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Abstract

The2002Winter Olympic andParalympicGameswill behostedby SaltLake City, Utah,dur-
ing February-March 2002. Advse weather during this period may delay sportueges while
snav andice-coveredsurfacestreetsandhighwaysmayimpedeaccesdy theathletesandspecta-
torsto thevenuesWhile winter snovstormsandotherlarge-scaleveathersystemgypically have
widespread impacts throughout northern Utah, hazardous winter weather is often related to local
terrainfeatureqthe WasatchMountainsandGreatSaltLake arethe mostprominentones) Exam-
ples of such hazardous weather includeelakect snevstorms, ice fog, @p winds, danslope
windstorms, and lw visibility over mountain passes.

A weather support system has beevettgped to preide weather information to the athletes,
Games dicials, spectators, and the interested public around dhlelWThis system is managed
by the SaltLake Olympic Committeeandreliesuponmeteorologistérom thepublic, private,and
academisectorsof theatmospherisciencecommunity Weatherforecastingdutieswill beled by
NationalWeatheiServiceforecastersindateamof privateweatheiforecastersrganizedoy KSL,
the Salt Lak City National Broadcasting CompafNBC) television afiliate. Other ggernment
agencies, commercial firms, and the \égnsity of Utah are prading specialized forecasts and
support services for the Olympics. The weather support systeztoded for the 2002 Wter
Olympicsis expectedo provide long-termbenefitdo thepublicthroughimprovedunderstanding,

monitoring, and prediction of winter weather in the IntermountaastW



1. Introduction

The 2002 Winter Olympic and Bralympic Games will be held in the vicinity of Salt kak
City (SLC), Utah,duringFebruary-Marcl2002.Approximately3,500athleteswill competan 15
sports that will tak& place at 5 outdoor and 5 indo@nues. A weather support system has been
developedto provide weatherinformationfor the GamesThis systemis managedy theweather
supportgroupin thesportsdepartmenof the SaltLake Olympic CommittegSLOC)andinvolves
meteorologists from g@rnment agencies, pate firms, and the Uwversity of Utah. V@ather
forecast operations g several days prior to Opening Ceremonies on 8 Febyaantinue
through Closing Ceremonies on 24 Februand resume for theaRPalympics from 7-16 March.

Planning for the weather support systergdmein 1995, shortly after the selection of SLC by
the International Olympic Committee as the site for the 2002 Games. Bealgmlment of this
weather support systemaw done by ingiduals at the Umersity of Utah and the National
WeatherService(NWS) SLC WeatheorecasOffice (WFO). Furtherdevelopmenbf thesystem
hasinvolvedmary peopleat SLOC,WFO, NWS WesterrRegion ScientificServiceDivision, the
NOAA Cooperatre Institutefor RegionalPrediction(CIRP)in the Departmenbf Meteorologyat
the Unversity of Utah, and a prate sector forecasting group associated with KSL, the local
National Broadcasting CompafNBC) television afiliate.

Indoorandoutdoorvenuedor the2002Winter Olympic andParalympicGamesspanabroad
area of northern Utah (Fig. 1). Indo@nues are concentrated in the Saltd_sélley, but one
venueis locatedin Ogdento thenorthandanothetis locatedin Provo to the south.This metropol-
itan corridor is called the ®gatch Front, has an eéion of ~1300 m, and gers a north-south
distance of 110 km to the west of the@¥stch Mountains along Interstate 15. The Gutdoor

venues lie on the eastern flanks of thes@ich Mountains. A lge number of spectators will



travel from accommodations located up to 100 kmayafrom the enues. Br example, on the
first day of competition (February 9), nyaspectators will tneel across the Asatch Mountains
on Interstate 80 to atch mogul skiing at Deeralley (16,000 people), ski jumping at the Utah
Olympic Rark (22,000), and cross-country skiing at Soldier Hol{@0,000) (Loomis 2001).

Significant weathenents hae afected all past winter OlympicsoFexample, weather
relateddelaysfor alpineski eventsoccurredduringthe 1984 Saraj&o, 1992Albertville, and1998
Nagano Games, while arm temperatures and high wind#eated operations during the 1988
Calgary GamesAdverseweather(e.g.,heavy snonfall, strongwinds,low visibility dueto fog or
snaw, or avalanchesinaydelayor postponeventsassociateavith the2002Winter GamesSnowv
and ice-cwered surdce streets and higlays within the Veisatch Front andver the Vsatch
Mountains could impede road access to #eues by athletes and spectators while limited visi-
bility and high winds could hampeviation operations\@r mountain passes. The safétgalth
andcomfortof spectatorsvho maybeoutdoordor severalhourscouldbeaffectedby heavy snow
or rain, etreme wind chills, or swo and ice on wlkways. An étended stable period with cold
air trappedn thevalleys couldleadto poorair quality thatmayresultin respiratoryproblemsfor
athletes and spectators. Still otheratis afected by weather include:

*snav making,

* construction, safetyand durability of temporary outdoadilities and displays,

* outdoor ceremonies (opening and closing ceremonies at therkity of Utah and medal

award presentations in dmtovn SLC),

* outdoor celebrations in cities throughout northern Utah,

* operation of parking lots aenues and transportation hubs,

* emegeng and security operations related to the spill or release of hazardous materials.



In addition, almost all aspects of outdoor competition are impacted byiesse weather
events on anwent day Ski jumper safety can be a concevarein light winds if the winds are
gusty Theability to competefor medalsn nordicor alpineski eventsrequiregproperpreparation
andwaxingof ski basegor thesnowv conditionsthatareobseredduringanevent. A dayprior to
the Mens or Womens davnhill, top-rated skiers and their teanvalkeiate current and future
weatherandsnav conditionsto selectstartingpositionsthatthey hopewill provide themwith the
best conditions for their run.

