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1. INTRODUCTION

On 13 November 1997 a winter storm moved
through the mid-Atlantic and northeastern
United States. This earlseason event
produced rain, mixeprecipitation, and heay
snow. Forecasts for the evolution of
precipitation type focused on thgotential for

a winter storm, with hegssnow over much of
central Penndvania and central New York
State and a mix of icgellets, snow and
freezirg rain across most of south central
Pennglvania. Hgh-resolutionprofile data
from the 29 and 48 km Eta models (Hart et al.
1998) sggested that therecipitation would
fall primarily in the form of icepellets over
central and northern Peryigania. Hence, the
manualy produced forecasts divgad from
model forecasts. This caseyize an exaiple
where the reliance on more traditional
forecast techigues allowed the model to
outperform the human forecaster.

Traditional methods for forecasginwinter
weathermplace a hgh enphasis on examinm

plan view m@s. Durirgthe 1950's, studies of
snow and ice storms lead to the evolution of
critical thickness values (Penn 1957;
Pondofolo 1957; Wgner 1957) to determine
precipitation type. These conpés were
develgped and modeled after earlier studies
conducted in the United Kgdom (Murray
1952). In the stud by Pondofolo (1957)
enphasis wasplaced on an angsis of the
thermal structure from the surface to 700 mb.
Due to the lack of a dense sourglivetwork,
techngues involvig plan view mas that
depicted critical thickness values were
develped. Durirg the 1950's, critical
thickness values for various levels were
determined to assess {h@ential intrusion of
warm air from the surface to 700 mb.

A summay of these thickness rgaes and the
critical thickness values are summarized in
Table 1. The critical thickness is often used
as a rain/snow delineator but was shown to
havegeaographic and seasonal variabylilue

to terrain andproximity to water bodies.
Conparison of a critical lower lger thickness



value to a mid-Iger thickness value is used to
determineprecipitation type. Icepellets and
freezirg rain are ypically forecast where
1000-500 mb thickness values are above the
critical value (540 dm) and the 1000-850 mb
thickness values are below the critical value
(130 dm). In effect, the giher value aloft
represents warmer air aloft and the lower
value below rpresents the colder air.

Regionalized studies, such as Keeter and
Cline (1991), have shown that the critical
thickness value is a function of location.
Therefore, the values in Table 1 areyer
general and mawork well over most of the
eastern United States, but would tend to
underforecast thepotential for snow over
elevated terrain. Model Quit Statistics
(MOS; Glahn and Lowr 1972) euations
incomporated these conpes alorg with
statistics from atmgheric soundigs to
determingorecipitation type (Boccherri 1980;
Boccherri and Mglaras 1983).

The availabiliy of numerical oygut data in
gridded form in the 1990's encogead the use
of plan view mas and critical thickness
values (Evans 1994; Wichrowski 1997) to
forecast precipitation type. Gridded data
allowed the user to padly conpute thickness
values and ovena critical thickness from
different layers. In addition to the abpitto
examine critical thickness values, tirelded
data facilitated the examination plan view
maps of tenperatures, dewoints, and wet
bulb tenperatures to assess thecipitation
type. Enphasis waglaced on the 850 mb
tenperatures (drand wet bulb); however, the
earlier Pondofolo (1957) stydecommended
examinirg the thermal character from the
surface to 700 mb.

Gridded data sets allow the forecaster to
examineplan view mas of maty thermal
fields. Thesegridded data sets also allow
forecasters to assess im@ated thermal
profiles at selectpoints. However, these
values were often of limited vertical
resolution (Hart et al. 1998). In addition to
the lage amounts afridded forecast data, the
availability of full resolution houst profiles
has increased the abjfitof forecasters to
assess the thermpiofile of the atmoghere.

In addition toproviding full-model resolution
thermal profiles, the profile data includes
significant forecast parameters such as
derivedprecipitation type (Baldwin 1995) and
diagnosed 2-meter teperature, which can be
used as iput for the forecastprocess to
determinegorecipitation type.

The purpose of thigpaper is to evaluate how
the traditional forecast methods and thghhi
resolution profile data forecast the
precipitation performed durig the 14
November 1997 winter storm. Forecasts of
precipitation type and amounts will be
presented oplto show how thguidance was
used. Thegoal is to assess the forecast
methods, and not to cugie the decision
process implace at the time.

