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# SATURN AND TITAN
Cassini Mission - 1897
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MARS

ExoMars Lander - 2016
Mars Rover Curiosity = 201
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= Runway Weather

= Atmospheric Sensors

= Lightning

= How It Impacts
operations
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HOW ARE TODAYS SENSORS USED?
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Dynamic Message Signs
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VARIABLE SPEED LIMITS
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British Columbia

British Columbia is making huge advancements in winter
maintenance
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Incorporating new methods and programs also
required new technologies
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Variable Speeds Based on Conditions
(wind and visibility) and Grip

The data from these sensors are also used in treatment decision making and
performance measurement
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Case study: Colorado DOT

= Weather related hazard

= Plowed snow accumulated on a blind curve on a
busy highway just outside of Aspen, Colorado.

= Snow would melt during the day and refreeze after —
road became shaded later in the day. DsCc2n

= CDOT noticed numerous crashes were occurring at
this curve despite generally good driving conditions

= They concluded that drivers were traveling at a
higher rate of speed in good conditions, and were = Results
not prepared for the refreezing snow and ice

n = 80% reduction in accidents
conditions once they entered the turn.

= Before system average of 15 accidents per year

1 = After ~ 3 accidents
= Approximately 12 accidents saved every year
= Solution: = Assuming 2 serious and 10 slight injury accidents
= Station installed with remote sensor at curve / = Saving of (2x$216k)+(10x$80k) = $1.232M per annum
location. Sign located well before curve to advise
drivers of hazard ahead

= Estimated 15:1 return of investment in 1 year
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Oregon variable speed limit

LOW
VISIBILITY

INTELLIGENT TRANSPORTATION SOCIETY OF ALASKA

In a first of its kind project in Oregon, Oregon
Department of Transportation highway managers are
testing new variable speed signs on Interstate 84, to
provide what authorities call a greater margin of driving
safety during winter weather.

ODOT crews installed variable speed signs in a critical
thirty-mile corridor of Interstate 84 from Ladd Canyon to
Baker City.

“These electronic message boards indicate a safe speed
limit for vehicles when weather conditions turn adverse.
Computers collect data regarding temperature, skid
resistance (ice) and average motorist speed to
determine the most effective speed limit for this area,
and then present that speed on the variable speed
signs,” according to an ODOT news release.

“This gives motorists additional information about their
drive in order to remain safer on the highway. The signs
will lower and raise speeds automatically to meet
observed conditions on the roadway,” the release
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AUTOMATIC VEHICLE LOCATION
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Huge Advances in AVL

- B T —— L — v~ L .

R = e e - - O = ¥ s S o et St

»Accident management tool T——
+*When, Where, ect. =i
>Inventory control tool e [ e

“*Calibration of Trucks |
»Complaint resolution tool ISyt i

<*When, Where, ect. S - o
5 Route monitoring 100l e

Is there a quicker way e =
»Customer support SR e 2
»Contractor oversight el a2 0 =
>Real-time data and Images _\_?_ ;\@r

i
o
1

i
:
3
E

1

' »
Som trm e Sanel o

P )

INTELLIGENT TRANSPORTATION SOCIETY OF ALASKA




lowa DOT Dashboard Cams
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Minnesota Displays the Latest Image along with
Several Previous Images

US 212: Snow Plow Camera: Today at 11:58 AM CST shane v

az) - Matison Walzon
Lo0 Dus Parte
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Reviewing data individually with grip
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Would anti-icing have had an impact here?
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Combining AVL with Weather Data to Measure

Performance

The pinlk line is grip and the red line is pavement temperature.

[ ] Surf Temp - Surface site 1 9 Dew Temp - Atmospheric site 9 Grip Level - Surface site 1 +
- a2
2 a0 ? ?
w
§ 28
5 26
@0
g 2 - ?
5 . _
T o
&
18
(e ; & & (e ; f 3 ! ; ; ! 3 ; & &
N 1159 s P o & & & & & & & & & & N
n o
g )
AVL data Spreading data from Cirus Controls, LLC
“ FIEN [ ) - o T
20: 20: 22 2 20: 57 14 23:20 (o1:07 L0 02:44 04:4 05:0%
Surf State - Surfac
et slushy slushy nowy slushy now

