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1 EXECUTIVE SUMMARY PAGE 1

This Quality/Level of Service Handbook and its accompanying 
software are intended to be used by engineers, planners, and 
decision-makers in the development and review of roadway users’ 
quality/level of service (Q/LOS) and capacity at generalized and 
conceptual planning levels. This Q/LOS Handbook provides tools 
to quantify multimodal transportation service inside the roadway 
environment (essentially inside the right-of-way). 

This edition of the Q/LOS Handbook is updated and reorganized, 
still providing a foundation for high quality, consistent capacity and 
LOS analyses and review in the State of Florida. It includes new 
analytical techniques from the Transportation Research Board’s 2010 
Highway Capacity Manual and updated Generalized Service Volume 
Tables. With these professionally accepted techniques, analysts 
can easily evaluate roadways from a multimodal perspective, which 
results in better multimodal decisions for projects in generalized and 
conceptual planning phases.

Two levels of analysis are included in this Q/LOS Handbook: (1) 
generalized planning and (2) conceptual planning. Generalized 
planning makes extensive use of statewide default values and is 
intended for broad applications such as regional analyses, initial 
problem identification, and future year analyses. Conceptual 
planning is more detailed than generalized planning but does not 
involve comprehensive operational analyses.

Generalized planning is most appropriate when a quick review 
of capacity or LOS is needed or for future long-range estimates. 
Florida’s Generalized Service Volume Tables found at the end of this 
Q/LOS Handbook are the primary tools for conducting this type of 
planning analysis. 

Conceptual planning is best suited for obtaining a more precise 
determination of the LOS of a facility. Examples of conceptual 
planning applications are determining the design concept and 
scope for a facility (e.g., four through lanes with a raised median and 
bicycle lane), conducting alternatives analyses (e.g., four through 
lanes undivided versus two through lanes with a two-way left turn 
lane), and determining needs when a generalized planning approach 
provides insufficient detail. Florida’s LOS planning software 
(LOSPLAN), which includes ARTPLAN, FREEPLAN, and HIGHPLAN, 
is the easy to use tool for conducting these types of evaluations.

1 EXECUTIVE SUMMARY
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The techniques contained in this Q/LOS Handbook and the 
accompanying software are to be implemented immediately. 
Analysis that began prior to the release of this Q/LOS Handbook 
may continue to use the previous version. After June 30, 2013, FDOT 
will not accept analyses using methods, techniques, volumes, or 
Generalized Service Volume Tables from previous versions of this 
Q/LOS Handbook unless a project has a previously agreed upon 
methodology. 

See www.dot.state.fl.us/planning/systems/sm/los/default.shtm to 
download the software and documentation, as well as provide your 
comments and suggestions.
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This Q/LOS Handbook and its accompanying software are intended 
to be used by engineers, planners, and decision-makers in the 
development and review of roadway users’ quality/level of service 
(Q/LOS) and capacity at generalized and conceptual planning levels. 
The Q/LOS Handbook provides a discussion of basic transportation 
concepts. It provides direction for defining roadway, traffic, and 
control variables as these inputs greatly affect the Q/LOS along 
transportation facilities. It also provides guidance for using specific 
transportation planning tools, including LOS planning software 
(LOSPLAN) developed by the Florida Department of Transportation 
(FDOT), to assess Q/LOS.

Quality of service (QOS) is a traveler-based perception of how well 
a transportation service or facility operates. Level of service (LOS) is 
a quantitative stratification of quality of service into six letter grades. 
LOS provides a generalized and conceptual planning measure 
that assesses multimodal service inside the roadway environment 
(essentially inside the right-of-way). Capacity conceptually relates 
to the maximum number of vehicles or persons that can pass a point 
on a roadway or sidewalk in a given amount of time under normal 
conditions. The Generalized Service Volume Tables, found at the end 
of the Q/LOS Handbook, present maximum service volumes, or the 
highest numbers of vehicles for a given LOS.

Direction found within the Q/LOS Handbook provides assistance 
in selecting the most appropriate tools for Q/LOS analysis. There 
is specific instruction within the handbook on how to use the 
LOSPLAN software and Generalized Service Volume Tables. The 
Generalized Service Volume Tables and software guidance prioritizes 
inputs; defines roadway, traffic, and control variables; and illustrates 
how to capture pertinent data.  

