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APPENDIX A: 
INTERSECTION TURNING MOVEMENT COUNTS 
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APPENDIX B: 
EXISTING CONDITIONS INTERSECTION 

LEVEL OF SERVICE CALCULATION WORKSHEETS 
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APPENDIX C: 
PROJECT TRIP GENERATION 



100 Pringle Avenue, Suite 600  Walnut Creek, CA 94596  (925) 930-7100  Fax (925) 933-7090 
www.fehrandpeers.com

MEMORANDUM

Date: September 5, 2007 

To: Lynette Dias and Charity Wagner, RRM Design Group 

From: Sam Tabibnia and Emily Johnson  

Subject: MacArthur Transit Village Trip Generation 
WC06-2279 

This memorandum presents the methodology used to estimate trip generation that we propose to 
use for the MacArthur Transit Village project. 

The proposed MacArthur Transit Village is a mixed-use transit-oriented development (TOD) that 
includes 675 residential units, up to 44,000 square feet of retail, and 5,000 square feet of 
community space, to be developed on the existing MacArthur BART station surface parking lot 
and seven adjacent parcels.  Approximately half of the existing 600 surface parking spaces would 
be removed, and the remaining 300 spaces would be replaced in a parking garage.   

PROJECT TRIP GENERATION 

Trip generation for the project would include trips related to the residential, retail, and community 
space components, as well as any change in trips related to the loss of 300 BART parking 
spaces.  The trip generation will be adjusted to account for the project’s transit-oriented location 
and other factors as applicable.  Each of these project components is described below. 

Residential Trips 

The proposed MacArthur BART Transit Village includes 675 residential units, which includes a 
mix of below market rate rental units and market-rate for-sale condominiums.  We have estimated 
the residential trip generation using the ITE regression equation for Condominiums for the entire 
675 units.  Given the development’s location adjacent to the BART station, we have applied a 
transit-oriented trip reduction factor.  To determine an appropriate trip reduction factor, we 
reviewed data from comparable sites as well as datasets of transit-oriented development travel 
patterns.  

Fehr & Peers TOD Trip Generation Survey 

In 2006, Fehr & Peers surveyed two transit-oriented developments (TODs) adjacent to BART 
stations as well as a two-block neighborhood within ½ mile of the MacArthur BART station to 
quantify the differences between standard ITE trip generation rates and those for transit-oriented 
developments.  The sites that were surveyed are described below: 

La Terrazza Apartments is a 153-unit apartment complex located at 7800 El Camino 
Real in Colma, CA, 0.1 miles from the Colma BART station in San Mateo County.  The 
apartment complex is positioned to the east of the Colma BART station and sits atop a 
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residential parking garage and a 1,095 sq. ft. Subway sandwich shop.  Vehicle access to 
the parking garage is located on El Camino Real and there is direct pedestrian access to 
the east side of the Colma BART station, via the station transit mall, located on D Street.  
At the time of the trip generation observations, 110 apartments (72 percent) were 
occupied.   

Park Regency Apartments is an 892-unit apartment complex located at 3128 Oak Road 
in Walnut Creek, CA, 0.2 miles from the Pleasant Hill BART station in Contra Costa 
County.  The apartment complex is situated to the north of the Pleasant Hill BART station 
and has both underground and on-street parking available for residents.  The apartment 
complex has three gated vehicle and pedestrian access points.  Two of the access points 
are located on Oak Road and the third access point is located on Las Juntas Road.  
Pedestrians that use the Las Juntas Road access point can cross the road and enter the 
northern parking lot at the Pleasant Hill BART station.  The two vehicle driveways on Oak 
Road are shared with a commercial development that is adjacent to the apartment 
complex.  The commercial development includes a Subway sandwich shop, a local deli, a 
7-11 convenience store, a dry cleaner, a tanning salon, and a Taco Bell restaurant.  Trips 
to the retail were counted separately from trips to the residential units.  At the time of the 
trip generation observations, 746 apartments (84 percent) were occupied.   

36th and 37th Street is a two-block section of the Mosswood neighborhood located 
between Telegraph Avenue and Webster Avenue in Oakland, CA, near the MacArthur 
BART station in Alameda County.  This section of Mosswood has 54 single-family 
dwelling units and 149 multi-family dwelling units (townhouses and condominiums) and is 
located approximately 0.35 miles away from the MacArthur BART station.  There are four 
vehicle and pedestrian access points at the intersections of 36th and 37th Streets with 
Telegraph Avenue and Webster Street.  At the time of the trip generation observations, 
all of the residences appeared to be occupied.   

Peak period traffic counts (7:00 to 9:00 AM and 4:00 to 6:00 PM) of vehicle, pedestrian, bicycle, 
and transit use were conducted at the developments’ access points during typical weekdays in 
May 2006, when local schools were in session.  The count data is shown in Table 1.  The 
weather was sunny or partly sunny during all survey days.  Note that transit trips were not 
recorded for the 36th and 37th Street neighborhood because there are no AC Transit or BART 
stops within the neighborhood boundaries.  Any transit trips were most likely recorded as 
pedestrian trips, given there are AC Transit stops located along Telegraph Avenue and the 
MacArthur BART station is approximately 1/3 of a mile away.  Some transit trips were also 
potentially recorded as vehicle trips that began in the neighborhood and ended in the MacArthur 
BART station parking lot.   

As shown in Table 1, the vehicle mode share for the three projects was fairly consistent in the AM 
peak hour at between 63 percent and 75 percent of all trips, and varied more widely in the PM 
peak hour, from 64 to 83 percent of all trips.  The transit mode share for the two apartment 
buildings was fairly consistent at between 20 and 28 percent in the AM peak hour and 10 to 11 
percent in the PM peak hour.  
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TABLE 1 
SURVYED SITES: TRIP GENERATION DATA 

