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WEBINAR TRANSCRIPT FOR INTRODUCTION TO CRASH MODIFICATION 

FACTORS (NOVEMBER 18, 2020) 

Henry Brown 

Okay, everyone. Welcome to the webinar on Introduction to Work Zone Crash Modification 

factors. My name is Henry Brown, a Research Engineer at the University of Missouri, and I 

developed these webinar materials along with my colleagues, Praveen Edara and Carlos Sun who 

are both on the webinar, and they'll be monitoring the Q and A. So just a couple of housekeeping 

items first. In the chat pod, you'll find a link to some webinar materials, including the 

presentation slides, a quick reference card of work zone CMF values, and also the first edition of 

the work zone CMF guide. The second edition will be posted in the Clearinghouse soon. Also, 

please, any questions you have, send them through the Q and A box. Praveen will be monitoring 

those and we'll take Q and A at the end of the webinar. Finally, PDH certificates will be sent by 

email after the webinar. With that, we'll go ahead and get started. So just a disclaimer, these 

materials were developed based on funding from Federal Highway Administration, but the 

material is presented by the University of Missouri and the opinions, findings, and conclusions 

are those of the authors and do not reflect those of U.S. DOT. The publications do not constitute 

a national standard specification or regulation. 

So have you ever wondered whether you should widen the work zone shoulder? Or if you should 

install an end-of-queue warning system? Or if you should offer the contractor an incentive to 

finish work early? What kind of tools can we use to help us make these decisions?  

And the answer is CMF (crash modification factors). 

So just an overview of the webinar– first an introduction, we'll do some background, and we'll 

talk a little bit about DOT practices in work zone safety. We'll also look over work zone CMF 

values and where to find them, and then how to apply them in analyzing work zone 

countermeasures. 

This slide shows a donut chart with some Federal Highway Administration statistics for 2017 

and 2018 regarding fatal work zone crashes by type of facility. As you can see, in 2017, there 

were 720 fatal work zone crashes, and these are broken up by type with most on arterials and 

interstates. And then in 2018, there were 671 total fatal work zone crashes. And in 2018, there 

were 2.1 work zone fatalities per day. And other statistics from the American Road and 

Transportation Builders Association, or ARTBA, indicate that a work zone crash occurred every 

4.3 minutes in 2018. So in total, these statistics suggest that severe crashes and work zones are a 

challenge, and we need to be able to quantify benefits of possible work zone safety 

countermeasures to help us improve work zone safety.  

What is a CMF? A CMF represents the change in expected crash frequency due to the 

implementation of a countermeasure or a change in conditions at a particular site. Many CMF 

values can be found in the CMF clearinghouse, which is an online repository of CMFs funded by 
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Federal Highway Administration. As an example, a CMF of 0.95 for widening the outside work 

zone shoulder by one foot is available in the CMF Clearinghouse. This indicates a 5% reduction 

in crashes with the base condition being the shoulder width in the work zone before the 

widening. The expected number of crashes with the countermeasure can be found by multiplying 

the CMF by the expected number of crashes before the countermeasure is implemented. 

By the end of this webinar, you'll be able to define CMFs and describe the state of the practice 

for work zone safety in the U.S., list possible work zone countermeasures, as well as be able to 

find values for work zone CMFs and apply them to evaluate possible work zone 

countermeasures.  

So we'll start with a poll question, here. How would you categorize your existing knowledge of 

work zone CMFs?  

It looks like about 80% have voted, so we'll take a look at the results. We can say about 48% of 

you said low, 36% said moderate, then 13% said none, and a few of you indicated high. 

This pie chart shows the results from a similar question from a presentation on work zone CMFs 

that was given at the 2018 National Work Zone Management Conference. And, again, this shows 

general low familiarity as 46% said low, 36% indicated moderate, and 18% indicated none. So 

these results show that there's a need for greater awareness of work zone CMFs by practitioners 

as one tool that can be used to help improve work zone safety. 

The Highway Safety Manual, which was released by AASHTO in 2010, includes quantitative 

methods to predict expected crashes for various roadway and intersection types. This slide shows 

the general equation to predict crash frequency in the HSM in which the predicted crash 

frequency is equal to the predicted crash frequency for base conditions, which is given by the 

SPF (or safety performance function), multiplied by CMFs as well as a calibration factor. The 

SPF again represents base conditions, for example, a lane width of 12 feet, and the SPF is 

typically based on Annual Average Daily Traffic or AADT. And then the CMFs adjust this SPF 

for conditions that are different than base conditions, for example, if you had an 11-foot lane 

width instead of a 12-foot lane width. The current edition of the HSM does not include any SPFs 

for work zones, but it does include a couple of CMFs. This, we'll discuss. And the calibration 

factor is used to adjust for local conditions such as driver behavior or crash reporting thresholds. 

