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RWIS and Winter Maintenance operations -

he benefits are clear.

Summary of Benefit—Cost Analysis

Case Winter Winter Weather JBenefit-|§ Benefits/
. Benefits . .

Study Season | mamtenance ($ 000s) Information § Cost [fMaintenance
State Cost (§ 000s) Costs ($ 000s@ Ratio Costs (%)
lowa 200607 14,634 814 448' 1.8 56
Nevada 2006-07 8,924 576 ISII 6.5
Michigan | 2007-08 31,530 272 7. 0.9
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THE USE OF PERFORMANCE INDICES AND THE ADVANCEMENT IN THEIR

Table 1 shows a comparison of
benefit/cost studies across the world.
Values range from 2. 1t0 181 but it is
likely that a ratio o1|8:1 is typical for UK |

ERFORMANCE AUDIT METHOD FOR WINTER
MAINTENANCE

John E. Thornes

School of Geography and Environmental Sciences

EPA TISA TRB Hanbali Sakshang Fraser et Thorn

TABLE 1 (1976) (1976) (1991) (1994) et al al (1998) (2000)
(1995)
United Unitad United New Norway N.Ireland United
States States States York. Kingdo|
Ilionois,
Wiscon.
BENEFITS
1. Reduce Traffic Accidents | No Yes No Yes Yes Yes £630m
2. Reduce Traffic Delays Ne Yes No Wes Yes Yes £1,500m
3. Emergency Response No Yes No No No No £235m
4. Fuel Economy No Yes No Wes No No £16m
Total $18.400m £2.381m
COSTS
1. Vehicle Corrosion $2.000m  3643m $3.500m No No No £150m
2. Bridge/Road Corrosion | $300m $160m 3225m Na No Na £3m
3. Street Furniture | $10m 2m $100m No No No £2m
Corrosion
4. Water Contamination $150m $10m $10m Nao Nao No £lm
5. Vegetation & Soil|3$30m Zero n.a. Nao No Na £2m
Damage
6. Cost of Salt Spreading $200m $200m £1500m  Yes Nao £5m £140m
Total $2,910 $1,015m  $5.335m 300m
Benefit/Cost Ratio 1801 65t0l- 8wl /
2wl
able cComparison oI Iniernational winter maintenance bHbenern 0S1L studies

University of Birmingham
United Kingdom
J.E.Thornes@bham.ac.uk

2002

SIRWEC 2016

Estimated economic

Estimated saving

VAISALA

Assumption 1 hour Grip below 0.8 = 1 hour delay loss over do nothing | Cost to benefit ratio
Mo treatment 338,240,000

Assuming national daytime only treatement (44% ) 148,825 600 180,414,400 13.5

24 hour treatment (8%) 27,059,200 311,180,800

Restricted

..quantify the cost-effectiveness of RWIS. Results show that
after the implementation of the two RWIS stations, 41.91% and
26.15% of inclement weather callisions have been reduced. The
Ibeneﬁt—to—cost ratio (BCR) for these stations is 39.97 and 9.83'
respectively, indicating IS an economically viable
countermeasure and hence the transportation agencies can be
more confident while allocating funds for its implementation.

Safety Effects of Road Weather Information System (RWIS) - A Cost-Benefit Analysis

Davesh Sharma (daveshi@ualberta.ca), University of Alberta

Mingjian Wu, University of Alberta
Tae Kwon, University of Alberta

TRB 2021



https://westerntransportationinstitute.org/wp-content/uploads/2016/08/4W1576_Final_Report.pdf
https://www.researchgate.net/publication/254700192_PERFORMANCE_AUDIT_METHOD_FOR_WINTER_MAINTENANCE
https://sirwec.org/wp-content/uploads/2022/04/FtCollins-D-004.pdf
https://annualmeeting.mytrb.org/OnlineProgramArchive/Details/15490
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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 Reimots road ”m,
road became shaded later in the day. Dsc2il

