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cost USA $150 B
annually in property
damage, medical
costs, lost
productivity*

J Why Winter Maintenance?
1 R Weather related
el traffic accidents
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J Why Winter Maintenance
* 6,600 deaths annually

e 470,000 injuries annually
e 544,000,000 hours lost annually
o Contributed to adverse weather

conditions
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billion/annually on winter maintenance

e 20,000,000 Metric Tons of road salt
are used annually

« 7 million gallons salt brine annually
I  Demand for salt doubled in last 10 yrs
[

J Snow & Ice Control Facts
e State agencies spends $2

* lowa DOT expenditures $35
Million/annually
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q Improved Strategies for Winter
_Maintenance

« Anti Icing

« RWIS Technology

* Improved Vehicle Technology
 Chemical Treatments

I  Maintenance Decision Support
[

System (MDSS)
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* De-Icing was traditional, reactive
method used to break bond between
snow and ice and pavement surface.

q Snow & Ice Control Strategles
* Anti-Ilcing and De-lIcing
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to road surface prior to storm to
PREVENT snow and ice from forming
a bond to pavement surface.

I  Timing of application is critical
IOWA STATE 6@3@’
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} Anti- Icmg
 Preventive strategy
 Chemicals, such as salt brine, applied



spreading can improve the
effectiveness of the chemical in many
situations.

e Spreads more uniformly
I  Adheres better to road surface
[

J Pre- Wettlng Chemicals
* The wetting of solid chemical prior to

e Longer lasting on road surface
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J Environmental Sensors

 Road Weather Information Systems (RWIS)
are networks of data-gathering and road
condition monitoring systems.

» Generally installed along roadside with
RPU, Remote Processing Unit

* Provide air temperature, pavement
temperature, wind speed direction,
chemical concentration, relative humidity,
pavement surface condition (e.g., wet, dry,
chemical wet)

e Aurora Program G‘@wg
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q RWIS Station
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e Automated Surface Observing System
(ASOS)- NWS

* Both provide automated weather
Information used In forecast models

J Other Sensors
« Automated Weather Observing
System (AWOS)- FAA
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WeathervieW

A WeathervieW - Microsoft Internet Explorer
File Edit View Favorites Tools Help

@ . © . ¥ Ei @ Pe e < @ 27 = v el

Back Forward Stop Refresh Home Search Favorites Media History Mail Print Edit Discuss Messenger
Address | http://www.dotweatherview.com/ | ~'_| Go |Links ~
Navigate

) l/ A
ZE — | Ty — e e ! —
& WEATHERVIEW i

4 Roadway Weather Information System (RWIS)

4 Antomated Weather Observing System
(AWOS)

Click on a symbol for information.

Eoee

Click on an area of interest to zoom in.

For complete instructions go to Help.
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 Improvements in vehicle components
for more effectiveness in snow and ice
control.

J Improved Vehicle Technology
e “Concept” Vehicle Technology
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lowa Highway Maintenance

Concept Vehicle
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used for anti-icing
e Problems with corrosion

 Environmental Canada is looking
closely at use of road salt

I e |Ice-Ban, LCS are use sparingly but

J Chemlcal Treatments
e Road Salt iIs most common chemical

expensive
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q Maintenance Decision Support

System (MDSS)

e Maintenance Decision Support
System is a FHWA supported effort to
produce a prototype tool for decision
support for winter road maintenance
managers to help make highways
safer.
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q MDSS

* Federal project, funded through the
Intelligent Transportation System (ITS)
Joint Project Office (JPO) of the FHWA.

« Develop prototype system to be further
developed by, and integrated with other
entities.

* Provide platform for private vendors (often
called Value Added Meteorological
Services or VAMS).
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'ﬂ National Research Effort

* National Center for Atmospheric Research
(NCAR)

 Army Cold Regions Research and
Engineering Laboratory (CRREL)

e Massachusetts Institute of Technology —
Lincoln Laboratory (MIT/LL)

« NOAA National Severe Storms Laboratory -
NSSL
[

« NOAA Forecast Systems Laboratory-FSL
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'ﬂ MDSS Configuration

NOAA/NWS NCAR (Boulder, CO) lowa DOT Ames Garage

e Numerical Weather
Prediction Models Road Weather PC Java PC Java
e Surface Observations [ ®  Forecast System Application Application

e Model Statistics

Road Condition &

Treatment Module )
I lowa DOT Des Moines West

NOAA/FSL (Boulder, CO) Garage
Data Server
— —
e Supplemental PC Java PC Java
Numerical Weather Application Application
Prediction Models f

Center for Transportation

e RWIS Data
lowa DOT Data )
lowa DOT Des Moines
RWIS North Garage
RWIS Data Road characteristics HN .

