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ABSTRACT 

While in general we recognize that the principles of sustainability should guide transportation operations 

and design, the typical descriptions and definitions of sustainability do not provide specific guidance on 

making the tasks of transportation operations and design sustainable. The use of concepts such as the 

“triple bottom line” helps to make the principles more concrete, but most of the efforts in this regard have 

focused on the “project” end of transportation, rather than on the “operations” end. Since in any given 

year less than 5% of the highway transportation system in the US is undergoing some form of “project” 

(e.g. rebuilding, or being overlayed) this omission is significant. 

This paper presents a first step to advance the application of sustainability in the area of winter 

maintenance operations. It does so using a checklist type of approach, with weighting of various 

responses and measurement of the results in terms of their contribution to the three pillars of 

sustainability also being included. 

While such a checklist is a useful first step it is only a first step, because a critical part of sustainability is 

the inclusion of input from all stakeholders. Obviously, a checklist developed by winter maintenance 
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professionals may not include input from other stakeholders, and it is both expected and desirable that the 

checklist be expanded to include such input. While some of this input can be incorporated by way of the 

variable weighting system used herein, that is not sufficient to capture the interests and needs of other 

stakeholders. 

 

I�TRODUCTIO� 

Sustainability in transportation has been an area of growing importance over the past decade. It is now 

recognized that the principles of sustainability should guide all transportation design and operations
1
. 

However, the typical overarching descriptions and definitions of sustainability do not provide much in the 

way of specific guidance for the tasks of transportation design and operations. For example, one typical 

and early definition of sustainability is
2
: 

“Sustainable development meets the needs of the present without compromising the ability of future 

generations to meet their own needs.” 

This is an excellent aspirational or inspirational statement, but it provides no details as to whether one 

particular design is better than another, nor whether one operational strategy is more sustainable than 

another. In other words, for sustainability to be fully integrated into the transportation field, some “flesh: 

must be put onto the “bones” of this definition. 

We can also take this rather broad statement and narrow it down or apply it to the field of winter highway 

maintenance. While such a statement will also be aspirational, and will also need additional “fleshing out” 

it too can serve as a starting point. Some guidance for such a statement could be found, for example, in 

the NCHRP Report 577 “Guidelines for Selecting Snow and Ice Control Materials to Mitigate 

Environmental Impacts.
3
” Such a statement might be something like: 

Sustainable winter operations are  utilizing the most appropriate snow and ice control equipment, 

processes and materials for the unique objectives and conditions that each agency encounters in a 

manner that does not compromise the ability of  future generations to do likewise. 

One important step toward fleshing out this concept for transportation applications lies in the notion 

expressed
4
 as the “triple bottom line” or alternately as the intersection of three overlapping circles, with 

the circles representing economic concerns, societal interests, and environmental protections. This 

approach formed a basis for the ranking scheme outlined in the GreenRoads web site
5
 which provides a 

ranking system for new road projects. Further, this approach has been used in the area of winter 

maintenance as a starting point by the PIARC committee on winter service
6
. 

A variety of efforts conducted by the AASHTO Winter Maintenance Technical Services Program  over 

the past decade, which are detailed further below, have demonstrated that a number of knowledge gaps 

exist among practitioners of winter maintenance, including significant gaps in the general area of 

sustainable practices. In an effort to advance the application of the principles of sustainability in the field 

of winter maintenance, the AASHTO Winter Maintenance Technical Services Program Committee 

decided to draft a checklist that could be used by agencies (at the state, county, and municipal levels) to 

ascertain the degree to which sustainable principles have been incorporated into their winter maintenance 

practices. The checklist presented herein has resulted from this initiative. 

Checklists are particularly useful and pertinent in the field of winter maintenance. Checklists are used 

regularly in this field, for example in pre-trip truck inspections. Therefore there is a high level of 

familiarity with them and as such there will be one less barrier to usage that must overcome if 
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sustainability is presented in the form of a checklist.It is nonetheless clear that while the checklist may 

represent a good starting point for advancing the application of the principles of sustainability in the field 

of winter maintenance, it is by no means a sufficient tool on its own. In particular, the AASHTO Winter 

Maintenance Technical Services Program Committee recognizes that further tools are needed to allow 

agencies (and private contractors) to apply sustainability principles when considering, for example, the 

possible implementation of new technology. For example, some agencies have found that blending 

agriculturally based by-products with the salt brine that they use in their winter service operations provide 

significant operational benefits (especially with regard to the persistence of the applied chemicals on the 

road surface). How should another agency, that is not yet blending, determine whether or not it would be 

sustainable for them to begin using blended products? The answer will, and should, vary according to 

location and the local societal needs, but at present, tools do not exist to allow agencies to make such 

decisions.  

