48

Abridgment

TRANSPORTATION RESEARCH RECORD 1276

Solutions To Improve Ice and Snow
Control Management on Road, Bridge,

and Runway Surfaces

JoE R. KELLEY

An overview of the products and services offered by a full-service
commercial weather support company is provided. Solutions are
presented to make winter travel safer and to help reduce the
billions of dollars spent annually on ice and snow control in North
America. The solutions offered come from unique meteorological
(pavement- and atmospheric-sensing) instrumentation, data pro-
cessing units, tailored microcomputer software, a numerical fore-
casting model that projects pavement and weather conditions,
and a specialized weather-forecasting center established to sup-
port the transportation industry. Methods to improve the inter-
face between the provider of specialized weather equipment and
unique pavement forecasts and the customer who relies on real-
time pavement weather information and forecasts to reduce ice
and snow control budgets are described.

Significant progress has been achieved in meteorology since
Aristotle wrote Meteorologica in 340 B.C. and the study of
weather became recognized as a science rather than a phe-
nomenon based on superstition, imagination, and acts caused
by Greek gods. Meteorologica was the “weather bible” for
scientific research for almost 2,000 years. Tittle progress
was mdde until the 16th and 17th centuries, when weather-
measuring instruments were introduced, allowing scientists to
document and study weather. The greatest growth of mete-
orology resulted from the birth of the aviation industry after
the flight at Kitty Hawk in 1903. Figure 1 gives several his-
torical weather support events.

To support the aviation industry, the U.S. Weather Bureau
(now the U.S. National Weather Service) established weather-
observing and forecasting facilities at air terminals across the
nation. Weather forecasts and predictions can only be as accu-
rate as the information on which they are based. Nearly all
weather forecasts are based in part, if not completely, on the
surface aviation report, which is taken, recorded, and dissem-
inated from airports around the world. Airport weather obser-
vations are generally used by the media as the official weather
report, and the official weather forecast for the city, state,
and region is based on the surface aviation report. The report
is generally available only once per hour. It is accurate and
may be timely enough for aviation, but it does not contain
surface (pavement) weather information. Not until the mid-
1970s were airports in North America introduced to a weather-
sensing technology with instrumentation that provided runway-
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specific temperature, moisture, and information on deicing
chemical concentration. In 1982 St. Louis, Missouri, was the
first city to purchase and use a street-monitoring system for
ice and snow control management. Currently, Road/Runway
Weather Information Systems (RRWISs) are operational in
42 states and 6 Canadian provinces. They are installed in more
than 90 North American airports and indicate the following
(also see Figure 2):

e Surface (pavement) temperatures arc obtained from solid-
state electronic devices installed in the roadway or runway.
The sensors are usually constructed of materials with thermal
characteristics similar to those of common pavement mate-
rials. Their performance is not degraded by climatic condi-
tions, traffic, or ice-control chemicals. The tested and proven
surface sensors are thermally passive and have a stable oper-
ating range from —-30°C to +50°C.

@ Subsurface temperature probes are installed directly below
the surface sensor at a depth near 40 cm and provide heat
flux information primarily for computer models designed to
predict pavement temperature. Frost depth information is
also used by highway agencies to regulate truck routing on
the basis of the frost level beneath the road surface. The
sensor is accurate from —30°C to +50°C.

® The onset and termination of any type of hydrometeors
(including precipitation) in the air is detected by sensing inter-
ruptions in its infrared optical beam.

@ Pavement condition statuses are dry, wet (above 0°C),
wet (not frozen at or below 0°C), snow or ice (at or below
0°C), dew, frost, and absorption.

® Chemical factor is a relative indicator of the deicing or
anti-icing chemical present in the moisture on the surface
Sensor.

® Air temperature is measured over a range from —62°C
to +70°C.

® Relative humidity generally ranges from 10 to 100 per-
cent.

® Wind direction and speed sensors have an operating range
of 360 degrees and record speeds up to 215 km/hr.

