitat loss (Alexander, 

Yamell, and Sandmann 1997). Fortunately, the OCP supports the maintenance of water 

quality, indicating in Section 4.5.2 that development must protect the environmental 

resource values of the downstream watercourses through the maintenance of pre- 

development runoff rates and water quality (City of Bumaby 1996). 

An intact forest is critical to the health of the forest ecosystem, as it acts as a 

sponge and absorbs rain and snowwater and further feeds this recharge into the Brunette 

River (Alexander, Yamell, and Sandmann 1997). Section 3.3.1 of the OCP mildly 

supports this perspective by indicating that it is important to retain significant trees (City 

of Burnaby 1996). However, "significant trees," or the criteria to identify these trees, has 



not been explained within the OCP. In addition, the protection of "significant trees" may 

not be sufficient to maintain the overall health of the Burnaby Mountain ecosystem. 

To manage these concems, the DPC states that the "university's goal is to 

implement and maintain an environmentally sensitive, technically sound, and fiscally 

responsible Master Drainage Plan for the university's environment and the surrounding 

comrnunity" (Moodie 1996, 20). However, this management plan involves further 

diversions of waterways into culverts, retention ponds, and oivwater separators. There is 

no indication within the DPC of the integration of treatment systems to remove 

contarninants or suspended sediments (Yarnell and Sandmann 1997). Furthermore, there 

is no discussion regarding 'proactive' community design strategies, such as the 

development of a single-neighbourhood on the parking lots in the East Neighbourhood 

area to minimise the potential water runoff and contamination problems. This approach 

to a Master Drainage Plan is inconsistent with Principle 4 of the City of Burnaby's SOER 

(1993), which states that "al1 strearns should be left in their natural state and vegetation 

removal and channelling should be avoided (Stewart 1996, np). This principle further 

states that the "headwaters of twelve creeks occur on Burnaby Mountain and it is 

therefore imperative that the remaining undeveloped lands be protected from 

developrnent in order to ensure that the sensitive habitats are not disturbed and destroyed 

(City of Bumaby 1993, np). 

Increased water flow off Burnaby Mountain may pose serious threats to the health 

of the local and regional ecosystems. The above stated concerns should therefore be 

addressed by SFU. Furtherrnore, consideration should be given to the development of a 

'single-neighbourhood' on the east parking lots (Lots B, C, and E), as envisioned by 

Roppel and Roppel (1 998), MacDonald (1 998), and Plamondon et al. (1999) (see Figure 

4-3). This alternative cornmunity design could minimise water runoff and other 

associated ecological impacts, as well as provide many social and environmental benefits. 



F. Habitat and Wildlife Impacts 

Stewart states that "impacts to important wildlife hahitats should be minimised 

wherever possible" (Stewart 1996, np). Burnaby Mountain, k ing  one of the last large 

greenspaces in the GVRD, provides a home to many species of plants and animals. There 

exist eleven rare andor endangered species on Burnaby Mountain (Stewart 1996). The 

proposed South Neighbourhood and associated community road pose great threats to the 

wildlife of this area. These forests are classified as "mixed deciduous/coniferous" and 

provide the most valuable habitat for the wildlife of Burnaby Mountain (Moodie 1996). 

Furthermore, the Naheeno Reserve and Hydro right-of-way act as a "naturd wildlife 

migration comdoi' (Moodie 1996, 21). In discussing the value of the study site, Stewart 

states, "although development with respect to the study area will permanently remove 

habitats currently utilised by wildlife, no wildlife populations of Burnaby Mountain are 

expected to be extirpated due to development activity" (Stewart 1996, np). This 

assessrnent of wildiife impacts should be of great concern to the BMCC, as it may be 

unreasonable for Stewart to indicate that wildlife populations will not be impacted by 

development activity given the fact that their habitat will be destroyed. 

Furthermore, wildlife may be impacted by traffic noise, as excessive traffic noise 

causes the most significant impacts to wildlife populations (Reinjin, Foppen, and 

Veenbaas 1997). In addition, 'road kill' potential increases with the devefopment of 

roads, particularly through wildlife habitat, and increases in traffic volume, especially 

round-the-clock traffic. 

Therefore, the proposed community development and road in the South 

Neighbourhood area may create serious risks to wildlife health, as cntical habitat will be 

Iost, migration corridors cut off, and noise pollution may cause excessive disturbance. 



G. Recreation and Cultural Impacts 

Bumaby Mountain provides recreationd opportunities for many residents of the 

local and Greater Vancouver area. Walking md cycling trails are heavily used by casual 

walkers, serious cyclists and hikers, and naturalists. This area therefore holds great vaiue 

to many people of the GVRD as it represents an opportunity to re-connect with nature. 

However, the value of viewing wildlife, old-growth stumps, and an intact forest has not 

been addressed within the DPC or  OCP. 

Yarnell and Sandmann indicate that there may be some cultural and/or social 

impacts due to the change from a student-dominated campus to a mixed-use 

neighbourhood (Yarnell and Sandmann 1997). Possible social impacts include the 

"alienation of the university population from the Burnaby Mountain environment and 

potential conflicts between residents and students with respect to 'ownership' of the 

mountain" (YarnelI and Sandmann 1997,26). 

The cultural history of Burnaby Mountain, where massive stumps of old-growth 

forest c m  be found, is also very rich. This richness should be protecred to provide 

educational and interpretive opportunities for the residents of the BMCD, the community 

of SFU, and the citizens of the GVRD. As the DPC indicates, community development 

should respect and complement the natural heritage of Burnaby Mountain (Moodie 1996). 

Conclusion 

The transportation impacts associated with the proposed BMCD are of great 

concern. Traffic flow may increase 200% from 25,000 to 75,000 one-way trips per day. 

This would increase SFU's vehicle air emissions levels from 45,000 to over 10,000 kg 

per day (assuming current levels of technology and transit service), having obvious 

impacts on local, regionai, and global air quality. It is unfortunate that neither the DPC 



nor OCP commit to a no net increase in transportarion flows, as mandated for water 

management at S N  (Moodie 1996; City of Burnaby 1996). Noise pollution rnay 

increase, thus impacting the livability of the campus, and in particular, the BMCD. In 

addition, traffic flow rnay impede the movement of pedestrians and cycl ists, further 

reducing the community's livability. The development of road infrastructure rnay be 

detrimental to the local environments of Burnaby Mountain. The clearing of forests and 

increased impervious surfaces rnay increase the velocity and volume of water flowing 

down Burnaby Mountain, thus impacting the qudity of water in local fish-bearing 

streams. Furthemore, habitat loss wil l impact local wildlife. The economics of road 

investments rnay not be sound, and investments in TDM measures rnay prove more 

economicaily efficient and productive in managing transportation demands. Finally, the 

sensitive development of Bumaby Mountain should maintain the many recreational, 

cultural, and educational opportunities for the future residents of the Bumaby Mountain 

community, the citizens of the Greater Vancouver area, and visitors from around the 

world. 

4.5 Surnmary of SFU's Land Use and Transportation Management 
Policies and Plans 

4-51 Official Comrnunity Plan 

The OCP, adopted by the City of Burnaby Council in September 1996, provides a 

broad vision of the community development to take place at SFU within the next 10 to 30 

years. The OCP outlines policies that will guide development, unless otherwise amended 

by Council, and these are based on the preliminary vision put forward in the DPC. The 

OCP will be discussed first - though based on the DPC's vision - due to its official 

policy status (Le. official City of Burnaby land use policies). The policies that are related 

to the focus of this study are highlighted below, and will be later evaluated against the 

Master Sustainable Transportation and Land Use Planning Framework. 



Table 4-8. Official Community Plan Policies Related to Transportation and Land 
Use Planning at SFU (City of Burnaby 1996,2012) 

University development includes student housing, which cmently accommodates 1,400 
residents. This is expected to quadruple to about 5,600 residents over the long term. This 
development will be in the University Enclave area and is not considered part of the BMCD 
project. However, there may be opponunities to integrate student housing with the mixed-use 
commercial development (see OCP Section 2.9.2). 
An improved pedestrianibicycle mi l  is to be developed dong the utility comdor through 
Naheeno Park to Iink the  east and West portions of the South Residential Neighbourhood. 
The uail will be 4 m (13 ft.) in width and will include bridges or open arch structures over the 
Eagle and Silver Creek tributaries. Although the trail may also provide for occasional service 
vehicle access for the utilities located within the corridor, no road is to be developed through 
Naheeno Park (zoned as P3 - protected park area). 
Two market Residential Neighbourhoods (South and East) totalling up to approximately 65 
ha (160 acres) in area can be potentially developed within the Ring Road. A total of up to 
4,536 housing units can k developed in the two Neighbourhoods. Either one, or both, or 
neither Neighbourhood at the option of the University may be developed for residential uses, 
as an altern&ve to University "se. 
South Neighbourhood Development Statistics 

Pf 1 zoning: single-use zoning 
Core = 16.2 ha (40 acres), 1.2 14 uni ts 
Swing = 3.6 ha (9 acres), 273 units 
Total = 19.8 ha (49 acres), 1,487 uni& 
Maximum unit density (net): 75 unitslha (30 unidacre) with underground parking. 30 
unitdha ( 12 unitdacre) with surface parking. 
Population density: 225 personslha (90 personshcre) with underground parking, 90 
personsha (36 persondacre) with surface parking (based on average occupancy of 3 
persons per unit). 
Hoor Space Ratio (FSR)": 0.7 - 0.9 with underground parking (moderate density), 0.45 
maximum with sadace parking (low density). 
Maximum Lot Coverage: 0.30 

East Neighbourhood Deveiopment Statistics 
Pl  l e  zoning: mixed-use and horizontal zoning 
Core = 8.7 ha (2 1.6 acres). 1,3 12 units 
Swing = 1 1.6 ha (28.6 acres), 1,737 units 
Total = 20.3 ha  (50.2 acres), 3,049 units 
Maximum unit density (net): 150 units/ha (60 unitdacre) with underground parking, 30 
unitsha (12 unitdacre) with surface parking. 

a Population density: 300 personsha (120 personshcre) with underground parking. 60 
personsha (24 persondacre) with surface parking (based on average occupancy of 2 
persons per unit). 
Hoor Space Ratio (FSR): 1.1 - 1.7 with underground parking (high density), 0.45 
maximum with surface parking (low density). 
Maximum Lot Coveragc: 0.35 

'O FSR, or "Floor Space Ratio," is defined as the number of square feet of floor space in buildings relative 
to the square footage of the property or lot. FSR = Floor Arca divided by Lot Area (Roseland 1998, 128; 
Moodie 1997). 



Table 4-8. Official Community Pian Poiicies that are Related to Transportation and 
Land Use Planning at SFU (City of Burnaby 1996,242) - continued 

- -- 1 2.6.1 1 A school site w%h an area of 2.8 ha (6.9 acres) is provided within the Core area of each 

2.7.2 

2.8.1 

Residential Neighbourhood. 
Neighbourhood park sites located and sized as follows are also to be provided to the City on a 
coterminous leasehold basis at no cost at the time of initial residential subdivision within a 
Neighbourhood. 
The University cornmits to developing one furnished childcare facility within each 
Neighbourhood, with capacity based on one space per 40 residential units, to a maximum of 

2.8.3 
60 children. 
The University has committed to making every effort to provide residents of the Residential 

2.9.1 

commercial developrnent should consist of retail, personal service and office uses servicing 
the day-to-day needs of residents of the Neighbowhoods and members of the University 
Community. Mixed-use commercial development also incorporating University uses or 
offices, or student or market housing, may be feasible. Relocation of the existing gasoline 
service station to the identified commercial area, subject to appropriate design considerations, 

Neighbourhoods with reasonable access to the University's Library and Recreation Services 
on a user-pay basis. subject to the priority that rnust be accorded to the University community. 
Commercial development to serve the University and residential communities is to be located 

2.9.2 
at the east end of thé University's main a i s  adjacent the East Neighbourhood. 
Total commercial floor area should be 10,000 to 20,000 m2 (1 10,000 to 220,000 ft.'). The 

2.9.3 
is encouraged. 
The commercial development should be designed as a primarily pedestrian-oriented area with 
suong links to the University and residential pedestrian and bicycle networks. Vehicular 

1 interference with pedestrian movement is to be minirnised. 
3.1.1 

4.2.3 

1 1 the provision of pedestrian facilities which suppon transit usage and provide convenient and 

Subdivision, servicing, site planning and design for development within the Ring Road is to 
be sensitive to the existing natural environment including topography, watercourses, 
significant wees and wildlife habitat. 
The pedestrian and bicycle modes of transportaiion are to be promoted and facilitated within 
the Ring Road through the provision by the University of sidewalks, bicycle and pedestrian 
path networks (generally on statutory rights-of-way) to City standards as a condition of 
subdivision. Bicycle parking facilities are to be provided within developments. Pedestrian 

4.2.4 
faciIities should provide for access for the rnobility impaired. 
Public transit is to be facilitated through the design of development and roads, and through 

in accordance 6 t h  this Plan to proceed within the Ring Road while protecting the 
environmental resourcc values of the downstrem watercourses; i-e. Stoney Creek, Eagle 
Creek and Silver Creek. Issues to be addressed include: 

4.5.2 

1 1 rnaintaining pre-development stomwater mnoff rates. volumes and seasonal variations to 

safe pedestrian access to existing: and potential transit stops. 
The Watercourse and Storm Water Management Plan is intended to allow land development 

51 1.6 
(Zoning 

maintain existing downstream hydrologie pattcms. 
maintaining pre-development water quality to cnsure downstream aquatic life is not 
adversely affected . 

Each lot shall have an area of not less than 4,000 rn' (43,057.05 ft.') and a width of not less 
chan 37 m (1 2 1.39 ft.) 



Table 4-8. Official Commu~ty  Plan Policies that are Related to Transportation and 
Land Use Planning at SFU (City of Burnaby 1996,2-12) - continued 

51 1.9 
(Zoning 
Bylaw) 
51 1.10 
(Zoning 
Bylaw) 
51 1.1 1 
(Zoning 
Bylaw) 
51 1.12 
(Zoning 
Bylaw) 

51 1.14 
(Zoning 
B vlaw) 

lots front on the Ring Road or Gaglardi Way. the front yard shall be nit  less t h h  15 m (49.2 
ft.) in depth. 
A side yard shall be provided on each side of the building of not less than 7.5 m (24.61 ft.). 

A rear yard shall be provided of not less than 7.5 m (24.6 1 ft.). 

Off-street parking shail be provided and d n t a i n e d  in accordance with Schedule V U  of this 
Bylaw (City of Burnaby). Related sections of Schedule Vm are as follows (City of Bumaby 
1 999)2' : 

Single-family, two-family, and row-houe dwellings: 1 parking spacefunit 
Multiple family dwellings: 

Townhouses: 1.75 parking space/unit; 0.25 spacedunit for visitor parking. 
Townhouses in RM6 Districts: 1 space/unit. 
Apartmcnts in C8 and C8a Districts: 1 spacdunit. 
Apartments (access by common corridor): 1.6 spacedunit; 0.25 spaceslunit for 
visitor parking. 
Non-profit housing (townhouse or apartment): 1 -5 spaces/unit; 0.2 spaces/unit 
for visitor parking. 

Dwellings related to commercial or other premises: 1 space/unit. 
Boarding, lodging or rooming houses, fraternity or  sorority houses: 1 spacd2 sleeping 

One car wash stall with a "No Parking" sign affixed to it shall be provided for each 100 
dwelling units. 

4.5.2 Development Plan Concept 

The DPC was submitted to SFU and the City of Burnaby in February 1996, and 

set the envisioning and planning process in motion. Though the DPC is not a policy 

statement, it does provide a development plan for the future community at SFU. This 

plan is highlighted below and will be later evaluated against the Master Sustainable 

Transportation and Land Use Planning Framework. 

21 Refer to Appendix 3 for details of other parking bylaws (cg. retail and commercial parking). 
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Table 43 .  Development Plan Concept Plans that are Related to Transportation and 
Land Use Planning at SFU (Moodie 1996) 

A. Universitv Growth Management 
Development of a 10,000 person community (market housing with allocation unknown). 
increased student enrolment from 15,000 FE to 25.000 FE. 

B. Land Use 
Public open space and recreationd facilities: 

expansion of the range of available recreation options. 
equitrtble access to public open space, within a reasonable walking distance. 
development of useable public open space as a central feature of new development 
enclaves. 

1 provision of play facilities and opportunities within neiphbourhood enclaves. 

1 Cornmitment by SFU that shouid market residential development proceed, it must resuIt in one or 

I two viable neighbourhoods. with sufficient amenities and fafilitiesto satisQ the needs of a diverse 
community (G.2.1. page 29). The functioning University will provide, where possible, access to the 
Art Gallery, Archaeology Museum, athletic events, crcdit courses, guest Iccturers, children's 
programs, University ~ ibrary ,  indoor and outdoor recreation and interaction with the 
University in general (G.4, page 3 1). 
Along major roadways, University Drive, and South Campus Road, setbacks wil1 be 10.7 m from 
non-University uses. Other setbacks will be 7.6 m from the dcvelopment to local roadways, 
pedestrian pathways. and interna1 property lines (H. 1.4, page 38). 

C. Transportation Management 
150% increase in SOV travel. 
Naheeno Reserve road development - proposed to link the two South Neighbourhoods "to permit 
parents to drive children to school, and to access this major comrnunity facility without having to 
venture on to the Ring Road" (page 30) - would result in the developrnent of a road through 
Nahceno Reserve. 

l 

1 South and East Neighbourhood road development. 
West Campus Road extension. 
Gaglardi Way, University Drive, and Burnaby Mountain Parkway expansion - development of a 
second Icft-hand tum bay at the intersection of these roads to manage transportation demands. 
The future transportation network will need to recognise the importance of bicycle lanes and 
pedestrian links, as well as increased transit services responding to the likelihood of significantly 
reduced parking availability relative to the size of the future University population (E.2, page 17). 
Pedesuian network (D.3.4, page 8; G3.1, page 30): 

expansion of the pedestrian network of safe, well-lit roadsidc sidewalks and forest paths, 
including emergency telephone posts. 
provision of paved sidewaiks based upon evaluation of road traffic volume, bus stop 
requirements, tree rctention opportunities, and the context of othcr pedestrian route options. 
Sidewalks on both sidcs of a road, or on one side only, may be considered to balance road 
safety, tree retention, and road character objectives. 
integration of the pedestrian network with developmcnt enclaves, providing direct links to 
neighbourhood destinations. 
integration of the pedestrian network with the mi l  network. 

0 provision of ban-ier free route options, where possible, to neighbourhood destinations. 
minimisation of damage to water courses, soils, vegctation, and wildlife. 



Table 4-9. Development Plan Concept Plans that are Related to Transportation and 
Land Use Planning at SFU ( M d e  1996) - continued 

-- 

O Bicycle network (G.3.2, page 30): 
O provision of a place for cyclists within the road network. 
0 provision for bike locking and storage at neighbourhood and campus destinations. 
O development of some trails as shared cycle and pedesuian routes. Upgrade development of 

these routes to convol irail damape. 
0 University's desire to efficiently service people and vehicles while not disrupting pedestrian trafiic 

(G.3.2, page 30). 
D. Environmental Management 

Site planning and design based upon an understanding of natural systerns (F. 1, page 19; Province of 
BC 1995b) 
Minimisation of negative environmentai impacts (F. 1, page 19). 

0 Most valuable wildlife habitat is rnixed deciduous/coniferous forest, which makes up the entire 
South Neighbourhood area (South Slope Enclave Core and West Slope Enclave) and the rnajority of 
the East Neighbourhood area (Water Tower Enclave Core and East Gate Enclave Swing) (F.7, page 
21)- 

4.5.3 Transportation Management Policies at Simon Fraser University 

SFU has dedicated a large portion of its transportation management resources to 

'supply-side' strategies, that is, the provision of parking facilities for the majority of the 

community. This is represented in the official parking-to-population ratio, where 

approximately one parking stall exists for every 2 persons on campus, as the daily on- 

campus population is 12,000 people and there are over 6,000 parking stalls available on 

campus. Unofficially, however, the parking-to-population ratio is 1 staI1 for every 1.2 

persons, as approximately 10,000 vehicles are driven to campus each day given the 

flexibility of schedules and travel times (Coutu 1999). 

On the other hand, SFU has also invested time and resources in the development 

of ridesharing programs and transit infrastructure and services. These transit services, 

nonetheIess, are directly managed by TransLink, which thus develops the majority of 

policies for service to and from SFU campuses, such as express routes and pricing. 

Tables 4-10 and 4- 1 1 outline the parking and transit policies in existence today that bear 

relevance to this study. 



Table 4-10. Parking Policies at Simon Fraser University 

Parking-to-population ratio is 1 :2 (official) or 1 : 1 -2 (unofficial). 
Parking permit price schedules: 

1 general pe-t = $93. 5 102, $255 (reserved) per 4 rnonth term. 
rideshare (car/vanpool) = $170/vehicle per 4 month terrn. 

Cornmittee on Parking Policy Proposals: 

I AI1 permit holders should be allowed to register a maximum of four (4) vehicles per permit account. 
Vanpool vehicles should be assigned a cornplimentary 'reserved' space in more highIy visible area of 
C-Lot or be allowed to negotiate a parking space that is convenient to the vanpoolers. 

( As an additional incentive for vanpooling, each vanpool vehicIe should be allowed enough 
complimentary parking vouchers to a&ommodate instances when members must use their personal 
vehicies to attend SFU. 
Each vanpool member should receive a complimentary Evenin-eekend Permit to allow personal 
vehicles to be used during non-peak periods. 
Parking Services shouId initiate a prograrn to encourage Faculty/Staff to carpool in order to free up 

I parking spaces on campus. 
Carpool incentives should be introduced to encourage more Faculty/Staff carpooling. 

1 Additional carpool incentives should be added to the Rideshare Program to encourage formal 

1 carpooling among undergraduates. 

Table 4-11. Transit Policies at Simon Fraser universi$* 

I Dedicated transit users pay approximately $220 per term ($54/month for 4 months), assuming they use the 
Fastrax discount prograrn ($3 sticker), where students gct unlirnited all-zone travel for the pnce of a one- 1 
zone rnonthly transit pass. 
Six direct routes with minimum headways of 15 minutes. 

The above policies and plans provide an insight into the land use and 

transportation management perspectives at SFU. These policies and plans will now be 

evaiuated against the 1st and 2nd priority indicators identified in the Master Sustainable 

Transportatiott and Land Use Planning Frarnework. In other words, this framework will 

be used to identiQ the strengths and weaknesses of the above outlined plans. This 

evaluation will provide the foundation for deveIoping sustainable transportation and land 

use policies for SFU's Burnaby Mountain campus in an attempt to achieve a minimum 

20% SOV traffic reduction target in both the short and long-term. 

" Transit policies at SFU are mainly the result of TransLink management policies. 



