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ABSTRACT 

Two- lane highways constitute a large proportion of the highway system in the US, particularly in 
rural areas.  Performance evaluation on those highways is the basis for planning, upgrade and 
improvement programs. Such evaluations are conducted using performance measures that should 
ideally be correlated to performance determinants on those highways. Unlike other highway 
facilities, two-lane highway performance is notably affected by the platooning phenomenon, which 
is believed to be a function of traffic level and passing opportunities. Over the last couple of 
decades, several studies have addressed performance measures on two-lane highways, and are 
mainly driven by the reported limitations of the current measures used by the Highway Capacity 
Manual (HCM). This review aims at summarizing the performance measures that have been 
published in the literature or used in practice both in the US and abroad. The review started with 
an historical overview of the HCM performance measures since its inception in 1950. The review 
then discussed the most important criteria that are desired for performance measures to be more 
effective in describing performance, before it presents the review results for measures that have 
been proposed in literature or reported as being used in practice. Finally, a subjective assessment 
of all performance measures against the set of criteria outlined earlier in the article is presented. 
The review presented in this paper provides information that is valuable for practitioners and 
researchers in understating the alternative measures in assessing performance on two-lane 
highways and the limitations and merits associated with those measures.    

Keywords: Two-lane highways, operational analysis, performance measures. 
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INTRODUCTION 

Two-lane, two-way highways constitute a large proportion of the highway system, particularly in 
rural areas. The unique characteristic that separates two-lane highways from other uninterrupted 
flow facilities is that passing occurs on the opposing lane of traffic. There should be adequate gap 
and sight distance in the opposite direction of traffic that a passing maneuver could occur. Passing 
opportunities decrease as flow rate and geometric restrictions increase. Lack of passing 
opportunities typically results in formation of platoons with trailing vehicles subject to additional 
delay.  

The Level of Service (LOS) is a qualitative measure used by the HCM to show the quality 
of traffic flow on a highway facility. Currently, the HCM uses a scale from A to F to show the 
LOS, with A defined as best and F defined as worst condition for traffic flow. Performance 
measures are used to assess operations and LOS. On two-lane highways, they are intended to 
reflect the level of freedom for drivers to select their desired speeds and pass slow moving vehicles. 
Measuring performance is important for operational analysis and for upgrade and improvement 
projects. A low Level of Service (LOS) on a section of two-lane highway may be improved by 
adding a passing lane or expanding the route into a continuous three lane section or a multilane 
highway.  

Operational analysis on two-lane highways in the U.S. and Canada (and some other 
countries outside North America) is usually conducted using the procedures outlined in the HCM 
(1). In the most recent edition of the HCM (1), average travel speed (ATS) and percent time spent 
following (PTSF) are used for evaluating performance on class I two-lane highways. Class I 
highways include major intercity routes, daily commuter routes, and major links in state or national 
highway network. ATS refers to average speed of all vehicles moving through the highway 
measured at a point. The PTSF is defined as “the average percentage of travel time that vehicles 
must travel in platoons behind slower vehicles because of an inability to pass” (1). PTSF is also 
used for class II two-lane highways which involve highways that serve as access routes to class I 
facilities as well as scenic and recreational routes. On those highways, motorists do not necessarily 
expect to travel at high speeds. Due to difficulties in measuring the PTSF in the field, the HCM 
recommends using a surrogate measure, calculated as the percentage of vehicles following other 
vehicles with headways smaller than 3 seconds. The third measure, Percent Free Flow Speed 
(PFFS), is used for evaluating performance on class III highways following recommendations from 
Washburn et al. (2). It is the ratio of average travel speed to free flow speed. Class III highways 
are two-lane highways serving moderately developed areas. They may include portions of class I 
and class II highways that pass through small towns or developed recreational areas. Table 1 shows 
the LOS criteria for two-lane highways in the 2016 HCM (1). 