Vehicles Transit 
(BART)/Bicycles1 Pedestrians Total Trips 

In Out Total In Out Total In Out Total In Out Total

 La Terraza Apartments 

AM Peak Hour 4 26 30 0 12 12 0 0 0 4 38 42 

PM Peak Hour 25 18 43 2 3 5 3 0 3 30 21 51 

Trip % of Total 

AM Peak Hour 10% 62% 72% 0% 28% 28% 0% 0% 0% 10% 90% 100%

PM Peak Hour 49% 34% 83% 4% 6% 11% 6% 0% 6% 60% 40% 100%

 Park Regency Apartments

AM Peak Hour 52 193 245 1 70 71 10 7 17 63 270 333 

PM Peak Hour 172 85 257 34 1 35 41 40 81 247 126 373 

Trip % of Total 

AM Peak Hour 16% 59% 75% 0% 20% 20% 2% 2% 5% 18% 82% 100%

PM Peak Hour 47% 22% 69% 10% 0% 10% 10% 10% 20% 67% 33% 100%

 36th & 37th Streets (Single-Family Housing and Condominiums/Townhomes)

AM Peak Hour 30 49 79 0 4 4 11 32 43 41 85 126 

PM Peak Hour 49 56 105 5 3 8 30 22 52 84 81 165 

Trip % of Total 

AM Peak Hour 24% 39% 63% 0% 3% 3% 8% 26% 34% 32% 68% 100%

PM Peak Hour 30% 35% 64% 2% 1% 4% 19% 14% 32% 51% 49% 100%
1 Transit trips for the apartment complexes; bicycle trips for the 36th & 37th Street residences. 
Source: Fehr & Peers, 2006. 

The observed vehicle trips were compared to trips estimated based on trip generation data 
published in Trip Generation, 7th Edition (Institute of Transportation Engineers, 2004), consistent 
with the method presented in Trip Generation Handbook 2nd Edition (ITE, 2004).  The ITE trip 
generation is based on data collected at sites across the country, most of which are in suburban 
settings with minimal transit access, where all trips are made with private vehicles.  As shown in 
Table 2, the observed vehicle trip generation is between 33 percent and 48 percent lower than 
the ITE -based vehicle trip generation during the AM peak hour and between 28 percent and 45 
percent lower than the ITE -based vehicle trip generation during the PM peak hour.  On average, 
vehicle trips at the surveyed sites are 38 percent lower than the vehicle trips estimated by the ITE 
method.  Considering that the ITE rates are based on typical suburban developments with 
minimal transit access and that the surveyed sites are well served by transit, it is reasonable to 
assume that TODs would generate 38 percent fewer trips.   
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TABLE 2 
SURVYED SITES TRIP GENERATION VS ITE DATA 

Observed Trip 
Generation1

ITE-Based Estimated 
 Trip Generation2

Percent
Difference3

Site
AM Peak 

Hour
PM Peak 

Hour
AM Peak 

Hour
PM Peak 

Hour
AM Peak 

Hour
PM Peak 

Hour

La Terraza 
Apartments 30 43 58 78 -48% -45% 

Park Regency 
Apartments 245 257 371 430 -34% -40% 

36th & 37th Streets 79 105 1184 1454 -33% -28% 
  Average Difference -38% -38% 

1 Based on surveys conducted by Fehr & Peers in May 2006 and detailed in Table 1. 
2 Trip generation estimated based on ITE Trip Generation Handbook, 2nd Edition  method and Trip Generation, 7th

Edition data.
3 Calculated as 1-(surveyed trips/ITE-based trip generation).  
4 Sum of trips based on ITE equations for Single Family Detached Housing (Land Use 210) for 54 units and Residential 

Condominium/Townhouse (Land Use 230) for 149 units. 
Source: Fehr & Peers, 2007. 

Dowling Associates TOD Trip Generation Memorandum

Fehr & Peers reviewed the Recommended Trip Generation Adjustments for Transit-Oriented 
Developments in Oakland memorandum prepared by Dowling Associates and dated April 6, 
2006.  Dowling Associates uses Bay Area Travel Survey (BATS) 2000 data for TODs at the 
Hayward and Pleasant Hill BART Stations as well as Census Transportation Planning Package 
(CTPP) data on journey to work mode share for residents adjacent to the El Cerrito del Norte 
BART station to determine appropriate adjustments to ITE trip generation rates.  The El Cerrito 
del Norte BART station is at or near parking capacity, has basic pedestrian facilities, and is 
surrounded by typical suburban development with retail uses setback from the street, and 
surrounded by parking lots.  

Based on their research, Dowling recommends using the ITE regression equation for 
condominiums and reducing the trip generation by 40 percent for a development at a BART 
station where there is off-street parking available for residents.  

BATS 2000 Data

The Bay Area Travel Survey collects data about travel patterns and demographics for nearly 
35,000 persons, including those living within 1 mile and ½ mile of various transit operators, and 
persons not living near transit.  Fehr & Peers reviewed the BATS 2000 data on trip patterns for 
persons living within ½ mile of BART stations.  As shown in Table 3, the transit mode share for 
households living within ½ mile of BART was close to 36 percent.  This is consistent with the 
findings from Fehr & Peers’ trip generation surveys and the Dowling memorandum.  While the 
BATS data is not reported separately for households adjacent to BART, it is likely that their transit 
mode share would be higher than those living ½ mile from BART. 
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TABLE 3 
BATS 2000 DATA:  

HOME-BASED WORK MODE SHARE FOR HOUSEHOLDS WITHIN ½ MILE OF BART 

Mode Share 

In-Vehicle Person 48.3% 
Vehicle Driver 41.9% 
Vehicle Passenger 6.4% 

Total Transit 35.5% 
BART 22.5% 
Other Transit 13.0% 

Bicycle 3.5% 
Walk 9.8% 
Other 3.0% 

Source: Characteristics of Rail and Ferry Station Area Residents in the San Francisco Bay Area: 
Evidence from the 2000 Bay Area Travel Survey, Appendix P, Table P2, Metropolitan 
Transportation Commission, September, 2006. 

The analysis completed by Dowling Associates and the BATS 2000 data are consistent with our 
recommendation to apply a 38 percent reduction to the residential vehicle trip generation (using 
the ITE Condominium regression equations) for the MacArthur BART Transit Village. 

Other Factors 

Vehicle Ownership

Based on the latest project description received in June 2007, the proposed project would provide 
between 700 and 775 residential, retail and community use parking spaces.  Research on travel 
patterns in TODs finds that households with fewer vehicles have higher transit ridership than 
those with more vehicles.  For example, as cited in the Dowling memorandum, Cervero and 
Duncan found that for residents who live and work within ½ mile of a rail station, the probability of 
commuting by rail was 85 percent for households with zero vehicles, 44 percent for households 
with one vehicle, 25 percent for households with two vehicles, and 13 percent for households with 
three vehicles. 

