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Methodology To Assess Level of Service on 
US-1 in the Florida Keys 

RAFAEL E. DE ARAzozA AND DouGLAS S. McLEOD 

The methodology developed to assess level of service (LOS) on 
US-1 in the Florida Keys is presented. Although US-1 is pre­
dominantly an uninterrupted-flow two-lane roadway in the Keys, 
its uniqueness warrants an LOS evaluation different than that 
found in the 1985 Highway Capacity Manual (HCM). US-1 ex­
tends from Key West to the Florida mainland with no major roads 
intersecting it. Furthermore, no other principal arterial serves the 
Keys or the Keys' resident and tourist population of well over 
100,000. Its unique geography, land use patterns, and trip-making 
characteristics presented a challenge in developing and applying 
a reasonable and acceptable method of assessing its LOS. A 
uniform method was developed to assess LOS on US-1 to cover 
both its overall arterial length from Key West to the Florida 
mainland and 24 delineated roadway segments. The methodol­
ogy, which employs average travel speed as the main measure of 
effectiveness, was developed from basic principles, criteria, and 

· speed relationships contained in Chapters 7 (Rural Multilane 
Highways), 8 (Rural Two-Lane Highways), and 11 (Urban and 
Suburban Arterials) of the 1985 HCM. The results of the study 
correlate well with perceived operating conditions on US-1, and 
over a 2-year period the methodology appears to have a good 
level of reliability. The authors recommend that for uninterrupted 
flow conditions in developed areas (e.g., in communities and 
along beaches), Chapter 8 of the 1985 HCM incorporate average 
travel speed as the main measure of effectiveness to determine 
LOS. 

The purpose of this paper is to present the methodology de­
veloped by the Monroe County US-1 level of service (LOS) 
Task Force to assess LOS on US-1 (the Overseas Highway) 
in the Florida Keys (1). The authors are members of the task 
force. 

US-1, which is mostly a two-lane highway, has unique 
geographic and trip characteristics. It extends through the 
Florida Keys, covering approximately 180 km (112 mi) from 
the city of Key West to the Florida mainland. There are 48 
bridges that cross water for a total length of 35 km (22 mi), 
and the longest bridge is approximately 11 km (7 mi). No 
other road provides vehicular access to the Florida Keys from 
the rest of Florida or anywhere else. Few local roads are 5 
km (3 mi) in length. Consequently, US-1 is not only a regional 
principal arterial serving intra- as well as interstate travel, but 
also the local road for most of the trips within the Keys. 
US-1 annual average daily traffic (AADT) volumes range 
from 4, 700 to 37 ,200. The road serves a large tourist demand 
and is one of the most scenic in the United States. The linear 
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geography with the narrow land width of most of the Florida 
Keys are further characteristics. 

Most of the surrounding land use is rural developed and 
suburban in nature; however, some areas are totally rural and 
others are urban, such as Key West and its suburbs. With the 
exception of the few completely rural segments and the bridges, 
strip commercial stores, motels, and restaurants are common 
throughout the Keys along US-1. Many driveways and inter­
secting local roads provide access to the surrounding residen­
tial areas. 

Part of the growth management process in Florida is to 
assess roadway LOS to determine if roadway facilities meet 
standards established by state regulations. From a state trans­
portation perspective, the overall operating condition of 
US-1 is important, not the condition of any smaller segment. 
With Key West a major tourist destination at the southern 
end of the Keys and no alternative routes to it, the logical 
analysis section of highway extends from Key West to the 
mainland. From perspectives of local transportation and 
development approval, shorter segments for analysis are 
desirable. 

For planning purposes the Florida Department of Trans­
portation (FDOT) has adopted LOS standards for all state 
roads. The applicable peak hour of analysis is the lOOth high­
est hour of the year, representative of a typical peak hour 
during a 3-month peak season. FDOT's LOS standards vary 
by road and area type, with LOS C being the applicable 
standard in the Keys. TRB's Special Report 209: Highway 
Capacity Manual (HCM) (2), FDOT's Level of Service Man­
ual (3), based on the HCM, and accompanying software are 
used extensively throughout Florida to determine highway 
capacities, LOS, and compatibility with LOS standards. 

