Enhancing the Orange Line: Opportunities
for Connectivity and Development
By Tamar Sarkisian
As a life-long San Fernando Valley resident and public transit user, I have consistently
experienced difficulty with commuting out of the San Fernando Valley to go to work or school.
This commute is primarily time-consuming during the morning rush hour traffic. As a mid-Valley
resident (see Figure 1 below) with close proximity to different transit options, such as the 405 freeway, the
Orange Line, and
the Sepulveda and
Van Nuys Rapid
buses, I have been
curious about how
people are affected
when they live
farther away, than
myself, from such
transit
opportunities. This
curiosity was
expanded after I
read a report by
MIT’s Mizuki
Kawabata titled,
“Job Access and
Employment among
Figure 1: Map of Tamar’s House
Low-Skilled
Autoless Workers in US Metropolitan Areas”(2003). The report examines the effect of transitbased job accessibility on low-skilled autoless workers in various US cities, including Los
Angeles. Kawabata finds that the probability of a low-skilled, carless person being employed
and working more than 30 hours increases as the person’s proximity to public transit also
increases. Thus, my initial inquiry seems to have some merit.
This project focuses on the newest and largest transportation project in the San
Fernando Valley, the Orange Line (OL) Bus Rapid Transit System (BRT), and what current transitconnectivity issues exist with regards to this system. My project is a “spin-off” of a 2011 Federal
Transit Administration (FTA) report titled, “Metro Orange Line BRT project Evaluation” (Flynn et
al. 2011). This report includes the demographics of the OL riders, including the fact that the
majority of riders’ annual household income is $35,000 or less, households own 0-1 vehicles,

and use the OL to go to work.(Flynn et al. 2011) Unfortunately, this report does not examine
any issues regarding these riders’ daily journey to the OL stations. For example, there is no
query regarding how far these riders travel to connect to the station, how long this commute
takes, or why they do not live closer to the stations. My project fills these gaps. I will first
determine where OL riders most likely begin their daily commutes and whether these areas
need better connectivity to the OL stations. I will then examine by what means carless OL riders
access the stations and how long it takes them to access the stations by bus. Lastly, I will
examine the affordable housing and multi-family housing stock to determine why riders do not
live closer to the OL stations.

Part 1: Hot Spot Analysis Indicating Areas with Greatest Need for Orange Line
Connectivity
In order to determine where the majority of OL riders are beginning their daily
commutes every morning, I first examined the spatial distribution of the three demographic
variables mentioned above. Since an overwhelming majority, about 72%, of OL riders surveyed
in the FTA report mentioned that their annual household incomes are $35,000 or less, my first
map illustrates the spatial distribution of this income group throughout the San Fernando
Valley (see
Figure 2). In
order to create
this map, I used
the 2010 Census
survey results
and aggregated
the results of the
income groups
up to $35,000.
The map
highlights the
block groups
that have 50%100% (i.e. the
majority) of the
households
within that block
group earning
$35,000 or less.
Figure 2: Concentration of People Whose Household Income is $35,000 or Less What is worth
noting in this
map, is the concentration of these block groups along the Sepulveda Blvd and Van Nuys Blvd
corridors. While a few are located just near these two stations, a large number are located

much farther north. Those block groups that are farther north are located in the Van Nuys,
Panorama City, Sylmar, and Pacoima communities.
The next variable that I examined is the households that own no vehicle or just one
vehicle. I again, highlighted those block groups that have a majority (i.e. 50-100%) of the
households owning 0-1 vehicles (see Figure 3). In the map, these block groups are outlined in
purple. I
chose to
outline the
polygons so
that the
income
results from
the previous
map could
still be
displayed.
Once again, a
large number
of block
groups along
the
Sepulveda
Blvd and Van
Nuys Blvd
corridors
Figure 3: Concentration of People Whose Household Income is $35,000 or
Less and Own 0-1 Vehicles

have an
overlapping
of these two
variables.