TABLE 1 LOS Criteria for Two-Lane Highways (1) 

LOS Class I Highways Class II Highways Class III Highways 
ATS (mi/hr) PTSF (%) PTSF (%) PFFS (%) 

A >55 ≤35 ≤40 >91.7
B >50-55 >35-50 >40-55 >83.3-91.7
C >45-50 >50-65 >55-70 >75.0-83.3
D >40-45 >65-80 >70-85 >66.7-75.0
E ≤40 >80 >85 ≤66.7 
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Several studies reported limitations in the current performance measures used by the HCM 
(3-14). The main performance measure PTSF is limited in that it is difficult to measure in the field, 
is not compatible with the service measures of other facilities, does not describe the extent of 
congestion, and is not very useful in other analyses (e.g. economic, environmental, etc.). PTSF is 
also not a good performance measure for indicating if improvements should be made to a highway 
that has low volumes but a high percentage of heavy vehicles and a few passing opportunities. 
ATS, on the other hand, is not very informative about the efficiency of the highway. Since the 
analysis section of a two-lane highway facility is usually several miles long, there could be many 
changing conditions, such as posted speed limit and roadway alignment that affect ATS, yet it is 
not related to varying traffic conditions. The PFFS, an indicator of speed reduction due to traffic, 
can easily be measured in the field, however, it is not very sensitive to flow level for the 
uncongested traffic regime.  Therefore, adding a passing lane was not found to tangibly affect this 
performance measure as reported by Al-Kaisy and Freedman (3). 

A number of alternative performance and/or service measures for two-lane highways have 
been proposed in the literature. Most of the studies that proposed new performance measures were 
driven by the obvious limitations of the HCM performance measures used. This paper provides a 
review of alternative performance measures that have been proposed in the literature or reported 
as part of today’s practice. All these measures are intended for estimating performance in a 
directional traffic stream, i.e. in one direction of a two-lane two-way highway.   

HCM PERFORMANCE MEASURES ON TWO-LANE HIGHWAYS: HISTORICAL 
OVERVIEW 

The HCM 1950 (15) was the first document introducing an analytical method for capacity analysis 
on two-lane highways. Practical capacity, which corresponds to the capacity under reasonable 
driving conditions, was used in this manual to assess the operating conditions on two-lane 
highways. Operating speed was the indicator for measuring the practical capacity. The concept of 
level of service was presented in the second edition of the HCM in 1965 (16). Operating speed and 
volume to capacity (v/c) ratio were used to estimate the level of service on two-lane highways. In 
1985, the HCM introduced percent time delay (PTD) for measuring performance on two-lane 
highways besides average travel speed (17). It refers to the percentage of time that vehicles are 
delayed and trapped in platoons due to inability to pass slower vehicles. Delay refers to situations 
where drivers travel at speeds lower than their desired speeds. Headway threshold of 5 seconds 
was used to estimate the PTD in the field. The fourth edition of the HCM introduced PTSF which 
is a similar measure to PTD and refers to the percent of time vehicles are following other vehicles 
on two-lane highways (18). The percentage of vehicles with headways less than 3 seconds was 
used as a surrogate measure for PTSF in this edition of the HCM. The following edition of the 
HCM was released in 2010 (19) and introduced a new classification for two-lane highways: classes 
I, II and III. Besides PTSF and ATS, the percent free flow speed (PFFS) was the new measure 
introduced in this edition for operational analysis of class III two-lane highways. The most recent 
edition of the HCM was released in 2016 (1). The analytical methodology including performance 
measures in this edition is similar to that in the 2010 edition. 
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WHAT CONSITUTES A GOOD PERFRORMANCE MEASURE ON TWO-LANE 
HIGHWAYS? 

Ideally, performance measures used for traffic operations and capacity analysis on any highway 
facility should meet the following criteria (5): 

1. Performance measure should reflect the perception of road users on the quality of traffic flow.
It is a common understanding that platooning and lack of passing opportunities (and its
associated delay) primarily affect the motorists’ perception of the quality of service on two-
lane highways.

2. Performance measure should be easy to measure and estimate using field data. Specifically, it
is expected that the prospective performance measure can be estimated in the field using
conventional data collection methods used by highway agencies and the professional
community. While some spatial performance measures are more difficult to observe in the field
(e.g. density, average travel speed), it has been an accepted practice to estimate those measures
using conventional data collection techniques at point locations.

