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NOTICE

The U.S. Department of Transportation provides high-quality information to serve
Government, industry, and the public in a manner that promotes public understanding.
Standards and policies are used to ensure and maximize the quality, objectivity, utility, and
integrity of its information. USDOT periodically reviews quality issues and adjusts its
programs and processes to ensure continuous quality improvement.

Any opinions, findings and conclusions or recommendations expressed in this publication are
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The Federal Highway Administration Road (FHWA) Weather Management Program
recently completed a study to establish a baseline for current road weather information by
characterizing the sources and evaluating the quality attributes of road weather parameters
used by transportation agencies. This baseline will provide the metrics to compare future
changes in user perceived quality of road weather information due to improvements in road
weather information products and technology.

This summary report presents the results of the study as well as recommendations for
applying the baseline characteristics and monitoring this information over time.

1.0 Relevant Attributes of Road Weather Information

A key objective of the baseline study was to characterize existing weather information and
use it as a benchmark for measuring improvements over time. The characterization used
attributes deemed important to the users and directly applicable to weather information and
associated products. The six quality attributes selected were:

1. Accuracy/Precision - “Closeness” between an observed or forecasted condition and
the actual condition;

Completeness — Adequacy of information to fulfill users’ requirements;
Relevance - Fit of the information to the users’ needs;

Currency/Latency - Age of the information;

Timeliness/Reliability - Consistent and on-time delivery of information; and,
Ease of Use — Facility to get, interpret, and use the information.

ok wN

The process to measure changes in attributes required a mechanism to track the changes in
quality over time. To establish the baseline attributes, a road weather information Quality
Attribute Matrix (QAM) was developed (see Figure 1 for treatment strategies) to permit a
systematic collection and organization of attribute data. This matrix must be filled up at
appropriate time intervals to permit comparative analysis with the baseline information. The
QAM served as the primary survey instrument and analytical tool for this study.
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Figure 1 Definitions
* Provider: Source of product type
* Informer: Agent delivering product
* Composite Measure: Average of attribute responses weighted by attribute
importance
* Cost: Indication of whether the DOT paid the informer for the product or received it
at no cost

To complete the QAM, road weather information was classified in two ways: 1) by Product
Types and 2) by Road Weather Elements. Product Type describes a packaged collection of
road weather information while Road Weather Elements include individual pieces of
information that are either contained in a product type or reported individually. Both classes
of road weather data are used for surface transportation decision-making and are anticipated
to remain actively used in the future. They also represent different users’ perspectives on
quality.

An electronic survey was conducted to ask the road weather community to evaluate the
quality and value of various road weather elements and typical road weather products. This
method also determined the level of agreement by the users about the two classes of
information.

2.0 DATA REQUIREMENTS AND MEASUREMENT SCALES

Road weather information, either as element or product type, was also characterized
according to its use. For road weather, the categories of Treatment, Advisory, and Control
describe different transportation agency uses that often require different types and
characteristics of road weather information. Among transportation agencies, treatment or
maintenance applications most commonly use road weather information to keep the road
clear of obstruction (e.g. snow plowing). Control or traffic management applications use road
weather information to regulate or optimize traffic flow during bad weather conditions (e.g.
speed limits). Advisory strategies use weather information to inform or alert travelers of
changing weather-related travel conditions (e.g. Variable Message Sign).

The survey captured user community assessment of road weather characteristics defined
within the QAM structure for each of the strategies. It consisted of three sections: (1) general
information about the respondents including their experience and awareness of road weather,
(2) questions related to individual road weather elements, and (3) questions related to road
weather products or packages. A majority of the questions solicited responses using a five-
point Likert scale, permitting the creation of a statistical assessment within the QAM.
Additional questions were posed with answers requiring specific categorical responses. The
survey material also allowed free form responses to every question. These free form
responses, while not an addition to the statistical characterization of the quality attributes,
provided a means for the road weather information users to add specific comments and
insights on the quality of information.
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3.0 CURRENT BASELINE CHARACTERIZATION OF ROAD WEATHER INFORMATION

The two classes of road weather information, Product Types and Road Weather Elements,
resulted in separate baseline characterizations for each class. A complete and detailed
analysis of the resulting QAMs for each class is available in the accompanying full study
report. Below is a summary of the findings for selected analyses.

