A Case Study of the
Maintenance Decision Support
System (MDSS) in Maine

Prepared for:

U.S. DOT ITS Joint Program Office

U.5. Department of Transportation
Research and Innovative Technology Administration

September 10, 2007



Quality Assurance Statement

The U.S. Department of Transportation provides {ggality information to serve
Government, industry, and the public in a manneat tbromotes public
understanding. Standards and policies are useehsore and maximize the
quality, objectivity, utility, and integrity of itenformation. USDOT periodically
reviews quality issues and adjusts its programs @nocesses to ensure
continuous quality improvement.

Any opinions, findings and conclusions or recomnaiwhs expressed in this
publication are those of the author(s) and do maessarily reflect the views of
the U.S. Department of Transportation.



Technical Report Documentation

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
FHWA-JPO-08-001

4. Title and Subtitle 5. Report Date

A Case Study of the Maintenance Decision Suppoite8y$MDSS) in Maine September 10, 2007

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report
Chris Cluett (Battelle) and Jeffery Jenq (Battelle)

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

Battelle Seattle Research Center

1100 Dexter Avenue North, Suite 400 11. Contract or Grant No.

Seattle, WA 98109-3598 DTFH61-02-C-00134; Task BA34023
12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
United States Department of Transportation Evaluation Report, 11/1/06 —12/31/07
ITS Joint Program Office, HOIT 14. Sponsoring Agency Code

1200 New Jersey Ave., SE HOIT

Washington, DC 20590

15. Supplementary Notes
Mr. John Augustine (COTR); Mr. Patrick Kennedy (GTOM)s. Lynette Goodwin (Noblis Task Analyst)

16. Abstract

This report presents the results of a case stualyation of a Maintenance Decision Support System $&Dproject under a program
funded by the U.S. Department of TransportatiodSDOT) Intelligent Transportation Systems (ITSnddrogram Office. The
Federal Highway Administration (FHWA) Road WeatManagement Program (RWMP) has sponsored developrargrototype
Maintenance Decision Support System (MDSS). TheréddDSS prototype software modules are availablgrieate vendors who
have utilized them to develop decision supportigpfibns tailored to the needs of state Departmeinisansportation (DOTs). An
MDSS is being offered to the Scarborough crew ofMlagne Department of Transportation (MaineDOT), by ébekogix/DTN. The
DTN system, known as WeatherSentry, includes MD$faluitities. Experience to date suggests that fsogmit benefits are possible
from the use of an MDSS, including improved prodtitti(e.g., reduced material costs, more efficiese of labor), enhanced mobility
and improved safety. The MDSS offers guidance faintenance managers and engineers that providesafis of weather and
pavement conditions and recommendations on efficieintenance treatment strategies. The MDSS iscue tool that provides an
integrated GIS platform along with significant edtional value to users. This research is beinglacted to evaluate the concept of
MDSS by assessing the uses and benefits of MDSSyaeelt on a segment of interstate in the vicinityPoftland, ME, based upon &
comparison of historical winter maintenance prastiand those practices facilitated through theotitee MDSS tools. The objectiveg
of this research are to assess institutional isasndgotential benefits of using an MDSS, and tatifiefrom MaineDOT’s experience
lessons of value to other DOTs across the courfthe evaluation team worked with MaineDOT to idgntifese benefits and lessons
from their use of the MDSS in support of winter mamance operations during the winter of 2006-200fis assessment examined t
institutional challenges faced by MaineDOT’s Scadogh crew and the strategies they employed asudey a variety of tools,
including the MDSS, to fight each of the winter stoevents they faced. Using a detailed event réngi®n approach, data were
collected for 12 winter storm events that requaiedaintenance response in order to characteriagsteof the MDSS as a maintenar|
tool, versus not using an MDSS (i.e., how mainteaaperations would have been conducted prior tongaaccess to an MDSS).
Lessons learned are derived from the reconstrucfitimese storm events that may be of use to stlade DOTs considering
implementing the MDSS technology.

igl

17. Key Words 18. Distribution Statement

Intelligent Transportation Systems, Road Weatherddament, No restrictions. This document is available tophélic.
MaineDOT, Maintenance Decision Support System (MDSS),
Weather, RWIS, Safety, Mobility

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 51 N/A

Form DOT F 1700.7Reproduction of completed page authorized.






Table of Contents

Page
IS 0 ol (0] 1)/ 0 PP v
EXECULIVE SUMIMAIY ...ttt mmmme ettt ettt e e e e e e e e eeaaaaeeeeeeeaaeeeaeeeesnsnnnnes Vil
N [ 10T ¥ X1 o] o ST UPPPPPPT 1
0 A = - Vo 2o | (o 11 ] o USSR 1

1.2 Pathways t0 BeNeTitS.......ccoiiiiiiiiee ettt e e e e e e ee e e e e e e e eeeaeaeees 2

2 Evaluation Scope and ODJECHIVES ..........coiiiieeeeeiiieeee et 5
2.1 Problem STatemMent...........uuueeiii et 5

2.2 SCOPE Of EVAIUALION .....cviiiiiiiiiii i e e e e e e e e e e e e e e e e e e et nnnneeeeesannnnnn s 5

3 MaineDOT MDSS DepPloymMENt .......ccooiiiiiiiiiit e s 7
I 0 A 110 To 18 T 1o [P P P PPPPPPPPPPPPPPPP 7

3.2 Study Route and Forecast POINES .........oooiiiiiiiiiiiiiiiiiii e eeeeeeeeee e e e 7

3.3 Forecast Information Provided by the MDSS...........ccoo e, 9

3.4 IMDSS AlBITS...ciiiiiiiiiee et mmeeea ettt e e e e e e e e e e e e e e e e e e e e e e e 9

3.5 MDSS Treatment RecOmMmEeNdatioNsS .........ccoueeviiiiiiiiiiiiiiiiiieae e eeeeeeeen 10

4 MaineDOT MaintenanCe OPEratiONS........ccuuiieiieeeeeieeieeeeeeeeitiiir e e e e e e e e e e eeeeeeeeees 12

5 Evaluation Approach and Methods .........ccooeiiiieeiiiiiiiiiccrr e 14
00 R [ 01 o To 18 [ £ o PP PUPUPUPPRRR 14

5.2 Storm Event RECONSIIUCTION .......ouuiiit ittt 14

5.3 Event Debriefing INTEIVIEWS ............cc ettt e e e e e n e e e e e e e e e e e 21

6 FINdiNngs and LeSSONS LEAINEM ........cooo oot 25
G 3 A [ o1 (oo 18 ox 1 o] o FRN TP 25

6.2 The MDSS Role in Road MaintenNanCe.......ccoooiiiiiiiiiiiiiiieiee e 25

6.2.1 BACKJIOUNG ......uueiiiiiiieee ettt e e e e e e e e e eeeeeeeeeeeeeeeeneees 25

6.2.2 Summary Of FINAINGS......uuuuiiiiiii e e e e e e 25

6.3 Summary of MDSS BENETItS ......cccoeiiiiiieeeeeee e 30

6.4 Lessons Learned for State DOTS ..ot cccmeeiiiiiiiiiiiieeeeeeeee e 32

7 Conclusions and ReCOMMENAAtIONS ........cooiiiiiiiieiieiiiiiiiiere e eeeneneeeeenee 38

Appendix A: MaineDOT Treatment Recommendations........ .o eeeeeeeeeeeeeeeeeeeiiniin



Table 1.
Table 2.
Table 3.

Table 4.
Table 5.

Table 6.
Table 7.
Table A.

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.

List of Tables

Page

MDSS Pathways t0 BEeNefitS........ccoeeeeeiiiiiciiece e 3
MATS Statistics for Example Storm EVent.............oooovviiiiiiiiiiiiiiiiiee e 15
Observed Weather Conditions, PortlangodeASOS, for

Example StOrm EVENt ... e e e e e 16
MDSS Hourly Forecast at 20:00 EST Felyraidr 2007, 5.5 Hours before

Example Event, at Portland................oo oo eeeeeeeeeeiiii e 18
MDSS Hourly Forecast at 01:00 EST Felyridy 2007, 1.5 Hours before

Example Event, at Portland................oo oo eeeeieeeeeiiin e 19
Alerts from MDSS to MaineDOT for ExamBl@ent ...............oooovvvvevviiivnnnnnnnn s v 20
MaineDOT Winter Storm EVENt RECOIM w.eiieeeeeeeeeeiiiieeeeiiiiee e 22
MaineDOT Treatment RECOMMENUATIONS . vvvvvrrieriieiiiiiiiiaeeeee e e e e e A-2

List of Figures

Forecast Points along 1-295 Study RAUBENE..............cvvvvviiiiiiiiiieeeeeeeeveeeeeee e 8
MaineDOT Maintenance REGIONS .........ocoiiiiiiiiiiiiiiiiieie e eee e e e e eeeeeees 12
Pavement TEMPErature SENSON .....cuceeeiiieiiee et rene e 13
Start Dates for 2006-2007 Winter StonmScarborough Area, Maine .....................
Radar Image of Example Storm Event @d/R7 at 4:00 PM............ooovvvvvviennnnn 17
Event Reconstruction Diagram for EXanlent ...........ccoooeeeiiiiiiiiiiiiiiivis e 20



ASOS
DOT

DTN

ESS
FHWA

GIS

ITS

JPO

LOS
MATS
MaineDOT
MDSS
NHDOT
NWS
PPLM
RWIS
SNTHERM
USDOT

List of Acronyms

Automated Surface Observing System
Department of Transportation
DTN/Meteorlogix, the MDSS vendor
Environmental Sensor Station

Federal Highway Administration
Geographic Information System
Intelligent Transportation Systems
Joint Program Office

Level of Service

Maintenance Activity Tracking System
Maine Department of Transportation
Maintenance Decision Support System

New Hampshire Department of Transportation

National Weather Service

Pounds Per Lane Mile (chemical applicatioe)rat

Road Weather Information System
SNowTHERmalModel
U.S. Department of Transportation






Executive Summary

Introduction. This report presents the results of a case stualyation of a Maintenance
Decision Support System (MDSS) project under anamogunded by the U.S. Department of
Transportation’s (USDOT) Intelligent Transportat®pstems (ITS) Joint Program Office. The
Federal Highway Administration (FHWA) Road WeatManagement Program (RWMP) has
sponsored development of a prototype Maintenanoesba Support System (MDSS). The
federal MDSS prototype software modules are aviglabprivate vendors who have utilized
them to develop decision support applications taddo the needs of state Departments of
Transportation (DOTs). An MDSS was offered to 8uvarborough crew of the Maine
Department of Transportation (MaineDOT) by MetegtkdD TN for use during the winter of
2006-2007 in the region of Portland, ME. The DTdtem, known as WeatherSentry, includes
MDSS capabilities.

Methodology. The methodology used to assess the benefitseasdris learned associated with
the use of an MDSS by the MaineDOT Scarborough angwlved a careful tracking of each of
12 winter storm events that occurred in the stedyon (a 12-mile segment of interstate in
Portland, ME) during the winter of 2006-2007, cagpWith reconstruction of the crew’s
decision processes and treatment actions througlaaht event. MaineDOT records a daily
statistical record of labor hours, materials andigment usage and costs, plus the timing and
nature of treatments applied during each stormtevEhne evaluation team tracked the observed
weather conditions recorded for each storm at trddhd Jetport Automated Surface Observing
System (ASOS) facility. Also, archived recordglod MDSS hourly forecasts and treatment
recommendations were tracked throughout the durati@ach storm event. Finally, every alert
issued by the MDSS, based on parameters selectid I8carborough crew, were tracked.

A narrative was developed describing each everdgdas a telephone debriefing with members
of the Scarborough crew and supervisor, couplel antanalysis of the available MDSS data
and observational data from other sources. Theaeafety discussion followed a structured set

of questions that were designed to elicit what lkeapgd in each event, how the Scarborough crew
responded to the event, what information was usessist the crew in deciding how to respond
to the event, and how information provided by thB$& was accessed and used in the event. In
summarizing the assessment of each reconstruceésd, ¢lie intent was to determine and
describe whether and how the MDSS was of benefitth@ magnitude of that benefit through
better timed and more efficient treatment actiams ia terms of lessons learned from the
response process that could be of value to oth&r<D@ key element in these post-event
discussions was to explore with the supervisoraead how they thought they would have
responded in the absence of the MDSS as a waydierstand the role and benefit of the MDSS.

Findings and Lessons.Compared with typical winters in Maine, the windé 2006-2007 was
milder and there were fewer severe storm everws.e&ch event, the Scarborough crew sought
to include the MDSS in their decision making in walyey thought would be helpful. This first
winter with the MDSS provided the crew with an ogpaity to experiment with their uses of

the MDSS. The experience overall was positiveyginathe available data were not adequate to
support a more quantitative assessment of costgaftiom the use of the MDSS. Nevertheless,
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MaineDOT personnel said they benefited from thist §eason with the MDSS in a number of
more qualitative ways. The following are findirfgsm this experience:

* The MDSS offers valuable training and learning oppdunities for the crew. State
DOT road maintenance supervisors and crews aréytegperienced and skilled at their
winter road maintenance jobs, but they generatlly Experience with new computer-
based support technologies and are often skeptithe benefits such technologies offer.
The Maine management and crews found this firgseaith the MDSS provided them
with a valuable training experience. DOT managess this as a needed first step
toward integrating route-specific weather and pasancondition information along with
region-wide National Weather Service (NWS) foresast a Geographic Information
System (GIS) platform. It offered the crews anapymity to experiment with the new
technology with the training and support of the M>&ndor.

