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1. INTRODUCTION  

Weather significantly affects safety as related to transportation, which includes regional surface 

transportation (highways and local streets) and aviation (airports, hospital heliports and flight 

paths). Starting in 2008, the Western Transportation Institute (WTI) at Montana State University 

(MSU), in partnership with the Mineta Transportation Institute (MTI) at San Jose State 

University, conducted a research and development study of the proof-of-concept system for 

integrating Automated Weather Observing System (AWOS) with Roadside Weather Information 

System (RWIS). The goal of this multi-phase project is to provide 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 is targeted at small, underserved rural airfields and hospital 

heliports. 

Data from aviation AWOS, ASOS (Automated Surface Observing Systems) and surface 

transportation RWIS have been integrated along with data from third-party providers National 

Oceanic and Atmospheric Administration (NOAA) Meteorological Assimilation Data Ingest 

System (MADIS) and MesoWest into the Aviation WeatherShare System to provide greater 

coverage for multiple agencies. Treating these independent systems as a larger, integrated system 

provides greater spatial coverage while using existing resources compared to the use of AWOS-

ASOS alone.  

During Phase I of this project, a small-scale systems engineering process was followed to 

develop a prototype. Literature review, AWOS/ASOS and RWIS sites analysis, user survey and 

requirements analysis, and costïbenefits analysis research activities have been conducted. In 

addition, the prototype was tested by a small set of prospective users and feedback has been 

positive. The prototype was viewed as a good tool to collect and disseminate weather 

information among aviation personnel, particularly in rural, underserved areas where 

AWOS/ASOS are not already deployed.  

This document summarizes work conducted in Phase II of the research project, which ends 

December 31st, 2015. Following are descriptions of major project tasks and associated 

deliverables: 

Task 0: Project Management 

This task covered all activities related to project management.  

The project champion, project manager, and principal investigators (PIs) attended an initial kick-

off meeting to review and discuss project objectives and to address project issues. Prior to the 

kick-off meeting, a Project Technical Advisory Panel (PTAP) was formed to oversee project 

work and progress.  The PTAP consisted of the Caltrans project champion, project manager and 

a small number of representative project stakeholders from Caltrans. 

Through all phases of the project, the project team communicated with the Caltrans project 

champion and project manager to ensure that Caltransô needs are fully understood and addressed. 

In addition to the kick-off meeting, subsequent project meetings were conducted as needed, 

either in-person or via phone or video conference. Throughout the project, the project team 

submitted periodic (quarterly) progress and financial reports as required by Caltrans. These 
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progress reports highlighted the current status of the project in terms of work accomplished and 

future work to be completed. 

A sustained, publicly available web presence was developed to provide updates on the project's 

status.  

Deliverables: 

¶ A kickoff meeting was held on Thursday, February 28th, 2013 in Sacramento. 

¶ Quarterly Reports were sent via email approximately midway through the months of 

January, April, July and October throughout the duration of the project. 

¶ Other meetings were held via teleconference and web conference, as needed. These 

meetings were held as frequently as on a monthly basis at peak times of project activity 

and less frequently / as-needed at other times. 

¶ A special meeting was held in conjunction with ñCalifornia Aviation Day at the Capitolò 
on Wednesday, April 23, 2014. Further information and a photo of the project teamôs 

exhibit can be found at: http://www.westernstates.org/Projects/Aviation/Updates/2014-

04-29.html  

¶ The project web presence for background and updates is located at the following address: 

http://www.westernstates.org/Projects/Aviation/Default.html  

Task 1: Business Case Analysis 

This task was conducted principally by San Jose State University. The intent was to provide 

business case documentation that could eventually be used by Caltrans in a Feasibility Study 

Report (FSR). Note that FSR development is an internal process for Caltrans, and the intent here 

was not to have the project team directly assist with FSR development. 

The project team will work with Caltrans to conduct a business case analysis and to produce 

documentation for use in a subsequent feasibility study report. This will include developing the 

partnerships and plans for long-term maintenance and management of the system.  