The CMF Clearinghouse is an online database of CMFs that's funded by Federal Highway 

Administration and maintained by the Highway Safety Research Center at the University of 

North Carolina. It contains thousands of CMF values as well as educational materials on CMFs. 

New CMFs are submitted and updated quarterly. The Clearinghouse contains features where you 

can search for countermeasures by countermeasure name or other search terms. It also includes 

ratings for CMF quality based on a star rating scale of one to five, with five being the highest 

rating, and also includes, again, some educational materials on using CMFs. 
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A guide on the development and application of zone CMFs was developed and is available 

online in the Work Zone Safety Clearinghouse. The first edition was completed in December of 

2017 and includes guidance for practitioners and researchers, overviews of SPFs and CMFs, as 

well as procedures for both using and developing work zone CMFs. And the first edition is 

available for download online. For the second edition, we're just finalizing 508 compliance, and 

it will be available in the Clearinghouse soon.  

We'll try a little test question, here. So this is just a short question: given a CMF and the expected 

number of crashes without the countermeasure, what would be the expected number of crashes 

after the countermeasure? Just a reminder, while you're voting, in case you joined late, any 

questions, please enter through the Q and A box, which we'll handle at the end of the webinar.  

So it looks like about two-thirds have voted. It looks like 85% said 19.4. And so 19.4 is the 

correct answer, again, multiplying the CMF value of 0.88, by the expected number of crashes 

without the counter measure, 22, gives us 19.4 crashes after implementation of the 

countermeasure. 

We'll look a little bit now at DOT practices for work zone safety before we get into CMFs. So a 

previous study from a Federal Highway Administration pooled fund known as the Smart Work 

Zone Deployment Initiative developed a work zone safety assessment tool, but also included 

surveys of DOTs and contractors. There were two different versions of the survey. One was 

completed by 27 DOT representatives and two Federal Highway Administration representatives, 

and seven contractors completed the contractor survey. The DOTs that participated in the DOT 

survey are shown on this slide. 

This slide illustrates the responses from the DOT survey for one question on how you account 

for safety in work zone planning or design. 95% chose traffic volumes, site characteristics and 

knowledge and experience, while about 62% indicated crash history, and 38% selected the HSM. 

Traffic volume, site characteristics, and knowledge and experience were all rated equally high. 

And only about one-third of the agencies indicated that they use the HSM. 

An additional survey question asked DOTs and contractors about how much they felt different 

factors affected work zone safety on freeways. The table on this slide shows both average ratings 

for DOTs and contractors with an average on a scale of one to four, with one being not important 

and four being highly important. The results show that AADT was the highest rated by both 

groups, about 3.6 for DOTs and 3.4 for contractors. And several other factors were rated as three 

or higher by both groups, including existence of a lane closure, work zone warning signs, 

moving work zones, urban or rural, and speed decreases in lane shifts or crossovers. Both groups 

rated cost per mile per duration as the lowest at two or less. And generally we see that the results 

between the two groups are consistent. However, the DOTs felt that work zone duration and 

number of on-off ramps and work zone length had more impact than contractors, while 

contractors believed that terrain and contract incentives or disincentives had a greater impact.  

This slide shows a bar chart about a survey question asking if practitioners believe that the 

presence of zones increased the frequency of crashes. About 45% said yes, about 38% said no, 
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and about 15% were unsure. So it's kind of interesting to note that there's no uniform consensus 

among DOT practitioners regarding the effect of work zone presence on crash frequency. 

In addition to asking about perceptions regarding impacts of work zones on safety, respondents 

were also asked about the extent to which they believe that additional factors affected safety of 

work zones on facilities with at-grade intersections. And, again, these are on a scale of one to 

four with one being not important and four being highly important. We can see that number of 

intersections in the work zone area was rated the highest at about 3.2, followed by AADT of 

each crossing street, and average AADT of all crossing streets, as well as number of driveways. 

So all four factors were rated pretty highly, with number of intersections rated the highest in 

terms of having the greatest impact and contributing to work zone safety. 

Now we can look at some results from the 2016 Federal Highway Administration Work Zone 

Safety Grant, which funded the development of these webinar materials. As part of developing 

these webinar materials, we interviewed several DOTs to find out more about their practices for 

work zone safety. And this map just shows the States that participated. 13 State DOTs 

participated as well as District of Columbia DOT and Washington County, Minnesota. 

Participants were asked about methods used to evaluate work zone safety, use of work zone 

CMFs, and challenges with respect to work zone safety. 

The DOT interviews revealed that DOTs frequently use engineering judgment in work zone 

safety analysis. And in general, there's a lack of use of work zone CMFs, for various reasons, 

which we'll discuss a little later in the webinar. Some DOTs do include some formal analysis, 

which we'll take a brief look at here for Ohio and Oregon. 