3.1 Baseline Characterization of Road Weather Information Elements

The composite of all survey responses of the Road Weather Element attributes (Table 1)
indicates the key variance parameters for each of the six quality attributes and the composite
Attribute Average (a simple average of all attribute responses). Within each quality attribute
are sub-columns for Advisory strategies (A), Control strategies (C), and Treatment strategies
(T). Quality attribute values for the individual Road Weather Elements clustered around the
mean or median of 3.8 on a Likert scale, where the minimum value was 1 (very low quality)
and the maximum value was 5 (very high quality). Most of the Road Weather Elements
showed consistency in their average quality attributes.

Table 1. Aggregate quality attribute statistics for the Road Weather Elements as
evaluated by road weather management strategy classification. The road weather
management strategies are Advisory (A), Control (C), and Treatment (T).

Quality Maximum | Minimum : Standard
Attributes Value Value bzl Median Deviation
. A 4.1 3.0 3.4 3.4 0.3
Attribute C 4.4 2.3 3.8 3.8 0.3
Average
T 4.3 2.9 3.8 3.9 0.2
A 4.2 3.0 35 35 0.3
Accurapy / C 45 2.0 3.9 4.0 0.4
Precision
T 4.2 2.4 3.6 3.6 0.3
A 4.1 2.4 3.3 3.3 0.4
Completeness | C 4.3 25 35 35 0.3
T 4.3 2.9 4.0 4.1 0.3
A 4.3 2.8 3.2 3.2 0.4
Relevance C 4.8 1.7 3.9 4.0 0.6
T 4.6 2.8 4.1 4.2 0.4
A 4.0 3.2 35 35 0.2
Currency / C 4.3 2.5 3.3 3.3 0.5
Latency
T 4.4 35 3.9 3.9 0.2
_ _ A 4.0 2.9 3.4 3.4 0.3
T|mgl|n§§s / C 4.8 3.0 4.2 4.3 0.4
Reliability
T 4.3 3.1 3.8 3.8 0.2
A 4.1 4.1 35 35 0.3
Ease of Use C 4.8 2.3 4.0 4.0 0.5
T 5.0 2.1 3.7 3.8 0.5
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The specific road weather elements from the Treatment category showed distinct patterns
when ranked by quartiles (Table 2). The ranks in Table 2 are presented adjacent to average
quality attribute values for each of the elements. Pavement temperature, road closures, flood
watches and warnings, and weather parameters were viewed as the highest quality elements
(top quartile). Experience with treatment activities suggests these are trusted elements within
a treatment strategy. Meanwhile, cloud cover, chemical concentration, and treatment
recommendation received low quality marks (bottom quartile).

Elements in the top and bottom quartiles were consistent across almost all attributes, and will
serve as good measures for benchmarking future assessments for the Treatment strategy.

Table 2. Treatment attribute rankings for Road Weather Elements listed in colors by
quartiles; 1% quartile (green), 2" quartile (blue), 3™ quartile (yellow), and 4"
guartile (orange)

g
RANK Qe
23
n
Road Weather Se
Element - - o =
o >5 9 3 > > ? E‘ 4 %g
D x Q.= Ly c O O Q= © =
Sc | 8o 59 | S SS | €8 |5 o<
o © S0 = % 09 © = 2
>C | 89 | 55 | g 58 |eg | & | <
< gx | © @ o EEX | S
Pavement temperature 1 1 1 1 6 4 3 | 43
Air temperature 2 2 2 10 1 9 2 | 42
Road closures 3 3 25 18 3 31 1 | 42
Wind gust 4 13 5 2 7 5 7 | 41
Wind speed 5 14 6 3 8 6 8 | 41
Dew point temperature 6 5 14 26 2 10 14 | 41
Wind direction 7 6 15 22 13 12 9 | 40
Flood watches/warnings 8 11 4 37 17 2 5 | 4.0
Relative humidity 9 8 10 17 10 11 15 | 4.0
Precipitation type 10 10 7 6 18 30 12 | 4.0
Minimum Air Temperature 11 15 12 33 11 32 6 | 4.0
Snow accumulation 12 26 23 8 14 28 16 | 3.9
Maximum Air Temperature 13 16 13 36 12 33 13 | 3.9
Type of precipitation or Y/N precipitation 14 18 26 14 9 13 19 | 3.9
indicator
Precipitation end time 15 38 9 16 22 15 17 | 3.9
Flood potential 16 29 31 38 4 1 22 | 39
Rain amount or liquid equivalent amount 17 24 18 21 32 17 23 | 3.9
Rain accumulation 18 25 20 23 33 14 21 | 3.9
Probability of precipitation 19 12 11 32 25 21 28 | 3.9
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Snow rate 20 37 22 12 30 41 4 | 39
Type of weather & precipitation 21 18 27 4 20 34 31 | 3.9
Type of weather condition 22 9 26 24 23 35 32 | 39
Precipitation start time 23 32 21 7 28 27 25 | 3.8
Probability of precipitation types 24 19 8 35 26 22 29 | 3.8
Type of Weather 25 20 28 13 21 25 33 | 3.8
Estimated amount of precipitation in - o . o o I . -
ranges

