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Weather and Travel Time Reliability

Travel Time Index
The ratio of a measured travel time during congestion to the time required to make the 
same trip at free-flow speeds.
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Weather and Travel Time Reliability

Parleys Summit
road snow

Travel Time Index
The ratio of a measured travel time during congestion to the time required to make the 
same trip at free-flow speeds.
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Economic Impact of Road Weather Events
Economic impact in Utah for a 24 hour statewide winter storm

Total Economic Impact
•$66.36 million

• Wages & Salaries
•$42.81 Million

• Retail Sales
•$18.26 million 

• Federal Taxes
•$3.32 million 

• State and Local Taxes
•$1.98 million

Source: American Highway Users Alliance performed by IHS Global 
Insight (2009)
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• How can we measure our snow mitigation 

performance?

• What is measured can be managed -

• and the converse is also true

The Problem Statement
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• RWIS – Road Weather Information System

• SII – Storm Intensity Index

• S&I PM – Snow and Ice Performance Measure

• WRWI – Winter Road Weather Index

• Tr – Road Temperature

• Tw – Wet-Bulb Temperature

• SR – Snowfall Rate

• SRV – Snowfall Rate Value

• RTV – Road Temperature Value

• BSV – Blowing Snow Value

• FRV – Freezing Rain Value

Acronyms
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• Most winter severity indexes across the country

– Utilizes Climate Network (National Weather Service)

• No road weather data used
• Snowfall measured on grass
• Post analysis

• UDOT Snow and Ice Performance Measure (S&I PM)

– Real-time index to evaluate weather and road conditions
– Snowfall rates and road temperatures have the greatest impacts on roads
– Wet-bulb temperature utilized for blowing snow, freezing rain and wet/dry 

snowfall
– Developed in-house

Indexes and Measures
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• UDOT Policy Number 06A-42, “Snow Removal”; updated January 15, 2008:

“Each maintenance station operates under a Snow Plan… that is designed to keep at least one 

travel lane in each direction open [on all routes] during a storm where snow accumulates on 

the road at the rate of one inch per hour or less. When the rate of precipitation exceeds that 

design rate, snowfighting resources will be moved from lower priority routes to higher priority 

routes.”

UDOT Snow Removal Policy
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Utah’s Climate

Wendover Salt Lake City Alta St. George

1981-2010 Dec. Jan. Feb. Dec. Jan. Feb. Dec. Jan. Feb. Dec. Jan. Feb.

Avg. Mean Temp. 26.8 °F 26.4 °F 32.4 °F 30.3 °F 29.5 °F 34.2 °F 22.1 °F 22.5 °F 22.8 °F 41.3 °F 42.4 °F 47.0 °F

Average Snowfall 1.3” 1.6” 1.4” 13.2” 12.5” 10.7” 103.5” 71.4” 78.0” 0.1” 0.7” 0.3”

• Utah weather components evaluated:
Snowfall rate:

Lake effect snow and orographic effects can lead to 
snowfall rates that can exceed 5” per hour.

Road temperature:
Large elevation differences. Topography usually 
blocks Arctic air masses. Shaded canyons are cold. 

Blowing snow, dryness of snow:
Winds usually are not strong due to topography, but 
light dry snow can easily blow and cover a road, 
particularly in the mountains.

Freezing rain:
Very rare in Utah as inversions usually mix out prior 
to precipitation, but can have an extreme impact.

Wendover Salt Lake City

Alta

St. George
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• -Decided to use available RWIS data to 
take a first step at winter road 
weather severity

-Approach:
WRWI = 1 when:

Snow-covered road
Snowfall rate = 1”/hr
Road temp. = Wet-bulb temp.= 32 °F
Wind gust < 20 mph

Value modified with worsening and 
improving road and weather 
conditions (more details below…)

First Step: Winter Road Weather Index (WRWI)

Benefits:
Good identifier of traveling conditions 
and perhaps predicting short-term 
road conditions

Next step:
Need to evaluate performance - WRWI 

also equals 1 when road is wet and 
snowfall rate = 2”/hr…

Subtract the road conditions from the 
WRWI and compare to other 
atmospheric conditions.
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Next Step: UDOT Snow and Ice Performance 
Measure (S&I PM)

Cause vs. Effect
Cause: Storm Intensity Index - atmospheric 
conditions and road temperature
Effect: Resulting road grip or road condition (non-
invasive road sensors)

UDOT Maintenance Benchmarks
1” per hour for 32ºF road temperature
3/4” per hour for 22ºF road temperature
1/2” per hour for 17ºF road temperature
Blowing snow and freezing rain also considered 
utilizing wet-bulb temperature

Performance is assessed every 10 minutes
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Storm Intensity Index (SII)