Ohio requires a formal MOT (maintenance of traffic) alternative analysis for major project 

development projects, or PDP projects, and some minor PDP projects. For non-interstate work 

zones, maintenance of traffic for different alternatives has to be assessed, including looking at 

various factors, such as number of lanes to be maintained, type of maintenance of traffic to be 

used, lane widths, and typical cross sections. On interstate projects, an analysis of a partial width 

closure versus a crossover is required. And this must include various constraints such as work 

zone policies, right-of-way, environmental, and constructability. A diagram and summary have 

to be prepared that provide a recommendation for the usage of partial width versus crossover 

based on identified constraints. 

Oregon DOT includes this work zone decision tree form as part of documenting development of 

their transportation management plans, or TMPs. TMPs are required for all highway construction 

projects, maintenance, operations, and completed work on the right of way. This form just 

evaluates different factors in terms of whether they're possible or viable, possible input impacts, 

and stakeholder input. Example factors include road closures, rigid barriers, stage construction, 

or nighttime work. 

As we mentioned, there's generally a lack of use of work zone CMFs, at least indicated in the 

interviews. And one of the main reasons is that there's limited availability of existing work zone 

CMFs, as we'll discuss later in the webinar. There are only a handful of CMFs available for work 
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zone countermeasures, such as increasing shoulder width. Additional reasons include concerns 

about transferability and reliability, lack of guidance, or time, or staffing, or finding the use of 

CMFs to be overwhelming. 

And so now we'll do another poll question. Which of the following do you believe presents the 

greatest challenge in work zone safety? For answers, we have data issues, distracted driving, 

design changes, enforcement, education and training, or public awareness. 

We'll look at the results, here. The overwhelming winner was distracted driving. About three 

quarters of you said distracted driving.  

And that's pretty similar to the results that we got from the 2018 National Work Zone 

Management Conference where 79% selected distracted driving as the greatest challenge to work 

zone safety.  

In addition to distracted driving, DOTs in the interviews indicated many other challenges to 

work zone safety, such as keeping motorists informed about work zones, ensuring that work 

zones meet specifications, training needs, visibility at nighttime, and data issues in terms of 

being able to get data for work zone analysis. 

So now that we've talked a little bit about DOT practices for work zone safety, let's look at work 

zone CMFs that are currently available through the Highway Safety Manual, CMF 

Clearinghouse, and other sources. The Highway Safety Manual, or HSM, was released in 2010 

and includes, as we discussed, a quantitative method to predict expected crash frequencies for 

different types of roadways and intersections. The HSM only contains two CMFs for work 

zones. And these are for work zone length and duration. And they're based on 36 California 

freeway work zones with high traffic volumes. These are actually CMF functions because they 

depend on the independent variable. So the CMF for duration is equal to one, plus the percent 

increase in duration, times 1.11 divided by a hundred, meaning that a 10% increase in duration 

leads to an 11% increase in crashes. And then the CMF for length is one, plus the percent 

increase in length, times 0.67 divided by a hundred, thus indicating that a 10% increase in length 

leads to a 6.7% increase in crashes in the work zone. And these equations are also available in 

the CMF Clearinghouse. 

Another source of work zone CMF values is the CMF Clearinghouse, which is the online 

repository of CMFs with thousands of CMF values. But, as you can see on this slide, the number 

of CMFs related to work zones is very limited. These include CMFs for two-way two-lane work 

zone operations, left-hand merge and downstream lane shift, increasing the inside or outside 

shoulder width, and then active work with no lane closure compared to no work zone, or active 

work with a temporary lane closure or no active work with no lane closure, again, compared to a 

base condition of no work zone. So let's take a closer look at the information in the CMF 

Clearinghouse for one of these CMFs using an example of a work zone countermeasure. 
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This screen capture presents a summary table on the CMF for increasing the inside shoulder 

width inside the work zone by one foot. This includes, again, the CMF value or in this case, it's 

0.97, which indicates a 3% reduction in crashes. We mentioned the star quality rating. So this 

one has a star quality rating of three out of five, and it is for all crash types and all crash 

severities in urban areas. And this table also includes a reference link. You can click on this 

study link for more details about the study itself that generated the CMF. And if you had multiple 

CMFs, there's a compare box over here. So if you were doing a search and you wanted to do a 

more detailed comparison of some of the CMFs, you could do that. And, as it notes here, you can 

compare CMFs across countermeasures, subcategories, and categories. 

This screen capture shows additional details regarding applicability of the CMF for increasing 

the inside shoulder width in the work zone by one foot. So this CMF is applicable to all crash 

types and severities in urban areas. And it was developed for interstates divided by a median. 

Other details that are not provided for this particular CMF include number of lanes, speed limit, 

and traffic volumes, as well as time of day. 