@@@@@@@@@@

D@

@@@@

INTELLIGENT I’RANSFORTA‘NON SOUfTY OF ALASKA

VAISALA

il

32
an
28
26
24

20
18

o, | 215 SEUNS - dwa ) ung




DATA FROM THE TRUCK IS SHOWN ON THE ROAD
CONDITIONS PAGE
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Surf Temp - Surfaca site 1 °F
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DSC111 — rRoad State Measurement

= Based on active transmission of infrared light
beam (eye safe lasers) and detection of
backscattered light

= Uses selected wavelengths to independently
measure water, ice and snow thickness

= Nominal sensitivity of 10 um or 0.01lmm or
0.000394”

= Or aresolution that is 8 times smaller than the
average width of a human hair (ranges from 18 to
180 um)

= (a water layer thickness of 30 ym or 1/1000” is
enough water to leave a clear tire track mark, thus
IS a good threshold from moist to wet)

= Measurements of dry, moist, wet, ice & snow/frost
» Road area sensed is approximately 1 Sqg Foot

Human Hair
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Storm Performance Index

= What is it?

= A numerical value — estimates winter maintenance performance
— Data comes from RWIS sites

= How is it calculated?
= There are 3 main parts to the Index:

= Storm Severity Index = WS (Max) + WEL (Max) + 300/ST (Min)
— Where the following units are used:

— WS = Wind Speed (mph)
— WEL = Water Equivalent Layer (millimeters)
— ST = Surface Temperature (degrees F)

— [Index range is 10 to 80 for typical storm events with severe cold and high winds running as high
as 500]

= Winter Performance Index = Ice-Up Time (hours) / Storm Severity Index
— Where:

— lce-Up Time is when the grip is below 0.6 for at least a 30 minute period
— The goal is to have a Winter Performance Index of 0.5 or less.

= The Winter Mobility Index (0-1.00)
— Derived using the percentage of time the road conditions did not significantly impede mobility during a
storm event (safe “grip” value) when precipitation was on the surface with below freezing surface

temperatures being observed.

INTELLIGENT TRANSPORTATION SOCIETY OF ALASKA




Storm Performance Index — How did we do?

= The input parameters are run through an algorithm that produces an index.........

VAISALA

Storm Performance Index Report
24-0ct-2012 09:03 — 31-0ct-2012 09:03

Generation date 31-0ct-2012 09:03

D5 - Malad Summit

Storm Performance Index Legend
Successfully treated
Significantly accelerated grip recovery
Some success at grip recovery

Wery little success at deicing

Limited maintenance or no deicer success
Observation data / parameter missing or temp is below threshold

26-0ct-2012__ 04:30 - 10-00 FROST treated 5 50 559 0.00 0.00 0.02 2606 1712 o]  100%
D6 - Idaho Falls
25-0ct-2012 0245 - 0445 GRIP<6 200 380 014 087 021 30 56 14.49’ 259
25-0ct-2012__ 0445 - 06:00 TREATED 1.25 291 0.00 0.00 1.18 3128 1368 0
D6 - Lost Trail Pass
24-0ct-2012 0915 - 10:30 GRIP<6 125 514 0.31 0.31 0.12 1472 2504008 .
24-0ct-2012__ 10:30 - 12:00 TREATED 150 582 015 0.04 1.15 1976 2215 0
25-0ct-2012  02.00 - 1115 GRIP<6 925 447 013 081 0.00 1850 2150 0.43
25-0ct-2012 11:15 - 14:00 TREATED 275 761 0.08 016 196 2066 24.09 o .
25-0ct-2012 1400 - 2300 GRIP< 6 9.00 805 0.07 075 236 482 726500 042
25-0ct-2012_ 23:00 - 12:45 TREATED 13.75 761 014 0.00 182 1616 27.99 0
26-0ct-2012 1500 - 16:00 TREATED 1.00 514 010 0.01 034 2876 1592 o ..
26-0ct-2012_ 16:00 - 13:45 GRIP<6 2175 7.38 0.26 085 320 2300 2363
27-0ct-2012  16:30 - 17-30 TREATED 1.00 559 0.04 0.02 027 3038 1574 0 239
27-0ct-2012_ 17:30 - 19:30 GRIP<6 2.00 671 0.11 0.63 0.00 2822 17.97
27-0ct-2012 2245 - 0615 GRIP< 6 7.50 7.83 0.06 082 0.00 2858 1915]  0.39] 0%
25-0ct-2012__ 08:15 - 09:15 GRIP<6 1.00 492 0.04 0.78 0.00 2894 16.07 0%
29-0ct-2012  23.00 - 05.00 TREATED 6.00 425 0.00 0.00 0.16 3038 1429 0
30-0ct-2012  05:00 - 10:00 GRIP<6 5.00 559 0.15 0.05 0.01 2768 16.58 030 57%
30-0ct-2012_ 10-00 - 10:30 TREATED 050 850 0.00 0.00 017 2804 1937 0

