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DISCLAIMER 
 
 
 The contents of this report reflect the views of the authors, who are responsible for the 
opinions, findings, and conclusions presented herein. The contents do not necessarily reflect the 
official views or policies of the Federal Highway Administration (FHWA). This report does not 
constitute a standard, specification, or regulation, nor is it intended for construction, bidding, or 
permit purposes.  
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CHAPTER 1: 
INTRODUCTION 

 
 
Pavement markings are a critical component of a safe and efficient transportation network. 
Markings that have deteriorated, lack clarity, or have been improperly placed create the potential 
to confuse drivers and pedestrians and may also create a safety concern. Proper design of 
roadway delineation is a vital element of a safe and efficient transportation system, and markings 
must be capable of providing guidance during both daytime and nighttime conditions. 
Furthermore, they must be durable and perform for an extended period of time. It is for these 
reasons that research continually focuses upon methods of improving pavement markings. 
 
The retroreflective properties of pavement markings provide the ability to see the markings at 
night. However, the actual visibility of the markings is a function of many different factors 
including, among others: the amount of illumination provided by the vehicle headlamps, the 
retroreflective efficiency of the marking, the viewing geometry, the environmental conditions, 
and the visual capabilities of the driver. 
 
The importance of pavement marking retroreflectivity is recognized in the current Manual on 
Uniform Traffic Control Devices (MUTCD), which includes the following statement regarding 
marking retroreflectivity (1): 
 

“Markings that must be visible at night shall be retroreflective unless ambient 
illumination assures that the markings are adequately visible. All markings on 
Interstate highways shall be retroreflective.” 

 
However, there are no specific performance requirements in the MUTCD regarding initial or 
maintained pavement marking retroreflectivity levels. To address this, the United States 
Congress, as part of the 1993 Department of Transportation Appropriations Act, directed the 
Secretary of Transportation to revise the MUTCD to address minimum retroreflectivity standards 
for signs and pavement markings. The Congressional directive stated that: 
 

“The Secretary of Transportation shall revise the MUTCD to include a standard for a 
minimum level of retroreflectivity that must be maintained for traffic signs and 
pavement markings which apply to all roads open to public travel.” 

 
This report describes potential economic impacts of minimum levels of pavement marking 
retroreflectivity. The impacts are based on currently available information regarding the 
quantities of pavement markings, the generalized conditions of these pavement markings, the 
costs of maintaining pavement markings, and the assumed minimum retroreflectivity levels that 
FHWA will develop. The research effort described in this report included the development of a 
spreadsheet-based analysis tool that provides the ability to change assumptions and analyze a 
wide variety of analysis cases. 
 



Economic Impacts of Minimum Marking Retroreflectivity   Page 2 

CHAPTER 2: 
BASIC INPUT DATA 

 
 
The first step in conducting an economic analysis of minimum pavement marking 
retroreflectivity guidelines is to identify key input data that serve as the basis for the initial 
analysis, and which have the potential to be adjusted at a later time as more specific information 
becomes available. The input data gathered for the analysis include: 
 

• Quantities of pavement markings subject to the minimum retroreflectivity guidelines, 
including the quantities of each type of material. This information includes: 
 An inventory of roadway mileage, stratified by area type (rural or urban), 

functional classification (interstate, freeway, expressway, principal arterial, minor 
arterial, collector, and local road), and jurisdictional ownership (federal, state, 
county, and city), 

 A count of average laneage for all relevant roadway categories, and 
 Estimates on striping configurations for two- and three-lane undivided highways 

(related to passing zone policies); 
• Service life data for both white and yellow marking materials based on the amount of 

time that the materials can maintain a specified retroreflectivity level; 
• Typical replacement costs for pavement marking materials, stratified by jurisdiction 

(federal, state, county, and city); and 
• Potential retroreflectivity levels that would define the replacement thresholds. 

 
PAVEMENT MARKING QUANTITIES 
 
The total quantity of pavement marking subject to the minimum retroreflectivity guidelines is 
determined through a multi-step effort which includes estimating the total mileage by functional 
class, developing typical pavement marking configurations for each functional class, and 
calculating the total miles of pavement markings by material using information on material type 
usage. 
 
Roadway Mileage 
 
The total miles of rural and urban roadway by functional classification were obtained from 
FHWA’s Highway Statistics 2003 Table HM-20 (for the total system) and Table HM-50 (broken 
down by jurisdiction) (2). For each functional class, the data were further divided into mileage 
by the number of lanes (using Highway Statistics Table HM-55). The use of the roadway 
mileage in the analysis procedure is described in more detail in the next chapter. 
 
Pavement Marking Configurations 
 
There are no national databases containing the quantities of pavement markings used in the 
United States. To get an estimate of the pavement markings impacted by potential pavement 
marking retroreflectivity guidelines, the researchers made some basic assumptions about the 
types of long-line markings used for rural and urban roadways in each functional classification. 
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It should be noted that the researchers also assumed that the minimum retroreflectivity guidelines 
would apply only to long lines, not any other types of pavement markings such as stop/yield 
lines, crosswalks, words, or arrows. Furthermore, the only long lines included in the analysis are 
those that are required by the MUTCD. As an example, low-volume roads (less than 6,000 vpd) 
do not require edge line markings. Therefore, this analysis does not include edge line markings 
for low-volume roads. 
 
Typical striping configurations for each functional classification are shown in Appendix A. 
These configurations are based on MUTCD guidance and the assumptions listed below. 
 

• All longitudinal markings are 4 inches wide. 
• All lane line patterns consist of a 10 ft stripe followed by a 30 ft gap. 
• Rural minor arterials, rural major collectors, and urban collectors have sufficiently low 

average daily traffic (ADT) (less than 6,000 vpd) that they do not require edge lines. 
• Rural major collectors and urban collectors have sufficiently low ADT (less than 

6,000 vpd) that they do not require center lines unless they have three or more lanes. 
The center lines on segments with ADT greater than 6,000 vpd consist of double-solid 
yellow lines. 

• Rural minor collectors, rural local roads, and urban local roads have sufficiently low 
ADT (less than 6,000 vpd) that they do not require any pavement markings. 

 
These striping configurations were then combined with the mileage estimates to obtain an 
estimate of the total miles of pavement markings. The next chapter provides more details about 
how this information was used in the actual analysis. 
 
