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ABSTRACT
On December 27, 1996, at 11:30 a.m., a catastrophic fog-related crash occurred on the Sunshine Skyway Bridge (I-275, connecting Tampa and St. Petersburg) involving a 54-vehicle incident in both travel directions.  This single event, although very uncharacteristic of historical fog-related crashes in the Tampa Bay area, piqued local interest and concern about fog detection and motorist warning systems that may be needed for the area (Hillsborough and Pinellas counties).  The Tampa Bay area typically has about 22 heavy fog days annually when visibility is 1/4 mile or less.  This condition tends to routinely occur primarily between December and February in the Tampa Bay area.  Between 1987-1995, 829 fog-related crashes were reported in the Tampa Bay area and 6,323 statewide.  This represents 0.30 and 0.32 percent of the total reported crashes in Tampa Bay and the state, respectively.  Crash report sites have been scattered throughout the Tampa Bay area during this same period, and only the "fog season" can be identified.  

About 12 states have been formally engaged in detection and warning system evaluation related to fog, and several have invested $2-$4 million for integrated visibility/weather and motorist warning systems.  However, the benefits for deployment of such systems have not been documented.  Even though a recurring theme in all fog crash evaluations conducted by the states and National Transportation Safety Board recommends the development of a driver awareness campaign (to assure driver behavior is uniform in times of limited visibility), only California has followed through in this endeavor.  This report identifies and compares various components of automatic visibility detection/motorist warning systems in operation.  The report also describes a focused driver awareness campaign to reduce fog-related crashes, since the Tampa Bay area was found to exhibit no particular fog-prone or fog-crash-prone areas.   
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Meteorological Data Review 

Fog is one of the most serious meteorological limitations to visibility.  The extreme variability of  fog, especially in its density and location, make it difficult for motorists to perceive and react quickly.  Fog is measured by visibility in miles, and is considered severe (or  heavy ) when visibility is 1/4 mile or less. If this condition persists for at least several hours during the day, a heavy fog day is recorded.  The foggiest location in the U.S. is located at Cape Disappointment, Washington, at the mouth of the Columbia River, with an average of 106 heavy fog days per year.  Eastport, Maine is the foggiest area on the eastern U.S. coast with 65 heavy fog days annually.  Elkins, West Virginia is the foggiest inland area in the U.S., with about 81 days annually with heavy fog.  Many people assume that the San Francisco Bay area gets a lot of fog, but it averages only 18 heavy fog days a year, which is slightly less than the average for the Tampa Bay area at 22 heavy fog days a year.  

Fog  prediction can be very difficult because of the variability in density, location, development and dissipation rates, and area of coverage.  According to the National Weather Service forecasters in Ruskin,  there is no particular favorite location for fog to form in the Tampa Bay area.    Further, the National Transportation Safety Board (NTSB) has concluded that although weather forecasts may alert authorities to the possibility of fog formation, they are not sufficiently accurate, comprehensive, or timely to predict that fog will form in a specific area.   Though meteorologists often can accurately forecast the initiation of conditions necessary for the formation of fog, the expected fog does not always appear, or it may appear under conditions that are not ideal for fog formation.  Four ideal conditions just prior to the formation of fog can be identified as follows:

Air temperatures between 40-60 degrees F

(2)  Sufficient moisture content (dew point close to air temperature, high relative humidity)

(3)  Calm to fairly light winds (less than 2 mph)

(4)  Clear skies (because ground will radiate more readily)

 These conditions are generally known to simultaneously occur primarily during the months of December, January, and February.  During these months, the Tampa Bay area generally has cool nights with little or no winds.  This typical  fog season  for the Tampa Bay area can also be characterized by examining summary data from the National Climatic Data Center and Florida Department of Highway Safety and Motor Vehicles (DHSMV).  Table 1 below summarizes average readings for climatological data  (midnight - 7am) for eight selected days during the typical  fog season  when fog was recorded.  The average of these values generally coincides with the previously mentioned ideal conditions for fog formation.  Additionally, Figure 1 illustrates the monthly distribution of the fog-related crashes recorded by the Florida DHSMV for the period 1987-1995.   Almost 60 percent (57.77 percent) of all reported fog-related crashes occurred during the months of December, January, and February.  During the months of December and January alone, 43 percent of the crashes occurred.