Deliverables: 

¶ Benefit Analysis of the Aviation WeatherShare System by Wenbin Wei, San Jose State 

University. Finalized February 2, 2014. 

Task 2: Research Additional Sources 

In this task the project team identified current and prospective aviation weather sources for the 

integrated system. Accessibility and usability of such information may be limited, so not all data 

sources could be used. Further, the system has been built using only free, publicly available data, 

and the project team did not consider the inclusion of paid data even though some private, paid 

sources of potentially useful data were identified. 

Deliverables: 

¶ Integration of Aviation Automated Weather Observation Systems (AWOS) with 

Roadside Weather Information Systems (RWIS) Phase II Data Sources Summary, by 

Daniell Richter and Douglas Galarus, Western Transportation Institute, Montana State 

University. Finalized April 27, 2015. 

http://www.westernstates.org/Projects/Aviation/Updates/2014-04-29.html
http://www.westernstates.org/Projects/Aviation/Updates/2014-04-29.html
http://www.westernstates.org/Projects/Aviation/Default.html
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Task 3: Detailed System Requirements 

The high-level user needs and requirements that were identified in Phase I were converted and 

further developed into low-level detailed system requirements. The Federal Highway 

Administration (FHWA) System Engineering Guidebook for Intelligent Transportation Systems 

(ITS) was followed throughout the process of defining user requirements. The Guidebook 

defines seven categories of requirements: functional, performance, interface, data, non-

functional, enabling, and constraints. These requirements together define what the system is 

supposed to do, how well the system functions, and operational conditions and constraints. The 

specific requirements developed in this task guided development of the prototype system. 

Deliverables: 

¶ Integration of Aviation Automated Weather Observation Systems (AWOS) with 

Roadside Weather Information Systems (RWIS) Phase II Detailed Prototype System 

Requirements Specification, by Daniell Richter and Douglas Galarus, Western 

Transportation Institute, Montana State University. Finalized August 13, 2014. 

Task 4: Develop System 

The project team created a development and testing version of the system that complies with the 

detailed system requirements from Task 3. The system is a web-based application using a 

Google Maps user interface with multiple aviation-related data layers. Building on the Phase 1 

prototype, data sources were expanded; usability was improved, reliability and scalability issues 

were addressed; and the system was enhanced with additional functionality. For the purposes of 

development and testing, a version of system is maintained 

Deliverables: 

¶ Phase II System in Development and Testing Environment 

Task 5: Implementation 

The implementation and hosting of the Phase II system was principally done on WTI/MSU 

servers for the purposes of demonstration to the PTAP and other prospective end-users and for 

review acceptance of the system by Caltrans. The Phase II system is fully functional, and 

supports numerous simultaneous users. It continues to be referred to as a prototype system 

because Phase 2 was conducted as a research phase. The Phase 2 system went live on August 

13th, 2013. 

The Phase II system was further installed on an external host site for the purposes of potential 

backup and failover. The Phase II system was not installed on Caltrans servers because 

arrangements could not be reasonably completed within the timeframe of the current Phase of the 

project to do so. As such, only high-level documentation related to operation, system 

administration and maintenance were produced within this phase of the project. It is understood 

that a smaller, additional phase will be used to migrate the system to Caltrans once 

accommodations are made within Caltrans to host and support the system. 

Training materials were provided to Caltrans and the general users of the system by way of an 

online Quick Start Guide (http://aviation.weathershare.org/QSG.htm) and a basic usage video 

(https://www.youtube.com/v/G7GPCLPiJus?autoplay=1). Members of the PTAP tested and 

reviewed the system to determine that the system works and that all baseline requirements were 

met.  

http://aviation.weathershare.org/QSG.htm
https://www.youtube.com/v/G7GPCLPiJus?autoplay=1


Integration of AWOS and RWIS Phase 2 Final Report Introduction 

Western Transportation Institute  Page 4 

Deliverables: 

¶ Phase II System in Production Hosting Environment: http://aviation.weathershare.org/. 