Pavement Marking Material Quantities 
 
There are several types of pavement marking materials in use around the United States. Each 
type of material has cost and service life implications which are an important part of an 
economic analysis. Unfortunately, the researchers are not aware of any databases of significance 
that provide a useful estimate of the quantities of each type of material by class of roadway. 
However, there have been some surveys of practices that give some indications of the use of 
various materials (3, 4). The authors used the information from these surveys to select typical 
distributions of material types for analysis. Several different material type scenarios were 
analyzed. These scenarios are described in the analysis chapter of this report. 
 
PAVEMENT MARKING SERVICE LIFE AND MATERIAL COST 
 
As with the other quantities, there are no national databases of pavement marking material use 
and costs. Therefore, the researchers relied upon the most recently available information to 
populate the cost information. The researchers only included material types in the analysis where 
recent and sufficient data were available to generate representative cost estimates. The material 
types used in the analyses total approximately 95 percent of the pavement markings installed in 
the United States (by mileage) (3). The costs represent contractor-installed costs. In many cases, 
agency-installed costs can be much lower. However, there is substantial variation in costs around 
the country. Furthermore, factors such as rising energy costs, new environmental restrictions, and 
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raw material availability will have a significant impact on pavement marking costs in the future. 
The analysis tool provides a function that allows users to enter their own pavement marking 
material costs.  
 
The costs ($/ft) for the pavement marking materials used in this report were obtained from a 
variety of sources, including a 2002 NCHRP synthesis (3), a 2005 unpublished FHWA report 
(4), a 2007 TxDOT report (5), and the 2007 FHWA workshops on minimum pavement marking 
retroreflectivity (held in Denver and Pittsburgh during the summer of 2007) (6). For the 
economic analysis, representative cost estimates were generated as base costs and then increased 
and decreased by 25 percent to provide a range of cost data to use in the analysis. These costs are 
based on figures representing contractor-installed markings. They include the total costs for 
installation (e.g., materials, labor, overhead, lane closures, etc.). Table 1 summarizes the cost 
data used in the economic analysis. 
 

Table 1. Marking Material Installation Costs Used in Analysis 
Cost ($/linear ft) for jurisdiction (Low/Base/High) Material 
Federal / State City / County 

Epoxy $0.23/0.30/0.38 $0.45/0.60/0.75 
Methyl Methacrylate $0.94/1.25/1.56 Insufficient data  
Tape (profiled) $2.06/2.75/3.44 $3.00/3.00/4.00  
Thermoplastic $0.26/0.35/0.44 $0.38/0.50/0.63 
Waterborne Paint $0.05/0.06/0.08 $0.11/0.15/0.19 

 
The service life estimates for each material type was generated from an FHWA-sponsored 
research effort (7). Although the report was not published, it represents one of the most detailed 
field efforts that investigated the service life of pavement markings applied in their natural 
orientation (i.e., longitudinally as opposed to a transverse application, which is a common way to 
test markings but provides only indirect service life information) and as a function of 
retroreflectivity levels (7). Only service lives for the FHWA research recommended minimum 
retroreflectivity levels were provided explicitly in the source document (7). The regression 
model parameters used to determine these service life values were used to determine service life 
values for a range of minimum retroreflectivity levels. The regression models provide service 
lives in terms of cumulative traffic passes (CTPs). This information was used to develop service 
life values in months for use in the spreadsheet as a function of the marking retroreflectivity 
level. The service life values used in the economic analysis are contained in one of the 
worksheets (marking specifications) of the analysis tool. The individual sheets of the analysis 
tool, which is described in detail in the next chapter, are presented in Appendix B, where the 
service life values used in the analysis can be observed. 
 
POTENTIAL RETROREFLECTIVITY VALUES 
 
As one would expect, the results of an economic assessment of minimum pavement marking 
retroreflectivity levels will depend upon the threshold criteria that are used to define the end of 
service. However, the threshold criteria have not yet been set. Therefore, the researchers have 
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reviewed recent proposals for minimum pavement marking retroreflectivity and conducted the 
analysis for a range of minimum retroreflectivity levels.  
 
Over the last 15 or 20 years, numerous research efforts have evaluated pavement marking 
retroreflectivity. Using the results from these research efforts, there have been a few specific 
proposals for minimum levels of pavement marking retroreflectivity. This chapter describes 
these minimum retroreflectivity proposals and the process used to develop each proposal. It is 
important to note that none of the minimum retroreflectivity proposals has been published in the 
technical literature in a manner that would make it accessible to the profession. 
 
Internal FHWA Initial Research Recommendations 
 
In 1999, an internal FHWA report presented the initial research recommendations for minimum 
levels of retroreflectivity (8). These levels are shown in Table 2. In this report, the authors 
compiled information from nine previous studies heavily focused on pavement retroreflectivity. 
However, to account for deficiencies present in the available information, two new investigations 
were also devised. Taken together, the research presented in the report provides a comprehensive 
view of previous research, as well as a foundation on which FHWA research recommendations 
for minimum retroreflectivity are based. 
 

Table 2. 1999 FHWA Research Recommendations for Minimum Retroreflectivity 

Option 1 Non-Freeway, 
≤ 40 mph 

Non-Freeway, 
≥ 45 mph Freeway, ≥ 55 mph 

Option 2 ≤ 40 mph ≥ 45 mph ≥ 60 mph, > 10K ADT
Option 3 ≤ 40 mph 45-55 mph ≥ 60 mph 

White 30 35 70 With 
RRPMs Yellow 30 35 70 

White 85 100 150 Without 
RRPMs Yellow 55 65 100 

 Source: Reference (8). 
 Note: Retroreflectivity values are mcd/m2/lux and measured at 30 meter geometry. 
 RRPMs – Retroreflective Raised Pavement Markers. 
 
The research retroreflectivity recommendations in the internal FHWA report were based on an 
FHWA-sponsored research study focused on pavement marking retroreflectivity (9). This report, 
also unpublished, proposed the minimum retroreflectivity levels shown in Table 3. Although the 
report was not published by the FHWA, Zwahlen did publish the research results in a peer-
reviewed journal paper (10).  
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Table 3. Zwahlen’s Recommended  
Required RL for Pavement Markings 

Minimum Required RL (mcd/m2/lx) 
Speed (mph) Without RRPMs 

Preview = 3.65 sec
With RRPMs 

Preview = 2 sec 
0-25 30 30 
26-35 50 30 
36-45 85 30 
46-55 170 35 
56-65 340 50 
66-75 620 70 

 
FHWA Pavement Marking Workshop Recommendations 
 
In the fall of 1999, the FHWA sponsored a series of three public agency workshops on minimum 
pavement marking retroreflectivity. These workshops presented the research and 
recommendations summarized in the internal FHWA report and solicited input from the 67 
public agency participants. An unpublished report describes the workshops and the minimum 
retroreflectivity recommendations that are based on the input received during the workshops 
(11). The report presented two alternatives for the format of the retroreflectivity guidelines – one 
based on road speed and one based on road classification. These recommendations are presented 
in Tables 4 and 5. These recommendations are not based on the specific results of any single 
research effort, but represent a general consensus of opinion from the local and state public 
agency personnel that participated in the workshops. 
 

