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ABSTRACT

Current methodologies for using numerical guidance to help with the forecasting of lake effect snow
typically involve either 1) examination alimerical models with horizontal grid spacismgall enough texplicitly
forecast the structures associated with lake effect snow bands, or 2) examinatioredtal models with relatively
large horizontal grid spacirtg forecast the messcale flow pattrn then application of experience or pattern
recognition to predict the location, structure and intensity of the resultant snow bands. This paper demonstrates an
application developed at the National Weather Service Forecast Office in Binghhletoviork, that aids
forecasters with the pattern recognition aspect of lake effect snow forecasting. A forecasting process that combines
pattern recognition with explicit output frormaodel with small horizontal grid spacifmgdemonstratethrough
examinatiorof two case studiesResults from the case studies show that the pattern recognition application can be
used to provide forecasters with useful information on the range of possible outcomes that could occur with a given
mesoscale flow patternin addiion, the case studies indicate thamparing forecasts frofmgh-resolutionmodels
with output from the pattern recognition application can provide forecasters with increased confidence in the

numerical guidance in some cases, anchedp forecasters timprove on the numerical guidance in other cases.

1. Introduction

Lake-effect snow develops downwind of the Great Lakes in response to qgaritinental

or arctic airmasses crossing tinelativelywarm waters ofhe lakes A temperature difference
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( ©f)13 °C between the lake and 850 IhRaa long been used as a minimaperational

threshold for the development of lak#ectsnow in the absence of synopsicale forcing

(Rothrock 1960).Air masses associated with lagtect snow aréypically characterizedby
mid-tropospheric subsidenceé\s a result, the atmospheric wind and temperature profile
associated with lakeffect snow outbreaks typically feature a surfaesed mixed layer

associated with strong vertical moisture and heat fluxes from the underlying lake surface, capped
by a sukidence inversion. Favorable factors for intense ,-argjanized outbreaks of laledfect

snow include a deep surfabased mixed layer (Byrd et al. 199%jth small directional wind

shear (Niziol et al. 1995). Orographic lift downstream of the lakesls® play a major role in
intensifyinglake-effect snows (Reinking et al. 1991Finally, in somecasessnowfall associated

with largescale lifting can benhanced when the largeale lifting becomes superimposed on

an environment characterizég cold air over awarm lake with T | ess tHhan 13

enhancedsnowfall Dockus 1985Lackman 2001

An idealized modeling study by Laird @ (2003)indicatedthat large, single bands of
lake-effect snow are favored downwind of elongated lakesnvironmentsvherethe wind has a
long overwater fetch, and the resultant oweater fetch to wind speed ratio is large. A more
widespread coverage pnarrow band¢multi-bands)is favored when the ovavater fetch and
resultant fetch to wind speedimadecreased his has also been shown observationally (Niziol et
al. 1995). In central New York, operational experience indicates that boundary layer flows with
a directionfrom 25 to 300, roughly parallel tdhe long axis of Lake Ontarjare assoeited
with long enough ovewater fetch lengths to produce large, single bands of heavy @vevand

downwind of the lake Meanwhile, directions of greater than 3@gpically reduce the over
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water fetch sufficiently to produce widespread fiseale muitbands of lakesffect snow

southeast or south of Lake Ontario

Previous modeling studi¢mve irdicatal that modelsvith sufficiently small horizontal
grid spacingcan produce realistic simulationslafge single bands of lakeffect snow. For
example, Ballentine etal. (1998) documentedsamulation of al5 km wide,intensewesteast
orientedsingle band of heavy snow over and downwind of Lake Ontdr@ model used in the
simulation had & kmhorizontal grid spacingver eastern and centrahke Ontario, nested
within a 15 km grid covering the entire area from Lake Huron through upstate New York.
Precipitationdistribution and amounis the simulation matched well with observations during
the first 12 hours of the simulatiomNiziol (2003)documented a successful simulation of a band
with similar dimensions east of Lake Erie, using an 8 km mo8gilaller bands can also be
simulated, however eveamaller horizontal grid spacingriequired. For exampl&Vatsonet al.
(1998) successfully snulated smallenorth-south orientegnowbands (widtk approximately 5
km) south of the Finger Lakes in central New Y,arking anested model with a 2.5 km inner

nest centered over the Finger Lakes.