Table 1 

(1) Selected Climatological Data During "Fog Season"  

Table 1 

Selected Climatological Data 

During "Fog Season"      

	DATE
	AIR TEMP. (degrees F)
	DEW POINT (degrees F)
	RELATIVE HUMIDITY

 %
	WIND SPEED (mph)
	VISIBILITY* (miles)

	Jan. 7, 1987
	55.7
	54.7
	97
	4.3
	 9.7

	Feb. 15, 1987
	58.3
	58.0
	99
	3.7
	10.7

	Jan. 18, 1989
	54.6
	52.3
	92
	4.0
	10   

	Dec. 20, 1990
	67.3
	67.3
	100
	4.3
	7

	Jan. 29, 1992
	64.3
	64.3
	100
	1.3
	8 

	Feb. 13, 1992
	49.0
	49.0
	100
	1.3
	7

	Feb. 23, 1996
	61.5
	61.5
	100
	0
	10 

	Dec. 27, 1996
	61.0
	60.0
	96
	3.7
	10

	AVERAGE
	58.9
	58.4
	98
	2.8
	9


 * Visibility for the observation period prior to fog being recorded.  

Source: National Climatic Data Center, Tampa International Airport, Asheville, North Carolina.
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Crash Data Review

Two other key aspects of crash level data also have been summarized for purposes of this report: geographic location and rate.  Hard copies of all fog-related crashes (1987-1996) were reviewed to depict each crash report site on a geographic base map.  Only those crash reports with legible locations have been incorporated into Figure 1, Fog Related Crashes in the Tampa Bay Area.  A total of 809 crash report sites were plotted on the map. Note that fog-related crashes over the last 10 years have occurred throughout the entire area and that there is no particular fog-crash-prone area.  The scope of this evaluation did not include a comparison of the spatial distribution of fog-related crashes to all crashes.  What appears to be clustering of crash sites are crashes at different locations spread out over multiple years.  However, these general areas can be utilized for future fog detection/ warning system evaluation.

Annual crash rates have been calculated per 10 million daily vehicle-miles traveled (VMT).  Annual VMTs for all public roads, by county, were provided by FDOT's Transportation Statistics Office.  Figure 2 illustrates the trend in this rate for the period 1987-1995 for Pinellas and Hillsborough counties compared to the statewide average.  Hillsborough County has annually ranked above the statewide average, with its highest ranking reached in 1992 at 16th among Florida s 67 counties.  The abrupt drop in the 1991 crash rate for Hillsborough County was due to a 71 percent drop in fog-related crashes with only a 10 percent drop in vehicle-miles traveled.  On the other hand, Pinellas County has annually ranked below the statewide average, with its highest ranking also reached in 1992 at 47th among Florida s 67 counties.  One additional major finding can also be reached by review of these crash reports; with the exception of only two years, Hillsborough County has reported the greatest number of fog-related crashes in the state (e.g., 668 vs.456 for the second ranked county).  

Table 2 

Motor Vehicle Crashes, Fog-Related Crashes, and Crash Severity, 

Hillsborough and Pinellas Counties and Statewide, 1987-1995
	Total


	Hillsborough and Pinellas Counties
	Florida


	Year
	Total number of all Crashes
	Fog-Related Crashes
	% Fog-Related Crashes
	Fog-Related Crash Injuries
	Fog-Related Crash Fatalities
	  Total Number of      All Crashes
	Fog-Related Crashes
	% Fog-Related Crashes
	Total Fog Related Injuries 
	Total Fog-Related Fatalities 


	1987
	33,473
	104
	0.31
	111
	10
	240,429
	710
	0.30
	750
	40

	1988
	34,896
	97
	0.28
	85
	1
	256,543
	1,033
	0.40
	1,069
	42

	1989
	33,990
	150
	0.44
	149
	2
	252,439
	1,151
	0.46
	1,282
	43

	1990
	31,087
	138
	0.44
	122
	3
	216,245
	851
	0.39
	1,025
	31

	1991
	28,680
	41
	0.14
	39
	5
	195,312
	462
	0.24
	573
	31

	1992
	27,643
	127
	0.46
	130
	2
	196,176
	682
	0.35
	785
	29

	1993
	27,639
	69
	0.24
	63
	1
	199,039
	463
	0.23
	549
	33

	1994
	27,230
	61
	0.22
	64
	2
	206,183
	485
	0.24
	586
	31

	1995
	32,990
	42
	0.13
	49
	3
	228,589
	486
	0.21
	550
	20


	Total
	  277,628
	 829
	           0.30
	          812
	    29
	1,990,955
	6,323
	 0.32
	   7,169
	   300


Source:  Department of Highway Safety and Motor Vehicles, Office of Management and Planning Services, Traffic Crash Database. 