Task 6: Evaluation 

Under this task, the research team solicited input from prospective end users. Multiple methods, 

both direct and indirect, were used to solicit input. San Jose State University conducted an open-

ended survey of 16 prospective users once the Phase II prototype was available for use. The 

Phase II prototype has also included a link to an online survey to solicit further input from 

prospective users. Finally, system usage is tracked via Google Analytics to provide feedback on 

system usage. 

The results from this task are summarized in this document.  

Deliverables: 

¶ Evaluation Summary (Included in the Project Final Report) 

o SJSU Survey Results 

o Online Survey Results 

o Google Analytics Results 

Task 7: AWOS/ASOS Gap Analysis 

In this task, the project team conducted an AWOS/ASOS (coverage) gap analysis. The intent of 

this task, following discussions in Phase 1, was to assist Caltrans in determining locations in 

which weather systems were needed and subsequently to develop cooperative maintenance 

agreements. Then and at present, planning for future deployment of both AWOS/ASOS and 

RWIS systems was conducted separately, and cooperative maintenance and deployment of these 

systems was not considered. It was anticipated that a natural shared cost and benefit for both 

surface transportation and aviation communities could be achieved if  cooperative maintenance 

and deployment agreements could be developed. The development of such agreements is outside 

the scope of this project, and it is unclear if such agreements will be pursued. Even so, the gap 

analysis conducted in this project relative to the data sources available for use with the prototype 

system developed in this project is useful in assessing the coverage (and gaps) of the system. 

Deliverables: 

¶ Integration of Aviation Automated Weather Observation Systems (AWOS) with 

Roadside Weather Information Systems (RWIS) Phase II Gap Analysis, by Douglas 

Galarus and Daniell Richter, Western Transportation Institute, Montana State University. 

Finalized July 10, 2015. 

Task 8: Determine Usage Status and Recommendations 

The prototype system is viewed as providing non-Federal Aviation Administration (FAA)-

approved ñsupplementary informationò versus FAA-certified ñuse for flight planning purposesò 

information. This is the chief distinction between aviation use of AWOS/ASOS, provided by 

certified sources, and data from other sources such as RWIS and systems re-distributing 

AWOS/ASOS data. This task was intended to conduct outreach to the FAA and others to 

document and assess the viability of achieving FAA-certified status. Subsequently, the PTAP 

determined that this step would be premature and perhaps unnecessary given anticipated use of 

http://aviation.weathershare.org/
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the prototype system. Instead, the project team was asked to present users of the prototype 

system with the following disclaimer: ñAviation WeatherShare is provided by Caltrans as service 

or for informational purposes only. System performance and data quality cannot be guaranteed.ò 

See Figure 1. 

Deliverables: 

¶ Disclaimer on the splash screen, shown upon entry to http://aviation.weathershare.org/.  

 

 

 

Figure 1: Prototype System Main Screen and Splash Screen 

Task 9: Final Project Report and Presentation 

The final deliverables for the project are the final project report (this document) and a 

corresponding presentation. The final report documents the prototype system that was developed 

as well as associated detailed from the project evaluation. Deliverables: 

¶ Final Project Report (this document) will be finalized prior to the conclusion of the 

project: December 31st, 2015. 

¶ The Final Project Presentation is scheduled for Wednesday, October 21st, 2015. 

http://aviation.weathershare.org/
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1.1. Definitions, acronyms, and abbreviations 

The following abbreviations are used in this document: 

ADDS Aviation Digital Data Service 

AIRMET  Airman's Meteorological Information 

AMSL  Above Mean Sea Level 

ASOS Automated Surface Observing System 

AWOS Automated Weather Observing Station 

Caltrans California Department of Transportation 

CCTV  Closed Circuit Television (Camera) 

CWWP2 Caltrans Commercial Wholesale Web Portal, version 2 

D3 (Caltrans) District 3 (similar for D1-D12) 

DOT Department of Transportation 

EMS Emergency Medical Services 

ESS Environmental Sensor Station  

GMT  Greenwich Mean Time 

HP Heliport 

I -5 Interstate 5 (similar for other Interstate roadways) 