SII 
=

( Value
+

Value
+

Value
+

Value)
x2 + 1

If road is not dry…

Visibility + Precipitation + Tw < 35
SR = 0.5 / visibility
SRV = (SR – 1) / 2

RTV increases linearly with colder 
Tr, more so below 22 degrees

(=0.125 at 22 degrees)

BSV increases linearly with colder
Tw, more so below 20 degrees, AND

more so as wind gust increases
above 20 mph

FRV = 0.5 when Tr < = 32 and Tw>= 34
and road is not wet
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Snowfall Rate Evaluation
After adjusting the visibility…
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Snow and Ice Performance Measure
“Rubik’s Cube”

Mod.
Winter 

Wx

*Exception: No overnight plowing
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Storm Intensity Index (cause)…

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6

4/
16

/2
01

5 
8:

00
4/

16
/2

01
5 

8:
40

4/
16

/2
01

5 
9:

20
4/

16
/2

01
5 

10
:0

0
4/

16
/2

01
5 

10
:4

0
4/

16
/2

01
5 

11
:2

0
4/

16
/2

01
5 

12
:0

0
4/

16
/2

01
5 

12
:4

0
4/

16
/2

01
5 

13
:2

0
4/

16
/2

01
5 

14
:0

0
4/

16
/2

01
5 

14
:4

0
4/

16
/2

01
5 

15
:2

0
4/

16
/2

01
5 

16
:0

0
4/

16
/2

01
5 

16
:4

0
4/

16
/2

01
5 

17
:2

0
4/

16
/2

01
5 

18
:0

0
4/

16
/2

01
5 

18
:4

0
4/

16
/2

01
5 

19
:2

0
4/

16
/2

01
5 

20
:0

0
4/

16
/2

01
5 

20
:4

0
4/

16
/2

01
5 

21
:2

0
4/

16
/2

01
5 

22
:0

0
4/

16
/2

01
5 

22
:4

0
4/

16
/2

01
5 

23
:2

0
4/

17
/2

01
5 

0:
00

4/
17

/2
01

5 
0:

40
4/

17
/2

01
5 

1:
20

4/
17

/2
01

5 
2:

00
4/

17
/2

01
5 

2:
40

4/
17

/2
01

5 
3:

20
4/

17
/2

01
5 

4:
00

4/
17

/2
01

5 
4:

40
4/

17
/2

01
5 

5:
20

4/
17

/2
01

5 
6:

00
4/

17
/2

01
5 

6:
40

4/
17

/2
01

5 
7:

20
4/

17
/2

01
5 

8:
00

4/
17

/2
01

5 
8:

40
4/

17
/2

01
5 

9:
20

4/
17

/2
01

5 
10

:0
0

4/
17

/2
01

5 
10

:4
0

4/
17

/2
01

5 
11

:2
0

4/
17

/2
01

5 
12

:0
0

SI
I

Time

Boulder Summit SII 4/16-17/2015

15



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6

4/
16

/2
01

5 
8:

00
4/

16
/2

01
5 

8:
50

4/
16

/2
01

5 
9:

40
4/

16
/2

01
5 

10
:3

0
4/

16
/2

01
5 

11
:2

0
4/

16
/2

01
5 

12
:1

0
4/

16
/2

01
5 

13
:0

0
4/

16
/2

01
5 

13
:5

0
4/

16
/2

01
5 

14
:4

0
4/

16
/2

01
5 

15
:3

0
4/

16
/2

01
5 

16
:2

0
4/

16
/2

01
5 

17
:1

0
4/

16
/2

01
5 

18
:0

0
4/

16
/2

01
5 

18
:5

0
4/

16
/2

01
5 

19
:4

0
4/

16
/2

01
5 

20
:3

0
4/

16
/2

01
5 

21
:2

0
4/

16
/2

01
5 

22
:1

0
4/

16
/2

01
5 

23
:0

0
4/

16
/2

01
5 

23
:5

0
4/

17
/2

01
5 

0:
40

4/
17

/2
01

5 
1:

30
4/

17
/2

01
5 

2:
20

4/
17

/2
01

5 
3:

10
4/

17
/2

01
5 

4:
00

4/
17

/2
01

5 
4:

50
4/

17
/2

01
5 

5:
40

4/
17

/2
01

5 
6:

30
4/

17
/2

01
5 

7:
20

4/
17

/2
01

5 
8:

10
4/

17
/2

01
5 

9:
00

4/
17

/2
01

5 
9:

50
4/

17
/2

01
5 

10
:4

0
4/

17
/2

01
5 

11
:3

0

SI
I

Time

Boulder Summit SII vs. Grip 4/16-17/2015

…with grip (effect)

16



0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6

4/
16

/2
01

5 
8:

00
4/

16
/2

01
5 

8:
40

4/
16

/2
01

5 
9:

20
4/

16
/2

01
5 

10
:0

0
4/

16
/2

01
5 

10
:4

0
4/

16
/2

01
5 

11
:2

0
4/

16
/2

01
5 

12
:0

0
4/

16
/2

01
5 

12
:4

0
4/

16
/2

01
5 

13
:2

0
4/

16
/2

01
5 

14
:0

0
4/

16
/2

01
5 

14
:4

0
4/

16
/2

01
5 

15
:2

0
4/

16
/2

01
5 

16
:0

0
4/

16
/2

01
5 

16
:4

0
4/

16
/2

01
5 

17
:2

0
4/

16
/2

01
5 

18
:0

0
4/

16
/2

01
5 

18
:4

0
4/

16
/2

01
5 

19
:2

0
4/

16
/2

01
5 

20
:0

0
4/

16
/2

01
5 

20
:4

0
4/

16
/2

01
5 

21
:2

0
4/

16
/2

01
5 

22
:0

0
4/

16
/2

01
5 

22
:4

0
4/

16
/2

01
5 

23
:2

0
4/

17
/2

01
5 

0:
00

4/
17

/2
01

5 
0:

40
4/

17
/2

01
5 

1:
20

4/
17

/2
01

5 
2:

00
4/

17
/2

01
5 

2:
40

4/
17

/2
01

5 
3:

20
4/

17
/2

01
5 

4:
00

4/
17

/2
01

5 
4:

40
4/

17
/2

01
5 

5:
20

4/
17

/2
01

5 
6:

00
4/

17
/2

01
5 

6:
40

4/
17

/2
01

5 
7:

20
4/

17
/2

01
5 

8:
00

4/
17

/2
01

5 
8:

40
4/

17
/2

01
5 

9:
20

4/
17

/2
01

5 
10

:0
0

4/
17

/2
01

5 
10

:4
0

4/
17

/2
01

5 
11

:2
0

4/
17

/2
01

5 
12

:0
0

SI
I

Time

Snow and Ice Performance Measure - Boulder Summit 4/16-17/2015
EXCEPTIONAL ACCEPTABLE UNACCEPTABLE

17.75% 31.36% 50.89%

17

S&I PM



0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

5
5.5

6

4/
16

/2
01

5 
8:

00
4/

16
/2

01
5 

8:
40

4/
16

/2
01

5 
9:

20
4/

16
/2

01
5 

10
:0

0
4/

16
/2

01
5 

10
:4

0
4/

16
/2

01
5 

11
:2

0
4/

16
/2

01
5 

12
:0

0
4/

16
/2

01
5 

12
:4

0
4/

16
/2

01
5 

13
:2

0
4/

16
/2

01
5 

14
:0

0
4/

16
/2

01
5 

14
:4

0
4/

16
/2

01
5 

15
:2

0
4/

16
/2

01
5 

16
:0

0
4/

16
/2

01
5 

16
:4

0
4/

16
/2

01
5 

17
:2

0
4/

16
/2

01
5 

18
:0

0
4/

16
/2

01
5 

18
:4

0
4/

16
/2

01
5 

19
:2

0
4/

16
/2

01
5 

20
:0

0
4/

16
/2

01
5 

20
:4

0
4/

16
/2

01
5 

21
:2

0
4/

16
/2

01
5 

22
:0

0
4/

16
/2

01
5 

22
:4

0
4/

16
/2

01
5 

23
:2

0
4/

17
/2

01
5 

0:
00

4/
17

/2
01

5 
0:

40
4/

17
/2

01
5 

1:
20

4/
17

/2
01

5 
2:

00
4/

17
/2

01
5 

2:
40

4/
17

/2
01

5 
3:

20
4/

17
/2

01
5 

4:
00

4/
17

/2
01

5 
4:

40
4/

17
/2

01
5 

5:
20

4/
17

/2
01

5 
6:

00
4/

17
/2

01
5 

6:
40

4/
17

/2
01

5 
7:

20
4/

17
/2

01
5 

8:
00

4/
17

/2
01

5 
8:

40
4/

17
/2

01
5 

9:
20

4/
17

/2
01

5 
10

:0
0

4/
17

/2
01

5 
10

:4
0

4/
17

/2
01

5 
11

:2
0

4/
17

/2
01

5 
12

:0
0

SI
I

Time

Snow and Ice Performance Measure - Boulder Summit 4/16-17/2015 - No Overnight 
Plowing

EXCEPTIONAL ACCEPTABLE UNACCEPTABLE

17.75% 60.36% 21.89%

18

S&I PM



Detailed Example 1 – Strong Event
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Detailed Example 2 – Weak Event
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Detailed Example 5 – Freezing Rain
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Automated Storm Identification
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• 109+ RWIS stations
• 69 compatible stations
• Over 1200 devices