Route characteristics Application Application
Thermal map data

IOWA STATE
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* Impact of supplemental mesoscale
(regional) models

* Potential benefit of operational

J Evaluatlons Performed
 \Weather Prediction
e Treatment recommendations

limitations
@:335
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'ﬂ Weather Prediction Component

e Weather Models Used

— AVN — National Weather Service model

— Eta — National Weather Service Model

— METAR — Meteorological Surface Observation

— MM5 — Mesoscale Model — Version 5 (NCAR &
Penn State)

— RAMS — Regional Atmospheric Modeling
System (Colorado State University)

— WRF — Weather Research & Forecasting Model
— Make up ensemble forecast
[
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q Weather Prediction Component

e |Ssues
— Accuracy
— Importance of “light” snow events
— Wind and blowing snow alerts
— Frost Prediction- complex
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'ﬂ Operational Components

* Rules of Practice
— Generally followed
— Decisions made In field as conditions warrant
— Operators given autonomy

 Underestimate effect of blowing snow
— Blowing snow hazardous- “ground blizzards”

— Algorithm changed for 2004 to capture effects
« Effect of traffic on treatments

— Complex, hard to calculate

[

e Effectiveness of road chemical treatme
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|1i Effects of Blowing Snow
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2003

« 2nd Demonstration Period, Dec. 29,
2003 to March 19, 2004

J Fleld Demonstration
e First Demo Feb 3, 2003 to April 7,
e Ames garage

e Des Moines North
e Des Moines West
[
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q Opening Screen

MDSS Disclaimer

This software is a demonstration of the

Maintenance Decision Support System

developed for the FHWA, and configured
for the lowa Department of Transportation.

Hourly weather forecasts and road treatment recommendations
are automatically generated every 3 hours.

For hon-lowa DOT users of this demonstration,
some features have been disabled and some data are not displayed.
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- lowa MDSS Live Dlsplay Versron 3 1.1

Weather Alert Screen

6‘ TRE

'I;‘:t';‘:if";a““ 48 Hr State Weather Alert Summary
Current Time: Forecast Areas show theirworst Weather Alert Category owver the 48 hrs.
Support
k Syitem 03/04/04 11:07 |
i disclaimer
4 State Alerts:
d
D 12 lﬁ 24 2?_|—43
H eaner o — ®
4 Road || |
Elowing S DN I
3 Road Frost | |
b 1
] i T T T T T T T i Ma.rg”’]al
9 a1 9 4 :
Thu
n 34 =
[ Displayed Wx Froduct | - e =
=
Mane [
] ©
At Selected Forecast Time (09:00 Thu, Mar 04) :
(@) Weather Alert Cat ) Blowing Snow Alert Cat ]
(0 Air Temperature ) Relative Humidity @ @ &
; 0 Wisibility 0 Windspeed s
(3 Precip Rate ) Snow Rate
o
{3 Precip Type ) Prob Precip
(0 Snow Accum flast 3 Hrs) () Show Accum (since Hr 0
1
At Latest Available Time (11:00 Thu, Mar 04) :
d 7 RIS Road Temperature
I ok Maiginal Faai Exli=me
L r Selected Route: | Dots Show Weather Alert Category (as shown)
| Zoom to Route View in Map > |
3
| O
—p
L ]
1
fra .
4 Selected Time {C5T): 1| e,
Animation: r LI |5 7 [ o] P 17 e [ ol et P [ £ Pl P 307 e[t e et e [l e o 1
- 3 5 9 12pm 15 18 21 Oam 3 E ] 12pm 15 18 21
|T|— || | b|' Thu Fii \-—.-
ki 314 35
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Extreme lce ar Freezing Rain lee
- Ectreme Heawy Snow S == 15"/ hr
Poor fModerate Snow Show == 0.5"/hr
FPoaor Cold Rain Rain = 0.25"hr = 35 deqg. F
Marginal Light Snoawe Show =5 mph | ]
Marginal Light Rain Rain == 0.1"'hr
(o] .4 Mo Conditions Met b

