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Abstract 

With the increasing population of students studying at the University of British Columbia (UBC), efficient and sufficient transportation is needed in order to connect the ever growing community of students and staff in Vancouver. In order to solve problems with crammed buses during rush hours and provide a more comforting commute for students, we propose two routes on how TransLink could build a SkyTrain line into UBC. Our analysis aims to provide two different scenarios in which this can be done where both routes will connect to the existing Millennium, Expo, and Canada Line. One route will be based on population density and the other route will be based on connecting areas that lack access to transit methods into UBC. From the analysis, the first route will guarantee to be the fastest commute into UBC while the second route will provide a faster route into UBC for people living along Southwest Marine Drive and be easier to build based on topography. 














Description of Project 

Scenario 1: Planned SkyTrain Route based on Population Density & Connectivity
In this scenario, we have chosen to plan a route from Joyce-Collingwood Station and go along 41st Avenue, Dunbar St, W 10th Ave and into UBC. There are two reasons that we designed this line. Firstly, 41st Avenue is populated in terms of number of households and it stretches over several local areas. Secondly, it connects to several existing bus and SkyTrain stations, in which is convenient for people to transfer. For example, we have designed this route to connect with the existing Millennium/Expo Line and Canada Line to make people easier to transfer.
In terms of setting stations, we took into the consideration of population density in each local area and existing transit connections. The stops that we have chosen are as follows:
Joyce-Collingwood → Victoria Station → Fraser Station → W 41st Ave & Oakridge → 
Arbutus Station → Dunbar Station → West Broadway & W 10th Ave → UBC
Scenario 2: Planned SkyTrain Route analysis based on Topography & Connectivity
In this scenario, we have chosen to plan a route from Joyce Station, going along Marine Drive and into UBC. We have chosen this location for two reasons. Firstly, Marine Drive is one of the straightest expressway linking the two locations together. Secondly, it connects populations who live along Marine Drive who require transit into UBC.
During our selection of stops, we took into the consideration of road traffic frequency along the main arterials of Vancouver. Routes which had links into other districts (such as Richmond) were taken out of consideration, along with routes that were part of BC-99, due to the problematic construction effects. Thus, Oak Street and Knight Street were taken out of consideration. Our final chosen stops are as follows:
Joyce Station → Boundary Road and Marine Drive → Victoria Drive and Marine Drive → Cambie Street and Marine Drive → Granville Street and Marine Drive → Dunbar Street and Marine Drive → Wesbrook Mall → UBC Bus Loop  
Methodology of Analysis 
Scenario 1: Planned SkyTrain Route based on Population Density & Connectivity
In order to analyze where would be the best route for population density, we have acquired data from UBC’s database for existing TransLink bus and SkyTrain’s routes and stations. We also acquired data from the University of Toronto’s CHASS database in order to gather information on Vancouver’s total census population. Other data we have looked at comes from data we have used in our labs, such as Vancouver Mask, topology, etc. After deciding on our route, we have used select by attribute to make a new layer in order to highlight our route into UBC. Then, we imported the database file data downloaded from the Toronto University’s CHASS website for total citizenship status, which we are using to represent total population and we joined the table into the census tract layer. We made sure the Vancouver census tract layer we are joining the table with is unclipped