* The full potential of MDSS is yet to be realized To gain the most benefit from an
MDSS requires time to understand the various “paysno benefits” by which an
MDSS, through road weather forecasts and pavemeattient recommendations, can
guide maintenance crews to more efficient and etisttive operations. The learning
and acceptance process takes time, and expectagedso be managed accordingly.
MaineDOT views the MDSS as offering an effectivarting environment to help raise
the bar for all their statewide crews.

* An MDSS offers an important new tool in a maintenane toolbox. Many of the core
capabilities of an MDSS have not previously beedilakle to DOTs. These include
pavement temperature and bridge frost forecastdyraccess to historical trends, more
precise location-specific weather forecasts, lgdalhed pavement treatment
recommendations, and helpful alerts to support mtiextive decision making. A key
benefit to MaineDOT was the availability in the MB$f an integrated platform for
weather forecast display and analysis statewideis;Tit supplemented not only their
traditional maintenance support tools, such asratieather forecasting services or crew
observations and experienced judgment, but alsecadew value and tied all this
together into a well-integrated decision suppostemy.

» MDSS forecast accuracy and consistency help buildust. An MDSS provides a tool
intended to yield high quality, timely weather foasts at a much more granular level
than is typical of current DOT practice, includirayte-specific forecasts. If it can do
this well and consistently, then it will fill a riie capability not offered by the more
traditional regional weather forecast servicese incumstances encountered in Maine
during the winter of 2006-2007 were particularhalténging because of maritime
climate effects in the Portland area and tempegatalose to freezing in most of the
storm events. The MDSS was reasonably effectifergrasting storm timing but it was
especially difficult to forecast precipitation typad amounts. An MDSS can benefit
from the availability of good observational dataraj the corridors subject to forecasts as
a way to fine tune those forecasts.

* Treatment recommendations in an MDSS need to be fsatuned to reflect unique
local treatment practices and microclimates.State DOTs need to work closely with
the MDSS vendor to develop customized treatmemmacendations that incorporate
local conditions and crew practices as well asonali and state best maintenance
practices. In the case of MaineDOT, the statewwFage treatment recommendations
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that were incorporated into the MDSS were freqyesgkn as offering inadequate
material amounts for the road conditions encoudtarehe Portland area. Since the
MDSS treatment recommendations were infrequentlpi@d, it was not possible to
evaluate their efficacy during this evaluation pdri This experience emphasizes the
importance of configuring the MDSS with a treatmeagime that is seen as appropriate
by the local crews and that they are willing to lempent consistently.

* MDSS provides a new way of looking at treatment désions. By understanding the
context and utility of previously unavailable infieation, such as road temperature trends
and bridge frost forecasts, maintenance crewsropnove their decision making on how
best to treat their roads. For example, road teatpee trends provided to MaineDOT by
the MDSS were useful as crews planned their treatisnéVNith the MDSS providing a
wealth of data, training the supervisors and tleevdn accessing and utilizing these new
features provided by an MDSS is critical.

 Communicating MDSS recommendations and forward corection are critical to
optimal MDSS performance during storm events.Crews need effective ways to
access the MDSS recommendations during a stornt.e@milarly, the MDSS needs to
be updated with the latest field reports on roatt@émns and treatments performed.
Maintenance supervisors and crews typically firehteelves consumed with the tasks of
“fighting the storm” and feel they have no timestay connected with the MDSS. Under
these conditions, they are more prone to rely eir #xperiences and judgment than to
take the time to access and follow the MDSS reconalagons.

Conclusions. The MDSS deployed by MaineDOT in the winter 0082007 offered the DOT
and the Scarborough road maintenance crew a usgftdr storm planning tool. In its current
configuration, it is primarily a weather forecastitool. The needs of state DOT’s vary widely,
and many that have not yet decided to deploy an 1@y want to move is this direction in a
more step-wise fashion without committing to a yegtlly evolved MDSS system initially.
There is benefit in offering a relatively inexperestool focused on helping maintenance
operators better forecast the timing and type e€ipitation at the beginning of a storm event.

The MDSS offered a tool that helped MaineDOT inagia variety of critical weather data into

a useful GIS platform. These capabilities alonettiee most frequently expressed needs of
DOTs that want a tool that can help them bettee tineir pre-treatment decisions and determine
the correct materials for the conditions they anmg to face at the front end of a storm. DOTs
want to know start time, precipitation type, angatied amount of precipitation, and duration. An
MDSS that could improve a DOT'’s ability to only @t would be very valuable, and may be

all that some state DOTs want or need.

The transportation community, including federal atate agencies, should continue to support
the development of several different MDSS systdmas dffer state DOTs a choice of
capabilities, functionality, and cost. This kindemvironment helps encourage innovation and
attention to meeting a range of different needsiffierent parts of the country. The MDSS
deployed by MaineDOT raised awareness througheustdite of the value and potential of a tool
that could supplement their existing weather fosgng and management tools with a set of
capabilities they didn’t have previously. Trangpbon agencies also can support training to



capitalize on this growing awareness and encouftag&urther development and wider use of
MDSS tools to help improve overall transportatiafesy, mobility, and productivity.



1 Introduction

1.1 Background

This report presents the results of a case stualyation of a Maintenance Decision Support
System (MDSS) project under a program funded byi& Department of Transportation’s
(USDOT) Intelligent Transportation Systems (ITShd&rogram Office. The Federal Highway
Administration (FHWA) Road Weather Management Paog(RWMP) has sponsored
development of a prototype Maintenance Decisiorp8uiystem (MDSS). The federal MDSS
prototype software modules are available to privatedors who have utilized them to develop
decision support applications tailored to the neddgate Departments of Transportation
(DOTs). An MDSS was offered to the Scarboroughvaséthe Maine Department of
Transportation (MaineDOT) by Meteorlogix/DTN. TB&N system, known as WeatherSentry,
includes MDSS capabilities. Experience to dateyeats that significant benefits are possible
from the use of an MDSS, including improved produtt (e.g., reduced material costs, more
efficient use of labor), enhanced mobility, and@ased safety.

The MDSS offers guidance for maintenance managetr€agineers that provide a forecasts of
weather and pavement conditions and recommendatioefficient maintenance treatment
strategies. This research is being conductedderstand the role, benefits, and potential cost
savings associated with the use of an MDSS by MMDEon a segment of interstate in the
vicinity of Portland, ME, based upon a comparisbhistorical winter maintenance practices
and those practices facilitated through the ugsa@MDSS tools.

State DOT operations and maintenance personnelrhamg different tools available to help
them maintain the safety and performance of thaigportation systems. Among the several
tools available in support of winter maintenanceMDSS offers unique capabilities in support
of operational decision making, pavement treatmemd, resource deployment. These
capabilities include enhanced corridor-specific themand pavement condition forecasts,
tailored road treatment guidelines, a GIS-basetigoia that integrates key elements previously
addressed separately, and an educational valuerthatirages new and more effective ways to
assess and respond to the effects of weather dratiheportation infrastructure.

An MDSS offers a variety of benefits discussecdhis teport that include, for example, the
potential to fine tune the timing of key decisiossch as when to mobilize, when to pre-treat,
how much anti-icing chemicals to use, and wher@sgign and apply the various resources
available to the DOT (labor, materials and equipnemhe actual benefits experienced by a
user of an MDSS will depend on many factors thastye considered in managing a storm
event, and these factors are explored in this sssag of MaineDOT's initial MDSS
deployment.

The evaluation team, under a contract with the USD@brked with MaineDOT to identify and
characterize the benefits and lessons learneddepioying an MDSS in support of winter
maintenance operations during the winter of 2008720T his assessment examined the
institutional challenges faced by MaineDOT’s Scaooigh crew and the strategies they
employed as they used a variety of tools, includirgMDSS, to fight each of the winter storm



events they faced. The assessment also deschibedsources and costs incurred by this crew
in terms of labor, equipment, and materials aceash of these events.

The evaluation sought to understand how the MaineES@arborough crew traditionally handled
these events and the role that the MDSS playedgplementing or changing their traditional
approach to decision making and operational ams/itUsing a detailed event reconstruction
approach, data were collected for a dozen wintgnsevents that required a maintenance
response, in order to characterize the uses dibD8S as a maintenance tool, versus not using
an MDSS (i.e., how maintenance operations woule Heaen conducted prior to having access
to an MDSS). Lessons learned were derived fromébenstruction of these storm events that
may be of use to other state DOTs considering impiging an MDSS technology.

1.2 Pathways to Benefits

There are many possible ways, or pathways, by wanichDSS could potentially offer benefits
to a DOT winter maintenance operation. Some magchéeved more quickly or more easily,
and some may be obvious and some may be less swddr to facilitate the identification of
benefits and lessons learned in this assessmenglbas to offer practical suggestions regarding
how MaineDOT might consider using the MDSS to theinefit, a set of possible pathways was
developed as shown in Table 1.

Table 1 illustrates pathways that link the kindsndérmation provided by an MDSS, both before
and during a storm event, with the potential fandfé outcomes that could be experienced by
any DOT winter maintenance division. As illustciia the table, an MDSS can offer benefits
by affecting the nature, timing, or effect of mafythe key decisions that the maintenance
operators, supervisors and crew must make in thesewf fighting a winter storm. The
pathways to the achievement of benefits are nodydwlear; a particular forecast from an
MDSS may be considered in conjunction with sevetiaér pieces of information from an
MDSS or other sources as well, and only taken tegawill they inform the best decision by
DOT personnel. It will not always be possible toquely associate a particular benefit with an
MDSS because the decision processes may be vepl@ornd hard to disentangle. However,
an MDSS is structured to integrate many of thermftional elements shown in Table 1 in a
way that enhances the efficiency and quality ofslec making. While many of the elements in
Table 1 may be separately available from a vaonéservice providers, the MDSS offers a
significant improvement by linking key elementsetger through an accessible user interface.

One of the main ways that DOTs have used MDSS &steds for the timing of the start of
precipitation, usually snow, to determine the optimtime for calling in their crews and when to
initiate pre-treatment of the roads. Concurrentg, forecast of precipitation type, coupled with
other factors such as forecasts of wind speed anenpent temperature trends, allow the DOT to
decide what types of materials and how much ofehmaterials to apply to the road surface.



Table 1. MDSS Pathways to Benefits

MDSS Provided
Information

Decision Paths to Benefits

Potential Benefits to a DOT

Forecast timing of start of
storm event

* Determine time to call in crews
(e.g., closer to onset of event)

« Savings in crew labor hours;
reduced overtime hours; reduced
down time

 Determine optimal time to begin
pre-treatment

* Reduce amount of materials
needed for pre-treatment or
subsequent treatment(s)

Forecast timing of end of
storm event

» Determine time of final treatment
and plowing.

» Determine time to send crew
home.

* Savings in crew labor hours

« Savings in type (less costly) and
amount of materials used.

* Shorter periods of reduced
mobility and impaired safety levels.

Forecast precipitation type
(use with wind speed to
forecast blowing snow and
low visibility potential).

* Select material type and truck
loading time.

 Determine if pre-treatment is
needed

Forecast precipitation amount
(use with precipitation type to
forecast potential for drifting
show or flooding)

* Select material type(s) and
application rate.

 Determine if pre-treatment is
needed.

« Savings in amount of materials
used.

« Avoid using more costly or
inappropriate materials.
 Improved crew and traveler
safety.

* Provide appropriate traveler
information.

Forecast pavement
temperature and trend

(use in combination with
forecast type and precipitation
amount; dew point, humidity.)

* Determine treatment routes
 Determine treatment start and
stop time

* Select material type(s) and
application rate

* Decide whether pretreatment is
needed.

 Determine frost potential by
location.

 Savings in amount of materials
used.

« Ability to maintain Level of
Service (LOS) and road safety.

« Savings in labor, equipment
maintenance, fuel costs, and truck
miles.

Forecast air temperature and
trend. (use in combination
with pavement temperature
and precipitation amount)

* Select material type(s) and
application rate.

* Adjust plans based on extreme
cold forecast.

Differential forecasts by
geographic location

* Adjust treatment strategies based
on route-specific conditions.

» Above benefits associated with
appropriate use of labor, materials
and equipment.

Recommended treatment

* Provides guidance consistent
with MaineDOT standard
procedures.

» Coupled with other factors, leads
to reduction in total treatment
costs.

Alerts in advance of event
(provides early warning of
event)

» Consult the MDSS

« Better preparation and more
efficient maintenance operations.

Alerts during event

» Consult the MDSS.
* Estimate timing and type of mid-
term and final treatments.

» Leads to all above benefits

Enhanced weather and road
condition information overall
(MDSS plus other sources)

» More timely and route-specific
information shared within and
between maintenance crews.

« Savings in labor, equipment,
materials and operational
efficiency




Many state winter road maintenance operations havé@ad the benefit of precise forecasts of
many key decision parameters in the past, suchr eengperatures, pavement temperatures,
bridge temperatures, bridge frost, dew point, amtiw8peed hours in advance. While
MaineDOT has had access to weather services aot@ct meteorologist to provide forecasts
of many different weather parameters, they havieeldenany of the MDSS capabilities and a
common integrated platform for viewing and manadhmginformation. MaineDOT also has
lacked a system that could consolidate these wep#itameters into treatment recommendations
that are specifically targeted to defined geogm@apbints within their maintenance region. In
the past, operators have had a variety of statéomatigeneral weather forecasts of uncertain
accuracy. They, like others in MaineDOT, haveeetlbn Road Weather Information Systems/
Environmental Sensor Stations (RWIS/ESS), Autom&iadace Observing Systems (ASOS),
neighboring states and crews on the road througheuwtate, plus the experience of their own
crews, to provide current condition informationigsut to decisions. Now MDSS systems are
offering more sophisticated forecasts that haveptitential to change how maintenance
decisions are made. The results of those decisi@expected to include more efficient
deployment of staff, application of materials, ars& of equipment with benefits measured in
terms of road safety, mobility and operationalaincy better than was possible before. While
this assessment recognizes there is likely tolbaraing curve associated with the adoption and
use of an MDSS in Maine, it sought to identify ta&ends of benefits through an examination of
how the Scarborough crew made use of the MDSSatindewith each winter storm event.



