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North/West Passage Winter Performance Measures – Project Summary 
June 13, 2022 – FINAL  

North/West Passage is a pooled fund program focused on developing effective methods for sharing, 

coordinating, and integrating traveler information, operational activities, and emerging technologies 

across state borders along I-90/I-94 from Washington (state) to Minnesota.  This document is a summary 

of the North/West Passage Project 16.3 Winter Performance Measures that was conducted between 

October 2021 and May 2022. 

1.0 Project Goals 
North/West Passage members were interested in continuing to share winter performance measure 

practices throughout the corridor and focused the goals of this project to: 

• Establish a North/West Passage Winter Performance Measures Project Team 

• Share findings of NCHRP 14-34: Performance Measures in Snow and Ice Control Operations 

• Review North/West Passage Project 10.5: Winter Performance Management Practices  

• Discuss current performance measures, gaps and desired changes, and challenges with consistent 

corridor performance measures 

• Share current practices on the most common performance measures  

• Identify action items or next steps for the North/West Passage to consider pursing  

To accomplish the project goals, a series of webinars were conducted with the project team.  

2.0 Project Team and Project Webinars 
A North/West Passage Winter Performance Measures Project Team was established to participate in 

project webinars and provide input to the project. See Table 1.   

Table 1: North/West Passage Winter Performance Measures Project Team 

State Project Team Members 

Minnesota Cory Johnson 
Joe Huneke 

Mitch Webster 

Idaho TJ McNeff Saran Becker 
Wyoming Vince Garcia  
North Dakota Brandon Beise Brad Darr 

South Dakota Dave Huft 
Craig Smith 

Thad Bauer 

Montana Doug McBroom Mike Warren 
Washington  David Baker 

Justin Belk 
Jim Andersen  
James Morin 

 

The Project Team participated in five webinars over seven months (October 2021 – April 2022). 

Recommendations from NCHRP 14-34: Performance Measures in Snow and Ice Control Operations were 

highlighted in Webinar #1 and Webinar #2 and a review of North/West Passage Project 10.5: Winter 

Performance Management Practices was provided. Webinar #1 also allowed for discussions on current 
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use and gaps of winter performance measures and challenges with consistent corridor performance 

measures. See Section 4.0. Based on the discussion, it was decided to focus the remaining webinars on 

two winter performance measures used by all members: Level of Service (LOS) and Recovery (i.e., return 

to normal speed or recovery time to bare pavement).  

During Webinar #2, Webinar #3, and Webinar #4 North/West Passage member states (Wyoming DOT, 

Washington State DOT, Minnesota DOT, Montana DOT, South Dakota DOT, and North Dakota DOT) 

presented on their state’s approaches for measuring and reporting recovery time and LOS.  In addition, 

Utah DOT presented on tools used for winter performance management.   See Section 5.0.    

After the state presentations, next steps for North/West Passage to consider regarding winter 

performance measures were identified during Webinar # 4 and Webinar #5.  See Section 6.0. 

3.0 Resources and Related Efforts 
There were a few key resources and related efforts referenced throughout the project that are described 

in this section as well as a comparison of performance measures from the related resources and efforts. 

3.1 Summary of Resources and Efforts Related to this Project 
This section highlights information from key winter performance measures related documents and related 

efforts that were shared during the project team webinars. 

Resource 1: NCHRP 14-34: Performance Measures in Snow and Ice Control Operations (2019) 

One resource referenced multiple times during this project was the final report that results from the 

NCHRP project titled Performance Measures in Snow and Ice Control Operations, completed in 2019 as 

NCHRP 14-34. This resource is briefly summarized as: 

• This document provides recommendations for performance measures for snow and ice control. 

The recommendations in the report include examples, such as: 

o Define and use a Weather Event as the Starting Point for Performance Measurement 

o Develop both a Storm Severity Index and a Seasonal Severity Index 

o Pick consistent Level of Service and Recovery criteria and how they are measured across 

the agency 

o Report Performance Information 

• There are three parts to this report: Part 1 Research Overview, Part II Guide for Performance 
Measures in Snow and Ice Control Operations and Part III User Guide for Spreadsheet Tool. Key 

highlights from Part II were emphasized during the overview in this project. 

