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ϭ�/ÄãÙÊ�ç�ã®ÊÄ
Understanding the True Cost of Snow and Ice Control (10-03) is a Clear Roads research project to identify methods 
to better manage winter maintenance, identify the cost of winter maintenance, and more effectively communicate its 
true cost. State Departments of Transportation (DOT) across the country have experienced stagnant or declining road 
maintenance budgets, while costs have continued to increase. In addition, many DOTs have been confronted with a 
SROLF\�DQG�ÀVFDO�HQYLURQPHQW�LQ�ZKLFK�LW�LV�LPSHUDWLYH�WR�SURYLGH�WLPHO\�VWRUP�GDWD�DQG�ZLQWHU�PDLQWHQDQFH�FRVWV���

Clear Roads initiated this research project to mitigate these challenges through:
1. Having more data driven management – linking the level of effort or work performed to the results and 

Level of Service (LOS) achieved.
2. ,PSURYLQJ�HIÀFLHQF\�DQG�HIIHFWLYHQHVV�RI�ZLQWHU�PDLQWHQDQFH�HIIRUWV�²�PHDVXULQJ�HIÀFLHQFLHV�WR�PDNH�

comparisons across regions/states and identify best practices.
3. %HWWHU�XQGHUVWDQGLQJ�DQG�FRPPXQLFDWLQJ�FRVWV�RI�NHHSLQJ�URDGV�RSHQ�DQG�WR�D�VSHFLÀF�OHYHO�RI�VHUYLFH�²�

providing critical information to policy makers to support decisions.

To achieve these objectives, the research team evaluated available data from several states in order to establish a 
strategy for identifying the cost of work performed during a storm event. Linking the work performed to the level of 
VHUYLFH�DFKLHYHG�GXULQJ�D�VWRUP�HYHQW�ZRXOG�SURYLGH�YDOXDEOH�GDWD�RQ�ZKLFK�WR�EDVH�GHFLVLRQV��LGHQWLI\�HIÀFLHQFLHV��
and more easily communicate the true cost of winter maintenance.

'XULQJ�WKH�HYDOXDWLRQ�RI�VWDWH�GDWD��JDSV�ZHUH�LGHQWLÀHG�WKDW�SUHYHQWHG�WKH�UHVHDUFK�WHDP�IURP�OLQNLQJ�WKH�FRVW�RI�
work performed during a storm event to the level of service achieved. This is because many state DOTs have separate 
ÀQDQFLDO�DQG�PDLQWHQDQFH�PDQDJHPHQW�V\VWHPV�WKDW�WUDFN�FRVWV�DQG�ZRUN�SHUIRUPHG�LQ�GLIIHUHQW�ZD\V��:KLOH�WKH�
ÀQDQFLDO�V\VWHPV�WUDFN�FRVW�LQFXUUHG�E\�DQ�DJHQF\��LW�GRHV�QRW�W\SLFDOO\�WUDFN�PDWHULDOV��HTXLSPHQW��RU�ODERU�LQ�D�ZD\�
WKDW�FDQ�EH�OLQNHG�WR�D�VWRUP�RU�URDGZD\��0DLQWHQDQFH�0DQDJHPHQW�6\VWHPV�PD\�WUDFN�ZRUN�RUGHUV�DQG�TXDQWLWLHV�
IRU�PDWHULDOV�DQG�HTXLSPHQW��EXW�GR�QRW�DOZD\V�WLH�WKH�DFWXDO�ZRUN�SHUIRUPHG�GLUHFWO\�WR�WKH�ÀQDQFLDO�V\VWHP��

These data gaps provided the research team an opportunity to evaluate the data collection efforts of state DOTs, and 
recommend improvements. Maine’s data set was selected for this case study due to relative completeness of data and 
consistent participation on the team (Section 2 of this report). The review of Maine’s sample data resulted in a number 
of recommendations for all states which includes: a checklist for data collection, recommendations for recording data, 
and an overview of how data should be stored in a relational database for analysis (Section 3 of this report).

Though the data gaps limited the team’s ability to fully achieve all three objectives above based on historical data, the 
team developed an innovative tool that can be used to achieve the objectives as new data is collected. The True Cost 
7RRO�LV�DQ�([FHO�EDVHG�WRRO�WKDW�VXSSRUWV�GDWD�FROOHFWLRQ��VWRUHV�GDWD�HQWHUHG�IRU�IXWXUH�DQDO\VLV��DQG�SURYLGHV�TXLFN�
estimates and comprehensive summaries of costs by lane-mile and LOS achieved. It also has supporting tools that 
allow users to compare storm events and costs; and supports what-if scenario testing. This tool is discussed in detail 
in Section 4 of this report. 
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'XH�WR�WKH�GDWD�JDSV�LGHQWLÀHG�GXULQJ�WKLV�VWXG\��WKH�7UXH�&RVW�7RRO�DQG�VXSSRUWLQJ�GDWD�UHFRPPHQGDWLRQV�LQ�WKLV�
UHSRUW�DUH�RQO\�WKH�ÀUVW�VWHSV�LQ�DFFRPSOLVKLQJ�DOO�RI�WKH�REMHFWLYHV�WKH�&OHDU�5RDGV�7HDP�GHYHORSHG��1H[W�VWHSV�
include: 

1. Develop Data Collection Methodology
2. Develop Web-Based Tool
3. Perform Data Collection by States

4. Consolidate Data and Do Statistical Analysis
5. Compare Aggregated Data
6. Draw Conclusions and Present Result

Ϯ�/Ä®ã®�½���ã��Z�ò®�ó�Ι��Ä�½ùÝ®Ý
In collaboration with Parsons Brinckerhoff, the Clear Roads Team analyzed data from its member states in order to 
establish a strategy for identifying the cost of work performed during a storm event and link the work performed to 
the level of service achieved. To facilitate the analysis, the Clear Roads Team included a panel of winter maintenance 
professionals including active state DOT representatives from Kansas, Maine, Massachusetts, Minnesota, Utah, 
Virginia, Washington, and Wisconsin. These DOTs provided winter storm maintenance and cost data with varying 
levels of detail. Of the states that provided data, Maine shared the most comprehensive dataset. The data set included 
extensive expenditure data for calendar year 2011 along with storm data, work plans, and material application 
JXLGHOLQHV��$OWKRXJK�0DLQH·V�GDWDVHW�KDG�D�ODUJH�QXPEHU�RI�VWRUP�HYHQWV�ZLWK�PDQ\�GHWDLOV��LW�ZDV�VWLOO�LQVXIÀFLHQW�WR�
link work performed and costs to level of service achieved. Figure 1 below is a representation of Maine’s data set and 
how it is organized. This discussion below includes an analysis of Maine’s data, descriptions of how it is organized, 
and conclusions regarding its use in this research project.

Figure 1 - Maine’s Data Set
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Ϯ͘ϭ��çÙÙ�Äã���ã��^�ã
0DLQH�SURYLGHG�VHYHUDO�0LFURVRIW�([FHO�ÀOHV�FRQWDLQLQJ�
data extracted from various databases. This format 
SURYLGHV�WKH�WHDP�ZLWK�D�KLJK�GHJUHH�RI�ÁH[LELOLW\��
KRZHYHU��0LFURVRIW�$FFHVV�RU�RWKHU�GDWDEDVH�ÀOHV�ZRXOG�
DOVR�VXIÀFH��)RU�WKH�SXUSRVHV�RI�WKH�DQDO\VLV��WKH�WHDP�
organized the data into categories: Maintenance Areas, 
6WRUP�'DWD��0DWHULDOV��(TXLSPHQW��DQG�/DERU�

Maintenance Areas:
7KH�0DLQWHQDQFH�'DWDEDVH�ÀOH�FRQWDLQV�GDWD�WKDW�
XQLTXHO\�LGHQWLÀHV�D�FUHZ�PDLQWHQDQFH�DUHD�DQG�
TXDQWLÀHV�WRWDO�PLOHV�RI�URDGZD\��ODQH�PLOHV�E\�/26�
category, whether the area is urban or rural, roadway 
functional class, and jurisdiction.

Contents: 7KH�FRQWHQW�RI�WKH�ÀOH�LV�VXIÀFLHQW�WR�
provide data needed for maintenance area analysis. 

Data Integrity:�$OO�GDWD�LQ�WKLV�ÀOH�LV�REMHFWLYH�DQG�
TXDQWLÀDEOH�

Format: 7KH�IRUPDW�RI�WKLV�GDWD�LV�VXIÀFLHQW�IRU�
analysis.

Storm Data:
7KLV�ÀOH�FRQWDLQV�GDWD�UHJDUGLQJ�HDFK�ZLQWHU�VWRUP�
WKDW�LPSDFWHG�WKH�VWDWH��(DFK�VWRUP�KDV�D�XQLTXH�VWRUP�
LGHQWLÀFDWLRQ�QXPEHU�DQG�HDFK�OLQH�LWHP�KDV�WKH�UHJLRQ�
QDPH�DQG�FUHZ�QDPH�QHHGHG�WR�VSHFLÀFDOO\�LGHQWLI\�WKH�
impacted area and who completed the work. Further, 
VWRUP�GDWD�LQFOXGHV�DQ�RSHQ�ÀHOG�GHVFULSWLRQ��VWRUP�
type, precipitation depth, start and end dates, crew 
action taken, and the start and end dates of the action. 

Contents:�7KH�FRQWHQW�RI�WKH�ÀOH�LV�VXIÀFLHQW�WR�
associate a storm to the impacted region. However, the 
GXUDWLRQ�RI�WKH�VWRUP�LQ�KRXUV�ZRXOG�SURYLGH�VLJQLÀFDQW�
EHQHÀWV��7KH�FRVW�RI�D�VWRUP�LV�OLNHO\�WR�EH�UHODWHG�WR�
its intensity, so using the combination of precipitation 
amount and duration may provide important insights 
into costs. 

7KLV�ÀOH�VKRXOG�DOVR�LQFOXGH�WKH�SDVV�ODQH�PLOHV�E\�OHYHO�RI�
service category. This data is critical to calculating the cost 
of a lane-mile for a particular level of service category. 

Data Integrity: Some storm start and end dates are 
multiple months apart, which may be due to the fact 
that the dates are based on when the storm charge code 
is opened and closed. As a result, the closing of a storm 
account is somewhat subjective and may be prone to 
error. For cost analysis the storm start/end date and time 
ZRXOG�SURYLGH�PRUH�EHQHÀW�WKDQ�FKDUJH�FRGH�RSHQLQJ�
closing date.