The Olympic weather support system must meet tversk requirements of the 2002nér
Games in the conteof the winter weather ofterxperienced in northern Utahyfical and
extremeweatherconditionsobseredduring pastwintersin northernUtahwill besummarizedn
the net section. An gerview of the weather support system will be presented in Section 3 fol-
lowed by a moredetaileddiscussiorof the supportactiities providedby CIRP. The potentialleg-

acies of the weather support system will be summarized in Section 5.

2. Local Climates and Hazar dous Weather

a. Local Climates

Theinteractionof atmospheri¢lows with thecomple terrainof northernUtah contrikutesto
the derelopment of a ariety of micro climates. W/summarize here the typical weatheelykto
be eperienced by the athletes and spectators on the basis of long-term recer®® (gears)
availableatvalley stationsandsomemountainlocations Recordsat severalof the outdoorvenues
were &ailable only for the past geral years (see Section 4a).

Wasatch Front early morning temperatures are typicallyabitezing (&erage minimum

temperature around -4°C (25°F) in February and -1°C (30°F) in March). Afternoon maximum



temperatureareusuallyabove 4°C (40°F)in Februaryandabove 10°C (50°F)in March.About5
snavstorms occur in the ¥satch Front during February withesage snefall during the month
around28cm (11in). Snavstormsareequallylik ely duringthe ParalympicGamesduringMarch.
Stable episodes coupled with kigdog in the \alleys occur occasionallyvith roughly an 8%
chance that fog delops on ay particular day in February near the SLC airport.

Mountainvalleysto the eastof the WasatchMountains,includingthe OgdenValley northeast
of the Snavbasin enue and the HebelaWey near the Soldier Holle venue (see Fig. 2 for loca-
tions), are at higher alations (~ 1900 m) than theasdatch Front (~1300 m)emperatures tend
to be significantly lver in the morning, while afternoon temperatures are similar to those of the
Wasatchront. Thenumberof stormswith precipitationfalling assnow ratherthanrainis slightly
higher in the mountainalleys than in the \Wsatch Front with mean February wfall amounts
varying from 28 cm (11 in) in the Ogdemléy to 41 cm (16 in) in the Heberlley.

The outdoor enues, located within 50 km ofwotowvn SLC, \ary in elezation from 2826 m
(9270 ft) at the top of the Swbasin mers davnhill course to 1670 m (5480 m) at the Soldier
Hollow crosscountry/biathlorcourse Therearetremendousariationsin theweathemandclimate
at these gnues. Snwebasin, for gample, aerages 193 cm (76 in) of snfall during February

near the top of the mentavnhill course, while Soldier Holle averages only 48 cm (19 in) dur-
ing thesameperiod.At Snavbasin,windsmayexceed30m slatthe ridgetopsatthe sametime

that the winds remain less than 5 thag the base of the mountain.

b. Hazardous Weather

Examination of February and March weather conditions during the past 30 years illustrates

that northern Utahx@eriences mantypes of widespread hazardous weather conditions, includ-



ing low temperatures, hegp snavfall, and high winds. Long-term records at the Saltel @Ry,
Hill Air Force Base, and Pro airports hae been used to determine the freqyesfooccurrence
of rain, snav, fog, high wind, andxreme cold temperature. (Summaries of this research are
available via the Internet at http://wwwet.utah.edu/olympics.) February arctic air outbreaks,
which occur onerage oncewery 4 years, ha led to temperatures bele18°C (0°F) and pro-
longed periods betw -9°C (15°F) in the Salt LakValley. During the February Olympic period,
the record snefall during a 24-h periodaries from 48 cm (19 in) along thea®atch Front to
over 100 cm (40 in) in the mountains. Strong gusty winds, often lasthegaséours prior to the
passage of fronts, are common.

Somehazardousveatheitendsto recurin preferredocationsassummarizedn Fig. 2. Icefog
develops along the bottom of the Salt ea¥alley, which often dkcts operations at the SLC
International Airport, and contnitbes to hazardous #iing conditions near the intersection of I-
215andlI-15 (Fig. 2). As notedearliet thereis an8% chancehatfog will developonagivenFeb-
ruarydaynearthe SLC Airport. Prolongedce fog eventsalsooccut on average gvery few years.
In Februaryl985,densdog wasreportedat SLC for 22% of the Olympic period.Hazardouslriv-
ing during snwistorms is also a common occurrengeranajor passes, which climatologically
obsere measurable smdall on around one-third of the days during the Olympic perioga- A
lanche hazard can also result in the closure of US-189 wo Rraryon (Fig. 2). Easterlyap
windsoccurmostmorningsat mary caryon mouths(e.g.,WeberCaryon onthe InterstateB4 cor-

ridor and Rrley’s Calyon on the Interstate 80 corridor). Woeslope wind storms with winds in

excess of 30 m$ typically develop once or twice each winter to the west of thesatch Range
and etend out a f& km into the Vdsatch Front (see Fig. 2). Suchwislope conditions, com-

bined with enhanced drainage circulations during early morning, can lead to particularly strong



winds at the cayon mouths. Wh winds in &cess of 20 m'$ occuring 8% of the time on the
University of Utah campus, strong winds coulteeaf opening or closing ceremonies.

A major winterseason forecast challenge for Utah meteorologists, and a concerimfer W
Games logistics, are lakefect snavstorms produced by the Great Salt aBuch snestorms
can produce sndfalls of 10-30 cm (4-12 in) in the &¥atch Front (see Fig. 2), andv@&ontrib-
uted to levland storm total accumulations of as much as 130 cm (50 in) (Carpenter 1993; Slem-
mer 1998; Steenlogh et al. 2000). Installation of the NWSedther Sureillance Radai 988
Doppler(WSR-88D)radarat PromontoryPointin 1994,andsubsequendevelopmentandexpan-
sion of MesoWést (see Section 4a), prded an opportunity for rapid progress in the understand-
ing of Great Salt Lad efect snavstorms prior to the Olympics. Steemgh et al. (2000),
Steenlirgh and Onton (2001), and Onton and Steegib(2001) describe the ta-scale charac-
teristics and mesoscale structure of Great Salelefkct snovstorms.