The current suite dflational Oceanic and Atmobgric Administration (NOAA)National
Centerfor EnvironmentaPrediction (NCEPperational forecast modedsecharacterized by
horizontal grid spacingear or slightlygreatethanwhat has beeshown to produce realistic
simulations of large lakeffect snow bands in the aforementioned stydiedare much too
largeto simulate smaller bandthe currenthorizontal grid spacing i$2 km for theNorth

American Mesescale(NAM) model(Rogers et al. 20Q1and13 km for the operationdRapid



Update @cle (RUC) model(Benjamin et.al. 2004) Operational experience indicates thads
modelsoften produceealistic simulabns oflarge singléband snow eventalthough the
intensity of the band&ased on quantitative precipitation forecasts (§Paretypically under
forecast. Experience also shows thaiese models do neixplicitly simulate thdiner-scale
reflectivity patternghataretypically observedn more widespreadhulti-band lakeeffect snow

events

Given theresolutionlimitations d currentoperational modegorecastersnaking
explicit forecasts of sma#icale multibands of lakesffect snoware left with two options.The
first optionis to examine local model withsmall enough horizontal grid spacitgexplicitly
simulate thesmaller structure®Oneproblem with this approach is thedmputing power
typically available in an operational environment linhitsal modeldo grid spacingdf 5 to 10
km, whichrepresents decrease in grid spacimgmpared tahe NCEP operational edels, but
is still insufficient tofully simulatefine-scale bandsin addition, it has been shown that simply
decreasing the horizontal grid spacofga model does not automatically imprd@@Fsin a
convective regiméGallus 1999).The secon@pproab isto useamodel withlargerhorizontal
grid spacingo forecast the messcaleerv i r onment , t hen use experienc
deduce the structuretensityand expected location of smaltale lakeeffect snow bands. At
our current stagenost forecastersombine pattern recognition fromesoescale patterns forecast
by NCEPoperational models with explicit output frammodels withlargerhorizontal grid
spacingthat may still not fully capture the smallscale bands. Forecasterpitally finalize

their forecasts bgttempting tdolendinformationfrom both approaches



This paperconsists of two case studies that w#monstrate how both approaches can be
used, andhow the results from both approaches camlemdedto make foreasts for lakesffect
snow To demonstrate the utility ofmodel with small horizontal grid spacingutputwill be
shown from a &m implementatiorof the Weather Research and ForecastindRfgvmodel
(Zavisa, 2001 While thishorizontal grid spacings still not sufficient to explicly simulate
narrow multibands of lakeeffect snow, iwill be shown that this resolutias adequateo
producestructures that are significantigore detaiedthan what isproduced by the 12 kiKAM.
More details on theonfiguration of this model are given in section 2. Regarding the use of
models with larger horizontal grid spaciagd the subsequent application of pattern recognition,
this paper will detail the use of an application developetdeaNational Weatheresvice
Forecast OfficeWFO) in Binghamton, NY (BGM) which aids forecastdag allowing them to
compareoutput fromreal timeNCEP model$o data from a large database of historical lake
effect snow events. More details on this applicatiorpaesentedn section 2.Section 3 of this

paper consistof the two case studies, and section 4 coat@summary and conclusion.

2. Methodology

Forecasts from models with small horizontal ghcingshownin this papearefrom a
workstation versia of the WRF model, using tidon-hydrostatic Mesoscale Model (NMM)
dynamiccore run at the NWS forecast office in Buffalo, NY (BUFfhe modelvas runwith a
6 km horizontal grid spacing add vertical levels ovea domaincoveringthe eastern and
cental Great Lakes area eastward through most of upstate New(Ffigrkl). Theinitial and

boundary conditions for thmodelare provided byl2 km NAM grid tiles (theAWIPS 218 grid)



at 6 hour temporal resolutiorAs such, an accurate depiction of air maeslificationoverthe
upwindwestern Great Lakdge. Lakes Michigan and Superior)dependent on the NAM
forecast. $ousounis and Man({2000)have described the critical role that upstream lakes can
play in the evolution of lake effect snow)he malel is run withexplicit convectionthe new
Ferrier microphysics schen(Eerrier et. al. 2002)and the MellofYamadaJanjic boundary layer
schemgJanjic 1996)Although 6 km is near the threshold of recommended use of explicit
convection (i.e Weisman et al. 199Y, the shallow nature of the convective motions associated
with lake-effect snow danot typically triggerdeep convection itraditional convective

parameterizations, thus explicit convection was used.