The US-1 LOS study encompassed approximately 174 km 
(108 mi) of US-1 from Key West/Stock Island to the Monroe­
Dade county line, broken down as follows: 

• 129 km (80 mi), 74 percent two-lane uninterrupted flow; 
• 32 km (20 mi), 19 percent four-lane uninterrupted flow; 

and 
• 13 km (8 mi), 7 percent four-lane urban/suburban inter­

rupted flow. 

HCM Chapters 7 (Rural Multilane Highways), 8 (Rural Two­
Lane Highways), and 11 (Urban and Suburban Arterials) 
were consulted to determine applicability to the unique con­
ditions and vehicular traffic operations and characteristics of 
the Florida Keys. Only the 13 km (8 mi) of urban/suburban 
interrupted flow and the small percentage of two-lane truly 
rural portions are believed to correlate directly to HCM Chap-
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ters 11 and 8. Thus, the challenge was to develop a meth­
odology to assess arterial LOS along US-1 without deviating 
from the principles of the HCM. Toward that end, a task 
force was created consisting of representatives from state and 
local agencies and an engineering consulting firm. An interim 
methodology was developed during the latter part of 1990, 
with the final methodology completed in June 1991. The final 
methodology was applied to the 1992 study data. 

NEED FOR SPEED-BASED METHODOLOGY 

Chapter 8 of the HCM presents a methodology that applies 
primarily to the typical rural undeveloped situation. Essen­
tially, these two-lane facilities are long stretches of roads with 
few side intersecting streets and driveways connecting directly 
to the roads. Chapter 8 methodology relies mainly on per­
centage time delay to assess LOS. 

Throughout the United States many two-lane uninter­
rupted-flow highways pass through developed areas such as 
small communities and pass along beaches. However, the 
HCM does not directly address ways of handling these two­
lane uninterrupted-flow highways. Frequently in these areas, 
posted speeds are also lower than they are on open highways, 
and it is believed that motorists expect to be traveling at 
somewhat lower speeds under these conditions. After much 
discussion, Florida's LOS Measurement Task Team (as well 
as the project task team) took the position that most motorists 
are more concerned about maintaining a decent travel speed 
under these uninterrupted-flow conditions in developed areas 
than trying to pass. Similarly, it is believed that the average 
motorist in the Florida Keys is concerned mostly with oper­
ating at an acceptable average travel speed, not with the abil­
ity to pass. This assumption is supported by the physical and 
traffic characteristics of the Keys (e.g., adjacent land devel­
opment, sightseeing tourists), local knowledge, and discus­
sions with motorists. Furthermore, average speeds compa­
rable to the ability to pass appearing in Table 8-1 of the HCM 
are appreciably higher than the typical operating speeds of 
US-1 in the Florida Keys. 

With regard to the four-lane uninterrupted-flow portions 
of US-1, a similar dilemma occurred. HCM Chapter 7 meth­
odology applies to multilane highways with operating char­
acteristics generally unlike those of US-1 through the Florida 
Keys. For instance, average travel speeds depicted by Table 
7-1 of the HCM are also higher than those encountered in 
the Keys. Furthermore, the methodology inherent in Equa­
tions 7-1, 7-2, and 7-3 is closely related to those of freeways 

. with their higher service flow rates, which again neither sim­
ulate nor resemble those of US-1 in the Keys. The four-lane 
portion is found mostly in Key Largo (the northeastern end 
of the Keys), which has a weighted posted speed limit of 72.5 
km/hr (45 mph). Key Largo is developed with strip commer­
cial and residential development. It has many driveway con­
nections and side streets directly accessing US-1. 