This screen capture provides additional details regarding the study that developed the CMF. This 

particular example was developed using data from 2006 to 2008 in Indianapolis, Indiana, using 

the regression cross-section method with a sample size of approximately 1,400 crashes. And it's 

not included in the Highway Safety Manual, and was added to the Clearinghouse in 2012. So all 

these details about CMF can help a practitioner to assess whether a CMF is applicable in a 

specific situation.  

So now let's take a look at some work zone CMF values. The table on this slide shows some of 

the existing work zone CMF values by crash severity. And these are for CMFs greater than one, 

including active work with no lane closure during daytime or nighttime, active work with 

temporary lane closure during daytime or nighttime, no active work with no lane closure, or 

implementing a left turn or left-hand merge, and downstream lane shift. And the CMFs for active 

work or no active work are compared to no work zone. And, as a reminder, that in the chat pod, 

there's a link with webinar materials, including a quick reference card of CMF values for work 

zones. The quick reference card includes tables of CMF values. And then, on the second page, 

the reference card includes a couple of examples and that's in the link in the chat pod. 

Here are some additional work zone CMFs. These are for CMFs less than one, indicating they 

lead to a reduction in crashes. And this includes increasing the inside or outside shoulder width 

in the work zone, two-way traffic operations and a crossover closure, implementing a mobile 

automated speed enforcement system (which is actually based on non-work zone data), and then 

some CMF values for end-of-queue warning systems and portable rumble strips, based on 

queuing or non-queuing conditions. So a CMF of less than one indicates, again, an expected 

decrease in crash frequency. So for example, for portable rumble strips during queuing 

conditions at nighttime, the CMF is 0.4, indicating a 60% reduction in crashes associated with 

the countermeasure. The CMFs for an end-of-queue warning system and portable rumble strips 

are from a research study that's currently not in the CMF Clearinghouse, and the nighttime hours 

are shown here. And they're actually different than the nighttime hours that were shown on the 

previous slide.  
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In addition to the HSM and CMF Clearinghouse, additional work zone CMF values are also 

available in research studies. A 2017 study looked at lane closure configurations for four-lane 

and six-lane freeways based on data from Italy, so its applicability to the U.S. may be limited. 

But the study found a wide range of CMF values for different types of configurations and, in 

general, found that crossover configurations provided the worst safety performance. And in some 

cases, as we looked at on the previous slide, the use of non-work zone CMFs may be appropriate 

under certain conditions. 

Other studies have looked at various aspects of work zone safety without reporting actual CMF 

values. These have looked at many different types of factors, such as work zone duration, work 

zone length, costs, type of work, lane shifts and splits, detours, lighting conditions, and number 

of closed lanes. One study developed a work zone safety assessment tool, as we mentioned 

previously. 

In some studies, surrogate measures are used to evaluate work zone safety countermeasures 

when crash data are not readily available, such as when a new work zone countermeasure is 

being tested. Example surrogate measures could include speeds, merge distances, vehicle 

conflicts, or driver behavior. And these could be used to evaluate different types of 

countermeasures, such as mobile work zone alarms, automated flagger assistance devices, or 

using green lights on truck mounted attenuators. The picture on this slide shows an automated 

flagger assistance device (AFAD) from Missouri DOT that was evaluated using both a field 

study and simulator study. The study collected data on surrogate safety measures, such as speeds 

and breaking distances, in both field and simulator environments, to assess the impacts of the 

AFAD. In that example, surrogate measures were used because crash data weren't available 

because it was really just a pilot study to assess potential effectiveness. In the field study, it was 

just implemented in one work zone, and then it was also evaluated in a simulator study. 

We've got another poll question, here. In which of the following general categories do you think 

there's the greatest need for new work zone CMFs? 

It looks like about three-quarters have voted, so we'll look at the results. Work zone 

configuration was a little higher, but also there is a perceived need for positive protection and 

work zone ITS, both with about 25% of the responses. And about 13% said enforcement. 

And from the 2018 National Work Zone Management Conference, there was a little more of a 

consensus in that particular presentation for work zone configurations. About 61% chose work 

zone configuration, while 31% selected positive protection. 

From the DOT interviews, as you can see, there's a pretty long list of needs for additional work 

zone CMFs, such as weaving sections, temporary rumble strips, shy distance to barrier, using 

tubular markers versus drums for lane closures, zipper merges, temporary portable signals, work 

zone intrusion alarms, and countermeasures for wrong way driving. So you can see there's a need 

for additional CMFs to be developed for many work zone safety countermeasures. 
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And now we'll do a short little quiz question. For which of the following work zone 

countermeasures is a CMF not available? 