Chapter 5 Evaluation of Simon Fraser University's Land Use 
and Transportation Management Policies and 
Plans 

5.1 Introduction 

The evaluation of SFU's Official Community Plan, Development Plan Concept, 

and general tcansportation management policies against the Master Sustainable 

Transportation and Land Use Planning Framework will be completed in this chapter. 

This evaluation will identiw the relationship between these policies and plans and the 

master sustainability indicators developed in Chapter 3. That is, the evaluation will 

indicate whether S m ' s  current policies and plans will positively or negatively impact the 

master indicators, and thus how these impacts may influence the achievement of the 

sustainable transportation and land use goals of this study. These results will then f o m  

the basis for the development of sustainable transportation and land use policies for SFU, 

which will be completed in Chapter 6. 

5.2 Evaluation of Policies and Plans 

The policies and plans outlined above will now be evaluated against the 'master' 

sustainability indicators. That is, each policy or plan will be assessed as to how they 

impact each of the 1st and 2nd priority indicators. For example, policies that reduce 

accessibility to transit and shopping will negatively impact many of the master 

sustainability indicators. Likewise, policies that encourage mixed-use development, thus 

reducing the need to drive off-site to satisfy daily needs, witl positively impact the master 

sustainability indicators. The following sections will investigate the potential impacts of 

the OCP, DPC, and SFU's general transportation policies (refer to Tables 4-8 through 4- 

1 1) on the Master Sustainable Transportation and h n d  Use Planning Framework. 



5.2.1 Official Community Plan 

Section 2.2.2 

Though not officially part of the BMCD project, SFU's cornmitment to 

quadmpling its on-campus student residence is an arnbitious and progressive initiative 

that will achieve significant transportation effkiencies, as fewer students will need to 

travel to and from campus. According to Section 2.9.2, student housing opportunities 

rnay be integrated with the mixed-use commercial development (e.g. apartments mixed 

with retail) and thus may be part of the BMCD project (though there is no indication as to 

whether this type of student housing would be University owned/operated o r  operated by 

private home owners). This policy will positively influence the following master 

indicators: percentage of residents who live and work in the same community (jobs- 

housing balance); percentage of dwelling units within 400 meters of transit service; 

annual number of walk, bicycle, and transit trips per capita; annual VHT and VKT per 

capita; modal split for work and non-work trips; percentage of citizens living within 30 

minutes of work (or study) by transit, bicycle, or walking; annual gasoline consumption 

(MJ or litres) per capita; percentage of citykommunity with a minimum average density 

of 30 upa; percentage of residential units that are not single-farnily homes; mix of 

housing and funding types, tenures, tenants, and income levels; and the average number 

of "spontaneous exchange" experiences per capita per day. 

Section 2.4.4 

This policy achieves two significant sustainable transportation principles. First, 

pedestrian and bicycle travel are encouraged through the development of trails. Second, 

road development is prohibited in ecologically-sensitive areas, indicating SFU's priorities 

for conservation over vehicle mobility. This policy will thus positively impact the 

following master indicators: annual number of walk, bicycle, and transit trips per capita; 

percentage of employrnent, transit, and public facilities with bike/walk infrastructure (e.g. 



bike/walk lanes, racks, showers, and locker rooms); annual VHT and VKT per capita; 

modal split for work and non-work trips; annual gasoline consumption (MJ or litres) per 

capita; percentage of dwelling units within 400 meters of transit service; percentage of 

Street area that is dedicated to walking, cycling, and transit; percentage of 

institutions/employers (over 100 employees) that offer traffk reduction programs; and 

public/pnvate savings from reduced auto dependence, 

Section 2.5.1 

The adaptability of this policy to develop one, both, or  neither of the 

neighbourhoods has both positive and negative characteristics. On the positive side, this 

policy provides the University with great flexibility in designing the community. SFU 

and the City of Bumaby have designed an open land use plan that is adaptable to the 

numerous design alternatives that will be proposed, thus enabling them to eventually 

develop with little, or no, re-zoning. 

On the other hand, the OCP land use concept (Figure 4-2) indicates that two 

distinct neighbourhoods can be developed. If pursued, the development of these two 

neighbourhoods may not achieve certain sustainability objectives, as accessibility to the 

commercial core and transit station will be reduced for residents of outlying residential 

areas, such as the South Neighbourhood core and swing areas, thus increasing the need to 

travel by private vehicle to access one's daily needs. For example, the majority of South 

Neighbourhood residents (al1 enclaves) will not be able to access the proposed 

commercial area and transit station, located in the East Neighbourhood, within a 5-10 

minute walk (approxirnately 400 meters). This greater distance becomes even less 

attractive when the dope  of the mountain and climatic conditions (Le. high level of 

rainfall) are included in the transportation decision-making process. With accessibility 

reduced, due to the increased distance to transit and commercial services, the majority of 

transportation-related master indicators may be negatively impacted. These include the 

percentage of residential units within 400 meters of transit and shopping, VHT and VKT, 



gasoline consumption, and the number of walk, bicycle, and transit trips taken per year. 

The impacts of this policy on the master indicators thus depends on how the community 

is developed. 

Sections 2.5.4,511.6, and 511.9 - 511.11 

The South and East Neighbourhood development statistics highlighted in this 

policy dso include both positive and negative characteristics. On the positive side, the 

East Neighbourhood densities are sufficient to achieve transportation and land use 

efficiencies if underground parking facilities are developed. That is, if the East 

Neighbourhood community is developed with underground parking, its maximum net 

density of 60 units per acre satisfies the 30 dwelling units per acre (gross) criteria 

identified in the master indicators framework. However, if surface parking facilities are 

developed for the East Neighbourhood, its unit densities will not achieve this indicator 

benchmark of 30 upa. Furtherrnore, this holds true for the South Neighbourhood, as 

maximum net densities for both underground and surface parking scenarios do not satisfy 

the 30 upa density benchmark, given that "net" densities are lower than "gross" densities. 

The Pl l e  zoning status for the East Neighbourhood also provides some criticai 

land use benefits. This zoning proposa1 allows for mixed-use developmen t. w here 

institutional, commercial, retail, and residentiai uses can be integrated in one area. This 

integration of uses fits well with the principles of traditionai neighbourhood development 

and sustainable communities, as discussed in Chapter 2. However, its weakness lies in its 

focus on 'horizontal' versus 'vertical' development zoning. Horizontal zoning allows for 

only single-use buildings (Le. offices in one building, residences in another building), 

thus requiring more land to develop the proposed institutional, commercial/retail, and 

residential units. Vertical zoning, on the other hand, enables buildings to integrate the 

mixed uses of office, retail, and residences in each building. For example, typical 

vertically zoned buildings will have retail and commercial services at the Street level (Le. 

first floor), professional services and offices on the second level, and private residences 



on the upper levels (Le. third floor and up). Vertical mixed-use zoning thus conserves 

significant land resources and increases accessibility. Though it lacks vertical zoning, the 

proposed P l  l e  zoning for the East Neighbourhood is progressive and will achieve several 

sustainability objectives. This policy may therefore positively impact the following 

master indicators: percentage of community that is zoned for mixed-use and transit- 

orientedtraditiond neighbourhood development; mix of housing and funding types, 

tenures, tenants, and income levels; the number of vehicles per household; percentage of 

dwelling units within 400 meters of transit and shopping; annual number of walk, bicycle, 

and transit trips per capita; percentage of city/community with a minimum average 

density of 30 upa (excluding the East Neighbourhood with underground parking 

scenario); percentage of residents who Iive and work in the sarne community/municipality 

(jobs-housing balance); percentage of citizens living within 30 minutes of work by transit, 

bicycle, or walking; annual number of VHT and VKT per capita; modal split between 

work and non-work trips; annual gasoline consumption (MJ or litres) per capita; average 

number of "spontaneous exchange" experiences per capita per day; availability and 

institutional support for 'Greeni/Location-Efficient Mortgages; public/private savings 

from reduced auto dependence; percentage of residential units that are not single-family 

homes; and the percentage of the community that is pervious to water. 

The South Neighbourhood Pl1 zoning proposal allows for only residential 

development, however, thus segregating commercial and institutiona1 uses from 

residential. Without commercial opportunities in the South Neighbourhood, this policy, 

as indicated above, reduces accessibility to transit and commercial services as the 

proposed commercial centre and transit station fa11 outside the 400 meter 'walkability' 

radius. It is therefore of concern that this zoning schedule will offset the land use and 

transportation efficiencies gained in the East Neighbourhood (Pl  l e  zoning). The P i  1 

zoning proposal may thus negatively impact the master indicators listed above for the 

P I l  e zoning. 



Of further concem are the proposed maximum lot coverage guidelines and the 

City of Burnaby Zoning Bylaws (5 1 1.6, and 5 1 1.9 - 5 1 1.1 1). The maximum lot coverage 

of 0.30 and 0.35 in the South and East Neighbourhoods indicates that only 30-35% of the 

entire lot will be used to develop residential and commercial units, with 6570% 

dedicated to private yard and public space. The zoning bylaws further support these lot 

coverage guidelines. Lot sizes are land intensive, using a minimum of 4,000 m' per lot - 

though it has been indicated that this lot size is excessive and may require a zoning 

arnendment (Geller 2000). In addition, private yards are aiso land intensive, with front 

yards having a minimum setback depth of 7.5 meters (15 meter minimum for lots that 

front Ring Road and Gaglardi Way), dedicated side yards on each side of the building at a 

minimum depth of 7.5 meters, and rear yards also at a minimum depth of 7.5 meters. 

From a land use efficiency perspective, these lot coverage standards and zoning bylaws 

reduce densities and demand greater amounts of land in order to satisfy development 

requirements. In other words, with more space dedicated to front, back, and side yards 

than the building itself, the "footprint" (Le. total land area used) of the entire community 

increases and expands across the potentially developable area (Wackernagel and Rees 

1996). This 'sprawling' of development will impact accessibility to transit and the 

retail/comrnercial needs of residents, thus increasing the number of vehicle trips made per 

day and reducing local and global air quality; and increase the need for infrastructure such 

as roads, which ultimately impacts water runoff levels and water quality. 

This policy may therefore negatively impact the following master indicators: 

percentage of dwelIing units within 4 0  meters of transit and shopping; percentage of 

city/community with a minimum average density of 30 upa; annual number of walk, 

bicycle, and transit trips per year; modal split for work and non-work trips; annual 

number of VHT and VKT per capita; annual gasoline consumption (MJ or  litres) per 

capita; percentage of streets that are traffic calmed; average number of "spontaneous 

exchange" experiences per capita per day; the number of vehicles per household; 

public/private savings from reduced auto dependence; and the percentage of the 

community that is pervious to water. 



Related to land use and density are the proposed floor space ratios (FSR) indicated 

in the OCP. Of particular concem is the 0.45 maximum FSR in the South and East 

Neighbourhoods if surface parking is developed. Roseland indicates that FSRs of less 

than 0.6 represent low density development (Roseland 1998). The critical factor here is 

thus parking facility type, as FSRs drop by 50-300% in the South and East 

Neighbourhoods respectively when underground parking options are compared with 

surface parking (Le. 0.7-0.9 versus 0.45 FSR in the South Neighbourhood and 1.1- 1.7 

versus 0.45 FSR in the East Neighbourhood). As discussed in Chapter 2, low density 

urban development fuels the negative feedback loop that leads to increasing levels of 

automobile dependence, as low density development reduces accessibility for pedestrians 

and cyclists and decreases the eff~ciency of transit, which in turn increases the demand for 

automobile travel (Raad 1998; Newman and Kenworthy 1989; Newman and Kenworthy 

1999). These land use and transportation phenomena cause significant ecological, social, 

and economic impacts (Newman and Kenworthy 1999; Roseland 1998; Gordon 1991; 

NRTEE 1997; Durning 1996; Engwicht 1993; Iacobs 196 1). The FSR ratios associated 

with underground parking represent moderate to high density development, and therefore 

achieve certain sustainable development objectives (Roseland 1998). It is thus 

recommended that the development of surface parking be prohibited to achieve land use 

and transportation efficiencies. This policy may positively impact the majority of the 

master indicators; such as the percentage of dwelling units within 400 meters of transit 

and shopping; the percentage of the community with a minimum average density of 30 

upa; other transportation-related indicators; and the average number of "spontaneous 

exchange" experiences per capita per day. 

Sections 2.6.1,2.7.2,2.8.1, and 2.8.3 

These policies indicate the University's desire to provide elemen tary schools, 

parks, childcare facilities, and the use of University facilities, such as the library and 

recreational services, to the future residents of the BMCD. An important element of 

sustainable communities is the integration of a variety of activities within the 



neighbourhood, thus providing its residents with ample opportunity to satisQ their daily 

needs within waiking and cycling distance (Roseland 1998; Newman and Kenworthy 

1999; Calthorpe 1993). Of particular benefit is the University's commitment to making 

available its services, such as the library, to the new community members. These 

initiatives are effective in reducing resource consumption (Le. resources required to 

constnict similar facilities in the new neighbourhoods) and/or vehicle trips to similar 

facilities outside the community. These policies thus support mixed-use development 

and achieve several sustainability objectives, as indicated above. In particular, these 

policies rnay pasitively impact the following master indicators: percentage of community 

that is mixed-use zoning; annuai number of waik, bicycle, and transit trips per capita; 

annual number of VHT and VKT per capita; modal split between work and non-work 

trips; the number of vehicles per household; annual gasoline consumption (MJ or  litres) 

per capita; percentage of dwelling units living within 400 meters of basic shopping and 

transit needs; availability and institutional support for 'Green7/Location-Efficient 

Mortgages; public/private savings from reduced auto dependence; average number of 

"spontaneous exchange" experiences per capita per day; percentage of 

institutions/employers (over 100 employees) that offer traffic reduction programs; and the 

percentage of the community that is pervious to water. 

Sections 2.9.1 and 2.9.2 

The integration of commercial and retail services within the proposed community 

development is critical in the design of 'complete communi ties. ' This policy indicates 

that 110,000-220,000 fi' of mixed-use commercial space, including retail, personal 

services, office space, and potentially student and market residences, may be developed in 

the East Neighbourhood area. This would provide opportunities for the residences of the 

East Neighbourhood to satisfj their daily needs within wdking and cycling distance, 

while the majority of those located in the South Neighbourhood may likely resort to 

accessing this commercial area via private vehicles, as the distance and slope may deter 



non-motorised travel (Le. walking and cycling). This policy may thus prove successful in 

reducing vehicle travel for East Neighbourhood residents. 

However, the allocation of floor space (Le. the quantity) poses a concern. With 

respect to commerciailretail space, Rosenau indicates that a minimum of 5,000- 10,000 ft' 

per 1,000 residents of retail space is required to satisfy basic rreighbourhood shopping 

needs (Rosenau 2000). However, Condon indicates that a complete communiiy - which 

S N  and the BMCD should stnve to be - should provide a minimum of 30,000 ft' of 

commerciaVretai1 space per 1,000  residents to ensure that the majority of daily needs can 

be satisfied within the community (Condon 1996). This figure represents 70% of the 

42,000 ft' per 1,000 persons commercial floor space ratio that currently exists in the 

GVRD - a calculation believed to be appropriate for GVRD communities that integrate 

transit and shopping opportunities within walking distance (Condon 1996). CaIthorpe, 

believes this allocation should be higher, proposing 60,000 ft' of commercial/retail space 

per 1,000 residents (Calthorpe 1993). In other words, sustainable and complete 

communities should provide each resident with a minimum of 30 ft' of commercial/retail 

space. This OCP policy proposes only 7 ft' (minimum) to 15 ft2 (maximum) of 

commerciaVretai1 space per resident (based on 1 10,000-220,000 ft' of commercial space 

divided by the expected resident population of approximately 15,000, which includes 

current and future student residence beds and BMCD beds) - and therefore does not 

achieve the target proposed by either Condon or Calthorpe. In addition, with an expected 

daily on-campus population of 25,000 people, there will exist significant purchasing 

power to sustain retail and commercial operations, thus encouraging the development of 

at least 30 ft' of commercial space per resident. 

Overall, these policies may achieve several sustainability objectives and are a step 

in the right direction, particulady for a community that lacks any sort of commercial/retaiI 

opportunities at the moment. In particular, these policies may positively impact the 

following master indicators: percentage of dwelling units within 400 meters of basic 

shopping needs; percentage of cornmunity that is zoned for mixed-use and transit- 



orientedltraditional neighbourhood development; percentage of residents who live and 

work in the sarne community (jobs-housing balance); mix of housing and funding types, 

tenures, tenants, and incorne levels; availability and institutional support for 

'Green'~cation-Efficient Mortgages; number of sustainable transportation services (e.g. 

bike delivery); annud number of walk, bicycle, and transit trips per capita; annual 

number of VHT and VKT per capita; modal split between work and non-work trips; 

annual gasoline consumption (MJ or litres) per capita; average number of "spontaneous 

exchange" experiences per capita per day; percentage of citizens living within 30 minutes 

of work by transit, bicycle, or walking; public/private savings from reduced auto 

dependence; percentage of institutions/employers (over 100 employees) that offer trafic 

reduction programs; and the number of vehicles per household. However, these policies 

should be re-evaluated by SFU and the City of Burnaby, as their provision of 

commerciaVretail floor space may not be suKkient to satisfy the daily needs of the future 

BMCD residents, thus potentially encouraging excess vehicle trips. 

Sections 2.9.3,4.2.3, and 4.2.4 

Sustainable transportation planning encourages the use of non-motorised travel 

modes, such as walking and bicycling, and public transit. These policies strongly indicate 

that pedestrians and cyclists should have roadway priority, as demonstrated in the 

proposai for pedestrian-oriented places with minimal vehicle interference, strong 

pedestrian/bicycIe networks and facilities, and transit-supportive community design. 

However, there is a lack of a commitment to "end-of-trip" facilities for pedestrians and 

cyclists. Though policy 4.2.3 indicates that bicycle parking and mobility impaired 

facilities should be provided, there is no commitment within these polices for complete 

end-of-trip facilities, such as showers and locker rooms. Research indicates that these are 

important elements in a sustainable transportation strategy that aims to encourage bicycle 

and walk trips, particularly to cyclists and runners who require the use of locker rooms 

and showers to prepare for work (Lovegrove 1998; BEST 1999; Davidson 1997; Martin 

1995). 



The design of development and roads can facilitate the use of public transit, as 

supported in policy 4.2.4. In particular, comrnunity development that is clustered around 

a transit node to ensure access within 400 meters can significantly facilitate transit use 

(Bernick and Cervero 1997; Calthorpe 1993; Newman and Kenworthy 1999). Research 

indicates that transit ridership decreases as distance from one's residence to a transit 

statiodstop increases. For exampie, one study indicates that 6 1 % of apartment residents 

use transit as a primary transportation mode when located 1,000 feet (approximately 300 

meters) from a main transit station, whereas only 35% of residents use transit when 

located 3,000 feet (approximately 900 meters) from a main transit station (Bernick and 

Cervero 1997). Transit-supportive design, or transit-oriented development (TOD), as 

discussed in Chapter 2, can thus play a large role in shaping transportation behaviours. 

Again, these policies are a step in the right direction. By giving priority to 

pedestrians and cyclists through the development of strong pedestrianhicycle networks 

and facilities and designing transit-supportive communities, these policies heip achieve 

several sustainability goals. In particular, these policies may positively impact the 

following mater indicators: percentage of employment, transit, and public faciiities with 

pedestrian/bicycle infrastructure; percentage of Street area dedicated to walking, cycling, 

and transit; percentage of streets that are trafic-calmed; percentage of city/community 

that is zoned for mixed-use and transit-oriented/traditional neighbourhood development; 

annual number of walk, bicycle, and transit trips per capita; annual number of VHT and 

VKT per capita; modal split for work and non-work trips; annual gasoline consurnption 

(MJ or litres) per capita; percentage of dweiling units within 400 meters of transit and 

basic shopping needs; average number of "spontaneous exchange" experiences per capita 

per day; number of vehicles per househoid; number of sustainable transportation services 

available (e.g. bike CO-ops, or 'free' public bikes, and non-motorised home deliveries); 

publiclprivate savings from reduced auto dependence (e-g. savings in auto-oriented 

infrastructure); percentage of institutionslempioyers (over 100 employees) that offer 

traffic reduction programs; and the percentage of the community that is pervious to water. 



Sections 3.1.1 and 4.5.2 

This policy indicates the University's commitment to the protection of ecosystems 

and ecological functions on Burnaby Mountain, which is one of the five outlined 

principles in SFU's OCP (City of Bumaby 1996, 1). In particular, development is 

intended to be sensitive to the topography, watercourses, significant trees, and wildlife 

habitat of the Burnaby Mountain area. At first glance, this policy may seem unrelated to 

the master sustainability indicators outlined in this study, due to their focus on 

transportation. However, the design of this community and the resulting density and land 

uses are closely related to this policy and the master sustainability indicators. To 

minimise ecologicai impacts to the wildlife and watercourses of the mountain, it is 

important to minimise the land area developed. In other words, it may not be ecologically 

sustainable to utilise the entire developable area, as indicated in the proposed land use 

concept (Figure 4-2), due to the potential for increased impacts to wildlife, water flow, 

and water quality over that of an alternative development proposai where less land is 

required (see Figure 4-3). This is particularly relevant to policy 4.5.2, where pre- 

development stormwater runoff rates and water quality are to'be maintained to ensure that 

downstrearn aquatic life is not adversely affected. Therefore, if the University's 

intentions of ecological protection are genuine, it should pursue a land use plan that 

minimises the total land area required to develop a community for 10,000 citizens. For 

example, this could be achieved through the densification of the East Neighbourhood and 

the elimination of the South Neighbourhood plan, where the majority of streams and 

wildlife habitat are located. This land use strategy may require SFU and the City of 

Burnaby to re-examine and revise their original OCP. 

Furthemore, if this alternative policy is actively pursued, the minimisation of land 

disturbance through densification achieves several sustainable land use and transportation 

objectives. In particular, this policy may positivefy impact the following master 

indicators: percentage of dwelling units within 400 meters of transit and shopping needs; 

percentage of community with a minimum average density of 30 upa; percentage of 



residentiai units that are not single-family homes; percentage of city/community that is 

zoned for mixed-use and transit-orientedltraditionai neighbourhood development; annual 

number of waik, bicycle, and transit trips per capita; annual number of VHT and VKT per 

capita; modal split for work and non-work trips; annual gasoline consumption (MJ or 

litres) per capita; percentage of citizens living within 30 minutes of work by transit, 

bicycle, or walking; average number of "spontaneous exchange" experiences per capita 

per day; number of publidprivate savings from reduced auto dependence (e.g. savings in 

auto-onented infrastructure); number of sustainable transportation services avaiiable ( e g  

bike CO-ops, or 'free' public bikes, and non-motorised home deliveries); percentage of 

employment, transit, and public facilities with pedestriadbicycle infrastructure; 

percentage of street area dedicated to walking, cycling, and transit; percentage of 

institutions/employers (over 100 employees) that offer traffic reduction prograrns; 

availability and institutional support for 'Green'/Location-Efficient Mortgages; number of 

vehicles per household; and the percentage of the community that is ~erv ious  to water. 

