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Disclaimer

The opinions, findings and conclusions expressed in this

presentation are those of the authors and not necessarily
those of the California Department of Transportation, San
Jose State University or Montana State University.
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Abstract

Under contract with the California Department of Transportation (Caltrans), the Western
Transportation Institute (WTI) at Montana State University, in partnership with the Mineta
Transportation Institute (MTI) at San Jose State University, conducted a research and
development study of a proof-of-concept system for integrating aviation weather
information systems with Roadside Weather Information Systems (RWIS). The project
was started in 2008. The goal of the project was to meet the needs of providing airport
managers, air traffic controllers, pilots, and related operators of air ambulance services
with more comprehensive and accurate meteorological data by integrating currently used
weather systems with systems used by related agencies. Implementing such an
integrated system is expected to improve safety and increase efficiency. The project was
targeted at small, underserved rural airfields and heliports. The principal deliverable of
the project is a website that integrates weather information from multiple sources
including Caltrans and the National Weather Service, to present rural aviation users with
an easy to use and useful mechanism for investigating current and forecast weather
conditions.
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Problem

Underserved, rural airfields and heliports may not
have access to comprehensive and accurate local
meteorological data.
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419 Heliports

All heliports in California, as
reported by the FAA, are
shown. Heliports not reported
by the FAA are not included.

A separate but overlapping list
of 476 permitted heliports was
used in the study and included
146 hospital heliports, 189
corporate heliports, 50 police
heliports, 2 commuter heliports
and 57 private heliports

Source: FAA
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Aviation Weather Systems

Automated Surface Observing System (ASOS) reports:

Sky condition : cloud height and amount (clear, scattered, broken, overcast) up to 12,000 feet
Visibility (to at least 10 statute miles)

Basic present weather information: type and intensity for rain, snow, and freezing rain
Obstructions to vision: fog, haze

Pressure: sea-level pressure, altimeter setting

Ambient temperature, dew point temperature

Wind: direction, speed and character (gusts, squalls)

Precipitation accumulation

Selected significant remarks including- variable cloud height, variable visibility, precipitation
beginning/ending times, rapid pressure changes, pressure change tendency, wind shift, peak
wind.

A
A
A
A
A
A
A
A
A

Source: National Weather Service - http://www.weather.gov/ost/asostech.html
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Aviation Weather Systems

Automated Weather Observing System (AWOS) reports:
AWOS A: Dual-pressure sensor measures pressure and reports altimeter setting

AWOS I: Wind Speed, Wind Gust, Wind Direction, Variable Wind Direction, Temperature, Dew
Point, Altimeter Setting, Density Altitude

AWOS II: Same as AWOS | + Visibility, Variable Visibility, Precipitation, Day/Night
AWOS lll: Same as AWOS Il + Cloud Height & Sky Condition

AWOS llI-P: Same as AWOS Il + Present Weather Identification Sensor

AWOS IlI-PT: Same as AWOS Il + Present Weather & Lightning Detection

AWOS IlI-PTZ: Same as AWOS lll + Present Weather & Lightning Detection, Freezing Rain
Detection

An Ultrasonic wind sensor can be used in place of the standard anemometer and wind vane in
any of the above configurations. Ultrasonic configurations are indicated by a U at the end of the
model number (for example, AWOS I1I-PTU)

A
A
A
A
A
A
A
A

Source: All Weather, Inc.- http://www.allweatherinc.com/aviation/awos_dom.html
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Aviation Weather Systems

Automated Weather Sensor System (AWSS) may include the following with readings reported on a
minute-by-minute basis:

A Forward Scatter Visibility Sensor: 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; advanced four-head, dual beam design measures fog, dust, rain, snow, haze,
smoke, and sand.

A Ceilometer: a GaAs laser diode emits a laser pulse that is partially reflected from the cloud; the
time when a pulse leaves the transmitter to when the reflected portion reaches the receiver varies
with cloud height.

Present Weather Sensor: measures precipitation by detecting the optical irregularities induced by
particles falling through a beam of partially coherent infrared light.

Wind Speed Sensor: a low-threshold, three-cup anemometer mounted to the top of the tower that
measures wind speed.

