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Agenda

• Introduction
• Highway Capacity Manual 2000
• Highway Capacity Manual 2010 – coming soon!
• NCHRP 3-70
• Other MMLOS strategies:

 Simulation – Person-Delay
 Built environment factors
 Layered networks
 Managed speeds



Introduction

• What are the consequences of maintaining LOS C vs. LOS E?



Introduction

• Multimodal Level of Service – what are we getting at?
 Is this a nice place to walk?
 Is this a nice place to bike?
 Is transit convenient?

• Older methodologies: pedestrian density, delay
• Newer methodologies: comfort
• Alternative methodologies: 

 Built environment factors
 Person-delay
 Layered networks
 Speed management



Highway Capacity Manual 2000

• Methodologies based on 
FHWA research

• Chapter 18: Pedestrians
 Research dates back to 

1975
 LOS based on density 

and delay
• Chapter 19: Bicycles 

 Research dates back to 
1975

 LOS based on density 
and delay

• Chapter 27: Transit
 Research dates back to 

1962



Highway Capacity Manual 2000

• Chapter 18: Pedestrians
• LOS for:

 Walkways and sidewalks
 Queuing areas
 Shared off-street paths
 Pedestrian crosswalks
 Pedestrian facilities along 

urban streets



The study segment: Hutchison Drive



The study segment: Hutchison Drive

Shared use path

Sidewalk
Width = 6 ft
Peds = 100 / hour
Peds = appr. 50 / 15 min

Width = 6 ft
Peds = 100 / hour
Peds = appr. 50 / 15 min
Bikes = 160 / hour



Highway Capacity Manual 2000

Walkways and sidewalks
 LOS depends on density:

o Walkway width
o Pedestrian flow rate

 LOS determined for 
o Average flow
o Platoon flow

 South sidewalk:
o LOS A – average flow
o LOS B – platoon flow

 To improve LOS, increase 
width

Width = 6 ft
Peds = 100 / hour
Peds = appr. 50 / 15 min



Highway Capacity Manual 2000

Walkways and sidewalks
 LOS depends on density:
 South sidewalk:

o LOS A – average flow
o LOS B – platoon flow



Highway Capacity Manual 2000

Shared off-street path
 LOS depends on passing 

events:
o Speed
o Flow rate

 LOS determined for 
pedestrians

 North off-street path:
o LOS D for 

pedestrians
 Cannot improve LOS, but 

can provide separate 
facility

Width = 6 ft
Peds = 100 / hour
Peds = appr. 50 / 15 min
Bikes = 160 / hour



The study intersection: Hutchison Drive and La Rue Road

Hutchison Drive
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d

Split Phase

Protected Lefts

• Cycle length: 95s
• Northbound green: 

30s
• East/west green: 26s



The study intersection: Hutchison Drive and La Rue Road

PM peak hour:



Highway Capacity Manual 2000

At signalized intersections
 LOS depends on 

pedestrian delay:
o Cycle length
o Phase green time

 Crossing major street:
o LOS C

 Crossing minor street
o LOS C

 Can improve LOS with 
shorter cycle length

Hutchison Drive
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Split Phase

Protected Lefts



Highway Capacity Manual 2000
At signalized intersections, ctnd.

 LOS E-F: easy to achieve
 What about vehicle LOS?
 What about minimum green 

splits (based on FDW)?

Average pedestrian delay, dp:

Dp= 0.5 (C-g)²
C

Where:
C = cycle length
g = effective green time for peds



Highway Capacity Manual 2000
At signalized intersections

 LOS depends on space 
(ft² per pedestrian):

o Pedestrian volume
o Area of crosswalk or 

corner
 At corner:

o LOS A
 In crosswalk:

o LOS A
 Can improve LOS with 

more area
 Only relevant to areas 

with high pedestrian 
volumes

Large area for pedestrians

Crosswalks 10 feet wide



Highway Capacity Manual 2000
At signalized intersections

 LOS depends on space 
(ft² per pedestrian):

 At corner:
o LOS A

 In crosswalk:
o LOS A



The study segment: Hutchison Drive

Cycle length = 60 s

Cycle length = 95 s



Highway Capacity Manual 2000
On urban streets

 LOS depends on travel 
speed

o Intersection delay
 Between La Rue Road 

and Dairy Road: 3.1 ft/s 
LOS D

670 feet

Cycle length = 60 s
Cycle length = 95 s



Highway Capacity Manual 2000
On urban streets

 LOS depends on travel 
speed

o Intersection delay
 Can improve LOS by 

decreasing cycle lengths LOS A 
unlikely



Highway Capacity Manual 2000

• Chapter 19: Bicycles
• LOS for:

 Off-street paths (Class I)
o Shared
o Exclusive

 Bike lanes
o Interrupted
o Uninterrupted
o Both (“on urban 

streets”



Highway Capacity Manual 2000

Shared off-street path
 LOS depends on passing 

events:
o Pedestrian flow rate
o Bicycle flow rate

 LOS determined for 
bicyclists

 North off-street path:
o LOS F for bicyclists

 Cannot improve LOS, but 
can provide separate 
facility 

Width = 6 ft
Peds = 100 / hour
Bikes = 160 / hour



Highway Capacity Manual 2000

Shared off-street path
 Limited path width / types
 How would wider (12 ft) 

path affect LOS?



