Integration of Aviation Automated Weather Observation Systems
(AWOS) with Roadside Weather Information Systems (RWIS)

Phase I
Final Report

by

Douglas Galarus
Senior Researc8cientist
Program Manager: Systems Engineering, Development and Integration

and

Daniell Richter
Research Associate Il

Western Transportation Institute
College of Engineering
Montana State University

A report prepared for the

State of CaliforniaDepartment of Transportation
Division of Research, Innovation and System Information

Octoberl9th, 2015
(revised December 9, 2015)



Integration of AWOS and RWIS Phase 2&liReport Disclaimer

DISCLAIMER

The opinions, findings and conclusions expressed in this publication are those of the authors and
not necssarily those of the California Department of Transportation or Montana State
University. Alternative accessible formats of this document will be provided upon request.
Persons with disabilities who need an alternative accessible format of this infornoatiwho

require some other reasonable accommodation to participate, should contact Western
Transportation Institute, Montana State University, PO Box 174250, Bozeman, MT-423Q,7
telephone number 46894-6113.

Western Transportation Institute Pagei



Integration of AWOS an&WIS Phase 2 Final Report Acknowledgements

ACKNOWLEDGEMENTS

The authors are thankful to members of the Caltrans Project Technical Advisory Panel for their
input on and review of this documeMelissa Clarkprovided written comments on the first draft

of this document. We thank all afhe Panelfor their input and guidancélhe authors also
acknowledge San Jose State University and Wenbin Wei forpidueticipationon this project.

Western Transportation Institute Pagaiii



Integration of AWOS and RWIS Phase 2 Final Report

Revision History

REVISION HISTORY

Version | Date Description
1.0 October Bth, 2015 | First draft
2.0 December 9, 2015 | Final Version

Western Transportation Institute

Pagev



Integration of AWOS and RWIS Phase 2 FiRa&port Table of Contents

TABLE OF CONTENTS

O [ o1 o To 18 ox 1 o] o WA T TPPPPPP 1.
1.1. Definitions, acrongns, and abbreviations..................coiiiiieeeiiii e, 6
1.2. Organization Of ThiS REPQIL.........uuiiiiiii et eeer e e e e e e 7
1.3, REEIENCES...cco oot e e e e e e e s amnnnn e e e e e eeennenanenid

2. ThEPrOtOtYPEe SYSIEIML.....cciiiiieeeeeeiei et erra e s e e e e e e e e e e e e e amaeraeeeeaeas 8
2.1. Data Retrieval and ProCESSING........uuuuiiiiiiiiiiiieeeiiieeiie e ammme e 8
2.2, PrESENTALION. ... .uuutiiiiiiiiiiiiii it ceeettt ittt e e e e e e e e e e s aest et e e e e e e e e e e e e e e s e s s e s s rmnne e e e e e e e e a e 10

3. EVAIUAION ... e e e e e et nrne e e e e e e e e aeeeaeeraarra 65
3.1, FOCUS GrOUP SUIMVEBY....uuiiiiiiiiiiitiietettimes s e eets e e e ats e e eat e s annme et e e eatn e e eaan e e eennsnnnn s 66

.11, RESPONSES ...ttt e e e ettt e 66
0 YU [ 1 1 T Y PSPPI 73

I © 1 o1 10 =TS TUT =Y ST 75

I FZ N B {2 o 0] 1] = PSPPI 75
3.2.2.  SUMMIAIY....ceiiiiiiiieeeteett i a e e e e e emems s e e e e e e e e e e e e e e eenannneeeeeeeeeeees 90

3.3.  Google ANalytiCs RESUITS........ccooiiiiiiii e 93
3.3.1. Google Analytics Statistics: 6/1/2010 through 8/12/2013.............cccevvvvieenn. 93
3.3.1. Google Analytics Statistics: 8/13/2013 through 9/30RQ1..............ovvvvvvnnneee. 95

4. AWOS/ASOS Gap ANAIYSIS....ciiiiiiei ettt 105
Lo T YU [ 11 = T Y 2PN 120

Western Transportation Institute Pagev



Integration of AWOS and RWIS Phase 2 Final Report List of Tables

LIST OF TABLES
Table 1: Focus Group Survey Response Tailiasticipated Usage Frequency................... 75
Table 2: Focus Group Survey Response Tailiasticipated Usage Time............cccceevvveeeees 76

Table 3: Focus Group Survey Response Taliligsefulness of Surface Condition Layers..77
Table 4: Focus Group Survey Response Taliligsefulness of Surface Forecast Layers...78

Table 5: Focus Group Survey Response Tailigsefulness of Surface Layers..................79
Table 6: Focus Group Survey Response Tailigsefulness of Aviation Layets.................. 80
Table 7: Focus Gup Survey Response TalliésAltitudes of Wind and Temperature Aloft
FOTECASTS. . ...ttt e ernme e e e e e e e eenad 81
Table 8: Focus Group Survey Response Taliggneframes of Wind and Temperature Aloft
(0] T 072 L] PP PPPPE 82
Table 9: Focus Group Survey Response Tailigsefulness of Help Features.................... 83

Table 10: Focus Group Survey Response Tdllidghat additional information is needed?.85
Table 11: Focus Group Survey Response Tdlli€hief Benefits of the System................. 86
Table 12: Focus Group Survey Response Tdllidsw can the System be improved?....... 87
Table 13: Focus Group Survey Response Tallidsw did you find out about the System?88
Table 14: Focus Group Survey Response Tdlligsle in Aviation...........cccceeeeeeieieivieeeneennn. 89
Table 15: Phase 1 Session Counts by Top State€@medsponding Percent of US Sessiang3
Table 16: Phase 1 Session Counts by California Communities and Percent of C&@iéssians