Furthermore, the checklist approach fails on a fundamental level to encompass the basis of sustainability. 

The three pillars or circles of sustainability require the identification of stakeholders for each of the three 

pillars, and the collection of their input into the process. A checklist prepared by transportation 

professionals inevitably fails to include other stakeholders, and as such is to some degree antithetical to 

the whole notion of sustainability. Notwithstanding this drawback of such checklists, they do serve a 

useful starting point because they begin to involve transportation professionals in the broader discussion 

of sustainable issues in our field. But, they cannot be taken as an end point, although they can be 

expanded to include input from the other stakeholder groups once that has been appropriately gathered. 

Such steps have not yet been taken, but it is hoped that the checklist presented here is a useful first step 

toward the more sophisticated tools that remain to be developed. 

 

DETERMI�I�G K�OWLEDGE GAPS 

In 2003, the AASHTO Winter Maintenance Technical Services Program Committee
7
 released to the state 

departments of transportation the first computer based training (CBT) module on Anti-icing and RWIS 

(road weather information systems). The development and production of this training system was funded 

through a pooled fund mechanism in which 34 states participated, with additional contributions from 

APWA (American Public Works Association) and NACE (National Association of County Engineers). 

This training product was developed because it was felt that perhaps a lack of knowledge about anti-icing 

and RWIS was making state and other highway agencies reluctant to pursue these strategies, even though 

experience had shown them to be significantly better than more traditional yet reactive strategies
8
. This 

first CBT was produced to remove that knowledge gap. Subsequent to the successful  dissemination of 

this CBT and its integration into most state DOTs training programs and academies, seven additional 

CBT modules have been produced and disseminated in response to a variety of requests for additional 

information in the particular winter maintenance areas and using in part the original pooled funding 

mechanism and also additional funding from two other winter service related pooled funds - Aurora, and 

Clear Roads. The areas covered by the eight CBTs published to date are shown in Table 1.  Two of these 

CBTs (“Selecting Snow and Ice Control Materials to Mitigate Environmental Impacts” and “Performance 

Measures”, both based on the results of NCHRP studies
9, 10

are now foundational material for developing 

sustainable winter maintenance operations. 
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As the CBTs were developed and deployed, the need for updating them has become apparent, especially 

as new research results became available. Thus, for example, the most recent CBT in Performance 

Measures includes a great deal of recent research
10

. However, it has also become apparent that some areas 

of interest have not yet been fully addressed in the CBTs. The most prominent of these is currently the 

application of sustainable practices in winter maintenance. 

The need for further information in the CBTs about sustainability has become apparent in a number of 

ways. Two are of particular importance. Over the past five years, the winter maintenance community has 

been holding peer exchange meetings
11

involving personnel from a majority of the state departments of 

transportation (and equivalent organizations). The issue of sustainability has been a growing concern for 

this group of winter maintenance personnel. In 2010
12

a day and one-half meeting was held to develop a 

road map of research needs in the field of winter maintenance. Sustainability was identified as one of six 

“Grand Challenges” in winter maintenance research. Given these two stimuli, it was apparent that more 

information on how sustainability could be applied to winter maintenance was needed. 

A useful starting point for this effort was the work conducted by the PIARC Committee on Winter 

Service (B-5) which conducted a workshop on sustainability in winter maintenance in 2009
13

. This and 

further work by the committee has resulted in the creation of a high-level checklist ranking questions such 

as: “Does the winter service activity provide access to important cultural activities?” While such 

questions clearly go beyond the operational level of winter maintenance, they are also clearly important 

factors to consider, especially if we are to incorporate all three pillars of sustainability, together with their 

respective stakeholders. 

