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ABSTRACT

A rare outbreak of organized seveheiriderstorms took plada western Nevadan 21 July 2008. This
paper will examine the environmeahtecedent to this evenhcluding unusual values o$hear, moisture, and
instability. An analysis of keyadar featuresvill follow focusingprimarily on WSR-88D base data analysighe
article demonstrates several lolyaevelopedparameters and radar procedures for identifying severe convection,
along withaddressinghallenges encodered in warning operatiorm this day

1. Introduction T Event Synopsis

A rare outbrel of organized severe thunderstortosk place in theNational Weather
Service NWS) Reno forecast arg@&A) on 21 July P08. Based on forecaster experience, this
has beersubjectivelyclassifedas@ one i n t e n the westarGreaeBagrifWGB)f o r
which being located in the immediate lee of the Sierra Nevada Mountsinsaccustomed to
widespreadsevere weather. Unorganized pulse type convection is a much more frequent
occurrence in this portion of the country

On 21 July 2008, numerous instances of large hail and heavy rainfall were associated
with severe thunderstorn{fig. 1). The maximum hail size reported was kddilar (3.2 cm,
1 . 3, hawever there imdirectevidence even larger hail occurre8everal cedible reports of
funnel clouds were received from spottélgugha damage survey the following déound no
evidence of tornado touchdownBuring the survey, damage to trees suggested several of these
storms produced straighihe winds of approximatg 70 mph 81 m set¢). There were a total of

20 SevereThunderstorm Warnings, 6oinado Warnings, and 2 Flash Floodkitings issuedn
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July 27'in the Reno FAThis is close to half the average annual severe thunderstorm warnings
in the Reno FA, occumg ona single day

An examination of the prstorm environment will take place in section 2, with an
analysis of radar signaturé®m selected stormis section 3.Brief comments on supplemental
soundings and warning challenges on this day be pregnted in section 4. Date/time
references will use DD/HHMM format; all times are assumed to be. UHiGure 2 showskey

geographical locations referenced in the text.

2. PreStorm Environment i Convective Initiation (CI)

As seen in the radar animatiohtbe event(Fig. 1) Cl occurred in far western Nevada
between roughl®1/1900and 21/210pwith storms lasting well pag2/0200 Attributable toan
exceptionally favorable environme| wasearlier than is typical in western Nevada
a. DynamicsShear

One of the more prominent aspects to this event was the presence of a compdotwpper
off the CaliforniaOregon coas(Fig. 3), substantially increasinthe vertical wind shearover
western Nevada The 250hPawind anomalieGrumm and Har2001) clealy highlight the
presence of enhanced winds afoétm northeast California into western Nevad220000(Fig.

4), which increased the vertical shear and potential for severe convection

An analysis of the upper tropospheric forcimgntifies the mainupper troughas a
depression inlte dynamic tropopause off the northwest Califomoastlineat 22/000Q with an
associated36-41 m set (70-80 kno) 250 hPajet streak immediately to the ea@tig. 5).
Wallmann (2004) used this technique to forecast thunderstorm outbreaks in Nevada by
analyzing perturbations along the dynamic tropopause along with upper tropospheric lapse rates.

Lift is seen to the north and east of this upper trough center within the dynamic tropopause



pressure advectiofields. However t is not until after 22/000€hat the zone of ascent moves
into western Nevadamaking itsdirect contributionto Cl questionable Convection formed in
typically favoredorographicareasof western Nevada and eastern Califofeid. Fig. 2)

An east to west oriented boundasyapparenin a fast loop of visible satellite imagery
(Fig. 6). While storms originated along the higher terraims boundarywaslikely a focusfor
sustaining stormss cells moved away from terrainnortheast across wesn Nevada The
b ound alatwdysslow speed compared to faster winds aloft impliesvas a lower
tropospheric featureHowever,the origin and nature of this boundary is uncertamthesurface
to 500 hPaemperature, moisture, and wifididsin LAPS and NAM(not shown)o not exhibit
a substantiverganization or gradiestn that vicinity. LAPS, Local Analysis and Prediction
System, is a realtime-B analysis system used by all NWS office3he sparsenature of
observations in the area of @Ginders a completenalysis It is alsoentirely possiblestorms
formedatthe same time on different mountain ranges] thertranslated within the mean flow
at roughly the same speeajiying the appearance of a boundary.

