Weather Information for Road Managers
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How Does Weather Affect Roads?
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The complex interactions between weather and roads have major affects on traffic flow, road safety, and productivity.  Rain and snow events can cause wet, snow-covered, or icy pavement.  Fog, blowing dust, heavy precipitation and vehicle spray can restrict visibility.  Lane obstruction can be caused by flooding, snow accumulation, or wind-blown debris.  Weather events can also damage roadway infrastructure.  Traffic managers and maintenance personnel must understand these interactions to determine their weather information needs and implement operational strategies that mitigate weather impacts on our Nation’s streets and highways.

Weather affects traffic flow in a variety of ways.  Weather events may prompt travelers to change departure times, cancel trips, choose an alternate route, or select a different mode (e.g., bus or train).   Slick pavement, low visibility, and lane obstruction can cause drivers to slow down and increase following distance.  These changes in driver behavior can increase delay and impact the operation of traffic signals, which are typically timed for clear, dry conditions.  On signalized arterial routes, adverse weather can reduce traffic volumes up to 30 percent.  Average speed falls by 10 to 25 percent in rainy, wet pavement conditions and by 30 to 40 percent with snowfall and snowy/slushy pavement.  Travel time on arterial roads can increase by 11 to 50 percent during inclement weather.  Traffic speeds on highways are 10 to 40 percent lower when it rains or snows.  Snow, ice and fog cause over 23 percent of non-recurring delay on highways.  Rain, which is the most frequent weather event, also contributes to significant delay and congestion.  During adverse weather, average travel time delay increases by 21 percent in Seattle and by 14 to 24 percent in Washington, D.C.  

Weather affects roadway safety by increasing crash risk and exposure to hazards.  Each year, 22 percent of vehicle crashes occur in the presence of rain, snow, sleet, fog, or on slippery pavement caused by water, snow, slush and ice.  Approximately 7,000 people are killed and roughly 600,000 people are injured in weather-related crashes annually.
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Weather also impacts productivity by increasing the operating and maintenance costs of traffic management agencies, road maintenance agencies, law enforcement, and trucking companies.  Winter road maintenance accounts for roughly one quarter of state Department of Transportation (DOT) maintenance budgets.  Annually, state and local agencies spend more than 2.5 billion dollars on snow and ice control operations, and over 5 billion dollars to repair infrastructure damage caused by winter weather.  Each year, trucking companies lose an estimated 32.6 billion vehicle hours due to weather-related traffic congestion in metropolitan areas.

Weather and Road Condition Observations

Road managers use environmental monitoring systems to gather information on weather and related road conditions in order to mitigate weather impacts.  This data serves as decision support to managers, who take such actions as disseminating relevant road weather information to the traveling public.  These managers use three types of road weather information: atmospheric data (e.g., precipitation type and rate, wind speed and direction), pavement data (e.g., wet, icy, flooded), and hydrologic data (e.g., stream levels near roads).  Road managers use various observing system technologies including fixed sensor stations, mobile sensing devices, and remote sensors.

An Environmental Sensor Station (ESS) is a fixed device with one or more sensors measuring atmospheric, pavement, and water level conditions. These stations are typically deployed as field components of Road Weather Information Systems (RWIS).  Central RWIS hardware and software are used to collect and process observation data from numerous ESS.  Environmental observation data from the field are used to develop route-specific forecasts and provide decision support for various operational applications, such as weather-responsive traffic management and road maintenance planning.
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integration of environmental sensors with vehicle systems.  In combination with vehicle location technologies, mobile sensor systems can be utilized to sense pavement conditions (e.g., temperature, friction) and atmospheric conditions. Several state DOTs have deployed advanced maintenance vehicles equipped with mobile environmental sensors.  An important mobile sensing application for road managers is thermal mapping of road segments. This technique provides pavement temperature profiles that can be used to select ESS sites and to spatially predict temperatures based upon ESS observation data from the field.
Remote sensors are located at a significant distance from their target.  Examples are satellites and radar systems that can be used for surveillance of meteorological conditions.  Images and observations from remote sensors are used for weather monitoring and forecasting from local to global scales.  Remote sensing is used to quantitatively measure atmospheric temperature and wind patterns, monitor advancing fronts and storms, image water (e.g., vapor in the air, clouds, snow cover), as well as estimate flood potential from thawing.  An example is the Nationwide Differential Global Positioning System, which is capable of observing precipitable water vapor from satellites.