Sections 511.12 and 511.14 

Policy 51 1.12 outlines a range of parking requirements for different residential 

types. As the OCP does not indicate what type. of residential units are proposed (Le. 

single-family homes, townhouses, or apartments) and the proportion of each residence 

type (e.g. 50% townhouses), it is diffkult to assess the parking impacts of the OCP's land 

use plan with respect to the City of Burnaby's parking schedule. Relevant residence 

parking requirements range from 2 parking spaces per townhouse unit (1.75 private, 0.25 

visitor); 1.85 spaces per apartment (1.6 private, 0.25 visitor); 1 space per unit attached to 

commercial facilities and townhouses in RM6 zoning and per single-family, two-family 

and row-house dwelling; to 0.5 spaces per residence bed, 

It is important here to illustrate the relationship between parking lot development 

and sustainability. Research indicates that parking supply is positively correIated with 

automobile dependence (Raad 1998; Shoup 1997, Shoup 1995; Litman 1998a; Litman 



1998b). That is, as parking supply increases, particularly "free" parking, vehicle use 

increases. Furthexmore, parking lots cause significant ecological, social, and economic 

impacts (Litman 1998b; Shoup 1995). Land paved for parking leads to increased ninoff 

and higher water contamination from hydrocarbon spills. Furthemore, the opportunity 

costs of the land are lost when parking is developed, such as the opportunity to create 

green space, develop a community recreation centre, or build private residences. 

Therefore, it is critical to minimise parking lot development when attempting to achieve 

sustainable land use and transportation objectives. Research indicates that parking lot 

development for sustainable cornmunities should be lirnited to 1.25 spaces per unit, a 

target lower than most of the requirements within the City of Burnaby's Schedule VJII 

zoning bylaw (Condon 1996). 

This anaiysis is also relevant to the proposed car washing stail development, as 

indicated in policy 5 1 1.14. This policy increases the amount of impewious surfaces 

within the community through the development of approximately 50 additional parking 

stalls (1 stalV100 units) dedicated solely to washing vehicles. This represents a 

significant arnount of land, as standard parking stalls are built to a minimum of 5.5 meters 

in length and 2.6 meters in width (City of Burnaby 1992). Therefore, this development 

will further reduce water absorption and increase water runoff, due to the additional 

paved surface, and decrease water quality, as the introduction of detergents and other 

chemicais used to ctean vehicles will likely find there way into the streams of Burnaby 

Mountain. Dedicated car washing stalls could thus be replaced with community gardens 

and play areas, reducing ecological impacts and improving the livability of the 

community. 

As indicated above, it is difficult to assess the full impacts of the parking policies 

outlined in section 5 1 1.12, and thus their relationship to the master indicators. However, 

both policies outlined may negatively impact the following master indicators: percentage 

of Street area dedicated to walking, cycling, and transit; percentage of community that is 

pervious to water; percentage of streets that are traffic-calmed; percentage of dwelling 



units within 400 meters of transit and shopping needs; percentage of community with a 

minimum average density of 30 upa; number of vehicles per household; mix of housing 

and funding types, tenures, tenants, and income levels; average number of "spontaneous 

exchange" experiences per capita per day; public/private savings from reduced auto 

dependence (e-g. savings in auto-oriented infrastructure); annual number of walk, bicycle, 

and transit trips per capita; annual VHT and VKT per capita; modal split for work and 

non-work trips; and annual gasoline consumption (MJ or litres) per capita. 

Conclusion 

In summary, the OCP provides a fairly strong foundation with which to build 

upon. The development of residences on the Burnaby Mountain, particularl y those 

dedicated to the SFU community, may prove to be the most successful land use strategy 

in reducing automobile dependence. The OCP supports the protection of some 

ecologically-sensitive areas, such as the Naheeno Park area; encourages the development 

of a mixed-use community (i.e. Pl le zoning), one where retail and recreational 

opportunities will be accessible by foot and bicycle for those in the East Neighbourhood; 

and gives priority to pedestrians, cyclists, and transit users through the design and 

development of a strong pedestrïan/bicycle network and transit-supportive infrastructure. 

Furthemore, the flexibility of the OCP may prove to be its strongest asset, as it leaves 

open the question of "where" and "how much" to develop. This provides for the 

opportunity to test alternative developrnent designs, such as a single-neighbourhood 

design concept located in the East Neighbourhood area, as illustrated in Figure 4-3. 

There are, however, some policies within the OCP that need to be re-evaluated 

and amended to achieve the sustainable transportation and land use objectives of this 

study. As indicated above, the development of the South Neighbourhood poses 

accessibility concems for walkers and cyclists, as the retaiVcommercial area proposed for 

the East Neighbourhood may prove to be too distant, and the Pl  1 zoning schedule does 

not allow for any mixed-use, or retail development. This may increase dependence on 



private vehicles to access the East Neighbourhood commercial area, or other, 

commerciaVretai1 services. Furthermore, there are serious concerns that development 

may negatively impact the local ecology of the South Neighbourhood area. Policies for 

end-of-trip facilities are not comprehensive, as the OCP commits only to  bike racks and 

not the full spectrum of infrastructure required to encourage walking and cycling, such as 

locker rooms and showers. The proposed commerciaYretai1 development, though a 

significant step towards building complete communi ties, may not provide the sufficient 

services required of a diverse community, such as SFU's, as its fIoor area may prove too 

srna11 to satisfy the majority of SFU's everyday needs. Proposed density and land 

intensity standards are also of concern, as the unit densities in the majority of the land use 

concept are too low to achieve land use and transportation efficiencies. Development 

should aim to achieve the densities proposed in the East Neighbourhood (with 

underground parking), at 60 upa, or at a minimum, 30 upa. Furthermore, the proposed lot 

coverage policies further encourage low density development, thus consuming more land 

and increasing the overall "footprint" of the community. In addition, surface parking 

should be prohibited due to its intense appetite for land and its negative impacts on 

development density. Finally, vertical zoning policies were not supported in this OCP, 

and, given their ability to increase land esc iency  and density, should be adopted. 

5.2.2 Development Plan Concept 

University Growth Management 

SFU is faced with some serious growth management challenges as the population 

growth associated with the BMCD and SFU's policy to increase full-time students will 

double the on-campus population from 12,000 to nearly 25,000 people. However, the 

BMCD and University Enclave development (i.e. student residence) may prove to be the 

most critical land use strategy in managing this growth. To achieve "smart growth" - a 

tem coined by .Peter Newman and US vice-president Al Gore - and minimise ecological 



impacts, such as air emissions from private transportation, future development should 

provide sufficient residence opportunities for the SFU community in order to absorb its 

own population growth. That is, a significant percentage of the market residential units 

should be targeted to the students, staff, and faculty of Burnaby Mountain (i.e. "sta.W 

includes staff from Discovery Park and BC Wydro). 

The allocation of units is not outrined in the DPC, thus making it difficult to 

assess the r ed  impacts of this growth within the context of this study. Therefore, one c m  

only hypothesise how this growth will influence the master sustainability indicators. For 

example, if the majority of the future BMCD residents are not €rom the Burnaby 

Mountain community (Le. not students, faculty, o r  staff), the master sustainability 

i ndicators wil l be negatively impacted, as SFü will become a "cross-commuter" campus 

for students, staff, and faculty travelling to Burnaby Mountain for studiedwork and 

residents travelling away from Burnaby Mountain for work. In particular, the following 

rnaster indicators would be negatively impacted: percentage of residents who Iive and 

work in the same community (jobs-housing balance); percentage of citizens living within 

30 minutes of work by transit, bicycle, or walking; annual number of wdk ,  bicycle, and 

transit trips per capita; annual VHT and VKT per capita; annud gasoline consumption 

(MJ or litres) per capita; modal split for work and non-work trips; mix of housing and 

funding types, tenures, tenants, and income levels; number of vehicles per household; the 

availability and institutional support for 'Green'/Location-Efficient Mortgages; average 

number of "spontaneous exchange" experiences per capita per day; public/private savings 

from reduced auto dependence (e.g. savings in auto-oriented infrastructure); and the 

percentage of residential units that are not single-farnily homes. 

Land Use 

As indicated above in Sections 2.6.1, 2.7.2, 2.8.2, and 2.8.3 of t he  OCP, the 

integration of recreational facilities and services into the design o f  a community is 

important in developing complete communities. The proposal for expanded public 



spaces and recreation facilities within easy walking distance will reduce the need for 

residents to travel off-site to satisfy green space and recreational needs. Furthemore, 

SFU's commitment to provide "sufficient arnenities and facilities to satisfy the needs of a 

diverse community" will also reduce the need to travel off-site, thus reducing air 

pollution impacts on local and global environments (Moodie 1996, 29). Access to 

facilities such as the library, swimming pool and gym, art centres, and academic courses 

provides residents with diverse opportunities to become involved in their community, and 

thus partially satisfy the requirements of a mixeduse, complete c ~ m m u n i t ~ . ' ~  These 

commitments may therefore positively impact the following master indicators: percentage 

of cornmunity that is mixed-use zoning; annual number of waik, bicycle, and transit trips 

per capita; annual number of VHT and VKT per capita; modal split between work and 

non-work trips; annual gasoline consumption (MJ or litres) per capita; number of vehicles 

per household; average number of "spontaneous exchange" experiences per capita per 

day; percentage of dwelling units living within 400 meters of basic shopping and transit 

needs; percentage of institutions/employers (over 100 employees) that offer traffic 

reduction prograrns; availability and institutional support for 'Green'lLocation-Efficient 

Mortgages; public/private savings from reduced auto dependence; and the percentage of 

the community that is pervious to water. 

Setbacks outlined in the DPC are of concem, as large setbacks are more land 

intensive. In addition, smaller setbacks improve the accessibility of buildings, and create 

safer and more active streets as their human scale calms trafic (Calthorpe 1993; Jacobs 

1961). Calthorpe indicates that new residential building setbacks should be between 10 

and 15 feet, a much lower standard than the quoted 25-foot setback indicated in the DPC 

(Calthorpe 1996). Therefore, the setbacks proposed in the DPC may negativeiy impact 

the following master indicators: percentage of community with a minimum average 

density of 30 upa; percentage of streets that are traffic calmed; average number of 

"spontaneous exchange" experiences per capita per day: percentage of dweiling units 

However. 'kongestion" - or over-use - of these resources (e.g. library. swimming pool. academic 
courses) has yet CO be explorcd by SFU. Congestion poses a serious concern to the overall livability of the 



within 400 meters of transit and basic shopping needs; annuai number of waik, bicycle, 

and transit trips per capita; modal split for work and non-work trips; the number of 

vehicles per household; annual number of W and VKT per capita; annual gasoline 

consumption (MJ or litres) per capita; publidprivate savings from reduced auto 

dependence; and the percentage of the community that is pervious to water. 

Transportation Management 

With the population growth expected at SFU, the DPC's transportation impact 

analysis indicates that single-occupant vehicle trips will increase by 150%. As discussed 

in Chapter 4, however, this estimate may not be accurate as the resident composition of 

the future BMCD and the quantity of commercial development is unknown; and non- 

SOV, off-peak, and non-work trips were not accounted for in Delcan's anaiysis. 

Therefore, it is estimated that the growth in SOV trips could exceed 2 0 % ,  proving the 

urgency to implement sound transportation demand management solutions. This growth, 

if realised, would negatively impact the majority of the master sustainability indicators as 

it would indicate that the residents of the BMCD were pt-imarily non-Burnaby Mountain 

citizens (i.e. did not study or work on Burnaby Mountain) and that "smart growth" and 

T'DM strategies were not adopted by SFU and the City of Burnaby. In particular, the 

following master indicators would be negatively impacted: annual number of walk, 

bicycle, and transit trips per capita; annual VHT and VKT per capita; annual gasoline 

consumption (MJ or litres) per capita; percentage of citizens living within 30 minutes of 

work by transit, bicycle, or walking; percentage of residents who live and work in the 

same community (jobs-housing balance); mix of housing and funding types, tenures, 

tenants, and income levels; availability and institutionai support for 'Green'/Location- 

Efficient Mortgages; percentage of street area that is dedicated to walking, cycling, and 

transit; percentage of streets that are traffic-calmed; modal split for work and non-work 

trips; publidprivate savings from reduced auto dependence; number of vehicles per 

comrnunity and shouId be explored and debated thoroughly. 
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household; average number of "spontaneous exchange" experiences per capita per day; 

and the percentage of the community that is pervious to water. 

There are several proposals within the DPC for road development and expansion. 

Such developments that aim to permit "parents to drive their children to school" and to 

improve vehicle traffic flow at the expense of bicycle trafic do not achieve the 

sustainable transportation and land use objectives of this study. Furthemore, these auto- 

oriented infrastructure proposals may be economically unjustified, as demand 

management and least-cost planning (LCP) strategies were not investigated as an 

alternative to supply-side transportation management. These proposals may thus 

negatively impact the following master indicators: public/private savings from reduced 

auto dependence (e.g. savings in auto-oriented infrastructure such as roads and parking 

infrastructure); number of vehicles per household; percentage of street area dedicated to 

walking, cycling, and transit; the percentage of the community that is pervious to water; 

annual number of walk, bicycle, and transit trips per capita; annual VHT and VKT per 

capita; modal split for work and non-work trips; annual gasoline consumption (MJ or 

litres) per capita; percentage of streets that are trafic-calmed; average number of 

"spontaneous exchange" experiences per capita per day; and the number of sustainable 

transportation services available, such as the "walking school bus" concept. 

The DPC, like the OCP, also highlights the importance of strong 

pedestrianhicycle links and networks, and improved transit services. As outlined above, 

proposals to provide pedestrians, cyclists, and transit users with transportation priority 

will positively impact the following master indicators: percentage of employment. transit, 

and public facilities with pedestriadbicycle infrastructure; percentage of street area 

dedicated to waiking, cycling, and transit; percentage of streets that are traffic-calmed; 

percentage of citykommunity that is zoned for mixed-use and transit-oriented/traditional 

neighbourhood development; annual number of waik, bicycle, and transit trips per capita; 

annual number of VHT and VKT per capita; modal split for work and non-work trips; 

annual gasoline consumption (MJ or litres) per capita; percentage of dwelling units within 



400 meters of transit and basic shopping needs; average number of "spontaneous 

exchange" experiences per capita per day; number of vehicles per household; number of 

sustainable transportation services available (e-g. bike CO-ops, or 'free' public bikes, and 

non-motorised home deliveries); public/private savings from reduced auto dependence 

(e.g. savings in auto-oriented infrastructure); percentage of institutions/employers (over 

1 0  employees) that offer traffic reduction programs; and the percentage of the 

community that is pervious to water. However, the DPC proposds do not provide 

sufficient end-of-trip facility development, such as showers and locker rooms, therefore 

reducing the incentives to walking and cycling. 

Environmental Management 

Given that SFU participated in the development of the Environmental Guidelines 

manual for BC University, College, and Jnstitute Facilities, it is understandable that the 

DPC indicates strong support for ecological protection (Province of BC 1995b). 

Principles such as "site planning and design based upon an understanding of natural 

systems," "minimisation of negative environmental impacts," and "stewardship of 

streams" are found within the DPC. These principles are important and relevant to the 

objectives of this study as their inclusion in the community design process will impact 

transportation and land use planning. 

As indichted above, the South Neighbourhood area is highly valued wildlife 

habitat, due to its "mixed deciduous/coniferous" status and water accessibility, and is the 

location of several important fish-bearing streams, such as Stoney, Silver, and Piper 

creeks. It therefore seems paradoxical to indicate the importance of ecological protection 

and impact minimisation while promoting the development of the South Neighbourhood 

area, as suggested in the DPC and OCP. If development in the South Neighbourhood 

area is pursued, one may question the ethics of SFU and the City of Burnaby with respect 

to their commitment to ecological protection. It is therefore difficult a t  this time to assess 

the DPC's commitment to ecological protection with respect to the rnaster sustainability 



indicators. However, as outlined in Section 2.5.4 of the OCP, if ecological protection is 

secondary to development interests and the South Neighbourhood is developed, the 

following master indicators may be negatively impacted: percentage of cornmunity that is 

zoned for mixed-use and transit-orientecikraditional neighbourhood development; mix of 

housing and funding types, tenures, tenants, and income levels; the number of vehicles 

per household; percentage of dwelling units within 400 meters of transit and shopping; 

annual number of walk, bicycle, and transit trips per capita; percentage of citykommunity 

with a minimum average density of 30 upa; percentage of residents who live and work in 

the sarne community/rnunicipality (jobs-housing balance); annual number of VHT and 

VKT per capita; modal split between work and non-work trips; annual gasoline 

consumption (MJ or litres) per capita; average number of "spontaneous exchange" 

experiences per capita per day; availability and institutional support for 'Green'/Location- 

Efficient Mortgages; publidprivate savings from reduced auto dependence; percentage of 

residential units that are not single-family homes; and the percentage of the community 

that is pervious to water. Strong cornrnitments to ecological protection thus play a critical 

role in the development of sustainable transportation plans, as well as the overall 

development of responsible land use plans. 

Conclusion 

In conclusion, the DPC presents some essential elements of sustainable 

development, which have been carried forward in the OCP. Most importantly perhaps, is 

the opportunity for the BMCD and University Enclave development to absorb the 

population explosion expected to occur on Burnaby Mountain, thus reducing the 

ecological, social, and economic impacts typically associated with unsustainable urban 

growth. Furthermore, the DPC supports the development of a mixed-use community, as 

weIl as a community that supports pedestrian, bicycle, and transit travel. Finally, the 

ecological principles outlined in the DPC further indicate SFU's desire to be 

environmentally-responsible throughout the planning and development process. 



However, concerns surround the DPC's proposa1 of a South Neighbourhood. This 

land use proposal would reduce accessibility, thus encouraging automobile dependence 

and increasing air emissions, and may seriously impact the habitat and water quality of 

the entire Bumaby Mountain ecosystem. The DPC's estimate of transportation impacts 

are incomplete and its analysis lacks any significant suggestion of sound management 

measures to control future transportation demands. Furtherrnore, the 'pro-road' 

development perspective indicates the DPC's priorities of providing road capacity over 

managing transportation demands. Finally, the setback standards proposed are 

significantly larger than standards set in the sustainable community design Iiterature, 

reducing accessibility and increasing the overall "footprint" of the community. 

5.2.3 Transportation Management Policies at Simon Fraser University 

Parking and Transit 

SFU provides a plethora of parking opportunities on campus, where the official 

parking-to-population ratio is 1:2. That is, with an average daily campus population of 

12,000 people (Le. students, staff, and faculty) and parking facilities providing over 6,000 

stalls, there exists 1 stall for every 2 people that travel to SFU. However, due to the 

diversity in class schedules and travel times, it is estimated that approximately 10,000 

vehicles drive to campus each day, thus providing 1 stall for every 1.2 people travelling to 

SFU (Coutu 1999). 

Nevertheless, parking is still in high demand, as more than 2,000 students are 

currently on wait lists for parking permits. Generous parking supply, as indicated above, 

encourages the use of private vehicles, particularly when the parking is either free or 

inexpensive." 

According to Traffic and Security, thcre is no free parking on campus. 



Relative to transit and the market price of parking within the Greater Vancouver 

are* SFU's average permit pnce of $93.00 for a 4-month term is extremely low. This 

represents an average parking cost of between $0.95 and $1.80 per day, assuming travel 

behaviour ranging from 6 days/week over 16 weeks to 4 days/week over 13 weeks. UBC, 

on the other hand, provides parking at a minimum charge of $3.00 per day. Transit users, 

however, are subject to a $54.00 pass per month (set by TransLink), equating to $216.00 

per term, and an average cost ranging from $2.25 to $4.15 per day. This represents an 

average cost differential (i.e. savings) that favours vehicle drivers, ranging from $1.30 to 

$2.35 per day, thus providing strong economic incentives to drive? 

In a recent transportation survey completed by Petz et al., students indicated that if 

the price of parking permits increased by 2540% (Le. from $93.00 per term to $1 16.25- 

$139.50), the demand for parking would decrease by up to 65% (Le. 65% of respondents 

indicated that they would choose to ride transit or carpool). These economic inequities 

and survey results encourage the development of prograrns such as the UPASS, where 

transit becomes more economically attractive, the demand for parking decreases, and 

transportation behaviours change to favour alternative modes of travel. 

In addition to the economic disincentives for transit use, transit service to and 

from SFU's Bumaby Mountain campus is considered poor, as the most frequent 

headways are 15 minutes and only 2 express services exist (Petz et al. 1998; Smith and 

Franklin 1 999). 

Carpooling, an important element of TDM, is also not strongly encouraged at 

S N ,  as only 4% of parking facilities are dedicated to car and vanpooling. Furthemore, 

at a price of $170.00 per term, it does not provide sufficient economic incentive to 

encourage 'formal' versus 'informal' carpooling. That is, it is currently cheaper for 

zs Transit costs are compared solely ro parking costs as both are internal variable costs that are directly 
associated with each trip. More importantly, however, is the facl that many vehiclc drivers only compare 
parking costs to transit costs in determining the economic benefits of each mode - complctely ignonng 
other internal variable costs such as gasoline (Litman 1 9 9 8 ~ ) .  



students to informally carpool as the per-person cost is Iower (Le. $93.00 versus $170.00 

split amongst riders). 

Therefore, given S N ' S  parking policies - particularly with respect to pricing - 

and its lack of transit-pnority measures, such as a UPASS transit program and multiple 

express services, it is evident that SFU's current transportation management plan may be 

in favour of automobile-based transportation. These policies do not achieve the 

transpcrtation goals of this study and thus negatively impact the following master 

sustainability indicators: annual number of walk, bicycle, and transit trips per capita; 

number of vehicles per household; annual number of VHT and VKT per capita; modal 

split for work and non-work trips; annual gasoline consumption (MJ or  litres) per capita; 

percentage of employment, transit, and public facilities with bicycle/waIk infrastmcture; 

percentage of employers with traffic reduction programs; average number of 

"spontaneous exchange" experiences per capita per day; number of sustainable 

transportation services offered (e.g. student shuttle services, UPASS); publidprivate 

savings from reduced auto dependence; percentage of street area dedicated to walking, 

bicycling, and transit; percentage of streets that are traffic-calmed; and the percentage of 

community that is pervious to water. 

5.3 Conclusion 

The policies and plans evaiuated above provide a strong foundation for the 

development of sustainable transportation and land use plans at SFU. Commitments to 

increasing on-campus living opportunities for students will reduce vehicle travel to and 

from campus. Furthemore, the potential for the BMCD to house other Burnaby 

Mountain citizens (i.e. students, staff, and faculty of SFü and staff from Discovery Park 

and BC Hydro) may also reduce the ecological, social, and economic impacts associated 

with unsustainable land use planning. The future make-up of the Burnaby Mountain 

community is thus critical, as this land use plan will play the Iargest role in shaping 



transportation behaviours. Furtherrnore, commitments to a mixed-use and pedestrian- 

oriented community will further reduce the need for personal vehicle travel. 