2 Q/LOS HANDBOOK  
 PURPOSE AND SCOPE

Quality of service (QOS) 
is a traveler based 
perception of how well 
a service or facility is 
operating.

Level of service (LOS) is a 
quantitative stratification 
of the quality of service 
into six letter grade levels.

Capacity is the maximum 
sustainable flow rate 
at which persons or 
vehicles reasonably can 
be expected to traverse a 
point or a uniform section 
of roadway during a 
given time period under 
prevailing conditions.
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2.1. Levels of Analysis 

There are many methods for computing capacity and LOS, which 
form a hierarchy ranging from Generalized Service Volume Tables 
(the simplest to use but potentially least accurate) to complex 
operational analysis tools (very precise, but time-intensive and 
costly). Figure 2-1 provides an overview of analysis levels and 
evaluation tools for each level. In selecting the appropriate tools, 
tradeoffs among study purposes (e.g., generalized planning 
application, signal timing application), accuracy and precision of 
results (e.g., variability in data for current year analyses, variability 
in future year analyses), and data preparation effort (e.g., use of 
existing statewide traffic data, use of direct field measurements) 
should be considered. No one tool is appropriate for all applications.

Figure 2-1  
Evaluation Tools
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Two levels of analysis are included in this Q/LOS Handbook:  (1) 
generalized planning and (2) conceptual planning. A third analysis 
level, (3) operational analysis, is covered within the 2010 Highway 
Capacity Manual (HCM) and is not discussed in detail in this Q/LOS 
Handbook.

Generalized planning makes extensive use of statewide default 
values and is intended for broad applications such as initial problem 
identification (e.g., deficiency and needs analyses, geographic 
influence areas), statewide analyses (e.g., statewide calculation of 
delay), and future year analyses (e.g., ten-year planning horizon). 
Conceptual planning is more detailed than generalized planning, but 
does not involve comprehensive operational analysis. 

2.1.1. Generalized Planning
Generalized planning is most appropriate when a quick review of 
capacity or LOS is needed. Florida’s Generalized Service Volume 
Tables found in this Q/LOS Handbook are the primary tools for 
conducting this type of planning analysis. The tables are the 
most extensively researched in the nation and provide the most 
representative statewide service volumes and capacities for the 
State of Florida.

2.1.2. Conceptual Planning
Conceptual planning is best suited for obtaining a more precise 
determination of the capacity and LOS of a facility. Conceptual 
planning analyses are performed to support decisions related to 
design concept and scope (e.g., four through lanes with a raised 
median and bicycle lane), conducting alternatives analyses (e.g., 
four through lanes undivided versus two through lanes with a 
two-way left turn lane), assessing development impacts, and 
determining needs when a generalized planning approach provides 
insufficient detail. LOSPLAN, the software suite that includes 
ARTPLAN, FREEPLAN, and HIGHPLAN, is the appropriate tool for 
this type of planning analysis. The software is specifically developed 
to address conceptual planning issues in Florida, is intended to be 
easy to use, and is based on the nation’s leading operational tools, 
which are the 2010 HCM and the Transit Capacity and Quality of 
Service Manual (TCQSM).

Generalized planning is 
a broad type of planning 
application that includes 
statewide analyses, initial 
problem identification, 
and future year analyses.

Conceptual planning is 
analysis performed to 
support decisions related 
to design concept and 
scope.

Operational analysis is 
a detailed analysis of 
a roadway’s present or 
future level of service.
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2.1.3. Operational Analysis
Operational tools range from macroscopic to microscopic. The 
analytical methods found in the HCM methodology chapters and 
the Highway Capacity Software (HCS), which replicates the HCM 
methodologies, are representative of macroscopic operational 
tools. Macroscopic tools address vehicles as a group rather than 
individually, are deterministic (i.e., provide a single, consistent 
answer), and typically require less computational effort. They 
provide a cost-effective method of comparing multiple scenarios 
within a standard undersaturated operating environment. 

Microscopic simulation tools (e.g., CORSIM) address vehicles 
individually, are stochastic (i.e., introduce random variations), and 
typically require more computational effort. Microscopic analysis is 
particularly useful when analyzing statistical ranges of operational 
characteristics, and provides added flexibility over macroscopic 
tools within oversaturated or relatively uncommon operating 
environments (diverging diamond interchanges, transit signal 
priority, etc.).