While eachwinter over the past30 yearsproducedexamplesof adwerseconditionsthatmight
affect the hosting of the Olympic andmlympic Games, a series of particularlyese &ents
occurred during February 1986, which include:

e 12-13FebruaryA verywetstormoverthe WasatchFrontandWasatchviountainswith 60-

90 cm of snawv in themountains. Many naturallyreleasedvalancheoccurred On Interstate

80 (the major pass across thad&tch Mountains), 60 cm of smdell with blizzard condi-

tions reported.

* 14-17 FebruaryVarm temperatures with hearains in the alleys and wer the laver

slopesof the WasatchMountains Heary snawv at higherelevationsled to avalancheandmud

slides: a couple of homes were degtain the central \Asatch Mountains. A 55 msvind

gustwasrecordedatthe Park City Ski Resort(siteof Olympic snovboardingandgiantslalom



events). The Snebasin Ski Resort (site of Olympicwahill and super giant slalonvents)

was closed.

« 18 FebruaryA record high minimum temperature of°Clfor February \as obsered at
the SLC airport. Snemaking at the Soldier How cross-country @nue would hare been

impossible from 14-18 Feb

« 19FebruaryA squallline traversedchorthernUtahwith a54m s 1 gustatthe Park City Ski
Resort. Mogan County vas declared a disaster area as a result of flooding (considerable traf-

fic to the Snarbasin Ski Resort will trgel through Mogan County).

3. Olympic Weather Support: Organization and Roles

a. Organization

Olympic weather support has traditionally been led by the host cauptigiary weather
ageng. For example, weather support for the 1996 Centennial Olympic Games held in Atlanta,
Geogia was led by the NWS (McLaughlin and Rothfusz 1996; Rothfusz et al. 1998), while
weather support for the Sydn2000 Olympic and &alympic Games as proided by the Aus-
tralian Bureau of MeteorologBecause of the compleveatheirelated needs of the Olympics,
mary othergroupshave oftenbecomenvolvedin weathersupportactvities. For example,25fed-
eral and state agencies and commercial firms and 15 components of the National Oceanographic
and Atmospheric Administration assisted the NWS SouthegioRdor the Atlanta Games
(McLaughlin and Rothfusz 1996; ®Rell and Rinard 1998; Snook et al. 1998; Johnson et al.
2000).0lympicsalsohave senedasopportunitieso shovcasenew technologyandtestnew fore-

cast techniques (Snook et al. 1998gKan et al. 2000).



Meteorological services prior to and during the 1998adagwWinter Olympic Games were
provided by the Japan &dther Association, the G@st prvate weather ganization in Japan,
under contract from the Nago Area Qganizing Committee. \@ather delays during the Nagp
Games were greatly miaged by long-term meteorological planning andeti@oment of a
sophisticated and detailed forecast system.

The oganization of the weather support system for the 2002eNGames diérs from the
ones used for pmous Olympics. @ble 1 summarizes the groups that will\pde weather sup-
port during the Games. The primary weather forecasting responsibilities for the Olympics are
shared by NWS and KSL forecastersréeasters from other gernment agencies will pvae
forecastgor specificOlympic-relatecapplicationsOthergroupsjncluding CIRR, have developed
resources that will be used by the forecasteesréew the roles of each group in the fallimg

sub-sections.

b. SLOC Weather Support Group

Staf members in the SLOC sports department manage and coordinate weather support for
SLOC operations. SLOC is responsible for weather support for the athletes, Jpmais,of
SLOC staf, accredited media, and national and international Olympic committees. One of
SLOC's biggest challenges is tacilitate close coordination among all forecasting groups to
ensure that consistent forecasts are issued. The SLOC weather support group also manages
weather vlunteers, including undgraduate and graduate students at thedysity of Utah and
other local residents. The weathetunteers assistenue forecasters and pide supplemental
weathemobsenationsrequiredfor theevents.Official manualWweathembsenationsarestartedone

hour before each outdoovenmt beins and continue at 15 minute intals/throughout thevent.
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c. SLC Wather erecast Ofice

The NWS role in support of the 2002iér Games is to pwide public forecasts andamn-
ingsto protectlivesandproperty in accordwith its mission.The SLCWFO will bereferredto as
theWeatherOperation€enten WOC) duringthe Olympics.In additionto theregularSLC WFO
staf, five forecasterérom otherNWS WFOsandoneforecastefrom the NationalSevereStorms
Laboratory were selected to participate i©@ operations. dur of the six supplementary NWS
forecasters will be assigned to théO@ at ay given time during the Gamesw® Advanced
Weather Information and Processing SystenWI@S) workstations hae been added to the
WOC for use by the supplementary forecasters to access and displayttasgand numerical
guidanceThesupplementariNWS forecastersssuedoracticeforecastsluringWorld Cupevents
that were held February—March 2001.