2. METHODOLOGY

Thegridded model data in this stydhcluded
data from the perationaly available NCEP
stepped terrain 48 km Eta (Black 1994) and
the 29 km version of the Eta (Meso; dees

et al. 1995). The 48 km version of the Eta was
replaced with a 32 km version in Febryaof
1998. All model data were examineg b
using the obective analsis packaye



GEMPAKS5.2 (desJardines et al. 1991). For
ease of intgretation, all the GEMPAKS5.2
graphics show the valid time and forecast
length of eachproduct. Gridded forecast
products from the Eta and Meso from the
1200 and 1500 UTC forecasyate will be
examined. The ephasis is on how the 29 and
48 km Eta models forecast the thermal
structure of the atmpbere durig theperiod

of significant ice accumulation (0600 thrgiu
1200 UTC 14 November).

Observegrecipitation and snowfall data were
retrieved in real-time from the National
Weather Service (NWS) cperative network.
These data were diayed usimg
GEMPAKS5.2. At most locations,
accumulations of icpellets were recorded as
snow. Therefore, ditays of "snowfall
include accumulations of "iqeellets."”

The modelprofile data were aguired and

plotted as describedybHart et al. (1998).

Similar to thegridded data, forecasts will be
limited to thoseoroduced durig the 1200 and
1500 UTC forecast ycles.  Additional

forecast products are available at
http://bookend.mepsu.edu/~grumm/cases/
14novice/.

3. RESULTS
a) Observations

The verifying snowfall angrecipitation mas

for the 24 houperiod endiig at 1200 UTC 14
November 1997 are shown ingFil. These
data reveal that no location in the State of
Pennglvania received hegvsnow (reater
than 150 mm) durip the forecastperiod.

Heaw snow was observed in central New
York State where manlocations received
excess of 150 mm of snowfall. Pngitation
amounts (F3. 1a) indicate that most locations
in central Penngvania had snowfall to
rainfall ratios on the order of 2:1. An
examination of metegams (not shown) from
Altoona (KAOO), Williamgport (KIPT), and
State Collge (KUNV), Pennglvania revealed
that most of th@recipitation fell as iceoellets
and freezig rain. Closer to the New York
border, at locations such as Elmira, (KELM)
New York theprecipitation fell primarily as
snow and icepellets. In southeastern
Pennglvania, all surface stations perted
rain (not shown). However, ice
accumulations of 6-12 mm algrthe ricges
was observed in this area.

b) Model-forecastysoptic pattern

The 18 and 24 h forecasts of the surface
cyclone evolution, 1000 mb Hhghts, and
ageostrghic wind valid at 0600 and 1200
UTC 14 November 1997 are shown ig.R2.
The forecasts are all from 1200 UTC 13
November 1997 Eta. These data indicated a
surface gclone would move across the Ohio
valley with a secondgrlow develging over

the North Carolina coast. The 1000 mb
heights and geostrghic winds forecast
northerly low-level winds over Pengb/ania

as the Ohio valle low goproached from the
west. Thispattern often indicates cold air
dammirg (Forbes et al. 1987), and is a
common feature in mgnEast Coast winter
storms.  With the exption of a slghtly
strorger ¢yclone alog the North Carolina
coast and strajer low-level geostrghic
winds, the Meso forecasts were similar to
thoseproduced iy the Eta (not shown).



c) Model-forecast traditiongbrecipitation-
type fields

The 48-km Eta thickness forecasts for the four
most widey used critical thickness yars,
valid at 0600 UTC 14 November 1997 are
shown in Fj. 3. With the exqgation of the
850-1000 mb critical thickness value dFi
3c), all the critical thickness values over
Pennglvania indicated less than a 50%
probability of snow.

The 48-km Eta forecasts of 850 and 700 mb
tenperatures and wetbulb tg@ratures valid

at 0600 UTC and 1200 UTC 14 November
1997 are shown in §s. 4 & 5, repectively.
These data show that the 48 km Eta forecast
both the 850 mb teperature and wet bulb
temperature to remain at or belov?® over
most of Penndvania. However, at 700 mb
both the terperature and the wet-bulb
temperature were forecast to bgual to or
greater than @C over most of the southern
two thirds of Penndvania. There was ver
little difference between theyland wet bulb
tenperatures at these times because the model
was producirg precipitation and the lower 3
km of the atmoghere were neaylsaturated