Similarly, the BATS 2000 data for residents living within ¼ mile of the El Cerrito del Norte BART 
station (summarized in the Dowling memorandum and Table 4 below) shows that the percentage 
of residents commuting by transit drops from 70 percent for households with zero vehicles, to 33 
percent for households with one vehicle, to 21 percent for households with two vehicles, to 13 
percent for households with 3 vehicles.  Assuming that the number of off-street parking spaces 
provided for each unit influences vehicle availability, the relatively low ratio of 1.0 parking spaces 
per unit for the proposed residential units should encourage transit ridership.  
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TABLE 4 
PERCENTAGE COMMUTE BY TRANSIT,  

HOUSING LOCATION AND VEHICLES AVAILABILITY  

Number of Vehicles 
Available 

 Reside within ¼ mile 
 of BART station 

Reside between ¼ and ½ mile 
 of BART Station 

0 70% 45% 
1 33% 21% 
2 21% 9% 
3 13% 10% 

4+ 16% 9% 

Source: Recommended Trip Generation Adjustments for Transit-Oriented Developments in Oakland,
Dowling Associates memorandum to Natalie Fay, City of Oakland, April 6, 2006 (provided by 
Natalie Fay) 

Household Income

Lower-income households tend to have higher transit use than higher-income households, 
generally due to lower vehicle ownership rates.  Therefore, residents of the 113 below-market 
units in the proposed project may have higher transit use (and lower vehicle trip generation) than 
assumed. 

Retail Trips 

The proposed MacArthur BART Transit Village includes up to 44,000 square feet of commercial 
space, which most likely be neighborhood-serving retail space.  Although up to 10,000 square-
feet of commercial space may be converted to live/work units, this analysis assumes that all 
commercial space would be used as retail space. 

Because the retail space is relatively small and intended to serve primarily BART commuters and 
nearby residents, we have used the ITE trip generation rates for Specialty Retail, rather than 
Shopping Center.  Based on Oakland’s TIA guidelines, it is appropriate to use Specialty Retail for 
25,000 square feet or more of retail, but a pass-by reduction cannot be taken.  Because there is 
no AM data for Specialty Retail, we used the PM rate and reversed the in/out split.  This is likely 
conservative, as the retail may not be open during the AM peak hour. 

Literature on mode share for trips to transit-oriented retail locations shows a range from five 
percent to over twenty percent transit share for shoppers and up to forty percent transit share for 
retail employees, depending on the size of the retail center, its location, the transit service, and 
parking availability.  Given that the retail proposed for the MacArthur BART Transit Village is 
relatively small and neighborhood-serving, most of the trips are likely to come from BART patrons 
and residents of the adjacent housing, who will likely walk or combine the trip with their commute 
trip.  To be conservative, we have applied a five percent transit reduction to the ITE rates.  This is 
consistent with the low end of the TOD research on retail trips.  
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BART Parking Lot Trips 

The proposed MacArthur BART Transit Village project includes removing approximately 300 of 
the existing 600 parking spaces in the BART lot.  This reduction will likely have an effect on peak 
hour vehicle trips, and travel patterns may change in several ways.  Patrons that currently drive to 
the station and park may shift to a variety of modes, including local bus, walk, or bicycle.  Others 
may carpool or be dropped off at the station.  Others may continue to drive and park on-street or 
in other lots in the area.  Others may drive to a different BART station, or drive to their end 
destination rather than take BART. 

As described in the MacArthur BART Station Access Plan Existing Conditions Report, the daily 
fee spaces in the lot currently fill by 7:30 AM.  Between half and three-quarters of the 154 monthly 
reserved spaces are filled by 9:00 AM, leaving between 38 and 77 spaces available.  It is likely 
that with fewer BART parking spaces, the parking lot will fill earlier.  Based on recent traffic 
counts, the AM peak hour for traffic is 8:00 to 9:00 AM.  Therefore, any change in vehicle trips to 
the parking lot in the morning will most likely occur before the peak hour.   

Based on recent traffic counts adjacent to the site, the PM peak hour occurs between 5:00 and 
6:00 PM.  During this hour, approximately 430 vehicles enter and exit the BART parking lot (138 
enter, 294 exit).  With the reduction in parking spaces, the lot may empty earlier in the evening, if 
BART patrons who arrive earlier to park would also leave earlier.  Therefore, some of the current 
exits in the PM peak hour may shift to earlier times and reduce the the PM peak hour trip 
generation.  However, to be conservative, we assume that BART patrons currently exiting the lot 
during the PM peak hour will continue to do so.  We assume that patrons entering the lot during 
the PM peak hour would also continue to do so.  We have made no adjustment to the trip 
generation for additional or reduced trips to and from the BART parking lot during peak hours. 

The proposed project may include a Residential Permit Parking (RPP) program for the area within 
¼ mile of the BART station.  Under the RPP program, residents would receive a permit to park 
on-street, but non-residents would not be able to park on-street for more than two hours.  The 
RPP program would therefore reduce the amount of on-street parking available to BART 
commuters.  According to the MacArthur BART Station Neighborhood Street Parking and Transit 
Analysis (Nelson\Nygaard, May 2006), approximately 470 vehicles enter the proposed RPP area 
between 6:30 and 9:00 AM to park.  This includes BART commuters as well as local workers and 
other non-residents.  With the RPP program, BART commuters who currently park on-street 
would either park outside the RPP area and walk to the station, shift to transit, bicycle, or carpool, 
get dropped off at the station, drive to another BART station, or drive to their end destination 
instead of taking BART.  Depending on the magnitude of these mode shifts, up to 470 fewer 
vehicles may enter the project area in the morning.   

