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Realizing the Potential of
Vehicle‐Based Observations
A REPORT FROM THE APT COMMITTEE ON MOBILE
OBSERVATIONS

EXECUTIVE SUMMARY
In 2009, the American Meteorological Society (AMS) Board on Enterprise Planning (BEP), under
the Commission on the Weather and Climate Enterprise (CWCE), established an Annual
Partnership Topic (APT) Committee focused on mobile observations and their potential for use by
the weather and transportation communities. This report represents the summary findings of the
“APT Committee on Mobile Observations.”

Primary Finding
High‐quality weather information about the roadway environment, including
both current observations and forecasts, communicated in a timely and
effective manner will help drivers to make better, safer decisions regarding
travel plans and to react properly when faced with potentially compromised
conditions; however, there are several technical, financial, societal, and
institutional barriers that must be overcome before the full potential of mobile
observations can be realized by the weather and transportation communities.
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Specific Findings and Recommendations
1. High‐quality weather information about the roadway environment, including both current
observations and forecasts, communicated in a timely and effective manner will help drivers
to make better, safer decisions regarding travel plans and to react properly when faced with
potentially compromised weather and road conditions.
2. Adding in‐situ surface and near surface mobile weather observations with high spatial and
temporal resolution to the existing national weather observation network has far‐reaching
implications that are expected to result in direct short‐ and long‐term benefits for the
weather, surface transportation, aviation, agriculture, energy, and emergency management
communities, and the traveling public.
3. In spite of significant advances in mobile sensing, navigation and communications
capabilities, challenges to broad deployment of accurate, reliable, and accessible data from
mobile sensors remain. Both sensor and communications barriers must be overcome for
mobile observations to become a reality on a broad enough scale to be meaningful for road
weather or other applications.
4. Many of the normal concerns associated with dedicated weather sensors—siting,
maintenance, and calibration—are exacerbated with mobile sensors, especially when large
numbers are to be sited on a wide variety of vehicles driven by people with varying interest
in those sensors. A solid set of sensor studies in the mobile environment may provide vehicle
manufacturers and others with standards regarding elements such as optimal sensor type
and placement.
Recommendation: Innovative pilot projects should be developed that demonstrate both the
ability to wirelessly collect, manage, and apply mobile observational data, and to produce
and supply useful decision assistance from those data. Pilot demonstrations will be crucial to
broad deployment of observing capability on vehicles.

5. It’s not clear that, with all the various players with their differing needs and agendas, the
mobile weather observing enterprise is manageable in the normal sense of the word as there
is no overall authoritative vision for the deployment, operation, management, and
governance of a national mobile weather observing capability, let alone a high‐level strategy,
concept of operations, or implementation plan.
Recommendation: Additional studies (perhaps regional in scope) should be conducted to
demonstrate the feasibility of implementing a robust national observation network
incorporating vehicle probe data.
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6. Recommendation: To provide a stronger focus on road weather understanding and
applications, it is very important for the weather and transportation communities to define a
rich set of short‐, mid‐ and long‐term research objectives permitting sustained growth in the
value of mobile observations supporting road weather. These weather‐related research areas
will need to continue an affiliation with connected vehicle‐related non‐meteorological
research and development efforts.
7. Recommendation: A robust research program should be implemented within the USDOT that
includes on‐board sensor design; sensor integration with vehicles; data communications and
standards; data management and quality checking; interpretation of observed mobile data
and proper assimilation methods for incorporation of mobile data with other observed and
modeled data; and, improved methods for information display and delivery including an
understanding of human factors associated with user interpretation. It is anticipated that
research in the above areas will yield direct benefits on the acquisition and utilization of
mobile observations, plus stimulate new research endeavors further expanding the
understanding of the physical nature of the roadway environment. The research program
should include input and feedback from the automotive industry (e.g. Vehicle Infrastructure
Integration Consortium (VIIC))
8. Metadata from mobile observations are crucial for the proper integration, interpretation,
and utility of the data. Sensors may have significantly different metadata depending on a
wide range of factors including location on a vehicle, manufacturer and model of sensors,
exposure, and connectivity to the vehicle’s system(s). Care must be taken to ensure no
personal information from private individuals or organizations are published without their
knowledge or consent.
9. The quality of the data, from initial testing and acquisition of mobile observations, is
encouraging. Strict quality control efforts are recommended to ensure the best utility of the
data collected. Coordinated efforts among weather and transportation communities are
needed to ensure the best quality control is in place for the data received.
10. The best business model for managing weather observations from mobile platforms will
depend on the business and infrastructure model that is established for the overall national
mobile observation data collection and dissemination system. There are several business
models to choose from, each with its advantages and disadvantages. The best choice will be
the model that insures access to all users, is financially stable enough to encourage continued
investment and expansion of services, and facilitates data sharing.
11. To increase the likelihood that action will be taken to move the concept of a national mobile
observation network forward, the Committee recommends that the AMS take the following
next steps (in no particular order):
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a. Distribute the final version of this report to relevant USDOT and Congressional policy
makers.
b. Publish report highlights and results in the Bulletin of the American Meteorological
Society (BAMS).
c. Publish report highlights and results in transportation trade journals and/or
magazines (e.g., ITS International, Thinking Highways, etc.).
d. Distribute the report to key transportation community stakeholders including the
automobile and telematics industries.
e. Brief results at key weather and transportation scientific, technical, and other
stakeholder meetings (e.g., AMS Annual Meeting, ITS America Annual Meeting, TRB
Annual Meeting, Telematics Annual Meeting, etc.).
f. Maintain a strong connection between the mobile observation component of a
national network and the “network‐of‐networks” concept development efforts.

Given the complexity of bringing a national mobile network to fruition, a well‐coordinated
advocacy effort will be required. We believe these actions will help build momentum for this
capability. Experts from the meteorological and transportation communities should take an
active role in guiding mobile data related research, development, demonstration, and proof‐
of‐concept projects to ensure a smooth and expedient adoption of these capabilities.
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PREFACE
The potential availability of millions of surface observations from passenger vehicles and fleets
represents a huge opportunity for the weather community. Whether this opportunity is acted
upon or missed (at least initially) will depend greatly on the weather community’s technical
understanding and eventual adoption of these unique datasets and their level of participation
within the transportation community.
In 2009, the American Meteorological Society (AMS) Board on Enterprise Planning (BEP), under
the Commission on the Weather and Climate Enterprise (CWCE), established an Annual
Partnership Topic (APT) Committee focused on mobile observations and their potential for use by
the weather (and transportation) communities. This report represents the summary findings of
the “APT Committee on Mobile Observations”.

BACKGROUND
It is common knowledge in the atmospheric science community that weather observations
provide a critical source of data for the weather analysis and forecasting process. The
observation network includes surface and upper air measurements as well as a growing number
of remote measurements from space. Surface observation networks are not only deployed and
operated by the National Oceanic and Atmospheric Administration (NOAA) and the Federal
Aviation Administration (FAA), but by hundreds of smaller Federal, State, local, and private
agencies and organizations.
Several recent studies and discussion groups have focused on the national surface observing
network and the need to improve both measurements of the atmospheric boundary layer and
the Earth’s surface (e.g., land surface characterization) by leveraging the many different public
and private surface observation networks by sharing data through public‐private partnership
arrangements.
The National Academy of Sciences reviewed the national meteorological observing network. The
National Research Council (NRC) Board on Atmospheric Science and Climate (BASC) established a
committee in 2006 charged with developing an overarching vision for an integrated, flexible,
adaptive, and multi‐purpose mesoscale observing network. The NRC report titled “Observing
Weather and Climate from the Ground Up: A Nationwide Network of Networks” (1), was
published in 2009 and makes several recommendations that support the concept of an
integrated network‐of‐networks that includes mobile observations.
The American Meteorological Society’s (AMS) Board on Enterprise Planning (BEP) also began the
process of reviewing the national mesoscale observing network. In 2006, through the Annual
Partnership Topic (APT) process, the BEP established a Mesoscale Observing Networks Topic
Committee. The BEP Committee is discussing how to evaluate potential observation system
testbeds, evaluating business models for establishing observational networks made up of public
and private components, and reviewing the potential contributions of various sensing systems to
the national network.
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In addition, NOAA has taken action to transition its Meteorological Assimilation Data Ingest
System (MADIS) into an operational environment. MADIS has resided in a research environment
under NOAA’s Office of Oceanic and Atmospheric Research (OAR) and its transition will take it to
NOAA’s National Weather Service (NWS). MADIS collects, quality checks, and archives
observations from across the nation from both public and privately operated mesonetworks. The
culmination of the transition plans seeks to establish a National Surface Weather Observing
System (NSWOS), which moves the nation a step closer to realizing the establishment of a truly
national‐scale mesonet of observations.
These activities clearly demonstrate that there is a strong national interest in establishing and
maintaining a robust surface observing network and exploring unique opportunities to expand
the network. One approaching opportunity to expand the network is the pending availability of
measurements from passenger vehicles and large commercial and public vehicle fleets such as
the U.S. Postal Service (USPS), United Parcel Service (UPS), Federal Express, and trucking firms.
Imagine a capability where millions of privately owned automobiles are equipped with
transceivers that are able to transmit data captured from their onboard sensors and safety
systems to a nationwide infrastructure connected by high‐speed data hubs. Even the most
common components of the passenger vehicle can begin to tell a story about the near surface
(driver level) atmospheric and pavement conditions through the intelligent utilization of vehicle
data elements such as windshield wiper state, external air temperature, headlamps, atmospheric
pressure, sun sensors, vehicle stability control, and the status of an anti‐lock breaking system
(2,3). Relative humidity and wind sensors may be just around the corner.
In the fall of 2003, the Policy Program of the AMS held a forum in Washington, D.C. titled
“Weather and Highways”. This forum addressed issues connected with effective use of road
weather information. The participants included nearly 100
public, private, and academic representatives of weather
information providers; transportation managers and users;
and policy makers knowledgeable about the nation’s
highway system. Several overarching recommendations
resulted from this forum including a recommendation that
Government, commercial weather providers, and weather
information users work cooperatively to improve the
observation system, develop and improve forecasts, and
enhance the delivery of information and services on road
weather. In addition, a recommendation was made to
support the development of promotional campaigns
describing the safety and mobility benefits of utilizing in‐
vehicle weather and road condition information
technologies. A second Road Weather Policy Forum was held
in Washington, D.C. in fall 2010 that highlighted recent
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success of the U.S. Department of Transportation (USDOT) Road Weather Management Program
and stressed the need to continue road weather research, development, and implementation of
advanced road weather technologies including the utilization of vehicle probe data.
At the request of the Federal Highway Administration (FHWA), the NRC established a Committee
on Weather Research for Surface Transportation to investigate the current state of knowledge
regarding road weather conditions and to recommend key areas of research to enhance
operational production of weather‐related information for roads. In early 2004, the NRC
published a visionary report titled “Where the Weather Meets the Road” (4) (cover shown below)
describing a national research agenda for improving road
weather services. This report discussed several emerging
technologies including vehicle‐based observations. Several
recommendations were made including an overarching
recommendation to the Federal Government to establish a
focused, coordinated national road weather research
program to (a) maximize the use of available road weather
information and technologies, (b) expand road weather
research and development to enhance roadway safety,
capacity, and efficiency while maintaining environmental
impacts, and (c) effectively implement new scientific and
technological advances.
Today, a USDOT initiative under the Intelligent Transportation
Systems (ITS) program is moving toward developing these
capabilities. Automobile companies are working on
equipment that can send and receive messages via wireless communication while the federal
government, states and the private sector are looking at a wide range of strategies for utilizing
the data to improve transportation safety and mobility. Using connected vehicles’ data for
improving road weather services represents only a small fraction of the envisioned benefits.
Connected vehicle technologies will primarily be used for traffic, incident, and emergency
management, road way maintenance, auto manufacturer safety and mobility applications, and
for the provision of commercial services (e.g., OnStar®). During 2008 and 2009, a series of
connected vehicle proof‐of‐concept tests and demonstrations took place in Detroit, Michigan to
begin to answer a number of research questions. Similar test beds are in use in northern
California and planned for other locations. In addition, the FHWA Road Weather Management
Program and the USDOT Research and Innovative Technology Administration (RITA) have begun
to conduct research to evaluate and validate the viability of using vehicle‐based sensor data to
generate potentially millions of new weather and pavement condition observations. In 2007, a
FHWA report prepared by the National Center for Atmospheric Research (NCAR), described how
vehicle data could be used to improve weather applications and services (5).
In order for this initiative to be successful and move forward toward a national implementation,
all sectors of the weather enterprise (e.g., public, private, and academic) must become involved
to help define, shape, and support the effort to bring these data to bear on the weather and
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transportation communities. Of special note is an organization of automotive representatives
called the Vehicle Infrastructure Integration Consortium (VIIC) that was established by the
automotive industry to participate in connected vehicle technology research and development
initiatives and represent the auto industry’s perspective and requirements.
For this primary reason, the AMS established the Annual Partnership Topic Committee (APT)
focused on mobile observations. Bringing this topic forward as an APT provides an opportunity
for a deliberate discussion among stakeholders about its potential, technical challenges, research
needs, implementation strategy, and other issues.