What are the Benefits of Road Weather Information?

With accurate, timely, route-specific weather information, managers can better operate and maintain roads under adverse conditions.  In efforts to achieve 21st Century operations, managers use road weather information as decision support to implement various road weather management strategies.  There are three types of road weather management strategies that may be employed in response to rain, snow, ice, fog, high winds, flooding, tornadoes, hurricanes, and avalanches.  Advisory strategies provide information on prevailing and predicted conditions to motorists.  Control strategies alter the state of roadway devices to permit or restrict traffic flow and regulate roadway capacity.  Treatment strategies supply resources to roadways to minimize or eliminate weather impacts.  

Managers utilize various technologies to advise travelers of road weather conditions and weather-related travel restrictions (e.g., road closures due to fog or flooding).  Strategies include posting warnings on Dynamic Message Signs (DMS), broadcasting messages via Highway Advisory Radio, and providing road condition reports through web sites and interactive telephone systems like 511—the national traveler information telephone number.  

To control traffic flow during adverse weather, managers may regulate lane use (e.g., reversal for evacuations), close hazardous roads and bridges, restrict access to designated vehicle types (e.g., tractor-trailers in high winds), reduce speed limits, and modify traffic signal timing parameters.  Maintenance managers utilize road weather information to assess the nature and magnitude of winter storms, make staffing decisions, plan road treatment strategies (e.g., plowing, sanding, chemical applications), and activate anti-icing/deicing systems.

Traffic and maintenance managers can implement strategies based upon information from decision support systems (DSS).  These system integrate weather and pavement condition data with other information (e.g., traffic speed, plow routes, topographic data) to provide managers with recommended actions, based upon established thresholds for various conditions.  For example, managers in South Carolina use a DSS that predicts or detects fog on the I-526 Cooper River Bridge.  The DSS alerts managers and recommends DMS warnings, speed limit reductions, truck restrictions or bridge closure based upon visibility distance.  Maintenance managers in Iowa and Colorado have evaluated a winter maintenance DSS that recommends road treatment strategies based upon route-specific weather and pavement condition forecasts, material types, and staffing levels.

Access to quality road weather information helps managers improve safety, enhance traffic flow, and increase agency productivity.  Weather mitigation strategies affect safety by reducing crash frequency and severity, restricting access to hazardous roads, and encouraging safer driver behavior. Road weather management strategies enhance traffic flow and mobility by allowing the public to make more informed travel decisions, promoting more uniform traffic flow, preventing traffic congestion and delay, and minimizing the time to clear roads of snow and ice.  Productivity is increased through interagency communication and data sharing, and by reducing labor, material and equipment costs for snow and ice control operations. 

Road Weather Information Requirements

The Federal Highway Administration (FHWA) Road Weather Management Program is working with the Office of the Federal Coordinator for Meteorology (OFCM), the National Oceanic and Atmospheric Administration (NOAA), transportation agencies, and academia to define the weather information needs of road managers, investigate standards for road weather observing systems, and establish partnerships for a nationwide road weather observing system.

In 1999, FHWA and the OFCM began the Weather Information for Surface Transportation (WIST) Initiative to establish national requirements for weather information for road managers, to facilitate interaction among public and private organizations, and to build effective, efficient decision support capabilities.  The resulting “WIST: National Needs Assessment Report” includes weather data needs for the surface transportation community.  

The weather information requirements documented in this report highlight the need for accurate, route-specific road weather data over short time horizons (e.g., 0 to 48 hours).  The report determined relevant thresholds for numerous weather and pavement condition parameters.  Specific impacts on roads, possible mitigation strategies, and lead times were established for each threshold range.  For example, in order to ensure public safety, managers need predictions of heavy precipitation 6 to 12 hours in advance to assess flood risk.  They also need water level observation data to implement road closures.  The weather information must be provided in a timely manner to support decisions.  If managers know that flooding is forecast, they can prepare for possible impacts.  Forecasts and observations must be accurate, because critical decisions are made based upon this information.  To be relevant, weather information must be customized for road managers.  County-wide forecasts are not as relevant as route-specific predictions of conditions near the ground.  Weather information must also be presented to managers in a format that can be easily understood and interpreted.  Displays that are created by and for a meteorologist will not be useful for a road manager.  Decision support systems are used to tailor weather information for road operations and maintenance personnel.