In addition to routine WFO operations, the supplementary NWS forecasters will be responsi-
ble for coordinatingwarningsandforecastaith the KSL forecastersaswell asforecasteratthe
Aviation Security Operations Center (ASOC) at Hill Aar€e Base. Thewill also issue a Haz-
ardousWinter WeathePotentialproducttwice eachdaythatfocuseson eachof theprimarytrans-
portation corridors connecting thea®atch Front with theemues to the east of thea®éatch (see
Figs. 1 and 2). This product includes forecasts of weathed, temperature, wind chill, precipi-
tation type and amountoFecasts of weathewind, temperature, and smfall amount are also
madefor theavalanchezonesalongUS-189(Fig. 2). TheUtah Departmenof Transportatiomwill
use these forecasts as part of their winter road maintenanceadaugche control operations
along with forecasts issued by Northwestathernet (see Section 3i). The supplementary NWS
forecasters will field media inquiries from both SLOC-accredited and non-accredited ngedia or

nizations that may otherwiseerwhelm the eisting WFO stdt
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Figure 3 summarizes the Waoof information through the WC. The primary source of
weathernnformationatthe WOC will berecevedfrom AWIPS.Additional obserationswill flow
from the \enues and from CIRFhe NWS will distrilute weather guidance to myansers
through a public web page and other routine distigim methods. NWS products will also be
inserted into the protected communications system operated by the Utah Olympic Public Safety
Command, which is a consortium of local, state, and federal security and safety agencies. Other

components of the dataWaequired for the Olympics will be described in later sections.

d. KSL weather team

A team of 13 prate sector meteorologists has the responsibility teigeealetailed micro-
scaleweatheiforecastgor thefive outdoorvenuegFig. 4). Theseforecastswill beusedprimarily
by the athletes, sports managers, team captansgvmanagers, Olympicfiofals and on-site
spectatord-our memberof theKSL teamwill work in the WOC while sevenothermemberswill
be located at thevie mountain gnues. The remaining tamembers of the team mide overall
coordination and will gie briefings to Olympic and SLOCfwfials in SLC at least twice each
day Weather briefings will also be prded to SLOC-accredited media at the Olympic Media
Center

TheKSL venueforecasteamwasassembledhy Mark Eubank KSL chief meteorologistand
is composeaf meteorologistsvho have extensve experiencdorecastingheweatherin northern
Utah.Theteamconsistof retiredNWS meteorologistandpersonnefrom six privateforecasting
companies: WatherCycles, Inc.; ®atherBank, Inc.; Batherfcts, Inc.; Meteorological Solu-

tions,Inc.; EM-Assist;andAlta ForecastingThevenueforecasteamwasassembleduring1999
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and has tw winters of on-site forecasxgerience for pre-Olympic anddkld Cup testing and
training events.

The KSL forecasters ka the responsibility to “funnel” theverall weather picture an to
the microscale of eaclenue. A joint weather phone conference will be conducted each morning
by the \enue, WDC, and ASOC forecasters. Mesoscale forecasts will be sent toegaahfrom
the WOC, and the KSL enue forecasters will then interpret the information and apply it to the
microscale. Briefings at eackerwe will be gren routinely 2 to 3 times a day or more often if
neededThevenueforecastersvill have on-siteaccesso thelatestweathembsenations,graphics
and model data using FX-Net (see Section 3f) and als®dess to weather producteothe
Internet. Véather forecasts will be issued three times daily at § L3TST and 18 LST
Updateswill beissuedasneededThefirst 13 hoursof eachforecastperiodwill consistof hourly
forecasts follaved by 3 hourly forecasts out to 60 hourstdeast fields include: glcover, pre-
cipitation type and amount, air temperature, wind direction, wind speed, wind gusts, wind chill,

visibility, humidity, and snas temperature.

e. NOAA Cooperative Ingtitute for Regional Prediction (CIRP)

CIRP assists in the coordination of weather supportiae by SLOC and theavious fore-
cast groups. (CIRP resed funding from the U.S. Congress during FY 1997-2001 to help pre-
pareandsupportheoperationaforecastesponsibilitief the Olympic weatheisupportsystem.)
The Olympic weather support project at thevwensity of Utah contribtes to the educational,
research, and public service missions of thevélsity Olympic-related actities undenay in

CIRP will be summarized in greater detail in Section 4.
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f. NWSWestern Region Headquarters

TheNWS WesternRegion ScientificServiceDivision hassetup AWIPS senersto feeddata
to the outdoor @nues where it can be wied on the FX-Net system. This PC-based systas w
designedy NOAA’s ForecasiSystemd.aboratoryasa vehicleto allow meteorologistso look at
the AVIPS data set on aver-cost platform fed by narvobandwidth communications. Hence,
the KSL \enue forecasters i@ access to the same data sets as the NWS and KSL forecasters at
the WOC. The enue forecasters tested the FX-Net safenduring the past winter and were sat-

isfied with its performance.

0. Aviation Security Operations Center (ASOC)

ASOC forecasters will prade forecasts and briefings to pilots flying emues. A communi-
cations line and FX-Net systemveabeen installed at the ASOC at Hill Aiof€e Base todcili-
tate coordination between®C and ASOC forecasterso Support helicopter and othesiaion
traffic landing at outdoorenues, the U. S. Airdfce will also deplp Tactical Meteorological
Observing System (TMOS) portable weather stations near tiveb@sm, Olympic Brk, Rark
City, and Soldier Hollev outdoor enues, as well as at one location to the west of the mountain
pass between Salt LalCity and Brk City (see Fig. 5). TMOS pvales continuous reports of
wind, temperature, moisture, ceiling, visibijitiquid equvalent precipitation, and present

weather

h. Utah Avalanche Center

The U.S. lerest Service Utahvalanche Center is located at th©W®. In addition to their

normal duty to advise back countryvedlers (skiers, svamobilers, snashoers) on\alanche
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potential theavalanchdorecastersvill provide guidancedo securitypersonnebn avalancheaisks

around the back country perimeters wdlanche-proneanues.

i. Other Groups

Someweatherforecastactvities arelargely autonomougrom theweathersupportsystenmout-
lined in the preious sub-sections.dF example, Northwest Wathernet has pvaled the Utah
Department of fansportation with road weather andi@aent condition forecasts forveezal
winters and will continue to do so during the Olympics aahiympics. The Defense Threat
Reduction Ageng (DTRA) will provide specialized forecasts to méig hazardous spills or
releasesAmbientair quality is monitoredby the Utah Air Monitoring Centerto protectthe health
of UtahcitizensandOlympicvisitors.All of theseadditionalmonitoringandforecastingactivities
rely to someextentuponMeso\W\estobsenations(seeSectiorda) andotherresourcesn common

with the other forecast groups.