TOPIC BREADTH
The future availability of millions of vehicle‐based surface observations will affect all components
of the weather enterprise and commercial sectors outside of the weather enterprise including
the automobile, consumer electronics, telematics, and transportation industries – just to name a
few. Academia will be needed to perform research to understand the data and to develop
advanced uses for the data; private sector companies will provide new operational products and
services that utilize the data; and public sector agencies (Federal, State, and local) will either
utilize the data to improve public weather analysis and prediction services (e.g., NOAA/NWS), use
products and services that incorporate the data (e.g., State and local Departments of
Transportation (DOTs)), or issue weather‐based traveler advisories.

WEATHER ENTERPRISE IMPACT
The availability of hundreds of millions of direct and derived surface observations based on
vehicle data will have a large impact on the weather and climate enterprise. The potential
improvements in weather analysis, prediction, and hazard identification should have a large
positive effect on all weather‐sensitive components of the U.S. economy and the capability to
sense the lower atmosphere at the meso‐ and misoscales, which will improve the detection and
diagnosis of extreme weather events that affect lives and property.

COMMITTEE CHARGE
The Committee was given an overarching charge by the BEP to discuss the application and
utilization of mobile weather and road condition data in the context of supporting the weather
and transportation communities and how these data could be used to improve safety and
mobility across the nation’s surface transportation system. The Committee was asked to help
articulate a clear vision for mobile data that captures the immense opportunities for these data
to improve surface transportation weather services. The results were to be documented in a
report (this report) that included several topics such as:




Potential benefits of mobile data
Barriers to acceptance
Research needs
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Data quality and metadata
Business models needed to accelerate adoption of mobile data

COMMITTEE MEMBERSHIP
The Committee membership was designed to encapsulate a cross‐section of experts and
stakeholders within the weather and transportation communities. There was an attempt to
include at least one representative from the automobile industry, but the Committee was
unsuccessful in recruiting from this industry, probably due to the severe economic conditions
that were experienced by the auto industry during this period. The Committee did have the
Vehicle Infrastructure Integration Consortium (VIIC) review this report and their feedback was
incorporated. The VIIC did communicate that their automotive industry representatives endorse
the findings of this report and look forward to working more closely with both the meteorological
and transportation stakeholders to move these concepts forward.
The selected Committee co‐chairs were William Mahoney (NCAR) and Jim O’Sullivan (NOAA). The
Committee members and respective affiliation are provided in Table 1.
Table 1: APT Committee on Mobile Observations Membership
Members

Affiliation

Bill Mahoney (Co‐Chair)

National Center for Atmospheric Research (NCAR)

Jim O’Sullivan (Co‐Chair)

National Oceanic and Atmospheric Administration (NOAA)

Andrew Stern

National Weather Service (NWS)

Dave Helms

NWS Office of Science & Technology (NWS/OST)

Jud Stailey

Office of Federal Coordinator for Meteorology (OFCM)

Jim Block

Telvent DTN

Ben McKeever

Federal Highway Administration (FHWA)

Paul Pisano

Federal Highway Administration (FHWA)

Gina Eosco

American Meteorological Society (AMS)

Leon Osborne

Meridian Environmental Technologies & University of North Dakota, Surface
Transportation Weather Research Center

Greg Krueger

Michigan DOT

Michael Hooper

Sirius XM Radio

Jim Sayer

University of Michigan Transportation Research Institute (UMTRI)

Robert Koeberlein

Idaho DOT

Erik Peterson

United Parcel Service (UPS)

Bob Baron

WxWorks, Inc., Baron Group
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Richard Clark

Millersville University

Kevin Petty

Vaisala Inc.

Sheldon Drobot

National Center for Atmospheric Research (NCAR)

Art Handman

Intelligent Transportation Society of America (ITSA), Chair, Weather Committee

Ed Boselly

Chair, AMS ITS/Surface Surface Transportation Weather Committee (ex‐officio)

Participating Non‐Members

Affiliation

Gary Rasmussen

AMS

Tim Spangler

Director, Cooperative Program for Operational Meteorology, Education and
Training (COMET®), University Corporation for Atmospheric Research (UCAR);
Chair, AMS Board on Enterprise Planning (BEP) (through January 2011)

Laura Furgione

NOAA Deputy Assistant Administrator for Weather Services; Chair, BEP
(beginning January 2011)

COMMITTEE ORGANIZATION
Meetings
The Committee primarily conducted business via telecons. Face‐to‐face meetings were
conducted during the AMS Annual meetings. Meeting minutes were posted to the AMS CWCE
Document Library. A list of meeting dates is provided in Table 2.
Table 2: APT Committee on Mobile Observation Meeting Dates
Date

Meeting Type

24 August 2009

Telecon

6 October 2009

Telecon

19 January 2010

Face‐to‐Face (AMS Annual Meeting – Atlanta)

24 February 2010

Telecon

1 April 2010

Telecon

29 June 2010

Telecon

12 October 2010

Telecon

10 December 2010

Telecon

26 January 2011

Face‐to‐Face (AMS Annual Meeting – Seattle)
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Establishment of Subcommittees
To aid in the process of addressing the primary topic areas listed in the Committee Charge, five
subcommittees were formed around the topics and subcommittee chairs were identified for
each. The subcommittees are listed below.






Potential Benefits Subcommittee – Chair, Richard Clark
Barriers to Acceptance – Chair, Jud Stailey
Research Needs – Chair, Leon Osborne
Data Quality and Metadata – Chair, Jim O’Sullivan
Business Models – Chair, Jim Block

Subcommittee members were primarily made up of members of the primary Committee, but the
Chairs were encouraged to recruit other members of the community if needed or desired.

Work Plan
The Committee established a work plan that was used to guide progress and it provided a
schedule framework. The major activities and milestones are listed below.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Develop APT Committee member candidate slate
Have candidate slate approved
Summer Partnership Meeting, Norman, OK
First Committee telecom/webcast introducing concepts
Meet at AMS Annual Meeting – Atlanta
Submit BAMS In‐Box Article on Mobile Observation Activities
Prepare survey questions to assess driver attitudes
Administer driver survey
Analyze survey results
Prepare draft Committee Summary Report
Meet at AMS Annual Meeting – Seattle
Deliver draft Committee Summary Report to BEP
Provide Report to the CWCE Commissioner
Brief Summary Report at Summer Community Meeting
Deliver Report to AMS Council
Prepare full journal or BAMS article on Committee activities

Spring 2009
Summer 2009
Summer 2009
August 2009
January 2010
Summer 2010
Summer 2010
Fall 2010
Fall 2010
Winter 2011
January 2011
Spring 2011
Summer 2011
Summer 2011
Summer 2011
Fall‐Winter 2011

PRIMARY COMMITTEE ACTIVITIES
BAMS Article
One of the primary goals of this Committee was to facilitate dialog related to the mobile
observation concept within the weather and transportation communities. The Committee
recommended that the AMS community be made aware of the many disparate activities related
to mobile observations by preparing a Bulletin of the American Meteorological Society (BAMS) In‐
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Box article describing the opportunities and challenges associated with a vehicle based
observation network. The Committee prepared an article and it was published in the September
2010 issue of BAMS (6). A copy of the article is provided in Appendix A.

Driver Preference Survey
One of the goals of the Committee was to get an assessment of the driver attitudes about having
their vehicles used as weather probes. The Committee also wanted to get a sense of what driver
preferences were with respect to in‐vehicle weather and road condition hazard products. Primary
questions the Committee wanted asked included:









How do drivers feel about
using their personal vehicle
as a data probe?
How critical are privacy
concerns?
How important are certain
weather/road
condition
hazard products if provided
in the vehicle? (see result in
graphic on right)
Would drivers change their
behavior if provided with
in‐vehicle
hazard
information?
What are drivers willing to
pay
for
in‐vehicle
weather/road
condition
hazard information?

Sample question from the driver preference survey focused on driver
interest in weather information. A summary description of the survey
results is provided in Appendix B.

To address these questions, the Committee prepared a list of questions designed for a web‐based
survey. The survey was administered by a third party under contract to the AMS with financial
support from the FHWA Road Weather Management Program. The survey contained
approximately 25 questions and was targeted to approximately 1700 U.S. drivers geographically
distributed across the nation to ensure climate/weather diversity. A summary of the survey
results can be found in Appendix B and the survey questions are provided in Appendix C.

Subcommittee Reports
Five subcommittees prepared reports summarizing the results of their discussions on each of the
Committee Charge topics and are provided below. While there may be some overlap in content,
each report has been provided in full to reflect their individual results

Potential Benefits of Mobile Observations
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High‐quality weather information about the roadway environment, including both current
observations and forecasts, communicated in a timely and effective manner can help drivers to
make better, safer decisions regarding travel plans and to react properly when faced with
potentially compromised conditions. Providing improved road weather information to those who
construct, operate, and maintain the nation’s roadways will enable them to operate the roads
more efficiently and respond more quickly and appropriately to weather problems. Both drivers
and transportation professionals will benefit from new technologies for vehicles, roadway
infrastructure, and communications (4).
The observations, products, and capabilities enabled by mobile data have the potential to
significantly benefit and lead to substantive improvements for the weather, surface
transportation, emergency management, and other communities and industries sensitive to
surface weather. Principal stakeholder sectors that stand to gain the most from improved
weather and road condition information include, but are not limited to:










Roadway traffic management
Road/Rail systems management
Roadway Incident management
Roadway Maintenance (winter and non‐winter)
Travelers
Emergency management and homeland security
Insurance and accident reconstruction
Agriculture
Energy

The idea of smart vehicles in constant communication with weather information providers and
traffic control centers, commercial fleets adjusting their routing to avoid anticipated storms, and
road maintenance personnel being guided continuously by telemetered in‐road sensors is rapidly
advancing. Over the course of the next decade a focused road weather research program could
deliver this as a reality to the nation saving thousands of lives and billions of dollars. The
Committee sees the road weather system of 2020 as including a robust observation and
communication infostructure1, models to support decisions, smart vehicles, enhanced roadway
maintenance, and enhanced traffic and emergency management (4).
Surface weather and road condition observations and their derived products and applications will
have direct and indirect benefits stemming from their potential for improvements in five
principal areas:
1) Weather information and product improvements
2) Road/Rail condition
1

Infostructure is the network of data collection and dissemination necessary to support realtime
management and operation of the roadway transportation system. It often is focused on congestion
management, security management, emergency management, and weather response (7).
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3) In‐vehicle information systems
4) Transportation system management decision support
5) Emergency management decision support
Benefits to the Weather Research and Operational Communities
Vehicle manufacturers have demonstrated the feasibility of a wide variety of onboard computing
and telecommunications tools and have begun to move some of these to the marketplace.
Accompanying these advances in meteorology and transportation are improvements in
communications, computational capabilities, and geographic information systems, technologies
that have applications to the road weather problem. In‐vehicle sensors will be capable of
providing in‐situ information on a number of meteorological and vehicle parameters including:












Barometric Pressure
Brake Status & Boost
Accelerometer Data (steering & yaw)
Windshield Wiper State & Speed
GPS Position, Heading, Elevation & Speed
Headlight Status
External Air Temperature
Anti‐lock Braking System
Vehicle Traction Control
Vehicle Stability Control
Tire Pressure

Adding in‐situ surface and near surface mobile weather observations, metadata, and derived
products with high spatial and temporal resolution to the existing national weather data
stream has far‐reaching implications that are expected to result in direct short‐ and long‐
term benefits for the research and operational communities. Weather product
improvements enabled by in‐vehicle mobile observations and derived products (e.g.
algorithms) include, but are certainly not limited to:









Reducing radar anomalous propagation (AP)
Identification of virga (precipitation not reaching the ground)
Diagnosis of precipitation type
Identification of foggy regions
Characterization of surface conditions for weather and pavement models
Weather analysis and prediction in complex terrain
Air quality monitoring and prediction
Diagnosis of boundary layer water vapor

In addition, a high‐resolution mobile weather network has value in:
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1. Providing meteorological observations (e.g. air temperature, air pressure, humidity)
and inferred meteorological conditions (e.g. precipitation rate and type, obstructions
to visibility) at the surface and near‐surface that will enhance the National Mesonet
(Network of Networks (NoN)2) and play a key role in filling gaps where NoN
observations are sparse,
2. Creating a new data/information resource for improving the precision and accuracy
of short range forecasts and warnings ‐ including the articulation of rain/snow
change lines and other sharp weather‐related discontinuities,
3. Providing important new information for initializing (and perhaps eventually
validating) numerical model fields,
4. Assisting forecasters in a full spectrum of activities from aviation and hydrologic
forecasts to articulating microclimates in our communities.
5. Supporting “nowcasts” for road, rail, transit, and environmental hazards such as:















Heavy rain
Heavy snow
Hail
Dense fog
High winds
Tornadoes
Severe thunderstorms
Ground blizzards
Icing conditions
Flooding
Blowing dust
Smoke
Slippery pavement
Hazardous environmental spills along highways

Improvements in observations, modeling, forecasts, and data/information availability are
critical components for ensuring a road, rail, and transit, management and decision
support infrastructure that aims to increase safety, mobility, and efficiency. In the long
run, it is expected that a more comprehensive scientific investigation of the roadway
(rail) environment will ensue, which would lead to new concepts in road weather
forecasting through development of a better scientific understanding of the
2

The National Mesonet Network, Network of Networks, is an integrated, flexible, distributed, adaptive,
and multi‐purpose mesoscale meteorological observation network.