INTELLIGENT TRANSPORTATION SOCIETY OF ALASKA
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Storm Performance Index

= The input parameters are run through an algorithm that produces an index.........
VAISALA Storm Performance Index Report Generation date 31-0ct-2012 09:03

24-0ct-2012 09:03 — 31-0ct-2012 09:03

Storm Performance Index Legend

Successfully treated

Significantly accelerated grip recovery
Some success at grip recovery

Wery little success at deicing

Limited maintenance or no deicer success

10 to 80 for typical storm

Up to 500 for storm events with severe cold and high winds

Observation data / parameter missing or temp is below threshold

D5 - Malad Summit
26-Oct-2012  04:30 - 10:00 FROST treated 550 559 0.00 0.00 0.0z 26.06 k 13".12|) 0| 100%

D6 - Idaho Falls

25-0ct-2012 0245 - 04:45 GRIP<6 2.00 380 014 0.87 0.21 30.56 14.49H 250,
25-0ct-2012 0445 - 06:00 TREATED 125 291 0.00 0.00 118 3128 1368 0
D6 - Lost Trail Pass

24-0ct-2012 0915 - 10-30 GRIP<6 125 514 031 031 012 1472 254008
24-0ct-2012_ 10-30 - 12:00 TREATED 1,50 5 82 015 0.04 115 1976 2215 0
25-0ct2012  02:00- 1115 GRIP< 6 9.25 447 013 081 0.00 1850 2150 0.43
25-0ct2012 1115 - 14:00 TREATED 275 761 0.08 016 196 2066 2409 o .
25-0ct-2012 14:00 - 2300 GRIP< 6 9.00 805 0.07 075 236 482 7265000042
25-0ct-2012 23.00 - 1245 TREATED 13.75 761 014 0.00 182 1616 27.99 0
26-0ct-2012  15:00 - 16:00 TREATED 1.00 5 14 010 0.01 0.34 28676 1592 o .
26-Oct-2012 1600 - 1345 GRIP< 5 2175 7.38 026 0.85 3.20 2300 2363

27-0ct-2012  16:30 - 17:30 TREATED 1.00 559 0.04 0.02 0.27 303 1574 0 239,
27-0ct-2012 17:30 - 19:30 GRIP< 5 200 671 011 063 0.00 2822 1797

27-0ct-2012 2245 - 06:15 GRIP<6 750 783 0.06 0.82 0.00 285 1915 039 0%
28-0ct2012 08150915 GRIP< 5 1.00 492 004 078 0.00 2804 1607 0%
29-0ct2012  23.00 - 0500 TREATED 5.00 425 0.00 0.00 0.16 038 1429 0
30-0ct-2012  05:00 - 10-00 GRIP< 500 5 59 015 0.05 0.01 2768 1658 030 57%
30-0ct-2012 10:00 - 10:30 TREATED 0.50 8 50 0.00 0.00 017 2804 1937 0
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The Mobility Index

VAISAI-A Storm Performance Index Report Generation date 31-0ct-2012 09-03

24-0ct-2012 09:03 — 31-0ct-2012 09:03

Significantly accelerated grip recovery

0.31 - 0.49 |Some success a t grip recove ry

Very little success at deicing
Limited maintenance or no
Ohservation data / parameter missing or temp is below threshold

SO R RN YR N s e L

D5 - Malad S

[=%

EEEEEEEEEEEE

[26:0ct2012 0430 10.00 FROST treated 550 559 000 000 0.02 2606 1742 o 00% |
:- The Winter Mobility Index (0-1.00) is 2

=< derived using the percentage of time

=< the road conditions did not significantly == -

=. impede mobility during a storm event =

= (safe “grip” value) when precipitation E

= was on the surface with below freezing

surface temperatures being observed.
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ITD RWIS - Performance Index Results