It is possible that a number of the households that own 1 vehicle could just be 1 person
households. Thus, the variable may not accurately capture the transit-dependent population
whose location I am interested in examining. Thus, the next map (see Figure 4) highlights the
block groups that have an above average percentage of people who use public transit to travel
to work, compared to the average percentage for Los Angeles County. The way that I captured
this was to first use the results from the 2010 Census for the percentage of people who use
public transit to travel to work in LA County and find the average for all of the block groups in
the County. The average for the county, by block groups, is about 7%. I then mapped the results
for the block group in the San Fernando Valley. When I displayed the graduated symbols for
these results, I normalized it with the average for LA County. I removed the block groups that
were below this average in Adobe Illustrator, so that I could merely show the ones that were
above this average. The results show that a great deal of “above average” public transit users

are located along the OL. However, a large concentration of these block groups quite a distance
north of
the line. It
is also
important
to note the
substantial
number of
“above
average”
public
transit
users in the
western
part of the
Valley.
While
some are
sprinkled
near the OL
stations,
there are
many more
Figure 4: Percentage of People Who Use Public Transit to Travel to Work,
located
Compared to the Average Percentage for Los Angeles County (7%)
some miles
north of the
OL. The white line that runs diagonal on the map is the Metrolink rail line. The heavy
concentration of “above average” public transit users in the western part of the Valley, seem to
be located just south of this diagonal line.

This diagonal
line will serve as a
marker in the next
map (see Figure 5),
which displays the
Euclidean distance
to the OL stations, in
1 mile intervals. The
Euclidean Distance
tool allowed me to
measure the

Figure 5: Euclidean Distance: Distance to the Orange Line Stations

straight-line distance, or the shortest route between two points, from each cell in my San
Fernando Valley block group demographic shapefile to the closest OL station. It was important
for me to incorporate this distance as a fourth variable in my analysis, because it will allow me
to best locate the areas with the most need for connectivity to the OL. This map shows that the
people living just south of the Metrolink rail line (i.e. the diagonal line) are located 3 miles away
from the closest stations. Those block groups in Pacoima and Sylmar that we noticed having
high concentrations of households making $35,000 or less and owning 0-1 vehicles are shown
to be more than 5 miles away from the nearest Orange Line station.
With the prior maps, we were evaluating the relationship between OL usage by block
groups based on different attributes, such as income or distance from the nearest OL station.
By “rasterizing” all of these variables and indexing them, I was able to create a map that shows
the “hot spots” for high OL usage and need for greater connectivity to the OL. This “hot spot”
map (see
Figure 6) was
created by
first
converting
my vectorbased
shapefiles for
income, car
ownership,
and public
transit usage,
to raster files.
I built a
model (see
Appendix)
that could
perform the
“feature to
raster”
Figure 6: Hot Spot Analysis - Where is there the Greatest Need for Orange Line function for
Station Connectivity?
all three
variables with one tool, rather than performing this function three times. I then reclassified
these three rasters, along with the OL station raster I created for my Euclidean Distance map. I
was once again able to do this with one function, because I created a model (see Appendix) that
could do the reclassification for all four variables at the same time. I ended up giving greater
weight to people with lower incomes, to those living farthest from the OL, to areas that have
high percentage of people using public transit, and to those who own 0 or 1 vehicle. I then
placed all of these rasters into one index using the Raster Calculator. Thus, the “hot spot” map
illustrates, in dark red, where there is the highest need for OL usage and OL station

connectivity. In the western Valley we once again see the area just south of the Metrolink rail
line being highlighted. This area falls right along the Reseda Blvd corridor. The southern end of
this corridor is where the Reseda OL station is located. In the Eastern Valley, we also once again
see that the neighborhoods along the Sepulveda Blvd and Van Nuys Blvd corridors are in need
of greater connectivity. Panorama City, which is the area just north of the Metrolink line,
Mission Hills, Sylmar, and Pacoima stand out as being in need for greater connectivity.

