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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. 

  

4 



535 Airports 

 

All airports in California, as 

reported by the FAA, are shown. 

 

(includes public use and private 

use; general aviation, military, 

commercial, commuter) 

Source: FAA 
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Source: FAA 

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 
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Source: FAA 

1 Ultra-light Facility 

3 Glider Ports 

9 Seaplane Bases 

 

These sites are also reported 

by the FAA and are included in 

the proximity analysis shown 

in this report. 
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Aviation Weather Systems 
Automated Surface Observing System (ASOS) reports: 

Å Sky condition : cloud height and amount (clear, scattered, broken, overcast) up to 12,000 feet  

Å Visibility (to at least 10 statute miles)  

Å Basic present weather information: type and intensity for rain, snow, and freezing rain  

Å Obstructions to vision: fog, haze  

Å Pressure: sea-level pressure, altimeter setting  

Å Ambient temperature, dew point temperature  

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

Å Precipitation accumulation  

Å Selected significant remarks including- variable cloud height, variable visibility, precipitation 

beginning/ending times, rapid pressure changes, pressure change tendency, wind shift, peak 

wind. 

 

Source: National Weather Service - http://www.weather.gov/ost/asostech.html 
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Aviation Weather Systems 
Automated Weather Observing System (AWOS) reports: 

Å AWOS A: Dual-pressure sensor measures pressure and reports altimeter setting 

Å AWOS I: Wind Speed, Wind Gust, Wind Direction, Variable Wind Direction, Temperature, Dew 

Point, Altimeter Setting, Density Altitude 

Å AWOS II: Same as AWOS I + Visibility, Variable Visibility, Precipitation, Day/Night 

Å AWOS III: Same as AWOS II + Cloud Height & Sky Condition 

Å AWOS III-P: Same as AWOS III + Present Weather Identification Sensor 

Å AWOS III-PT: Same as AWOS III + Present Weather & Lightning Detection 

Å AWOS III-PTZ: Same as AWOS III + Present Weather & Lightning Detection, Freezing Rain 

Detection 

Å 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 III-PTU)  

 

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: 

Å 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.  

Å 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.  

Å Present Weather Sensor: measures precipitation by detecting the optical irregularities induced by 

particles falling through a beam of partially coherent infrared light.  

Å Wind Speed Sensor: a low-threshold, three-cup anemometer mounted to the top of the tower that 

measures wind speed.  

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

wind direction.  

Å Freezing Rain Sensor: detects an occurrence of freezing rain by the change in the probe tip's 

oscillating frequency caused by ice accretion.  

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

Å 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. 

 

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

 
10 



Source: FAA 

Aviation Weather Stations  

 

  In California: 

 

 110 ASOS 

 1 AWOS I 

 1 AWOS II 

 54 AWOS III 

 14 AWOS IIIP 

 2 AWOS IIIP/T 

 3 AWSS 

________________________ 

 

185 Aviation Weather Stations 

 

 
Others in proximity in  

Oregon, Nevada and Arizona are 

shown. 
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Miles from  

nearest  aviation 

weather station 

Distance (mi) count 

dist < 5 298 

5 Ò dist < 10 262 

10 Ò dist < 20 261 

20 Ò dist < 30 82 

30 Ò dist < 40 46 

40 Ò dist < 50 10 

50 Ò dist 8 

Distances from airfields to nearest 

aviation weather stations: 

mi 

Min 0 

Q1 3.88 

Median 8.63 

Q3 14.49 

Max 59.77 
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Road Weather Information Systems (RWIS) 

Atmospheric data including:  
 

Å air temperature  

Å humidity 

Å visibility distance 

Å wind speed and direction 

Å precipitation type and rate 

Å cloud cover 

Å tornado or waterspout occurrence 

Å lightning 

Å storm cell location and track 

Å air quality.  

Pavement data including: 
 

Å pavement temperature 

Å pavement freezing point 

Å pavement condition (e.g., wet, icy, flooded) 

Å pavement chemical concentration 

Å subsurface conditions (e.g., soil temperature).  

Source: FHWA - http://ops.fhwa.dot.gov/weather/faq.htm 

Water level data including: 
 

Å stream, river, and lake levels near roads 

Å tide levels (i.e., hurricane storm surge).  

RWIS may report the following types of information: 
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Source: Caltrans 

171 Caltrans RWIS 

 

Not all sites are equipped with 

the same suite of sensors and 

not all sites publish their data 

outside their respective 

district. 

 

Data was combined from 

several sources and several 

sites may be inactive, so this 

count is approximate. 
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Miles from  

nearest  aviation 

weather station or RWIS 

Distance (mi) count 

dist < 5 366 

5 Ò dist < 10 288 

10 Ò dist < 20 219 

20 Ò dist < 30 63 

30 Ò dist < 40 22 

40 Ò dist < 50 5 

50 Ò dist 4 

Distances from airfields to nearest 

aviation or road weather stations: 

mi 

Min 0 

Q1 3.09 

Median 6.92 

Q3 11.83 

Max 59.77 
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Approximately 2000 weather 

stations via MADIS. 
 

NOAAôs Meteorological Assimilation 

Data Ingest System (MADIS) 

aggregates weather sensor data from 

numerous sources. 