 

CHECKLIST DEVELOPME�T 

There are many different ways to construct the sort of checklist described herein, and different groups 

would doubtless take different approaches. However, insofar as possible any checklist should be 

comprehensive with regard to winter maintenance operational activities, it should incorporate current best 

practices, the items of the checklist should be capable of being weighted and the contribution of any item 

on the checklist to each of the three sustainability pillars should be explicit. The checklist presented herein 

has been developed in accordance with these approaches. 

Clearly, other questions could have been included in the checklist, and questions in the checklist now 

could have been rephrased or removed completely. In fact, as more stakeholders are included in the 

process, additional questions should be included, to address additional concerns of those stakeholders. 

However, the checklist serves as a starting point for discussions and is intended as such rather than as a 

definitive and restrictive statement. 

 

GE�ERAL AREAS OF OPERATIO�AL ACTIVITY 

Six general areas of operational activities were identified and are listed in Table 2. For each of these areas, 

between four and fourteen questions are posed. Most questions require a yes/no response, and if the 

response is positive, points are awarded for that question. The points for a question reflect the importance 

of the question - that is, they are weighted as discussed further below. Each of the six areas and the 

questions will be presented, then the weighting for both importance, and contribution to each of the three 

sustainability pillars will be explained. 
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Figure 1 shows schematically how the six areas listed in Table 2 are interrelated. Clearly, other areas 

could be selected, but these six encompass the practice of winter maintenance as it is at present, and 

provide a relatively complete picture of the actions involved in winter maintenance. They also reflect the 

issues raised in the peer exchange meetings
11

, the “Grand Challenges” document
12

, and the PIARC 

sustainability workshop
13

. 

 

LEVELS OF SERVICE 

The seven questions posed in the level of service area are shown in table 3. The focus of these questions is 

the degree to which the agency using the checklist has integrated the concept of levels of service into its 

winter maintenance operations. 

 

MATERIALS USAGE 

The four questions posed in the materials usage area are shown in table 4. These questions address the 

extent to which the agency has a materials usage approach to winter maintenance. Note that while three of 

the four questions have yes/no responses, the fourth has three possible responses. 

 

EQUIPME�T SELECTIO� A�D OPERATIO�S 

The eight questions posed in the equipment selection and operations area are shown in table 5. Again, 

while most questions are of a yes/no response type, two have three possible responses. 

 

PERFORMA�CE MEASUREME�T A�D CO�TI�UOUS IMPROVEME�T 

The five questions posed in the performance measurement and continuous improvement area are shown in 

table 6. All five are of a yes/no response type. 

 

STRATEGIC (A��UAL) OPERATIO�S 

The fourteen questions posed in the strategic (annual) operations area are shown in table 7. Three of the 

questions are two part questions, with the response in the first part limiting possible responses in the 

second part. 

 

TACTICAL (PER STORM) OPERATIO�S 

The seven questions posed in the tactical (per storm) area are shown in table 8. For this area, all of the 

responses are yes/no type. 

 

THE WEIGHTI�G PROCESS 

Figure 2 shows how the initial weightings of the various questions could be made, for one of the six areas. 

This is a critical part of the process in which the various stakeholders can determine what weightings 

should be applied to which questions, thus identifying which factors have most importance. The process 

then indicates the degree to which the agency being evaluated has achieved the optimal result. In the 

example shown in figure 2, the agency has obtained 17 out of a maximum 27 points. 

A clear issue with any such checklist approach is that the questions lack nuance to some degree. Thus, in 

figure 2 the question “has the community served by the agency been involved in the process of 

determining levels of service for roads serviced by the agency?” has a yes or no answer. In reality, there 
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are a range of responses, from “not at all” through “somewhat” to “absolutely.” A checklist could allow 

an agency to give a partial score for such questions, and indeed some of the questions have such options 

for the answers. However, by making many questions a yes or no answer, it is hoped that an agency will 

be encouraged to engage in some extensive discussion on the question being asked. While the checklist 

does provide a score, the purpose of the checklist is not equivalent to taking an exam - in which the score 

is the goal of the exercise. Rather, the checklist is designed both to provide some measure of 

accomplishment in sustainability, but also to encourage examination, within a context of sustainability, on 

the various issues raised. 