IFR Instrument Flight Rules 

IT  Information Technology 

ITS Intelligent Transportation Systems 

JSON JavaScript Object Notation 

KML  Keyhole Markup Language 

LIFR  Low Instrument Flight Rules 

MADIS  Meteorological Assimilation Data Ingest System 

MesoWest MesoWest at the University of Utah 

METAR  Aviation Routine Weather Report 

mi miles 

MSL Mean Sea Level 

MVFR  Marginal Visual Flight Rules 

MSU Montana State University 

MTI  Mineta Transportation Institute 

MVFR  Marginal Visual Flight Rules 

NCAR National Center for Atmospheric Research 

NCEP (NCO) National Centers for Environmental Prediction Central Operations 

NDFD National Digital Forecast Database 

NDRS National Doppler Radar Sites 

NESDIS(SSD) National Environmental Satellite, Data, and Information Service (Satellite 

Products and Services Division 

NOAA  National Oceanic and Atmospheric Administration 

NWS National Weather Service 

PIREP Pilot Report 

QC Quality Control 

RWIS Road Weather Information System 

SIGMET  Significant Meteorological Information 

SJSU San Jose State University 
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SR State Route 

TAF Terminal Aerodrome Forecast 

TXT  Text 

URL  Universal Resource Locator 

US United States 

VFR Visual Flight Rules 

WTI  Western Transportation Institute 

1.2. Organization of This Report 

In Section 2 we present an overview of the prototype system including a summary of data 

retrieval and processing and the presentation mechanisms for the system. In Section 3 we present 

evaluation data for the system gathered from a focus group survey, and online survey of 

application users, and Google Analytics usage statistics. In Section 4 we present the results of the 

gap analysis, indicating sites and areas for which there are coverage gaps from weather stations. 

Finally, in Section 5 we present a summary. 

For further information, refer to the documents listed in the following references section, the 

project website, and the project updates website é. 

1.3. References 

The following project documents were also used to develop this document: 

¶ Western Transportation Institute, May 2010, Integration of Aviation Automated Weather 

Observation Systems (AWOS) with Roadside Weather Information Systems (RWIS) 

Final Report. 

 

¶ A proposal for the project entitled: Integration of Aviation Automated Weather 

Observation Systems (AWOS) with Roadside Weather Information Systems (RWIS) 

Phase 2, Galarus, D., Wei, W. June 23, 2011. 

 

¶ Integration of Aviation Automated Weather Observation Systems (AWOS) with 

Roadside Weather Information Systems (RWIS) Phase II Data Sources Summary, by 

Daniell Richter and Douglas Galarus, Western Transportation Institute, Montana State 

University. Finalized April 27, 2015. 

 

¶ Integration of Aviation Automated Weather Observation Systems (AWOS) with 

Roadside Weather Information Systems (RWIS) Phase II Detailed Prototype System 

Requirements Specification, by Daniell Richter and Douglas Galarus, Western 

Transportation Institute, Montana State University. Finalized August 13, 2014. 

 

¶ Integration of Aviation Automated Weather Observation Systems (AWOS) with 

Roadside Weather Information Systems (RWIS) Phase II Gap Analysis, by Douglas 

Galarus and Daniell Richter, Western Transportation Institute, Montana State University. 

Finalized July 10, 2015. 
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2. THE PROTOTYPE  SYSTEM 

In this section we document the prototype system from a high level, primarily by way of 

screenshots. Certainly the best way to understand the system is to use it. However, there are 

times when certain layers will be more interesting and relevant than others. We have made an 

effort to present screenshots here of all of the layers during relevant times such as winter weather 

events. For the sake of reference and overview we also present a high-level listing for the data 

sources and the general processing and presentation mechanisms used to present application 

information to end users. 

2.1. Data Retrieval and Processing 

The System consists of server-side scripts that retrieve and process data from numerous sources, 

format the data as JSON, KML and image files, a web server that serves the data via a web 

server to web clients, and a browser-based client that presents the data on top of Google Maps.  

