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Presenter
Presentation Notes
Presentation contents.  MMLOS approaches included and focus of presentation:

8 MMLOS approaches included and grouped into three categories, computational, checklist, and combination approaches.
Computational approaches are quantitative, with considerable data inputs, software requirements, and underlying approach requires application of equations for LOS
Checklist approaches are qualitative in nature, similar to checklists in that specific conditions or characteristics are deemed desirable and the extent to which those conditions or characteristics exist form the basis for the LOS
Combination approaches are for all intents and purposes checklist approaches; however, there is some aspect requiring the use of some software or basic calculations to determine some LOS

For each MMLOS approach the following is presented:
Introduction/Overview
Basis for methodology
Basic inputs and considerations
Sample application, when available

Agency input received thus far and sensitivity testing for HCM 2010 will be presented following the overview of MMLOS approaches.

Agency input/sensitivity testing is information we can/should start to collect and document so as to have a library/quick reference on this topic and speak to complex and analytical perspectives clients are seeking… not just what is it and how does it work.


« HCM 2000/2010 * Built

e FDOT Networlk Environment
» Person Delay . Fort Collins o

. PEQI/B e Charlotte

Other
e ATG

* Layered

Some MM enhancements may degrade vehicular LOS

Benefits to pedestrians, relating to efficiency and M M I_OS O pt] ons

safety, not fully accounted for with typical approaches
Multi-modal interaction and priority not uniform across

roadway network FEHR%’ PEERS


Presenter
Presentation Notes
This slide illustrates how we are categorizing the various MMLOS approaches.  FDOT includes two approaches, one computational and one checklist approach, and is not discussed further in this presentation.

From a 30,000 foot view, there are a number of reasons why MMLOS has garnered interest recently such as:
Health impacts of transportation – obesity, inactivity
Air quality/pollution – alternative modes can help reduce GHG
Energy Consumption – reduce fuel use  (health, air quality, and energy consumption closely tied together)
Quality of life/Complete streets/Choice – providing residents with greater transportation options
Improve the Built Environment

From a more immediate perspective, these issues are coming to the forefront of our daily practice for at least the following reasons:

Some multi-modal enhancements (i.e. curb extensions, road diet) may degrade vehicular LOS
Benefits to pedestrians, relating to efficiency and safety, not fully accounted for with typical approaches that focus exclusively on auto LOS
Multi-modal interaction and priority not uniform across roadway network 
Any others audience can think of?



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?

Are tradeoffs considered?

Older methodologies:
pedestrian density, delay

Newer methodologies:
comfort, environment

Themes to consider:

Staying ahead of the curve

Embedded preferences in methodologies
Sensitivity to different considerations
Will results create desirable environments?
Linking analysis and toolkits
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Presentation Notes
What are we getting at?

The methodologies in HCM 2010 are a departure from the underlying considerations in prior highway capacity manuals.  This presentation starts with HCM 2000 to provide an example of this progression.

Past:  density, delay,

Now:   Comfort

Themes


Highway Capacity Manual 2000

Methodologies based on FHWA research

Chapter 18: Pedestrians
- ) Research dates back to 1975
"\ | LOS based on density and delay
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Presenter
Presentation Notes
HCM 2000 Review


HCM 2000

At signalized intersections

LOS depends on pedestrian delay:
Cycle length
Phase green time

On-street bike lane

LOS depends on vehicle passing events:
Bicycle flow rate
But not :

Lane width, speed limit, traffic volume
Transit

Focuses on service, not the roadway

e (c:(f)g;.-nrice H(:::::)ay Veh/h Comments . : ]
A <10 >6 | Passengers don't need schedules *V\:?d i’l ‘; - s W
B >10-14 | 5-6 | Frequent service; passengers consult schedules - I B Bill(eis: : fG(t) Phound 8‘ 3
(€ >14-20 3-4 Maximum desirable time to wait if bus/train missed 4 .' Il .-' PH F 0'3 3 (tO/frO ' -\
D >20-30 2 Service unattractive to choice riders ' . A ;. . class) H llﬁ
E >30-60 1 Service available during hour 4 'L _' . — 8 bi kes/mi n : ;u
F >60 <1 Service unattractive to all riders F E H R P E E R S


Presenter
Presentation Notes
HCM 2000 – ped LOS at intersections based on delay.  Other HCM 2000 ped measures based on density, such as sidewalks

Delay largely determined by cycle length and phase green time.

LOS can be improved by reducing the cycle length.

On-street bike lane LOS based on passing events:  bicycle flow rate.

Lane width, speed limit, and traffic volume not in LOS calc.

LOS can be improved by providing a different facility.

Transit LOS based on service frequency and not on other important factors such as travel time and station accessibility.



Highway Capacity Manual 2010

HCM 2010
= Developed from NCHRP 3-70

= Methodology applied through Complete Streets Level of Service
(CSLOS, Kittleson)

= Produces LOS results for pedestrians, bicycles, transit, and autos

= Results available for segment, intersection, and facility
= LOS scores A-F


Presenter
Presentation Notes
HCM 2010 maintains a quantitative focus, but moves away from delay/density to user experience.

Multi-modal LOS, CSLOS (kittleson)

The 2010 Highway Capacity Manual (HCM 2010) provides detailed instructions on calculating LOS for pedestrians and bicycles on urban streets (at the link, segment and facility levels) and at signalized and 2-way stop intersections. (It also offers instructions on calculating LOS on off-street facilities, which are not discussed here.) Pedestrian and bicycle LOS are integrated into HCM 2010’s multimodal LOS, allowing analysts to compare trade-offs between modes. 

The 2010 Highway Capacity Manual (HCM 2010) provides methodologies for measuring transit LOS at the segment and facility levels. On street segments with multiple transit lines, each line must be entered separately. These methodologies apply only to public transit operating at street level, such as buses and streetcars; 



HCM 2010

Intersection control type

Coordinated signal control

Link length

Traffic calming measures .
Number of traffic lanes at 1 PedeStrlan LOS

cross-section

ADT 2-way (vpd) or Pk Hr 2-way (vph)

Un-named Scenario

Cycle length (secs)
. N Street: Diate of data collection: COhserver:
Speed limit l !

Through lanes at intersection Limits: Analysis [T (down divection onthis form)
LEft/nght tu rns pe rcentage User Title Fields (will appear on each report page): LI

Progression arrival type

On-Street parking occupancy

Strlped [Parklng] Cr%s)s H-Strest }(—S‘f\)reet ---RT.jjr
Travel lane widths e o AT
Shoulder Parking width [ oot E | B O 5 I I I |
Downstream cross street width segt1 S|l 0 [f

Lane.widths I iTﬂ I lb I _:! r IT 'T [D_ iT“ I-
Median type =

Median width s J

Percent with restrictive median | (o = | B ] o
Bike lane width segaz S| 9|1

Number of cross street lanes I o l B O S R R
Buffer width Seg#d &[] 0 |f

Curb present I o e o | 5 O i
Street tree numbers/spacing seyzs &|IMEMA"

Mid-segment ped. crossing I .3 40 I 8= 88 018
Pk hr auto volumes: cross street

Ped. Volumes ross:sireet s is usedt o computs pedest
Ped. cycle walk time (analysis) < sern 5| g
Ped. cycle walk time (cross street)

RT islands

RTOR + permissive left (vph)

Sidewalk width

X-Street speed limit F E H R & P E E R S



Presenter
Presentation Notes
Pedestrian LOS

List of inputs that are used to determine pedestrian LOS.  Some inputs are used in multiple modes.  The PED los is used to calculate the facility transit LOS score.