Forecasters ithe WGBhave faind traditionalsevere convectivparameters and indices
which stop at 6 km AGL or 50@6Pado not work wellat discriminating severe vs. non severe
stormssince convection in theegionis often basd at orabove 50(hPa It is clear in this case
that whie the 06 km shear does not increase betw2&f200 and 21/180@ig. 7), the wind
speeds nedhe equilibrium leve(around 8 km AGLYo increase considerablgoingfrom 55 to
70 knots (28 to 36 m sed), as the jet streak nears western Neva8® km AGL bulk shear
increased from 27 to 44 knots (14 2 m seé') between21/1200 and 21/18Q0eading to
greater chances fdrigh basedsupercell thundstorms It should be noted here the 21/1800

special sounding yields an excellent sample of thecpneective environment, taking place only



1-3 hours before C10-3 km AGL storm relative helicitySRH)increasd from 67 to 126 s>
between th&1/1200 and 21/1808oundingsprimarily due to an increase in the flow speeds at 3
km AGL. This increasd the likelihood d mesocyclone developmerdssuming this low level
air could be entrained into the thunderstarms
b. Moisture

Southerly flow along the periphery of a persistent upper level ridge cerdeesthe
FourCornersregionled toanincrease in mistureover the WGB2-3 days prior to the evenBy
the morning of 21 Julysurface dewpoint®f 5560° F (1316 C) were noted over much of
western NevadéFig. 8), which is tuly exceptional Dewpointsbegan to drop off afte21/1300
with mixing in thedaytime boundary layewet since a nearly saturated layer existed between
700-500 hPa (Fig7) surface dewpointdropped only into the 450° F (710 C) rangeluring the
afternoon enhancing instability and resultagbnvective potential A true judge ofhow
unusuallymoistthe airmassvas can be seen in tipeecipitable waterRW) anomaly field from
the GFS Ensemble Forecast SysteBEFS Fig. 9). PW anomalies gater thart2 SD were
noted at21/1200as far west as Reno, NMn a normal Gaussian distoution, anomalies of2
SD or higher would take place only 2.27% of the tifidlese anomalously high PW valudid
increase concern for flash flooding in MW&SB based on historicgdatterngdBrong 2005).
c. Instability

As would be expected, the atmbspe destabilized betwee1/1200 and 21/180@s
observedn the Reno soundings both due to a combination of increased surface heating, plus the
slight erosion of a small capping inversion seen in2t¥d200sounding near 508Pa(Fig. 7).
During the dalight hours of 21 July atabiity gradientdevelopedacrossthe region as seen in

Figure 10 from the GOES sounderComparatively flat cumulus and wave clouds noted in the



visible imagery confirm the more stable atmospleaer the northern Sierra Nevalfuntains
(Fig. 6). This contrasts withwestern Nevadavhere cloud cover exhibited moneertical
developmenand texturesuggestive of annstable environment

A more rapid destabilization occurred in proximity to the Sweetwater Range, where in
the LAPS400 hPaLifted Indices(LI400 npd dropped from near 0 C &1/1400to -7.5 C at
21/2000 (Fig. 11). The Llygo npais used in the WGB since it tends to capture capping
immediately above 500 hPa, common in this area, which the traditional LI will fakdo s
(thereby overestimating instability). The 400 hPa Modified Total Totalsextension of a
technique introduced by Milne (20Q4)sesdata atthe 700400 hPa levels with values above 51
C suggestive of enhanced convective potenfldleseanalysesat approximately the time ol
show two key featuresfrom the areaof Cl northeast into central Nevadd) significant
destabilizatiorwith widespread.l 400 nravalues less tharb C coupled with high Modified Total
Totals and 2) a narrow axis of higtowndaft CAPE DCAPE). Giventhere weno confirmed
tornado touchdowns bugeveralcredible spotter reports of funnel clouds were received, it is
surmised that cloud base heights and-cdobd dryness were too excessive for successful
tornadogenesis to occ(Wlarkowski et al. 200
d. Composité’rocedure

A prototype severe convection proceduas shown irFigures 12a and 12b, has been
developedising a blend of nationally and locally developed ttoksvaluatethe threat of severe
thunderstorms and flastobding in the Reno FA The procedure made it clear strong shear
would be collocated with plentiful moisture and instability over the WGBw~vo parameters

contained in the procedure not mentioned earlier are now briefly discussed.