Snow Amount 27 30 32 9 29 38 18 | 3.8
Road conditions by highway segment 28 7 16 5 43 18 40 | 3.8
Winter advisories/watches/warnings 29 4 3 20 35 44 34 | 38
Visibility 30 40 19 19 31 19 26 | 3.8
Wind advisories/watches/warnings 31 17 17 30 34 39 30 | 3.8
Probability of deck and road frost 32 27 24 27 40 37 27 | 38
Pavement condition 33 35 35 34 16 29 20 | 3.8
Rain rate 34 43 33 31 27 26 24 | 3.8
Percent probability of deck and road frost 35 31 34 11 19 36 36 | 3.8
Freeze point temperature 36 42 37 15 15 7 39 | 37
Treatment recommendation 37 41 40 29 37 3 37 | 3.7
Severe thunderstorm watches/warnings 38 23 29 28 36 40 38 | 3.7
Flood stage 39 28 30 41 38 20 35 | 3.6
Dense fog advisories 40 36 41 39 44 23 11 | 3.6
River stage 41 34 42 42 5 24 43 | 35
Cloud cover 42 21 43 40 41 42 41 | 3.4
Flow rate 43 39 38 44 39 8 42 | 3.4
Chemical concentration 44 44 44 43 42 43 44 | 2.9

The inconsistency of second and third quartile rankings for each strategy indicates that each
“average quality” element has its own unique rating characteristic. These quality
“fingerprints” imply unique environmental factors influencing the users’ perspective and
represent markers for change in future baseline investigations.

Similar attribute rankings and the computed average of all attribute responses for the
Advisory and Control strategies are shown in Table 3 and Table 4. The elements selected for
analyses within these strategies differed from the Treatment strategy; however, key elements
in the top and bottom quartiles of the two additional tables demonstrate a similar consistency
across all attributes; whereas, elements falling in quartiles 2 and 3 were more inconsistent.
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Table 3. Advisory attribute rankings for road weather elements listed in colors by
quartiles; 1% quartile (green), 2" quartile (blue), 3™ quartile (yellow), and 4"
guartile (orange).

RANK 0
2o
g8
E O
Road Weather Se
Element - - o =
Qo| »5| & 8 ~>| @ :T 4 %’g
S Q.= [T S o o Q= D=
28| 8ol 5an|l @ Ssc| £E8| %6 o<
0| so| €9 3 22| T z
22| 82| s6°| 5 | 58| E2|s | <
<L Q|0 |x [CTFE|S
Road closures 1 1 1 1 1 1 1 4.1
Road conditions by highway segment 2 2 2 2 3 4 2 3.7
Visibility 3 4 3 3 2 5 3 3.6
Minimum air temperature 4 3 7 4 5 6 6 35
Flood watches/warnings 5 6 8 9 6 2 7 35
Dense fog advisories 6 7 12 5 7 7 4 35
Maximum air temperature 7 8 10 7 4 3 9 34
Wind speed 8 11 5 6 8 9 5 3.4
Winter advisories/watches/warnings 9 9 9 10 9 8 8 3.4
Severe thunderstorm watches/warnings 10 10 6 11 12 11 13 | 3.3
Wind direction 11 14 11 8 10 12 11 | 3.3
Type of weather 12 5 4 12 15 14 12 | 3.2
Estimated amount of precipitation in = = 1A = 1A 1 T -
ranges
Wind advisories/watches/warnings 14 12 13 15 13 15 14 | 31
Probability of precipitation 15 15 15 14 11 13 15 | 3.0

Table 4. Control attribute rankings for Road Weather Elements listed in colors by
quartiles; 1% quartile (green), 2" quartile (blue), 3™ quartile (yellow), and 4"
guartile (orange).