If the program were designed to allow non-residents to purchase a permit, most BART 
commuters who currently park on-street would likely continue to do so, and some BART 
commuters who currently park in the BART lot would shift to parking on-street.  If the RPP were 
not implemented, BART commuters who currently park on-street would continue to do so, and 
some BART commuters who currently park in the BART lot would shift to parking on-street.  
According to the Nelson\Nygaard analysis, the maximum parking occupancy within a ¼ mile 
radius of the station is 65 percent, which occurs at 4:00 PM.  Therefore, at least 35 percent of the 
on-street parking (or about 430 spaces) are available during the day.  Given the uncertainty of 
shifts in travel patterns due to the RPP program, we conservatively assume no net change in trip 
generation. 
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Trip Generation Summary 

Table 5 summarizes the proposed project’s vehicle trip generation.  Based on the transit 
reductions and parking lot trip assumptions described above, the project would generate 
approximately 4,265 new daily vehicle trips, 325 AM peak hour vehicle trips, and 358 PM peak 
hour vehicle trips.  

TABLE 5 
PROJECT VEHICLE TRIP GENERATION 

AM Peak Hour PM Peak Hour Land Use ITE
Code 

Amount Daily 
In Out Total In Out Total 

Condominium1 230 675 DU 3,254 40 197 237 193 95 288 

Residential Transit Reduction2 Daily19% 
Peak Hr. 38% -618 -15 -75 -90 -73 -36 -109

Total Residential Trips 2,636 25 122 147 120 59 179 

Retail 3 814 44 ksf 1,950 67 52 119 52 67 119 

Retail Transit Reduction4 5% -98 -3 -3 -6 -3 -3 -6 

Total Retail Trips 1,852 64 49 113 49 64 113 

Community Space 5 565 5 ksf 396 34 30 64 31 35 66 

BART Parking lot 6 -300 spaces 0 0 0 0 0 0 0 

Total Trip Generation 4,884 123 201 324 200 158 358 

Notes: du  = dwelling unit; ksf = 1,000 square feet. 
1  Trip generation based on the regression equations for Residential Condominium/Townhouse (Land Use 230) in the Institute of 

Transportation Engineers’ (ITE) Trip Generation (7th Edition), as presented below. 
 Daily Equation:            Ln (T) = 0.85 Ln(X) + 2.55  
 AM Equation:               Ln (T) = 0.80 Ln(X) + 0.26 (inbound = 17%, outbound = 83%) 
 PM Equation:               Ln (T) = 0.82 Ln(X) + 0.32 (inbound = 67%, outbound = 33%) 
 Where: T = trip ends, Ln = natural logarithm, and X = number of dwelling units 

2  Residential transit reduction based on trip generation surveys at Bay Area TODs adjacent to BART stations; confirmed by data presented 
in Recommended Trip Generation Adjustments for Transit-Oriented Developments in Oakland (Dowling Inc., April 2006) as well as Bay 
Area Transportation Surveys (BATS) 2000 data for households within ½ mile of BART stations. Transit reduction for daily trip generation 
is lower to account for lower transit mode share for non-work trips. 

3  Daily and PM trip generation based on rates for Specialty Retail (Land Use 814) in the ITE Trip Generation (7th Edition) as presented 
below.

 Daily Rate:              (T) = 44.32 (X)  
 PM Rate:                (T) = 2.71 (X) (inbound = 44%, outbound = 56%) 
 Where: T = trip ends and X = 1,000 square feet 
AM trip generation based on PM trip rate, with reversed inbound/outbound splits.  

4  Retail transit reduction based on TOD literature on retail trips, including Travel Characteristics of Transit-Oriented Development in 
California (Lund, Cervero, and Wilson, 2004), and Ridership Impacts of Transit-Focused Development in California (Cervero, 1993) 

5  Trip generation based on average rates for Day Care Center (Land Use 565) in the ITE Trip Generation (7th Edition) as presented below. 
 Daily Rate:             (T) = 79.26 (X)   
 AM Rate:                (T) = 12.79 (X) (inbound = 53%, outbound = 47%) 
 PM Rate:                (T) = 13.18 (X) (inbound = 47%, outbound = 53%) 
 Where: T = trip ends and X = 1,000 square feet 

6  The project includes removing approximately 300 of the existing 618 parking spaces in the BART lot. In the AM peak hour, any change in 
trips to the parking lot will most likely continue to occur before the peak hour. To be conservative, we assume that BART patrons
currently entering and exiting the lot in the PM peak hour will continue to do so.  
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  Source: Fehr & Peers, 2007. 

ALTERNATE TRIP GENERATION 

Table 6 presents an alternate method for estimating trip generation and compares it to the 
original trip generation presented in Table 5.   

The key differences are as follows: 

 The residential trip generation reduction is reduced from 38 percent in both the AM and 
PM peak hours to 33 percent in the AM peak hour and 28 percent in the PM peak hour.  

 The retail trip generation is based on the ITE regression equation for Shopping Center 
rather than Specialty Retail.  A pass-by reduction of 56 percent is applied for the PM 
peak hour.  This is based on data in Table 5.4 of the ITE Trip Generation Handbook,
which shows an average pass-by percentage of 56 percent for shopping centers of 
50,000 square feet or less).  The daily pass-by rate is assumed to be 28 percent, or 
about half the PM rate.   

 A trip reduction was taken to account for the loss of 300 of the existing 600 spaces in the 
BART parking lot.  No reduction was taken for the AM peak hour because the daily fee 
spaces fill before the AM peak hour.  The PM peak hour and daily reductions are based 
on the existing number of trips to and from the lot, available on-street parking in the 
surrounding neighborhood, and estimated shifts to pick-up/drop-off and other modes.  
The BART parking lot currently generates about 380 trips during the PM peak hour and 
1,350 daily trips.  There are approximately 140 non-restricted parking spaces available in 
the neighborhood within walking distance of the station at 9:00 AM that BART parkers 
could potentially use.  Pick-up and drop off trips currently represent about 17 percent of 
non-drive-alone access to the station.  It is estimated that reducing the BART parking 
supply by 50 percent would result in 50 percent of the current vehicle trips to continue 
using the BART lot, 23 percent to shift to parking on the surrounding neighborhood 
streets, 9 percent to shift to pick-up/drop offs, and 18 percent to shift to other modes or 
not use the MacArthur BART Station.  This 18 percent represents the expected reduction 
in BART parking lot trip generation. 

As shown in Table 6, the alternate trip generation is approximately 750 trips higher than the 
original trip generation on a daily basis, and about six trips lower in the AM peak hour and about 7 
trips higher during the PM peak hour.  Since the AM and PM peak hour trip generation is about 
the same as the original trip generation and the traffic analysis will be completed for the AM and 
PM peak hours, we intend to use the original trip generation for the EIR analysis. 