.................................................................................................................................. 94

Table 17: Phase 1 Session Counts by Referring. Site..........oooovviiiiierciiieeeeeeeeeeeeee 94

Table 18: Phase 2 Session Counts by California Communities and Percent of California Sessions
.................................................................................................................................. 95

Table 19: Phase 2 Session Counts by California Communities and Percent of California Sessions
.................................................................................................................................. 97

Table 20: Help Menu SElECHIONS..........uuuiiiei e eeeer e e e e e e e e e e aaanes 98

Table 21: Surface Conditiord.ayer and Sublayer Events...............ccccuvvvimemnniiiiiiiiinnnee. 98

Table 22: Surface ConditiordMarker Selection EVENLS.............ooooiiiiiiimemnssiiiiiiiiiveieeee Q9

Table 23: Surface Forecadtayer and Sublayer Events..............oooooiivimemnnniciiiiiiiieee Q9

Table 24: Surface Forecad¥larker SelectioEvents. ...t 100

Table 25: Surface Layerd ayer and Sublayer EVenLS.............oooooiiieemn e 100

Table 26: Surface LayerdViarker Selection EVENtS..........ccooovvviiiiiiicceeie e 100

Table 27: Aviation LayersLayer and Sublayer EVENLS.............ceeeiiiiiiccceeeiiiciieee e 101

Table 28: Aviation LayersMarker Selection EVENLS...........coooovvviiiiiiieceiieeeeeceieee e, 102

Western Transportation Institute Pagevi



Integration of AWOS and RWIS Phase 2 Final Report List of Tables

Table 29: Map Type Change EVENLS...........ooooiriiiiiiicc e 102

Table 30: Phase 2 Session Counts by Referring.Site...........oooovvvviceeeiveeeeiiiiiceeee e 104

Table 31: Airports that are More Than 25 Miles from the Nearest Reporting AWOS/ASOS Site
................................................................................................................................. 110

Table 32: Airports that are More Than 25 Miles from the Nearest Reporting AWOS/ASOS or
RWIS SIEE....c ettt ettt e e e e eeremr e e e e e r e e e e 112

Table 33: Airports that are More Than 25 Miles from the Nearest Reporting AWOS / ASOS /
RWIS / MADIS / MesoWest Site with Q€assed Observations with Repagtifrequency
Of 15 MINULES OF BEIEI.....coi ittt e e e e eernes 114

Table 34: Hospital Heliports that are More Than 25 Miles from the Nearest Reporting AWOS /
Y @ 1S TS| = PSP 116

Table 35: Hospital Heliports that are More Than 25 Miles from the Nearest Reporting
AWOS/ASOS OF RWIS SItE....ui ittt e et st e e e e e et e e e aaeees 117

Table 36: Hospital Heliports that are More Than 25 Miles from the Nearest Reporting AWOS /
ASOS / RWIS / MADIS / MesoWest Site witQC-Passed Observations with Reporting
Frequency of 15 MiNUtes OF Betel.......ccooiiiiie e eeeeee e 118

Western Transportation Institute Pagevii



Integratio

n of AWOS and RWIS Phase 2 FiRaport List of Figures

LIST OF FIGURES

Figure 1: Prototype System Main Screen and Splash Screen...........ccccovvveeeeeiiiieeeeeeeeee, 5
Figure 2: AWOS/RWIS Data FIOW Diagram............cuuuuuuumiiiimeeeeiiiiiiiiaaesee e e e s seennns e 9
Figure 3: Prototype System Google Mdyased Web Interface..............ccccceeiiiiicceeiiiiinnnnns 10
Figure 4: Aviation Layers MenU IEMIS........uui e 11
Figure 5: Surface Layers MenuU [teIMS.........ciii e e eeeeiccee et eene e e e e e 11
Figure 6: Surface Forecast MenuU IteIMS.......cooovei i i i ieeere e eene e eeeeeeeees 11
Figure 7: Surface Conditions MeNU ILeIMIS. ........uiiiiiiii et erer e 11
FIQUre 8: AWOS/ASOS LAYEL.......uuuuiiiiiiieee e eeeeiieaa s e e e e e e e e e e e eeeeanens e e e e e eeeaeeeeeeeesssenssmnne s 12
Figure 9: Detailed Observations from AWOS/ASOS Site..........ccoovviiiiiiieemeeeeeeeeeeeeeviiiiins 13
Figure 10: Pilot Reports Layer and Detailed Observation...............ccccccoemreeeeesieciinennnne, 14
Figure 11: Terminal Aerodrome Forecasts Layer and Detail...............cccovveeeeiiiiin, 15
FIgure 12: AIrPOITS LAYEE .. ..ottt e ee bbbt e et e e e e et e et e e e e e e e e e ammeeeeeeeeas 16
Figure 13: Heliport Detail Including Link to Caltrans Data Plate...............ccccovvveeeeeeeeee 17
Figure 14: SIGMETS/AIRMETS LAYEL......cccoiiiiiiiiiieeieeee e e e 18
Figure 15: Overlapping AIRMETS .. ...uuiiiii e eeee e 19
Figure 16: Turbulence AIRMET Detall...........ooooiiiiiiiiiiee e 20
Figure 17: Icing AIRMET Detall..........uuuuuiiiiiiei e e e eeeess e e e e e e e e e e e e eeeaaaanaans 21
Figure 18: Instrument Flight Rules AIRMET Detalls.............oooiiiiiiemmnn e 22
Figure 19: Mountain Obscuration AIRMET Detalls..............uuuuiiiiiiccseeiiceie e 23
Figure 20: Convective Outlook Detail from SIGMETS/AIRMETS Layer...........ccccoeviiiiees 24
Figure 21: NWS Composite RefleCtiVity Layer..........uuuuiiiiiii e eeeene s 25
Figure 22: NWS dHour PrecCipitation LAYET............uee it 26
Figure 23: Satellite RaiNDOW (D) LAYEEL.........uuueiiieeei e eeeeeee e, 27
Figure 24: Satellite JSL2 (JSL) LAY ....cccciiiiiiiiiiiieeieeeiiiieiieeee e e e eeee e e e e e e e e e e e e e e e e 28
Figure 25: Satellite Aviation (AVN) LaYEr..........ccooiiiiiiiiiiiiieeeee e s 29
Figure 26: Satellite Visible (RGB) LAYEr........ccoooi i 30
Figure 27: Satellite VISible (VIS) LAYI.........uuiiiiiiiiiiii et 31
Figure 28: Satellite Shortwave (IR2F) LAYer..........ueeiiiiiiiiiiieeeiieeiiieeeeeee e 32
Figure 29: Wind Aloft Layer 3000 ft. AMSL........oiiiiiii e ereer e 33
Figure 30: Wind Aloft Layer 6000 ft. AMSL.......oouiiiiiiiii e 34
Figure 31: Wind Aloft Layer 9000 ft. AMSL........coiiiiiiii e ereer e 35
Western Transportation Institute Pageviii