Part 2: Ridership Analysis & Network Analysis of Orange Line’s Main “Feeder
Buses”
The previous maps indicate that there is a high concentration of OL riders 3 or more
miles away from the OL stations. Given that the majority of OL riders indicated that they have
0-1 vehicles in their household, it is very likely that riders use another form of public transit in
order to access the Orange Line. Upon further inspection of the north-south transit lines in the
Valley, it was
interesting to
find that the
north-south
Rapid lines
that exist in
the Valley run
along the
corridors that
we found to
be in high
need for OL
connectivity
(see Figure 7).
The 741
Rapid Bus line
is located
along Reseda
Blvd, the 734
Figure 7: Rapid Bus Lines that “Feed” Certain Orange Line Stations
Rapid Bus line
is located along Sepulveda Blvd, and the 761 Rapid Bus line is located along Van Nuys Blvd. In
order to verify my theory that OL riders are most likely using another form of transit in order to
access the Orange Line, I wanted to map the daily ridership of these Rapid Bus lines. Based on
how large or how few this ridership is, I could determine if my theory was merited or not.
I acquired the average daily bus boarding and alighting data from the Los Angeles
County Metropolitan Transit Authority. The data listed the daily bus boardings and alightings by
bus stop. I was able to illustrate this data on my map by plotting the X Y coordinates of these

bus stops on
the map. The
stops that
are located
above the OL
are for the
buses
travelling
south (i.e.
toward the
OL) and the
stops located
below the OL
are those
that are
travelling
north (i.e.
toward the
OL.) This
map (see
Figure 8: Average Daily Bus Boarding Data for the Reseda Blvd, Sepulveda Blvd, Figure 8)
and Van Nuys Blvd Rapid Lines
indicates that
many
hundreds of people are in fact using this Rapid bus lines to access the OL. The Van Nuys Blvd
Rapid Bus has very high daily boarding rates, compared to the other two Rapid lines.
Since these Rapid lines seem to be a very important north-south transit connection for
the transit-dependent population in the Valley, I wanted to examine the duration of time that it
takes riders to travel to the OL with these Rapid Bus lines. In order to accomplish this, I created
a shapefile based on a Network Dataset for bus travel time on all road segments. The Network
Dataset was created by using a Tiger/Line road dataset for all of LA County that I clipped to the
San Fernando Valley region. This road dataset merely included the speed limits of these road
segments. Since buses generally travel at slower speeds than regular vehicles, I used a chart
created by the Transportation Research Board for bus speeds (Transportation Research Board,
2nd Ed.). These speed limits are based on the regular speed limit of the street and the average
distance between bus stops. In order to calculate bus travel time I used the geometry calculator
to get the length of the road segments and by using the field calculator, I divided these lengths
(in miles) by the bus speed limit (in miles/hour) and multiplied the product by 60. This network
dataset was used to generate service areas located 15, 30, and 45 minutes away from the
Reseda, Sepulveda, and Van Nuys OL stations.
The maps (see Figures 9, 10, and 11) show that the “hot spot” areas that were located
along the Reseda Blvd and Van Nuys Blvd corridors are in the 30 minute and 45 minute service

areas. However, the “hot spots” along the Sepulveda Blvd corridor are falling within the 15
minute service areas. Thus, the Spatial Analysis indicates just how time consuming it is for those

Figure 9: How Long Do Orange Line Riders Typically Travel to the Van Nuys Station by Bus

Figure 10: How Long Do Orange Line Riders Typically Travel to the Sepulveda Station by Bus

Figure 11: How Long Do Orange Line Riders Typically Travel to the Sepulveda Station by Bus
living farther and farther north of the OL. This is particularly important to note, because the OL
is in many ways a connector to the Red Line. Unlike the OL, the Red Line actually travels
through numerous job centers in the County. Thus, if people are using the OL to travel to work,
it is very likely that the OL is not the last public transit system that they will be using for their
daily journey to work. But if OL riders are also using non-grade separated bus lines to access the
OL stations, in addition to the Orange and Red Lines, their total commute time is becoming
extremely long.