7KH�ÀHOG�IRU�VWRUP�¶GHVFULSWLRQ·�PD\�EH�YDOXDEOH�
IRU�PDQDJHPHQW�WR�XQGHUVWDQG�XQLTXH�FKDOOHQJHV�RU�
VLWXDWLRQV�IRU�D�SDUWLFXODU�VWRUP��EXW�WKH�ÀHOG�FDQQRW�
be used in an analysis due to its unrestricted format. 
0DQ\�FUHZV�XVH�WKHLU�RZQ�IRUPDW�WR�LQSXW�TXDQWLWLHV�
used, temperatures, and/or precipitation type. If these 
FUHZV�ÀQG�WKLV�LQIRUPDWLRQ�YDOXDEOH��VHSDUDWH�DQG�
VWUXFWXUHG�GDWD�ÀHOGV�VKRXOG�EH�SURYLGHG�WR�FDSWXUH�WKLV�
LQIRUPDWLRQ��7KH�GHVFULSWLRQ�ÀHOG�VKRXOG�RQO\�EH�XVHG�
for data that cannot be input in a standardized way.

7KH�¶VWRUP�W\SH·�ÀHOG�DOORZV�XVHUV�WR�LQSXW�PXOWLSOH�
SUHFLSLWDWLRQ�W\SHV�LQ�RQH�ÀHOG��:KLOH�WKH�VHOHFWLRQ�
is structured, the concatenation of these storm types 
creates analytical challenges. It is usable, but we 
UHFRPPHQG�HLWKHU�KDYLQJ�D�VHSDUDWH�ÀHOG�IRU�HDFK�
VWRUP�SUHFLSLWDWLRQ�W\SH�RU�UHTXLULQJ�WKH�XVHU�WR�RQO\�
select the most prominent condition.

Format:�7KH�IRUPDW�RI�WKLV�GDWD�LV�VXIÀFLHQW�IRU�
DQDO\VLV��KRZHYHU��UHYLVLQJ�WKH�VWUXFWXUH�RI�¶VWRUP�
W\SH·�DQG�SURYLGLQJ�DGGLWLRQDO�ÀHOGV�WR�VWUXFWXUH�WKH�
LQIRUPDWLRQ�FUHZV�DUH�SODFLQJ�LQ�WKH�¶GHVFULSWLRQ·�ÀHOG�
would improve the format for the desired analysis.

Materials:
7KH�´0$76µ�GDWDEDVH�H[SRUW�ÀOH�FRQWDLQV�TXDQWLWLHV�RI�
materials used by crew for each storm event and total 
PDWHULDO�FRVW��+RZHYHU��WKH�ÀOH�GRHV�QRW�FRQWDLQ�WKH�XQLW�
costs of each type of material or subtotals for material 
FRVWV��OHDYLQJ�WKH�ÀOH�LQFRPSOHWH�IRU�GRFXPHQWLQJ�WKHVH�
FRVWV��7KH�ÀOH�DOVR�FRQWDLQV�PRUH�WKDQ�MXVW�PDWHULDO�GDWD��
it also includes total pass lane-miles (not broken out 
E\�/26�FDWHJRU\���WRWDO�ODERU�FRVW��DQG�WRWDO�HTXLSPHQW�
cost. While these additional data points are valuable, 
WKH\�PD\�EH�PRUH�DSSURSULDWHO\�SODFHG�LQ�D�GLIIHUHQW�ÀOH�
with additional details. 
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Contents:�7KH�FRQWHQW�RI�WKH�ÀOH�DORQH�LV�LQVXIÀFLHQW�
for an analysis of material costs. Unit costs are needed 
to break down the total material costs. Fortunately, 
0DLQH�ZDV�DEOH�WR�SURYLGH�XQLW�FRVWV�IRU�VSHFLÀF�
PDWHULDOV�LQ�VHSDUDWH�ÀOHV�DOORZLQJ�XV�WR�URXJKO\�
associate costs.

Data Integrity: $OO�GDWD�LQ�WKLV�ÀOH�LV�REMHFWLYH�DQG�
TXDQWLÀDEOH��0DWHULDO�XQLW�FRVWV�VKRXOG�EH�LQWHJUDWHG�WR�
ensure data integrity.

Format:�7KH�IRUPDW�RI�WKLV�GDWD�LV�VXIÀFLHQW��EXW�WKH�
integration of unit costs would improve usability.

Equipment
0DLQH·V�GDWDEDVH�KDV�D�FXVWRP�TXHU\�WRRO�IRU�H[WUDFWLQJ�
HTXLSPHQW�FODVV��XQLW�FRVWV��DQG�TXDQWLWLHV��RUJDQL]HG�
by crew number and storm number. Furthermore, this 
ÀOH�FRQWDLQV�SDVV�ODQH�PLOHV�IRU�HDFK�HTXLSPHQW�FODVV�
DQG�SLHFH�RI�HTXLSPHQW��ZKLFK�LV�H[WUHPHO\�GHWDLOHG�DQG�
useful. However, it does not relate the pass lane-miles to 
/26��7KLV�GDWD�RQO\�DOORZV�XV�WR�UHODWH�HTXLSPHQW�FRVWV�
to storm events.

Contents:�7KH�ÀOH�FRQWDLQV�DOO�WKH�LQIRUPDWLRQ�
needed to relate labor costs to crews and storms. 
However, it does not allow us to relate pass lane-miles 
and cost to LOS.

Data Integrity:�$OO�GDWD�LQ�WKLV�ÀOH�DUH�REMHFWLYH�DQG�
TXDQWLÀDEOH�

Format:�7KH�IRUPDW�RI�WKLV�ÀOH�LV�VLPSOH�DQG�HDV\�WR�
use in analysis. 

Labor:
7KH�´)$&7�µ�GDWDEDVH�ÀOH�FRQWDLQV�DOO�ODERU��RYHUKHDG��
WUDLQLQJ��EHQHÀWV��DQG�RYHUKHDG�FRVWV��$GGLWLRQDOO\��LW�
FRQWDLQV�WRWDO�FRVWV�IRU�VDOW��VDQG��UHQWDO�RI�HTXLSPHQW��

fuel, and other miscellaneous items. This data is 
organized by crew maintenance area, but does not relate 
H[SHQVHV�WR�VSHFLÀF�ZLQWHU�VWRUP�HYHQWV��$V�D�UHVXOW��LW�
could not be integrated with the other aforementioned 
datasets. After conversations with Maine’s database 
SURJUDPPHUV��WKH\�ZHUH�DEOH�WR�SURYLGH�D�QHZ�ÀOH�
WKURXJK�D�FXVWRP�TXHU\�ZKLFK�SURYLGHG�ODERU�FODVV��
KRXUV��KRXUO\�UDWH��XQLTXH�VWRUP�QXPEHU��DQG�XQLTXH�
crew number. This data enabled us to directly relate 
labor costs to storm events. 

Contents:�7KH�FXVWRPL]HG�ÀOH�FRQWDLQV�DOO�WKH�
information needed to relate labor costs to crews and 
storms. 

Data Integrity:�$OO�GDWD�LQ�WKLV�FXVWRPL]HG�ÀOH�DUH�
REMHFWLYH�DQG�TXDQWLÀDEOH�

Format:�7KH�IRUPDW�RI�WKLV�FXVWRPL]HG�ÀOH�LV�VLPSOH�
and easy to use in analysis. 

Ϯ͘Ϯ��ÊÄ�½çÝ®ÊÄÝ�
Overall, Maine’s data is comprehensive, but lacks 
two critical links. Primarily, it lacked data to directly 
link assumptions regarding the number and intensity 
of storms to cost, and directly link level of service 
WR�ODQH�PLOH�FRVWV��7KHVH�REMHFWLYHV�UHTXLUHG�KLVWRULF�
data regarding the lane-miles of work performed (pass 
lane-miles), level of service accomplished during a 
storm event, and storm characteristics. Since there were 
not any data collected regarding the number of pass 
lane-miles of work accomplished by level of service 
during a storm event, and storm characteristic data 
were incomplete or inconsistent, it was not possible 
to determine the relationship between LOS, storm 
intensity, and cost. This analysis illustrates the strength 
and limitations of Maine’s dataset and uses this data as 
reference point for recommendations. 
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ϯ���ã���Ê½½��ã®ÊÄ�
The team learned several lessons from the initial analysis of data sets from surveyed DOTs. Primarily: “What data 
should be collected?” and “How should the data be stored in order to facilitate data analysis?” Below are a list of 
UHFRPPHQGDWLRQV�IRU�DOO�'27V��D�FKHFNOLVW�RI�GDWD�ÀHOGV�UHFRPPHQGHG�IRU�FROOHFWLRQ��DQG�DQ�LOOXVWUDWLRQ�RI�D�VDPSOH�
database for storing this data.

 ϯ͘ϭ�Z��ÊÃÃ�Ä��ã®ÊÄÝ�¥ÊÙ��½½�^ã�ã�Ý
The following is a list of recommendations to improve 
data collection and support the linking of the following 
data: storm event, work performed, cost, and level of 
service achieved. The linking of this data will allow 
analysis necessary to reach the original objectives of this 
research study.
�� $VVLJQ�D�XQLTXH�LGHQWLÀFDWLRQ�QXPEHU�WR�HDFK�

winter storm.
�� $VVLJQ�D�XQLTXH�LGHQWLÀFDWLRQ�QXPEHU�WR�HDFK�

region and crew.
�� (QVXUH�WKDW�DOO�FRVWV�DQG�GDWD�ÀHOGV�DUH�UHODWDEOH�SHU�

storm event:
�� ,I�D�XQLTXH�VWRUP�LGHQWLÀFDWLRQ�QXPEHU�LV�

assigned to an event at the regional or crew 
level, this can act as the key relating tables. 
In other words, all costs and work should be 
DVVLJQHG�WR�WKH�VWRUP�LGHQWLÀFDWLRQ�QXPEHU�

�� ,I�D�XQLTXH�VWRUP�LGHQWLÀFDWLRQ�QXPEHU�LV�QRW�
VSHFLÀF�WR�D�UHJLRQ�DQG�FUHZ��XVHG�WR�GHVFULEH�
a storm passing over multiple regions/crews), 
then storm, crew, and region must all be used. 
In other words, all costs and work should be 
assigned to a storm number, crew number, and 
region number.