The data retrieved and presented dynamically in the system is summarized by the following data 

sources and data layers: 

¶ National Center for Atmospheric Research (NCAR) Aviation Digital Data Service 

(ADDS): 

o PIREPS 

o TAF 

o SIGMETS 

o METAR 

¶ NOAA's Satellite Service Division of the NESDIS (SSD): 

o Satellite Images 

¶ NOAA's National Weather Service National Doppler Radar Sites (NDRS): 

o Radar Images 

o Precipitation Images 

¶ NOAA's National Weather Service NCEP Central Operations (NCO): 

o Wind Aloft 

o Temperature Aloft 

¶ Caltrans CWWP2: 

o Caltrans Closed Circuit Television (CCTV) 

¶ National Oceanic and Atmospheric Administration (NOAA)'s National Weather Service 

Public Alerts: 

o National Weather Service (NWS) Alerts 

¶ National Weather Service National Digital Forecast Database: 

o Surface Forecasts 

¶ Caltrans Scanweb: 

o Caltrans RWIS 

¶ Meteorological Assimilation and Data Ingest System (MADIS): 

o Surface Conditions 

¶ MesoWest: 

o Surface Conditions 
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Airport, Heliport and Military Aviation Facilities are presented as a static layer using data 

provided by Caltrans.  

Figure 2 shows overall data retrieval and processing (data flow) at a high level:  

 

Figure 2: AWOS/RWIS Data Flow Diagram 
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2.2. Presentation 

The application is presented to users via a Google Maps -based, web interface. Standard map 

navigation and selection controls are included. Data layers are selected via menus at the top of 

the screen and are shown as markers and, for some layers, raster images on top of the map. 

Markers can be selected to show further detail for a particular item. See Figure 3. 

 

Figure 3: Prototype System Google Maps-based Web Interface 
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The four menus for selection of data layers are titled Aviation Layers, Surface Layers, Surface 

Forecast and Surface Conditions. See Figure 4, Figure 5, Figure 6 and Figure 7. 

 

Figure 4: Aviation Layers Menu Items 

 

Figure 5: Surface Layers Menu Items 

 

Figure 6: Surface Forecast Menu Items 

 

Figure 7: Surface Conditions Menu Items 

 

Following are screenshots and descriptions of individual layers: 
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The AWOS/ASOS layer, found in the Aviation Layers menu, is the default layer that is shown 

when users first visit the system. AWOS/ASOS sites with available data are located with 

markers that are color-coded to indicate their recently-reported flight category: VFR, MVFR, 

IFR, LIFR, or UNSPECIFIED.  See the National Weather Serviceôs Aviation Weather Center1 

for definitions of these flight categories. See Figure 8. 

 

Figure 8: AWOS/ASOS Layer 

                                                 

1  http://www.aviationweather.gov/adds/metars/description/page_no/4  

http://www.aviationweather.gov/adds/metars/description/page_no/4
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Users can click on individual markers to display detailed observations from the corresponding 

AWOS/ASOS site. See Figure 9. 

 

Figure 9: Detailed Observations from AWOS/ASOS Site 
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The Pilot Reports (PIREPS) layer, located in the Aviation Layers menu, shows Pilot Reports of 

inflight weather conditions. See Figure 10. 

 

Figure 10: Pilot Reports Layer and Detailed Observation 

 



Integration of AWOS and RWIS Phase 2 Final Report The Prototype System 

Western Transportation Institute  Page 15 

The Terminal Aerodrome Forecasts (TAF) layer, located in the Aviation Layers menu, shows 

forecast conditions at airport locations. For more information about Terminal Aerodrome 

Forecasts, see NOAAôs National Weather Service Aviation Weather Center2. See Figure 11. 

 

Figure 11: Terminal Aerodrome Forecasts Layer and Detail 

                                                 

2 https://www.aviationweather.gov/static/help/taf-decode.php  

https://www.aviationweather.gov/static/help/taf-decode.php
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The Airports layer, located in the Aviation Layers menu, shows locations of airports, heliports 

and military air fields. See Figure 12. 