However, there are concerns surrounding community design and density. The 

proposed South Neighbourhood reduces accessibility to the comrnercial/retail area and 

transit station located in the East Neighbourhood. Furtherrnore, surface parking should 

be prohibited as densities are reduced significantly when surface parking is developed. 

Onfy the East Neighbourhood, with underground parking, satisfies the sustainable density 

requirement of 30 dwefling units per acre. In addition, setbacks from streets and lot 

coverage standards proposed also reduce community density, as more land is required to 

fully develop the community. This aiso reduces accessibility, increasing automobile 

dependence and air emissions, and increases the "footprint" of the development. 

A complete summary of the above evaluations are found in Tables 5-1 through 5- 

3 on the following pages. In the following chapter, the above analysis will be used to 

develop sustainable transportation and land use poiicies and the Sustainable 

Transportation Plan for SFU's Burnaby Mountain campus. 



Table 5-1. Summary Evaluation of Simon Fraser University's Official Community 

(if Pl  le  
ln E. 
Ncigh. 

undrgr. 1st PRIORITY 

1. Pcrccntagc of dwclling units within 4 0  mctcrs of transit 
service and basic shon~inrr needs 

2. Annual number of walk, bicycle, and transit iripslcapita 
3, Perceniage of city/community thct i s  zonçd for mixed- 

use and transit-o~icntcdltrûditional neighbourhood 
dcvelopment 

4. Annual VKTNHT pcr capita (non-recrcational) 
5. Modal split for work and non-work trips 
6. Perccniagc of city/community wiih a minimum average 

densitv of 30 uniis Der ricrc (aross) 
7. Pçrcentagc of rcsidcnis who livc and work in the samc 

communitv/munici~alitv (iobs-housing balance) 
8. Pcrccntage of citizcns living wiihin 30 minuics of work 

by transit, bicycle, or walking 
9. Annual ~asolinc consumption (MJ or litres) pcr capils 
10. Perccntagc of insiitu~ions/einploycrs (ovcr 100 

employccs) ihat offcr traffic rcduction programs 
I l .  Perccniagc of cmploymcnt, transit, and public fncilitics 

with bicyclclwalk infrastructure ( c g  bikclwalk Inncs, 

- racks, showcrs, locker rooms) 
12. Perccniagc of rcsidcntial uniis that arc not single-fnmily 

homes 

26 Thc following cvnluaiion scale is used: 't' i s  uscd for 'posiiivc' influcncc on the indicaiors, '-' for 'ncgaiivc' infliience. 'da' for not applicable, and '?' for 
unknown (ix. i t  could bc a posiiivc, ncgaiivc, or no impact ai dl). 



Table 5-1. Summary Evaluation of Simon Fraser University's Official Community Plan - continued 

2nd PRIORITY l 
1. Number of vehicles per household ? 
2. Percentage of street area that is dedicatcd to walking, d a  

cyclinpl, and transit 1 

income lcvels 
6 .  Awage number of "spontancous cxchange" cxpcriences t 

pcr capita per day 
7. Availability and institutional support for n/a 

'Grcen'/Location Efficient Morigagcs 
8, Number of sustainable transportaiion scrvices ( c g  car ? 

sharing, home delivery, 'dial-a-ride,' bike CO-op, 1 
'walking schoal bus') 

9. PublicJprivatc savings from reduccd auto depcndencc ? 
over and abovc any neccssary incrcases in transit, 1 
bicycle, and pedestrian expcnditures 1 

2.4.4 2.5.1 2.5.4 511.6, 2.6.1, 2.9.1- 2.9.3, 3.1.1, 511.12, 
(ilpllc 511.9- 2.7.2, 2.9.2 4.2.3, 4.5.2 511.14 
in E, 
Nclfih, 

511.11 2.8.1, 4.2.4 
wiah 2.8.3 
undrgr. 



Table 9-2. Summary Evaluation of Simon Fraser University's Development Plan Concept 

ppppp 

1 University Growth 1 Land Use 1 Transportation 1 Environmental 

1st PRIORITY 

scrvicc and basic shopping nccds 1 1 1 1 
1. Pcrceniagc of dwclling units within 400 mcters of transit 

2. Annual nurnber of walk, bicycle, and transit trips pcr 1 1 + 1 - 1 -  

Management 
(if BMCD housing 
is not allocateà to 

Bby Mtn. 
community ) 

d a  

3. Pcrccntagc of city/community that is zoncd for mixcd- 
use and transit-oricntcdltraditional ncighbourhood 
developmcnt 

4. Annual VKTNHT pcr capiia (non-rccrcational) 
5 ,  Modal split for work and non-work trips 
6. Pcrccntagc of citylcoinmunity with a minimum avcragc 

density of 30 units pcr acrc (gross) 
7. Percentagc of rcsidcnts who livc and work in the süme 

community/inunicipality (jobs-housing balance) 
8. Pcrccntagc of citizcns living within 30 rninutcs of work 

cmployccs) that offcr traffic reduction programs 1 1 1 1 

h 
150% 
SOV 

growth 

Intcgration 
of Facilitics 

t 

by transit, bicyclc, or walking 
9. Annual gasolinc consunipiion (MJ or litres) per capitn 
10. Pcrccntagc of insiitutionslcmploycrs (ovcr 100 

Sctbacks 

nia 

Illa 

? 

inagement 1 Management 

9 

1 1. Pcrcentage of cmploymcnt, transit, and public facilitics 
with bicyclclwalk infrastructure ( c g  bikclwalk lancs, 
rocks, showers, lockcr rooms) 

12, Pcrccntagc of rcsidcntial units that arc not singlc-family 
homes 

t 

t 

t 
d a  

d a  

d a  

road 
dcv. 

t 

+- 

d a  

d a  

nla 

d a  

Pcd./bikc 
& transit 
priority 

d a  

Illn 

nia 

nla 

d a  

South 
Ncighbourhood 

dcvelopmcnt 

9 

d a  

9 

d a  

? 



Table 5-2. Summary Evaluation of Simon Fraser University's Development Plan Concept - continued 

2nd PRlORlTY 

1. Number of vehiclcs pcr houschold 
2. Percentagc of strcct arca that is dcdicatcd to walking, 

University Crowth 
Management 

(if BMCD housing 
i s  not allocateâ to 

Bby Mtn. 

cycling, and transit 
3. Percentagc of streets that arc traffic-calmed 
4. Pcrcentagc of community (incl. roads, public places, 

parks) that is pcrvious to watcr (cg. iiltcrnativc surfacc 

community ) 

n/a 

makrials) 
5. Mix of housing and funding iypcs, tcnures, tenants, niid 

incomc lcvels 
6. Avcragc number of "spontancous exchangc" cxpcricnccs 

? 
? 

pcr capita pcr day 
7. Availability and iristitutional support for 

ovcr and abovc any ncccssary incrcascs in transit, 1 1 1 1 1 1 1 

Land Use 

+ 
d a  

d a  

+ 

'Grccn'/Location Efficient Mortgages 
8. Number of sustainablc transportaiion scrviccs (e.g. car 

sharing, home dclivcry, 'dial-a-ride,' bikc CO-ops, 
'walking school bus') 

9. Publiclprivaie savings frorii rcduccd auto dcpcndcncc 

bicycle, and pedcstrian cxpcnditures 1 1 1 1 1 1 1 

Intcgration 
of Facilitics 

d a  
+ 

+ 

Environmental 
Management 

South 
Neighbourhood 

dcvclopment 

Sctbacks 

Transportation 
Mana~emen t 

? 

 da 

7 

150% 
SOV 

growth 

+ 
+ 

d a  

I 
+ 
+ 

? 

d a  

? 

+ 

road 
dcv. 

? 

n/a 

+ 

d a  

Pcdhikc 
& transit 
priority 

d a  

nla 9 + 

+ 

? 



Table 5-3. Summary Evaluation of Simon Fraser University's Transportation Management Policies 

ncighbo&ood development 
4. Annual VKTNHT pcr capita (non-recrcational) 
5. Modal split for work and non-work irips 
6. Percentnge of city/communiiy wiih a minimum average densiîy of 30 units per acre (gross) d a  
7. Pcrccntagc of residents who live and work in the same communitylmunicipality (jobs-housing nla 

balance) 
8. Perccntage of ciiimns living within 30 minutcs of work by transit, bicycle, or walking d a  
9. Annual gasolinc consumptian (MJ or litres) pcr capita 
10. Pcrceniaprc of institutionslemploycrs (ovcr 100 eniployccs) that offer trnffic rcduction programs 
I 1. Pcrccntage of employmcnt, transit, and public facilities with bicycle/walk infrastructure (c.g, 

bikclwalk lancs, racks, showers, lockcr rooms) 
12. Percentagc of residcntial units ihat are not single-family homes n/<i 

2nd PRIORITY 
-- 

I . Number of vchicles pcr houschold 
2. Pcrccntage of strect area that is dcdicated to walking, cycling, and transit 
3. Perccntage of strccis thai are traffic-calmcd 
4. Percentage oolommunity (incl. ronds, public places, parks) thot is pervious to waier (e.g. 

alternative surfacc maicrials) 
5. Mix of housing and funding types, tcnurcs, tenants, and income levels d a  
6. Average number of "sponiancous exchange" expericnccs per capita per day 
7. Availability and institutional support for 'Grecn'/Location Efficient Mortgages nlii 
S. Numbr of sustainable transportaiion services (e.g. car shnring, honie delivery, 'dinl-a-ride,' 

bike CO-ops, 'walking school bus') 
9. Publidprivntc savings fro~n reduced auto depcndcncc ovcr and abovc any ncccssary increascs in 

transit, bicycle, and pcdcstrian cxpenditures 



Chapter 6 The Development of a Sustainable Transportation 
and Land Use Plan for Simon Fraser University - 
Burnaby Mountain Campus 

6.1 Introduction 

The development of a sustainable transportation and land use plan for SFU's 

Burnaby Mountain campus will be based on the previous evaluations of TDM strategies 

(Table 2-1 l), and the 'sustainability framework' that outlined the categories, goals, 

objectives, and indicators required for SFU to improve its transportation efficiency and 

reduce automobile dependence and its associated ecological, social, and economic 

impacts (Figure 3-4). It is believed that the analysis and research presented in this study 

provides the appropriate foundation in which to build the Susrainable Transportation 

Plan for SFU's Bumaby Mountain campus. 

To develop policies for this plan, rargets will be set for the 1st and 2nd Priority 

indicators identified in the Master Sustainable Transportation and Land Use Planning 

Frarnework, TDM strategies will then be proposed to achieve the targets defined. 

Finally, transportation and land use policies will be developed based on the proposed 

targets and TDM strategies. 

As indicated in Chapter 1, the purpose of this study is to develop and recommend 

policies that would assist the University in reducing single-occupant vehicle trips by 20% 

(minimum) over the short and long-term (Le. pre-BMCDIstudent growth (within the next 

1-5 years) and post-BMCDlstudent growth). That is, in the short-term the Sustainable 

Transportation Plan is designed to reduce SOV trips by a minimum of 20% from that of 

the 1998 trafic levets (or new traffic count figures if SFU commissions a traffic screen 

count to be completed within the next few years). In the long-terrn, the Sustainable 

Transportation Plan is designed to reduce SOV trips by a minimum of 20% from that of 

the traffic levels that exist at that time (circa 2010-2030) (i.e. a traffic screen count should 



be conducted once SFU completes the BMCD project and the growth in the FTE student 

population is complete to  use as the baseline data for assessment). The 2G% SOV trip 

reduction target is based on recognised and successful sustainable transportation plans, 

such as those found at the University of Washington, University of Colorado, Corne11 

University, and the University of British Columbia; as well as the carbon dioxide 

reduction goal of 20% by 2005 established by world policy-makers (City of Vancouver 

1990; Toronto Conference Statement 1988; Flavin 1990; NCN, UNEP, and WWF 199 1). 

For the purposes of this study, a 20% SOV trip reduction target would result in the 

following future 'target' modal splits (off-campus and oncampus modal splits are 

identified separately as transportation behaviours will differ between residents of Burnaby 

Mountain and those residing elsewhere in the GVRD). 

Table 6-1. Current (1998) and Future Target Transportation Modal Splits for the 
SFU Burnaby Mountain Campus 

S ingle-occupant vehicle (SOV) 40% 25-32 % 15-32 % 
Public Transit 27 % 2 7 4 %  25 % 
Carpool (2 or more occupants) 33 % 27-35 % 10% 

(2 pers. = 
27%; 

3-pers.+ = 
6%) 

Walk and Bicycle: including 0.5-1.0% 1-5 % 33050% 
in termodal travel (e.g. bike- 
transit-bike travel using bike 
racks on transit) I 

27 Excludes students living in on-campus residence facilities (approximately IO% of daily on-campus 
population). 

For the purposes of this study, the 1998 traffic count bascline data is used for the both the short-term and 
long-tcrm traffk reduction targets, as no data exists at this tirne to represent actual traffic demand in 2010- 
2030 (Le. post-BMCDfstudent growth). The estimated modal splits incorporate a minimum 20% SOV uip 
reduction achieved thtough the implementation of the Sustainable Transportution Plan outlincd in 
Table 6-8. Given the difficulty of forecasting transportation behavioural changes with respect to the 
implementation of the Sustainable Transportarion Plan, modal split ranges are shown for each transport 
mode. 



Development of Indicator Targets, Transportation Demand 
Management Strategies, and Preliminary Sustainable 
Transportation and Land Use Policies for SFU 

Introduction 

Targets complete the sustainability planning process, as setting targets for 

indicators moves the process from 'talk' to 'action.' Targets should thus be user-friendly 

and enable communities to fully understand the changes that need to take place, both at 

the individual and community level, for sustainability goals to be achieved. Targets 

should act as benchmarks; however, it is important to recognise that targets are intended 

to function more as guides than standards (Sheltair 1998). If understood and accepted, 

targets will inspire and motivate the community towards the achievernent of the planned 

sustainability goals and objectives. 

The 'Sheltair Model' outlined in Chapter 3, and used as the basis for the 

development of the Sustainable Transportation and Land Use Planning Framework, 

outlines a sustainable urban development process that includes the developrnent of 

indicator targets. The following section will identify indicator targets for the 1st and 2nd 

Priority indicators, and propose TDM strategies that may be most effective in achieving 

these targets, as well as preliminary sustainable land use and transportation policies. To  

sirnplify the following analysis, the Master Sustainable Transportution and Land Use 

Planning Framework has been reforrnatted and is summarised on the next page. Targets 

have been included in this summary for convenience and to provide a glimpse of the 

poiicy formation to follow. Furthermore, the identified TDM strategies that are highly 

applicable to the SFU case study are also summarised be10w.'~ 

29 Note that some of the strategies have been grouped where practical. 



Figure 6-1. Master Sustainable Transportation and Land Use Planning Framework 

Transporîalion 1.  Minimisc SOV trnvel a. Incrcasc car-frcc living 
& Acccssibility oppo>onunitics 

b. Incrcasc ncccss to basic nccds 

I- I c. lncrsasc iransponaiion choices 

Nuniber of vchictcs per household (2nd) l.Z5/unit (BMCD) 
, O.33/studcnl bcd (SW) 

The availability nnd institutional support for 'Grccn'li~cniion- YdHigh 
Efficicni Mongages (2nd) (BMCD) 
Pcrccntagc of citylconimuniiy spccially zoncd for transit- LOO% (BMCD) 
oricntcdltrnditionnl neighbourhood dcvclopment (1st) 
Annual vchiclc hours of tmvcl (VHT) pcr capiia (non- VKT uscd instcad. 
rccrcaiional) (1st) (VKT indicntor uscd for simplicity) 4,000 W y r  

(onîampus) 
6,500 W y r  (&ampus) 

Pcrccntngc of city/communiiy ihat is niixcd-usc zoning (i.c. 100% (BMCD) 
intcgmtion of cmploymcnt, rccrcaiion, goods and scrviccs, and 
rcsidcntinl - incl. 'shop-top' housing) (1st) 
Perccntagc of ciiizcns living within 30 minutes of work by 50% (min.) (BMCD) 
trnnsithicyclclwnlking ( Isi) 
Modnl split for work and non work trips ( I st) 20% dccrcue in SOV 

travel (min.)" 

Annunl nuniber of wnlWcycldtmnsii trips per cnpita (Isi) 

The avnilnbiliiy nnd insiiiutionnl suppn  for susininnblr 
tmnsportaiion scrviccs (c.g. car s h ~ n g ,  home dclivcry, 'diol-a- 
ridc.' bikc CO-ops. 'walking school bus') (2nd) 
Pcrccntugr: of dwelling units within 400 nictcrs of transit service 

(SFUIBMCD) 
20% Incrc.sc (min.)s1 

(SFUIBMCD) 
YcsMigh 

(SFU7RMCD) 

100% (BhiCD) 

d. lncrcasc inccniivcs for non-SOV 
travcl 

c. Mininiisc ihc nccd IO cxpand 

-- -- 

)O In ihc short-term, from 1998 traffic voluincs. In Ihc long-term (ix. pst-BMCD/student growth), a 201 SOV trip rcduciion should bc bascd on transportaiion 
data collcctcd through a traffic scrccn count aftcr thc BMCD and siudcni populaiion growth phüscs arc cornplcie. 
" As abovc. 

(1st) 
Pcrccntngc of institutionslcmploycrs (over 100 cmployccs) that 
offcr tmflic   du ci ion progmins (thai includc ridcshnring 
privilcges, scrviccs, and vchiclcs; trnnsponction allowancc; 

I tmnspon infrastruciun, I nbovc any ncccssary incrcascs in imnsii, hicyclc, and pcdcsttian 
cxpcnditurcs (cg. infrastructure, lcss fucl. fcwcr mads, lcss 

100% 
(SFU/BMCD) 

'cashing out' pnid piuking; UPASS. (1st) 
Public/privatc savings from rcduccd cnr dcpcndcncc ovcr nnd 

(SPU?BMCD) 
20% (min.) 



Figure 6-1. Master Sustainable Transportation and Land Use Planning Framework - continued 

i'ransportation 
br Acccssiblli~y - 
continucd 

Air 

Watcr 

Housing 

2. lncrcasc snfcty. 
community 
intcmction, and 
livability 

3. Minimiscthcnccdto 
tmvcl outsidc 
thc ncighbourhood for 
basic n d s  (c.g. food, 
work) 

4. Proniotc n balancc of 
jobs and 
housing 

5 .  Minirnisc harmful 
cmissions, both 
local and global 

6. Minirnisc wntcr 
mllution 

7. Optiniisc coniniuniiy 
densification 

f. lniroducc tmffic calming nicosurcs 

g. Incrcasc proximity of housing IO 

kcy activity ccntrcs 

h. lncrrnsc pedcstrinn, bicyclc, and 
transit infrnstmcturc within thc 
ncighbourhood 

i. Match housing typcs and 
nffordability with thc nccds of 
working nnd non-working 
population within thc coinniuniiy 

j. lncrcnsc cniployincnt opportunitics 
IO niatcli rcsidcntial stock or; 
incrcast ~ s idcncc  opponunities IO 

match crnployec and studcnt bnsc 
k. Rcducc conccntmtions of ground 

levcl ozone (smog) and finc 
piuliculatc rnattcr 

Pcrcentnge of neighbouhood sinvis that nrc tmffic-calmcd (c.g. 
trnffic circlcs, textund surfnces, 30 kndhr s p d  limiis, n m w  
roads, strcet fumiiure, s p ~ d  bunips, nmt plnnting, widc 
sidcwnlks, islnnds, signngc, pcdcstrian cmssings, strcct 
pnrticdgamcs. nclniming of rond sprcc for public spacc) (2nd) 
Avcrnge nunibcr of "spontnneous cxchnnge" expericnccs pcr 
capita P r  dny (cg. k t i n g  fnends on &cl) (2nd) 
Pcrccntagc of dwelling units within 400 riictcrs of bnsic shopping 
nccds ( l si) 

Pcrccntngc of cniplayincntltnnsiiIpublic fncilitics with 
bicyclclwnlk infmtmcrun (cg. bikdwalk lnncs, mcks, showcrs) 
( 1 si) 
Pcrccntagc o f s i rw  arcn ihat is dcdicatcd to wnlking. cycling. 
and tmnsit (2nd) 
Mix of housing nnd funding typcs, tcnurcs, tcnnnts, nnd incomc 
lcvcls (2nd) 

Pcrccntagc of ~csidcnts thnt livc and work in the snnic 
cornniunitylmunicipality (jobs-housing balancc) (1st) 

Annunl gnsolinc consuniplion (liircs) pcr capiia (non- 
nicrcntionnl) (1 si) (VKT indicator uscd for simplicity) 

1. Rcducc cnrbon dioxidc cniissions Annunl vchiclc kilomctns travcllcd (VKT) pcr capita (1st) 
(Cod 

m. Rcducc and ninnags sudace watcr Pcrcentagc of coniinunity (incl. roads, public placcs, pnrks) that 
run-off is  pervious IO wntcr (c.g. nlicmntivc surface mntcrials) (2nd) 

n. lncrcasc densitics towards Pcrccntngc of citylcomniunity with u min. nvcmgc dcnsity of 30 
sustninnbility standards units p r  ncrc (gross) (1 st) 

Pcrccntagc of rcsidcntinl units ihat cur: no1 single-fnmily homcs 

60% (min.) of strccb 
(BMCD) 

Vday (min.) (BMCD) 

60% (BMCD) 

High 
(SFUtBMCD) 

50% (niin.) 
(BMCDISW's Student 

Rcsidcnce) 

VKT used lnslcad. 
4,000 kmly r 
(on-campus) 

6,500 kmlyr (ou-campusl 
4,000 kmiy r 
(on-campus) 

6,500 kmlyr (ON-campus) 
50% (min,) (BMCD) 

100% (BMCD) 

!Ni% (min.) (BMCD) 



Table 6-2. - - TDM Strategies Highly Applicable to SFU's Burnaby Mountain 

1. Fu11 Cost Accountinp;; and Least Cost Planning and Funding. 
2. Development of a central CO-ordinating management body to: 

implement prograrrts of public education, communication, and encouragement (e-g. information 
centres, faim new hire orientation, award programs); 
support the development of transportation management associations (TMAs) and emptoyee 
transportation administrators (ETAS); and 
monitor TDM uroerams. 

5. Transit service improvements include: 
service innovations and improvements; 
paymcnt innovations and improvements (e.g. discountcd bus pass/UPASS); and 
cornrnunity-based shuttie service (on-campus feeder senice and off-campus commuter service). 

6. Pedcstrian improvements include: 
security concerns addressed; and 
pedestrian environments and facilities. 

7. Cycling improvements include: 
intermodal travel for bicycles and transit; 
bicycle networks; and 
'end-of- tri^' faciiities. 