[image: image2.wmf]0

10

20

30

40

50

60

70

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

Year

Crash Rate

Hillsborough

Pinellas

Statewide


Figure 2

Annual Fog Crash Rates
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In most of these crashes, drivers were not cited for any improper driving action that may have contributed to the crash.  However, when driving actions contributed to the crash, the most-often-cited causes were careless driving, failure to yield the right-of-way, and excessive speeds. The majority of fog-related crashes in Hillsborough and Pinellas counties occurred between the hours of 6 a.m. and 9 a.m. with the greatest concentration of crashes occurring between 6 a.m. and 7 a.m. The crash injury severity for fog-related crashes Hillsborough and Pinellas counties ranged from 37 percent of the crashes resulting in no injuries to 40 percent resulting in some type of non-incapacitating or incapacitating injury.  Young and middle-age drivers are more likely to be involved in fog-related crashes; the largest percentage (33 percent) being 20 to 29 years old.  The majority of drivers involved in fog-related crashes were residents of the county in which the crash occurred.  More than 70 percent of the vehicles involved in fog-related crashes were passenger vehicles and vans, 22 percent of vehicles involved were trucks.  Most fog-related crashes occur when the vehicle is traveling straight ahead on local and county roads in rural locations.

Detection and Warning Technologies

Real-time information on the presence and density of fog is important for carrying out countermeasures because any time gap between the onset of fog and the initiation of safety measures could be critical.  Such information can be obtained by deploying fog and weather detection devices.  Fog sensing devices have been in use at airports, waterways, and on some highways.  There are three types of instruments available to measure visual range on a continual basis.  These devices are readily available and have a wide price range.  They are categorized as transmissometers, back scatter sensors and forward scatter sensors.   Both forward and back scatter sensors can forecast the visibility conditions over a small volume of air, becoming point detectors.


In a transmissometer, a projector transmits a known amount of light toward a detector usually set at a distance of about 1,000 feet away.  Primarily used at airports, these instruments are costly, heavy, and require a long and accurate alignment.  These instruments are not suitable for highway applications because of the problems involved in their installation.  For example, source and receiver of a light source have to be placed in a clear line-of-sight (minimum of 1,000 feet apart) which cannot always be met on highways, and these devices are also very expensive, ranging from $10,000 to $15,000 each.  The optics used in transmissometers also require frequent maintenance due to normal highway air quality environment.  



In a back scatter sensor, the light source and receiver is pointed in the same direction and positioned in such a manner that light scattered back can be measured.  A large amount of light scattered back indicates dense fog.   Back scatter devices are one of the oldest technologies in this field and cannot differentiate among various poor visibility conditions like fog, snow, or rain drops.  Another disadvantage of this device is the variation in the amount and direction of back-scattered light.   


The forward scatter visibility sensor is an active electro-optical instrument that determines visibility by measuring the optical extinction coefficient of a beam of light as it passes through a known volume of air.  Particles in air such as fog, rain, or snow affect the extinction coefficient.  This value is then  transmitted to an external computer in its unaltered form or translated into an equivalent visibility in miles or kilometers.  The sensor projects a beam of light into a receiver that measures fog and light scattered forward into a receiver is measured.  Although new, this sensor is competitive in accuracy, reliability, and cost.  Its lightweight, compact, easily mountable structure make it ideal for highway applications.  The cost of these sensors range from $5,000 to $8,000.  


The compact size and simple alignment requirements make the forward and back scatter sensors practical for highway applications.  In these sensors, the source  and the receivers of infrared light are placed at distances less than one meter apart thereby avoiding the line-of-sight problems.  However, there are no established standards or precedents on the number of sensors required and ideal spacing configurations.  This is primarily due to the limited information and evidence available on the formation of fog and its variability.  It is known that fog is generally not site specific and varies from place to place.  Thus, it is difficult to suggest specific guidelines on number and spacing requirements. 


The information on fog can also be obtained by installing weather stations in fog-prone areas.  Meteorology of fog shows that fog formation will be accompanied by some weather parameters like wind speed, temperature, humidity, and dew point.  Weather stations equipped with day/night detectors, wind speed sensors, temperature/relative humidity sensors, rain gauges, and barometric pressure sensors provide information to monitor and forecast fog formation.  These weather stations are also useful to correlate various weather parameters with the historical values, and, hence, it may be possible to arrive at ideal configurations for fog detectors.  Closed circuit television (CCTV) cameras are also being utilized as a viable mechanism for monitoring and confirming adverse weather conditions. 


Various facilities in United States have deployed or are deploying different types of fog detection devices, but,  many areas are still relying on manual observation of fog.  The Caltrans Meteorological System in the fog-prone Central San Joaquin Valley of California is equipped with high performance sensors and data acquisition equipment installed at nine separate locations.  The device  provides real-time weather and visual range data for a large monitoring area.  They include remote sensor assemblies consisting of pavement sensors, forward scatter fog sensors, wind speed and direction detectors, barometric pressure recorders, rain gauges etc., and a central processing unit.  A master computer uses the data to assess conditions and provide reports of special weather conditions to drivers within the monitored area.  The cost of the entire project was more than $3.6 million ($1.32 million for California Department of Transportation CALTRANS and $2.35 million for California Highway Patrol CHP).