The remaining 7 percent of the total US-1 mileage is four­
lane interrupted flow. These are the portions encompassing 
Marathon (in the middle of the Keys) and Stock Island (near 
Key West). The operating characterist_ics here are truly urban/ 
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suburban and interrupted flow in nature, resembling those of 
HCM Chapter 11. Thus, the methodology of HCM Chapter 
11 was used in assessing LOS on these segments. 

From the preceding discussion, it was evident that for most 
of US-1 in the Keys the HCM was not directly applicable and 
a distinct method to assess LOS on US-1 should be developed. 
The task team concentrated on keeping consistency with the 
basic philosophy of the HCM and yet being sensitive to the 
Keys' uniqueness. Thus, the proposed methodology correlates 
measured travel speeds along US-1 with LOS speed thresholds 
developed as part of this study. This is in line with the concept 
behind the HCM of average travel speed being the main pa­
rameter for measuring arterial LOS. 

DEVELOPMENT OF LOS MEASURES OF 
EFFECTIVENESS 

Assuming that average travel speed is the most appropriate 
measure of effectiveness for LOS on uninterrupted-flow fa­
cilities in developed areas, the challenge became that of de­
veloping appropriate criteria while still generally conforming 
to the HCM. Or, in other words, can reasonable speed-based 
criteria be inferred from Table 8-1, and to a lesser extent 
Table 7-1, of the HCM? 

In the United States, posted speed limits for two-lane and 
multilane highways are no higher than 55 mph even though 
design or free-flow speeds are generally higher. Although it 
is accepted practice to base speed limits on the 85th-percentile 
speed, it is widely recognized that posted speed limits are set 
below that criterion. As in other parts of the country, posted 
speed limits in the Keys appear to be influenced more by the 
number of access points and level of residential and com­
mercial development than by prevailing speeds. From Tig­
nor's research ( 4) it can be inferred that average free-flow 
speeds in urban areas generally range from 2 to 8 mph-or 
approximately 5 mph-higher than posted speed limits. In­
terestingly, the level of service A speed criterion for two-lane 
(and ~ultilane) highways is approximately the average of 
typical 55-mph posted speed limits and more typical 60-mph 
free-flow speeds. Assuming that this relationship is appro­
priate, analysts may reasonably make LOS A speed criteria 
for uninterrupted highways on the basis of posted speed 
limits. 

Toward this end, the speed ratios between LOS thresholds 
from Tables 7-1, 8-1, and 11-1 of the HCM were used in the 
analysis. These ratios were weighted against actual mileage 
of US-1 in the Florida Keys to represent the prevailing type 
of flow: two-lane uninterrupted flow, four-lane uninterrupted 
flow, and four-lane interrupted flow. For example, from the 
level terrain portion of HCM Table 8-1, the ratio of LOS B 
speed to LOS A speed is 55/58, or 0.948. The ratio LOS Cl 
LOS A is 52/58, or 0.897; the ratio LOS D/LOS A is 50/58, 
or 0.862, and so on. The same process was applied to Tables 
7-1 (96.6 km/hr, or 60 mph) and 11-1. Then each ratio was 
weighted to account for the length of the section of US-1 to 
which that type of traffic flow applied. Once all the ratios 
were developed, the weight criteria were applied as in the 
following example: 
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Type of Flow 

Two-lane uninterrupted 
Four-lane uninterrupted 
Four-lane interrupted 

LOS C/LOS A Ratio 

52158 = 0.897 
44150 = 0.880 
22135 = 0.629 

Weight 

74 
19 
7 

Therefore, the overall speed ratio between LOS C and LOS 
A is 

74(0.897) + 19(0.880) + 7(0.629) = 0 875 
100 . 