= 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 = 80% reduction in accidents
conditions once they entered the turn. = Before system average of 15 accidents per year
l = 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
location. Sign located well before curve to advise
drivers of hazard ahead

= Estimated 15:1 return of investment in 1 year

VAISALA

Case study: A725 South Lanarkshire

= Weather Related Hazard
= Build up of water on the road surface led to numerous accidents at one point on the A725

= \ehicles were travelling too fast for the conditions and loosing grip at the locaton ~—— ==

Remote road sensor - i
= Afatal accident occurred at the site in September 2012 psc2n : 7
\ W
e
|}
Results Solution
* Inthe 4 years before the system there were Site installed in November 2012 with remote
= 8 slight accidents sensor measuring water film thickness with link
= 2 serious to Variable Message Sign to slow vehicles
= 1 fatal down as they approach the risk area

= After the system over 3 years
= 4 slight accidents only
= 1/3 reduction in slight accidents (2 per year) equates to approx. (2 x £23k) = £46k

= 1.5 serious (1 every 2 years) = (1.5 x £220k) = £330k
= 0.75 fatal (1 every 4 years) = (0.75 x £1.9M) = £1,425k

Total Saving £1.8M over 3 years I

Case study: Oregon DOT

= Weather related hazard

= Wet or icy conditions on curved ramps were causing
drivers to lose grip and slide off the road.

Remote road sensor

= High rates of on/off traffic on interchanges e

throughout the corridor were especially troublesome
during wet or icy conditions.

= Oregon DOT was aware of the numerous crashes,
especially on the curved ramps during adverse
weather.

= They concluded that drivers were traveling too fast
for conditions and were not prepared for the loss of
grip on the wet or icy ramps.

= Results
l = Ramps crashes dropped from 29 to 14, a 48% reduction
i = Serious injury crashes dropped from 5 to 2
= Solution: . - A ) .
= Assuming eliminating 2 serious and 10 rear-end/side swipe
= Stations installed with remote sensor at ramp accidents per year
locations and along corridor. Signs located before = Project Benefit of $881K per year

ramps and within corridor to advise drivers of

conditions and reduced speeds. I = Estimated 17:1 return of investment over 5 years
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RWIS data allows an evidenced based
a p p rO a C h Average monthly hours 2014-2021

« Monthly data 2014-2021 Sagan, Sweden 500.0

« Analysis shows clearly that relying on
temperature alone to make treatment

Total Hours
L
[
[
[

decisions will significantly overestimate the 2000
problem e
. . . . 0.0
i Wh”StJUSt treatlﬂg Wheﬂ RST S be|OW Zero Jan Feb Mar Apr WMay June July Aug Sep Ot MNov Dec
AND there is precipitation falling will Month
significantly underestimate the need for o RST-<OCAND PPN e Potentia RST —<0C
treatment

Mumber of  |Actual Deviation |Percentage

« Baseline can be determined by RST below zero hours (hours) I

and surface state NOT DRY = Ice potential 1 [Baseline (ice Potential) 1148.4
. 2 |RST only 1705.8 h&T 4 49%
« These measures can then be utilised as a 2 |RST and precip 933 10551 -92%

Sl m p | e K P | tO U n d e rSta n d th e effectlve n eSS Of 1 Number of hours where lce could have formed whether treated succesfully or not
f hours where road surface was af or below freezing point

the treatment regime S
VAISALA 4
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surface temperature was at or below freezing point and there was some form of precipitation at the same time



RWIS into the future
The transportation transformation
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Human driver has full responsibility for all
decisions.

Information is gained visually from
outside the vehicle or from radio

Human driver has full responsibility for all
decisions.

Information is gained from in vehicle
applications and mobile phone apps

Data gets into vehicles from other
vehicles, internet or roadside broadcasts

Driving is increasingly automated with
vehicle relying on sensors for situational
awareness

Additional information comes into
vehicle from other connected vehicles,
internet and roadside infrastructure

Restricted

As connectivity
and automation
become common
place the need
for external
iInformation to
underpin safe
operations will
Increase.