However, this does not indicate in and of itself the degree to which each question addresses each of the 

three pillars. This can be done in a separate weighting process, indicated in figure 3. In this case, for each 

of the questions up to 10 points can be allocated between the three pillars - environment, social and 

economic. Figure 3 shows an example of how this might work. Again, the degree to which each question 

contributes to the three pillars is an issue that should be determined by the various stakeholders. 

As figure 3 shows, in this example the hypothetical agency has assigned weights to each of the three 

pillars for each of the level of service questions. These weights are shown in the far right columns in the 

figure. So, for the question “Are all roads within an agency’s area of responsibility assigned a level of 

service?” the hypothetical agency has weighted this question as being 40% environmental, 20% social, 

and 40% economic (thus giving scores of 4, 2, and 4 to each of the three pillars). This weight is then 

multiplied by the score the agency has achieved for that question (in this case, the agency scored five 

points for this question) and a sub-total for each of the three pillars is found. Thus, from this question, the 

agency would score 5 x 0.4 points in the environmental category (the five points scored multiplied by the 

weighting of 4 out of 10) for a sub-total of 2.0. 

By continuing this process for each of the questions in the level of service, a maximum total points and 

the total points scored by the hypothetical agency for each of the three pillars can be found. Thus in this 

example, the maximum score for the social pillar was 5.9 points, and the agency scored 3.4 points or 58% 

of the possible total. 

Finally, the data from the pillar contributions can be summarized graphically, indicating the degree to 

which the agency is attaining the maximum contribution toward each of the three pillars. This is shown in 

Figure 4. This uses a similar methodology to that employed by the PIARC Committee on Winter Service 

(B-5). The graph allows the relative balance between the three legs of the sustainability stool to be 

visually discerned very simply, and would thus easily show if one of the three legs was significantly less 

supported by an agency’s actions than another. 

 

DISCUSSIO� A�D CO�CLUSIO�S 

The paper presents a sustainability based checklist for winter maintenance operations. Checklists for a 

variety of transportation projects have been presented previously but few have been presented for 

transportation operations and this paper addresses this lack in the area of winter maintenance.  

While the paper presents a detailed checklist that is relevant to sustainable practice, it is, as discussed 

above, far from definitive in that regard primarily because as of yet the stakeholders representing all three 

of the sustainability pillars have not yet been included in the process. While mechanisms exist to allow 

these stakeholders to determine the relative importance of the various questions on the checklist, and to 

see how those questions and the agency response to them, satisfies the three sustainability pillars, 
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additional questions beyond those currently in the checklist need to be incorporated to move toward a full 

representation of all stakeholder concerns. Thus, this checklist (and indeed, most other transportation 

related checklists) should be seen as a first step (albeit hopefully a useful one) until such additional 

stakeholder representation has been incorporated. Of course, such representation will and should vary 

from location to location, as should the various weightings applied to the questions on the checklists. That 

is at the heart of what sustainability implies in the transportation arena. 

Having taken this first step, the AASHTO Winter Maintenance Technical Services Program Committee is 

exploring ways to incorporate additional stakeholder input, and will report on this process at some future 

time. 
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TABLE 1: COMPUTER BASED TRAINING MODULES IN THE FIELD OF WINTER 

MAINTENANCE (AS OF 2011) 

 

General Areas of Winter Maintenance Operations Identified in the Checklist 

Levels of Service 

Materials Usage 

Equipment Selection and Operations 

Performance Measurement and Continuous Improvement 

Strategic (Annual) Operations 

Tactical (Per-storm) Operations 

 

TABLE 2: AREAS OF WINTER MAINTENANCE OPERATIONS IDENTIFIED IN THE CHECKLIST 

 

Level of Service Questions Response Type 

Are all roads within an agency’s area of responsibility assigned a level of 

service? 

Yes/no 

Are the different levels of service clearly identified? Yes/no 

Can agency personnel easily determine whether and when a given stretch 

of road has achieved its desired level of service? 

Yes/no 

Has the community served by the agency been significantly involved in 

the process of determining levels of service for roads serviced by the 

Yes/no 
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agency? 

Does a plan exist to re-evaluate levels of service on agency roads on a 

regular basis? 

Yes/no 

Is the level of service of a given road segment determined by including 

factors such as AADT, peak hour traffic, access for emergency services, 

school bus routes, and other similar factors? 