3. Measure should correlate to traffic and roadway conditions in a meaningful way. On two-lane
highways, the prospective performance measure should closely correlate to the platooning
phenomenon (and passing opportunities) as well as to traffic level in a logical and meaningful
way.

4. It is recommended that the prospective measure be compatible with performance measures
used on other facilities. This criterion may be hard to satisfy as it is expected that different
aspects of traffic operations are perceived as most important by drivers on different highway
facilities. For example, while platooning on two-lane highways is a major determinant of the
quality of operation, it is not a major factor in determining the quality of operations on other
facilities.

5. Performance measure should be able to describe both uncongested and congested conditions.
While this requirement is applicable to all highway facilities per the definition of the LOS
scheme, it has been perceived to have less significance on two-lane highways, since these
facilities are rarely congested and are usually upgraded to four lanes at traffic levels well below
capacity.

6. Measure should be useful in analyses concerning traffic safety, transport economics, and
environmental impacts. Increasingly, the capacity analysis procedures have been used in
supporting the aforementioned analyses. To be of use in safety analyses, the prospective
measure should correlate well to traffic exposure. On the other hand, for economic and
environmental impact analyses, the prospective measure should be useful in estimating delay
and its associated fuel consumption and tailpipe emissions.

The six criteria above consider the common operational objectives of most highway 
agencies, namely: mobility, productivity, safety, reliability and environmental impacts. 

REVIEW RESULTS 

This study identified many performance measures for two-lane highways that are proposed in the 
literature or reported of being used in practice. In this section, performance measures used by the 
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HCM are presented first followed by those that have seen application in other countries, and 
finally, alternative measures that have been proposed in the literature.  

HCM Performance Measures 

The Highway Capacity Manual has been the principal reference for performing capacity analyses 
in the US and Canada since its inception in 1950. Therefore, the performance measures used by 
the current edition of the HCM largely represent the current practice in the US and Canada. As 
stated earlier in this article, three performance measures are used by the current HCM procedures 
for two-lane highways: percent time spent following (PTSF), average travel speed (ATS) and ATS 
as a percent of free-flow speed (FFS).   
Percent-time-spent-following (PTSF): this performance measure has been in use since the fourth 
edition of the HCM that was published in 2000 (18). PTSF is defined as “the average percentage 
of travel time that vehicles must travel in platoons behind slower vehicles because of an inability 
to pass.” (18). While the PTSF concept correlate well to the platooning phenomenon, the major 
determinant of performance on two-lane highways, it is almost impractical to measure in the field. 
Given this limitation in using PTSF, the HCM suggests using the percentage of headways less than 
3 seconds as a good estimate for PTSF using field data. However, while PTSF by definition is a 
spatial measure, i.e. measured over a stretch of two-lane highways, the percentage of headways 
less than 3 seconds can only be measured at a point location.      
Average travel speed (ATS): The vast majority of two-lane highways can be thought of as 
“uninterrupted flow facilities”, thus enjoying relatively higher travel speeds. This is particularly 
true for the HCM class I highways, which represent important arterials and major collectors in 
rural areas. On these highways, ATS has long been used by the HCM as a performance measure 
with the premise that average speed is affected by traffic level and, thus, the amount of platooning 
due to limited passing opportunities. However, two-lane highways involve most of highway 
classifications, have a wide range of geometric standards, and consequently, a wide range of 
operating speeds. Therefore, using average speed alone may not provide enough information about 
the level of traffic performance (in the absence of a reference point) to make performance 
comparison across sites practical. ATS is also used as a performance measure for two-lane 
highways in Brazil (20). A recent survey of practice found that average travel speed is perceived 
to be the most relevant traffic flow aspect to two-lane highway operations by HCM users (21). 
ATS as a percent of FFS: This performance measure has been in use since the HCM fifth edition 
published in 2010 for use on class III two-lane highways (19). Using ATS as a percentage of free-
flow speed was viewed as a good indicator of the amount of speed reduction due to traffic and the 
amount of vehicular interaction in the traffic stream. However, evaluations using field data in the 
US, Egypt and Spain (6, 8, 9) showed that the speed measures did not exhibit good correlations 
with platooning variables compared to other performance measures investigated in these studies. 
Further, Luttinen (5) reported on an older study by Kiljunen & Summala in 1996 which proposed 
the use of ATS/FFS as a performance measure on Finnish two-lane highways. 
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Performance Measures Used in Other Countries 

In this section, the major performance measures used in other countries are presented and 
discussed. HCM performance measures that found applications in practice outside the US are not 
covered in this discussion.     