Rather then utilizing this checklist for data collection and input, the most efficient and foolproof way to collect all data is to print out the four data input screens from CSLOS and collect data into those sheets.  They resemble the data collection sheets provided by Kittleson, but these make the data entry easier.

The CSLOS software provides results by segment/intersection, by direction, by mode (i.e. Ped LOS calculated eastbound and westbound on Main street between 1st Street and 2nd Street) and the data must be entered in that way.  Traffic controls, cross streets, driveways, parking buffer, and sidewalk width are examples of inputs that can vary from one side of street to the next.

The # of data inputs and directionality of inputs/results can make data collection/input time consuming and challenging.

Our sensitivity testing done for LADOT did not test every single input, rather we tried to make educated guesses about the inputs that were most likely to affect LOS.  Of the inputs tested, the tool was most sensitive to:
2 way volumes
Speed limit
Sidewalk width


— ! HCM 2010

Bicycle LOS

Intersection control type
Coordinated signal control

Un-named Scenario

Street: Limits:
| Link Iength Data collscted on: Observer: Analysis dirsction:
Traffic calming measures
Number of traffic lanes at Segment #1 Cross-Section to
cross-section ) i b
ADT 2-way (vpd) or o e e 'mpi{%:a%gﬁ ' Pavement Cond [ 3 (i)
Pk Hr 2-way (vph) - O e L Analysis i for "on-coming traffic’, L., on the left. Midjzgg:;‘l;;:l_ [ @
Cycle length (secs) Curb present [
Speed limit : ;
Through lanes at intersection ':':1_49/_,——;(_,;——"&“4\%&\\1-[[:
Left/Right turns percentage Side. Shidr  Bike Bie Shar i

walk  Buffer  Prkg  Lane  Trawvln Trawln Travln Trawln Median Trawln Travkn Trawln Travln Lane  Prkg  Buffer  walk

[oTo ToTolo e To e [e oo e [ofo oo [o

(enter widths in feet)

Progression arrival type

On-Street parking occupancy
Ped Bike Walk

StrIPEd [Parklng] volume:  wolume:  Speed:

Travel lane widths I 0 I 0 I D % adiacert to windows: IT Eff width of fixed objects on inzide of sidewalk: 1T

Shoulder Parking width . ;:rlv' S;’;"{;’:"‘ iy % acfacent to bultings: [0 Eff wickh of fixed objscts on outsids of sidewalc [ g

Downstrea m cross street Wldth | 1} | ] | ] % adjacent to fences:| g Distance to nearest signalized crossing: ’T
i --- Pedestrian Delays --- Bicycle Delay

Lane widths Dpp Dpc  Dpw Db

Med ia n type User overrides for Ped/Bike Delay st intersection: | 1] | u] | 1] ]

Median width hotes:

Percent with restrictive median
Bike lane width

Number of cross street lanes 1 K T
Access points right side
Heavy vehicle percentage
Pavement condition
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Presentation Notes
Review bicycle input list.  

Cross-section input screen.  Again beware that this input by direction and by segment.  Can start with field review/measurements on aerial and field check in vehicle or on bike.  Done both ways in San Diego and using two people in car was fastest for large areas/corridors.  

Based on our testing (didn’t test every single input), the tool is most sensitive to:
Link length
Bike lane width
Number of access points to the right
Pavement condition


HCM 2010

Transit LOS

Un-named Scenario
Strest: Lirmits:
. Diata collected on: Observer: Aralysis direction:
Intersection control type i
- - ield Survey Eeoir
Coordinated signal control Sagment Bus | Mear | 2wy, | P T
" Stops | side | Dwell | Entry | Shehers Benches In Transit Traffic
Link Iength From To # | stops | Time | Delay | % stopsy | ¢% Stepsy | cBD | Lane Condition
~ Traffic calming measures ! o [E o ) | T (T
. 2 -
Number of traffic lanes at i L [N L] Ll EEGHE
) 3 TR N e r I [NoRTs =
cross-section 7 o C oo o [0 = a W
ADT 2-way (vpd) or Pk Hr 2-way (vph) 5 o FC[ofe[ o [ 8 I I |nNers =
Cycle length (secs)
Speed ||m|t Bus is On-Time if arrives within: a mins. Average Passenger Trip Length: a miles I Population £
Progression arrival type Transit Performance Data ) 5] B E
Bus stops Segment #1 Load oneTime | Schedule it Aurg
N Fioute Fraquency Factor % Perform. Speed Speed
Stops with benches From To #s bushr) | fpassiseat) % tmph) fmph)
Stops with shelters ] [ | i
: | | o | o | o | o
Average dwell time | I I R [ rdmt
Avg. passenger trip length | o [ o [ o [ o i
CBD | | o | o | o | o
Exclusive transit lane | | o | o | o | o
i 0 0 1]
Frequency I I 0 I 0 J| 0 J| 0
Load factor percent (pass/seat) | o [ o [ o [ o
On-time performance ] [0 [ o [ o [ o
On-time window (minutes) [ T |
Reentry delay
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Presenter
Presentation Notes
Review transit inputs and CSLOS transit input screen.

Based on our testing (didn’t test every single input), the tool is most sensitive to:
Number of bus stops
Avg dwell time
Frequency

In the transit CSLOS analysis, the greater the number of bus stops, the more the transit LOS deteriorates.  This is based on the rationale that a greater number of stops lengthen the duration of the trip as buses come to frequent stops.  Some might argue from a pedestrian or transit perspective that a greater number of stops makes transit more accessible as bus stops are more frequent and therefore likely to be closer to a person’s origin or destination.  This appears to reflect some preference for express or limited stop service relative to local bus service with frequent stops.





Intersection control type

Coordinated signal control

Link length

Traffic calming measures

Number of traffic lanes at cross-section

HCM 2010

Segment LOS: Autos

ADT 2-way (vpd) or Pk Hr 2-way (vph)

Cycle length (secs)

Speed limit

Through lanes at intersection

Left/Right turns percentage

Access points opposite side

Cycle timing: # of phases

Cycle timing: Loss time

Cycle timing: Pretimed

D (percent of two-way flow in
analysis direction)

K (percent of traffic in peak hr)

PHF (peak hour factor of downstream
signal)

Through adjusted sat. flow (vphg/In)