Future Mobility needs weather information

o=

Complex
traffic:
merging,
exiting

Adverse weather:
slippery roads,
heavy rain

or snow

ODD CHALLENGES 77 7 777777

VRUs
dynamics

= ODD (Operational Design Domain)

Dynamic GNSS

High

traffic occlusions traffic

rules and
signs

Automated Driving

dynamic

= Manual Driving

Destination

—_ e A = A

Road conditions, e.g.
unusual obstacles,
various surfaces,
accidents

Continuous Automated Driving in cybersecure, interoperable, interactive and user-aware vehicles

HiDrive ENABLERS

Destination

VAISALA

PROJECT FACTS

Budget € &0 million | Funding € 30 million | Consortium 53 partners | Involvermnment 13 countries

HiDrive

Timeline July 2021 - June 2025 | Project coordinator Aria Etemnad, Volkswagen Group Innovation,

aria.etermnad@volkswagen.de | LinkedIn company/hi-drive

Twitter @_Hilrive_

wanwewt hi-drive.eu
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Designing Automation

As vehicles start to rely more on
their sensors weather starts to
play a critical role in how and
when they can operate in
automated modes

Like the human driver poor
visibility affects the vehicles
ability to “see” properly and can
mean that they will need to drop
out of auto-pilot back to manual
driving

Critical to safety will be accurate
and timely observations


https://www.hi-drive.eu/app/uploads/2022/10/230125_HI-D_Factsheet_1.0.pdf

Weather impacts on vehicle sensing

R Maﬂy sensors are affected to lesser or Visibility = 45m Visibility =36m | Visibility=24m | Visibility = 13m

greater degree by weather

« Precipitation is particles of differing
size and densities moving in the field
of view effectively obstructing the
target

« Toenable sensing in all conditions
then multiple methods need to be
deployed and fused by each vehicle
(E.g. Lidar, Radar, Computer Vision etc)
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« RWIS can play a major part in assisting
Situational awareness

Source, DENSE: Environment perception in bad weather - first results; Werner Rittera, Mario
Bijelica, Tobias Grubera, Matti Kutilab and Hanno Holzhliterc

VAISALA
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4 key areas of concern for automated driving

Atmospheric derived obscuration

« Particlesin the air within the field of sensing that can be caused by meteorological factors such as
fog or heavy rain or snow. Also, will include obscuration through smoke or dust.

Road weather surface condition

« Any weather-related contaminant on the road surface from thin films of water, ice or snow through
to standing water or snow drift

Secondary weather phenomena
« Spray being created by traffic passing through standing water, sun reflection off wet or icy surfaces

Landscape alteration

« \Wet objects changing luminosity or refractive properties, snow covered objects effectively moving
position, road markings covered in snow

VAISALA 8
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Direct 12V communications
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COMMUNICATION CONSORTIUM

1. Weather detected by static observation network

2. Data passed to numerous Road-Side Units (RSU's)

5. Real time observations offered to all connected vehicles approaching hazard area

4. Each vehicle makes its own decision on action or no action depending on its own requirements

5. RWIS always reporting =» constant situational awareness
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Hybrid cloud and infrastructure weather
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summary

« RWIS have proved their worth over the years with respect to winter maintenance activities

« This will always be required as underpins an efficiently operating transport network

« However, as technology marches on, the road weather station will increasingly have another
supporting role to play

« Sensing technology on vehicles is vulnerable to severe weather and to maintain safety, high
accuracy and high availability of observation is required.

« This will allow vehicles to operate in safety, whilst helping to realise the goals of Vision Zero
through applied technology in ever more sophisticated vehicles

VAISALA
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Thank you!

Contact details:
Petteri Leppanen, Senior Sales Manager, Vaisala
Petteri.leppanen@vaisala.com
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