2 Evaluation Scope and Obijectives

2.1 Problem Statement

Weather presents a serious challenge to safetynabdity on our national system of roads and
highways. Winter storm events present obvious saavice hazards to driving, but even
relatively small weather events, such as light ainccasional fog can dramatically impact
traffic flow and safety at any time of year. THeWA reports that in the presence of adverse
road weather conditions, every year on our highwagarly 7,400 people are killed and over
690,000 people are injured.In addition to the obvious safety implicationsanlverse weather
on roads, weather impacts can be very costly mdef lost time due to congestion, lost wages
and productivity, and the costs to state DOTs sgetd maintain mobility and safety on their
road system.

The FHWA seeks to address these weather-inducesiivetation challenges proactively and in

a variety of ways, such as through the provisiohadfer information, advanced warning of
weather events, more precise knowledge of the gmotation and extent of likely weather
impacts, better integration of weather into traffperations, and application of advanced tools to
support decision making. Solution strategies ideldevelopment and promotion of new
technology and tools as well as institutional arghaizational culture changes that encourage
awareness building, knowledge transfer, and thetamloand effective use of these tools.

The deployment of an MDSS in Maine offered an opputy to assess the ability of this tool to
support MaineDOT in better addressing the challemgesented by winter weather to their road
maintenance activities. The expectation is tha¥l@8S offers state DOT maintenance
personnel a tool that can help them achieve gréeteefits and reduced costs; that is, the
benefit-to-cost ratio should increase. This evadmawas initially designed as a system impact
study to measure the effect of an MDSS on thie fadit the scope was adjusted due in part to the
very limited quantitative data related to the etfeaf an MDSS on MaineDOT's maintenance
operations. A case study evaluation more accyreg¢fiected the conditions encountered in
Maine and offered a better opportunity to identifigings and benefits associated with an
MDSS that will be of broad value to other statéhe primary objective of this case study
evaluation is to understand the uses and valugatkfiom an MDSS in one location to add to a
body of evidence that could support MDSS deploys@emong other DOTSs.

2.2 Scope of Evaluation

This evaluation developed a case study of an MD@8®Bigl the winter season of 2006-2007 in
and around the Portland, Maine metropolitan regiosouthern Maine (MaineDOT Region 1).
The evaluation was initially designed to collecs&ae data before deployment and use of the
MDSS followed by post-deployment data collectioattivould allow an analysis of the
differences between the before and after periodsmasthod to identify changes due to the use
of this type of tool. However, it was apparennirthe start of the evaluation that the usual
conditions for a before-after system impact stuelsigh were not in place under the
circumstances. The MDSS deployment had occurried far the initiation of the evaluation, and

! http://ops.fhwa.dot.gov/Weather/q1_roadimpact.htm.



no time was provided for the users of this systemdjust and adapt to the new technology. The
winter had already begun, and data collection caolcbe delayed. There was essentially no
distinction between baseline and post-deploymenbgpe.

A decision was made part way through the evaluabanodify the approach to conduct a case
study to address the following specific goals:

+ Identify lessons learned from MaineDOT's experiensi;g an MDSS.

- Identify effective strategies for deploying an MDSS

- ldentify institutional issues and implementatiorstsofaced by MaineDOT in integrating
an MDSS into their winter maintenance decision psses and how these issues were
addressed.

« Assess how an MDSS supplements the suite of teaitalle to MaineDOT for making
winter maintenance decisions.

« Assess the operational use of an MDSS by recortstgueach of the winter storm events
and Maine DOT’s management of those events.

« Assess the potential benefits that an MDSS coudtet MaineDOT if it were utilized
more comprehensively.

This approach involved a focus on the institutigralcesses and experiences of the MaineDOT
Scarborough crew as they experimented during ittss\Winter period with an MDSS and sought
to find effective ways to use this new tool in sappf their maintenance operations. The
evaluation methods, that were applied initially ameblved a detailed reconstruction of the
Scarborough crew’s strategy for responding to et winter storm event, provided a detailed
understanding of these institutional processess dllowed for a seamless and constructive
transition from a system impact study design tasecstudy design for the evaluation.



3 MaineDOT MDSS Deployment

3.1 Introduction

MDSS functions were provided to MaineDOT on a stibsd, Internet-based service. The
MaineDOT users of the MDSS were able to accesappication over the Internet from either
work or home computers, logging in to an accouhtipdor their use. Seven user accounts were
set up for MaineDOT headquarters in Augusta, Maime each of the of the five maintenance
regions. This evaluation focused on the experient¢he Scarborough crew in Region 1 and
their initial use of the MDSS during the winter ntiog of 2006-2007. This chapter describes the
MDSS capabilities and interface provided to MaindD@3ers.

3.2 Study Route and Forecast Points

MaineDOT defined the forecast points where MDSSs#iganformation would be provided
along the study route in southern Maine. The fasepoints were distributed along the study
route to provide discrete points that could sewra proxy for a route-based forecast. The initial
forecast point was the Yarmouth ESS site thatdatked about 4 miles beyond the north end of
the study route. Three additional forecast pavdse added along 1-295 served by the
Scarborough crew to enhance the representativen#iss area being examined in this
evaluation.

A total of four forecast points were used in suppdthe winter maintenance operations using
the MDSS. The new forecast points were incorpdrate the MDSS and made available to
MaineDOT.

* [-295 South Portland (new point)

* [-295 Portland (new point)

* [-295 Falmouth (new point)

* [-295 Yarmouth (ESS site north of evaluation route)

In the federal MDSS prototype, ESS are used toigeoground truth to allow the MDSS
pavement forecast algorithm to perform “forwardreotion” to improve the accuracy of
forecasts. Because the only ESS in Region 1 waddd north of the selected study route, the
MDSS and MaineDOT relied primarily on the Portldnternational Jetport ASOS (providing
instrumented, radar and human observation) asraesofiground truth observations,
supplemented by the observations of the mainteneieees and reports from the New
Hampshire Department of Transportation (NHDOT).

As shown in Figure 1, the study route was a 12-selgion of I-295 freeway that traverses
through downtown Portland between Falmouth to ththnand 1-295 and 1-95 junction to the
south. The Region 1 maintenance facility thatipi@eted in this study is located in the
Scarborough area near the southern end of the stutly.

The northern portion of the study route is primasiiburban and rural freeway that runs along
the Atlantic coastline. The southern portion is thain commute route that serves the Portland
metropolitan area and the Portland Internationgbé\it (southwest of Portland). Further south,



the study route merges with 1-95 (tolled). Thelgttoute encompasses complex micro-climate
environments that are variably influenced by pragrto the ocean and that present a challenge
in accurately forecasting local road weather coowlst.
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3.3 Forecast Information Provided by the MDSS

A comprehensive set of road weather information made available to the MaineDOT
maintenance crew through the MDSS. Major data etgswere provided in hourly forecasts
that included the following components:

* Weather condition (icons indicating primary weatbenditions)
» Weather (description of primary weather conditions)
* Temperature (air)

* Feels like (air temperature considering wind chill)

* Wind direction

* Wind speed/gust (miles per hour)

» Dew point

* Humidity (percent)

* Precipitation chance (percent)

* Precipitation type

* Precipitation amount (liquid equivalent in inches)

* 24 hours snow accumulation (10:00AM-10:00AM)

* Blowing snow potential

* Bridge temperature

* Road temperature

» Bridge frost likely? (yes/no)

* Road frost likely? (yes/no)

» Treatment recommendations

The hourly forecast interface automatically highteg the road weather parameters that
exceeded a pre-determined threshold that coul@étdgysviaineDOT. Up to 72 hours of forecast
were provided, and the first 24 hour period proditiee MDSS-related pavement condition
forecast and treatment recommendations. The temiegfor the pavement forecast is selectable
by the DOT. A DOT can request this set of inforimatfor any or all of the designated forecast
points.

3.4 MDSS Alerts

Location-specific alerts are configurable by spgod thresholds for selected forecast
parameters (e.g., precipitation greater than oalegpu0.01 in) and/or associating the locale with
the issuance of National Weather Service (NWS) wgs The alerts can be viewed on the
MDSS, and/or sent via e-mail or to cell phonestexd messaging.

A list of variables is available for configuringeals, and each variable can be enabled
independently. However, no logical operations loampplied on multiple variables to monitor a
scenario of interest. Each enabled variable wgger an alert if the associated criterion is met
(e.g., temperature greater than the specifiedhbtds Because the alerts are location specific,
subscription to multiple alerts (by variable) foultiple locations increases the likelihood of
receiving a large number of potentially similarredecaused by the same weather event.



Precipitation alerts can be set based on a selegttatsity threshold and an early warning lead
time. Thus, a DOT can indicate when they woulé ik be notified in advance of the start of
precipitation by the intensity of the forecast ppéation. Alerts can be set for each forecast
point with regard to selectable precipitation tygaeximity of lightning, wind speeds, visibility,
forecast temperatures and humidity, NWS alerts,adosgtrved conditions (based on available
ESS, ASOS, and other ground truth sources).

MaineDOT elected to receive alerts related to pitagion type and timing and NWS advisories
for all of their forecast points. The use of alast meant to supplement the web-based MDSS.
However, each alert only contains a single variaelgcription that ties to a location (e.g., show
observed at 1-295 Portland). After receipt of kertausers are expected to log on to the MDSS
to be fully briefed on the situation. A “quiet thoption is available to disable the alerts during
specified non-work hours (e.g., night to early mog). The MaineDOT maintenance crew
chose to exercise that option, thus preventingpeoé any text messaging, alerts, and e-mail
during the specified quiet hours. During theseegiperiods the crews relied on MaineDOT'’s
24-hour operations center to assess the appropiraedo call them out for late evening or early
morning maintenance activities.

3.5 MDSS Treatment Recommendations

Recommended treatments associated with differargrpant temperature ranges were provided
by MaineDOT for incorporation into the MDSS, aswhan the Appendix (Table A). The
MDSS provides the user with a recommended treatmbkah the atmospheric and pavement
temperature forecasts meet associated threshaldszalnternally, the main components of the
MDSS treatment recommendations are:

* Atmospheric weather forecasts, including forecattr temperature, dew point, and
other surface weather elements, and precipitation;

» Pavement temperature forecasts; and

* Avrules engine that determines the weather sceramtbthen applies the appropriate
treatment recommendation.

Pavement forecasts are created using the atmospbercasts as input. The pavement model
(SNTHERM) assumes that all snow is removed fronrdiaelway surface as soon as it falls to a
predetermined blade depth based upon recommerechents. The model outputs a 24-hour
forecast of pavement temperatures and pavement &gan using the MDSS prototype
algorithm (unrelated to SNTHERM). Pavement tempeeaforecasts are updated every hour.

While it is possible to program treatment recomnagioths for different weather scenarios and
temperature range combinations, MaineDOT chosepdement a set of treatment
recommendations regardless of weather scenariobas®tl on a set of pavement temperature
ranges they specified. The MaineDOT recommendagi@novided in terms of a range of
chemical (salt) application rates (e.g., 150 to gé0nds per lane mile (pplm) for pavement
temperature range from 28°F to 32°F). This lea@getion to the crew, including the decision
whether or not to pre-treat the surface with safteb(typically applied two hours before the
precipitation arrives).
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Given the length of the evaluation route (12 mijl@sypically takes two snow plow trucks and
about one-and-a-half hours to traverse both doestof the 1-295 corridor between Falmouth
and 1-95, depending on traffic and the severitthefweather conditions. For the duration of a
typical storm event, multiple treatments may bedeee

11



4 MaineDOT Maintenance Operations

This chapter provides a description of MaineDOTister maintenance operations relevant to
this evaluation.

MaineDOT is responsible for maintenance of theedtéghway system, and in Scarborough in
Region 1 they have 18 crew members and 11 truekgure 2 shows the location of Region 1 in
southern Maine. MaineDOT has provided an MDSSlttheir crews as of the end of winter
2005-2006, though most were initially exposed ®distem by October 2006.

Two trucks and crew members are typically assigned =
to the segment of 1-295 that is the subject of this
evaluation. MaineDOT is interested in applying new
technology, such as an MDSS, to enhance efficiency
safety, and consistency in their maintenance
operations throughout the state.

The MaineDOT operations center in Augusta
coordinates information dissemination throughoet th |
state for winter road maintenance operations. ]
MaineDOT communicates with NHDOT for advance
storm warnings, and the various maintenance crews
communicate with each other on a regular basi® Th|
Scarborough crew that operates out of Region 1 use
two of their 11 trucks under most circumstances to
handle the maintenance requirements on the test
segment of 1-295.