The pattern recognition application tateveloped at BGMavailable online at:
http://lwww.lightecho.net/lesivorks by comparindNAM model forecast sounding datadata
in a historical database bfAM forecast soundingarameters The database contaiparameters
from 6-hourNAM forecast sondings fromover 300 caseghat occurredrom 20032007, Data
were collectedt timeswhen lakeeffect snow was occurring somewhere acazsgral New
York, or when the flow across ttaeahad atrajectory that originated over tligreat Lakes in
combindion with air temperatures that were low enough to potentially supporefééet snow
(based on a T yebnbsnaw occlured(autl evant3t edad tin)e BUFKIT
visualization softwareMahoney and Niziol 1997; http://www.wbuf.noaa.dawfkit/bufkit.html)
was used to colle@-hour forecast data at 3 poirtgated downstream from Lake Ontario:
Syracuse, NY (SYR), Ithaca, NY (ITH) and Binghamton, NY (BGMhprecasters use the
application byexaminingcurrentmodel forecast output at erof these forecast points, then

enteringseveralkey correspondindorecast sounding parametersoia table.The application



then performs a search of the historical database, and returns a list of the 5 historical events that

are most similar to the cent event, based on similarity of the sounding parameters. Note that

the analogue cases are matched o+hdige resolution, therefore a historical match for a

current case at 0600 UTC may or may not be the same match returned for the same case at 0000
UTC. Finally, the application provides forecasters access to web pages that contain information

on these fAmost similaro events, including rad
(including snowfall amounts). Forecasters can use thisnmaftion to anticipate a range of

possible evolutions for the current event. More details on the algorithm for determining the most

similar, historical events are given in the appendix.

Thekey soundingparameters were chosen to best describe theuadisilof a sounding
that are most critical to the occurrence and evolution of lake effect snow, based on a review of
previous research, plus local experientbe parameters are:
¢ theboundarylayer mean wind speed and directi@vhere the boundary layer defined as the
layer from the3™ sigma layer of the modéd the base of the subsidence inversion)

¢ the 850 hPa temperature,

¢ the p Thetween 850 hPand Lake Ontarigbased on lake temperature data from the Great
Lakes Environmental Research Lab)

¢ the height of the base of teabsidence inversiofan algorithm for determining the base of the
inversion is given in the append;x)

¢ thedepthof the moist layer, as defined by all layers with a dew point depressi@rCodi3
less,

¢ themaximum dew poinhdepression below 900 hPa,



¢ thedepth of the dendritic snow growth layer, defined as any moist layers where temperatures
are betweenl2® and-18° C,
e themaximum upward vertical motion within the dendritic snow growth laged

¢ the root mean square (Rl of the wind in the boundary layer

A parametefor event duration is also includedhereevents associated with boundary
layer winddirectionalvariation of 10 or less over a period of 12 hours or maredesignated as
A p er s iFnallg e of day is considered]lowing for the fact that afternoon and early
evening lakeeffect snow is oftemore cellular than during the late night or early morning, when

more organized banded structures typically o¢kuistovich and Spinar 2004

3. CaseStudies

a. 16-17 January, 2007

Lake-effect snow showers developed downwind of Lake Ontario across central New
York during the morning o6 January2007, as a cold northweslow developed over the lake.
Figs. 2-4 show output fromthe NCEPNAM modelrun at 12 UTC on the ¥6Cold northwest
flow is evident over and downwind of the Great Lalé&g. 2), indicating a condition that would
be favorable for the developmesftmulti-band lakeeffect snow across central New Yorkhe
flow was forecast to veer slightly through the period, but no pronounced wind shifts were
indicated. Little organized upward vertical motion was indicated across central New York at 18
UTC (Fig. 3a), thena weak plume of upward vertical motiaras forecast to develop downwind

of Lake Ontario from 00 UTC through 06 UTEIigs.3b-c). The upward motion diminished by



12 UTC(Fig. 3d) In this casethe 12 km NAM onlyforecasta small area of vg light
precipitationbetweerBGM andSYR during the period ending 86 UTC(Fig. 4c), with no

precipitationat any of the other time perio@sigs.4a,b and ¥l

Forecast output frorthe 6 kmworkstationWRF run atBUF, is shown in FigsSa-d.
Unlike the 12 km NAM, the 6 km WRWas able to explicitly forecagirecipitationacross much
of central New York, at several different time periods between 12 16[@anuarand 12 UTC
17 January The implied precipitatiomvas very light and disorganized through 00 UFR)s 5a,
b), then organizéinto a distinct northwestoutheast oriented band just soutl®¥R by 06
UTC (Fig. 5¢) The band shiéid south towardBGM by 12 UTC(Fig. 5d). The tdal QPF from
this model run through 12 UTC7 Januarys shown inFig. 6. Much of the area between SYR
and BGMwas forecast toeceive som@recipitation with a maximunbetween 0.10 and 0.13

inches southwest 8YR.