Road Alerts

Road Alerts are generated when maobility conditions are satisfied. The mobility thresholds may be different for each road segment. Currenthy, all road
segments use the mobility threshalds shown belaw,

Foad Aalert Category Mobility
i Extreme 0.0to 0.25
Poaor 0.251t0 0.5
Marginal 0.5 to 0.75
(o], 0.751t01.0

Blowing Snow Alerts
Elowing Snowe Alerts indicate the likelihood of blowing snow. For each forecast time ), the algorithm examines the last 45 hours of weather
abservations and forecasts. If snow was indicated during that period, then the fallowing four factors are examined:
U 11 Time since the snow ended.
21Wiind speed (sustained and expected gusts) at time “t".
21 Did liquid precipitation (rain or freezing rain in RWFS) occur
any time between the last time that snow occurred and time "t"?
] 41 Maximum air temperature during the last 3 hours of snowfall
or less if the snow event |asted for =2 hours) and time “t71.
Fuzzy logic membership functions are applied to each of these four parameters, resulting in walues ranging from 0.0 to 1.0. The blowing snow likelihood
field is simply the product of the four walues. Alert categories are the same as the Road Alert mobility threshalds.
[~ Ok

| _
i . -
Alert Category Information
Weather Alerts
! Wieather Alerts are generated when any of the following conditions are satisfied. If multiple sets of conditions are satisfied, the worst AlertCategoryto
be satisfied is generated. All listed weather variables for aweather condition must be met. Empty variables may have any walue.
Weather Alert Category Feason Precip Type Precip Rate Wind Speed Temperature Rel. Humidity

|
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Current Time:
03/04,04 11:17

2445
[

1 T T
RS

) Precip Type

) Blowing Snow Alert Cat
) Relative Humidity

0 Windspeed

() Snow Rate

() Prob Precip

Ames Area Road Conditions

Forecast Areas show their worst Weather Alert Category awer the 48 hrs

() Showe Accurn flast 3 Hest () Show Accum Gince He 0

At Latest Available Time (11:10 Thu, Mar 04) :
) M5 Road Temperature

o Waiginal Paai Extizme
r Selected Route: | Dots Show Weather Alert Category (as showhl
| 1: US-30 East and US-65 South ¥ | | Event Summary... || Treatment History... || Treatment Selectar... || Conflguration... |

NOw

Blowing Snow Alerts:
Road Frost Alerts:

Current Plan

{Ho Treatment)

Selected Time (C5T):
Animation: T e

ElE“E‘ Eh“ b 12pm 15 18 21 U:ti’n 3 [ 9

L -

Er

J ther Alerts—Point F t
|
- lowa MDSS Live Display - Version 3.1.1 . X
2 Maintenance
Decision
w Support . &
L System il =il T s =l
disclaimer — - - i 2 - S g LEVIET 1
Ames Alerts: | ; ; jaiie
| e : j EataNn ' o5 i
Weatherélé_ S | ! P ; NP
Blnwink;;:___ i K | RN E I [ 3 i v
Road FrnstI | | ; e £ ! T I . . - drag |
|g T 2|1 T > a \ - 3 "] . 11 |- i :
[ Displayed Wx Product | el i L Tk k
1 Mone g 1 AT I .. = — - . : ‘. - L | ;i
AtSelected Forecast Time (09:00 Thu, Mar 04) : & I_ i 4 ] v - - i 1 1
(@) YWeather Alert Cat ; _I 5 ) R ~ el e ST i
) Air Temperature N oo i g J Lo | l A4 L2 H
) wisibility i ez of . - ’ L Pt Aa o |
() Precip Rate E S a3 TP | - T 7