In their article on the German experience, Brilon and Weiser (22) reported that the current 
German Capacity Handbook (22) utilizes density as the primary service measure for two-lane 
highways. The rationale for using density as a performance measure on two-lane highways in 
Germany is that efficiency is given preference over user experience (perception) of the quality of 
service (22). Further, this performance measure is compatible with other facility types, mainly 
freeways and multi-lane highways, when those highway types are analyzed as part of a larger 
system. For this purpose, density is calculated as the ratio of traffic volume and the ATS of just 
passenger cars (i.e., ATSpc). Average speed of passenger cars is measured over a longer stretch of 
highway, averaged over both directions. Truck speeds are not very sensitive to increases in traffic 
volume, but traffic volume is the main factor affecting the ATS of passenger cars (22). In their 
investigation of two-lane highway performance measures, Al-Kaisy and Karjala (6) argued that 
average travel speed of passenger cars may more accurately describe speed reduction due to traffic, 
since passenger car speeds are more affected by high traffic volumes than heavy vehicle speeds.  

The v/c ratio, or degree of capacity utilization, has been used as the main performance 
measure on two-lane highways in Japan, China and Denmark (24, 25, 26). It is important to note 
that the two-lane expressways in Japan are different from the conventional two-lane highways in 
the U.S. and most other countries in that they have limited access (no at-grade intersections) and 
a median barrier present in all sections (24). Further, the v/c ratio has been used as an additional 
performance measure in Sweden (27). This performance measure was also used for estimating the 
level of service along with operating speed in the second edition of the HCM (16).   

Followers density (FD) is another performance measure , which was originally adopted by 
the South African National Roads Agency more than a decade ago (12, 28) and was later 
investigated in other studies (6, 8, 9, 11, 29). Follower density is defined as the product of PF and 
traffic density; therefore, this measure is derived using two important flow characteristics: traffic 
flow and density. Again, PF is estimated using time headway, which is a microscopic flow 
characteristic. Follower density provides a better indication for warranting highway upgrades and 
improvements. Besides HCM performance measures, the Oregon Department of Transportation 
(ODOT) has used followers density in operational analysis of two-lane highways in recent years 
for the obvious advantage of capturing the effect of platooning and traffic level (30). Table 2 shows 
the LOS criteria as a function of follower density for class I, and II highways that was developed 
by Oregon DOT. 

TABLE 2 LOS Criteria for Two-Lane Highways (30) 

LOS Class I Highways Class II Highways 
Follower Density  (veh/mi/lane) Follower Density  (veh/mi/lane) 

A ≤ 2 ≤ 2.5 
B >2-3.5 >2.5-4.0
C >3.5-6 >4.0-6.5
D >6.0-9.0 >6.5-10.0
E >9.0 >10.0
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Alternative Performance Measures Proposed in Literature 

Given the reported limitations in the current HCM performance measures (3-14), several 
alternative performance measures have been proposed by studies here in the US and in other 
countries.    

A study by Al-Kaisy and Karjala (6) investigated a new speed-related performance 
measure among other performance measures on two-lane highways. The new measure is calculated 
as the average speed of passenger cars (ATSPC) divided by the free-flow speed of passenger cars 
(FFSPC) and expressed as a percentage. The researchers argued that average travel speed of 
passenger cars may more accurately describe speed reduction due to traffic, since passenger car 
speeds are more affected by high traffic volumes than heavy vehicle speeds. Further, using ATS as 
a percentage of free-flow speed was viewed as a good indicator of the amount of speed reduction 
due to traffic and the amount of vehicular interaction in the traffic stream. However, evaluations 
using field data showed that the speed measures did not exhibit good correlations with platooning 
variables as compared to other performance measures investigated in this study. Later studies by 
Hashim and Abdel-Wahed (8) and Moreno et al. (9) reported similar results using field data in 
Egypt and Spain. In his study on PTSF in Finland, Luttinen (5) reported on another old study by 
O.K. Normann, who suggested the use of speed differences between successive vehicles on two-
lane highways among other proposed performance measures. 