South Carolina installed weather monitoring equipment consisting of fog detectors and weather stations.  The system resulted from a federal court action requiring the South Carolina Department of Transportation (SCDOT) to provide a plan for mitigating the effects of fog.  The court action was a result of concern about the effects fog created by a paper mill near the Cooper River bridge in Charleston. (It could not be determined whether the paper mill was held liable for any mitigation costs.) The system is equipped with five forward scatter type  fog detectors at 500-foot intervals.  The system also has  a weather station to detect wind direction, wind speed, temperature, and humidity.  These devices provide information to a data recorder and a central computer to correlate the prevailing field conditions with a set of preselected parameters to determine the appropriate countermeasures of reduced visibility.


The Idaho Transportation Department is continuing the development and testing of three types of sensors for measuring visibility and weather: Scanners, HANDAR, and LIDAR, provided by three individual companies.  Scanner is provided by Surface Systems, Inc.  The HANDAR system is provided by HANDAR Corporation and it includes one portable remote environmental monitoring system that measures weather condition, and one visibility sensor.  Both Scanner and HANDAR are typical forward scatter detectors, and LIDAR is a laser-employed visibility detector provided by Santa Fe Technologies.  The detector has a single visibility sensor and is incorporated with advanced laser technology recently developed at Los Alamos National Laboratories. The primary difference between LIDAR and Scanner or HANDAR is that the LIDAR system is capable of measuring visibility conditions over a large area.  These sensors are used not only detecting fog but also other poor visibility conditions like snow, blowing dust etc., which are predominant in Idaho.  HANDAR is considered the most cost-effective, and LIDAR uses the latest laser technology. The costs are expected to be around $15,800 for HANDAR and $75,000 and LIDAR. 


Following three severe chain reaction crashes (in 1978, 1979, and 1990) on I-75, Tennessee has developed a fog detection system.  The I-75 system covers a 19-mile section of the highway identified as the fog-prone area.  The system continually monitors the climatological and visibility conditions along the three-mile highway section with a history of severe fogging events.    Eight forward scatter fog detectors integrated with two weather stations monitor visibility across the fog area. The weather stations measure temperature, wind speed, wind direction, and dew points.  Climatological threshold criteria are being used to alert the operators in the central control center that a response is warranted.  The system was set up to operate in four different pre-programmed visibility scenarios for operating variable message signs: clear--no visibility deterrent; moderate--moderate visual impairment; severe--severe visual impairment; and critical--critical visual impairment.  Depending upon the visibility scenario, various messages have been pre-programmed for displaying on variable message signs.   The entire project cost about $4.5 million.


The Alabama Department of Transportation also is planning to install a fog detection system on a seven-mile flat sea bridge on I-10 near Mobile.  This system will be equipped with seven forward scatter fog sensing devices and one weather station with several weather instruments that can detect wind speed, wind direction, temperature etc.,  These weather and fog detection devices will be integrated with other motorist warning technologies.


The Georgia Department of Transportation and the Georgia Tech Research Institute are developing a fully-automated fog detection system along the heavily-traveled section of I-75 north of the Georgia/Florida border.  The $3 million system is equipped with 19 forward scatter type fog sensors and several other types of weather monitoring devices including precipitation, wind, humidity, and temperature measuring instruments to monitor the visibility conditions over a 2-mile section of the 13-mile long fog-prone section of the highway.  The primary objective of these weather instruments is to detect the poor visibility conditions caused by conditions other than fog, such as smoke from agricultural burnings.  These conditions are also used for study various weather parameters that contribute to fog formation.  Information from these devices is sent via buried telephone lines and the system is also designed for transmission through fiber optics in the future.  The fog sensors are expected to cost about $5,000 and the integrated weather stations under $6,000.

Incident Detection and Motorist Warning


Reports describing various accidents that have occurred due to poor visibility conditions in United States show that non-uniform driving speed is the most predominant cause of these accidents.  They also show that drivers are observed to maintain different speeds and headways according to their individual perceptions about the conditions and risks, lacking any specific behavioral guidance or warning systems.  Previous experiments also proved the fact that driver s reaction time improves significantly with the provision of warning signs.  These warning systems could be either passive traffic control systems like fixed signs, raised reflectorized pavement markers, upgraded striping standards or active traffic control systems with variable message signs, surveillance systems, speed loops, closed circuit cameras. 