While operational analyses, such as intersection signal timing and 
interchange justification reports, are sometimes conducted at the 
planning level, the Q/LOS Handbook does not contain the necessary 
tools for these types of detailed evaluations. As a planning 
document, the precision of operational, design, or pavement 
documents such as the AASHTO Policy on Geometric Design for 
Highways and Streets or FDOT’s Plans Preparation Manual is not 
included. For example, this Q/LOS Handbook’s simplified planning 
level assumptions are applied to vehicle turning movements, lane 
widths, bicycle striping, sidewalk widths, bus stop amenities, and 
many other transportation characteristics. Therefore, it must not be 
used for actual design or operation of facilities or services where 
more appropriate resource documents and/or analysis methods are 
available.
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2.1.4. Selecting an Appropriate Analysis Tool
The intermixing of generalized planning tools, conceptual planning 
tools, and operational tools should be avoided whether developing 
and implementing a concurrency management system, applying 
them to other planning applications, or conducting a traffic 
operations analysis. Using very precise data appropriate for a 
more detailed analysis as input to a less detailed analysis does not 
necessarily make the less detailed analysis more accurate. The 
precision of the inputs should be appropriate for the precision of 
the output. Similarly, the precision of the output is usually no better 
than the worst of the inputs. For example, the Generalized Service 
Volume Tables were structured to yield reasonable service volumes 
for typical roadways in the state. Typical roadway, traffic, control 
(signalization), and multimodal inputs from the State of Florida 
were used. Inserting specific traffic inputs for a conceptual planning 
analysis (e.g., K and D factors) without simultaneously addressing 
key roadway and control inputs (e.g., effective green time ratios) is 
inappropriate, and also potentially leads to misuse of the tools as 
analysts can choose particular variables to alter for a desired result. 

More precision is not always necessary, and the costs required to 
collect data, build the model, and validate the results should be 
carefully considered when selecting an appropriate analysis tool. 
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2.2. Travel Modes

The HCM defines four major travel modes: automobile, bicycle, 
pedestrian, and transit. Each mode includes a unique set of 
characteristics that define a traveler’s experience during a trip, 
and it is important to consider each perspective when analyzing a 
multimodal facility.

2.2.1. Automobile 
Three major elements affect the operation of a motor vehicle: the 
vehicle, the driver, and the roadway environment. 

Motor vehicles include passenger cars, trucks, vans, buses, 
recreational vehicles, and motorcycles. Each vehicle type has 
a unique set of operational characteristics, and the percentage 
makeup of each vehicle type within a traffic stream affects the 
capacity of a facility due to these differences. Trucks, buses, and 
recreational vehicles, for example, have lower acceleration and 
deceleration rates than standard passenger cars.

Environmental factors, such as surface type and condition, time 
of day, and weather, affect both the operational characteristics 
of vehicles as well as driver behavior. Additional factors such as 
fatigue, health, and driving under the influence of drugs and alcohol 
also affect driver behavior. However, unless otherwise specified, 
this Q/LOS Handbook assumes base conditions that include typical 
drivers on dry pavement during daylight hours.

Motor vehicles include 
passenger cars, 
trucks, vans, buses, 
recreational vehicles, 
and motorcycles.
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2.2.2. Pedestrian
Many trips include at least one part where the traveler is a 
pedestrian. This is particularly important for transit trips, where the 
pedestrian section of the trip may have an impact on future mode 
choice.

Analyzing the pedestrian experience can be summarized by two 
primary types of analysis: individual delay and facility attributes. 
Delay at intersections can be easily quantified and analyzed. The 
factors that describe a facility and therefore contribute to the overall 
walking experience are less easily quantified, including safety, 
security, lighting, grades, surface conditions, and even street activity 
levels. Automobile and heavy vehicle traffic volumes, and the extent 
to which pedestrians are separated from vehicular traffic, also 
influence pedestrians’ perception of quality of service while using a 
sidewalk. The Q/LOS Handbook accounts for these user perception 
and facility attributes when determining pedestrian LOS.

2.2.3. Bicycle
Bicycles are used to make a variety of trips, including trips for 
recreation, commuting, and errands. Since bicycle travel is typically 
five times faster than travel on foot, bicycles can help extend the 
market area of transit service.