A couple of studies in the literature proposed the use of passing maneuvers in measuring 
performance on two-lane highways. The platooning phenomenon on two-lane highways and the 
associated delay are directly related to passing opportunities and the ability of platoon vehicles to 
pass slower vehicles and improve their speeds. As such, a few performance measures were 
proposed for assessing performance on two-lane highways that are related to passing maneuvers. 

A study by Morrall and Werner (31) proposed the use of overtaking ratio as a 
supplementary indicator of the level of service on two-lane highways. This measure is obtained by 
dividing the number of passes achieved by the number of passes desired. According to the study, 
the number of passes achieved is the total number of observed passes for a given two-lane highway, 
while the number of passes desired is the total number of passes for a two-lane highway with 
continuous passing lanes with similar vertical and horizontal geometry. The overtaking ratio 
considers the effect of percentage of no-passing zones and passing lanes. The researchers showed 
that the effect of passing lanes as measured by overtaking ratio is greater than percent time delay 
used by the 1985 HCM. Overtaking ratio, along with the average number of passes per vehicle, 
were also proposed by O.K. Norman, as reported by McLean (32), and Luttinen (5).  

Another measure that has been used extensively both in practical applications as well as in 
published research is time headway, a major microscopic traffic flow characteristic. For various 
practical reasons, time headway has been used solely for identifying platoons using empirical 
traffic data and field measurements. One important reason for using time headway is that this 
measure can readily be extracted from the output of conventional traffic recorders, which have the 
ability to provide raw data (i.e., timestamp records for individual vehicle arrivals). The second 
equally important reason is the fact that time headway is a good indicator of the interaction between 
successive vehicles in the traffic stream and, consequently, in determining the status of a vehicle 
being in a following mode (i.e. being part of a vehicular platoon). 

Most of the proposed headway-related measures involves the estimation of the percentage 
of headways less than a pre-specified cut-off value, a measure called in recent studies as percent 
followers (PF). The percent of headways less than 3 seconds has been used by the HCM as a 
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surrogate measure for PTSF using field data (1). A few recent studies have examined this along 
with other proposed performance measures to evaluate their suitability for use on two-lane 
highways (6, 8, 9, 11, 28-30). This performance measure does not necessarily reflect the effect of 
traffic level, i.e. there could be a two-lane highway with low traffic volume but still a high 
percentage of short headways. Therefore, when used alone, this measure could be misleading in 
highway improvement and upgrade decisions. Various headway cut-off values were proposed to 
estimate the percentage of vehicles in following mode in the traffic stream (12, 13, 29).   

Besides PF, i.e. the percent of short headways in a traffic stream, a few other measures 
have been proposed in the literature that are associated with more than one traffic stream 
parameter, and as such, they are referred to in this discussion as compound measures. The merit 
of using compound measures is the fact that those measures usually combine the advantages of 
more than one indicator of traffic performance on two-lane highways (e.g., amount of platooning 
and traffic level). One such measure that was proposed in the literature is follower flow, which 
was investigated by the South African National Roads Agency (12). It is defined as the hourly rate 
of vehicles in following mode that pass a point along a two-lane highway. This measure can easily 
be estimated as the product of PF and flow rate. Follower flow was investigated among several 
other performance measures in the development of the current South African two-lane highway 
methodology.   