Table 4. Workshop Recommended Speed-Based Minimum Values 
for Pavement Marking Retroreflectivity 

Minimum RL 
a (mcd/m2/lux) for Indicated Speed b 

Marking Color 
≤ 30 mph 35-50 mph ≥ 55 mph 

White Presence c 80 100 
Yellow Presence 65 80 

Notes: 
a RL measured at 30 meter geometry. 
b Speed is the posted or statutory speed. 
c Presence is a visible pavement marking at night, but having no numerical 
retroreflectivity value. 
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Table 5. Workshop Recommended Classification-Based Minimum Values 
for Pavement Marking Retroreflectivity 

Minimum RL 
a (mcd/m2/lux) for Class of Roadway 

Marking Color Local and  
Minor Collector

Major Collector 
and Arterial 

Highways, Freeways, 
and all roads ≥ 55 mph

White Presence b 80 100 
Yellow Presence 65 80 

Notes: 
a RL measured at 30 meter geometry. 
b Presence is a visible pavement marking at night, but having no numerical 
retroreflectivity value. 

 
ATSSA Recommendations 
 
In the summer of 2004, the American Traffic Safety Services Association (ATSSA) undertook 
an internal effort to develop recommendations for minimum levels of pavement marking 
retroreflectivity. The recommended minimum levels are shown in Table 6. These 
recommendations were developed through the ATSSA Pavement Marking Committee and 
approved by the ATSSA Board of Directors. As with the FHWA pavement marking workshop 
recommendations, the ATSSA recommendations are not based on any specific research effort. 
Rather, they represent a consensus of those involved in providing traffic safety services. As with 
the other minimum retroreflectivity recommendations, the ATSSA recommended levels have not 
been published.  
 

Table 6. ATSSA Minimum Retroreflectivity Levels 
Posted Speed (mph) ≤ 50 ≥ 55 

Retroreflectivity (mcd/m2/lux) 100 125 
Notes:  Retroreflectivity levels are based on 30 meter geometry. 
  Retroreflectivity levels apply to both white and yellow markings. 

 
An interesting aspect of the ATSSA recommendations is that they suggest that the same 
numerical minimum value be applied to both white and yellow markings. This recommendation 
is based on the factors listed below.  
 

1. Yellow longitudinal markings receive less light from headlamps than white longitudinal 
markings because they are on the left side of a vehicle and headlamp beam patterns focus 
more light toward the right side of the vehicle.  

2. The measure of retroreflectivity is a metric that can be used to quantify visibility. As 
such, a minimum retroreflectivity level defines a minimum visibility level. Assuming that 
the visibility of white and yellow markings should be the same, then their retroreflectivity 
level should be the same, despite the lower retroreflectivity levels typically associated 
with yellow markings.  

3. The retroreflectivity level should not be reduced based simply on the fact that a yellow 
marking fabricated from the same basic material as a white marking has a lower 
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retroreflectivity value than the white marking of the same material – it is possible to 
utilize yellow marking materials that will achieve the same retroreflectivity as a given 
white material. 

 
Summary of Minimum Retroreflectivity Guidelines 
 
Table 7 presents a summary of the retroreflectivity recommendations from the efforts described 
above. The summary shows that most of the research recommendations are based on minimum 
levels for white and yellow markings that are near a value of 100 mcd/m2/lx. The summary also 
shows that speed is a popular classification metric to distinguish between different levels of 
minimum pavement marking retroreflectivity. 
 

Table 7. Summary of Retroreflectivity Recommendations 
Recommended Retroreflectivity (mcd/m2/lx)

Effort Speed 
(mph) White Yellow 
≥ 60 150 100 

45-55 100 65 
FHWA  

Initial Research 
≤ 40 85 55 

≥55 100 80 
35-50 80 55 

FHWA  
Workshops 

≤ 30 Presence Presence 

≥ 55 125 125 
ATSSA 

≤ 50 100 100 
Higher Speed 125 102 

Moderate Speed 93 73 Average 

Lower Speed 85 55 
 
The researchers used the summarized research recommendations to define minimum pavement 
marking retroreflectivity levels to use in the economic impacts analysis. Three sets of minimum 
pavement marking retroreflectivity levels were developed for the economic analysis. A base case 
was developed using values that best represent the summarized research recommendations. Two 
additional cases were also developed using values approximately 20 percent lower than the base 
case and values approximately 20 percent higher than the base case. For each case, there are  
low-, moderate-, and high-speed groups, each of which are associated with specific roadway 
functional classifications. Table 8 shows the specific values used in the economic analysis. 
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Table 8. Retroreflectivity Levels Used in Economic Analysis 

Retroreflectivity (mcd/m2/lx) 
Case Speed 

White Yellow 
High Speed 100 85 

Moderate Speed 85 55 Low Values 

Low Speed 70 45 
High Speed 125 100 

Moderate Speed 100 70 Base Values 

Low Speed 85 55 
High Speed 150 125 

Moderate Speed 125 85 High Values 

Low Speed 100 65 
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CHAPTER 3: 
DEVELOPMENT OF ECONOMIC IMPACTS MODEL 

 
 
The development of a spreadsheet-based analysis tool was one of the requirements for the 
economic analysis. The Microsoft Excel®-based economic impact calculation spreadsheet 
estimates the national cost of implementing a minimum retroreflectivity standard for pavement 
markings. The cost calculation is broken down for four different levels of governmental 
jurisdictions: federal, state, county, and city. The default values in the spreadsheet are for a 
nationwide analysis of costs. The spreadsheet includes three default cost analysis scenarios: 
status quo (no minimum retroreflectivity standard) and two alternative scenarios that include 
different techniques to meet potential minimum retroreflectivity standards.  
 
Only longitudinal markings (lane lines, edge lines, and center lines) required by the MUTCD are 
included in this analysis; all other pavement markings (stop lines, yield lines, guidance arrows 
and chevrons, crosswalks, route indications, raised pavement markings, and optional long-lines) 
are excluded. 
 