This process was applied to develop all the required ratios. 
Further observations with reference to Tables 8-1, 7-1, and 

11-1 yielded the following. From Table 8-1 the difference 
between LOS A and LOS B speeds is 4.8 km/hr (3 mph), or 
4.8 km/hr (3 mph) above an assumed posted speed limit of 
88 km/hr (55 mph). From Tables 7-1and11-1 the differences 
are 3.2 and 11.3 km/hr (2 and 7 mph), respectively, with LOS 
A lower than assumed speed limits. Therefore, from these 
observations, previous discussion in this paper, and local 
knowledge, it was determined that the overall US-1 posted 
speed limit of 79.6 km/hr (49.5 mph) fell reasonably between 
the LOS A and B thresholds. This assumption is not far from 
the premise that if a vehicle is able to sustain a travel speed 
equal to the posted speed limit, then it will correspond typ­
ically with the upper ranges of LOS (i.e., LOS A or LOS B). 

With these speed differentials and the LOS range premise 
in mind, the US-1 overall speed thresholds for LOS A and B 
became 82.1 km/hr (51 mph) [2.4 km/hr (1.5 mph) above 79.6 
km/hr (49.5 mph)] and 77.3 km/hr (48 mph), respectively. 
Applying the ratio developed LOS C/LOS A to the LOS A 
speed resulted in 72.0 km/hr (45 mph), rounded off [i.e:, 0.875 

TABLE 1 Segment Description 

Segment No. Mile Markers 

1 4 - 5 
2 5 - 9 
3 9 - 10.5 
4 10.5-16.5 
5 16.5 - 20.5 
6 20.5 - 23 
7 23 - 25 
8 25 - 27.5 
9 27.5 - 29.5 

10 29.5 - 33 
11 33 - 40 
12 40 - 47 
13 47 - 54 
14 54 - 60.5 
15 60.5 - 63 
16 63 - 73 
17 73 - 77.5 
18 77.5 - 79.5 
19 79.5 - 84 
20 84 - 86 
21 86 - 91.5 
22 91.5 - 99.5 
23 99.5 - 106 
24 106 - 112.5 
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x 82.1 km/hr (51 mph) = 71.8 km/hr (44.6 mph)], which 
then became the threshold for LOS C. After applying all the 
ratios, the overall LOS criteria for US-1 were developed, as 
given in the following: 

LOS Speed [km/hr (mph)] 

A 2::82 (51) 
B ;:::77 (48) 
c ;:::72 (45) 
D 2::68 (42) 
E ;:::53 (36) 
F <58 (36) 

Thus, in essence, the state minimum operating speed stan­
dard (LOS C) for US-1 became 72 km/hr (45 mph). Or, in 
other words, drivers can reasonably expect to average at least 
72 km/hr (45 mph) at any time of the year from the Monroe­
Dade county line to Key West. 

The next step was to develop LOS-speed threshold values 
for the individual segments of US-1. Twenty-four segments 
were selected, as presented in Table 1. Each segment is fairly 
homogeneous having a uniform roadway cross section and 
traffic flow. No further work was needed to cover the 7 per­
cent mileage of the interrupted portions of US-1 found on 
Marathon and Stock Island, adjacent to Key West. As was 
discussed earlier, these segments correlate with Chapter 11 
of the HCM. Therefore, direct application of Table 11-1 LOS­
speed criteria for a Class I arterial was made. 

The remaining segments fell within the two-lane and four­
lane uninterrupted-flow criteria. It was decided to make the 
LOS A speed criterion 2.4 km/hr (1.5 mph) higher than the 
weighted posted speed limit to keep consistency with the over­
all criteria. LOS C speed was set at 9.7 km/hr (6 mph) below 

Key(s) 