Penmtsa et al. (29) proposed another compound measure for Indian two-lane highways 
under mixed traffic condition. The new measure is called number of followers (NF), which 
represents the number of vehicles moving in the same lane of two-lane highways with gaps less 
than 2.6 s. This measure showed a strong correlation with traffic volume. Penmtsa et al. (29) argued 
that NF alone is not able to identify the congestion condition on a highway network. Therefore, 
number of followers as a proportion of capacity (NFPC) was introduced as a new performance 
measure. The new measure exhibited a very strong correlation with traffic volume and it was found 
to explain the quality of traffic flow in a better way. 

Another compound measure that was proposed in the literature is percent impeded (PI). 
This measure was originally proposed by Al-Kaisy and Freedman (33) and was later investigated 
by Hashim and Abdel-Wahed (8), Ghosh et al. (34), and Moreno et al. (9). PI is defined as 
percentage of vehicles impeded by slower-moving vehicles in a directional traffic stream measured 
at a point location. PI is calculated as the probability of desired speeds being greater than the 
average speed of platoon leaders multiplied by the percent of vehicles with headways less than a 
pre-specified threshold value. For establishing the distribution of desired speeds, vehicles with 
headway more than 8 seconds were used by Al-Kaisy and Freedman (33). Platoon leaders were 
used as a representative sample of slow moving vehicles. This measure is derived using flow and 
speed characteristics. 

Percent impeded was further used to develop other compound measures. Impeded Flow 
which shows the hourly rate of vehicles impeded by slow-moving vehicles, i.e. platoon leaders, 
was suggested by Al-Kaisy et al. (35). It is calculated as the product of PI and the hourly rate of 
traffic flow. They also proposed Impeded Density, which refers to the number of vehicles impeded 
per mile per lane in one direction of travel. It is calculated as the product of PI and traffic density. 
These measures along with other performance measures were investigated by Al-Kaisy et al. (35) 
using field data from two-lane highways in Montana, Idaho, Oregon and North Carolina. Among 
all compound measures, follower flow followed by follower density exhibited highest correlations 
with traffic variables. 
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Freedom of flow is another performance measure proposed for use on two-lane highways 
(36). Polus and Cohen (36) used the M/M/1 queuing to model vehicular platoons on two-lane 
highways. In their approach, a platoon is considered as a queue system with random arrivals 
(vehicles joining the back of queue), random departures (vehicles passing platoon leader), and a 
single processing channel. To identify platooned vehicles, the researchers used a 3-second follower 
headway threshold. In their research, two proposed traffic parameters were introduced: traffic 
intensity and freedom of flow. Similar to queuing analysis, traffic intensity (𝜌) in the context of 
platoon analysis refers to the ratio between the average time spent in the first position when waiting 
for an appropriate gap and the average inter-arrival times at the back of the queue. On the other 
hand, freedom of flow (η) refers to the ratio between the time of undisturbed driving (between 
platoons) and the time interval in which the driver is in first position behind a slower moving 
vehicle while waiting to pass. This ratio may reflect the perception of tension experienced by 
drivers in a more faithful way. Freedom of flow can be estimated using equation 1 below.   

𝜂 =
𝑁𝑜

𝜌
(1) 

Where: 
η = Freedom of flow  
𝜌 = Traffic intensity 
𝑁𝑜 = Average number of headways between platoons 

PRELIMINARY ASSESSMENT OF PERFORMANCE MEASURES 

In this section, an initial qualitative assessment of the surveyed alternative performance measures 
is presented. The HCM performance measures will also be included in this assessment to help in 
understanding the merits of the proposed alternative measures. As stated before, it is desired for 
prospective performance measures on two-lane highways to meet the set of criteria discussed 
earlier in this study. Table 3 summarizes all performance measures discussed in this study and the 
degree to which each measure satisfies the aforementioned six criteria. In this subjective 
assessment, each performance measure is evaluated against the six criteria independently (i.e., 
assessed assuming it’s used solely for measuring performance on two-lane highways). It is 
important to remember that those criteria do not have the same significance when it comes to 
conducting two-lane highway operational analysis. For example, to easily measure performance 
in the field may have more weight than supporting environmental impact analysis. As the objective 
of this research is to examine performance measures rather than to recommend a particular measure 
for operational analysis on two-lane highways, no weights were assigned to the six evaluation 
criteria.   