• The research looked at various input-output-outcome-impacts categories and measures. 
o Input and output measures are important for information day-day tactics and decision 

making about event response 

o However, the guidance in the report focuses on the outcome and impacts end of the 

spectrum. 

• The guidance is “geared toward enabling a greater consistency in collecting, analyzing, and 

reporting outcomes and impacts associated with snow and ice control operations.”  

• Defining performance measures is a collaborative activity that requires a careful look at the 

agency’s mission, goals, and operational objectives. It is likely that no two agencies will have 

https://apps.trb.org/cmsfeed/trbnetprojectdisplay.asp?projectid=3867
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the same set of performance measures to assess the success or effectiveness of their 

programs. As agencies seek to create a core set of performance measures in these areas, it is 

important to note a number of items.  See Figure 1. (Source: National Academies of Sciences, 

Engineering, and Medicine 2019. Performance Measures in Snow and Ice Control Operations. 

Washington, DC: The National Academies Press. https://doi.org/10.17226/25410) 

 

 
Figure 1: Items to note when creating a core set of performance measures 

(Source: National Academies of Sciences, Engineering, and Medicine 2019. Performance Measures in 
Snow and Ice Control Operations. Washington, DC: The National Academies Press. 

https://doi.org/10.17226/25410) 

 

• There are 10 key steps identified to develop and assess performance measures.  Steps 1, 2, 3, 6, 

7, and 8 were reviewed by the North/West Passage members during the project team webinars 

for this project. 

o Defining Performance Measures 

▪ Step 1 – Review mission and goals 

▪ Step 2 – Refine operational objectives 

▪ Step 3 – Identify performance measures 

▪ Step 4 – Develop analytic approaches 

o Implementing Performance Measures 

▪ Step 5 – Inventory current practices and gaps 

▪ Step 6 – Identify data sources and needs 

o Using Performance Information 

▪ Step 7 – Set targets and establish baseline 

• Multiple measures provide a balanced report.
No individual performance measure is a 

perfect representation of the complexity of 
snow and ice response. 

•The linkage from the activity to the measure may 
be indistinct, but overall trends may still be 
valuable

Not all performance measures that are 
important to an agency can be fully controlled 

by the agency’s response activity. 

•Don’t try to be perfect, focus on what can be done 
now

Starting the process of performance 
measurement is the first and often the most 

important step

•Unlikely to have the ability to collect data on every 
mile of roadway

•Performance measurement will l ikely be based on 
a sampling

Performance measurement will l ikely be 
based on a subset of agency roadways

•The more stringent the requirements, the more 
sophisticated the data needs, or the less 
automated the analysis approach, the more 
challenging the performance measure becomes

Performance measures identified by an 
agency need to be simple and easily 
understood not only by the agency’s 

stakeholders but also its own staff

https://doi.org/10.17226/25410
https://doi.org/10.17226/25410
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▪ Step 8 – Report performance 

o Reinforcing Performance-Based Management 

▪ Step 9 – integrate into decision making 

▪ Step 10 – Evaluate process and identify improvements 

• In Step 3 the relationship between operational objectives and performance measures is 

identified.  See Figure 2. 

  
Figure 2: Relationship between operational objectives and performance measures  

(Source: National Academies of Sciences, Engineering, and Medicine 2019. Performance Measures in 

Snow and Ice Control Operations. Washington, DC: The National Academies Press. 
https://doi.org/10.17226/25410) 

Resource 2: North/West Passage Winter Performance Management Practices (2016) 

An additional resource referenced during this project was the North/West Passage project completed 

during 2016 titled “Winter Performance Management Practices”.  

This project documented North/West Passage states’ winter performance management practices and 

then identified commonalities and similarities.  Table 2 summarizes the winter performance measures 

by North/West Passage members gathered. See Figure 3 for an example of the winter performance 

practices documented.   