Urban street class

Un-named Scenario 9@ or «[T
Street: Limits: & D:I_D
Data collected on: Ohserver: Analysis direction: {.)
Field Survey Lo W V] L Traffic Counts i) i
Segment and Downstream Signal Speed % with Left Through | Access Pts | Access Ptz | 9LT Acc % 115’z | Other ADT | Heawy | RTOR + | Left!
Limit | Median |restictive | Tum Lanes at Rightside | Opp.=side |to Opp Side | with LT | Stop 2-way |%ehicle | Permleft | Tuor
Fraim Ta tmph) | Type | median | Pocket | Intersection i i Fevess Pts | Lanes | Rate (wpd) % (wph) 3
1 0 0 0 o 0 0 0 0 0 0 0 0 0
2 0 |o [ o [ 0 0 0 0 o [o [ o 0 0
3 @ @ [0 Wul @ 0 0 g [0 [l o [© &
4 o [o [ o [ 0 0 0 0 o [o [ o 0 0
5 o |0 [ o [ 0 0 0 0 TS [ 0 0
B o [o [ o [ a 0 0 0 i [T 0 0 0
7 7@ [0 W= 0 0 0 0 o [o [ o [0 0
8 [ @] o Wel @ 0 0 | T | P
3 g @ [0 W= 0 0 0 0 o [o [ o [0 0
10 o |o [ o [ 0 0 0 0 0o [o [ o 0 0
Arterial Traffic Performance & Signal Timing ¥ b i V] Detay due] [ Caled b i i P] :"ﬁo T
Segment and Downstream Signal Circle % oiC Ped ¥ing Ped Urban | Progresn | to other hian Speed | Observed || Calib calib
Length | for Thru Mialk ialk Streat Feival SOUrces Spead Adjmint Spead Const || auto
From To (zecz) | Movmnt | (zecioycle) | (secioycle)| Clazs Type | (zechveh) | [ (mph) (mph) (mph) (mph) || speed
1 1w | o | o | o | =l = o Joo [ooo | o Jom T
2 o [ o | o [ o | =l =l o Joo [oo | o Jom I
3 100 0 0 0 = x|l o 00 0.00 0 ooo I
4 100 0 0 0 hd | I 0.0 0.00 i ooo [
5 (1o [ o | o | o [ =l =l o Joo [ooo | o Joomo [T
B [ T [ T | |l i | [ [
7 1w | o | o | o | =l = o [oo Jooo [ o Jom T
g 100 0 0 0 x| x| o 0o 0.00 i ono [
9 100 i 0 0 hd =l © 00 0.00 i oo
10 o [ o | o [ o | =l =l o Joo [oom [ o Jom
Unadjusted: W
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Presentation Notes
Auto LOS inputs and input screen.

Most jurisdictions employing CSLOS still do auto los in V/C or delay based methodology.  If using synchro, some of the information such as signal timing can be obtained from synchro output sheets.  

Inputting by direction can make a big difference, i.e. # of driveways or T-intersections would affect only one side of street.

HCM 2010 has been applied by F&P in San Diego, Los Angeles, and San Bernardino.  In San Diego it has been used for a community plan update, a corridor study, and a master plan development project, as required by the City.

Based on our testing (didn’t test every single input), the tool is most sensitive to:
Cycle Length
Number of through lanes at an intersection
Peak hour 2-way vols


Advantages
Provides a comprehensive evaluation of LOS for various modes at different scales.
Easy to compare with motor vehicle, bicycle and transit LOS for the same segment/facility
Quantifies the benefits and drawbacks of roadway design alternatives for a single segment.
Focused on factors within the public right-of-way, which can be addressed through planning and engineering.

Disadvantages
Requires extensive data inputs, many of which must be measured in the field.
May not be feasible as a stand-alone measure (significantly integrated with HCM 2010 Auto LOS measure).
Pedestrian LOS score is heavily influenced by auto traffic volumes, which are difficult to mitigate in a planning or engineering context.



LOS+

X

] | Y
LOS+ Multimodal Level of Service for Urban Streets Date 1/1f2012

1
2 | segment General Data Input Sheet

3| Street A Street Analyst FM . | .
. Ped, bicycle, and transit
5 Limits. 1st Street to 6th Street Scenario Existing . .

- components consistent with
8| [ analysis Direction | e8

9 {Down Direction on this Sheet) H C M 2 O :I_ O
10

'1_1

12

13

Auto based on NCHRP 3-70
15 | Segment Volume Data ] Segment Layout and Speed Data ] Users Must Input Data In
16 Pedestrian Walking Speed [ft/s) | Zehicle Flow Rate (vph) 100 Segment Length (ft) Light Green Shaded Areas

17| a0 Peak Hour Factor: 095 Speed Limit (mph); 25 S LO S |

T - Heawy Vehicle % 2.0% Left Turn Pocket?

19 | # Left/Right Turns % Ave. Travel Time [s): eg m e nt O n y

| Pedestrian Fi

100

ow Rate {ped/hr)

Thru Ad]. 5at. (vohg AvE. STOPS [#/veh):

Intersection Data

Intersection | Green/Cycle

Control | for Thru (%) LeSS data—lﬂteﬂSlve bUt
e || o generally reflective of ped

Segment Volume Data Segment Layout and Speed Data N N

= i e o W e v and bike experience
29 | Pedestrian Flow Rate {ped/hn) Peak Hour Factor 0.95 Speed Limit (mph)

30 b 100 HeawVehicle % 20% Left Turn Pocket?:  Yes

31 Left/Right Turns % 25.0% Avg. Travel Time (s)

32 . Thru Adj. Sat. (vphel): 1,800 &= Ave Stops [#/veh) N -t -t

33| Intersection Data O COS O user
Et Intersection | Green/Cycle

35 Control | for Thru (%)

36

37 Signal 30%

3 {

Cammmant Ualima Mot

_— FEHR¥ PEERS
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Presenter
Presentation Notes
Free mult-modal software available on F&P.com intended as a quick response tool that is lower cost (free) and requires fewer inputs.  Bike/ped/transit HCM 2010 and autos based on NCHRP 3-70.  All modes segments only.



Sensitivity Testing

LADOT interested in MMLOS, Fehr & Peers
retained to explore MMLOS approaches

Conducted sensitivity testing of CSLOS along
Venice Boulevard

Adjusted inputs individually and assessed
cumulative changes to pedestrian LOS

In several instances CSLOS lead to unexpected,
counterintuitive, or insensitive results from the
tool

FEHR ¥ PEERS



HCM 2010 vs. V/C

SEGMENT HCM 2010 HCM 2010 V/C Ratio V/C 10S | .j .
Venice WB at Lincoln Score 1 1

Walgrove to Lincoln 0.47 0.477

Lincoln to Oakwood 0.86 A 0.648 B
Venice EB at Lincoln Score

Oakwood to Lincoln 0.44 0.618

Lincoln to Walgrove 0.57 C 0.482 A

INTERSECTION HCM 2010 HCM 2010 CMA
Venice & Lincoln Yolo]g)

71.3 0.925

FEHR 4 PEERS


Presenter
Presentation Notes
This table reflects auto LOS and was assembled at the request of LADOT .  It can be used to make three points:
It can be helpful for clients to see a side by side comparison of new methods with existing methods.  Are results consistent or reflective of conditions on the ground?
It is an option for a jurisdiction to adopt an MMLOS approach for bikes, peds, and transit, while maintaining their current auto analysis methodology.  
Adopting CSLOS can be the “lever” for prompting jurisdictions to adopt methodologies in the 2010 HCM.

In the example above, segment scores differ considerably while the intersection LOS is the same letter grade.



