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1City of Hampton LTS

WHAT IS A LOW-STRESS BIKE NETWORK?
A low-stress bicycle network is a network of routes, including streets and off-road separated 
paths, in which an average user would feel comfortable riding a bicycle.  But what is 
comfortable for an average user?  What is comfortable for all users?  These are the questions 
that this analysis will dive into and provide an objective, data-driven approach to evaluate 
traffic-related stress on bicycle routes in the City of Hampton and recommend critical routes 
that provide safe, comfortable facilities.

INTRODUCTION
As localities build out their bike and pedestrian networks across the country, planners 
have developed new methods to analyze their street network to find out how to connect 
neighborhoods to destinations.  Sometimes localities’ priorities for bike and pedestrian facilities 
are concentrated on bigger projects like regional trails and converting street lanes to bike 
lanes.  But connecting these bigger facilities to and from neighborhoods, businesses, and 
schools can be done in a fairly inexpensive manner.  
One method to identify how to connect these areas is to perform a Level of Traffic Stress 
Analysis and to find out where localities’ low-stress bicycle network is located.  This report 
provides a brief background on what a low-stress bicycle network is, the type of users it would 
be designed for, and the methodology on how the bicycle level of traffic stress (LTS) was 
produced and used for the City of Hampton as our test network.
Defining the city’s existing and proposed bicycle and pedestrian facilities was completed as part 
of the City of Hampton’s Bike Walk Hampton plan in 2016 and Hampton Roads Transportation 
Planning Organization’s Linking Hampton Roads, a Regional Active Transportation Plan in 2020.  
The next step for bicycle and pedestrian planning is to identify gaps within the network that 
can connect these proposed facilities.  Level of Traffic Stress (LTS) analysis is a new tool to study 
the existing street and bicycle/pedestrian networks’ comfort for the average user.  
Potential uses of the LTS analysis include:
•	 Helping users identify safe and comfortable routes
•	 Identifying safe routes to schools for improvements
•	 Identifying safe and comfortable routes to local businesses
•	 Assessing and identifying quick fix gaps in the city’s bicycle network (i.e., road diets, signage, 

bicycle boulevards)
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STRONG AND FEARLESS
•	 Approximately 1% of population
•	 Willing to ride anywhere regardless of roadway conditions
•	 Prefer direct routes

ENTHUSED & CONFIDENT
•	 5-10% of population
•	 Comfortable riding on all types of facilities but prefer using 

dedicated bike facilities
•	 May stray from a  more direct route in favor of a dedicated bike 

facility

INTERESTED BUT CONCERNED
•	 Approximately 60% of population
•	 Prefers biking on trails or other facilities separated from roadway

NO WAY, NO HOW
•	 Approximately 30% of population
•	 Not interested or not comfortable biking in most conditions

Localities must first realize who they are creating this safe low-stress bike network for.  Following 
the completed Linking Hampton Roads regional active transportation plan, bicycle user types 
are as follows:

BICYCLE USER TYPES
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LEVELS OF TRAFFIC STRESS

Source: blog.altaplanning.com

Level of Traffic Stress (LTS) scoring is designed to correspond with the Types of Bicycle Users 
(Page 2), with a range from LTS 1 to LTS 4.  These scores represent a range from the lowest 
stress to the highest stress facilities.  These facilities are classified into the diagram above using 
scores, LTS 1, LTS2, LTS 3, and LTS 4.

The Level of Traffic Stress scores are defined below:
Strong separation from all except low speed, low volume traffic. Simple-to-use crossings. 
LTS 1 indicates a facility suitable for children. 
Except in low speed / low volume traffic situations, cyclists have their own place to ride 
that keeps them from having to interact with traffic except at formal crossings. Physical 
separation from higher speed and multi-lane traffic. Crossings that are easy for an adult 
to negotiate. Limits traffic stress to what the mainstream adult population can tolerate.  
Involves interaction with moderate speed or multi-lane traffic, or close proximity to higher 
speed traffic. A level of traffic stress acceptable to the “enthused and confident.” 
Involves being forced to mix with moderate speed traffic or close proximity to high-
speed traffic.  A level of stress acceptable only to the “strong and fearless.” 