SPREADSHEET PROTOCOL 
 
The final spreadsheet analysis tool consists of a single Microsoft Excel® workbook that contains 
five worksheets. The worksheet titles are: Mileage, Laneage, Marking Specifications, 
Intermediate Calculations, and Summary. Within these five worksheets are 17 separate tables 
that define the various input and output values. Appendix B presents images of key tables of the 
Microsoft Excel® workbook. 
 
Overview of Worksheets 
 
The spreadsheet program contains five worksheets. It is advisable for the user to review and 
manipulate the spreadsheets in the order in which they are presented. Note that the table numbers 
in the spreadsheet are prefixed with an S (spreadsheet) to distinguish them from tables in the 
body of this report. 
 
Mileage Worksheet 
 
Table S-1 on the mileage worksheet stratifies the nation’s rural and urban roadways by 
functional system classifications. Table S-2, the ownership matrix, summarizes roadway 
ownership by jurisdiction.  
 
Laneage Worksheet 
 
The laneage worksheet calculates the average number of lanes for each roadway functional 
classification and the percentage of roadway miles with passing zones. Table S-3 and S-6 require 
the user to enter average lane counts for subsets of certain classifications. For example, rural 
interstate highways are broken down into the categories of four lanes, greater than four lanes, 
and other. The user must enter an average lane count for the category of greater than four lanes. 
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In Tables S-4, S-5, S-7, and S-8, the user is required to enter average values for the percentage of 
passing-permitted sections on two- and three-lane roads. These numbers, in turn, are used to 
determine the required length of pavement marking material for each roadway class. 
 
Marking Specifications Worksheet 
 
The marking specifications worksheet contains cost data for the various pavement marking 
materials (Table S-9) and their service lives based on various possible minimum retroreflectivity 
levels (Tables S-10 and S-11). The user must assume service lives for the materials for the case 
of no minimum standard and enter these assumed values into the cells in Tables S-10 and S-11. 
These assumed values should be based on the agency’s typical practice (in other words, how 
often the agency would replace the markings in the absence of a retroreflectivity standard). 
 
Intermediate Calculations Worksheet 
 
The intermediate calculations worksheet produces the results of the economic impact 
calculations, which are presented in the summary worksheet. The intermediate calculations 
worksheet requires user inputs for the pavement marking materials and the minimum 
retroreflectivity level.  
 
Summary Worksheet 
 
The summary worksheet provides the overall pavement marking replacement costs for each 
government jurisdiction level and the sum of all costs nationwide. Costs are provided for three 
default scenarios, and the impacts (cost changes) and percentage changes with respect to the 
status quo scenario are provided for the two alternative scenarios.  
 
SPREADSHEET CALCULATION METHODOLOGY 
 
The following section provides a detailed description of the calculation steps employed in the 
worksheets. Brief explanations are also provided for the default data entered into the 
spreadsheets’ tables. 
 
Figure 1 shows a flow chart of the economic impact spreadsheet’s calculation methodology. The 
italicized items at the top of the chart are the characteristics of each roadway analysis group, 
which are inputted in the intermediate calculations worksheets. Each box represents one of the 
five worksheets in the spreadsheet program. As shown in the flow chart, the total pavement 
marking replacement cost is calculated by determining the center line mileage of roadway in 
each analysis group, the striping mileage on those roadways, the service life of the marking 
materials used on those roadways, and the cost of replacing the chosen material. 
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Figure 1. Economic Impact Analysis Methodology. 

 
Default Data Sources 
 
When the spreadsheet program is opened, a default set of data are entered in the various tables. 
On the mileage worksheet, Tables S-1 and S-2 are populated with values from FHWA’s 
Highway Statistics 2003 Table HM-20 and Table HM-50, respectively (2). On the laneage 
worksheet, Tables S-3 and S-6 contain values from Highway Statistics Table HM-55. The 
accompanying documentation for Highway Statistics states the following (12): 
 

“In the past, rounding and expansion related differences were spread across table cells 
so that all table-to-table length totals on related tables matched precisely. While these 
steps made all functional system table totals match, an unintended result is that the 
tables are not reproducible from the data set by any other users. As a result, FHWA 
decided to discontinue the adjustment and spreading process, and users may note 
minor differences in table-to-table length totals. For record purposes, FHWA considers 
the length totals from Table HM-20, Public Road Length, Miles by Functional System, 
to be the controlling totals should a single value be required.”  

Economic Impact. 
Table S-17 

Striping Quantity 
(miles). 

Roadway Quantity 
(centerline miles). 

Total Cost ($/year). 
Table S-17 

Service Life 
(months). 

Material Cost 
($/linear foot). 

Table S-9 

Retroreflectivity Data. 
Tables S-10 and S-11 

Inventory. 
Table S-1 

Ownership 
Matrix. 

Table S-2 

Laneage. 
Tables S-3 

and S-6 

Passing 
Parameters. 
Tables S-4, 

S-5, S-7, and 
S-8 

Roadway Quantity 
(% of Functional 
Classification) 

Marking 
Material 

Type 

Minimum 
Retroreflectivity 

Standard 
(mcd/m2/lux) 

Typical Marking 
Replacement 

Period (months). 
Tables S-10 

and S-11 
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To be consistent with this guidance, any equations in this spreadsheet program that require center 
line mileage totals for a given functional classification are written to reference Table S-1, which 
is where the data from the Highway Statistics Table HM-20 are contained. Data from other 
Highway Statistics tables are used to calculate proportions among the functional classifications 
(for example, the proportions in Tables S-2, S-3, and S-6), and these proportions are then 
multiplied by the total center line lengths in Table S-1. The actual marking costs are based on the 
laneage parameters in Tables S-3 to S-8. 
 
On the marking specifications worksheet, pavement marking costs are used from Table 1 of this 
report and service life data are from the unpublished October 2000 report by Migletz, Graham, et 
al. (7). These default values are relevant for an impact analysis of national scope. Any agency 
can tailor the scope of the analysis to analyze only the agency’s roads by entering the required 
type of data in each table. 
 
It is worth noting that the analysis of aggregate data compiled from multiple states and other 
jurisdictions creates inconsistencies in the quality of the aggregate data because of varying 
policies and practices that affect the accuracy of the estimates. However, using such aggregate 
data, even with the potential inconsistencies, provides the most appropriate means of evaluating 
the economic impacts on a national scale. 
 