Integration of AWOS and RWIS Phase 2 FiRa&port

List of Figures

Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:
Figure 37:
Figure 38:
Figure 39:
Figure 40:
Figure 41:
Figure 42:
Figure 43:
Figure 44:
Figure 45:
Figure 46:
Figure 47:
Figure 48:
Figure 49:
Figure 50:
Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61.:
Figure 62:
Figure 63:
Figure 64:

Wind Aloft Layer 12000 ft. AMSL......ouuiiiiiiii e 36
Wind Aloft Layer 15000 ft. AMSL.......ouiiiiiiiie e eeeeeene e 37
Wind Aloft Layer DetailS...........oiooiiiieeieceeeeiccie e eeeeeeeeee e 38
Temperature Aloft Layer 6000 ft. AMSL.........ouuiiiiiiiiee e 39
NWS AlBIS LAY ....uuuiiiiiiiiee e eeeecee ettt rnne e e e e e e e e e e eeeeseeseann s mnne e 40
NWS Alerts Winter Storm Warning.............ueoiiieieesceeeniieiees s e e e e e e eeeeeeaeeesee s 41
NWS Alerts Winter Weather AdVISOIY...........ouviiiiiiiiiiiiiieeeeeeee e 42
NWS Alerts Wind AGVISOIY.........oiiiiiiie e eeieeeie s e eeeeeeaetmnne e e e e e eeeeeaenned 43
Caltrans CCTV LAYl ....cooieieeeeeeeeeeeeeieeee e eeeeeeeeeevvvtmmme e e ennennnn s A4
Caltrans CCTV IMagES...coi i i i e eeet ettt mmme e 45
More Caltrans CCTV IMAGES.......coouieeiiiieeeeirmme e e e e 46
Forecast Air TEMPErature Layer.......cccoceeeieeeeiiiieeeciie e eeeeeeeeeeeeveeee e a7
Forecast Wind Speed Layer...........ccccuvviiiiimmmiiiiiiiiiiiieeeeeee e . A8
Forecast Wind GuSt Speed LAy r..........uciiiiiiii e eeeerreeen e 49
Forecast HUMIAITY LAYL........uuuiiiiiiiiiiiii e 50
FOrecast SKY COVEN LAYEE.........uuuuuuiiiii i ceeeeitiiis s e e e e e e e e e ememiena s s e e e e e e aaaaeaes 51
Forecast #dour Chance of Precipitation Layer..............ccvvvviiiiieemiiieiiiiieeeeeenn. 52
ForecastHour Precipitatdn LayYer............ccooviiiiiiiiiiiieeee e e eeenees 53
FOrECaSE SNOW LAYET. ... ..ttt e eee e e e e e e e e e e e 54
FOrecast Weather LAYEN...........uiiiiii it eeeeee s e e e e e e e e e e e eeeeaannas 55
Current Air TEMPErature LAYBE.........uuuuiiiiiiiiiiieeeiretieeeeeeeeeeee e e e e e e s emereeeaaeeaee e 56
Current Condition Detail Shown by Clicking on a Temperature.lcon............. 57
Current Wind Speed LAY I ........cooiiiiiiiiieeee e eeea e 58
Current Hourly Precipitation Layer............oooviiiiiiiieeee e 59
Current 28 our Precipitation Layer..........coociiiiiiiiiiieeeniiiniiieee e 60
Current HUMIItY LAY E.......uuuiiieeei e eeeeeeeee e e 6l
RWIS SEAHIONS LAYEE .....eeeieiiiiiiiiiiiee ettt 62
RWIS Stations Layer Showing Freezing Conditions..............ocoovvvimemeviiinnennn. 63
RWIS Station Detall...........cooiiiiiiieiiieeee e e e e e e e 64
Focus Group Survey Response QhArtticipated Usage Frequency................. 75
Focus GroupuBrey Response ChdrtAnticipated Usage Time.............ccceevveeees 76
Focus Group Survey Response Qhaidefulness of Surface Conditibayers.....77