�� Record storm characteristics uniformly.
- Crew region area
- Precipitation amount
- Precipitation type
- Duration of storm in hours

- Date and time storm begins
- Pavement temperature (optional)
- Air temperature (optional)
- Accumulation (optional)

�� 5HGXFH�WKH�XVH�RI�XQVWUXFWXUHG�ÀHOGV�VR�WKDW�GDWD�
FDQ�HDVLO\�EH�VRUWHG�DQG�DQDO\]HG��&UHDWH�XQLTXH�
DQG�VWUXFWXUHG�ÀHOGV�IRU�HDFK�W\SH�RI�GDWD�

�� Record the number of lane-miles in the crew area 
by LOS desired. 

�� Record the pass lane-miles accomplished during 
each storm event by LOS category. Relating this 
GDWD�WR�HTXLSPHQW�DQG�PDWHULDO�XVHG�ZRXOG�EH�LGHDO�

�� 5HFRUG�XQLW�FRVWV��TXDQWLWLHV�DQG�WRWDO�FRVWV�RI�ODERU��
HTXLSPHQW��DQG�PDWHULDOV�

�� As expenses are recorded, assign them to a storm 
number, and crew/region number. The combination 
of storm, crew, and region will become the key 
linking these different types of data if recorded in 
separate tables.

�� 'RQ·W�FRQFDWHQDWH�GDWD�ÀHOGV�

ϯ͘Ϯ��«��»½®Ýã
%HORZ�LV�D�FKHFNOLVW�RI�GDWD�ÀHOGV�LGHQWLÀHG�DV�QHFHVVDU\�
to accomplish the objectives of this research project. 
9DULDWLRQV�LQ�WHUPV��DQG�VSHFLÀF�FKDUDFWHULVWLFV�PD\�
be necessary to accommodate other DOTs’ needs. For 
H[DPSOH��0DLQH�FKDUJHV�HTXLSPHQW�XVH�RQ�ERWK�DQ�
hourly and daily basis. Other states may only use one 
method. Similarly, Maine uses Regions and Crews to 
divide its maintenance areas while other DOTs may use 
Districts or Counties. 
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Table 1: Data Checklist
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ϯ͘ϯ�^�ÃÖ½��Z�½�ã®ÊÄ�½���ã���Ý�
7R�HIIHFWLYHO\�PDQDJH�WKH�GDWD�LGHQWLÀHG�LQ�WKH�FKHFNOLVW��WKH�GDWD�VKRXOG�EH�VWRUHG�LQ�D�PDQQHU�WKDW�IDFLOLWDWHV�IXWXUH�
analysis. A relational database can serve as a means of storing data effectively. The following illustrates one way to 
relate storm and roadway characteristics to costs. The sample database below creates a framework to store, view, 
and analyze data collected. It attempts to simplify the complex data most DOTs collect to illustrate the relationships 
QHFHVVDU\�IRU�WKH�GDWD�DQDO\VLV�UHTXLUHG�WR�PHHW�WKH�REMHFWLYHV�RI�WKLV�UHVHDUFK�SURMHFW��

,GHDOO\��D�XQLTXH�VWRUP�,'�ZRXOG�EH�DVVLJQHG�IRU�HDFK�VWRUP�HYHQW�ZLWKLQ�LQ�HDFK�UHJLRQ�DQG�FUHZ�DUHD��7KLV�ZDV�WKH�
DVVXPSWLRQ�LQ�GHVLJQLQJ�WKH�GDWDEDVH�EHORZ��+RZHYHU��LI�D�6WRUP�,'�LV�QRW�XQLTXH�WR�DQ�HYHQW��UHJLRQ��DQG�FUHZ��DOO�
three would need to be recorded within each table. It is also assumed that the table “Roadway Characteristics” is a 
static table of data describing each region, and thus is not necessary to relate directly to Storm ID, but instead links to 
the Storm Data table. 

&ŝŐƵƌĞ�Ϯ͗�^ĂŵƉůĞ�ZĞůĂƟŽŶĂů��ĂƚĂďĂƐĞ
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ϰ�dÊÊ½���ò�½ÊÖÃ�Äã
$V�VWDWHG�HDUOLHU��PDQ\�VWDWHV�KDYH�VHSDUDWH�ÀQDQFLDO�DQG�PDLQWHQDQFH�PDQDJHPHQW�V\VWHPV�WKDW�WUDFN�FRVWV�DQG�
ZRUN�SHUIRUPHG�LQ�GLIIHUHQW�ZD\V��:KLOH�WKH�ÀQDQFLDO�V\VWHPV�WUDFN�FRVW�LQFXUUHG�E\�DQ�DJHQF\��LW�GRHV�QRW�W\SLFDOO\�
WUDFN�PDWHULDOV��HTXLSPHQW��RU�ODERU�LQ�D�ZD\�WKDW�FDQ�EH�OLQNHG�WR�D�VWRUP�RU�URDGZD\��0DLQWHQDQFH�0DQDJHPHQW�
6\VWHPV�PD\�WUDFN�ZRUN�RUGHUV�DQG�TXDQWLWLHV�IRU�PDWHULDOV�DQG�HTXLSPHQW��EXW�GRQ·W�DOZD\V�WLH�WKH�DFWXDO�ZRUN�
SHUIRUPHG�GLUHFWO\�WR�WKH�ÀQDQFLDO�V\VWHP�

The intended purposes of these two systems are different, and don’t provide a comprehensive perspective on storm 
maintenance costs. Further, they are often not readily accessible with timely information during or immediately after 
D�VWRUP�HYHQW��([LVWLQJ�V\VWHPV�GR�QRW�W\SLFDOO\�KDYH�WKH�DELOLW\�WR�TXLFNO\�HVWLPDWH�WKH�FRVW�RI�D�VWRUP��FUHDWH�ZKDW�
if scenarios to predict how unit cost changes may affect annual budgets, and do not effectively summarize data to 
identify cost drivers. Additionally, DOTs desire to better understand their winter maintenance costs and trends across 
regions and states in order to identify cost effective policy improvements or LOS adjustments.

ϰ͘ϭ�K�¹��ã®ò�
The objectives of this tool are listed in Table 2. 
All objectives are marked as met , partially met 
��RU�UHTXLUH�PRUH�GDWD�WR�EH�PHW� . Some of the 

RULJLQDO�REMHFWLYHV�UHTXLUHG�KLVWRULFDO�GDWD�WKDW�ZDV�QRW�
available; this limitation is further discussed in the Data 
Analysis and Limitations section below. 

dĂďůĞ�Ϯ͗�KďũĞĐƟǀĞƐ��ĐĐŽŵƉůŝƐŚĞĚ

ϰ͘Ϯ���ã���Ä�½ùÝ®Ý��Ä��>®Ã®ã�ã®ÊÄÝ
As mentioned earlier, the Clear Roads Team met 
many of the original objectives, however due to data 
limitations, two were not achieved: 1) to directly 
link assumptions regarding number and intensity of 
storms to cost and 2) to directly link level of service 
WR�ODQH�PLOH�FRVWV��%RWK�RI�WKHVH�REMHFWLYHV�UHTXLUHG�
the analysis of a large datasets from multiple states in 
RUGHU�WR�LGHQWLI\�SDWWHUQV�DQG�D�VWDWLVWLFDOO\�VLJQLÀFDQW�
relationship between variables. 

Historical data collected by each state were consistent 
with their individual needs; therefore, no two states 
had similar datasets. Work plans varied widely in scope 
DFURVV�VWDWHV�DV�GLG�GHÀQLWLRQV�RI�OHYHO�RI�VHUYLFH�DQG�
RWKHU�GDWD�ÀHOGV��$GGLWLRQDOO\��GDWD�ZLWKLQ�VRPH�VWDWHV�
were collected inconsistently rendering it unreliable. 

Maine provided extensive expenditure data, and while 
the expenditure and storm data were useful for much of 
the analysis, inconsistent or incomplete data prevented 
the Team from achieving some objectives. The team 
was unable to (1) directly link assumptions regarding 
the number and intensity of storms to cost and (2) 
directly link LOS to lane-mile costs. These unmet 
REMHFWLYHV�UHTXLUH�KLVWRULF�GDWD�UHJDUGLQJ�WKH�ODQH�
miles of work performed (pass lane-miles), level 
of service accomplished during a storm event, and 
storm characteristics. Since there were not any data 
collected regarding the number of pass lane-miles of 
work accomplished by level of service during a storm 
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event, and storm characteristic data were incomplete 
RU�LQFRQVLVWHQW��LW�ZDV�LPSRVVLEOH�WR�ÀQG�D�UHOLDEOH�
relationship between LOS, storm intensity, and cost.

With these data limitations, a tool was developed to 
meet the remaining achievable objectives. This tool 
was also created with the ability to collect and save the 
GDWD�QHHGHG�WR�ÀOO�LQ�WKH�FXUUHQW�GDWD�JDSV�VR�WKDW�WKH�
previously unmet objectives can be addressed in the 
future. It is believed that with this data generated over 
a season, and across multiple states, all the remaining 
objectives could be met in a future research study.

ϰ͘ϯ�WÙÊÖÊÝ����ÖÖÙÊ��«�Kò�Ùò®�ó
With the known data limitations, two approaches were 
proposed: a Bottom-Up approach and a Top-Down 
approach. Two prototype models were developed to 
demonstrate each approach and their results. This 
allowed the Clear Roads Team to evaluate each 
approach based on their priorities and provide the 
research team with additional direction. These prototype 
models were developed as described below:

Top-Down Approach
The Top-Down approach uses historical data to identify 
trends in costs through a statistical analysis which is 
then applied to predict future costs. Independent and 
GHSHQGHQW�YDULDEOHV�ZHUH�LGHQWLÀHG�LQ�RUGHU�WR�FRQVWUXFW�
a regression model and determine the relationships 
between inputs. An independent variable is a data 
ÀHOG�ZKLFK�GRHV�QRW�FKDQJH�DV�D�UHVXOW�RI�RWKHU�GDWD��
e.g. precipitation amount or temperature. A dependent 
YDULDEOH�LV�D�GDWD�ÀHOG�ZKLFK�PD\�FKDQJH�DV�RWKHU�
variables change: e.g. material cost or labor hours. One 
advantage of this approach is that it captures the effect 
RI�YDULDEOHV�WKDW�ZHUH�QRW�VSHFLÀFDOO\�UHFRUGHG�LQ�WKH�
GDWDVHW��)RU�H[DPSOH��WKH�SURWRW\SH�PRGHO�KDV�D�ÀHOG�IRU�
“Type of Storm” in which the user can specify whether 

the precipitation was wet or dry snow. If a storm with 
dry snow typically incurs additional costs due to drifting, 
the cost associated with drifting will be captured within 
the variable “Type of Storm” without having to have an 
DGGLWLRQDO�YDULDEOH�VSHFLÀFDOO\�IRU�GULIWLQJ��7KURXJK�WKH�
use of high level metrics, the prototype model’s inputs 
FDQ�EH�VLPSOLÀHG�ZKLOH�VWLOO�JHQHUDWLQJ�DFFXUDWH�UHVXOWV��
*LYHQ�DGHTXDWH�GDWD��WKLV�DSSURDFK�KDV�WKH�EHVW�FKDQFH�
of meeting all of the Team’s objectives by statistically 
UHODWLQJ�FRVW�WR�ODERU��HTXLSPHQW��PDWHULDOV��VWRUP�
characteristics, and possibly  policies.