Roadway Center Line Mileage Inventory 
 
The first step in the economic impact analysis is to categorize and quantify the nation’s existing 
roadway system. Roadway mileage is separated between urban and rural area types in Table S-1 
to allow the user to analyze the costs associated with each area type, and to treat the area types 
with different marking practices if desired. Roadway mileage is stratified by functional 
classification because each classification has its own requirements for pavement marking 
practices, based on typical configurations, traffic volumes, and applicable standards from the 
MUTCD and other documents (1, 12). 
 
Column 3 of Table S-1 shows the percentage of total rural or urban system length for each func-
tional classification. The cells for the “total” rows should display 100 percent; a different value 
would suggest that one or more of the values entered into column 2 of Table S-1 are incorrect, 
and the sum of mileage in each functional classification does not add up to the total system 
mileage. A good inventory data set should categorize and account for all roadway mileage. 
 
Tables 9 and 10 provide a comparison of the percentages in Table S-1 and the functional 
classification percentages provided in AASHTO’s A Policy on Geometric Design of Highways 
and Streets (Green Book) for rural and urban roadways, respectively (13). The tables show good 
agreement between the Green Book and the Highway Statistics data. These percentages are 
expected, as the general trend is for roads of higher functional classification to be less abundant 
but have higher traffic volumes than their lower-classified counterparts. A general rule of thumb, 
for example, is for freeways to constitute no more than 5 percent of the total roadway capacity in 
the typical American city, though those freeways carry about half of the total traffic volume. 
Table S-2 breaks the functional classification mileages down by jurisdictional ownership. This 
allows the economic impacts among jurisdictions to be identified and separated. 
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Table 9. Rural Functional Classification Percentages 

Percentage of Total Functional Classification
Highway Statistics Green Book 

Interstate 1.1% 
Principal Arterial 3.2% 

2-4% 

Minor Arterial 4.5% 4-8% 
Major Collector 14.0% 
Minor Collector 8.8% 

20-25% 

Local 68.5% 65-75% 
Total 100.0% 100% 

 
Table 10. Urban Functional Classification Percentages 

Percentage of Total Functional Classification 
Highway Statistics Green Book 

Interstate 1.5% 
Other Freeway and Expressway 1.0% 
Principal Arterial 6.0% 

5-10% 

Minor Arterial 10.0% 10-15% 
Collector 10.3% 5-10% 
Local 71.1% 65-80% 
Total 100.0% 100% 

 
Laneage Calculations and Counts of Pavement Marking Quantities 
 
The second step in the economic impact analysis is to determine the average lane count in each 
functional classification, which in turn affects the required number of pavement lines per mile. 
Laneage data are entered into columns 3 and 4 of Tables S-3 and S-6 for rural and urban 
roadways, respectively. The lengths entered into column 4 are center line miles. The width 
groups in column 2 of these tables are based on the stratifications provided in Highway Statistics 
Table HM-55. The same functional classifications must be used for Tables S-1, S-2, S-3, and S-
6. The width groups are coarsely defined; the roadways are split into the groups of “two lanes” 
and “four or more lanes” for all functional classifications except interstates, which are split into 
“four lanes” and “more than four lanes.”  
 
The laneage values in column 2 of Tables S-3 and S-6 are rough averages, based on engineering 
judgment. These values and their explanations are provided in Tables 11 and 12. The cells in 
column 5 of Tables S-3 and S-6 will indicate a value not equal to 100 percent if inaccurate 
numbers are entered into column 4, resulting in over- or under-counting of center line mileage 
within a functional classification. 
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Table 11. Width Groups for Rural Roadways 
Functional  

Classification Width Average  
Lane Count Reason 

4 lanes 4 Defined in Highway Stats 2003 Table HM-55 
> 4 lanes 6 Rural interstates seldom exceed six lanes Interstate 

Other 2 Defined in Highway Stats 2003 Table HM-55 
2 lanes 2 Defined in Highway Stats 2003 Table HM-55 
≥ 4 lanes 4 Rural highways seldom exceed four lanes Principal  

Arterial 
Other 3 Rural highways seldom exceed four lanes 

2 lanes 2 Defined in Highway Stats 2003 Table HM-55 
≥ 4 lanes 4 Rural highways seldom exceed four lanes 

Minor  
Arterial 

Other 3 Rural highways seldom exceed four lanes 
2 lanes 2 Defined in Highway Stats 2003 Table HM-55 
≥ 4 lanes 4 Rural highways seldom exceed four lanes 

Major  
Collector 

Other 3 Rural highways seldom exceed four lanes 
Minor Collector 2 lanes 2 Assumed (2) 

Local 2 lanes 2 Assumed (2) 
 

Table 12. Width Groups for Urban Roadways 
Functional  

Classification Width Average  
Lane Count Reason 

4 lanes 4 Defined in Highway Stats 2003 Table HM-55 
> 4 lanes 7 Assumed equal amount of 6- and 8-lane roads Interstate 

Other 2 Defined in Highway Stats 2003 Table HM-55 
2 lanes 2 Defined in Highway Stats 2003 Table HM-55 
≥ 4 lanes 7 Assumed equal amount of 6- and 8-lane roads 

Other  
Freeway and  
Expressway Other 3 Rare; probably atypical configurations 

2 lanes 2 Defined in Highway Stats 2003 Table HM-55 
≥ 4 lanes 5 Assumed equal amount of 4- and 6-lane roads 

Principal  
Arterial 

Other 3 Includes 3-lane 2-way roads and 1-way roads 
2 lanes 2 Defined in Highway Stats 2003 Table HM-55 
≥ 4 lanes 4 Most 6-lane roads would be principal arterials 

Minor  
Arterial 

Other 3 Includes 3-lane 2-way roads and 1-way roads 
2 lanes 2 Defined in Highway Stats 2003 Table HM-55 
≥ 4 lanes 4 Urban collectors seldom exceed four lanes Collector 

Other 3 Urban collectors seldom exceed four lanes 
Local 2 lanes 2 Assumed (2) 
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The user must enter assumptions about passing configurations for two- and three-lane undivided 
highways in the cells in Tables S-4, S-5, S-7, and S-8. These assumed values require engineering 
judgment, as data on passing configurations might be difficult to acquire and passing zone 
policies might vary considerably between jurisdictions. The default assumptions entered into 
these tables are as follows: 
 

• Two-lane undivided highways 
 25 percent no passing (double solid yellow line) 
 50 percent passing in one direction (single solid + single skip yellow line) 
 25 percent passing in both directions (single skip yellow line) 

• Three-lane undivided highways 
 25 percent no passing (double solid yellow line) 
 75 percent passing in one direction (single solid + single skip yellow line) 

 
Intermediate calculations on striping mileage quantities are also shown on the laneage 
worksheet. These calculations determine how many miles of yellow and white pavement 
marking material are required per center line roadway mile for each functional classification.  
 