 

MADIS sites for California come from 

the following sources, among others: 

 
Å CA-Hydro 

Å Edwards Air Force Base 

Å Hydrometeorological Automated Data System 

(HADS) 

Å California Dept. Water Resources 

Å Mesowest 

Å National Resources Conservation Service 

(RAWS) 

Å California Nevada River Forecast Center 

Å Mt. Shasta Avalanche Center 

Å California Department of Transportation 

Å Bay Area Mesoscale Initiative 

Å Santa Barbara County Air Pollution Control 

District 

Å Monterey Weather Forecast Office 

Å California Management Information System 

Å Non-Federal AWOS 

Å Remote Automated Weather Stations (RAWS) 

 
Source: NOAA 

Station reported in MADIS 
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Station 

reported 

in MADIS 

Miles from  

nearest  aviation 

weather station or RWIS  

or other station  

reported in MADIS 

Distance (mi) count 

dist < 5 801 

5 Ò dist < 10 138 

10 Ò dist < 20 25 

20 Ò dist < 30 3 

30 Ò dist < 40 0 

40 Ò dist < 50 0 

50 Ò dist 0 

Distances from airfields to 

nearest aviation or road weather 

stations or station reporting via 

MADIS: 

mi 

Min 0 

Q1 0.69 

Median 1.83 

Q3 3.61 

Max 29.53 
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Distance 

(mi) 

AWOS AWOS + 

RWIS 

AWOS + 

RWIS + 

MADIS 

dist < 5 298 366 801 

5 Ò dist < 10 262 288 138 

10 Ò dist < 20 261 219 25 

20 Ò dist < 30 82 63 3 

30 Ò dist < 40 46 22 0 

40 Ò dist < 50 10 5 0 

50 Ò dist 8 4 0 

Min 0 0 0 

Q1 3.88 3.09 0.69 

Median 8.63 6.92 1.83 

Q3 14.49 11.83 3.61 

Max 59.77 59.77 29.53 

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. 

AWOS AWOS +  

RWIS 

AWOS +  

RWIS +  

MADIS 
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Discussion 

Å The suite of weather sensors at these sites do not meet all aviation 

needs. Some may be of no use at all. 

 

Å Use of weather sensor data from non-FAA-approved sites may be 

questionable. 

 

Å It isnôt feasible to equip all sites so that they would be FAA-

approved. 

 

Å Is some non-approved information better than no approved 

information? (Particularly for sites that are nearly 60 miles from the 

nearest AWOS or ASOS?) 
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System Concept 

Å The project team developed a system concept document to serve as 

an early ñpaper prototypeò for the data integration system that could 

be used as a ñstraw-manò for subsequent discussion and 

development.  
 

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

ï A web-based application using a Google Maps user interface with multiple 

aviation data layers was proposed to meet identified needs.  
 

ï 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.  
 

ï All of this information would be integrated into the system with one user-friendly 

interface.  
 

ï 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 

Å The project team conducted a preliminary, high-level requirements analysis 

based on the focus group survey summary as well as a literature review.  
 

Å 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.  
 

Å A literature review also helped identify many valuable functional 

requirements that could be incorporated into the system. 
 

Å 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 

ÅResponses were received from: 
ï City of Eureka 

Å Eureka Municipal Airport (O33) 

ï Humboldt County (Arcata/Eureka Airport (ACV)) 

Å Eureka Murray Field (KEKA) 

Å Rohnerville Airport (KFOT) 

Å Dinsmore Airport (KD63) 

Å Garberville Airport (KO16) 

Å Kneeland Airport (KO19) 

ï Siskiyou County 

ÅWeed Airport (O46) 

ï Santa Clara County 

Å Reid-Hillview Airport (RHV) 

Å Palo Alto Airport (PAO) 

Å South County/San Martin Airport (E16)   

ï Redding Municipal Airport (KRDD) 

22 



First Survey 
Some key responses: 

 

Å 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.  
 

Å 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. 
 

Å 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. 
 

Å Siskiyou reported interest in surface conditions and surrounding area conditions and 

forecasts. 
 

Å Several commented that reports in ñsimple Englishò are desirable. 
 

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

A web-application was developed that 

aggregates available weather information 

into a user-friendly, map-based interface:  

 

http://aviation.weathershare.org/ 
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Data Sources 

Å Surface weather data layers via WeatherShare (MADIS and Mesowest are primary 

sources) 

Å NWS Radar MosaicðPacific Southwest Sector 

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

WeatherShare 

Å National Weather Service Watches, Warnings, and Advisories layer from the National 

Weather Service via WeatherShare 

Å National Weather Service wind/temperature aloft 

Å (Pilot Reports) PIREPS 

Å METAR Reports Layer 

Å Terminal Aerodrome Forecasts (TAF) data layer 

Å USGS Elevation Data for Flight Path Profile (not shown in prototype) 

Å Caltrans CCTV 
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Dataï Surface Layers Detail 
MADIS(690 stations): every 15 minutes  

Å 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 

Å 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  

Å 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 

 

NDFD Forecast data: every 60 minutes 

Å  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 

Å Warnings: Tornado, Flash flood, Blizzard, Winter Storm, High Wind, Storm, Avalanche, Severe weather 

statement, Flood, Red flag, Heavy Freezing Spray 

Å Watches: Flash Flood, Winter Storm, Flood, High Wind, Fire Weather, Coastal Flood Statement, Special Weather 

Statement, Short Term Forecast 

Å Advisories: Winter Weather, Flood, High Surf, Small Craft, Brisk Wind, Lake Wind, Wind 
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Data ï Aviation Layers Detail 
 

METAR (91 stations): every 60 minutes  

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

Pressure 

 

PIREPS: every 15 minutes 

Å Air Temperature, Relative Humidity, Avg Wind Speed, Avg Wind Direction, Max Wind Gust Speed, Atmospheric Pressure, 

Solar Radiation 

 

TAF(107 stations):  every 15 minutes  

Å 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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