LTS 1
LTS 2

LTS 3
LTS 4

Routes rated as LTS 1 or 2 comprise the low-stress network. 
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METHODOLOGY
Background

The Bicycle Level of Traffic Stress (LTS) methodology was first published by researchers at the 
Mineta Transportation Institute in 2012 and has since been used by many transportation planning 
agencies for a variety of studies. The LTS methodology provides transportation planners with a 
way to evaluate the rideability and connectivity of roadways for bicyclists. LTS analysis requires 
commonly available geospatial data to classify road segments into four categories that range 
from LTS 1 (lowest stress) to LTS 4 (highest stress) for bicyclists. LTS criteria were also developed 
by the researchers for intersection approaches and crossings. In combination with LTS segment 
analysis, the results can assist planners with visualizing and measuring connectivity through 
the entire network. However, due to the limited scope of the project and data availability, 
intersection approaches and crossings were not evaluated for this case study, but could be 
examined in the future.  The LTS criteria, which was refined later in 2017, was used for this pilot 
project in the City of Hampton.

Segment LTS Methodology

The LTS criteria differ based on the presence and location of a bike facility. While the existence 
of separate bike lanes  is less stressful for riders overall, bike lanes next to parking lanes create 
potential hazards —therefore streets with bike lanes have different criteria than a mixed traffic 
scenario. Separated shared use paths are assumed to have an LTS score of 1 because they 
are inherently low-stress facilities.

The LTS scores for street segments are based on the following:
•	 Number of lanes

•	 Effective ADT (Average Daily Traffic)

•	 Prevailing speed or speed limit

•	 Presence of bicycle facilities

•	 Presence of parking lanes

•   Lane Width
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METHODOLOGY
The following three tables from Furth (2017) summarize the LTS segment criteria for the various 

scenarios:

TABLE 1: MIXED TRAFFIC CRITERIA

TABLE 2: BIKE LANES AND SHOULDERS NOT ADJACENT TO PARKING LANES

TABLE 3: BIKE LANES ALONGSIDE PARKING LANES

Number of Lanes Effective ADT* ≤20 mph 25 mph 30 mph 35 mph 40 mph 45 mph

0-750 LTS 1 LTS 1 LTS 2 LTS 2 LTS 3 LTS 3

751-1500 LTS 1 LTS 1 LTS 2 LTS 3 LTS 3 LTS 3

1501-3000 LTS 2 LTS 2 LTS 2 LTS 3 LTS 4 LTS 4

3000+ LTS 2 LTS 3 LTS 3 LTS 3 LTS 4 LTS 4

0-750 LTS 1 LTS 1 LTS 2 LTS 2 LTS 3 LTS 3

751-1500 LTS 2 LTS 2 LTS 2 LTS 3 LTS 3 LTS 3

1501-3000 LTS 2 LTS 3 LTS 3 LTS 3 LTS 4 LTS 4

3000+ LTS 3 LTS 3 LTS 3 LTS 3 LTS 4 LTS 4

0-8000 LTS 3 LTS 3 LTS 3 LTS 3 LTS 4 LTS 4

8001+ LTS 3 LTS 3 LTS 4 LTS 4 LTS 4 LTS 4

3+ thru lanes per direction any ADT LTS 3 LTS 3 LTS 4 LTS 4 LTS 4 LTS 4
*Effective ADT (Average Daily Trips in vehicles)= ADT for two-way roads; Effective ADT = 1.5 * ADT for one-way roads

Unlaned 2-way street (no 
centerline)

2 thru lanes per direction

1 thru lane per direction (1-
way, 1-lane street or 2-way 

street with centerline)