Please contact us with any questions or comments. 
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TABLE 6 
ALTERNATIVE PROJECT VEHICLE TRIP GENERATION 

AM Peak Hour PM Peak Hour Land Use ITE
Code 

Amount Daily 
In Out Total In Out Total 

Condominium1 230 675 DU 3,254 40 197 237 193 95 288 

Residential Transit Reduction2
19% Daily, 
33% AM, 
28% PM 

-618 -13 -65 -79 -54 -27 -81

Total Residential Trips 2,638 27 132 159 139 68 207 

Retail 3 814 44 ksf 3,983 58 37 96 175 189 364 

Retail Pass-By Reduction4 28% Daily 
56% PM -1,115 0 0 0 -8 -06 -04 

Total Retail Trips 2868 58 37 96 77 83 160 

Community Space 5 565 5 ksf 396 34 30 64 31 35 66 

BART Parking lot 6 -300 spaces -263 0 0 0 -13 -55 -69 

Total Trip Generation 5,636 119 200 319 233 131 365 
Total Original Trip Generation 4,884 123 202 325 200 158 358 
Difference 752 -3 -3 -6 33 -27 7 

Notes: du  = dwelling unit; ksf = 1,000 square feet. 
1  Trip generation based on the regression equations for Residential Condominium/Townhouse (Land Use 230) in the Institute of 

Transportation Engineers’ (ITE) Trip Generation (7th Edition), as presented below. 
 Daily Equation:            Ln (T) = 0.85 Ln(X) + 2.55  
 AM Equation:               Ln (T) = 0.80 Ln(X) + 0.26 (inbound = 17%, outbound = 83%) 
 PM Equation:               Ln (T) = 0.82 Ln(X) + 0.32 (inbound = 67%, outbound = 33%) 
 Where: T = trip ends, Ln = natural logarithm, and X = number of dwelling units 

2  Residential transit reduction based on trip generation surveys at Bay Area TODs adjacent to BART stations; confirmed by data 
presented in Recommended Trip Generation Adjustments for Transit-Oriented Developments in Oakland (Dowling Inc., April 2006)
as well as Bay Area Transportation Surveys (BATS) 2000 data for households within ½ mile of BART stations.  

3 Daily and PM trip generation based on the equation for Shopping Center (Land Use 820) in the Institute of Transportation Engineers’
(ITE) Trip Generation (7th Edition), as presented below. 

 Daily Equation:            Ln (T) = 0.65 Ln(X) + 5.83 
 AM Equation:               Ln (T) = 0.60 Ln(X) + 2.29 (inbound = 61%, outbound = 39%) 
PM Equation:               Ln (T) = 0.66 Ln(X) + 3.4 (inbound = 48%, outbound = 52%) 
 Where: T = trip ends, Ln = natural logarithm, and X = Thousand square feet of retail space  

4  Pass-By Reduction based on Table 5.4 in the ITE Trip Generation Handbook, which shows an average pass-by percentage of 56 
percent for shopping centers of 50,000 square feet or less.  The daily pass-by rate is assumed to be about half the PM rate. 

5  Trip generation based on the average rates for Day Care Center (Land Use 565) in the ITE Trip Generation (7th Edition), as 
presented below.  

 Daily Rate:             (T) = 79.26 (X)   
 AM Rate:                (T) = 12.79 (X) (inbound = 53%, outbound = 47%) 
 PM Rate:                (T) = 13.18 (X) (inbound = 47%, outbound = 53%) 
 Where: T = trip ends and X = 1,000 square feet 

6  The project includes removing approximately 300 of the existing 600 parking spaces in the BART lot. In the AM peak hour, any 
change in trips to the parking lot will most likely continue to occur before the peak hour. To be conservative, we assume that BART
patrons currently entering and exiting the lot in the PM peak hour will continue to do so.  
  Source: Fehr & Peers, 2007. 
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APPENDIX D: 
EXISTING PLUS PROJECT CONDITIONS INTERSECTION 

LEVEL OF SERVICE CALCULATION WORKSHEETS 
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APPENDIX E: 
YEAR 2015 NO PROJCT CONDITIONS INTERSECTION 

LEVEL OF SERVICE CALCULATION WORKSHEETS 
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APPENDIX F: 
YEAR 2015 PLUS PROJCT CONDITIONS INTERSECTION 
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APPENDIX H: 
YEAR 2030 PLUS PROJCT CONDITIONS INTERSECTION 

LEVEL OF SERVICE CALCULATION WORKSHEETS 
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APPENDIX J  TELEGRAPH AVENUE BUS RAPID TRANSIT 

In May of 2007, AC Transit published a Draft Environmental Impact Statement / Environmental 
Impact Report (EIS/EIR) to implement Bus Rapid Transit (BRT) on Telegraph Avenue and 
International Boulevard connecting Berkeley, Oakland, and San Leandro.  The proposed system 
would dedicate one travel lane in each direction to bus operations only, allowing buses to provide 
a quicker and more reliable service than regular bus service today. In the vicinity of the project, 
the proposed BRT project would generally eliminate one through lane in each direction and 
narrow Telegraph Avenue to one through lane in each direction.  

Currently, there are no finalized design plans, an assurance of full funding for the BRT project, or 
approvals from AC Transit, the City of Oakland and other public agencies. Although proposed 
(but not approved) transit improvements are not typically considered as part of the projected 
baseline conditions, this EIR nevertheless (conservatively) provides a non-CEQA discussion of 
the potential effects on project impacts caused by proposed modifications to the traffic circulation 
network by the proposed BRT. 

On Telegraph Avenue, within the study area, the BRT project would eliminate one northbound 
and one southbound travel lanes on Telegraph Avenue.  This configuration would result in a 
single travel lane in northbound and southbound directions on Telegraph Avenue.  In addition, the 
BRT project would eliminate left-turn lanes and prohibit left-turns at most intersections along its 
route.  Left-turns would be allowed at the following locations along Telegraph Avenue within the 
study area:  51st Street (southbound only), 52st Street (southbound only), 40th Street, MacArthur 
Boulevard, and 27th Street.  The BRT project would include new traffic signals and improvements 
to existing traffic signals (interconnection) to improve traffic flow.  