&l

IOWA STAT= - -
UNIVERSITY

&£ orae

Center for Transportation
Research and Education




Forecast Point Status Display

i Jowa MDSS Live Displ

Maintenan|
Decision
Support

se

Red tick shows

Place cursor over a

5 Moines Area Road Conditi
st Areas show theirworst Weather Alert Cateqgo)

lected time

Forecast weather
categories at this
site

System ol /o304 14:974 o i :
disclaimer 1 g =l "- j 5 '-l-;
Des Moines Alerts: = Pl b=

o1 12 24 2

forecast point

p. Dam 12|:-rn Dam 12i

DES MDIHES. EIES hOINES

0 Mone

Forecast date/time
weather category &

At Selected Forecast Time (14

® Weather Alert Cat | ¢

1 Relative Humidity ) Dl |:T = 243 le F 'I,ﬂ,ﬂnd = 11 |'|'|
O Wisibility o owiindspeed ST L L 31
) Precip Rate ) Snowe Rate

IMTERMHATIONAL AIRPORT, 1A
01003 14.00
Weather Mert Categqory: OK

rob Precip

nowy Accum (since Hr 03

10 5at, lan 03) :

Ok

reason for the alert

aiginal Paai
Dots Show Weather Alert Category (as shownd

Ewent Summary... Treatment Histary... Treatment Selectar... Configuration. ..

R Cove

Blowing Snow Alerts: %IIIIIII— 15 it 5 e i B B
Road Frost Alerts: B R R R R R e [ L R e e e
Current Plan
(Mo Treatment) :

Selected Time {C5T):
Animation:

IOV
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M

L L o Bt

[0 L]

-]

-

¢ Event Summary

9 12pm 15 18
T
Precipitation Type: | | | | |
tdeclared 1
Probability of
Precipitation Types:
{percentl

Max: 97
din: 0

0

Total Storm Accumulation ?-20107

with Ho New Treaiments:
linches

iz 0.0

21 Dam 3 B 9

vent Summary Page

- 0X]
3:1-35 Morth

fam 3 b
3/6
NERE

12pm 15 1§ 21

345

O a2 I
Rain Snow e
r100

Road Temperature with
Recommended Treatment:
i degrees i

ol 45.0

hin: 31.2

Wind Speed:
Cmph 2

Ml 18

hdin: 9

Blowing Snow Advisories:

Recommended Treatment:
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Tabular Model Output for each Forecast Point
Introducing Probabilistic Forecast Information

Date Mame AirT{Fy  |TotSnow ({im| Dewpt (F) Frecip Type |Frob Precip.. | Frob Rain {.|Prob Snow .| Prob lce (%) | Precip

1200 Sat  |Mane 217 0.0 11.0 53 Mone 45 0 100 0 0o |

1300 Sat  |Mane 23.0 0.0 11.2 i Mone el 11 a9 g 0.0

140053t |Mane 243 0.0 123 B Mone 42 0 T 15 0.0

1500 Sat  |Mane 24 B 0.0 14.0 53 Mone 36 2 a3 5 0.0

16:00 Sat  Marginal 247 0.1 143 B4 Show 35 0 100 1 0.01

17:00 Sat  Marginal | 23.4 0.3 16.4 74 Show 55 0 100 1 0.02

18:00 Sat hardinal 7233 M4 17 &8 79 S G2 29 39 T 0.0z

19 “pop . Showe 51 11 100 4 0.01

-t Probabilities of Rain, Snow, Ice, Hone 54 ¥ 100 5 0o

21 AURCPI Mone 49 11 a7 B 0.0

- overall chance of precipitation & o = = - : =

3 declared precipitation type are demp 20 e & : I

i p_ P yp _ Mone 16 4 a5 7 0.0

ol presented in tabular form. This = [Sow 5 g G0 g 0.0

02 Snow 43 11 Gz g 0.01 i

o5 allows operators to assess the Snaw 47 12 a4 8 0.02

04 1o T Show 55 10 a3 7 0.03

a2 probabilities of each precipitation v = : a2 6 a0t

06 Showe 72 4 g1 5 0.05

07 type' Showe 73 4 g1 5 0.04

02:00 Sun |Marginal 181 28 16.1 57 Showe 75 5 g7 4 0.03

09:00 Sun  Marginal 182 30 16.0 g1 Showe 76 5 g7 4 0.01

10:00 Sun  Marginal 182 3.7 156 29 Showe 77 5 a3 4 0.02

11:00 Sun  Marginal 182 33 15.1 a7 Showe 75 4 a5 4 0.02

1200 Sun  Marginal 183 14 146 g5 Showe a0 4 T 4 0.02

1300 Sun  Marginal | 18.3 37 145 54 Showe 70 3 a3 4 0.01

1400 Sun  Marginal 19,3 3.8 146 57 Showe B 3 a9 4 0.01 |5

(= ol
Close Print (") Graph Wiew (@ Table Wiew| |
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MDSS Treatment Recommendations