Wind Direction Sensor: a highly sensitive vane mounted to the top of the tower that measures
wind direction.

Freezing Rain Sensor: detects an occurrence of freezing rain by the change in the probe tip's
oscillating frequency caused by ice accretion.

Tipping Bucket Rain Gauge: precision sensor used to measure rainfall volume or rate.

Motor Aspirated Radiation Shield with Temperature & Relative Humidity Sensor: precision
temperature/humidity sensor housed in a Motor Aspirated Radiation Shield; designed for
ventilation, and shielding from direct and reflected solar radiation and from direct moisture contact.

=35 SN S S S

Source: All Weather, Inc.- http://www.allweatherinc.com/aviation/awss.html
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Aviation Weather Stations

In California:

110 ASOS
1 AWOS |
1 AWOS I
54 AWOS Il
14 AWOS IlIP
2 AWOS llIP/T
3 AWSS

185 Aviation Weather Stations

Others in proximity in
Oregon, Nevada and Arizona are
shown.

Source: FAA
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Road Weather Information Systems (RWIS)

RWIS may report the following types of information:

Atmospheric data including: Pavement data including:

A air temperature A pavement temperature

A humidity A pavement freezing point

A visibility distance A pavement condition (e.g., wet, icy, flooded)
A wind speed and direction A pavement chemical concentration

A precipitation type and rate A subsurface conditions (e.g., soil temperature).
A cloud cover

A t.orna(.jo or waterspout occurrence Water level data including:

A lightning

A storm cell location and track A stream, river, and lake levels near roads
A air quality. A tide levels (i.e., hurricane storm surge).

Source: FHWA - http://ops.fhwa.dot.gov/weather/faq.htm
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More than 82.8% of the airfields are within 5 miles of a weather station.

More than 97.1% of the airfields are within 10 miles of a weather station.
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Discussion

A The suite of weather sensors at these sites do not meet all aviation
needs. Some may be of no use at all.

A Use of weather sensor data from non-FAA-approved sites may be
guestionable.

Alt isnoét feasible to equip-all si
approved.

A Is some non-approved information better than no approved
iInformation? (Particularly for sites that are nearly 60 miles from the
nearest AWOS or ASOS?)
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System Concept

A The project team developed a system concept document to serve as
anearlyin pape ot oforythe data integration system that could
be used as a i st-mawdor subsequent discussion and
development.

I The current practice and a statement of need were identified and documented.

I A web-based application using a Google Maps user interface with multiple
aviation data layers was proposed to meet identified needs.

I The desired system would provide reliable access to quality-controlled surface
weather information, Caltrans CCTV, radar, satellite, winds aloft, and several
other aviation-related weather data feeds from various sources.

i All of this information would be integrated into the system with one user-friendly
interface.

I The end user will be able to select any of the weather layers for view and save
their preferences as a profile via a URL.
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Requirements Analysis

A The project team conducted a preliminary, high-level requirements analysis
based on the focus group survey summary as well as a literature review.

A The survey results indicated that the weather-related needs of small airports
are not currently being met in an easy to understand and reliable way. A
system that is easy to read, access, and understand, and that contains data
from a variety of sources could help meet this need.

A A literature review also helped identify many valuable functional
requirements that could be incorporated into the system.

A The project team identified and documented the functional, data, interface,
performance, and non-functional requirements that are necessary for
development of the system concept.
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First Survey

A Responses were received from:

I City of Eureka
A Eureka Municipal Airport (O33)

I Humboldt County (Arcata/Eureka Airport (ACV))
A Eureka Murray Field (KEKA)
A Rohnerville Airport (KFOT)
A Dinsmore Airport (KD63)
A Garberville Airport (KO16)
A Kneeland Airport (KO19)
I Siskiyou County
A Weed Airport (046)
I Santa Clara County
A Reid-Hillview Airport (RHV)
A Palo Alto Airport (PAO)
A South County/San Martin Airport (E16)

I Redding Municipal Airport (KRDD)

MONTANA | jues | .
STATE UNIVERSITY | ENGINEERING 29 Western Transportation Institute




First Survey
Some key responses:

A Redding stated that receiving weather updates every 15 minutes is the absolute
minimum interval to get an accurate picture of conditions and even then it is
sometimes not enough.