9
RANK = o
583
=}
Road Weather Se
Element - © ® 3
Qo | =5 |& 8 > :T 4 %'g
S D (S [CRNT c [S?) O = 0=
28| So|5an|l © |csc| 8| 5 o g
- o | 50 g0 > oo |=0 o >
= o =5 | 2% [} <
£E>2192|o* @ S8 QO @
<<l ga |0 ¢ |O7|EX| g
View of the road 1 6 13 1 1 4.4
View of the weather 11 14 2 2 2 4.3
Severe thunderstorm watches/warnings 3 1 2 11 3 21 | 16 | 41
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Road closures 4 3 1 12 9 22 4 4.1
Dense fog advisories 5 4 6 5 19 3 4.0
View of the traffic 6 23 | 24 3 7 4 11 | 4.0
Wind direction 7 7 15 | 13 8 5 12 | 40
Wind gust 8 8 16 | 14 9 6 13 | 4.0
Wind speed 9 9 17 | 15 | 10 7 14 | 4.0
Air temperature 10 10 5 21 | 20 8 3 4.0
Wind advisories/watches/warnings 11 5 18 | 16 4 23 | 27 | 39
Pavement condition 12 12 7 6 27 10 6 3.9
Road conditions by highway segment 13 | 13 3 17 | 21 | 11 | 17 | 39
Flood watches/warnings 14 | 30 4 25 5 24 | 18 | 39
Winter advisories/watches/warnings 15 2 19 7 6 29 | 28 | 39
Probability of precipitation types 16 | 24 8 8 12 25 19 | 3.9
Pavement temperature 17 14 25 10 22 18 15 | 38
lli’rirsctent probability of deck and road s I | 5| = BB . 38
Probability of precipitation 19 | 16 | 21 9 13 | 26 | 20 | 38
Snow accumulation 20 | 28 9 19 | 24 13 | 21 | 38
Visibility 21 | 27 | 22 4 28 14 | 22 | 38
Type of weather 22 | 17 | 10 | 26 | 29 | 27 8 3.7
Type of weather & precipitation 23 18 11 27 | 30 28 9 37
Relative humidity 24 | 19 | 26 | 29 | 14 9 23 | 37
Rain accumulation 25 | 25 | 27 22 15 19 | 25 | 3.7
Snow rate 26 | 31 | 23 | 20 | 25 | 15 | 24 | 3.7
Dew point temperature 27 | 20 | 12 | 30 | 31 | 16 | 10 | 3.7
Rain rate 28 | 29 | 28 23 16 20 | 26 | 3.7
Minimum air temperature 29 | 21 | 30 | 28 | 17 | 17 | 29 | 3.6
Estimated amount of precipitation in (R o . || o
ranges

Maximum air temperature 31 | 22 | 31 31 | 26 31 | 30 | 33
Cloud cover 32 | 32 | 32 | 32 | 32 | 32 | 32 | 23

A side-by-side comparison of the rankings and the related attribute average score from the
three strategies (Table 5) shows some consistency across strategies, but the differences
between the results from the different strategies are more noticeable. This likely is related to
the differences in responsibilities associated with the implementation of the different road
weather management strategies.

8 Baselining Current Road Weather Information



Table 5. Comparison of average quality attribute rankings of individual Road Weather
Elements between treatment, control, and advisory road weather management
strategies; 1st quartile (green), 2nd quartile (blue), 3rd quartile (yellow), and 4th
guartile (orange).