By eliminating one travel lane in each direction, the BRT project would reduce the vehicular 
capacity on Telegraph Avenue.  As previously shown in the project analysis, many of the study 
intersections on Telegraph Avenue would operate at poor levels of service under Cumulative 
Year 2030 Baseline Plus Project conditions. Thus, it is likely that the increased vehicular 
congestion on Telegraph Avenue would result in some vehicles diverting to other north-south 
arterials, such as Martin Luther King Jr. Way and Broadway. 

Traffic operations Analysis 

This section analyzes the effects of implementing the Telegraph Avenue BRT project on both 
Telegraph Avenue and on parallel roadways.  The intersection LOS operations compares 
intersection LOS under Cumulative Year 2030 Baseline Plus Project (i.e., MacArthur Transit 
Village) conditions as previously presented in Chapter IV.C with intersection LOS under 
Cumulative Year 2030 Baseline Plus Project Plus BRT conditions.  The Cumulative Year 2030 
Baseline Plus Project Plus BRT conditions was developed by adjusting the Cumulative Year 2030 
Baseline plus Project Condition of the MacArthur Transit Village EIR to account for geometric and 
volume changes related to the BRT project.  These adjustments were based on the traffic 
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analysis completed for the BRT EIR.1  Thus, this analysis is limited to the following intersections 
only, which are analyzed in both EIRs: 

#2 Telegraph Avenue/52nd Street/Claremont Avenue (a.m. peak hour only)  

#3 Telegraph Avenue/51st Street (a.m. peak hour only) 

#6 Telegraph Avenue/45th Street (p.m. peak hour only) 

#13 Telegraph Avenue/40th Street (a.m. and p.m. peak hours) 

#18 Martin Luther King Jr. Way/MacArthur Boulevard (p.m. peak hour only) 

#20 Telegraph Avenue/West MacArthur Boulevard (p.m. peak hour only) 

#24 Telegraph Avenue/27th Street (p.m. peak hour only) 

Based on the traffic volumes developed for the BRT EIR, the BRT project would reduce peak 
hour traffic volumes on Telegraph Avenue by about 250 vehicles in each direction.  However, the 
BRT EIR does not provide traffic volumes on all parallel roadways that diverted traffic would use. 

Table 1 summarizes intersection LOS for seven intersections under both Cumulative Year 2030 
Baseline Plus Project No BRT (i.e., the Cumulative Year 2030 Baseline Plus Project conditions 
analyzed in the MacArthur Transit Village Project EIR) and Cumulative Year 2030 Baseline Plus 
Project Plus BRT conditions.  Table 1 shows intersection LOS for Cumulative Year 2030 Baseline 
Plus Project No BRT conditions with and without Mitigation Measures TRANS-1 through TRANS-
9 as identified in the EIR.  In addition, the Cumulative Year 2030 Baseline Plus Project Plus BRT 
conditions analysis also accounts for implementation of the mitigation measures TRANS 1 
through TRANS 9 at the study intersections.  Thus, comparison of the Cumulative Year 2030 
Baseline Plus Project Plus BRT conditions to Cumulative Year 2030 Baseline Plus Project No 
BRT (Mitigated) conditions shows the impacts of the BRT project assuming the completion of the 
MacArthur Transit Village project and implementation of mitigation measures TRANS-1 through 
TRANS-9. 

As shown in Table 1, the implementation of the BRT would increase delay and degrade LOS at 
the seven studied intersections during both a.m. and p.m. peak hours, The following intersections 
would operate at unacceptable LOS E or LOS F regardless of the BRT project: 

#2 Telegraph Avenue/52st Street and Claremont Avenue intersection  

#3 Telegraph Avenue/51st Street intersection  

#13 Telegraph Avenue/40th Street intersection  

                                               
1 AC Transit East Bay Bus Rapid Transit Traffic Analysis Report (Cambridge Systematics, April 2007) 
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Table 1 
Cumulative Year 2030 Intersection Level of Service Summary 

Cumulative Year 
2030 Baseline 

Plus
Project No BRT 
(Not Mitigated) 

Cumulative Year 
2030 Baseline 

Plus
Project No BRT 

(Mitigated)

Cumulative  
Year 2030 

Baseline Plus
Project Plus 

BRT
No. Intersection

Traffic
Control

Time 
Period LOS Delay LOS Delay LOS Delay 

2 Telegraph Avenue/52nd

Street/Claremont Avenue Signal AM
PM

F
E

>120
72.9

F
C

>120 
31.6

F
N/A

>120
N/A

3 Telegraph Avenue/51st

Street Signal AM
PM

F
F

>120
113.7

F
F

>120 
109.2

F
N/A

>120
N/A

6 Telegraph Avenue/45th

Street Signal AM
PM

B
C

17.2
30.7

B
C

17.2
30.7

N/A
D

N/A
54.8

13 Telegraph Avenue/40th

Street Signal AM
PM

F
F

82.8
0.5

D
D

54.5
53.5

F
F

>120 
>120 

18
Martin Luther King Jr. 
Way/ West MacArthur 
Boulevard 

Signal AM
PM

B
C

14.0
25.0

B
C

13.5
20.8

N/A
D

N/A
38.0

20
Telegraph Avenue/ 
West MacArthur 
Boulevard 

Signal AM
PM

E
F

63.9
102.3

D
E

53.8
68.5

N/A
F

N/A
113.7

24 Telegraph Avenue/27th

Street Signal AM
PM

D
D

48.4
44.0

D
D

48.4
44.0

N/A
D

N/A
48.8

Notes: N/A = Intersection was not analyzed in the BRT EIR during the AM peak hour.  
Bold indicates significant impacts.

Source: Fehr & Peers, 2007. 

The MacArthur Transit Village EIR identifies project impacts at four of the seven study 
intersections and proposes improvements to mitigate project impacts.  Project Impacts at three of 
the four intersections can be mitigated to a less than significant level.  However, the MacArthur 
Transit Village project impact at the Telegraph Avenue/51st Street intersection would be 
significant and unavoidable. 

The BRT EIR identified the following impacts and mitigation measures in the study area: 

#13   Telegraph Avenue/40Th Street – Modify traffic signal to provide protected/ 
permitted left-turns in the east/west approaches and provide either a second 
northbound and eastbound through lane or provide an exclusive right-turn lane in 
the southbound direction.   