As developed, the Top-Down approach was 
calibrated with Maine’s expenditure data and yielded 
a comprehensive cost estimate per lane-mile with 
minimal inputs.

Table 3: Top-Down Approach

The gray inputs and outputs would only be available if 
VXIÀFLHQW�KLVWRULFDO�GDWD�ZHUH�SUHVHQWHG��FXUUHQWO\�QRW�
DYDLODEOH���$GGLWLRQDOO\��WKLV�PRGHO�UHTXLUHV�FDOLEUDWLRQ�
using a state’s historical data. If this methodology 
were selected, additional historical data would need 
to be collected for each state, as discussed in the Data 
Analysis and Limitation section of this report.
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�ŽƩŽŵͲhƉ��ƉƉƌŽĂĐŚ
The Bottom-Up approach is different than the Top-
Down as it does not use historical data to predict 
IXWXUH�FRVWV��,QVWHDG�LW�UHTXLUHV�LQSXWV�RI�XQLW�FRVWV�DQG�
TXDQWLWLHV�WR�HVWLPDWH�WKH�FRVW�RI�D�VWRUP��7KLV�PHWKRG�
UHTXLUHV�WKDW�WKH�XVHU�EH�IDPLOLDU�ZLWK�WKH�DPRXQW�RI�
work needed to complete winter maintenance tasks and 
has data on the amount of work or work standard to be 
DFFRPSOLVKHG��%\�PXOWLSO\LQJ�XVHU�GHÀQHG�GDWD�E\�XQLW�
FRVWV��WRWDO�FRVWV�RI�PDWHULDOV��HTXLSPHQW��DQG�ODERU�DUH�
calculated.

The Bottom-Up approach yields a robust cost estimate 
tool that is capable of modeling multiple maintenance 
scenarios. The output of this tool includes a clear 
breakdown of costs by category and cost per lane-mile 
for any described service area. Cost drivers are easily 
LGHQWLÀHG��DQG�WKH�XVHU�FDQ�FKDQJH�LQGLYLGXDO�LWHPV�
to perform what-if analyses. This is valuable in the 
analysis of historical storm costs once data is available 
or understanding how unit cost changes can affect 
IXWXUH�VWRUP�FRVWV��$�VLJQLÀFDQW�DGYDQWDJH�RI�WKLV�WRRO�LV�
WKDW�LW�GRHV�QRW�QHHG�WR�EH�FDOLEUDWHG�IRU�D�VSHFLÀF�VWDWH��
However, the cost estimate is highly dependent on the 
accuracy of numerous user inputs.

WƌĞĨĞƌƌĞĚ��ƉƉƌŽĂĐŚ
After presenting both models to the Clear Roads Team, 
the Bottom-Up approach was selected as the preferred 
methodology given the data available to a majority 
of the states. The Clear Road Team believes that the 
Bottom-Up approach will be more useful than the 
Top-Down approach during storm events. After storm 
events have occurred and the data has been entered into 
WKH�WRRO��WKH�WRRO�FDQ�VHUYH�DV�D�SODWIRUP�IRU�TXLFNO\�

creating an estimate of costs, what-if scenarios for 
future storms, identifying cost drivers, and analyzing 
effects of unit cost changes. The Clear Roads Team 
DOVR�LGHQWLÀHG�XQLIRUP�GDWD�FROOHFWLRQ�DV�D�SULRULW\�VR�
that states can share data and future analyses can meet 
UHPDLQLQJ�REMHFWLYHV��$V�D�UHVXOW��WKH�7HDP�UHTXHVWHG�
that the Bottom-Up approach be combined with a 
ZD\�WR�FROOHFW�GDWD�UHTXLUHG�WR�SHUIRUP�WKH�DQDO\VLV�
discussed in the “Data Analysis and Limitations” 
section of this report. This data entry tool will gather the 
necessary inputs in a standardized format so that all of 
the objectives can be met in a future study.

ϰ͘ϰ�dÙç���ÊÝã�Ê¥�t®Äã�Ù�
D�®Äã�Ä�Ä����Ýã®Ã�ã��Ι���ã��
�ÄãÙù�dÊÊ½
The True Cost Tool was developed through an 
interactive and iterative process of prototype tool 
development and evaluation by the Clear Roads Team. 
7KH�UHVXOWLQJ�WRRO�LV�ÁH[LEOH�DQG�FDQ�

�� $FFRPPRGDWH�DQ\�VWRUP�W\SH��HTXLSPHQW��
materials, and labor category without calibration

�� Save storm data to a database
�� (VWLPDWH�VWRUP�FRVWV�ZLWK�XVHU�GHÀQHG�GDWD
�� Perform what-if analyses by varying inputs
�� Assist users with identifying cost drivers
�� Produce storm report summaries to 

communicate costs
�� Compare storm costs and characteristics
�� Assist users with evaluating impacts of policies 

on cost
�� Compare storms across time periods
�� Compare storms across contract types
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To achieve the objectives of the study, the True Cost Tool has two modes: (1) Estimate Mode, and (2) Data Entry 
Mode. There are also two analysis tools provided: (1) Storm Comparison Tool, and (2) Period Comparison Tool. 
These four features are illustrated in Figure 3 and discussed in detail below relative to the Team’s objectives.

&ŝŐƵƌĞ�ϯ͗�KǀĞƌǀŝĞǁ�ŽĨ�ƚŚĞ�dƌƵĞ��ŽƐƚ�dŽŽů

�ƐƟŵĂƚĞ�DŽĚĞ
The Estimate Mode is used to estimate a storm’s cost 
with imperfect data, perform what-if analyses, and 
explore cost drivers. The variables for the estimate are 
illustrated in Table 4, and include storm characteristics, 
HVWLPDWHG�TXDQWLWLHV�IRU�ODERU��HTXLSPHQW��DQG�PDWHULDOV��
and estimated unit costs. The inputs are then used by 
the tool to calculate storm costs which are summarized 
RQ�WKH�RXWSXW�VKHHW��7KH�LQSXW�SDJHV�DQG�ÀQDO�VXPPDU\�
sheet can also be easily printed. After an estimate has 
been completed, the user has the option to save the data 
into a database so that it can be accessed at a later date 
and compared to other actual or estimated costs. 

The Estimate Mode can be used to estimate a forecasted 
storm, or obtain an estimate of a current/recent storm for 
ZKLFK�WKH�RIÀFLDO�GDWD�LV�QRW�\HW�DYDLODEOH��)XUWKHUPRUH��
a user can input a previous storm’s data and change 

XQLW�FRVWV�RU�TXDQWLWLHV�WR�REVHUYH�KRZ�WKH\�DIIHFW�WRWDO�
costs. In this way, a user can create what-if scenarios. 
For example, if a DOT received a new bid for salt 
unit costs for the next season, the winter maintenance 
manager could test how the new unit costs would have 
affected total costs of previous storms. Additionally, the 
maintenance manager may decide to create scenarios in 
which the DOT supplants some salt use with plowing 
to determine if the total costs could be reduced. The 
DELOLW\�WR�TXLFNO\�SHUIRUP�ZKDW�LI�DQDO\VHV�FDQ�LPSURYH�
a winter maintenance manager’s ability to manage 
and understand cost drivers, evaluate bids, and better 
communicate the effects of changes to others.
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dĂďůĞ�ϰ͗�>ŝƐƚ�ŽĨ�sĂƌŝĂďůĞƐ�ŝŶ�dŽŽů
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�ĂƚĂ��ŶƚƌǇ�DŽĚĞ
The Data Entry Mode is used to enter actual storm 
FKDUDFWHULVWLFV��UHVRXUFH�TXDQWLWLHV��DQG�XQLW�FRVWV��'DWD�
in this mode should only be entered after a storm event 
KDV�EHHQ�FOHDUHG�DQG�DOO�TXDQWLWLHV�DQG�XQLW�FRVWV�KDYH�
been realized. As with the Estimate Mode, data can be 
saved into a separate database for actual data. Reports 
can be generated from this mode which combines storm 
FKDUDFWHULVWLFV�ZLWK�ODERU��HTXLSPHQW��DQG�PDWHULDOV��XQLW�
FRVWV��DQG�TXDQWLWLHV�WR�EHWWHU�FRPPXQLFDWH�WKH�WUXH�FRVW�
of winter maintenance to management, decision-makers, 
and the public. Cost drivers will also become apparent 
through the cost breakdown summary, helping managers 
better understand and manage costs. Furthermore, this 
data will enable both direct storm comparisons and 
aggregate storms comparisons across time and contract 
types.

Storm Comparison Tool
The Storm Comparison Tool allows for the retrieval of 
saved storm event data and displays them side-by-side. 
The tool can retrieve estimates from either the Estimate 
Mode database or the Data Entry Mode database, 
allowing for the comparison of what-if scenarios and/
or actual storm event data. The comparison of storm 
events allows the user to hone in on cost differences 
and identify the cause. For example, comparing 
similar storms in two different regions may indicate 
WKDW�RQH�FUHZ�LV�ZRUNLQJ�PRUH�HIÀFLHQWO\�RU�KDV�
EHWWHU�HTXLSPHQW��$QRWKHU�SRWHQWLDO�DQVZHU�FRXOG�EH�
that one of the crews was a state maintenance crew 
while the other was a contracted crew. The Storm 
Comparison Tool does not directly indicate the cause 
for cost differences, but it provides a framework for 
a comparative analysis. As more data is recorded in 
the database, trends will be more easily perceived. 
+RZHYHU��WKH�GDWD�ZLOO�UHTXLUH�IXUWKHU�DQDO\VLV�WR�GUDZ�
high level comparisons. 