because, if it is clipped, we would have small regions around the clipped area with huge population information, since the information does not get clipped. Once we have exported the data, we made sure the shape area in the layer is converted into square kilometers. Then, in order to calculate the population density by census tract, we added a field in the layer’s attribute table and calculated total population over area per square kilometer. The new field shows population density and in order to visually represent it on the map, we reclassified its features by using manual breaks. We chose manual breaks because it can allow us to show the density on how we think it can more accurately be portrayed on a map based on the data’s distributions. After visually seeing where the denser areas are, we added a local area border in order to easily see which region of Vancouver the dense area is in. By that, we are able to propose stations around the densely populated areas. We also clipped other layers, such as the existing SkyTrain routes, SkyTrain stations, and bus stops to show only the metro Vancouver area to focus on its area of analysis.
Scenario 2: Planned SkyTrain Route based on Topography & Connectivity:
For the analysis of this scenario, we split the research into two parts. First, we obtained data from British Columbia’s database (DataBC) for the topography of the Greater Vancouver Area, which was then clipped to center on the Vancouver area itself, showing the topography of our research area. Our second analysis was based upon retrieved data from UBC’s database for transit links (SkyTrains, Canada Line and Buses), in addition to data specific to the buses that run along Marine Drive, from TransLink. In our analysis, we attempted to plan a route that would allow for connectivity to main transit stops; whereby people travelling via the Expo or Millennium Line can board the train from Joyce-Collingwood Station and people travelling along the Canada Line can board at Marine Drive Station. In the same way, the proposed SkyTrain line will connect UBC to areas along Marine Drive, providing a way for populations living in this area to utilize the main arterial of Marine Drive. 
Discussion and Results 
Scenario 1: Analysis Based on Population Density 
The main reason for our project is to figure out what are some alternate feasible routes that can connect thousands of people each day at a more efficient and convenient way. As seen in the population density map (Appendix A), we can see that Vancouver is divided into several local areas. In this way, local areas help to show that the proposed route along 41st Ave is the most convenient line for several reasons.
Firstly, the proposed route along 41st Ave stretches across Vancouver through different populated local areas, such as Renfrew-Collingwood, Kensington-Cedar Cottage, Riley Park, South Cambie, Arbutus-Ridge, Dunbar-Southlands and West Point Grey. This reveals that building a route along 41st Ave allows more people to access without worrying about the busy traffic problems along other routes entering UBC. Secondly, even though there are two bus services, which are 41 and 43, that have direct transits to UBC from Joyce-Collingwood SkyTrain Station, it is usually taking more than one hour for people to take the bus to UBC during rush hours. Also, the 43 Bus only serve in weekdays during peak hours. Hence, the demand of the bus is always not sufficient for people, so people spend a large amount of time on commuting which is time-consuming. 
The results to the calculation of our route is outlined as follows: 
Total Planned Route Distance: 24.311170608km
No. of Stops: 8
Duration at each station: 30 Seconds
Assuming that the type of SkyTrain is the same model as the Canada Line, the top speed is 80km/h[footnoteRef:1]. Therefore, the total time required to travel from origin to destination is: [1: https://web.archive.org/web/20090326090147/http://vancouver.ca/engsvcs/transport/rto/canadaline/documents/20071214UpdatedFactSheetNo.1CanadaLineVehicle.pdf] 