4. CIRP Support Activities

Researclmasbeenundervay sincethecreationof CIRPin 1996to improve theunderstanding
andpredictionof atmospheri¢lowsin comple terrain.For example theIntermountairPrecipita-
tion Experiment (IPEX) ws held during February 2000 in the vicinity of SLC to imprthe
understanding, analysis, and prediction of precipitati@r the complbe orograply of the Inter-
mountainWest(seecompaniorarticleby Schultzetal. 2002).Besidedasicandappliedresearch
onUtahweather(seeSection2), CIRPfaculty, staf, andstudentdiave contritutedto the Olympic
effort in three general areas: monitoring current weather conditions in northern Utah and around
the West, real-time mesoscale modeling, and direct suppoviteifor the Olympic weather

support system. These afties are summarized in the foling sub-sections.
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a. MesoWest and ShowNet

A number of weather netwks were operational in northern Utah when that@/ Olympics
were avarded to Salt Lak City in 1995. Wirk was undenay at that time by forecasters at the
SLC WFO and researchers at theuansity of Utah to collect the obsations from those net-
works for use in weather forecasting and research. Nonetheless, itgognized that additional
collaboration with SLOC, commercial firms, and local, state, and federal ageasiesuessary
to support the weather needs of tlengs oganizers, athletes, and the weather forecast team.
Since documentation of weather conditions prior to the Olympassrequired for planning (and
duringthe Olympicsfor operations)additionalweatheisensorandweatheistationsvereneeded
at venues and otherek locations in northern Utah. Bmning in 1996, weather equipment has
been installed cooperagly by SLOC, CIRPthe NWS, the Utah Department afiisportation,
and the commercial firms and state agencies managing the outdoor Olgmyés vPortable
weather stations maradtured by Campbell Scientific, Inc. that were dggtbby the NWS
SoutherrRegion for the 1996 AtlantaSummerOlympic Gamesveremadeavailableto the NWS
Western Rgion after the summeragnes were completed. Also during 1996, the NW&Stéfn
RegionandtheNationalSerereStormsLaboratorybeganaresearchprojectin thevicinity of SLC
designedo validateWSR-88Dradaralgorithmsin regionsof comple terrain. In supportof this
project, weather equipmeniw deplged at eight locations (four within theasgatch Front and
four at Olympic enues).

A unique partnership hasaved since 1996 within the gernment, commercial, and
research communities to share weather information in northern Utah and throughout the western
United States. Initially referred to as the Utah Mesonet, the collection of data outside of Utah led

to its redesignation as Mes@#! in January 2000 (see companion article by Horel et al. 2002).
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During February-March 2002, weather obsgions will be &ailable from @er 278 locations in
the northern Utah ggon shavn in Fig. 5. These weather stations amed and operated by 15
commerciafirms, 8 local andstateagenciesand9 federalagenciesWeathemataarecollectedat

5 to 60 minuteintenalsvia ethernetphone cellularphone radio,satellite,andmeteorbursttech-
nologiesandrelayedto the University of Utah. Throughouthe westernUnited StatesMesoWest

is dominated by the lge federal netarks that support primarily theviation, fire weatherand
waterresource&eommunitiesin northernUtah,we have workedcloselywith the privatesectorand
localandstateagencieshatoperatenveatherstationsfor avariety of specificpurposesincluding:
water resource management, air quality monitoring, winter road maintenance, equipraknt de
opment, agriculture, ski area operations, and gemy management.

As part of a combined fefrt of the SLC WFO and CIREhe WFO operates 4 computers that
collect weather obseations by phone and radio from Campbell Scientific weather stations
deployedby commerciafirms andgovernmentagenciesThis collectioneffort is calledSnovNet
and radio base stations are maintained at the Promontory Point WSR-88D radarrsstarth
Peak, and Olympics SportaiR to prwide radio coerage across the Great Salt eaver the
Wasatch Front, and at the SporgslPvenue, respectely (Fig. 5). Vtather obseations are col-
lected from 27 sites at the 5 outdoor Olympeniwes (Fig. 4). All weather stations report wind,
temperature and relaé humidity while at least one station at ea@mue has additional liquid
equialent precipitation, smodepth, and pressure sensorgailier aides at the outdo@mues
will help verify automated measurements, especiallyvalb. Weather stations are also located
in close proximity to all of the indoorewues within the Asatch Front (see Fig. 5).

As a means to intgate the sudce obsemtions in northern Utah for use inmeasting and

forecast erification, surhce analyses of temperature, wind, and reddiumidity are generated
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usingthe ARPSDataAnalysisSystem(ADAS) on a 1-km horizontalgrid every 15 minutes(Laz-
arus et al. 2002). These analyses are meai@ahle, along with the swate obsemtions, via the
Internet to all potential users as well as disiielol for use in WIPS at the @C and FX-Net at

the outdoor gnues (Fig. 3).

b. Real-time mesoscale modeling

For the past 3 years, CIRP hasypded modeling support to WFO operations in the form of
twice-dailyreal-timemodelguidanceTheseactvities have allowedfor hands-oruseof the mod-
eling system by WFO and KSL forecasters, and tieldpment of MOS equations that piade
point-specific forecasts for Olympierues and other weatksgnsitve locations. The modeling
system is knan as the Intermountain &dther Brecast System (IWFS) and is based on the non-
hydrostaticPennState/NCARMMS5 version3 (Grell etal. 1995).SinceJuly 1998,IWFS hasfea-
turedanouterdomainwith 36-kmgrid spacinghatcoversthewesternUnited Statesanda nested
domainwith 12-kmgrid spacinghatcoversUtahandportionsof adjacenstatesThemostrecent
configurationSeptembe2001)includesanexpandedl2-kmdomainandaninnernestwith 4-km
grid spacing(Fig. 6). Forecastproducedwvith thenew configurationwereusedby Olympic fore-
casterdor severalmonthsprior to the Winter GamesMajor parameterizationsicludetheexplicit
moisture scheme of Hsie et al. (1984) with inyerments to all for ice-phase micropisics
belav 0°C (Dudhia 1989), Kain and Fritsch (1993) cumulus parameterization, Hongand P
(1996) MRF boundary layeand Dudhia (1989) cloud-interastiradiation scheme.