Treatment Control Advisory
Road Weather Element Rank | Score | Rank | Score | Rank | Score

Pavement temperature 1 4.3 17 3.8

Air temperature 2 4.2 10 4.0

Road closures 3 4.2 4 4.1 1 ‘ 4.1
Wind gust 4 4.1 8 4.0

Wind speed 5 4.1 9 4.0 8 ‘ 34
Dew point temperature 6 4.1 27 3.7

Wind direction 7 4.0 7 4.0 11 3.3
Flood watches/warnings 8 4.0 14 3.9 5 35
Relative humidity 9 4.0 24 3.7

Precipitation type 10 4.0

Minimum Air Temperature 11 4.0 29 3.6 4 ‘ 35
Snow accumulation 12 3.9 20 3.8

Maximum Air Temperature 13 3.9 31 3.3 7 ‘ 3.4
Type of precipitation or Y/N precipitation indicator 14 3.9

Precipitation end time 15 3.9

Flood potential 16 3.9

Rain amount or liquid equivalent amount 17 3.9

Rain accumulation 18 3.9 25 3.7

Probability of precipitation 19 3.9 19 3.8 15 3.0
Snow rate 20 3.9 26 37

Type of weather & precipitation 21 3.9 23 3.7

Type of weather condition 22 3.9

Precipitation start time 23 3.8

Probability of precipitation types 24 3.8 16 3.9

Type of Weather 25 3.8 22 3.7 12 3.2
Estimated amount of precipitation in ranges 26 3.8 30 35 13 3.2
Snow Amount 27 3.8

Road conditions by highway segment 28 3.8 13 3.9 2 3.7
Winter advisories/watches/warnings 29 3.8 15 3.9 9 34
Visibility 30 3.8 21 3.8 3 3.6
Wind advisories/watches/warnings 31 3.8 11 3.9 14 3.1
Probability of deck and road frost 32 3.8

Pavement condition 33 3.8 12 3.9

Rain rate 34 3.8 28 3.7

Percent probability of deck and road frost 35 3.8 18 3.8
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Freeze point temperature 36 3.7

Treatment recommendation 37 3.7

Severe thunderstorm watches/warnings 38 3.7 3 ‘ 41 10 ‘ 3.3
Flood stage 39 3.6

Dense fog advisories 40 3.6 5 ‘ 4.0 6 ‘ 3.5
River stage 41 35

Cloud cover 42 3.4 32 ‘ 2.3

Flow rate 43 3.4

Chemical concentration 44 2.9

3.2 Baseline Characterization of Road Weather Information Products

The Product Type QAM quality attribute averages (Table 6) are slightly higher than those of
the Element survey, and indicate a “high” quality rating for all management strategies. This
suggests a general acceptance for the quality of the information products, and the
incorporation of road weather elements within the product type packages tends to create a
higher quality or more acceptable product.

The QAM composite measurement values and ranking of attributes for the Treatment
strategy (Table 7) show the same consistency in the highest and lowest quartiles as seen in
the element analysis. One noticeable inconsistency occurs in the Currency/Latency and Ease
of Use rankings between Product Types, which suggest further assessment and monitoring
are needed over time. The low ranking of Currency/Latency for the Road Condition Report
product type may indicate users see an issue with the methodology of transferring road
condition reports from the field to the user’s display. Also, the low ranking of Ease of Use
for the Weather History product type indicates the site-specific data presentation mode
causes users problems and may be an area for improvement.

Table 6. Aggregate quality attribute statistics for the Road Weather Product Types as
evaluated by road weather management strategy classification. The road weather
management strategies are denoted by: Advisory (A), Control (C), and Treatment

(T).

Quality Maximum | Minimum : Standard
. lan . L.
Attributes Value Value ST hilEelE Deviation

_ A 4.6 3.9 4.2 4.1 0.3
Composite C 43 3.2 3.8 3.8 0.5
Measure

T 4.5 3.4 3.9 3.9 0.4

A 4.5 3.9 4.2 4.1 0.3

Accurapy / C 45 3.0 4.0 4.0 0.6
Precision

T 43 3.0 3.8 4.0 0.4

A 4.5 3.9 4.1 3.9 0.3

Completeness | € 4.8 3.0 3.6 3.3 0.7

T 45 3.0 3.8 3.8 0.4
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A 45 3.9 4.1 4.1 0.3

Relevance C 43 3.0 3.7 3.8 0.5

T 45 3.0 3.9 3.9 0.4

A 4.8 3.6 4.1 4.1 0.5

Currency / c 45 3.0 3.6 3.7 0.7

Latency

T 4.7 3.0 3.8 3.8 0.5

. _ A 4.8 3.9 4.2 4.0 0.4

Timeliness / G G 50 - - OF
Reliability . . . . .