A comparable forecast from the Meso is
shown in Fg. 6. These data are for the 18-h
forecast valid at 0900 UTC 14 November, the
mid-point of the time of the data in ¢3. 4
and 5. These data show that the Meso
forecast a more northwapiogression of the
warm air at 850 mb than the Eta.y B900
UTC the Meso forecast the 850 mb
tenperatures to be at or above freggover
virtually all of Pennglvania. The 0OC
isotherm was afined neasl east-west alan
the New York border. The 700 mb zero
isotherm was giihtly south of the 48 km Eta's

position of this feature and was more clgsel
aligned with the 850 mb zero isotherm. The
pattern over Pengb/ania siggested a neayl
isothermal in the kger from 850 to 700 mb. A
model soundig from the gridded data
revealed that this negrlisothermalprofile
was from near the surface to 700 mb over
central Penngvania (Fg. 7).

d) Modelprofile-derivedprecipitation type
forecasts

Forecasts oprecipitation amounts and/pes
based on the 1200 UTC Eta and 1500 UTC
Meso from 13 November hoyrprofiles are
shown in Fgs. 8 and 9. Thesarofiles plot
the precipitation (inches) and derived
precipitation type (Baldwin 1995) versus time
(hour). Additional data include a summaf
the precipitation forecast includig total
precipitation; and the amount forecast to fall
as rain, snow, ic@ellets and freezip rain.
Initially, the Eta sggested Ight snow at all
four locations. Therecipitation was forecast
to rgpidly charge to icepellets and freezm
rain at Caitol Cities aiport (KCXY) in
southeastern Peryigania; and icepellets
endirg as snow in central Pernyigania
(KUNV and KIPT). The Eta forecast maynl
icepellets in Bradford, Penglvania (KBFD)
close to the New York border. The Eta
forecast a mar ice storm at all of these
locations with 28-38 mm (1.2 to 1.7 inches) of
ice pellets.

The Meso forecasts were gilily different
than the Eta forecasts ¢=B). At KCXY, the
precipitation was forecast to turn to rain
before 1200 UTC 14 November. The Meso
also forecast geriod of freezig rain at the
other locations. The Megeneraly forecast
lessprecipitation at most locations, exateat



KBFD. The Meso also forecast thetential
for 6-18 mm (0.25 to 0.70 inches) of freezin
rain across Penglvania, a worse travel
hazard than snow or igellets.

Theseprecipitation type forecasts are well
explained ty examinirg a cross section of the
thermal structure at KUNV from the Eta ¢Fi
10). The Eta forecast ayir of above
freezirg air from near 840 mb pward to
around 680 mb. The warmest aiP(® was
forecast around 1200 UTC near 780 mb. The
elevated warm lger was forecast to remain
over UNV from 0400 throgh 2200 UTC 14
November. In addition to this elevated warm
layer, the Eta forecast a ge@-100 mb) lger

of sub-freezig air from 850 mb to the
surface. The Eta forecast the entire column to
remain sub-freezopuntil around 0100 UTC,
leadirg to the forecast of snow at KUNV
(Fig.9) prior to 0100 UTC. The Meso
forecasts revealed a similar thermal structure
as the 48 km Eta and are not shown. The
Meso forecast a shallower cold/é& beneath
the warm Iger and sightly higher
tenperatures near 840 mb. The ghlily
warmer air in the sub-freezjtayer combined
with a slghtly shallower sub-freezglayer
beneath the warm air médaveproduced the
period of freezig rain at KUNV (Fg. 9)
between 0600 and 1200 UTC 14 November
1997. The verticaprofile taken from the
1500 UTC 13 November 1997 Meso valid at
1000 UTC 14 November (§i11) confirmed
the earlier runs, forecastjia de@ warm layer
near 840 mb extendyto around 670 mb.

4. DISCUSSION/CONCLUSION

This anaysis swgests that both traditional
plan view m@s and detailed modgkofiles

pointed toward a gnificant winter storm over
Pennglvania. However, the 48 km Eta
maintained 850 mb tgperatures and wet bulb
temperatures (Fj. 4a) at or below T over
most of central and northern Peplvania
throughout the event. Theg#an view mas
may have played a role in perational
forecasts of hegvsnow across Penyigania.
The use of critical thickness valuegjgested
a lower probability of snow and Igher
probability of rain or a winty mix across
most of central and northern Peplania.
Forecasts of sleet and freegimain would
have been more widgead had the 700 mb
temperatures (Fjs. 4c and K. 6¢) and wet
bulb tenperatures (Fjs. 4d and 6d) been
examined. Verticaprofiles, such as the one
for State Collge (Fig. 10) revealed a warm
layer between 850 and 700 mb and apeal
cold layer near the surface, which would have
precluded forecasts for heasnow over most
of Pennglvania and southern New York
State.