Based on the model forecast data shown so fareaaster making a prediction during
the morning orl6 Januaryvould expect some accumulating lakéect snow between 12TC
16 January and2 UTC 17 Januaryacross the area from SYR south to BGM. The fact that both
the 12 km NAM and 6 km WRF indicat that the maximaf precipitationwould occur just
southof SYR would give the forecaster increased confideridbat location. However, the fact
that the two modelforecastsignificantly different amountga maximum of 0.03 inches for the
12 km NAM s. a maximum of @3 inches for the 6 km WRF) wouldtroduce uncertaintyAt

this point, it might be helpful to compare this event with some previous, similar events in order



to 1) increase the forecaster 6s swoafd2)do,ence on

give the forecaster some insight on how much snow similar events have historically produced.

Figs.7ad show forecast soundings from the NAYISYR,valid on 1617 January 2007
and displayedy BUFKIT visualization softwareThedisplayshowsmodel forecast
temperature, dew point and wind profiles ontilglt, and a map of the forecast area onléfie
including a box outlining the most likely location for lagfectsnowbased on the boundary
layer mean wind directioand clmatological studies done BtJF (Kolker 1978) The color of
the box is @pendent on the amount of wind shear in a-deéned boundary layer, with green
indicating small shear, yellow indicating moderate shear, eshéhdicating large shear
(Mahoney and Niziol997. Figs. 8a-d show output from the pattern recognition application,
afterforecast data from the 12 UTC NAM was entered, and the database search was executed.
The left columns ireach table contaisounding parametemaluesfrom each timdor the current
event and the remaining columns contain data from the corresponding, historical, most similar

events.

The data shown in Figg.and8 depict an event characterized by several houvgeakly
sheaednorthwesterly flow. The base of the inversion was forecast around 800 hPa near the start
of the event, lowering slightly by the end of the evavibist layers were forecast to be quite
shallow, and constrained to levels below the base of the subsithecsion. Note that tis
event was chapecséesizathhaatld@ TWCT C,bA0tUTCGI per si s
and0O6 UTC. Recall that HApersistento events ar e

directionalvariation of 10 or less f@ a period of 12 hours or mor&V/hen an event is



characterized s i p e rthe cosrésgondingimilar eventsre alsomore likely to be

Aper si stheeeforeate maralileely to be associated with larger event total snowfalls.

Comparisons betven 0.5°radarreflectivity imageryfrom the Binghamton WSR8D
Doppler radar (KBGMpat 18 UTC 16Januaryandcorrespondingmageryfrom thetop 3 mo s t
si mi | ar odatésiardimes areé shoavh in Fig. 9. Thabserved.5°reflectivity pattern at
18 UTC was characterized bycllularsnow showepattern with weak embedded banding
across central New Yorffig. 9a) Radar imagery fronthe 3 most similar even{gigs. 9bd) all
indicatedbroken bands dfght snow showers across the area from SYRstmBGM. Text
summaries fronthese historicatasesdvailable via the applicationpt shown), indicate thail
3 of these evengsroducednly light snow showers between SYR and BGaith no significant

accumulations around the time that the imaggishown.

Fig. 10ashows that the snowfall pattern at @QOTC 17 Januaryevolved intoseveral,
narrow northwessoutheast oriented snow bands between SYR and BG¥.most similar
event was characterized bgveral northwessoutheast oriented basidcross central NY and
northeast Pa, with most of the coverage centered over the SYR-@yet0b) Thetext
summaryfor this historicalevent indicated thahe snow bands in the SYR area persisted for
neaty 48 hours, wich resulted irheavy snow aagnulations (greater than 10 inche3his
result highlights a caveat when using this application for anticipating snow am@dmiles both
the current and historical eveintthiscaseaver e cl assi fied as fApersiste
persistent foonly about 12 hours, while the historical event was persistent for about 48 hours.

Asaresulf t he historical event may have-sheemwm a&fgo



the snow banding structure, but it was not a good analogue for antigipaént total snowfall.
The 29 event(Fig. 10c) was characterized lweak, broadands of light snow across central
New York. Only light snow accumulations were occurrihging the time of the imageThe 3¢
event was associated wihveral narrow, arthwest to southeast oriented bands, mainly along
and east of a line from SYR to BG(#ig. 10d) The text discussion for this case indicated that

these snow bands were associated with accumulations of 2 to 4 inches

The snowfall pattern at 8TC 17 Jnuarywas characterized by a single, narrow,
northwest to southeast oriented band of snow near BssMounded by weaker ban@dsg.
119. The radamagery fromsimilar event # indicated some narrow, broken bands in the SYR
area(Fig. 11b) Thetext summaryfor this case indicated that the SYR area picked up from 2 to
5 inches of snow from this event, with less to the south. The second averss were
associated with radar imagery that appeared to be quite similar to what was observed; namely
seeralnorthwest to southeastientedbands centered near BGHigs. 11ed). Thetext
summariesrom both cases indicated thaineof these bands produtenore thar inches of
snow in a 12 hour period-ig. 12ashows that little if any snow wa#alling at 12UTC 17
January.The radar imagery fromimilar event # 1 also indicated no snfiig. 12b) Events 2

and 3 were associated with weak rablinds producing little if any accumulatioffrigs 12ed).