Stock Island, Key Haven 
Boca Chica, Rockland 
Big Coppitt 
Shark, Saddleb unch 
Lower Sugarloaf, Upper Sugarloaf 
Cudjoe 
Summerland 
Ramrod 
Torch 
Big Pine 
W. Summerland, Bahia Honda, Ohio 
7- mile bridge 
Marathon, Key Colony Beach 
Fat Deer, Crawl, Grassy 
Duck, Conch 
Long, Fiesta, Craig 
Lower Matecumbe 
Fill 
Upper Matecumbe 
Windley 
Plantation 
Tavernier 
Key Largo 
Key Largo, Cross Key 
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the LOS A speed, consistent with Tables 7-1 and 8-1 of the 
HCM. LOS B and D speed criteria were set to provide equal 
increments between LOS A and LOS D [i.e., LOS B 4.8 km/ 
hr (3 mph) below LOS A speed and LOS D 4.8 km/hr (3 
mph) below LOS C speed]. LOSE was set 9.7 km/hr (6 mph) 
below the LOS D speed. This makes the segmental speed 
differential between LOS thresholds consistent with the dif­
ferentials in the overall criteria, except for one consideration. 
On any segment, intersection delay would be deducted from 
the segment's travel time to account for the influence of that 
signal on the segment (i.e., signal delay = 1.0 x 15 sec 
average stopped delay). This corresponds to an LOS C delay 
due to isolated signals. LOS C delay was chosen because LOS 
C is the state LOS standard for US-1 in the Florida Keys. 

The rationale behind deducting signal delay from the seg­
ment analysis was to recognize for the impact of signals in 
reducing travel time. This provides the required sensitivity in 
the segment that is to assess the impact not only of regional 
vehicular trips but also of those that are local in nature. The 
following tables illustrate the concept and give an example 
for the US-1 segmental LOS-speed relationship. 

The uninterrupted-flow segment criteria are as follows: 

LOS Speed [km/hr (mph)] 

A :::::2.4 (1.5) above the posted speed limit 
B :::::4.8 (3.0) below LOS A 
C :::::9.7 (6.0) below LOS A 
D :::::14.5 (9.0) below LOS A 
E :::::24 (15.0) below LOS A 
F <24 (15.0) below LOS A 

A segment having a weighted posted speed limit of 72 km/ 
hr ( 45 mph) has the following criteria: 

LOS Speed [km/hr (mph)] 

A :::::74.9 (46.5) 
B :::::70.0 (43.5) 
c :::::65.2 (40.5) 
D ;:::60.4 (37.5) 
E ;:::50. 7 (31.5) 
F <50.7 (31.5) 

The LOS-speed criteria for interrupted-flow segments 
(Marathon and Stock Island) are based directly on a Class 1 
arterial from Table 11-1 of the HCM. 

Speed data from both the overall length of US-1 and the 
individual segments were compared with the applicable LOS­
speed thresholds. This arrangement provided for an assess­
ment of the facility LOS plus an indication of reserve speed, 
if any. 

Under the growth management processes of Florida and 
Monroe County, if the overall LOS for US-1 fell below the 
LOS C standard then no additional land development would 
be allowed to· proceed in the Florida Keys, unless the pro­
posed new development traffic impact were mitigated. If the 
overall LOS for US-1 was C or better, additional development 
could take place in those segments in which reserve speed 
was available (i.e., the segment's speed was higher than the 
standard threshold). 

In addition to meeting highway LOS standards there are 
many other considerations in Florida's growth management 
process pertaining to the Florida Keys. These are beyond the 
scope of this paper. 
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SPEED STUDIES 

Considering the types of trips served by US-1, it was decided 
to conduct travel time and delay runs to cover the entire length 
of US-1 from Key West to the Monroe-Dade county line 
(mainland) and each segment of the highway along the way. 
Travel speeds for the overall length (from Key West to the 
mainland) provide an indication of the LOS for the regional 
trips. Travel speeds for each segment also provide an oppor­
tunity to assess the impact of local trips. 

The floating-car technique, as defined by the Manual of 
Traffic Engineering Studies (5) published by ITE, was used. 
In this technique the test vehicle "floats" with the traffic by 
passing as many vehicles as pass the test vehicle. A safe op­
eration was maintained and applied in passing maneuvers 
(where permitted), following other vehicles and changing 
speeds. The equipment used was an electronic distance mea­
suring instrument with both distance and time features and 
ability to download data into a personal computer. 