I 8. Increase and marginalise parking prices (to at least match transit costs) include: 
higher rates for peak, SOV, and pennit parking; and 
reduced long term parking capacity in favour of short-term parking. 

9. Parking suppty restrictions and rclaxed requirements include: 

1 cornmitment to minimise parking stall development; 
reduced parking stdl  rcquirements for new developments in favour of transit-supponivc design, 
uaffic reduction proparns, and car-sharing opportunities. 

IO. Voluntary commuter traffic reduction programs (CTR) include: 

I ridesharing privileges (e.g. subsidised fees and preferential parking), servicesko-ordinated 
prograrns, and acccss to vehicles; 

1 &sportation dlowance and discounted transit programs (e-g. UPASS); 

/ guaranteed ride home service; 
1 flexible work schedules (e.g. teleconunuting; 'flex time,' compressed work wceks); 

I car sharing CO-ops and discounted car rentals; 
'Walking school bus' prograrns; 
'public bikes' or bike sharing CO-ops; and 

3' Somc of the high prïority TDM strategies have been arndgarnated into one strategy (Le. there now exist 
1 1 strategies versus the 27 identified in Chapter 2). 



6.2.2 Targets, TDM, and Preliminary Land Use and Transportation Policy 
Recommendations 

The development of indicator targets, and the application of TDM strategies, is 

based on the literature reviewed in this study. Where literature does not exist, or where 

indicators are considered subjective and more qualitative than quantitative, targets will be 

based on personal experience and the expertise developed throughout this study. in the 

following discussion some indicators have been grouped where practical, as many of the 

1st and 2nd Prionty indicators selected for this frarnework are interconnected and thus 

may replicate one another (Le. several indicators rnay be equally effective in measuring 

air quality). 

1st Prioritv Indicators: 

Target (SFU/BMCD)= Reduce SOVtrips by a minimum of 2095% in both the short and 
long-term (thus increasing the modal shares for transit, carpooling, cycling, and 

walking) 

This indicator and target represents the primary objective of this study - to reduce 

SOV trips by a minimum of 20% - and is summarised in Table 6-1 above. 

Transportation modal split data provides an effective 'snapshot' of travel behaviour, as it 

captures the reality of how we transport ourselves throughout the region. It is therefore 

an excellent indicator of how sustainable our transportation and land use systems are, as 

these systems shape travel behaviours. Furthemore, research indicates that modal spiits 

that favour transit, cycling, and pedestrian travel over automobile travel achieve several 

sustainability goals, such as reduced environmental impacts, improved urban Iivability, 

and improved equity with respect to economic distributions of public finances (e.g. road 

versus bike lane expenditures) (Ewing 1995a; Newman and Kenworthy 1999; Hart 1995). 

This indicator and target is also fairly well represented by the following 1st 

Priority indicator: annual number of walk, bicycle, and transit trips per capita. This 



indicator captures the significance of non-motorised and transit travel; however, it 

neglects trips made in automobiles, hence reducing its effectiveness as an evaluative 

indicator of transportation behaviour. The "modal split" indicator will thus be used for 

the purposes of this study, as both sets of data are required to calculate modal splits (Le. 

non-motorised/transit and automobile trips). 

It is therefore recommended that future modal split targets for the SFU 

communiiy should aim to reduce SOV trips by a minimum of 20% in both the shorî-tem 

(Le. based on 1998 trafic statistics) and the long-temz (Le. based on the completion of 

the BMCD and student population growth phases and the collection of new trafic 

statistics for that period). 

Given that this indicator and target represent the primary objective of this study, 

recornmendations for Iand use and TDM strategies will be based on the following targets 

and poIicy proposais recommended for the remaining 1st and 2nd Priority indicators. 

These policy recommendations will be summarised at the end of this chapter. 

This indicator and target aim to reduce SOV travel through increasing both 

transportation choices and the proximity of housing to key activity centres. Research 

indicates that accessibility to transit (i.e. distance and ease of access from home) is a key 

component to improving transit ridership (Newman and Kenworthy 1999; Bernick and 

Cervero 1997). Studies completed by Bernick and Cervero indicate that as distance from 

one's home to transit decreases, transit use increases significantly (Bemick and Cervero 

1997). Furthemore, similar results exist for distance to daily shopping, as residents who 

live near grocery and other retail opportunities tend to walk and cycle more often to 

access these destinations (Ewing 1995a; Bemick and Cervero 1997). The widely 



accepted accessibility standard for 'proximity-planning' is thus a 5- 10 minute walk, 

which falts in the 300-500 meter range (Calthorpe 1993; Condon 1996; Katz and 

Lennertz 1998; Ewing 1995b; Litman 1997b; Newman and Kenworthy 1999; Calthorpe 

1993; Engwicht 1993; Duming 1996; Sheltair 1998). The 400 meter distance used in this 

study has therefore been selected as a guideline for community development at SFU, as it 

falls within the standards indicated above. 

This indicator and target are based on Sheltair's proposa1 for the development of a 

sustainable community in Southeast False Creek (SEFC), Vancouver, BC (Sheltair 1998). 

Sheltair indicates that 100% of residential units in SEFC should be within 350 meters of 

transit, based on the transit use-density relationships in central Toronto, where over 90% 

of units are within 350 meters and transit use is very high; Portland, where approximately 

65% of units are within 350 meters and transit use is relatively high; the West End of 

Vancouver, where over 30% of units are within 350 meters and transit use is 65% higher 

than other areas of the GVRD; and the Canadian average, where only 20% of residential 

units are within 350 meters and transit accounts for only 9% of al1 trips (Price 1999; 

Sheltair 1998; Raad 1998; Raad and Kenworthy 1998; Newman and Kenworthy 1999). 

Furthemore, research indicates that Vancouver's West End, where 90% of residents live 

within 350 meters of shopping opportunities, experiences 5 times as much foot and 

bicycle travel and over 50% fewer vehicle trips than the rest of the GVRD (Sheltair 1998; 

Durning 1996; Pice 1999). Similar results also hold tme for central Toronto, where 

close proximity to shopping and personal services (80% of units within 350 meters), 

encourages a high level of pedestrian and bicycle travel. 

Most importantly, as indicated in the literature, is the fact that travel time is more 

significant than travel costs in deterrnining the modal choice of most travellers (Sheltair 

1998; EnWicht 1993; Newman and Kenworthy 1999; Ewing 1995a). Therefore, if the 

majonty of basic needs, such as shopping and transit, are accessible within a 5-10 minute 

walk of housing (Le. 300-500 meters), the perceived need to not only travel by car. but to 

own a vehicle, is greatly rediiced. 



It is important to note that the microclimate (e.g. higher levels of rain, fog, and 

snow) and slope of Burnaby Mountain should be considered in the 'proximity-planning' 

process, as these conditions will affect transportation behaviours (i.e. the decision to walk 

or drive). Therefore, providing even greater accessibility, such as developing a large 

proportion of the residential units within 300-350 meters of transit and the core 

commercial area (Le. 75% or greater), may be required to achieve the transportation and 

land use efficiency goals of this study. 

Overall, it is recommended that 100% of the residential units developed on 

Bwnaby Mountain be within 400 meters of transit service (Le. station, loop, or stop) and 

the commercial node(s) (including smaller retail nodes integrated into the 

neighbourhood). To achieve this target, the following TDM strategies are highly 

recommended: 

I .  Develop higher density and mixed-nise communities, such as traditional 
neighbourhood and transit-oriented developrnents. 

2. Restrict parking supply and reduce parking lot development requirements. 
3. Apply Full Cost Accounîing, and Least  COS^ Planning and funding 

measures/principles. 
4. Improve trarisiVqcling/pedestrian facilities, environments, and services. 

1 Target (BMCD) = 1ûû% 1 

This indicator and target aims to reduce SOV travel through increasing both car- 

free living opportunities and accessibility. Mixed-use and transit-oriented/traditiond 

neighbourhood development zoning is directly related to - but not the same as - the 

previous indicator, as communities that provide its residents with access to transit and 

shopping within 400 meters have clearly been successful in developing mixed-use and 

transit-orienteciltraditional neighbourhoods. Therefore, as the above research suggests, 

built environments that integrate employment, residential, recreational, retail and 

commercial, and transit opportunities within a close walking distance experience higher 



pedestrian, bicycle, and transit trips and fewer automobile trips, thus reducing ecological 

impacts, such as emissions of local (e-g. NO2) and global (e.g. CO2) air pollutants. 

Furtherrnore, research indicates that transit-supportive design provides 

opportunities for people to live without a car, or "car-free" (Durning 1996; Bernick and 

Cervero 1997; Scheurer 1998). According to the Canadian Automobile Association, car- 

free living can Save Canadians $7,000 per year, providing a significant incentive for 

people to invest and lobby for transit-oriented community development (Roseland 1998). 

It is therefore recommended that 100% of the future Burnaby Mountain 

community be zoned for mixed-use and transit-oriented4raditional neighbourhood 

developrnent. To achieve this target, the following TDM strategies are highly 

recommended: 

2. Develop higher density and mixed-use cornmicnities, suclz as traditional 
neighbourhood and transit-oriented developments. 

2. Develop and introduce transportation- and location-eficient mortgages. 
3. Apply Full Cost Accounting, and Least Cost Planning and frrnding 

measures/principles. 
4. Improve transit/cycling/pedestrian facilities, environments, and services. 
5. Apply trafic calming measures. 

Target (on-campus residents) = 4,000 km/year (non-recreational) 
Target (off-campus residents - approximate) = 6,500 km/year (non-recreational) 

This indicator and target aim to reduce SOV travel and both local and global air 

emissions, such as nitrogen oxides (NO), volatile organic compounds (VOC), and carbon 

dioxide (CO2). Given that automobile travel accounts for over 75% of al1 contarninants 

in our air - the Iargest source of air pollution in Greater Vancouver - vehicle use data 

provides an effective measuring stick for air quality (Sheltair 1998). Research indicates 

that the hours spent travelling via private automobiles (VHT), and the distance travelled 

in that time (VKT), are both strong indicators of personal automobile dependence, and 



thus local and global air quality impacts (Newman and Kenworthy 1999). Furthemore, 

annual vehicle-related energy consumption per capita (Le. gasoline consumed per person 

per year in litres, gallons, or megajoules) is also an effective indicator in measuring 

automobile dependence and its associated air quality impacts. However, to simplify the 

policy development process, the target for this indicator is defined in VKT, as Iittle 

literature exists to develop sound sustainability targets and policies based on per capita 

VHT and gasoline consumption data. As well, calculating VHT is more difficult and 

expensive than reading an odometer to record VKT (Ewing 1995a).." 

However, Ewing and Newman indicate that annual per capita VHT and gasoline 

consumption may be superior indicators compared with VKT, as VHT accounts for the 

degree of congestion and thus the time it takes to reach destinations and the total air 

emissions produced; and gasoline consumption accounts for the variation in fuel 

efficiencies amongst different vehicle types, thus representing total emissions per person 

(or vehicle) more accurately (Ewing 1995a; Newman 1998). As indicated above, travel 

time is the primary deteminant of modal choice, thus making VHT a more effective 

measure of accessibility than VKT. Furthemore, the VKT indicator does not fully 

account for al1 air emissions produced. For example, a decrease in VKT may not 

necessarily result in a decrease in emissions, as the VKT indicator does not account for 

emissions produced while in congestion. Therefore, as emissions per VKT are dependent 

on vehicle operating speeds and vehicle fuel efficiencies, it may be more effective to 

measure emissions per VHT or per litre of gasoline consumed as these emissions are 

independent of vehicle speed and take into account differences in vehicle fuel efficiencies 

(Ewing 1995a; Newman 1998). However, for the purposes of this study, it is believed 

that the VKT indicator is an effective starting point, given that it is a more user-friendly 

measure and that data is easier to collect, which is of particular importance when it cornes 

to monitoring. The VHT or gasoline consumption indicator should be adopted when the 

community development project is complete, residents have fully moved in, and a 

33 VHTIpcrson (Ewing 199%) = avg. trip frequenc~ x a-. trip lengh x (1  - avo. walkhike modal share) 
average vehicle occupancy x average vehicle operating spced 



community sustainability monitoring project has been initiated (i.e. trip diaries, 

sustainability 'report cards' ). 

For obvious reasons, this target has been separated between 'on-campus' and 'off- 

campus' rnernbers of the Burnaby Mountain communities (i.e. SFU, Discovery Park, and 

BC Hydro), as off-carnpus persons will most likely require the use of a private vehicle 

more than persons residing on-campus. This assumption is based in the fact that the 

BMCD will provide residence for approximately 10,000 people, some of whom wiI1 also 

work and study on Burnaby Mountain. Therefore, the BMCD provides SFU and the other 

members of the Bumaby Mountain community with the opportunity to achieve a strong 

jobs-housing balance, and thus improving transportation efficiency as fewer people will 

require a car to traveI to work~school. 

This target is based on Sheltair's proposal for the SEFC community, where 

Sheltair recomrnends an annual -VKT target of 3,392 km per resident (matching that of 

Vancouver's West End community); the GVRD's per capita VKT 'potential' of 4,145 km 

(based on planned improvernents in transportation infrastructure, transit efficiency, and 

the implementation of TDM rneasures); and the GVRD's average VKT per capita of 

8,361 km (1991) (Sheltair 1998; Raad and Kenworthy 1998). It is believed that future 

residents of Burnaby Mountain (i.e. 'on-campus') can achieve a VKT target between that 

of SEFC and the GVRD's per capita 'potential' (i.e. the 4,145 VKT target), given that a 

proportion of these residents will be from the Burnaby Mountain community and will 

thus not need to commute to work/school, a proportion of these residents rnay be students 

with limited access to private vehicle travel, and transit-supportive and rnixed-use 

comrnunity design (for the BMCD) should strongly influence travel behaviour in favour 

of transit, cycling, and walking. Furthermore, with impiementation of TDM strategies 

and programs at SFU, 'off-campus' residents should also be able to significantly reduce 

vehicle travel to and from Burnaby Mountain, as well as within the Greater Vancouver 

region as a whole. For example, the introduction of a UPASS transit program could 

reduce vehicle trips not only to Burnaby Mountain, but also to other destinations within 



the region, as the UPASS prograrn provides unlirnited transit travel (Le. al1 zones). This 

result has been experienced in several other urban centres, as UPASS participants shift 

their transportation modal choice from automobiles to transit for many trips (Brown, 

Hess, and Shoup 1998). 

However, it is important to note that VKT by off-campus residents will also be 

influenced by the larger transportation system in existence, transport economics (e.g. 

inexpensive gas), and the transportation and land use planning priorïties of the local 

municipalities. In addition, the transportation behaviours for non-Burnaby Mountain 

travel (e.g. trips made to regional town centres) are unknown, thereby making it difficult 

to estimate future vehicle-based transportation demands for off-carnpus residents. Given 

these uncertainties, the target set for off-campus residents assumes that students, staff, 

and faculty will accumulate similar VKT per year to that of the average GVRD citizen. 

The 6,500 km target (approximate) is thus based on a 20% reduction in the 199 1 annual 

VKT data for GVRD residents (8,36 1 km), as indicated by Raad and Kenworthy (Raad 

and Kenworthy 1998). 

It is therefore recommended that an annual VKT target should be set at 4,000 and 

6,500 kilometres per capita for on-campus and OH-campus residents respectively. To 

achieve these targets, the following TDM strategies are highly recommended: 

Develop higher densiiy and mixed-use communities, such as traditional 
neighbourhood and transit-oriented developments. 
Develop and introduce transportation- and location-eficient mortgages. 
Develop a central CO-ordinating management body to implement TDM programs, 
establish ETAs, and monitor progress. 
Develop a voluntary traffic reduction prograrn (see Tables 6-2 and 6-3 for 
highligh ts). 
Improve transit/cycling/pedest&n facilities, environments, and services. 
Increase and marginalise parking prices, restrict parking supply, and reduce parking 
lot development requirements. 
Apply Full Cost Accounting, and Least Cost Planning and firnding 
measures/principles. 
Apply trafic calming measures. 



This indicator and target aim to increase city and cornmunity densities to 

sustainability standards, and is closely related to the following indicators discussed 

above: percentage of dwelling units within 400 rneters of transit service and basic 

shopping needs, and the percentage of city/communi~ zoned for mixed-use and transit- 

oriented/traditional neighbourhood development. Research indicates that a minimum of 

1 1-65 upa are required to achieve the transportation and land use efficiencies necessary to 

reduce the demand for private automobile travel (Blumenfeld 1968; Jacobs 1961; 

Calthorpe 1993; Condon 1996; Rydin 1992). For the purposes of this study, a target of 

30 upa has been selected, based on the average of this range of minimum densities. At 30 

upa, transit is significantly more efficient, as the population base required to sustain 

transit is present (Calthorpe 1993; Newman and Kenworthy 1999). Furthemore, 

communities with sirnilar densities experience higher numbers of walk and bicycle trips 

(Bernick and Cervero 1997). Given this, impacts to local and global air quality are 

reduced. 

An effective strategy to achieve this density standard is to relax development 

parking bylaws, as parking - in particular surface parking - consumes significant 

amounts of land. Some cities in Scotland and Germany have taken this idea a step further 

through the development of "car-free" communities, where parking requirements have 

been reduced, or eliminated, in favour of higher densities, more green space, and the use 

of community car sharing CO-ops (Scheurer 1998; Roseland 1998). Residents of these 

communities enjoy the many benefits of being car-free, such as extra public space; better 

building designs (Le. saved capital is typically re-invested to improve the technical and 

environmental character of the building); lower rents and mortgage payrnents (savings of 

approximately $27,000 per new home, which is typically consumed in parking capital 

costs and maintenance); and increased safety and individual freedorn, especially for 

children who piay outside, due to the reduced trafic volumes. Furthemore, the property 



developer and city planners enjoy the benefit of k ing  able to build more residential units, 

thus providing economic and density rewards. Car-free community development thus not 

only reduces the size of the deve topment's "footprint," but also significantly influences 

travel behaviour (Scheurer 1998; Wackernagel and Rees 1996; Bemick and Cervero 

1997; Calthorpe 1993). For example, a car-free community in Cologne, Germany 

experienced the following modal shift: cycling increased from 1 1% to 26%, transit use 

increased from 17% to 39% and car use decreased from 42% to 1 % (Scheurer 1998). As 

indicated in the OCP's development statistics, parking lot development consumes large 

tracts of land and can reduce overall community density by 60-80% (City of Burnaby 

1996).34 b w e r  density communities thus encourage automobile dependence, as 

distances to destinations increase, and should therefore be avoided in the BMCD project. 

It is therefore recornmended that 100% of the future Burnaby Mountain 

commimity be developed to a minimum average density of 30 dwelling units per acre 

(gross). To achieve this target, the following TDM strategies are highly recommended: 

1. Develop higher density and mired-use communities. such as traditional 
neighbourhood and transit-oriented developments. 

2. Restrict parking supply and reduce parking lot development requirements. 
3. Develop and introduce transportation- and location-eficient mortgages. 
4. Apply Full Cost Accounting. and Least Cost Planning and funding 

rneasiires/principles. 
5. Develop a voluntary trafic reduction program, particularly a car-sho ring program to 

oflset the reduction in parking facilities necessary to achieve 30 upa. 

1 Target ( B M C D ~ ~ U S  SFU9s Student Residcnee) = 50% (minimum) 1 

" Based on surfacc versus underground parking statistics for thc South and East Neighbourhoods (e-g. 12 
upa with surface parking versus 30 upa with underground parking in the South Neighbourhood equals a 
60% reduction in density). 



These indicators and target aim to reduce SOV travel and promote a healthy jobs- 

housing balance (i.e. large proportion of people living and working/studying in the same 

community/municipality) through increasing accessibility to destinations, such as work 

and school, and rnatching housing needs with employment/study opportunities. The 

target set for these indicators is based only on the future residents of the BMCD and 

University student residence developments (Le. on-campus, excluding those that live in 

existing student residences3'), as there are rnany factors that influence the jobs-housing 

ratios and transportation characteristics (i.e. time) of off-campus residents, such as those 

students that live with their families in suburban areas. Given this, and the fact that these 

two indicators are closely related, the target set above represents both indicators. 

Research indicates that a strong jobs-housing baiance is one of the most effective 

land use strategies in reducing automobile travel (Davidson 1997; Newman and 

Kenworthy 1999; Roseland 1998; GVRD and Province of BC 1993a; GVRD 1990). For 

exarnple, for every 1 0 0  new housing units developed in central Toronto, there were 

approximately 120 fewer vehicle trips into the downtown per day (Sheltair 1998). 

Furthemore, Davidson indicates that irnproved jobs-housing ratios within the downtown 

Vancouver area could reduce vehicle-kilornetres travelled (VKT) by up to 8.5% in the 

long-run (Davidson 1997). Other research indicates that VKT in cities cm be reduced by 

up to 14% with the implementation of agressive jobs-housing policies (Loudon and 

Dagang 1992; Kessler and Schroeer 1995). 

Given thot there are currently over 2,000 students on the residence 'wait list' at 

SFU, significant transportation efficiencies could be gained through the development of 

student residence and other on-campus housing opportunities, such as secondary suites 

(i.e. basement suites). Therefore, for example, if 2,000 student residence rooms were 

developed (keeping the on-campus population constant at 12,000 people), vehicle-based 

35 For sirnplicity, and to highlight the important role the BMCD and University student residence 
development plays in achieving a strong jobs-housing balance, current on-carnpus residents have been 
cxcluded from the development o f  this target. 



trips to and from SFU could be reduced by 11.5% (Le. V K T ) . ~ ~  Jobs-housing strategies 

are thus an effective land use tool for improving modal splits and reducing the need to 

travel by private automobile, particularly in university communities where there is a 

'captured market' of people (Le. students, staff, and faculty) located in one compact, 

distinct area. 

Given the development statistics outlined in SFU's OCP, the future BMCD may 

provide market housing for approximately 10,000 people. To achieve the 50% 

jobs/study-housing ratio identified above (Le. in conjunction with the development of 

student residence in the University Enclave), there would need to be approximately 3,000 

people living and workinglstudying in the BMCD community. Therefore, 30% of the 

new BMCD units would have to be occupied by members of the current Bumaby 

Mountain community, such as the students, staff, and faculty of SFU and/or the 

ernployees of Discovery Park and BC ~ ~ d r o . ~ '  The achievement of such a jobsktudy- 

housing balance would significantly reduce automobile dependence at SFU and be 

considered a progressive and sustainable approach to land use planning. However, the 

target set above is only a minimum benchmark. Even greater transportation and land use 

efficiencies can be gained if a larger percentage of the Burnaby Mountain community 

resided on-campus. Therefore, though SFU's commitment to quadruple student housing 

is a progressive and sustainable approach to campus land use planning, even further 

benefits can be achieved if attractive incentives are provided to locals to encourage local 

investment in residential property (i.e. investment in the BMCD project). 