T 4.8 3.3 4.0 4.1 0.4

A 4.8 3.8 4.2 4.2 0.4

Ease of Use C 43 3.3 4.0 4.0 0.4

T 4.4 3.6 4.0 4.1 0.3

Table 7. Treatment attribute rankings for Road Weather Products listed in colors by
quartiles; 1st quartile (green), 2nd quartile (blue), 3rd quartile (yellow), and 4th
guartile (orange). Red denotes lowest rank determined.

9
RANK s o
89
Road Weather § e
Product Type Lol Tcle 8 |=.182| &2 | 02
os| o2 | o c oo | o= o} o2
o2 | ®8a | 53 @ cc| ca — C S
a8 | s35| 298 > 0o |=® o o
£8188|15°| ¢ 55|22 3|z
§%|<x|o | ¢ |37 |EZ| §
MDSS 1 6 1 1 5 4.3
Pavement Forecast 2 4 4.2
History Listing 3 3 2 4 4 6 4 4.2
Regional Map of Road Weather a a 5 = 5 3 5 a1
Parameter
Current Conditions 5 2 5 3 2 2 3 4.1
Weather Summary 6 8 8 7 8 7 7 4.1
Road Condition Report 7 7 7 6 10 9 6 4.0
Weather History (Site Specific) 8 4 6 9 6 5 - 4.0
Watches and Warnings 9 9 10 8 7 10 9 4.0
Flood Warning 10 | 10 9 10 9 1 | 12 | 4.0
Local / Regional Forecast 1 | 11 | 11 | 12 | 11 | 12 | 11 | 4.0
Road Weather Alert 12 | 12 | 12 | 11 | 12 8 3.9
Verbal Forecast 8 10 | 39

The attribute rankings and the composite measure scores for the Control and Advisory
strategies (Table 8 and Table 9) show similar relationships as those in the Treatment strategy.
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Table 8. Control attribute rankings for Road Weather Products listed in colors by
quartiles; 1% quartile (green), 2" quartile (blue), 3™ quartile (yellow), and 4"
guartile (orange). Red shading denotes lowest ranking.

RANK

Road Weather
Product Type

Average Composite
Attribute Score

Composite
Measure
Accuracy /
Precision
Complete
ness
Relevance
Currency /
Latency
Timeliness
/ Reliability
Ease of Use

N

Camera Images

Road Condition Report
Watches and Warnings
Zone Forecasts
Pavement Forecast

WIN |-
w ||
0| W | w

Al W|IN|F

WA |IN|F

AN | |W

AN W[

AN W[
w

I
IN
N | w

Table 9. Advisory attribute rankings for Road Weather Products listed in colors by
quartiles; 1% quartile (green), 2" quartile (blue), 3™ quartile (yellow), and 4"
guartile (orange).

RANK

Road Weather
Product Type

Average Composite
Attribute Score

Composite
Measure
Accuracy /
Precision
Complete
ness
Relevance
Currency /
Latency
Timeliness
/ Reliability
Ease of Use

Route Specific Forecast
Road Condition Report
Watches and Warnings
Zone Forecast

4.2
4.1
3.9

AW |IDN|PF
AW |N|PF
AW |N|PF
AW |N|PF
AW |N|PF
BAIN|W|F
BAIN|W|F

4.0 ONGOING QUALITY CHARACTERIZATION MONITORING

The future use of enhanced road weather information depends on the quality of the
information as expressed by the six quality attribute measures defined in the baseline
characterization. Improved quality of road weather information is expected to result in
expanded and enhanced utilization of this information.

Developing user confidence in road weather information requires quality assurance. How
well this confidence is achieved will depend on the changes in road weather information
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quality attributes. Ongoing monitoring will provide a road weather community “report card”
and indicate needed improvements.

4.1 Performance Analysis Time Interval Requirements

Improvements in the quality of road weather information over the past half century generally
have been derived from gradual technological advances and rapid transitions in one or more
of the technological support mechanisms. Gradual changes may be attributed to ongoing
improvements in instrumentation, and the continual steady improvement in forecast
accuracy. However, road weather has also benefited from the introduction of significant
changes in the road weather information support structure that has accelerated and/or greatly
altered the use of road weather information.