Focus Group Survey Response Qhaefulness of Surface Forecast Layers..78

Western Transportation Institute

Pageix



Integration of AWOS and RWIS Phase 2 FiRa&port List of Figures

Figure 65: Focus Group Survey Response Qhaefulness of Surface Layers................. 79
Figure 66: Focus Group Survey Response Qhaidefulness of Aviation Layers................. 80
Figure 67: Focus Group Survey Response ChiaAltitudes of Wind and Temperature Aloft
(L0 ] =T 0= L] PP PPPP 81
Figure 68: Focus Group Surv&esponse ChartTimeframes of Wind and Temperature Aloft
(0] =T 0= L] PP PTUPPPE 82
Figure 69: Focus Group Survey Response Qhatefulnes®of Help Features.................... 83

Figure 70: Focus Group Survey Response Qhatefulness of Other System Features....84
Figure 71: Phase 2 SeSSIONS OVEl TIM . ....cciiii e eeeeei e eeeeeeeeennme e e e e e e eeeeenennes 95
Figure 72: Phase 2 Sessions from California CommuUILIES............eeeiiiiieecevvvniiiiieeeenn. 96

Figure 73: Heat Map Showing Distances (mi) toNXearest Reporting AWOS / ASOS Site from
All Locations in California and Extreme Points within Areas of Poor Coverage (Blue = less
than 25 miles from nearest site, White = 25 miles from nearest site, Red = more than 25
MIlES t0 NEAIEST SILE).....cciiiieieeeeee e e e e e e e e e e e anaea e e e as 106

Figure 74: Heat Map Showing Distances (mi) to the Nearest Reporting AWOS / ASOS / RWIS
Site from All Locations in California and Extreme Bt@ within Areas of Poor Coverage
(Blue = less than 25 miles from nearest site, White = 25 miles from nearest site, Red = more
than 25 Miles t0 NEAreSt SILE).......coiiiiiiieie e e e 107

Figure 75: Heat Map Showing Distances (mi) to the Nearest Reporting AWOS / ASOS / RWIS /
MADIS / MesoWest Site with Q®assed Observations and Reporting Frequency of 15
Minutes or Better from All Locations in California agottreme Points within Areas of Poor
Coverage (Blue = less than 25 miles from nearest site, White = 25 miles from nearest site,
Red = more than 25 miles to Nearest SILe)........cooviiiiiiiiiicee e 108

Figure 76: Airports Relative to Heat Map for Coverage from Reporting AWOSS (Blue =
less than 25 miles from nearest site, White = 25 miles from nearest site, Red = more than 25
MIlES t0 NEAIEST SILE).....cci i i e e e e e e e anaea e e e as 109

Figure 77: Airports Relative to Heat Map for Coverage from Reporting AMOSS or RWIS
(Blue = less than 25 miles from nearest sitditd/= 25 miles from nearest site, Red = more
than 25 Miles 10 NEArEST SIEE).......cueiie i 111

Figure 78: Airports Relative to Heat Map fBoverage from Reporting AWOS / ASOS / RWIS /
MADIS / MesoWest Site with Q®assed Observations and Reporting Frequency of 15
Minutes or Better (Blue = less than 25 miles from nearest site, White = 25 miles from
nearest site, Red = more than 25 miles tgaBEaite)............cooviiiiiiiiiieeer e 113

Figure 79: Heliports Relative to Heat Map for Coverage from Reporting AWSSS (Blue =
less than 25 miles from aeest site, White = 25 miles from nearest site, Red = more than 25
MIIES 10 NEAIESTE SIEE).....iiiiiii i e e e e e e e e e e e e e e 115

Figure 80: Heliports Relative to Helslap for Coverage from Reporting AWEGSSOS or RWIS
(Blue = less than 25 miles from nearest site, White = 25 miles from nearest site, Red = more
than 25 Miles 10 NEArEST SIER).......uviii e e 117

Western Transportation Institute Pagex



Integration of AWOS and RWIS Phase 2 FiRa&port List of Figures

Figure 81: Heliports Relative to Heat Map for Coverage from Reporting AWOS / ASOS / RWIS
/ MADIS / MesoWest Site with Q®assed Observations and Reporting Frequency of 15
Minutes or Better (Blue = less th&b miles from nearest site, White = 25 miles from
nearest site, Red = more than 25 miles to nearest Site)...........cccovvvvieeeeeiieeeeeeeeneeee, 118

Western Transportation Institute Pagexi



Integration of AWOS and RWIS Phase 2 Final Report Introduction

1. INTRODUCTION

Weather significantly affects safety as related to transportation, which includes regional surface
transportation (highways and local streets) and aviation (airgar$pital heliports and flight
paths).Staring 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-gdfroohcept systenfor
integrating Automated Weather Observing System (AWOS) with Roadside Weather Information
System (RWIS). The goal of this mufihase project is to provide airport managers, air traffic
controllers, pilots, and related operators of air ambulance semwitie 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 gated at small, underserved rural airfields and hospital
heliports.

Data from aviation AWOS, ASOS (Automated Surface Observing Systems) and surface
transportation RWIShave beenntegrated along with data from thighrty providersNational
Oceanic and Atmspheric Administration (NOAAMeteorological Assimilation Data Ingest
System(MADIS) and MesoWest into the Aviation WeatherShare System to provide greater
coverage for mtiple agencies. Treating theselependent systems as a larger, integrated system
provides greater spatial coverage while using existing resources compared to the use of AWOS
ASOS alone.

During Phase | of this project, a smatlale systems engineering process was followed to
develop a prototype. Literature review, AWOS/ASOS and RWES3 sihalysis, user survey and
requirements analysis, and ddstnefits analysis research activities have been conducted. In
addition, he prototypewas testedby a small set oprospective users and feedback has been
positive The prototype wasviewed asa 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 conductedPimase Il ofthe research projectwhich ends
December 3% 2015 Following are descriptionsof major project tasks and associated
deliverables:

Task O: Project Management
This task covexdall activities related to project management.