Let’s take a look at the results. So about 72% said mobile work zone alarms. A few people said 

end-of-queue warning system or two-lane two-way work zone operations. And the correct 

answer is mobile work zone alarms. There's currently not a CMF available for that particular 

work zone countermeasure.  

So we've talked about work zone CMF values and where to find them. So now we'll talk about 

how we actually use them in a work zone safety analysis. This slide shows the six steps for using 

existing CMFs. So first we identify the countermeasures for analysis, then determine if there's a 

CMF value available for those countermeasures, and determine evaluation criteria for assessing 

the countermeasure. The next steps include collecting the necessary data, performing the 

analysis, and then selecting the countermeasures for implementation. And we'll discuss these 

steps in more detail in the next few slides.  

The first step involves identifying the countermeasures for analysis, including ITS deployment, 

changeable speed warning signs, automated enforcement, innovative flagging, and portable 

temporary rumble strips. The next step involves determining whether existing CMFs are 

available for that countermeasure, from either the CMF Clearinghouse or other sources. In 

reviewing the existing CMFs, it's important to look at applicability using the CMF details, as we 

looked at in the example for shoulder width to see if the CMF is applicable to the given situation. 

In the third step, countermeasure evaluation criteria are determined. This could be, for example, 

the expected number of crashes by type or severity, net economic safety benefit, benefit-cost 

ratio, or other criteria. Once the countermeasure criteria have been determined, the pertinent data 

are collected. This can include, for example, AADT, work zone duration and length, lane closure 

configurations, lane and shoulder widths, and construction costs.  

Once the necessary data are collected, the analysis is performed in step five. This involves 

calculating CMFs and applying them to determine the expected number of crashes after the 

countermeasure is implemented. Crash costs can be calculated using unit costs for crashes from 

the HSM or other sources. And then finally, in step six, the countermeasures for implementation 

are selected. This involves evaluating the results against a predetermined criteria that were 

previously defined. Again, this could be expected number of crashes, net economic safety 

benefit, or benefit-cost ratio. 

As part of the analysis, the expected change in crashes associated with the work zone 

countermeasure needs to be calculated. And, again, this is found by multiplying the expected 

number of crashes without the countermeasure by the CMF, and then taking the difference in the 

number of crashes with and without the countermeasure. There are several ways to calculate the 

expected number of crashes without the countermeasure. These can include engineering 

judgment, a work zone safety assessment tool (which we'll talk about on the next slide), work 

zone safety models in literature, and CMFs to account for work zone presence, such as the CMFs 

that we looked at earlier with activity or no activity in the work zone.  
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The work zone safety assessment tool is a spreadsheet that calculates crashes by severity and 

crash costs for different work zone phasing alternatives for different types of facilities, such as 

arterials, freeways, and signalized intersections. This screenshot from the tool just shows an 

example for an arterial with two alternatives of different work zone duration. Input included 

AADT, work zone duration, work zone length, urban or rural, and crash costs. And the output 

provided for each alternative includes the expected number of crashes by severity, as well as the 

standard error and total crash costs. So this tool could be used to calculate the expected number 

of crashes in the work zone without the countermeasure, and links to download the two reports 

for that project, as well as the tool, are on this slide.  

So now let's look at an example of how to apply a work zone CMF to evaluate a work zone 

countermeasure. In this example, we'll look at inside shoulder width in the work zone. The 

countermeasure is increasing the inside shoulder width by one foot. As we saw earlier in the 

slides, and also shown on the quick reference card that's in the webinar materials, a CMF with a 

value of 0.97 is available for this countermeasure. This indicates a 3% reduction in crashes. In 

this particular example, we'll implement the countermeasure if the benefit-cost is greater than 

1.5. In step four, we collect the data. In this example, the improvement cost is $1,500 per mile, 

work zone length is three miles, and the expected number of crashes is 11. And we'll just assume 

a crash cost of $86,000 for illustrative purposes. There's a Federal Highway Administration 

Crash Costs for Highway Safety Analysis guide that provides more information on how to 

determine unit crash costs. 

Then we perform the analysis. The estimated improvement cost is calculated as three miles times 

the 1,500 per mile, giving 4,500 miles. Again, the CMF value is 0.97. With the countermeasure, 

we would expect 10.67 crashes after multiplying the CMF by the 11 crashes, giving a decrease of 

0.33 crashes. This leads to a crash cost savings of about $28,000. And dividing that by the 

improvement cost gives a benefit-cost ratio of about 6.3. In this example, we said we would 

implement if the benefit cost was greater than 1.5. So in this example, we implement the 

countermeasure. 

Now we'll let you go through an example on your own. In this example, we're given a 

countermeasure of portable temporary rumble strips that we will implement if the benefit-cost 

ratio is greater than two, an improvement cost of $12,000 per mile for a work zone length of two 

miles, and the expected number of crashes without the countermeasure is four. And in this 

example, we give you the CMF value, which is 0.89, and, again, use a crash cost of $86,000. 