Page 16

Realizing the Potential of Vehicle‐Based Observations

relationships/interactions of the atmospheric surface layer with the remainder of the
roadway and railway environment (i.e., pavement, sub‐pavement, roadside vegetation,
etc.).
Benefits to Road Weather Users
The principal benefit to users of road weather information and pavement conditions is
improved situational awareness. Through the communication infostructure and the in‐
vehicle notification capability, road condition, traffic, and environmental and weather
alerts and warnings can be communicated directly to passenger and fleet vehicles to
keep operators abreast of impending road, traffic and weather hazards, including but not
limited to: tornadoes, severe thunderstorms, flash flooding, blizzards, hurricanes, winter
storms, ice storms, tropical storms, fog, smoke, precipitation (amount and types), as well
as associated traffic congestion, accidents, road maintenance areas, etc. Improved
assessments of travel conditions will lead to more effective travel advisories and enable
better en‐route and pre‐travel planning.
Improved situational weather awareness is likely to save lives and increase travel mobility
and efficiency. A simulation study (8) found that drivers using traveler information arrived
at their destination within 15 minutes of the target arrival time 79 percent of the time;
this percentage drops to 42 without traveler information. Having in‐vehicle access to
weather, road, and traffic information, including advisories, in near real‐time will help
travelers and fleet operators conduct better pre‐trip planning or adjust their plans en‐
route to accommodate changing weather, road, and traffic conditions.
Within surface transportation communities, users differ in the knowledge of weather
impacts or how improvements in mobile weather and roadway information could be
useful to their transportation sector. Education and interaction between the users and
providers of mobile observations must be part of the information delivery process if the
benefits are to be optimized. However, transportation system management and decision
support stand to be the prime beneficiaries of mobile observations of weather and road
conditions. Benefits include, but are not limited to:


Improved decision‐making by highway maintenance personnel through
incorporation of mobile observations in their maintenance activities including its
use in maintenance decision support systems.



Information derived from vehicle traction control and anti‐lock breaking system
data can be used to target sections of roadway, especially on the Interstate
highway system, were the pavement condition is deteriorating.



Derived information on precipitation type, roadway surface temperature, wiper
state, and traction control can be used to target locations of road and bridge
icing conditions, relay warnings and advisories to vehicle operators, and deploy
road surface treatment crews with optimal efficiency and safety.
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Optimized traffic signal timing and coordination during weather‐related hazards,
notably for re‐routing around weather obstacles and evacuation routing during
flash flooding and tropical storms.



Crash frequency and travel times decrease and average speed increases with
adaptive or coordinated traffic signal control systems, creating a safer and more
efficient transportation system for the traveler; this especially important in more
chaotic traffic conditions related to impending hazardous weather.



Transmit weather information to control variable speed limits and incident
notification on high density road segments
o

Users benefit from increased average freeway speed and continuous traffic
flow

o

Weather‐related incident notification allows users to re‐route to arterials and
reduce vehicle‐hours of delay.

 Provide input to transit weather decision support systems to determine such actions as:
o Outfitting buses with tire chains on certain routes
o Determine needed frequency of running rail cars with third rail or catenary contact
collectors to reduce ice build‐up on electrical supply conduits.
o Rerouting transit vehicles around weather‐related obstructions
o Curtailment of transit service based on real‐time, local weather information from
mobile and other sources.
o Provide rail dispatchers with real‐time, local track temperature information to warn
of possible rail buckling due to high temperatures and effect the rerouting of trains
around possible trouble areas
 Provide local data sets to support emergency management operations associated with
hazardous chemical spills along highways.
 Reduce en‐route transit times for emergency vehicles (e.g., ambulances, EMTs; police; fire),
commercial freight shipping
o Mobile weather observations, traffic and incident information, and/or pavement
condition can be used by decision support systems to re‐route emergency and freight
transport vehicles in transit to their destinations; thereby increasing efficiency and
mobility, and in the case of emergency response, saving lives.
The aviation industry (both fixed wing and to a much lesser degree, lighter‐than‐air platforms) is
another transportation sector that stands to benefit from mobile observations. Airport surface
observations (e.g., METARS) are routinely used in pre‐flight planning by the general aviation
community. A network of high‐resolution mobile observations as part of a national cooperative
mesoscale network should provide pilots and air traffic controllers with more and better surface
and near surface weather information, especially impending aviation hazards such as those listed

Page 18

Realizing the Potential of Vehicle‐Based Observations

above. A mobile observation network could be integrated into NOAA Earth System Research
Laboratory’s (ESRL) Global Systems Division ground‐based GPS meteorology program for better
characterization of precipitation.
However, the most significant benefit to the aviation community would come from
improvements to high resolution model initialization and forecasts, parameterizations and
algorithms, and weather radar products that can be accessed by pilots through resources such as
the NOAA Aviation Weather Center (AWC) Aviation Digital Data Service (ADDS). Further
improvements to NOAA’s ESRL Real‐Time Verification System could result in more accurate
information on ceiling and visibility, convection, icing, turbulence, precipitation (type, location,
and intensity), and wind. Helping to advance verification methods can lead to a better
understanding and improvement in aviation forecasts that run operationally at NOAA’s Aviation
Weather Center. Enhancements to the surface observational network from in‐vehicle sensors
could provide useful validation of rain and snow detection, and other radar software that
improves the nationwide detection and prediction of weather that is hazardous to aviation. In‐
situ, real‐time mobile observations could provide a critical link between the surface weather
conditions and the lowest elevations penetrated by radar.
The energy sector is comprised of a wide range of businesses involved in the exploration,
extraction, production, refining, distribution, and sale of energy. The primary industries within
this sector include petroleum, gas, electric, coal, and nuclear energy, along with renewable
energies such as solar, wind, hydropower, and biomass. Energy sector targets for the next 10
years include the improvement in information networks, including networks for high resolution
weather information, access to information and products, the exchange of data and products for
efficient energy management, and improvement in forecast models and decision‐support tools.
Using mobile observations of temperature, relative humidity and/or dew point (eventually),
cloud cover, precipitation, and wind speed and direction, utility and power trading companies
could improve electric load forecasting models and scenario analyses and increase overall
efficiency in delivering energy.
A mobile observation capability and the in‐vehicle routing and hazard avoidance products that it
would enable could also be used to improve driving efficiency and hence reduce emissions.
Information on vehicle type and location could also be used in air quality analysis and prediction
models to improve real time estimates of the emission sources. A dynamic (constantly updating)
map of vehicle data would provide a rich source of new data for air quality models. Vehicle
generated air temperature data in the urban corridor could help identify micro‐climates and
characterize boundary layer inversions for example, which are both very important factors in air
quality monitoring and prediction. Improved estimates of precipitation would improve
calculations of pollution sinks. Another ‘green’ aspect of mobile observations is related the use of
surface and pavement temperature data to support roadway snow and ice control activities.
Improvements in measuring pavement temperature for winter maintenance decision making
would result in a reduction of snow and ice melting chemicals.
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Integration of the mobile surface observation network into the Network of Networks has
implications for the emergency management and homeland security sectors by playing a key role
in disaster/incident response and recovery. The Homeland Security WeatherBug® Network, a
NWS partnership, asserts that real‐time weather information such as wind speed and direction
and surface temperature can help shape informed and time‐critical decisions including: 1)
determining which municipalities to evacuate and the ordered priority for evacuation; 2)
selecting the best approach routes for emergency vehicles; and 3) the type of equipment to
dispatch.
The emergency management and homeland security communities need access to weather
advisories, warnings, forecasts, and other products. NOAA already maintains the Emergency
Managers Weather Information Network (EMWIN), which includes automated technology
pushing or pulling weather data, and live automated email, paging, and broadcasting data feeds.
Private sector companies are providing value‐added, sector‐specific products from this
community, as well as transportation, energy and other communities. High‐resolution mobile
information will provide an important and useful network of observations, metadata, and
products along our Nation’s transportation arteries, which, on one hand can be used in decision
support systems for planning and en‐route changes, and on the other hand, inform motorists of
an approaching emergency situation, active detours, and delays. Mobile observations and in‐
vehicle communication will enable emergency decision support efforts to access valuable high‐
density information and relay accurate, timely, and reliable information to the motorist. In doing
so, both responders and vehicle/rail operators will have mobility options that are largely
unavailable today in near real‐time, resulting in more efficient evacuations, faster evacuation
time, more effective re‐routing, and a safer response to emergencies.