The project champion, project managerdprincipal investigata (Pls) atteneéd an initial kick

off meeting to review and discuss project objectives and to address project Bsoieto the
kick-off meeting, a Project Technical Advisory Panel (PTAWR)s formed to oversee project
work and progress. The PTAP constsdf 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 commudiedth the Caltrans project
champion and project managertoenguteat Cal transoé needs are full
In addition to the kicloff meeting, subsequent project meetingsre conducted as needed,

either inperson or via phone or video conferent@roughout the projecthe project team

submited periodc (quarterly) progress and financial reports as required by Caltrans. These
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progress reports highlighd the current status of the project in terms of work accomplished and
future work to be completed.

A sustained, publicly available web presem@s devipedto provideupdateson the project's
status

Deliverables:
A kickoff meeting was held on Thursday, Februar{},2813 in Sacramento.

1 Quarterly Reportsvere sent via email approximately midway through the months of
January, April, July and October throughout the duration of the project.

1 Other meetingsnvere held via teleconference and web conferemseneededThese
meetings were held as frequently assomonthly basis at peak times of project activity
andless frequently / aseeded at other times.

T A speci al meeting was held in conjunction
on Wednesday, April 23, 2014. Further i nf.
exhibit can be found athttp://www.westernstates.org/Projects/Aviation/Updates/2014
04-29.html

1 The project web rgsencdor 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 usedltbgn€an 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 tmnduct a busiess case analysis ataw produce
documentation for use insubsequenteasibility study report. This will include developing the
partnerships and plans for lotgrm maintenance and management of the system

Deliverables

1 Benefit Analysis of théAviation WeatherShar&ystemby Wenbin Wei, San Jose State
University. Finalized February 2, 2014.

Task 2: Research Additional Sources

In this task the project teardentified current and prospectivaviation weather sources for the
integrated systenmAccessibilty and usability of such informatiamay belimited, so not all data
sources could be usdéurther, 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 soree paia
sources of potentially useful data were identified.

Deliverables

1 Integration of Aviation Automated Weather Observation Systems (AWOS) with
Roadside Weather Information Systems (RWIS) Phase Il Data Sources Summary, by
Daniell Richter and Douglas d@arus, Western Transportation Institute, Montana State
University. Finalized April 27, 2015.
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Task 3: Detailed System Requirements

The highlevel user needs and requiremetttat wereidentified in Phase Wwere convertedand

further developedinto low-level detailed system requirementThe Federal Highway
Administration FHWA) System Engineering Guidebook fimtelligent Transportation Systems

(ITS) was followed throughout the process of defining user requirements. The Guidebook
defines sevencategories of requirementdunctional, performance, interface, data, on
functional, enabling, and constraints. These requirements together define what the system is
supposed to do, how well the system functions, and operational conditions and censtraint
specific requirements developed in this task guided development of the prototype system.

Deliverables

1 Integration of Aviation Automated Weather Observation Systems (AWOS) with
Roadside Weather Information Systems (RWIS) Phase Il Detailed ProtSggiem
Requirements Specification, by Daniell Richter and Douglas Galarus, Western
Transportation Institute, Montana State University. Finalized August 13, 2014.

Task 4: Develop System

The project teancreated a development and testing version ofyiséen that complies with the
detailed system requirements from TaskTBe systemis a webbased application using a
Google Maps user interface with multiple aviatimhated data layer8uilding on the Phase 1
prototype, @ta sourcesvere expandediusabilitywasimproved, reliability and scalabilityssues
were addresse@nd the systerwasenhancd with additionalfunctionality. For the purposes of
development and testing, a version of system is maintained

Deliverables
1 Phase Il System in Development arekting Environment
Task 5: Implementation

The implementatiorand hostingof the Phase Il systewas prirtipally done on WTI/MSU
servers for the purposes of demonstration to the PTAP and other prospectivseendnd for
review a&ceptance of the systeny ICaltrans.The Phase llsystem is fully functional, and
supports numerous simultaneous usérsontinues to be referred to as a prototype system
because Phase 2 was conducted as a research phadehase 2 system went live on August
13th, 2013.

The Plase Il systenwasfurtherinstalledon an externalhost sitefor the purposes of potential
backup and failover. The Phase Il system was not installed on Caltrans servers because
arrangements could not be reasonably completed within the timeframe ofréng &lrase of the
project to do so. As such, only higvel documentationrelated to operation, system
administration and maintenaneere produced within this phase of the project. It is undedst

that a smaller, additional phase will be used to migthe system to Caltrans once
accommodations are made within Caltrans to host and support the system.

Training materialsvere provided to Caltranand the general users of the system by way of an
online Quick Start Guideh(tp://aviation.weathershare.org/QSG.htand a basic usage video
(https://www.youtube.com/v/IG7GPCLPiJus?autoplgy=Members of thePTAP tesed and
reviewed the system to determine that the system works and that all baseline requinesrents
met.
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Deliverables

1 Phase Il System in Production Hosting Environmbtip://aviation.weathel&are.org/

Task 6: Evaluation

Under this task, the research tesoficitedinput from prospective engisers Multiple methods,

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

ended survey of 16 prospectiusers once the Phase Il prototype was available forTise.
Phase Il 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
systen usage.

The results from this taskkesummarizedn this document
Deliverables
1 Evaluation Summargincluded in the Project Final Report)
0 SJSU Surveyesults
o Online Survey Results
o Google Analytics Results
Task 7: AWOS/ASOS Gap Analysis

In this task, lte project teanconduced anAWOS/ASOS(coverage)gapanalysis The inter 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 presguianning for future deployment dfoth AWOS/ASOS and

RWIS systemsvasconducted separately, andoperative maintenance and deploynadrthese
systemswas not consideredit was anticipated that a natural shared cost and benefit for both
surface transportation and aviation communitesld be achievedf cooperative maintenance

and deployment agreemsmould be developed he 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 thgoject 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

1 Integration of Aviation Automated Weather Observation Systems (AWOS) with
Roadside Weather Information Systems (RWHjase IIGap Analysis by Douglas
Galarus andDaniell Richter, Western Transportation Institute, Montana State University.
Finalized July 10, 2015.