In summary, the radar reflectivity pattsrduring this event transitioned from a cellular
patern of snow showensith weak embedded bandaring the afternoon ob6 Januaryto
weakto-moderate, narrow northwesbutheast oriented banfiem SYR south to near BGM

during theeveningthrough easgl morning hours od7 Januaryto nothing by 12JTC 17



January.The pattern recognition application shown in this paper returned events that would
have given the forecaster strong indications for that type of evoluEgoept for 1 event that
persistedor nearly48 hours, théuistorical event text summaries indicated that snowfall
associateavith the multibands were light (less th&inches in 12 hours).Thesetypes of
accumulations would give a forecaster reasonable confidence in the liquidtat@ngimounts
of 0.01 to 013 inchedorecast by the 6 km WRIgiven that snow to liquid ratios for laledfect
snow eventshat are this col@dre typically 20 to 1 or mor@ased on operational experience)
The pattern recognition application in thiseaconfirmed the high resolution numerical guidance
that a small accumulation of snow could be expected between SYR andiB@ih 12UTC

17 January.Fig. 13 shows the observed snowfall from W2 C 16 January through2 UTC 17
January.Snowfall ocurred throughout the area between BGM and SYR, with amounts

generally ranging betwednand3 inches andisolatedtotals of5 inches

b. 17-18 March, 2007

Another, more significant lakeffect snow event developed southeast of Lake Ontario on
17 March, 2007. A cold northwest flow was indicated through the period, similar to the previous
case(c.f., Figs.2 and14). Unlike the previous casthe northwest flow was etmcated witha
deep layer ohear saturation in thewer and midgtropospherein the wake of a major easbast
cyclone moving northeast toward the Canadian Maritimesshown) A disorganized pattern
of upward vertical motioeastsoutheast of Lake Ontario at 18 UTC was forecast to evolve into
a broad northwest to southeast orierttadd of ascent across central New York byJI@ 18

March(Figs.15ab). The band was forecast to persist through 06 UTC, pnémorthwardand



weakenby 12 UTC(Figs. 15ed). The resultant NAMQPFis shown in Figs. @a-d. A broad
area of light precipation south of Lake Ontariwvas forecast through 00 UTC (Figsd). The
light precipitationexpan@dsoutheast toward northern Pennsylvania by 06 Uhé&
diminishedand puledback to the north by 12 UTEig 16bc). The 24hourQPFending at 12
UTC 18 Marchindicated a large area of greater than 0.25 inahesss central New Yorsouth
of Lake Ontario, witha band 00.10 inches extending soutlorosgportions of northeast

PennsylvanigFig. 16d)

Figs. 17a-d show the same fields as Fig, except that the data is from the 6 km WRF
model. The same evolution indicated by the NMsisalso indicated by the 6 km WRF
Specifically, a broad area of lighgrecipitationsouth of Lake Ontariduring the afternoon oh7
March (Fig. 17a) was foreast to evolve intan elongatetband of precipitation extending
southeast into northern Pennsylvania during the evdfigg 17b). The 24hour QPF(Fig. 17d)
indicated totals of greater than 0.5 inchesoss a broad area south of SYR, with a bariiiiab
0.25 incheextending southeast from ndaH west of BGM into northern Pennsylvania.
Forecastermterpretingdata from the NAM and 6 km WRFeald conclude that a disorganized
snow shower pattern during the afternoori@rMarchwould evolveinto amore organized
patternof significant northwessoutheasbrientedsnow bands during the evening hours.
Several inchewould be likely across the area just south of SYR, wifew inchedikely in
bandsextending from ITHacross the areaest ofBGM andinto northern Pennsylvanid.ake-
effect snow producing accumulations of several inéghascommon occurrence in the SYR area,
however lakeeffect snow accumulations of more thlamchesin 12 hourss rather unommon

across the southern tier déw York or northern Pennsylvani&Vith the NAM and the 6 km



WREF indicating the development sifjnificantsnow bands across that arfeagcasters were
looking at the possibility of a relatively unusual evelmnt these situations, application of pattern
recognition can baseful to confirm and refine the model forecasts, or to call the forecasts into

guestion.