  

https://doi.org/10.17226/25410
https://www.nwpassage.info/projects/?phase=10&project=5
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Table 2: Winter performance measures used by North/West Passage members from 2016 
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Washington ◼          
Idaho  ◼ ◼        
Montana    ◼       

Wyoming ◼          
South Dakota ◼    ◼      

Minnesota     ◼ ◼ ◼    
North Dakota      ◼   ◼ ◼ ◼ 

 

 

Figure 3: State winter performance management practices – Example: Washington DOT 

(Source: Project 10.5 North/West Passage Winter Performance Practices (2016)) 

Related Effort: NCHRP 20-44(37) Workshops on Performance Measures in Snow and Ice Control 

Operations 

In the early planning stages of this project, there was interaction with a related effort that will be 

conducted as an NCHRP Implementation project to encourage implementation of the NCHRP 14-34 

report. The objective of NHCRP 20-44(37) is to develop and hold an initial workshop (to be followed in the 

subsequent year by a series of workshops) for DOTs to receive an overview of the outcomes of the NCHRP 

14-34 report and to discuss potential changes to performance measures used by workshop participants. 

Members of this project agreed to track the NCHRP 20-44(37) effort, and consider participating in 

workshops is possible. 

https://www.nwpassage.info/projects/downloads/10-5-winter-performance-management-practices-summary-report.pdf
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=5076
https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=5076
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3.2 Comparison of Performance Measures from Related Resources and Efforts 
During one of the webinars, the performance measures used by North/West Passage members (as 

identified in the 2016 project and reconfirmed in this effort) were compared to the performance measures 

recommended in NCHRP 14-34. The only performance measure recommended in NCHRP 14-34 that is not 

identified as being used by North/West Passage members was the performance measure defined as “Five-

year rolling average of fatalities and injuries (number, rate) during a winter season”.  

See Figure 4 for an illustrative mapping of performance measures used by North/West Passage members 

and measures recommended in the NCHRP 14-34 report. 
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Washington ◼          
Idaho  ◼ ◼        

           
Wyoming ◼          

South Dakota ◼    ◼      
Minnesota     ◼ ◼ ◼    

North Dakota      ◼   ◼ ◼ ◼ 

Figure 4: Comparison of performance measures recommended in NCHRP 14-34 and those identified as being 

used by North/West Passage members 

NCHRP 14-34 Performance Measures 

Performance Measures Identified as Used by North/West Passage Members 
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4.0 Current Performance Measures, Gaps/Desired Changes, and 

Consistent Performance Measures Challenges 
This section describes current performance measures, gaps/desired changes, and challenges with 

consistent performance measures discussed by the project team during the project webinars.  

LOS was identified as a performance measure used by all member agencies. In addition, recovery or 

some derivation of recovery was mentioned by many of the agencies.  Some specific examples of other 

performance measures included: 

• Soil sampling for impacts on the environment 

• Tracking material use and costs 

• Tracking fatalities and serious injuries to defend winter material uses  

• Tracking snowplow hits 

• Recovery based on time to bare lane or 80% bare lane 

Gaps or desired performance measure changes included: 

• It was noted that winter performance measures are often tied to and overlap with other efforts 
such as Transportation System Management Operations (TSMO)  

• Additional outreach to determine customer satisfaction on snow removal is desired 

• A more objective LOS approach is needed (e.g., one that does not rely on manual 

reporting/assessment of the condition of the road – possibly travel speed). 

• Increase automated assessment of performance measures is desired 

• Additional deployment of Automatic Vehicle Location (AVL) on snowplows was discussed as a 

possible approach towards automating performance measures 

• Increased data collection to support more comprehensive and accurate before/during/after 

data for an event is needed 

• Automated Traffic Recorders (ATR) were noted as a data source to support assessment of 

performance measures, but gaps in coverage were noted 

• Additional deployment of friction sensors is desired 

It was agreed that there are many challenges with corridor consistent performance measures because 

what works well in one state or area of a state may not work well in another state.  However, there is 

value in learning from other agencies and sharing information.  

Appendix A includes notes taken during the webinar discussion on current member performance 

measures, gaps/desired changes to performance measures, and challenges with consistent corridor 

performance measures.  
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5.0 LOS and Recovery Approaches 
There are a many different recovery and LOS performance measurement approaches that were presented 

to the project team during the webinars. Table 3 highlights a few key takeaways from the presentations.  