Corfidi Vectors(Corfidi et al. 1996)whichin the WGBare calculated in the 700 to 300
hPa layer (due to terrain limitations), suggested relatively little potentidlaiir flooding from
backbui | di ng convection. As seen in Fiwmgrare 12c¢
on the order of 15 to 25 kts (8 to 13 m $edar above the 10 kts (5 m $8or less used as a
rough threshold for training/badiuilding potential in the BUFKIT heavy precipitation diagram.
Though storms tended not to baakild on 21 Julythe anomalously high PW valuesill led to
locally heavy rainfall with minor flooding.

Even though this was not an MCS event, the MCS Maintenance Probability parameter
(Coniglio and Corfidi 2006 appeared to be useful in highlighting the potential for severe
convection in this eventWidespread values abo88% were noted in the LAPS da(&ig. 11)
nearthe CI region staing at21/2000 One reason this parameter may bgafticularuse in the
WGB is thatmost of thengredients arén-line with depths ohigh-based convection in the west.

Due to limited experience with the MCS parameters unknownif high values correspond to

only severeconvective eventm the WGB(versus norsevere convectign

3. Radar Analysisi Convective Evolution

a. Th eStorinH 2 0

The AH20 <cel |, 880 eell IDi(#1lgn Fig.ol) forrmesl neWHdR
Sweetwater Mountainsndwas the strongest and longest las{irg hours)of the afternoon An
apparent mesocyclone developed in th® @ 1.9 degreestormrelative velocity scansby
212155(Fig. 13a). It is assertec nonttrivial portion of these circulation signatures were in fact
due to inbound velocity data contaminatioom a three body scatter spik@BSS), particularly
around 212208 (Fig. 13b), where the velaty patterns followsimilarly those shown in

Smallcomb(2006, 2008 The fact the strong inbound velocities follow the general shape of the



TBSS reflectivity signatureare located on the periplyeof the storm along the reflectivity
gradient and spectrm width values we moderate to high (not showsyggests they are related
and likely false. These data could easipartially or entirelymask a real mesocyclone within
theseright-moving thunderstorms, thereby decreasiogecaster confidence in what being
interpreted from the radar data

A threedimensional rendition of the 50 dBz isosurface centered1l&226 shows a
rightward jumpdue to continuous propagatiqfrig. 14). At 21/2243, the cell crossed US
Highway 50, approximately 16 milesastof Fallon, NV. The Maximum Estimated Hail Size
(MEHS) algorithmfrom GRLevel 2 Gibson Ridge Softwar2009 indicated ahail sizeof 1.78
inches (4.5 cm) Based on a storm survey the next day, the maxirnainsizeat this timewas
l i kel y c | (@5cenyor quaster gize This assessment whaasedn fihail fossil® found
in the mud along Highway 5@Fig. 15). These fossils, partially solidified in the drying mud, are
similar to the markings observed in hailpafLozowskiand Strongl978) currently used by
several organizations (e.g. CoCoRaHS 20@9)hail stone measuremenfThis was the only
tangible evidence of severe weather from this stdravjng passed through some of the most
remotesections of Nevada.

Immediately after passing US 50, thel getensified rapidlyas it began interacting with
the south end of the Stillwater Rangét 212256, a29 kmlong TBSS signature was observed
in the low-level reflectivity field,associated with a strong inbound velocity anomal®1#301
near theperiphery of the highest reflectivitiFig. 16). Figurel7 shows a large area of 50+ dBz
reflectivity in the LRM3(Layer Reflectivity Maximum above 33,000 ft MSNational Weather
Service 2008), indicating high values well above th20°C level (~24,000 ft MS). Based on

warning experiences in the WGB, this and the numepoweds of high resolution VIL(National



Weather Servic009b)above80 units are botieliableindicators of aseverestorm with large
hail potential. Using the same ratio of MEHS &ztual hail sizeat theHighway50 storm survey
site, the MEHS of 4.49 inchg41.4 cm)at212 301 woul d corre(6dctne to 2
tennis ball sizepbserved hail at this timeGranted there would be a high amount of uncertainty
in this estimate It would have beeffiascinating to hike into theemoteStillwater Range to see if
markings of very large hail impacting the ground wesgle, howevemo attempt \&as made.
b.ThenLeft Movero