The quantities labeled as “mi-%” on the laneage worksheet are used in the total cost calculations. 
The “mi-%” quantities yield the total length of the relevant color pavement marking for a given 
functional classification when multiplied by the center line mileage of that classification. The 
final calculation for total cost (which occurs on the calculations worksheet) references the length 
values in Table S-1, again because FHWA considers the data from Highway Statistics Table 
HM-20 to be most accurate (2). 
 
Material Cost and Service Life Considerations 
 
Table S-9 on the marking specifications worksheet contains pavement marking material cost 
data, broken down by governmental jurisdiction. The values in Table S-9 can be altered by an 
agency wishing to make an analysis of its own costs incurred by a minimum retroreflectivity 
standard. 
 
Tables S-10 and S-11 contain service life data for white and yellow marking materials, 
respectively. The data from Migletz, Graham, et al., show that marking service life varies by 
roadway type and speed (7). The three speed groups used in their study are freeway, non-freeway 
≥ 45 mph, and non-freeway ≤ 40 mph. These groups are consistent with the first of three speed 
groups suggested in the FHWA research (8), but not with the functional classifications used in 
Highway Statistics. Thus, it is necessary to place roadways from the functional classifications 
into the speed groups by assuming typical speed values for roads in each functional 
classification. In the spreadsheet program, the functional classifications are matched with the 
speed groups as shown in Table 13. For instance, the functional classification of rural interstate 
was associated with the road/class and speed group of freeway/highway, which has assumed 
speeds of 60 mph or greater.  
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Table 13. Functional Classification Matching with Speed Groups 
Road Class and Speed Groups (for service life data) 
Freeway/Highway Non-freeway Non-freeway

 
Functional classification 

(for roadway inventory data) ≥ 60 mph  
(high speed) 

45-55 mph 
(moderate speed) 

≤ 40 mph  
(low speed) 

Interstate X   
Other principal arterial X   
Minor arterial  X  R

ur
al

 

Major collector   X 
Interstate X   
Other freeway & expressway X   
Other principal arterial  X  
Minor arterial   X U

rb
an

 

Collector   X 
 
The third column in Tables S-10 and S-11 is populated with cells where the user enters “typical 
practice” service lives for each marking material. These values are the typical time periods for 
which agencies will use pavement markings before replacing them, in the absence of a minimum 
retroreflectivity standard. These values will likely vary significantly between agencies, so the 
user is encouraged to adjust the numbers based on his agency’s typical practice. 
 
Migletz, Graham, et al., did not provide service life data for some material/speed group 
combinations due to a lack of suitable study sites for those combinations. In these cases, the 
service life values for the next-highest speed group for which data are available are substituted. 
Pavement markings will likely retain their retroreflectivity the same amount of time, if not 
longer, on roads with lower operating speeds. Since no data were available for the service life of 
yellow waterborne paint markings, a service life of 12 months was assumed, based on the typical 
agency practice of replacing waterborne paint markings annually (3). 
 
Total Cost and Economic Impact of Retroreflectivity Standard 
 
The intermediate calculations worksheet contains three tables. The first one shows the 
calculations for pavement marking costs if no minimum retroreflectivity standard is adopted 
(status quo). The other two show alternative scenarios with minimum retroreflectivity standards 
adopted. The alternative scenarios assume pavement marking management techniques that use 
the same materials as in the status quo scenario, but replacing them more often as required to 
maintain the minimum standard (alternative 1); and using more expensive, longer-lasting 
materials than those selected in the status quo scenario (alternative 2). In this manner, it is 
possible to do a single analysis that compares two analysis scenarios to the status quo. The 
intermediate calculations tables are not included in Appendix B.  
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Two more assumptions are made in the calculation methodology. First, the same replacement 
costs are used in all three scenarios. Theoretically, increased rates of pavement marking 
replacement could impose strains in the supply of marking materials and/or labor, thereby 
temporarily driving costs up. It is uncertain whether the increased rate of pavement marking 
replacement under the alternative scenarios would be sufficient to cause such cost increases. It is 
also possible that an increase in replacement rates would cause pavement marking costs to 
eventually decrease due to improved efficiencies in production and delivery. Second, the 
roadways classified as being under “other” jurisdictions are excluded from the analysis. These 
roadways constitute a small portion of the nation’s total mileage (1.8 percent of rural mileage 
and 1.4 percent of urban mileage) and their actual jurisdiction is unclear. The footnotes for 
Highway Statistics Table HM-50 state that jurisdictions for the roadways in the “other” category 
can include state parks, state toll agencies, other state agencies, other local agencies, and 
unidentified (probably unknown) jurisdictions. 
 
Summary of Costs and Impacts 
 
Tables S-12, S-13, and S-14 output the pavement marking replacement costs for rural roadways, 
urban roadways, and all roadways, respectively. Costs are shown for each level of governmental 
agency, for all levels, and for state/local agencies (federal agencies are excluded from this 
category). In each table, column 2 provides costs for the status quo scenario, columns 3-5 
provide costs and impacts (cost changes) for alternative 1, and columns 6-8 provide costs and 
impacts for alternative 2. The cost of implementing minimum levels of marking retroreflective is 
simply the difference between the alternative and status quo scenarios. 
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CHAPTER 4: 
IMPACTS ASSESSMENT 

 
 
After developing the spreadsheet analysis tool, the researchers developed a series of scenarios to 
assess the potential economic impacts of minimum retroreflectivity levels. The scenarios were 
developed by changing three variables in the analysis: the type of marking material(s), the cost of 
the marking material(s), and the assumed minimum retroreflectivity level. Each scenario 
included a status quo cost (impacts without the minimum retroreflectivity level) and the resulting 
cost associated with implementing minimum retroreflectivity levels.  
 
There were two basic groups of scenarios: those that used only one material and those that 
included a combination of materials. The scenarios characterized with only one material included 
waterborne paint, thermoplastic, epoxy, and tape. The tool includes the capability to analyze 
other materials as well. The scenarios that analyzed a combination of materials were based on a 
high percentage of a durable material (80 or 90 percent, depending upon the roadway type), 10 
percent waterborne paint, and 10 percent tape on high-speed urban roads. The combination of 
materials scenarios are intended to represent the situations where state transportation agencies 
primarily use a durable material on the rural high-speed roadways on the state system and 
primarily use a durable material and some tape products on urban freeways and expressways. 
The lower speed rural and urban roadways are considered to be primarily under the jurisdiction 
of local agencies where there is a greater use of waterborne paint for markings. Table 14 
summarizes the distribution of materials in these scenarios. Separate scenarios were analyzed 
using thermoplastic and epoxy as the durable materials. Table 15 shows the results of the 
economic analyses.  
 