Similar to the pedestrian experience, bicycling can be summarized 
by delay encountered at intersections as well as the attributes of the 
facility itself. As with the pedestrian analysis, the Q/LOS Handbook 
focuses on facility attributes when determining bicycle LOS. These 
attributes include the volume and speed of adjacent vehicles, heavy 
vehicle presence, the presence of on-street parking, and pavement 
quality. Because of the severe deterioration of perceived service 
quality at flow levels well below the theoretical capacity of a bike 
path, the concept of capacity has little utility in the design and 
analysis of bicycle paths.

Many trips include 
at least one part 
where the traveler is a 
pedestrian. 

Bicycle travel is 
typically five times 
faster than travel on 
foot. 
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2.2.4. Transit
Transit riders can be grouped into two primary categories: choice 
and captive riders. Choice transit riders typically have other means 
of transportation readily available, but choose transit to avoid 
congestion, save money on fuel and parking, use their travel time 
productively for other activities, and/or reduce their impact on the 
environment. Captive riders, however, are unable to drive because 
of age, physical, mental, or financial reasons, and depend on transit 
or other modes for their daily transportation needs. 

Unlike other modes, transit is primarily focused on service levels 
rather than facility characteristics. Infrastructure for driving, biking, 
or walking is available at all times, once constructed; transit 
service is only available during certain times along designated 
routes. Additionally, transit passengers are not in direct control 
of their travel, and service frequency and reliability are therefore 
important factors that impact the quality and utility of transit service. 
Service frequencies at levels high enough to eliminate the need 
for passengers to consult schedules (headways of approximately 
10 minutes or less) are particularly desirable, as these nearly 
continuous levels allow transit users the freedom to treat the 
system as they would other modes. Service frequencies that require 
passengers to plan their trips around a limited transit schedule offer 
much less utility, and deter choice riders.

Because transit passengers typically must walk to and from transit 
stops on either end of their trip, the quality of the walking experience 
at the beginning or end of a trip may be just as important to the 
transit passenger as the actual transit experience. 

Choice transit riders are 
transit riders who choose 
to take transit over 
other readily available 
transportation options.

Captive riders are transit 
riders who are limited 
by circumstances to 
use transit as a primary 
source of transportation.
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2.3. Transportation System Structure

FDOT’s Q/LOS techniques generally incorporate the primary 
highway system structure of the HCM, consisting of points, links, 
segments, sections, facilities, corridors, areas, and systems, 
although the HCM occasionally includes other structural units (e.g., 
subsegment). A generalized characterization of the HCM structure is 
shown in Figure 2-2.

Figure 2-2 
Generalized HCM Highway System Structure
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The analysis techniques contained in this Q/LOS Handbook and 
accompanying software are focused at the HCM facility level. In 
some cases, however, it may be more appropriate to analyze specific 
roadways at the point (intersection), subsegment, or section level. 
Although future editions may include corridor, areawide, and 
system-level analysis methods, they are currently beyond the scope 
of this Q/LOS Handbook. Points, links, segments, subsegments, 
sections, and facilities are discussed further below.

The primary purpose of this Q/LOS Handbook is to compute the LOS 
for State facilities. Nevertheless, the analysis techniques contained in 
this Q/LOS Handbook are applicable to nearly all roadways in Florida. 
The two exceptions are unsignalized local streets and unpaved roads.

2.3.1. Point
A point is a boundary between links. In broad terms, points 
are where modal users enter, leave, or cross a facility, or where 
roadway characteristics change. In most applications of this Q/LOS 
Handbook, points are signalized intersections. Other points may 
include freeway gores, unsignalized intersections, area boundaries, 
bicycle lane terminals, sidewalk terminals, pedestrian mid-block 
crossings, and bus stops. 

Point analyses are typically operational in nature and not 
appropriate at a planning level. At the conceptual planning level, the 
usual intent of point analyses is to determine the g/C ratio necessary 
to move traffic through the point so the roadway as a whole operates 
adequately. Therefore, in some cases, in order for the roadway 
as a whole to work effectively, specific bottlenecks may need to 
be addressed. Usually operational tools are needed to analyze 
these critical points. In the case of arterials, a further analytical 
complication arises because the facility LOS service measure, 
average speed, changes to control delay at a signalized intersection. 
Although there is typically a direct relationship between the two, it is 
possible to have acceptable LOS at signalized intersections along a 
poorly operating facility, or vice versa.