Barriers to Acceptance of Mobile Observations
Introduction
Taking weather observations has never been a simple task. The process may seem fairly trivial to
those who have never taken an observation, not been involved in developing, siting, or
maintaining observing equipment, or not had to gather and disseminate the observational data
to all those who would use them. In fact, weather observing practices, when viewed as a system
of processes, are extremely complex. Traditionally, near‐surface weather observations have
been generated by stationary platforms, but technological advancements have made it possible
to collect observations from mobile platforms. Taking observations from mobile platforms,
particularly passenger and fleet vehicles, introduces new dimensions of complexity and
challenge. This section of the report discusses some of those challenges in terms of barriers to
acceptance, and suggests some possible ways to overcome those barriers.
For ease in presentation, the barriers are grouped into three categories: technical, fiscal, and
institutional. None of these categories should be viewed as more important or more difficult
than the others. The barriers in all categories must be effectively addressed for mobile weather
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observing to achieve its full potential. In fact, the barriers within the categories interact with
barriers in other categories, so most cannot be effectively addressed individually.
A litany of barriers to acceptance to mobile weather observations may leave the reader with the
impression that mobile weather observing is too difficult, too costly, or otherwise too
problematic to achieve on any useful scale. To counteract this impression, some potential
solutions are proposed at the end of each section. The intent is not to solve all the potential
problems associated with mobile observations, but rather to illustrate that the barriers can be
overcome.
Technical Barriers
In spite of significant advances in mobile sensing capability (e.g., wrist watches that measure and
plot atmospheric pressure) and navigation and communications capability (GPS, Dedicated Short‐
Range Communications (DSRC), 3G/4G wireless), challenges to broad deployment of accurate,
reliable, and accessible data from mobile sensors remain. Both sensor and communications
barriers must be overcome for mobile observations to become a reality on a broad enough scale
to be meaningful for road weather or other applications.
Sensor barriers
Two types of sensors (using the term sensors loosely) are being considered for providing weather
information from mobile platforms. Sensors placed on vehicles specifically to provide weather
information for weather applications (including, but not limited to “road weather” applications)
are one type, and constitute what we normally think of as weather sensors. The other type is
systems that are native to the vehicle itself, but can be used to provide useful weather
information. The challenges associated with these two types of sensors are inherently different.
Many of the normal concerns associated with dedicated weather sensors—siting, maintenance,
calibration—are exacerbated with mobile sensors, especially when large numbers are to be sited
on a wide variety of vehicles driven by people with varying interest in those sensors. The best
place to site a temperature sensor on a particular model of car may not be best location for a
pressure sensor, and the best place for a particular sensor on one model of car might not even
exist on another model. Sensor‐by‐sensor and model‐by‐model studies to determine optimum
siting location may be prohibitively expensive, especially as new models are introduced each year
requiring new siting studies. Ideally, the optimum siting location would provide accurate data
under a wide variety of conditions, but accuracy in even the best location could be compromised
by vehicle speed and ambient conditions such as insolation and moisture. At least these issues
are being studied today with standard sensors, the technology for which is fairly mature.
Accurate, mobile, low‐cost sensors for other important elements such as humidity and pavement
temperature have not been widely deployed; they may cost more and there is less experience
with siting them on mobile platforms. Maintenance, testing, and calibration of sensors are
particularly problematic. In theory, this type of work could be done as part of routine automobile
maintenance, but it is not clear that the public would be willing to absorb the cost.
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Potential Solutions: A solid set of sensor studies in the mobile environment may provide vehicle
manufacturers and others with standards regarding elements such as optimal sensor type and
placement. For example, studies indicate that placement of a temperature sensor near the front
grill is optimal (2), producing temperatures accurate to less than 1.00°C, with a bias less than
0.25°C (9, 10). To allow manufacturers the flexibility to select the optimal location for a given
model, it may be necessary to articulate standards in terms of principles and guidelines rather
than specific locations and other requirements. The FHWA has issued siting guidelines for
environmental sensor stations (11) and could produce a similar set of guidelines that focus on
types and placement of sensors in the mobile observing environment. Costs for maintenance and
calibration of dedicated sensors could be reduced to an acceptable level by incorporating those
routines as much as possible into existing automated vehicle diagnostics processes.
Deriving reliable, consistent weather information from existing vehicle systems presents a
different suite of challenges. “Normal” atmospheric observations taken on many vehicles today
to support engine operations (temperature, pressure) may not be representative of ambient
conditions, may not be as accurate as needed for weather applications, and may not be
calibrated to provide data in accepted units of measurement. “Observations” derived from
vehicle operations—such as windshield wiper speed, fog light setting, and anti‐lock brake
operation—present different problems. There is no human standard for when to turn on and at
what speed to operate windshield wipers, when to turn on fog lights, or how hard to brake in a
given situation. Because this type of information could be made available quickly without
deployment of new sensors, it is considered to be the “low‐hanging fruit” of mobile weather
sensing. However, it presents some very challenging calibration issues and may ultimately not
provide consistent enough information to be of use for weather applications.
Potential Solutions: Human factors studies may be able to get at information concerning how the
general population uses onboard systems in different situations (when people turn on lights,
windshield wipers, etc.). However, advancements in vehicle technology, some of which are
underway, may be needed to address these issues. For example, many vehicles now use ambient
light measurements to control when headlights are turned on. This takes the control out of the
hands of the human and results in a more “standard” measurement of ambient light. These
types of automated control processes used in other vehicle systems (i.e., windshield wipers, anti‐
lock braking, etc.) may standardize measurements of other operational parameters.
Communications and Data Management
With the present coverage of cellular phones and growing availability of wireless data services, it
is easy to assume that connectivity will be readily available to get mobile weather observations to
the user. However, exploiting these technologies presents some challenges, as does processing
and fusing the large amounts of data captured from vehicles to enable timely and reliable access
for production of products. Recent changes to Intelligent Transportation System (ITS) strategy,
exploiting the viability of secure dedicated short‐range communication (DSRC) between vehicles
without the support of roadside infrastructure (12), may eliminate the planned nationwide,
homogenous means of collecting weather observations from vehicles. This change would require
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use of non‐DSRC communications pathways and could lead to a patchwork of communications
capability with more limited coverage. In addition, aggregating and processing data from a
variety of collection systems (e.g., OnStar® and similar systems, wireless telematics, jurisdictional
highway communications systems) would be more complicated than managing data from a
comprehensive system of 300,000 compatible communications nodes. In any case, just managing
the volume of data that could be provided by a robust deployment of sensing capability on
highway vehicles presents significant challenges.
Business activity involving mobile observations supporting highway maintenance activities has
increased significantly in recent years. However, data formats from the supported mobile
platforms have remained unique to the individual businesses, and available data standards (e.g.,
NTCIP 1204) have not been broadly adopted by industry.
Potential Solutions: Establishing common protocols and data standards and formats would
promote ease‐of‐use of the communications network. While the DSRC situation should become
clearer in 2013, exploration should begin now on using communications that go beyond solely
DSRC. Mobile weather observing should leverage the Real‐time Data Capture and Management
part of the ITS program that will research ways to enable systematic data capture from vehicles
and the integration of data from multiple sources.
Fiscal Barriers
Today’s fiscal environment—characterized by federal deficit reduction, cuts at state and local
levels to balance budgets, and external and self‐imposed constraints on consumer spending—
presents serious barriers to deploying mobile observations on a meaningful scale.
Consumer Costs
The cost of any changes made to automobiles to support mobile observing will almost certainly
be passed on to the buyer of the automobile. Those costs could include new sensors, on‐board
capability to collect useful vehicle operations data that is already available, and communications
capability. Ideally, these capabilities would become standard on all automobiles, but it seems
unlikely in today’s economic environment that auto manufacturers would willingly increase base
costs for this purpose. Weather sensors/data collection/communications could be an option on
automobiles for those who are willing to pay to participate, but such an approach would
probably result in a limited number of equipped vehicles.
Potential Solutions: Just as cellular phones have become a “necessity,” industry experts indicate
that connectivity in vehicles will become a critical consumer buying influence within five years. If
that happens as expected, it may be possible to leverage that connectivity. Consumer willingness
to pay extra for dedicated, on‐board weather sensors can be encouraged by illustrating the
benefit of providing observations from vehicles. Pilot projects that demonstrate both the ability
to collect, manage, and apply mobile observational data, and to produce and supply useful
decision assistance from those data may be crucial to broad deployment of observing capability
on vehicles. In addition, it may be easier to justify mobile weather sensing in fleet operations,
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when the sensor data could be directly tied to a decision support system capability that would be
designed to reduce overall operating costs.
Public Costs
Public costs associated with mobile weather observations would likely include deploying and
maintaining communications and data management systems to collect and process the
observations from vehicles, and deploying observing capability on public vehicles. Both these
capabilities would require substantial investment in a time of severe fiscal constraint and growing
skepticism of government spending in the voting population. At this point there is no suitable
“business model” to illustrate that the benefits of public expenditures for mobile weather
observing outweigh the costs.
Potential Solutions: Innovative weather oriented connected vehicle pilot projects, as mentioned
above, provide the best early opportunity to develop a solid business case showing the cost
benefit of deploying and maintaining the infrastructure for mobile observations and for
augmenting the database with sensor information from public vehicles.
Institutional Barriers
Technical and fiscal barriers present significant challenges, but ways to overcome those barriers
are available. Institutional barriers may be much more difficult to address because they are often
associated with human or organizational behavior, neither of which is easy to change.
Individual Concerns
Despite the broad popular involvement in social media, a substantial part of the populous
remains concerned about privacy. Those individuals would probably not want to have a device in
their car that reveals their location at any time. How much identifying information about the
observing platform (other than its location) will be desired by users is not clear, but it seems
likely that there will be some requirement to identify the platform in some cases. Even if that is
not the case, the perception that the capability to track the location of specific automobiles is (or
could be) inherent in a mobile weather observing system could result in refusal to participate and
public outcry against broad deployment.
Individuals may also have a bias against deployment of mobile observations because they simply
do not understand their value. This could be particularly true if the concept is sold based on
providing road weather information to drivers (as opposed to supporting traffic management).
Little is known about individual decision‐making processes associated with the impact of weather
on driving, but the little information that is available (13) along with simple observation of driver
behavior suggests that the knowledge of potential weather impacts on driving conditions does
not necessarily change behavior other than in extreme cases (e.g., heavy snow). That is, weather
information seems to have minimal effect on decisions of when, where, and whether to drive—
other factors usually determine the decision.
Cybersecurity is also a concern that impacts individual acceptance of mobile observations. A
recent study (14) concluded that control systems in cars are “fragile and easily subverted.” At
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this time, physical access to communications ports is required to interfere with vehicle
operations, so the lack of connectivity is a good thing. Widespread connectivity will require
robust security to insure safe operations.
Potential Solutions: The USDOT strategy of a connected vehicular network is by design mandating
anonymous data collection, which should help to alleviate some privacy concerns. Cyber security
could be enhanced by isolating the on‐vehicle weather data collection system through strategic
application of firewalls or employment of one‐way communications (i.e., separating outgoing
weather data from incoming products and services).
Business Concerns
Businesses may determine that it is beneficial for them to use their vehicles as mobile weather
observing platforms, either because data from those platforms can be used internally for decision
making or because the data contribute to a broader effort to support external road weather
applications that provide information that enhances the profitability of the business. However,
it’s not clear at this point that a sound business case can be built for either construct. In the first
situation (internal use of data for decision‐making) the company has control over the variables,
but may not have enough decision space to exploit the information to enhance profit. In the
second situation (contribution to road weather applications) decision support products from
external sources must provide the information necessary to consistently improve operations
enough to fund the data collection effort.
To the extent that business interests may be leveraged to support deployment of mobile
observing systems (on truck fleets, for example), issues of proprietary information and liability
arise. Today the distribution of some weather observations is limited to preserve the competitive
advantage of the business taking and/or collecting the observations. In addition to providing
weather information of use to competitors, mobile observations could also be exploited to
ascertain locations of competitors’ vehicles as well as deployment and logistical strategies.
Businesses may also face real or perceived liability risks in providing data from mobile observing
platforms on a regular basis. Erroneous, late, or missing data could be cited in lawsuits as
contributing to a harmful event, and those who routinely provide the data could become targets
of litigation. One way to avoid this situation would be to either not take observations or not
make them available outside their own organization.
Potential Solutions: An analysis of legal precedent for weather information based on RWIS (15)
found no cases where lawsuits pursued in court based on erroneous, late, or missing data.
However, a study by the National Conference of State Legislators (16) found that “RWIS‐related
liability is a largely unexplored question of law, with few relevant precedents.” In any case, legal
decisions related to government liability in this context may not provide useful insight into the
liability a business may face in allowing the use of their mobile observations to support public
decisions affecting highway safety.
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Enterprise Concerns
Management of highways and the traffic they carry involves a very large number of players,
including the Federal government, states, counties, municipalities, and regional authorities. In
addition, the immature nature of road weather management offers numerous opportunities for
entrepreneurial innovation, opening the door for commercial players with potentially
unconventional approaches to deploying mobile weather sensors and managing and exploiting
the data from those sensors. At this point, it’s not clear that, with all the various players with
their differing needs and agendas, the mobile weather observing enterprise is manageable in the
normal sense of the word. In any case, there is no overall authoritative vision for the deployment,
operation, management, and governance of mobile weather observing capability, let alone a
high‐level strategy, concept of operations, or implementation plan.
Potential Solutions: The FHWA and RITA have provided some leadership to steer the road
weather initiative in a consistent direction, and could lead efforts to articulate strategies and
plans for implementation of mobile observations. However, without a mandate for direct
control, the adoption of sensing, data, and communication standards holds the greatest potential
for moving the fledging mobile observation program in a coordinated direction.

Research Needs
Introduction
In the next decade, the growth of mobile observations will be an enabling technology with the
potential for providing expanded surface observations to better resolve road weather conditions
and promote safety and mobility. Present technologies supporting mobile observations have
come largely from adaptation of automatic vehicle locating applications used to track vehicle
movements, or from recent public‐private endeavors to gain improved in situ vehicle
performance information. In either case, the use of current technologies to support road weather
decision‐making has been more of an afterthought rather than a concerted primary effort
through research to define a focused set of parameters to better understand and predict the
roadway environment.
To provide a stronger focus on road weather understanding and applications, it will be important
to define a rich of set research objectives permitting sustained growth in the value of mobile
observations supporting road weather. These research areas will need to continue an affiliation
with present connected vehicle‐related non‐meteorological development efforts, but will also
need to provide a focus on specific areas of meteorological interest. These areas include
research on sensor design; sensor integration with vehicles; data communications and standards;
data management and quality checking; interpretation of observed mobile data and proper
assimilation methods for incorporation of mobile data with other observed and modeled data;
and, improved methods for information display and delivery including an understanding of
human factors associated with user interpretation. It is anticipated that research in the above
areas will yield direct benefits on the acquisition and utilization of mobile observations, plus
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stimulate new research endeavors further expanding the understanding of the physical nature of
the roadway environment.
This section presents a high‐level description of current mobile observation research needs that
should be addressed to foster an improved understanding of road weather and better apply road
weather management strategies.
Sensor Design
Research areas:








Development of mobile sensors to provide reliable measurement of pavement state
including pavement temperature, detection of pavement condition relative to ice, water
and snow (including percent coverage per lane mile).
Development of innovative, yet cost effective, sensors providing additional atmospheric
and pavement condition information, including parameters such as solar radiation and
atmosphere and terrestrial long‐wave radiation, relative humidity, and precipitation
detection.
Refining of sensors currently installed on vehicles that control how the car reacts to
conditions on the roadways (Active Suspensions, Anti‐lock Brakes, Traction Control, and
Stability Control) may expand the usability of detection systems already in place.
Cameras are also a viable option to help expand understanding of what is visually
appearing on the roadways along with the use an infrared (IR) camera to distinguish
between precipitation or road spray and road conditions at night using a fuzzy logic
similar to what used in pedestrian detection.

Sensor and Vehicle Integration
Research areas:




Research to increase understanding of the best methods to integrate sensors on mobile
platforms in order to optimize the quality of data, maximize the quantity of data
observed, and minimize noise in the data while not impeding on driving/riding
experience for the occupants.
Research into the integration into the vehicle include developing low power consumption
processing unit that collects and quality controls the data in an efficient manner so that
the data can be used by the vehicle computers and transmitted using the defined
standardized communication technique.

Data Communications and Standards
Research areas:



Continuation of current research into the use of wireless communications, including
dedicated short‐range communications (DSRC) and cellular networks is needed if an
appropriate conduit for data retrieval from mobile platforms is to be achieved. The
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communication system is required to have adequate coverage areas including both urban
and rural areas.
As vendor‐driven activities expand in the wireless communication area, the need for clear
guidelines and standards in how the meteorological data are conveyed to the community
will be necessary. Present ad hoc formats in use require an inordinate amount of effort
to discover and interpret data from systems that vary drastically from each manufacturer
and model to model from the same manufacturer.

Data Management and Quality Checking
Research areas:



Research and development should be conducted to expand the present Clarus System to
handle and process mobile observations.



Research will be required to define, develop, and test specialized data quality checking
algorithms that are implemented on the vehicle and on the data collection server end
that address the unique data flows from mobile platforms. The potential volume of data
and the diverse sources of these data present a major challenge for data management
and distribution.



Research should continue on the development of a prototype vehicle data translator that
will provide a framework for developing, testing, and demonstrating the utility of quality
checked and statistically processed vehicle datasets.



Improvement in data mining methods to provide effective means of extracting desired
features will be needed to maximize the value of mobile observations matched to user
applications.



Innovative connected vehicle test beds that cover large geographic regions (e.g., state‐
wide) should be developed to support the development and testing of weather‐related
vehicle‐enabled road weather products and services.

Data Interpretation and Assimilation
The USDOT‐led efforts to connect vehicles has created a new opportunity to derive road and
weather conditions from ancillary data types such as rain sensors, anti‐lock brake, wipers,
traction control, and stability control events, etc. FHWA‐sponsored research has begun to
interpret the meteorological signals found in these ancillary data types; however, as these data
types continue to expand, it will be important that continued and expanded research be
conducted to better interpret these non‐direct road and weather data types. Further, the
transformation of these data, as well as direct road weather observations, into data fields
appropriate for spatial analyses and forecasts requires a better understanding of appropriate
assimilation techniques to account for these data among the array of existing data presently in
use.
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Improved Methods of Information Display and Delivery
A growing concern by the weather enterprise is the manner by which end‐users receive and
interpret information provided by the weather community. This challenge extends to the users of
road weather information as indicated by recent studies conducted by the FHWA (Human Factors
Analysis of Road Weather Advisory and Control Information (Publication No. FHWA‐JPO‐10‐053)).
Human factors research should be conducted to better understand and define ways to overcome
the barriers associated with conveyance of road weather‐related hazard information to users of
the highway system.