Percentage Change Compared to Initial LOS Score

Pedestrian LOS
Sensitivity (Adjusted)

Effect of Changes in Inputs on Pedestrian LOS
(Trends Aligned)

3.0%

2.0% \

1.0% AN LOS Score HON

Buffer
x < 2.00 A

== Cl|ear
~ Sidewalk

0.0%
R == Speed Limit 2.00 < x <275 B
Trees 275 < x < 3.50 C
'1.0% \
e Pk hr volume
\ \\ 350 < x < 4.25 D
‘\ 425 < x <500 E

-2.0%

x > 5.00 F

-3.0%

50% 40% 30% 20% 10% 0% 10% 20% 30% 40% 50%

Change from Initial Input Value
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Presentation Notes
This graph displays some of the sensitivity testing done for LADOT.
The x-axis reflects the changes ranging from 50% above the initial value to 50% below the initial value.  
For pedestrian LOS, the LOS improves as the index value decreases (2.0 A and 5.0 F)
Some variables improve LOS as their input value increases, others have the opposite effect.  This graph has been adjusted to show changes to LOS in the same direction.  
Looking at the difference between the two extremes reflects the sensitivity of this methodology to the changes in these inputs

This graph indicates that of the variables modified, the tool is most sensitive to the peak hour volume, followed by the speed limit.  The trees start out flat, since you must start at zero and reflects an improvement to pedestrian LOS as the number of street trees increases.


LOS Score

Sidewalk Improvements
and Pedestrian LOS

Los Angeles vs. Ontario

Infrastructure Effects on LOS: No change to Traffic Lanes

4
3.8 C o I\
3.6
3.4 \ _\.\LOS D to C
3 Holt Blvd.
2.8
2.6 —
—— —— —— LOSBtoB
2.4 y ==
Venice Blvd.
2.2
2 T T T T T
Initial LOS Plant enough trees to Widen sidewalk to 10 Increase buffer Reduce speed limit to Incentivize increase in
form a continuous feet between sidewalk and 30 mph on-street parking to
barrier parking to 10 feet 85%
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Presenter
Presentation Notes
The sensitivity testing shown in the previous slides was done at Lincoln Bl and Venice Bl in Los Angeles.  This location is multi-modal with ample transit service and pedestrian activity.  Both Lincoln and Venice are arterials that serve high numbers of daily and peak hour traffic.  Venice Bl includes class II bicycle lanes in the EB and WB directions.

Since this location has some of the characteristics of a “complete street” we decided to do some similar testing on Hold Boulevard in Ontario, which is about 50 miles east.  

The sensitivity testing revealed similar trends for the changes made at these two locations.  The points above reflect the cumulative change to PED LOS from making each improvement one at a time.

The biggest difference here occurs when you increase the buffer to 10 feet along Holt Bl.  This occurs because Holt Bl didn’t have any buffer between the street and sidewalk to begin with.  As shown in the prior slide and will be discussed further on the topic of road diets, the amount of traffic, particularly in the curb lane, has a considerable impact on the ped LOS.  


LOS Score

Road Diet Option
and Pedestrian LOS

Los Angeles vs. Ontario

Infrastructure Effects on LOS: Road Diet

4
3.8 -4.=.=.\
3.6 /.\-2— wc
3.4 \-/ SRR
(0] va.
3.2
3
2.8
9 LOS B to B
' —— — = ;
N .
) —— —— —o__Venice Blvd
2.2
2 T T T T T T T 1
Initial LOS Plant enough  Widen sidewalk Increase buffer Remove traffic Use model to Reduce speed Incentivize
trees to form a to 10 feet between sidewalk lane (to make show that 15% of limitto 30 mph increase in on-
continuous and parking to 10 space for traffic would street parking to
barrier feet sidewalkand  divert with lane 85%

buffer) removed


Presenter
Presentation Notes
An alternative analysis of these improvements included the removal of a traffic lane (road diet) to provide the space needed for the proposed improvements.

Again, the improvements were made one at a time and the total changes to the ped LOS were considered.  As can be seen in the graph, the LOS numerical value decreases, resulting in improved ped LOS until  the fourth data point where a lane of traffic is removed.  This change, among all the changes made, was the only one that actually resulted in a worsening of the LOS score.  This has been revealed in our testing and anecdotally confirmed through conversations with Bob Schneider @ UC Berkeley.  We think these results occur because the tool is more sensitive to the increased amount of traffic in the curb lane than any of the benefits provided by the buffer.  If the additional space were used to install bike lanes, that might lead to improved bicycle LOS, but would provide little to no benefit for pedestrian LOS.


Sensitivity Testing - Local Example

Midway and Old Town Community Plan
Updates

Comparison of CSLOS results with
observed field conditions

In several instances, CSLOS lead to
unexpected, counterintuitive, or
insensitive results from the tool
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CSLOS Results — Ped LOS

san DIegd Rivar

Level of Service
Pedestrian AM
A-C

D

E

L i ndbee_rig h IFine.Ld

———

FEHR ¥ PEERS



Actual Issues /Needs - Peds

‘l /’I
]

i r
gan Diedl Rive

Connectivity

. Issues

W \ Walkability Issues

-
/ Connectivity Issues

lNo Connection Across Pacific Highway]

SPORTs
. =t '-BOULE'
. "5 4Rp

A

[ Uncontrolled Conflict Points ]

Missing Pedestrian Facilities |-

Lindbergh Field

Accessability - At
Grade Rail Crossings
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Level of Service
Bicycle PM

A-C

D

E

—

Lintbergh Field
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Actual Issues /Needs - Bikes

High bicycle demand [=%&

Lack of dedicated
facilities and ROW

Numerous conflict
points between vehicles
and cyclists

High traffic volumes
and speeds

rre-g e r
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Level of Service
Speed PM

A-C

D

' E

——

Lindb.ergh WField
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Actual Issues /Needs - Vehicles

,—/—‘\r"’ B

River
san Diego Rive

Constrained Regional Access

Constrained Regional Access

- _ N
‘9/0 s ARENA .BOUL / \
s .
B
73
\
i Constrained Regional Access
Chokepoint | * /J =
High Traffic Volumes

Constrained Intersection Geometry |
Close Intersection Spacing |
Queuing and Delays

Airport Traffic Using Local
Roads To Access Freeway

Lintberghi Field
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Other MMLOS Options

Person Delay

Fort Collins
PEQI/BEQI

Charlotte

LOS+

Auto Trips Generated
Layered Networks

Built Environment Factors
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Person-Delay

Using traffic simulation to evaluate automobile,
transit, bicycle, and pedestrian delays in designing

an intersection.

A case study from the University of California at Davis.

Travel with Vehicles : 4
.- 2
= s \
Option 1: Hutchison Drive/La Rue Road with
All Bicycle/Pedestrian Phase

Under Option 1, the Hutchison Drive/La Rue Road
Imersection would have an exclusive b

Option 2: Hutchison Drive/La Rue Road with
Exclusive Bicycle Path Phase

Under Option 2, the Hutchison Drive/La Rue Road

phase. During thés phase, all vehicles would stop and only
bicyclists would travel through the intersection. The
Intersection would cperate with & 120 second cycle length,
Due to the Calidomia vehicle code, on-street bicyclists must
use the exciusive bicycle/pedestrian phase and cannot use
vehicle phases,

PM Peak Hour Delay

Vebicks  Bemas  Petesben By OO

Oposat a2 ary s an a2

HCM Intersection LOS = D

would have an exclusive bicycle/pedestrian
phasa cnly on the north side of Hutchison Drive o for the
bicycle path on the west side of La Rue Road.