Slides used during the presentations are included in Appendix B. 

 Table 3: LOS and Recovery Approaches Presentation Notes 

State Presenter Presentation Notes 

Minnesota 

Mitch 
Webster and 
Joe Huneke 
11/15/21 

• Bare lane indicators were derived by Minnesota DOT from public 
engagement years ago.  

• Operators are trained to report bare lanes.  

• There is a six-hour rule for new vs. continuation of event.  
• Minnesota DOT is considering “return to target speed” as a more 

objective measure.  
• Expectations of travelers are changing. 

Wyoming Vince Garcia 
2/7/22 

• Wyoming DOT conducted a pilot project that resulted in creating 
different performance measures for different areas in the state.  
Each district identified 2 locations during the pilot. The pilot project 
resulted in reviewing of the entire storm, accounts for service level, 
and allows combining of costs associated with a storm severity of 
the storm to arrive at a performance measure and allowed for 
normalized storm severity.  

• Some routes in Wyoming don’t justify getting to bare pavement.  
LOS and snow plan priority are utilized. 

North 
Dakota 

Brandon 
Beise 
11/15/21 

• North Dakota DOT is testing the use of speed data from Automatic 
Traffic Recorders (ATRs) compared to Maintenance Decision 
Support System (MDSS) reports of weather to determine if speeds 
are an effective measure of recovery from winter events.  

• North Dakota DOT defines recovery as 90% of pre storm speeds 
maintained for 6 hours.  

• Since 11/15/21, North Dakota DOT has expanded data collection and 
North Dakota State University (NDSU) has automated the process. A 
speed recovery dashboard is available at: 
https://www.arcgis.com/apps/dashboards/569d13ed66554a01b16afd7897dc53c5 

This is publicly available. North Dakota DOT does not provide a link 
from their website, but it is accessible if someone knows how to 
navigate through NDSU’s websites.  

South 
Dakota 

Dave Huft 
11/15/21 

• South Dakota DOT is testing the concept of purchasing and using 
speed data as a source to determine recovery time and LOS.  

• There are three categories identified by South Dakota DOT that may 
accurately be predicted by speed (bare pavement, 80% bare 
pavement, snow on road).  

Montana Mike Warren 
12/6/21 

• Montana DOT analyzes serious and fatal crash data and the severity 
index to compare one winter to the next based on precipitation and 
temperature (Clear Roads) to determine if there is a correlation.  

• Montana DOT utilizes a material dashboard to track labor 
equipment and materials, provide real-time data on material use by 

https://www.arcgis.com/apps/dashboards/569d13ed66554a01b16afd7897dc53c5
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State Presenter Presentation Notes 

different sections, and usage goals are set with the ability to view in 
real time usage compared to set goals. 

Washington  James Morin 
11/15/21 

• Washington State DOT uses Utah DOT’s LOS approach to apply RWIS 
data to an algorithm (developed by Narwhal) to categorize road 
conditions for real-time reporting and to summarize LOS during 
events. 

Utah Jeff Williams 
12/6/21 

• Utah DOT described benefits to a LOS approach: statewide resource 
optimization, budget and planning, public response to road 
conditions under intense storm conditions, justify overtime and salt 
usage, paint striping, snowplow signal preemption.  

• Tools used in real time by Utah DOT include statewide maintenance 
forecast, storm performance reports, storm management tool, 
statewide snow and ice, snowplow costs and benefits. 
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6.0 Next Steps 
Based on the project team webinar discussions and presentations on LOS and recovery approaches the 

following next steps were identified for North/West Passage to consider for the corridor.  

1. Potential Future Projects. There were three projects identified by the project team as potential 

future projects. 

• Project #1: Increase Automation of Current Data Collection to Support Winter 

Performance Measures on the Corridor.  The purpose of this project is to understand 

North/West Passage current data collection activities that may be used to increase 

automation of performance measures (e.g., LOS or recovery performance 

measurement) and identify the steps needed to transition to the use of these data 

sources. 