Figs. 18a-d show model forecast soundings at Ifféin the 12 km NAM, valid at 18
UTC 17 March 00UTC 18 March 06 UTC 18 March,and 12UTC 18 March. As inthe first
case, a persistent northwest flow was indicated through the péni@dntrast to thérst case,
thesoundings indicatka persistentdeep layer ohear saturatiom the lowerto mid
troposphere A weakinversion, locatedtaabout 850 hPa at 13TC wasshown to dissipate by
O0UTC. The mean windn the deep, welmixed boundaryayer backedjyradually from around
33 early in the event to aroudd5° by 12UTC, while retaininga nearly unidirectional shear
profile. Wind directions greater than abdg20 © are favorable for enhancement of laddéect
snow bands downstream of the Finger Lakes over southern New(Sabkstet al.2005).
Figs. 19a-d show the sounding parameters from each time shown in&igftér the apropriate
data wasntered into the application, and the database search was exedutddft column in
each figure contains the sounding parameters from the case being examined, and the remaining

columns contain data frmonst hei miolraréd pewnantng. h

Figs. 20a-d show comparisons betweKBGM 0.5°radarreflectivity imageryat 18UTC
and corresponding imagery from theVFga0pa 3 Amos
shows that the pattern at U C indicateda large area of light snow across central New York,

with someheavier embedded cellulfgaturedocated mainly north and west of BGMhe most



similar event was characterized by a cellular pattern of snow shomidraccumulation®f 2 to

3 inches aass central New York north of BGKFig. 20b) The second event was characterized

by a widespread area of light snow, with a few embedded snow bands extending from the Finger
Lake area southeast toward northern Pennsylvaniatekheummaryor this evemindicated

that accumulations of 2 to 5 inches were widespread across central and southern New York. The
third event also indicated a large area of light snow aittwembedded heavienow showers

near BGM southward across northern Pennsylvania. Sieowmulations with this event were

less tharone inch.

The0.5°radarreflectivity at 0OUTC was characterized keybroad area of light snow
across central New York, with a distinct band of heavier snow extendingHiedfmger Lakes
near ITHsoutheasacross south central New Yofkig. 21a) The most similgrhistoricalevent
also showed a large area of light snow across central New York with an intense band extending
from near ITH southeastcrossortheast Pennsylvanf&ig. 21b) Snowfall amountsvith this
most similar, historicaéventrangedfrom 2 to 6 inches across much of central New York and
northern Pennsylvania, with a maxim of near 10 inches close to ITH.he secondnost
similar, historicalevent was also returned as a similar eted8 UTC. Enhanced snow bands
from the Finger Lakes near ITH can be seen extending southeast into northeast Pennsylvania,
producing 2 to 5 inches of snawig. 21c) The thirdmost similar, historical evermdicated a
more disorganized, convective pattewith some enhanced banding over central New York and

northern Pennsylvanidig. 21d) Snow amounts during this period were 2 inches or less.



Fig. 22a shows that th@.5°radar reflectivity at O®&JTC indicated a very intense snow
band west of TH, with other significant northwestoutheast bands located across central New
York and northern Pennsylvania. The msistilar, historicakevents all indicated significant
snow bands extending from the Finger Lakes southeastrd northern Pennsylvan(gigs. 22b
d). The first two images were associated Witlh 5 inch snow evesfor southern New York
and northern Pennsylvania, and the newge was associated with teeentthat produced a
widespread to 6 inchsnowfall across southern New Yorkdanorthern Pennsylvaniajith a

maximnum of 10 inches near ITH.

The0.5°radar reflectivity at 12JTC indicated a few narrow, moderately intense
northwest to southeast snow bapeéssistingacross central New York and northeast
PennsylvanigFig. 23a) The bands had shifted northeast from their earlier positibime most
similar, historicaleventreturned by the applicatiandicateda westnorthwest to eastoutheast
oriented bandocated near BGM, surrounded by other, weaker béfids 23b) Thetext
summaryfrom this event indicated &ito 5 inchsnowfall across the southern Finger Lakes area.
The secondhistoricalevent indicated a more widespread snow event than what was observed at
12 UTC, with snow amounts across the Finger Lakes and souigreof New York ranging
from 2 to 5 incheg¢Fig. 23c) The third event showed snow bands in a similar orientation as to
what was observed at 12 UTweverthe bands were considerably wealeg. 23d) All of
the analog cases indicated that the bavmisid have an increasingly wetst-east orientation by

12 UTC, as opposetb the northwesto-southeast orientation indicated earlier in the morning.



In summary, the pattern recognitigpplicationin this case correctly indicated that this
would be an event characterized by significant snow ba&xtiending from the Finger Lakes area
near ITH southeast across northeast Pennsylvania. One of the similariédetified by the
applicationwas associated with a snowfall maximum of 1thexnear ITH, with most of the
othereventsassociated with amounts in the 2 to 5 inch rangee 24hour observed snowfall
for the period ending at 12TC 18 Marchis shown inFig. 24. In this case, the pattern
recognitionapplicationconfirmed indications from the models thatsignificant snowfall would
occur across the southern tier of New York and far northern Pennsyiamegpotential for up
to 10 inches of snowndicated by thepplicationwas more thawhat wasexplicitly forecastoy
any of the guidancéssuming snow to liquid ratios of 20 to 1 or lessid should have signaled

forecasters that an unusual event was about to occur.