Once databases are populated with actual/realized event 
data, states can share that data with others and compare 

estimates in a single standard format. The uniformity of 
the data will enable a robust analysis of all variables 
collected in the future. Such a study will shed more light 
on the impact of unit costs and maintenance policies on 
total costs.

WĞƌŝŽĚ��ŽŵƉĂƌŝƐŽŶ�dŽŽů
The Period Comparison Tool can also process the rich 
data saved over time by the Tool to create both annual 
and monthly summaries; comparing up to four periods 
DW�D�WLPH��7KH�VXPPDULHV�FDQ�EH�IXUWKHU�UHÀQHG�WR�
only display data related to state maintenance crews, 
contractors, or both. 

These summaries will be useful to both managers and 
policy-makers. This tool allows managers to assess how 
costs change over time and how different operators 
(state or contractor) compare at an aggregate level. 
Examples include changes in labor costs from month to 
month and side by side comparisons of costs incurred 
by contractors and state employed crews. These 
summaries give managers a high level overview of costs 
and provide a framework for communicating costs to 
policy-makers.

KďũĞĐƟǀĞƐ�DĞƚ�ĂŶĚ�>ŝŵŝƚĂƟŽŶƐ
The objective of this tool is to provide agencies with the 
DELOLW\�WR�TXLFNO\�DQG�HDVLO\�HVWLPDWH�WKH�FRVW�RI�D�VWRUP��
The tool has been designed to show how unit costs 
affect total costs and to estimate a storm’s total cost. 
Additionally, the tool provides a framework to compare 
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storms and costs across states, contract types, and 
time. By using the database and summary sheets, cost 
comparisons can easily be generated and shared with 
decision-makers, managers, other states, or the public. 
The True Cost Tool does not forecast costs based on 
the LOS inputs on the Assumptions sheet. However, 
these data are instrumental for analysis and comparison 
of storm events. The collection of this data is critical 
WR�IXWXUH�FRVW�DQDO\VLV��7KDW�LV��E\�UHTXLULQJ�WKH�XVHU�WR�
enter LOS data, future analysis will be able to relate 
LOS to cost more directly.

ϰ͘ϱ�>�ÝÝÊÄÝ�>��ÙÄ��
6WDWH�'27V�RSHUDWH�LQ�D�ÀVFDOO\�FRQVWUDLQHG�
environment where the importance of winter 
maintenance data has increased. Through this effort, 
the Clear Roads Team has determined that the reporting 
of data is a critical aspect for the determination of 
WUXH�ZLQWHU�PDLQWHQDQFH�FRVWV��6SHFLÀFDOO\��WKH�7HDP�
LGHQWLÀHG�WKH�GDWD�QHHGHG�WR�HYDOXDWH�KRZ�FKDQJHV�
in budgets can impact the level of service DOTs can 
provide.

Through this study, the Team discovered that winter 
maintenance data collection and presentation should be 
standardized. Currently, the practices employed to report 
data varies by state and makes analysis and comparison 
RI�ZLQWHU�PDLQWHQDQFH�FRVW�SHUIRUPDQFH�GLIÀFXOW��7KH�
tool, as described above, provides a framework for 
standardized data collection and presentation.

To make comparisons between states and to determine 
how budgets affect the LOS an agency can provide, 
VWDWHV�ZLOO�KDYH�WR�FROOHFW�DGGLWLRQDO�GDWD��6SHFLÀFDOO\��
data regarding the number of lane-miles of work 
accomplished by LOS (or pass miles) will need to 
be reported. The True Cost of Winter Maintenance 
Estimating & Data Entry Tool has been designed to 
capture the data needed to conduct a rigorous analysis 
using regression modeling. This will enable the Team to 
discover the cost per LOS pass lane-miles and give the 
Team the necessary parameters to evaluate the true cost 
of winter maintenance per LOS lane-mile.

To compare event costs directly, common units for cost 
are needed. One of the most effective ways to compare 
costs is through cost per pass lane-mile (or lane-miles of 

work performed during a storm event). By determining 
the cost per pass lane-mile by LOS for many states, best 
practices and policy decisions can be better analyzed.

ϱ�E�øã�^ã�ÖÝ
Due to the limited data, the True Cost Tool is only the 
ÀUVW�VWHS�LQ�DFFRPSOLVKLQJ�DOO�RI�WKH�REMHFWLYHV�WKH�&OHDU�
Roads Team has developed. Over the course of this 
UHVHDUFK�SURMHFW��WKH�7HDP�KDV�LGHQWLÀHG�D�VHULHV�RI�VWHSV�
UHTXLUHG�WR�DFKLHYH�WKH�ÀQDO�REMHFWLYHV��7KHVH�VWHSV�
include:

 1. Develop Estimation Tool (DONE)
 2. Develop Data Collection Tool (DONE)
 3. Develop Data Collection Methodology
 4. Develop Web-Based Tool
 5. Perform Data Collection by States
 6. Consolidate Data and Do Statistical Analysis
 7. Compare Aggregated Data
 8. Draw Conclusions and Present Results

7KH�ÀUVW�WZR�VWHSV�KDYH�EHHQ�FRPSOHWHG�DV�SDUW�RI�WKLV�
study. The remaining steps are discussed below.

ϱ͘ϭ���ã���Ê½½��ã®ÊÄ�D�ã«Ê�Ê½Ê¦ù
While some states collect the total number of pass 
lane-miles, they do not include the LOS in the data. The 
current methodologies employed by states to collect 
the number of pass lane-miles accomplished should be 
studied. After the current systems of data collection are 
understood, a methodology to capture pass lane-miles 
by LOS data can be developed and shared with all Clear 
Roads Team members. This uniform methodology 
will need to be developed so that agencies can easily 
track and record the number of pass lane-miles by LOS 
for future analysis. Further, this methodology should 
be applied to other types of data collection in which 
integrity may be an issue.  For example, if everyone 
measures precipitation in a different way, the data will 
not be reliable for comparison.

ϱ͘Ϯ�t��Ͳ��Ý���dÊÊ½
The (xcel format of the True Cost Tool as developed, 
LV�D�VHOI�FRQWDLQHG�ÀOH�DQG�GRHV�QRW�IDFLOLWDWH�VKDULQJ�
data which can lead to version control problems. It will 
be necessary to develop a more accessible and robust 
platform for the tool and database to operate on if the 
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True Cost Tool is to be used by multiple users within an 
agency. A web tool will also provide more functionality 
and a friendlier user interface. 

The web-based tool should also integrate a data import 
feature so that historical data states have already collected 
FDQ�EH�XVHG��+RZHYHU��LI�QRW�DOO�GDWD�ÀHOGV�DUH�DYDLODEOH��
WKH�EHQHÀWV�RI�LPSRUWLQJ�KLVWRULF�GDWD�PD\�EH�OLPLWHG��

ϱ͘ϯ���ã���Ê½½��ã®ÊÄ��ù�^ã�ã�Ý
After a web-based tool is developed and made available, 
states could use the tool to collect data throughout 
the following winter season. It will be critical to have 
multiple states with varying contract methods record 
DOO�GDWD�WKDW�WKH�WRRO�UHTXHVWV��$�FRPSUHKHQVLYH�GDWDVHW�
will produce better and more relevant results once 
consolidated and analyzed.

ϱ͘ϰ���ã���ÊÄÝÊ½®��ã®ÊÄ��Ä��
^ã�ã®Ýã®��½��Ä�½ùÝ®Ý
After a season of data has been collected, the datasets 
from multiple states can be consolidated and analyzed. 
A high-level statistical analysis can be conducted to 
identify the cost per lane-mile of each LOS category 
LQ�HDFK�VWDWH��7KLV�ZLOO�UHTXLUH�DQ�DQDO\VLV�RI�/26�
GHÀQLWLRQV��ZRUN�SODQV��DQG�RWKHU�IDFWRUV�WR�QRUPDOL]H�
the data. 

ϱ͘ϱ��ÊÃÖ�Ù®ÝÊÄ�Ê¥��¦¦Ù�¦�ã�����ã�
The aggregated data and results from a regression 

and relevant statistical analyses will allow for a direct 
comparison of data across crews, maintenance areas, 
states, contract types, and time periods. This analysis 
FRXOG�DQVZHU�TXHVWLRQV�UHJDUGLQJ�KRZ�ODERU�SULFHV�
YDU\�EHWZHHQ�VWDWHV��KRZ�GLIIHUHQFHV�LQ�HTXLSPHQW�
impact total cost, and how private contractors and 
state crews compare. Additionally, further study could 
provide benchmark data for comparing a DOT’s costs. 
By studying the differences between states, the Team 
will be able to identify opportunities for cost savings 
or increased productivity without negatively impacting 
the level of service. Such an analysis will yield a list of 
best practices that can be shared will all of the states in 
HIIRUWV�WR�UHGXFH�FRVWV�DQG�LQFUHDVH�HIÀFLHQF\�

ϱ͘ϲ��ÊÄ�½çÝ®ÊÄÝ��Ä��WÙ�Ý�Äã�ã®ÊÄ�Ê¥�
Z�Ýç½ãÝ
7KH�ÀQGLQJV�IURP�WKH�FRQVROLGDWLRQ�RI�GDWD��VWDWLVWLFDO�
analyses, and comparison of data across maintenance 
areas, states, contract types, and time periods are 
expected to provide a wealth of information. The team 
will draw conclusions from the comparisons when 
possible, identify best practices, and identify trends that 
maintenance managers may use to improve operational 
HIÀFLHQFLHV�RU�UHGXFH�FRVWV��)XUWKHU��WKH�7UXH�&RVW�7RRO�
should continue to be used so that this analysis can be 
performed again in the future as more data becomes 
available. By integrating the True Cost tool into DOTs’ 
winter maintenance practices, states will be able to 
monitor their costs as they continue to collect data and 
more accurately estimate future storm costs.
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�ÖÖ�Ä�®ø���hÝ�Ù�D�Äç�½
7KH�REMHFWLYH�RI�WKLV�WRRO�LV�WR�SURYLGH�DJHQFLHV�ZLWK�WKH�DELOLW\�WR�TXLFNO\�DQG�HDVLO\�HVWLPDWH�WKH�FRVW�RI�
maintenance related to a winter storm and communicate costs to policy makers. There are four components to the 
True Cost of Winter Maintenance Estimate & Data Entry Tool: Estimate Mode, Data Entry Mode, Storm Comparison 
Tool, and Period Comparison Tool.