PM Peak Hour Delay

Cwveral
Vesie | Dees  Fedeswian B 0

3 . ar wsr ua as1

HCM Intersection LOS = D

Option 3: Hutchison Drive/La Rue Road with
Traditional Design (No Bike/Ped Phase)

Under Option 3, bicyclists and pedestrians would travel with
the flow of vishicles through the intersection as ocours at
typical signalized intersections (e.g., current J

On-Street Bicyclists ;0= &

" with Head Start
-

Option 4: Hutchison Drive/La Rue Road with
Head Start for Bicyclists/Pedestrians

Option 4 is simiar to Option 3, but would give bicyclists
and pedestrians traveling on the southbound and

This oplion causes conflicts batween east-west bicycla
and the heavy right-turn vehicle
movement

PM Peak Hour Delay

Vet Buas  Pedssbian  Beyris f_“';

Opseas  m ms ar s a4

HCM Intersection LOS = C

bicycle path a five second head
stan batore eastbownd and westbound through vehicles
recaive a green light. This option would minimize fght-turn
«conflicts during the start of the green phase when the
highest vehicle flows occur.

PM Peak Hour Delay

! Overait
L
——— ua omr | ma

4
HCM Intersection LOS = D

Option 5: Hutchison Drive/La Rue Road with
Grade Separated Bicycle Crossing

Under Option 5, a grade separated crossing would be
provided for bicyclists and pedestrians traveling betwean
1he path on the norh side of Hutchison Drive and the path
on the wast side of La Rue Road, This improvement has
1he lowest total delay and the least number of potential
confiicts batwean modes.,

PM Peak Hour Delay

Veticle | Duas  Pedeskien  Bepels

w1 =1

F) na a3
HCM Intersection LOS = C
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Presentation Notes
Person delay uses microsimulation to evaluate the delay per person for each mode of travel at an intersection.  The person delay for each mode can then be combined to create an overall person delay for the intersection.  This method provides a better decision-making tool for developing improvements to facilitate more efficient movement of people, rather than a single mode, through an intersection.   It also facilitates the development of multimodal mitigation measures.  It is useful for analyzing higher occupancy travel modes such as BRT or the influence of a grade-separated crossing, as it accounts for benefits or impacts to all facility users.

Measure person delay across all modes using microsimulation, allows for “apples to apples” comparison or delay to delay.  HCM 2010 quantitative results provide a number on a scale, but that number does not mean anything strictly within the context of traveler experience, whereas delay does

Accounts for vehicle and transit occupancy because done per person

Helps identify how certain improvements (i.e. grade separation) benefit different modes (or not!)

Shows how improvement options at Hutchison Dr / La Rue Rd intersection affect the delay/person of travelers of each mode.  


Fort Collins Methodology

Fort Collins created a city-specific MMLOS
in their 1997 Transportation Master Plan;
Pedestrian LOS updated in 2011

The Fort Collins methodology is based
on a combination of quantitative
and descriptive criteria

LOS is given in letter grades, but

thresholds may differ by
Visual Interest &

location or facility type
Pedestrian Districts

Activity Centers and

Corridors . . e . .
Transit Corridors B B B C B
School Walking Areas B C C C B

Other Areas within

o FEHR ¥ PEERS

(@)
(@)
(@)
(@)
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Presenter
Presentation Notes
Fort Collins Overview

Fort Collins created MMLOS standards for its streets in the late 1990s and has continued to refine them. Fort Collins standards consider both route characteristics and land use characteristics; high-priority land uses, such as public schools, require higher LOS for pedestrian and bicycle modes. 



Fort Collins Scoring —

Pedestrian LOS

Directness (Actual/Minimum)

Continuity

Signalized Street Crossings

Visual Interest
and Amenities

Security

<12

Pedestrian sidewalk appears as a single entity within a majority of
activity area or public open space

- 3 or fewer lanes to cross

- Signal has clear vehicular pedestrian indicators

- Well marked crosswalk

- Good lighting levels

- Standard curb ramps

- Automatic pedestrian signal phase

- Amenities, signing, and sidewalk and roadway character strongly
suggest the of a pedestrian crossing

- Drivers and pedestrians have unobstructed views

- Visually appealing and compatible with local architecture
- Generous sidewalk width

- Active building frontages

- Pedestrian lighting

- Street trees

- Quality street furniture

- Sense of security enhanced by presence of other people using
sidewalks and overlooking them from adjacent buildings
- Good lighting and clear sight lines

-y
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Presentation Notes
-Directness is a calculation
-Continuity, Visual Interest and Amenity, and Security are descriptive
-Signalized Street Crossings LOS is subtractive, beginning with LOS A
-Visual Interest and Security descriptive and determined by reviewing field conditions

-Pedestrian LOS is scored along five criteria, each receiving a score from A-F. Within the City of Fort Collins, land uses are required to have separate minimum scores for each criterion.

1) Directness is a calculation – This is the quantitative aspect of the fort collins approach that makes it a combination approach.  
-Directness = ratio of actual distance to chosen destinations to ideal distance to chosen destinations
	-In this case, ideal = as the crow flies
2) Continuity, Visual Interest and Amenities, and Security are descriptive
3) Signalized Street Crossings is a list of attributes with lower LOS grades essentially defined as having a fewer number of these attributes
Visual interest and amenities, descriptive
Security, descriptive

Sample of varying desired LOS by district type.  In this fashion, Fort Collins and other approaches built-in a layered network approach that stratifies the transportation network to favor certain modes in certain area types (downtown, schools, neighborhoods, commercial areas, vehicular focus areas, transit rich corridors, etc.)

Bicycle LOS is based on how well a site is connected to bicycle facilities on nearby corridors and the quality of those facilities. Direct connections score higher than indirect connections; connections to on-street lanes are most highly valued, followed by off-street paths and on-street routes. 

-Best LOS is connected to bike lanes in both the north-south and east-west direction
-Less than ideal conditions include bike routes instead of bike lanes, no connectivity in a cardinal direction, and bike paths instead of bike lanes





PEQI / BEQI

» Pedestrian / Bicycle Environmental Quality Indexes
created by the San Francisco Department of Public Health

» Used by others nationally, including UCLA Center for Occupational and
Environmental Health and City of Pasadena

* Factors based on

— Literature review Interpretation

— Existing indices

 Factors weighted based on national survey of

Average quality, conditions present but
room for improvement

— City planners 60 — 41
— Transportation planners

40-21 L lity, minimal conditi
— Consultants ow quality, minimal conditions

— Advocates 20 and below  Poor quality, conditions absent
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Presentation Notes
The San Francisco Department of Public Health (SFDPH) developed the Pedestrian Environmental Quality Index (PEQI) to measure the impacts of built environment factors on pedestrian environmental quality, pedestrian activity and pedestrian safety. The PEQI was developed through consultation with transportation professionals and travel behavior researchers.

The PEQI measures thirty indicators to evaluate pedestrian environment quality at both the intersection and street segment level. The intersection-level assessment looks only at safety features that aim to protect pedestrians from vehicle traffic, while the segment-level assessment looks at land use, traffic and design features as well as perceived safety from crime. 