This storm(#5 in Fig. 1) initially developed betwee@1/2113 and21/2121 on theeast
side of the Pine Nut MountainsShortly thereafter a cell split occurréiéig. 18a); with the left
moving updraftcontinuing up theeastedge of the Pine Nuts associated with easterly upslope
flow. The storm demonstrated an asshing collapse as the cetioved northward into the
Carson River Valley aroun@1/2222 (Fig. 18b). This is likely due to a sudden drepff in
orographic lift. Once the remnant delbega interacting wih the larger Virginia Rangehe
storm redevelogl rapidly. This intensificationwas likely a combination of orographic forcing
and enhanced convergence associatedthgtlheading edge of diurnalesterly windggusting to
~20 mph, 8.9 mY. These windsreferred to as the Washoe Zepligingsmill 2000), are a
regular occurrencein the summergenerated by strong thermal contrasts between the Sierra
Nevadaand the western Nevada deserss fast loop of lowlevel degree reflectivit (Fig. 19)
shows numerous smalhdfaint plumes ofdust swirlingnorthwest ofReno, NV(strands of low
reflectivity). These plumes quickly devel@m eastwar@éxpansiorassociatedvith the increased
westerly windsafter 21/2200. Fastlooping radar and satellite data can often miakendaries

and cell morphologynore detetable compared to normapeed loopin@r stepping



The storm continued past tiReno (KRGX)radar siteon Virginia Peakand therturned
morenorthwestwardat 21/2331along the PalRah Range.Based on the fact the stormlted
three separate mountainnges and lost cohesioguickly when orographic forcing was lost
earlier over the Carson River valley, it is asserted this cell was not necessarynsoveiy
supercell but was rathatrongly tiedto the terrain. There is also no evidence of a circldati
(cyclonic or anticyclonicgloft; therefore this storrnan be described as a persistent nudti. It
is also relevant to note the more righoving supercell storms were able to sustain themselves
across large valleys, compared to this storm whistit® original structural characteristiaghen
crossing ainglevalley.

c. Fallon Mesocyclone

Several credible funnel cloud reports were receivedssociatiorwith one of the final
severe storms of the day, which moved directly over Fallon(#2/in Figs. 1 and 3. In this
casetwo cells merged on theorth side of Fallon andveakened rapidlycompared to other
stormsthat daywhich strengthenedue to merger processes

The most notable aspect of this storm was the pronounced mesocyclone obgerved b
spotters along with associated funnel cloud rex{®iig. 20). At 21/0118,the 1.8 degreeelocity
slice shows aweak cyclonic circulation at 12,000 feet AG[3.7 km) which is consistent with
observations of a mesodgoe at the base of the storfhig. 21). High cloud bases likely
contributedto the fact these funnels did not towdwn As is typical withhigh DCAPEdesert
environments, lis storm produced isolated damaging wsalithwestof Fallon Geveraltrees
blown downbut no structural damapeHowever, here was no discernablelocity signature on

the lowessliceindicativeof intensestraightline windsor a reaiflank downdraft

4. Concluding Comments



It is days likethis thatmakeforecastersealize the importance of focusing omglhiimpact
events andmproving uponmodel forecasts when it counts the moéthile therearea plethora
of tools, both observed amdodeled, amn-situ sounding remains one of the single most valuable
pieces of data foforecasters. Asynoptic ACARS aircraftsoundings(Lese and Ammerman
2008) are availablefrom flights arriving and departinghe ReneTahoe International Airpart
thoughthese nearly always lack critical moistatgta The 180 UTC soundingas shown in this
case 1) gawe forecasters a clear saepf the preconvective environment shortly before @hd
2) showed trends in shear, instability, moisture profilesmpared to earlier soundings$n the
Reno FA, the 180to 2100 UTC timeframe is the last chance to capture theQdrenvironment
beforediurnal downslopevesterly winds contaminate the lowes? km AGL of the sounding.