Part 3: Analysis of Multi-family Housing Stock & Housing Affordability
Given the timely commute that most OL riders are most likely taking every day to travel
to work, I was also curious about why the transit-dependent populations in Sylmar, Pacoima,
Panorama City, Mission Hills, and Van Nuys do not live closer to the OL stations. Living closer to
the stations would reduce the number of transfers between different transit systems and
therefore, the total commute time.

The landuse maps indicate whether or not there is a high volume of multi-family
housing
within a
half-mile
(i.e. the
“walkable”
distance)
radius
around the
OL
stations.
The first of
these set
of maps
(see Figure
12) show a
closer look
at the
allocation
of land
uses
around the
Figure 12: Land Use of the Half-Mile Radius Surrounding the Eastern
Orange Line Stations
easternhalf of the
OL stations
and the
second (see
Figure 13)
illustrates
that of the
westernhalf of the
OL stations.
The multifamily
housing is
colored in
dark
orange.
One can
see from
these
Figure 13: Land Use of the Half-Mile Radius Surrounding the Western Orange Line
Stations

maps, that the majority of these buffers include single-family (beige color) and commercial
(pink color) land uses. Those stations that do include quite a bit of multi-family housing include
North Hollywood, Laurel Canyon, and Reseda. When I aggregated the land uses within all of
these buffers, I found that 44% of all land uses are single-family residential, while only 17% are
multi-family residential (see Figure 14). There is actually more commercial properties than
there are multi-family residential properties.

Figure 14: Allocation of Land Use within the Half-Mile Radius Surrounding All Orange Line
Stations
I next wanted to evaluate the cost of housing surrounding the OL stations compared to
the northern Valley neighborhoods. I used the median cost of rent per block group and
multiplied the amount by 12 to get the annual cost of rent. I then wanted to find out, if a
household earns $35,000 per year, how much of this income would they spend on rent if they
lived in each block group? In the US, “affordable housing” is defined as no more than 30% of a
household’s income. Thus, those block groups that have a median cost of rent that is less than
or equal to 30% of $35,000 were classified as “affordable.” If the cost was 31-40% of $35,000 it
was classified as “Somewhat Unaffordable,” 41-50% of $35,000 was labeled “Very
Unaffordable,” and 50% or greater was categorized as “Extremely Unaffordable.” The areas
closest to the OL stations (see Figure 15) all fall into the “Very” and “Extremely Unaffordable”

categories. However, it is interesting to see that areas in the northern Valley include the most

Figure 15: Distribution of Affordable Housing in the San Fernando Valley
affordable housing in the whole region. The farther north you live, the more affordable the
housing seems to be. Thus, it is quite possible that access to affordable housing is the reason
why OL riders do not live close to the OL stations.
Conclusion
There are three key issues that were highlighted by this geographic analysis. Firstly,
there is a lack of north-south connectivity in the San Fernando Valley. This can be mitigated by
increasing the number of Rapid lines to the Orange Line stations and/or developing a light-rail
transit line or grade-separated Bus Rapid Transit line along one of the north-south corridors
(e.g. Sepulveda Blvd or Van Nuys Blvd). Secondly, current connectivity to the stations by bus are
slow and inefficient. This issue could be resolved by increasing the number of buses in each
Rapid Line and improving traffic light coordination to allow north-south traffic to move quicker.
Thirdly, there seems to be a lack of Multi-Family housing and affordable housing near the
stations. This could be resolved if the planning department changed the zoning of vacant land
to allow higher density development and made the entitlement process for affordable housing
development much easier. In addition, Metro could sell its park-and-ride lots to allow infill

development. Lastly, greater public financing, such as low-interest loans or tax-exempt bonds,
could help spur affordable housing development projects.
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Model Used to Reclassify the Rasters