- - 

j6 Based on the 1998 modal split results indicating thal approxirnately 75% of trips to SFU are vehicle- 
based (i.e. SOVs and carpools) and the 1996 on-campus population estimate of 12,000 pcoplc (Petz et al. 
1998; Moodie 1996). Therefore, assuming that 75% of the 2,000 students requesting residence currently 
comrnute by car, approximately 1,150 fewer cars would be commuting to/from campus (based on the 
vehicle-based modal split between SOVs (54%)- 2-person carpools (36%). and 3(+)-person carpools (7%). 
This would represent a 1 1.5% decrease in vehicle-based travef (Le. 1,150 cars divided by 10,000 cardday). 
37 The commitment to quadruple student residence beds (4,200 extra beds) is included in the OCP's 
developrnent plans but is not officially part of the BMCD project to build housing for approxirnately 10,000 
people. Therefore, it is expected that there will be an additional 14,200 residents on campus by project 
completion. A 50% jobdstudy-housing bdance (Le. 7,100 residents) is based on the 4,200 student 
residence beds (30% of 14,200) and 2,900 residents from the BMCD (20% of 14,200). The BMCD 
jobdstudy-housing target is thus based on the 50% target, wherc 2,900 out of 10,000 BMCD residents 
equals a 30% BMCD jobdstudy-housing target (approximate). 



There exist incentive prograrns that are effective in encouraging members of a 

particular community to invest in their own community development, as well as 

providing financial incentives to the larger public for investing in sustainable 

development. Some of these incentive programs are applicable to the BMCD project and 

are as follows: 

1. Mortgage Subsidy Phns: where students, staff, and faculty become eligible tu receive 

a mortgage subsidy for k i n g  members of the SFU community. For example, "equity- 

sharing" programs are an effective method for encouraging 'local' investment (Le. 

investment by people from the Burnaby Mountain community), where the property 

owner provides a discount, or subsidy to the investor to encourage investment in 

exchange for a share of any future profits that accrue from real estate appreciation. 

Mortgage subsidies typicdly range from 20-25% below market values. 

2. 'Green' Mortgages: if the BMCD is designed to reduce material and energy flows, 

provide alternatives to the private automobile, provide a strong jobs-housing balance, 

and meet other sustainability cnteria, SFU and the BMCC could make an application 

to its, or another, financial institution to provide lower interest rate mortgages to its 

borrowers as a benefit for investing in sustainable development. Green mortgages 

come in al1 shapes and sizes. Neworld Bank in Massachusetts offers energy-efficient 

mortgages, whereby energy-efficient homes can qualify for a reduced mortgage rate of 

1 to 2 percent below prime (Roseland 1998). Some other examples of 'green' 

mortgages are as follows: 

a. Location-Emcient (or Transit) Mortgages (LEM): pioneered by the Centre 

for Neighbourhood Technology (CNT) and offered by the Federal National 

Mortgage Association in the US (Fannie Mae), LEMS encourage buyers to 

invest in homes that are close to work, shopping, transit, and recreational 

facilities. These institutions factor the savings involved in urban transit 

alternatives into mortgage eligibility calculations. This can provide a 

substantial boost in buying power for low and moderate-income home buyers 

- up to $500 per month (US) can be saved through investing in iocation- 

efficient housing - thereby reducing mortgage interest rates (Hoeveler 1998). 



Therefore, this lower interest rate provides financial leverage to investors and 

security to financial institutions (Durning 1996). "Affordability and Choice 

Today" is a program funded by the Canadian Mortgage and Housing 

Corporation (CMHC) and provides innovative community development 

projects, such as sustainable communities that integrate fiexible and mixed- 

use land development, with project funding. This funding could be used to 

subsidise investments made by the faculty, employees, and students of 

Burnaby Mountain. 

b. Car-Free Housing Mortgages: in Edinburgh, Scotland, the city council 

recently approved an auto-free development whereby residents are required to 

join the community's car-sharing club. This program, like LEMS, provides 

residents with lower mortgages as development costs are lower due to the 

limited development of parking infrastructure, which can add an additional 

$20,000-25,000 per home (Scheurer 1998). 

These programs are only a few of the many incentive-based strategies that are 

effective in attracting local investment. SFU and the BMCC should consider approaching 

progressive financid institutions, Iike VanCity, in organising some form of "equity- 

sharing" andor  'green' mortgage plans for its future residents, particularly those from the 

Bumaby Mountain community. 

It is therefore recommended that a minimum of JO% of the new residential units 

(both BMCD and student residence) are inhabited by members of the SFU, Discovery 

Park, and BC Hydro communities (Le. the BMCD jobs-hortsing ratio is a minimum of 

30%). To achieve this target, SFU and the BMCC would need to go beyond their original 

cornmitment of 4,200 student beds and develop policies to attract local investment in the 

BMCD project. This can be achieved through a program of strategic mortgage sribsidy 

planning that includes equiv-sharing and location-emcient incentives. To complement 

this pol icy proposal, the followi ng TDM strategies are highl y recommended: 

1. Develop higher density and mlxed-use communities. such as traditiona l 
neigh bourhood and transit-oriented deve lopments. 



2. Develop and introduce transportation - and location -efficient mortgages. 
3. Apply Full Cost Accounting, and Leasr Cost Planning and finding 

measures/principles. 

This indicator and target aim to reduce SOV travel by increasing incentives for 

non-SOV travel. Voluntary tr*c reduction incentives Vary widely, but are typically 

made up of one or more of the following measures. 

Table 6-3. Exarnples of Traff~c Reduction Measures 

Financial incentives Assistance Programs 
a Transportation AIlowance 
a BikeandWalkSubsidies 
a CarNanpool Subsidy 

Vanpool Seat Subsidy 
0 Transit Subsidy (e.g. UPASS) 

Rideshare Parking Subsidy 
Other Financial Subsidy 

Parking Program 
a Preferential Rescrved Parking 

Restricted Parking 
Parking Charges 

Flexible Work Scbedules 
'FIexible Time' 
Telecomrnuting 

a Compressed Work Week 
a Strategic CIass Scheduling 

Cornmuter Information Centres 
Cornmuter Fairs 
New Hire Orientation 
Other Marketing Elements 
Special Interest Group 
Employer Based Matching Services 
Information Booths 
Company Owned/Leased Vanpool 
Other Parking Management 
Guannteed Ride Home 

Award Programs 
Prize Drawing, Cornmuter-of-the-Month 
Award 
Recognition in Newsletter 
Additional Time Off with Pay 

Other 
Childcarc Services 
On-site Services ( c g .  cafeteria. post office 
etc .) 

~daoted from: Davidson. GaMn. " A m  Wide T'nffic Management: A Smtegy for improving ihe Economic. Socid and P .  
Environnienial Health of Urbm Centres." Mrrsirrs Project, Simon Fnscr University. 1997. 



These measures are al1 effective in reducing the demand for automobile travel, as 

research indicates that voluntary trafic reduction programs that include elements of the 

above can reduce vehicle commuting travel by 10% or more (Davidson 1997; COMSIS 

1993; Litman 1995a; Litman 1998a). Funhermore, cornmunity-based shuttle prograrns, 

car and bi ke sharing CO-operatives, 'wal king school bus' programs, home delivery 

services, and 'buy local' incentive prograrns can also contribute significantly to reducing 

the need to travel by car. The im~acts on vehicle travel from these measures are 

uncertain; however, the walking school bus program has achieved significant traffic 

reduction results and media attention in the past few years (Kennedy 1998). 

Voluntary trmc reduction programs are more politically feasible than regulatory 

and market-based measures but are typically less effective in reducing vehicle trips 

(Davidson 1997). However, voluntary prograrns are considered to be an appropriate 

starting point for the implementation of traffic reduction measures. These programs are 

generally CO-ordinated by empIoyers through the establishment of Employee 

Transportation Administrators (ETAs). As of 1997, there were over 100 ETAs 

established (voluntarily) in firms throughout the GVRD (Davidson 1997). The recent 

Burnaby Transportation Plan, under Policy 18, indicates that the City of Burnaby should 

pursue the development of voluntary traffic reduction prograrns (City of Bumaby 1995). 

However, in California and Washington States, employers with over 100 employees are 

required by law to CO-ordinate trip (or traffic) reduction programs, commonly known as 

"trip reduction bylaws." 

It is therefore recommended that SFU develop, CO-ordinate, and manage a 

voluntary trafic reduction program for its students, staf/f and faculty. The program 

should include the following 'high prioriiy ' measures: CO-ordinated ridesharing program 

with subsidised parking fees and preferential parking; a transportation allowance for 

non-SOV travel and discounted transit pass programs, such as the implementation of a 

UPASS program; guaranteed ride home service; flexible work schedules; implementation 

of the 'walking school bus' program; development of a community-based shuttle service 



for on-campus (i-e. feeder and connector service) and off-campus travel (e-g. the 

"StudentMover" concept); and the developrnent of car and bike sharing opportunities 

(e-g. CO-ops, clubs). Given these TDM recommendations, the following TDM strategies 

are highly recommended to complement the effectiveness of this proposal: 

Develop a central CO-ordinating management body to implement TDM programs, 
establish ETAs, and monitor progress. 
Improve transidqcling/pedestrian facilities, environments, and services. 
Increase and marginalise parking prices, restrict parking supply, and reduce 
development requirements for parking. 
Apply Full Cost Accounting, and Least Cost Planning and funding 
rneasures/principles. 
Develop higher density and mixed-use communities, such as traditional 
neighbourhood and transit-oriented developments. 
Apply trafic calming measures. 

Target (SFU/BMCD) = 1000/o 1 

This indicator and target aim to minimise the need to travel outside the 

neighbourhood for basic needs by increasing pedestrian and bicycle arnenities in the 

neighbourhood. This can be achieved by developing 'end-of-trip' infrastructure at 

workplaces, transit stations, and public facilities; improving general walkhikc 

infrastructure, such as sidewalks and bike lanes; and integrating cycling and transit travel 

(i.e. intermodal) through the provision of bike racks on buses. 

With respect to end-of-trip facilities, access to showers and change rooms 

removes a major barrier for many potential commuter cyclists, providing them with the 

opportunity to ' freshen up' after their cornmute. Research indicates that the integration of 

end-of-trip facilities, such as locker rooms with showers, bike racks and storage facilities, 

and direct waiklbike routes, into community and urbm design make waiking and cycling 

more convenient and enjoyable, thus encouraging their use (Calthorpe 1993; Engwicht 

1993; Newman and Kenworthy 1999; Gehl 1992; Roseland 1998; Davidson 1997). The 



City of Vancouver has recently enacted a bylaw that requires al1 new multiple residence 

dwellings and office developments to include end-of-trip facilities. Furthemore, the 

Burnaby Transportafion Plan, under Policies 21 and 23-25, indicate that safe and 

convenient pedestrian and bicycle facilities should be provided, including the integration 

of end-of-trip infrastructure at major office and industrial developments (City of Burnaby 

1995). 

Standard pedestrian and bicycle infrastructure, such as sidewalks and bike lanes, 

also play an integral role in the development of sustainable transportation plans. For 

example, the number and frequency of cycling trips increased significantly in Davis, 

California and Toronto when cycling facilities were improved (Roseland 1998). In 

Boulder, Colorado, commitments have been made to shift 15% of al1 vehicle trips to 

walking, cycling, and transit by 2010 (Davidson 1997). ïnvestments in the Pearl Street 

Pedestrian Mal1 and the Boulder Creek Path have resulted in increased pedestrian and 

cycling trips, particularly bicycle commuting trips on the Boulder Creek Path. Between 

1989 and 1995, the City of Boulder managed to reduce vehicle trips by 3%. 

Furthemore, Jan Gehl - a prominent urban designer from Copenhagen, Denmark 

- and others believe that pedestrian-oriented design features play an important part in 

encouraging pedestrian travel (Jacobs 196 1 ; Gehl 1992; Bernick and Cervero 1997; 

Engwicht 1993; Engwicht 1998; Calthorpe 1993; Jacobs, A. 1993). Design features that 

include attractive landscaping, continuous paved sidewalks, street fumiture, urban art, 

activity areas, central plazas and public places, retail opportunities, building over hangs 

and weather protection, and safe street crossings create an inviting public realm that 

encourage foot traffic. Bernick and Cervero indicate that these pedestrian design 

elements alone could be as significant in reducing vehicle travel as 'density' and 

'diversity' - the other design elements of transit-oriented development (Bemick and 

Cervero 1997). Therefore, the design of pedestrian and bicycle environments is important 

in encouraging and inviting cyclists and walkers, and play an integral role in reducing air 

emissions from vehicle travel. 



Finally, the integration of cycling and transit travel c m  achieve significant 

transportation benefits. Direct bike lanes, secured bike storage, and bike racks on transit 

(e.g. buses, light rail) enable cyclists to reach their destinations faster and more 

conveniently. For example, the City of Seattle provides bike racks on al1 local and 

regional buses, connects major transit stations with bike routes, and provides secured bike 

storage facilities at al1 major stations (Replogle and Parcells 1992; COMSIS 1993). 

Recently, al1 buses on the TransLink express bus route travelling to UBC (99 B-Line) 

have been equipped with a bike rack (holding a maximum of 2 bikes). There has also 

been a cornmimient by TransLink to extend this program to some buses travelling to SFU 

by September 1999 (implemented in November 1999 on the #135 route), followed by al1 

TransLink buses travelling throughout the GVRD by 2005. Bicycle and transit 

intermodal treatment c m  thus Save travel time, as cycling to transit stops is faster than 

walking, and express transit service can often compete with the car. 

It is therefore recommended that 100% of the future community development 

include strong pedestrian and bicycle infrastructure, and that facilities within the existing 

SFU campus be improved to encourage pedestrian and bicycle travel. This infrastructure 

proposai should include the development of end-ofitrip facilities, at both SFU and 

BMCD; direct pedestrian and bicycle links within campus; and improved 'connector' 

bike lanes behveen SFU, the exisring GVRD bikeways, and local communities/regional 

centres. Furtherrnore, the clima tic conditions of Burnaby Mountain should be integrated 

into infrastructure and facility design (i-e. weatherproofing). To achieve this target, the 

following TDM strategies arc highly recommended: 

I . hprove transit/cycling/pedestrian facilities, en vironments, and services. 
2. Develop a central CO-ordinating management body to implement TDM programs, 

e s t a b l i s h ' ~ ~ ~ ~ ,  and rnonitor progress. 
3. Develop higher density and mixed-use communities, such as traditional 

neighbourhood and transit-oriented developments. 
4. Apply trafic calming measures. 
5. Apply Full Cost Accounting, and Least Cost Planning and funding 

measures/principles. 



(a) Targeî (BMCD) >= 9Wi (minimum) 
(6) Target (BMCD) = High 

These indicators and targets aim to increase densities to sustainability standards 

and promote a jobs-housing balance through matching housing types and affordability 

with the needs of the working and non-working population within the community. The 

indicators are represented together here, though with separate targets, as their objectives 

of densification, housing affordability, and housing mix are interconnected. Research 

indicates that a diversity in housing types is important to increasing densities, and thus 

improving transit, bicycle, and walk efficiencies (Roseland 1998; Calthorpe 1993). 

Communities made up of primarily single-family homes are more land intensive, thereby 

spreading residences across a greater area and thus reducing densities and accessibility. It 

is therefore important that the development of single-family homes is limited in the future 

community development on Burnaby Mountain. 

Neither the OCP nor DPC indicate the type of housing that is proposed for the 

BMCD, though both documents state that their will be a mix of housing types (City of 

Burnaby 1996; Moodie 1996). However, it has been informally indicated that there will 

be no single-family residential development in the BMCD project (Johnson 1999, Geller 

2000). Single-family residential development is thus capped at 10% for this study, 

thereby ailowing for some flexibility in housing types and providing room for any 

unforeseen changes in the vision of the BMCD or the OCP. 

Furthemore, a diversity in housing availability, cost, tenures, and tenants are also 

important elernents in developing a healthy jobs-housing balance, as well as a rich and 

strong social environment (Sheltair 1998; Engwicht 1993). In Burnaby Mountain's case, 

the demographics (i.e. 

student population, the 

housing needs and income potential) Vary widely between the 

staff and faculty of SFU, and the employees of Discovery Park 



and BC Hydro. Therefore, in order to achieve a high jobs-housing ratio, it is important to 

match housing types and affordability for both the non-working (Le. students) and 

working populations of the Bumaby Mountain community. In other words, both low- 

income/short-term accommodations and moderate- to high-income/long-term 

accommodations will be required to satisfy the needs of the market that currently exists 

on Burnaby Mountain and to achieve a healthy jobs-housing balance. Given the 

subjectiveness of the indicator selected to achieve this objective, it is appropriate that the 

established target - High - also be subjective and qualitative. In other words, it is 

recommended thôt there is a high, or diverse, mix of housing and funding types, tenures, 

tenants, and income levels represented in the future BMCD. To achieve this mix, Sheltair 

recommends the following policies and programs, which may also be applicable to the 

Sm case study: 

provision of density bonusing criteria; 
alteration of zoning codes and building design guidelines; 
investigation of innovative building designs, such as "city homes" that allow ground- 
oriented housing for farniiies on lower floors and smaller apartment units above for 
singles and couples; 
encouragement of live/work and home office facilities to provide flexible 
employment opportunities for residents; and 
provision of equity and non-equity housing CO-operatives that support mixed-use 
facilities for a wide range of family types (Sheltair 1998). 

It is therefore recommended tlrat no more tlran 10% of the residential units 

developed in the BMCD be single-family homes (maximum), and that there be a highly 

diverse rnix of housing and funding îypes, tenures, tenants, and income levels represented 

in the future Burnaby Mountairz residential comrnunity. To achieve these targets, the 

following TDM strategies are highly recommended: 

I .  Develop higher densify and mixed-use communities, such as traditional 
neighbourhood and transit-oriented developments. 

2. De velop and in troduce transportut ion- and location-eficient mortgag es. 
3. Restrict parking supply and reduce development requirements for parking. 
4. Apply Full Cost Accounting, and Least Cost Planning and funding 

m easu res/p rin cip les. 



Target (BMCD - market housing) <= 1.25 vehicJes/.nit 
Target (SFU - student residence) <= 0.33 vehicles/student bed 

This indicator and target aim to minimise SOV travel by increasing car-free living 

opportunities on Burnaby Mountain. The number of vehicles per household is considered 

to be a strong indicator of the demand for vehicle travel, thus reflecting the state of local 

and regional land use patterns and the efficiency of alternative modes of transportation 

(Newman and Kenworthy 1999; Litman 1997b; Hart 1995). The targets for this indicator 

have been separated between market and student housing, as the demand and opportunity 

for vehicle travel will Vary between the two groups. Both targets, however, are based on 

the establishment of relaxed development requirements for residential parking, the 

development of a pedesuian and transit-oriented community that encourages car-free or 

'car-smart' (e.g. one car farnily) living opportunities, and the implementation of effective 

traffic reduction measures that reduce the demand for vehicle travel, such as UPASS and 

car-sharing programs. 

Davidson indicates that mixed-use neighbourhoods are ideal for reducing parking 

stall development in new buildings (both residentiai and commercial), as the demand for 

vehicle travel is reduced in this type of cornmunity design (Davidson 1997). For 

exarnple, only 6 1% of households in the Burrard peninsula of Vancouver (i.e. downtown) 

own a vehicle, and it is believed that this area's high density, mixed-use, and transit- 

supportive design features play a large role in shaping the demand for vehicle travel 

(GVRD 1994b). Davidson thus recommends that city parking codes should change to 

refIect this pattern and that 10-20% of future developments in downtown Vancouver be 

car-free. Therefore, both community design and the degree of integration with alternative 

transportation infrastructure play an integral role in shaping the demand for vehicle travel, 

and thus the supply of parking necessary to meet this demand. 



Sustainable urban design guidelines indicate that a maximum of 1.25 parking 

spaces per residential unit be ailowed for new residential developments (Condon 1996). 

This target is lower than the approximate 1.5-2.0 parking stalldunit standard identified in 

the City of Bumaby's parking schedule.'' This design target is an average and c m  thus 

be made up of higher standards for some residential units (e-g. 2 stalls/unit) in 

combination with lower, or car-free, standards (e-g. 1 stalvunit or O stallshnit). With 

respect to this study, it is not necessary to identify the range of parking development 

possibilities, rather, it is more important to set the maximum standard to guide overail 

community and land use planning. 

The current student residence parking standard is approximately 1 stall per 2 beds, 

matching that of Schedule VI& the City of Burnaby's parking bylaw (City of Burnaby 

1999). It is believed that this development requirement for parking can aiso be relaxed, 

particularly if the BMCD is designed to be a moderate- to high-density, mixed-use 

community with efficient transit service and pedestriadbicycle networks. One parking 

stall per three student residence beds has thus been established as the target for this study. 

SuccessfuI car-free developments typically provide access to a car-sharing club, 

where residents of car-free communities can conveniently rent vehicles when required. 

The provision of a 'travelcard,' or UPASS, is aiso common within these communities, as 

transit passes are included in renvmortgage payments. Both programs are not only 

effective in supporting car-free living environments and reducing vehicle travel, but are 

also economical for the tenant, landlord, and developer (Scheurer 1998). Car-sharing 

clubs Save the developer on parking development costs, the landlord on parking 

maintenance, and the tenant in vehicle ownership and rent costs. As well, UPASS 

prograrns are particularly effective in reducing the tenant's transportation costs. 

38 Parking stall bylaws differ for each type of residential developrnent. As the type, or rnix, of  residential 
development has not been established in either the OCP or DPC. it is difficult at this time to identify the 
cxact parking lot requirernents for the BMCD. 



Though the concept has not taken off in North America yet, car-free community 

development is becoming more cornmonplace, particularly in Europe. However, both 

car-sharing clubs and UPASS programs are becoming more popular in North America, 

with established car-sharing clubs in Vancouver, Victoria, Toronto, Montreai, Portland, 

and Boulder; and UPASS programs existing at over 30 US universities, most universities 

in Ontario and Quebec, the University of Victoria, and the University of British Columbia 

(September 2000). It is thus only a rnatter of tirne before these concepts are integrated 

with community development. SFU and the BMCC - both k i n g  institutions that pride 

themselves on innovation - therefore have the opportunity to champion these innovations 

and become a leader in community development. 

It is believed that relaxed development requirements for parking (Le. reduced 

parking supply) and the development of a mixed-use, transit-oriented community that 

implements a trmc reduction program, such as car-sharing clubs and the UPASS, wili 

significantly shape transportation behaviours to favour transit, bicycle, and pedestrian 

travel. Vehicle ownership per household will thus be influenced by these design 

guidelines and the implementation of sustainable transportation services. 