• Goal: Minimum one site per maintenance 
shed (53/78 sheds complete)

• Currently expanding on average about one 
RWIS per month

UDOT’s RWIS Network
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• For the S&I PM:
• -Air temperature/relative humidity:
• (Vaisala HMP45C, HC2S3 Rotronic HygroClip2, or Elektronik EE181)

•

• -Visibility/precipitation occurrence
• (Campbell Scientific CS125)

•

• -Wind speed/ /direction
• (RM Young 05103/05108-45)

-

• (High Sierra Electronics IceSight, Vaisala DSC/DST)

• Other sensors used for support:
• -18” soil temperature

(Campbell Scientific 107)

• -Soil moisture
• (Campbell Scientific CS655)

• -Liquid accumulation
• (Texas Instruments TE525)

• -Snow depth
• (Campbell Scientific SR50A)

• -Solar radiation
• (LI-COR LI200X)

Instruments Used/S&I PM Variables Needed
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Images courtesy of Campbell Scientific, Inc., Vaisala, and High Sierra Electronics, Inc., 2018



Campbell Scientific, Inc., 2018

RELiON Batteries, 2018

Morningstar Corp., 2018

Red Lion Controls, Inc., 2018 Siemens, 2018
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• Contract Meteorologists provide:
-Installation and integration

-Preventative maintenance on every 
compatible site at least once per year

-Quick response maintenance
• At least 90% uptime of all RWIS  

sensors since November 2014

-Budget for end-of-life replacement for all sensors 
and solar power equipment

-Datalogger Programming

Instrumentation purchasing not limited to one 
vendor; customizable system

RWIS Maintenance Plan
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• Full RWIS with contractor installation and  
instrumentation (including camera): 
~$45,000 - $50,000

• -Find a representative area with interesting 
weather/crash hot spot.

-Find an adequate camera view, if applicable.

-Follow World Meteorological 
Organization/Federal Highway 
Administration recommendations.

-Get a pole within 20’ of the fog line to 
achieve a 45° angle; data accuracy found to 
be maximized at this angle.

-Try to get road sensor to sample the right 
lane, the main lane plowed.

RWIS Costs and Challenges
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RWIS/S&I PM Dataflow

UDOT RWIS Server
with Campbell Scientific

software

Databases on UDOT 
Archive/Production Server

S&I PM
Algorithm

PULL

PU
LL
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CR1000X Sample Code
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UDOT’s RWIS/Forecast Page

udottraffic.utah.gov/forecastview

39

Clicking on an individual RWIS site brings up the site’s Performance Page

Clicking on “Storm Management” bring up a customizable multi-site look; approved users only

Clicking on “Snow and Ice Performance Dashboard” brings up the current statewide performance summary

Clicking on “Snow and Ice Performance” shows the 
current performance and SII for each RWIS



Site-Specific Performance Page

40



Storm Management Dashboard

41

For approved users



Performance Dashboard

udottraffic.utah.gov/forecastview/ssipdashboard.aspx
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Clicking on “Storm Performance Reports” brings up a customizable 
performance summary by route and/or UDOT region and date range



Performance Reports

udottraffic.utah.gov/forecastview/PerformanceGrades.aspx
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• Data quality/verification

-Need a reliable RWIS network

-Check data weekly, with the aid of saving nearby camera images

-Known issues:

Occasional road sensor inaccuracy

Sensor failure

Flurries in fog

High traffic

Reasonable SII in extreme conditions?

Challenges
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• Expansion of RWIS network

• Better storm identification

• Instrumentation improvements

• Snowfall rate adjustments in 

troublesome conditions

• Algorithm tweaks?

• 35 mph traffic speeds

• Set performance benchmarks for 

different route priorities

• Better functionality, mobile support?

• Integrated Mobile Observations to fill in 

the gaps?

• Further develop UDOT Maintenance’s 

knowledge and use

Future Improvements
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Summary

WRWI          → S&I PM

SII + Road Condition SII VS. Road Condition

Good at identifying (and potentially
predicting) bad travel conditions…
But what kind of travel conditions?

Succinctly tells us how intense the storm
was and how crews performed at specific
times. Better decision making can then be
made during and after the storm, and
summarized at the end of winter for long-
term resource decisions.
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White Paper

47

udottraffic.utah.gov/forecastview/documents/whitepaper.pdf



Questions?

Jeff Williams
Weather Program Manager
jeffwilliams@utah.gov

Cody Oppermann
RWIS Coordinator/Research Meteorologist
coppermann@utah.gov

48
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