Used primarily for HIAs

SFDPH used the PEQI to perform health impact assessments in San Francisco’s Eastern Neighborhoods and Mid Market areas. SFDPH also used the PEQI in community planning efforts on Treasure Island and in San Francisco’s Excelsior Neighborhood.
 
The UCLA Center for Occupational and Environmental Health added additional factors to the PEQI for use in Los Angeles, created an Android app for field data collection, and developed training materials and data collection worksheets in both English and Spanish. 

Advantages
Straightforward application: checklist and index
Simple training required for data collection
Basic software requirements (Microsoft Access, ArcGIS)
Integrated with mapping software
Research-based


Disadvantages
Does not address street connectivity and presence of pedestrian attractors
May not address all relevant design factors
Not designed for use outside urban areas



BEQI Inputs

Dashed Intersection Bicycle Lane Number of Vehicle Lanes

No Turn on Red Vehicle Speed
Bicycle Pavement Treatment Traffic Calming Features
Parallel Parking Adjacent to Bike Facility
Presence of a Marked Area for Bicycle Traffic Traffic Volume
Width of Bike Lane Percentage of Heavy Vehicles
Tree Lined Street
Connectivity of Marked Bicycle Network Presence of Bicycle Lane Signs or Share Roadway Signs
Pavement Type/Condition Bicycle/Pedestrian Scale Lighting
Driveway Cuts
Street Grade Bicycle Parking

Retail Use

Line of Sight
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Presentation Notes
Same five categories as the PEQI: Intersection safety, street design, vehicle traffic, segment safety, and land use
Many familiar factors (facility width, traffic volume, pavement condition)
As well as some additional factors, such as parallel parking adjacent to the bicycle facility. 


55-73

37-54

19-36

Pedestrian LOS

Factors for Each Mode

Pedestrian Crossing
Distance

Left Turn Conflict (left

turns into pedestrian path)

Right Turn Conflict (right

turns into pedestrian path)

Pedestrian Signal Display

Corner Radius

Right Turns on Red

Crosswalks

Adjustment for One-Way
Street Crossings

Factors for Each Mode

Bike Travel Way & Speed
of Adjacent Traffic

Opposing Vehicular Left
Turn Phase & Stop Bar
Location

Shared Traffic
Lane/Separate Right Turn
Traffic Lane

Right Turns on Red

Intersection Crossing
Distance

Charlotte Methodology

Developed by the Charlotte
Department of Transportation in
2005; updated in 2007

Analyzes pedestrian and
bicycle LOS at intersections

Points are assigned
for input values

Points are tabulated to
determine level of service
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Presentation Notes
Charlotte, NC overview
In 2007 the City of Charlotte, North Carolina, developed a methodology to assess design features that impact pedestrians and bicyclists crossing signalized intersections. This methodology can be used as a tool to assess and improve pedestrian and bicyclist levels of comfort and safety through intersection design features.  The results can be compared with those for auto LOS of an intersection and weighed according to user priorities.  

In 2007 the City of Charlotte, North Carolina, developed a methodology to assess design features that impact pedestrians and bicyclists crossing signalized intersections. This methodology can be used as a tool to assess and improve pedestrian and bicyclist levels of comfort and safety through intersection design features.  The results can be compared with those for auto LOS of an intersection and weighed according to user priorities.  

Pedestrian LOS examines intersection geometry, signalization, pedestrian treatments and conflicts with turning vehicles.  
Charlotte’s pedestrian LOS specifically includes the inputs above.

Bicycle LOS examines auto speeds, intersection geometry, signalization, space allocated to bicycles and conflicts with turning vehicles.
Bicycle LOS specifically includes the inputs above.

Mitigation solutions that do not degrade pedestrian and bicycle level of service will be preferred. If auto improvements degrade pedestrian and bicycle LOS, then mitigations for pedestrian and bicycles will be pursued or alternative capacity enhancements will be considered.

Advantages
Relatively few data inputs required
Focuses on street geometry and design 
Intersection-level analysis improves comparison with auto LOS 

Disadvantages
Does not address transit LOS 
Not all bicycle and pedestrian travel is at intersections





Auto Trips Generated

Unlike LOS standards, all vehicle trips
impactful

Easy to measure proxy for impacts
to modes

Some environmental impacts like

GHG better addressed through this
methodology and greater flexibility

and multi-modal benefits to mitigations

Nexus - fee on vehicle trips tied
to mitigating or eliminating vehicle trips

Based on trip generation analysis

From SFCTA, "Automobile Trips Generated:
CEQA Impact Measure and Mitigation
Program, 2008

City Planning Receives
New Project Application

Will Project
generate one
or more net

!fv“i- Auto Ir ips’

Transportation
Impact Analysis
Not Required

Estimate Auto Trips Generated
or Induced by the Project

Use current Planning Department methodologies

(or revised methodologies) to prepare a trip generation

estimate for automobile trips

Will Project stop
generate one

Project
or more net

Requires
o Fees

Calculate & Assess TIMF Payment

Planning Department calculates Traffic Impact
Mitigation Fee based on number of
auto trips generated or induced.
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Presentation Notes
Current practices throughout California, and nationwide, focus on establishing level of service (LOS) standards – typically based on automobile delay at signalized intersections.  The ATG approach, by contrast, is based on the premise that each net new vehicle trip generated by a project constitutes an incremental impact to the transportation network and thus requires mitigation. As a result, ATG provides a more direct connection between a project’s environmental impacts and mitigation, and serves as an easily-measured proxy for LOS impacts to pedestrians, bicycles, transit, and automobiles.

ATG can also be useful when estimating the impacts of project-generated vehicle trips in already-congested corridors. In the City of West Hollywood, for example, existing levels of peak-period congestion make it difficult to determine the incremental impacts of a project on congestion. In the event that an impact is identified, there are limited opportunities for making physical improvements in the street system to mitigate traffic congestion, because the City is already built out.  Since mitigations to improve auto LOS are generally infeasible, it may be more appropriate to measure project-generated impacts by determining auto trips generated. Fees collected as mitigation could then be used to improve facilities for pedestrians, bicyclists and transit users (funds can already be used to improve vehicular operations).

ATG can also be tied to developer impact fees, which could be used to pay for new or improved pedestrian, bicycle or transit infrastructure. A nexus fee study would establish the connection between new development and the need for new or expanded transportation facilities.  

Sample applications:  Impact fees and general plan TIA policies .  Locations:  Palo Alto, SF, West Hollywood

Advantages
Better at evaluating environmental impacts than traditional auto LOS measures
Good at linking transportation impacts to impact mitigation
Simpler to measure than auto LOS
More meaningful than LOS in congested conditions


Disadvantages
Does not evaluate street design
Does not evaluate trade-offs between different modes (pedestrian vs. auto, transit vs. bicycle, etc.)
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Muiti-Modal Level of Service Toolkit
Built Environment Factors

vyl amaried (plaetens, pavement desgns] and
ety foatures (lohbng. eto ) The 2000 Highway

Capacty
of soewalk foxlures and adacent budings on the
effective widh of skdewaks.

s T pucturw of Sl Fort Cislina, Coioesss

Potnntial Applications
® Deveipment ievien @ Transporiaton Masier Flans @ Qeneeal Comminity Plars @BicyciePedestrion Flans

Advantages
+  Design and maervergon-focused
+  Straightiomward messurement of varabies
*  Severs methods available to assess buk
emvronmert effecis on cychng and waking

Disadvontages
®  Does ol sddress presence of oo
vahicins, wWeich hane TigEiaT imeacts far
bikes and pedestans
= Doesrat sddress anst of 3o LOS.
+ o detnake meshad toe mescurement

Sample: Appiicatians
Most MMLOS measures mchide both bull emvirorenent factors and rafic condBons o ther canuatons Buit
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prseatian of oyte LS would requne qusnBhing the impacss of tese Fctors on The quaity of serace peroaived
by users.