Travel time(no stops)
Time = Distance ÷ Speed
Time = 24.311170608km ÷ 80km/h
Time = 0.3038896326 hours OR 18.233377956 Minutes


Stop time:
8 stops x 30 seconds each = 240 seconds or 4 minutes

Total Travel time = 18.233377956 + 4
Total Travel time= 22.233377956 or 22.23 minutes (2 decimal figures)

As a result, the implementation of a SkyTrain route along 41st Ave allows more people to transit to UBC in a convenient way because this route goes along populated areas and the total time of traveling is around 23 minutes which people can save a lot time on the traffic.
Scenario 1: Analysis based on Connectivity to Transit
This proposed SkyTrain route also helps to improve the connectivity to UBC along 41st Ave. Since there are lots of bus stops along 41st Ave (Appendix B), this route provides convenience for people to connect through other transportations.
Firstly, we can see that there are lots of bus stops connecting to 41st Ave. Therefore, bus transportation is not the only option if the proposed SkyTrain route is implemented. Also, during rush hours, it is usually taking a longer time to take buses to UBC. The SkyTrain route provides fast and easy transportation access for people travel to UBC directly without worrying about traffic conditions. Secondly, we decide to set these eight stations because there are more bus stops around these areas. Also, this proposed route helps connect to other existing SkyTrain routes such as Millennium, Expo and Canada Line. Therefore, this route provides a convenience for not only people in Vancouver, but also in other places like Burnaby, Coquitlam, Downtown and Richmond to transfer to UBC. For example, we decide to connect one of our proposed station with the existing W 41st & Oakridge Station of Canada Line because people from Richmond can also transfer through Canada Line to UBC. 
To sum up, we proposed these eight stations in the consideration of population density and connectivity to transit in order to provide a most convenient and fast route for people travel to UBC. Instead of worrying about traffic issues, people are having more choices to transit to UBC. This route is also one of the answers to our research question of what is the best alternate route to connect people into or out of UBC at the most efficient and convenient way.  
Scenario 2: Analysis based on Topography
As seen on the Topographic map of Vancouver, we can see that most of Mainland Vancouver’s land consists of gentle slopes, aside from patches of flat land along Southwest Marine Drive. The uniformity of topography along Marine Drive makes this proposed route beneficial for building a SkyTrain line along Marine Drive in a few ways.
Firstly, the construction of a SkyTrain and subsequent SkyTrain stations along flat land incurs lower costs, as there is less of a need for building on slopes and inclines. This means that most of the stations can be vertically built either over the ground or underground without any technical restrictions whatsoever. Furthermore, by building on main arterials that are not as prominent in use, such as Oak Street and Knight Street, allow for construction to occur without affecting the current traffic flow between Vancouver and Richmond/BC-99 highway. Secondly, building our proposed route along Marine Drive enables the SkyTrain to share the efficiency of Marine Drive. Currently, the only way to utilize Marine Drive as a way to enter UBC can only be done by driving. The implementation of a SkyTrain route along Marine Drive allows inclusiveness for anyone to access this route, plus easing the city’s traffic congestion problems along other arterials that enter UBC. The gentle and consistent incline of Marine Drive makes this plausible, reducing the need to fit specific infrastructure to accommodate for slopes.
The results to the calculation of our route is outlined as follows: 
Total Planned Route Distance: 33.206317931km
Number of Stops: 9 
Stop duration at each station: 30 Seconds. 

Assuming that the type of SkyTrain is the same model as the Canada Line, the top speed is 80km/h[footnoteRef:2].Therefore, the total time required to travel from origin to destination is: [2: https://web.archive.org/web/20090326090147/http://vancouver.ca/engsvcs/transport/rto/canadaline/documents/20071214UpdatedFactSheetNo.1CanadaLineVehicle.pdf] 

Travel time (no stops)
Time = Distance ÷ Speed
Time = 33.206317931km ÷ 80km/h
Time = 0.4150789741375 hours OR 24.9047384482500007 Minutes