Task 8: Determine Usage Status and Recommendations

The prototye systemis viewed as providing neRederal Aviation Administration HAA)-
approved fAsuppl ement arcyeritnfforemda thiiuccred fweaer sfus gH
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 systdisisilngting
AWOS/ASOS dataThis task was intended to conduct outreach to the FAA and others to
document and assess the viability of achieving Fo®fified status. Subsequentihe PTAP

determined that this step would be premature and perhaps unnecessary given anticipated use of
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the prototype system. Instead, the project team was asked to present users of the prototype
system with the foll owi ng idprosided by Cattrans as sérvice i at i
or for informational purposes only. System pe
SeeFigurel.

Deliverables

1 Disclaimer on the splash screen, shown upon entnitpo’/aviation.weathershare.org/

Surface Conditions | Surface Forecast | Surface Layers | Aviation Layers
AWOS/ASOS
Piot Regorts
Terminal Aerodrome Forecasts

“Help® in the upper left of e screen

D@ 0

by Cattrans 35 servica ot for informational purposes only. System
irtoed

Logend: AWOSIASOS ¥

@vie @Mk @R @UR @ UNSPECIFED

Google
® Copyright 2014 WT1/ MSU

Welcome to Aviation WeatherShare.

If you're unsure how to use Aviation WeatherShare, take a look at the Quick Start Guide and the Basic Usage
yvideo. To get help when using Aviation WeatherShare, click on "Help” in the upper left of the screen.

Aviation WeatherShare is provided by Caltrans as sernvice or for informational purposes only. System
performance and data quality cannot be guaranteed.

Thanks for using Aviation WeatherSharel

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 presentatiohhe final repordocuments the prototype system that was developed
as well as associated detailed from the project etratudeliverables:

1 Final Project Repor{this documentwill be finalized prior to the conclusion of the
project: December 3% 2015.

1 TheFinal Project Presentatios scheduled fowednesday, October 212015.
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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 DD12)

DOT Department of Transportation

EMS Emergency Medical Services

ESS Environmental Sensor Station

GMT Greenwich Mean Time

HP Heliport

-5 Interstate 5 (similar for other Interstate roadways)
IFR Instrument Flight Rules

IT Information Technology

ITS Intelligent Transportation Systems

JSON JavaScript Object Notation

KML KeyholeMarkup 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 NationalDoppler 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 Univessi
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SR State Route

TAF Terminal Aerodrome Forecast
TXT Text

URL Universal Resource Locator

us United States

VFR Visual FlightRules

WTI Western Transportation Institute

1.2. Organization of This Report

In Section 2 we preseran 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 gevgags 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 webs

1.3. References
The following projecdocuments were also used to develop this document:

1 Western Transportation Institute, May 2010, Integration of Aviation Automated Weather
Observation Systems (AWOS) with Roadside Weather Information Systems (RWIS)
Final Report.

1 A proposal for the project nditled: Integration of Aviation Automated Weather
Observation Systems (AWOS) with Roadside Weather Information Systems (RWIS)
Phase 2, Galarus, D., Wei, W. June 23, 2011.

1 Integration of Aviation Automated Weather Observation Systems (AWOS) with
RoadsideWeather Information Systems (RWIS) Phase Il Data Sources Summary, by
Daniell Richter and Douglas Galarus, Western Transportation Institute, Montana State
University. Finalized April 27, 2015.

1 Integration of Aviation Automated Weather Observation Syste®#/dS) with
Roadside Weather Information Systems (RWIS) Phase Il Detailed Prototype System
Requirements Specification, by Daniell Richter and Douglas Galarus, Western
Transportation Institute, Montana State University. Finalized August 13, 2014.

1 Integratim of Aviation Automated Weather Observation Systems (AWOS) with
Roadside Weather Information Systems (RWRjase |IGap Analysis by Douglas
Galarus andDaniell Richter, Western Transportation Institute, Montana State University.
Finalized July 10, 2015.

Western Transportation Institute Pager



Integration of AWOS and RWIS Phase 2 Final Report ThePrototype System

2. THE PROTOTYPE SYSTEM

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

events. For the sake of reference and overview we also presentlav@bhsting for the data

sources and the general processing and presentation mechanisms used to present application
information to end users.

2.1. Data Retrieval and Proessing

The System consists of senade 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 browbaised client that presarthe 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:

1 National Center for Atmospheric Research (NCAR) Aviation Digital Data Service
(ADDS):
o PIREPS
o TAF
o SIGMETS
o METAR
1 NOAA's Satellite Service Division of the NESDIS (SSD)
o Satellite Images
1 NOAA's National Weather Service National Doppler Radar Sites (NDRS)
o Radar Images
o Precipitation Images
1 NOAA's National Weather Service NCEP Central Operations (NCO)
0 Wind Aloft
o0 Temperature Aloft
1 Caltrans CWWP2
0 CaltransClosed Circuit TelevisionGCTV)
1 National Oceanic and Atmospheric Administration (NOAA)'s National Weather Service
Public Alerts
o National Weather Servic&(VS) Alerts
1 National Weather Service National Digitabrecast Database
o Surface Forecasts
1 Caltrans Scanweb
o Caltrans RWIS
1 Meteorological Assimilation and Data Ingest System (MADIS)
o Surface Conditions
1 MesoWest
o Surface Conditions
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ThePrototype System

Airport, Heliport and Military Aviation Facilities are presented as a stagerlaising data
provided by Caltrans.