= TheLos Angeles Urban Desgn Siude's,

= Mors axamples [ty Wakabuity. & Rievew of Exsing Pedestian ingces” by Praveen 1 Maghels and
Cars Jasn Capp)

= Burben, WA, Fetv & Peers diveliped a0 MMLOS approach Based on bull srnangnment fackn.

Dintis Roquiroamen e
Cata

iy g o what Facters e ered, Mot

abous 1he e & @ pplies 0 pededrinns, athough me presence ind ambutes
of tucytle facitters miry be easier to access n genersl this method reques consderable fekwork, inckating
mERSLTemENts and uenaney of TERESZINE MMENKRS

http://www.fehrandpeers.com/mmlos-toolkit/

he MMLOS tool outlines a range of
LOS tools and is structured to allow users
(internal and external) to select the tools
appropriate for their context.

FEHR 4 PEERS


Presenter
Presentation Notes
Sample MMLOS cut sheet and website.  

All cut sheets can be linked to via website.

Icons correspond to mode and setting (urban, suburban, rural)

Colors indicate applicability (red: not applicable, yellow:  maybe, green:  yes).



http://www.fehrandpeers.com/mmlos-toolkit/

Pedestrian Bicycle Transit Auto

HCM 2010 PEQI Fort Collins HCM 2010 BEQI Fort Collins HCM 2010 Ft. Collins HCM 2010
o
Venice EB . .
e/o Lincoln B High D High B C
Sy ——— A/CICIC/C C B
enice . .
e/o Lincoln C High D High C D
7th EB C Average D High A F
B/B/C/B/A Cc* A
7th WB C Average E Average B E

Intersection LOS

Pedestrian Bicycle Auto
HCM 2010 PEQI Charlotte HCM 2010 BEQI Charlotte HCM 2010
venice & A Low B c Low c E
Lincoln
7th & Figueroa B Average A D Poor C F
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Presentation Notes
This table was also compiled at the request of LADOT.  Here Lincoln/Venice (beach area) is compared with 7th Street/Figueroa (downtown Los Angeles).    Without getting into too much detail, it can be seen that for segment and intersection LOS for the two locations and modes considered, the results were  fairly consistent among the MMLOS approaches applied.

As can be seen with segments, HCM 2010 and PEQI/BEQI are directional, whereas Fort Collins is bi-directional.


Consideration of
Toolbox Elements

Pedestrian Countdown Signal
Reduced Walking Speed
Pedestrian Recall

All Red Clearance

Leading Pedestrian Interval
Scramble Phase

Flashing Yellow Arrow
Protected Left-Turn
Prohibited Right-Turn-on-Red

Directional Curb Ramps
Curb Extensions

Stop Bar

Median Island with Refuge
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Presentation Notes
In some ways, MMLOS is viewed as an opportunity to modify current analysis techniques to not only be inclusive of alternative modes, but also for implementing a mechanism that will result in improvements and mitigations that result in “complete streets” rather than strictly auto oriented improvements such as additional vehicular capacity.  

One way we often help jurisdictions to move in this direction is by developing toolboxes and implementation guides that describe the purpose and applicability of improvements.  This table displays a suite of operational and physical improvements along the rows.  The columns include two quantitative approaches: HCM 2010 and Person delay; one combo approach:  Fort Collins; and two checklist approaches:  Charlotte NC and BEF.  For each methodology, the impact or consideration of each tool to auto LOS and ped LOS is considered.  It is important to note that for most of these approaches, it is assumed that auto LOS analysis is conducted with typical delay or v/c based methodology.

The table then shows whether or not each improvement in a toolbox (this is from the Pasadena Pedestrian toolbox we developed) is considered for LOS analysis.  The idea here is to try and identify if or how improvements associated with improving the pedestrian environment are taken into consideration with various MMLOS approaches and traditional auto LOS methodologies.  As can be seen, the checklist approaches generally do a better job of accounting for improvements to the pedestrian environment than the quantitative approaches.





Layered Network

Street classification system:
designate priority modes
to specific streets

! PLANNING URBAN ROADWAY SYSTEMS .
| AN ITE PROPOSED RECOMMENDED PRACTICE Each mode has its own set

of design and operational
features and performance

I
! standards

Use to prioritize improvements
or evaluate trade-offs
for mitigation
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Presentation Notes
A layered network is not in and of itself an MMLOS approach.  Rather it is a way for designating modal priority to different streets and areas of the built environment.  

This approach designates modal emphasis by street to create a complete streets network.  Layered networks recognize that while all traveler types need to be accommodated within a community; no single street can accommodate all transportation users at all times. The layered network concept envisions streets as systems, each street type designed to create a high quality experience for its intended users.   A layered network approach can also use context sensitive land use and mode overlays to enhance additional transportation modes. Layered street networks refine the functional street classifications common in U.S. cities, which are by default auto-priority, with modifications that enhance the streets for different modes. 

Priority can manifest itself in a couple ways with a layered network approach such as:
Identifying improvement types for a particular mode along modal priority areas
Identifying improvement priority areas
Establishing the specific MMLOS approaches used for evaluation
Establishing acceptable LOS thresholds by mode 


Multimodal Transportation
System




Layered Network
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Presenter
Presentation Notes
A layered network is not in and of itself an MMLOS approach.  Rather it is a way for designating modal priority to different streets and areas of the built environment.  

This approach designates modal emphasis by street to create a complete streets network.  Layered networks recognize that while all traveler types need to be accommodated within a community; no single street can accommodate all transportation users at all times. The layered network concept envisions streets as systems, each street type designed to create a high quality experience for its intended users.   A layered network approach can also use context sensitive land use and mode overlays to enhance additional transportation modes. Layered street networks refine the functional street classifications common in U.S. cities, which are by default auto-priority, with modifications that enhance the streets for different modes. 

Priority can manifest itself in a couple ways with a layered network approach such as:
Identifying improvement types for a particular mode along modal priority areas
Identifying improvement priority areas
Establishing the specific MMLOS approaches used for evaluation
Establishing acceptable LOS thresholds by mode 


Bicycle Priority Overlay - Alameda Main Island
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Do we need this printed?