Initial andlateralboundaryconditionsareprovidedby the NCEPEtamodel,with ADAS (see
section 4a) used to incorporate Mess\obserations into the neagurface initial conditions. A
secondsimulationis run, but availableatalatertime, usingthe NCEPAviation model. The IWFS

runs on a Linux clustea group of netarked personal computers running the Linux operating
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system. Using 16 1.3 GHz Adrced Micro Deices Athlon processors, a 36-h forecast (with all
three domains) requires 70 min to complete. Since Eta model output grids are typakyie

by 0300 (1500 UTC), and additional time is needed for initial condition generation, model post-
processingandfile transfershourly modeloutputfrom IWFS s typically availableto forecasters

in AWIPS and FX-Net by 0445 (1645 UTC).

MM5-based model output statistics (MM5-MOS) yade hourly forecasts of temperature,
dewpoint, wind speed, and wind direction at the outd@mues and other weather semsiloca-
tions (e.g., @ble 2). At enues with substantiabxiability in suraice weather conditions, MM5-
MOS is aailable for multiple observing sites. MM5-MOSw/used by Olympic forecasters dur-
ing test gents held during the 2000-2001 winter season axlypgraded during summer 2001
using a three-year period of obs&rens and forecasts. Model products and MM5-MOS can be

accessed at http://wwmet.utah.edu/olympics.

c. SLOC Support Activities

CIRP faculty and stdfhave worked closely with SLOC stafo develop access to weather
informationrequiredfor Olympic planningandoperationsConsiderableffort hasbeenrequired
to develop softvare to route weather information to the SLOC computeraor&swvhile main-
taining secure netwrking for all oganizations. The Info 2002 computer system has been
designed by SLOC for the athletes, Olympigamizers, and SLOC-accredited media while
SLOC and MSNBC (a cable wes network and Internet nees service partnership between
Microsoft and NBC) hee jointly developed the dicial public Internet site for the Wwer Games
(http://www.saltlale2002.com).

As summarized schematically in Fig. 3, weather reports from automated weather stations at

the \enues are collected routine(Automated weather obsations are also accessed manually
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onapersonatomputeroperatedy aweathewolunteerat the venue.)Supplementainformation

(e.g., sk condition and sne temperature) required by SLOC is collected by weatblemteers
before,during,andaftercompetition enterednto a spreadsheeandtransmittecautomaticallyto

the WOC. Forecasts issued by thenue forecasters are also transmitted automatically to the

WOC. These reports (along with all requested NWS products such as zone forecasts, advisories,
watches and arnings, and transportation corridor forecasts) are then processed and transferred
automaticallyto the SLOC CentralRepositorySystenfor useby thelnfo 2002andMSNBC pub-

lic web site.

5. Legacy

The states that comprise the Intermountagsi¥re undegoing significant population
increases and the socio-economic impacts of winter storms indios @e high (Schultz et al.
2002).Theweathersupportinfrastructuredevelopedfor the Winter Olympicswill have long-term
benefitdo the publicthroughouthe IntermountainVest. Theimprovedtools(MesoWest,ADAS,
andIWFS) will bein placeto monitorandpredictstormsthroughouthe IntermountainMestdur-
ing all seasonsTheexperienceagainedfrom theapplicationof thesetoolsby skilled NWS andpri-
vate forecasters will l&ly prove invaluable to continued impvements in both operational and
research models. In addition, the ongoing research relatecetefakt snovstorms and oro-
graphicprecipitationwill helpto improvetheunderstandingf winterweathelin comple terrain.
Improved understanding benefits not only Olympic forecasitsother weather prediction agti
ties over northern Utah, including public forecasts aratmings by the NWS andiaanche pre-
diction by the Utah Department ofansportation and UtahvAlanche Center

The dense netwk of MesoVé¢st obserations in northern Utah has been utilized for other

research applicationsoFexample, the Department of Eggr\Vertical Transport and Mixing
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(VTMX) experiment vas held in the Salt Lak\alley during October 2000, in part, as a result of
theexistinginfrastructurehatis supportedy governmentagenciesandcommerciafirms (Doran

et al. 2002). Additional field programs areelik to occur in this rgion as a result of theisting
data resources and the matientific questions arising from the comgpéer flow over the
Wasatch Front, Great Salt Lakand adjacent mountains. The comprelverdata sets collected
during the Olympics, IPEX, VTMX, and future field programs will beaioable to study moun-

tain weather processes.
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Figure Captions
Figure 1. Locations of Olympicanues (numbers 1-10) and the sports at thesaes (icons).
Opening and Closing Ceremonies (11), Medals Plaza (12), and the Saltitaknternational
Airport (13) are shan as well as icons for locations cdrR and Ride sites. Outdooewues are
Snaowvbasin Ski Area (2); Utah Olympickk (6); Rark City Mountain Resort (7); Deerley

Resort (8); and Soldier Hollo(9). Figure courtesy of the Salt LalCity Corporation.