Figure 2. MaineDOT Maintenance Regions

MaineDOT employs a Maintenance Activity Trackings&m (MATS) that has served as a data
repository for labor, materials and equipment usagd unit rates and costs for each of these
categories since 2000. Each crew member entedatlyswork report into MATS, and these
reports are reviewed and approved by maintenamer@sors for payroll. The staff is paid
based on the MATS labor hour entries, and thesertemust be completed by the following
day. Storm event data also are entered into tine ATS report to document each storm
event. A storm that spans across multiple daydeadentified in the daily reports. This
includes information on precipitation type (selechkeom categories in a drop-down menu) at the
beginning and end of the storm, the date and tihtleeostart and end of the storm, and the
actions taken by the maintenance crews, also datéime stamped. Labor time and materials
applied to the test segment of 1-295 can be exdatom the daily MATS reports, along with
the hours charged by the individual crew assigodtis road segment. MaineDOT generated
separate MATS reports throughout this evaluatiarogehat focused exclusively on the
activities in the test corridor. Resource usageuding vehicles and materials are recorded
daily in MATS as well.
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The MaineDOT Scarborough crew has traditionallyetak conservative approach to road
maintenance before and during winter storm evamigyge part because this section of 1-295 is
a heavily used high priority roadway. For examgiey tend to use higher application rates to
treat the road surface at the start of a stormrderato increase the likelihood that a heavy
treatment will last throughout the storm and redineeamount of resources needed for plowing
and other follow-up activities. If they observatlthe snow is sticking to the road surface, then
they will add additional salt. They will pre-wéitet salt with either magnesium chloride or
calcium chloride when the air temperature dropswehe range of 22 to 24 degrees Fahrenheit.
In warmer situations they will try to use salt lerifor pre-wetting as it costs less than the other
two chemicals.

Historically, MaineDOT has primarily based theimtér road treatment decisions on the time of
day or night, traffic volumes and how their treatnseare reacting to traffic. For example, heavy
traffic may rapidly disperse pavement chemical @pgibns. The on-road crews inspect how the
tires of vehicles using the road are interactingp\accumulated preC|p|tat|on and the chemlcal
mix on the road surface, in addition to the paveant@mperature
readings from the plow’s onboard infrared paventemperature
sensor, to make judgments about subsequent treainaterials,
amounts and timing. MaineDOT has a night patrol astorm
patrol that are typically on the road before amtevent evaluating
conditions in real time, digesting information coiiin to their radio
system from a variety of sources (including thegws and other
crews to the north and south of their positiony] il notify the
operations center when crews need to be called out.

The MaineDOT plow trucks currently only record pianest
temperature using an onboard infrared pavementdeatype sensor
(Figure 3) at the beginning and the end of a sasmcthe road, | :
though readings can be made at any location. TpesEment .. ~Pavemerti
temperature readings are used to support theiniezd decisions.
However, the lack of location reference in theandéd pavement
temperature data hinders the ability of the evaduab assess
variation by geography.

Sensor

Figure 3. Pavement
Temperature Sensor

The MaineDOT Scarborough district radio room hasnb@oved to and consolidated with the
24-hour operations center at MaineDOT’s headquanteAugusta. Weather trends affecting
Maine are often confirmed with NHDOT through theeimpike toll booth personnel and are
passed on to the MaineDOT crew supervisors. NHD&d often provided MaineDOT with
advance notice of storms before they arrive inRbeland area. This process is still utilized in
addition to now using the MDSS and the alertsatvptes directly to the Scarborough
maintenance crew via phone and email.
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5 Evaluation Approach and Methods

5.1 Introduction

The methodology used to assess the benefits asohiesearned associated with the use of an
MDSS by the MaineDOT Scarborough crew involved refca tracking of each of 12 winter
storm events that occurred during the winter of622007, coupled with reconstruction of the
crew’s decision processes and treatment actionsighout each event. The documentation of
the event reconstruction involved a combinatiothef Scarborough crew maintaining a record
of their actions and their uses of the MDSS proand during each storm event, and a post-
event telephone interview with the crew and thepesvisor conducted by the evaluation team.
This approach allowed for an understanding of tike played by the MDSS under the
conditions faced in each storm and the factorsittilatenced how the decision support tool was
used and what types and magnitudes of benefits aftmaled by that usage.

5.2 Storm Event Reconstruction

MaineDOT employs MATS to aggregate daily statistindabor, materials and equipment usage
and costs, plus the timing and nature of theirttneats, for each storm event. Each event is
assigned a storm number. This report examinedtbolse storm events that required an action
on the part of the MaineDOT Scarborough crew thet encluded input from the MDSS. Some
of the early storm events that occurred in Decer@bé6 (MATS events #1, #2, and #4)
involved minor actions, such as treating a frostedge deck, before the MDSS was being
consistently used. This evaluation tracked initl@faevents, beginning with MATS event #3,
and using a consecutive numbering beginning witbnEw1.

Figure 4 below illustrates the timing of winter stoevents that resulted in a maintenance
response by MaineDOT Scarborough crews. Thetfirslve of these events were reconstructed
in detail in this evaluation. The remaining sixerts were summarized briefly.

1/1/07 1/15/07 1/22/07 212107 2/18/07 3/16/07 3/24/07 4/6/07
Event #3 Event #5 Event #7 Event#9 Event#11 Event #13 Event #15 Event #17

12/7/06  12/30/06 1/14/07 1/18/07 | 1/28/07 2/14/07 3/2/07 3/17/07 4/4/07 4/12/07
Event #1 Event #2 Event #4 Event #6 | Event #8 | Event #10 Event #12 Event #14 | Event #16 Event #18
1/1/07 2/1/07 3/1/07 4/1/07
12/1/06 4/30/07

Figure 4. Start Dates for 2006-2007 Winter Storms  in Scarborough Area, Maine

2 A decision was made during the Interim Briefingchia Portland, ME on March 7-8, 2007 to focus frimt point
forward only on bridge frost events that might adoecause there were essentially no new insightsging from
the event reconstruction after the dozen alreagigrenl. In fact, no bridge frost events occurrddrahat time.
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Each reconstructed storm event, with exceptionikerearly events due to lack of data, included
the development of a set of components that arstiited and discussed below using a single
example event that occurred in mid-February 2007.

A table showing the key MATS statistics for the mveAn example of one of the storm
events is provided in Table 2. The data showyphe &nd amount of precipitation as
recorded by the crew, along with the start andadritie storm and the actions taken.
“Number cycles” represent the number of times tieevcsalted or plowed and the time
period and duration for those actions. The MAT@reserves as the basis for crew time
reports, and it documents all the labor and mdteoists incurred in dealing with each
storm event.

Table 2. MATS Statistics for Example Storm Event.

MaineDOT Scarborough Crew Event Report
Event Type (amount) Start Date/Time End Date/Time Duration
Z;%eéi&gs'?gvr\‘l; é'(;e_gt;m\{\)/et 02/14/07 at 02:30 AM | 02/15/07 at 03:00 AM 24.5 hours
MaineDOT Actions (number cycles)
Anti-lcing (0) 0 hours
Salting (10) 02/14/07 at 03:30 AM 02/15/07 at 10:00 AM 30.5 hours
Plowing (~30) 02/14/07 at 04:00 AM 02/15/07 at 03:30 PM 35.5 hours
MaineDOT Resource Usage Quantity Cost

Labor 3 drivers 77 hours $1,574.02
Equipment (incl. fuel) 3 trucks 65 hours $2,260.70

Salt Brine 3,250 gallons $487.50
Materials Magnesium Chloride 0 gallons

Salt 108.57 tons $5,441.53

A table showing the observed weather conditiong®esrded automatically at the
Portland Jetport. The observational data thatoedénwith the start and end timing of the
event as designated in the MATS table are higtrgighivith a two hour buffer (shown in
italics) at the beginning and end to illustrate encontext for each event. As shown in
Table 3, these data are not provided preciseljermour. Precipitation is provided in
inches of liquid equivalent. Direct observatiodata on snow depth was not available,
but this was provided in the MATS reports basedrenw observations (see Table 2).
Wind speed shows the prevailing speed along witbrcked gusts. In this example, the
event was characterized by wide variability in Wesather conditions (precipitation type),
including light snow, snow, heavy snow, fog, mistezing fog, and freezing rain. These
kinds of borderline conditions between rain andssfrom one hour to the next are very
difficult to forecast in advance. In addition, tRertland Jetport ASOS constitutes only
one observation point that can not represent camgdiacross the entire study area.
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Table 3. Observed Weather Conditions, Portland Jet

port ASOS, for Example Storm Event

Temperature Wind |Precipitation
Date Time Weather Conditions i) SIS (L)
(EST) . : |Gust
Air Dewpoint Recent 1 hr
(mph)
02/14/07 12:51 AM |Overcast 15 -2 6
02/14/07 01:51 AM |Overcast 14 -1 7
02/14/07 02:51 AM |Light Snow 14 0 9
02/14/07 03:51 AM |Light Snow 12 4 8
02/14/07 04:51 AM |Light Snow 11 5 9
02/14/07 05:51 AM |Light Snow Fog/Mist 10 6 8 0.03
02/14/07 06:51 AM |Snow Freezing Fog 10 6 9 0.11
02/14/07 07:51 AM |Snow Fog/Mist 10 6 9|20 0.05
02/14/07 08:51 AM |Snow 11 6 12 0.01
02/14/07 09:51 AM |Snow 11 6 14|20
02/14/07 10:51 AM |Light Snow 11 6 15|20 0.01
02/14/07 11:51 AM |Light Snow 13 8 12
02/14/07 12:51 PM [Light Snow 14 9 13)23
02/14/07 01:51 PM |Snow 17 12 18|28 0.01
02/14/07 02:51 PM |Light Snow and Breezy 17 12 24|35
02/14/07 03:51 PM |Heaw Snow Freezing Fog Breezy 17 14 25|33 0.10
02/14/07 04:51 PM |Snow Freezing Fog 18 15 18|29 0.09
02/14/07 05:51 PM |Light Snow Fog/Mist Breezy 18 15 22|29 0.06
02/14/07 06:51 PM |Light Snow Fog/Mist 19 15 18|29 0.04
02/14/07 07:51 PM |Freezing Rain Fog/Mist Breezy 21 18 23|36 0.01
02/14/07 08:51 PM |Light Snow Fog/Mist 22 19 18|30 0.02
02/14/07 09:51 PM |Light Snow Fog/Mist Breezy 22 19 21|28 0.03
02/14/07 10:51 PM |Freezing Rain 23 20 20|30
02/14/07 11:51 PM |Light Snow Fog/Mist Windy 22 18 26|46 0.02
02/15/07 12:51 AM |Light Snow Fog/Mist Breezy 22 18 23|38
02/15/07 01:51 AM |Owercast and Windy 21 13 28|36
02/15/07 02:51 AM |Light Snow 17 10 18|30 0.01
02/15/07 03:51 AM |Overcast 17 5 20|32
02/15/07 04:51 AM |Overcast 17 3 20|32

Source: NOAA ASOS for Portland, Mainkttp://www.erh.noaa.gov/data/obhistory/KPWM.html

e A figure showing a radar image of the storm evemipproximately the middle (height)
of the storm. This offers a visual sense of theggaphic coverage and intensity of the

event. The scale illustrates the rate of predipmeexperienced at the time the image was

captured. A small black circle pinpoints the logatof Portland, ME and the test road
area. As shown in this example in Figure 5, tbhenstcovers most of the northeastern
part of the country, from Pennsylvania into paft€anada. The most intense
precipitation is centered at this time over the \astudy area.
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Figure 5. Radar Image of Example Storm Event on 2/ 14/07 at 4:00 PM

Two tables showing the MDSS hourly forecasts aedttnent recommendations from the
MATS designated start and end times of the stoFime exact timing of these forecasts
depends on the availability of archived data frowatendor’s records.