For RWIS Highway Benefits for Crash Reduction

Segments
ﬂ-
—
Total Crashes . g
Value of Crashes Avoided !
©
(Q\
350 -
(7))
300 .
o g Sites $12,000,000 /, S
2 o250 $10,000,000 |~ o
g 33 S $8,000,000 - 2
G 200 L 9 Site <
5 = $6,000,000 ) )
£ 150 a e
3 £ $4000,000 | =
5 100 $2,000,000 / nd
50 g0 |- zZ
2010 2011 2012
0 - - -
2010-2011 | 2011-2012 | 2012-2013 2011 2012 2013
m Series1 301 226 147 ® Value of Crashes
i $0 $5,452,500 |$11,195,800
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ITD Return on Investment

Season/new Annual Annual Annual Net Return on
WPR sites Crashes Crashes Difference Investment
pre data post data
109 34 75

2011-2013/9 33.7
2012- 192 113 79 13.3
2013/24

Assuming 10 year service life of RWIS site,

2011-2013 ROI = 75 x 72,700/((125,000/10+5,500 ) x 9 ) = 33.7

NRITS August 26, 2014

2012-2013 ROI = 79 x 72,700/((125,000/10 +5,500) x 24) = 13.3
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The Performance numbers

*|n the words of DOT maintenance staff:
*They indicate how effective we were
= 50 -.70 Is about what mother nature earns
=Below .50 indicates we helped

*The lower the performance index number the more we
accelerated the removal of ice and snow

=.70 or higher may indicate we compacted the snow or prolonged
the ice.

VAISALA
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FHWA Pathfinder Project

= https://ops.fhwa.dot.qgov/publications/fhwahopl16086/fhwahopl16086.pdf

= Fundamental Principles:
= Collaboration Across the Road Weather Enterprise (DOT’s, NWS, Private Weather Companies)
= Consistency of Message about the Weather and its Impact on Roads

AALAS KA,
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https://ops.fhwa.dot.gov/publications/fhwahop16086/fhwahop16086.pdf

Pathfinder Goal

Bouron. Decrya DOT

Searce Ceorgm DOT

Strengthen the working relationships across State
DOTs and the Weather Enterprise for the
dissemination of road weather information fo
travelers that is

v clear,

* concise,

* impact-based, and

* consistent
50 that drivers are well informed and able to make
safe and efficient travel decisions

EDC»

ALASKA,
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Overview - Vaisala Pathfinder Approach

= Allow for increased utilization of NWS forecast content in Decision Support System
offerings
= [mprove consistency of forecast information
= Drive unique value-added models with NWS forecast information
= Integrate NWS textual forecast products
= Integrate NWS collaboration tools, such as NWSChat

= Collaborate with NWS Offices in support of DOT Objectives
= Vaisala is able to Work with NWS and also 3" Party Weather Forecast Service

VAISALA
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Vaisala Pathfinder Concept — Further Detall

* Vaisala Decision Support System / Display

= Atmospheric forecast information and supporting products sourced from NWS (e.g. NDFD and/or
other products)

= [ncorporation of NWS Tools, such as NWSChat

= Can include specialized tools, such as pavement models (available for both the maintenance
agency and the NWS to view)

= Non-operational consulting services (e.g. consultative reports, performance measurement,
optimization)

= NWS Continues Providing IDSS and Forecast Support to the DOT/Agency

* Local NWS WFO(s) given login access to private sector display systems (including
pavement model results) for supplemental guidance (upon DOT authorization)

= Vaisala helps provide guidance on application of information to DOT operations

VAISALA

AL ASK A

NT!U.IGEN'I YMNSPORTATDON SOCIETY OF ALASKA




Simplification and Display of NWS
Watches/Warnings/Advisories

Station Summary | Station Wall | Stations | Forecast | gk Alerts | Reports | DSP 310 w Tools  @!
-~ fr - e e = T S NI T P T T Swift Current—
| | Status Layer 12 NWS Hazards [=] S ‘ Medici.ne Hat e ";
= Phenomenon ¥ Significance  Ends In Issued Category ") : Y = o =
| @ NWS Hazards + [astlegar Sranbreok N N -
@ Fire Weather Warning 1d9h 18 minutes ago Fire e AN \ —
Significance } \y
. Warning (’ —
Advi \ <
[ Advisory Westher Spokang; \.
[] watch 3228 3 o Montana -
Weather £ & =

- Statement

Hazard categories

Severe Stormsg
Winter Weathe|

Weather
v EZ& Wind

7] E Visibility Impe

1Q<mFire
@ I othe

|1 Satellite

Current Time
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Red Flag Warning (fire weather)
Ends In 1d 2 h (Wed Sep 14, 06:00 UTC)

Issued 20 minutes ago
Mon Sep 12, 2016 20:23 UTC

UTZ478-131100- SALT LAKE DESERT- 223 PM MDT MON SEP 12 2016

...RED FLAG WARNING REMAINS IN EFFECT FROM NOON TUESDAY TO MIDNIGHT
MDT TUESDAY NIGHT FOR WIND AND LOW RELATIVE HUMIDITY FOR FIRE
WEATHER ZONE 478...