£ Treatment Selector s =0 | p—

The default treatment screen nent Selector for 7: 1-35 North
shows forecast traces of mobility
index (1.0 being the best). M obility

Displayed Fesult:
[¥] Mability

[] Snow Depth an Road
[] Road Surface Temp.
[] Chemical Conc 0.0
We have not yet selected a
treatment. Hence, the “current
plan” depicts decreasing mobility

=¥ by Treatment

0.57

inde:x

1 1§ h | Oam 3 b g 12|:|
The MDSS automatically generates
recommended treatments

Select Hone

Select
Eecommended
Add New Treatment Scenario
Close Print
Selected Time (CST): T

Animation: PP e P e P e |!| | FFE [ERTA P TRV SN YN [T SR SR [N PR (Rt FEEH ITRY TR FERTT RN FECH) T [P ST (e T SRV (R YR RN SR SR S e | ! c RE

b 9 12 15 14 21 a 3 b 9 12 15 14 21 1}
Jov = Dmmow b i B -

' 4 : r Transportation
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You can click on each
checkbox to access each
road condition parameter.
In this case “Snow Depth”
has been selected.

5now Depth on Eoad

Treatment Selector for 7: |1-35 Morth

= 1O0] <]

Displayed Result:
[ ] Mobility

[#] Eriowe Depth on Road
[] Road Surface Temp.
[] Chemical Cone.

inches

Treatments:

¥ ko Treatment
= pecammended

Select Hone

Without a treatment, the forecast is for 3 inches of snow to accumulate.
Following the recommended treatment provides guidance on keeping

un
13 1i4

LS .
r Transportation

UNIveRoIT 1

Select
FEecommended
snow accumulations in check.
SEIEEL?]?"T;:?:n(:cm: ﬁ! T Ii T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ! c RE
IOV IEL—“_-"-_;IJ sEaL 9 12pm 15 14 21 Dsam 3 b 9 12pm 15 14 21 D&m
[
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MDSS Treatment Recommendations

Chemical Concentration

=] [

pErcent

- B < Treatment Selector
Current Time: ;
0170304 14:28 Treatment Selector for 7: 1-35 Morth
: 40.0
Displayved Fesult: HNnTreatIment
] Mobility 30.07
[] Snow Depth on Road -
[[] Road Surface Temp. -
[¥] Chemical Conc. | :
12pm 15 18 21 Oam 3 b
143 14
12pm 15 18 21 Oam 3 b
113 114
Treatments:

trace

I

q 12p
g 12p
Select Mone
Select
REecommended
Clicking on the last option brings dd New Treatment Scenario
up the Road Chemical Concentration i
Close Print #E

UNIVERSITY

Center for Transportation
Research and Education



i Treatment Selector

current Time:
01/03/04 14:2k

Displayed FEesult:

[¥] Mobility

“What-If” Scenarios

=00 x| -—

Treatment Selector for 7: 1-35 MNorth

M obility

1.0

=¥ No Treatment

[] Show Depth on Road E .57
[ ] Road Surface Temp.
[] Chemical Canc. 0.0
12pm 15 15 21 Dam 3 b q 12p
1/3 1/4
Treatments: To try an alternative treatment
select . | None scenario, click this button.

Select

I

— XN

Add New Treatment Scenario

Clase

Print

rE

ation
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DI

I & Treatment Selector

Current Time:
01/03/04 14:36

Treatment Selector for 7: 1-35 North

Snow Depth on Eoad

q Treatment “What-If’ Scenarios

(0] x| —

i ; 4.0 |
Dlspla'_yjed Fesult: S #— No Treatment
[_] Mability w7 #=¥ pecommended p
AT il — i
v Snow Depth on Road E a0 Alternative 1 .
[_] Road surface Temp. 1.07
[] Chemical Conc, 0.0% ’
12pm 15 15 21 Dam 12p
1/3 144
Treatments:
Select Hone
Select
Recommended