The next step in the process was to determine the number 
of travel time runs and how, when, to where, and from where. 
Runs were started at both ends of US-1. For example, one 
run started on Stock Island (Key West city limits) and pro­
ceeded to the mainland (Dade County). After reaching this 
point, the vehicle turned back and proceeded to end the run 
where it started, on Stock Island. On another day the reverse 
was true (i.e., the run started in Dade County instead of Stock 
Island). It was decided to perform 14 two-way runs, or 28 in 
each direction, covering the 174 km (108 mi) study portion 
of US-1. Twenty-eight runs provide enough data for statistical 
significance. Control points were established at each of the 
24 segments to record travel time and speed data specific to 
each one of those segments. Seven runs were started at Stock 
Island and seven in Dade County covering the hours between 
9 a.m. and 7 p.m. Each began at staggered hours to cover 
the varied trip purposes and time frames within the Keys with 
the intent to cover peak travel periods of all the segments. 

For each run the process provided data, such as running 
speed and travel speed, in each direction of US-1. Vehicular 
traffic counts were also collected at three locations covering 
7 days. 

As stated before, Florida's LOS standards are based on the 
concept of the typical peak hour during the peak season, 
which is approximately the lOOth highest volume hour of the 
year in developed areas. Whereas it is normally reasonable 
to conduct an analysis based on this peak hour for roadways, 
it is impractical to evaluate a 174-km (108-mi) roadway for a 
peak hour; full-length trips are approximately 2Y2 hr in du­
ration. To meet the intent of Florida's LOS standards, it was 
agreed to conduct the travel time studies during the peak 
travel hours of the peak month (March) and to use the median 
speed of the travel time runs. Using this approach, compat­
ibility with LOS standards is developed on the basis of a 
typical drive during the peak month. Compared with other 
roads in Florida this approach is somewhat tougher because 
it uses the highest-volume month instead of the peak season, 
but it is somewhat more lenient because it uses a typical 
driving hour instead of one of the highest-volume hours. The 
median value was also selected, instead of the average, to 
avoid the influence of extremely high or low speed values at 
either end of the survey population. 
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STUDY RESULTS 

The 1991 travel time field runs were conducted between March 
1 and March 21. Fourteen runs were made to cover both 
directions along US-1 (total of 28 one-way runs), at the rate 
of one run per day in each direction. The 1992 field runs were 
conducted between February 29 and March 20 in the same 
manner as in 1991. Seven-day traffic counts were made, at 
three locations, during 1991and1992 and converted to AADT. 
These are given in Table 2. 

Tables 3 and 4 present a summary of the results of the field 
studies for the years 1991 and 1992 (6, 7). The tables cover 
both the overall length of US-1 and the individual segments 
plus the applicable LOS. 

The results were not surprising. Overall, the US-1 median 
travel speeds of 76.7 km/hr (47.7 mph) for 1991 and 75.5 km/ 
hr (46.9 mph) for 1992 reflected an acceptable LOS C. This 
overall rating is supported by the data collected plus local 
knowledge and the authors' experience in the area. It is in­
teresting to see that for the overall speed data, the mean 
(average) speed is either identical or very close to the median 
speed for both years, suggesting fairly good individual data 
items with few extremes. Worth noting is the fact that for 
both years, the survey vehicle was able to maintain an overall 
median speed relatively close to the weighted posted speed 
limit [i.e., 2.9 km/hr (1.8 mph) below in 1991 and 4.1 km/hr 
(2.6 mph) below in 1992]. This fact supports the LOS C as­
sessment of US-1 and the discussions presented earlier in this 
paper. 

The results from the segmental analyses were not surprising 
either. The resulting LOS accurately reflect traffic operations 
and perceived levels of congestion. From the 1991 data, only 

TABLE 2 Average Annual Daily Traffic 

LOCATION 

Big Pine 
Marathon 
Upper Matecumbe 

1991 

18, 199 
24,043 
17,357 

1992 

17,529 
25,933 
17,564 

%CHANGE 

-3.7 
7.9 
1.2 

5 

one segment failed to meet the LOS C standard. This is Seg­
ment 19 in the Upper Matecumbe area. The two segments 
(17 and 18) south of it, covering the Lower Matecumbe and 
Tea Table areas, showed speeds at the lower ends of LOS C 
with little reserve available. These assessments corresponded 
well with the authors' knowledge of traffic operations and 
development conditions of the area. In 1992 these three seg­
ments failed the LOS C standard. All three of them were 
assessed at LOS D. 