The remote processing unit of the RRWIS gathers data
from all connected sensors and processes, stores, and trans-
mits these data (surface temperature, subsurface temperature,
air temperature, relative humidity, and precipitation).
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FIGURE 1 Historical weather support events.
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FIGURE 2 Surface sensor information.

PAVEMENT-SPECIFIC WEATHER FORECASTING

Early in 1986 a new type of meteorological forecasting center
was established solely for the prediction of pavement tem-
peratures and pavement weather conditions. This specialized
center is staffed by meteorologists who base their forecasts
not only on data from pavement weather stations and atmos-
pheric observations but also on weather information provided
by federal agencies in the United States and Canada.

Pavement Temperature and Pavement
Condition Prediction

Pavement-specific temperature and weather forecasts are gen-
erated using site-specific roadway or runway data with fore-
cast input data from meteorologists. Data are processed with
a numerical model on the basis of the heat balance equation.
Pavement prediction models require site-specific surface and
subsurface data for initialization and are based on the heat
balance of the pavement surface. The heat balance equation
is expressed as follows:

0 = heat in — heat out
= (sun’s heat + air’s heat + clouds’ heat
+ heat of condensation
+ turbulent heat + ground heat)
— heat loss from pavement
or

RN+ H+ S+ LE=0

where

RN = net radiation,

H = heat exchange with the air,

S = heat exchange with the pavement structure, and
LE = latent heat exchange.

Ice and Snow Control Forecast Service Bulletin

Pavement weather bulletins are issued three times per day
(early morning, early afternoon, and evening) to subscribers.
The prediction bulletin projects pavement and weather
parameters that affect ice and snow control procedures over
a 24-hr period. Graphically presented information includes
the following (also see Figure 3):

1. A pavement temperature forecast: This display shows
the temperature profile forecast for the next 24 hr in 20-min
intervals. An indicator for a temperature of 32°F (0°C) is
displayed when predicted temperatures are near freezing.

2. A freezing-temperature indicator: When forecast pave-
ment temperatures are equal to or less than 32°F, an indicator
appears on the line directly below the temperature forecast
graph for all times meeting the freezing criteria.

3. A precipitation and surface condition forecast: The fore-
cast graph shows what type of precipitation is expected, the
start and finish times, and the length of time that the surface
will remain wet.

4. A snow accumulation forecast: This portion of the graph
depicts the snow depth forecast (in inches or centimeters) for
the valid period of the forecast.

5. A wind speed and direction forecast: This gives the mean
wind speed and wind direction forecast for 3-hr intervals dur-
ing the valid period of the forecast.

6. A mean air temperature and windchill forecast: This
gives the mean air temperature and windchill every 3 hr over
the valid period of the forecast.

7. A forecaster’s discussion: The forecaster who issues the
bulletin provides weather decision impact information in plain
language.

PAVEMENT-SPECIFIC FORECASTS IN
NORTH AMERICA

The decision to establish a facility specifically to provide ice
and snow control weather-forecasting support was greatly
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FIGURE 3 Pavement-specific weather forecast bulletin.

influenced by customers with ice detection systems. The Wis-
consin Department of Transportation, Division of Highways,
which had already installed ice detection systems, submitted
a request for proposal (RFP) for the development of an ice-
and snow-forecasting model. The RFP stated that the depart-
ment wanted better tools to perform its tasks and that it
needed a greater degree of confidence when it called out the
snowplows and deicers. The design of the ice and snow control
forecasting center took into account the clearly stated needs
defined in the RFP.

The benefits of the Wisconsin Winter Weather System
(WWWS) have been acknowledged (Z). They include reduced
personnel overtime costs and decreased use of deicing chem-

icals and abrasives. The Wisconsin Department of Transpor-
tation indicated that if pavement temperature and brine con-
tent are known and an accurate pavement temperature forecast
is made, savings on overtime costs can be achieved and more
precise work schedules planned. Savings of up to 4 hr per
individual (a total of approximately $144,000) can be realized
for each significant storm. Use of the WWWS during a single
storm is now estimated to save about 2,500 tons of salt, or
about $75,000. If the WWWS is used statewide for 15 storms,
or about 50 percent of the storms, the season savings will be
37,000 tons of salt, or $1,125,000.