Passive traffic control features like fixed signs are useful for less adverse conditions and also serve as a backup for active control features.  Generally, fixed message signs are used to identify fog-prone areas.  However, these signs may not be very effective, because the traveling public may consider them to be irrelevant since they represent the prevailing conditions only for a portion of the year.  Another disadvantage of fixed signs is that they also may have to be flipped open manually during times of poor visibility.  An active motorist warning system is an integrated system of various technologies to perform different tasks.  All these technologies can be operated, guided and controlled from a centralized traffic management center.  Such technologies may  include variable message signs (VMS), highway advisory radios, street lighting controllers, surveillance systems with CCTVs, lighted pavement markers (LPM), visual readout radars, barrier rail reflectors, and traffic flow measuring equipment.


These technologies can be integrated with visibility detection equipment and other systems like weather monitoring centers, integrated nephelometer, and knowledge-based expert systems, and can also be activated automatically from central traffic monitoring centers.  It is also possible to classify the prevailing conditions into several classes, depending on the visibility conditions like potential fog, light fog, moderate fog, severe fog, critical fog, and, based upon the prevailing conditions, appropriate information can be flashed on VMSs.  VMSs can also be used to inform drivers to tune to radios and other information sources to have an update on weather conditions, visibility standards, and road conditions.


Detailed information on road and prevailing visibility conditions can be provided through portable highway advisory radio (HAR) stations. The low-power A.M. band radios can be equipped with changeable and pre-recorded messages to describe the visibility conditions and guidance measures.  Experiments have shown that variable message signs placed before HAR station alert motorists to tune to HAR.  The HAR equipped with cellular capabilities (as being done in Tennessee) can be connected to a central management center so that appropriate messages can be transmitted according to the situation.   


Various states in United States are engaged in analysis, design, and installation of several incident and motorist warning technologies.  Several of the leading advocate states and their projects are noted below.


Alabama DOT is planning to install motorist system on a seven-mile sea bridge on I-10 in Mobile.  This $3.4 million project will be equipped with an incident and motorist warning technology consisting of four new overhead variable message sign boards (two already exist), four CCTV cameras, 14 surveillance type cameras, 12 variable speed signs.  All these components will be integrated with a control center that is already in place at the west end of bridge.  VMSs are estimated to cost $941,000, speed signs about $24,000 each, CCTV cameras around $18,000 each, surveillance cameras are around $15,000 each.  The operational costs are expected to be minimal, as most of the transmission equipment and control center with operators are already in place.  


South Carolina has had an incident and motorist warning system in operation for about six years.  This system was designed to monitor conditions on the Cooper River Bridge, advise the motoring public of adverse conditions, and direct corrective actions.  The system has four primary components: passive traffic control features, active traffic control features, weather detection equipment, and a surveillance system.  The main objective of the system is to provide enhanced guidance for traffic in the bridge area. This is accomplished by using passive traffic control features like fixed signs, upgraded striping standards, and raised reflectorized pavement markers.  The active part of the traffic control includes lighted pavement markers, street lighting control, and a VMS system with eight VMSs.  All these components are connected to a control center with fiber optics and are computer driven.  Eight surveillance systems consisting of color, pan, zoom, and tilt CCTV cameras also have been installed.  The conditions on the bridge fall into six classifications, and each condition has a programmed set of messages for the signs and directions to the different sections of the bridge.


The Idaho Department of Transportation is in the process of field testing a motorist warning technology that it gets activated automatically, once the visibility sensors detect poor visibility conditions.  The addition of two more variable message signs to the existing (two) drum-type changeable message signs is being contemplated.    


Tennessee also has a computerized incident and motorist warning system.  This $4.5 million project encompasses a three-mile fog prone area of I-75 at the Hiwassee River crossing and eight-mile approaches on each side. Drivers are warned via one or more of the three HAR transmitters, 10 variable message signs, and 44 radar vehicle flow detectors.  Thresholds in changes of speed and/or flow automatically activate control messages on the VMSs.  On-site communication between system components is provided by buried optical fiber cables, and the data is transmitted by microwave through two repeater sites to the control center 40 miles away from the project site.  No fatal or property damage accidents have been observed since the installation of the warning system in April 1995. 


In Georgia, as previously mentioned, will be the one of the first fully-automated motorist warning systems in United States by the middle of 1997.  This system is equipped with a network of 19 forward scatter fog sensors, 5 sets of highway-embedded speed monitoring loops to monitor traffic speed and volume, 4 changeable message signs, and several other weather instruments to measure precipitation, humidity, wind speed, and temperature.  Two of the signs, which are 36 feet wide and 9 feet high, are installed over the traffic lanes.  Two smaller signs, each measuring 16 feet wide by 9 feet high, are on the shoulder of the road.  The latter could provide warnings to reduce speed or even provide detour instructions.  These sensors, signs and speed-monitoring loops will be connected to the traffic control center in Atlanta through telephone cables and transmission can also be upgraded with fiber optic cables in the future.  The signs can be turned on manually by the local Cook County Sheriff's office.  The variable message signs are expected to cost about $110,000 each.  The weather station with precipitation, humidity, wind, and temperature measuring instruments, may cost in the range of $5,000 to $6,000.  The entire project is estimated to cost just under $3 million. 