Data Quality and Metadata
Introduction
Over the course of the coming years, more mobile observations and vehicular fleets (using the
term loosely so as to apply to privately‐owned vehicles) with varying sensor and manufacturing
packages will be deployed on the Nation’s roadways. Due to the potential differences in the
information obtained from this equipment, great care will be needed to ensure that these data
are accompanied by an appropriate level of metadata for use by the weather and transportation
communities.
Metadata Collection
A wide number of observing and vehicle attributes can be realized with mobile observations.
Sensors on one fleet or model of vehicles may, and often will be out of necessity, be different
than those packages operated on other fleets. Whereas in‐situ observations have standards for
siting, obstructions, and exposure, the equipment of mobile observations introduce additional
factors such as location on vehicle, varying height of actual observation, proximity to vehicular
components that may affect the data, etc. While many mesonets make use of a limited number
of manufactured equipment for a particular element observed, the breadth of fleets available for
mobile observations may lead to a wide range of commercial, off the shelf (COTS) sensors that
manufacturers and providers may choose to deploy in their instrument packages.
The need for metadata is vital to make the most of the connected vehicle environment.
Researchers and operational personnel will want to know the parameters of the sensors used
and assess the data obtained from the vehicles to make informed decisions as to the utility and
quality of the data (see Barriers to Acceptance of Mobile Observations section, above). As any
fleets are instrumented with sensors, the broader weather and transportation communities need
to know the standard environmental metadata such as sensor range, accuracy, resolution, as well
as the instrument metadata (e.g., model number, installation and maintenance information) in
order to run the full breadth of quality checks. Consequently, new metadata fields including
vehicle information and operation, location of sensors on the vehicle, height above roadway, and
any connectivity with the vehicle should be included. Metadata dictionaries have been developed
for the Clarus Initiative (see: http://www.clarusinitiative.org/documents.htm) that breakout
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critical and optional metadata needs. A similar approach to developing mobile metadata should
be taken.
Publishing any metadata concerning the vehicle has the additional concern of maintaining privacy
to any private individuals or organizations allowing their fleets to transmit mobile observations.
As such, no metadata will be collected without first resolving all privacy concerns.
Data Quality and Quality Control
Mobile observations and their utility will be new to many users. As such, given the potential
number of observations transmitted by multiple fleets using varying equipment packages, there
has to be rigorous quality control and clear defining of the standards and protocols used for the
data. Auto manufacturing standards and International Organization for Standardization (ISO)
standards are being used in early fleet testing funded by NOAA. Likewise, ITS and auto
manufacturing standards are currently being used in USDOT‐related efforts.
As articulated by the Research Needs subcommittee, above, there must be more development of
practical quality control algorithms to be used for mobile observations. These algorithms should
be tested by researchers and manufacturers as the number of real‐time mobile observations
increases. Quality control development for such systems as Clarus and MADIS should be
incorporated at the earliest opportunity to establish baselines with which to compare future
equipment, datasets, and algorithms.
Finally, the manufacturers, developers, and operators of the equipment need to inform the user
communities about the details (respecting intellectual properties) of equipment packages,
sensors, and methods of quality control used for the collection and integration of mobile
observations.

Business Models
The mobile observation system and the weather observations that it provides will have both
costs and benefits, and a business model is necessary to insure that these costs and benefits are
well understood, and shared by all. Since there are still many unanswered questions about a
national connected vehicle infrastructure and any associated business model, this section is
focused on the weather observations themselves and how they could be captured, processed,
and disseminated on a national scale.
Goals of the Business Model
Weather data derived from mobile observation platforms will have intrinsic value. However, the
real value will lie in the aggregation of thousands and thousands of pieces of data, which means
that a business model must have a clear statement of goals:


Provide access to mobile observations for all users
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Insure that the mobile observation system remains financially viable and stable enough
to encourage continued use and investment
Facilitate the creation of standards for the collection, communication, and dissemination
of mobile observations
Encourage the development of new products and services, and allow for healthy and fair
competition among providers
Provide a means to establish schedules and timelines in the operation of a mobile
weather observation system

Potential Business Models
There are several business models that could be successful in achieving the goals outlined above.
These include:
Government Model (Clarus Model)
The government model is one where government agencies pay for the establishment and
collection of mobile observations, and then provide access to the public3. This is the current
business model for the official observation network operated by NOAA in the U.S. It is also the
model used by Clarus, a program funded by the Federal Highway Administration’s Road Weather
Research Program to collect weather data from Road Weather Information System (RWIS)
systems owned by various state and provincial governments.
This is a simple and well‐understood business model, but it is only practical if the government
assumes the full costs and responsibility for owning and operating the weather data collection
system. A government model would insure open access and financial viability, but may not allow
for a lot of flexibility in setting or changing standards.
Public Utility Model
A public utility model grants an exclusive monopoly to a company to establish and collect mobile
observations, and charge a fee for their use, all under the oversight of an independent board or
commission. The obvious examples of this type of business model are the telephone, electric,
and gas utility companies.
A public utility would insure that standards are met, and would be incented to disseminate data,
but not necessarily to keep costs at a minimum.
Private Network Model
An alternative to the Public Utility model is one where private companies establish competing
data collection systems, and sell the mobile observations for whatever the market will bear. The
closest analogy to this model is the cellular phone industry in the United States, where multiple
companies operate duplicative networks.
3

In some instances, data use agreements are required to protect sensitive or proprietary data.
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Private networks are extremely costly because of the duplication of network resources, but these
costs are borne by outside investors, and shared among users of the each network. There are no
standards in this model, and costs to individual users of the data can be hard to predict or
control.
Public Corporation Model
Another option is to set up a public not‐for‐profit corporation to operate a system that will
collect and distribute mobile observations. Such a business model was the recommendation of
the NRC report “Observing Weather and Climate from the Ground Up – A National Network of
Networks” (1). In fact, this NRC report contains a complete discussion of business models for
atmospheric data, as well as a very complete description of a public corporation model.
The public corporation model is probably best suited to insuring that all of the goals above are
honored, but it is also the most problematic to set up, as it would have to be set up from scratch,
and would require legislative action.
Automobile Industry
The automobile industry has a significant role to play in advocating for and utilizing vehicle probe
data and ensuring that the resulting weather and road condition hazard products are integrated
into vehicles in a safe and effective manner so that driver behavior is modified to improve safety
and mobility. Vehicle manufacturers have expressed interest in road weather products designed
for in‐vehicle consumption and many view them as key content for the vehicle’s information
system. Automobile manufactures have begun to advertise in‐vehicle weather capabilities on
their high‐end models as is illustrated below.
Business Model Summary
Ultimately, the choice of the best business model for managing weather observations from
mobile platforms will depend on the business and infrastructure model that is established for the
overall national mobile observation data collection and dissemination system, as it will have to
exist within this framework. There are several business models to choose from, each with its
advantages and disadvantages. The best choice will be the model that insures access to all users,
is financially stable enough to encourage continued investment and expansion of services, and
facilitates data sharing.
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Lexus magazine advertisement in 2010 highlighting in‐vehicle weather information delivered
using wireless capabilities (XM satellite).

VEHICLE DATA ELEMENTS
Hundreds of data elements are captured in modern vehicles. A full description of these data
elements are provided in industry specifications such as The Engineering Society for Advancing
Mobility Land Sea Air and Space International (SAE), and more specifically SAE‐J2735 for the
Digital Short Range Communications (DSRC) Message Set Dictionary. In addition, trade
organizations such as Automotive Multimedia Interface Collaboration (AMI‐C) have led efforts to
standardize automobile multi‐media interfaces. Vehicle standards are still a moving target as the
connected vehicle concept is evolving rapidly. It is anticipated that only a subset of vehicle data
elements will be useful for processing off the vehicle. Commercial firms are currently working
with the automotive industry to obtain vehicle data bus parameter identifiers for each make and
model so that the information can be used to develop third party Controller‐Area Network (CAN‐
bus) readers. Several companies offer CAN‐bus readers that include wireless (cell based)
communications so that selected vehicle data elements can be captured and transmitted to end‐
users.
Based on recent research (2, 5, 9, 10) and expert opinion of the committee members, a list of
desired vehicle data elements have been identified and are listed in Table 3. These data elements
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do not include data that have the potential for breaching confidentiality/privacy concerns.
Additional data elements that may be beneficial, but would likely only be provided for vehicles or
fleets that have expressly agreed to share additional information may include manufacturer,
model, make, vehicle mass, and year as well as additional (higher‐quality) sensors that measure
and/or diagnose air temperature, relative humidity, wind speed and direction, and pavement
conditions.
Another critical aspect of using vehicle data is knowing the precision of the data. The
meteorological community, through USDOT research efforts, has recently provided feedback to
SAE J2735 about the desired precision and other characteristics of selected vehicle data
elements. The list of desired data characteristics is provided in Appendix D.
Table 3. Vehicle Data Elements Important for Weather and Road Condition Applications

Vehicle Data Elements

External air temperature
Barometric pressure
Wiper status
Wiper rate
Headlight status
Fog lamp status
Accelerometer
Anti-lock braking status
Traction control state
Stability control state
Rate of change of steering
Vehicle velocity
Wheel speed
Brake status
Brake boost
Brake applied status
Date
Time
Location (including elevation)
Vehicle heading
Rain sensor
Sun sensor
Relative humidity
Pavement temperature
RPM
Engine torque
Exhaust diagnostics
Engine running state
Pavement temperature
Pavement surface condition
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INTERNATIONAL ACTIVITIES
Research, development, and demonstrations (field operations tests) of connected vehicle‐related
technologies are well underway around the world. Japan and Europe are viewed as international
technology leaders and path finders. International activities include vehicle‐to‐infrastructure as
well as vehicle‐to‐vehicle communications with a focus on safety applications and traffic
management, which is similar to the focus of the U.S. efforts. Stakeholders include auto
manufacturers, city and state departments of transportation, universities, and industry suppliers.
Field operational test sites have been
established in Japan, Sweden, United
Kingdom
(UK),
The
Netherlands,
Denmark, Belgium and France. Similar to
U.S. programs, field operational test sites
are
being
used
to
coordinate
development, reduce fragmentation of
efforts, and accelerate the time to
market for many of the envisioned
capabilities and applications. The primary
focus of many of the international
development efforts is on safety
applications such as blind spot and lane
Source: Myriam Coulon‐Cantuer, European
departure warnings, rear‐end collision
Commission
avoidance, rapid braking and blind‐spot
alerts, eco driving, and intersection
collision avoidance. Road weather‐related user requirements and applications are being
developed and vehicle sensor testing is occurring (e.g., Volvo friction diagnostic system (17)), but
weather and road condition research and development are not the primary focus of the industry
at the moment. Most of the current Japanese and European road weather capabilities are similar
to U.S. commercial technologies in that they are focused on providing somewhat generalized
weather and road condition information to the drivers via navigation or telematics systems (e.g.,
XMNavWeather™, OnStar®). Route and vehicle specific road weather applications are in the early
stages of definition and development.

CONCLUDING REMARKS
Challenges and opportunities associated with the use of vehicle probe data in weather‐ and road
condition‐related applications for the weather and surface transportation communities were
discussed in this report. The availability of mobile data would lead to improvements in road
weather products. Advancements in the diagnosis and prediction of adverse weather and road
conditions could be immediately realized using data currently available from many vehicles.
Moreover, technological improvements in the automotive industry will result in additional
environmental and road‐related data elements becoming available in the future.
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One of the most important aspects of this discussion is that a significant amount of research will
be required to better understand vehicle‐based data, as the characteristics of the data will vary
greatly between vehicle manufacturers, vehicle models of the same manufacturer, and sensors
types and models. It is unlikely that any single vehicle‐based data element will be able to stand
alone as truth as there will be too many uncertainties about their quality. Vehicle data will need
to be processed in a statistical manner to address data outliers and to raise the overall
confidence in data quality. The weather community has substantial experience combining
multiple disparate datasets to derive products. Vehicle data will have to be treated in a similar
manner. Even with those caveats and concerns, we strongly believe that vehicle data will
contribute in a positive manner to the generation of improved weather and road condition
products because of the large volume of data, distribution of observations, and frequent
updates.