Prevailing Speed

Number of Lanes Bike lane width 25 mph 30 mph 35 mph 40 mph 45 mph 50+ mph

6+ ft LTS 1 LTS 2 LTS 2 LTS 3 LTS 3 LTS 3

4 or 5 ft LTS 2 LTS 2 LTS 2 LTS 3 LTS 3 LTS 4

6+ ft LTS 2 LTS 2 LTS 2 LTS 3 LTS 3 LTS 3

4 or 5 ft LTS 2 LTS 2 LTS 2 LTS 3 LTS 3 LTS 4

3+ lanes per direction any width LTS 3 LTS 3 LTS 3 LTS 4 LTS 4 LTS 4

Prevailing Speed

1 thru lane per direction, or 
unlaned

2 thru lanes per direction

Number of Lanes 25 mph 30 mph 35 mph

15+ ft LTS 1 LTS 2 LTS 3

12-14 ft LTS 2 LTS 2 LTS 3

2 lanes per direction (2-way) LTS 2 LTS 3 LTS 3

2-3 lanes per direction (1-way) LTS 2 LTS 3 LTS 3

LTS 3 LTS 3 LTS 3

1 lane per direction, or unlaned

other multilane

15+ ft

Prevailing SpeedBike lane reach = bike + 
parking lane width
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DATA INPUT & ANALYSIS
The data used in the analysis was obtained from the City of Hampton and the Virginia 
Geographic Information Network (VGIN). Hampton staff provided their street centerline file as 
well as the location of existing bicycle facilities and parking lanes. VGIN maintains a statewide 
street centerline file based on locality data, but it also includes additional data tables from 
the Virginia Department of Transportation (VDOT). Widths of bike lanes and parking lanes were 
measured in the field by HRTPO staff.
Significant data manipulation was needed because neither the Hampton nor VGIN centerline 
file had complete information for all street segments and the geography of the two files did 
not match in all areas. The data tables from the Hampton and VGIN street centerline files 
were combined and joined to the Hampton centerlines in the geospatial database. The VDOT 
data took precedence where available, while the Hampton data were used to fill in gaps as 
needed. 
Once the street centerline file was updated with the relevant information, a python script was 
written to assign the correct LTS score to each segment in the geospatial database based on 
the criteria outlined by Furth (2017).

DATA ASSUMPTIONS
Some assumptions were made in order for each segment to have complete information for 
the analysis, as described below:

Number of Lanes

The data on the number of lanes was only available in the VGIN dataset. Hence functional 
attributes was used as a proxy to assign the number of lanes for the remaining segments. 
However, the functional class names were not consistent between the Hampton and VGIN 
data so a crosswalk was developed to assign each segment with a lane count.

Traffic Volume

The LTS methodology calls for traffic volume in Average Daily Traffic (ADT) format. However, 
the only available traffic volume data is Annual Average Daily Traffic (AADT) from VDOT. The 
AADT number was used to substitute for ADT for the VDOT segments. Most of the smaller local 
roads do not have measured traffic volumes so functional class was again used as a proxy.  A 
value of 300 vehicles per day was used to approximate the average traffic on local roads. The 
numbers for collectors and arterials represent median values by road class, devised for an LTS 
analysis in Fort Worth, Texas by the North Central Texas Council of Governments in 2019.
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Local

Collector

Arterial

300

4,000

13,000

Road Classification Traffic Volume Assumption

DATA INPUT & ANALYSIS

DATA ASSUMPTIONS

LEVEL OF TRAFFIC STRESS MAPPING

A map of the Level of Traffic Stress for bicyclists in Hampton is shown in Figure 1 on the following 
page. The green and blue lines represent largely residential streets which have LTS scores of 1 
or 2. These neighborhoods can be thought of as “islands” because they are separated from 
each other by higher stress collectors and arterials with LTS scores of 3 or 4, which a majority 
of people would not feel comfortable riding on or crossing. This prevents riders from traveling 
to all desired locations throughout the city on their bikes. The orange lines represent existing 
separated shared-use paths.  The black lines represent prohibited roadways which includes 
interstate highways.

TABLE 4: AADT ASSUMPTIONS
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LEVEL OF TRAFFIC STRESS MAPPING
FIGURE 1: LEVEL OF TRAFFIC STRESS IN HAMPTON

LTS 1
LTS 2
LTS 3
LTS 4
Existing Shared-use Paths
Prohibited Roadways
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Figure 2 below summarizes the LTS on road segments by total length. A majority of segments 
are LTS 1 however the smaller number of LTS 3 and 4 create potential barriers.

FIGURE 2: LTS CATEGORIES BY TOTAL LENGTH (IN MILES)

LTS 1
62%

LTS 2
5%

LTS 3
8%

LTS 4
18%

Prohibited
7%

LEVEL OF TRAFFIC STRESS MAPPINGLEVEL OF TRAFFIC STRESS MAPPING
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CONCLUSION
The Level of Traffic Stress Analysis for the City of Hampton has taught HRTPO staff several key 
takeaways, including:
•	 City lends itself well to having a high percentage of low-stress roadways 
•	 Possible improvements via signage and wayfinding
•	 Potential to direct bicyclists to less-congested roadways (LTS 1 and 2)
•	 Potential for converting on-street parking on LTS 1 roadways to bike lanes
•	 A need to identify major gaps and barriers in the network
This case study has shown the feasibility of applying this process to any Hampton Roads 
jurisdiction.    The reliability of the analysis depends largely on the level of detail and accuracy 
of the input data.  To refine and improve this analysis, HRTPO staff recommends:
•	 Improving the quality and accuracy of street data
•	 Conducting network connectivity analysis using intersection approaches and crossings
•	 Identifying gaps and barriers in the network
Also, HRTPO staff can provide this analysis for localities and specific regional trail segments.  
With the analysis, HRTPO can assist the locality with facility decision-making and planning 
efforts.  HRTPO staff welcomes localities to inquiry about this analysis for future research.  
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