Highway Capacity Manual 2000

On-street bike lane
 LOS depends on passing 

events:
o Bicycle flow rate

 LOS does not depend on:
o Lane width
o Speed limit
o Traffic volume

 LOS D for bicyclists
 Cannot improve LOS, but 

can provide separate 
facility

Width = 6 ft
Bikes = 160 / hour = 8 
PHF = 0.33 (to/from class)

= 8 bikes per minute



Highway Capacity Manual 2000

On-street bike lane
 LOS depends on passing 

events:
 LOS D for bicyclists



Highway Capacity Manual 2000

At signalized intersections
 LOS depends on bicyclist 

delay:
o Cycle length
o Phase green time
o Bicycle flow rate

 Crossing major street:
o LOS C

 Can improve LOS with 
shorter cycle length

Hutchison Drive

La
 R

ue
 R

oa
d

Split Phase

Protected Lefts



Highway Capacity Manual 2000

At signalized intersections
 LOS depends on bicyclist 

delay:
 Crossing major street:

o LOS C



Highway Capacity Manual 2000

• Chapter 27: Transit
• Focuses on service, not the 

roadway



Highway Capacity Manual 2000
• Chapter 27: Transit, ctnd.



Highway Capacity Manual 2000
• Chapter 27: Transit, ctnd.



Shared-Use Path Level of Service

• FHWA
• Highway Capacity Manual 

2010
• LOS based on:

 Maintaining optimum 
speed (for bicycles)

 Freedom to maneuver
 “SUPLOS”



Shared-Use Path Level of Service

Share-use path
 North off-street path:

o LOS D for bicyclists
 Cannot improve LOS, but 

can provide separate 
facility 

Width = 6 ft
Peds = 100 / hour
Bikes = 160 / hour



NCHRP 3-70: comfort-based LOS

• Multimodal Level-of-Service 
Analysis for Urban Streets

• Highway Capacity Manual 
2010

• LOS based on:
 Autos: quality of service
 Transit: quality of service
 Bikes: comfort
 Pedestrians: comfort

• Accounts for:
 Street cross-section

o Travel lanes
o Bike lanes
o Parking
o Buffer
o Sidewalk

 Auto volume (ADT)
 Transit frequency
 Pedestrian volumes



NCHRP 3-70: comfort-based LOS



NCHRP 3-70: comfort-based LOS



The study segment: Hutchison Drive

Shared use path

Sidewalk
Width = 6 ft
Peds = 100 / hour
Peds = appr. 50 / 15 min

Width = 6 ft
Peds = 100 / hour
Peds = appr. 50 / 15 min
Bikes (on path) = 160 / hour
Bikes (on street) = 160 / hour

6 ft bike lanes
Buses = 24 / hour
ADT = 10,300



NCHRP 3-70



NCHRP 3-70

• Auto LOS depends on:
 ADT
 Number of lanes
 Signal spacing
 Signal progression
 Operating speed

• ADT = 10,300
 LOS C

• To improve LOS:
 Reduce volume
 Add lanes
 Improve signal 

progression



NCHRP 3-70

• Transit LOS depends on:
 Number of lanes
 Vehicle ADT
 Bus frequency
 Stop amenities (shelters)

• Bus frequency = 24 / hour
 LOS A

• To improve LOS:
 Add service
 Add stop amenities 

(shelters)



NCHRP 3-70

• Bike LOS depends on:
 Number of lanes
 Travel lane width
 ADT
 On-street parking
 Speed limit
 Provision of bike lane

• Bike lanes = 8 feet
 LOS D

• To improve LOS:
 Reduce ADT
 Widen curb lane
 Reduce speed limit
 Reconfigure on-street 

parking
 Widen bike lane



NCHRP 3-70

• Pedestrian LOS depends on:
 Number of lanes
 ADT
 Speed limit
 On-street parking
 Landscaped buffer

• Sidewalks = 6 feet
 LOS C

• To improve LOS:
 Reduce ADT
 Traffic calming
 Widen buffer
 Widen sidewalk



Comfort-based LOS: what about crosswalks?