Figure2 shows overall data retrieval aptbcessinddata flow) at a high level:

TAF Retrieval

PIREPS Retrieval
and Processing

and Processing

@

National Center for
Atmospheric Eesearch
(NCAR) Aviation Digital
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I\ftetrieual and Processing
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National Oceanic and Atmospheric
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Weather Service Public Alerts

Surface Forecast

Retrieval and Processing

MNational Weather Service
National Digital Forecast
Database

BWIS Retrieval

Surface
Conditions

JSON Files

R R

and Processing

Caltrans

Scanweh

MADIS Retrieval
and Processing

Metecrological
Assimilation and Data
Ingest System (MADIS)

Mesowest Ret_rleual ‘_@
and Processing

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

The application is presented to user®s a Google Mapsbased, 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 |eg&tes, image®n top of the map.
Markers can beelected to shofurtherdetail for a particular itenSeeFigure3.

& | Help Surface Conditions | Surface Forecast | Surface Layers | Aviation Layers Survey
9 ° | AWOSIASOS g Sawtooth Map ::f
q pilot Reports Boise National Forest ——
i 5 Idaho Falls Jackson
< > Terminal Aerodrome Forecasts | | yampa IDAHO ] a
\v// Airports
Pocatello
- SIGMETS/AIRMETs S )
‘@{ Medford NWS Composite Reflectivity wnets
(2] b NWS 1-Hour Precipitation
‘;\ { ~ A Satellite
- KMCE - MERCED RGNL//MACREADY FIELD | Wind Aloft X
Report Time: 12:53 PM MDT - Tue, Sep 28 Temperature Aloft Ogden
Location: 37.2847286111, -120.513885833 g ?
Flight Category: VFR Salt L%ke City
Wind: 6 MPH (5 knots} from the North (340°) o cPark City
Visibility: 10.0 miles Sandy
Dew Point: 50 °F Provo
I|: Pressure (altimeter): 29.9585662 in. Hg
- Elevation: 154 ft.
Frequency: 132.175 (ASOS)
Phone: 209-381-0926 (ASOS) UTAH
""_" | Raw Data: KMCE 291853Z AUTO 34005KT 10SM CLR 23/10 A2896 RMK AO2 SLP145
S T02330100
[ San Fr, 4 2 'e |
& |
[
& ® @ ‘
&
Death Valley
Cm" IA ' National Park Las \éegas
1S e e
0 G .K e ARIZONA
o,
Ld eac SR e Phoenix
e : &
Mesa

Y
Tijuana Tucoson

BAJA
Legend: AWOS/ASOS Y - FORRES
@viR ®MVRR @IFR  @UFR (D UNSPECIFIED
Go gle Map data ©2015 Google, INEGI | 100 km L Terms of Use N
© Copyright 2014 WT1 / MSU Last Updated: 9/29/2015 1:43:03 PM MDT

Figure 3: Prototype System Google Map$ased Web Interface
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The four menus for selection of data layers are titled Aviation Layers, Surface Layers, Surface
Forecast and Surface ConditioBgeFigure4, Figure5, Figure6 andFigure?.

AWOSIASOS

Pilot Reports

Terminal Aerodrome Forecasts
Alrports

SIGMETs/AIRMETs

MNWS Composite Reflectivity
MNWS 1-Hour Precipitation
Satellite

Wind Aloft

Temperature Aloft

Figure 4: Aviation Layers Menu ltems

Surface Layers
NWS Alert

Caltrans CCTV

Figure 5: Surface Layers Menu Items

Surface Forecast

Air Temperature

Wind Speed

Wind Gust Speed

Humidity

Sky Cover

12-Hour Chance of Precipitation
6-Hour Precipitation

Snow

Weather

Figure 6: Surface Forecast Menu Items

Surface Conditions

Air Temperature
Wind Speed

Hourly Precipitation
24-Hour Precipitation
Humidity

RWIS Stations

Figure 7: Surface Conditions Menu ltems

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 systePAWOS/ASOS sites with available data are located with
markers that are colaroded to indicate their recenttgported flight cateyry: VFR, MVFR,

IFR, LIFRRor UNSPECI FI ED. See the National 'Weathe
for definitions of these flight categorieSeeFigure8.

“ | Help Surface Conditions | Surface Forecast | Surface Layers | Aviation Layers Survey
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3® 9 Mo®to Yosemite Nalional Pare
San M Z T n@ e
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P o ©

ville
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Hespena e 9
Thi )
n Bernardino
Palmengs Joshua Tree
e */ National Park
Im Deserto ej.u iﬁ
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Legend: AWOS/ASOS %

@R ®MvRR @IFR  @UFR QD UNSPECIFIED et

T|u|=na
Map data ©2015 Google. INEGI 50 km L1 " Terms of U:

© Copyright 2014 WTI/ MSU Last Updated: 4/7/2015 10:53:02 AM MDT

Figure 8: AWOS/ASOS Layer

1 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 siteSeeFigure9.