#20 Telegraph Avenue/MacArthur Boulevard – Either provide a second left-turn lane 
on northbound Telegraph Avenue or provide a second through lane on 
northbound Telegraph Avenue, and changes the lane configuration of eastbound 
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and westbound MacArthur Boulevard to two through lanes, one left-turn lane, 
and one right-turn lane. This second strategy includes the implementation of 
protected-permitted phasing for left turn lanes on MacArthur Boulevard 

Table 2 summarizes intersection LOS at the four intersections that would operate at LOS E or 
LOS F under Cumulative Year 2030 Baseline Plus Project Plus BRT conditions with 
implementation of the mitigation measures identified in the BRT EIR.  Although these 
improvements would improve intersection operations at the Telegraph Avenue/40th Street and 
Telegraph Avenue/MacArthur Boulevard intersections, both intersections would continue to 
operate at deficient LOS E or LOS F under Cumulative Year 2030 Baseline Plus Project Plus 
BRT conditions.  

Table 2 
Cumulative Year 2030 Mitigated Intersection Level of Service Summary 

Cumulative Year 
2030 Baseline Plus
Project Plus BRT 

Cumulative Year 
2030 Baseline Plus 
Project Plus BRT 

(Mitigated)
No. Intersection

Traffic
Control

Time 
Period LOS Delay LOS Delay 

2 Telegraph Avenue/52nd

Street/Claremont Avenue Signal AM
PM

F
N/A

>120 
N/A

F
N/A

>120 
N/A

3 Telegraph Avenue/51st

Street Signal AM
PM

F
N/A

>120 
N/A

F
N/A

>120 
N/A

13 Telegraph Avenue/40th

Street Signal AM
PM

F
F

>120 
>120

F
F

>120 
82.1

20
Telegraph Avenue/ 
West MacArthur 
Boulevard 

Signal AM
PM

N/A
F

N/A
113.7

N/A
E

N/A
73.7

Notes: N/A = Intersection was not analyzed in the BRT EIR during the AM or PM peak hour.  
Bold indicates significant impacts.

Source: Fehr & Peers, 2007. 

These four intersections on Telegraph Avenue would continue to operate at deficient levels after 
implementation of feasible improvements identified in both BRT EIR and MacArthur Transit 
Village EIR under the Cumulative Year 2030 Baseline Plus Project Plus BRT conditions.  Thus, 
the additional impacts of the BRT project on these intersections would be significant and 
unavoidable. 
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APPENDIX K BART RIDERSHIP ESTIMATES 

This section presents estimates of BART ridership changes due to the proposed MacArthur 
BART Transit Village project.   

BACKGROUND 

In order to develop the proposed Transit Village land uses, the development will replace the 
existing 618 surface parking spaces, dedicated for BART patron use, with 300 structured parking 
spaces.   A residential parking permit (RPP) program is also planned for the neighborhoods within 
¼ mile buffer of the station.  The RPP would restrict parking in the neighborhood and would affect 
an estimated 216 BART patrons currently parked in the surrounding neighborhoods.  The 
estimate of BART patrons parking in the neighborhood is based on license plate survey data 
collected in May 2006. 

While the loss of BART patron parking spaces will result in a decrease in BART ridership and 
access mode shifts, the new land uses will result in an increase in ridership.   

RIDERSHIP ESTIMATION TECHNIQUES 

In order to quantify the change in BART ridership, three methodologies were considered: 

The ITE methodology uses project-specific, land use-based ITE trip generation rates and transit 
reduction information collected at similar Bay Area transit-oriented developments.  Review of the 
project land use program, Census data, Bay Area Transportation Survey data, field-collected 
transit-oriented development trip generation surveys and other transit-oriented development trip 
generation studies were conducted to develop trip generation rates for the transit village.  These 
rates included an estimation of transit trips, which represent 19% of the total trips. See
MacArthur Transit Village Trip Generation (Fehr & Peers, 2007) for more detail.

The Willson methodology uses BART’s project-specific replacement parking for joint 
development methodology developed by Richard Willson, PhD (UCLA) and BART staff.  Willson 
and BART developed this estimation technique to specifically address ridership loss at a station 
due to the removal of parking by accounting for the project land use program, the number of 
existing and proposed parking spaces, and information on non-personal vehicle-based station 
access modes.  See Replacement Parking for Joint Development: An Access Policy Methodology
(BART, 2005) for more detail. 

The Direct Ridership Model methodology uses BART’s station-area direct ridership models 
(DRM) developed by Fehr & Peers, ARUP, Nelson/Nygaard, Strategic Economics, and BART 
staff.  The DRM are empirical-based, regression models that account for station characteristics 
including: surrounding population, surrounding employment, feeder transit service, parking levels, 
and access information by mode (walk, bicycle, transit, drive alone, carpool, and drop-off).  See 
Access BART (BART, 2006) for more detail. 
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After reviewing the data inputs and assumptions of the three methodologies, the Willson 
methodology was selected for use by the City of Oakland and BART staff because it was 
developed by BART specifically for replacement parking and joint development applications.  The 
total BART ridership was estimated by separating the ridership increase due to the transit village 
from the ridership decrease due to the on-site (and off-site) BART patron parking reduction.  The 
following sections present the transit village and parking reduction BART ridership estimates. 

TRANSIT VILLAGE BART RIDERSHIP ESTIMATES 

As shown in Table 1, the estimated change in BART ridership due to the transit village will result 
in an increase of 855 daily, 115 AM peak hour, and 137 PM peak hour BART trips. 

TABLE 1 
BART RIDERSHIP CHANGES DUE TO TRANSIT VILLAGE 

Type of 
Development Amount Total 

Trips 
Trip
Split

Disaggregated 
Trips 

Percent
BART 

Capture 

Daily 
Trips 

AM Peak 
Hour
Trips6

PM Peak 
Hour
Trips6

Residential 
(Dwelling Units) 675 3,2541

Work Trips 25% 814 55.5%4 452 66 80 

Non-Work Trips 75% 2,441 11.7%4 286 42 50 

Retail (ksf) 44 1,9502 100% 1,950 5.00%5 98 6 6 

Childcare (ksf) 5 3963 100% 396 5.00%5 20 1 1 

Total BART Ridership Increase 855 115 137 
Notes:
1 - Residential trip generation from ITE 7th Edition equation for Residential Condominium/Townhouse (Land Use 230).  