NEXT STEPS
The primary goal of this Committee was to seek input from the weather and transportation
communities to help articulate a clear vision for mobile data that captures the immense
opportunities for these data to improve surface transportation weather services. A snapshot of
community feedback has been captured in this report. It is clear from the feedback that mobile
observations hold great promise if there is a well‐coordinated research, development,
demonstration, and technology transfer effort that addresses deployment, operation,
management, and governance of a national mobile weather observing capability.
Given the distributed jurisdictional nature and complexity of the national transportation system,
there needs to be national leadership (e.g., USDOT, VIIC, etc.) to move the mobile observation
initiative forward. We hope that this report will be viewed positively by the weather and
transportation communities and that it will be used to support the development of plans for
research, development, and demonstration activities. To increase the likelihood that action will
be taken to move the concept of a national mobile observation network forward, the Committee
recommends that the AMS take the following next steps (in no particular order).
g. Distribute the final version of this report to relevant USDOT and Congressional policy
and decision makers.
h. Publish report highlights and results in the Bulletin of the American Meteorological
Society (BAMS).
i. Publish report highlights and results in transportation trade journals and/or
magazines (e.g., ITS International, Thinking Highways, etc.).
j. Distribute the report to key transportation community stakeholders including the
automobile and telematics industries.
k. Brief results at key weather and transportation scientific, technical, and other
stakeholder meetings (e.g., AMS Annual Meeting, ITS America Annual Meeting, TRB
Annual Meeting, Telematics Annual Meeting, etc.).
l. Maintain a strong connection between the mobile observation component of a
national network and the “network‐of‐networks” concept development efforts.
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m. Develop a relationship with the VIIC by inviting and encouraging VIIC participation in
the AMS Intelligent Transportation System/Surface Transportation Weather
Committee (ITS/STC).
n. Continue to support and maintain a strong connection between the ITS/STC and ITSA
Weather Committee.

Given the complexity of bringing a national mobile network to fruition, a well‐coordinated
advocacy effort will be required. We believe these actions will help build momentum for this
capability. Experts from the meteorological and transportation communities should take an
active role in guiding mobile data related research, development, demonstration, and proof‐of‐
concept projects to ensure a smooth and expedient adoption of these capabilities.
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Vehicles as Mobile Weather Observation Systems
by

Bill Mahoney, Sheldon Drobot, Paul Pisano, Ben McKeever, and Jim O’Sullivan

A

nyone who has recently purchased a new car or
truck knows that vehicles are now very sophisticated and full of computer-controlled systems
and advanced consumer electronics. What many
people do not realize is that modern passenger vehicles contain data-management systems that monitor
nearly every operation, from controlling engine performance to recording seat belt use, headlamp status,
door positions, and hundreds of other parameters.
Most vehicles also measure air temperature and pressure, and an increasing number have solar and rain
sensors. Can these data be accessed, processed, and
utilized by the transportation and weather enterprise
to improve weather diagnostics and predictions? The
authors not only believe they can, but they are actively
engaged in research, development, and outreach programs to make this a reality.
High-resolution spatial and temporal observations are crucial to advance our understanding of
meso- and microscale meteorology, improve weather
forecasts and products, and ultimately protect life and
property. Over the last few decades, significant strides
have been made to increase the quality and quantity
of weather observations. Recently, the National Research Council (NRC) report, “Observing Weather
and Climate from the Ground Up: A Nationwide
Network of Networks,” focused attention on the U.S.
national needs and progress toward development of
a nationwide “network of networks” observational
system. Arguably, one of the most promising possibilities envisioned in the NRC report is the potential
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of utilizing passenger and fleet vehicles as weatherobservation systems. With 230 million vehicles on the
nation’s roads logging 3 trillion miles driven annually,
vehicles represent an unparalleled opportunity to
increase the nation’s surface-observation network,
particularly with respect to the roadway environment.
In the near future, many of these vehicles will anonymously measure, record, and disseminate direct (e.g.,
temperature, pressure) and indirect (e.g., wiper status,
antilock brake, and vehicle stability control system
status) measurements of the road and atmospheric
conditions.
The NRC is not the only organization that recognizes the enormous opportunity of vehicle-based
weather observations. The AMS’s Board on Enterprise
Planning (BEP) also began the process of reviewing
the national mesoscale-observing network. In 2006,
through the Annual Partnership Topic (APT) process,
the BEP established a Mesoscale Observing Networks
Topic Committee. This BEP committee has finished
its work, and the AMS Commission on the Climate
and Weather Enterprise has continued the effort by
creating a Committee on Network of Networks that
will continue and expand the discussion of mesonets
and the potential contributions of various sensing
systems to the national network.
The National Oceanic and Atmospheric Administration (NOAA) has taken action to transition its
Meteorological Assimilation Data Ingest System
(MADIS) into an operational environment. MADIS
currently resides in a research environment under
NOAA’s Office of Oceanic and Atmospheric Research (OAR), and its transition will take it to the
National Weather Service (NWS). MADIS collects,
quality-checks, and archives observations from across
the nation from both public and privately operated
mesonetworks. The culmination of the transition
plan moves the nation a step closer to realizing the
establishment of a truly national-scale mesonetwork
of observations.
These activities clearly demonstrate that there is a
strong national interest in establishing and maintaining a robust surface-observing network and exploring unique opportunities to expand the network.
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A quickly approaching opportunity to expand the
network is the pending availability of measurements
from passenger vehicles and commercial car and
truck fleets. Imagine a capability where millions
of privately owned automobiles are equipped with
transceivers that are able to transmit data captured
from their onboard sensors and safety systems to a
nationwide infrastructure connected by high-speed
data hubs. Even the most common components of
the passenger vehicle can begin to tell a story about
the near-surface (driver level) atmospheric and pavement conditions through the intelligent utilization of
vehicle data elements such as windshield wiper state,
external air temperature, headlamps, atmospheric
pressure, sun sensors, vehicle stability control, and
the status of an antilock braking system.
Today, a U.S. Department of Transportation
(USDOT) initiative called IntelliDriveSM (previously
known as the Vehicle Infrastructure Integration Initiative; www.intellidriveusa.org) is moving toward
developing these capabilities. Automobile companies
are working with USDOT and other stakeholders on
equipment that can send and receive messages via
wireless communication. In addition, USDOT, state
and local governments, and the private sector are
looking at a wide range of strategies for utilizing the
data to improve transportation safety and mobility.
Using IntelliDriveSM data for improving road weather
services represents only a small fraction of the envisioned benefits. IntelliDriveSM technologies are viewed
as the key enabler in a wide suite of transportation
safety, mobility, and environmental applications. The
IntelliDriveSM architecture is currently being developed to assure anonymity and untraceability, as data
privacy is paramount to this initiative. For instance,
drivers will have opportunities to “opt in” or “opt out”
of certain aspects of data transmission.
Beginning in 2008 and continuing beyond 2013,
a series of demonstrations will take place to address
a number of scientific and technical issues. During
2008, a proof-of-concept test for IntelliDrive SM was
conducted near Detroit, Michigan. Similar test beds
are in use in northern California and New York,
and other test beds are envisioned by various stakeholder groups. The Federal Highway Administration
(FHWA) and the USDOT Research and Innovative
Technology Administration (RITA) are conducting
research to evaluate and validate the viability of using vehicle-based sensor data to generate potentially
millions of new weather and pavement condition
observations. In 2007, a FHWA report prepared
1180 |
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by the National Center for Atmospheric Research
(NCAR) described how vehicle data could be used
to improve weather and road condition applications
and services.
For this initiative to be successful and move forward toward national implementation, all sectors of
the weather enterprise (e.g., public, private, and academic) must become involved to help define, shape,
and support the effort to bring these data to bear on
the weather and transportation communities. The
potential availability of millions of surface observations from passenger vehicles and fleets represents
a huge opportunity for the weather community.
Whether this opportunity is seized or missed (at least
initially) will depend greatly on the weather community’s technical understanding and adoption of these
unique datasets and its level of participation within
the IntelliDrive SM community. The AMS recognized
the need to engage the weather enterprise on this topic
and in 2009, through the APT process, established the
Committee on Mobile Observations. Bringing this
topic forward as an APT provides an opportunity for
a deliberate discussion among stakeholders about its
potential, technical challenges, research needs, implementation strategy, and other issues. This committee
plans to complete its work on this topic in 2011.
Research and Development Ef forts. Advances in wireless vehicle technologies
are being driven by numerous organizations and
economic sectors. At the federal level, RITA is overseeing the IntelliDriveSM program. The IntelliDriveSM
initiative represents a suite of technologies, communication standards, sensor location analysis, and
applications that use wireless connectivity with and
between vehicles, between vehicles and the roadway,
and with devices (such as consumer electronics) in the
vehicle to achieve transformational improvements in
safety, mobility, and environmental quality.
With funding and support from RITA and direction from the FHWA Road Weather Management
Program (http://ops.fhwa.dot.gov/Weather), NCAR
is conducting research under the IntelliDriveSM initiative to develop a prototype Vehicle Data Translator
(VDT), which collects, quality-checks, and disseminates vehicle-based weather and road condition data
(www.rap.ucar.edu/projects/intellidrive). In addition,
the VDT incorporates vehicle-based measurements
of the road and surrounding atmosphere with other
more traditional weather data sources, and creates
prototype road and atmospheric hazard products.

These quality-controlled observations will eventually weather and road conditions. For example, the probe provided to the meteorological community and totype VDT includes a “road precipitation” algorithm
other users through USDOT or NOAA via systems that blends vehicle data elements (e.g., wiper status
like Clarus (www.clarusinitiative.org) or MADIS.
distribution, air temperature) with radar data, nearby
NOAA is also involved in funding mobile observa- weather station data, and weather model and satellite
tion research and development. In late 2009, the NWS data. The end result is an indication of whether a road
began funding of a project to build a Mobile Platform segment is experiencing “rain,” “frozen precipitation,”
Environmental Data observation network (MoPED). “mix,” “road splash,” or “none/virga.” The road splash
The objective of MoPED is to demonstrate that vehicle category occurs when precipitation is no longer falldata can support surface transportation weather ing, but the vehicles are still reporting significant
applications, and, if successful, these data will be wiper activity. On the other hand, the VDT classifies
included as part of the national mesonet system.
a “none/virga” condition even in the presence of radar
At the state level, the Michigan DOT has been returns if the precipitation is evaporating before it
funding a Data Use Analysis and Processing (DUAP) hits the ground because information is known about
project to examine the opportunities and benefits to wiper usage. This type of derived data can provide
MDOT of acquiring and using vehicle data in manag- critical information to the meteorological commuing traffic and MDOT’s transportation system assets. nity that is not currently available in the traditional
The DUAP project builds on previous work to inves- observational network.
tigate how the availability of vehicle data currently
available throughout the road network may change Data Quantity and Quality. In comthe way transportation agencies do business. This parison with fixed sensors, mobile observations
project focuses specifically on data uses and benefits provide both advantages and disadvantages. By their
in responding to safety concerns,
managing traffic, and managing Table 1. Weather-related vehicle data observations.
MDOT’s transportation system assets.
Observed data elements
Weather is not a focus of this project,
but MDOT has made the vehicle data
Barometric pressure
Rain (rain sensor)
available to the FHWA Road Weather
Management Program for analysis.
Ambient air temperature
Sun (sun sensor)
Vehicle Data. Several studies
describe weather-related data elements that are already, or will soon
be, available from mobile platforms.
Table 1 lists the most common elements, categorized as either “input” or
“observed.” The “observed” category
includes direct observations of specific
atmospheric variables (e.g., barometric pressure, temperature) that should
benefit the weather community as
input for weather models and as data
at high spatial and temporal resolution
data for improved situational awareness. The “input” category includes
both logistical information (e.g., date,
time, location) and vehicle system
status observations (e.g., windshield
wiper state, traction control, stability
control), which can be used in conjunction with other datasets to infer
AMERICAN METEOROLOGICAL SOCIETY

Relative humidity

Pavement temperature

Input data elements
Date (year, month, day)

Brake status

Time (hour, minute, second)

Brake boost

Location (lat/lon)

Accelerometer (lateral, longitudinal)

Elevation

Yaw rate

Vehicle heading

Headlight status

Vehicle velocity

Traction control

Hours of operation

Stability control

Wiper status

Rate of change of steering

Anti-lock braking system status

Impact sensor

Adaptive cruise control radar

Ambient noise level

Short-range wide beam radar

Camera imagery
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very nature, mobile sensors offer the opportunity to
collect information over a considerably larger territory than fixed sensors, and as mentioned previously,
with millions of vehicles there is the potential to collect considerably more data from mobile as opposed
to fixed sensors. However, the volume and anonymity
of vehicle-based observations pose several challenges
with respect to data integrity that must be addressed
before these data will be broadly usable and acceptable. In a fully realized mobile observation network,
the sheer volume of the observations will present
challenges in data handling.
One solution for this issue is to statistically process
and generate derived observations, which are valid
along a given length of roadway. In the prototype VDT,
these derived observations consist of all observations
of one parameter (e.g., temperature, pressure) aggregated on a road segment over a designated period.
In other words, the derived observations provide
synthesized atmospheric and road conditions for a
specific area and time. The default setting for the road
segment length is 1 mile, and the default setting for the
period is 5 minutes, but these settings are configurable.
In terms of anonymity, metadata on fixed sensors
usually provide instrument type and tolerances, and
time-series information can be used to help diagnose
problematic data. In the mobile world, the anonymity
requirements preclude vehicles from sending identifying information. This could lead to problems in quality
control. Therefore, a key component of using mobile
observation data is to develop rigorous data filtering
and quality-checking (QCh) routines. In the prototype
VDT, some of the QCh routines are similar to those
used at fixed weather-sensing stations. For example,
the Sensor Range Test (SRT) and Climatological Range
Test (CRT) are mobile versions of the tests run for the
Clarus system. Nevertheless, vehicle data also pose
additional QCh challenges. Outside air temperature
measurements from vehicles may not be representative
of the true ambient conditions if the vehicle speed is
less than 25 mph or if measurements are collected from
inside tunnels or other confined locations. As part of
its QCh process, the VDT can filter out these observations. Additionally, the VDT QCh process determines
whether an observation is similar to nearby vehicles
and fixed weather stations, and evaluates the vehicle
measurements with fine-resolution weather model and
satellite data. Evaluating the quality of vehicle data and
addressing quality issues as they arise will require an
ongoing research and development effort across the
weather community.
1182 |
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Discussion and Summary. The potential
use of vehicle data in weather-related applications
and products for the surface transportation is being
discussed within the weather and transportation
communities. The availability of millions of vehicle
observations would almost certainly lead to improvements in the diagnosis and prediction of adverse
weather and road conditions. Moreover, technological
improvements in the automotive industry will likely
result in additional environmental and road-related
data elements becoming available in the future.
One of the most important aspects of this discussion is that a significant amount of research will be
required to understand the feasibility of using vehiclebased data, as the characteristics of the data will vary
greatly between vehicle manufacturers, vehicle models
of the same manufacturer, and sensor types and models. It is unlikely that any single vehicle-based data element will be able to stand alone as truth, as there will
be too many uncertainties about their quality. Vehicle
data will need to be processed in a statistical manner
to address data outliers and to raise the overall confidence in data quality. The weather community has
substantial experience combining multiple disparate
datasets to derive products. Vehicle data will have to
be treated in a similar manner. Additionally, issues of
communication costs and data volume are not fully
resolved. However, even with those caveats and concerns, we anticipate that vehicle data will contribute
in a positive manner to the generation of improved
weather and road condition products because of the
large volume of data, distribution of observations, and
frequent updates. The weather community is encouraged to participate in this exciting endeavor.
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A Survey of the U.S. Public’s Preferences for Weather and Road Condition
Information