4. Summary and Discussion

The increased availability édcal models with small horizontal grgpacinghas made
their utilization increasingly popular during the past several yedrthe same time,
computational limits and operational needs have resulta® i@ 10 km horizontal grid spacing
in many of these modelsAt theseresolutionsnarrow,multi-bandg of lakeeffect snoware not
explicitly resolved Therefore, there is stillpportunityto applyforecaster experience and

pattern recognitioto improve over model guidandethe lakeeffect snow forecasting process.

The mainbenefitof the pattern recognition application shown in this paper @ss$tst in

expanding the experience databasallfbrecastersby enhancingher ability to relate current



events to historical events through pattern recognitidimen experiencedfecasters can

confirm that output from anodel with small horizontal grid spacimgatches their experiential
expectations given a particular flow regime, forecaster confidence increases, and it becomes
easier for the forecaster to correctly anticipataifigant or even extreme events. Conversely, if
output from amodel with small horizontal grid spacidges not match the forecasters
expectations based on their experience, this could be taken as a signal to be skeptical of the
numerical guidanceTherdore, this application should garticularlyuseful forless

experiencedorecasters

Oneimportant aspect of any lalaffect snow event, that is not particularly well
addressed by the pattern recognition application shown in this, i@pgent durabn. The
application igunedtor et ur 15 hivod rsap od.5°radar peectivitg ichages, given a
particular set of expected environmental conditions. The forecaster does have the ability to enter
whet her or not the extpeomiagadc dwhentdewiilnli the nipd
being any event with a mean wind direction varying by less thathddugha periodthat is at
least 12 hours longHowever this still leavesa wide range opossibleevent duratios that are
not accounte for. For example, recall from section 3a that the applicatisematched a
Aper sistent o current estaterfor araurdd2 hoursevithaa ihistarichl ne a r
event that remained nearly steastgte for 48 hourslin that case, the histical event produced
much more snow than the current event, making it a poor analegaeling storm total
snowfall. Therefore forecasterstill need to carefully consider the effects of event persistence
ontotal snowfall since the degree of snow lopersistence across a particular location will

correlatedirectly withthe amount of snow that accumulates at that location



One of themore usefufeatures of the pattern recognition application shown in this paper
is the ability to display several égfent historical events corresponding to a current event. The
returned historical eventssuallyappeareasonablgimilar to each otherHowever there are
times whera variety of different looking events are return&kenerally speaking, there are two
possible reasons why the returned events may occasionally not appear to be very similar to each
other. The first reason would be that the current flow pattern is such that very minor differences
in the associated soundings could result in large diffeemclake effect snow morphology. In
these caseslissimilar returneevents would indicate that the outcome of the current event is
highly uncertain, even if the lowesolution model has a reasonably good handle on the large
scale flow pattern. The ath possibility is that the current event is unusual, and as a result the
databaseloes notontain enougkruly similar casedor eachreturned casto bea good match to
the current case. This possibility will become increasingly less likely as adtltases

continue to be added to the database.

Finally, the concept of developing a pattern recognition enhancement application based
on comparison of parameters associated with current conditions to parameters from analogue
events may have applicatianin areas other than lakdfect snow forecastingThe key to
identifying forecast challenges that would be well suited to this type of approach would be to
identify scenarios where models forecast the background environment reasonably well, but do
not recessarily make good, explicit forecasts of the phenomena in question. For exaenple, t

NWSFO at BGM has been experimenting wdhveloping a similar application telp



anticipate warmseason convectiv@ode Aviation forecasting could be another arelaeve this

type of approach may l@propriate.

Thekeyto developing similar applications for different forecast problems is to identify
key attributes of thesounding thamodulate the evolution of the phenomena in question. In the
case of lake effed@now the large body of previous research @ggeat degree of local
operational experience made identifying several key parameters relativelyeasyso,
ongoing local researgblus experience with the applicatiall result in the inclusion of
additional parameters in the future. As such, this application provides an excellent opportunity
to input results from research into operations. In contrast to lake effect snow, other phenomena
may be less well understood, and a major research effort enagghired prior to the
development of a similar application. Once the key parameters are idemtifietxt steps are
to create the database of parameters, derive similarity algorithms, and create the database search

application.
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APPENDIX

The algorithm to identify historical events that d&reno st si mi |l ar 6 t o t he
point system. Each event in the database is compatkddarrent event, and assigned points
based on the similarity of its sounding parameters to the pomdsg parameters of the current
event. Thevent s with the most poi nt sBefare pintsaget ur ned
assigned, a large number of historical events are eliminated from consideration using the

following rules:

If thedifference in mean wind direction between the histomzeeand current case is

greater than 10 degrees, remove the historical case from consideration.