Should the portable temporary rumble strips be implemented? 

We'll go ahead and take a look at the results, here. So about 59% said yes and 41% said no. 

Again, we're given a criteria if the benefit cost is greater than two, improvement cost of $12,000 

per mile, work zone length of two miles, four crashes without the countermeasure, and a CMF of 

0.89. 

Again, the countermeasure is implementation of portable temporary rumble strips. And this is for 

no queuing conditions during nighttime. A CMF of 0.89 is available for this countermeasure 
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from a 2018 study. And, again, we said we'd implement if the benefit-cost ratio is greater than 

two. The improvement cost is $12,000 per mile, times two miles, giving you $24,000. The 

expected number of crashes before the countermeasure is four and the unit crash cost is $86,000.  

The expected number of crashes with the countermeasure is the CMF (0.89), multiplied by four 

(the expected number of crashes before the countermeasure), which gives 3.56. We have a 

decrease of 0.44 crashes. Multiplying that by the $86,000 per crash gives about $38,000 in crash 

cost savings. And this leads to a benefit-cost ratio of about 1.6 when we divide by the 

improvement cost. Even though the benefit-cost ratio is greater than one, we said we would need 

a benefit-cost ratio of two to implement. In this case, we don't implement because the benefit-

cost ratio is less than two. 

So now that we've discussed how to apply existing work zone CMFs, we'll talk briefly about the 

process for developing CMFs. This slide shows the seven-step process for CMF development. 

The first step is selecting the countermeasure that the CMF is going to be developed for. There's 

various statistical methods that can be used to develop CMFs, so it's important to select the 

appropriate method in the second step, given the data available and other constraints. The third 

step is assessing data needs and availability, followed by selecting sites for the analysis and 

collecting the data on site characteristics and crashes, and then calculating the CMF values. And 

then, finally, it's important to evaluate the results for reasonableness and also to document the 

results of the CMF study. So this is just an overview. A webinar on development of work zone 

CMFs will be offered in the spring of 2021. And in that webinar, we'll go into more detail on this 

process of developing CMFs, as well as talking about different types of methods that can be used 

to develop CMFs, information on how the star quality ratings are determined, and other material. 

In summary, work zone CMFs can be an effective tool in helping to evaluate countermeasures 

for work zones. Although the existing number of work zone CMFs is fairly limited in terms of 

the number of countermeasures, so there's a need for additional work zone CMFs to be 

developed. There are some work zone CMFs available in the CMF Clearinghouse, as well as in 

other literature. And, again, the Highway Safety Manual (HSM) contains two CMFs for work 

zone length and work zone duration. And the Work Zone CMF Guide is available for download 

with the second edition to be published in the near future. And that will be available in the Work 

Zone Safety Clearinghouse.  

And now some acknowledgements. Again, the development of these materials was funded by 

Federal Highway Administration through the Work Zone Safety Grant Program. The DOT and 

contractor survey that we discussed was funded by the Smart Work Zone Deployment Initiative. 

We appreciate guidance from Jawad Paracha, the Federal Highway Administration Program 

Manager for this grant program, and Nagham Matout from Leidos, as well as personnel who 

participated in surveys and interviews. And we would also like to thank the Missouri Center for 

Transportation Innovation, or MCTI, for hosting this webinar and allowing us to use their 

webinar platform. 

And here are links to some resources. The National Work Zone Safety Information 

Clearinghouse contains various information on work zone safety, including Work Zone Safety 
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Grant products. These webinar materials will be posted on there. The Work Zone CMF Guide is 

on there. The Clearinghouse includes other training materials and, again, Federal Highway 

Administration Work Zone Safety Grant products.  

And earlier we mentioned that the CMF Clearinghouse contains a pretty vast library of CMFs, 

even though the number of CMFs on work zones is pretty limited. The Clearinghouse also 

includes educational materials on how to use the CMFs. And for each CMF, the Clearinghouse 

provides background information on how the CMF was developed. And, again, we mentioned 

the Highway Safety Manual, which includes two CMFs for work zones. 

Here's a list of references to various literature on work zone safety, as well as the CMF 

Clearinghouse and other references.  

Again, just a reminder that this webinar was developed under the Federal Highway 

Administration Work Zone Safety Grant. And so that concludes the slide presentation. Again, if 

you have any questions, you can ask them in the Q and A box. So with that, Praveen do we have 

any questions in the Q and A? 

Praveen Edara 

Yes. So we have 27 questions. The good news is that 21 were answered to some degree and there 

are still six or seven questions. I want to go in the order we received them. So the first one is, I'm 

interested in a little more discussion on the statement of work crossovers in crashes mentioned 

when the Italy CMF was talked about. So do you want to expand on the Italy study? 