Table 4 reflects a forecast five and a half lsqunior to the start of the storm. The
intent was to provide a six hour forecast, but s not always available from
the archived MDSS data. Approximately six hourgaate notice provides the
MaineDOT Scarborough crew enough time to plan aed@e pretreatment of
the roadway before precipitation is forecast toitbed his table shows only
selected information based on the MDSS forecaghisrexample event,
including forecasted weather conditions by the hautrand pavement
temperature forecast, wind speed, snow fall, aadrésmtment recommendations
(see referenced treatment numbers in the Appeidix¢ A). Snow fall is an
hourly forecast based on radar imagry and estimajeu equivalent. In this
instance, the forecast 5.5 hours prior to the oofsttte storm is for a total snow
fall of about 7.6 inches over the duration of tters, which can be compared
with the crew’s observation of snow fall after #aeent of 10 inches and the
Portland Jetport ASOS observation of 0.6 inchdiafd equivalent.
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Table 4. MDSS Hourly Forecast at 20:00 EST Februar y 13, 2007,
5.5 Hours before Example Event, at Portland

— Time Weather Temperature (°F) S\;/Z ;n: 4 | Snow | Treatment
(EST) Conditions Air Dewpoint [Pavement (mph) (inch) | (Appn. A)

2/13/07 20:00 [Clear 14 -6 17 11 0

2/13/07 21:00 [Clear 13 -4 16 11 0

2/13/07 | 22:00 |Partly Cloudy 12 -3 16 11 0

2/13/07 | 23:00 |Partly Cloudy 11 -2 15 10 0

2/14/07 | 00:00 [Mostly Cloudy 10 -1 15 9 0

2/14/07 | 01:00 [Mostly Cloudy 10 0 15 8 0

2/14/07 02:00 ([Snow 10 0 15 9 0

2/14/07 03:00 ([Snow 10 1 14 10 0 5
2/14/07 04:00 |[Snow 11 1 14 11 0.17 5
2/14/07 05:00 |[Snow 11 2 15 12 0.46 4
2/14/07 06:00 ([Snow 11 3 15 13 0.46 4
2/14/07 07:00 |[Snow 11 4 15 14 0.41 4
2/14/07 08:00 |[Snow 11 4 15 15 0.56 4
2/14/07 09:00 ([Snow 12 6 16 16 0.56 4
2/14/07 10:00 |Snow 13 7 17 17 0.44 4
2/14/07 11:00 |Snow 15 9 18 18 0.64 4
2/14/07 12:00 |Snow 16 10 19 18 0.64 4
2/14/07 13:00 |Snow 18 12 21 19 0.53 3
2/14/07 14:00 |Snow 19 14 22 21 0.53 3
2/14/07 15:00 |Snow 20 15 22 23 0.53 3
2/14/07 16:00 |Snow 21 16 22 25 0.32 3
2/14/07 17:00 |Snow 22 17 23 27 0.26 3
2/14/07 18:00 |Snow 23 18 24 29 0.26 3
2/14/07 19:00 |Snow 24 19 25 31 0.26 3
2/14/07 20:00 [Snow 25 20 26 33 0.54 3

ii. Table 5 reflects a forecast approximately oonartprior to the start of the storm.
The anticipated utility of this forecast is greagecuracy, given its proximity to
the start of precipitation. This forecast of at@now fall of 11.3 inches comes
quite close to forecasting the snow fall actuabgerved by the crew (10 inches).
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Table 5. MDSS Hourly Forecast at 01:00 EST Februar y 14, 2007,
1.5 Hours before Example Event, at Portland

— Time Wea.ltlher Temperature (°F) S\;/Z ;n: d Snow Treatment
(EST) Conditions Air Dewpoint [Pavement (mph) (inch) | (Appn. A)

2/14/07 01:00 (Cloudy 13 -2 15 11 0

2/14/07 02:00 [Snow 10 0 15 11 0

2/14/07 03:00 [Snow 8 1 15 11 0

2/14/07 04:00 [Snow 11 1 14 12 0.25 5
2/14/07 05:00 [Snow 11 2 14 13 0.68 5
2/14/07 06:00 [Snow 11 3 14 14 0.68 5
2/14/07 07:00 [Snow 11 4 15 15 0.41 4
2/14/07 08:00 [Snow 11 4 15 16 0.56 4
2/14/07 09:00 [Snow 12 6 16 18 0.56 4
2/14/07 10:00 |Snow 13 7 17 19 0.44 4
2/14/07 11:00 |Snhow 14 9 18 20 0.64 4
2/14/07 12:00 |Snhow 16 10 19 20 0.64 4
2/14/07 13:00 |Snhow 17 12 20 21 0.53 3
2/14/07 14:00 |Snhow 19 14 21 22 0.53 3
2/14/07 15:00 |Snow 20 15 22 23 0.53 3
2/14/07 16:00 |Show 21 17 22 25 0.32 3
2/14/07 17:00 |Show 22 18 23 29 0.26 3
2/14/07 18:00 |Show 24 19 24 33 0.26 3
2/15/07 19:00 |Show 25 19 24 35 0.26 3
2/15/07 20:00 [Snow 25 20 25 34 0.54 3
2/15/07 21:00 [Snow 25 21 26 31 0.54 3
2/15/07 22:00 [Snow 26 22 26 26 0.54 3
2/15/07 23:00 [Snow 27 22 27 19 0.77 3
2/15/07 00:00 [Snow 28 22 27 11 0.71 3
2/15/07 01:00 [Snow 28 22 27 7 0.67 3

» A figure that illustrates, across the durationha event, the main components and timing
of the Scarborough crew’s treatment actions, theSi8Borecasted precipitation type,
timing, and air and pavement temperature trend$itzobserved weather conditions
from the Portland Jetport ASOS. These figuresgmrethe data in a 24-hour timeframe.
Figure 6 shows in a single figure several of the d@mponents of the example event,
including the MDSS forecast, the ASOS observatiansg, the timing of MaineDOT’s
maintenance actions across a 24 hour period afvbet. A particularly instructive
aspect of these figures for each storm event igigpay of air and pavement
temperature trend forecasts, coupled with the &mteand actual conditions. The MDSS
offers similar graphics illustrating trends in foast parameters. From an event
reconstruction perspective, this graphic represemnt@aints a picture of each storm
event that includes selected components of the Mid&Sast to aid in interpreting
MaineDOT'’s actions across the course of the stdins also useful in visualizing the
changes over time in the parameters covered bothebfprecasts (MDSS) and
observations (ASOS).
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Figure 6. Event Reconstruction Diagram for Example Event

e A table for each event that details all of the MD8&ts provided to the MaineDOT
Scarborough crew before and during the event. té\bme provided for each of four
designated forecast points along the roadway, thriScarborough camp. The provision
of alerts is based on criteria programmed intovélredor's MDSS web site by the
MaineDOT Scarborough crew supervisor. Table 6 shibw initial few and final few
alerts provided to MaineDOT over the course of thws day storm event. There were a
total of 87 alerts issued. Those shown here gil@var for the content of these alerts.

Table 6. Alerts from MDSS to MaineDOT for Example  Event

No. | Day / Date / Time EST Alert Location (Forecast Point) and Message

For 1-295 Falmouth! The NWS has issued a Winter Weather
Advisory for your area valid until 6:00 AM 02/15/07

For 1-295 Portland! The NWS has issued a Winter Weather
Advisory for your area valid until 6:00 AM 02/15/07

For 1-295 Yarmouth! The NWS has issued a Winter
Weather Advisory for your area valid until 6:00 AM 02/15/07

For 1-295 South Portland! The NWS has issued a Winter
Weather Advisory for your area valid until 6:00 AM 02/15/07

For Scarborough Camp! The NWS has issued a Winter
Weather Advisory for your area valid until 6:00 AM 02/15/07

1 | Tuesday Feb. 13 at 11:23 AM

2 | Tuesday Feb. 13 at 11:23 AM

3 | Tuesday Feb. 13 at 11:23 AM

4 | Tuesday Feb. 13 at 11:23 AM

5 | Tuesday Feb. 13 at 11:23 AM
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No. | Day / Date / Time EST Alert Location (Forecast Point) and Message

Tuesday Feb. 13 at 10:34 PM | For Scarborough Camp, Snow will begin at 11:40PM EST.
Tuesday Feb. 13 at 10:33 PM | For 1-295 South Portland, Snow will begin at 11:49PM EST.
Tuesday Feb. 13 at 10:40 PM | For I-295 Portland, Snow will begin at 12:12AM EST.

9 | Tuesday Feb. 13 at 10:39 PM | For I-295 Falmouth, Snow will begin at 12:24AM EST.

10 | Tuesday Feb. 13 at 10:54 PM | For Scarborough Camp, Snow will begin at 12:23AM EST.
For 1-295 Portland! Latest observation from PORTLAND
INTL shows Snow in your area.

For 1-295 Falmouth! Latest observation from PORTLAND
INTL shows Snow in your area.

83 | Thursday Feb. 15 at 2:56 AM

84 | Thursday Feb. 15 at 2:56 AM

For Scarborough Camp! Latest observation from
PORTLAND INTL shows Snow in your area.

For 1-295 Yarmouth! Latest observation from PORTLAND
INTL shows Snow in your area.

For 1-295 South Portland! Latest observation from
PORTLAND INTL shows Snow in your area.

85 | Thursday Feb. 15 at 2:56 AM

86 | Thursday Feb. 15 at 2:56 AM

87 | Thursday Feb. 15 at 2:56 AM

After all the winter storm events had been recaeséd, documented and analyzed, the benefits
of the MDSS across all the events was assessediaetods that could be shown to influence the
extent to which benefits could be experienced ftbenuse of an MDSS were assessed and
documented.

5.3 Event Debriefing Interviews

A narrative was developed describing each everddas a telephone debriefing with members
of the Scarborough crew and supervisor, couplel antanalysis of the available MDSS data
and observational data from other sources. Theaeafety discussion followed a structured set

of questions that were designed to elicit what leapgd in each event, how the Scarborough crew
responded to the event, what information was usessist the crew in deciding how to respond
to the event, and how information provided by thB$& was accessed and used in the event. In
summarizing the assessment of each reconstrucesd, ¢lie intent was to determine and
describe whether and how the MDSS was of bendditth@ magnitude of that benefit, both in
terms of costs averted through better timed ancerafficient treatment actions and in terms of
lessons learned from the response process that bewf value to other DOTs. A key element

in these post-event discussions was to explore tiwvélsupervisor and crew how they thought
they would have responded in the absence of the $&Sa method for understanding the role
and benefit of the MDSS.

MaineDOT agreed to provide their plow truck operstwith small digital voice recorders that
would allow them to record relevant informationidgreach storm event with minimum
distraction. Then they would meet with their swmor after the event and compare notes on
their experiences. The evaluation team drafteubat $ist of information items to guide the
operators in the kind of information they could gesck of during these events. The purpose of
the narrative recording was to facilitate rememiggethe details of the event and to support the
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debriefing after the event was over in order toehawyood record of what happened, what was
done, and how available weather information wasl.ugée list included the following items:

* When were you called out for this event?
* What time did you leave the garage?

* For each action you took (e.g., chemical applicatmowing, other (define other case by
case)

o What did you do (describe action taken and ratef@ that action)?
When did you begin the action?

When did you finish the action?

Where did you perform the action (e.g., descrilwation, road segment)?

Did anything occur that hindered your ability tedahat action (e.g., crash, very
heavy traffic, other)?

© O O O

» Did you receive any information or guidance oveuryadio? If so, what did it say, and
what did you do in response? Did you make any g@amyour action due to the
information? Describe. Your assessment of hoiulisige information was to you.

* Did you request any information? If so what? Dscwhy and what you did with it.
* What time did you return to the garage?
* Provide any other thoughts/comments at the endeoévent.

The initial process that was worked out during &timg with the Scarborough crew and their
supervisor involved an exchange of information lestwthe crew and the supervisor in which
the crew would relay the details from their expecis to the supervisor who would then record
the information, as appropriate to each eventniewgent record that was jointly designed by the
evaluation team and the supervisor (see Table 7).

Table 7. MaineDOT Winter Storm Event Record

Information Type Data to be Recorded
Transcription of Crew Report (duplicate for each se  parate crew report)
Crew members called in Enter Names:
Day/Date:

When called in -
Time of Day:

Time left garage:
Time returned to garage:

Shift timing

Assignment Route covered:
(Note that the garage may Truck load:
keep these records.) Materials used (type and amount):
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Information Type

Data to be Recorded

Event Characteristics

What was forecast?

What was observed?

Start time of event:

Timing of road whiting over:

Amount of observed snow fall (hourly cumulative record). Note if different

by location along route. May record “heavy,

moderate” or “light”.

End time of event (return to LOS. Discuss if return to LOS varied by
segments of the test road):

Effects on traffic (or on
crew'’s ability to do their job)

Traffic speed/volume: May record: light, moderate, or heavy.

Describe any incidents/crashes/near misses observed:

Communications during
shift

Describe information (and timing) provided to crew (from Augusta, District
HQ, other crews on the road, MDSS specifically):

Describe information from crew to others responding to this event.

Actions taken during shift

Describe what crew did (pretreatment, plowing, amount of materials used,
road segments covered) and rationale for decisions with regard to:

Pretreatment

Plowing

Type and quantities of materials applied to road surface
Segments of road covered

Timing of start of action

Timing of completion of action

Description of road conditions

Crew comments

Crew perception of value and usefulness of information received (how it
influenced their decisions):

Any other general comments?

Other Event Information (for each separate event)

Initial and On-Going
Event Notification

From MDSS:

Time of first notice. Browsing? Auto Alert? What alert settings used?
Content of notice/alert:

Forecast start time?

Forecast end time?

Forecast type/magnitude?

Different by each forecast point?

From MaineDOT: (time of notification; information content)

Augusta

Radio room

Crews on the road / storm patrol

Timing and event magnitude reported by each source

From NHDOT:

Timing of notice

Did NH call ME or visa-versa?

Content of notice

Forecast timing and magnitude of event

From other source(s):

Timing
Content
Forecast details

Describe effect information had on decision making

Crew Deployment

Crew split (details on decision; rationale)
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Information Type Data to be Recorded

What trucks were assigned to the event?
What materials were used?

Resource Deployment

What did MDSS recommend?
Differences by MDSS forecast points?

Information Provision and What did MaineDOT recommend crews do? Discuss rationale.

Action Recommendations How often and in what ways did MDSS provide information to MaineDOT
decision making during event?

Did MDSS help in defining the end of the event?

Is there anything MaineDOT would have wanted to do differently?
What role did MDSS play in decision making?

How helpful was MDSS in decision making?

What was decided or what actions were taken that would not have
occurred without the MDSS?

Did MaineDOT contact DTN meteorologist? If so, what was discussed?
How did that influence decisions made?

Describe the value, if any, of having multiple forecast points with MDSS:
Discuss reliability of MDSS and ESS data and forecasts.

Rank MaineDOT confidence in MDSS information for this event.
0 1 2 3 4 5 6 7 8 9 10

Perspective on the Event

None  Very Low Moderate High Total
Describe how MaineDOT would have handled event differently in absence
of MDSS.

Any Other Comments Comments:

As it turned out, the crew met with their supervismd a call was scheduled with the evaluation
team that included all the crew and their supensgsortly after each event. In this way, they
were able to recall the details of the event wgteament, and the recordings were helpful but
not essential to the event reconstruction process.