'ĞŶĞƌĂů�/ŶĨŽƌŵĂƟŽŶ
The excel too works best on Excel versions 2010 and 
newer, but may be used on earlier versions.  Macros 
must also be enabled for the buttons within the tool to 
work properly.  If macros are turned off, you will get a 
warning with instructions to enable them.

�ƐƟŵĂƚĞ�DŽĚĞ
The Estimate Mode is used to estimate a storm’s 
maintenance cost with imperfect data, perform what-if 
analyzes, and explore cost drivers. To perform such an 
analysis, data can be entered on the six sheets within 
this mode and data can be saved after an estimate has 
been created. The six sheets are as follows:

1. Assumptions – Enter data related to the amount of 
work, when and where the work is performed and 
storm characteristics.

2. Materials – Enter data related to material costs
��� (TXLSPHQW�²�(QWHU�GDWD�UHODWHG�WR�HTXLSPHQW�FRVWV
4. Labor – Enter data related to labor costs
D�� 7KHUH�LV�D�ÀHOG�DW�WKH�ERWWRP�RI�WKH�VKHHW�WKDW�

allows users to customize the burdened rate to 
WKHLU�DJHQF\·V�GHÀQLWLRQ�

5. Total Cost summary – Contains a summary of all 
of the costs for the one storm event

D�� 7KHUH�LV�D�ÀHOG�DW�WKH�ERWWRP�RI�WKH�VKHHW�WKDW�
allows users to save notes about the storm event.

6. Table of Contents – Enables easy navigation

�ĂƚĂ��ŶƚƌǇ�DŽĚĞ
The Data Entry Mode is used to record actual storm 
data after a storm has occurred and all costs have been 
realized. This mode is nearly identical to the Estimate 
Mode (i.e. it has the same input and output sheets), 

except that all data saved in this mode populates 
a database that will be used in a future analysis. 
Therefore, it is critical that only actual storm data is 
entered in this mode.

Storm Comparison Tool
The Storm Comparison Tool gives the user the ability 
to easily compare saved storm events. This feature is 
useful for analyzing similar storm events, comparing 
what-if scenarios, and comparing estimates to actual 
storm events. In this portion of the tool, storm events can 
be pulled from either the Estimate or Data Entry Mode by 
using the drop down menus at the top of the sheet. Up to 
four storms can be compared at the same time. 

WĞƌŝŽĚ��ŽŵƉĂƌŝƐŽŶ�dŽŽů
The Period Comparison Tool gives the user the ability 
to easily compare summary storm data over user 
GHÀQHG�WLPH�SHULRGV��7KLV�SRUWLRQ�RI�WKH�WRRO�LV�XVHIXO�
for summarizing historic data, detecting trends, and 
presenting summary statistics at a policy level. Within 
this feature only data from the Data Entry Mode may be 
accessed; however, the data can be divided many ways 
to isolate variables of interest. The user can select by 
\HDU�DQG�PRQWK��RU�¶DOO·�PRQWKV��DQG�W\SH�RI�FRQWUDFW��
Up to four periods can be compared at the same time.

Data Integrity
It is critical that consistent and accurate data be used to 
populate the Data Entry Mode of the tool.  Consistent 
methods in collection of data such as precipitation 
amounts and temperatures will make comparisons 
across regions and states possible.  It is also important 
WR�XVH�WKH�/26�FDWHJRULHV�DV�GHÀQHG�LQ�WKH�*ORVVDU\�RI�
Appendix C.  
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�ÖÖ�Ä�®ø���^�Ù��ÄÝ«ÊãÝ�Ê¥�dÙç���ÊÝã�dÊÊ½

Screenshot 1

Screenshot 2 
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True�Cost�of�Winter�Maintenance�Estimation�Tool
WƌĞůŝŵŝŶĂƌǇ��ƌĂĨƚ

1/29/2014

Instructions

[WriteͲIn]

Grey�Text

Estimation�Mode�(Estimate)

Assumptions�(Estimate)

Estimate�Number 454545 Storm�estimate�number
Private�Contractor If�using�a�Private�Contractor�check�the�box
[Subarea�1�WriteͲIn] 6 District�identification�number
[Subarea�2�WriteͲIn] 797 Crew�identification�number
Urban/Rural Urban Primary�maintenance�area�type
Date�of�Storm 2/17/2013 Date�the�storm�began�(mm/dd/yyyy)
Area�Lane�Miles 1500 Number�of�lane�miles�crew�maintains
Serviced�Lane�Miles 3000 Lane�miles�receiving�precipitation
���Pass�Lane�Miles�LOS�A 1750 LOS�A:�Bare/wet�pavement�maintained�at�all�times
���Pass�Lane�Miles�LOS�B 1500 LOS�B:�Bare/wet�pavement�is�prevailing�condition

Yellow�cells�are�input�cells
White�cells�with�"[WriteͲIn]"�can�be�modified

Grey�text�is�not�being�used�for�calculations
Grey�cells�are�not�active�with�specified�set�of�constraints

This�mode�can�be�used�for�estimation�purposes.�Data�can�also�be�saved�in�this�mode�
and�compared�to�other�storm�events.

Serviced�Lane�Miles�(10�LM)

Pass�Lane�Miles�(20�LM)

5�Miles

Winter�Event
Area

Area�Lane�Miles�(35�LM)

Maintenance�Area

���Pass�Lane�Miles�LOS�B 1500 LOS�B:�Bare/wet�pavement�is�prevailing�condition
���Pass�Lane�Miles�LOS�C 500 LOS�C:�Accumulations�<�2�in,�no�packed�or�bonded�snow�
���Pass�Lane�Miles�LOS�D 500 LOS�D:�Packed�and�bonded�snow,�wheel�tracks�upto�1.5�in
���Pass�Lane�Miles�LOS�E 0 LOS�E:�Completely�covered�w/packed�snow,�been�treated
Total�Pass�Lane�Miles 4250 Number�of�lane�miles�driven�by�equipment

Storm�Characteristics��(Estimate)����������������������������������������Not�Used�in�Calculations
Storm�Duration�(hours) 14 Hours�of�precipitation
Precipitation�(inches) 5.0 Number�of�inches�of�precipitation�(liquid�equivalents)
Storm�Type Dry�Snow Type�of�precipitation�(most�prevelant�storm�type)

Materials Use Unit
YƵĂŶƟƚǇ 
Needed

Unit Cost 
Range

Unit Cost 
Write-in

 Cost ďǇ �ĂƚĞŐŽƌǇ

;�ƐƟŵĂƚĞͿ
Sand CY 74                    $14- 00.011,161$ $              
Salt Ton 96                    $70- 00.002,708$ $              
Salt Brine Gallon
Chemical/Brine Gallon
Chemical Gallon
[Write-in]
[Write-in]
[Write-in]
[Write-in]
[Write-in]
[Write-in]
[Write-in]
[Write-in]

Material Cost 8,310.00$             

Screenshot 3 

Screenshot 4
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Screenshot 5 

Screenshot 6 

True�Cost�of�Winter�Maintenance�Estimation�Tool
WƌĞůŝŵŝŶĂƌǇ��ƌĂĨƚ

1/29/2014

Equipment Use
No.�
of�

Units

Days�
per�
Unit

Daily�Rate Daily�Costs
Total�
Hours

Hourly�
Rate

Hourly�Cost
Miles�

Covered
Rate�per�
Mile

Distance�
Cost

�Cost�by�
Category

(Estimate)
22Ͳ35000�GVW�Patrol�Truck 4 2.0�� 100.00$� 800.00$���� 30.0� 24.28$� 728.40$���� 6,000.0 10.00$� 60,000.00$� 61,528.40$�
1/2�Ton�Pickup 5 3.0�� 31.50$��� 472.50$���� 48.0� 0.38$��� 18.24$������ Ͳ$������������� 490.74$�������
4x4�Backhoe 3 2.0�� 57.30$��� 343.80$���� 25.0� 22.66$� 566.50$���� Ͳ$������������� 910.30$�������
54000�GVW�TAT�W/800 4 3.0�� 74.39$��� 892.68$���� 15.0� 27.07$� 406.05$���� Ͳ$������������� 1,298.73$���
10/11GVW�&�Dump�Rack 1 2.0�� 33.19$��� 15.0� 0.49$���
Grader 2 3.0�� 59.99$��� 359.94$���� 15.0� 38.60$� 579.00$���� Ͳ$������������� 938.94$�������
2��YD�4x4�Loader 2 2.0�� 57.30$��� 3.0���� 22.66$� 600.0 12.00$�
3�Yd�Loader�Ͳ�SkidͲSteer 32.68$��� 17.14$�
Heavy�Duty�Truck�Ͳ�>54k�GVW 89.97$��� 23.92$�
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin] 22.0� 25.00$�
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]

Equipment�Cost 65,167.11$�
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Screenshot 7

Screenshot 8True�Cost�of�Winter�Maintenance�Estimation�Tool
WƌĞůŝŵŝŶĂƌǇ��ƌĂĨƚ

1/29/2014

Instructions

[WriteͲIn]

Grey�Text

Record�Data�Mode�(Record)

Assumptions�(Data�Entry)
Storm�ID�Number 84652 Unique�storm�identification�number
Private�Contractor If�using�a�Private�Contractor�check�the�box
[Subarea�1�WriteͲIn] 6 District�identification�number
[Subarea�2�WriteͲIn] 2245 Crew�identification�number
Urban/Rural Rural Primary�maintenance�area�type
Date�of�Storm 11/12/2012 Date�the�storm�began�(mm/dd/yyyy)
Area�Lane�Miles 3000 Number�of�lane�miles�crew�maintains
Serviced�Lane�Miles 2000 Lane�miles�receiving�precipitation
���Pass�Lane�Miles�LOS�A 1750 LOS�A:�Bare/wet�pavement�maintained�at�all�times

Yellow�cells�are�input�cells
White�cells�with�"[WriteͲIn]"�can�be�modified
Grey�cells�are�not�active�with�specified�set�of�constraints
Grey�text�is�not�being�used�for�calculations
This�mode�should�only�be�used�to�save�data�into�the�storm�database.�Therefore,�the�
storm�and�all�of�its�costs�should�have�already�been�realized.�

Serviced�Lane�Miles�(10�LM)

Pass�Lane�Miles�(20�LM)

5�Miles

Winter�Event
Area

Area�Lane�Miles�(35�LM)

Maintenance�Area

���Pass�Lane�Miles�LOS�A 1750 LOS�A:�Bare/wet�pavement�maintained�at�all�times
���Pass�Lane�Miles�LOS�B 750 LOS�B:�Bare/wet�pavement�is�prevailing�condition
���Pass�Lane�Miles�LOS�C 250 LOS�C:�Accumulations�<�2�in,�no�packed�or�bonded�snow�
���Pass�Lane�Miles�LOS�D 0 LOS�D:�Packed�and�bonded�snow,�wheel�tracks�upto�1.5�in
���Pass�Lane�Miles�LOS�E 0 LOS�E:�Completely�covered�w/packed�snow,�been�treated
Total�Lane�Miles�Accomplished 2750 Number�of�lane�miles�driven�by�equipment

Storm�Characteristics�(Data�Entry)���������������������������������������Not�Used�in�Calculations�
Storm�Duration�(hours) 12 Hours�of�precipitation
Precipitation�(inches) 4.0 Number�of�inches�of�precipitation�(liquid�equivalents)
Storm�Type Wet�Snow Type�of�precipitation�(most�prevelant�storm�type)
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Screenshot 9

Screenshot 10

Materials Use Unit
YƵĂŶƟƚǇ 
Needed

Unit Cost 
Range

Unit Cost 
Write-in

 Cost ďǇ �ĂƚĞŐŽƌǇ

(Data �ŶƚƌǇͿ
Sand CY
Salt 105                  68.00$       7,140.00$              
Salt Brine Gallon 80                    0.36$         28.80$                    
Chemical/Brine Gallon 2,795               0.65$         1,816.75$              
Chemical Gallon
[Write-in]
[Write-in]
[Write-in]
[Write-in]
[Write-in]
[Write-in]
[Write-in]
[Write-in]

Material Cost 8,985.55$              

True�Cost�of�Winter�Maintenance�Estimation�Tool
WƌĞůŝŵŝŶĂƌǇ��ƌĂĨƚ

1/29/2014

Equipment Use
No.�
of�

Units

Days�
per�
Unit

Daily�Rate Daily�Costs
Total�
Hours

Hourly�
Rate

Hourly�Cost
Miles�

Covered
Rate�per�
Mile

Hourly�Cost
�Cost�by�
Category

(Data�Entry)
22Ͳ35000�GVW�Patrol�Truck 50 2.0�� 57.01$��� 5,701.00$� 100.0 24.28$� 2,428.00$� 1,000��� 24.28$� 24,280.00$� 32,409.00$�
1/2�Ton�Pickup 8 2.0�� 31.50$��� 504.00$���� 12.0�� 0.38$��� 4.56$��������� 8����������� 0.38$���� 3.04$����������� 511.60$�������
4x4�Backhoe 2 2.0�� 57.30$��� 229.20$���� 12.0�� 22.66$� 271.92$���� 6����������� 22.66$� 135.96$������� 637.08$�������
54000�GVW�TAT�W/800 2 2.0�� 74.39$��� 297.56$���� 15.0�� 27.07$� 406.05$���� 27.07$� Ͳ$������������� 703.61$�������
10/11GVW�&�Dump�Rack 2 2.0�� 33.19$��� 132.76$���� 15.0�� 0.49$��� 7.35$��������� 6����������� 0.49$���� 2.94$����������� 143.05$�������
Grader 59.99$��� 38.60$� 38.60$�
2��YD�4x4�Loader 57.30$��� 22.66$� 22.66$�
3�Yd�Loader�Ͳ�SkidͲSteer 32.68$��� 17.14$� 17.14$�
Heavy�Duty�Truck�Ͳ�>54k�GVW 89.97$��� 23.92$� 23.92$�
[WriteͲin] 100.00$� 12.00$� 12.00$�
[WriteͲin] 50.00$��� 36.0�� 20.00$� 20.00$�
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]
[WriteͲin]

Equipment�Cost 34,404.34$�
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Screenshot 12

Screenshot 11
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Screenshot 14

Screenshot 13

Storm Comparison Printed 23 Oct 2013

Storm Name / EsƟmate Name
Storm ID Number / EsƟmate Number 338574219632
Private Contractor EURTEURTEURTEURT
District 233144rebmuN
Crew 111041170311rebmuN
Date of Storm 2/3/2011 2/1/2011 2/6/2014 3/6/2013
Storm DuraƟon (hours) 558162
PrecipitaƟon (inches) 6666
Storm yrDepyT  Snow Wet Snow Wet Snow Wet Snow

True Cost of Winter Maintenance Estimation Tool

$25,000 

$30,000 
Cost by Storm

23691-D4-C11307

Estimate Data Entry Data Entry Data Entry

24758-D4-C11401 3-D13-C1 3-D32-C123691-D4-C11307

Crew Maintenance Area Lane 000,2seliM                                            1,200                                          1,000                                         1,000                                         
   Cost per Maintenance Area Lane 61.11eliM $                                        20.41$                                       14.51$                                       14.01$                                       
Lane Miles 000,1decivreS                                            600                                             400                                            900                                            
   Cost per Lane Mile 23.22decivreS $                                        40.81$                                       36.28$                                       15.56$                                       
Pass Lane 000,2seliM                                            2,250                                          1,300                                         1,200                                         
   Pass Lane Miles LOS 009A                                               1,200                                          1,000                                         700                                            
   Pass Lane Miles LOS 004B                                               800                                             200                                            400                                            
   Pass Lane Miles LOS 006C                                               250                                             100                                            100                                            
   Pass Lane Miles LOS D - -                                               -                                              -                                                                                          
   Pass Lane Miles LOS 001E -                                              -                                              -                                                                                          
 Cost per Pass Lane 61.11eliM $                                        10.88$                                       11.16$                                       11.67$                                       

Material 00.013,8tsoC $                                   8,985.55$                                   6,120.00$                                  6,120.00$                                  
Equipment Cost 6 071 72$ 6 397 17$ 2 217 96$ 1 713 36$

$-

$5,000 

$10,000 

$15,000 

$20,000 

$25,000 

$30,000 

Material Cost Equipment Cost Labor Cost Total Cost

23691-D4-C11307 24758-D4-C11401 3-D13-C1 3-D32-C1 

Cost by Storm

23691-D4-C11307

Estimate Data Entry Data Entry Data Entry

24758-D4-C11401 3-D13-C1 3-D32-C123691-D4-C11307

Equipment Cost 6,071.72$                                   6,397.17$                                   2,217.96$                                  1,713.36$                                  
Labor 08.639,7tsoC $                                   9,103.76$                                   6,173.52$                                  6,173.52$                                  
Total 25.813,22tsoC $                                24,486.48$                                14,511.48$                               14,006.88$                               

23691-D4-C11307 Notes
23691-D4-C11307 
24758-D4-C11401 
3-D13-C1 
3 D32 C1

24758-D4-C11401 Notes

3-D13-C1 Notes

Many trees in the road

Large Urban Storm

$-

$5,000 

$10,000 

$15,000 

$20,000 

$25,000 

$30,000 

Material Cost Equipment Cost Labor Cost Total Cost

23691-D4-C11307 24758-D4-C11401 3-D13-C1 3-D32-C1 

Cost by Storm

$5 

$10 

$15 

$20 

$25 

Cost per Crew Maintenance Area Lane Mile

23691-D4-C11307

Estimate Data Entry Data Entry Data Entry

24758-D4-C11401 3-D13-C1 3-D32-C123691-D4-C11307

3-D13-C1 Notes

3-D32-C1 Notes

Rained during clean up

Many frozen areas

$-

$5,000 

$10,000 

$15,000 

$20,000 

$25,000 

$30,000 

Material Cost Equipment Cost Labor Cost Total Cost

23691-D4-C11307 24758-D4-C11401 3-D13-C1 3-D32-C1 

Cost by Storm

$-

$5 

$10 

$15 

$20 

$25 

Cost per Crew Maintenance Area Lane Mile

23691-D4-C11307

Estimate Data Entry Data Entry Data Entry

24758-D4-C11401 3-D13-C1 3-D32-C123691-D4-C11307
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�ÖÖ�Ä�®ø���'½ÊÝÝ�Ùù�Ê¥�dÙç���ÊÝã�dÊÊ½�d�ÙÃÝ
�ƐƐƵŵƉƟŽŶƐ�dĂď͗
�ƐƟŵĂƚĞ�EƵŵďĞƌ͗�

The number agencies use to distinguish storm 
HYHQWV��7KLV�ÀHOG�PD\�EH�DOSKDQXPHULF�LI�
necessary.

WƌŝǀĂƚĞ��ŽŶƚƌĂĐƚŽƌ͗�
$�SULYDWH�FRQWUDFWRU�LV�D�FUHZ�RU�HTXLSPHQW�
supplier/operator whom is not owned or operated 
by the state or local government. Typically a 
private contractor will still have access to the 
state’s infrastructure of maintenance yards and 
staging areas, but not always. 

[Subarea - Write In]: 
Many agencies divide their maintenance area into 
VHFWLRQV�DQG�VXEVHFWLRQV��7KLV�ÀHOG�FDQ�EH�XVHG�WR�
identify one of these sections or subsections. The 
ÀHOG·V�WLWOH�LV�DEOH�WR�EH�PRGLÀHG�WR�´'LVWULFW�µ�
“Region,” “Crew ID,” or any other descriptor.

hƌďĂŶͬZƵƌĂů͗�
7KLV�ÀHOG�LV�XVHG�WR�GLVWLQJXLVK�ZKHWKHU�WKH�
pass lane miles accomplished were urban or 
UXUDO��8UEDQ�LV�W\SLFDOO\�GHÀQHG�DV�KDYLQJ�FXUE�
DQG�JXWWHU��KLJKHU�WUDIÀF��DQG�SUHVHQWV�PRUH�
challenges in clearing snow. Rural is typically 
GHÀQHG�DV�KDYLQJ�RSHQ�VHFWLRQV��ZLGHU�VKRXOGHUV�
or clear zones for snow accumulation, and lower 
WUDIÀF�

Date of Storm: 
The date the storm event began.

�ƌĞĂ�>ĂŶĞ�DŝůĞƐ͗
The Area Lane Miles is the total number of lane 
miles in the subarea described above. 