1. Introduction
In 2008, the American Meteorological Society (AMS) Board on Enterprise Planning
(BEP) established the Committee on Mobile Observations to discuss the application and
utilization of mobile weather and road condition data in the context of supporting the weather
and transportation communities and how these data could be used to improve safety and mobility
across the nation‘s surface transportation system. The goal of the committee is to articulate a
clear vision for mobile data that captures the immense opportunities for these data to improve
road weather services and transportation safety and mobility.
The Committee on Mobile Observations is engaged in numerous activities to accomplish
its goal, which includes both a submission to BAMS as well as conducting a nationwide survey
of the traveling public to obtain better information on their preferences for and interests in
obtaining weather and road condition information, their willingness to share vehicle data, and
their willingness to pay for enhanced services.

2. Science Background
In a perfect world, we would expect that providing better road and weather warning
information would lead to increased protective action on the part of the traveling public.
However, there is a rich library of social science literature indicating that people do not respond
to warnings and weather information in a linear manner (e.g., Sorenson 2000). Information
systems comprise both scientific technologies and the people who use them. Importantly, people
bring significant perceptual and behavioral histories to the decision-making table.
A whole suite of information — including people‘s sources, perceptions, and experiences
relating to weather and road conditions — needs to be understood and carefully addressed to
maximize the possible benefits of scientific advances and technologies. However, there is limited
information about people‘s knowledge and actions regarding weather in general, and even less is
known about people‘s preferences for in-vehicle weather and road condition information, or their
willingness to share data originating from their vehicle.
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Using an internet survey, this project therefore examines people‘s weather informationgathering tendencies and preferences, with a focus on road weather conditions. In addition, we
include questions on people‘s comfort level with sharing vehicle data and examine how much
people are willing to pay, given that this is a relatively new venture, for new types of road and
atmospheric weather data.

3. Data Collection
We conducted an Internet survey of US residents during October and November 2010.
Prior to sending out the survey, we pre-tested all questions with several verbal protocol analyses
to ensure that questions were being interpreted as we planned; additionally, some of the
questions used here were asked on other surveys that also used more extensive pre-testing (e.g.,
Hayden et al. 2007; Lazo et al. 2008). The complete set of questions is available from the
authors.
Working through Survey Sampling International (http://www.surveysampling.com/), we
obtained 1627 responses. Internet sampling is an attractive option for this type of exploratory
study, because it can facilitate gathering data quickly and it allows for better control over
respondents‘ access to the questions (i.e., they cannot jump ahead or go back and change their
answers based on information in a subsequent question).
Estimates of Internet access vary widely, but based on the most recent Pew Internet
Report (Smith 2010), about 66 percent of U.S. households (n ~ 62 million) have Internet access
at home. As such, using the Internet to conduct the survey inevitably excludes some populations
from responding, namely those that have limited Internet access. SSI does recruit panelists that
do not have such access and provides facilities to take the survey, but the anonymous nature of
the survey respondents means we cannot know how many of the respondents are from this group.
Disadvantaged persons, including those without ready access to transportation, may be further
inhibited from taking the survey. Thus, it is important to note that the results presented here are
not representative of the entire population of the United States. Moreover, future research may
warrant using other research methods that can better access hard-to-reach populations. In
comparison with U.S. Census information, the response pool for this survey contained a higher
portion of females, was better educated, and was slightly wealthier.
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4. Results
This section outlines the main survey results, highlighting information-gathering
tendencies, preferences for in-vehicle information, and concerns related to the sharing of vehicle
data.

4.1. Information-gathering tendencies
Adverse weather conditions remain a considerable hazard to the US motoring public,
leading to over 7,000 fatalities and more than 670,000 injuries in a given year (FHWA, 2010).
Advances in the physical and technological sciences will soon allow for the provision of highfidelity weather and road condition data and forecasts, which could ameliorate these losses.
Extensive social science research provides clues into the effective use of that information; for
instance, Mileti and Sorenson (1990) highlight ‗hearing the warning‘ as the first key step in an
effective warning chain. Just over 91% of our survey respondents obtain weather forecasts either
via active or passive measures, slightly lower than previous reports (e.g., Lazo et al. 2008). Of
those that do obtain weather forecasts, the primary information source while not in a vehicle is
local television stations, accessed on average 26 times per month (Figure 1). ―Fixed‖ internet,
that is, internet access not via smart phones, is the second most popular choice, viewed roughly
20 times per month. Local radio (17 times per month) and cable television (15 times per month)
are also popular information sources. The remaining options are much less frequently used.
These results roughly parallel previous research (e.g., Hayden et al. 2007; Drobot 2007; Lazo et
al. 2008). The major difference is that Internet sources have become more popular; for instance,
they ranked below radio in Hayden et al. (2007). Whether the Internet ever surpasses local TV is
debatable, but it clearly has risen in prominence over the past few years. Similarly, smart phone
internet usage is up from previous studies, and it too likely will continue to climb in importance.
While in the vehicle, access to weather information is more limited and currently more
passive, relying mostly on local radio stations (Figure 2). None of the other options rate at
higher than 5 times accessed per month. Nonetheless, smart phones clearly are being used by
some people. Given the negative connotations of distracted driving, it may be that smart phone
use is under-reported as well. The paucity of people using telephone (dial-in) sources suggests
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the 511 network is not being used very much for weather information. Analysis of state 511
usage rates would be useful to confirm or contradict this finding.

4.2. Weather forecast and information preferences
Overall, survey respondents were generally satisfied with temperature, precipitation, and
severe weather information they currently receive from a variety of sources (Figure 3). Roughly
three in four respondents were either ‗satisfied‘ or ‗very satisfied‘, with temperature information
rating the highest and precipitation information rating as the least satisfying of the three
measures. This is interesting as precipitation is probably the biggest threat to drivers. When
provided with a list of new information types that we anticipate as being available in the vehicle
in the near future, respondents showed overwhelming interest for most of the proposed
information types (Figure 4). Road closure information is marginally ahead of local weather
conditions and local weather forecasts in terms of responses in the ‗very interested‘ and
‗extremely‘ interested categories. Weather conditions do rate higher interest than traffic
conditions, accident information, and routing suggestions; this is slightly different from the JPO
study, which had traffic information as the most desired variable. However, the current survey
has more options in the traffic category (such as including road closures and accidents) and it is
likely that this explains the disparity. Parking and points of interest are not highly desired by the
respondents. Interestingly, when looking at the responses for ‗not at all interested‘, local weather
conditions and local weather forecasts have the lowest totals, with only 8% of the respondents
showing no interest.
Stratifying the weather information into specific weather conditions continues to provide
compelling information on the public desire for road and weather data and forecasts. Nearly two
in three respondents are extremely or very interested in icy road warnings (Figure 5). Snowcovered road information is only slightly less desired. A variety of other precipitation measures,
as well as low visibility and a general warning on whether or not weather will slow a trip are
‗very‘ or ‗extremely‘ desired by about 57% of the survey respondents. Only lightning ranks
somewhat lowly, with only 40% of respondents ‗very‘ or ‗extremely‘ interested. Although the
sample sizes are low, respondents that operated motorcycles daily or once a week tended to be
more interested in these warnings (not shown).
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The warning community stresses an effective response goes beyond hearing the warning,
through to understanding it and ultimately taking action. Although the survey did not present
respondents with particular warning messages, it did ask to what extent people felt that they
would take protective action based on a warning. Owing to social desirability, which is the
tendency of respondents to reply in a manner that will be viewed favorably by others, the
responses may be overly positive for this question. However, numerous studies demonstrate the
survey design used here should minimize social desirability, compared with telephone or inperson interviews (e.g., DeMaio 1984; Aquilino 1994).

At any rate, the responses should

provide a reasonable measure of which hazards people are more likely to respond to, relative to
one another. In this respect, flooded roadways are the most likely hazard that if warned ahead of
time, drivers would take protective action1 (Figure 6). Tornado, black ice, and hail warnings
would engender a strong protective response as well. Falling rain and lightning are less likely to
elicit any behavioral changes. As above, motorcycle riders were slightly more likely to indicate
that they‘d take protective action.
Despite an overwhelming interest in enhanced weather information, the public remains
somewhat wary of sharing data (Figure 7). This may be because the concept of vehicle-based
data and its privacy rules are not well known. For some variables, such as air temperature,
headlights, wipers, ABS, and time, more than half of all respondents are ‗very‘ or ‗extremely‘
comfortable with sharing the data. However, even for these variables, roughly 1 in 5 respondents
were ‗not at all‘ or only ‗a little‘ comfortable. Moreover, approximately 1 in 3 respondents are
‗not at all‘ or only ‗a little‘ comfortable with sharing vehicle heading, speed, and direction, with
more people falling into the ‗not at all‘ or only ‗a little‘ comfortable than ‗very‘ or ‗extremely‘
categories for location reporting.
Not surprisingly, the public‘s concern over data sharing is magnified when asked about
what concerns them. Just over 60% of respondents are ‗very‘ or ‗extremely‘ concerned about
being tracked (Figure 8), with just under 60% ‗very‘ or ‗extremely‘ concerned with respect to
cyber-security and the potential cost. Interestingly, the least concerned-about item is privacy.
However, even here, 2 in 4 respondents are ‗very‘ or ‗extremely‘ concerned, and only 1 in 4 are
‗not at all‘ or ‗a little‘ concerned. The lower privacy concerns may be related to a previous
1

Protective action is self-defined by the respondents, and may include, for example, a change in
driving behavior or seeking shelter.
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question where the respondents were told that the IntelliDriveSM program is being designed to
ensure privacy. These results point out a clear need to market the program as a public benefit;
respondents overwhelmingly want more information, but remain wary of the data sharing that is
needed for the development of the desired products. This is also interesting in light of the fact
that many cell phones can now track people‘s locations.
A final question queried respondents on their willingness to pay for enhanced road and
atmospheric weather data. Business models for the development of these advanced services are
still under consideration, and these results might shed some light on the public viewpoint.
Nearly half of all respondents were unwilling to commit to paying anything for these enhanced
products (Figure 9). Qualitative answers associated with half of the responses suggest many
people think that these services should be freely provided; a smaller portion feels that the
existing information is already sufficient. The latter finding is consistent with the previous
question on people‘s satisfaction with existing weather information, but it also further points out
the need for a public campaign extolling the virtues of the proposed new systems. Only 18% of
the respondents‘ were willing to pay at least $10 per month. It is likely that weather hazard
information may need to be bundled with other in-vehicle capabilities to make it more affordable
or at least to increase its perceived worth.