Prior to the phone debriefing, the supervisor wqarlavide the evaluation team with a copy of
the MATS report that contained some of the dateeddbr in Table 7. The data recording
process was refined over the course of these diglgse and the supervisor would take screen
shots of the MDSS displays at various points incingrse of a given storm event and share the
information that had been provided during the defbmg. This facilitated the accuracy of the
event reconstructions and helped document theargksalue of the MDSS information as it
applied in each of these events.

Thus, each of the reconstructed events includezbserigtion of the event data recorded by
MaineDOT, a sample of the forecasts and a listidha alerts provided by the MDSS, a sample
of observational data from the Portland Jetport 8S&nd a narrative reconstruction of the
actions taken by MaineDOT and the rationale foséhactions based on the telephone
interviews. All of this information taken togetHed to an interpretation of evaluation findings,
lessons learned and recommendations that are ldedcen the following chapters of this report.
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6 Findings and Lessons Learned

6.1 Introduction

Compared with typical winters in Maine, the wint€r2006-2007 was milder and there were
fewer severe storm events. There were 21 recovti@dr storm events between December

2006 and April 2007, and most of them produced sessv than would have been expected
based on historical weather patterns. A total2bfithese winter storm events were evaluated in
detail, a process referred to in this report amereronstruction. This approach to
understanding how the MDSS was accessed and usegport maintenance decision making

by the Scarborough crew was described previousBeittion 5.2. This chapter discusses how
MaineDOT used the MDSS in their storm managemegaggnts findings based on these
reconstructed events, and presents lessons thaeadmrawn from MaineDOT’s experiences with
their initial use of an MDSS.

6.2 The MDSS Role in Road Maintenance

6.2.1 Background

For each of the events examined during the wirft@006-2007 in this evaluation, the
Scarborough crew, with the support of MaineDOT ngamaent, sought to include the MDSS in
their decision making in whatever ways they thowgbtild be helpful. Initially they specified
the alerts they wanted to receive for several fisepoints along the test route (see Section 3.4
for details). In addition, the Scarborough sumwiand members of the crew learned how to
access the MDSS on their computers, which theydcdalin the office, and in some cases at
home as well. Also, the operations room in Augugta set up with access to the MDSS on
their office computer. Augusta primarily used MBSS to provide the NWS radar image
display and warnings (as opposed to monitoring ae¥adnd pavement conditions at specific
forecast points across the state) so they couity ¢émsck storms as they approached and
progressed across the State of Maine. They play&y role in notifying their regional
maintenance crews, particularly during night tinoeits.

MaineDOT management and the Scarborough crew jatie throughout this assessment with
a very positive, supportive attitude and a commitite work with the MDSS. At the initial
meeting between MaineDOT representatives, the atialuteam, FHWA, and representatives of
the MDSS vendor, the MDSS was discussed in deffdm that point on, it was largely a trial
period in which the Scarborough crew attemptedpfuyathe tool on a storm-by-storm basis and
“test” out how it might be able to help them inith@aintenance decision making. The vendor
team made themselves readily available to MaineD@phone and e-mail for inquiries and
consultation as needed to support this deployméhé vendor encouraged the Scarborough
supervisor to contact their meteorologists at #gifming of every event for help interpreting the
MDSS forecast output and as a way to better fine the decision guidance being offered.

6.2.2 Summary of Findings

This winter provided an opportunity for the Scadaayh crew to experiment with the use of the
MDSS. MaineDOT believes that deploying this systgpnvided an important learning
experience and valuable new information they folyrlacked. Overall, they are quite positive
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about the future potential for an MDSS to suppleeirtwinter maintenance operations. They
acknowledge that they need to explore ways to mdldéir approach to and use of the MDSS to
better take advantage of the benefits it offerseyTalso would like to see improvements in the
MDSS tool to increase the accuracy of its fore¢astd they want to concurrently fine tune the
set of treatment recommendations that they providedse in the MDSS. The net benefit of the
MDSS is difficult to assess in this initial applicen period. Over each of the observed storm
events, the crew considered a combination of tie@irtime observations of conditions on the
road and input from a variety of weather informatsmurces in addition to the treatment
recommendations and related forecast informatiomiged by the MDSS. Initially they were
willing to “experiment” with the MDSS and implemeitg treatment recommendations as
provided. Later they were inclined to review theseommendations and adjust their decisions
based on all the other information that was avilaithem at the time.

This winter season was the first opportunity fa 8carborough crew of MaineDOT to try out
the MDSS which had only been made available to tadew months earlier. The adoption of
new technologies and new ways of making operatidaaisions involves changes and
acceptance by crews and management that can talaigely long period of time. It is
reasonable to expect that the pace of internahigaonal change, coupled with improvements
to the MDSS tool, will lead to greater usage anttess in future applications of such tools.

This section discusses a number of the findingsel@éifrom the reconstruction of the winter’s
storm events, along with additional explanation amterpretation. Each of the findings below
includes discussion of the finding with regard @ @r more of the objectives established for
this case study evaluation.

« Assess the operational use of an MDSS by recortstgueach of the winter storm events
and Maine DOT’s management of those events.

- ldentify institutional issues and implementatiorstsofaced by MaineDOT in integrating
an MDSS into their winter maintenance decision psses and how these issues were
addressed.

- ldentify effective strategies for deploying an MDSS

« Assess how an MDSS supplements the suite of tealtale to MaineDOT for making
winter maintenance decisions.

« Assess the potential benefits that an MDSS coutet daineDOT if it were utilized
more comprehensively.

+ Identify lessons learned from MaineDOT's experiensi;g an MDSS.

Receiving too many alerts provided by the MDS$ lisnited benefit and can be distractin@y

the third recorded event MaineDOT had set up abd@ibed to receive alerts at all four

forecast points in the study area, resulting in exgus alerts being generated and received by the
crew. In most of the events such a large volumaerts was generated that the Scarborough
crew found them to be overwhelming and at timesatiting. In one storm event, for example,

87 alerts were generated. These alerts usually tiiggered by the same weather front at all

four forecast points in short succession (due ¢a@hatively close proximity among the forecast
points in the study area), that was found to bdicafve and not particularly useful. These

alerts usually consisted of a mixture of forecéstg., snow expected at 2:30 PM at Falmouth),
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observed conditions (e.g., show observed at Falmoahd NWS advisories and warnings. The
crew indicated they would not go back to check lahneessages when they showed up in a large
batch or rapid succession. They noted a lot aaldity in what these alerts were telling them
about the timing and type of precipitation to expmeer the course of a storm. That is, they felt
that the alerts did not always provide consistactipnable information.

The reconstruction of these events suggests tbatst and value of the alerts varied across the
events. The initial alerts were the most usefuhay offered an early warning of an impending
storm, and provided an initial forecast of the p#ation type and timing. A value of these
alerts is to prompt the supervisor and crew tooginé MDSS on line and assess the more
detailed information about the coming storm. lIhis early information that provides guidance
for deciding when to call in the crew and the staonditions to anticipate as a basis for making
pre-treatment decisions. Many of the alerts weteused, either because they arrived during the
crew’s “quiet period” at night, because the numifealerts seemed overwhelming, or because
the information didn’t appear to agree with theacseobservations.

Some of the Scarborough crew’s storm managementipea benefited more by using the MDSS
than others The routine of the crew remained very much gxior winters, in which they
accessed a variety of tools, including various Wwelatorecasting systems, consulted as needed
with their Augusta operations center and exchamgfedmation, when appropriate, with

NHDOT and neighboring crews. The prime MDSS congmbithat offered pavement condition
and temperature forecasts was of some value toréwein practice and would likely have been
of greater benefit with additional training in héavmake best use of this information. The
Scarborough crew noted that the pavement tempertdtecasts provided by the MDSS were
consistently close to the readings they obtainescty from the IR sensors on their trucks. This
allowed them to develop some confidence in the pa@ve temperature forecast trends that were
offered by the MDSS and consider that informatimmiaking their road treatment decisions.
However, the crew entered into this winter seasih @nly a limited understanding about how
they could take advantage of the availability paement temperature trend forecast to improve
their treatment decisions. Their level of underdiag, coupled with an inability of the MDSS to
adjust treatment recommendations based on primmacaken by the crew on the road (and
hence an understanding of actual road surface tonsliduring the storm), limited the

usefulness of this element of the MDSS.

The crew regularly consulted the MDSS ahead of stmim event, whether prompted by an
alert or their knowledge from other sources thstioam was coming. When the supervisor
arrived at the Scarborough shed, he would checkMB8S vendor’'s web site on his computer
for the latest information and forecasts. The Aigwperations center also tracked the NWS
radar images and forecasts via computer.

MaineDOT maintenance crews are very interestewuinlg access to accurate forecasts of the
type and amount of precipitation to expect befbeedtart of a storm and the precipitation start
time. This allows them to time pre-treatment,@éintly schedule their crews, and have
consistent guidance regarding the type and amduttemicals that will be most appropriate to
apply to their pavement. They initially followeldet MDSS treatment recommendation at the
start of a storm closely. In some instances, tiseg less materials based on the MDSS
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recommendation than they would have otherwise sartithat worked well. However, they

found in those instances that they usually need@uctease the subsequent treatment amounts to
compensate for the lesser initial treatment. Adtame experimentation in the early storm

events, they subsequently assessed a variety dfigraaformation sources along with the

MDSS, including private sector forecast servicelevision broadcasts of local news weather
reports, and a network of weather information stgawith nearby crews and with sources in
neighboring New Hampshire. Their decisions weesnthased on all these sources rather than
simply following the MDSS recommended treatment.

The Scarborough crew also relied on night patmtsaweather observation station at the
Portland Jetport that provided weather observataia. The closest ESS to the Scarborough
crew was outside of the study area and therefdesenf less useful observational data for
decision making. Finally, their own crews on tbad provided a constant source of input
regarding prevailing conditions. It is within thdentext that the MDSS sought to offer enhanced
road weather forecasting capabilities and decigiodance regarding treatment timing and
choice of material types and amounts.

It is difficult to provide consistently accurate atieer forecasts for the complex maritime climate
in southern Maine This case study offered an opportunity to testNiDSS under challenging
weather and climate conditions. If it proved aatey offered helpful information, and was easy
to use, then the crew could be expected to rely more. In some event situations it provided
good forecasts of either the start time or end e storm, or the precipitation type, or
pavement temperature trends. In others it midsedniark by too wide a margin for it to be
useful. The general consensus over the courgeafinter was that the MDSS was better at
forecasting the timing of the start of a storm thiamas at forecasting the precipitation type, but
this was quite variable across storms as well.aLgeography coupled with a maritime climate
and the confounding effects of ocean temperatyparantly made it very difficult for the

MDSS to generate accurate forecasts of precipitdyipe. Two of the storm paths were over
open water before coming on shore in southern Maesilting in a wetter precipitation pattern
than the MDSS was forecasting. Often, when aipenatures hovered close to the freezing
point, the MDSS would forecast snow but rain oehiag rain would actually occur.

It was evident that other weather services (othtarhet weather information services, local
radio and television stations) as well as the MID&& limited success in forecasting the often
tricky ocean effect weather events of the type tlcatirred in the study area. While most
weather information service providers take inpatrfriNWS forecasts and other shared resources
(e.g., radar, satellite images), mission critieafj(, maritime, aviation, or MDSS) local forecasts
usually require routine, and manual refinementrbiiouse meteorologists employed by the
respective weather information providers. MDSSeausilogists may lack the advantage of on
site, real-time feedback and knowledge of the laceh to make timely and effective
adjustments, especially when complicated geogragidcmicro-climatic scenarios are involved.
This is a common challenge for all weather serpicviders and is not unique to an MDSS.
Accurate local forecasts are absolutely essemtighie provision of MDSS services. One
limitation in this study was the lack of any ESShe immediate study area, which, as
demonstrated in the federal MDSS prototype, coeldded to provide real-time atmospheric and
pavement observations in support of “forward cdroe¢ of the forecasts.
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The Scarborough crew primarily relied on multipisces of weather information, including
the MDSS, their local experience, and crew obs@wmaton the road to make treatment
decisions during a stormDuring the event reconstruction interviews aftetorm event, the
crew emphasized how they really didn’t have thestimthe middle of an event to consult an
MDSS or any of their other standard weather forettads because they were so busy “fighting
the storm.” In addition, while the crew is outthie road dealing with the storm effects, they
base their treatment and related operational aesgprimarily on their observations of
conditions and how traffic is responding. For epénthey can observe how the materials on
the pavement surface are being deflected by vetireleto judge the effectiveness of their
treatments and the next most appropriate treatstmategies. They are much more inclined to
rely on their years of experience and real-timesolations than on a forecasting tool that is not
closely connected with the actual conditions.

The Scarborough crew tended to mostly apply graatserial amounts to the pavement than the
MDSS recommendedh central purpose of an MDSS is to offer the raantenance crew
treatment recommendations that are based on faegcagather and pavement conditions and
updated as actual conditions change. An MDSSlidetiers an alternative to ad hoc decision
making that may be based substantially on anecddtaimation. A scientifically grounded
treatment guidance system should offer benefiterims of a more efficient use of costly
materials, labor and equipment resources, assutinfiprecast data are accurate. It has been a
long-standing practice of the Scarborough crevaptay their chemical treatments
conservatively; that is, they typically apply alimg amount than might be recommended by an
MDSS, especially in the first treatment, becausg thiant to be sure that adverse conditions
don’t get ahead of them. They would rather nad timemselves having to play “catch up” in
subsequent treatments. They believe that if titialitreatment(s) prove to be inadequate, the
later treatments will need to be substantially et recover LOS, likely resulting in higher
resource usage over the course of the storm. cbimservative approach suggests that there is an
opportunity for a decision support system thataecurately and consistently guide the best
possible treatment decisions, thereby offeringatbiential for resource and cost savings.