Henry Brown 

Yes, so the Italy study, they looked at different types of configurations in terms of number of 

existing lanes, number of closed lanes and whether there was a crossover or not. So they 

determined CMFs for these different configurations, and, just in general, by comparing them, the 

crossover versus the non-crossover configurations found that the configurations with the 

crossover led to more crashes based on the CMFs that were determined from that study. Again, 

that study is from Italy, so it may not be applicable to the United States, but it does provide some 

information and insight into different lane closure configurations. 

Praveen Edara 

The next question is, how is the cost-effective analysis done? Could you provide some 

reference? 
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Henry Brown 

Yes. I don't have a reference off the top of my head, but we can send something. There are 

different types of methods that could be used, whether that's net present value or benefit-cost 

ratio, or if you just want to look at the reduction in the number of crashes or reduction in crash 

costs as well. So, different types of methods could be used, and the CMF allows you to 

determine the reduction in crashes based on the countermeasure. 

Praveen Edara 

A related question is, how were the two established for the benefit-cost ratio in that example, 

when one of the examples you used the value of B over C of two? 

Henry Brown 

Yes, so in the example, we just assumed a value of two just for illustrative purposes. It depends 

on the agency needs in a particular situation. An agency may want to look at a net economic 

benefit, instead of benefit-cost ratio, since you could have a low-cost improvement with low 

costs and safety benefit that would result in a high benefit-cost ratio. We just assumed values for 

illustrative purposes in the example. 

Praveen Edara 

The next question is, how does the CMF change over time? We presumably apply a developed 

CMF that is in the existing CMF Clearinghouse but the traffic volume changes with time. And 

particularly during the pandemic, the nature of a work zone is different than normal time. 

Wondering, could the CMFs developed earlier be considered to apply in the analysis in the 

current times? 

Henry Brown 

Yes, so that's a good question. It's important to assess applicability of a CMF for a given 

situation. The CMF Clearinghouse provides some background information, and you may want to 

look at the source study, in terms of what was, for example, the range of AADT values in the 

original study that developed the CMF. And if you find that your AADT is outside that range, 

you may decide that the CMF is not applicable to your situation. It's important to look at the 

study details and see if the CMF would be applicable. If, for example, the CMF was for freeway 

work zones, and you're looking at an arterial, than it may not be applicable in that instance. For 

the HSM and the process of developing which CMFs will be in the HSM, they went through a 

process where they assessed, if future CMFs were developed, how reliable would the CMF be if 

you combined the CMF values? So there is a process for that. But, again, since the number of 

work zone CMFs is pretty limited, there's not multiple CMF values available at this point for the 

different work zone countermeasures. 
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Praveen Edara 

The next one, this is a follow-up to another question Chris asked earlier, which I didn't do a good 

job answering. So this is about shoulder width. What's the baseline shoulder width? I looked it 

up in the CMF Clearinghouse. It didn't say anything. So perhaps in that study, if you recall, what 

was the base shoulder width for inside and outside in the example you gave? 

Henry Brown 

Yes, so that particular CMF is just a relative CMF. So the base condition would just be the 

shoulder width without the widening. So it's not a fixed width for the base condition. It's just a 

relative CMF. 

Praveen Edara 

Yes. Sorry, Chris, it looks like we don't have an actual base value. We'll look that report up 

again, though. The source study that went in, I tried to communicate that with you. The next 

question is, how are work zone CMFs determined? If this is too big a question to answer in the 

time we have, I understand. I am just wondering about that process. How are the work zone 

CMFs determined? 

Henry Brown 

Yes, so we kind of gave a brief overview, and here it is in this flow chart. Basically, it would 

involve collecting data from different work zones with and without the countermeasure, and 

selecting the method. You would have to assess whether you want to do a before-after method, 

where you look at before the countermeasures are implemented and after, and you compare the 

crashes between the two, or a cross sectional method, where you look at different work zones, 

some work zones with and without the countermeasure. And then, you collect data such as 

number of crashes, site characteristics, geometry, lane closure, the countermeasure. And then 

you perform statistical modeling from that to determine the CMF value. We'll go into more detail 

on that in the spring, but that's just kind of the general process. For work zones, it's probably 

more typically appropriate to do a cross-sectional study because you're more likely to have data 

for work zones with and without a countermeasure than a lot of data in a work zone before and 

after a countermeasure is implemented, since work zones are typically short duration. 

Praveen Edara 

And I also want to add that we are creating separate researcher modules– a set of modules for 

that going into in-depth creation of work zone CMFs. How do you collect data? How do you 

build those models, the safety performance functions, and so on? So that's also part of the other 

research project. So this is the practitioner module, very high level, but we do have another set of 

modules that will be more self-paced with videos and so forth. So we'll make that available to the 

whole community pretty soon. 
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Henry Brown 

And there will also be a self-paced version of the practitioner training as well.  