• Project #2: Expand Test of Travel Speeds as a Measure of LOS and/or Recovery Time. The 

project purpose is to leverage and expand findings of South Dakota DOT and North 

Dakota DOT (as well as other non-NWP states) to categorize LOS or recovery by travel 

speed (either speed data from RWIS/ATR/WIM sites or network speed from third- 

parties). 

• Project #3: Predictive Performance Management and Integration into Winter 

Maintenance Activities. The purpose of this project is to understand the tools and 

technology (e.g., artificial intelligence) for predicting near-term level of service 

conditions in order to adjust winter maintenance activities before and during events.  
 

These three project ideas were presented to the North/West Passage Steering Committee but 

were not funded for the next work plan. However, there are members of North/West Passage 

that are also members of the Clear Roads Pooled Fund Study and it was agreed to bring Project 

#2 to Clear Roads for consideration as this project is of interest to both. Project #2 was prioritized 

the highest by the Steering Committee followed by Project #1 and then Project #3.  
 

2. Sharing LOS and Recovery Performance Measures. As noted in this report, presentations on LOS 

and recovery were provided by North Dakota, South Dakota, Minnesota, Montana, Washington, 

Wyoming, and Utah.  Idaho will present at a future North/West Passage webinar. The project 

team will be invited to attend.  During the webinar or another scheduled webinar upon request, 

member states will be given the opportunity to share and update about their winter performance 

measures. 
 

3. Tracking NCHRP 20-44(37) Workshops on Performance Measures in Snow and Ice Control 

Operations.  The intent of NHCRP 20-44(37) is to develop and hold an initial workshop (to be 

followed in the subsequent year by a series of workshops) for DOTs to receive an overview of the 

outcomes of the NCHRP 14-34 report and to discuss potential changes to performance measures 

used by workshop participants.  North/West Passage will track the workshop schedule and 

member states may be included in the workshops as they are arranged. 

https://clearroads.org/
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Appendix A: Webinar Notes – Current Practices, Gaps/Desired Changes, 

and Consistent Performance Measures Challenges 
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Table A-1: Webinar #1: October 25, 2021 Webinar Notes – Current Performance Measures, Gaps/Desired, Changes, and Consistent Performance Measures 
Challenges 

State Current Performance Measures Gaps / Desired Changes Consistent Performance Measures Challenges 

W
as

hi
ng

to
n

 

• Experimenting with LOS last few years 
• Use AVL  to determine how long does it take a truck to 

response once a storm starts (beginning and end). 
• Keep speed down so material is effective.  
• Prefer a condition assessment.  
• Experimented with “Utah model” (RWIS fully equipped 

w/friction, ran historical data to define LOS). Liked it but 
challenge is getting 120 RWIS up to this level. COVID has 
slowed it down. Hoping for outcome based LOS. 

• Do a lot of soil sampling at the beginning and end of the 
season to eval impacts on environment. Track usage, but 
don’t always apply to LOS.  

• Hoping for outcome based. 
• Ties to TSMO and overlap 

with winter PM – how 
information is communicated 
to the public and how quickly 
recover operations will 
become more important in 
future. Huge cost component.  

• Clear Roads has looked at consistent 
approaches. 36 states is challenging (there 
are differences in weather patterns).  

• What works well in Puget sound may not 
work in Eastern WA. 

M
on

ta
na

 

• Track material and cost with snow and ice.  
• LOS guidelines (how long it takes to clear based on LOS 

for that roadway).  
• Have done return to speed, it is a very manual process. 

Depends if WIM next to RWIS.  
• Track fatalities and serious injuries over winter moths to 

defend winter material use.  

• Get away from subjective LOS 
to more objective (return to 
speed great way to measure). 

• Do customer satisfaction 
survey on snow removal 

 

So
ut

h 
D

ak
ot

a
 

• Cost to route (can sort by shop any unit). There is a 
weakness with relaying on self-reporting.  

• Tracking winter related crashes (weight with WSI).  
• Track snowplow hits by VMT (about 10/MVMT).  
• Recovery is time based to 80% bare lane (2 or 4 hour 

cycle) 
• There is ongoing research into measuring LOS winter 

events.  