Daily Equation: Ln (T) = 0.85 Ln(X) + 2.55 
2 - Retail trip generation from ITE 7th Edition equation for Specialty Retail (Land Use 814).  Daily Rate: (T) = 44.32 (X) 
3 – Child care trip generation from ITE 7th Edition equation for Child Care (Land Use 565).  Daily Rate: (T) = 79.26 (X) 
4 - Residential work and non-work BART trip shares based on average of rail shares for developments in Pleasant Hill 

and S. Alameda County are 40.5% and 8.55 percent respectively (Tables 5-8 on page 46 and Table 5-11 on 
page 51, CA TOD Report).  These developments are suburban with an average of parking supply of 1.3 spaces 
per dwelling unit and located between 0.1 and 0.5 miles away from a BART Station.  The proposed MacArthur 
Transit Village is in a more urban area, provides only one parking space per dwelling unit, and is immediately 
adjacent to a BART station.  Based on data presented in Table 5-22 of the CA TOD report, the BART trip share 
capture is increased to account for the amount of parking provided at the site. 

5 - Retail rail share based on rail shares for El Cerrito Plaza, Table 7-7, page 109 CA TOD Report. 
6 - AM and PM peak hour transit trips based on AM/daily (Res = 14.6%, Non-Res = 6%) and PM/daily Res = 17.6%, 

Non-Res = 6%) ratios from EIR transit trip generation estimates. 
Source: Fehr & Peers, 2007. 



Page 3 

CHANGES IN PARKING SUPPLY BART RIDERSHIP ESTIMATES 

As shown in Table 2, the estimated change in BART ridership due to the change in parking 
supply on-site will result in a decrease of 524 daily, 58 AM peak hour, and 63 PM peak hour 
BART trips.  This analysis is conservative as it assumes that the BART riders who currently park 
at the BART Station parking lot would not shift to parking in the surrounding neighborhoods and 
those riders would be lost at the MacArthur Station. 

 

TABLE 2  
BART RIDERSHIP CHANGES DUE TO BART ON-SITE PARKING REDUCTION 

Analysis Step Daily AM Peak Hour PM Peak Hour

Number of Spaces Reduced 318 

Space Turnover (cars parked per day) 1 

Number of people per car 1.1 

Number of daily BART trips per person 2 

Number of auto access boardings and alightings reduced 700 

Percent that find another access mode and continue to use 
BART 25%1

BART ridership retained, change to another access mode 175 

Total BART Ridership Decrease 525 582 632

Notes:
1 - Analysis assumes that 25 percent of riders switch to another BART access mode when their space is removed, and 

are therefore retained as BART riders.  This assumption is based on BART direct ridership model data 
presented in the Access BART (BART, 2006) report for the MacArthur BART station. 

2 - AM and PM peak hour transit trips based on January 207 boarding and alighting data at the MacArthur BART Station 
provided by BART  (AM = 11% of daily and PM = 12% of daily). 

Source: Fehr & Peers, 2007. 

As shown in Table 3, the estimated change in BART ridership due to the change in parking 
supply on-site and implementation of the RPP will result in a decrease of 844 daily, 270 AM peak 
hour, and 84 PM peak hour BART trips.  

SUMMARY OF BART RIDERSHIP ESTIMATES 

As shown in Table 4, development of the Transit Village and the accompanying change in parking 
supply on-site will result in an increase of 331 daily, 57 AM peak hour, and 74 PM peak hour 
BART trips.  Development of the Transit Village, the accompanying change in parking supply on-
site, and the implementation of the RPP will result in an increase of 11 daily, 22 AM peak hour, 
and 36 PM peak hour BART trips. 

Given the scale of existing BART ridership at the MacArthur BART station, development of the 
Transit Village will result in a small increase in daily, AM peak hour, and PM peak hour BART 
ridership levels.  BART service from the MacArthur station is currently constrained by the capacity 
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of arriving trains, which are typically full, during the AM and PM peak hours. The estimated 
additional amount of peak hour trips would not be noticeable as it would be distributed throughout 
the peak hour. 

 

TABLE 3 
BART RIDERSHIP CHANGES DUE TO BART ON-SITE AND RPP PARKING REDUCTION 

Analysis Step Daily AM Peak Hour PM Peak Hour

Number of Spaces Reduced 512 

Space Turnover (cars parked per day) 1 

Number of people per car 1.1 

Number of daily BART trips per person 2 

Number of auto access boardings and alightings reduced 1126 

Percent that find another access mode and continue to use 
BART 25%1

BART boardings retained, change to another access mode 282 

Total BART Ridership Decrease 844 932 1013

Notes:
1 - Analysis assumes that 25 percent of riders switch to another BART access mode when their space is removed, and 

are therefore retained as BART riders.  This assumption is based on BART direct ridership model data 
presented in the Access BART (BART, 2006) report for the MacArthur BART station. 

2 - AM and PM peak hour transit trips based on January 207 boarding and alighting data at the MacArthur BART Station 
provided by BART  (AM = 11% of daily and PM = 12% of daily). 

Source: Fehr & Peers, 2007. 

TABLE 4 
SUMMARY OF BART RIDERSHIP CHANGES 

Change Due To Daily AM Peak Hour PM Peak Hour 

Transit Village 855 115 137 
On-Site Parking Reduction -525 -58 -63 

Total 331 57 74 

Transit Village 855 115 137 
On-Site and RPP Parking Reduction -844 -93 -101 

Total 11 22 36 

Source: Fehr & Peers, 2007. 
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APPENDIX L: 
EXISTING PLUS COMMERCIAL ALTERNATIVE

INTERSECTION LEVEL OF SERVICE CALCULATION WORKSHEETS 
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APPENDIX M: 
YEAR 2015 PLUS COMMERCIAL ALTERNATIVE

INTERSECTION LEVEL OF SERVICE CALCULATION WORKSHEETS 
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APPENDIX N: 
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APPENDIX P: 
YEAR 2015 PLUS TOWER ALTERNATIVE  

INTERSECTION LEVEL OF SERVICE CALCULATION WORKSHEETS 
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