Yes/no 

Have road segments that are in particularly environmentally sensitive 

areas been clearly identified, and assigned a level of service accordingly? 

Yes/no 

TABLE 3: CHECKLIST QUESTIONS IN THE LEVEL OF SERVICE AREA 

 

Materials Usage Questions Response Type 

Does the agency have a method to specify application rates as a function 

of pavement temperature, route cycle time, and storm type? 

Yes/no 

Does the agency have the capability to pre-wet all solid applications? On 

the truck (5 points) or in the yard (3 points)? 

Three possible 

responses - on 

truck/ in yard/no 

Does the agency have the capability to apply liquids before and during a 

storm? 

Yes/no 

Does the agency limit the use of abrasives or abrasive-chemical mixtures 

to those conditions in which chemical usage is not appropriate? 

Yes/no 

 

TABLE 4: CHECKLIST QUESTIONS IN THE MATERIALS USAGE AREA 

Equipment Selection and Operation Questions Response Type 

Are all material delivery systems calibrated regularly? Annually or 

monthly? 

Three options - 

annual/monthly/ 

none 

Do all agency vehicles have surface temperature measuring equipment 

attached? Some vehicles? �o vehicles at all? 

Three options - 

all/some/none 

Is all winter maintenance equipment specified and purchased on the basis 

of life-cycle costs? 

Yes/no 

Does material delivery equipment have the capability to record where 

material was placed on the road, and at what rate it was placed? 

Yes/no 

Is the equipment fleet managed using a pro-active maintenance system? Yes/no 

Is it standard practice in equipment operations to use the most fuel 

efficient vehicle capable of efficiently conducting a specified task? 

Yes/no 

Do fuel efficiency, vibration reduction, minimizing of pavement damage, 

and wear resistance all get incorporated into cutting edge selection for 

snow plow blades? 

Yes/no 

Are various pieces of equipment (e.g. snow plows, material delivery 

systems) easily exchanged between vehicles (i.e. in less than 10 minutes)? 

Yes/no 
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TABLE 5: CHECKLIST QUESTIONS IN THE EQUIPMENT SELECTION AND OPERATIONS 

AREA 

 

Performance Measurement and Continuous Improvement Questions Response Type 

Do you have a post-storm review process that is used after each storm? Yes/no 

Do you have a formal system to measure whether and when the level of 

service has been achieved on each road segment? 

Yes/no 

Do you in some way normalize your performance according to the 

severity of the winter storm? 

Yes/no 

Is your storm severity measurement quantitative or qualitative? Yes/no 

Do you have a system that actively seeks out ways to improve your 

winter service activities? 

Yes/no 

TABLE 6: CHECKLIST QUESTIONS IN THE PERFORMANCE MEASUREMENT AND 

CONTINUOUS IMPROVEMENT AREA 

 

Strategic (Annual) Operations Questions Response Type 

Do you provide annual refresher training in winter maintenance for all 

winter maintenance personnel? 

Yes/no 

Do you conduct a post-winter review of all activities in the spring/early 

summer of each year, to identify areas of success and areas in need of 

improvement? 

Yes/no 

Do you review snow plow routes annually for efficiency? Yes/no 

Do you have a pro-active frost prevention strategy developed? Is the 

strategy implemented? 

Two part with 

three options 

yes-yes/yes-

no/no-no 

Do you have a snow drift prevention program in operation? Yes/no 

Do you provide some sort of media interaction meeting in the fall, to 

prepare the local media for the upcoming winter season and your 

activities in it? 

Yes/no 

Do you have a well-defined system for the media to contact your 

organization during winter storm events? 

Yes/no 

Do you have a system to provide the media with special access that 

allows them to communicate winter maintenance activities effectively to 

the community (e.g. reporter ride-alongs)? 

Yes/no 

Do you have some form of annual open day or open events to allow the 

public to learn about what you do? 

Yes/no 

Do you conduct forums or surveys to obtain feedback from the public on 

the winter maintenance services that you provide to your community? 

Yes/no 

Do you track the total loading of materials placed on the road network 

each winter? Is this tracking for your whole network, or is it  route 

Two part - first is 

yes/no, then if 
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specific? yes, second is 

all/route 

Do you have a system in place to designate certain road segments as 

being environmentally sensitive? Do you use this system annually to 

evaluate all the road segments in your district? 