The authors were pleased with the results of the study. The 
1991 and 1992 LOS assessments for US-1 accurately reflect 
local knowledge, field experience, and perceived conditions 
in the Florida Keys. Inspection of the survey data also sup­
ports this claim. For instance, looking at the 1992 speeds for 
the segments, with the exception of 3 segments of 24, the 
difference between the median and mean speeds was less than 
1.6 km/hr (1 mph). For the 2 segments the difference between 
the median and mean was less than 3.2 km/hr (2 mph). In 
keeping with the 1992 data, 13 of 24 segments (54 percent) 
have standard deviations less than 4.8 km/hr (3 mph). Of the 
other 11 segments with standard deviations greater than 4.8 
km/hr (3 mph), only 1 had a standard deviation greater than 
9.7 km/hr (6 mph). The standard deviations for the segments 
came out higher for the 1991 data. However, 18 of the 24 had 

TABLE 3 Summary of 1991 Travel Speed Data 

Segment No. Mean Median Std. Dev. Standard Reserve LOS 
(kmh) (kmh) (kmh) (kmh) (kmh) 

1 57.7 57.5 8.6 35.4 22.1 A 
2 91.1 91.0 2.0 75.3 15.7 A 
3 78.5 78.4 6.7 68.4 10.0 B 
4 84.0 84.0 5.5 75.3 8.7 c 
5 82.4 82.3 5.5 72.6 9.7 c 
6 69.8 69.6 5.8 61.6 8.0 c 
7 74.5 74.9 5.4 61.6 13.3 A 
8 77.8 77.5 5.0 61.6 15.9 A 
9 75.7 75.0 5.3 61.6 13.4 A 

10 61.9 62.1 6.1 61.6 0.5 c 
11 87.0 86.3 2.8 73.4 12.9 B 
12 85.1 85.2 5.9 68.4 16.8 A 
13 65.4 65.2 3.2 35.4 29.8 A 
14 86.2 86.1 4.2 73.9 12.2 8 
15 87.4 87.9 4.7 75.3 12.6 8 
16 81.2 83.5 15.8 73.9 9.6 c 
17 81.6 82.5 6.3 75.3 7.2 c 
18 80.0 81.5 6.5 75.3 6.2 c 
19 63.0 . 63.2 5.1 61.6 1.6 D 
20 68.7 69.1 7.9 61.6 7.5 c 
21 64.2 65.5 8.0 61.6 3.9 c 
22 79.6 80.1 3.2 61.6 18.5 A 
23 76.2 77.4 4.5 61.6 15.8 A 
24 81.2 82.9 6.0 69.7 13.2 8 

OVERALL 76.3 76.7 2.5 72.4 4.3 c 
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TABLE 4 Summary of 1992 Travel Speed Data 

Segment No. Mean . Median 
(kmh) (kmh) 

1 57.3 58.2 
2 91.3 90.3 
3 72.9 75.1 
4 82.9 83.4 
5 80.2 80.9 
6 69.5 69.2 
7 72.0 72.2 
8 76.9 77.7 
9 74.6 74.9 

10 61.3 62.6 
11 85.8 85.7 
12 85.2 84.3 
13 63.9 63.8 
14 82.2 82.2 
15 83.9 84.6 
16 81.8 81.7 
17 79.9 81.2 
18 79.5 79.9 
19 64.8 64.6 
20 67.1 69.8 
21 62.0 62.2 
22 78.6 77.5 
23 75.8 75.4 
24 80.0 82.4 

OVERALL 75.4 75.5 

deviations less than 6.4 km/hr (4.0 mph). The results imply 
that for the most part the assessed LOS will not go beyond 
one letter change when the standard deviation is added or 
subtracted to the mean. Finally, the standard deviations for 
the 1991 and 1992 overall US-1 speeds were 2.5 and 1.9 km/ 
hr (1.6 and 1.2 mph), respectively. 