Praveen Edara 

The next question is, I think I just addressed that. I'm wondering about the work zone tools you 

developed. Is it based on any prediction models? I believe he's referring to the smart work zone 

study that you showed for the tool.  

Henry Brown 

Yes, this was developed based on data from Missouri work zones. We had to fuse different types 

of data in terms of a number of work zone crashes and work zone characteristics and develop 

statistical models. Basically, behind the scenes, this spreadsheet is using different statistical 

models to calculate the number of crashes based on the facility type. But, it is based on data from 

Missouri work zones for, I think, three years.  

Praveen Edara 

I think this somewhat addresses the next question. The next question is, how are you calculating 

the expected number of crashes for the work zone in the base case? Is there a safety performance 

function in the Highway Safety Manual that will get this number? 

Henry Brown 

For the base case, there is no Safety Performance Function available in the Highway Safety 

Manual. So, you can either look at, based on your engineering judgment, the work zone safety 

assessment tool, which we talked about, work zone safety models in the literature, or a CMF to 

account for work zone presence, such as the CMFs that we looked at. So with these CMFs for 

active work with no lane closure or temporary lane closure, you could, if you had the expected 

number of crashes without the work zone, you could apply these CMFs to get the number of 

crashes within the work zone. But there is currently no SPF in the HSM for work zones. 

Praveen Edara 

The next one is, would it make sense to combine the Federal Highway Administration Work 

Zone ITS Implementation Guide (2014 Edition) criteria spreadsheet with the CMF efforts going 

on in this project, similar to, but beyond what Oregon is doing? 
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Henry Brown 

I'm not familiar with the details of what's in the ITS Implementation Guide, but that's certainly 

something that we can take a look at. 

Praveen Edara 

Is there a funding source for future work zone CMF efforts and analysis to expand the cases? 

Henry Brown 

Right now, I'm not aware of any research funding to develop additional work zone CMFs or 

additional work zone CMF studies. So, hopefully, maybe this webinar can help to raise 

awareness of the need for work zone CMFs and additional work zone CMF studies to help 

practitioners assess work zone countermeasures. 

Praveen Edara 

I believe that's a Jawad question, also. So I think there may be some Federal Highway 

Administration efforts on supporting work zone CMF creation, the new work zones, but yes, we 

are not familiar with those at this moment. You do have a, “Boiler Up!” comment, Henry.  

Henry Brown 

Go Boilers! 

Praveen Edara 

That's a comment, no question there. The last one, at least so far, is, do the generic CMFs need to 

be calibrated for local or State conditions? 

Henry Brown 

Yes, so when applying the HSM method, when you multiply the SPF by the CMF, you need to 

include the calibration factor to adjust for local conditions such as driver behavior or crash 

reporting thresholds. 

Praveen Edara 

Just to expand on that, I think the Highway Safety Manual procedure is to recalibrate the whole 

SPF and the CMFs. So you have some missing, you have an SPF dedicated for work zone base 

conditions. I'm not sure how much more assistance would it be to calibrate the CMFs. So the 
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CMFs are supposed to be not specific to jurisdiction, the SPF calibration should take care of 

those. So there is that also. 

Henry Brown 

Yes, and one of the factors that goes into the star quality rating in the CMF Clearinghouse is the 

geographic diversity of the study. So a study that includes more geographically diverse locations 

would get a higher CMF star quality rating. 

Praveen Edara 

We've got about three more minutes, so there’s nothing else in the Q and A pod and the chat pod 

is also taken care of. So you have got two more minutes, folks. 

Henry Brown 

And just a reminder, again, with the link in the chat pod, you can download the slides to the 

quick reference card and the first edition of the guide. And, again, the second edition of the guide 

will be in the Clearinghouse in the near future. I will also post the webinar recording in the 

Clearinghouse. And, again, we'll send out PDH certificates after the webinar. We're also 

developing self-paced versions of these modules. Those will be available online for both the 

practitioner and researcher training, and the researcher webinar will be offered in the spring– I 

believe in March or April. 

Praveen Edara 

Once more, sending the link again. 

Henry Brown 

Yes, that's the link in the chat pod. You can download the materials. 

Praveen Edara 

Were we supposed to log our names for credit? I don't believe so, but Henry, I think, knows. 

Henry Brown 

Zoom will provide the attendee list. We'll just get the attendee list from Zoom. 
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Praveen Edara 

All right. Nothing else. 

Henry Brown 

Okay. Well, if there's nothing else, thank you for your attendance and participation in the 

webinar. Good participation in the polls and good questions in the Q and A. Have a good rest of 

the week and have a Happy Thanksgiving, everyone. 
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