The pavement weather forecasting product received the
1988 Award of Excellence in Transportation from the Inter-
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national Winter Cities Corporation (IWCC) in Edmonton,
Canada. The IWCC is a nonprofit organization formed to
promote the economic advantage of winter.

USING PAVEMENT-SPECIFIC INFORMATION
FOR OPERATIONAL DECISIONS

An evaluation of the SCAN 16 EF roadway weather infor-
mation system installed at four locations in New Jersey stated
the following (2):

Utilization of the system leads to reduced deicing chemical
usage and a savings in manpower and equipment costs. By
monitoring pavement temperatures, Region IV [NJDOT]
maintenance personnel were able to delay spreading deicing
chemicals by up to three hours. In some cases, these delays
resulted in the saving of up to one deicing chemical application
per storm. These same delays, combined with delays in crew
call-outs and early crew releases, resulted in savings in man-
power and equipment costs. The system’s greatest potential
appears to be a real time statewide roadway weather infor-
mation system interactively shared with other agencies. Some
of the possible benefits: 1) reduced deicing chemical usage (a
saving of 54,170 dollars for each spread saved statewide}, 2)
improved weather forecasts for the state of New Jersey, 3)
reduced snow and ice related accidents, 4) other agency inter-
action (e.g. aeronautics could use the information to assist
pilots in developing flight plans, data from the system could
be used by the State Police to supplement their Emergency
Management System, etc.), 5) savings in manpower and equip-
ment use. A savings (state wide) of 11,500 dollars per hour
could be realized for each hour saved by delaying crew call-
outs and expediting crew releases. The SCAN System 16 EF
works. It is in the best interest of the State of New Jersey and
the general public to expand the system to provide statewide
coverage.

SUMMARY

Technological advances continue in weather instrumentation,
remote pavement sensing, computer design and function,
computer software, and communications. Although they are
relatively new, roadway and runway weather stations with
pavement-specific data provide improved information on which
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to base ice and snow control management decisions. Numer-
ical weather prediction models are now more accurate and
provide the meteorologist with much more information than
was previously available to make forecasts.

Pavement weather events directly affect all pavement main-
tenance decisions. Therefore, pavement weather data and
pavement-specific forecasts should be considered by agencies
responsible for ice and snow control. Pavement-specific weather
reports and forecasts allow ice and snow control officials to
be proactive instead of reactive. This can reduce the billions
of dollars spent each year on ice and snow control in North
America. Making the correct ice and snow decision involves
understanding meteorological processes as they affect pave-
ments. When will precipitation start? Will it be rain, snow,
mixed, or will rain freeze as it strikes the surface? How much
will there be and how long will it last? How cold will the
pavement get? What chemicals are effective? Specialized
workshops and seminars can improve the use of pavement
weather information and weather impact forecasts for ice and
snow control on roadways, bridges, and runways. Weather
forecasting will not be an exact science in the foreseeable
future, but progress is being made. Surface- (pavement-) spe-
cific weather information and advances in data collecting and
processing and numerical modeling techniques are improving
weather support service to ice and snow control managers.

ACKNOWLEDGMENT

Special recognition is given to Ann C. Buchmann for editing
and assisting in the preparation of this manuscript.

REFERENCES

1. Wisconsin’s Winter Weather System. TR News 147, TRB, National
Research Council, Washington, D.C., March—April 1990, pp. 22—
23.

2. R. M. Balgowan. Evaluation of the Accuracy, Reliability, Effec-
tiveness, Expansibility, and Additional Potential Benefits of the
SCAN 16 EF Moisture, Frost and Early Warning System. Report
FHWA/NJ-88-003. FHWA, U.S. Department of Transportation,
1988.