^ĞƌǀŝĐĞĚ�>ĂŶĞ�DŝůĞƐ͗�
The Serviced Lane Miles are the total number of 
lane miles that were affected by the storm event. 
As an example, if the Crew Area Lane Miles total 
100, but only 10 lane miles received snow, the 
Crew Serviced Lane Miles is 10. 

Level of Service: The level of service (LOS) used on the 
DVVXPSWLRQV�WDE�VKRXOG�FRQIRUP�ZLWK�WKH�VWDQGDUG�GHÀ�QLWLRQV�
established in NCHRP 526. This is necessary to ensure costs and 
/26�FDQ�XOWLPDWHO\�EH�FRPSDUHG�DFURVV�VWDWH�OLQHV��7KH�GHÀ�QLWLRQV�
are as follows: 

LOS A

All snow and ice are prevented from bonding and 
accumulating on the road surface. Bare/wet pavement 
VXUIDFH�LV�PDLQWDLQHG�DW�DOO�WLPHV��7UDIÀ�F�GRHV�QRW�
experience weather-related delays other than those 
associated with wet pavement surfaces, reduced visi-
bility, incidents, and “normal” congestion.

LOS B

Bare/wet pavement surface is the general condi-
tion. There are occasional areas having snow or ice 
accumulations resulting from drifting, sheltering, cold 
spots, frozen melt-water, etc. Prudent speed reduction 
and general minor delays are associated with travers-
ing those areas.

LOS C

Accumulations of loose snow or slush ranging up to 
(2 in.) are found on the pavement surface. Packed and 
bonded snow and ice are not present. There are some 
moderate delays due to a general speed reduction. 
However, the roads are passable at all times.

LOS D

The pavement surface has continuous stretches of 
packed snow with or without loose snow on top of 
the packed snow or ice. Wheel tracks may range 
from bare/wet to having up to (1.5 in.) of slush or 
unpacked snow. On multilane highways, only one 
lane will exhibit these pavement surface conditions. 
The use of snow tires is recommended to the public. 
There is a reduction in traveling speed and moderate 
delays due to reduced capacity. However, the roads 
are passable.

LOS E

The pavement surface is completely covered with 
packed snow and ice that has been treated with 
abrasives or abrasive/chemical mixtures. There may 
be loose snow of up to (2 in.) on top of the packed 
surface. The use of snow tires is required. Chains and/
or four-wheel drive may also be required. Traveling 
VSHHG�LV�VLJQLÀ�FDQWO\�UHGXFHG�DQG�WKHUH�DUH�JHQHUDO�
moderate delays with some incidental severe delays.

LOS F

7KH�SDYHPHQW�VXUIDFH�LV�FRYHUHG�ZLWK�D�VLJQLÀ�FDQW�
buildup of packed snow and ice that has not been 
treated with abrasives or abrasives/chemical mixtures. 
There may be (2 in.) of loose or wind-transported 
snow on top of the packed surface due to high snow-
fall rate and/or wind. There may be deep ruts in the 
packed snow and ice that may have been treated with 
chemicals, abrasives, or abrasives/chemical mixtures. 
The use of snow tires is the minimum requirement.
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WĂƐƐ�>ĂŶĞ�DŝůĞƐ��ĐĐŽŵƉůŝƐŚĞĚ͗�
The Pass Lane Miles Accomplished is the number 
of lane miles of work performed. Furthering the 
example above, if 10 lane miles received snow, 
and the crew plowed those 10 lane miles 2 times, 
the Total Lane Miles Accomplished would be 20 
(10x2=20). Lane Miles Accomplished should be 
recorded by LOS category when possible. If 8 of 
the 10 Serviced Lane Miles were LOS A and 2 
were LOS B, the Lane Miles Accomplished LOS 
A would be 18 and Lane Miles Accomplished 
LOS B would be 4.

Maintenance Area:

^ƚŽƌŵ��ƵƌĂƟŽŶ͗�
This is the number of hours of precipitation 
during a storm event. If it snowed for 2 hours and 
rained for 30 minutes, the Storm Duration would 
be 2.5 hours. This is NOT the length of time 
UHTXLUHG�WR�DFKLHYH�EDUH�DQG�ZHW�SDYHPHQW�

WƌĞĐŝƉŝƚĂƟŽŶ͗�
Precipitation is the amount of precipitation 
received by the Serviced Lane Miles. This amount 
recorded should be in units to match Storm 
Type. If there was a mix of precipitation, the 
predominant state should be recorded. 

Storm Type: 
Storm Type can be selected from the dropdown 
list. The predominant storm type should be 
indicated.

Materials Tab:
Materials: 

Materials are the products or raw substances used 
over the course of winter maintenance. These 

may include sand, salt, brine, chemicals, etc. Each 
DJHQF\�VKRXOG�GHÀQH�WKHLU�RZQ�PDWHULDO�OLVW�DQG�
use it consistently across all areas and subareas. It 
is critical that while one subarea refers to a “Salt 
& Sand Mix 50/50”, that another not refer to it as 
“Salt/Sane #4”. Units should also be consistent.

hŶŝƚ��ŽƐƚ�ZĂŶŐĞ͗�
The Unit Cost Range box can be checked if the 
user does not have an exact unit cost and wants to 
use a range instead. This will cause inconsistency 
in the data. Units should also be consistent.

Equipment Tab:
Equipment: 

(TXLSPHQW�LV�WKH�LWHPV�XVHG�IRU�ZLQWHU�
PDLQWHQDQFH�WKDW�UHTXLUHG�D�FDSLWDO�LQYHVWPHQW��
This includes trucks, plows, blades, etc. Each 
DJHQF\�VKRXOG�GHÀQH�WKHLU�RZQ�HTXLSPHQW�OLVW�DQG�
use it consistently across all areas and subareas. It 
is critical that while one subarea refers to a “1/2 
Ton Pickup”, that another not refer to it as “0.5 
Ton Pickup”. This will cause inconsistency in the 
data. Units should also be consistent.

Daily Rate: 
6RPH�DJHQFLHV�FKDUJH�HTXLSPHQW�EDFN�WR�VWRUP�
events on an hourly or daily basis, while others 
do both. If the Daily Rate box is checked, the user 
can enter a daily rate which will be used in the 
calculation. 

Hourly Rate: 
6RPH�DJHQFLHV�FKDUJH�HTXLSPHQW�EDFN�WR�VWRUP�
events on an hourly or daily basis, while others do 
both. If the Hourly Rate box is checked, the user 
can enter an hourly rate which will be used in the 
calculation. 

Milage Rate: 
6RPH�DJHQFLHV�FKDUJH�HTXLSPHQW�EDFN�WR�VWRUP�
events by mileage. If the Mileage Rate box is 
checked, the user can enter miles used and the 
rate which will be used in the calculation. 

Serviced Lane Miles (10 LM)

Pass Lane Miles (20 LM)

5 Miles

Winter Event
Area

Area Lane Miles (35 LM)
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>ĂďŽƌ�dĂď͗
>ĂďŽƌ͗��

The Labor tab will capture the expenses due to 
person labor hours. The data entered on this tab 
should only include labor relevant/billed to the 
storm event described on the assumptions tab.

,ŽƵƌůǇ�ZĂƚĞ�΀>ĂďŽƌ΁͗�
This is the hourly rate applied to a labor category. 
The Hourly Rate should be the fully burdened 
cost of that labor category and include all 
RYHUKHDG��EHQHÀWV��HWF��(DFK�DJHQF\�PD\�GHÀQH�
this differently and should record what is included 
in the labor rate in row 29.

WŽƐŝƟŽŶƐ�ŝŶ�^ƵďĂƌĞĂ͗�
The Positions in Subarea are the number of 
people in that labor category within the subarea 
described on the assumptions tab. 

^ƚĂŶĚĂƌĚ�dŝŵĞ͗�
The Standard Time section is intended to 
capture the cost of labor under normal working 
conditions. 

KǀĞƌƟŵĞ͗�
The Overtime section is intended to capture 
the cost of labor exceeding normal working 
conditions. In most agencies, overhead is lower 
in overtime categories, but base labor rates may 
be higher. This is because overtime often does not 
include the overhead expenses associated with 
regular hour rates.

Summary & Comparison Tabs:
�ŽƐƚ�ƉĞƌ�DĂŝŶƚĞŶĂŶĐĞ��ƌĞĂ�>ĂŶĞ�DŝůĞ͗�

This is the total cost of the storm event divided by 
the number of Maintenance Area Lane Miles or 
cost per lane mile in the maintenance area.

�ŽƐƚ�ƉĞƌ�>ĂŶĞ�DŝůĞ�^ĞƌǀŝĐĞĚ͗�
This is the total cost of the storm event divided by 
the number of Lane Miles Serviced.

�ŽƐƚ�ƉĞƌ�>ĂŶĞ�DŝůĞ��ĐĐŽŵƉůŝƐŚĞĚ͗�
This is the total cost of the storm event divided by 
the number of number lane miles accomplished, 
or the cost of per lane miles of work performed.

Material Cost: 
Total cost of materials from the Materials sheet.

Equipment Cost: 
7RWDO�FRVW�RI�HTXLSPHQW�IURP�WKH�(TXLSPHQW�
sheet.

>ĂďŽƌ��ŽƐƚ͗�
Total cost of labor from the Labor sheet.

Total Cost: 
Total cost for the storm event described.

Storm Comparison: 
This is a comparison of storms side-by-side. 
Storms can be selected from the data entry or 
estimated storms databases.

WĞƌŝŽĚ��ŽŵƉĂƌŝƐŽŶ͗�
This is a comparison of storm cost summaries 
by time period. Storms saved within the data 
entry database are summarized according to the 
time period and within the parameters selected. 
Available parameters include year, month, private 
contractor, and state crews.

EƵŵďĞƌ�ŽĨ�^ƚŽƌŵƐ�΀WĞƌŝŽĚ��ŽŵƉĂƌŝƐŽŶ΁͗�
This is the number of storms recorded within the 
parameters selected.
Storm Duration [Period Comparison]: 
This is the sum of storm duration for all storms 
within the parameters selected.

WƌĞĐŝƉŝƚĂƟŽŶ�΀WĞƌŝŽĚ��ŽŵƉĂƌŝƐŽŶ΁͗�
This is the sum of precipitation for all storms 
within the parameters selected. This may be a sum 
of different precipitation types without conversion.