CONCLUDING REMARKS 

From the 1992 highway LOS determinations and adopted 
LOS standards, it was concluded that additional land devel­
opment may occur in the Florida Keys. However, based on 
the adopted LOS criteria, unless the traffic impact is ade­
quately mitigated, development should not be approved on 
the four segments that. failed to meet the LOS C standard. 
Although one other segment, Big Pine, was at LOS C, it had 
a very low reserve speed. This means that any proposed land 
development should be closely monitored. 

The methodology developed to assess LOS on US-1 in the 
Florida Keys followed the basic concept of arterial analyses 
in the HCM with average travel speed as the main measure 
of effectiveness. The results accurately reflect perceived levels 
of congestions and local knowledge. For example, motorists 
can compare their travel speed with the posted speed limit. 
The methodology has been formally approved by both state 
agencies principally involved in transportation aspects of Flor­
ida's growth management process, the Department of Com­
munity Affairs and the Department of Transportation. County 
commissioners have also incorporated formally the method­
ology into Monroe County's land use regulations. 

As the result of this study, it is recommended that for 
uninterrupted-flow conditions in developed areas Chapter 8 
of the HCM consider average travel speed as the main pa-

Std. Dev . Standard Reserve LOS 
(kmh) (kmh) (kmh) 

7.3 35.4 22.8 A 
3.4 81.3 9.0 B 

11.0 73.2 1.9 c 
4.4 81.3 2.1 c 
4.3 78.0 2.9 c 
6.3 65.2 4.0 c 
4.6 65.2 7.0 B 
4.6 65.2 12.5 A 
4.1 65.2 9.7 A 
6.7 62.1 0.5 c 
3.3 79.2 6.5 B 
5.4 73.2 11.1 A 
2.9 35.4 28.4 A 
6.1 79.6 2.6 c 
5.3 81.3 3.3 c 
4.3 79.6 2.1 c 
5.7 81.3 -0.1 D 
5.9 81.3 -1.4 D 
4.7 65.2 -0.6 D 
7.1 65.2 4.6 c 
4.5 63.4 -1.2 D 
4.5 67.1 10.4 A 
4.3 64.0 11.4 A 
8.3 74.7 7.7 B 
1.9 72.4 3.1 c 

rameter for determining LOS. Because the results of the study 
reflect local conditions in the Florida Keys, additional data 
collection and studies are recommended for nationwide 
applications. 

ACKNOWLEDGMENTS 

Thanks and appreciation to the Monroe County US-1 LOS 
Task Force, which in addition to the authors comprised the 
following individuals: Rene de Huelbes, Kenneth Metcalf, 
David Koppel, Mark Rosch, and Jack Schnettler. Gratitude 
is also expressed to the Florida Department of Transportation 
for its support. 

REFERENCES 

1. Summary of Final Recommendations. US-1 Level of Service Task 
Force, Key West, Fla., 1991. 

2. Spec_ial Report 209: Highway Capa<:ity Manual. TRB, National 
Research Council, Washington, D.C., 1985. 

3. Level of Service Manual. Florida Department of Transportation, 
Tallahassee, 1992. 

4. S. C. Tignor. Driver Speed Behavior on U.S. Streets and High­
ways. Compendium of Technical Papers, ITE, Aug. 1990. 

5. Manual of Traffic Engineering Studies, 4th ed. ITE, Washington, 
D.C. 

6. 1991 Travel Time and Delay Study of US-1 ·in Monroe County, 
Key West, FL. Monroe County Planning Department, Fla., 1991. 

7. 1992 Travel Time and Delay Study of US-1 in Monroe County, 
Key West, FL. Monroe County Planning Department, Fla., 1992. 

Publication of this paper sponsored by Committee on Highway Capacity 
and Quality of Service. 