Theusual challenges with respect to severe storm verification in sparsely populated areas
continued this dgywith storms occurring ovevery remote areas, with the exdem of the
Fallon storm.Fewspotterreports were receivedlring the event which complicatélie warning
process While forecasters at NWS Reno are trained in analyzing supercell radar signatures,
such phenomena are rarethe WGB On this day the waing forecasters tended to err on the
side of caution when issuing tornado warning§&iven the uncertainties in mesocyclone
detection introduced by the TBSS signtéle mountairtop location of the KRGX radahat
yieldedlimited sampling of the lowevds, and the fact these type$ siorms are so rare in the
WGB, the fisubjective threshofiifor issuing eornadowarningmay havebeenlower than in the
central and eastern CONUBeing 100% confident thebservedtirculations wereitherreal or
TBSSinduced was not possible during redime warning operations. It is recommended

forecasteralwaysanalyze placement of any velocity signature relative teflectivity features
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and spotter reporta nd a s k, obs@vatmrnake $ense given the copbgal models |
know?o
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TABLES AND FIGURES

\

Thunderstorm Paths on
21 July 2008

each arrow represents 30 mins.

\ \
Muarkieeyillé

Figure 1. Composite radar map of the five maivere thunderstorm track®Numbers refer to
individual cells mentioned ithe text. The time between each white arrow is 30 minyiedlK
TO SUMMARY ANIMATION 3.5 MB QuickTime file; for the ést view right click and
download the file rather than viewing it in the browser
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http://www.nwas.org/ej/2009-EJ6/newfigure1.mov
http://www.nwas.org/ej/2009-EJ6/newfigure1.mov

Figure 2. Topographical map of the Sierra Nevada Mountains and far western Nevada. Shading
indicates elevation above mean sea level, with legend in upper left (inlkétividual storms
mentioned in the text are highlighted by the red arrows, with numbers corresponding to those in
Figure 1. Key locations referenced in the text are noted: mountain ranges in blue; cities, lakes,
and valleys in white; and highways asiage lines. Counties are shown in thin gray lines, states

in thick gray lines, and lakes in light blue outlines.
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Figure 3. GOES water vapor image valid2t/2330 Red ALO mar ks appr oxi ma
the midtropospheric circulation centdi.INK TO ANIMATION 1 MB QuickTime file for the
best view right click and download the file rather than viewing it in the browser
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b. GEFSinit: 12221JUL2008 valid 00Z22JUL2008 (Tue)
250 hPa vgrdpra anomaliea
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g

Figure 4. 250hPameridionalcomponent wind anomalies (standi@eviation from normah
sigma unitsshading with scale at Ig¢fand mean fullvind (barbs) valid a22/000Q from the
21/1200GFS Ensemble Forecast Syst@aEFS.

17



298
00:00Z +
. N30 SSomps um@_gm Moreicity (m wily 21, }3‘ W24 Tae H0:00Z Shtul-08
1% S
a5 “’*’“Wp\ns Find (£¥s) 212 z?ﬂn 00: \Eoz 22-Ju1-04
%

T

s WQMSMBJ]I(IS@&QS Hus (kvé 21/2r we/oo 0Z 22~ ju1 08

N\

NS0 FV15 H‘essure (mh) aR1-12

ﬁ*siw

o~ " -+
Tua 00: 002 22 —Jul-08
HE Ilra}w\ un? 22-]0%-08

HR Tue 003 OOZ e 1- 08

%Mngolubar/s) 21512 12H|’\ Tie 00:00z 22-) ul-08
I}\. L __L——"— 7

12HR Tue 00:00Z +

L .
NAM20 | Frec tation (in) 21.12 \b{hﬁ‘,Il.lh ANZ0VZL22)-)

Figure 5. Tropopauserocedure valid a22/000Q from the21/1200NAM. Shadingegends are
in the upper left of each pandlpper left:1.5 PVU pressure level shad@gdPg, 250hPaheights
in green (dm), 258Pawind speeds above 60 kn¢&L m set) in yellow, 550500hPaPV
above 1 unitin blue, 1.5 PVU surface wind barbs (Ktfdper right:Pressure advection on the
1.5 PVU surfacshadeduba sec'); positive areas denote upward vertical motion. Area of
ascent described in the text is highlightath the white dashed contaukower left: 500-300
hPa lapse rates (C kinshadedprecipitable water (in) in blue, 5&DO0hPalayer average wind
barbs (kts).Lower right:500hPa relative humidity shade8hour accumulated precipitation in

blue.
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Figure 6. Regional visible satellite valid 21/2300 Presumed boundariyédt primary storms
developed along is highlighted with the green dashed Amea of wave clouds (implying the
presence of a stable layer) outlined in do¢ted line County outlines in gray, state border in

dark yellow. LINK TO ANIMATION 16 MB QuickTime file for the best view right click and
download the file rather than viewing it in the browser
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