It is therefore recommended that the future BMCD be designed to encourage car- 

free living. In combination with a mixed-use, high density, transit-oriented community 

design that includes trafic reduction services, the BMCD should allow for a maximum of 

1.25 parking stalls (Le. vehicles) per market residential unit and I parking stall (Le. 

vehicle) for every 3 student residence beds. To achieve these targets, the following TDM 

strategies are highly recommended: 

Develop higher density and mixed-use communities, siich as traditional 
neighbourhood and transit-oriented developments. 
Develop and introduce transportation- and location-eficient mortgages. 
Increase and marginalise parking prices, restrict parking supply, and reduce 
development requirements for parking. 
Develop a voluntary trafic reduction prograrn (see Tables 6-2 and 6-3 for 
h ighlights). 
Improve transit;/qcling/pedestrian facilities, environments, and services. 



6. Apply Full Cost Accounting, and Least COS? Planning and funding 
measures/principles. 

7. Apply trafic  calming measures. 
8. Develop a central CO-ordinating management body to implement TDM programs, 

establish ETAs, and monitor progress. 

1 Target (BMCD) = 6û% (minimum) 1 

These indicators and target aim to minimise the need to travel outside of the 

neighbourhood for basic needs by increasing pedestrian, bicycle, and transit amenities; 

and increase safety, community interaction, and livability within the neighbourhood by 

introducing traffic calming measures. Both indicators are represen ted by one target due 

to the interconnected nature of pedestrian/bicycle/transit design and traffic calming. 

Given that a large proportion of urban land is dedicated to automobile infrastructure - 

over 30% in Vancouver - the percentage of streets dedicated to alternative transportation 

modes is considered an effective indicator of pedestrian orientation (Sheltair 1998). As 

indicated above, pedestrian-oriented community design can significantly influence and 

shape transportation behaviours (Gehl 1992; Bernick and Cervero 1997; Engwicht 1993). 

Neighbourhoods that provide safe, direct, convenient, and inviting pedestrian 

environments typically expenence higher levels of pedestrian, bicycle, and transit travel 

(Gehl 1992; Bernick and Cervero 1997; Newman and Kenworthy 1999). 

This target is based on Sheltair's proposa1 for the SEFC community, where it 

recommends dedicating 60% of the Street area to walking, cyciing, and transit uses 

(Sheltair 1998). Sheltair's proposal is based on pedestrian orientation in European cities, 

where nearly 80% of Trondheim, Norway's streets are dedicated to alternative 

transportation modes, while the average European city dedicates over 30%. This 

orientation towards non-motonsed and transit travel in Europe has resulted in 20-50% of 

trips being compieted on foot or bicycle and 20-40% of trips on transit (Newman and 

Kenworthy 1999; GVRD and Province of BC 1993a). In Vancouver, on the other hand, 



where less than 10% of its streets are dedicated to pedestnan, bicycle, and transit uses, the 

modal splits for alternative transportation modes are significantly lower. According to 

Raad and Kenworthy, only 5.7% of Vancouverites travel by foot and/or bicycle and only 

6.5% travel on transit (Raad and Kenworthy 1998). The GVRD, however, indicates that 

up to 8% and 9% of people travel by non-motorised and transit modes respectively 

(GVRD and Province of BC 1993a). Regardless of these differences, the land use and 

associated transportation behaviours in Europe and Canada suggest that pedestnan and 

transit-oriented urban design can significantly influence transportation decisions. 

To achieve the 60% target in the SEFC community, Sheltair recommends the 

creation of a system of standards requiring minimum arnenities for alternative modes (e-g. 

similar to bicycle parking bylaws); the development of pedestrian-friendly site designs, 

including direct, pleasant routes from building entrances to sidewalks and transit stops, 

and the provision of protected waiting areas and rain shelters at doorways and transit 

stops; the development of a grid-like street pattern and short block lengths; and 

orientating buildings to provide pedestrians and cyclists with direct access to streets 

without having to traverse parking areas (i.e. building setbacks are minimised and parking 

is located in the back of buildings) (Sheltair 1998). These proposals are also applicable to 

the SFU case study. 

Traffic calming devices, such as wider sidewaiks, bicycle lanes, 30 km/hr speed 

lirnits, narrow roads, traffic circles, textured road surfaces, street trees, street furniture, 

and pedestriadbicyclist crossings also support the 60% target set in this and the SEFC 

study. A program that was first introduced in Gerrnany to slow vehicle traffic, trafic 

calming has become popular in many parts of the world, including Vancouver. Research 

indicates that trafic calming has k e n  effective in not only reducing vehicle speeds and 

vehicIe use, but also in reducing the number of vehicle-pedestrian/cyclist accidents, noise 

pollution, and the barrier effects associated with automobile-oriented land use patterns 

(Newman and Kenworthy 1999). Furthemore, the generd livability of neighbourhoods 

has improved with the introduction of traffic calming devices (e.g. kids playing on the 



streets, increased social interaction) and local econornic activity has increased (Engwicht 

1999; Engwicht 1993; Newman and Kenworthy 1999). Therefore, traffic calming and 

street orientation go hand in hand, as both aim to improve pedestrian, bicycle, and transit 

environments, as well as the general Iivability and 'sense of community' experienced 

within neighbourhoods. 

It is therefore recommended that a minimum of 60% of the total street area in the 

firtitre BMCD is dedicated to pedestrian, cyclist, and transit uses.39 To achieve this 

target, the following TDM strategies are highly recommended: 

Apply trame calming measures. 
Increase and marginalise parking prices, restrict parking supply, and reduce 
development requirernents for parking. 
Improve transiI;/cycling/pedest~an facilities, environments, and services. 
Develop higher density and mixed-use communities, s r ~ h  as traditional 
neighbourhood and transit-oriented developments. 
Develop and introduce transportation- and location-eficient mortgages. 
Develop a voluntary trafFc reduction program (see Tables 6-2 and 6-3 for 
highlights). 
Apply Full Cost Accounting, and h a s t  Cost Planning and funding 
measures/principles. 

1 Target ( B M C M F U )  = Yes/Hgh 1 

These indicators and target aim to minimise SOV travel by encouraging car-free 

living opportunities and increasing transportation choices. As indicated above, both 

LEMS and sustainable transportation services, such as car-sharing and walking school bus 

programs, reduce the demand for vehicle travel. Given that both indicators are also 

39 The measurement of  this indicator can be based on the percentage of al1 street area within the BMCD that 
is dedicated to pcdesrrian, cycIing. and transit uses (though some space is shared between ail modes. 
including vehictes, potentially making it difficult to measure). 



effective TDM measures, the target established above simply encourages their 

development in this case study. 

It is therefore recommended that the BMCC and SFU provide 'Green' anaor 

LEM opportunities to the residents of the community, as well as several sustainable 

transportation services. To achieve this target, the following TDM strategies are highly 

recommended: 

Develop higher density and rnlxed-use communities, srtch as traditional 
neighbourhood and transit-oriented developments. 
Develop and introduce transportation- and location-eflicient mortgages. 
Develop a voluntary trafic reduction program (see Tables 6-2 and 6-3 for range of 
sustainable transportation services and programs). 
Improve transir;/cycling/pedestrian facilities, environrnents, and services. 
DeveIop a central CO-ordinating niarragement body to implement TDM programs, 
establish ETAs, and mon itor progress. 
Apply Full Cost Accorinting, and Leasr Cost Planning and fimding 
measu res/p rinciples. 

1 Target (BMCD) = 56% (minimum) 1 

This indicator and target aim to minimise water pollution by reducing surface mn- 

off flows. Research indicates that automobile-oriented land use patterns have significant 

impacts on water quality, particularly where low density development encourages urban 

sprawl and large portions of land is paved for vehicle infrastructure (e-g. roads, parking) 

(Raad 1998; Bein, Litman, and Johnsoii 1994). Impacts range from soi1 erosion, 

sedirnentation, and flooding (i-e. major hydrological disruptions) to road runoff that 

contaminates local streams ( e g  hydrocarbons, transmission fluids). It is therefore 

important to integrate sustainable community design pinciples into the BMCD project to 

reduce water quality impacts. 

There are numerous strategies to reduce the impervious areas of urban 

developments, such as reducing the impact area for development through design (Le. the 



footprint of the site), separating impervious areas with pemious areas, and encouraging 

the planting of vegetation which provides higher penneability than turf (Golden 1999). 

The following table outlines some of the design solutions that are effective in minimising 

the imperviousness of a development site. 

Table 6-4. Development Design Solutions to Minimise Impervious Areas 

reduced road widths 
cul de sac donuts 
clustedhigh density development 
reduced parking requirements/ratios 
smaller parking stalls 
angled parking 
s hared parking/driveways 

verticaVunderground parking stmc tures 
swales rather than curb/gutters 
cornmerciai open space landscaping 
reduce setbacks and frontage 
flexible minimum lot sizes 
"t" or "v" shaped tumarounds 
shorter road lengths 

reduced cul de sac radii 
4dapted from: Golden. Shim "Ecological infrasmcture in the Brcntwood Town Centre: implications of a Design C h m n e  on 
Stormwater Management." Mastus h j e c t  Simon Fnscr Univcnity. 1999. 

Permeable pavement is also a solution to threatened water quality. Research 

indicates that porous pavements (e.g. porous asphalt and concrete) contain sufficient 

"void space" (e.g. 'donut-like' surface material) to infiltrate runoff in the underlying base 

and soi1 of the development site, while providing a surface suitable for walking and 

driving (Golden 1999; Richman 1997). The .ipplication of permeable pavement can thus 

significantly reduce the irnpervious surface coverage of a development site without 

sacrificing intensity of use. Furthemore, permeable pavement is more economicai than 

investments in conventional asphalt (Scheuler 1995). However, permeable pavement is 

restricted to soils with a high infiltration capacity. The following table summarises the 

advantages and disadvantages of an array of permeable pavement types, which can be 

investigated by the BMCC in the future development planning process. 



Table 6-5. Permeable Pavements: Methods and Results (Golden 1999,29) 

a. Pervious concrete 

b. Porous asphaIt 

a. Turf block 

b. Brick 
c. Natural Stone 

d. Concrete unit 
pavers 

a- Crushed aggregate 
(gravel) 

b. Cobbles 

c. Wood mulch 

does not require curbs and gutters 

used on parking lotsnight duty 
roads, little maintenance required 
works in areas with flat slopes, 
sandy soils, winter sanding/salting 
is minimal 
oldest porous pavement - 1973 
University of Delaware Visitor's 
Centre, suIl penneable 
overall performance not 

not good in high traffk areas 
seaiing and clogging of pavement 
is possible even with rigorous 
maintenance 
more difficult to install 
lack of long-tenn testing 
greater cost but offset by not 
having to build curbs and gutters 

open celled 1 . not good for high traffk areas 
successfùl when planted with turf 
permeability between blocks 
laid on sand 

solid unit 1 
,,:-.; . 7- .., - - . . . . . . -  . .  - . - .  . , - - - . .  . . .  . " - .  - + .  

permeable, easy to install, 1 dusty 

not good for high uaffic areas 
high cost 

permeabiiity between stones 
permeability between stones 

inexpensive 1 inappropriate for high use 

can bear heavy loads 

versatile 
good for median islands, low use 

The target established for this study is based on Sheltair's recommendation for the 

SEFC community, where a target of 54% average site imperviousness is set (Sheltair 

1998). This target is based on other developments, such as the Gilmore Catchment in 

Bumaby, where 55% of the community is impervious (deveIopment mix: 7 1 % residential, 

23% commercial, 6% green space); the Meydenbauer Catchment in Bellevue, 

Washington, where 50% of the community is impervious (development mix: 42% 

residential, 33% commercial, 19% roads, 6% open space); and the Eagle Catchment in 

Burnaby, where an impressive 25% of the community is impervious (development mix: 

30% residential, 3 1 % commercial, 39% green space). These impervious percentages are 

inappropriate for high use 
areas 
outdoor play areas, light 
pedestrian use 

inappropriate for high use 



based on ratings for footprints of buildings, decks, driveways, streets, sidewalks, and 

roofs (lawns and gardens are not included in these ratings). The numerical ratings are as 

follows - roofs (93, roads (75-95), penneable paving (60-80), and grass (40-60) - and 

the above percentages are based on these ratings (Golden 1999). 

The above case studies identify a correlation between site imperviousness and 

land use mix. Communities with less land developed for residential, commercial, and 

transport purposes and more green space development have significantly lower 

impervious percentages. The Eagle Catchment community is an excellent example of 

this reiationship. For sustainable community design, however, Calthorpe advocates the 

following neighbourhood land use mix: 10-15% public space (e-g. green space, public 

squares), 1040% community cote and employment (e-g. retail, commercial, professional 

offices), and 50430% residential development (Calthorpe 1993). These guidelines thus 

recommend less public space than the Eagle Catchment community, though the 

objectives of sustainable community design are much more comprehensive and holistic 

than simply developing pervious cornmunities. Therefore, given that the land use mix for 

the BMCD site is unknown at this time (Le. percentage of total site dedicated to 

residential, commercial, road, and green space development), it is difficult to develop a 

site specific target. The target set for this study is thus based on the Sheltair 

recommendations for sustainable community development at SEFC, the local case studies 

identified above, and the sustainable community design guidelines put forth by Calthorpe. 

Furthermore, the target is based on the BMCD site only, and includes al1 roads, green 

space, residential areas, and al1 other land uses within this site. 

It is therefore recommended that the BMCD achieves an average site 

perviousness of 50% (minimum). To achieve this target, the following TDM strategies 

are highl y recommended: 

I .  Develop higher density and mixed-use communities, such as  traditional 
neighbourhood and transit-oriented developments. 

2. Increase and marginalise parking prices, restrict parking supply, and reduce 
development requirements for parking. 

3. Apply trafic calming measures (alternative road surfaces andhr  permeable pnving). 



4. Apply Full Cost Accounting, and Least Cost Planning and funding 
rneasures/principles. 

This indicator and target aim to increase safety, social interaction, and overail 

community livability through the introduction of trafic calming rneasures. Research 

indicates that community design that emphasises pedestrian, bicycle, and transit travel - 

through the development of an inviting pedestrian environment and the introduction of 

traffic calming measures - integrated with distinct public places and destinations (e.g. 

markets, grocery stores, cafes, and community squares), reduces the speed and volume of 

vehicle traffic and increases a community's sense of safety, the number of unplanned 

interactions, both social and economic (Le. "spontaneous exchanges"), and the general 

livability of the neighbourhood (Engwicht 1993; Jacobs 1961; Calthorpe 1993; Newman 

and Kenworthy 1999). 

Since the subjectiveness of this indicator makes it difficult to establish a sound 

target, the target has k e n  set at a reasonable "1 spontaneous exchange per day per 

resident" (minimum). However, given this, it is beIieved that this indicator will be an 

effective measure of sustainable community design on Burnaby Mountain, as this design 

approach focuses strongly on not only developing pedestrian-oriented places, but also on 

developing a 'sense of comrnunity.' 

It is tharefore recommended that the BMCD be designed to enhance the 'sense of 

commun ity ' experienced by its residents. The average nurnber of "spontaneaus 

exchange" experiences per capita per day should thus be greater than, o r  equal to, 1 .'O 

'O The rneasurement of this indicator codd be based on community-wide interviews or suwcys. 
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To achieve this target, the following TDM strategies are highly recommended: 

Develop higher densiiy and mhed-use communities, such as traditional 
neighbourhood and transit-oriented developments. 
Improve transit/cycling/pedestrian facili fies, environments, and services. 
Apply trafic calming measures. 
Increase and marginalise parking prices, restrict parking supply, and reduce 
development requirernents for parking. 
Develop a voluntary trafic reduction program (see Tables 6-2 and 6-3 for 
highlights). 
Develop a central CO-ordinating management body to implement TDM programs, 
establish ETAs, and mon it or progress. 
Develop and introduce transportation- and location-efficient mortgages. 
Apply Full Cost Accounting, and Least Cost Planning and funding 
measures/principles. 

1 Target (SFU/BMCD) = 20% (minimum) 1 

This indicator and target aim to minimise SOV travel by providing financial 

incentives and benefits that support reduced automobile dependence in order to  reduce 

the need to expand automobile-oriented transportation infrastructure, such as roads and 

parking facilities. Research indicates that reduced public and private spending on such 

trcuisportation infrastructure, with investments redirected to transit, bicycle, and 

pedestnan-supportive travel, reduce the demand for vehicle travel (Newman and 

Kenworthy 1999; Litman 1997a; Litman 1998b; Litman 1999). This indicator thus 

encourages the use of least cost planning (LCP) and h l !  cost accounting (FCA) 

techniques, where alternative transport investments (e.g. transit versus road investment) 

are assessed based on the inclusion of dl interna1 and extemal costs (Le. FCA), and 

investment decisions are based on the optimisation of economic, ecological, and social 

returns (Le. LCP). The following table summarises the cost difference between SOV and 

transit travel, indicating that transit investments are more econornical than automobile- 

oriented infrastructure investments. 



Table 6-6. Full Cost Accounting Cornparison Between Single-Occupant Vehicle and 
Transit Travel (Litman 1997% 11)" 

Accidents f 0.035 1 0.008 1 0.027 
1 l I 

- -- 

Parking O. 12 O O. 12 

- - -  - -  

Roadway land 1 0.024 1 0.00 1 1 0.023 

Congestion 
Roadwav facilities 

This FCA analysis indicates that for every mile shifted from SOV to transit travel, 

46.5 US cents are saved. Therefore, using LCP principles, transit investments would be a 

more economical and sound use of public finances. 

O. 17 
0.0 16 

Municipal services 
Air pollution 
Noise pollution 
Resource consumption 
Water pollution 

With respect to  this case study, automobile-onented infrastructure investments 

should be compared to  those of pedestrian, bicycle, and transit-oriented infrastructure 

investments. For exarnple, if the BMCD is developed to be a low-density, single-use 

community that encourages vehicte travel, the following costs may be incurred: increased 

land costs; increased municipal service infrastructure costs (e-g. water, sewage, roads); 

increased vehicle use and ownership costs (e-g. automobile ownership costs 

approximatel y $7,000 per year); increased parking facili ty costs; increased air, water, and 

noise pollution costs; increased accident costs; and increased congestion costs. On the 

other hand, the development of a moderate to high-density, mixed-use, pedestrian, bicycle 

and transit-oriented community may be more cost effective, as land and municipal 

infrastructure costs d o n e  could Save the BMCC and the City of Burnaby significant 

public capital. Given that these costs will not be borne solely by the BMCC, the City of 

4 1  Note that not al1 externalities are included in this example. 
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Bumaby, nor the future residents of the BMCD (i.e. some of these externalities will be 

shared with local and global citizens), investments in unsustainable land use and 

transportation plans are considered to be an unwise use of both public and private 

finances, and should therefore be minimised. 

This indicator is thus a measure of the potential public and private savings from 

the developrnent of a sustainable cornmunity on Bumaby Mountain, one where 

automobile travei is de-emphasised. The target is therefore based on the study's overall 

objective of reducing SOV travel by 20%. where it is assumed that a 20% reduction in 

SOV travel - based on the introduction of 'smart' land use and TDM measures - may 

result in a 20% net savings in public and private transportation and land use spending. To 

measure this target, public and private savings must first be evaluated for the alternative 

community design options (i.e. FCA analysis). Therefore, a FCA analysis will provide the 

basis for detemining whether or not this 20% target is achieved (Le. through comparing 

total net costs for al1 alternatives and using the 'automobile-oriented' design option as the 

b a i s  for this c ~ r n ~ a r i s o n ) . ~ ~  The FCA analysis, however, does not fall within the scope 

of this study. 

It is therefore recommended that the City of Burnaby and BMCC invest in 

development plans that reduce the demand for SOV travel, and thus the need to expand 

automobile-oriented transportation infrastructure, and pro vide public/private 

transportation and land use savings of no less than 20%. Full cost accounting and least- 

cost planning techniques are recommended for the evaluation of alternative comrnunity 

design schematics and the assessment of this 20% target. 

4%e following formula should be applied to determine whcther or not the 20% target is achieved: 
Percentage Saved (Lost) = FCA (Auto-Orientd Dcvclo~mcnt) - K A  (Sustainable Communitv Dcvcloornent) 

FCA (Auto-Orientcd Developmnt) 



To achieve this target, the following TDM strategies are highly recommended: 

Apply Full Cost Accounting, and Least Cost Planning and funding 
measures/principles. 
Develop higher density and mixed-use communities, such as traditionai 
neighbourhood and transit-oriented developrnents. 
Improve transit/cycling/pedestrian facilities, en vironments, and services. 
Apply trafic calming measures. 
Increase and marginalise parking prices, restrict parking supply, and reduce 
development requirements for parking. 
Develop a voluntary trafic reduction program (see Tables 6-2 and 6-3 for 
highlights). 
De velop a central CO-ordinating management body to implemen t TDM prog rams, 
establish ETAs, and monitor progress. 
Deveiop and introduce transportation- and location-eficient mortgages. 

6.3 Sustainable Transportation and Land Use Policy 
Recommendations 

The land use and transportation policies recommended for SFU's Sustainable 

Transportation Plan are outlined in Table 6-7 klow. Note that though the 1" and 2nd 

prionty indicators and targets identified above form the b a i s  of these policies, not dl of 

thern are represented in Table 6-7 as direct policy. Table 6-8 outlines the TDM and land 

use strategies, measures, and prograrns that should be implemented to achieve the policies 

of the Sustainable Transporîation Plan. 



Table 6-7. Recommended Sustainable Transportation and Land Use Policies for 
SFU's Burnaby Mountain Campus 

1 100% of the residential units developed on Burnaby Mountain should be within 4 0  
meters of transit service (i.e. station, loop, or stop) and the commercial node(s). 

2. 100% of the future Bumaby Mountain community should be zoned for mixed-use 
and transit-orientedltraditional neighbourhood development 

3. 1 0 %  of the future Bumaby Mountain community should be developed to a 
minimum average density of 30 dwelling units per acre (gross). 

4. 50% (minimum) of the future SFUBumaby Mountain community should be 
inhabited by members of the SFU, Discovery Park, and BC Hydro communities (this 
includes both market and student housinghesidence), with a minimum of 30% of the 
BMCD units k i n g  occupied by members of the SFU, Discovery Park, and BC 
Hydro communities. 

5. SFU should develop, CO-ordinate, and manage a voluntary traffic reduction program 
for its students, staff, and faculty. 

6. 100% of the future Bumaby Mountain comrnunity should include strong pedestrian 
and bicycle infrastructure and circulation plans/facilities within the existing SFU 

1. No more than 10% of the residential units developed in the future Bumaby 
Mountain community should be single-family homes, and that a highly diverse mix 
of housing and funding types, tenures, tenants, and income levels should be 
represented in this community. 

-- - 

2. 60% (minimum) of the total street area in the hiture Bumaby Mountain community 
should be dedicated to pedestrian, cyclist, and transit uses. 

3. 50% (minimum) of the future Burnaby Mountain community should be pervious to 
water. 

4. The future Burnaby Mountain community should be designed to enhance the 'sense 
of community' experienced by its residents and to maximise "spontaneous 
exchange" opportunities. 