Stop time:
9 stops x 30 seconds each = 270 seconds or 4.5 minutes

Total Travel time = 24.9047384482500007 + 4.5
Total Travel time= 29.404738448250000 or 29.40 minutes (2 decimal figures)
Compared to Scenario 1, the proposed route for Scenario 2 is smoother, with less turns and weaving within the city. From a construction perspective, having less turns and corners along a route makes for an efficient and easily constructed SkyTrain system. Subsequently, the lack of turns also allows for SkyTrains to attain higher average speeds between stations. Overall, Scenario 2 is easier to build, because of the low incline of Marine Drive, has lower construction costs and allows for SkyTrains to reach higher speeds because of its relative straightness to Scenario 1. Furthermore, building a SkyTrain route along Marine Drive allows access for people living along the southern areas of Vancouver to receive efficient transit into UBC or towards main SkyTrain lines.
Scenario 2: Analysis Based on Connectivity to Transit:
The second proposed SkyTrain line would improve the resident’s connectivity to UBC along Marine Drive. Since travelling along Marine Drive has limited choice for public transportation.  Firstly, according to the map we can know there is less bus stops along the Marine Drive especially SW Marine Drive. Only several bus stops served between Granville Street and Westbrook mall on SW Marine Drive. The residents that live near to SW Marine Drive have public transportation difficulties for linking other districts unless they all have vehicles. Proposed Marine Drive line provides easy transportation access between them and their destinations. Secondly, the buses that run along SE Marine Drive do not have routes linking UBC to these areas. According to TransLink there is only one bus (Bus 100) working along SE Marine Drive, and its last stops is at Marpole Bay loop. If passengers need to go into UBC, they would have to transfer to other buses, which takes a longer time. Since there are 9 proposed SkyTrain stations, it would be more convenient for passengers directly go to UBC from Joyce Station. Finally, the proposed SkyTrain Line was designed to link transit hubs together. Thus, our route passes through Canada Line and Expo Line together in the Vancouver district. Passengers are not able to make free transfers between SkyTrain lines before, which means the connections between SkyTrain lines are not tight.
Overall, the proposed Marine Drive Line enriches the residents’ transportation choices and makes the district's connection more extensive in term of south Vancouver and UBC.  
Errors and Uncertainties 
Although we find that these are the best routes to connect the suburbs into the UBC, there are still a few limitations to our research. For example, in scenario 1, we decided to use manual breaks to classify our categories of population density. We think it is accurate for our portrayal, but we do not guarantee that there is no bias in our decision. It may not be reliable or valid since it is based on personal opinions. We also do not have data on the road conditions of West 41st Ave on our map, so our analysis cannot be guarantee that this route is feasible. Our route consists of 2 really sharp turns at Dunbar Station and the West Broadway station where it may be an issue for construction. There are also controversial issues over Indigenous territory and since UBC is an unceded territory, we will need to negotiate with the Indigenous people in order to proceed with the project. Moreover, the census tract data that we used are from 2011, so there may be some changes with the distribution of population during the 5 years.  
With Scenario 2, there are a few limitations with regards to our research. First and foremost, despite our plans to keep interference with current traffic to a minimum, Marine Drive is ultimately a busy section of Vancouver, as it is a route that links Vancouver to areas such as Burnaby, New West and Coquitlam. Therefore, the practicality of constructing a SkyTrain system, whether above or below ground is still problematic, as there will be a degree of obstruction to the current traffic flow on the short term. Furthermore, similar to scenario 1, sections of scenario 2’s proposed route is built on First Nations unceded land, making the process somewhat complicated, as negotiations will have to be set to discuss and consolidate a solution. Additionally, although this proposed route will benefit the developments that are feeding into the demand for new housing, such as condominiums along Southern Vancouver in the long run, the developments will also raise the value of the land in the area, thus increasing the cost of construction. 
Further Research & Recommendations 
For further research in Scenario 1, West Broadway station could possibly be moved to the area on the border of the darker green census tract along West 10th Avenue, as shown on the map (Appendix A). This can make the routes a little less of a sharp turn, but we will have to first take into the consideration of the road conditions. Is the road too narrow for a SkyTrain route? Will an underground route work better? What are the costs, the time, and the disturbances that will happen to current traffic if the project should proceed? These were the questions that we could not answer in our research, so it is recommended for in-depth research projects. 
To develop further research for Scenario 2, we can look into the indigenous land surrounding the area, creating a buffer for the proposed lines, in order to consolidate a win-win solution. Another suggestion would be to look into alternate transit types, such as streetcars, which would reduce the construction needed along Marine Drive. By utilizing the current road instead of creating new infrastructure, it would greatly reduce the amount of time needed to construct and reduce the effect on the current traffic flow. Moreover, we could use questionnaire data to survey the population living in the area to determine whether there is an actual need for a transit line into UBC. Another addition to our research could be looking into the physical integration of the Canada Line Station and the Expo Line Station. Currently, our proposed route hypothetically links these two stations. However, we did not take into account the physicality of the location itself. For example, whether there is developable space at the location or whether current infrastructure can facilitate for another line. In addition, the Vancouver tsunami affected areas also would be a further research for building the Marine Drive proposed SkyTrain lines. Vancouver is located at the western coast of North American Plate, making the location vulnerable to the possibility of Earthquakes. The lower land of Vancouver has potential risks for Earthquake and we might have to keep in mind the destructive influence that Tsunami brings to public transportation in Vancouver.  These are the questions that can further develop our research. 
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Maps & Figures
[image: FinalprojectPD.jpg]Appendix A

This map shows clearly where the stations are placed based on population density.
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This map clearly shows where the stations and routes are planned based on bus stops. 
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