The Central San Joaquin Valley, which encompasses the Fresno area in California, is equipped with several incident and motorist warning features like portable changeable message signs, highway advisory radio, flow interruption technologies like CCTVs, weather stations, and fog detectors.  It has four remote processor assemblies consisting of pavement sensors, small weather stations with visibility sensors, and a processing unit in the Central Valley Traffic Operations Center (CVTOC).  It also has incident loop detectors installed at 27 locations and four CCTV monitoring stations to verify the operation of variable message signs.  The CCTV system provides the visual information necessary to select appropriate CMS and HAR messages without delay.  Several operational measures such as truck staging, truck metering, and truck convoying have also been implemented.  CALTRANS is also in the process of installing another fog and motorist warning system in the Stockton area. The proposed fog warning system will have field station/CMS (FS/CMS) sites, the substation (S/S) sites,  and  central computer with satellite terminal as its main components.  The nine FS/CMS sites will include CMS s, fog sensors, and communication devices.  The communication system will consist of direct burial twisted pair communication cables.  A personal-computer-based central computer center has also been planned for district headquarters in Stockton.  This system detects reduced visibility conditions, and the vehicle detectors will detect the slowed/stopped traffic conditions without human input. 


In a recent study done by Louisiana Department of Transportation and Development on the fog-related accidents occurring on elevated roadway sections of  Louisiana, several incident and motorist warning technologies have been suggested to counter poor visibility conditions.  This study recommended several countermeasures, covering more than 67 miles of elevated portions of roadways on I-10, I-55, I-310, and US-190.  They included installation of variable message signs, use of advisory radios, installation of reflective raised pavement markers, and the installation of barrier rail reflectors on all bridge sections without shoulders under study.  The total cost of the project is estimated to be more than $2 million.  The study recommended installation of  seven variable message sign, expected to cost $700,000.  It also recommended the installation of raised reflective pavement markers at a cost of $21,120 per mile and the use of barrier rail reflectors on the bridge sections at an estimated cost of $2,000 per mile at a spacing of 105 feet.  The study also stressed the need to strengthen the public awareness campaign to improve the driving habits during poor visibility conditions.  An operational measure during heavy fog conditions is currently being applied along the 24-mile Lake Pontchartrain Bridge.  The right lane only is used in each direction with police units escorting vehicle platoons from the front, rear, and middle.


It can be concluded that several advanced technologies should be considered to mitigate the adverse visibility conditions posed by fog.  However, the feasibility of advanced systems for automatic weather detection and motorist warning depends upon the characteristics of each location such as topographical features, roadway geometry, prevailing speeds, and extent and nature of recurring fog-related incidents.  Benefits of investment versus effectiveness after installation have not been documented in the literature or from discussions with project participants.  


It is believed that technologies probably cannot provide effective solutions if problematic locations are dispersed and scattered. According to the Louisiana Department of Transportation and Development, "the state can provide detection, warning, and guidance technologies, but much of the responsibility must be placed on the motorists to adjust their driving habits to the environmental conditions.  Without the motorists changing their driving habits during times of reduced visibility, these accidents will continue resulting in some catastrophic accidents at some time."

Driver Education and Awareness Techniques


One of the most serious problems concerning the drivers in limited visibility is choosing a safe speed.  The NTSB determined that the one main cause of poor visibility crashes is the non-uniform response of drivers and concluded that drivers tend to operate at significantly varying speeds.  Several highway accident reports pointed out that, as the drivers approach and enter the fog area, they react in different ways.  Some drivers may reduce their speed, some may turn on headlights and/or warning flashers, and others either may adopt a  wait-and-see  attitude before entering the fog area.  Although the travelers could see the fog surrounding the highways, they may perceive risks differently and pursue their journey, lacking specific behavioral guidance.  The NTSB also found that most of the drivers involved in crashes due to fog lacked knowledge about whether they should leave or stay in their stopped vehicles.  Unfortunately, none of the states outside of California associated with poor visibility crashes attempted to educate drivers in this area.  In addition to electronically operated warning systems, extensive public awareness programs consisting of review and updating of remedial training material and driver license material are important in mitigating the poor visibility problems.  Several highway accident reports previously referenced indicate the driver s lack of caution as a reason for poor visibility accidents.  However, the drivers involved in these crashes cited their lack of knowledge and lack of training in evasive procedures during fog conditions.  Such low awareness problems can be solved largely with some well-coordinated public awareness campaigns.  However, it is found that, among various states affected with poor visibility problems, California is the only state that is spending time and resources on public awareness campaigns.  