Two part with 

three options 

yes-yes/yes-

no/no-no 

Do you have systems in place to provide real-time road surface condition 

information to the traveling public? 

Yes/no 

Do you hold annual (at least) co-ordination meetings with appropriate 

emergency services agencies? 

Yes/no 

TABLE 7: CHECKLIST QUESTIONS IN THE STRATEGIC (ANNUAL) OPERATIONS AREA 

 

Tactical (Per storm) Operations Questions Response Type 

Do you use some sort of Value Added Meteorological Service to provide 

forecasts for your winter storms? 

Yes/no 

Are these forecasts site specific (i.e. they provide different forecasts for 

different road segments)? 

Yes/no 

Do these forecasts provide pavement temperature forecasts? Yes/no 

Do you adapt your storm strategies depending on the time of day at 

which the storm starts or ends, to take account of variations in traffic 

levels? 

Yes/no 

Do you have systems in place to deal with disruptions that can occur 

during winter storms (e.g. equipment failure, traffic congestion, crashes 

etc.)? 

Yes/no 

Do you use methods to “dry out” the road at the end of the storm for 

those cases where temperatures are expected to drop and wind speeds to 

rise? 

Yes/no 

Do you have systems in place that allow for easy communication with 

emergency services in your area? 

Yes/no 

TABLE 8: CHECKLIST QUESTIONS IN THE TACTICAL (PER STORM) OPERATIONS AREA 
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FIGURE 1: CONNECTIONS BETWEEN THE GENERAL AREAS OF WINTER 

MAINTENANCE OPERATIONS 

Levels of Service Weighting Selection Score

Are all roads within an agency’s area of responsibility assigned a level of 

service? 5 yes 5

Are the different levels of service clearly identified? 4 yes 4

Can agency personnel easily determine whether and when a given stretch of 

road has achieved its desired level of service? 5 no 0

Has the community served by the agency been involved in the process of 

determining levels of service for roads serviced by the agency? 2 yes 2

Does a plan exist to re-evaluate levels of service on agency roads on a regular 

basis? 2 yes 2

Is the level of service of a given road segment determined by including factors 

such as AADT, peak hour traffic, access for emergency services, school bus 

routes, and other similar factors? 5 no 0

Have road segments that are in particularly environmentally sensitive areas 

been clearly identified, and assigned a level of service accordingly? 4 yes 4

Maximum Total Points for Level of Service 27

Your Agency's Score for Level of Service 17  
 

FIGURE 2: WEIGHTING FOR THE QUESTIONS IN THE LEVEL OF SERVICE AREA 
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Levels of Service Weighting Selection Score Environment Social Economic

Are all roads within an agency’s area of responsibility assigned a level of 

service? 5 yes 5 4 2 4

Are the different levels of service clearly identified? 4 yes 4 4 2 4

Can agency personnel easily determine whether and when a given stretch of 

road has achieved its desired level of service? 5 no 0 2 1 7

Has the community served by the agency been involved in the process of 

determining levels of service for roads serviced by the agency? 2 yes 2 2 4 4

Does a plan exist to re-evaluate levels of service on agency roads on a regular 

basis? 2 yes 2 2 2 6

Is the level of service of a given road segment determined by including factors 

such as AADT, peak hour traffic, access for emergency services, school bus 

routes, and other similar factors? 5 no 0 2 4 4

Have road segments that are in particularly environmentally sensitive areas 

been clearly identified, and assigned a level of service accordingly? 4 yes 4 8 1 1

Maximum Total Points for Level of Service 27 9.6 5.9 11.5

Your Agency's Score for Level of Service 17 7.6 3.4 6

79% 58% 52%

Pillar Weights

Clarify the process with equations and examples. 

 

FIGURE 3: WEIGHTING THE CONTRIBUTION OF EACH QUESTION TO THE THREE PILLARS 

OF SUSTAINABILITY 

0%

50%

100%
Environment

SocialEconomic

Percentage of Maximum Possible for 

Levels of Service

Percentage of 

Maximum Possible

 

 

FIGURE 4: GRAPHICAL REPRESENTATION OF CONTRIBUTIONS TOWARDS THE THREE 

PILLA