In selected storm events the Scarborough crew blags@use the MDSS forecast to make a
decision not to pretreat the pavement. In somersttiney were able to use less materials based
on the MDSS forecast. It is difficult however &sass the amount of savings over an entire
event attributable to the MDSS because often tbe ceported that their subsequent treatments
were increased over what they might otherwise llaves in the absence of an MDSS. It is also
difficult to separate out the influence of the MDB&n all the other forecast and observational
tools that they used.

The MDSS typically recommended less material tin@ncrew was comfortable applying under a
given set of conditions. These recommendationg &atved at as a function of the standard
treatment protocols provided by MaineDOT and plaodtie MDSS, and the MDSS forecasts.
As noted earlier, the crew followed several lowetHhd treatment recommendations, which
actually performed well under the conditions ay tiuened out. The crews later tended to apply
significantly more than the MDSS recommended anoimsubsequent treatment decisions. In
their experience with almost all of these evethsirtdecision was supported both by the
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experiences of other crews in the area and byeh®dstrated success on the road of the
chemicals applied at those higher levels. Howesiace the crew didn’t consistently follow the
MDSS recommended treatment amounts, it is not plest fully assess either the efficacy of
the recommended treatments nor the benefits thalidWwave accrued had they been closely
followed.

The resolution of the weather forecasts was ndt bigpugh to allow the MDSS to differentiate
conditions across the set of forecast points alihegrelatively short distances covered in this
study area.One of the expectations from this assessmentiveadMaineDOT would be able to
use the multiple forecast points along the studyerdo identify sufficient differences in forecast
weather effects (timing, precipitation amount, airdand pavement temperature trends) to be
able to apply differential treatment regimes altmgroute. Such an approach also would offer
the potential to save in material usage and cgstsiying the level of treatment by locale. This
did not turn out to be the case. First, the sktdests provided for each of the forecast points
tended to provide identical or very similar infotima. Second, the forecasting was not precise
enough to allow for point forecasts that could aately differentiate conditions at these
different locations. An illustrative example wasyided by one of the reconstructed storm
events in which observed snow fall was much mooag@unced in the southern end of the route;
however, MDSS forecasts for the two extreme sonthreorth forecast points were unable to
capture these differences sufficiently to suppdfeent maintenance treatment decision making
by the Scarborough crew.

Viewing their experience with the MDSS as a wHdlEneDOT found benefits in the approach
and potential for the futureWhile the Scarborough crew did not find the MDi§®e

sufficiently accurate and consistent enough to oelyt as a tactical tool for their treatment
decision making during the storm, they saw theothiction of this tool as a valuable first step
toward integrating route-specific weather and pasmncondition information on a GIS

platform. They felt that this preliminary deploymerovided an experience base upon which
they can learn to enhance their use of this todetove increased benefits in the future. They
plan to make modifications to the alert structurd precipitation timer, and are considering how
they might modify the treatment recommendationsadued in the MDSS to better address their
state’s needs by maintenance shed. They wanttiowith the MDSS vendor to enhance their
use of the pavement temperature and bridge frémtration components. This past season was
viewed as a valuable learning experience, and NIeis looking to the future to enhance
their management of storm events through the beseinof an MDSS.

6.3 Summary of MDSS Benefits

MaineDOT has had a proactive approach to maintenaperations for quite a few years. They
prepare for a storm event by having their trucksaaly loaded and ready to go, they have their
night patrol, their operations center providingaewide perspective, and their crews on call or
ready to go when they know a storm is coming. MIESS supplemented this readiness in the
following ways.

» It offered useful features not previously accessibIMaineDOT. These included a GIS
radar and NWS weather forecasting platform that thygerations center could use to
track storm events across the state. This proweeédnced notification capability for the
various maintenance sheds.
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» It provided a consolidated set of treatment recontagons and made them easily
accessible to the crews to support their pavemeatrhent decisions. The MDSS
framework allows a DOT to customize these treatmeremmendations to the particular
needs of their maintenance shed locations. Mainees heavily on their crews’
treatment judgments because there are so manphkeiavolved, such as time of day,
day of week, traffic levels, air and pavement terapees, precipitation type and amount,
and the effects of prior treatments.

* The GIS platform allows inclusion of RWIS/ESS, AS@®] other observational data to
be represented and assessed. They liked theydbilie able to overlay pavement
temperatures on a road map. MaineDOT is interestewtluding data for their state and
adjacent states in this way.

* New data were available on bridge frost potenpialjement temperature trend forecasts,
and wind and blowing snow potential.

* MaineDOT’s maintenance strategy is to first lookheir crews and learn from them
what is happening out on the road, then from tigerto forecasts of what is expected to
happen in the future.

* MaineDOT'’s treatment decisions rely significantly their crews’ observations of
pavement temperature. The MDSS provided the nidiextend those observations with
trend forecasts.

* MaineDOT saw potential for improving the alert ficition provided by the MDSS that
could help them in storm preparedness.

* MaineDOT believes the MDSS offers a very usefuhtray tool to help all DOT
maintenance crews throughout the state operatgyan aith their best crews.

MaineDOT viewed the MDSS in this first season’sengnce as a planning tool to help them
identify precipitation type and timing as a stosrapproaching. They did not tend to view it or
use is as a tactical tool to manage their actidiering the storm event.

The Scarborough crew found that their traditiomairses of weather forecast information were
at least as accurate as those provided by the M2&Bough the crew reported that the MDSS
did not change most of their decisions from whaytWwould have been in the absence of the
MDSS, they did make a concerted effort to exammexplore ways to use MDSS information
for every event.

The MaineDOT crews who used the MDSS came to bafiereciate the potential of this kind of
decision support tool, and they appreciate mone #tdahe start how an MDSS could offer them
benefits. MaineDOT believes they have derived benkeom having a weather forecasting tool
that provides a set of capabilities they have ot &vailable previously. As the MDSS is
refined and further deployed, trust and confidenaés use can be expected to increase. The
MDSS tool as deployed this first season in Maine pr@vided benefits, and with further
refinement, user training, and consistent applceiti can be expected to offer greater accuracy,
consistency and ability to differentiate variabtenditions across Maine’s complex geography
and local climates. The benefits it has providedstitute a platform upon which MaineDOT
can build over upcoming winter seasons.
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6.4 Lessons Learned for State DOTSs

MaineDOT worked with the initial MDSS deploymentasithe 2006-2007 winter season in a
single interstate corridor around the Portland, iMé&ropolitan area. The MaineDOT
Scarborough crew enthusiastically took on the engk of incorporating the MDSS into their
existing suite of weather support tools. Whileythad decades of experience dealing with
winter storms, they had essentially no trainingqdwvance preparation for how to use an MDSS.
The initiation of this assessment just as the wiséason was getting under way meant that all
the stakeholders in this process were learninghegas the storms were upon them how an
MDSS might affect the crews’ maintenance and roaaktnent decisions.

This section summarizes a number of lessons tha lwarned in the course of three months of
experience with the MDSS.

An MDSS that offers accurate and consistent forecé&sand treatment recommendations is
more likely to engender trust and confidence in theisers.

A complete MDSS is more than a weather forecagtng It is a decision support tool that
seeks to guide the timing, type, and amount of nedsea DOT will apply to their pavement
throughout a storm based on accurate forecastimgeather and pavement conditions. In
order for the MDSS to offer full benefits, maintena crews need to have the confidence to
follow the MDSS treatment recommendations. In picacthis means that the crews first
need to be willing to apply the recommended treatrhge, amount and timing, then, after
giving it a fair trial over successive storm evetitgy can evaluate the performance of the
MDSS. If it proves to be effective and offers meable benefits, then the crews are much
more likely to build trust in the tool and usednsistently. If the MDSS forecasts and
recommendations appear off the mark, comparedetottier available tools or to the crew’s
experience, then the MDSS recommendations ardikebsto be consistently followed.

MaineDOT experienced an unusually mild winter, vilhicesented its own set of challenges
for weather forecasting tools. While there wassoderable variability in type of
precipitation, temperature, and wind conditions, weather events typically hovered around
the border between rain and snow. This made teglifficult for the MDSS, and the other
available weather forecasting tools, to forecastipitation type, amount and timing with
accuracy. Any such tool, including an MDSS, mestksto demonstrate accuracy and
consistency across all the precipitation types@haOT can expect to experience. Also, the
DOT agencies need to ensure that the treatmentreeadations offered by the MDSS are
appropriately customized for their environment apdrations. Then they can evaluate the
benefits of modifying their standard maintenanaefces to reduce costs associated with
labor, materials and equipment usage. However,tuss in the basic functions of the tool
must evolve before the more advanced capabilindspatential can be fully realized.
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Provide training to maintenance crews before MDSSitroduction, and offer additional
training and support thereafter in the use of an MBS to derive full benefits to improve
maintenance decision making.

The pathways to benefits presented earlier inrgpsrt described many different ways that
an MDSS could lead to decision making that coulldezireduce operational costs, increase
benefits, or accomplish both. This assessment matkar that in order to operate along
these pathways, the users of the MDSS need todatherstand how it works, how best to
apply it in support of decision making, and howrti@rpret the information it offers. To
accomplish this takes more than enthusiasm andosufap the use of the MDSS; it also
takes time to learn, time to accept news ways efatmg with the MDSS, and time to
develop the level of trust in the MDSS to fully aptit into regular operational practice.

The MDSS vendor can offer active support to thentesiance crew that is using the MDSS
to explain its capabilities, answer questions #nese, and suggest effective ways to take best
advantage of its capabilities. This is the rokg thas played by the MDSS vendor in

working with MaineDOT. The more active this retaiship between the MDSS vendor and
the DOT, the more effective the MDSS will be in paging the DOT’s maintenance
operations. The MDSS vendor offered MaineDOT #wises of their meteorological staff
and encouraged the Scarborough crew to call befargy storm event to obtain further
guidance and interpretation of the forecasts treaewweing provided by the MDSS. In this
sense, the crew can play a role in improving thaityjuand effectiveness of these MDSS
forecasts by helping the vendor fine tune the fasexcbased on the observations, experience
and interpretations of the local crews. In additithe crew needs to be willing to act on the
recommendations of the MDSS in order to realizepthtential benefits it offers.

DOTs should expect that it will take time for theirmanagement and maintenance crews to
adopt and accept an MDSS into their standard operadns.

Organizational change of any significance is ugudtiw to occur because it is human nature
to hold on to what has worked well in the past tnesist change that presents uncertainty
and the risk of failure. A basic ingredient foganizational change is strong leadership
backing the change and a willingness on the pahebrganization’s personnel to try new
ways of performing their jobs. MaineDOT had eatthese prerequisites for change in their
favor. At every level of the DOT, there was straugport for the adoption of an MDSS.
Nevertheless, a single winter season, with no agk/aneparation or training, is not
conducive to adoption and acceptance of such aamevdifferent way of operational

decision making. As noted in several of the accamymg lessons, adoption and acceptance
depend on forecast accuracy in practice, crewitrguim how to best make use of what the
MDSS has to offer, and an MDSS that is closelyamsted to the conditions where it is
being applied.
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Configure MDSS treatment recommendations in closeonsultation with the DOT, and
customize them to fit the conditions, needs and pcéices of the crews in the district where
the MDSS is to be used.

In providing a treatment protocol for incorporatioto an MDSS, MaineDOT decided to
select an average set of treatment guidelines undet of weather and pavement
temperature ranges that could apply across the. skatMaine there are variations in winter
weather patterns and treatment strategies acresdate. The Scarborough region tends to
experience less harsh winters than other partsashdland they also have a heavily
urbanized portion of the state. The Scarborougivdends to apply more chemicals under a
given set of weather and pavement conditions tharstate average treatments that were
configured in the MDSS. This predisposition tovilareat the roads (for example, to
apply higher amounts initially to assure effectieem and reduce the need to “catch up” with
subsequent heavy treatments) caused the Scarbaroaghio exceed the initial
recommended treatment levels on a fairly considiasis. The MDSS derived its treatment
recommendations primarily from forecasts of air pagtement temperature that were linked
with MaineDOT’s “average” guidelines that had ba&orporated into the MDSS. This
resulted in fairly consistently under-recommendimg amount of chemicals needed in the
judgment and experience of the Scarborough crew.

While a possible strategy would be to tailor tleatment protocols in the MDSS to the
prevailing conditions where the MDSS is going tcapelied, the DOT needs to be cautious
not to negate the potential benefits of more firiehyed treatment recommendations from the
MDSS compared with the DOT’s standard operatinggaare. A better approach would be
to work closely with the MDSS vendor to implemengratocol of treatment
recommendations that offer the potential for effestess and cost savings, consistent with
the DOT’s standards for road maintenance. Arriahgn optimal configuration may be an
iterative process, with the DOT and the vendoertihg on the performance of the MDSS
after trial periods. The DOT may discover in thiscess that their existing treatment
protocols can be modified to provide greater efficies and savings.

DOTs should select the alert topics and alert timig that will be most helpful in making
their road treatment decisions while avoiding geneating too many alerts that become more
distracting than helpful.

The MDSS offered MaineDOT a wide variety of possialerts covering all the possible
event types for each forecast point created fosthdy region. The more alert topics,
forecast points for which alerts are requested feggiency with which alerts are generated,
the more total alerts that will be sent and reakivAcross the events reviewed in this
evaluation for which alerts were provided by the 88 an average of 50 alerts per event
and about 3.3 alerts per hour were generated lmastte criteria specified by MaineDOT.