• Moving to VSL, have interest 
in understanding if VSL are 
effective. Grant to help 
deploy and evaluate. 

• Prefer automated PMs vs 
relying on drivers to convey. 

• Costs, how to automated 
LOS. All plows to have AVL  

• Consistency on how some states are 
measuring 
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State Current Performance Measures Gaps / Desired Changes Consistent Performance Measures Challenges 

• Last winter, pilot project that purchased real-time cell 
speeds to correlate recovery – question is if there is 
enough traffic.  

• Customer satisfaction survey conducted every 2-3 years. 
Research into customer expectations: recommended 
minor modifications to what doing.   

M
in

ne
so

ta
 

• Variety of measures, few to base decisions.  
• Time to bare lane observed by driver (ADT based, LOS 

component to it). Used it 20 yrs, only not met one year.  
• Customer satisfaction (omnibus survey), typically meet.  
• Winter severity is based seasonally to figure material 

usage and costs. Used to be wind, snow, and ice. Now 
have variety based on RWIS and NWS (air temp, dew pt, 
frost, wind speed, precip type, blowing snow). MDSS 
recommends (there were years we were overapplying). 
The goal is to use 100% of recommendations since 
historically used more.  

• Miles of snow fence (living and structure) new 
expanding PM.  

• DTN is forecast/MDSS starting project to automate 
(clear lane) – report internally in MDSS to allow us to 
use modeling to understand when bare lane was lost 
and regained.  

• Adding non-intrusive friction in RWIS (have about 25 
statewide)  

• TAM incorporating, will automate from MDSS to TAM.  
Goal is dashboard before decision makers to see how 
addressing PM targets. Haven’t heard of PM from 
general public expectations for traveler information (use 
it download it, different category, service). 

• Like to get to return to 
normal travel speed. Has 
questions “what is normal?” 
overspeed limit? ADT/TOD 
variables. 

• Discussed friction in past 
• Like to get to more 

before/during/after 
• Material usage (has been self 

reported, like to get to MDSS 
measured – project for more 
slurry/liquid) 

• More interested in best practice vs. 
consistency. What is the best approach.   
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State Current Performance Measures Gaps / Desired Changes Consistent Performance Measures Challenges 

N
or

th
 D

ak
ot

a
 

• Material tracking and cost tracking. 
• Snow and Ice Manual indicates LOS (6 levels) and how 

much time to remove snow for different roads. 
However, it is not tracked enough. 

• Speed recovery PM (how long does it take to get back to 
certain level after a storm).  Currently MDSS and traffic 
recorders are used.  Recently a grant was received to 
fund automating recovery monitoring. Additional sites 
will be added which will produce better data. 

• Even when the additional 
sites are added to assist in 
speed recovery there will still 
not be full coverage. The 
ATRs are in good locations 
now and it is a challenge to 
understand with additional 
sites if speed recovery will 
improve.  North Dakota does 
not operate 24/7. Storms 
many not be addressed until 
the morning.  

• Adding friction sensors to 
RWIS sites (recovery-Y LOS-Y). 
Approximately 29 RWIS and 
most have friction sensors. 
Half of the sites have in 
pavement sensors.   

• Using Clear Roads Severity 
Index, want to correlate to 
speed recovery.  

• Consistency being a benefit, but how to gear 
up for it? What can we share/purchase on 
our own. 

W
yo

m
in

g
 

• Piloted a project to tie into AMP system (manpower and 
equipment) to determine what it takes to recover (snow 
plan is tied to ADT).  

• Important to normalize. An area of the state with lots of 
wind can be compared to an area that gets a lot of 
snow, but no wind.  

• Account for time of year, ditches are full, duration of 
storm, ambient temp  

• Pilot was difficult across the 
state. Each region had to pick 
2 to 3 sites for the pilot.  
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Appendix B: Slides from State DOT LOS and Recovery Approaches 

Presentations 
 

• Wyoming DOT 

• North Dakota DOT 

• Montana DOT 

• Utah DOT 

• Washington State DOT 
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Wyoming DOT 
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North Dakota DOT 
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 Montana DOT 
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