At a glance, it can be clearly shown that no single measure largely satisfied all evaluation 
criteria and that each measure satisfied some criteria to a higher degree but scored low on other 
criteria. While this is applicable to almost all performance measures included in this evaluation, 
the following observations can be made:  

1. The two major HCM performance measures on two-lane highways, PTSF and ATS, do
not reasonably satisfy most of the six evaluation criteria.

2. Aside from being easy to measure in the field, speed-related measures scored generally
low on all other criteria except for supporting economic and (to a lesser degree)
environmental analyses.
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3. Performance measures based on passing maneuvers scored notably low on most of the 
evaluation criteria.

4. Compound measures involving headway and either density or flow rate showed higher
degree in satisfying the six criteria particularly follower density and impeded density.

The above discussion suggests that coming up with a single performance measure that 
satisfactorily meets all criteria may prove to be very difficult, and therefore, it may be 
advantageous to use more than one performance measure in describing performance on two-lane 
highways.   

TABLE 3 Preliminary Assessment Matrix of Performance Measures on Two-Lane 
Highways 

Performance 
Measure 

(1) 
Road User 
Perception 

(2) 
Easy to 

Measure 

(3) 
Sensitive to 

Road 
Conditions 

(4) 
Compatible 
with Other 
Facilities 

(5) 
Describes 
All Flow 
Regimes 

(6) Support Other Analyses

Sa
fe

ty
 

E
co

no
m

ic
 

E
nv

ir
on

m
en

ta
l 

R
el

ia
bi

lit
y 

HCM – PTSFa XXXb X X X Xc X X X X 
HCM – ATS X XXX X XX Xc X XX X X 

HCM – 
(ATS/FFS) XX XXX XX X XXc X XXX XX X 

ATSPC X XXX X XX X X XX X X 
ATSPC as a 

percent of FFS 
of PCs  

(ATSPC/FFSPC) 

XX XXX XX X XX X XXX XX X 

Speed Variance X XXX X X X XX X X X 
Volume-to-

capacity (v/c) 
ratio 

XX XXX XX X XXX XX X X X 

Traffic Density X XXX XX XX XXX X X X X 
Overtaking ratio X X XX X X X X X X 

Average # of 
passes per 

vehicle 
X X XX X X XX X X X 

% followers (PF) XX XXX  XX X X X X X X 
Follower flow 

(FF) X XXX XXX X X XX X X X 

Follower density 
(FD) XX XXX XXX XX X XX X X X 

Percent impeded 
(PI) XXX XX XXX X X XX X X X 

Impeded flow 
(IF) X XX XXX X X XX X X X 

Impeded density 
(ID) XX XX XXX XX X XX X X X 

Freedom of flow X X XX X XX XX X X X 
a – PTSF is estimated using flow rates in the analytical methodology and using percent followers (PF) as a surrogate measure for 
field estimation. 
b –  X = hardly meeting criterion, XX = fairly meeting criterion, XXX = largely meeting criterion  
c – Level of service F is not defined for any of the three HCM 2016 performance measures  
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SUMMARY 

The current study presented an overview of performance measures that have been used in practice 
or proposed in the literature for assessing performance on rural two-lane highways. A historical 
background on two-lane highway performance measures used by the highway capacity manual 
since its first edition was presented. Further, the most important desired criteria for effective 
performance measures were presented and discussed. The review involved the performance 
measures currently used by the Highway Capacity Manual (HCM), those that have been used in 
other countries, and other alternative performance measures proposed in the literature. The study 
concluded with assessing the degree each performance measure satisfies each of the criteria 
identified for effective performance measures. While subjective in nature, this preliminary 
assessment provides valuable information about the merits, or lack thereof, of a large number of 
performance measures identified in this study. Results suggest that no single measure largely 
satisfied all evaluation criteria and that each measure satisfied some criteria to a higher degree but 
scored low on other criteria. Therefore, coming up with a single performance measure that 
satisfactorily meets all criteria may prove to be very difficult, and it may be advantageous to use 
more than one performance measure in describing performance on two-lane highways.   
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