Mesoplan view mas of the thermapatterns
over Penngvania furthepointed toward rain,
sleet, and freezgirain. The Mes@roduced
significantly warmer terperatures at 850 mb
than the Eta. Unlike the Eta, the Meso did not
forecast warmer air at 700 mb over the colder
air at 850. In fact, the Meso forecast similar
temperatures at both 700 and 850 mb. An
examination of a Meso soundiwmalid at 0900
UTC 14 November over UNV (i 11)
revealed a dgdayer of warm air from around
870 to 670 mb. The soundjralso showed
that both the 850 and 700 mb tegmatures
were around €. The saturateprofile from

the surface to 640 mb indicates that the model
wasproducirg precipitation at this time. The
neary isothermal above-freezin profile
between 870 and 700 mbggests that an



precipitation falling through this dep warm
layer would melt.

An examination of some of thegsificant
tools used to forecasprecipitation type
swggest that 850 mb teperature forecasts
may have played a ggnificant role in the
forecasts of heavsnow. An examination of
700 mb temperatures would have revealed the
likelihood of a mixed event rather than a snow
event. The Meso continugll produced
overall warmer 850 mb tgperature forecasts
than the Eta. Forecasts from 0000/0300 UTC
13 November throgh 0000 UTC on 14
November from the Eta/Meso showed that the
Eta was sfjhtly colder than the Meso. It
would gopear that either the Meso forecasts
were not examined closebr the Eta 850 mb
temperature forecastsplayed a more
significant role in the forecastprocess.
Operational forecasts for heggnow across
Pennglvania swggest that forecasters relied
on plan view mas of tenperatures, but not
thicknesses. With the exatéon of the 850-
1000 mb thickness chart @i 3c), the
thickness forecasts ggested a low
probability of snow (Fgs 3a, 3b and 3d). The
thickness values, which included the warm
layer between 850 and 700 mb, offered
valuable forecagguidance.

Degite the subtle forecast differences
between the Eta and the Meso as examined on
plan view mas, the verticaprofiles from the
hourly soundigs (Fig. 11) and six-houyl
soundirg from thegridded data (Fg. 7) for
both models cleayl showed an intrusion of
warm air in a lger between 850 and 650 mb.
Neither of these soundjs sipported snow.
The houry soundirg data provided better
timing of when the warm air would arrive and
the chage of precipitation type. The hous

model precipitation trace and ype plots
revealed timig of the precipitation chages
and forecasts of the amount angpe of
precipitation. In this case, these datavided
useful forecast information. Furthermore, the
vertical profiles should be easier to inpeet
than the older thickness charts and do not
require a table of “statisticafl significant”
values. The use of tlpeecipitation trace and
type plots also would have gohasized ice
pellets and freezmrain rather than snow.

A significantproblem in the forecagirocess
is the limited amount of time available to
examine variousypes of data and the various
fields within each dataset. Avotential
solution is to inprove the wg data are
examined. visualization softwareith the
ability to examine both the vertical and
horizontal thermal structure, could pnove
forecasts oprecipitation types. Until more
robust erational visualization software
becomes availablglan view mas can be
used to identif areas of concern and vertical
cross and teporal sections should then be
used to refine the forecast pfecipitation

type.

This case was chosen becauseptagsented
an example of how the houyl modelprofiles
could have been used toprove the forecast.
Other cases have been collected and
examined. Prelimingrresults sggest that
these profiles offer inportant information
during mixed precipitation events. The
forecasts of irplied precipitation type of
either icepellets or freezig rain aregeneraly
reliable when an elevated warmyéa is
present. However, the currentgatithm
(Baldwin 1995) shows little skill discerrgn
between icgellet or freezig rain events.



The bggest forecasproblem for the scheme
is forecastig snow in maginal events where
no above-freeziglayer ispresent between the
surface and 700-mb. Several giaal snow
events from the winter of 1997-98, where the
surface terperatures remained close to
freezirg have been collected and examined.
During the winter storm of 24 Febryat 998,
the 23 Februgr0000 and 0300 UTC model
forecasts from the 32 km Eta ¢-i.2) and the
28 km Eta (Fj 13) repectively, forecast rain
and snow across central Peylmania. At
KUNV, the precipitation briefly began as rain
and snow mixed. As thgrecipitation rates
increased it chaged to all snow. The coolin
effect of meltig snow has been observed in
thepast (Wexler et al. 1954). The 1200 UTC
32 km Eta (not shown) forecast gr#0% of
the precipitation to fall as snow. The official
observimg point in State Collge reported in
excess of 32 cm of snow. Snowfall argld
equivalents in the 30 cm and 3.7 cm gan
regectively, were observed in the area around
KUNV and at KIPT. The surface tgerature

at KUNV remained at or ghtly above
freezirg during the period of snowfall. A
similar snowfall to Iquid ratio was observed
at KAOO and KIPT. These results and data
from several other casegygest a bias toward
forecastig rain and freezig rain durirg
warm snow events.