A Eureka Municipal Airport said the data it uses from the nearby AWOS station is not
very accurate and that the station is too far away to provide accurate weather data for
that airport.

A Redding stated that a video/photo that is taken every five minutes at every nearby
station would be helpful in determining the weather conditions in the area. Humboldt
also would like weather cameras as well as more thunderstorm information and
additional visibility sensors.

A Siskiyou reported interest in surface conditions and surrounding area conditions and
forecasts.

A Several commented that reports infi s i niEpnl gel aresdesirable.

A All were willing to provide further evaluation and feedback.
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System Prototype

A web-application was developed that
aggregates avallable weather information
Into a user-friendly, map-based interface:

http://aviation.weathershare.org/
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http://aviation.weathershare.org/

Data Sources

A Surface weather data layers via WeatherShare (MADIS and Mesowest are primary
sources)

A NWS Radar Mosaicd Pacific Southwest Sector

o

National Digital Forecast Database layers from the National Weather Service via
WeatherShare

o

National Weather Service Watches, Warnings, and Advisories layer from the National
Weather Service via WeatherShare

National Weather Service wind/temperature aloft

(Pilot Reports) PIREPS

METAR Reports Layer

Terminal Aerodrome Forecasts (TAF) data layer

USGS Elevation Data for Flight Path Profile (not shown in prototype)
Caltrans CCTV
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Datal Surface Layers Detall

MADIS(690 stations): every 15 minutes

A Air Temperature, Relative Humidity, Avg Wind Speed, Avg Wind Direction, Max Wind Gust Speed, Max Wind Gust Dir,
Dewpoint Temp, Atmospheric Pressure, Fuel Moisture, Fuel Temperature, Precipitation Rate, Precipitation in 24 Hours

MesoWest(2474 stations): every 15 minutes

A Air Temperature, Relative Humidity, Avg Wind Speed, Avg Wind Direction, Max Wind Gust Speed, Atmospheric Pressure,
Solar Radiation

Caltrans RWIS(107 stations): every 15 minutes

A Air Temperature, Dewpoint Temp, Max Temp, Min Temp, Avg Wind Speed, Max Wind Gust Speed, Avg Wind Direction, Max
Wind Gust Dir, Relative Humidity, Precipitation Intensity, Precipitation Rate, Cumulative Precipitation, Visibility

NWS Observed 24 Hours precipitation: Twice in 24 hrs

Caltrans CCTV(26 sites): every 15 minutes

NDFED Forecast data: every 60 minutes

A Air Temperature, Humidity, Avg Wind Speed, Avg Wind Direction, Max Wind Gust Speed, Max Wind Gust Dir, Sky cover, 12
Hour Probability of Precipitation, 6 Hour Amount of Precipitation, Snow, Weather

NWS Warnings, Watches and Advisories: every 15 minutes

A Warnings: Tornado, Flash flood, Blizzard, Winter Storm, High Wind, Storm, Avalanche, Severe weather
statement, Flood, Red flag, Heavy Freezing Spray

A Watches: Flash Flood, Winter Storm, Flood, High Wind, Fire Weather, Coastal Flood Statement, Special Weather
Statement, Short Term Forecast

A Advisories: Winter Weather, Flood, High Surf, Small Craft, Brisk Wind, Lake Wind, Wind
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Data 1 Aviation Layers Detall

METAR (91 stations): every 60 minutes

A Air Temperature, Relative Humidity, Wind Speed and direction, Visibility, Sky condition, Dewpoint Temp, Atmospheric
Pressure

PIREPS: every 15 minutes

A Air Temperature, Relative Humidity, Avg Wind Speed, Avg Wind Direction, Max Wind Gust Speed, Atmospheric Pressure,
Solar Radiation

TAF(107 stations): every 15 minutes

A Air Temperature, Dewpoint Temp, Max Temp, Min Temp, Avg Wind Speed, Max Wind Gust Speed, Avg Wind Direction, Max
Wind Gust Dir, Relative Humidity, Precipitation Intensity, Precipitation Rate, Cumulative Precipitation, Visibility