Select

Delete

/NG

Calculate

H

Alternative 1

L |
L

IOWA
UNIViiois

| Add Mew Treatment Scenario |

| Close || Print |
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J Functionality Wrap-Up

é Iowa MDSS Live Display - Yersion 3 ;lglﬂ
Ml enance Des Moines Area Road Conditions
W 5 current Time: Forecast Areas show theirworst Weather Alert Category over the 4§ hrs.
upport
System 01/03/04 14:14 e Z oy

disclaimer

Des Moines Alerts:
BT T A T i
Weather | IS
Road | | |
Blowing SN | NN I
Road Frost | |
I T T T T T T T I

12pm Oam 12pm Oaml2pm
ZalL Sun KMan
173 1¢4d 1¢5

[ Displayed Wx Product |

1 Mane
At Selected Forecast Time (14-00 Sat, Jan 03) :

(m Weather Alert Cat 3 Air Temperature

0 Relative Humidity 0 Dewpoint

o wWisibility o Windspeed
1 Precip Rate ) Snow Rate
1 Precip Type 3 Prob Precip

0 Show Accum flast 3 Hrsd 0 Srow Accum (since Hr 0

At Latest Available Time (14:10 5at, Jan 03) :
0 RIS Road Temperature

a7 Maiginal Paa: Exliame
r Selected Route: [iots Show e lert Cateqory (as shawnd

| 7:1-35 Morth ™ Event SUmmary...

Blowing Snow Alerts:
Road Frost Alerts:

Current Plan

{Ho Treatment)
Selected Time {C5T):

= CIRE

Animation: { FFOER FEICCP ECYOYM BN FEER FEU TN O | FECY FECER B EOrR Fou FEREN IR EER SRL YN BOL EOE FUR M FOC F | | T YN B EER FOU FEYR BT EOC F |
b q 12pm 15 13 21 Oam 3 [} 15 14 21 Oam
IOV W L
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q Verification Data

 lowa DOT provided field weather and
operational data from the garages to verify
the model.

e lowa RWIS
e« NWS METAR
e Local observer surface data

e Weather Satellite
e Weather Radar
e Others

[
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q Observed Conditions

IOWA STATE 2
UNIVERSITY Rosoarah and Ectucation




IOWA STATE
UNIVERSITY

—&
EF! IMES

JOHNSTON

POLECITY

f Des Moines Area Map

12&3 129 130 131 132 933 454

ALLEM AN

NE 142 AWE

ELKHART

96
95
o3

=

WEST
DES MOIHES

DES MOINES

=63
92

3
Center for Transportation
Research and Education




q Ames Area Map
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Concept Vehicle Data

Daily Work Sheet - Snow Removal, Ice Control & Equipment

|
Equipment | Equipment [ Equipment
usage time usage
distance
(miles) Date: 2/18/2004
Plow 0:00:00 0
Left Wing 0:00:00 0 Truck ID: 30144
Right Wing | 0:00:00 0
Scraper 0:00:00 0 Console ID:| DCS710C
No equipment data collected in this pass Operator ID:
Start Time | Stop Time Hours Average | Spreading| Sand Salt Prodl Prod2 | Prewet | Antiice
Master On | Speed | Distance | (tons) (tons) (tons) (tons) (gal) (gal)
(mph) (mi)
10:32:13 12:03:32 1:31:19 31.21 47.50 0.00 8.00 0.00 0.00 0.00 19182.00
TOTALS 1:31:19 31.21 47.50 0.00 8.00 0.00 0.00 0.00 19182.00
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 Demonstration to finish this year
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On behalf of the Federal Highway Administration, the lowa Department of
Transportation, and the national laboratories involved in the MDSS project,
thank you for your interest.

An MDSS Stakeholder Meeting will take place in Boulder, CO during the
July 21-22, 2004 to discuss the results of this demonstration and to share
experiences. All are welcome to attend. Contact Andy Stern at

for further information.

For additional information on the MDSS project, please visit the following
web sites:

The Federal Highway Administration, Road Weather Management
Program site at:

The National Center for Atmospheric Research (NCAR) web site at:
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mailto:astern@mitretek.org
http://www.ops.fhwa.dot.gov/weather/index.htm
http://www.rap.ucar.edu/projects/rdwx_mdss/index.html
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