• LOS A-B
• LOS C-D
• LOS E-F

Key: C = Candidate sites for marked crosswalks; P = Possible 
increase in pedestrian crashes may occur if crosswalks are 
marked without other pedestrian enhancements; N = Marked 
crosswalks alone are insufficient.



Crosswalk Tool



Comfort-based LOS – not quite there yet
• What about …?

Supportive land uses

ADA Features Identifying mitigations

Urban design factors



Built Environment Factors

• To what extent does a 
roadway feature bike- and 
ped-friendly design elements?

• Key features: 
 Reduced travel lanes
 Reduced crossing widths
 Reduced vehicle speeds / 

volumes
• Enhancement features:

 Median islands
 Bulbouts
 Improved crosswalks



Built Environment Factors

Divisadero Street, Fresno, CA: before and after a road diet



Built Environment Factors for Pedestrians

Median island

Bulbout



Built Environment Factors for Pedestrians

Advanced yield lines



Built Environment Factors for Pedestrians

Textured crosswalks



Built Environment Factors for Pedestrians

Advanced stop bars

Crosswalks on all legs



Built Environment Factors for Pedestrians

Colored crosswalks

High visibility crosswalks



Built Environment Factors for Pedestrians

Removal of obstacles

Pedestrian busy buttons



Built Environment Factors for Pedestrians

Pedestrian scramble phase

Braille wayfinding



Built Environment Factors for Bikes

Bicycle detection



Built Environment Factors for Bikes

Bicycle push-buttons

Bike boxes



Built Environment Factors

• Of 20 factors:
 18-20: LOS A
 14-17: LOS B
 10-13: LOS C
 7-9: LOS D
 3-6: LOS E
 0-2: LOS F

• Would it work?



Person-Delay via Simulation

• Measure person delay across 
all modes

• Accounts for vehicle and 
transit occupancy

• How will certain 
improvements benefit 
different modes (or not!)

• Example: Hutchison Drive / 
La Rue Road intersection



Person-Delay: Hutchison Drive and La Rue Road



Person-Delay



Person-Delay



Person-Delay



Person-Delay via Simulation

TABLE 2
INTERSECTION –

YEAR 2005 PM PEAK HOUR DELAY FOR ALL TRAVEL MODES

Option

Travel Mode (1)

OverallVehicles Buses Pedestrians Bicycles 

Average         
Delay – LOS

Average Delay 
– LOS Average Delay

Average 
Delay

Average 
Delay

1 - Bike/Pedestrian Phase 44.2 – D 47.1 – D 46.6 42.8 44.2

2 - Bike/Pedestrian Phase 
for Path Only 45.0 – D 47.7 – D 46.7 48.3 45.3

3 - Traditional Design 
(Current Configuration) 30.0 – C 29.6 – C 42.7 47.5 31.4

4 – Head Start Phase for 
Bike Path 40.5 – D 32.5 – C 24.4 34.7 39.6

5 – Grade Separated 
Crossing 28.7 – C 29.8 – C 64.2 15.1 28.1

Notes:  
(1) The Highway Capacity Manual does not assign an LOS for pedestrians and bicyclists based on average delays.  Delays were 
reported for comparison purposes only.
(2) The increase in pedestrian delay is associated with a reduction in pedestrians that are now using the grade separated crossing 
resulting in a higher average delay per pedestrian for remaining crossings on other approaches.



Person-Delay via Simulation

Illustration of Alternative 5 (bicycle/pedestrian bridge) and analysis by mode
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HCM Intersection LOS = C

PM Peak Hour Delay

Option 5 28.7 29.8 64.2 15.1 28.1

Vehicle Buses Pedestrian Bicycle Average

Source: Conventional Level of Service Analysis, Thresholds, and 
Policies Get a Failing Grade, Milam and Mitchell, 2007



Layered Network

• Street classification system: 
designate priority modes to 
specific streets

• Each mode has its own set of 
design and operational 
features and performance 
standards

• Use to prioritize 
improvements or evaluate 
trade-offs for mitigation

Transit Priority Streets, Alameda, CA



Layered Network

• Glendale, CA: Downtown Glendale Mobility Plan 



Layered Network

• Seattle, WA Transit Priority Corridors



Layered Network

• Denver, CO: Blueprint Denver



Manage Speeds

• Correlate vehicle speed to 
safety

• Goal of stable flow (minimize 
GHG emissions)

• Can estimate speed for all 
modes

• Can provide different 
“weights” for different 
exposure levels (e.g. crossing 
a street counts as more time 
than walking along a path)

• Supports shorter cycle 
lengths, more comprehensive 
multimodal network, and a 
grid system 

LOS D-F

LOS A-C



Toolbox Tuesdays
Multimodal Level of Service Applications

Questions?