In order to create effective forecast and decision support tools for road managers, multi-disciplinary solutions are needed.  Through various efforts the Road Weather Management Program serves as the bridge between the surface transportation and weather communities by working with transportation professionals in state and local agencies, public sector meteorologists and private weather information providers, as well as researchers at national laboratories and universities.  These institutional relationships will foster development of state-of-the-art road weather information products and services tailored for road managers.  Such advancements will ultimately improve the operations of the nation’s roads under non-ideal conditions.

This is an exciting time with many opportunities to participate in the development and advancement of unique decision support applications for road managers.  The Road Weather Management Program uses extensive stakeholder involvement to guide projects.  The stakeholder group involved with the development of the MDSS prototype is comprised of representatives from 30 state DOTs, private companies, and researchers.  The newly formed Clarus Initiative stakeholder group consists of state and local DOTs, transit and rail agencies, transportation consultants, academia, meteorologists from the U.S. and Canada, private weather information firms, aeronautical engineers, oceanographers, and others.  The Road Weather Management Program relies on input from a diverse group of stakeholders and welcomes participation by surveyors and other spatial data information professionals.  To find out how you can be involved or for more information visit the Road Weather Management Program web site at www.fhwa.dot.gov/weather, the Clarus Initiative web site at www.clarusinitiative.org, and the MDSS web site at www.rap.ucar.edu/projects/rdwx_mdss.
Clarus Initiative and Vehicle Infrastructure Integration Initiative


The Intelligent Transportation Systems Joint Program Office of the Federal Highway Administration (FHWA) recently defined two initiatives that will provide managers with better road weather data.  The Clarus Initiative will demonstrate a regional road weather observation data management system. The Clarus system will collect data from state agency ESS, mobile sensors and remote sensors. The environmental data will be quality-controlled and made available through an Internet portal in an open standard format. By leveraging state DOT investments in environmental sensors, Clarus will foster the creation of decision support tools tailored for road managers and users.


A consortium comprised of the U.S. DOT, the American Association of State Highway and Transportation Officials, state DOTs, and vehicle manufacturers is investigating the feasibility of Vehicle Infrastructure Integration (VII). The goal of the VII Initiative is to achieve nationwide deployment of an infrastructure to enable advanced vehicle-to-infrastructure and vehicle-to-vehicle communications. With VII, vehicles could serve as data collectors, transmitting traffic, weather and road condition information from the transportation network. Road weather information gathered through VII could be integrated into the Clarus system.








The Maintenance Decision Support System (MDSS) Prototype


The FHWA sponsored the development of the MDSS prototype, which generates route-specific forecasts of weather and pavement conditions as well as recommendations for winter road treatment strategies, chemical application rates, and timing.


The MDSS prototype was developed by a consortium of national laboratories guided by a stakeholder group, including DOT personnel from more than half of the states, along with private sector and academic representatives.  In 2003 and 2004, two versions of the MDSS prototype were tested and evaluated in central Iowa with great success.  A third version of the MDSS software was tested in Colorado during winter 2004-2005.


Since the system has matured, the FHWA is now focused on technology transfer efforts.  Results of the MDSS research and development have been made available to the private sector.  Developers are working with private sector companies to simplify the integration of MDSS capabilities into their products, which will be offered to state and local transportation agencies.
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NOAA/FHWA Partnership


The FHWA and NOAA have developed a five-year partnering plan to achieve shared goals for a safer, more efficient surface transportation system. Working together improves the likelihood that these agencies will enable road managers to make more effective decisions during adverse weather through timely, accurate, relevant road weather information products and services.  


The goals of this partnership are to:


Introduce improved surface weather products, services, and training for all surface transportation operators 


Reduce weather-related surface transportation deaths and injuries, and 


Reduce weather-related delays and operating costs.  