If the level of the base of thaversion of the current case is above P& and thdevel
of the base fothe inversion of the historical case is below 88®aremove the historical case

from consideration.

If the level of the base of thaeversion of the current case is below 88nand thdevel
of the base of thmversion of the historical case is ao/50nPa remove the historical case

from consideration.

If the difference in the depth of the moist layer (defined by all layers where the dew point
depression is 3C or less) between the historical case and the current case is greater than 200

hPa,remove the historical case from consideration.

Oncethis subset of historical cases has been removed from consideration, points are

assigned to the remaining events by the criteriabfe Al



Table A1 A summary othe point system used to determine the most similar historical events in

the pattermecognition application described in this paper.

Parameter Assign 5 points | Assign 4 points| Assign 3 points | Assign 2 points| Assign 1 point
to the historical | to the historical| to thehistorical | to the historical| to the historical
event event event event event

Mean wind < 5 degrees 5-10°

direction

in the mixed layer

Mean wind speed < 10 kts 10-15 kts 16-20 kts

850 hPa <5o° 5-8° 9-15°

temperature

850 h@a / Lake <5o° 5-8° 9to 15°

temperature diff.

Inversion base < 20 hPa 20-40 hPa 41-80 hPa 81-150 hPa

level

Moisture depth < 41 hPa 41-80 hPa 81-150 hPa

Dendritic growth <41 hPa 41-80 hPa 81-150 hPa

Zone depth

Max lift in the <6e b 6-10¢ b 11-15es™

Dendriticgrowth

Zone *

Max Tdd below <3° 340

900 hPa

RMS Shear O 0.5 0.517 1.00 1.017 1.5

Persistence Both are

persistent
Both are not
Time of day Match**

* The point thresholds for thjgarametewould have to be adjustethen using data from grids
with significantly higher or lower resolution than the 12 km NAM or 13 km RUC.

** A match for time of day is defined as follows: If the current time is 00 UTC, a historical time
of 18 UTC or 00 UTC is a match. If the curréime is 06 UTC, a historical time of 06 UTC or

12 UTC is a match. If the current time is 12 UTC, a historical time of 06 UTC or 12 UTC is a

match. If the current time is 18 UTC, a historical time of 18 UTC or 00 UTC is a match.



Algorithm for objec tively determining the base of the subsidence inversion

Inversions aré¢ypically defined as layers where the temperature increases with height.
However, in the case of lake effect snow forecasting, we have observed that forecasters do not
use this stricdefinition of an inversion when determining the height of the subsidence inversion.
Instead, we have observed that forecasters subjectively define the subsidence inversion as a layer
where subsidence is indicated by drying and a decreased (but nctandgzeegative) lapse rate.

In addition, we found that forecasters often ignore very shallow, subtsxd inversionsFor
this application, we decided to define the subsidence inversion height objectively, using an
algorithm that produces a result tlmatches what forecasters would set as the subsidence
inversion as closely as possible. Aftensiderablérial and error, the following algorithm was
developed:

Define T as the temperature at the curren
next level above the current level in the BUFR data. For example, if temperature increases with
height, T is positive.

Startsamplingat the évelclosest to 95GIPaandrepeat the following at every level
until an inversion is defined, or until you reach kneel closest to 850 hPa.
If ol >= 0 set this as your inversion level.
If ool < 0 but > 0.4 then checkhevalue of the dew point depression.
If thedew point depression >= 5C, then set this as your inversion level.
If oI <=-0.4, you have no inversion
If no inversion has been defined by the time you have sampled up to 850 hPa, do the following at
each layer until you define an inversion, or untilyreach the layer closes to 500 hPa.

If thedew point depression >= 5C then set this as your inversion level.



If delta T >-0.8 set this as your inversion level.

If no subsidence inversion level has béefinedbefore reaching 500 hPa, set the invardevel

at 500 hPa.
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Fig. 1. Domain for the WRF model run at the NWS forecast office at Buffalo, N¥te that
thedomain was chosen to capture the effects of Lakes Erie, Ontario and Huron.



Fig. 2. 12 UTC 16 January 200AM 850 hPa wind (kts) and temperatu?€)(valid at
a) BUTC 16Jan 2007, b) 00 UTC 17 Jan 2007, c) 06 UTC 17 Jan 2007and
d) 12 UTG 17Jan 2007.