5. SFU, the Burnaby Mountain Community Corporation, and the City of Bumaby 
should reduce the need to expand automobile-oriented infrastructure and provide 
publidprivate savings to SFU and the residents of the Bumaby Mountain 



Table 6-8. Recommended Transportation Demand Management and Land Use 
Strategies for SFU's Sustainable Transportation PIan 

~p~ -- 

1. Develop higher densi@ and mixed-use communities, such as 
traditional neighbourhd and transit-oriented developments. 

investigate the development of a single-neighbourhood 
community in the East Neighbourhood area, with the 
majority of the development 'footprint' covering the east 
parking facilities (lots B, C, and E) due to its proximity to 
the transit station and current P l  le zoning (Figure 4-3). 

introduce sensitive-ecosystem policies for the 
entire South Neighbourhood area, 

Commit to an minimum average density of 30 upa (gross). 
commit to quadrupling student residence beds (Le. 4,200 
beds). 
integrate University recreational, cultural, and educationd 
facilities into the overall community design (Le. provide 
opportunities for non-SFU community residents to use 
facilities). 
amend 'horizontal' Pl le zoning to 'vertical' Pl le zoning. 
increase allocation of commercial floor area to a minimum 
of 30,000 feet2 pet 1,000 residents (i.e. from 1 10,000- 
220.000 ft2 to 450,000 ftz of total commercial floor space 
- based on the 15,000 person increase of on-campus 
residents (both BMCD and student residence). 
amend "maximum" lot coverage standards and replace 
with minimum standards greater than 0.35. 
reduce yard and building setbacks. 
provide density bonus incentives. 
develop grid-like street patterns and short block lengths. 
orient buildings to provide pedestrians and cyclists with 
direct access to streets. 
develop 'livelwork' suites. 
allow and encourage secondary suites in development. 
investigate opportunities for 'car-free' residential clusters. 
introduce community design solutions that minimise 
impervious areas, such as narrow roads and reduced 
parking stall sizes (see Table 64). 
investigate and introduce permeable pavements (see Table 

reduction, with 
jobs-housing 

balance making 
UP 2.5 - 14%. 



Table 6-8. Recommended TransportPtion Demand Management and Land Use 
Strategies for SFU's Sustainable Transportafion Plan - continued 

2. Develop a voluntary t d ~ c  reduction program including: 
ridesharing privileges (e.g. subsidised fees a d  preferential 
parking), services/co-ordinated programs, and access to 
vehicles; 
transportation allowance and discounted transit prograrns 
(e.g. UPASS); 
guaranteed ride home service; 
flexible work and student course schedules (e-g. 
telecommuting; 'flex tirne,' compressed work weeks); 
car sharing CO-ops and discounted car rentais; 
'Waiking school bus' programs; 
community-based shuttle service for on-campus (Le. 
feeder and connector service) and off-campus traveI (e-g. 
"SfudentMover " concept); 
'public bikes' or bike sharing CO-ops; and 
non-motorised home delivery services and 'Buy L o d  & 

implement TDM programs, establish ETAs, and monitor 
progress. 

10 - 50% 
reduction 

- 
Uncertain, but 
provides the 

foundation for 
the delivery of 

TDM programs. 
4. Improve transit/cycling/pedestrian facilities, environments, Up to 35% for 

and services. 
develop and promote end-of-trip facilities in both SEU 
and the BMCD. 
develop direct pedestrian and bicycle links within campus. 
improve 'connector' bike lanes between S N ,  the existing 
GVRD bikeways, and local comrnunities/regional centres. 
integrate the climatic conditions of Burnaby Mountain 
into infrastructure and facility design. 
develop minimum amenity standards for alternative 
modes (e.g. bike facility bylaws). 

on-campus 
residents; 

1-5% for off- 
campus 

residen ts. 
Progressive end- 

of-trip and 
intermodal 
treatrnent 

programs could 
have moderate 
to high impacts 
for off-campus 

cornmuters. 



Table 6-8. Recommended Transportatïon Demand Management and Land Use 
Strategies for Sm's Sustainable T r a n ~ p a ~ o n  Plan - continued 

5. Increase and marginalise parking prices, restrict parking 
supply, and reduce parking lot development requirements. 

amend Schedule Vm parking bylaws for residential 
parking requirements to 1-25 spaceshnit and 1 spaceI3 
residence beds. 
reduce commercial and institutional parking 
requiremen ts- 
reduce parking stalI-to-population ratio from 1 : 1.2- 1 :2 to 
1 :3 or 1 :4. 
prohibit, or minimise, the development of surface parking 
and single-use car washing stalls. 
if surface parking is developed, locate at back of building 
(residence, commercial). 
increase parking fees to match transit fares, GVRD 
market rates, and for SOV parking. 
increase proportion of parking to short-term (i.e. 
hourlyldaily) versus long-terni (Le. monthiylsemester). 

6. Develop and introduce transportation- and location-effkient 
mortgages. 

investigate and introduce opportunities for "equity- 
sharing" and other 'green' mortgage incentive programs. 

7. Apply traffic calming measures: 
sidewalks, narrow streets, bicycle lanes, street trees, 
chicanes, speed bumps, traffic circles, street furniture, 
alternative road surfaces (e-g. cobblestones), curb blow- 
outs and sidewdk extensions, landscape islands, bus 
bulges, and other "street reclaiming" activities, such as 
"block parties" and street re-design. 

8. Apply Full Cost Accounting, Least Cost Planning, and other 
funding measuredprinciples. 

prohibit road development in the entire South 
Neighbourhood area (including Naheeno Park) and 
minimise any other road development plans. 
apply FCA and LCP tools to Gaglardi Way, University 
Drive, and Bumaby Mountain Parkway intersection 
expansion proposal. 

High impacts 
(5% minimum), 

particularl y 
when combind 
with UPASS and 

car-sharing 
programs. 

Moderate 
impacts - an 
important 
strategy in 

encouraging a 
jobs-housing 

balance. 
Low to moderate 
impacts over the 

short-term 
(1-2 % ), larger 

impacts over the 
long-term. 

Uncertain, but 
p rovides the 
foundation for 
implementing 

sustainable land 
use and 

transportation 
policies. 



6.4 Conclusions 

This study started out with a simple question - "How can Simon Fraser 

University reduce single-occupant vehicle trips to and from its Bumaby Mountain 

campus?" A simple question, but a complex and dynarnic issue given the land use and 

transportation paradigms that exist at this time. The Iiterature review uncovered that the 

primary objective of modem transportation management is to simply move more vehicles. 

However, academics and urban planners are now awakening to the fact that prioritising 

vehicle travel over 'person-travel' is not in the best interests of society, as not only the 

objectives of reducing congestion and increasing vehicle transportation efficiencies are 

not achieved, but significant ecological, economic, and social costs are incurred at the 

same time. This 'paradigm shift' has enlightened public policy to the synergies that exist 

between land use and transportation planning. Based in principles of sustainable 

development, Integrated Planning and Smarr Growth Management have emerged as the 

key ideologies of this new paradigrn, a philosophy where land use and transportation 

plans are developed simultaneously in a vision of long-tem sustainable growth 

management. From this field the concept of Transportation Demand Management 

(TDM) has emerged - a land use and transportation management strategy that focuses on 

improving transportation efficiencies by influencing rvhen people travel, how they travel, 

and how far they travel to reach major destinations. TDM and integrated growth 

management planning are thus considered to be the modern-day 'toolbox' for urban 

planning. 

The Sustainable Transportation and Land Use Planning Frarnework was 

developed in this study in order to evaluate T'DM and land use measures and recommend 

effective land use and transportation policies for S N ' S  Sustainable Transportation Plan. 

This sustainability planning process. however, is not only applicable to S N  and other 

university communities, but can be applied as a mode1 to any neighbourhood, community, 

municipal or regional planning process. This framework is based on identifying the 

potential categones (e.g. transportation and accessibility), goals (e-g. minimise SOV 



travel), objectives (e-g. increase car-free living opportunities), indicators (e-g. percentage 

of citykommunity that is zoned for mixed-use and transit-oriented/traditional 

neighbourhood development), and targets ( e g  100% of the BMCD) that may be 

identified by the SFU community. An Indicators Menu was developed in Chapter 3 and 

evaluated against the foilowing sustainabiIity criteria: transportation effkiency, land use 

efficiency, environmentai impact, human livability, and economic efficiency. High 

priority indicators were then selected from this evaluation and separated between 1'' and 

2nd priority master indicators. This evaluation was based on each indicator's achievement 

of the sustainabiiity criteria, where the achievement of three or more criteria designated 

those indicators as '1" priority,' and two or less were designated as '2nd priority.' Targets 

were then established for each indicator and supporting TDM strategies recommended. 

These 1'' and 2nd priority indicaton, and their associated targets, thus form the basis of 

the land use and transportation policy formation and development of the Sustainable 

Transportarion Plan for SFU's Burnaby Mountain campus. 

It is believed that these recommended policies and strategies - if adopted, 

supported, and implemented ut SFU's Burnaby Mountain campus - wiII be successful in 

reducing single-occupant vehicle trips by a minimum of 20% from that of both 1998 

traffic volumes and post-BMCWstudent population growtb transportation demands. 

These land use and transportation management strategies should help the University 

manage its challenging growth management issues, reduce dependence on automobile 

travel, reduce its ecoIogical impacts to both local and global ecosystems (e.g. air 

pollution), and enhance the University's opportunities for creating a 'sense of place' and 

'sense of community' on Burnaby Mountain. If these plans are adopted, the University 

should make it a priori@ to integrate the perspectives and needs of its community into the 

planning process, as this is a critical step in building not only plans that work, but in also 

nurturing SFU's sense of cornmunity and ownership. SFU, the Burnaby Mountain 

Community Corporation, and the City of Burnaby are strategically positioned to 

champion the development of a 'model' sustainable urban neighbourhood. This 

represents the ideal opportunity to achieve SFU's goals of developing a community of 



"international acclaim" and enhancing the University's sense of community. As well, the 

application of sustainable development principles and design guidelines at both SFU and 

the Burnaby Mountain community project should provide significant economic benefits 

to the University's Endowment Fund. 

This research project is by no means completely cornprehensive. Research 

opportunities abound in areas surrounding the community development on Burnaby 

Mountain and many transportation-related areas. For example, given that the University 

community (Le. the general public) was not consulted on this project, there exists an 

opportunity to study public input, participation, and community-based land use planning 

at SFU. Furthermore, opportunities exist to study the application of full cost accounting 

to this study's proposed transportation and land use plan, as well as  to the land use plans 

initially developed for the BMCD project (Le. the OfTicial Community Plan and 

Development Plan Concept). The integration of SFU's Harbour Centre campus and the 

extension of SkyTrain to Lougheed Mal1 were also not investigated in this study and 

could form the b a i s  of a more comprehensive transportation plan. Finally, other issues 

surrounding sustainable urban development, such as housing and affordability, witdlife 

and habitat impacts, water management, and community energy planning, would 

complement this study and should thus be investigated. 

It is now time for action. The transportation and land use policies prescribed in 

Tables 6-7 and 6-8 have been proven effective in reducing automobile dependence. 

Given this, SFU and the BMCC should now incorporate these tools into their growth 

management plans to mitigate short-term transportation problems, as well as to shape and 

enhance the future livability of its Burnaby Mountain campus. 



Epilogue 

This project has changed my life. My initial objective was to "get a s  many people 

out of fheir cars as  fast as possible by whatever means available!" At that time 1 feit a 

sense of urgency - and 1 still do - but was focusing my energy in the wrong place. Given 

the transport econornics of today (Le. a litre of bottled water is more expensive than a litre 

of gas), 1 now feel that transportation behaviours may be more successfully influenced by 

creative and convenient services and smart land use planning that make it so  elementary 

to walk, cycle, or take transit that driving a car would be considered nonsensical. 

Community-based shuttle programs - like the "SrudentMoveJ' concept - UPASS travel 

cards, and compact, complete community designs are exampies of incentive-based 

strategies that could shape transportation behaviours without much conscious attention. 

And what better place for implementation - Simon Fraser University - an institution that 

prides itself on innovation and leadership. 1 urge SFU ta start looking at 'not only the 

trees but the forest as well,' as 1 believe this would be the first step towards a healthier 

environment, stronger economy, and a more livabie and dynamic community. SFü - 

you're literally in the drivers seat! 



Appendix 1. Inventory of Discounted Transit PassJUPASS Programs at Universities 
and Colleges across North America (Poinsatte and Toor 1999; Graves 1993; Brown, 
Hess, and Shoup 1998; Shoup 1998; N.D. Lea Consultants 1997; BC Transit 1998; 
Lovegrove 1998) 

decrease in al1 vehicle 

increase 

University of California - Santa Cruz nia $8.25 
University of Georpia - Athens d a  $0.75 
Cal Poly State University nia $0.85 
Appalachian State University nia $1.60 
University of Pittsburgh d a  $1.75 
University of California - Santa Barbara 6% transit increase $1 .90 
Santa Barbara City College 36% transit increase $1 .90 
University of Massachusetts - Amherst d a  $2.10 
Ohio Stace University nia $2.40 
Virginia Polytechnic lnstitute and State nia $2.85 
Univ. 
Auraria High Education Centre (Univ. of d a  $3.15 

1 Colorado - Denver and 2 Denver Colleges) 1 1 
University of California - Davis 255% transit increase $3.25 
San Jose State University nia $3.25 
University of Colorado - Boulder 400% transit increase $3.40 
Marquette University nia $5 
University of Utah d a  nia 
University of Arizona d a  nia 

d a  d a  
University of Indiana d a  n/a 

j3 Results shown may not be fully attributcd to the UPASS program, as other TDM programs in existence at 
these particular universities/coIleges may have also contributed to these results. Howevcr, UPASS is 
believed to be the primary factor that has influcnced these results at the majority of thcse 
universities/colleges. Furthemore, monthly user fees are approximate, based on the above literaturc. 



Appendix 1. Inventory of Diiounteà Transit PasdUPASS Programs at Universities 
and Colleges across North Arnerica (Poinsatte and Toor 1999; Graves 1993; Brown, 
Hess, and Shoup 1998; Shoup 1998; N.D. Lea Consultants 1997; BC Transit 1998; 
Lovegrove 1998) - continued 

University of Iowa d a  $5 
Michigan Smte Universitv d a  

1 Universitv of Texas 1 d a  
1 Washington State University 1 d a  1 d a  

Penn State College 
Duke University 
Western Michipan University 

1 University of Oregon - Eugene 1 d a  1 d a  

University of Florida 
University of Chicago and other Chicago 
Universities (12 in total) 

d a  
d a  

35 8 transit increase 

d a  
d a  
nia 

d a  
d a  

Yale University 
University of laiifornia - Berkeley 
Harvard University 

$5.85 
$15 

Portland State University 

d a  
d a  
d a  
nia 1 d a  

a d  - : , '-1 >,"-- - r  - -'- . . - - 7 .- . . - . . :. . - -  

University of Victoria 

1 Univ. of Western Ontario I d a  I d a  

d a  
d a  
d a  

University of BC 
Camosun College - Victoria 
Queens University 
McMaster University 
Trent University 
Lakehead University 

University of Guelph f d a  d a  
University of Waterloo d a  d a  
University of Ottawa, Carleton, and other d a  d a  
Ottawa-based colleges 

d a  

1 

- -  _ ,= - .  _ " - _  - - . . - A  _ -  . . -  d * 

40% decrease in demand for parking 
pennits (Le. overall vehicle traffic) 

To start in Septernber 2000 
n/a 
d a  
d a  
d a  
d a  

..- - - 

S11 

d a  
$1 1 
d a  
d a  
d a  
d a  

- 

University ofCalgary 
University of Alberta 
University of Lethbridge 
Quebec Transit Systems - al1 universities 
and collenes 

d a  
d a  
nia 
d a  

d a  
d a  
d a  
d a  



Appendix 2. Transit-Oriented Development Design Guidelines (Calthorpe 1993) 

Site Size: new growth areas may consist of 40-160 acres of land that are wholly 
undeveloped or have some minor amount of existing uses. 
Walkability: a maximum 2,000-foot radius (IO-minute walk) generally represents a 
cornfortable walking distance for the majority of people. 
Core CornmerciPl Area: located adjacent to the transit stop and providing 
convenience retail, supermarkets, restaurants, entertainment, recreation, second-floor 
residential, employment opportunities and office and other general services. Its 
location is key in encouraging foot and bicycle travel and should be visible from the 
main transit station. Mixed-use core commercial areas are the pnmary link between 
transit and land use. Sufficient retail and commercial space within walking distance 
of most residents is crucial in reducing non-work auto trips and maintaining the 
incen tive to use transit. Typical core commercial centres include: 

Minimum of 10% of the total development site: 
a Minimum of 10,000 ft2 next to the transit station. 
a Minimum of 10,000 ft' of convenience shopping and retail (up to 

25,000 ft2). 
a Minimum of 80,000 ft' for a neighbourhood centre with a 

supermarket, drugstore and supponing uses (up to 140,000 ft2). 
a Minimum of 60,000 ft2 of specialty retail stores (up to 1 20,000 ftz). 
a Minimum of 120,000 ft' for a cornmunity centre with convenience 

shopping and department stores. 
Residential Areas: housing is within a convenient walking distance (2,000 feet 
maximum) from core commercial areas and transit stops. Furthemore, it provides a 
mix of housing types, including small lot single-farnily units, townhomes, 
condominiums, apartments and secondary (ancillary) units within an average 
residential density of 18 dwelling units per net acre (ranging from 10 to 25 dwelling 
units per net acre). A minimum of 10 upa is required to support local bus service and 
commercial-retail services. 
Feeder Bus Service: neighbourhood TODs should provide feeder bus service to the 
main trunk line or transit station, thereby increasing accessibility and convenience for 
transit users. 
Mix of land Uses: neighbourhood TODs should aim to achieve the following mix of 
land uses: 

Public = 10- 15% 
CoreEmplo ymen t = 1 040% 

a Housing = 50430% 
Street and Circulation System: the local street system should be recognisable, 
forrnalised and interconnected, converging to transit stops, core commercial areas, 
schools and parks. Multiple and parallel routes should be provided between the core 
commercial area, residential and employment uses so that local trips are not forced 
ont0 auto-oriented arterial streets. Streets should be pedestrian-friendly; sidewalks, 
street trees, and building entries must shelter and enhance the walking environment. 



8. Street Dimensions and Design Speds: street widths, design speeds and the number 
of travel lanes should be minimised without compromising automobile safety, on- 
street parking and bicycle access. Streets should be designed for travel speeds of 25 
krnh .  Travel lanes should be 8-10 feet wide. Total lane-width, with 2-way parking, 
should not be wider than 26 feet. 

9. Street Vistas: where possible, streets should frarne vistas of the core area, public 
buildings, parks and natural features. 

10. Sidewalks and Street Trees: sidewalks are required on al1 streets and should provide 
an unobstmcted path at a width of at least 5 feet. Larger sidewalk dimensions are 
desirable in core commercial areas where pedestrian activity will be greatest and 
where outdoor seating is encouraged. Shade trees are required dong al1 streets. 
Street trees should be spaced no further than 30 feet apart on the centre of planter 
strips or tree wells located between the curb and sidewalk. Local tree species and 
planting techniques should be selected to create a unified image for the street, provide 
an effective canopy, avoid sidewalk darnage and minimise water consumption. 

1 1 .  General Design Criteria: buildings should address the street and sidewalk with 
entries, balconies, porches, architectural features and activities which help create safe, 
pleasant walking environments. Parking should be placed to the rear of buildings. 
Elementary schools should be carefully placed within a TOD, such as the periphery of 
the community with direct links for walking, cycling, transit and auto travel. 

12. Bicycle Parking: bicycle parking facilities should be provided throughout core 
commercial areas, in office developments and at transit stops, schools and parks. 
Furthemore, other end-of-trip facilities, such as showers and locker rooms, are key in 
encouraging cycling. Given the weather conditions typical of this area, some parking 
facilities should be covered to shelter the rain and make cycling more cornfortable. 

13. Transit Stop Facilities: comfortable waiting areas, appropriate for year-round 
weather conditions, should be provided at al1 transit stops. Al1 stops should include a 
service schedule for the coiivenience of passengers. Passenger drop-off zones should 
be located close to the stop, but should not interfere with pedestrian access. 

14. Access to Transit Stops: streets should be designed to facilitate safe and comfortable 
pedestrian crossings to the transit stop. Street design should recognise the need for 
easy, safe and fast pedestrian access, by providing sufficient auto and peàestrian 
visibility distances, stop signs or rnanually operated traffic signals, handicapped 
access and clearly marked pedestrian-crossings. Park-and-ride lots, "kiss-n-ride," and 
major bus drop-off areas should not isolate the station from local pedestrians. 



Appendix 3. City of Burnaby's Official Community Plan, Schedule VI11 Parking 
Policies (Zoning Bylaw 511.12) (City of Burnaby 1999) 

Senior citizens housing: 1 space/5 units where established bus route44 and commercial 
facilities4' are located within 400 meters of unit; 1 spacel4 units where development 
is Iocated at a greater distance from an established bus route and commercial 
facilities. 
Child care facilities: 1 space/2 employees + 1 spaceIl0 spaces licensed for the facility. 
Churches: 1 spaceIl0 seau + 1 space/204.52 ft.' (19 m') of gross floor area used for 
assembly within a church building or hall. 
Kindergartens, elementary and junior high schools: 1 space/staff member. 
Hotels: 1 space/2 sleeping units. 
Places of public assembly (e-g. community centres): 1 space/96.88 fi.' (9 m') of floor 
area in areas without fixed seats (or 1 spacelI0 seats). 
Recreational uses (e.g. swimming pools): 1 spacel495.16 ft.' (46 m') of gross floor 
area + 1 spaceIl0 seats. 
Banks, business administrative, and professional offices: 1 spacel495.16 ft.' (46 m') 
of gross floor area. 
Medical or dental offices and clinics: 1 space/301.40 ft.2 (28 m') of gross floor area. 
Restaurants: 1 space/5 seats (50 seats or more, pubs, drive-ins); I space/495.16 ftSL 
(46 m2) of gross floor area (50 seats or less). 
Retail stores and personal service establishments: I spacel495.16 ft.' (46 m') or gross 
floor area. 
Shopping centres and supermarkets exceeding a retail floor area of 2002.15 ft.' ( 186 
m'): 1 space/150.70 ft.' ( 14 mZ) of retail floor area. 
Discotheques: 1 space/lO seats + 1 space/96.88 ft.' (9 m') of gross floor area. 

"Established bus route" shall mean a bus route providing service with no more than 30 minutes between 
buses travelling in the sarne direction (City of Burnaby 1999.3 - Parking Zoning Bylaw). 
" "Commercial facilities" shall mean commercial-retâil establishments in a group of 4 or more within a 
one-block length of a roadway (City of Burnaby 1999.3 - Parking Zoning Bylaw). 
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