For conceptual planning studies of a specific roadway, basic capacity 
and LOS analyses should be conducted at the point level over the 
roadway’s length. FDOT’s ARTPLAN and HIGHPLAN software 
feature some point highway capacity and LOS features; however, 
they do not provide detailed operational results. The HCS software or 
another HCM-based analysis tool should therefore be considered if an 
operational tool is needed to supplement the LOSPLAN analysis.

A point is a boundary 
between links—typically 
a signalized intersection 
or other place where 
modal users enter, leave, 
or cross a facility. 
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2.3.2. Link
A link represents a length of roadway between two points. Link-level 
analysis is independent from point analysis, and does not include 
influencing factors such as queuing from downstream intersections 
or upstream metering effects. For automobile and transit analysis, it 
is therefore beneficial to consider the link and its points together in a 
segment-level analysis. However, for pedestrian and bicycle analysis, 
where the performance of the adjacent intersections has limited 
impact on the characteristics and performance of the link itself, links 
are often analyzed independently.

2.3.3. Segment
A link and its boundary points are referred to as a segment. 
Segments are the primary building blocks of facility analyses. 
For arterials and other signalized roadways, segments generally 
extend from one signalized intersection to the next signalized 
intersection. However, for bicycle, pedestrian, and bus analyses, 
other segmentation may also be appropriate. For example, if buses 
leave a roadway before a signalized intersection, it may be desirable 
to make a segment break reflecting where the buses leave the 
arterial. For freeways, segments are generally either a basic segment 
in which operations are not affected by interchanges, or one of the 
building blocks of interchanges, which include on-ramp influence 
areas, off-ramp influence areas, or weaving segments. 

A typical interchange, made up of an off-ramp influence area, a basic 
segment, and an on-ramp influence area segment, is illustrated in 
Figure 2-3.

A link is a length of 
roadway between two 
points.

A segment is a portion of 
a facility defined by two 
boundary points. 
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A subsegment is a further 
breakdown of segments.

Figure 2-3 
Typical Freeway Interchange

Subsegment

A subsegment is a further breakdown of a segment. Although 
segments are the primary building blocks of facility analyses, 
at times it is desirable to subdivide them into smaller units. For 
example, pedestrian conditions frequently vary between signalized 
intersections (e.g., discontinuous sidewalks, sidewalk proximity to 
roadways) and it is desirable to analyze these conditions. However, 
the entire roadway analysis for other modes should not be based on 
these special conditions.
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2.3.6. Corridors, Areas, and Systems
Generally, corridors are a combination of parallel facilities. 
Areawide analyses involve a combination of interconnected 
transportation facilities. System analyses involve a combination 
of facilities and modes within a region. These levels of analysis 
are typically used in travel demand models and other network-
wide analyses, and are therefore not covered within this Q/LOS 
Handbook.

2.3.7. Integrated Approach
Because the system structure is different for each mode, an 
integrated multimodal approach becomes more difficult. The 
transit system structure of the Transit Capacity and Quality of 
Service Manual (TCQSM) consists of transit stops, route segments, 
and systems. The two national document system structures 
(HCM, TCQSM) are conceptually equivalent when comparing 
points and transit stops as well as areawide and system analyses. 
Route segments are portions of a transit route where, in general, 
bus service is provided at constant headways. The bicycle and 
pedestrian LOS models within the HCM are based on point-level 
and link-level analysis in which roadway characteristics are the 
same between the upstream and downstream intersections. In some 
cases, additional detail between intersections is needed to capture 
the changes in the pedestrian and bicycle environments.  

Even within the HCM highway system structure, occasional 
inconsistencies can arise when determining the LOS of a roadway 
because of different service measures being applied. For example, if 
percent time spent following another vehicle is used as the service 
measure to evaluate the LOS on an uninterrupted flow two-lane 
highway, the reported LOS may improve when adding a traffic 
signal (or even multiple signals), contrary to expectations. This 
improvement occurs because the service measure for a signalized 
intersection is based on control delay and the service measure 
for roadways with multiple signals is average travel speed. Thus, 
anomalies are possible when changing from one facility type to 
another.