In the judgment of the Scarborough crew at theadrile winter season, this was such a
large number of alerts that they found themsehg®gdarding many of them and at some
points finding them distracting. Later in the v@ntthe supervisor elected to cut back on the
number of alerts and stopped providing them toyegsw member.
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The number of alerts has to strike a balance betwsefew to provide timely and useful
warnings, and too many such that they become eadigin and end up being ignored. In
part due to the small geographic area coveredibysthdy, alerts for each of the designated
forecast points proved to not be necessary. Aisstsed for different forecast points are only
helpful when the information at each forecast p@rsignificantly different from the others.
Receiving multiple alerts that all say the samagdhs less helpful. The DOT will need to
assess their experiences with the MDSS alertsiaadune them to best meet their needs.

MaineDOT’s experience suggests that it would beflaéto configure forecast points that
are outside the maintenance area along storm pmatfger improved advance warning of
storms. In this way alerts can be generated basedeather conditions that are known to be
likely to precede the conditions that will be expaced by the maintenance crews.
MaineDOT'’s traditional strategy for alerting cretas been to communicate with NHDOT
and with other crews adjacent to their crew shed & get advanced warnings of
precipitation type, intensity and timing. The MD&&h effectively supplement these
warning strategies by configuring alerts efficigntl

Maine DOT learned that alerts do not need to béimaally issued over time when the
information content has not changed significantsuing alerts only when conditions have
changed is one way to reduce their numbers andtamaitheir salience to maintenance
operations. Alert wording should be short andrgl@@h the main objective of alerting the
operator to consult the MDSS for more detailedrimiation. Alerts serve as a warning of an
impending storm event and should prompt the DOdctorely monitor the MDSS as the
storm progresses. Alerts need to be configuredgers according to the times of day when
the crews are prepared to receive them and makeibesf them. When a crew member is
off duty or asleep, the alert can be directed $aggervisor or radio operator who is on duty
and can act on them immediately. This is how M2id& provided 24/7 coverage.

MaineDOT'’s experience with the MDSS alerts illustsathe value of evaluating alert
information in conjunction with other sources ofalan impending or current weather events
in order to derive the best information from bathefcast and observational data in support of
decision making.

Provide a mechanism in MDSS treatment recommendatits to incorporate the
effectiveness of prior treatments, along with obse&ational data, in order to better adjust
forward-looking recommendations.

The MDSS used by MaineDOT was of most value afritr@ end of a storm event and less
so during the event, partly because of its laciility to factor current conditions into its
recommendations, partly because data on crew acdiod resulting road conditions were not
being fed back into the MDSS, and partly becausectbw felt they were too busy “fighting
the storm” to pay closer attention to the MDSS nigithe storm. The Scarborough crew
evaluated the MDSS before every storm event, aldgtigtheir other sources of road weather
information, and made their decisions whether stpeat the road and what type and
amount of chemicals to apply. While they didn’tessarily follow verbatim the
recommendation of the MDSS, they incorporatedtd their decision making. Other than
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for pre-treatment before a storm began, much ofre@ment decision making that occurred
during the storm was made by truck operators omdaé under the stress and pressures of
“fighting the storm.”

Maintenance crews need concise, timely informati@minly about variations in conditions
across their region of responsibility and forecastshanges in the timing and type of
precipitation, air and pavement temperature treand,guidance for optimal treatment types
and amounts based in part on actions they alreawdy taken. The supervisors as well were
often not at their desks in front of their compatduring storm events to monitor the MDSS.
As a result, the Scarborough crew consistently wéoed the MDSS before the event but not
regularly during the event. DOTs can enhance therial accuracy and benefit of an
MDSS by making RWIS/ESS data available for the gaglgic areas to be covered by the
MDSS forecasts and treatment recommendations.

State DOTs can leverage the potential value of an MBS deployment by offering it initially
to one or more of their more progressive crews.

MaineDOT viewed this experience with an MDSS asag t®@ show their crews statewide
that there are potential benefits and advantagasitg an MDSS in support of winter
maintenance operations. The more advanced crawthen serve as an example as well as
offering training to other crews.

An MDSS is a very different and more complex tedbgp compared with many of the
systems used throughout Maine and in other stafissntenance personnel who are
uncomfortable with computers and related technelogiay be reluctant to accept and work
with an MDSS initially. MaineDOT offered the MD3& a number of their maintenance
crews and selected the Scarborough crew for tkissament project based in part on their
enthusiasm and willingness to work with the MDS®tighout the winter season.

An MDSS should be viewed as a valuable tool in a DO winter maintenance operations
tool box, offering the benefits of an integrated G% platform and significant educational
value.

MaineDOT routinely accesses a variety of weathegdasting and informational sources that
include local weather station broadcasts, privagatiher services, local ASOS, and regular
communications with NHDOT. They access data fras@ RWIS/ESS located throughout
the state. This past winter season they also teka to the MDSS vendor’s staff of
meteorologists to provide interpretative guidarad formerly was obtained through a
contract meteorologist.

MaineDOT found that the MDSS supplemented thesmuress in some important ways.
First, the MDSS added capabilities that they presipdidn’t have from their other tools.
These included pavement temperature forecast tréndge and road surface frost forecasts,
and a tool that could provide pavement treatmesdmenendations based on an analysis of
multiple weather parameters. Second, the MDSSeaffan integrated platform for the
display and analysis of NWS forecasts in a usenétiy GIS format. This capability was
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particularly valuable for use in their Augusta gems center where they were able to track
storms across the entire state and notify thewsigelectively and strategically in advance of
severe weather. Third, the MDSS as used in tteswWinter season offered significant
educational value for the crews that used it. Grbacame much more aware of the variety
of valuable weather information that is now becagrawailable and how to interpret that
information in the context of their existing toa@lsd extensive on-the-road experience
fighting storms. This experience with the MDSS pasitioned these crews to be able to
more effectively utilize MDSS capabilities in thatdre.

The pavement temperature forecast module is angravhan important element in the
MDSS that must be well understood by a DOT to mle\benefits. The MaineDOT
Scarborough crew regularly tracked pavement tenyreravith their IR pavement sensors on
their trucks and used that information in makingittreatment decisions. What was new in
this study was the availability of pavement tempertrend forecasts that could help the
crews anticipate whether the pavement was expéatedrm up, cool down, or stay about
the same for several hours into the future. Tleuation team prepared graphic
representations of these trends, coupled with AB@8ings of air temperature from the
Portland Jetport to illustrate what the MDSS dagsenshowing in each storm event (see
Figure 6 for an example). Also, Table 1 on MDS$&Rays to Benefits outlines some of the
key decision pathways associated with pavementdestyre trend forecasts provided by an
MDSS. A DOT can use this information from an MDi®$help them decide where to treat,
when to start treatment, what types and amoumntsabérials to use, whether pretreatment is
necessary, and the likelihood of road or bridgstfoxcurring.
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7 Conclusions and Recommendations

The MDSS deployed by MaineDOT in the winter of 2@®7 offered the DOT and the
Scarborough road maintenance crew a useful witdemsplanning tool. In its current
configuration, it is primarily a weather forecastitool. The needs of state DOT’s varies widely,
and many that have not yet decided to deploy an 1@y want to move is this direction in a
more step-wise fashion without committing to a mowstly, fully evolved MDSS system

initially. There is benefit in offering a relatiyanexpensive tool focused on helping
maintenance operators better forecast the timidgyre of precipitation at the beginning of a
storm event. The MDSS offered a tool that helpedndDOT integrate a variety of critical
weather data into a useful GIS platform. Thesealbdifies alone meet the most frequently
expressed needs of DOTSs that want a tool that egmthem better time their pre-treatment
decisions and determine the correct materials#®iconditions they are going to face at the front
end of a storm. They want to know start time, imiéation type, anticipated amount of
precipitation, and duration. MaineDOT acknowledteat even when they had access to a
meteorologist on contract to provide storm forexastey had a hard time predicting these key
attributes of a storm. An MDSS that could imprdiveir ability to only do that would be very
valuable, and may be all that many state DOTs wanted.

MaineDOT found their experience overall with the BI®to be a beneficial one. However, it
was also apparent from the event reconstructionraedviews with the crews that the influence
of this tool on their maintenance and treatmenisitmas could have been greater had the crews
perceived a greater degree of accuracy, reliakhty consistency in the forecasts and treatment
recommendations provided. FHWA should encourage 0TS to customize the treatment
recommendations imbedded in the MDSS to fit thieinatic, geographic, and operational needs.
They also should encourage MDSS vendors to woretyovith state DOTs, understand the
range of different needs among the states, reffieie MDSS based on the experiences of state
DOTs, and make improvements where they offer alahre to users.

The FHWA is seeking to extend the benefits of thetev MDSS as a year round tool that can
assist state DOTs through enhanced weather awarefithssuch activities as road striping,
herbicide spraying, and other non-winter road negianhce activities. A focused, relatively non-
complex and inexpensive MDSS tool of the type useMaineDOT this past winter season may
offer a suitable platform upon which to developstéh&inds of decision support tools for more
extended uses.

The transportation community, including federal atate agencies, should continue to support
the development of several different MDSS systdmas dffer state DOTs a choice of
capabilities, functionality, and cost. This kindemvironment helps encourage innovation and
attention to meeting a range of different needsiffierent parts of the country. The MDSS
deployed by MaineDOT raised awareness througheustdite of the value and potential of a tool
that could supplement their existing weather fosgng and management tools with a set of
capabilities they didn’t have previously. Trangpbon agencies also can support training to
capitalize on this growing awareness and encousédger use of MDSS tools to help improve
overall transportation safety, mobility, and protility.
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Appendix A

MaineDOT Treatment Recommendations
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Table A. MaineDOT Treatment Recommendations

T INITIAL OPERATION SUBSEQUENT OPERATIONS
r TEIT\AAS/EEIQAAI%I'TJTRE DA Chemical Chemical
€ Application Application
a RANGE sE:_rface fat Maintenance ep Maintenance ep SSLIENE
t | ANDTREND ime o Action Liquid Rock Action Liquid Rock
4 |n|t|a! Pre-Wet Salt Pre-Wet Salt
operation Gals/Ton | |ps/im Gals/Ton | Lbs/Im
1) Monitor pavement temperature
Above 3PF We_t, slush, | Plow as needed Salt Brine Plow as needed _ Eleolf)(\a/\l/y for drops toward (38) and
1 qr or light and monitor 0-150 and monitor Salt Brine | 0-150 . . .
steady or rising snow cover | pavement temps| 10 gals/tn pavement temps 2) Treat icy patches if needed with
Rock Salt at (150 Ib/lane-mi); plow if
needed
Plow as needed; Plow as needed; 1) Applications will need to be more
Wet, slush, | reapply solid Salt Brine reapply solid frequent at lower temperatures and
2 | 28-32°F or light pre- wetted 10 150-250 | pre- wetted Salt Brine | 100-200| higher snowfall rates
. gals/tn :
snow cover [ chemical when chemical when
needed needed
Plow as needed; S . Plow as needed; 1) Applications will need to be more
: alt Brine, :
Wet, slush, | reapply solid MaCl reapply solid frequent at lower temperatures and
3 | 20 to 28F or light pre- wetted cgcf 250-350 | pre- wetted Salt Brine | 200-300| higher snowfall rates
snow cover [ chemical when 10 gals/tn chemical when
needed needed
Plow as needed; Plow as needed; 1) Applications will need to be more
Wet, slush, | reapply solid MgCl, reapply MgCl, frequent at lower temperatures and
4 | 15 to 20F or light pre- wetted CaCl 350-450 | prewetted solid | CaCb 300-400 | higher snowfall rates
snow cover | chemical when | 10 gals/tn chemical when | 10 gals/tn
needed needed
1) It is not recommended that
chemicals be applied in this
temperature range
2) Abrasives can be applied to enhanfe
Below 15F Dry or light traction
2 steady or falling show cover Plow as needed Plow as needefl 3) On higher speed corridors, if glazing
occurs and sand will not stay in travel
lanes, higher applications of rock salt
may need to be applied with consent
from Region Management.
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Reference standard notes.

CHEMICAL APPLICATIONS . (1) If snow is blowing off the roadway and glagior pack is not occurring, do not apply materig?) Time initial and
subsequent chemical applicationgteventdeteriorating conditions or development of packad bonded snow. (3) Apply chemical ahead of tatfish
periods occurring during storm. (4) Higher volunagriors will often require an additional 50 Ibs pene mile above recommended amounts. (5) Snowfall
greater than 1” per hour will often require an &éddal 50 Ibs per lane mile above recommended aitsoun

PLOWING . If neededplow before chemical applicatiors® that excess snow, slush, or ice is removeganement is wet, slushy, or lightly snow covered
when treated.

TEMPERATURE TRENDS: If temperature trend is rising, use lower end gfliation range and conversely, if temperaturednsrdropping use higher end
of application range.

PRE-WETTING: If salt brine is not available, liquid calcium magnesium chloride may be used if bounce and seaittdoe a problem, i.e. conditions not
wet enough.

FROST AND BLACK ICE: If frost or black ice is forecast and pavement templ be above 20 degrees F, pre-treat with gétiebat 50 -60 gals per lane mile
on designated corridors. Areas not designatedriatneatment should apply as necessary at a rdt8®P50 Ibs per lane mile.

FREEZING RAIN/SLEET: Freezing rain and sleet will dilute treatments gy@and may require more frequent re-application.
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