These warm-snow events have revealed a
fundamental bias associated with the Baldwin
(1995)precipitation type scheme. As shown

in Baldwin (1995), a forecast of snow vs
freezirg precipitation is determined b
calculatirg the area of the soundjrwith a
wetbulb above -4°C. Since the criteria used is
sub-freezig (rather than the monghysically
consistent criteria of 0°C), it [gossible for a
conmpletely subfreezig soundig to give

forecasts forytpes other than snow. This is
most likely to occur when a deesaturated
layer of -0.5° to -3.5°C exists. In these cases,
a snow soundmpis cleary present;yet, the
Baldwin scheme will indicate precipitation
type other than snow since the wetbulb area of
the soundig above -4°C is laje. The ypical
model profile precipitation type forecast ¥

the Baldwin scheme in these cases is for ice
pellets or freezig rain. Forecasters areged

in these situations to examine the full-
resolution verticaprofile to determine if the
scheme is producirg precipitation type
forecasts that agghysically inconsistent with
the forecast thermaiofile.

Ultimately, the use of robust 3-dimensional
applications software should mgate the
problems associated with inpeeting large
amounts of data. As mesoscale numerical
models inprove over the course of the next
decade, the use of visualization tecjuais
will increase. Visualization software will
likely play an increasigly more inportant
role in the modern forecaster’s drasis of
meteorol@ical situations. The effective use
of visualization software would have revealed
the warm lger between 850 and 700 mb
during the 14 November 1998 winter storm,
emphasizirg ice pellets and freezim rain
rather than hegvsnow. The conge of
examinirg the thermal profile from the
surface to 700 mb to forecagtecipitation
type (Pondofolo 1957) is still valid. However,
unlike forecasters of the 1950s, forecasters
today have the tools topgly this steadfast
forecast techmue on observational and
detailed model forecasts.
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Table 1. Critical thickness values for specified layers used to forecast precipitation type.
The critical value is typically associated with the 50% rain/snow probability. The ranges
were derived from studies mentioned in the text and reflect the geographical variability
ascribed to the use of thickness values.

Critical Thickness Values
Layer Critical Value Significance Ranges
(mb) (m)
1000-500 5400 50% rain/snow 5340-5552
1000-850 1300 50% rain/snow 1280-1330
1000-700 2840 50% rain/snow 2825-2860
850-700 1520 50% rain/snow 1520-1560

10
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Figure 2. 48 km Eta model forecasts from the 1200 UTC 13 November 1997 forgdast ¢
of a) mean sea-levptessure (hPa) and b) 1000 hPaghts and geostrghic winds valid

at 0600 UTC 14 November 1997 and c) mean sea+eessure and d) 1000 hPadtes and
ageostrghic winds valid at 1200 UTC 14 November 1997. The titles in pankl show
the valid time and forecast lgilh. Mean sea-levglressure contours are eyt hPa and
1000 hPa heghts are contoured ewe6 dm.
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Figure 3. Thickness forecasts (dm) from 1200 UTC of the 48 km Eta model valid at 0600
UTC on 14 November 19970f a) 1000-500 hPa, b) 1000-700 hPa, c) 1000-850 hPa, and d)
850-700 hPa. Values are contoured g\v&edm with the exqation of panel a where the
increment is 6 dm.
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Figure 4. Asin Fgure 2 excpt valid at 0600 UTC 14 November 1997 shogv&) 850 hPA
temperatures®C), b) 850 hPa wet-bulb tgraratures?C), c) 700 hPa teperatures, and d)
700 hPa wet-bulb teperatures. Contours are eye@°C.
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Figure 5. Asin Fgure 4 excpt showirg 24 hour forecasts valid at 1200 UTC 14 November
1997.
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Figure 6. As in Fgure 4 excpt forecast from the 1500 UTC 29 km Eta valid at 0900 UTC
14 November.
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Figure 7. Model soundig taken from the 1500 UTC 29 km Ejads valid at 0900 UTC
14 November. Data are inpedated for the location of UnivergiPark (UNV) aiport. Data
plotted include temperature C) dewpoint (OC), and winds (kts).
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Figure 12. As in Fg. 8 excet data is from the 0000 UTC 23 Feb 1998 run of the 32 km
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