One measure for the rate of occurrence of advancements in the road weather community is
the frequency of major new road weather initiatives. Typically, one of these federal and/or
academic research and development initiatives (e.g., MDSS) concludes approximately every
four years, following a development period ranging from two to six years.

Often, improvements in road weather information are the result of advances in the road
weather service provider community. These improvements are induced from various factors
including market competitiveness resulting in quality improvement in road weather products,
more stringent quality requirements within DOT contract language with road weather service
providers, and improved technology utilization by the road weather service providers and the
DOTs in applying quality monitoring to raw and derived road weather information.
Realization of growth in road weather technologies from road weather service providers is
generally at the time scale of the procurement of road weather services that range from one to
three years.

Finally, the interval of change in road weather utilization involves the human factors
involving the user community. The upswing in recent years in road weather emphasis at the
federal and state level has no doubt resulted in a greater awareness of road weather
management in the road weather user community. This has resulted in an annual increase in
the sophistication of the user base, particularly in winter maintenance.

Figure 2 illustrates the above features associated with the uptake of technology, and the
growth of road weather information use where the vertical axis depicts the variability in the
timing associated with each feature. The red, horizontal, dashed line represents an average
period across the three measures. This average of approximately two years across these
initiatives represents a reasonable period for performing a re-characterization of road
information quality.
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Figure 2. Average duration of road weather technology initiatives and the
recommended frequency for characterizing road weather information

4.2 Method for Ongoing Road Weather Quality Characterization

Measuring future variations in the quality characteristics of road weather information will
require establishing methods acceptable to the road weather community. Acceptable methods
will share various fundamental protocol and data gathering requirements:

* Protocols that are open and documented,

* Protocols that are repeatable;

* Protocols that provide objective statistical measures;

» Data are representative of the current road weather state of the practice;

* Data have minimal human bias; and,

» Data are appropriate to a long-term longitudinal study of quality characteristics.

A challenging issue in implementing a method for ongoing characterization of road weather
information is ensuring a consistent involvement of transportation agency individuals
knowledgeable of road weather information quality attributes.

The recommended elements for the ongoing road weather characterization are:
* A sampling methodology using a well-defined questionnaire;
* A stakeholder community sample taken at two-year intervals for each of the road
weather management strategy areas of Advisory, Control, and Treatment;
* Characterization results that reside in a long-lived relational database; and,
* A database that is openly accessible by the road weather community.
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5.0 STRATEGIES FOR IMPLEMENTATION OF A MONITORING PROCESS

It is recommended that, in addition to oversight for the monitoring process, the Federal
Highway Administration (FHWA) Road Weather Management Program also assume the
responsibility for establishing a road weather information quality attribute database. After
reviewing and revising previously used questionnaires, a set of questionnaires should be
developed and applied during the federal fiscal year 2010. Subsequent questionnaires and
database updates should occur every two years for a period of no less than ten years.

The protocol used in the implementation of the monitoring process should be presented for
open discussion at appropriate road weather community stakeholder meetings. Further, a
state of the quality of road weather information findings summary report should be prepared
and distributed at the aforementioned meetings, as well as through an electronic distribution
to the road weather community as a whole.

6.0 ANTICIPATED OUTCOMES FROM ONGOING MONITORING

Although the present quality levels within the road weather community are considered to be
toward the high end of the quality value scale, there exists considerable room for
improvement. This is particularly true for the quality assessments in the Control and
Treatment management areas.

A forward looking premise is that changes in quality will result in improved data quality and
measurable variation, and over time element and product attributes of road weather
information use will improve. The following are anticipated outcomes of the ongoing
monitoring of quality characteristics:

* Improved Road Weather Observations;

* Improved Traveler Advisory Content with Road Weather Information;

* Improved Winter Maintenance Tactical Response to Snow and Ice Conditions;

* Improved Responsiveness by Traffic Managers on Placing Weather-Related Traffic
Controls;

* Higher Quality Road Weather Products Provided by the Road Weather Service
Provider Community;

* Greater Confidence by Transportation Personnel in Road Weather Products and
Services;

* Incentives for Improvement of Instrumentation or Processing to Address Elements
Perceived as Low Quality Resources; and,

* Continuing System Improvement for Road Weather Information Products.
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