National Forest Ashland

® &

KBLU - BLUE CANYON - NYACK EMIGRANT GAP, CALIFORNIA
Report Time: 8:52 AM MDT - Tue, Apr 7 2015
givers Location: 38.2749, -120.709379167
S@ Flight Category: LIFR
Eureka Wind: 10 MPH (9 knots) from the South (180°%)
Visibility: 0.25 miles
Dew Point: 28 °F
Pressure (altimeter): 29.769586 in. Hg
Elevation: 5278 ft.
Frequency: 120.075 (ASOS)
Phone: 530-389-2091 { SOS,
Raw Data: KBLU 07155 AUTO 18009KT 1/4SM +SN FZFG VV002 MO1/M02 A2577 RMK AO2
PK WND 17026/1500 SLP0S3 PO0O08 T10111022 |

Men—d-o;:mo G Tahoe Ny ﬁnal Forest Reono

National Forest o) L e
e e @ G N Carson City
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9‘;
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Humboldt-i
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San M 22 o TSR P
Figure 9: Detailed Observations from AWOS/ASOS Site
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The Pilot Report¢PIREPS)layer, located in the Aviation Layers menu, shows Pilot Reports of
inflight weather conditionsSeeFigurel0.

| Help Surface Conditions | Surface Forecast | Surface Layers | Aviation Layers

9:15 AM MDT - Tue, Apr 7 2015
Location: 40.51, -122.29

Air Temperature: 25 °F =
Flight Level: 4000 . - 0 nal Forest
Aircraft Type: C208 S “ " \daho Falls

Location: RDD16010

Time: 1515 (UTC)

Altitude: 4000 ft.

Aircraft Type: C208

Air Temperature: -04 °C

Icing: LGT RIME 060

Raw Data: KRDD UA /OV RDD16010/TM 1515/FL0O40/TP C208/TA -04/IC LGT RIME 060

[
|
I i ’
| . J
|
|

' NEVADA

&N

- National Forest
-

~%,

El Vizeaino
Legend: Pilot Reports N A

o Pilot Report
Terms of Use

(Govgle 3
® Copyright 2014 WTI / MSU Last Updated: 4/7/2015 10:52:02 AM MDT

Figure 10: Pilot Reports Layer and Detailed Observation
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The Terminal Aerodrome Forecasts (TABRyer, located in the Aviation Layers menu, shows
forecast conditins at airport locations. For more information about Terminal Aerodrome
Forecasts, see NOAAOGs Nati onal 2\Weckidule®r Ser

Surface Conditions | Surface Forecast | Surface Layers | Aviation Layers

Victoria |
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FMO71600 22010G20KT 35M -SHEN BKNO15 OWC025 TEMPO 0716/0720 1/25M SN
Vw008 FMOE0200 24006KT 55M -SHSN BKNO20 OWC030 | 5i
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Dgden
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wind dir deerees: 220 -
— —_— = - Provo

A
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o o an City

UTAH
Sac&‘tta +)
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Legend: Terminal Aerodrome Forecasts
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e

Map data ©2015 Google. INEG] 100 ken L———J - Tenms of Use

@ Copyright 2014 WTI/ MSU Last Updated: 4/7/2015 10:52:05 AM MDT

Figure 11: Terminal Aerodrome Forecasts Layer and Detalil

2 https://www.aviationweather.gov/static/help/tiscode.php
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The Airports layer, located in the Aviation Layers menu, shows locations of airports, heliports
and military air fieldsSeeFigurel2.

“~ | Help Surface Conditions | Surface Forecast | Syrﬁice Layers | Aviation Layers Airports
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Figure 12: Airports Layer
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Users can click on airport / heliport / military air field rkers to view additionafacility
information including Caltrans data plat&seFigurel3.
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Figure 13: Heliport Detail Including Link to Caltrans Data Plate
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The SIGMETS/AIRMETs layer, located in the Aviation Layers menu, shoegions
corresponding to curremarnings for hazardous weather including turbulence, icingSete the
National Weather Service Aviation Weather Cehtdor further information about
SIGMETs/AIRMETs.SeeFigure14.
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Figure 14: SIGMETs/AIRMETs Layer

3 https://www.aviationweather.gov/sigmet/help
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Users can click within regions for detail on the spediitvisories. Ifoverlappingadvisories
apply to the selected locationlist is presented showing the individual advisometh links for

details SeeFigurelS.
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Figure 15: Overlapping AIRMETs
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AIRMET warningsinclude start and end times as well as minimum and maximum altitudes
defining the range of the warning. An indication of severity may also be incl8defigure 16,
Figurel7, Figurel8, Figure19andFigure?20.

| Help Surface Conditions | Surface Forecast | Surface Layers | Aviation Layers Turbulence AIRMET
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Figure 18: Instrument Flight Rules AIRMET Details
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Figure 20: Convective Outlook Detail from SIGMETs/AIRMETs Layer

Western Transportation Institute Page24



Integration of AWOS and RWIS Phase 2 Final Report ThePrototype System

TheNWS Composite Reflectivitiayer, located in the Aviation Layers menu, shoadar
imagery SeeFigure21.
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Figure 21: NWS Composite Reflectivity Layer

Western Transportation Institute Page25



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

The NWS1-Hour Precipitatiodayer, located in the Aviation Layers meishpws precipitation
amounts derived from dar. SeeFigure22.
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Figure 222 NWS 1-Hour Precipitation Layer
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The Satellite layer, located in the Aviation Layers menu, shows sateibigery using various
image enhancement techniques. See the NOAA Office of Satellite and Product Ogefations
further information on these image enhancement techni@esf-igure 23, Figure 24, Figure

25, Figure26, Figure27 andFigure28.
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Figure 23 Satellite Rainbow (rb) Layer

4 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, shdagcast wind speeds aloft.
Sublayers show predictions at 30004thove Mean Sea LeveAMSL), 6000 ft. AMSL, 9000 ft.
AMSL, 12000 ft. AMSL and 15000 ft. AMSL and athibur intervals covering approximately 24
hours Colored arrows indicate the magnitude and direction of forecast windsster image is
also showncovering the state and indicating forecast wind spegdsFigure 29, Figure 30,
Figure31, Figure32, Figure33 andFigure34
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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
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