Drivers who do decide to venture out into heavy fog should be individually responsible for taking the necessary precautions to avoid collisions.  As a start for public awareness, based on general information provided by the American Automobile Association and excerpts from a December 31, 1996, Tampa Tribune editorial, the following safe driving tips in fog are offered in Figure 3.

Figure 3
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Conclusions and Recommendations


Between 1987 and 1995, fog-related crashes represented 0.32 percent of total roadway crashes in the state of Florida.  Within Hillsborough and Pinellas counties, fog-related crashes represented about the same proportion of total crashes (0.30) during the same period.  Fog-related crashes for this period resulted in 300 fatalities statewide, 29 of which occurred in Hillsborough and Pinellas counties.  Nationally, in 1994, the U.S. average for fog-related (weather condition only) fatal crashes only was 1.6 percent of total fatal crashes (2.2 percent for Florida in the same year).  Based on this report, it has been determined that there are no particular fog-prone or fog-crash-prone areas in the Tampa Bay area.  However, there is a fog season that occurs primarily between December and February.  These are the months when heavy fog is typically reported for at least 3-4 days each month. The crash rate for fog-related crashes has been above the statewide average in Hillsborough County and below the statewide average in Pinellas County.  Additionally, over the last 10 years, more fog-related crashes have been reported in Hillsborough County than any other county in Florida.  


Leading advocate states in the installation of fog detection and motorist warning systems include Alabama, Arkansas, Georgia, New Mexico, Tennessee, Idaho, New Jersey, South Carolina, Louisiana, Oregon, Utah, and California.  Several of these states have deployed $2-$3 million weather detection/motorist warning systems along specific travel corridors, but the benefits of these systems have yet to be documented.  Common in all of the individual state reports examined was the recommendation to improve driver awareness for driving in fog (along with the technology applications to poor visibility mitigation).  However, only California has actually invested time and funding toward a focused public awareness campaign, which has received positive public feedback.  The National Transportation Safety Board  has determined that the single greatest cause of poor visibility crashes is non-uniform response of the drivers.  Further, a recently completed statewide fog crash evaluation study done in Louisiana concluded that  the state could provide warning and guidance technologies, but much of the responsibility for safety ultimately must still be placed on the motorists to adjust their driving habits during times of reduced visibility.      


In order to reduce fog-related crashes in an area with seasonal but scattered fog-prone and fog-crash-prone areas, a major investment in detection and warning technology would not be warranted at this time.  Some minimal applications of low-level visibility enhancement and warning (raised pavement markers and/or variable speed signs) could be evaluated on an experimental basis for effectiveness in the most heavily-traveled corridors where fog crashes have occurred, only as uncommitted funding becomes available.  A driver awareness program would be the most cost-effective countermeasure at the present time, given the aforementioned findings.  This report recommends that a very focused driver awareness campaign be initiated just prior to and during the fog season of December-February.  A monitoring aspect of the driver awareness campaign should also be included to determine effectiveness and trigger possible future detection/warning technology applications.        

REFERENCES

Adverse Weather, Reduced Visibility Conditions, and Road Safety  (a report on driving in reduced visibility conditions due to adverse weather), Organization for Economic Co-operation and Development, 1976.  

Brisbane, G.J.B., "Driver Response to Fog Conditions: An Intelligent Approach, Pacific Rim TransTech Conference Proceedings, Volume 1, New York, NY, 1993. 

Dahlinger, Don., "Fog Warning System Provides a Safety Net for Motorists,  Public Works, Vol. 126, No. 13, 1995. 

"Disaster on the Sunshine Skyway, Tampa Tribune, December 31, 1996.

"DOT considers Fog-Warning Systems,   St. Pete Times, January 1, 1997.

"Driving in Bad Weather,   video by American Automobile Foundation For Traffic Safety, 1994. 

Examination of Reduced Visibility Crashes and Potential IVHS Countermeasures,  U.S. Dept. of Transportation, 1995. 

"Fog Clouds Picture in Tampa Bay Area,  Tampa Tribune, January 4, 1997.

"Fog shuts Skyway bridge during morning rush hour,   St. Pete Times, December 31, 1996.

George, L.E., Hofstetter, D.K., and Wagner, D.R..  Variable Message Fog Hazard Warning Signs to Control Vehicle Operating Characteristics,   Report No. FHWA/OR-79/3, Oregon DOT, FHWA, Washington D.C., 1979. 