Table 14. Material Percentages for Combination of Materials Scenarios 
Rural Roads Urban Roads 

Material Usage Road Types Material Usage Road Types 

90% Durable 
10% Waterborne Paint 

Interstate 
Other principal 

arterial 

80% Durable 
10% Waterborne Paint 
10% Tape 

Interstate 
Other freeway and 

expressway 

50% Durable 
50% Waterborne Paint 

Minor arterial 
Major collector 

50% Durable 
50% Waterborne Paint

Other principal arterial 
Minor arterial 
Collector 
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Table 15. Economic Analysis Results 

Material Scenario Retro 
Level 

Cost
Level 

Annual Cost:
Status Quo 

(× 1,000,000) 

Annual Cost: with 
Minimum RL Levels 

(× 1,000,000) 

Annual Impact
(× 1,000,000) 

100% Epoxy Low Low $677  $615  ($62) 
100% Epoxy Base Low $677  $730  $53  
100% Epoxy High Low $677  $974  $297  
100% Epoxy Low Base $903  $821  ($82) 
100% Epoxy Base Base $903  $974  $71  
100% Epoxy High Base $903  $1,298  $395  
100% Epoxy Low High $1,128  $1,026  ($103) 
100% Epoxy Base High $1,128  $1,217  $89  
100% Epoxy High High $1,128  $1,623  $494  
100% Thermoplastic Low Low $699  $670  ($29) 
100% Thermoplastic Base Low $699  $798  $98  
100% Thermoplastic High Low $699  $995  $295  
100% Thermoplastic Low Base $932  $894  ($39) 
100% Thermoplastic Base Base $932  $1,063  $131  
100% Thermoplastic High Base $932  $1,326  $394  
100% Thermoplastic Low High $1,165  $1,117  ($48) 
100% Thermoplastic Base High $1,165  $1,329  $164  
100% Thermoplastic High High $1,165  $1,658  $492  
100% Waterborne Low Low $447  $447  $0  
100% Waterborne Base Low $447  $447  $0  
100% Waterborne High Low $447  $460  $13  
100% Waterborne Low Base $596  $596  $0  
100% Waterborne Base Base $596  $596  $0  
100% Waterborne High Base $596  $613  $17  
100% Waterborne Low High $745  $745  $0  
100% Waterborne Base High $745  $745  $0  
100% Waterborne High High $745  $767  $22  
Epoxy Combination Low Low $634  $631  ($3) 
Epoxy Combination Base Low $634  $726  $92  
Epoxy Combination High Low $634  $925  $291  
Epoxy Combination Low Base $845  $841  ($5) 
Epoxy Combination Base Base $845  $967  $122  
Epoxy Combination High Base $845  $1,233  $388  
Epoxy Combination Low High $1,057  $1,051  ($6) 
Epoxy Combination Base High $1,057  $1,209  $152  
Epoxy Combination High High $1,057  $1,541  $485  
Thermoplastic Combination Low Low $661  $667  $5  
Thermoplastic Combination Base Low $661  $772  $111  
Thermoplastic Combination High Low $661  $934  $273  
Thermoplastic Combination Low Base $881  $888  $7  
Thermoplastic Combination Base Base $881  $1,028  $147  
Thermoplastic Combination High Base $881  $1,244  $363  
Thermoplastic Combination Low High $1,102  $1,110  $9  
Thermoplastic Combination Base High $1,102  $1,286  $184  
Thermoplastic Combination High High $1,102  $1,556  $454  
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The economic analysis results indicated in Table 15 should be interpreted with caution. There are 
assumptions associated with the calculations that could have an impact on the results. For 
instance: 
 

• It is difficult to know what percentage of existing pavement markings at any time would 
have retroreflectivity levels at or below hypothetical minimum levels. Therefore, the 
analysis in this report is based on the comparison of calculated annual pavement marking 
expenditures using assumptions regarding the status quo of pavement marking 
maintenance practices and then changing the assumptions so that assumed minimum 
pavement marking retroreflectivity levels could be maintained.  

• The results do not include costs associated with the development of pavement marking 
management systems, the costs associated with assessing the current condition of an 
agency’s markings, the costs to measure markings, or additional indirect costs above and 
beyond the costs considered in this report.  

• For analyses purposes, the calculations described in this report are based on required 
longitudinal pavement markings as defined by the MUTCD warrants.  

• All pavement markings were assumed to be 4 inches wide and lane line patterns were 
assumed to be 10 ft stripe with a 30 ft gap. 

• Pavement marking costs are based on several sources ranging from published research to 
agency supplied annual pavement marking expenditure estimates. The costs represent 
contractor-installed costs. The costs used in this report are assumed to representative of 
costs from 2005 to 2007. There is a wide range of factors that lead to variability in 
pavement marking costs. 

• Pavement marking degradation was based on a model developed in earlier FHWA-
sponsored research. For this report, the model was assumed representative of national 
conditions. There is a wide range of factors that contribute to variability in pavement 
marking degradation rates. For instance, weather conditions and winter maintenance 
activities in the northern states can have a significant impact on the pavement marking 
materials used and their durability.  

• The FHWA has not yet established minimum pavement marking retroreflectivity levels. 
The assumed minimum values used in this report are based on a meta-analysis of the 
currently available recommendations.  

 
In addition, there are several important elements of the analysis that should be considered when 
determining the impacts of implementation of minimum pavement marking retroreflectivity 
guidelines. For example, some of these factors include: 
 

• There are several highly variable elements associated with pavement markings that will 
influence the economic costs of implementing marking retroreflectivity, and many of 
these elements cannot be addressed in an aggregate analysis of national pavement 
marking implementation costs. Some of these elements include: 
 The service life of a given marking material can vary significantly from one part of 

the country to another. There are many different factors that can account for the 
difference in service life, including: 
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 The quality of installation and the associated inspection affect both service life 
and marking cost. Agencies that closely inspect markings tend to obtain greater 
life from those markings, but typically pay more for them. 

 An agency’s specifications can impact the service life of pavement markings. 
Unlike traffic sign retroreflective sheeting, which is manufactured in only a 
few grades with little variability between grades, pavement markings are a 
product that are manufactured on-site as they are applied. For instance, 
specifications that define the raw materials used in the binder and the 
application procedures can create the potential for a wide range of 
retroreflective performance. 