Radar: every 15 minutes

Satellite: every 15 minutes
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Map About

Recent Conditions - Air Temperature - 10:00AM Mon Dec 20 PST
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‘Map About|
Recent Conditions - NWS Observed 24 hour Precipitation - Ending 4AM Mon Dec 20 PST
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Map About

AWOS/ASOS METAR - 8:59AM Mon Dec 20 PST
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Report Time: 8:53AM Mon Dec 20 PST
StationiD: REDDING MUNICIPAL AIRPORT, CA, United States (KRDD) "Go\
Location: 40-30N 122-17W 155M

Wind: from the S (180 degrees) at 17 MPH (15 KT) gusting to 28 MPH (24 KT):0

Visibility: 10 mile(s)0

Sky conditions: overcast

Temperature: 469 F (8.3 C)

Dew Point: 41.0F(50C)

Relative Humidity: 79%

Pressure (altimeter): 29,66 in. Hg (1004 hPa)
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Map Abm:

NWS CONUS Merged Reflectivity Composite(QC) Radar - 9:40AM Mon Dec 20 PST
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NWS Alerts - 08:16AM Mon Dec 20 PST
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R —— e [iop | Soteivs | roond | Tewan ] | Surtsce Lavers | Avstion Layers |
NWS Sacramento (North Central California) {'S ] 7 Recent Conditions

Effective:02:43 12/20/2010 »

Expires:16:00 12/20/2010 ) NDFD Forecast
..SNOW SHOWERS WILL CONTINUE TODAY AND MAY BE HEAVY AT TIMES,., -

{UNSTABLE AIR BEHIND A STRONG COLD FRONT WILL CONTINUE TO BRING [ﬂ NWS Alert

SNOW SHOWERS TODAY. SNOW LEVELS WILL FALL TO 2500 FEET IN THE | . Caltrans CCTV
SOUTHERN CASCADES..TO 3000 TO 4000 FEET IN THE SIERRA TONIGHT. =
SNOW SHOWERS WILL BEGIN TO TAPER OFF TO SCATTERED SNOW SHOWERS IN
THE SHASTA COUNTY AND MENDOCINO MOUNTAINS MONDAY MORNING. THEY |
WILL CONTINUE ALONG THE WEST SLOPE OF THE SIERRA AND LASSEN PARK
AREATHROUGH MONDAY AFTERNOON

FOR THE WESTERN SLOPES.. AN ADDITIONAL 1 TO 2 FEET OF SNOW 15

UKELY ABOVE 7000 FEET... WITH 8 TO 16 INCHES ASOVE 5000 FEET ...

BY MONDAY EVENING.

MOTORISTS DRIVING IN THE MOUNTAINS SHOULD DRIVE CAUTIOUSLY. THOUGH
WIND SPEEDS HAVE DIMINISHED.. . LOCAL GUSTS ACROSS RIDGES MAY CAUSE
BLOWING SNOW AT TIMES THIS MORNING WHICH CAN REDUCE VISIBILITIES.

ICY ROADS ARE ALSO A THREAT. ESPECIALLY DURING THE EARLY MORNING
HOURS WHEN TEMPERATURES ARE NEAR TO BELOW FREEZING.

SNOW SHOWERS WILL BECOME UGHT THIS AFTERNOON. ANOTHER ROUND

Wiiams, i

B winter veather agv [] Special weather Stant [ Winter Storndarning [ Flash Flood atch
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National Digital Forecast - Weather - 10AM Mon Dec 20 PST
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Map About

National Digital Forecast - Snow - 4AM to 10AM Mon Dec 20 PST
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National Digital Forecast - Wind Gust - 10AM Mon Dec 20 PST

 Recent Conditions
© NDFD Forecast
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Map | About
Wind Speed/Direction Aloft (3000ft MSL) - 9:00AM Mon Dec 20 PST
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Map About

CCTV - 9:51AM Mon Dec 20 PST
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Map About

CCTV - 9:51AM Mon Dec 20 PST
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Map About

CCTV - 9:51AM Mon Dec 20 PST
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