Heiss, William H., Highway Fog: Visibility Measures and Guidance Systems,  NCHRP 171. 

Highway Accident Report on Multiple Vehicle Collision During Fog Near Milepost 118 on Interstate 40, Menifee, Arkansas, January 9, 1995,  National Transportation Safety Board, Washington D.C., 1995.   

Highway Accident Report on Multiple-Vehicle Collisions During Limited Visibility (FOG) on Interstate 75 Near Calhoun, Tennessee, December 11, 1990,   National Transportation Safety Board, Washington, D.C., 1992.  

Highway Accident Report on Multiple-Vehicle Collisions and Fire under Limited Visibility Conditions, Interstate Route 75 at Ocala, Florida February 28, 1983,   National Transportation Safety Board, Washington, D.C., 1983.

Highway Accident Report on Multiple Vehicle Collisions Under Fog Conditions and Fire, New Jersey Turnpike, November, 29,1969,   NTSB, Washington, D.C., 1969.

Hinson, Joe, "Common Sense on Roadways,  Tampa Tribune, January 5, 1997.

"How to Drive, A textbook for Busy Adults,  American Automobile Association, 1993. 

Idaho Storm Warning System IVHS Operational Test, Evaluation Plan, CH2M Hill, Boise, Idaho, 1993.

"Intelligent Transportation Systems: I-75 Fog Detection/Warning System,  USDOT, FHWA. 

"Interim Report on Reduced Visibility (fog) Study,   California High Transportation Agency, 1965. 

 I-526 Cooper River Bridge Surveillance and Response Plan,  South Carolina Department of Highways and Public Transportation, June, 1992.

Moore, R.L., "Fog and Road Traffic,  TRRL Report: LR 446, Transport and Road Research Laboratory, 1972.

McPhee, Ian J. et. al., "The Development of a Fog Potential Index for English Motorways,   University of Birmingham, 1995.

"Pileups on Foggy Bridge Stall Bowl Trips,  St. Pete Times, January 1, 1997.

"Report on Highway Visibility Conference,   November 6-7, 1996, Huntsville, Alabama. 

Sayed, Tarek, and Zein, Sany, "General Review of Advanced Technologies,  G.D. Hamilton Associates Consulting Ltd., British Columbia, Canada, 1995.

Shannon, Patrick, et. al., "Idaho Storm Warning System ITS Operational Test Phase 1 Interim Report,  Idaho Department of Transportation, 1997.  

Shepard, Frank D., "Reduced Visibility Due to Fog on the Highway,   NCHRP Synthesis 228, Transportation Research Board, 1996.

"Special Public Hearing: Fog Accidents on Limited Access Highways,   National Transportation Safety Board. Washington, D.C, 1992.  

"Special Study: Reduced Visibility (fog) Accidents on Limited-Access Highways,   Report No. NTSB-HSS-72.4, National Transportation Safety Board, Washington D.C, 1972. 

Strahler, Arthur N.,  Physical Geography, Third Edition, John Wiley and Sons, Inc, 1968.

Touch Weather Wisdom,  The Wisconsin Weather Team, News Channel 4, Jan. 7, 1997 and May 28, 1997. 

"Troopers, Fog Shut Down Sunshine Skyway,  Tampa Tribune, December 31, 1996.

"User's Manual on Caltrans Meteorological System,   Report 171, Qualimetrics, Inc, 1997.

Wagner, D.R., and Hofstetter, D.K., "Speed Advisory Information for Reduced Visibility Conditions,   Report No. FHWA/RD-78/32, Oregon DOT, FHWA, 1978.  

Walter, J.D., "Strategies to Reduce Multi-vehicle Collisions During Limited Visibility Conditions,  Caltrans, September, 1992. 

White, M.E., "Some Aspects of Motorway Traffic Behavior in Fog,   TRRL Laboratory Report 958 0305-1293, Highway Traffic Division, Traffic Engineering Dept., Transport and Road Research Laboratory, 1981. 

 

� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





Safe Driving Tips in Fog





Consider delaying your trip, if at all possible, until the fog clears.





Check weather forecasts before, and periodically during, trip making.





Be patient; slow down.





Use low beams, never just parking or fog lights and never emergency flashers when vehicle is in motion.





Do not tailgate; leave safe braking space. 





Avoid slamming on brakes, except in an


emergency.





Minimize (or eliminate) lane changing, and signal turns if you must change lanes. 





Turn off music/radio and open windows to hear any trouble ahead.





Avoid crossing traffic (i.e., try to avoid making left turns).





Use wipers and defroster as necessary to maximize


vision.





If vehicle stalls or is disabled, move vehicle off


travelway put emergency flashers on and move away from vehicle to avoid injury. 
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