Transit Level of Service

Priority Corridors

Transit Stop Amenities

Classification (shelters, lighting, Transit Travel Pedestrian
Speeds Access
benches)
"
.. Sidewalks and All day service. Peak
. o Minimal Roadway . .
Green High amenities marked crosswalks service 15 minutes or less,
Delay . ; .
serving stops midday 30 minutes or less
Sidewalks and All Qay service. Peak
" Moderate service 30 minutes or
./ Yellow Some amenities marked crosswalks

Roadway Delay less, midday service 60

serving some stops .
minutes or less

Congested General lack of
e Red Little or no amenities 9 sidewalks and marked Low level of service
Roadway

crosswalks
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Presentation Notes
BEF transit LOS table based on four factors.  Similar to transit LOS for Fort Collins.  Note this is for priority corridors, thus incorporating an element of layered networks.
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Pedestrian Level of Service
Roadway Segments

Pedestrian Priority Areas

Arterial/Collector - Sidewalk,
"/ Green Sidewalk and buffer Meets downtown standards
Local — Shoulder

W Yellow Sidewalk Shoulder Sub-standard sidewalk

e Red No Sidewalk No sidewalk or shoulder No sidewalk

Non-Pedestrian Priority Areas

_ Non-Pedestrian Priority Area

Green Arterial / Collector - Sidewalk both sides
Yellow Arterial / Collector - Sidewalk one side
Red Arterial / Collector - No sidewalk

Local Roads — No Standard F EHR 4’ P EERS
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Presentation Notes
This table illustrates a table for PED LOS developed for the City of Burien, by F&P.  

The City of Burien, Washington, has adopted a built environment factors MMLOS approach for the pedestrian, bicycle, and transit modes.  This approach categorizes level of service based on the amenities provided to each mode.  For instance, pedestrian LOS is measured based on the presence of sidewalks and sidewalk buffer, while stratifying contextual considerations among three different pedestrian priority areas and other non-pedestrian priority areas. 


Pedestrian Level of
Service Intersections

Classification Ped Priority Areas

Appropriately designed crossing
W/ Green within 300 feet of activity area or
every 300 feet in downtown

Appropriately designed crossings
at existing marked crosswalks

W Yellow Crosswalks present Crosswalks present

No crossings within 300 feet of
e Red activity area or not every 300 feet No crossings within 600 feet
inside downtown
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Another example of PED LOS in BEF approach.  ID factors that must be present to get a specific level of service and can be stratified by location (ped priority and non-ped priority areas).

Data requirements vary significantly based on what factors are considered. Most local governments do not collect detailed information about the built environment as it applies to pedestrians.  The presence and attributes of bicycle facilities are generally easier to obtain. This method may require traffic volumes, posted speed limits, bicycle facility locations, transit system data, and measurements and inventory of streetscape amenities.
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Bicycle Facility Level of Service
Volume and Speed Thresholds

Bicycle Priority Streets Other Streets with Bikeways

ADT | Bike Blvd Wide Shoulder Bike Lanes| ADT Bike Route /

( ADT Sharrow  Wide Shoulder Bike Lanes | ADT

° ° o | Y& A\l o

1000 || =25 mph 1000 1000 || =25 mph 1000
2000 <25 mph 2000 2000 2000
3000 3000 3000 <3% =2OME 3000
4000 4000 4000 grade <3% grade 4000
5000 5000 5000 % 5000
€000 6000 €000 6000
7000 7000 7000 7000
8000 8000 8000 8000
5000 5000 5000 5000
10000 10000 10000 10000
11000 11000 11000 11000
12000 12000 12000 12000
13000 13000 13000 13000
14000 14000 14000 14000
15000 15000 15000 15000
16000 16000 16000 16000
17000 17000 17000 17000
12000 18000 13000 13000
19000 19000 19000 19000
20000 20000 20000 20000
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Presentation Notes
Table showing bike LOS as a function of ADT, posted speed, presence of bicycle facility.  Graph to right also takes grade into account.  Seems as, if not more intuitive than CSLOS quantitative approach with a fraction of the data collection and effort.  


Another BEF sample application:  The City of Los Angeles Department of City Planning’s Urban Design Studio has developed a Walkability Checklist that evaluates sidewalk and intersection design, driveways, lighting and aesthetic considerations to give a full picture of the pedestrian environment. The Checklist is currently used to evaluate discretionary development within the City of Los Angeles.

Advantages
Design and intervention-focused
Straightforward measurement of variables
Several methods available to assess built environment effects on bicycling and walking

Disadvantages
Does not necessarily address presence of motor vehicles, which can have significant effect for bicycles and pedestrians
Does not address auto LOS
No definitive method for measurement



Bicycle Boulevards

A bicycle boulevard is a shared roadway optimized for bicycle traffic through
the use of traffic calming, traffic control measures, and directional signage.
Motor vehicle traffic on a bicycle boulevard is usually low and primarily local.




Bike Boulevards: Use of Street Ends
S 132nd St and 8t Ave SW
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Implementing the
Transportation Master Plan

Table b. Costs of Burien Transportation Master Plan [20 Years)

Project Needs* Description Cost Range (% Millions)
Auto,/Truck Priority Traffic signals, ntersection £5-10
Projects charnelization
Pedestrian Projects sidewralls, crossings $30-35
Bicycle Projects Bl L:ucuulevarl:ls, DS $5-10

crossings

. . shelters, Transit Signal _
TransitProjects Priority, other enhancements e
Pavement Maintenance Crerlay and pavement repair F12-15
TOTAL $56-75

* Doez not include major regional or street reconstruction projects deacribed in Table 7.



Buad P (ks il

Wlaukinl Bty

2C 2D

=

E
n

sC:C M:iC

cicH

4

[

2D D

o
v
-]

c:o

:

5 -
{.‘I‘

ic Mic

g

MAJOR MAJOR
HIGHWAY HIGHWAY
CLASS | CLASS Il

automoblle emphasis autemobile emahasis

‘transit emphasis ‘transit emphasis

aaaaaa

SECONDARY
HIGHWAY

automobile emphasts

transit emphasis

COLLECTOR LOCAL

autcmebile emphasts bilcyche emphasks

bicycle emphasis m!

MMVLOS Toolkit

FEHR ¥ PEERS


Presenter
Presentation Notes
Sample layered networks developed by Fehr & Peers.  San Marcos, CA to the left, Los Angeles to the right.

In addition to San Marcos and LA, F&P has heped develop a layered network system for Burien, WA.

These images depict modal priority based on street or street classification.  The charts to the left also identify target LOS thresholds by mode and district.

Advantages
Helps mitigate the challenge of accommodating all users on every roadway
Creates flexibility and options with multiple travel routes, accommodating different travel modes on different streets
Allows network layout and roadway design for ideal bicycle or transit networks
Works well with MMLOS methodologies 

Disadvantages
May require additional roadway connectivity and redundancy to create the multimodal network
Less effective if land uses do not support design of layered networks 
Requires planning commitment  to rethinking transportation networks



Multimodal Level of Service

Matthew Ridgway, AICP, PTP
Fehr & Peers

m.ridgway@fehrandpeers.com
or Google “MMLQOS”

FEHR 4 PEERS


mailto:m.ridgway@fehrandpeers.com

Safety

Table Z. Roadway Segments with a High Rate ’ .
of Injury /Fatality Collisions

Segment Collisions
per Mile
5 128th 5t {Occidental Ave S to
gth Ave §) 10.6
__Ambaum Blvd Sy 12 Ave S -
{136th to 124th) '
5 128th 5t {4th Ave SW in Burien
to 22nd Ave 5) B,
dth Ave SW (148th to 128th) 4.5
Ambaum 12th,/138th (west of 2

DRMD to 160th)

WS DT, 2011

s i

o
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