Figure 2. Local hazardous weather that often occurs in preferred geographic areas includes: ice
fog in the lavest el@ations of the Salt Lak\alley (green shading), whichfatts aiation at the

SLC Airport (greendot) andsurfacetravel nearthe southerrintersectiorof I-215andI-15 (green

dot); lake-efectsnavbandswhich tendto form downstreanof the GreatSaltLake parallelto the
direction of the preailing wind flowv (pink arravs); davnslope wind storms (red shading) to the
west of the Vlsatch Mountains, including near Olympic Stadium (red dot); blizzard conditions
over mountain passes (double red lines); aradaamches along major roadws (double blue

lines). Terrain abwe 2000 m is shaded and icons denote the locations of indoor and owdeor v

ues.

Figure3. Dataflows to the WeathetOperation<enterfWOC) via AWIPS broadcasfrom the out-
doorvenuesandfrom CIRP. NWS WesternRegion broadcastsveatherproductsusingFX-Netto
the outdoorvenuesandto the ASOC. RoutineNWS andspecialWeatherOperationenterprod-
ucts are distribted to map users. Products sent to the SLOC Central Repository System are
made &ailable to the general public via the MSNBC web page and to SLOCddtaials, ath-

letes, and accredited media via Info 2002.
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Figure 4. Locations of the weather stations (red 3-letter Mesbolentifiers) in the vicinity of
the competition areas at the outdoenues: (a) Smwabasin Ski Area; (b) Utah Olympicak; (c)
Park City MountainResort;(d) DeerValley Resort;and(e) SoldierHollow. A total of 29 weather

stationsaredeplo/edat the outdoorvenuessomelie outsidethe competitionareasPhotosby D.

Quinngy.

Figure5. Locations(redtriangles)of 278weatheistationdan thevicinity of SaltLake City thatare
available for the 2002 Witer Olympic Games. Blue squares denote weather stations that collect
weather information from other remote weather stations by radio and which are maintained as
part of SnavNet by CIRP Yellow circles denote locations of AiloFce TMOS stations. Succes-

sively darler shading denotes higher terrain.

Figure6. ExamplelWFS forecasiof 10 m wind (vectors) 40 m temperaturécontours°C), and3-
h or 1-h precipitation totals (mm; according to the scale in the riglgimai (a)). a) 36 km (3-h
precipitation);(b) 12 km (1-h precipitation);and(c) 4km (1-h precipitation).Thirty-hourforecast

initialized 1200 UTC 22 Oct 2003aiid 1800 UTC 23 Oct 2001.

27



Table 1: Groups prading weather support during the 2002riér Olympic and Bralympic
Games. Bold type denotes the primary weather forecasting groups.

Organization

Stafing

Role

Activities

Customers

SLOC Weather
Support Group

SLOC sports
staf

Manage weather support
for the Olympics and
Paralympics

Coordinate deliery of
weather information;

manage weatheolun-
teers

SLOC staf;, athletes;
sports dficials; SLOC-
accredited media

NWS SLC Routine stdfng | Provide and coordinate Issue routine weather Public; SLOC accredited
Weather Fore- + 6 additional weather guidance for forecasts, warnings, and andnon-accreditedhedia;
cast Office forecasters northern Utah special Olympic-related | publicsafety securityand
(WFO) forecasts transportation dicials
KSL weather Private weather | Provide detailed weather | Issueforecastgor outdoor | Spectators at outdooen-
team forecasters guidance for gnue opera-| venues; conduct fi€ial ues; accredited media;
tions SLOC weather briefings | SLOC staf;, athletes;

sports dficials; national

and international Olym-

pic committee
Cooperatie Faculty staf, Support weather opera- | Provide MesoVést and SLOC staf; athletes;
Institute for and students tions venue obsertions and sportsofficials; forecasters
Regional Pre- numerical guidance from

diction (CIRP)

thelntermountainVeather
Forecast System; support
weather data transmissio
to SLOC

1

NWS Western
Region Head-
quarters

Scientific Ser-
vices Dvision
staf

Support distrition of
weather information via
FSL FX-Net

Monitor data deliery

Venue forecasters; fore-
casters at ASOC

Aviation Secu-
rity Operations
Center (ASOC)

Hill Air Force
Base forecasters

Support medical and secy
rity aviation operations

-Provide forecasts and
briefings for pilots

Pilots flying to/from en-
ues

Utah Avalanche
Center

U.S. Forest Ser-
vice avalanche
forecasters

Advise security personne
near \enues and back
country traellers rgard-
ing avalanche potential

Issue &alanche forecasts

Securityofficialsandback
country skiers

Northwest
Weathernet

Private weather
forecasters

Advise Utah Department
of Transportation person-
nel regarding weather
impacts on winter road
maintenance

Issue weather and e
ment condition forecasts

Utah Department of
Transportation stéf

Defense Threat
Reduction
Ageng/

Staf from gov-
ernment agen-
cies

Support operations to mit
igate hazardous spills or
releases

Provide guidance as
needed

Security oficials

UtahDivisionof
Air Quality

Air Monitoring

Center stdf

Monitor air quality

Issuerestrictionson wood

burning and dxiing

Public
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Table 2. Sample MOS temperature, dewpoint, relative humidity, and wind speed and direction
forecast for alocation at the Soldier Hollow venue. Forecast based on the IWFS forecast initial-
ized at 1200 UTC 12 UTC 16 Nov 2001. Precipitation values based on raw model output.