5. Conclusions
This survey was intended to provide some basic insights into driver‘s preferences for invehicle weather and road condition hazard information and their attitude about sharing vehicle
data. The results indicate that drivers are quite interested in knowing about road weather hazards
while traveling, but that a solid business case (return on investment) and a campaign to explain
benefits and privacy policy will need to be made before most drivers will pay for these services.
The survey data provides a rich dataset for study.
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Figure 1. Number of times people gather weather information per month.
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Figure 2. Number of times and sources that people use to gather weather information per

month while in their vehicle.
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Figure 3. Satisfaction with temperature and precipitation information, severe weather warnings.
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Figure 4. Interest level in potential future road and weather condition information for travelers.
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Figure 5. Interest level in potential new road weather-specific information for travelers.
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Figure 6. Likelihood that motorists would take protective action based on warnings for various
road and weather hazards.
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Figure 7. Comfort level for sharing vehicle data.
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Figure 8. Respondents‘ level of concern regarding sharing data from vehicles.
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Figure 9. Respondents‘ willingness to pay for enhanced road and atmospheric weather
information and forecasts.
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Important information about this survey - PLEASE READ!
The purpose of this survey is to collect information about your interest in receiving trip-specific weather and road condition hazard information
in your vehicles and to assess your willingness to share data from your vehicles to support this capability. The information will be used to
evaluate the receptiveness of drivers to these concepts, identify barriers, and to provide insight into the type of in-vehicle road weather
information drivers would utilize to avoid dangerous driving conditions and/or make routing decisions. You need not have any specific weather
knowledge to complete this survey. There are no right or wrong answers. We are interested in your opinions!
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1. Are you 18 years of age or older?
j
k
l
m
n

Yes

j
k
l
m
n

No

2. Do you have a valid driver’s license?
j
k
l
m
n

Yes

j
k
l
m
n

No
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3. The following questions relate to the kind of vehicle you primarily drive (if you do not
have a vehicle, enter "none"):
What is the make (e.g.,
Chevy, Toyota)?
What is the model (e.g.,
Tahoe, Corolla)?
What is the approximate
year of the car?
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4. On average, how long do you spend driving on a typical weekday (driving to
work/school, running errands, etc.)?
j
k
l
m
n

0-15 min

j
k
l
m
n

16-30 mins

j
k
l
m
n

31-45 mins

j
k
l
m
n

46-60 mins

j
k
l
m
n

61-120 mins

j
k
l
m
n

> 120 mins

j
k
l
m
n

Not applicable
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5. A weather forecast is a prediction about future weather conditions with respect to
temperature, cloudiness, winds, and precipitation (such as rain, snow, hail, or sleet). Do
you ever use weather forecasts?
j
k
l
m
n

Yes

j
k
l
m
n

No
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6. How often do you get weather forecasts from the sources listed below?
Rarely or never

Once or more a
month

Once a week

Two or more times
a week

Once a day

Two or more times
a day

NOAA Weather Radio

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Local TV stations

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Friends, family, co-workers,

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Local AM/FM radio stations

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Internet

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Cable TV stations (e.g.,

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Newspapers

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Smart phone

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Telephone (dial-in) weather

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

and others in your social
networks

CNN, The Weather
Channel)

information source
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7. While driving or riding in a vehicle, how often do you normally get weather
information from the sources listed below?
Rarely or never
Commercial provider (e.g.,

Once or more a
month

Once a week

Two or more times
a week

Once a day

Two or more times
a day

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Digital highway signs

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Smart phone

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Satellite radio (e.g.,

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Local AM/FM radio stations

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

In-car NOAA Weather Radio

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Telephone (dial-in) weather

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

OnStar, ATX)

Sirius/XM)

information source (e.g.,
511)
Friends, family, co-workers,
others in social network
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8. Overall, to what extent are you satisfied or dissatisfied with the weather forecast
information that you currently receive?
Very dissatisfied

Dissatisfied

Temperature information

j
k
l
m
n

j
k
l
m
n

Precipitation information

j
k
l
m
n

Severe weather information

j
k
l
m
n

Neither satisfied nor

Satisfied

Very satisfied

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

dissatisfied
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9. In the next few years, you will be able to get more information while in your vehicle.
How interested are you in the following types of information while you are travelling in
your vehicle?
Not at all interested

A little interested

Somewhat interested

Very interested

Extremely interested

Parking information

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Road closure information

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Accident information

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Local gas prices

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Traffic information (e.g.,

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Points of interest

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Routing suggestions

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Local weather conditions

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

(e.g., construction)

congestion)
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10. In the next few years, numerous types of weather information could be provided to
you while you are traveling in your vehicle. How interested are you in the following
types of information while you are travelling in your vehicle?
Not at all interested

A little interested

Somewhat interested

Very interested

Extremely interested

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Is there a threat of hail?

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Are the roads likely to be

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

When will precipitation
occur?

snow covered?
What type of precipitation
will occur?
Are the weather conditions
likely to slow my trip?
Is there a threat of flooded
roads?
Are the roads likely to be
icy?
How strong will be the wind
gusts?
Is there a threat of low
visibility?
How much precipitation will
fall?
Is there a threat of
lightning?
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11. While driving, how likely would you take an action to avoid or minimize the impact on
your vehicle if you received a specific alert about one of the weather or road conditions
hazards below?
Not likely at all

Not very likely

Not sure

Likely

Very likely

Falling snow

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Hail

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Snow on the road

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Lightning

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Falling rain

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

High Winds

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Black ice

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Flooded roadway

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Fog

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Tornado

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n
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12. How much would you be willing to spend per month (in dollars) to receive weather
and road condition hazard information specific to your trip?
5

6
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13. Vehicles currently have many sensors that could provide valuable data to help
improve the identification of weather and road hazards. Wireless technologies are now
being developed that could allow government agencies to transmit the data to weather
service providers to improve road weather products. If this data were transmitted
anonymously (i.e., you can't be identified), how comfortable would you be sharing the
following data from your vehicle?
Not at all comfortable

A little comfortable

Neutral

Very comfortable

Extremely comfortable

Location

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Atmospheric pressure

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Anti-lock braking system

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Vehicle direction (heading)

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Steering wheel angle

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Vehicle speed

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Time

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Brake status (on/off)

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Wiper status (on/off)

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

External air temperature

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

Headlight status (exterior

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

j
k
l
m
n

status (on/off)

lights on/off)
Traction control status
(on/off)
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14. What are your biggest concerns about sharing your vehicle data to improve weather
and road condition hazard products? Select as many as you like.
c
d
e
f
g

Privacy

c
d
e
f
g

Potential cost

c
d
e
f
g

Liability

c
d
e
f
g

Other

15. If you selected other, please explain:
5
6

Page C-14

16. Within the last five years, have you been in a motor vehicle crash that was related to
adverse weather conditions?
j
k
l
m
n

Yes

j
k
l
m
n

No
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17. How much stress do you experience when the weather is similar to when your crash
occurred?
j
k
l
m
n

None

j
k
l
m
n

Low

j
k
l
m
n

Moderate

j
k
l
m
n

High

j
k
l
m
n

Extreme
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ABOUT YOU AND YOUR HOUSEHOLD
The remaining survey questions are about you and your household. This information will be used to help group your responses with responses
of others. You do not have to answer any question you are uncomfortable answering, but all your responses will remain confidential, and none
of your responses can be linked directly back to you.
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18. What is your zip code?
5
6
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19. What is your age?
5
6
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20. What is your gender?
j
k
l
m
n

Male

j
k
l
m
n

Female

Page C-20

21. Which of the following best describes the highest level of education you have
completed?
j
k
l
m
n

Did not complete high school

j
k
l
m
n

High school diploma or equivalent

j
k
l
m
n

Some college, two year college degree or technical school

j
k
l
m
n

Four year college graduate

j
k
l
m
n

Master’s degree

j
k
l
m
n

Professional degree or doctorate
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22. What is your present employment status?
j
k
l
m
n

Employed full time

j
k
l
m
n

Employed part time

j
k
l
m
n

Retired

j
k
l
m
n

Homemaker

j
k
l
m
n

Student

j
k
l
m
n

Unemployed

Page C-22

23. Which of the following best describes your race?
j
k
l
m
n

White

j
k
l
m
n

Black or African American

j
k
l
m
n

American Indian or Alaska Native

j
k
l
m
n

Asian

j
k
l
m
n

Native Hawaiian or other Pacific Islander

j
k
l
m
n

Other
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24. What was your total household income for 2009 before taxes?
j
k
l
m
n

Under $15,000

j
k
l
m
n

$15,000 to $29,999

j
k
l
m
n

$30,000 to $44,999

j
k
l
m
n

$45,000 to $59,999

j
k
l
m
n

$60,000 to $74,999

j
k
l
m
n

$75,000 to $99,999

j
k
l
m
n

$100,000 to $124,999

j
k
l
m
n

$125,000 to $149,999

j
k
l
m
n

$150,000 to $199,999

j
k
l
m
n

$200,000 or more
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Proposed
SAE J2735 “WeatherReport” dataframe
The weather community recommends the following variables be included as a “WeatherReport” dataframe in the next J2735 revision. Each of these variables should be
assigned a unique parameter ID (PID). Most of these data elements are ported from the NTCIP 1204 standards, with some modifications for the mobile environment. Unless
otherwise noted, the recommended sampling rate is 1Hz.
Data Frames:
Pressure/Wind
 Atmospheric Pressure
 Spot Wind Direction
 Spot Wind Speed
Temperature
 Air Temperature
 Dewpoint Temperature
 Surface Temperature
Radiation
 Solar Radiation
 Total Radiation
Precipitation
 Precipitation Indicator
 Rainfall or Water Equivalent of Snow
 Precipitation Situation
 Roadway Water Level Depth
 Adjacent Snow Depth
 Roadway Snow Depth
 Roadway Ice Thickness
Visibility
 Visibility
Friction
 Detected Friction
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Variable

Name

Atmospheric
Pressure

AtmosphericPressure

Spot Wind
Direction

WindDirection

Spot Wind Speed

WindSpeed

Air Temperature

AmbientAirTemperature

Dewpoint
Temperature

AmbientDewpointTemp

Solar Radiation

SolarRadiation

Total Radiation

TotalRadiation (replaces
SunSensor)

Visibility

Visibility

Surface
Temperature

SurfaceTemperature

Precipitation
Indicator

PrecipYesNo

Rainfall or Water
Equivalent of Snow

PrecipRate

Precipitation
Situation

PrecipSituation (replaces
RainSensor)

Description
The force per unit area exerted by the atmosphere in 1/10ths
of millibars, a.k.a. tenths of hectoPascals. A value of 65535
shall indicate an error condition or missing value.
The direction from which the wind is blowing measured in
degrees clockwise from true North. A value of 361 shall
indicate an error condition or missing value. The wind
direction shall be corrected for vehicle movement.
The wind speed in tenths of meters per second. The value of
65535 shall indicate an error condition or missing value. The
wind speed shall be corrected for vehicle movement.
The air temperature in tenths of degrees Celsius. The value
1001 shall indicate an error condition or missing value.
The dewpoint temperature in tenths of degrees Celsius. The
value 1001 shall indicate an error condition or missing value.
The ultraviolet, visible, and nearinfrared (wavelength of less
than 3.0 micrometers) radiation hitting the earth's surface in
watts per square meter. The value of 701 shall indicate a
missing value.
The average total radiation hitting the earth's surface in
watts per square meter. The value of 1001 shall indicate a
missing value.
Surface visibility measured in tenths of a meter. The value
200001 shall indicate an error condition or missing value.
The current pavement surface temperature in tenths of
degrees Celsius. The value 2001 shall indicate an error
condition or missing value.
Indicates whether or not moisture is detected by the sensor.
“Precip” equals moisture is currently being detected;
“noPrecip” equals moisture is not currently being detected;
“error” means the sensor is either not connected, not
reporting, or is indicating an error.
The rainfall, or water equivalent of snow, rate in tenths of
grams per square meter per second. The value of 65535 shall
indicate an error condition or missing value.
Describes the weather situation in terms of precipitation.
Intensity meaning:
 slight < 2mm/h water equivalent
 moderate >= 2 and < 8 mm/h water equivalent
 heavy >= 8 mm/h water equivalent

Valid Range

Resolution

650.0mb – 1200.0mb

0° - 359°

INTEGER (0..65535)

INTEGER (0..361)

0.0 m/s – 250.0 m/s

INTEGER (0..65535)

-100.0°C – 100.0°C

INTEGER (-1000..1001)

-100.0°C – 100.0°C

INTEGER (-1000..1001)

2

0 W/m – 700 W/m

2

2

0 W/m – 1000 W/m

2

INTEGER (0,701)

INTEGER (0,1001)

0.0 m – 20000.0m

INTEGER (0..200001)

-100.0°C – 200.0°C

INTEGER (-1000..2001)

N/A

INTEGER { precip (1),
noPrecip (2), error (3)}

2

0.0 – 11.0 g/m /s

N/A

INTEGER (0..65535)
INTEGER { other (1),
unknown (2),
noPrecipitation (3),
unidentifiedSlight (4),
unidentifiedModerate (5),
unidentifiedHeavy (6),
snowSlight (7),
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snowModerate (8),
snowHeavy (9),
rainSlight (10),
rainModerate (11),
rainHeavy (12),
frozenPrecipitationSlight
(13),
frozenPrecipitationModer
ate (14),
frozenPrecipitationHeavy
(15)}
Detected Friction

MobileFriction

Roadway Water
Level Depth

RoadwayWaterLevel

Adjacent Snow
Depth

AdjacentSnowDepth

Roadway Snow
Depth
Roadway Ice
Thickness

RoadwaySnowDepth
RoadwayIceThickness

Indicates measured coefficient of friction in percent. The
value 101 shall indicate an error condition or missing value.
Indicates the depth of the water on the roadway in
centimeters. The value 256 indicates an error or missing
value.
The depth of snow in centimeters on representative areas
other than the highway pavement, avoiding drifts and
plowed areas. The value 256 indicates an error or missing
value.
The current depth of unpacked snow in centimeters on the
driving surface
Indicates the thickness of the ice in millimeters. The value
256 shall indicate an error condition or missing value.

0 – 100

INTEGER (0..101)

0 cm – 255 cm

BYTE (0..256)

0 cm – 255 cm

BYTE (0..256)

0 cm – 255 cm

BYTE (0..256)

0 mm – 255 mm

BYTE (0..256)
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