 

Figure 12: Airports Layer  
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Users can click on airport / heliport / military air field markers to view additional facility 

information including Caltrans data plates. See Figure 13. 

 

Figure 13: Heliport Detail Including Link to Caltrans Data Plate  
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The SIGMETs/AIRMETs layer, located in the Aviation Layers menu, shows regions 

corresponding to current warnings for hazardous weather including turbulence, icing, etc. See the 

National Weather Service Aviation Weather Center3 for further information about 

SIGMETs/AIRMETs. See Figure 14. 

 

Figure 14: SIGMETs/AIRMETs Layer 

                                                 

3 https://www.aviationweather.gov/sigmet/help  

https://www.aviationweather.gov/sigmet/help
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Users can click within regions for detail on the specific advisories. If overlapping advisories 

apply to the selected location, a list is presented showing the individual advisories with links for 

details. See Figure 15. 

 

Figure 15: Overlapping AIRMETs  

 



Integration of AWOS and RWIS Phase 2 Final Report The Prototype System 

Western Transportation Institute  Page 20 

AIRMET warnings include start and end times as well as minimum and maximum altitudes 

defining the range of the warning. An indication of severity may also be included. See Figure 16, 

Figure 17, Figure 18, Figure 19 and Figure 20. 

 

Figure 16: Turbulence AIRMET Detail  
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Figure 17: Icing AIRMET Detail  
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Figure 18: Instrument Flight Rules AIRMET Details  
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Figure 19: Mountain Obscuration AIRMET Details  
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Figure 20: Convective Outlook Detail from SIGMETs/AIRMETs Layer  
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The NWS Composite Reflectivity layer, located in the Aviation Layers menu, shows radar 

imagery. See Figure 21. 

 

Figure 21: NWS Composite Reflectivity Layer 
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The NWS 1-Hour Precipitation layer, located in the Aviation Layers menu, shows precipitation 

amounts derived from radar. See Figure 22. 

 

Figure 22: NWS 1-Hour Precipitation Layer  
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The Satellite layer, located in the Aviation Layers menu, shows satellite imagery using various 

image enhancement techniques. See the NOAA Office of Satellite and Product Operations4 for 

further information on these image enhancement techniques. See Figure 23, Figure 24, Figure 

25, Figure 26, Figure 27 and Figure 28. 

 

Figure 23: Satellite Rainbow (rb) Layer 

                                                 

4 http://www.ospo.noaa.gov/Organization/FAQ/enhancements.html  

http://www.ospo.noaa.gov/Organization/FAQ/enhancements.html
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Figure 24: Satellite JSL2 (JSL) Layer 
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Figure 25: Satellite Aviation (AVN) Layer  
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Figure 26: Satellite Visible (RGB) Layer 
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Figure 27: Satellite Visible (VIS) Layer 
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Figure 28: Satellite Shortwave (IR2F) Layer 
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The Wind Aloft layer, located in the Aviation Layers menu, shows forecast wind speeds aloft. 

Sublayers show predictions at 3000 ft. Above Mean Sea Level (AMSL), 6000 ft. AMSL, 9000 ft. 

AMSL, 12000 ft. AMSL and 15000 ft. AMSL and at 1-hour intervals covering approximately 24 

hours. Colored arrows indicate the magnitude and direction of forecast winds. A raster image is 

also shown covering the state and indicating forecast wind speeds. See Figure 29, Figure 30, 

Figure 31, Figure 32, Figure 33 and Figure 34 

 

Figure 29: Wind Aloft Layer 3000 ft. AMSL  
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Figure 30: Wind Aloft Layer 6000 ft. AMSL 
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Figure 31: Wind Aloft Layer 9000 ft. AMSL 
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Figure 32: Wind Aloft Layer 12000 ft. AMSL 
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Figure 33: Wind Aloft Layer 15000 ft. AMSL 
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Figure 34: Wind Aloft Layer  Details 

  






































































































































