• There are an unlimited number of potential scenarios that could be analyzed to evaluate 
the economic impact of minimum retroreflectivity guidelines. The analysis is limited to 
a limited number of representative scenarios that are intended to represent costs on a 
national basis.  

• The economic analysis results are based on a defined set of material usage. The 
selection of materials is not intended to represent the material use at any one agency. 
Furthermore, there is not sufficient information available on a national basis to define 
overall material use by agency and road type to provide material use that is 
representative of the entire country. The material usage scenarios selected for analysis 
provide insight into how implementation costs might vary by material combinations. As 
with the service life and cost information, any one agency may use materials and/or 
material combinations that are different from those used in the analysis. The scenarios 
that assume 100 percent of a given material are obviously not applicable to the country 
as a whole, but have value in that they represent the impacts that would be associated if 
such materials were used across the country. 

• The scenarios based on the lower retroreflectivity levels for the 100 percent durable 
materials show a cost savings associated with implementation of minimum 
retroreflectivity. These results indicate that the minimum retroreflectivity levels are 
below those associated with the current replacement of these markings, even though 
replacement may not be based on actual retroreflectivity measurements. These scenarios 
imply that the current materials could remain in place longer than the current practice. 

• The annual impacts shown in the table provide a direct comparison of the costs 
associated with implementing the minimum retroreflectivity guidelines for a defined set 
of materials. One of the possibilities is that agencies may change material selection 
because of the minimum retroreflectivity guidelines. It is possible to assess the 
economic impacts of such factors by using the status quo costs for one material 
combination and comparing the implementation costs for a different combination. For 
example, assuming base minimum retroreflectivity levels and base costs, an agency that 
uses 100 percent thermoplastic now could save $35 million by going to a thermoplastic 
combination instead of maintaining a 100 percent thermoplastic policy.  

• The analysis procedure assumes a maximum service life of 12 months for waterborne 
pavement markings. As a result, the annual impacts for the low and base 
retroreflectivity levels are zero, as the retroreflectivity replacement levels are below the 
levels that would be expected at the end of 12 months. However, the higher 
retroreflectivity levels would shorten the life of waterborne markings to less than 12 
months, resulting in a small annual increase in costs.  



Economic Impacts of Minimum Marking Retroreflectivity   Page 23 

• The analysis does not consider the impacts of the striping season in areas with winter 
weather. In some of these areas, agencies stripe twice a year (as soon as possible in the 
spring and as late as possible in the fall) because their winter maintenance activities and 
operations are so severe that maintaining pavement marking presence, let alone 
retroreflectivity, through the winter months is difficult (with surface applied pavement 
marking materials). This report does not attempt to address the costs associated with in-
laid pavement markings materials. 

• The analysis procedure does not consider the costs associated with the administrative 
aspects of implementing minimum retroreflectivity levels. It would be expected that 
agencies would incur some costs associated with putting a pavement marking 
management system in place. These costs would include factors such as the 
retroreflectivity measurement, record-keeping, and contract administration. There are 
no data that would indicate what this cost would be on a national basis.  

• The annual impact of implementing minimum retroreflectivity levels is assumed to be 
the same each year of the seven year analysis period because pavement markings have a 
life of less than seven years. 

• The FHWA research recommendations for minimum retroreflectivity provide for lower 
minimum levels if RRPMs or lighting are used (8). However, the analysis does not 
consider the impacts of retroreflective raised pavement markers (RRPMs) or roadway 
lighting on the implementation of minimum retroreflectivity levels due to a lack of data 
that indicate the percentage of roads that the lower retroreflectivity levels would apply 
to. 
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CHAPTER 5: 
CONCLUSIONS 

 
 
The analysis described in this report provides an estimate for the national impact of the proposed 
rule for minimum maintained pavement marking retroreflectivity. The analysis is based on the 
comparison of calculated annual pavement marking expenditures using assumptions regarding 
the status quo of pavement marking maintenance practices and then changing the assumptions so 
that assumed minimum pavement marking retroreflectivity levels could be maintained. There 
were a total of 45 different scenarios considered in the analyses. The analyses were not intended 
to cover all possible conditions or future pavement marking management practices that may be 
implemented as a result of minimum pavement marking retroreflectivity levels. Rather, the 
analyses show the broad range of economic impacts depending on various assumptions regarding 
the factors considered in the spreadsheet analysis. 

Using the mid-range of assumed pavement marking costs and minimum retroreflectivity levels, 
the analyses described in this report show that the impacts range from $0 to almost $150 million 
per year, depending on the assumed type or combination of pavement marking materials used in 
the analysis. Using the high end of the range of assumed pavement marking cost and minimum 
retroreflectivity levels, the impacts could range from $21 million to almost $500 million per 
year. Using the low end of the range of assumed pavement marking cost and minimum 
retroreflectivity levels, the impacts could range from $5,000,000 to an actual savings of 
approximately $64 million per year.  

The single direct impact of the proposed rule is the increased cost to agencies of using more 
durable pavement marking materials. Indirect costs of establishing and operating a pavement 
marking management system were not included in the calculations.  

In the future, it would be beneficial to conduct a national assessment of the condition of 
pavement markings so that a more powerful economic impacts analysis can be completed. The 
effort should cover all functional classes of roadways under varying degrees of jurisdiction. It 
should also include condition assessments of pavement markings in northern climates where 
winter maintenance activities exist for several months of the year. Having such data would 
provide an opportunity to recompute the economic impacts of pavement markings, thus 
providing estimates of the costs with fewer assumptions.  
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APPENDIX A: 
ROADWAY STRIPING CONFIGURATIONS 

 
 

 
Figure 2. Rural Interstate, Urban Interstate, Urban Other Freeway and Expressway 

Striping Configuration. 
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Figure 3. Rural Principal Arterial Striping Configuration. 
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Figure 4. Urban Principal Arterial Striping Configuration. 
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Figure 5. Rural Minor Arterial Striping Configuration. 
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Figure 6. Urban Minor Arterial Striping Configuration. 
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Figure 7. Rural Major Collector and Urban Collector Striping Configuration. 
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APPENDIX B: 
ECONOMIC ANALYSIS SPREADSHEET 

 
 
 
The following pages present the individual worksheets of the analysis spreadsheet tool. The 
worksheets shown are those for the base retroreflectivity and base cost associated with the 
thermoplastic combination scenario. 
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