Soldier Hollow Low (WM 2, 1689 m)

gTemper— Dew— éRelative Wind Frecip.; Total

E PER T ] Wind ‘in last (Accum.
{Time/Date(Local) : atore :point Humidity i Speed : . . .
® (%) (mpn) Divection  Rour Pheci

: ) ()
800 amNovls | 10.1 163 926 025 +(197) 000 0.00
90 amNovis | 20.1 160 0.1 06 SWa(212) 0.00° 0.00
10:0amNovis | 276 105 692 09 S +(192) 000 0.00
0 amNovis | 34.7 217 576 11 SE x(125) 0.00° 0.00
12:00pmNovie | 402 221 508 12 SE x(135) 000 0.0
00 pmNovie | 454 237 453 12 SEw(155) 0.00° 0.00
0200 pmNovie | 494 210 393 16 S +(177) 000 0.00
030 pmNov1e | 466 205 424 17 SWa(208) 0.00° 0.00
0400 pmNovie | 438 103 446 18 SWa(224) 000 0.00
0500 pmNov1e | 400 105 506 21 SWa(236) 0.00° 0.00
0600 pmNovie | 355 200 610 20 SWa(235) 000 0.00
70 pmNov1e | 33.1 214 660 2.1 SWa(229) 0.00° 0.00
800 pmNovie | 324 223 696 20 SWa(215) 000 0.00
0900 pmNov16 | 318 226 71 20 SWa(225) 0.00° 0.00
10:00pmNovie | 305 223 737 18 SWa(234) 000 0.00
0 pmNovie | 202 214 735 LT SWA(245Y 0.007 0.00
1200amNov17 | 283 204 736 19 SWa(241) 000 0.00
00 amNov17 | 276 104 738 18 SWa(236) 0.007 0.00
020amNov17 | 270 189 754 15 SWa(233) 000 0.00
0300 amNov17 | 258 18.7 774 13 SWa(235) 0007 0.00
0400 amNov17 | 246 187 800 13 SWa(237) 000 0.00
0500 amNov17 | 229 184 825 1.3 SWa(238) 0.007 0.00
60 amNov17 | 231 187 820 12 SWa(236) 000 0.00
0700 amNov17 | 23.2 100 806 10 SWa(235) 0.007 0.00
80 amNov17 | 248 104 784 0.7 SWa(229) 000 0.0
0900 amNov17 | 20.0 200 726 10 SWa(211) 0.007 0.00
10:0amNov17 | 338 226 665 115 +(195) 000 0.00
M0 amNov17 | 388 241 576 125 +(170) 0007 0.00
12:0pmNov1? | 434 233 514 13§ +(167) 000 0.0
000 pmNov17 | 47.2 224 478 15§ +(i74) 0.00 0.0
020 pmNov1? | 500 217 456 16 S +(180) 000 0.0
0300 pmNov17 | 482 230 493 18 SWa(207) 0.007 0.00
0400 pmNov1? | 463 241, 546 18 SWa(224) 000 0.00
05:00 pmNov17 | 444 235 591 20 SWa(235) 0007 0.00

Ui Lni Lni Uni
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Figure 1. Locations of Olympic venues (numbers 1-10) and the sports at those venues
(icons). Opening and Closing Ceremonies (11), Medals Plaza (12), and the Salt Lake City
International Airport (13) are shown aswell asicons for locations of Park and Ride sites.
Outdoor venues are Snowbasin Ski Area (2); Utah Olympic Park (6); Park City Mountain

Resort (7); Deer Valley Resort (8); and Soldier Hollow (9). Figure courtesy of the Salt Lake
City Corporation.
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Figure2. Localhazardousveathethatoftenoccursin preferredgeographi@reasncludesicefogin the
lowest el@ations of the Salt LakValley (green shading), whichfatts aiation at the SLC Airport
(green dot) and swa€e trael near the southern intersection of 1-215 and |-15 (green dat}elfdct
snavbandswhichtendto form downstreanof the GreatSaltLake parallelto thedirectionof the prevail-
ing wind flow (pink arrows); downslopewind storms(redshading)o thewestof the WasatchMountains,
including near Olympic Stadium (red dot); blizzard conditiover anountain passes (double red line
and aalanches along major roaews (double blue lines) efrain abge 2000 m is shaded and icons
denote the locations of indoor and outdoenwes.
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Outdoor Venues:
Obsewationsand NWS AWIPS:

Venues Brecasts Obsewationsand
Forecast Poducts

CIRP:
MesoWest &
IWFS
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Westemn Page
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Weather Operations Center
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System
Figure 3. Data flas to the Véather Operations Center Q) via ANIPS broad-
cast from the outdoorenues and from CIRRIWS Western Rgion broadcasts
weather products using FX-Net to the outdoamwes and to the ASOC. Routine
NWS and special ¥ather Operations Center products are digteithto man
usersProductsentto the SLOC CentralRepositorySystemaremadeavailableto
thegenerapublicviatheMSNBC webpageandto SLOCstaf, officials, athletes,
and accredited media via Info 2002.

SLOC staff, Offi-
cials, Athletes,
SLOC-accredited
Media
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Figure 4. Locations of the weather stations (red 3-letter Meso\dentifiers) in the
vicinity of the competition areas at the outdoenwes: (a) Swvabasin Ski Area; (b)
Utah Olympic Rrk; (c) Rark City Mountain Resort; (d) DeeralNey Resort; and (e)
Soldier Hollaw. A total of 29 weather stations are degd at the outdoorenues;
some lie outside the competition areas. Photos by D. Quinne
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Figure 5. Locations (red triangles) of 278 weather stations in the vicinity of Salt Lake City
that are available for the 2002 Winter Olympic Games. Blue squares denote weather sta-
tions that collect weather information from other remote weather stations by radio and
which are maintained as part of SnowNet by CIRP. Yellow circles denote locations of Air
Force TMOS stations. Successively darker shading denotes higher terrain.
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Figure 6. Example IWFS forecast of 10 m wind (vectors), 40 m temperature (contours, °C),
and 3-h or 1-h precipitation totals (mm; according to the scale in the right margin of (a)). a)
36 km (3-h precipitation); (b) 12 km (1-h precipitation); and (c) 4km (1-h precipitation).
Thirty-hour forecast initialized 1200 UTC 22 Oct 2001 valid 1800 UTC 23 Oct 2001.
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