* AFFECTED AREA...FIRE WEATHER ZONE 478 SALT LAKE DESERT.

* WINDS...SOUTH WINDS REDEVELOPING TUESDAY 20-30 MPH WITH GUSTS
NEAR 40 MPH.

* RELATIVE HUMIDITY...10 TO 15 PERCENT.

* IMPACTS...A COMBINATION OF GUSTY WINDS AND LOW HUMIDITY WILL
CREATE THE POTENTIAL FOR RAPID FIRE GROWTH.

PRECAUTIONARY/PREPAREDNESS ACTIONS...

A RED FLAG WARNING MEANS THAT CRITICAL FIRE WEATHER CONDITIONS ARE
EITHER OCCURRING NOW...OR WILL SHORTLY. A COMBINATION OF STRONG
WINDS...LOW RELATIVE HUMIDITY...AND WARM TEMPERATURES CAN
CONTRIBUTE TO EXTREME FIRE BEHAVIOR.

Westher

Idaho

[ @,.‘5"
v~ & ~Bozeman

13:00 17:00 21:00

VAISALA
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Integration of NWS Forecast Data

4 )

e e Atmospheric Forecast

sew Teommparaturs - 1 40 Lost Baund Traes! Lane |+ leatensh 11 Auy 2937 10:47) v B Tasnnparitiann - Almssnphace sibe [ +1stmash Ity 2010 18.47)

Information from NWS (via
NDFD) is Avallable In

Display...
- _/

/"...and can also be Used to )
Drive Specialized Models
and Decision Support
Tools, such as a
Proprietary Pavement

\_ Forecast Model
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Integration of NWS Textual Forecast Products

vlmu / Manager

Atzors Dap. v Al v

Mip  Shabon Sewwmary  Statin Wall  Statons  ERSE T Llerts  Feports  NWSChat  Adimin

NWS Porecast Dacuszon NS

Zoww Forersst NWS Tubuler Motecsst

Issue thme

15-A00-2017 10038 (Fatant)
12-Aug-2017 06:33
153002017 04:48
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13-A00-2017 03:12
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$0-Aug-2017 21:33
10.AUG-2047 17:2
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SYNOPSIS.. Expect thunderstorm coverage today compared to
y day, with wolated thund manly east of Tucson. More
widsspeead coverage of thunderaonny will occur thas weekend A
gradual duly decrease m thunderstorms from nest 10 east 15 on tap
Menday into next Thursday

&&

DISCUSSION . Sunny skies over much of SE AZ a nmad monsng wath
m wrc of clouds from southwest to central AZ then cveving back
south along the New Mexmico lime. A dry slot showng up aloft on
water vagor smagery oves SE AZ Temperanses should warm quickly
into early afternoon but lew level mossture sbundant encugh for
typical cloud busldups and thued 2s the day prozs

Gousg 1emperarare forecast could be & 1ad warm i a couple spots,

but looks good overall

Due 10 saarganal upper level support ooe would suspect scorm
coverage 1o be Jess than Thuesdas, generally solmed west 10
scantered east. This moming's sounding shows about the same

of as Thunday, bur less durectional shear than
the 182 soumding and less rmad level flow i general, arousd 15-20
knots, While that flow s substantial enough 10 keep storms moving
and preciods a bugh flash flood theeat, an inch and a half of
precpitable water valoe is still very eespectable Thus heasy
dovwnpours are lskely whers storms do develop and repeated rmns
over sarurated ground wall lead o quick runodf

The best chance foc afiernoon storms appesss %0 be cast of Tocson
over Cochue, Graham and Greenles counties neas the castem edge
of the dry slot, but with the aforementioned moisture and also
sufficient westabihity, thusderstorms cannot be raled out farther

umer. Sexona shumd, aunde s, Jhla s todaz oot s,
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Integration of NWSChat
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