Corridors are sets of 
essentially parallel 
transportation facilities 
for moving people and 
goods between two 
points.

Areas consist of an 
interconnected set of 
transportation facilities 
serving movements 
within a specified 
geographic space.

Systems are composed 
of all the transportation 
facilities and modes 
within a region.
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As shown in Figure 2-4, the vehicular volume and number of 
lanes significantly affect the automobile, bicycle, and pedestrian 
levels of service. Other roadway and traffic variables, plus 
control (signalization) variables, determine the automobile LOS. 
The motorized vehicle running speed (calculated as part of the 
automobile LOS) is also an important determinant of bicycle and 
pedestrian LOS. Together with the presence of bicycle lanes and 
sidewalks, motorized vehicle volumes and speeds are the main 
determinants of bicycle and pedestrian LOS. Bus LOS is primarily 
determined by bus frequency, but is also affected by pedestrian LOS. 
In summary, all the roadway modes are linked together.

Figure 2-4 
Relationship of Inputs to Quality of Service Measures
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The first common misconception is related to the relationship 
between quality and other dimensions of mobility. They are frequently 
related, but not directly in all cases. Q/LOS for automobile drivers is 
usually closely linked to how many other motorized vehicles are on 
the road. However, the relationship is not always perfect.

For example, arterial speeds are more closely tied to signalization 
conditions than the number of other motorized vehicles on the 
roadway. A higher quality LOS grade may exist on a four-lane arterial 
with twice the volume of another arterial due to efficient signal 
progression. For transit users, pedestrians, and bicyclists, there is 
often an even weaker relationship between total demand and Q/LOS. 
In fact, in most situations in Florida, the total number of bicyclists 
and pedestrians on a facility has very little impact on Q/LOS; other 
factors are much more important. Similarly, in most of Florida, bus 
frequency is typically much more important to transit users than 
how many people are actually on a bus.

In some cases, particularly for the non-automobile modes, an 
analysis of total potential demand is a more important component  
of the decision making process than quality of service. This  
Q/LOS Handbook only addresses Q/LOS, not methods of 
determining overall demand or mode splits. Other tools, such as 
logit models, are more appropriate for these types of analyses. 

The second common misconception is that LOS applies only to 
automobiles and QOS applies to the other modes. It is often assumed 
that while automobile analyses are highly quantitative, the bicycle, 
pedestrian, and transit analyses are more qualitative. However, the 
bicycle, pedestrian, and transit techniques are as quantitative and 
rigorously developed and tested as those for automobiles. The LOS for 
each mode for urban roadways is illustrated in Figure 3-1.

For bicycle and 
pedestrian analysis, the 
total number of users 
typcically has very little 
impact on Q/LOS. 

Bus frequency is 
typically much more 
important to transit 
users than how many 
people are actually on 
a bus.

Bicycle, pedestrian, 
and transit techniques 
are as quantitative and 
rigorously developed 
and tested as those for 
automobiles.
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A third and perhaps most common misconception about LOS 
letter grades A-F is that they are comparable to school grades A-F. 
Although they share some basic similarities, there are some very 
important distinctions to make at a planning level. Although it 
is true that A is best and F is worst, this is strictly from a traveler 
perspective. LOS A is not necessarily a desirable goal to achieve 
from an overall transportation or societal perspective. In fact, LOS 
A in a peak travel hour could be an indicator of an inefficient use 
of limited funding.  It is simply not cost effective to design the 
state’s roadways to operate at LOS A during the peak hour. FDOT’s 
LOS standards appearing in Chapter 10 should therefore typically 
be considered a desirable condition during the peak hour, with 
significant variance from those standards in either direction an 
undesirable condition.

Although both LOS and letter grades use ‘F’ to represent a failing 
condition, there are more factors to consider when LOS reaches F. 
Essentially, LOS F either means travel demand exceeds capacity and 
the roadway is operating in oversaturated conditions, or another 
undesirable condition exists. However, oversaturated condition 
may only arise for a 15-minute or 1-hour period. Depending on the 
type and function of the facility, the condition may not necessarily 
warrant improvements for relatively short periods of congestion.

Although it is true 
that A is best and F is 
worst, LOS A is not 
necessarily a desirable 
goal.

Figure 3-1 
Examples of LOS By Mode for Urban Roadways
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